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1. Summary of CDR Report
The Charger Rocket Works (CRW) 2016-2017 Critical Design Review (CDR) report
presents not only a mature design and analysis to ensure the safety of those associated with both
the launch and the fabrication of the vehicle, but also a through risk assessment to address the
possible failure modes associated with the design. Within the CDR document, it is shown that
CRW’s rocket design will meet all NASA Student Launch (SL) requirements within time,
budget, and safety margins, proving CRW a capable and ready team to proceed with the
fabrication and testing of a full-scale rocket.

1.1 Team Summary
Charger Rocket Works

Propulsion Research Center,
301 Sparkman Dr. NW, Huntsville Al, 35899
NAR Mentor
Mr. Jason Winningham, Comp. Sys. Engineer
(Level 3 NAR: 89526/TRA : 13669)
Engineering Dept., UAH
Jason.Winningham@uah.edu
256.824.6132

Local NAR section: Huntsville Area Rocketry
Association, NAR # 403

1.2 Launch Vehicle Summary
The CRW vehicle design consists of a 6 inch diameter rocket that is 119 inches in length.
The wet system max will be 51.1 pounds, causing the selection of an Aerotech 75mm L2200
solid motor with a RMS75/1520 motor casing. This motor will ensure an apogee of
approximately 5280 feet. The recovery system consists of a dual deployment system with drogue
deployment at apogee and main parachute deployment at approximately 600 feet. A GPS
tracking system will be used to ensure recovery post flight. The current Flysheet information is
shown in Appendix E.

1.3 Payload Summary
In order to satisfy the “Roll Induction and Counter Roll” payloads option selected last
semester for the NASA SLI competition, the CRW payload team will be integrating variable
control surfaces to the airframe and developing the payload-to-airframe interfaces. There are
three primary subdivisions of the payload. The first is the data acquisition system consisting of a
National Instrument (NI) MyRIO and an inertia measurement unit (IMU). Second, the payload
will utilize a second set of wings mounted forward of center of pressure (CP), but aft of center of
gravity (CG) to manipulate flight before reaching apogee. The 3-D printed control surfaces will
induce the required roll and counter roll via servo actuation. The payload housing will consist of
all the necessary components and reside in the lower airframe.
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2. Changes Made Since PDR
This section outlines the needed modifications to maintain timeline milestones as well as
design improvements. As the vehicle design matured, requirements were clarified, challenges
were identified, and modifications were made to the intial project proposal. This changes are
discussed below.

2.1 Changes Made to Vehicle Criteria
Upon further maturation of the pre-flight checklist, the upper airframe team determined the
single “remove before flight” pin used to safe both altimeters needed a secondary pin. While
preparing the subscale vehicle, the team discovered it can be difficult to differentiate the beeps of
one altimeter from the other. This is important for diagnostics ensuring both altimeters operate as
expected on the launch site. It will also aid in identifying the official altimeter for the NASA
scorer. This change does not generate any significant design alterations, but will require a change
to the pre-flight checklist. Structurally, the Stratologger manual already requires four evenly
spaced pressure ports, therefore no additional holes need to be made in the body of the coupler.
The only construction difference is that the avionics sled will not have a center-drilled hole that
permits the pass through of one pin to safe both switches. Now both pull pins will bottom out on
their sides of the sled. For the pre-flight checklist, the only change will be to the sequence
ensuring one altimeter completes its startup prior to activating the other.
In PDR, the team had initially planned on using G10 fiberglass bulkheads to seal the coupler
and nose cone sections. This selection was based on saving as much weight as possible, however
as the overall vehicle design matured weight became less of a factor due to the structural forces
experienced. During finite element analysis, the team discovered that 939 pounds of force would
be exerted at the main parachute coupler bulkhead at the eye bolt location. Additionally, some
weight needed to be added to the forward end of the vehicle to slightly shift the center of gravity.
This analysis caused the team to reconsider selection of the G10 and switch to aluminum
bulkhead plates. Analysis of the aluminum bulkheads can be found in section 3.2.3 Avionics
Coupler Assembly
The initial design concept for the motor retention system and lower airframe bulkhead
involved the use of a single all thread rod connected to a steel eyebolt that passed entirely
through the payload compartment with polycarbonate as the bulkhead material. The original
retention system has been changed in order to have a more secure method for the drogue
parachute connection to the rocket body. The current system involves the use of an aluminum
bulkhead that is attached to the rocket body above the forward end of the payload section. This
change is discussed more in section 3.2.4 Bulkhead.

2.2 Changes Made to Payload Criteria
A significant change was made in the payload section leadership just after PDR. It was
decided that the previous lead did not have enough time to devote to the project and a new lead
9

was appointed. This was done in the best interest of the whole team to help ensure deadlines
were met and that the rest of the team be constantly informed of payload design changes and
updates. The new team lead is Daniel I, replacing Robert T.
Since PDR the design of the payload has matured and been improved upon. Design change
includes the use of two aluminum bulkheads forward and aft of the housing connected with two
pieces of quarter inch all thread to hold the payload securely. This was done in order to mount
the payload securely to the body tube so that forces seen by the housing are kept low. In addition
a LiPo battery will be used to power the system as opposed to multiple 9-volts, this was done to
cut down on complexity and increase reliability. A full description of the payload design can be
found later in this paper in
As testing for certain components began it was determined that using the wind tunnel would
not provide accurate enough information. Exact lift and drag values would be difficult to gather
as the tunnel is not set up for finite wing testing, whether it is designed to conduct tests on
infinite wing sections that span the entire width of the test bay. X-FOIL was used as an analytical
substitute to determine what NACA airfoil would provide the best lift and drag. Additionally an
in house MATLAB code was written to determine the rotation time of the rocket using lift. This
process will be discussed later in the paper in 5.3 Payload Flight Simulation.

2.3 Changes Made to Project Plan
The project schedule remains the same, except that the subscale was flown at a later date of
10 December 2016. This was due to burn bans all over the southeast United States. The overall
project budget has increased from $8397 to $10,214.60 as shown in Table 15. This is primarily
due to additional component costs. Additional changes include exact values captured for the
payload budget as shown in Table 18. The current budget plans outline two full-scale and two
subscale rockets to be constructed. The overall cost for subscale testing decreased from the
$1600 predicted value in the proposal to $986.60 for both rockets. Finally, scheduling
adjustments have also been made per NASA milestone updates and are reflected in Figure 87
and Figure 88.
One of the changes made since PDR was to make the decision to omit the suspension test on
the shock chord. Once the loads during the main deployment were determined with more
certainty, the size of the recovery harness was increased to ensure a safe descent. The recovery
harness was increased from 1/2 in to 1 in where there have been numerous successfully flown
rockets utilizing this size recovery harness. Due to the fact that 1 inch tubular nylon recovery
harnesses are flown on rockets with greater mass and larger main parachutes it can be assumed
that this size recovery harness is extremely conservative. Due to the change in the size of the
recovery harness and the allowable load given by the manufacturer for the recovery harness, it
was determined that the tensile test that was originally thought to be needed is not necessary with
this configuration.
10

3. Vehicle Criteria
NASA has mandated certain specific criteria for the vehicle. These requirements are
primarily driven by safety and the competition. In addition, the CRW has identified criteria that
are either more stringent than the NASA requirements or are simply additional needs the team
has identified as the program has matured.

3.1 Design and Verification of Launch Vehicle
The final design of the vehicle resulted in a 6 inch diameter fiberglass body tube and an
overall length of 119 inches. Payload fins are located aft of the center of gravity and a three fin
configuration was held constant between the PDR and CDR. The vehicle is a dual deploy
system, in which the primary charge is fired at apogee to release the drogue parachute from the
lower airframe. The secondary charge is fired at an altitude of 600 feet to deploy the main
parachute from the Upper Airframe before hitting the ground at less than 75 ft-lbf. The CRW
GPS Tracker utilizes an X Bee radio to transmit the GPS coordinates to a ground station laptop
for a successful recovery.

3.1.1 Mission Statement
The 2016/2017 UAH CRW Senior Design team selected the roll/counter roll payload option
from this year’s competition options, and will deliver this payload and its vehicle from the Earth,
to one mile above the Earth, and back down to Earth intact and reusable. The payload must be
able to induce a controlled, two revolution roll of the entire vehicle. Upon completion of the
second revolution, the vehicle must be able to induce a counter roll to stop rotation, and it must
then prevent any further rotation for the rest of the vehicle’s ascent to apogee in accordance with
competition requirements. Safety is paramount in every aspect of the CRW’s reusable vehicle
design. The vehicle recovery system is dual deploy. The parachute deployment system is
entirely redundant and independent in accordance with USLI guidelines. The vehicle system
will be designed with set up efficiency in mind. The goal prep time is less than two hours on
launch day. Furthermore, vehicle electronics will be switched to allow for extended launchready configuration durations.

3.1.2 Success Criteria
Lower
1. The rocket motor successfully propels the vehicle to an apogee of 5,280 feet while not
exceeding 5,600 feet and allows for a safe recovery while never exceeding 5,120
Newton-seconds.
2. The fixed fins will maintain acceptable stability for the duration of the ascent to apogee
while maintaining acceptable fin flutter determined by the safety factor of 1.5.
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3. The aluminum bulkhead attached to the drogue parachute will successfully bear the load
from parachute deployment and allow for a safe descent until main parachute
deployment.
4. The motor casing, lower airframe body tube, and payload compartment survive impact
and are fully reusable.
Upper:
1. GPS Tracker transmits vehicle location to receiver equipped ground station resulting in a
successful recovery by the ground team.
2. Post flight data analysis of the primary recovery system altimeter shows that the charge
fire command was sent at or very near apogee for drogue parachute, and at 600 feet
above ground level (AGL) for the main parachute.
3. Post flight data analysis of the secondary recovery system altimeter shows that the charge
fire command was sent at or very near one second post apogee, and at 550 feet AGL for
the main parachute.
4. The rocket deploys the drogue parachute at apogee through the proper sizing of black
powder charges and altimeter functionality.
5. The rocket deploys the main parachute at 600 feet AGL through the proper sizing of
black powder charges and altimeter functionality.
6. The shear pins holding the nose cone and lower main body tube break as expected while
the removable rivets do not.
7. The nose cone, upper main body tube, and coupler housing survive impact and are fully
reusable. The individual components to include the GPS tracker and altimeters survive
impact and are fully reusable.
Payload
1. The payload will perform two rolls after motor burnout then return the rocket to a zero
roll rate until reaching apogee.
2. The assembly will be easy to install and remove allowing for easy access to the MyRIO
and LiPo.
3. Flight data will be successfully recorded on a USB drive and show rotation objectives
were achieved.
4. The payload fins must withstand expected force and acceleration loads to prevent
fracture.
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3.1.3 Major Milestones
The major milestones of vehicle development are outlined in Table 1. This CDR marks the
end of the design phase and the beginning of the fabrication and testing phase. Following CDR,
full-scale test flight is scheduled for February 4th, with FRR due the following month on March
6th. The CRW team has a self-imposed deadline of the 21st of April for the Post-Launch
Assessment Review (PLAR).
Table 1: Major Vehicle Milestones (Spring 2017)

3.2 Vehicle Structure Review
The final vehicle design is a 6 inch body tube fiberglass airframe that spans 119” from the
tip of the nosecone to the base of the tail cone. A full vehicle CAD rendering can be observed in
Figure 1. The main uncertainty coming from the PDR was the trade between a 5.5” body and a
6” body. The primary reason this diameter change was considered was to reduce the motor size.
The overall mass reduction from the body tube diameter change was not enough to allow for a
smaller motor while still meeting meet target apogee and stability margin requirements. Because
the extra clearance in a 6” diameter body tube will be valuable to the Payload Team as the RIC
design matures, the body diameter was not reduced.

Figure 1: Vehicle Render

The cross sectional view can be observed in Figure 2. The upper airframe accommodates for
the main parachute and is responsible for the avionics bay as well as tracker assembly. Lower
airframe accommodates for the drogue parachute and the RIC, and is responsible for the motor
selection, tail cone and fin and fin mount designs. The payload team is responsible for the
housing and functionality of the RIC.
13

Figure 2: Vehicle Components

Each component of the airframe has been evaluated to the final design phase and is
discussed in the forthcoming subsections. Structural analysis has been performed to mitigate risk
in failure modes of load bearing components. Each subsection describes the purpose of the
component as well as the rational for material choice and fastener selection. Detailed drawings
for the entire vehicle as well as upper and lower airframes can be seen in Figure 3, Figure 4, and
Figure 5 below.

Figure 3: Vehicle Drawing
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Figure 4: Upper Airframe Drawing

Figure 5: Lower Airframe Drawing
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3.2.1 Safety and Failure Analysis
The CRW team has decided to create a Component Description sheet for each component.
The sheet includes CAD renderings, relevant dimensions, materials, fabrication or outsourcing
plans, and a component specific failure mode analysis. The progress and relevant results from
testing and analysis will be added to the Component Descriptions sheets. The goal is to track the
evolution of each component through testing and analysis all the way to completion to verify that
all failure modes have been mitigated. The Component Description sheets are located in

3.2.2 Nose Cone
The nose cone is metal-tipped, and made from filament wound fiberglass with a fineness
ratio of 4:1. This fineness ratio was chosen to reduce weight and cost because smaller fineness
ratios must be acquired from specialized vendors. Since the rocket will be a 6” diameter design
the nose cone will be 24” long to meet the 4:1 fineness ratio, and it will weigh roughly 2.5 lbs.
The nose cone makes a front that moves air to the side and away from the body of the rocket.
This reduces the development of vortices along the skin of the vehicle. It features a slightly
blunted (ogive) shape to provide a balance of aerodynamics among common shapes used for
nose cones. The metal tip will increase the survivability of the nose cone during recovery, and
allow for the installation of all thread to support the GPS tracker contained inside. The all thread
runs through the bulkhead, and is attached to the main parachute recovery harness using an eye
nut. A locally machined L-bracket will provide a mounting surface to the all thread. Figure 6
shows the overall design of the nose cone.

Figure 6 – Nose Cone Assembly

The nose cone interfaces to the upper body tube via a four inch shoulder and five evenly
distributed #4-40 Nylon screws. The five screws were determined to provide enough strength
without needing excessive amounts of pressure to sever during the recovery phase. The nose
remains attached to the vehicle during recovery via the recovery harness.
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3.2.3 Avionics Coupler Assembly

Figure 7 – Coupler Assembly

Figure 7 above demonstrates the coupler design plan that has been selected moving forward
into the fabrication and testing phases. The coupler housing is 14 inches long and made of
fiberglass. This length allows for two six inch interfaces with the upper and lower main body
tubes, with the remaining two inches of the coupler being comprised of the centering ring. The
coupler tube is capped with aluminum bulkheads to withstand the forces exerted by parachute
deployment. A detailed drawing for the coupler subassembly can be seen below in Figure 8

Figure 8: Coupler Subassembly
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Figure 9 – Bulkhead Close Up

The bulkheads (shown in Figure 9) provide the mounting locations for the black powder
charge cups. These cups are made of PVC, and prevent the primary charge from interfering with
the secondary charge. Safe touch terminal blocks provide a bridge for the altimeter wires to the
ematches placed at the base of the PVC cups. The bulkheads are connected through the coupler
housing via two sticks of 1/4” aluminum all thread. Lastly, the bulkheads provide one inch eye
bolts for mounting the drogue and main parachute shock chords. Since six inch aluminum bulk
heads are difficult to acquire, they will be machined locally using the UAH machine shop.

Figure 10 – Sled Assembly

Figure 10 shows the inside of the coupler housing. An Acrylonitrile Butadiene Styrene
(ABS) plastic, 3-D printed sled is used to provide a mounting surface for the altimeter systems.
18

Power switch brackets will also be 3-D printed in the same fashion. These printed parts, designed
by the team, will be manufactured via the CRW's parent university UAH. 3-D print capability
saves money, weight, and fabrication time.
Perfectflite Stratologger SL100 altimeters were selected since the CRW workshop already
has several of these on hand. The team is aware that these altimeters are no longer being
produced. They have designed their system so that new Stratologger CF altimeters will fit
directly into the existing system should the need arise. Each altimeter will have its own micro
switch to supply power from their own, independent 9-volt battery. These batteries are mounted
to the sled via commercially available brackets. An additional plastic security strap is used to
ensure the battery does not pop out of the bracket during flight or impact. These components are
mounted on opposite sides and on opposite ends as shown in Figure 11. The design intent here is
to prevent the coupler from producing any unexpected moments (no matter how minute they
might be) in the rotation centric vehicle design.

Figure 11 – Avionics Layout

Power wire connections are soldered to the terminals located on the battery brackets. Pig-tail
connections are used for wiring from the altimeters to the parachutes to facilitate quick
disconnects during assembly/disassembly. Where possible, all wire connections will be tinned
and marked for clarity.
The avionics system does present a safety concern due to the use of black powder charges.
These concerns are mitigated with well-developed operating procedures. These procedures were
successfully used to size the ejection charges for the subscale test vehicles. All operating
procedures can be found on the CRW team website. As a part of flight SOP, both altimeters will
be safed with its own remove before flight pin. These pins keep pressure on the altimeter
switches (which are wired in the "normally closed" position with the switch not depressed). This
keeps the switches in an open state, preventing completion of the circuits between the batteries
and altimeters. These pins remain in the system until vehicle assembly has been completed, and
the launch site is prepared for launch. Figure 12 and Figure 13 demonstrate the removable pin
safing method.
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Figure 12 – Altimeter Switch Safing Side View

Both pins, one from each side, slide through the coupler housing center ring into the
altimeter switch bracket and against the switch lever. Depressing the switch lever deactivates the
altimeter and ematches by removing power to the system. This process is identical for both
primary and secondary altimeter systems.

Figure 13 – Altimeter Switch Safing Front View
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Figure 14 – Avionics Bulkhead FEA Analysis

Varying levels of finite element analysis were necessary for three components of the
avionics coupler assembly. The coupler bulkheads required the most extensive analysis. Using
Patran and Nastran, the CRW determined the flight event that induced the largest force on the
bulkheads occurred during main parachute engagement. The model was constrained at the two
all thread interfaces. The load is applied via a Rigid Body Element-2 (RBE-2) at the center of
the eye bolt mounting hole. The applied load found at this location was 939 lbf in the vertical
direction. With that load, the maximum stress at the eye bolt hole is 18 ksi which is unrealistic
stress at this region. Standard analysis procedure is to pull stress from two elements away from
the hole which yields 12 ksi. Additionally, the eye bolt will have a shoulder on the top side of the
bulkhead and a washer on the bottom side that will distribute the load and lower the stress. This
solution moves the stress reading out into the light blue region seen above in Figure 14 where the
stress is approximately 9 ksi. This value is now much closer to the team’s initial hand
calculations of 8.4 ksi. There is little, consistent or reliable data for polycarbonate or fiberglass
material. The CRW had originally planned to use fiberglass for the bulkheads. However, since
the force exerted on this component is quite large, the team conducted the aluminum versus
fiberglass trade study. Utilizing a safety factor of two, the team calculated a margin of safety of
1.69 ensuring the CRW’s self-imposed parameters were achieved by utilizing aluminum. The
hand calculations can be seen below in Equations 1, 2, and 3.
1

1

𝐼𝐼 = 12 𝑏𝑏ℎ3 = 12 (6 ∙ 0.253 ) = 0.007813 𝑖𝑖𝑖𝑖4
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(1)

Equation 1 is the moment of inertia for the bulkhead where b is the base and h is the thickness in
inches.
𝜎𝜎 =

ℎ
2

𝑀𝑀� �
𝐼𝐼

=

523.5�

0.25
�
2

0.007813

= 8,375.9 𝑝𝑝𝑝𝑝𝑝𝑝

(2)

Equation 2 is the bending stress where M is the moment in pound inches squared.
𝐹𝐹𝐹𝐹

45,000

𝑀𝑀𝑀𝑀𝑢𝑢 = � 2∙𝜎𝜎𝑢𝑢 � − 1 = �2∙8,375.9� − 1 = 1.69

(3)

Equation 3 is the ultimate margin of safety where 𝐹𝐹𝐹𝐹𝑢𝑢 is the ultimate tensile strength for
aluminum and SF is the Safety Factor (2).
Since the eye bolts will be directly connected to the parachute recovery system, they must
also be able to endure the calculated 939 lbf. The CRW selected 3/8”-16 eye bolts, with one inch
diameter holes, that are manufacturer rated for 1,300 lbf. Finally, since there will be two sticks
of all thread used in this construction, they effectively split the force seen at the eye bolt in half.
According to manufacturer specifications, aluminum all thread can withstand a minimum of
42,000 psi in tensile stress. All other coupler components will not experience significant stress
under thrust, recovery, or impact due to construction, minimal mass, or both.

3.2.4 Bulkhead
The bulkhead used in the lower airframe has been changed from the initial design proposed
within the PDR document that is shown in Figure 15. The initial design proposed a retention
system that involved a single all thread rod that ran through the entirety of the payload section
and attached to the drogue parachute. The previous design also involved a polycarbonate
bulkhead, and that material has been changed to aluminum. The choice to use aluminum rather
than polycarbonate was made in order to have a stronger bulkhead with a material that possesses
reliable property data. A 0.5 inch thick polycarbonate bulkhead possesses approximately the
same mass as a 0.25 inch thick aluminum bulkhead while having stronger material properties.
The new design may be seen in Figure 16. This new retention system design shows the forward
aluminum bulkhead with the eyebolt and payload sled connected.

Figure 15 – Retention system discussed in PDR
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Figure 16 – New retention system design

The forward payload bulkhead will be used to attach the drogue parachute and forward end
of the payload compartment to the body of the rocket. The bulkhead is made from an aluminum
alloy and is used in conjunction with four #8-32 screws, a 3/8”-16 inch steel eyebolt, and two
1/4’’ aluminum all-thread rods. The four screws are used to attach the bulkhead to the body tube,
and the two all-thread rods are used as an attachment point to the aft payload bulkhead.
Aluminum was chosen over polycarbonate due to its higher and more reliable strength properties
while still maintaining a relatively low density.

Figure 17 – Lower Airframe Bulkhead

The bulkhead is 5.8 inches in diameter with a thickness of 0.25 inches. The eyebolt passes
through the center of the bulkhead and is secured with a hex nut on the aft end. The two allthread rods pass through the 0.26 inch holes and are secured with hex nuts on the forward end.
The all-thread rods also pass through the payload sled to the aft bulkhead that is attached to the
rocket body in order to further secure the payload compartment, allowing the payload sled to
attach to two bulkheads. The total mass of the bulkhead including the steel eyebolt and fasteners
will be approximately 0.77 lbs.
𝐼𝐼 =

1
1
(5.8 ∙ 0.253 ) = 0.007552 𝑖𝑖𝑖𝑖4
𝑏𝑏ℎ3 =
12
12
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(4)

Equation 4 is the moment of inertia for the bulkhead where b is the base and h is the thickness in
inches.
𝜎𝜎 =

ℎ
2

𝑀𝑀� �
𝐼𝐼

=

988.4�

0.25
�
2

0.007552

= 16,360 𝑝𝑝𝑝𝑝𝑝𝑝

(5)

Equation 5 is the bending stress where M is the moment in pound inches squared.
The equations above show the hand calculations that were made for the bulkhead. A
maximum stress value of 16,360 psi is an acceptable value that is less than the maximum stress
of the aluminum which is 45,000 psi. As seen in Figure 18, finite element analysis was also done
for the forward bulkhead in Patran and Nastran using a maximum applied force of 706 lbf that
was acquired from both Open Rocket software and analysis of the parachute deployment stages
using acceleration data. The force was applied using RBE-2 element in the center of the hole and
applied along the outer edge of the hole with the force going vertically upward. The bulkhead
was constrained on nodes representing the four locations of the screws that attach it to the rocket
body. FEA of the forward bulkhead shows that with a thickness of 0.25 inches and diameter of
5.8 inches the bulkhead will have a maximum bending stress of approximately 18 ksi which is
below the ultimate strength of 45 ksi for the aluminum. The analysis procedure used for the
avionics bulkhead was also used for this bulkhead with the stress values being taken two
elements away from the center of the eye bolt hole. Using a built in factor of safety of 2, the
margin of safety for the aluminum bulkhead is 0.25, as seen in equation 6.
𝐹𝐹𝐹𝐹𝑢𝑢
45,000
𝑀𝑀𝑀𝑀𝑢𝑢 = �
�−1= �
� − 1 = 0.25
2 ∙ 𝜎𝜎
2 ∙ 18,000

(6)

Equation 3 is the ultimate margin of safety where 𝐹𝐹𝐹𝐹𝑢𝑢 is the ultimate tensile strength for
aluminum.
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Figure 18 – FEA of the Lower Airframe Bulkhead under max load

3.2.5 Fins
The fins will be manufactured from G-10 or FR4 sheets due to ease of machining and
relatively low cost. G-10 fiberglass possesses a strong strength to weight ratio, with supplier data
sheets providing tensile and compressive strengths of 35,000 PSI, as indicated in The Supplier
Data Sheet. These values were utilized for finite element analysis as seen later in this section.
The low cost and ease of manufacturing will allow for spare fins to be manufactured in the event
of any failure during machining, assembly, or test flights. Fin machining will be conducted
similarly to the method discussed in the PDR, with fins rough-cut from G-10 sheets 0.25 inches
thick and then either ground or cut to size based on excess material. The profile of the leading
edge of the fin will be rounded as shown in the drawings in Appendix G: Component Description
Sheets. The fin profile can be seen below in Figure 19.
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Figure 19: Fin Profile

The fin profile remains identical to that of PDR, although the fastener system has changed.
After utilizing CFD and FEA analysis, the number and size of the connectors was reduced to the
values seen in the drawing in Appendix G: Component Description Sheets. The fin width was
selected primarily as a means to counter fin flutter. With the three fin design of the rocket, larger
fin profiles were required to achieve the desired stability profile compared to 4 fin systems. This
larger profile in turn required the use of thicker fiberglass profiles, as in the increased fin height
otherwise resulted in instability at maximum velocity. The fin dimensions and the rocket’s
maximum expected velocity (0.6 Mach) were used to determine the fin flutter. The fin surface
area (Equation 7) was obtained then used to find the aspect ratio (Equation 8) and finally the
maximum Mach Number (Equation 9), all of which can be seen below
𝑆𝑆 =

𝑀𝑀𝑚𝑚𝑚𝑚𝑚𝑚

1
1
(𝑏𝑏 + 𝑡𝑡𝑐𝑐 )ℎ = (8 + 3)8 = 44𝑖𝑖𝑖𝑖2
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2
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=
= 1.454/𝑖𝑖𝑖𝑖
𝑆𝑆
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𝑡𝑡
. 25
2𝐺𝐺(𝐴𝐴𝐴𝐴 + 2)( )3
2(425)(1.454 + 2)( 8 )3
𝑏𝑏
=�
=�
= 1.038
𝑐𝑐
8
3
1.337𝐴𝐴𝐴𝐴 3 � 𝑡𝑡 + 1�
1.337(1.454) �8 + 1�
𝑏𝑏

(7)
(8)

(9)

In these equations, b represents the base chord, tc the tip chord, h the height, t the thickness,
and G the shear modulus. Note that the shear modulus value of 425 KSI was a standard value for
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Fiberglass obtained from manufacturers, and not specific to G-10, so some margin of error can
be expected here. Air pressure was assumed to be 14.7 PSI. These equations with the updated
CDR fin profiles resulted in a maximum Mach number of 1.038, generating a safety factor of
1.73, and a margin of safety of 0.135, as determined by equation 10 seen below.
𝑀𝑀𝑆𝑆𝑀𝑀𝑀𝑀𝑀𝑀ℎ = �

𝑀𝑀𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
1.038
�−1 = �
� − 1 = 0.135
2 ∙ 𝑀𝑀𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎
2 ∙ 0.6

(10)

This margin meets PDR requirements for a safety factor of 1.5 or greater for fin flutter. This
was determined through the use of OpenRocket to obtain maximum Mach Number (0.6). The
increase in safety from PDR is based on the change in max Mach in simulations. The increased
fin thickness also has the added benefit of allowing for easier manufacturing procedures, as the
larger width allows for easier generation of the rounded profile utilized on the leading edge of
the fin. This profile will result in a lower drag coefficient, in turn increasing the maximum
airspeed of the rocket and the maximum apogee.

3.2.6 Fin Brackets
The fins will be attached to the rocket through use of fin mounts machined out of aluminum
2024-T4. This will beThese brackets will be fabricated done via a CNC mill at the machine shop
located at the University of Alabama in Huntsville. Aluminum offers an excellent high strengthto-weight ratio, making it ideal for the structural requirements for the brackets. The brackets will
be secured to the body tube through use of 4 ¼”-20 18-8 stainless steel screws threaded through
the fin bracket and body tube then fastened via locknuts inside the body tube. Use of the screws
and locknuts will allow the fin brackets to be installed and removed with relative ease compared
to the subscale rocket design, however repeated installation and removal of the fin mounts will
require new locknuts to be used, as their strength is reduced with each repeated installation. An
isometric view of the bracket can be seen below in Figure 20.
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Figure 20: Fin Bracket Profile

The fabrication procedure for the fin mounts will consist of steps similar to the following
steps. Primary concerns during fabrication will be to ensure accurate dimensions on the base
radius and hole locations to ensure E/D ratios and prevent any changes in internal stresses or
forces from the results obtained via computational fluid dynamics and FEA discussed in the
subsequent sections.
1. Cut an Aluminum Block down to approximate primary dimensions (7.500” L. x 2.014”
W. x 1.27” H.) with minimum tolerances of ±.030 to ensure E/D ratios are appropriate.
2. Mill external faces – dimension tolerances for base radius as marked on drawing is
+.005-.000 to ensure the mount is as flush as possible with the body tube.
3. Mill mounting slot for fin. This will be done through use of a 0.25” mill with a marked
dimension of 0.252 +.005/-.000 to ensure the fin can be slotted without damaging either
part.
4. Drilling of the fin-fin mount interfaces – 3x 0.203” holes as positioned in drawing. These
holes will remain unthreaded.
5. Drilling of the fin mount – body tube interfaces. These will be 4x 0.175” pilot holes for
the ¼”-20 bolts used to connect the two parts. These holes will be drilled perpendicular to
the flange face for ease of manufacturing. The threaded holes will be obtained by handdrilling the pilot holes.
The bracket will then be carefully inspected to ensure all dimensions are within acceptable
tolerances, and no rough or sharp surfaces exist. The primary dimensions that need to be
analyzed for the fin mounts will be hole diameters and the base diameter as discussed earlier.
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3.2.7 Fin Subassembly and Load Analysis
The fins will be attached to the fin brackets through the use of 3 aluminum binding posts,
with the rear of the fin flush with the back of the bracket. The Chicago screws will allow for ease
of installation since no threading is needed for the holes. They will also provide appropriate
strength to resist the drag force experienced by the fins at maximum velocity. The low profile of
the binding posts also is useful in generating a lower drag profile, resulting in lower resultant
forces on the screws connecting the fin mounts to the body tube.
The fin subassembly represents one of the primary means available to the team of adjusting
the rocket’s center of pressure, stability factor, and apogee, therefore fin dimensions were
carefully tuned to obtain desired values. Through the use of OpenRocket flight simulation
software, the stability of the rocket was determined to be 2.17 with a motor burnout stability of
2.97. Both of these values will be within the required stability margins of the rocket. The
subassembly can be seen below in Figure 21, with all parts and fasteners included.

Figure 21: Fin subassembly

As external features to the rocket, careful analysis was conducted to ensure the fin
subassembly did not experience excessive loads. The team was able to temporarily acquire
access to a copy of SolidWorks Simulation and SolidWorks Flow, providing access to Finite
Element Analysis (FEA) and Computational Fluid Dynamics (CFD) software. This allowed for
extremely accurate methods for analysis of the fin subassembly. Conveniently, since both of
these software packages were designed to allow for easy transfer of data, therefore the data
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obtained from CFD analysis was able to be directly exported to FEA. This removed potential
sources of error that could have occurred through use of multiple program.
Due to the iterative solution process of the CFD program, the desired mesh complexity, and
the limited access the team had to the software, a simplified model of the subassembly
containing no fasteners was utilized. In reality, the fasteners will introduce a small increase in
drag force on the subassembly. While the fin – fin bracket binding posts have a very low surface
profile and would have a negligible impact of drag force, the screws used to attach the fin mount
to the body tube do have a profile that would impact airflow, as can be seen in Figure 22 below.

Figure 22: Fastener Profile

Because of this, the values obtained through this analysis cannot be treated as exact values,
but the results obtained should be considered sufficiently accurate for analytical purposes. The
team will work to generate a complete CFD analysis of the fin subassembly by FRR.
CFD analysis allowed for a detailed pressure load for the entire fin subassembly to be
displayed, as seen in Figure 23 below. As expected, the majority of the pressure load was
concentrated on the leading edge, primarily on the section of the subassembly containing the
largest surface profile – the base of the fin bracket. Maximum pressure for this section is
expected to range from 17 to 18.5 PSI.
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Figure 23: Pressure Loads

Figure 24 and Figure 25 below display detailed 2-dimensional airflow patterns surrounding
the fin. Figure 24 displays the airflow located in the center of the fin on the vertical axis, while
the horizontal axis depicts airflow just above the fin mount – body tube interface. In Figure 25,
streamlines were added to provide greater insight into how airflow would be affected by the fin
profile. Note that in both of these figures and for the entirety of the fin analysis, the fin
subassembly itself was utilized as the fixed reference point at 0 velocity, with the input variable
instead being 1-D airflow velocity in the opposite direction of the fin profile. Therefore when
reading the charts in these images, note that the 0-value for velocity actually in reality will
represent the area of maximum airflow – approximately 8614 in/s. or approximately 718 ft/s.
These graphs were used as sanity checks for the output values of the pressures obtained above in
Figure 23, and depict values and streamlines that match expectations.
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Figure 24: Dual-profile CFD Airflow Analysis

Figure 25: Airflow with Streamlines
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After verification of the airflow and streamlines to ensure no unexpected results, the team
outputted the obtained pressure loads from SolidWorks Flow directly into Solidworks Simulation
through use of the importing tools provided in the software package. This allowed for extremely
accurate load simulation for FEA. The fin – fin mount connectors were modelled as aluminum
bolts, providing accurate values for estimated stresses for that section of the subassembly. The
fin mount – body tube interfaces were modelled as fully constrained in order to obtain the
resultant forces on each bolt.
Figure 26 below displays resultant stress values in the subassembly. As expected, maximum
stresses were centered at the interfaces between parts. Note that the stress concentrations at the
sharp edge between the fin mount – fin flange and the rounded fin mount – body tube interface
should be resolved – as seen in the part drawing in Appendix G: Component Description Sheets, a
stress relief in the form of a 0.050” round on both sides was added after this analysis was
conducted. Maximum stress exists on the two rear fin mount – body tube interfaces as seen in
Figure 27, with maximum values of approximately 74 PSI listed.

Figure 26: Resultant Stresses – Fin Subassembly

33

Figure 27: Maximum Stresses – Fin Subassembly

Figure 28 below displays displacement curves for the fin subassembly. Maximum
displacement as expected occurs at the top of the fin. All displacement values are well within
acceptable tolerances. Figure 29 displays directional and resultant forces for each of the bolt
holes. With a maximum resultant force of approximately 1.61 lbf experienced by the screws, as
well as the low stress concentrations and displacements, the team is extremely confident that no
shear, internal stresses, or displacements will cause problems during ascension.

Figure 28: Displacements – Fin Subassembly
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Figure 29: Resultant Forces – Fin Subassembly Interfaces
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3.2.8 Tail Cone
The tail cone, Figure 30, was designed to ensure that the motor and motor casing remain in
place during thrust and descent of the rocket. The specific purpose of this component aside from
motor retention is to not only serve as the thrust ring for the rocket motor (i.e. transfer the thrust
from the motor into the rocket body itself) but to also serve as a boat tail to reduce the base drag
of the overall vehicle. The part will be fabricated from ABS printed plastic in the UAH MAE
Machine Shop. The printed tail cone will then be fastened into the body tube using three 10-32
threaded brass press-fit inserts –evenly placed about the top ring surface. These inserts will then
have three 10-32 screws inserted to ensure the part remains securely in place. To be confident
that failure of the tail cone will not occur, i.e the tail cone becomes detached from the body tube
and/or the inner lip fractures during thrust, a design analysis was performed.

Figure 30: Tail Cone Model

This analysis consisted of finite element modeling and hand calculations. The hand
calculations shown below in Equation 11, where V is the compressive force, A is the area, r is
the radius, and t is the thickness of the inner ring, show that the tail cone can withstand a
compressive force of 338 lbs on the inner ring without shearing. To ensure that this calculated
value is accurate, the finite element model can be seen below in Figure 31. This model,
constructed in Solid Edge ST9 and imported into Patran, was modeled as a solid and divided into
tet10 elements.

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = 𝜎𝜎 =

1.5∗𝑉𝑉
𝐴𝐴

=

1.5∗𝑉𝑉

2∗𝜋𝜋∗𝑟𝑟∗𝑡𝑡

=
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1.5∗338 𝑙𝑙𝑙𝑙𝑙𝑙

2∗𝜋𝜋∗1.562 𝑖𝑖𝑖𝑖∗0.75 𝑖𝑖𝑖𝑖

= 68.9 𝑝𝑝𝑝𝑝𝑝𝑝

(11)

Figure 31: Tail Cone FEM Model

To simulate the loading, the model was constrained about the three fastener holes in all
degrees of freedom. A compressive load of 335 pounds was applied to the thrust lip through the
use of a rigid body element (RBE) to simulate the effect of the thrust phase of launch. The results
can be seen in Figure 32. The model was then constrained and had the appropriate force applied
at the inner lip. Upon analysis, the model will see a max shear stress of roughly 70 psi on the lip.
It is important to note that the shearing stress in question is not the stress directly where the load
is applied; however, it is at the junction of where the lip meets the outer edge of the tail cone
body, where shear off failure is most likely to occur. This stress is within the range of the
materials compressive yield strength thus ensuring the success of the part during thrust.

Figure 32: Tail Cone FEM Results
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3.2.9 Vehicle Mass Estimate
The vehicle mass estimate was kept up to date through the progression from PDR to CDR.
The origin of each mass estimate was noted and if the mass was determined from the material
properties in the CAD model, specification data sheet, rough estimate, or measured component.
As the team progresses to FRR and receives actual components each mass estimate will be
updated with the actual measured mass and updated in the simulation model as necessary. The
table of the overall vehicle mass can be found in Figure 33
.

Figure 33: Vehicle Mass Overview

3.3 Subscale Flight Results
The CRW team flew two subscale vehicles this year, Trial and Error. Both rockets are
geometrically half scaled with respect to overall length, diameter, fins and boat tail. The only
difference between Trial and Error is the addition of three small, static, forward fins used to
simulate Payload’s RIC control surfaces. Vehicle #1 was flown without the added small forward
fins and Vehicle #2 was flown with the fins. Pictures of each vehicle can be found in Figure 34
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Figure 34: Fabricated Subscale Launch Vehicles

The subscale rocket tests helped the team verify several requirements outlined in the
following Appendices; Appendix B: Vehicle Verification Requirements, Appendix C: Payload
Verification Requirements, and Appendix D: Test Plan. Additionally, the subscale flight data
enabled the team to move forward with their trajectory analysis, launch day procedure
familiarization, and fabrication experience.

3.3.1 Simulation and Model Justification
Within the analysis branch there were several objectives for the subscale launch. The first
was to estimate the coefficient of drag for the full-scale model. In order to have full dynamic
similarity between the subscale and the full-scale rocket, along with geometric scaling, the nature
of the flow over the rocket, the Reynolds number (𝑅𝑅𝑅𝑅) would ideally be matched.
𝑅𝑅𝑅𝑅 =

𝜌𝜌𝑢𝑢∞ 𝐿𝐿
𝜇𝜇
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(12)

Where 𝜌𝜌 is density, 𝑢𝑢∞ is the free stream velocity, 𝐿𝐿 is the characteristic length and 𝜇𝜇 is the
viscosity. At the velocity the vehicle is traveling the flow is turbulent. Based on the Reynolds
number equation, with a half-scale model an increase in density or velocity or a decrease in
viscosity is required to match the Reynolds number with the full-scale design. Since both fullscale and subscale rockets fly in the same atmospheric conditions, density and viscosity are
consequently matched and the only variable that can be adjusted is the free-stream velocity.
Thus, matching Reynolds number for a half scale rocket requires doubling the subscale velocity.
If the subscale rocket velocity was doubled, the vehicle Mach number would increase into a
region of highly compressible flow. As a result, compressibility effects on the subscale would
not match those on the full-scale rocket. It was decided that rather than attempting to match
Reynolds number, Mach number would instead be targeted as the second scaling parameter. It is
also noted with respect to velocity and subscale rocket flights, the coefficient of drag does not
vary significantly at low Mach numbers. As long as the subscale rocket maximum Mach number
is similar to the full-scale maximum Mach number, the drag coefficients will be comparable. The
chart shown below in Figure 35 from George P. Sutton and Oscar Biblarz “Rocket Propulsion
Elements” shows the correlation between the drag coefficients and the Mach number of a missile
based body cross sectional area at several angles of attack(𝛼𝛼). As the Mach number approaches
0.6 each respective coefficient of drag is linear. It is observed that the major source of error
between the drag coefficient estimations will be the angle of attack which depends on the
accuracy of the launch rail angle and wind conditions.

Figure 35: Variation of Drag Coefficient to Mach number

A second objective of the subscale launch was to verify that the full-scale rocket would be
safe to fly. In order to do this, the subscale design would need to have geometrically scaled shape
and have a mass distribution which gave the subscale rocket the same stability margin as the fullscale rocket. Subscale to full-scale flight performance comparisons are found below in Table 2
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Table 2: Full Scale to Sub Scale Performance Predictions

The secondary launch vehicle (Trial) was flown without the forward fins. But aside from
this change everything was identical to the primary vehicle including the tracker assembly,
avionics bay configuration, and parachute packing methods. The lack of fin geometry pushed the
CP back only approximately a quarter inch (44.34”). This discrepancy resulted in the ballast
moving to the aft end of the vehicle and to be placed on the centering ring to move the CG to
37.46”. By relocating the mass to the aft end of the rocket, the secondary vehicle had a
comparable stability margin off the rail of 2.17.
Ideally both the subscale CP and CG value for Vehicle 2 would be half of that of the fullscale design. However due to a new motor selection post subscale launch with a faster velocity at
rail exit, this discrepancy skews the CP location. It is noted that all three Mach numbers are
within the compressible, subsonic flow regime therefore the coefficient of drag of the vehicle
will be similar but not exact.
Another non-technical, but important objective of the subscale was to familiarize the team
with hobby rocketry fabrication itself. The 15 person team has little real world fabrication
experience and getting the CRW team involved will ensure that everyone has an opportunity to
learn more about a wide variety of aspects of the design they may not have had a chance to
immerse themselves in thus far. This also leads to an opportunity for lessons learned during
fabrication, leading to a more producible design for full-scale.
Additionally, the altimeter assembly and tracker used for the subscale launch are the same
components that will be used for the full-scale vehicle. Therefore, using this equipment verified
their functionality and allowed the team to practice the assembly and data collection with these
components. The idea was for the avionics, tracking, and recovery team members to verify their
3-D printed parts and electronic equipment to ensure that the expected data for the full-scale test
flight will be obtained. This testing method lead to the design change of using two pull pins, one
for each altimeter, versus one for both due to difficulty in discerning power up signals for each
altimeter. The team also became more proficient in using the unfamiliar GPS tracking and
altimeter programming software.

3.3.2 Launch Day Conditions
The Charger Rocket Works Team launched both Subscale vehicles on December 10th, 2016.
The launch day at Childersburg, AL was an average 51°F and the wind was mild but present. All
of these aspects were taken into consideration in both Open Rocket and RockSim simulations to
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the best ability possible. One major discrepancy was accounting for the wind at various altitudes.
The wind at ground level was reported to be 4.5 and 4 mph for launches 1 and 2; however it was
visually apparent that the wind was stronger at higher altitudes. The variation of wind at higher
altitudes may not be quantified exactly or represented in the simulation so this is a source of
error discussed further in the subscale section. The basic conditions for each launch can be seen
as follows:
Table 3: Subscale Launch Conditions:

3.3.3 Analysis
Both subscale flights were conducted on the same day which ensured relatively consistent
weather data and kept the altitude predictions as comparable as possible. The first flight (Trial –
no fins) was successfully launched however due to a failure in packing technique the main
parachute did not deploy and the rocket hit the ground only under a drogue parachute. This
packing technique was adjusted for the second launch of Error, which was recovered
successfully. Further discussion on the packing error is discussed in Section 3.3.4 Summary and
Lessons Learned. Both rockets were launched using an Aerotech I284 motor whose selection
was driven by the velocity requirements. Specifications for the motor can be found in Table 4
below
Table 4: Motor Specifications

Due to a fabrication error, Trial had a slightly shorter (0.195”) forward airframe which did
have a small effect on the CP location and the coefficient of drag prediction, however this
inconstancy was only a minor source of error in overall stability analysis and drag predictions.
Simulations were performed before launch to predict altitude, on the field weather conditions and
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final masses were recorded and added to the simulation. The Open Rocket simulation model for
both vehicles can be found in Figure 36.

This change in altitude will help determine the coefficient of drag of the fins which may be
used to determine the actual apogee incorporating for the roll and counter roll.

Figure 36: Subscale Open Rocket Models

Meticulous caution was taken when building the Open Rocket simulations in order to
accurately predict the altitude and eventually verify the coefficient of drag. This includes
accounting for weather data at each respective time of launch, surface condition of the fiberglass
airframes and adding appropriately sized launch lugs to simulate the rail buttons. The final
performance predictions from the Open Rocket simulations of both vehicles can be found in
Table 5 below.
Table 5: Subscale Open Rocket Performance Predictions

The Trial flight data compared to the predicted data can be found in Figure 37. The
similarity between the flight data and Open Rocket prediction boost phase ensures the thrust
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curve is similar to the motor used on the field. This is still a source of error to the overall
coefficient of drag predictions and subscale analysis.

Figure 37: Trial- No Fins Measured and Predicted Altitude Results

Open Rocket has an uncertainty of 10 − 15% for accuracy concerning altitude predictions
according to “Development of an Open Source model rocket simulation software” by Sampo
Niskanen. With a delta of 245 feet, the 8% discrepancy is considered a successful prediction and
verified the software’s accuracy. The flight data’s rough linear descent is due to the packing error
mentioned previously and discussed in further detail in section 3.3.4 Summary and Lessons
Learned.
As shown in Figure 38 below, Error was successfully launched and recovered. An 8% error
between measured and predicted altitudes, confirms the validity of the simulation model. The
obvious source of error here is the coefficient of drag prediction in the simulation software as
well as varying wind conditions at higher altitudes.
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Figure 38: Error with Fins, Measured and Predicted Altitude Results

Altitude per time results in the vertical velocity of the actual flight data. The second
derivative of the flight data results in the acceleration during ascent. Due to the small 5° launch
angle, during the coast phase the vertical velocity may be approximated to equal the total
velocity. For confirmation on this assumption, the Open Rocket prediction was compared to the
flight data as shown in Figure 39 and Figure 40.

Figure 39: Trial Velocity Analysis
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The first derivative of the raw data was visually rough. In order to smooth the data, a
moving average smoothing technique was utilized. In this process, at each time iteration a new
velocity was derived by taking an average of 3 raw velocity data points before each point in time
and 3 after. The observed data in Figure 39 depicts this moving average velocity, however due to
the parachute deployment issues the results post apogee are still noisy. The same technique is
applied to the raw velocity data on Error and the results are more readable.

Figure 40: Error Velocity Analysis

The drag force is obtained by applying Newton’s Second law of motion to the free body
diagram seen in Figure 41. The drag coefficient isolated in equation 17 is determined through
equations 13 through 16. Through use of subscale flight data, the position of the rocket was
derived to obtain the velocity for equation 15 and the acceleration for equation 13. Through these
values and the equations discussed in detail below, a value for drag coefficient was obtained.
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Figure 41: Free Body Diagram

Σ𝐹𝐹 = 𝑚𝑚𝑚𝑚 = −(𝐹𝐹𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 + 𝑚𝑚𝑚𝑚)
𝐹𝐹𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = −(𝑚𝑚𝑚𝑚 + 𝑚𝑚𝑚𝑚)

(13)
(14)

The coefficient of drag (𝐶𝐶𝑑𝑑 ) may be found from the equation below where 𝜌𝜌 is the air
density, 𝑢𝑢∞ is the free stream velocity and A is the cross sectional area stated above and 𝐹𝐹𝑑𝑑 is the
drag force felt on the rocket.
1

Substituting equation (15) to (14)

𝐹𝐹𝑑𝑑 = 𝐶𝐶𝑑𝑑 𝐴𝐴 2 𝜌𝜌𝑉𝑉 2

Solving for the coefficient of drag,

1
𝐶𝐶𝑑𝑑 𝐴𝐴 𝜌𝜌𝑉𝑉 2 = −(𝑚𝑚𝑚𝑚 + 𝑚𝑚𝑚𝑚)
2
𝐶𝐶𝑑𝑑 = −2𝑚𝑚 �

𝑎𝑎 + 𝑔𝑔
�
𝐴𝐴𝐴𝐴𝑉𝑉 2

(15)

(16)
(17)

The experimental coefficient of drag of Trial is found to be 0.64 while the Open Rocket
calculated coefficient of drag is found to be 0.532. This yields an error of 17%.
A second method of determining the vehicle coefficient of drag was also performed. The
alternative method used a secondary simulation tool RockSim. In Open Rocket, the software is
built to predict the coefficient of drag but may not alter this variable manually. RockSim has the
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capability to adjust this parameter. By inserting the vehicle and launch site and weather
conditions, the coefficient of drag was iteratively adjusted until the measured apogee resulted.
The final results of each methods coefficient of drag estimation are show in Table 6.
Table 6: Subscale Coefficient of Drag Results

Although Vehicle 1 coefficient of drag may not be directly applied to the full-scale model,
the correlation between the analytical approach using flight data as compared to the Open Rocket
simulation can still validate the approach and add an extra degree of assurance of consistency.
Using the same aforementioned approach, the coefficient of drag of the Vehicle 2 and
subsequently the full-scale vehicle was found to be 0.5335 while the Open Rocket simulation
coefficient of drag is found to be 0.517. This comparison gives a percent error of 3% and
validates the accuracy of both simulations.
After the coefficient of drag for both launches have been determined and compared, it is
observed that the forward fins have little effect on the coefficient of drag and total altitude. This
is due to the fact that the coefficient of drag is directly correlated to the Mach number. Mach
numbers are designated by specific regimes, and as the Mach number approaches 0.6 the
coefficient of drag is relatively constant. This allows the team to revisit the RockSim calculations
performed previously and insert the measured coefficient of drag into the simulation and receive
a more accurate representation of the predicted flight data for full-scale.

3.3.4 Summary and Lessons Learned
The two primary unexpected lessons learned during the subscale flight test related to the
parachute packing method and the Launch Day Standard Operating Procedures. The subscale
rockets, Trial and Error, were launched separately starting with Trial (the un-finned rocket). Trial
was successfully launched and it was observed that both the primary and secondary ejection
charges fired and effectively severed the shear pins allowing for the parachute/s to deploy. The
recovery system performed as expected and both the drogue and main deployed. However, the
main parachute never opened and appeared to be tangled. At the landing site, the CRW Red
Team took pictures and notes before disturbing any of the rocket components. This detailed
inspection led to the discovery of the root cause of the main parachute failure. It is quite easy to
see from Figure 42 that the recovery harness was z-folded in the nomex with the parachute
causing the recovery harness to tangle around the parachute and preventing it from opening. This
lesson learned allowed the team to modify the parachute packing technique for Error which
resulted in a perfect flight and recovery. Additionally, red lines were added to the subscale flight
SOP in order to aid in the optimization of the full-scale test flight procedures.
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Figure 42: Subscale Vehicle 1 Parachute Failure

In addition to the parachute and SOP, there were also several other lessons learned throughout
the subscale flight test. The payload team used the subscale flight to ensure that wing wake does
not affect the rear fins. Also, the subscale flight successfully allowed the recovery team to verify
the tracker mounting and functionality. Additionally, the subscale flight successfully allowed for
confirmation of stability and drag coefficient predicted by simulations.

3.4 Recovery Subsystem
This rocket utilizes a dual-deploy recovery system with a drogue parachute that deploys at
apogee and a main parachute that deploys at approximately 600 ft. The drogue parachute is
housed in the lower airframe of the rocket and the drogue parachute harness is connected to the
bulkhead in the lower airframe and to the aft end of the avionics bay coupler. Figure 43 displays
the configuration for the descent under drogue. Upon detection of apogee, the altimeter will fire
a separation charge to separate the rocket between the upper and lower airframe, which will
deploy the drogue parachute. During the drogue descent, the components will fall in a steady and
controlled manner at a terminal velocity of approximately 120.76 ft/sec. The two components
will descend in this configuration for a time span of 38.7 seconds.

Figure 43: Descent Under Drogue
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Once the rocket descends to an altitude of 600 ft, the altimeter will fire a second charge
which will separate the nosecone from the upper body tube allowing the main parachute to
deploy. Figure 44 displays the configuration of the descent under main. After the main parachute
is fully deployed, terminal velocity under main will be approximately 12.81 ft/s. The rocket will
descend under main for approximately 46.8 seconds. The main parachute is housed in the upper
airframe and its harness is connected to the nosecone bulkhead and the avionics bay forward
bulkhead.

Figure 44: Descent Under Main

3.4.1 Physical Components
The drogue parachute is a Fruity Chute CFC-18 with a coefficient of drag given by the
manufacturer of 1.5. This same drogue parachute was utilized on the subscale flight and the
coefficient of drag was calculated to be 1.47 which was later used in drift calculations. The
drogue parachute is manufactured from 1.1 oz. rip-stop cloth. This parachute has eight shroud
lines and is connected with the use of a fifty-foot, 1-inch tubular nylon recovery harness. The
main parachute is a SkyAngle CERT-3 X-Large with a manufacturer specified coefficient of
drag of 2.59. The material that is used to manufacture the main parachute is zero-porosity 1.9 oz.
silicone-coated balloon cloth. The main parachute also utilizes a fifty-foot, 1-inch tubular nylon
recovery harness for the connection points to the body. Recovery harness connection points will
be tied utilizing figure eight knots with quick links used at all connection points for ease of
assembly. Both parachutes are connected to their respective recovery harness at one-third of the
total harness length. The short end of the recovery harness for the drogue is connected to the
upper airframe while the short end of the main recovery harness is connected to the nose cone.
With the rocket sections descending with this layout they will be adequately spaced to ensure the
sections do not collide with each other during the descent. In order to protect the recovery system
during the deployment events, nomex clothes and cellulose insulation are utilized. Both of these
materials shield the parachutes and recovery harness from being burned when the black powder
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charges are ignited. There is also a concern that the recovery harness can be cut from the edge of
the body tube once the parachute is deployed. In order to keep this from happening, there will be
shrink wrap placed on the recovery harness in the area that it makes contact with the lip of the
body tube.

3.4.2 Electrical Components
There will be two electrical systems installed that will aid in safely recovering the rocket.
The first system will be located in the coupler, and it will house two altimeter systems. The
second system will be a GPS tracker, located in the nose cone. The tracker will help locate the
rocket after its descent.
The Stratologger SL100 altimeters contain two terminals to connect to the black powder
charges. The remaining terminals will be connected to a 9V battery and to an electrical switch.
The ignition of the charges will deploy two parachutes at their respective times. Each charge will
also have a redundant secondary charge, in case of failure by the primary charge. The secondary,
30% larger, charges will be controlled by the second altimeter. The primary drogue charge will
be set to fire at apogee, and drogue parachute will deploy. The secondary drogue charge will fire
at apogee plus one second. The main parachute will be deployed when the vehicle reaches 600
feet above ground level on its descent. The secondary charge will fire at 550 feet above ground
level. Figure 45 shows a block diagram of the avionics components as well as the flight altitudes
for the black powder charges to fire.

Figure 45: Block Diagram of Avionics Components
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The GPS tracker will be housed in the nose cone of the rocket. The Antenova GPS will be
integrated with an XBEE radio. A single, commercially available CR123 battery will power the
GPS tracker and will be independent of all other systems. The GPS unit will communicate with a
ground station computer.

3.4.2.1 Avionics Bay
The avionics bay will be contained inside the rocket’s coupler. The bay houses the two,
independent recovery electronics systems to include: altimeters, power switches, and 9-volt
batteries. It will be assembled with the vehicle via five #4-40 nylon shear pins on the aft end and
five nylon split shank removable rivets on the forward end. 3/8”-16 eyebolts connected to
aluminum coupler bulkheads will provide connections for the drogue and main parachutes. The
bulkheads will house the black powder charges for primary and secondary employment
procedures. The black powder will be stored in PVC cups, which will be attached to the
bulkheads.

Figure 46: Avionics Wiring Diagram

3.4.2.2 Tracker
The tracker used for the full-scale rocket is a custom CRW GPS tracker which uses an
Antenova module for GPS and Xbee-Pro S3B radio transmitters to communicate to the ground
station using a free program, X-CTU. Only one GPS Tracker is necessary for this launch because
the rocket is intended to land as one piece. The radio transmitters operates between a 902 MHz to
a 928 MHz range. The GPS tracker is attached to a machined “L” bracket which is connected to
the all thread within the nose cone for safe housing. The radio transmitter can operate up to 6
miles outside. A range test was completed simulate the environment used for the launch. It was
found that it could reliably pick up the signal from up to 2.5 miles away with tree interference
which is more than necessary for the full-scale launch. The tracker will be completely
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independent of all other systems, and runs on a single, commercially available CR123 3V
lithium-ion battery. This battery will be mounted to the tracker and reinforced with a strap
around the electronics board. The following figure depicts the GPS tracker attached to the
machined “L” bracket.

Figure 47: Tracking Mounting System

3.5 Mission Performance Predictions
A successful mission is defined by several criteria per both the CRW team and SLI
requirements. The full-scale vehicle must reach an apogee of between 5,080 and 5,380 feet. The
vehicle must have a stability margin of at least 2.0 off the rail and a thrust to weight ratio of at
least 6 and velocity off the rail at least 52 fps. The dual deploy system will deploy a drogue
parachute housed in the lower airframe at apogee and the main parachute housed in the upper
airframe at 600 feet. The fully assembled rocket must be able to sit on the pad for up to 4 hours
before flight. And the vehicle must be recovered in a reusable state. The vehicles final mass is
51.1 pounds on the rail and reaches a target apogee of 5281 feet this is under approximated
weather conditions. Further flight performance predictions are discussed in detail in the
forthcoming sections.

3.5.1 Flight Simulations
The flight simulations were performed using open source Open Rocket. The altitude results
of this simulation were verified through hand calculations during the PDR phase and confirmed
after Subscale flight analysis. A 2D MATLAB script was developed to provide a Monte Carlo
Analysis which provides an estimate of uncertainty in the flight predictions. Final motor
selection was performed using this simulation. Due to mass gain from the PDR phase to CDR, a
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higher impulse motor is required to meet the apogee goal of one mile. Specifications for the
selected motor may be found in Table 7.
Table 7: Motor Specifications

There is a large increase in total impulse at the top end of the Aerotech L-class motors, so
Cesaroni motors were briefly considered as well. Although they had more incremental impulse
motors, the availability was scarce. The final motor selection is an Aerotech L2200 with 3
pounds of ballast for stability and altitude optimization. The Thrust curve for the new motor is
found in Figure 48.

Figure 48: Aerotech L2200 Thrust Curve

Several realistic launch conditions were incorporated in the Open Rocket simulation.
Weather conditions observed in Childersburg AL on the launch date over the last ten years, and
the average value of this was put into the simulation. The 96 inch launch rail is also integrated to
the simulation. And finally the appropriate coordinates for the Tony, AL launch site were also
added to the simulation. In addition to the launch conditions, the model was updated as the
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design was realized during the progress of the transition into the CDR phase, each mass estimate
is becoming more realistic and accurate. All of these limits add various levels of accuracy for the
full-scale.
rd

Table 8: Weather Data – Childersburg AL – February 3

Figure 49: Predicted Coefficient of Drag

Flight predictions including the average predicted weather conditions and FRR launch site
parameters were applied to the model for the results depicted in Figure [Full Scale Altitude
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Predictions]. At the t=0.24 seconds the vehicle leaves the rail where the velocity is 73.79 fps,
acceleration of 324.81 ft/s2 Motor burnout occurs at 2.4 seconds and the coast phase lasts until
drogue deployment at 18 seconds. The target apogee in the simulation is found to be 5281 feet
under average wind conditions.

Figure 50: Full Scale Altitude Predictions

The simulation was also ran considering the lower and upper wind boundary conditions. No
wind on the launch day will result in a total apogee of 5187 feet while high wind results in an
apogee prediction of 5313 feet. Both of these predictions fall within the team derived
requirements of a target apogee of at least 5080 feet and a maximum of 5380. The three pounds
of ballast in the vehicle gives room for mass growth during fabrication and an adjustable variable
to hit the target apogee after the vehicle parts are received and assembled.
The estimated coefficient of drag (𝐶𝐶𝑑𝑑 = 0.5335) from the subscale launch was inserted into
the RockSim trajectory code and compared to the altitude predictions as shown in Figure 49. The
Open Rocket predicted altitude is 5281 feet. The predicted altitude with the estimated coefficient
of drag applied is 5164 feet, this range is within the CRW requirement of 5080 foot minimum.
The error between the two predictions is 2%.

3.5.2 Stability Analysis
For the safety of the vehicle and all bystanders a stable velocity must be obtained at rail exit.
The required stability is outlined in the SLI requirements as 2.0. The stability margin was
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calculated in open source Open Rocket and is determined by the distance between CP and CG.
The open rocket model is shown below with designated locations at rail exit in Figure 51 which
results in a stability margin of 2.17.

Figure 51: Full Scale Rocket CP & CG Locations at Rail Exit

A visual representation of the stability margin throughout ascent is found in Figure 52
below. As shown the stability margin remains under 3 calibers throughout motor burnout which
will prevent the rocket from becoming over stable.

Figure 52: Full Scale Stability Analysis
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3.5.3 Load Path Analysis
The flight of the rocket consists of four primary phases; two ascending phases (the thrust
phase and the coast phase) and the two descending phases (descent under drogue and the descent
under main). The load path for all four phases of flight has been assessed to determine the
loading for all components of the rocket.
During the thrust phase, Figure 53, the thrust is in the upward direction while the drag and
weight are in the downward direction. The resultant forces of the thrust and the weight act
through the CG where the resultant drag force acts through the CP. In this phase the body tubes,
nose cone, and tail cone, are under a compression style load. The main component of interest in
this phase of the flight is the tail cone which transfers all of the thrust produced by the motor into
the airframe. The critical area of the tail cone is the region of the tail cone where the motor
casing engages with the inner tail cone lip.

Figure 53: Load Path during Thrust Phase

In the coast phase of flight the upper airframe has less drag than the lower airframe. This
will cause a separation force between the two components which are connected at the avionics
bay coupler. This is the only time in flight that the shear pins connecting the lower airframe to
the avionics bay housing will experience any load until the black power charge is ignited to
disconnect the two pieces. Figure 54 displays the area that the separation due to the aerodynamic
drag forces during the coast phase occurs.
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Figure 54: Load Path during Coast Phase

In Figure 55, the load path while descending under drogue is shown. In this phase of the
flight the drag force produced by the drogue parachute pulls upward through the recovery
harness while the weight of the attached sections pulls downward. In this configuration all
components see tensile loading, with the exception of the payload housing. The payload housing
is in compression while resting on a bulkhead located on the aft end of it within the lower
airframe. During this phase of flight there is also a tensile load on the avionics bay housing due
to the drag of the parachute in the upward direction, while the weight of the upper body tube and
the nose cone are causing a downward force that is opposite of the drag force. One critical area
during both the descent under drogue and main is the area where the motor case engages with the
tail cone. The snap ring that holds the motor case in place has a load exerted on it during these
two phases of flight.

59

Figure 55: Load Path Under Drogue

Figure 56 displays the load configuration while descending under the main parachute. In this
load configuration the avionics bay housing is experiencing a large tensile load due to the weight
of the lower airframe hanging below it, while the drag from the parachute causes an upward
force. The upper body tube is in compression due to the manner in which the main parachute is
connected through the body tube to the forward end of the avionics bay housing. In the descent
under drogue and main the lower airframe transfers the loads in the same configuration. Due to
the shock load that occurs when the main parachute is deployed there is a 24g load which can be
assumed to be the maximum deceleration during the descent. The maximum deceleration under
drogue yielded 31.8 ft/s2, where under main it yielded 772.8 ft/s2. These deceleration values were
derived from the shock loads that were output in the MATLAB code that is further discussed
later in the drift calculation section. Considering that the change in acceleration under the main
parachute is much larger due to the greater drag with the main parachute, the loads under main
deployment will be used for the analysis of the parachute connection point to ensure a
conservative estimate. The deceleration values used within MATLAB were determined by
exporting data from a successfully flown rocket. The rocket possessed a burnout mass that is
within one percent of the rocket that is currently being designed, and the parachutes and recovery
harnesses that were utilized are identical to the current design.
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Figure 56: Load Path Under Main

3.5.4 Kinetic Energy at Landing
In order to ensure the kinetic energy at landing was within the competition requirements, the
maximum allowable terminal velocity of the heaviest section was determined such that the
kinetic energy limit would not be exceeded. At landing, the rocket will consist of three
descending sections. The heaviest of these three sections is the lower airframe which contains the
motor case and the payload. The burnout mass of lower airframe is 25.5 lbs and based on the
position of the sections relative to the parachutes it will be the first section to touch the ground.
With the rocket components falling at terminal velocity under main, 12.81 ft/s, the kinetic energy
at landing for the lower airframe was determined to be 65.1 ft-lbf. Kinetic energies of the other
two sections were found to be 26.14 ft-lbf for the upper airframe and 9.1 ft-lbf for the nose cone.
These calculations were performed utilizing Equation (18) with a given terminal velocity and the
mass of the individual component being analyzed. In order to simplify the process of selecting
the parachutes, Equation (14) was rearranged to solve for velocity. Equation (19) is the derived
equation for velocity that allows for a maximum velocity at landing to be computed with the
mass of the rocket. Equation (15) was used during the iterations as the mass of the individual
components were updated and hardware was added.
1

(18)

2∗𝐾𝐾𝐾𝐾

(19)

𝐾𝐾𝐾𝐾 = 2 𝑚𝑚𝑉𝑉 2

𝑉𝑉 = �

𝑚𝑚
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3.5.5 Drift
To estimate the total drift of the rocket during the descent phases of flight, a code was
developed to implement all the assumptions that were initially determined. The initial drift
calculations that were performed for PDR implemented pitch into the wind during the ascent of
the rocket. Once it was determined that the requirement was for the pitch during the ascent not to
incorporated the code was developed to model the altered flight path. The code allows for a
conservative estimate while using realistic concepts to obtain horizontal drift distances.
Assumptions the model implemented:
• Line of action of the parachute aligns with Total Velocity Vector
• Drag force of parachute is a function of the Total Velocity (resultant velocity)
• Drag force of the parachute consist of an X drag and a Z drag
• X drag force uses the relative x velocity
• Z drag force uses the “falling velocity” of the system.
• Parachute opening is modeled as a linear opening of diameter over a fixed
deployment time.
• Parachute opening was based on flight data from previously flown rocket with
almost identical components
• Initial horizontal velocity of the descending rocket is 0 ft/s
• When main is fully deployed, the drag from the drogue is ignored
• Density is treated as a linear function of altitude based on Standard Atmospheric
Tables
• Model assumes the ground level elevation is equal to the elevation of Toney,
Alabama
• Model predicts terminal velocity, drift, and parachute opening shock loads.
• Model stops at an altitude of 83 ft, which is the distance between the main
parachute and the tail cone when the rocket is descending under main
• Elasticity in the recovery harness is not modeled explicitly
Drift calculations were performed for wind speeds varying from 0 to 20 mph in 5 mph
increments. The calculations assume that the horizontal velocity of all components during the
descent under fully developed parachutes is equivalent to the velocity of the wind and that
apogee occurs directly over the launch rail. There is also an assumption made that the drogue
parachute will deploy in a half second time step and that it will be at terminal velocity as soon as
it is fully deployed.
In order to model the descent in a way that would be conservative but realistic a code was
written to output the drift along with the descent rates at each stage of descent as a point mass.
The program allowed for all the parameters of the parachutes to be directly inputted as well as
the mass of the rocket. This code incorporates the variation of air density with altitude and the
elevation of the launch rail. This descent code incorporated the time before the drogue is fully
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deployed and it was determined that while it is conservative to say that the horizontal velocity is
equal to the wind speed at all times of the descent, it is not a realistic estimation. In order to
model the time that it would take for the components under drogue to reach full wind speed, the
parachute was modelled to start parallel with the direction of the wind. With the parachute being
parallel to the wind at the starting point the coefficient of drag of the drogue chute was used until
the horizontal velocity reached the wind speed. During this time the mass of the rocket body is
also descending in the vertical direction which causes the parachute to pivot until it is
perpendicular to the wind direction. Figure 57 displays how the parachute swings down to a
vertical position where the drag of the drogue parachute is directly opposite gravity. Figure 57
also displays how the force on the parachute is a resultant force and it can be broken down to a
component level where there is a force due to the wind in the horizontal direction and a vertical
force due to the weight of the rocket in the vertical direction. The coefficient of drag and area of
the drogue parachute were utilized for the Cd and A terms respectively. The density term in this
equation can be assumed to be constant due to the fact that the change in height is insignificant
over the time that this process occurs.

Figure 57: Drift Resultant Forces

During the deployment of the main parachute, the drag caused by the drogue parachute is
incorporated until the main is fully developed. At the point that the main parachute is fully
deployed, the drag induced by the drogue parachute is neglected due to the fact that the drogue
recovery harness with be pulled tight and the drag of the main is much more significant. For the
deployment time of the main parachute there was data obtained from a previous flight with the
same SkyAngle CERT-3 XL parachute that allowed for the time of deployment to be
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determined. This deployment time was determined by evaluating the inertial load caused from
the deployment of the main and implementing this deceleration into the code that has the
parameters from the currently configured rocket. Since the drag coefficient is identical for the
two parachutes it allowed for the time of deployment of the main to be back calculated. With the
use of this flight data and the given parameters of the current rocket, the deployment time of the
main was found to be 0.12 seconds. After having done this analysis it was determined that the
maximum drift was with the 20-mph wind which yielded a landing distance of 2,426 feet.

Figure 58: Drift Plots

This data shows the maximum drift to be within the 2500 feet radius by 74 feet, which meets
the requirement but it can be assumed that this analysis is extremely conservative and that the
landing distance will actually be closer to the launch pad than the data displays. This is mainly
due to the fact that during the ascent a rocket will pitch into the wind, it would be a conservative
assumption to say that the pitch in the opposite direction would be very substantial and that the
higher the wind speed the farther it would travel in the opposite direction of the drift during the
accent. Figure 58 shows the drift trajectories with varying wind speed and it can be seen that
these calculations were performed with wind speeds of 5 mph, 10 mph, 15 mph, and 20 mph. It
is to be noted that the horizontal drift distance was concluded when the first section of the rocket
landed. In the configuration for the main descent, the lower airframe will land first and it is
connected to the 50 ft fully extended drogue recovery harness and to the longer 33 ft end of the
main recovery harness. Taking this length of 83 feet that the lower is hanging below the main
parachute into account, the drift code was stopped when an elevation of 83 feet was reached. The
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lateral landing distance for the wind speeds from 0 to 20 mph in 5 mph increments were found to
be 0 ft, 614 ft, 1221 ft, 1825 ft, 2426 ft respectively.

3.5.6 Monte Carlo Analysis
Through Monte Carlo analysis a distribution of altitudes achieved by random variation of
variables can be seen in Figure 59. The input variables that were randomly varied can be seen in
Table 9 along with their mean values, and the span at which these variables were allowed to vary.
Table 9: Monte Carlo Input Parameters

Inputs

Mean Values Deviation from Mean

Wet Mass (lbs)

6

3

Drogue Coefficient of
Drag * Area

2.59

0.1

Body Tube Diameter (in)

6

0.1

Launch Angle (deg)

5

1

Rocket Coefficient of
Drag

0.6

0.05

Main Coefficient of Drag

2.59

0.1

By including the Monte Carlo analysis, a more realistic value can be obtained due to the
random variation incorporated into the analysis that the team may not be able to account for in a
typical trajectory analysis. Figure 59 is normally distributed and is centered about a mean of
5,137 ft. The ideal max altitude, or apogee, that CRW is seeking for their rocket is 5,280 ft, or
one mile. Although the mean value of the analysis is below the ideal value for apogee, it is
indicative of a successful flight as the model is a culmination of 5,000 cases of randomized input
variables and does not exceed the 5,280 ft. goal. This analysis and plot shows that the team is
well on their way to a successful flight of their rocket.
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Figure 59: Monte Carlo Analysis

4. Safety
The CRW safety plan includes a variety of measures to ensure all team members are
conducting tests and experiments safely. Adequate safeguards are being researched and
implemented to protect all staff and equipment along with making the necessary safety training
available to all team members. If any type of mishap occurs, all CRW team members will follow
the proper procedures to ensure the well-being of any affected assets and ensure that proper
measures are taken to ensure safe work practices and reduce any future risks to equipment, staff,
or the environment.

4.1 Safety Officer
For the 2016-2017 USLI competition, Vivian B. is the Charger Rocket Works’ (CRW)
Safety Officer. It will be Vivian’s responsibility to work in conjunction with the Project
Manager, Senior Engineers, Course Instructor, Team Mentor, and other appropriate UAH and
Propulsion Research Center (PRC) faculty members to ensure that the Safety Plan is
comprehensive and fully implemented. The Safety Officer is the primary person responsible for
risk assessment, hazard analysis, and for the definition and documentation of all hazard
mitigation procedures. She is also responsible for overseeing the implementation of all aspects of
the CRW safety plan. Other CRW leadership will actively support the Safety Officer by
verifying proper hazard mitigation by the team and will aid in the hazard mitigation verification
process. The safety plan will be updated throughout the project to reflect newly identified
hazards in accordance with the hazard mitigation plan. Developing launch and assembly
procedures and ensuring all relevant training to carry out these procedures is in place, will be
coordinated by the safety officer.
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4.2 Training
The Safety Officer ensures that personnel are briefed on potential hazards during the
production and testing phases of development. This will be accomplished in weekly briefings,
prepared by the Safety Officer, that focus on hazards that relate to the corresponding period of
the project life cycle. All safety briefing slides are posted on the team website on the day of the
briefing. A sample of the training curriculum can be found in Table 10. The Safety Officer also
coordinates and tracks completion for training accomplished external to the PRC such as first aid
and CPR/AED training. It is the intent of the CRW team to never have any students working
without being accompanied by someone that has received first aid training. Currently 9 of the 15
team members including the Safety Officer have been certified through the Red Cross in first aid
and CPR/AED.
Table 10: Team Training

Training Activity/Topic
Red Cross First Aid CPR/AED
Basic Emergency Procedures
Hazard Analysis
Safe Testing Procedures
Root-Cause Analysis
Outreach Safety Procedures
Hazardous Material Handling/Disposal
Subscale Launch Safety Protocols
Personal Protective Equipment
Workshop Safety Rules
Full-Scale Launch Safety Protocols
TBD

Date
10/14/2016
10/18/2016
10/18/2016
10/25/2016
10/25/2016
11/03/2016
11/10/2016
11/22/2016
11/22/2016
01/17/2017
01/26/2017
TBD

4.3 Operating Procedures
Operating procedures for the assembly and launch of the subscale rocket along with black
powder ejection testing have been developed by the CRW team. Standard operating procedures
(SOP) that have been created to date have been reviewed by the systems team along with team
leads, UAH and PRC staff for technical accuracy and safety concerns. Risk assessments are
performed for each test and can be found in the appendices for each set of procedures. All SOP’s
created to date, can be found on the team website.
The operating procedures are subjected to a dry run before the implementation of the
process. For example, the subscale assembly procedure, excluding black powder handling, was
performed in its entirety in the PRC lab several days before the scheduled subscale launch date.
This also allows a training opportunity for red team members to gain familiarity with the
procedure and highlights problems with the written instructions. These can be rectified and, if
necessary, subjected to the review process prior to using them to qualify any equipment.
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4.4 Final Assembly and Launch Procedures
Final assembly and launch procedures have been developed and used for the subscale
rocket. The documents were subjected to the process defined in section 4.3 Operating Procedures.
These procedures along with notes taken at the subscale launch site are being used to develop
standard operating procedures for the full-scale rocket. These procedures are still in development
but with a great deal of confidence gained from the successful implementation of the SOP review
process. The procedures developed for subscale, using this process, allowed the team to perform
two successful launches on the first day of launch operations with the subscale rocket. Full-scale
procedures are to be submitted to the same operating procedure process. The full-scale SOP will
be verified by the full-scale launch in early 2017.

4.5 State and Federal Regulations
The CRW team continues to adhere to all pertinent state and federal regulations throughout
the duration of the project. The Federal Aviation Association (FAA), National Association of
Rocketry (NAR), Department of Transportation (DOT), and Tripoli Rocketry Association (TRA)
are the primary creators of regulation pertaining to amateur rocketry. These regulations can be
found on the CRW website.

4.5.1 NAR Compliance
In an effort to ensure compliance with all NAR requirements was considered at all times.
The verification of these considerations is outlined in the same numeric format as the NAR High
Power Rocket Safety Code. Any verification or test numbers listed can be found the last three
appendices in this document. The abbreviations are defined as follows:
Legend: V = Vehicle, P = Payload, R = Recovery, S = System, H = Hazard, T = Test
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.
The high power rocket motor will be handled by Jason, the team mentor and a level 3 with
the National Association of Rocketry. Any other team members allowed to handle the motor
require the appropriate certifications. Handling the rocket motor is considered a hazardous
risk and has been detailed in the appropriate table in Appendix A: Risk Analysis and Hazard
Controls.
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.
The airframe design team has taking great care to select materials that fall within the
specified parameters. All component specifications can be seen in Appendix G: Component
Description Sheets.
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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.
The motors will be sourced from reputable companies and will only be handled and/or stored
in accordance with the specifications outlined in the MSDS. Only Jason, the team mentor,
and/or certified team members will be allowed to handle the motors. Handling the rocket
motor is considered a hazardous risk and has been detailed in the appropriate table in
Appendix A: Risk Analysis and Hazard Controls.
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. The function of onboard energetics and
firing circuits will be inhibited except when my rocket is in the launching position.
All launches will be conducted within the FAA, State, and Federal guidelines, as well as, the
guidelines of the Range Safety Officer. The chosen L2200 motor uses a standard high power
rocketry igniter designed to be initiated by a 12 volt DC firing system (verification number
S03). Careful operating procedures will be used to ensure safe motor handling and
installation. These operating procedures were successfully and safely used for the subscale
rocket launch (3.3 Subscale Flight Results).
5. Misfires. If my rocket does not launch when I press the button of my electrical launch system,
I 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.
All launches will be conducted within the FAA, State, and Federal guidelines, as well as, the
guidelines of the Range Safety Officer. Careful operating procedures will be used to ensure
that a misfire protocol is established.
6. Launch Safety. I will use a 5‐second countdown before launch. I will ensure that a means is
available to warn participants and spectators in the event of a problem. I will ensure that no
person is closer to the launch pad than allowed by the accompanying Minimum Distance Table.
When arming onboard energetics and firing circuits I will ensure that no person is at the pad
except safety personnel and those required for arming and disarming operations. I will check the
stability of my rocket before flight and will not fly it if it cannot be determined to be stable.
When conducting a simultaneous launch of more than one high power rocket I will observe the
additional requirements of NFPA 1127.
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All launches will be conducted within the FAA, State, and Federal guidelines, as well as, the
guidelines of the Range Safety Officer. Again, careful operating procedures will guide the
launch pad protocols. The center of gravity will be measured after motor assembly to verify
the stability margin prior to any flight (verification number V06).
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 and clear that area of all combustible material if the
rocket motor being launched uses titanium sponge in the propellant.
The only launch equipment used will be done so in accordance with the Range Safety Officer
and the launch site requirements. The rocket is designed to launch from a standard 8ft long
15-15 launch rail (verification number S04).
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.
The L class motor being used in the full-scale rocket has an impulse of 4603 Ns (verification
number V05). The weight of the rocket will be verified after motor assembly, prior to 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.
All launches will be conducted within the FAA, State, and Federal guidelines, as well as, the
guidelines of the Range Safety Officer. Environmental considerations will be made prior to
any launch. The environmental hazards identified can be seen in the appropriate table in
Appendix A: Risk Analysis and Hazard Controls.
10. Launch Site. I will launch my rocket outdoors, in an open area where trees, power lines,
occupied 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, or 1000 feet for rockets with a
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combined total impulse of less than 160 N‐sec, a total liftoff weight of less than 1500 grams, and
a maximum expected altitude of less than 610 meters (2000 feet).
All launches will be conducted within the FAA, State, and Federal guidelines, as well as, the
guidelines of the Range Safety Officer.
11. Launcher Location. My launcher will be 1500 feet from any occupied 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.
All launch sites will be in rural areas away from houses and traffic. Environmental
considerations will be made prior to any launch All launch sites will be evaluated by the
CRW team to ensure the launch location is a safe distance from trees and bodies of water..
The environmental hazards identified can be seen in the appropriate table in Appendix A:
Risk Analysis and Hazard Controls.
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.
The CRW Recovery Team has designed a safe recovery system. The Recovery Team and the
Safety Officer have created a checklist to ensure consistent and safe installation. The
verification requirements for the recovery system can be found in Appendix C: Payload
Verification Requirements items numbered R01 through R12.
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.
All launches will be conducted within the FAA, State, and Federal guidelines, as well as, the
guidelines of the Range Safety Officer. A full list of regulations can be seen on the CRW
website

4.6 Workplace Analysis and Inspection
The safety officer ensures that all workplace environments are deemed safe and that all
necessary personal protective equipment and Material Safety Data Sheets are accessible. This
will be done by performing initial site inspections at all worksites, including the launch site.
Local governing documentation, such as the UAH Propulsion Research Center Facility Usage
Policy has been reviewed by the safety officer and disseminated to pertinent team members. This
is also applicable to the UAH machine shop, where controls are in place for only certified
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members to have access. These members of the team are responsible for all team members
present during shop activities. When tools from the shop are identified for
use in the manufacturing process, they will be submitted to the risk assessment procedure
described in the Risk Assessment section. The safety officer also provides input on potential
safety concerns and potential PPE requirements.

4.7 Hazard Analysis
Hazard analysis and risk mitigation are focuses for the entire CRW team. As potential
hazards are identified, the team uses an established process for weighing the severity and
likelihood of the hazard. The hazards include safety concerns and program hazards along with
risks to equipment. The hazards are captured through the risk assessment and verification plans.
Component specific concerns are included on the Component Description Sheets. All other
hazards are outlined in Appendix A: Risk Analysis and Hazard Controls.

4.8 Risk Assessment
The safety officer, along with the project manager and chief engineer, establishes processes
to mitigate risks incurred to an acceptable level. The mitigation techniques are coordinated with
the verification and test plans. The goal is to have traceability of hazards identified and outlined
in the risk assessment, through the verification plan, and finally into the test plan where the
proposed mitigation techniques can be measured for success. A detailed risk analysis can be
found in Appendix A: Risk Analysis and Hazard Controls in the Risk Mitigation table under the
heading Verification, references are made to both the applicable Verification Plan item number
and the subsequent Test Plan item number that supports it. The Vehicle Verification Plan can be
seen in Appendix B: Vehicle Verification Requirements, the Payload Verification Plan is
outlined in Appendix C: Payload Verification Requirements, and the Test Plan is in Appendix D:
Test Plan

4.9 Mishap Reporting and Investigation
The priority of every safety plan is to be proactive and identify risks before they occur, it is
equally important to develop a process for handling mishaps when they occur. Any time a
circumstance is identified that is deemed dangerous or could result in damaged equipment, all
operations are stopped until a qualitative assessment is made. Before operations are restarted an
exhaustive root-cause analysis is conducted. The process for this analysis is a technique known
as “The Five Why’s.” In this process, the circumstance identified is put forth and a series of
interrogative questions are asked until either training, equipment, or environmental condition is
found that, if resolved, would alleviate the hazard and prevent it from occurring in the future.
The potential for injury exists in any workplace; therefore, a buddy system is enforced
stipulating that no assembly, fabrication, or test activity is conducted alone. Along with this, any
test activity performed by the team is done so under the direct supervision of PRC or UAH staff
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and mentors. If a case arises wherein first aid is required, this will be administered by properly
trained staff. Once this has been accomplished it will be necessary to inform UAH administration
of the incident. As previously stated, work activities will be stopped and the same root-cause
analysis procedures will be executed before allowing the continuation of project activities and/or
facility operations.

4.10 Material Hazard Communication Program
The Hazard Communication Program identifies all stored hazardous materials and those
used in all project facilities and operations. The Safety Officer collects material safety data
sheets (MSDSs) for these products and ensures that they have been correctly labeled. The Safety
Officer also provides all team members with the proper information and training to effectively
mitigate any hazards present. This program serves to ensure compliance with the Occupational
Safety and Health Administration (OSHA) regulation, 29 CFR Part 1910.1200, Hazard
Communication. Hazardous materials include any chemical which is classified as a physical
hazard, health hazard, simple asphyxia, combustible dust, pyrophoric gas, or any other hazard
defined as such.
The product identifiers listed on any MSDSs match those kept in the inventory of hazardous
materials and the identifier displayed on the container labels. All team members are responsible
for ensuring that these labels are displayed in accordance with the appropriate OSHA
regulations. Any chemicals transferred to containers for storage or transportation is labeled in
this manner. A printed copy of each MSDS is kept in the PRC by the Safety Officer. These
MSDSs are easily accessible by all team members for reference, and for any emergency response
purposes. The MSDS are also available on the team website and Appendix B: Material Safety
Data Sheets
For hazardous chemicals present at the beginning of a work assignment, and any that are
subsequently introduced into the work area, it is the duty of the Safety Officer to provide all team
members with the appropriate information and training in order for their safe use. This
information and training complies with the requirements given in 29 CFR Part 1910.1200(h).
Methods to mitigate chemical exposure have been incorporated into written standard operating
procedures, hazardous operations procedures, and emergency procedures whenever possible.

4.10.1 Hazardous Materials Inventory
The Safety Officer maintains an inventory of all the hazardous materials stored and used in
any facilities. All materials are identified in the same manner as the MSDS. The inventory is
updated throughout the manufacturing and testing process as required. The risk assessment tables
in Appendix A: Risk Analysis and Hazard Controls will include all hazardous materials to be
used and pertinent information about personal protective equipment (PPE) and other safety
controls.
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4.11 Environmental Concerns
Environmental concerns for this project will include issues that will impose on the rocket, as
well as, issues that the rocket will impose on the environment. Therefore, the environmental
impacts identified to date include: proper disposal and handling of hazardous materials, exhaust
gas emission, impact to local ecology and wildlife at launch sites, and localized noise pollution,
rain, high winds, and surrounding geography. All concerns were analyzed and subjected to risk
assessment protocols to find suitable means of mitigation if the concern was not deemed
negligible.

4.11.1 Hazardous Materials
The disposal of all chemicals will be governed by the MSDS and coordinated through UAH
Office of Health and Environmental Services. All team members will be briefed by the Safety
Officer of proper handling and disposal procedures at the time of application. Coordinating
proper transportation to launch sites and storage controls while on site is the responsibility of the
safety officer.

4.11.2 Exhaust Gas Emissions
Exhaust gas emissions in high-powered rocketry are considered localized and negligible.
Nonetheless, in order to decrease the team’s footprint, the smallest possible rocket that can be
used to safely and successfully fulfill all requirements will be selected.

4.11.3 Local Ecology and Wildlife
Impacts to local ecology and wildlife should also be negligible due to the remote site
locations. Fire is always a concern and proper safeguards such as fire extinguishers and
personnel trained to use them should be in place. All launch team personnel will at a minimum
have received some form of fire extinguisher familiarization training from the Safety Officer.
During the rocket’s recovery phase special care will be taken to not disturb local wildlife
habitats.

4.11.4 Noise Pollution
Noise levels in the rocket chosen by the CRW team will produce noise levels of less than
120 decibels and the exposure time will be less than one minute. Due to the short term nature
and relative low intensity of the noise, noise pollution concerns have been deemed negligible.

4.11.5 Rain
The occurrence of rain could jeopardize the subscale and full-scale launches. Due to the
potential for electronic malfunction, the team will monitor the weather prior and during any
launch opportunities. In the event of unexpected precipitation, there will be a plan in place to
quickly move the rocket to a water safe location.
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4.11.6 High Winds
The team will monitor the weather and always consider wind speeds when planning for
launch opportunities. In the event that the Safety Officer, Team Mentor, or the Range Safety
Officer deems the wind speeds to be at unacceptable speeds, the CRW team will immediately
abort the launch.

4.11.7 Surrounding Geography
Considerations will be made regarding the geography surrounding the launch site. The CRW
team will not launch if ponds, trees, or other objects that prevent rocket retrieval are within the
estimated drift. Any launch site used will be evaluated by the Safety Officer and Program
Manager.

5. Payload
In order to meet the requirements of controlling rotation post motor burn out, this payload
system utilizes three control surfaces actuated independently by three servos. After motor burn
out the Roll Induction Controller, RIC, will induce at least two rotations about the centerline axis
and then produce a counter roll to stop the rotational velocity. The control surfaces will be
clipped delta NACA 0006 airfoils positioned aft of burn out CG to ensure stability during flight;
placing the payload forward of the motor case and aft of the drogue recovery bay puts it in an
ideal position to meet this requirement. Controlling the fins will be three Hitec HS-5645MG
high-torque servos which will receive commands from an in house LABVIEW code run on
National Instruments myRIO. In order to monitor the rotation of the rocket a Sparkfun MPU9250 breakout nine degree of freedom internal measurement unit (9 DOF IMU) will be used. The
myRIO will read data from this sensor and determine the correct angle of attack the fins will
need, and each fin will be placed at the same angle of attack. When dealing with control surfaces,
failure of one or more fins becomes a concern. In order to mitigate this threat only one E-flite
4000mAH 14.8V LiPo battery will power the payload. By using only one battery the threat of
one or more servos going out is decreased. Since failure of this system during flight could cause
erratic flight paths, testing will be done to determine the effects of either power or
communication loss to any of the components. Understanding how RIC will react under different
failures will be an important safety concern for the flight of the rocket. Testing procedure and
verification can be found in section 7.1.3. Ejection Charge Testing, Appendix C: Payload
Verification Requirements, and Appendix D: Test Plan.

5.1 Selection of Payload Design
Since PDR the design of the payload has been altered to improve upon certain aspects.
All control surfaces must be mounted outside the rocket while all of the other components must
be contained inside the lower body tube, making installation an important design constraint.
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Strength also became a concern since the payload housing is being 3D printed out of ABS
plastic. During motor burn and chute deployment the payload could see high forces due to the
large accelerations at each event. By satisfying these two constraints, while still allowing RIC to
perform its role of controlling rotation, a final design was established.

5.1.1 Overall Design Selection
Installing RIC into the lower body tube is a challenge that shaped many aspects of the
design. The system must be accessed between each flight and installed on the field in order to
maintain the battery, check code, and access recorded data. These stipulations required the
system to be designed in such a way that it could be easily installed and removed. Attaching the
housing to the drogue recovery bulkhead allows the payload to be easily inserted into the lower
body tube and secured to a rigid structure. Installing and removing the bulkhead is simple and
only requires the addition or removal of the four bolts which anchor it to the body tube.
However, the housing is constructed out of printed ABS plastic which will not take the tension
loads seen during motor burn and chute deployment. As a solution, an aluminum bulkhead was
added aft of the housing. This attaches to the drogue recovery bulkhead via two pieces of
1/4’’inch all thread that run through the payload on either side of the myRIO. Pinning the
housing between these two bulkheads keeps it from breaking under its own momentum as the
load is transferred through the all thread to the drogue bulkhead then to the body tube.
While this allows for the housing to be added and removed, it does not solve the problem of
installing the fins and control rods after the housing has been positioned in the body tube. This
became a safety concern as a method of attaching the fins securely to the internal servos from the
outside proved to be an issue. By purchasing servo arm extensions that are 0.375” in diameter
and machining a half inch aluminum rod to mount the fins with a 0.375” hole bored out of one
end the issue was resolved. The aluminum extension rod interfaces with the servo via a 24 tooth
spline and is held in place via a metal screw. This extension is inserted into a machined rod
section and secured using epoxy, creating a single piece with a hole running the through the axis
to allow the servo interfacing screw to pass. Once a rod is attached a fin could then be mounted
using two bolts using the holes printed in the fin and machined into the rod. This assembly can
be seen in Figure 60.
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Figure 60: Payload Fin Assembly

These constraints result in a design that is easy to install and safe to fly. As seen in Figure 70,
the payload sits between two bulkheads that secure it during flight with two pieces of all thread
passing on either side of the myRIO to further secure the payload sled. Three servos are mounted
inside the payload housing to the wall 120 degrees from each other. In the center of the housing
is a mounting surface where the myRIO, IMU, and LiPo battery will attach. Having the
mounting plate in the center is necessary to allow enough room for the myRIO.

5.1.2 Electrical Design
The Payload’s power design was designed around the worst possible scenario. This means
that it was assumed that the MyRIO will operate at full consumption and the servos will be at full
torque. With these conditions in mind Table 11 was created.
Table 11: Payload Power Component Constraints

Voltage (V)
Max Power Consumption (W)

MyRIO Servo
6-14.8 4.8-6
14
7.8

IMU
3.3
1.06E-02

These givens were used to find the battery that is needed to power the system. Due to the
weight of a Li-Po battery in mind, it was decided that one battery would be used to power the
system. The highest torque values out of the servos were also desired, so the higher voltage of
6V was used to achieve this. The 16V for the myRIO is the highest allowed voltage for the
board, so a 14.8V input was chosen. The IMU will be powered from the battery through the
myRIO. This also requires that a 6V voltage regulator be used to keep the input voltage at the
desired amount. In addition to the voltage requirement, the team had to meet the 1 hour time on
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the pad requirement. To meet this, with the worst case scenario in mind, a 4000 mAh battery was
chosen. With a 14.8V 4000 mAh battery, it was found that the system will remain powered for
1.78 hours, as seen in Table 12
Table 12: Payload Battery Life

Amperage (mA)
Time Powered (hr)

MyRIO
945.95
4.23

Servo
1300.00
3.08

IMU
3.20
1249.82

Together
2249.15
1.78

Figure 61 displays a general setup of the Payload’s electrical setup.

Figure 61: Payload Electrical Block Diagram

The “Remove Before Flight” Pin is located directly after the Li-Po battery. This will
protrude out of the rocket so they system will be inactive till it is set on the pad for launch. This
will guarantee that the system will remained powered and that there will be no data collected
before the system is supposed to. A more complex version of the electrical design can be seen in
Figure 62
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Figure 62: Payload Electrical Schematic

From this diagram it can be seen that the 9 degree of freedom IMU is powered directly from
the myRIO. The sensor has an accelerometer, gyroscope, and magnetometer. The purpose of this
is to track the position and speed of the rocket. The data from the IMU is transferred to the
myRIO which then computes the angle needed to rotate the rocket at the necessary speed. The
speed needed is then output from the myRIO as a signal voltage which is fed into the servos,
which then use the 14.8V battery to power the required motion.

5.1.3 Aerodynamic Fin Analysis
A major design decision is to find the best type of design for the controlled surfaces. The
barrowman method used to determine the rocket’s dynamics assumes that any fins or
controllable surfaces are flat plates. This is a decent assumption; however, flow separation
occurs at lower angles of attack for flat plats than for airfoils. Based on the roll calculations, a
small angle of attack is needed to perform the roll and counter roll, so the performance boost for
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using an airfoil over a flat plate does not necessarily warrant a need to use an airfoil. When drag
is considered, the advantages of using an airfoil become evident. Difficulties arise when
attempting to model the extra drag created by turning the controllable fins, so the determination
to use an airfoil over the traditional flat plat structure for the fins was made. The added lift from
using an airfoil over a flat plate is not a necessity, but allows for easier rotation.
There are a wide variety of airfoils that have been developed, and the task of deciding which
is best for this project is challenging. Luckily, there are design restraints that help with the
decision making process. To begin, thin airfoil theory requires a thickness ratio of less than 12%.
This eliminates the possibility of using airfoils that that large thickness ratios. Another design
requirement is that the controllable surfaces must be symmetric. The rocket is designed to only
spin after the burnout, and having a cambered airfoil would create lift and cause the rocket to
spin prematurely. A cambered airfoil could be designed to have a rest position at the zero angle
of attack of the airfoil, but this causes further complications.
With these constraints in mind the 4-digit NACA series airfoils were chosen to design the
airfoil for the fins. There is a lot of information about the NACA series of airfoils and is the main
reasoning for using them over another airfoil series. The digits in the NACA number each
represent an aspect of the airfoil. The first digit is the max camber, the second is where the max
camber is, and the last two represent the thickness of the airfoil. In order to keep the airfoil
symmetric no camber is used, so the first two digits will always remain zero. Also, to keep with
the design constraint of a thin airfoil theory is that the thickness will always remain under 12%.
This limits the number of airfoils to pick from to just a few very similar airfoils with slightly
different lift and drag characteristics.
The airfoils that were selected for analysis are a NACA 0006, NACA 0008, and NACA
0012. These airfoils are shown in Figure 63. Using a NACA 0004 was briefly considered, but
due to the Mach numbers involved in the flight it was a poor candidate. The airfoils have the
same basic shape, with the only differences being that they have different thicknesses. The
program XFOIL was used to do the analysis, as it is a very sophisticated software that is capable
of predicting flow separation. Since XFOIL only uses airfoils, the true coefficient of lift and drag
will be missed due to 3-D effects. However, this will be useful for determine which airfoil will
be the best.
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Figure 63: NACA Airfoils

XFOIL requires inputs for the viscous flow solution, specifically the Reynolds number and
the Mach number. OpenRocket predicts that the maximum Mach number during flight will be
0.6. From this the Reynolds number was found to be approximately 2,000,000. The results for
the XFOIL analysis are found in Table 13.
Table 13: XFOIL Data

NACA 0006
Alfa
0
1
2
3
4
5
6
7
8
9
10

CL
0.0000
0.1304
0.2673
0.4452
0.5764
0.6556
0.6833
0.6808
0.6834
0.6945
0.7126

CD
0.00397
0.00435
0.00574
0.00728
0.01255
0.02918
0.05172
0.07449
0.09368
0.11279
0.13161

NACA 0008
CL
0.0000
0.1376
0.2729
0.4091
0.5808
0.7056
0.7314
0.6723
0.6189
0.5783
0.5536

CD
0.00478
0.00497
0.00565
0.00680
0.00821
0.00272
0.01447
0.03043
0.05613
0.07859
0.09936

NACA 0012
CL
0.0000
0.1431
0.2856
0.4270
0.5678
0.7090
0.8565
1.0204
0.9700
0.9030
0.8364

CD
0.00602
0.00612
0.00645
0.00707
0.00798
0.00914
0.01090
0.01677
0.02601
0.04781
0.07285

The coefficient of lift for the airfoils is shown in Figure 64. The NACA 0012 had flow
seperation occur at a higher angle of attack then the other airfoils. This would make it a prime
canidate for the airfoil used for the payload, however, the angle of attack when this occurs is
about twice as high as the highest expeted angle of attack that the payload requires. The
coefficient of drag data for the airfoils is found in Figure 65. Since flow serparation occurs with
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the NACA 0006 at the lowest angle of attack, and it has the highest coeffient of drag at angles
over 5 degrees. At the neutural position it has the lowest coefficient of drag, wheresas the NACA
0012 has the highest coefficient of drag. After reviewing the XFOIL data it was determined that
the NACA 0006 will be the airfoil used for the fins. The main reason for choosing the NACA
0006 was the that it possesses the lowest coefficient of drag at the neutral position. The majority
of the flight will have the fins in the neutral position, so it appears to be the most important
parameter to consider. Hitting the correct altitude is one of the main focuses of the mission, so an
airfoil with the lowest drag is of upmost importance.

Figure 64: Coefficient of Lift for NACA Airfoils

Figure 65: Coefficient of Drag for NACA Airfoils
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After the airfoil was selected, the 3-D fins had to be designed. The main flow phenomenon
that is associated with 3-D is wing tip vortices. Wing tip vortices not only increase drag on the
airfoil, but also reduce the lift generated by them. The main method used to reduce wing tip
vortices is done by implementing a high aspect ratio. The controllable surfaces are small, and
this results in limitations for the amount that the fin may be tapered. If the taper ratio is too large
the thickness at the end of the fin will be too thin and susceptible to breaking. The aspect ratio of
the fin was designed to be 2.6 as that gave a good combination of performance and strength.

5.2 Component Interface
As this payload system has such a direct correlation with the overall stability of the rocket
and its flight path, much thought was put into each attachment in order to ensure safety. If
mounts were to be insufficient and fail, the entire payload could fail causing an unsafe flight.
This resulted in designing the interface with the rocket and the interfaces between each
component to be able to withstand loads seen during motor burnout and chute deployment.

5.2.1 Payload Component
The Roll Induction Controller (RIC) system is comprised of 3D printed parts, machined
parts, and some were bought from various retailers. This was done to build the simplest payload
possible, while keeping safety in mind. The payload housing secures most of the components in
the RIC as seen in Figure 66 through various sized bolts.

Figure 66: Fully Assembled RIC

The Housing is created using a 3D printer. This was done to allow us to have the flexibility
to placing parts exactly where we want them and using the ABS plastic saves weight. The
complex design of the Housing was the driving factor in this decision, and this can be seen in
Figure 67.
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Figure 67: Payload Housing ISO

To keep the printing process as simple as possible, the Housing was separated into three
sections, as seen in Figure 68. This was done to keep the buildup material at a minimum and to
keep the printer from printing large, skinny sections that may deform the part.

Figure 68: Housing Printed Sections Explosion

There are no guide holes for where the servo screw holes and holes for access to the gear.
This was done due to inconsistency in measurements in the servo and a lack of measurements
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from the retailer. It was decided that when the housing is printed, the holes will be drill by hand
to ensure accuracy. Also, in the three individual printed sections, there are small cuts and
extrusions that will be used to guide and clock the housing when assembling the pieces. The
pieces will be attach to one another using epoxy to maintain a strong and secure bond.
The MyRIO, IMU, Li-Po battery, and servos will attach directly to the payload housing. The
plate in the center of the housing will be used to mount the MyRIO, LiPo, and IMU. With the
MyRIO using most of the space available on one side of the mounting plate, the IMU chip and
the Li-Po battery will be placed on the opposite side. The servos will be attached on the inside of
the top section if the housing. There will be four holes drilled into the housing at each each servo
to mounting location using number 10 screws. There will be a half inch long spacer used to
separate the front of the servo to the interior section of the housing while a lock nut holds the
servo onto the fastener. There will also be a half inch wide hole cut into the housing and body
tube to allow access to the servo’s gear to connect to the control rod. There will be three of these
set-ups across the housing spaced at 120 degree offsets from one another.
Once all the components are attached to the housing, a quarter inch aluminum bulkhead will
be attached to the bottom section of the housing using four pilot holes printed into the bottom
housing section during the manufacturing process. These holes will correspond to another set of
four holes cut into the lower bulkhead. In addition, there will be two holes drilled to allow for a
quarter inch all thread rod. Four bolts will be used to attach this bulkhead to the body tube to
counter act rotational forces that may be seen from the fin rotation. It also aids in clocking the
assembly correctly during installation. This component will be machined in-house at the UAH
Machine Shop. To keep loads off the housing, there will be an all thread rod running through the
housing as seen in Figure 66 and referenced above. This will be attached to the drogue recovery
bulkhead used to attach the drogue parachute and the payload bulkhead shown in Figure 70. The
bulkhead used to attach the drogue parachute will also be attached to the body tube. The all
thread rods used to transfer loads away from the housing will be a quarter inch thick stainless
steel rod. It will be held at both ends using a washer and a lock-nut.
The wings will be connected to the servos using two rods joined together. The rod that
attaches to the servo gear system is a manufacturer made servo shaft made of 7075 aluminum.
This has an end that is design to fit onto the servo gear. This will be epoxied in a 0.375” bore
drilled into an aluminum rod that will be manufactured in the UAH Machine Shop. These
machined rods are produced in order to connect the fin two bolts. The two screws will be
inserted on opposite sides of the rod to allow for enough material to counter sink the holes. A
hole will be machined down the center axis of the completed rod to allow for the servo
connecting screw to attach.
The wings will be made of 3D printed ABS plastic, the same material and process as the
housing, and modeled after a NACA 0006 symmetrical airfoil. This design was selected through
numerical modeling as discussed in section 5.1.3 Aerodynamic Fin Analysis. From this diagram
it can be seen that the 9 degree of freedom IMU is powered directly from the myRIO. The sensor
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has an accelerometer, gyroscope, and magnetometer. The purpose of this is to track the position
and speed of the rocket. The data from the IMU is transferred to the myRIO which then
computes the angle needed to rotate the rocket at the necessary speed. The speed needed is then
output from the myRIO as a signal voltage which is fed into the servos, which then use the 14.8V
battery to power the required motion.
Multiple sizes were tested and the larger NACA models were found to produce too much
lift and caused large drag forces, therefore a smaller NACA model was selected. A clipped delta
design was chosen to reduce the drag induced and also reduces the loading on the connection
rods. The payload wing assembly can be seen in Figure 69.

Figure 69: Payload Wing Assembly

5.2.2 Payload to Rocket Interface
Position of the payload has not changed since PDR and will be mounted forward of the
motor case and aft of the drogue recovery bulkhead as seen in Figure 2. It will connect to the
rocket body via two bulkheads positioned forward and aft of the housing. These two plates will
be connected by two pieces of quarter inch all thread, which will run through the payload itself
on either side of the plate that mounts the MyRIO, LiPo, and IMU. Each bulkhead will attach to
the lower body tube via bolts.
The lower aluminum bulkhead will be one quarter inch thick and used to take momentum
loads seen by the payload housing. This keeps stress on the housing to a minimum as printed
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ABS plastic is good in compression. The plate will then transfer the load to two pieces of quarter
inch all thread that run up to the forward drogue recovery bulkhead. Finite element analysis was
not done for this instance of the bulkhead as quarter inch aluminum has been tested for loads far
greater than what it will see here.
The forward aluminum bulkhead will be used as an attachment point for the drogue recovery
system and will provide a secure mounting surface to mount the all thread that will see tension
loads during motor burn and chute deployment. This will transfer the load from the all thread to
the lower body tube. It will attach on to the lower body tube via four bolts as seen in Figure 70
highlighted in red.

Figure 70: Forward Attachment

5.3 Payload Flight Simulation
In order to verify that the payload will operate as designed, a full understanding of the
aerodynamic effects surrounding the payload is needed. The fins are place on the lower body
frame below CG. As a result of the fin location, part of the fin will be in a turbulent boundary
layer shown in Figure 71. Turbulent flow over an airfoil will change how it performs. When the
fins are canted, they will produce an angle of attack causing a pressure difference between the
high and low pressure sides of the fin. This will result in the formation of wing tip vortices. The
payload fins are directly in front of the stabilizing fins and as a result the vortices will run into
the rear fins. If these vortices are large enough it could cause the rear fins to have little effect on
overall stability, and a slight disturbance could make the rocket lose control. The vortices created
form the payload fins should be small and have little effect on the rear fins, but this effect should
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not be ignored. As the rocket beings to roll about its axis cross flow begins to have a larger
impact on the dynamics. The cross flow will act as a damping force trying to slow down the
rocket’s spin.

Figure 71: Aerodynamic Effects on Fins

Turbulence is known to increase drag on an airfoil, but it does not significantly reduce the
lift. A recent AIAA paper went over this very topic and ran CFD simulations of a NACA 0012
airfoil. According to Eleni, et al, "Evaluation of the turbulence models for the simulation of the
flow over a National Advisory Committee for Aeronautics (NACA) 0012 airfoil", a turbulent
boundary layer around the airfoil increases drag, but it does not reduce lift significantly. It should
be noted that the simulations consisted of testing an airfoil in its own respective boundary layer
and within another objects. However, the same principal should apply to the scenario in this
project.
The main issue with placing the payload fins directly in front of the fixed fins is that the
fixed fins will be in the wake of the canted fins. The fins wake along with wing tip vortices that
are generated when the fins are canted. This will in theory reduce the effectiveness of the rear
fins and could change the stability margin. The subscale flight was successful and gave proof
that the payload fins can be place in front of the rear fins without significantly changing the
stability margin. However, the case with the fins being canted was not tested so the effects
resulting from this are unknown. XFOIL data, found in Figure 65, showed that for a NACA 0006
with angles of attack less than three degrees, results in a minimal increase in drag. This is due to
flow separation not occurring at these low angles of attack. For the 3D case the fin will be able to
cant more than three degrees without inducing any flow separation. This will thus limit the fins
cant angle to less than five degrees. The wing tip vortices should also be small at low angles so
the downwash should be minimal.
Analyzing a rotating rocket in flight is a complicated endeavor, so a program was written in
MATLAB to model the problem, the code can be found in Appendix F: Aerodynamic Code. The
program uses simple Eulerian integration to find different parameters at a selected timestep.
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Once the rocket parameters are inputted into the code, it runs a first loop that simulates the burn
phase of the rocket. This is important for setting up the second phase of flight. After the motor is
burned a second loop takes over as the coast phase. Inside of the coast phase loop the rotation
begins. The fin is held at a constant angle of attack until one revolution has been achieved. Then
it turns the other direction at the same angle of attack until roll stops. The rocket is constantly
decelerating so the number of revolutions always is slightly over two. The actual payload will
not use this method to turn as it will have an active controller constantly changing the angle of
attack of the fins. However, this is a crude but useful way to obtain first order accurate
approximation for things such as rotation time, lift, and torque.
The method used to do analysis the rolling rocket was to estimate the coefficient of lift on
each fin, find lift and then determine torque from lift. The first step is finding the coefficient of
lift generated by the fins. From lift the torque can be calculated about the roll axis. From the
torque angular acceleration, angular velocity, and rotation angle are obtained. From subsonic,
compressible, linearized airfoil theory the coefficient of lift of a 3D fin can be estimated by
𝑎𝑎𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 =
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+�

𝑎𝑎0

𝑎𝑎0 2
𝜋𝜋𝑒𝑒1 𝐴𝐴𝐴𝐴 � + 𝑎𝑎0 /(𝜋𝜋𝜋𝜋𝜋𝜋)

(20)

Where 𝑎𝑎0 is the lift curve slope of the airfoil, 𝑀𝑀∞ is the free stream Mach number, 𝑒𝑒1 is the
span efficiency factor, and 𝐴𝐴𝐴𝐴 is the aspect ratio. This is a beautiful equation that solves many
problems at the same time. It not only approximates the lift of a 3D wing, but it also corrects for
compressible phenomena. This equation is not perfect as it is only accurate up until about Mach
0.7. However, that is the higher than the highest Mach number that the rocket will experience so
this equation is valid. From this the lift generated by each fin can be calculated by
𝐶𝐶𝐿𝐿 = 𝑎𝑎𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝛼𝛼

(21)

Where 𝛼𝛼 is the fin cant angle. Now that the coefficient of lift is known lift can be calculated by
1
𝐿𝐿 = 𝐶𝐶𝐿𝐿 𝜌𝜌𝑉𝑉∞ 2 𝐴𝐴
2

(22)

Where 𝜌𝜌 is the air density, 𝑉𝑉∞ is the free stream velocity, and 𝐴𝐴 is the planform area of the airfoil.
Torque can then be calculated along with any other roll parameter. From lift, torque can be
calculated using
𝑇𝑇 = 𝐿𝐿 ∗ 𝑟𝑟

(23)

Where 𝑟𝑟 is the distance from the center of the rocket to the mean aerodynamic center of the
fin. In order to calculate the angle needed for a desired rotation rate, lift and angular acceleration
need to be coupled. From dynamics it is known that
𝐼𝐼𝜃𝜃̈ + 𝐶𝐶𝜃𝜃̇ + 𝐾𝐾𝐾𝐾 = � 𝑇𝑇

(24)

Where 𝐼𝐼 is the moment of inertia, 𝐶𝐶 is the damping coefficient, 𝐾𝐾 is the forcing coefficient,
𝑇𝑇 is the torque, 𝜃𝜃̈ is angular acceleration, 𝜃𝜃̇ is angular velocity, and 𝜃𝜃 is angular position. There
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is nothing forcing the rocket so 𝐾𝐾 is 0. There will be a small damping as the rocket increases its
angular velocity, but for first order accuracy this can be ignored. Coupling Eq 22 and 24 gives
𝛼𝛼 =

2𝐼𝐼𝜃𝜃̈

𝑎𝑎𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝜌𝜌𝑉𝑉∞ 2 𝐴𝐴𝐴𝐴

(25)

This equation gives a means of calculating fin angle of attack for a wanted angular
acceleration. Another feature of Eq (25) is that it can be used to calculate angular acceleration
from angle of attack. Using this equation a program was written from a simple 1D rocket flight
simulation to include rotation after burnout.
The code is not optimized for accurate trajectory outputs, but gives results that are within
10% accurate of OpenRocket. The rotation outputs provide good incite as to approximately how
long the rotation will take, and the force outputs show what kind of force the fins will exert on
the servos during flight. The fin angle does not have a linear relationship with the angle of attack
as can be seen in Figure 72. This is due to the nonlinear nature of how the rocket deaccelerates
after burnout. As the rocket loses speed, the amount of available energy in the freestream
decreases and lift is lost. Lift is a function of velocity squared so the rotation time follows the
graph of one over velocity squared. This effect can be seen in Figure 73 as the lift generated by a
fin at a constant angle of attack decreases nonlinearly over time. This displays the need for a PID
controller if a constant angular velocity is desired because the lift generated would need to be
constant. To keep a constant force the angle of attack would need to constantly change to
account for the loss of energy in the flow around the fin.

Figure 72: Rotation Time with respect to fin cant

90

Figure 73: Fin Lift as a function of Time

How the rocket reacts to changes in angular acceleration is important for understanding the
dynamics of the system. An example of how angular velocity changes over time for a fixed angle
of attack is shown in Figure 74. The velocity increases initially until one revolution has been
reached, it then decreases at a smaller slope. The angular position verses time is shown in Figure
75. The angular first increases with an increasing slope until the de-spin phase where it starts to
decrease and taper off.

Figure 74: Angular Velocity as a function of Time

91

Figure 75: Angular Position as a function of Time

5.3.1 Payload Finite Element Analysis
Finite Element Analysis was done using MSC Patran and Nastran on the fin and control rod.
This was done to ensure these components would be able to withstand loads seen during flight.
Both cases were found to within limits of the materials which helps to decrease risk of failure.
The MATLAB code in Appendix F: Aerodynamic Code was used to determine fin loads and
verify the lift and drag hand calculations. Each load was derived using max expected velocity
and angle of attack to simulate a worst case scenario. As seen in Figure 76, the highest stress
found was approximately 3 psi - well within the 4.45 ksi yield stress for ABS plastic. Deflection
analysis was also done to ensure the fins would not fold during flight. The calculated deflection
distance was 0.000744 inches, as seen in Figure 77. This confirms the fins are strong enough to
perform the desired task.
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Figure 76: Payload Fin Stress

Figure 77: Payload Fin Deflection

Connector rod analysis was completed using the maximum predicted torque induced by
the fin. Figure 78 was produced by applying 12 foot pounds of torque at the interface of the
servo and constraining the fin attachment holes. The highest realistic stress value found was
approximately 4 ksi. This is well below the maximum ultimate stress of aluminum.
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Figure 78: Fin Connector Rod FEM

FEM analysis was not conducted on the aft payload bulkhead. This quarter inch aluminum
plate is extremely similar to the fore payload bulkhead which was analyzed under much higher
loads. Under those conditions, the bulkhead loads were well within the allowable ultimate stress
for aluminum.

5.4 Payload Controller Design
The myRIO will have control by constantly calculating the angle of attack for the fin.
However, there will be some error. The way to combat the error to use a controller that feeds
back the error with a control feedback loop. To complete the payload’s task, a Proportional
Integral Derivative (PID) controller is utilized. The proportional term is attached to the error, the
integral term tracks the error with respect to time, and the derivative term tracks the error from
instantaneous error. The errors are summed and thrown back into the plant (process) where a
new output is calculated. A basic PID controller is shown in Figure 79.

Figure 79: PID Controller

A PID controller is a powerful tool for control if used properly. By taking a Laplace
Transform of Equation (25) the governing transfer function for the system becomes
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𝜔𝜔̇(𝑠𝑠)
𝛼𝛼(𝑠𝑠)
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(26)

Where 𝑎𝑎𝑤𝑤 is the lift curve slop of the wing, 𝜌𝜌 is the density of the air, 𝑣𝑣 2 is the free stream
velocity, 𝐴𝐴 is the rocket area, 𝑁𝑁 is the number of fins, 𝑟𝑟 is the radius of the rocket, 𝐼𝐼 is the
moment of inertia, 𝐶𝐶 is the damping ratio, 𝛼𝛼(𝑠𝑠) is the input or angle of attack, 𝜔𝜔̇ (𝑠𝑠) is the
angular acceleration. The transfer function is made into a block diagram, and goes in the process
section of the PID controller. The output is the angular acceleration with an input of angle of
attack. The transfer function is shown in block diagram form in Figure 80. The controller starts
with calculating the error and sending it to the myRIO where it calculates a new angle of attack.
The myRIO sends a signal to the servos to complete a turn. The servo then turns the fins to the
calculated angle of attack. The fin produces a torque on the rocket that changes the angular
velocity. The IMU reads the new angular velocity and restarts the loop.

Figure 80: Controller Over

The controller is completely inside the myRIO code. So, a mathematical model is created
using Simulink. A model was created and tested based on the perceived effects the payload has
on the rocket. Figure 81 is the block diagram used in Simulink. The input is the desired angular
velocity subtracted from the actual angular velocity. This error goes through a PID controller
where gains are applied to the error. This new error is sent thought an integrator block and
multiplied by flight condition. This is sent to the transfer function where it outputs angular
position. Angular velocity is controlled; therefore, a derivative of angular acceleration is taken.
The angular velocity is then fed back into the loop, and the process starts over again.
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Figure 81: PID Controller Simulink

For the payload, quick response is desirable for instantaneous rotation. The values for the
controller are as follows: proportional gain is 20, integral gain is set to 5, and the derivative gain
is set to 100. This gives a fast response that settles on the desired rotation rate quickly. This
response can be seen in Figure 82. There is a quick increase in angular velocity, with some over
shoot. The angular velocity then slowly dampens out to the desired value. This is the type of
response that the rocket will experience during flight. Once the payload is assembled and tested,
the gains in the PID controller are changed to optimize the actual response, but it will still look
similar.

Figure 82: PID Controller Output
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5.5 Payload Software Design Description
The software for this project serves as a means to take in real-time sensor data from the
inertial measurement unit (IMU) and provide feedback logic to the servo devices for roll
corrections. Section 5.4 details the analysis that governs the development of the feedback
algorithms. While Section 5.5 describes how the algorithm will be implemented within a coded
environment. The National Instruments MyRIO has an onboard field programmable gate array
(FPGA) and microprocessor that will perform the calculations and route the commands to
external sensors.
The MyRIO uses the Laboratory Virtual Instrument Engineering Workbench (LabVIEW)
environment for programming. LabVIEW uses a graphical approach to programming which
allows a user to drop visual representations of lab equipment into the environment to create easy
to read block diagrams. LabVIEW’s compiler produces native code for the CPU platform to aid
in performance.

5.6 Payload Programming Logic and Communication
The mission requirements dictate that there is five modes of operation for the program.
1.
2.
3.
4.
5.

On-Pad Low Power Mode
Boost Mode
Roll Induce Mode
Counter Roll Mode
Apogee Mode

The On-Pad Low Power Mode, displayed in Figure 83, starts with an initialization procedure.
This procedure calibrates the offset registers for both the gyroscope and accelerometer. It is also
verified by a beep to signify start-up. Initializing the IMU is done by writing commands to the
IMU registers through serial peripheral interface (SPI) communication. The MyRIO reads the
response from the IMU which helps to eliminate sensor bias and accommodate for the current
orientation of the IMU. Additionally, the accelerometer and gyroscope scale ranges will be
configured as ±16 g and 500 degrees per second. The On-Pad Low Power Mode conserves
battery power yet allows for the accelerometer to send updates to the MyRIO for lift off
detection.

Figure 83: On-Pad Low Power Mode
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Figure 84 describes the Boost Mode and occurs upon the accelerometer detecting lift off.
This is done by setting a threshold for motion in relation to multiples of gravity (g). This mode
begins recording data and saving it off to a thumb drive connected to the MyRIO. Additionally,
health and status of the servos will checked to ensure connectivity and orientation. This mode
ends when it senses that the rocket is no longer under thrust by another g threshold.

Figure 84: Boost Mode

The Roll Induce Mode and Counter Roll Mode, represented by Figure 85 and Figure 86
respectively, work to take in IMU data and adjust the servo by degrees of rotation depending on
the mode. The servo is commanded by the myRIO through pulse width modulation (PWM). For
the Roll Induce Mode, the servos are driven to create 720° of rotation. When the myRIO has
determined that the rocket has rolled a sufficient amount, it will switch to the Counter Roll
Mode. The algorithm and controller will determine the necessary fin position to achieve a zero
roll condition, and the myRIO will set the servos to the needed positions.

Figure 85: Roll Induce Mode

The Counter Roll Mode will continue to stabilize the rocket’s roll until the IMU senses that
it is near apogee. The velocity is continuously checked by integrating the measured acceleration
values. After the IMU senses that the velocity is approaching zero, the Apogee Mode will
trigger. The velocity and position of the rocket is integrated from the acceleration data. Apogee
Mode will then set the servos to their preflight orientation and data will no longer be recorded.
The myRIO then enters sleep mode to reduce battery drain.
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Figure 86: Counter Roll Mode

6. Launch Concerns and Operation Procedures
The primary launch concern, due to a lack of rain, had been the burn ban in the south eastern
United States. The first two subscale launch dates were canceled due to the burn ban. The CRW
team decided to expand the search for fields. Fortunately, after several heavy rains, two semilocal launch fields were allowed to reopen. On December 10th 2016 the CRW team successfully
launched two subscale rockets. The results of the subscale flights are outlined in section 3.4
Subscale Flight Results.
Operating procedures for the assembly and launch of the subscale rocket along with black
powder ejection testing have been developed by the CRW team. Standard operating procedures
that have been created to date have been reviewed by the team leads and UAH and PRC staff for
technical accuracy and safety concerns. Risk assessments are performed for each test and can be
found in the appendices for each set of procedures. Separate procedures shall be in place for any
portions of the assembly dealing with propellant, E- matches, or explosives. A sample launch
checklist from the most recent subscale launch can be found on CRW’s website.
The operating procedures are subjected to a dry run before the implementation of the
process. For example, the subscale assembly procedure, excluding black powder handling, was
performed in its entirety in the PRC lab several days before the scheduled launch date. This also
allows a training opportunity for red team members to gain familiarity with the procedure and
highlight problems with the written instructions. These can be rectified and, if necessary,
subjected to the review process prior to using them to qualify any equipment.

6.1 Launch Procedures
Final assembly and launch procedures have been developed and used for the subscale
rocket. The documents were subjected to the processes defined in 6. Launch Concerns and
Operation Procedures. These procedures along with notes taken at the subscale launch site are
being used to develop procedures for the full-scale rocket. These procedures are still in
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development but the team has a great deal of confidence gained from the successful
implementation of the SOP review process. The procedures developed for subscale, using this
process, allowed the team to perform two successful launches on the first available day of launch
operations with the subscale rockets. Full-scale procedures will be submitted to the same
operating procedure process.

6.1.1 Recovery System Integration
The rocket will make use of a dual deploy recovery system. The drogue parachute will be
installed by first attaching the recovery harness to the steel eyebolt located above the payload
housing. Once the harness is in place, the drogue will be attached to the harness and folded. The
long end of the main parachute recovery harness will feed through the upper airframe and attach
to the eyebolt on the AV Bay upper bulkhead. The short end of the recovery harness will connect
the nose cone bulkhead. Once in place, the main will be attached to the harness and folded.
Nomex cloth will be used to protect the drogue and main parachutes from the recovery charges.
Some of the primary failure modes identified for the recovery system are suspension line
failure, undersized ejection charges, and burn damage to the parachute. In the event of
suspension line failure, the parachute would not deploy as expected and potentially no drag
would be produced. Such failure would be dangerous to the rocket, spectators, and possibly other
personal property. In order to mitigate this failure, the CRW team plans to do a suspension line
test. Similarly, burn damage to the parachute could also produce a loss of drag causing the rocket
to descend faster than expected. This failure will be mitigated by creating a procedure and
practicing packing the parachute. This procedure was verified by the two successful subscale
launches. Finally, if the ejection charges are improperly sized it could result in deployment
failure and pose a serious risk to the rocket and spectators. In order to mitigate this risk, black
powder ejection testing will be conducted. The process of black powder testing that was
successfully verified through the subscale launch effort will be used to optimize the black
powder charge size for the full-scale rocket. This will be further verified by the subscale launch
in early 2017. The ejection charge testing SOP is available on the team website.

6.1.2 Motor Preparation
In compliance with NAR requirements, the high power rocket motor will be handled by
Jason, the team mentor and a level 3 with the National Association of Rocketry. Any other team
members allowed to handle the motor require the appropriate certifications. First, if present, the
built-in ejection charge will be removed from the motor. Next, the O-rings will be inspected for
damage. Then, the motor will be assembled as specified by the manufacturer provided
instructions. The motor will be secured in the lower airframe with snap rings. Any personnel
near or participating in the motor installation must wear safety glasses and closed toe shoes the
entire time.
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The primary failure modes associated with the motor include motor misalignment and the
motor dislodging. In the event that the snap ring or tail cone fail it could result in the motor
falling from the rocket or the rocket trajectory could become unsafe. Proper handling of the
motor during installation and proper component analysis will be used to mitigate these risks. The
installation of the motor will be verified in a pre-launch inspection that is incorporated into the
launch and assembly SOP. Finite element analysis and hand calculations have been used to
verify the structural integrity of the tail cone as shown in section 3.2.8 Tail Cone. Likewise, if the
centering ring or tail cone fail the motor could misalign causing the rocket to follow an unsafe
trajectory. Again, proper installation and flight test verified assembly procedures will be used to
ensure misalignment will not occur. Also, FE analysis has been conducted on all load bearing
components.
The personnel hazards associated with handling the motor include: accidental ignition, skin
burns, impact injury, and equipment damage. These risks will be mitigated through safe work
practices, training, and personnel certification. Anyone handling the motor will wear safety
glasses and nitrile gloves. A full list hazards can be found in the safety data sheet online at the
CRW Website and in the Personnel Hazards in Appendix A: Risk Analysis and Hazard Controls.

6.1.3 Igniter Installation
As with the motor preparation, installation of the igniter is the responsibility of the NAR/
TRA mentor. Regardless of the type of igniter used, either an e-match or an igniter provided by
the manufacturer, care must be taken to follow the instructions of the manufacturer and ensure
that no frayed wires are present. Additionally, care should be taken to ensure that the igniter is
fully inserted into the motor to minimize the risk of an ignition failure. Any personnel near or
participating in the igniter installation must wear safety glasses and closed toe shoes the entire
time.

6.1.4 Launch Rail Setup
The CRW will follow any procedures outlined by the NAR/TRA certified fields used for
subscale and full-scale flights. In the event that the field has no standard operating procedures,
the launch rail setup will be supervised by Jason, the CRW NAR mentor and the field RSO.
First, the red team will verify that the launch control system is safed. The rocket will be placed
on the rail by lining up the rail buttons on the rocket with the mounting track on the launch rail.
The launch rail will then be locked into its final orientation and angled to compensate for wind if
necessary. An appropriate blast shield will be placed at the base of the rocket to deflect the hot exhaust
gasses away from the ignition circuit wires. If all non-essential personnel are away from the launch

pad, the designated red team member will place the two Stratologger power switches in the ‘on’
position. The ignitor length will be verified and the igniter wires will be knotted. The control
leads will be placed on the corresponding ignitor leads. After performing a continuity check on
the launch control system, the system can be armed. Any personnel on the launch pad will wear
safety glasses and closed toe shoes the entire time.
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6.1.5 Troubleshooting
If the motor fails to ignite, no CRW team member will approach the rocket for at least 60
seconds and only if the RSO has deemed it safe to approach. The members of the Launch Team
will accompany the RSO and NAR/TRA mentor out to the launch rail. All recovery system
electronics will be deactivated once the team reaches the launch rail to prevent accidental
deployment of the ejection charges. The ignition circuit will then be disconnected so that the
igniter can be removed and inspected to determine the cause of the ignition failure. If the igniter
is deemed to be the source of the problem, it will be replaced. Otherwise, a check of the ignition
circuit will be performed to ensure there is no break in continuity. Once any issues have been
corrected and the RSO deems it safe, another launch will be attempted. Any personnel on the
launch pad will wear safety glasses and closed toe shoes the entire time.

6.1.6 Post-Flight Inspection
At no point will any CRW team members attempt to recover the rocket until the field RSO
has given authorization. Once the vehicle has landed, pictures will be taken to document the
position and location of the rocket, parachutes, and all other visible components. A check of the
ejection charges will be performed to ensure there is no unburned black powder still present in
the vehicle. The maximum altitudes recorded by the altimeters will be noted and all electronics
will then be shut down. If any parts of the vehicle have broken or dislodged, they should be
collected and carried back to the staging area to determine if any repairs must be undertaken. A
check of the structural integrity of the body tube and all internal hardware will be performed to
ensure that the vehicle is suitable for additional flights. All observations will be documented with
picture and detailed notes. This method was successfully applied to the two subscale rocket
flights as shown in Section 3.3 Subscale Flight Results

7. Project Plan
The CRW team has developed a schedule and budget for this school year’s rocketry project.
The preliminary schedule and budget have now matured to exact dates and values that are
discussed as follows.

7.1 Testing
There will be various testing performed on subcomponents of the full-scale design. This is
done to ensure the strength and integrity of the selected material is within the margins of risk and
acceptance of the CRW design. The test plan is outlined in Appendix D: Test Plan.

7.1.1 Tail Cone Testing
The procedure for the tail cone compression test (T10) will consist of using compression
testing equipment at the Johnson Research Center on UAH’s campus to ensure the tail cone can
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withstand the maximum thrust power of the motor. The maximum thrust power for the L2200 is
697 pounds. CRW plans to determine the failure load of the tail cone by compressing it until it
completely fails. This will be done to prove the ultimate failure load is greater than the maximum
load the tail cone will experience during actual flight. The test will be conducted once the
component is fabricated.

7.1.2 Payload Ground Test
After assembling all components, a payload system ground test will be conducted. The first
step (T06) will be to calibrate the IMU by placing it on a flat table and calibrating each axis of
the accelerometer. Next, the IMU will be placed on a spinning table that is rotating at a fixed rate
to calibrate the gyroscopes (T06). Once calibrated, the system will be suspended by a string
attached to the center of the housing so that it can rotate freely about the vertical axis. Once
suspended, the payload will be rotated in order to observe the reaction of the fins after a rotation
is applied (T09). This test is intended to verify that the payload system will perform in flight.
Additionally, the system will be tested with one and then two servo fin actuators disconnected to
ensure that the controller performs correctly in the event that a fin or fins become stuck in a
certain position (T04 and T05). The system has been designed such that the controller will able
to notice that the rotation is either more or less than it needs to be and adjust the other fin or fins
to the correct angle of attack. The payload ground test and overall project traceability can be
found in the following appendices: Appendix C: Payload Verification Requirements and
Appendix D: Test Plan.

7.1.3. Ejection Charge Testing
The black powder ejection charge test (T02) for the subscale rockets was conducted at the
PRC’s test facility and under the direct supervision of PRC personnel. This test was conducted to
ensure that the ejection charges are the size required to successfully shear the Nylon pins and
eject the parachutes. The testing was completed on December 9th after a total of 16 tests. Testing
was performed for the deployment of the main and drogue for both of the subscale rockets, Trial
and Error. The results and volume used for each test is outlined in Table 14. The final results of
the testing revealed that Trial would require 0.75g of black powder to eject the drogue and 1.5g
for the main. Similarly, testing Error revealed that 1.5g of black powder would be required for
the main and 0.75g for the drogue. The ejection charge sizing was further verified by the
successful parachute and drogue discharge for both subscale rockets’ flights. A similarly method
of testing will be applied to the full-scale rocket. Currently, full-scale ejection charge testing is
scheduled for the end of January 2017.
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Table 14: Subscale Ejection Charge Test Results

Test Number Rocket / Section Volume (gram)
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Trial / lower
Trial / upper
Trial / upper
Trial / lower
Trial / lower
Trial / lower
Trial / upper
Trial / upper
Trial / upper
Trial / upper
Trial / upper
Trial / upper
Trial / upper
Trial / upper
Error / lower
Error / lower

0.5
0.5
1
0.5
0.75
0.75
1
1
1.25
1.25
1.25
1.25
1.5
1.5
0.75
1.5

Results
Separation
No Separation
Separation
No Separation
Separation
Separation
No Separation
No Separation
No Separation
Separation
No Separation
Separation
Separation
Separation
Separation
Separation

7.1.4 GPS Tracker Spectrum Analysis
Spectrum analysis (T11) will be conducted to determine if transmission waves will enter
into the avionics coupler and affect the electronic components. The tracker can be placed inside
the coupler to determine how much transmission power exits. The idea is if excessive power
exits the coupler, an excessive amount can enter. Shielding can then be implemented based on
the results. This test is planned for late January 2017.

7.2 Budget and Timeline
The project budget and cost breakdown are shown in Table 15, Table 16, Table 17 and
Table 18. Note that there is no travel budget to launch week since the team is local to the
Huntsville, Alabama area. The subscale, full-scale and payload budgets include all necessary
parts for flight.

7.2.1 Line Item Budget
The project total budget summary is shown in Table 15. The subscale budget outlines the
components and cost for a single rocket in Table 16. Keep in mind, the subscale values are for
one rocket despite the creation of two for test flights. The full-scale rocket budget in on Table 17
with components itemized. Components needed to create a payload that will control vehicle
rotation are outlined are shown in Table 18.

104

Table 15: Total Budget

Budget Summary
LaunchPad Budget (x2)
Payload Budget (x2)
Subscale Budget (x2)
Miscellaneous
Total

$5,420.00
$3,058.00
$986.60
$750.00
$10,214.60

Table 16: Sub-Scale Budget

Sub-Scale Budget
Price
Per

Total
Per

Part Description

Vendor

Quantity

Switches

Digi-Key Corporation

2

$1.93

$3.86

3" G10 Coupler Bulkheads

Madcow Rocketry

3

$5.00

$15.00

Madcow Rocketry

2

$10.00

$20.00

Madcow Rocketry

1

$30.95

$30.95

Chris' Rocket Supplies,
LLC

1

$54.00

$54.00

Lower

Chris' Rocket Supplies,
LLC

1

$32.30

$32.30

Lower

Apogee

1

$30.95

$30.95

Upper

Apogee
McMaster-Carr

2
1

$3.83
$11.00

$7.66
$11.00

Upper
Lower

McMaster-Carr

1

$8.17

$8.17

Lower

McMaster-Carr

1

$8.90

$8.90

Lower

McMaster-Carr

1

$3.27

$3.27

Lower

316 SS Washer for #6 Screw

McMaster-Carr

1

$3.39

$3.39

Lower

Eyebolt 1/4"-20

McMaster-Carr

3

$3.01

$9.03

Lower

Hex Nut 14-20

McMaster-Carr

1

$2.68

$2.68

Lower

Retaining Ring 1-5/8 Bore Dia

McMaster-Carr

1

$7.32

$7.32

Lower

IP8 Torx Plus Screwdriver

McMaster-Carr

1

$5.12

$5.12

Lower

IP10 Torx Plus Screwdriver

McMaster-Carr

1

$5.90

$5.90

Lower

DP100 Epoxy

McMaster-Carr

2

$24.18

$48.36

General

Mixer Nozzle

McMaster-Carr

6

$0.95

$5.70

General

3" G10 AvBay Lid (G10
Bulheads)
Nosecone - Fiberglass 3.0"
Thin-Wall (4:1 Ogave)
Aerotech High Power Rocket
Motor Reload Kit (Reloadable
Motor System)
38 mm Aft Closure
3" Fiberglass 4:1 Ogive
NoseCone
Coupler Bulkhead Disk
Screw to Expand Inserts 4-40
Low Profile Button Head Torx
18-8 Stainless 4-40
Low Profile Button Head Torx
18-8 Stainless 6-32
18-8 Hex Nut 6-32
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Section
Upper
Airframe
Upper
Airframe
Upper
Airframe
Upper
Airframe

Mixer Nozle
Oval Connecting Link 326
Stainless
SS Button Head Socket Cap
Screw 6-32 1/2"
6-32 Locknut

McMaster-Carr

6

$2.93

$17.58

General

McMaster-Carr

5

$1.97

$9.85

Lower

McMaster-Carr

1

$8.63

$8.63

Lower

McMaster-Carr

1

$4.48

$4.48

Lower

Retaining Ring Pliers

McMaster-Carr

1

$24.50

$24.50

Lower

Drill Bit Set

McMaster-Carr

1

$26.60

$26.60

General

3" G12 Coupler
Wiring with Locking
Connectors
1/8" Tubular Kevlar
Shockcord
Estimated Shipping

Madcow

1

$22.00

$22.00

Upper

Doghouse Rocketry

4

$7.60

$30.40

Recovery

Apogee Rockets

17

$2.10

$35.70

Recovery

$84.18
Total Per Rocket

$577.48

Table 17: Full-Scale Airframe Budget

Launch Pad Budget
Part Description

Vendor

Quantity

Price
Per

Total
Per

McMaster-Carr
McMaster-Carr
Wal-mart

4
12
3

$23.58
$2.93
$2.00

$94.32
$35.16
$6.00

Madcow Rocketry
Apogee Rockets
UAHuntsville
McMaster-Carr
McMaster-Carr
McMaster-Carr

1
2
1
3
3
1

$224.00
$10.00

$224.00
$20.00

$8.60
$11.30
$2.55

$25.80
$33.90
$2.55

Chris's Rocketry
Chris's Rocketry
Chris's Rocketry
Chris's Rocketry
Chris's Rocketry
Midwest Steel Supply
McMaster-Carr

2
1
1
1
1
3
12
12

$249.00
$390.00
$95.00
$75.00
$32.00
$50.31
$5.79

$498.00
$390.00
$95.00
$75.00
$32.00
$50.31
$5.79

General:

DP 420 High Strength Epoxy
Epoxy Mixing Nozzle
9V Batteries
Lower Airframe Assembly:

Aft Airframe
Rail Buttons
Tail Cone
Inserts
Fastener (Screw)
Snap Ring
Motor Assembly:

Motor L2200
Motor Case
Fwd Closure
Aft Closure
Fwd Seal Disk
Fin Bracket
Bracket Screw
Bracket Nut
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Fin
Fin Fasteners
Centering Ring
Bulkhead
Bulkhead Fasteners (Screw)
Bulkhead Eyebolt
Bulkhead Eyebolt Nut

Professional Plastics
McMaster-Carr
McMaster-Carr
McMaster-Carr
McMaster-Carr
McMaster-Carr
McMaster-Carr

3
9
1
1
4
1
1

$39.26
$9.80
$27.00
$24.70
$9.16
$3.15
$3.15

$39.26
$9.80
$27.00
$24.70
$36.64
$3.15
$3.15

Fruity Chute
Chris's Rocketry
McMaster-Carr
Apogee Rockets

1
2 (50 ft ea)
3
1

$53.00
0.42/ft
$3.03
$8.99

$53.00
$42.00
$9.09
$8.99

Mad Cow
Mad Cow
McMaster-Carr

1
1
1

$224.00
$124.95
$4.46

$224.00
$124.95
$4.46

Locally Machined
UAHuntsville
DigiKey
McMaster-Carr
McMaster-Carr
Locally Machined
McMaster-Carr
McMaster-Carr
McMaster-Carr

1
5
1
1
1
1
3
3

$2.49
$1.75
$0.87

$12.45
$1.75
$0.87

$6.03
$4.40
$7.14

$6.03
$4.40
$7.14

Mad Cow
McMaster-Carr
Locally Machined
McMaster-Carr

1
1
2
6
4

$75.00
$4.46

$75.00
$4.46

$0.66

$3.96

100
100

$5.37
$5.28

$5.37
$5.28

2
100
4

$3.81
$5.37
$7.14

$3.81
$5.37
$7.14

Drogue Parachute Assembly:

Drogue Parachute
Shock Cords
Quick Links (Drogue Chute)
Nomex Cloth (Drogue)
Upper Airframe Assembly:

Fwd Body Tube
Nose Cone
All Thread
Tracker Assembly:

Bracket
Tracker
Battery
Screw
Nut
Bulkhead
Eye Nut
Nut
Washer
Avionics Assembly:

Coupler
All Thread
Bulkhead
Terminal
Black Powder Charge Housing
Black Powder
Shear Pin
Removeable Rivet
E-Match
Eye Bolt
Shear Pin
Washer

UAHuntsville
McMaster-Carr
McMaster-Carr
Chris' Rocketry
McMaster-Carr
McMaster-Carr
McMaster-Carr

Sled Assembly:
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Sled
Switch
Battery
Lock Nut
Wire
Wire
Harness
Harness
Stratologger
Standoff
Screw
Nut
Bracket
Bolt
Nut
Lock Washer

Locally Printed
DigiKey
DigiKey
McMaster-Carr
DigiKey
DigiKey
Doghouse Rocketry
Doghouse Rocketry
Perfectflite
DigiKey
DigiKey
DigiKey
Locally Printed
DigiKey
DigiKey
DigiKey

1
3
8
10
5 ft
5 ft
4
4
2
8
8
8
2
4
4
12

Chris's Rocketry

1
1
2
1
1

$1.93
$1.88
$4.22
$23.94
$23.94
$7.60
$7.60
$49.46
$0.30
$0.38
$0.15

$1.93
$1.88
$4.22
$23.94
$23.94
$7.60
$7.60
$49.46
$0.30
$0.38
$0.15

$0.55
$4.91
$5.40

$0.55
$4.91
$5.40

$189.00
$5.08

$189.00
$21.00
$10.16

$13.99

$13.99

$2.56

$2.56

Total Per Rocket
Total of Two Rockets

$2,710.02
$5,420.04

Main Recovery Assembly:

Main Parachute
Shock Cords
Quick Links (Main Chute)
Nomex Cloth (Main)
Quick Links (Nosecone)

Chris's Rocketry
McMaster Carr
ApogeeRockets
McMaster-Carr

0.42/ft

Table 18: Payload Budget

Payload Budget
Part Description

Vendor

Quantity

Payload Housing
Servos
Servo Rod Adapter
Fins
All Thread
Plate Lock Nut
Servo Screws
Lower Bulkhead
Servo Nut
Lower Bulkhead Screws

Locally Printed

1
3
3
3
1
4
12
1
12
4

Tower Hobbies
Servo City
Locally Printed
McMaster-Carr
McMaster-Carr
McMaster-Carr
Locally Machined
McMaster-Carr
McMaster-Carr
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Price
Per

Total
Per

$105.00

$35.94

$315.00
$107.82

$4.46

$4.46

$4.32

$4.32

$5.25

$5.25

$5.75

$5.75

$8.79

$8.79

Button Head Bolt
Spacer
IMU Bolt
IMU Spacers
IMU Nut
IMU
MyRIO
Wire
Wire
LiPo Battery
Battery Zip-Ties
Electrical Switch
3D Printer Filament

McMaster-Carr
McMaster-Carr
McMaster-Carr
McMaster-Carr
McMaster-Carr
Sparkfun
National Instruments
DigiKey
DigiKey
eflite
McMaster-Carr
DigiKey
Orb Polymer

4
12
2
2
2
1
1
5 ft
5 ft
1
3
1
1

$3.72

$3.72

$8.71

$8.71

$3.49

$3.49

$7.26

$7.26

$2.67

$2.67

$14.95

$14.95

$500.00

$500.00

$4.79

$23.94

$4.79

$23.94

$79.99

$79.99

$7.01

$7.01

$1.93

$1.93

$400.00

$400.00

Total Per Rocket
Total of Two Rockets

$1,529.00
$3,058.00

7.2.2 Funding Plan
The Alabama Space Grant Consortium (ASGC) will provide part of the CRW project
budget. The UAH PRC will cost match with ASGC. UAH will also provide cost share support
through facilities and overhead use.

7.2.3 Timeline
In this section, Figure 87 and Figure 88 outline the project’s critical path timeline for the
Fall 2016 and Spring 2017 semesters. The project lifecycle consists of six main phases: Proposal,
Preliminary Design, Critical Design, Fabrication, Flight Testing, and Post-Launch. The
Preliminary Design Review (PDR) and Critical Design Review (CDR) completion dates are
moved forward slightly from the competition guidelines to allow the team more time for flight
testing contingencies before Flight Readiness Review (FRR), such as a rained out launch day or
a re-flight due to system failures. Also, major program milestones, previously mentioned, are the
PDR, CDR and FRR draft due dates. Additional major testing milestones are the subscale test
flight, the recovery deployment ground test, and the primary test flights are included.
The proposal was submitted on 30 September 2016 and the team was accepted into the
competition. The preliminary design phase was then conducted, culminating in the final PDR
document. The PDR document and presentation was posted to the UAH CRW website on 04
November 2016 and presented to the NASA review panel on 17 November 2016. The
procurement process for subscale is complete and full-scale is in progress. During the detailed
design phase, the team constructed two subscale rockets and successfully completed the black
powder testing. That following weekend, the team successfully launched both subscale rockets
at Childersburg, AL on the Backup Test Flight date of 10 December 2016 as shown in Figure 87.
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The subscale vehicle was originally scheduled to fly on 12 November 2016, but a burn ban
scrubbed the launch. This critical path milestone was the first test flight of the design.

Figure 87: Project Timeline (Fall 2016) – Critical Path Forward

Final vehicle fabrication will begin immediately after this CDR is posted on 13 January
2017. First, a safety evaluation will be conducted and the team briefed on safety. Next, the
machined and 3D printed parts will be fabricated in-house at the UAH machine shop.
Commercial parts will be cut and drilled to specifications as needed. As parts are completed,
remaining structural testing will be undertaken. Next, the vehicle will be assembled, which will
include install of payload. Finally the recovery deployment test will be completed, at which
point the vehicle will be ready for flight.
The full-scale flight testing phase opens with the Primary Test Flight opportunity on 04
February 2017 at the Phoenix Missile Works field near Childersburg, AL as shown in Figure 88.
This flight test is part of the critical path forward. If needed, a Backup Test Flight opportunity
exists on 04 March 2017 that is before the Flight Readiness Review (FRR) is due. Before each
flight test opportunity, an internal Launch Readiness Review (LRR) will be scheduled, along
with a safety evaluation and safety briefing. After the flight testing, a debriefing will be held.
The flight testing phase will culminate in the FRR, which will demonstrate that the final
competition rocket is 100% ready for competition.
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Competition Week will be held from 05 through 10 April 2017. During this week, the LRR
and competition demonstration flight will be conducted. After competition, the Post Launch
Assessment Review (PLAR) will be conducted. This will complete the competition effort for
this school year’s competition.

Figure 88: Project Timeline (Spring 2017) – Critical Path Forward

7.3 Educational Engagement
As the competition progresses, Charger Rocket Works continues to place high value on
outreach. Through participation in university programs such as open house events and local
outreach opportunities like FIRST Robotics, the CRW team continues to have the opportunity to
expose students from a variety of backgrounds to the basics of rocketry and the rewards of higher
education. To date, CRW has completed a total of 5 outreach events. The first two, Girl’s
Science and Engineering Day and UAH Discovery Days, were discussed in the PDR.
Information and photographs from those events can be found on the CRW website. The current
schedule can be seen in Table 19 below.
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Table 19: Educational Engagement Schedule
Event

Date

Type of Engagemnt

Anticipated Number of
Individuals Impacted

UAH Discovery Days

October 29th

Outreach: Direct Interaction

100

Girl's Science & Engineering Day

November 5th

Education: Direct Interaction

160

Girl Scouts STEM Fest

November 12th

Education: Direct Interaction

80

UAH Discovery Days

November 19th Outreach: Direct Interaction

500

Society of Women Engineers: First
LEGO League Qualifier

January 14th

Education: Direct Interaction

400

James Clemens High School

Mar-17

Outreach: Direct Interaction

1250

Bob Jones High School

Mar-17

Outreach: Direct Interaction

1250

Science Olympiad

Mar-17

Education: Direct Interaction

50

Boys & Girls Club

Mar-17

Education: Direct Interaction

25

Varies

Outreach: Direct Interaction

100

Varies

Education: Direct Interaction

25

Total Impacted

3940

UAH Engineering Organization
Presentations
Additive Manufacturing Program

In addition to the two events discussed at the PDR level, CREW has participated in 3 more
outreach events, a UAH Discovery Day, Girls Scouts STEM Fest, and the UAH Society of
Women Engineers FIRST Lego League Robotics Qualifier. Through these three events an
additional 980 individuals were impacted.
At the UAH Discovery Days event conducted in November, a total of 500 prospective
engineering students between the ages of roughly 16-20+ years were impacted by CRW’s
presence. At this event members of the CRW discussed their overall design and the roll counterroll induction concept. This event also allowed CRW to display pieces of their subscale rocket
undergoing construction at the time. The CRW launch trailer and a past vehicle were also
displayed allowing for a more hands on experience for the participants. In addition to the
discussion of the Student Launch Initiative program, CRW also discussed their experience as
undergraduate engineering majors and life at the University of Alabama in Huntsville. A
snapshot from this event can be seen in Figure 89.
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Figure 89: UAH Discovery Days Outreach

Girl Scouts STEM Fest was another event that the CRW participated in November. A total
of 80 Girl Scouts were impacted through this event. At this event members of CRW assisted
local Girl Scout troops in the design of two projects: a marshmallow tower and a hovercraft, seen
in Figure 90 and Figure 91 respectively. Although these simple projects were not directly
associated with rocketry, the troops were able to more easily grasp the understanding of basics
structures and fluid mechanics. To obtain an understanding of basic structures, the girls were told
to build the tallest tower possible without it toppling over. This aided in understanding basic
support systems needed to ensure an even distribution of forces that the tower will experience.
To better understand fluid mechanics, the girls were told to construct a basic hovercraft from a
balloon, a water bottle top, and a compact disk. By securing the bottle top to the disk and
inflating the balloon, the girls could then place the balloon on the top, releasing the pressure from
the inflated balloon. The force of air from the balloon to the underside of the disk created a layer
of air that forces the disk off of the ground causing it to “hover” until the pressure of the air
coming from the balloon decreases below the weight of the total craft.
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Figure 90: Marshmallow Tower

Figure 91: Hovercraft

The last event CRW will assist with is the SWE FLL Qualifier. At this event, children of
ages 8-14 will design and program autonomous robots to complete a number of tasks. These
tasks are then scored and the winning teams advance into the state level. Participants are also
scored on core team values, robot design, and project design. Members will assist as referees,
judges, and other key roles. A total of roughly 400 children will be impacted at this event. The
CRW continues to look forward to outreach events after CDR and the continuing opportunity to
inspire the next generation to be involved with STEM.
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Appendix A: Risk Analysis and Hazard Controls
Table 1 lists Risk Assessment Criteria (RAC). Table 2: and Table 3: define the parameters
used in Table 1. Table 4 contains the Risk Analysis and Hazard Controls. Table 5 contains
Hazard Mitigation and Table 6 contains Environmental Hazards. The Verification column
defines the verification and/or test number that corresponds to the tables in Appendix B: Vehicle
Verification Requirements, Appendix C: Payload Verification Requirements, and Appendix D:
Test Plan. The legend that identifies the cross-referenced test and verification plan numbers is
shown below:
Legend: V = Vehicle, P = Payload, R = Recovery, S = System, H = Hazard, T = Test
Table 1: RAC
Severity
Probability
1
2
3
4
Catastrophic
Critical
Marginal
Negligible
A - Frequent
1A
2A
3A
4A
B – Probable
1B
2B
3B
4B
C – Occasional
1C
2C
3C
4C
D - Remote
1D
2D
3D
4D
E - Improbable
1E
2E
3E
4E
Table 2 Level of Risk and Level of Management Approval
Level of Risk
Level of Management Approval/Approving Authority
Highly Undesirable. Documented approval from the MSFC EMC or an
High Risk
equivalent level independent management committee.
Undesirable. Documented approval from the facility/operation owner’s
Moderate Risk
Department/Laboratory/Office Manager or designee(s) or an equivalent
level management committee.
Acceptable. Documented approval from the supervisor directly responsible
Low Risk
for operating the facility or performing the operation.
Acceptable. Documented approval not required, but an informal review by
Minimal Risk
the supervisor directly responsible for operating the facility or performing
the operation is highly recommended. Use of a generic JHA posted on the
SHE Webpage is recommended.
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Table 2: Severity Definitions – A condition that can cause:
Description
1 – Catastrophic

2 – Critical

3 – Marginal

4 - Negligible

Personnel Safety and
Health
Loss of life or a
permanent-disabling
injury.

Facility/Equipment

Environmental

Loss of facility, systems
or associated hardware.

Severe injury or
occupational-related
illness.
Minor injury or
occupational-related
illness.

Major damage to
facilities, systems, or
equipment.
Minor damage to
facilities, systems, or
equipment.

First aid injury or
occupational-related
illness.

Minimal damage to
facility, systems, or
equipment.

Irreversible severe
environmental damage that
violates law and
regulation.
Reversible environmental
damage causing a violation
of law or regulation.
Mitigatable environmental
damage without violation
of law or regulation where
restoration activities can
be accomplished.
Minimal environmental
damage not violating law
or regulation.

Table 3: Probability Definitions
Description
A - Frequent

B – Probable
C – Occasional
D - Remote

E - Improbable

Qualitative Definition
High likelihood to occur
immediately or expected to be
continuously experienced.
Likely to occur to expected to
occur frequently within time.
Expected to occur several times
or occasionally within time.
Unlikely to occur, but can be
reasonably expected to occur at
some point within time.
Very unlikely to occur and an
occurrence is not expected to be
experienced within time.
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Quantitative Definition
Probability is > 0.1
0.1≥ Probability > 0.01
0.01 ≥ Probability > 0.001
0.001≥ Probability > 0.000001
0.000001≥ Probability

Table 4: Risk Mitigation
Hazard
Project falls
behind
schedule

Project goes
over budget

Cause
1. Missed
deadlines
2. School and
launch facility
closure due to
inclement
weather
Improper
allocation of
funds

Overall Project
Effect
PreMitigation
RAC
1. Insufficient
2C
1. Assign weekly
time to
workload
perform
requirements for
quality level
sub-teams
work
2. Monitor
progress with a
2.
schedule
Incomplete
project
1. Inability to
order parts
on time and
progress falls
behind
schedule

2D

2. Budget accordingly
to allow for
additional back-up

2. Unable to
fly subscale,
full-scale, or
competition

Parts become
unavailable

Improper
procurement
planning

1. Inability to
follow
schedule due
to
manufacturin
g delays

1. Implement a
spending plan that
governs parts
procurement in
intervals

2D

1. For every critical
part ordered,
determine and keep
on record a backup
supplier or buy
multiples of parts
whenever
possible

Verification
1. Weekly
briefings from
sub-team leads
on progress and
schedule
conflicts
2. Track
milestones with a
Gantt chart.
1. Project
Manager shall
monitor
purchasing
versus spending
plan and
authorize out of
cycle purchases.
2. Budget shall
allow for two or
more
replacement
parts in high
failure areas or
single-use items.
1. Project
Manager shall
ensure that all
vendor supplied
items have
multiple vendors
or adjust
spending plan
accordingly
R01, V04, V12
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PostRAC
2E

2E

2E

Final rocket
assembly
parts become
damaged
during testing

Parts are
damaged
during test
and
verification
activities

1. Project
goes over
budget

2D

2. Project
falls behind
schedule

1. Simulations will be
used when applicable
to establish
equipment safety
margins
2. When feasible
tests will be
simulated using
equipment similar to
final product

1. FEA along with
flight simulations

2E

R03, T07, T08
2. SOP will be
written to use
test articles with
similar
components to
final rocket
whenever
applicable
S10

Funding is not
made
available at
scheduled
times

Hazard
Airframe
Structural
Failure

1. Funding
source is lost
2. Accounting
procedural
problems

Cause
Insufficient
structural
strength

1. Funding is
cut for
specified
projects

2D

2. Allotment
of funds is
not
disseminated
at scheduled
procurement
milestones
Effect
1. Rocket
body
destructs
2. Unstable
flight

1. Diversify funding
portfolio to include
multiple sources

1. Successful
procurement
plan

2. Ensure all
accounting
paperwork is filed in
a timely manner

2. Monthly
budget
review

Vehicle
PreMitigation
RAC
1D
1. Ensure that
loads are properly
communicated
throughout vehicle
2. Ensure that all
joints, pins, and
points of
integration are
strong enough to
withstand the
highest calculated
stress
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2E

Verification

Post-RAC

1. Stress and
compression
testing
V13, V15, P07,
P08, P10, T07,
T08, T11

1E

2. Finite
element
analysis and
simulation
V13, V15, P07,
P08, T07, T08

Tail Cone
thermal
degradation

Excessive fin
flutter

Exposure to
high
temperatures
during ascent

Loss of
structural
integrity in
tail cone

2D

Inability of fin
structure
under
aerodynamic
load

1. Unstable
flight

2C

Motor
dislodges
from proper
position
and/or motor
misalignment

1. Snap ring
failure

Weather
cocking

Improper exit
velocity or
static margin

2. Tail cone
failure

2. Airframe
structural
failure

1. Premature
ejection of
motor
assembly
2. Unsafe
flight
trajectory
1. Surpasses
landing zone
restriction

1D

1. Solid print ABS
2. Robust design

1. Ground
testing
V15

1. Preflight
analytical
prediction of
flutter; proper
alignment of fins

2. Flight
testing
T07, T08
1. Hand
Calculations
and FEM as
required
V14

2. Proper material
selection

2. Flight tests`
T07, T08

1. Proper handling
during installation

1. Pre-launch
inspection
incorporated
into SOP
V15, S10

2. Robust design

1C

2. Insufficient
altitude

1. Adjust CG/CP
locations
according to
simulations and
field
measurements
incorporated in
SOP
2. Design for
sufficient exit
velocity off the
raid design for
reasonably high
thrust to weight
ratio
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2. FEA on tail
cone
1. Measure the
stability
margin and
compare to
simulation
data
V06, V07, V08,
T07, T08
2. Weigh the
rocket and
compare to
vendor thrust
data
V06, V07, V08,
T07, T08

2E

2E

1E

1E

Unstable
flight

Insufficient
Altitude

1. Weather
cocking or fin
flutter

1. Safety
threat to
spectators

2. Structural
failure

2. Possible
destruction
of rocket

Improper
thrust to
weight ratio

1. Fails to
meet
technical
requirements
of success

1C

1. Simulate flight
with software and
verify with test
flights
2. Test with
subscale model

2C

2.
Disqualificati
on of overall
competition
award

1. Use analytics
and computer
software in
conjunction with
ground testing to
ensure proper
motor choice
2. Ensure that the
rocket is of
the proper mass
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1. Verify
simulations
display safe
flight
characteristics
R03, S01, S06,
V06, V15, P09,
T07, T08
2. Ensure test
results in
subscale
model produce
desired flight
characteristics
S01, S06, V06,
P09, T07, T08
1. Review
altimeter data
from test
flights
S06, V01, V02,
V06, V11, P08,
T08
2. Weigh fully
assembled
rocket after
motor
assembly to
verify mass
S06, V01, V02,
V06, V11, P08,
T08

1E

2E

Exceeds
Altitude

Improper
thrust to
weight ratio

1. Fails to
meet
technical
requirements
of success

2C

2.
Disqualificati
on of overall
competition
award

Propellant
over
pressurizes or
burns through
the casing

Poor vendor
supplied
component
selection

Propellant
does not
ignite or
chuffs

Poor vendor
supplied
component
selection

Max size
motor
selected

Changes in
mass caused
the need for a
larger motor

1.
Destruction
of booster
airframe
structure
2.
Destruction
of transition
piece
Rocket does
not take off
or does not
reach
sufficient
altitude

1. Inability to
reach 5280 ft

2C

1. Use analytics
and computer
software in
conjunction with
ground testing to
ensure proper
motor choice

1. Review
altimeter data
from test
flights
S06, V01, V02,
V05, V06, V11,
T08

2. Ensure that the
rocket is of
the proper mass

2. Weigh fully
assembled
rocket after
motor
assembly to
verify mass
S06, V01, V02,
V05, V06, V11
T08

1. Use certified
motor

1. Verify the
chosen motor,
obtained by
NAR mentor, is
certified.
S01, V04, V05,
V12, T07, T08

2E

2.Have backup
rocket

2E

2C

The rocket will be
launched by a
standard, NASA
provided 12 volt
DC firing system.

The chosen
L2200 motor
uses a
standard high
power
rocketry
igniter
designed to be
initiated by a
12 volt DC
firing system
V04, S03, T07,
T08

2E

2A

1. minimize mass
wherever possible

Weigh fully
assembled
rocket to
ensure no
further mass
reduction will
be required

4B
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Hazard

Cause

Power loss to
one or more
systems

Battery failure

Effect
1.
Incomplete
or total loss
of data
collected

Recovery
PreMitigation
RAC
2D
1. Completion of
successful testing
prior to launch
2. Ensure ground
and flight test
results match
calculated results

2. Possible
destruction
of rocket due
to improper
altimeter
function

3. Ensure all
spectators are
within NAR, CRW,
and Range Safety
Officer defined
safe zones

3. Improper
recovery
deployment
could result
in damage to
spectators
and/or
property

Verification

Post-RAC

1. Flight testing
T07, T08

2E

2. Installation
of new
batteries will
be a part of
pre-launch
checkouts in
the flight SOP
S10, T07, T08
3. SOP
procedures
dictate when
to verify that
no spectators
or personnel
are outside of
predefined safe
zones
S10, T07, T08

GPS lock
failure

Loss of Signal

Possible
unrecoverabl
e rocket

2C

Test GPS and RF
capabilities before
use

Ground test
and always use
new batteries
T01, R07, S10

2E

Shear pins do
not shear

Not enough
black powder
or improper
pin selection

Parachutes
do not
deploy

1C

1. Ground test
with black powder
charges to ensure
pins shear and
parachutes deploy

1. Ground Test
R06, T02

2E

2. Test shear pins
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2. Testing
T02, T07, T08

Chute
entanglement

Improper
packing of
rocket

1. Rocket not
recoverable

1C

2. Potential
risk to
spectators
and property

1. Rehearse
techniques for
packing the rocket
2. Allow sufficient
recovery harness
lengths to ensure
adequate spacing

1. Ground test
without black
powder
R02, R10, CDR
Section Error!
Reference
source not
found.

1E

2. Flight tests
T02, T07, T08
Drogue
and/or main
parachutes do
not fully
deploy from
tube on
ejection

1. Insufficient 1.
recovery
Uncontrolled
harness length descent of
rocket
2.
Entanglement 2. Rocket
of recovery
becomes
harness within unrecoverabl
tube
e

2C

1. Allow adequate
length of recovery
harness to clear
tube
2. Secure excess
length within tube
during assembly

1. Deployment
tests
T02, T07, T08

1E

2. SOP steps to
verify proper
length for
parachute to
clear tube after
harness
preparation
S10
3. Flight tests
T02, T07, T08

All charges
are not
expended
during launch

1. Avionics
failure
2. Faulty
igniter
3. Wet black
powder

1.
Uncontrolled
descent of
rocket

1D

1. Main and
backup charges
are integrated
2. Safety controls
are outlined in the
SOP for safe
handling at
recovery site

2. Unsafe
rocket at
recovery site
for recovery
personnel

1. Black
powder
deployment
testing
R04, R08, R09,
S03, T02, T07,
T08, CDR
Section Error!
Reference
source not
found.
2. Recovery
SOP
R04, R08, R09,
S10, T02, T07,
T08
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1E

Rocket
becomes
entangled in
power lines or
trees

1. High winds

Hazard

Cause

Control
surface loss

2. Improper
flight
trajectory

Rod shear
failure

1.
Unrecoverabl
e rocket
2. Unsafe
environment
for personnel
at recovery
site

Effect
1. Falling
debris
2. Unstable
flight path

Servo failure

Electrical
connection
failure

Control
algorithm
failure

Overtorqueing of
the servos

Loose wires
and/or wires
disconnect
under
acceleration
Control
programming
does not
properly
compensate
for roll
changes

2C

1. Unstable
flight path

1. Payload
functionality
loss
2. Unstable
flight path
1. Payload
functionality
loss

1. Flight trajectory
simulated in high
wind conditions
2. Launch rail
angle adjusted to
account for
environment

Payload
PreMitigation
RAC
1C
1. Determine
maximum shear
force

1C

2D

2. Select
appropriate
diameter rods
1. Determine
maximum torque
loads
2. Select
appropriate servos
1. Secure all wires
and connectors

1. Open Rocket
Simulations

2E

2. Team
members will
assess
environment at
launch site
CDR Section
Error!
Reference
source not
found.
Verification
1. Shear load
testing

Post-RAC
2E

P06, P09, P10,
P11, P13, T08
1. Torque
testing

2E

P10, P11, T08,
T09
1. Visual
Inspection

2E

T08, T09
1C

1. Optimize error
checking

1. Flight
testing
P09, P12, P13,
T06, T08, T09

1. Unstable
flight path
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2E

Data
collection
failure

Software or
component
failure under
flight loads

1. Loss of
ability to
record data
during flight

2C

2. Inaccurate
data
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1. Completion of
successful testing
prior to launch

1. Ground
testing
T09

2. Ensure ground
and flight test
results match
calculated results

2. Flight
testing
T08, T09

2E

Table 5: Hazard Mitigation
Chemical Handling: 3M Scotch-Weld Structural Plastic Adhesive, DP-8005, Black
Hazard
Cause
Effect
PreMitigation
Verification
RAC
Direct contact
Corrosive
2D
1. Safety glasses 1. MSDS
Eye
with eyes
burns
with side shields Section 8
contamination
or indirect
vented goggles.
Exposure to
Moderate
2C
1. Safety glasses 1. MSDS
Eye Irritant
vapor during
Eye
with side shields Section 8
curing, or to dust Irritation
or indirect
2. SOP
created by
vented goggles.
cutting,
2. Local exhaust
grinding,
ventilation for
sanding,
cutting, grinding,
machining
sanding, or
machining.
1.
Direct
contact
Severe
Skin
2C
1. Gloves/
1. MSDS
Skin and
with skin. 2.
and
protective
Section 8
Respiratory
Exposure to
Respiratory
clothing to
2. SOP
Irritant
vapor during
Irritation
prevent skin
curing, or dust
contact and
created by
Respiratory
cutting,
Protection
grinding,
2. Exposure time
sanding,
limitations
machining
Gastrointest
2D
1. Safe work
1. SOP
Gastrointestina Ingestion
inal
practices
l irritant
irritation
1. Vapor may
Fire/Explos
1D
1. Ventilation/
1. SOP
Combustible
ignite.
ion
Avoid Proximity 2. MSDS
liquid and
with Flame
Section 5
2. Reaction to
vapor
strong Oxidizing
2. Safe work
Agent
practices

Hazard

Cause

Skin and/ or
respiratory tract
irritation

1. Direct
contact with
skin.
2. Exposure
to vapor
emitted by
product
during use

Chemical Use: White Epoxy Primer
Effect
PreMitigation
RAC
1. Severe Skin
2C
1. Gloves/
Irritation
protective
clothing to
prevent skin
2. Respiratory
contact
Irritation
including
chemical asthma
2. Exposure time
from long-term
limitations,
exposure
proper
ventilation, safety
mask
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Verification
1. MSDS Section
4, PPE
2. MSDS Section
4, SOP, PPE

PostRAC
2E

2E

2E

2E

1E

PostRAC
2E

Fire

Environmentally
hazardous

Hazard
Eye Irritant

Skin Irritant,
Sensitizer,
Permeator
Respiratory
Hazard

Highly
flammable
and explosive

In a fire or
pressure
increase, the
container
may burst,
with the risk
of
subsequent
explosion

1. Injury to
personnel

1D

2. Damage to
equipment
and/or property

1. Safe,
predetermined
work practices,
safety glasses
2. Educate
personnel
3. Maintain
readily available
up-to-date MSDS
in all work
stations

1.
Accidental
spills

1. MSDS Section
5, PPE

2E

2. Safety
Briefings
3. All MSDS are
on team website
and available at
workstations

1. Contact with
2C
1. Proper material 1. MSDS Section
2E
soil and
handling and
6, proper material
potential
disposal
handling
contamination
procedures
of ground water
or sewers
Chemical Handling: Alcohol, Isopropyl
Cause
Effect
PreMitigation
Verification
Post-RAC
RAC
Direct
Mild Irritation 3D
1. Safety
1. MSDS
3E
contact with
glasses with
Section 8
eyes or eye
side shields
2. MSDS
contact with
or indirect
Section 4
vapor.
vented
goggles.
2. Local
eyewash
station
Direct
Mild Irritation
3C
1. Gloves
1. MSDS
3E
contact with
and
Section 8
skin
protective
clothing
Inhale large Irritation
3C
1.
1. MSDS
3E
quantities
Respiratory
Section 8
Protection.
2. SOP
2. exposure
time
limitations
1. Presence
Near Invisible
1B
1.
1. SOP
1E
of heat,
Flame/Fire or
Ventilation
2. MSDS
open flames, Explosion
Avoid
Section 5
oxidizing
Proximity
materials
with Flame.
and sparks
2. Safe work
practices
Chemical Handling: Motor
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Hazard
Skin irritant

Eye Irritant

Respiratory and
Gastrointestinal
Hazard

Flammable and
Explosive

Hazard
Accidental
Detonation

Cause

Effect

Direct
contact

1. Irritation.
2. prolonged
exposure can
cause
ulcerations
and burns

Direct
contact with
eyes

1. Inhaled 2.
Ingested

Presence of
open flames,
sparks,
shocks, heat,
reducing
agents,
combustible
materials,
organic
materials

Cause
Sources of
friction,
impact,
heat, low
level
electrical
current, and
electrostatic
or RF
energy

Mild Irritation

1. Irritation 2.
Damage to
organs

1.
Fire/Explosio
n

PreRAC
3C

Mitigation
1. Gloves and
protective
clothing

Verification
1. MSDS
Section 8

Post-RAC
3E

2. SOP

2D

2D

1C

2. Exposure
time
limitations
1. Safety
glasses with
side shields or
indirect vented
goggles.
2. Local
eyewash
station
1. Respiratory
Protection

1. MSDS
Section 8
2. SOP

1. Safe work
practices

1. MSDS

2E

1D

2. NAR High
Power Safety
Code

Chemical Handling: Black Powder, Loose
Effect
PreMitigation
Verification
RAC
Detonation may
1B
1. Safe work
1. SOP
cause severe
practices
physical injury,
2. MSDS
even death;
2. Impervious
rubber gloves;
Facility/equipment
clothing must
damage (unlikely
due to small
be metal‐free
quantities in use)
AND non‐
static
producing
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2E

2. MSDS
Section 4

2. Safe work
practices

2. Training/
Personnel
certification;
performed by
or under
supervision of
Level 3
certified NAR
Mentor

2. Personnel
injury by
burns or
impacts

1. MSDS
Section 8

Post-RAC
1D

Breathing
and/or
touching
black powder

Hazard
Accidental
ignition

Chronic
exposure
without
PPE

Cause
Sources of
heat or low
level
electrical
current

Damage to the
exposed skin
and/or damage to
the respiratory
system

2C

1. Safe work
practices

Failure of
ejection
charge
retention
system

1.Injury to
personnel

2C

2. Facility or
equipment damage

1. Large safety
factor designed
into retention
system
2. Written test
procedures;
safe work
practices

Hazard
Skin
irritation

Serious eye
irritation
Respiratory
irritation

Cause
Excessive
contact
with dust

Excessive
contact
with dust
Excessive
contact
with dust

2E

2. MSDS

1. Work in
well ventilated
spaces, wear
nitrile gloves
Ejection Charge Handling
Effect
PreMitigation
RAC
1. Bystander
2C
1. Isolate
injury
ejection charge
from strong
electric fields
2. Facility or
and heat
equipment damage
sources
2. Safe work
practices and
personnel
certification

Accidental
release of
projectile

1. SOP

Fiberglass Handling
PreMitigation
RAC
Possible allergic
3C
1. Nitrile
reactions
gloves
Effect

Eye irritation or
injury

2C

Aspiration hazard

2D
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Verification
1. HOP

Post-RAC
2E

2.
Certificates
of
completion
for training
3.
Supervision
by Level 3
certified
NAR Mentor
Conduct test
in blast‐
proof test
cell;

2E

2.
Supervision
by Level 3
certified
NAR
Mentor;
Verification
1. MSDS
Section 8

Post-RAC
3D

2. Suitable
protective
clothing
1. Safety
Glasses

2. MSDS
Section 8
1. MSDS
Section 8

3D

1. Use
respiratory
protection
when dust is
produced

1. MSDS
Section 8

3D

Harmful to
aquatic life

Improper
disposal of
material

Hazard

Cause

Contamination can
have long lasting
effects

1. Use safe
work practices
and do not
allow dust to
enter groundwater, surface
water or
drains
Machine / Tool Use
Effect
PreMitigation
RAC
1. Injury to or loss 2C
1. Safe work
of hand, limb
practices

Blades on a
Lathe or
Milling
Machine

Improper
use

Shrapnel
from Lathe
or Milling
Machine

Metal
shavings
ejected
from
machinery

1. Laceration or
eye injury

Injury from
Sanding and
Grinding

Improper
use of tool
or
equipment
failure

1.Skin Abrasion

Improper
use of tool
or in use in
unsafe
conditions

1. Skin Burns

Soldering/
Electrical
Tool Injury

2D

2. Damage to
equipment or
facilities

2.Training and
qualification

2C

2. Facility or
equipment damage

3C

2. Facility or
equipment damage

1. Safe work
practices and
Protective
Equipment
2.Training and
qualification
1. Safe work
practices and
PPE
2.Training and
qualification

4B

2. Damage to
Components

1. Safe work
practices and
PPE
2.Training and
qualification

3. Fire

3. Assigned
solder station
in workspace
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1. MSDS
Section 6

Verification

3D

Post-RAC

1. SOP

2E

2.
Supervision
by
experienced
personnel
1. SOP

2E

2.
Supervision
by
experienced
personnel
1. SOP

3E

2.
Supervision
by
experienced
personnel
1. SOP

4E

2.
Supervision
by
experienced
personnel
3. SOP

Table 6: Environmental Hazards
Hazard

Cause

Effect

Disposal
of
Hazardous
Materials

Improper
disposal of
any
materials
used for this
project

1.
Contamination
of local
ground water
and/or soil

Exhaust
Emissions

Motor gas
emissions

1. Toxic
chemicals are
emitted into
the
atmosphere

Impact to
local
ecology
and
wildlife

Risk of fire
or falling
debris

1. Danger to
property
and/or wildlife

PreRAC
2D

3B

Mitigation

Verification

1. Disposal of any
potentially hazardous
materials will be done in
accordance with the
Safety Data Sheet

1. CRW Team
will be
educated on
safe disposal
of hazardous
materials and
have easy
access to
MSDS sheets
1. CRW Team
will attempt to
minimize the
motor required
to meet the
contest
requirements

1. Select smallest
possible rocket to safely
meet all requirements

2D

1. Remote locations of
launch sites will limit
likelihood
2. Have fire
extinguishers and
trained users available

2. Despite the
high
probability of
emissions, the
quantity will
be low and
have
negligible
environmental
effects
1. Remote
locations of
launch sites
will limit
likelihood of
ecological
and/or wildlife
impacts
2. Safety
Officer will
ensure that
team members
are trained and
have quick
access to fire
extinguishers
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PostRAC
2E

4B

2E

Rain

The water
cycle

1. Danger to
equipment

3C

1. Water safe containers
for electronics

2. Launch
cancelation

High
Winds

Unexpected
weather
conditions

1. Payload
failure

2. Monitor weather
conditions the week of
launch

1. Include
water safe
containers on
the Launch
Day Checklist

2. Safety
Officer will
monitor
weather
conditions and
the team will
abort any
launch in
unsafe
conditions
1. Determine the
1. Extensive
dynamic forces that
testing and
would cause
simulation will
mechanical/aerodynamic be used to
payload issues
verify safe
operating
conditions for
2. Avoid launching in
the payload
high winds and add
trackers to each section
of the rocket
2. Safety
Officer will
monitor
weather
conditions and
the team will
abort any
launch in
unsafe
conditions

3C

2. Further drift
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3D

3D

Appendix B: Vehicle Verification Requirements
Legend: V = Vehicle, P = Payload, R = Recovery, S = System, H = Hazard, T = Test
Number
V01

V02

R01

S01

V03

V04

Source

Requirement Statement

SLI

The vehicle shall deliver
a payload to an apogee
altitude of 5,280 feet
above ground level
(AGL), but will not
exceed 5,600 feet

SLI

SLI

SLI

Verif.
#

Verification Method

Status

V01.1

Open Rocket
simulations have
verified the design will
obtain the desired
altitude

Complete

V01.2

Full Scale Launch

The vehicle will carry a
commercially available,
barometric altimeter to
be used for official
scoring
All recovery electronics
shall be powered by
commercially available
batteries
Vehicle must be
recoverable and same
day reusable without
repairs or modifications.

SLI

The vehicle will have no
more than four sections
during descent.

SLI

Must be propelled by a
single stage,
commercially available
solid motor.

Selection of
Stratologger SL 100
Altimeters

Complete

Selection of
commercially available
CR123 batteries
battery powered
electronics

Complete

Selection of durable
materials in PDR, and
adequate recovery
system based on max
landing velocity of

Complete

ft

13.76 s

The vehicle design has
three sections during
descent

The vehicle design is
single stage utilizing an
Aerotech L2200 motor.
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T08

Complete

Complete

S02

S03

S04

V05

V06

V07

V08

CRW

Vehicle must be capable
of being prepared at
launch site in no more
than 2 hours, and for a
minimum of 2 hours
(more stringent than the
4 hour competition
requirement).

The vehicle design has
been engineered for
quick assembly, and
will be verified with
extensive assembly
practice and efficient
procedures

SLI

The rocket will be
launched by a standard,
NASA provided 12 volt
DC firing system.

The chosen L2200
motor uses a standard
high power rocketry
igniter designed to be
initiated by a 12 volt
DC firing system

SLI

The vehicle will require
only the equipment
provided by Range
Services to be launch
capable.

SLI

The motor may not
exceed an impulse 5,120
Newton-seconds (L
class).

SLI

The vehicle shall have a
minimum static stability
margin of 2.0 at the
point of rail exit (need
to prove this).

CRW

SLI

The rocket has been
designed for a
standard 15-15 rail, 8ft
in length.

As built flight ready
rocket will have a CG
located at least 6.5ft
from tip of nose cone
The launch vehicle shall
accelerate to a
minimum velocity of 52
fps at rail exit. (need to
prove this)
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The vehicle design
currently utilizes a L
class motor with an
impulse of 5104 Ns
SOP dictates that the
CG shall be measured
after motor assembly
to confirm stability
margin prior to any
flight
Field measurement of
CG location

Full-scale flight test
data will verify the
velocity at rail exit.

T08

T08

T08

Complete

SOP
T07, T08

Visual Inspection

T08

S05

S06

S07

S08

S09

S10

S11

V09

SLI

The team will
demonstrate a
successful full-scale
launch before FRR.

SLI

A subscale rocket launch
will be performed that
demonstrates the
success of a rocket with
similar geometric and
kinematic properties
prior to CDR.

CRW

The CRW has identified
dates to launch before
FRR. Primary date is
currently February 4,
2017 and secondary
date of March 4, 2017.
Subscale Flight
Completed on
12/10/2016

The flight altitude data
confirmed a 2%
altitude drop using the
forward fins

Rocket CD will be
determined through a
Subscale Flight

CD = 0.5335

CRW

Ability to Launch a
Rocket successfully

Verified by subscale
and full-scale flights

CRW

Optimize Standard
Operating Procedures

CRW

Performance of Tracker
will be verified through
a subscale flight

This will be done by
verifying procedures
during the subscale
and full-scale flights
The same trackers that
will be used for the
full-scale flight were
successfully used in
the subscale test flight
The vehicle design
utilizes two sets of fins,
both of which are
located aft of the
currently simulated
center of gravity after
burnout. This position
will be verified by the
full-scale test flight

SLI

T07
Successfully
Completed
Section Error!
Reference
source not
found.

Effects of forward fins
on Drag will be
evaluated through a
subscale flight

CRW

T08

Complete
Section Error!
Reference
source not
found.
T07
Complete

Any structural
protuberance on the
rocket shall be located
aft of the burnout
center of gravity. Needs
verification of
adherence in payload
section.
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T07, T08

T07, T08

T07
Complete

T08

R02

R03

R04

R05

R06

R07

V10

V11

SLI

The launch vehicle will
utilize a dual deploy
recovery system.

SLI

Each independent
rocket section will land
with a Kinetic Energy of
less than 75 ft-lbf.

The vehicle design will
deploy two
parachutes; one at
apogee and one at 600
feet
The full-scale and
subscale flights will be
used to verify
simulated predictions

SLI

The recovery system
electronics will be
redundant, independent
of payload electronics,
and independently
powered.

SLI

Each altimeter will have
an arming switch that
can be locked in the ON
position that is
accessible in launch
configuration.

SLI

The rocket body
separation joints are to
be held by removable
shear pins

SLI

The position of all
untethered vehicle
sections is to be
transmitted to a ground
receiver

SLI

The rocket will carry one
payload that meets the
team’s payload
selection criteria.

The vehicle design
utilizes ten #4-40
Nylon shear pins for
separation point
assembly
The vehicle design will
land connected as one
piece, and utilizes a
single tracker that
transmits GPS
coordinates to a
ground station
The vehicle design
currently carries a
roll/counter roll
inducing payload

CRW

The rocket must reach
an apogee of 5,200 feet
within +100 or -200
feet.

The full-scale flight will
verify the simulations
that predict an apogee
of 5281 ft
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The vehicle design
currently utilizes two
independent
altimeters, power
sources, switches,
ematches, and black
powder charges
The vehicle design
currently utilizes one
ON locking switch per
altimeter

T02, T07, T08

Open Rocket
T07, T08

Complete

Complete

Complete

T01

T03, T04, T05,
T08

T08

H01

CRW

1. All assembly will be
performed with
altimeters off

H01.1

2. The vehicle will be
designed such that the
altimeters remain safe
when handling the
rocket

R08

R09

CRW

CRW

H01.2

Backup ejection charge
will be larger than the
primary charge to
ensure separation in the
event that the primary
does not separate
Ejection Charges will be
sized to fully separate
the rocket

Operating procedures
will dictate when and
how to arm the
altimeters

The vehicle design
utilizes two
independent pull pins,
one for each of the
two power switches.
SOP dictates when to
remove pins
The vehicle design will
implement dual
charges for both main
and drogue chute
deployment. The use
of a backup charge is
included in the flight
operating procedures.
Black Powder Testing
(T02)

Complete
SOP

SOP

T02, T07, T08
SOP

Subscale
complete
Section Error!
Reference
source not
found.
Full-scale
planned for the
end of Jan 2017

R10

CRW

When recovery harness
is fully extended
parachute will be fully
out of the body tube

Black Powder Testing
(T02)

Subscale
complete
Section Error!
Reference
source not
found.
Full-scale
planned for the
end of Jan 2017
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R11

R12

CRW

Parachute protection
from Black Powder

Nomex cloth is being
used to protect the
parachute

CRW

Nomex Cloth must be
tied into the recovery
harness so it cannot reef
the parachute

Integrated into SOP
Parachute and nomex
packing optimized
during black powder
testing and verified by
flight tests

Complete

SOP
T02, T07
Subscale
Complete

T02, T08

V13

V14

V15

CRW

Bolt holes shall have a
minimum edge to
diameter ratio of 2.0 or
analysis justifying
deviation below this
minimum by fabrication.

This will be verified by
measurement and
visual inspection

CRW

Safety Factor for fin
flutter shall be a
minimum of 1.50 to
prevent excess
vibrations or potential
instability for the fins.

Hand calculations

CRW

Airframe coupler joints
must be stiff enough to
handle bending
moments

All interfacing airframe
surfaces have at least
6” length. FEM and
hand calculations will
be used to verify that
this will prevent
bending

138

Visual inspection
to be conducted
upon initial
completion of
the full-scale
rocket as stated
in SOP

Hand
calculations

FEM
Hand
calculations

Appendix C: Payload Verification Requirements
Number

Source

Requirement Statement

P01

SLI

System shall induce at least two
rotations around the roll axis of
the launch vehicle

P02

SLI

After the two induced rotations,
must induce a counter rolling
moment to halt the rolling
motion

P03

SLI

Roll shall be induced after motor
burnout

P04

SLI

Payload will not begin inducing
roll prior to motor burnout

P05

SLI

P06

SLI

P07

CRW

Provide proof of controlled roll
and successful counter roll
Only mechanical devices are
allowed for rolling procedures
(not fixed geometry)
In null position, fins should not
affect vehicle aerodynamics
other than increasing Drag.

P08

CRW

P09

CRW

P10

CRW

P11

CRW

P12

CRW

Ensure excessive drag is not
produced by controlled fins
Ensure fail safe mode causes fins
to return to pre-flight
orientation
Fin support connection must be
able to withstand induced
torque on fin surfaces
Holding Torque must sufficient
for fin induced forces
IMU must be properly calibrated
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Verification
Method
Onboard
instrumentation will
allow for
verification through
flight data
Onboard
instrumentation will
allow for
verification through
flight data
Onboard
instrumentation will
allow for
verification through
flight data
Using redundant
Sensors checking
acceleration and
flight time.
Implementation will
be verified by fullscale flight test
Ground tests and
flight test
Flight test
Subscale launch
with similar
geometric and
kinematic rocket
XFOIL simulation
Ground test
Finite element
analysis
Durable material
selection
Check servo data
sheet and flight test
Ground Test

Status
T03, T07, T08

T03, T07, T08

T03, T07, T08

T08

T04, T07, T08
T08, T09
T07

T07, T09
T09
FEM
3.2.7 Fin
Subassembly and
Load Analysis
T08, T09
T09

P13

CRW

P14

CRW

P15

CRW

Fins will be uniformly pitched
and tested for consistency of
angle of attack
Perform roll and counter roll
maneuver in < 8 sec after motor
burnout
Maintain zero roll after induced
maneuver is complete
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Ground Test

T09

Flight Test Data

T08

Flight Test Data

T08

Appendix D: Test Plan
Test
Numb
er
T01

Requirement
Determine GPS
Tracker range and
transmission
capability

Test Plan
1. Test tracker inside a
nose cone or suitable
fiberglass structure, and
determine maximum
range without obstacles.

Verification
Requirement
Number
R07

Status
1-3. Complete
with successful
results
3.4.2.2 Tracker

2. Repeat with trees and
buildings as obstacles.
3. Culmination of Tracker
capability testing will be
the subscale launch.
T02

Recovery
Deployment Test
(Black
Powder Test)

Ground testing of the
charge size required to
successfully shear the
Nylon pins and eject the
parachutes.

R02, R08, R12

Completed
successfully for
subscale
Section 7.1.3.
Ejection Charge
Testing
Full-scale
testing planned
for mid Jan
2017
Not yet
complete

T03

Roll shall be
induced after motor
burnout

System Test for timing
mechanics

V10, P01, P02,
P03

T04

Provide proof of
controlled roll and
successful counter
roll

Rotate payload about roll
axis and look for fin
actuation.

V10, P05

Awaiting parts –
Testing planned
for the end of
Jan 2017

T05

Ensure fail safe
mode causes fins to
return to pre-flight
orientation

Remove power source to
one of the servos, observe
results.

V10

Awaiting parts –
Testing planned
for the end of
Jan 2017
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T06

T07

IMU must be
properly calibrated

Subscale Launch

Place IMU on a flat table
and calibrate each axis of
the accelerometer.
Place the IMU on a
spinning table that is
rotating at a fixed rate to
calibrate the gyros.
Subscale launch
successfully completed on
December 10, 2016

P12

Calibration will
be completed by
the end of
January

V06, S06, S09,
S10, S11, R02,
R03, R08, R12,
P01, P02, P03,
P05, P07, P08

Successfully
Completed
Section Error!
Reference
source not
found.
Not yet
completed -Primary date is
currently
February 4,
2017 and
secondary date
of March 4,
2017
Awaiting parts –
Planned for end
of Jan 2017
Awaiting parts –
Planned for end
of Jan 2017

T08

Full-Scale Launch

The CRW team has
identified dates to launch
before FRR. Primary date
is currently February 4,
2017 and secondary date
of March 4, 2017

V01, S02, S03,
S04, V06, V08,
S05, S09, S10,
V09, R02, R03,
V10, V11, R08,
R12, P01, P02,
P03, P04, P05,
P06, P11, P12

T09

Payload Ground
Test

P06, P08, P09,
P11, P12

T10

Compression
Testing

Ground test to verify
payload response to
vehicle rotation
In-house compression test
to verify ability to
withstand compressive
loads

T11

Spectrum analysis
performed on
trackers Shielding
can then be
implemented based
on the results.
Test Dual
Deployment System

Ensure GPS Tracker
does not induce a
charge on ematches

3.1.2 Success
Criteria
3.4.2.2 Tracker

Test planned for
last week of
January

Staged Recovery Testing

3.3 Subscale Flight
Results

Successfully
Completed

T12
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3.2.8 Tail Cone

Appendix E: Flysheet
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Appendix F: Aerodynamic Code
%% Design 1: Fin Analysis
% Created by: Hayden Arceneaux
% 9-13-2016
% Inputs:
%
dtr - Delay Time
%
alpha - Angle of Attack
% Outputs:
%
z - Altitude
%
L_f - Force on Fins
%
Tor - Max Torque
%
edt - Extra Time
%
theta - Total Rotation
%
dtr - Rotation Time
%% Numerical Fin Analysis
clear,clc
% Flight Inputs
td = 0.5; % Delay Time [s]
alpha = 0.25; % Angle of Attack [deg]
% Switches
% Method 1 = 3D Linerized Thoery
method = 1;
del = alpha*pi/180; % Angle of Attack [rad]
% Aft Fin Inputs *For Rectangular Finn*
ct = 0.57/12; % Ct [ft]
cr = 4/12; % Cr [ft]
b = 3/12; % Span of Wing [ft]
finn = 3; % Number of Fins
ds = 0.5/12; % Distance from Servo to Rocket Diameter
% Rocket Inputs
T = 374.2; % Thrust [lbf]
mp = 5.64; % Mass of Propellant [lbm]
md = 42;
% Dry Mass [lbm]
tb = 3;
% Burn Time [s]
d = 6/12; % Diameter of Rocket [ft]
cd = 0.40; % Coefficient of Drag
dt = 0.02; % Time Step [s]
% Fixed Fin Inputs
ct_ff = 3/12; % Tip Chord of Fixed Fin [ft]
cr_ff = 8/12; % Root Chord of Fixed Fin [ft]
b_ff = 5/13; % Span of Fixed Fin [ft]
finn_ff = 3; % Number of Fixed Fins
% Constants
pc1 = 0.000000008060081; % Pressure Constant 1
pc2 = 0.0005482655; % Pressure Constant 2
pc3 = 14.69241; % Pressure Constant 3
pconv = 6894.8; % Pressure Conversion
Tc1 = -0.0036; % Temperature Constant 1
Tc2 = 518; % Temperature Constant 2
Tconv = 0.5555555; % Temperature Conversion
roc1 = 0.00000000001255; % Density Constant 1
roc2 = 0.0000019453; % Density Constant 2
roc3 = 0.07579; % Density Constant 3
rcov = 16.0185; % Density Conversion
g = 32.2; % Gravity Constant [ft/s^2]
gc = 32.2; % Conversion Factor [lbm-ft/lbf-s^2]
rob = 0.0765; % Base Density of Air at [lbm/ft^3]
roc = 0.00000212; % Change in Density [lbm-ft/ft^3]
ga = 1.4; % Ratio of Specific Heats
R = 1716; % Gas Constant [ft-lbf/slug-R]
% Fin Calculations
lamda = ct/cr; % lamda
S = b/2*cr*(1+lamda); % Area of Fin [ft^2]
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AR = 2*b^2/S; % Aspect Ratio (Barrowmen)
Ymac = b/3*(1+2*lamda)/(1+lamda); % Mean Aerodynamic Chord [ft]
r = d/2+Ymac; % Moment Arm on Rocket [ft]
% C_L Calculations (2-D Linearized Theory)
C_l = 2*pi;
omega_v = 5; % Constant Angular Velocity
acc_v = 2; % Constant Angular Acceleration
corr = AR/(2+AR); % Coefficient of Lift Correction
e = 0.7; % Ozwald Efficiecy Factor
% Rocket Calculations
I_r = 0.5*md*(d/2)^2; % Moment of Inertia [lbm-ft^2]
Aref = pi*(d^2)/4; % Reference Area of Rocket [ft^2]
mdot = mp/tb; % Mass Flow Rate [lbm/s]
n = tb/dt; % Time Steps for Motor
thetamax = 360*2*pi/180; % Revolutions [rads]
% Boundary Conditions
a(1) = 0; % Initial Acceleration [ft/s^2]
v(1) = 0; % Initial Velocity [ft/s]
z(1) = 0; % Initial Altitude [ft]
m(1) = md+mp; % Origional Mass [lbm]
D(1) = 0; % Initial Drag [lbf]
t(1) = 0; % Initial Time [s]
i = 2;
% Burn Phase
while i <= n+1
m(i) = m(i-1)-mdot*dt; % Mass [lbm]
a(i) = (T-D(i-1))*gc/m(i)-g; % Acceleration [ft/s^2]
v(i) = v(i-1)+a(i)*dt; % Velocity [ft/s]
z(i) = z(i-1)+v(i-1)*dt+0.5*a(i)*dt^2; % Altitude [ft]
ro(i) = rob-z(i)*roc; % Density [lbm/ft^3]
Temp(i) = (Tc1*z(i)+Tc2); % Temperature [R]
p3(i) = (pc1*(z(i))^2-pc2*z(i)+pc3); % Pressure [psi]
ss(i) = sqrt(ga*R*Temp(i)); % Speed of Sound [ft/s]
M(i) = v(i)/ss(i); % Mach Number
D(i) = 0.5*ro(i)*v(i)^2*(cd/sqrt(1-M(i)^2))*Aref/gc; % Drag [lbf]
t(i) = t(i-1)+dt; % Time [s]
F(i) = T-D(i)-m(i)*g/gc; % Net Force [lbf]
i = i+1;
end
% Rotation Parameters
omega(i-1) = 0; % Initial Rotation [rad/s]
theta(i-1) = 0; % Initial Theta [rad]
rottime = 0; % Initial Rotation Time [s]
set = 0; %
dtr(i-1) = 0;
j = 1;
% Coast Phase
while i > n+1
a(i) = -D(i-1)*gc/md-g; % Acceleration [ft/s^2]
v(i) = v(i-1)+a(i)*dt; % Velocity [ft/s]
z(i) = z(i-1)+v(i-1)*dt+0.5*a(i)*dt^2; % Altitude [ft]
ro(i) = rob-z(i)*roc; % Density [lbm/ft^3]
Temp(i) = (Tc1*z(i)+Tc2); % Temperature [R]
p3(i) = (pc1*(z(i))^2-pc2*z(i)+pc3); % Pressure [psi]
ss(i) = sqrt(ga*R*Temp(i)); % Speed of Sound [ft/s]
M(i) = v(i)/ss(i); % Mach Number
D(i) = 0.5*ro(i)*v(i)^2*(cd/sqrt(1-M(i)^2))*Aref/gc; % Drag [lbf]
F(i) = -D(i)-md*g/gc; % Net Force [lbf]
t(i) = t(i-1)+dt; % Time [s]
Cd_f(i) = (1-M(i)^2)^(-0.417)-1;
if set == 0;
if t(i) > td+t(n)
set = 1;
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omega(i-1) = 0;
theta(i-1) = 0;
rottime = 0;
dtr(i-1) = 0;
Rollmom(i-1) = 0;
C_Lf(i-1) = 0;
L_fL(i-1) = 0;
L_fl(i-1) = 0;
end
end
if set == 1
B(i) = sqrt(1-M(i)^2);
if method == 1 % (3-D) Airfoil
%C_L(i) = C_l*del/B(i)*(AR/(2+AR)); % Coefficient of Lift (Linearized)
C_L(i) = C_l*del/(sqrt(1-M(i)^2+(C_l/(pi*e*AR))^2)+C_l/(pi*AR));
L_f(i) = 0.5*C_L(i)*ro(i)*v(i)^2*S/gc; % Lift per Fin [lbf]
Ltot_f(i) = L_f(i)*finn; % Total Lift [lbf]
Tor_f(i) = Ltot_f(i)*r; % Total Torque [lbf-ft]
Tor_s(i) = L_f(i)*(Ymac+ds); % Torque on Servo [lbf-ft]
elseif method == 2 % Stability Book
aw(i) = 2*pi*AR/(2+sqrt(AR^2*B(i)^2/k^2*(1+tanc2^2/B(i)^2)+4)); % Lift Curve
Slope
C_L(i) = aw(i)*del; % Coefficient of Lift (Stability Book)
L_f(i) = 0.5*C_L(i)*ro(i)*v(i)^2*S/gc; % Lift per Fin
Ltot_f(i) = L_f(i)*finn; % Total Lift [lbf]
Tor_f(i) = Ltot_f(i)*r; % Total Torque [lbf-ft]
Tor_s(i) = L_f(i)*(Ymac+ds); % Torque on Servo [lbf-ft]
elseif method == 3 % (Barrowmen Method)
C_Na_0(i) = 2*pi/B(i);
C_Na_1(i) = 2*pi*s^2/Aref/(1+sqrt(1+(B(i)*s^2/(Afin*cos(Gamma_c)))^2));
C_lf(i) = finn*r*C_Na_1(i)*del/d; % Roll Forcing Moment Coefficient (OpenRocket)
feq(i) = Aref*B(i)*v(i)*Ymac*C_Na_1(i)*del/(4*pi*sig_c_zeta_dzeta); % Equalibrium
Frequency [Hz]
C_ld_ff(i) = finn_ff*C_Na_0(i)*omega(i-1)/(Aref*d*v(i))*sig_c_zeta_dzeta_ff; %
Damping Coefficient (Fixed Fins)
C_r(i) = C_lf(i)-C_ld_ff(i)*0.1;
Tor_f(i) = 0.5*C_r(i)*ro(i)*v(i)^2*Aref*d/gc; % Torque [lbf-ft]
L_f(i) = C_lf(i)*0.5*ro(i)*v(i)^2/gc*Aref*d/r/finn; % Lift per fin [lbf]
C_L(i) = C_lf(i)*Aref*d/(Afin*r);
D_f(i) = Cd_f(i)*0.5*ro(i)*v(i)^2*S/gc;
Tor_s(i) = L_f(i)*(Ymac+ds); % Torque on Servo [lbf-ft]
elseif method == 5
if acc(i-1)<acc_v
del(i) = 2*I_r*acc_v/(C_l*ro(i)*v(i)^2*S*N*r);
C_L(i) = C_l*del(i)/B(i);
L_f(i) = 0.5*C_L(i)*ro(i)*v(i)^2*S/gc;
Ltot_f(i) = L_f(i)*N;
Tor_f(i) = Ltot_f(i)*r;
Tor_s(i) = L_f(i)*(Ymac+ds);
elseif acc(i-1)>acc_v
del(i) = -2*I_r*acc_v/(C_l*ro(i)*v(i)^2*S*N*r);
C_L(i) = C_l*del(i)/B(i);
L_f(i) = 0.5*C_L(i)*ro(i)*v(i)^2*S/gc;
Ltot_f(i) = L_f(i)*N;
Tor_f(i) = Ltot_f(i)*r;
Tor_s(i) = L_f(i)*(Ymac+ds);
end
elseif method == 6 % (Constant Angular Velocity)
if omega(i-1)<omega_v
del(i) = 2*I_r*(abs((omega_v-omega(i-1))/dt))/(C_l*ro(i)*v(i)^2*S*N*r);
C_L(i) = C_l*del(i)/B(i);
L_f(i) = 0.5*C_L(i)*ro(i)*v(i)^2*S/gc;
Ltot_f(i) = L_f(i)*N;
Tor_f(i) = Ltot_f(i)*r;
Tor_s(i) = L_f(i)*(Ymac+ds);
fprintf('1.1\n')
elseif omega(i-1)>omega_v
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del(i) = 2*I_r*(abs((omega_v-omega(i-1))/dt))/(C_l*ro(i)*v(i)^2*S*N*r);
C_L(i) = -C_l*del(i)/B(i);
L_f(i) = 0.5*C_L(i)*ro(i)*v(i)^2*S/gc;
Ltot_f(i) = L_f(i)*N;
Tor_f(i) = Ltot_f(i)*r;
Tor_s(i) = L_f(i)*(Ymac+ds);
fprintf('1.2\n')
else
del(i) = 0;
C_L(i) = -C_l*del(i)/B(i);
L_f(i) = 0.5*C_L(i)*ro(i)*v(i)^2*S/gc;
Ltot_f(i) = L_f(i)*N;
Tor_f(i) = Ltot_f(i)*r;
Tor_s(i) = L_f(i)*(Ymac+ds);
fprintf('1.3\n')
end
end
acc(i) = Tor_f(i)/I_r*gc; % Angular Acceleration [rad/s^2]
omega(i) = omega(i-1)+acc(i)*dt; % Angular Velocity [rad/s]
theta(i) = theta(i-1)+omega(i)*dt+0.5*acc(i)*dt^2; % Angular Position [rad]
dtr(i) = dtr(i-1)+dt;
j = j +1;
if theta(i-1) > thetamax/2
set = 2;
end
elseif set == 2
if omega(i-1) > 0
B(i) = sqrt(1-M(i)^2);
if method == 1
C_L(i) = C_l*del/(sqrt(1-M(i)^2+(C_l/(pi*e*AR))^2)+C_l/(pi*AR)); % Coefficient of
Lift
L_f(i) = 0.5*C_L(i)*ro(i)*v(i)^2*S/gc; % Lift per Fin
Ltot_f(i) = L_f(i)*finn; % Total Lift
Tor_f(i) = Ltot_f(i)*r; % Total Torque
Tor_s(i) = L_f(i)*(Ymac+ds); % Torque on Servo [lbf-ft]
elseif method == 2
aw(i) = 2*pi*AR/(2+sqrt(AR^2*B(i)^2/k^2*(1+tanc2^2/B(i)^2)+4));
C_L(i) = aw(i)*del;
L_f(i) = 0.5*C_L(i)*ro(i)*v(i)^2*S/gc; % Lift per Fin
Ltot_f(i) = L_f(i)*finn; % Total Lift
Tor_f(i) = Ltot_f(i)*r; % Total Torque
Tor_s(i) = L_f(i)*(Ymac+ds); % Torque on Servo [lbf-ft]
elseif method == 3
C_Na_0(i) = 2*pi/B(i);
C_Na_1(i) = 2*pi*s^2/Aref/(1+sqrt(1+(B(i)*s^2/(Afin*cos(Gamma_c)))^2));
C_lf(i) = finn*r*C_Na_1(i)*del/d; % Coefficient of Lift of Fin
feq(i) = Aref*B(i)*v(i)*Ymac*C_Na_1(i)*del/(4*pi*sig_c_zeta_dzeta); % Equalibrium
Frequency [Hz]
C_ld_ff(i) = finn_ff*C_Na_0(i)*omega(i-1)/(Aref*d*v(i))*sig_c_zeta_dzeta_ff; %
Damping Coefficient (Fixed Fins)
C_r(i) = C_lf(i)+C_ld_ff(i); % Total Rolling Moment Coefficient
Tor_f(i) = 0.5*C_r(i)*ro(i)*v(i)^2*Aref*d/gc; % Torque [lbf-ft]
L_f(i) = C_lf(i)*0.5*ro(i)*v(i)^2/gc*Aref*d/r/finn; % Lift per fin
C_L(i) = C_lf(i)*Aref*d/(Afin*r);
D_f(i) = Cd_f(i)*0.5*ro(i)*v(i)^2*S/gc;
Tor_s(i) = L_f(i)*(Ymac+ds); % Torque on Servo [lbf-ft]
elseif method == 5
if acc(i-1)<acc_v
del(i) = 2*I_r*acc_v/(C_l*ro(i)*v(i)^2*S*N*r);
C_L(i) = C_l(i)*del(i)/B(i);
L_f(i) = 0.5*C_L(i)*ro(i)*v(i)^2*S/gc;
Ltot_f(i) = L_f(i)*N;
Tor_f(i) = Ltot_f(i)*r;
Tor_s(i) = L_f(i)*(Ymac+ds);
elseif acc(i-1)>acc_v
del(i) = -2*I_r*acc_v/(C_l*ro(i)*v(i)^2*S*N*r);
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C_L(i) = C_l(i)*del(i)/B(i);
L_f(i) = 0.5*C_L(i)*ro(i)*v(i)^2*S/gc;
Ltot_f(i) = L_f(i)*N;
Tor_f(i) = Ltot_f(i)*r;
Tor_s(i) = L_f(i)*(Ymac+ds);
end
elseif method == 6
if omega(i-1)<omega_v
del(i) = 2*I_r*(abs((omega_v-omega(i-1))/dt))/(C_l*ro(i)*v(i)^2*S*N*r);
C_L(i) = C_l*del(i)/B(i);
L_f(i) = 0.5*C_L(i)*ro(i)*v(i)^2*S/gc;
Ltot_f(i) = L_f(i)*N;
Tor_f(i) = Ltot_f(i)*r;
Tor_s(i) = L_f(i)*(Ymac+ds);
fprintf('2.1\n')
elseif omega(i-1)>omega_v
del(i) = 2*I_r*(abs((omega_v-omega(i-1))/dt))/(C_l*ro(i)*v(i)^2*S*N*r);
C_L(i) = C_l*del(i)/B(i);
L_f(i) = -0.5*C_L(i)*ro(i)*v(i)^2*S/gc;
Ltot_f(i) = L_f(i)*N;
Tor_f(i) = Ltot_f(i)*r;
Tor_s(i) = L_f(i)*(Ymac+ds);
fprintf('2.2\n')
else
del(i) = 2*I_r*(abs((omega_v-omega(i-1))/dt))/(C_l*ro(i)*v(i)^2*S*N*r);
C_L(i) = C_l*del(i)/B(i);
L_f(i) = -0.5*C_L(i)*ro(i)*v(i)^2*S/gc;
Ltot_f(i) = L_f(i)*N;
Tor_f(i) = Ltot_f(i)*r;
Tor_s(i) = L_f(i)*(Ymac+ds);
fprintf('2.3\n')
end
end
acc(i) =
omega(i)
theta(i)
dtr(i) =

Tor_f(i)/I_r*gc; % Angular Acceleration [rad/s^2]
= omega(i-1)-acc(i)*dt; %#ok<*SAGROW> % Angular Velocity [rad/s]
= theta(i-1)+omega(i)*dt-0.5*acc(i)*dt^2; % Angular Position [rad]
dtr(i-1)+dt;

else
set = 3;
end
elseif set == 3
end
if v(i)<0, break,end
i = i+1;
end
Lm = max(L_f); % Max Lift Force
Tm = max(Tor_f); % Max Torque
dtrm = max(dtr); % Rotation Time
te = max(t)-t(n)-dtrm-td; % Remaining Time
thetam = max(theta)*180/pi/360; % Total Rotation
omegam = max(omega)*180/pi/360; % Max Angular Velocity
accm = max(acc)*180/pi/360; % Max Angular Acceleration
C_Lm = max(C_L); % Max Coefficient of Lift
fprintf('*****************************************************************\n')
fprintf('Haydens Rotating Rocket Analysis\n')
fprintf('A work in Progress\n\n')
fprintf('************************\n')
fprintf('Inputs:\n')
fprintf('
Method = %0.0f\n',method)
fprintf(' Rotation Delay = %4.2f [s]\n',td)
fprintf('
Area of Fin = %4.2f [in^2]\n',S*144)
fprintf('Angle of Attack = %4.2f [deg]\n\n',alpha)
fprintf('************************\n')
fprintf('Flight Outputs:\n')
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fprintf('Altitude Reached = %4.1f [ft]\n',max(z))
fprintf('
Max Velocity = %4.1f [ft/s]\n',max(v))
fprintf('Max Acceleration = %4.1f [ft/s^2]\n',max(a))
fprintf('
Flight Time = %4.2f [s]\n\n',max(t))
fprintf('Rotation Outputs:\n')
fprintf('
Total Rotation = %4.2f [rev]\n',thetam)
fprintf('
Max Angular Velocity = %4.2f [rev/s]\n',omegam)
fprintf('Max Angular Acceleration = %4.2f [rev/s^2]\n',accm)
fprintf('
Rotation Time = %4.2f [s]\n\n',dtrm)
fprintf('Force Outputs:\n')
fprintf('Max Coefficient of Lift = %4.2f\n',C_Lm)
fprintf('
Max Lift on the Fins = %4.2f [lbf]\n',Lm)
fprintf('
Max Torque = %4.2f [lbf-ft]\n',Tm)
fprintf('
Extra Time = %4.1f [s]\n',te)
fprintf('\n')

%% Plotting
figure(1)
plot(dtr(:),L_f(:))
title('Lift vs Time')
xlabel('Time [s]')
ylabel('Lift [lbf]')
figure(2)
% plot(dtr(:),Tor_f(:))
plot(dtr(:),Tor_f(:))
title('Torque vs Time')
xlabel('Time [s]')
ylabel('Torque [ft-lbf]')
figure(3)
plot(dtr(:),acc(:))
title('Angular Acceleration vs Time')
xlabel('Time [s]')
ylabel('Angular Acceleration [rad/s^2]')
figure(4)
plot(dtr(:),omega(:))
title('Omega vs Time')
xlabel('Time [s]')
ylabel('Angular Velocity [rad/s]')
figure(5)
plot(dtr(:),theta(:))
title('Angle vs Time')
xlabel('Time [s]')
ylabel('Theta [rad]')
figure(6)
plot(dtr(:),C_L(:))
title('Coefficient of Lift vs Time')
xlabel('Time [s]')
ylabel('Coefficient of Lift')
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Component Description Sheet
Sub-Group:
Lower Airframe
Component:
Body Tube
Mechanical Designer:
Holly S.
General Dimensions:
OD:
ID:
Upper Length
Lower Length

6.17"
6"
36"
53"

Material:
G12 Fiberglass
Manufacturing Process:
Purchased from Madcow
Component Weight:
Upper Weight 4.09 pounds
Lower Weight 6.31 pounds
Component Description:
The upper body tube will house the main recovery section while the lower body tube will house the payload section,
drogue recovery system, fin assembly, centering rings and motor assembly. The current baseline is fiberglass
purchased off the shelf from Madcow. Several materials were considered and the carbon fiber option was ruled out due
to cost alone. If mass becomes an issue the design may be reevaluated and a trade will compare mass savings to
budgetary restrictions.
Prospective Vendor:
Madcow
Cost / Unit:
$448

Component Description Sheet
FEM Analysis: The body tube was analyzed for various modes of buckling. When this analysis was performed, there
was a eigenvector factor output that was then incorporated into the calculation. The buckling mode that was analyzed
to be the most critical was a bending and torsional buckle combination. It was determined that with the given loads
experienced during thrust that there is a margin of appoximatly +8.39.

Failure Modes Analysis:
Failure Mode

Rail Button Bolt Shear

Buckling

Likelihood /
Consequence
2/4

1/4

Criticality

Potential Effects

Mitigation

Medium

Shear could cause the
vehicle to lose stability
off the rail or bind
during launch

Verified through hand
calculations and factor
of safety

Low

FEM analysis, verified
through hand
Loss of payload, stablity
calculations and factor
and potential mission
of safety. Purchased
failure
from a reputable
vendor

Sub-Group:
Upper Airframe
Component:
9v Battery
Mechanical Designer:
Robert J.
General Dimensions:
1"
2"
0.7"

L:
H:
W:
Material:
Alkaline

Manufacturing Process:
Mass Produced
Component Weight:
1.6 oz
Component Description:
Mass produced, 2 9 volt alkaline batteries will independently provide power to the recovery
system altimeters. They will be securely mounted via a combination of a battery bracket
and zip ties. The CRW workshop has numerous batteries on hand.

Prospective Vendor:
Numerous
Cost / Unit:
$3

ea

saved

Failure Modes Analysis:

Failure Mode

Deffective Battery

Dead Battery

Battery Dislodge

Likelihood /
Consequence

2/4

2/4

4/4

Criticality

Potential Effects

Mitigation

Medium

Loss of power to
altimeter

Check altimeter
power prior to
vehicle assembly

Medium

Loss of power to
altimeter

High

Loss of power to
altimeter

Use a new battery
for each launch
Use of retention
bracket and zip tie
for 3 axis security

Sub-Group:
Upper Airframe
Component:
9v Battery Bracket
Mechanical Designer:
Robert J.
General Dimensions:
1.2"
2.1"
0.9"

L:
H:
W:
Material:
Plastic

Manufacturing Process:
Mass Produced
Component Weight:
1 oz
Component Description:
Mass produced, 2 brackets will hold 9 volt alkaline batteries for the recovery system
altimeters. The battery will be further securely mounted via a combination of this bracket
and zip ties. The CRW workshop has many of these battery brackets on hand.

Prospective Vendor:
Numerous
Cost / Unit:
$3

ea

saved

Failure Modes Analysis:
Likelihood /
Failure Mode
Consequence

Criticality

Potential Effects

Mitigation

Material failure

1/4

Low

Damage to battery

Testing

Improperly
mounted

1/4

Low

Damage to battery

Testing

Sub-Group:
Upper Airframe
Component:
All Thread
Mechanical Designer:
Robert J.
General Dimensions:
Thread Size: 1/4" - 20
56"
Length:
Material:
Aluminum
Manufacturing Process:
Machined: mass produced
Component Weight:
1.2 Pounds
Component Description:
Commercially available, aluminum all thread stick. This all thread will support anchoring
of the main parachute through the nose cone bulkhead and into the nose cone body tip.
A 26" section will be required for this purpose. 32" more inches of all thread will be
required to provide stability for the avionics tray in the coupler. These threads will also
provide anchor points through the coupler bulkheads for both the main and drogue
parachutes. With a minimum tensile strength of 42,000 PSI, these rods will provide
more than enough strength to withstand recovery shocks especially when used as a
pair. These rods are 1/3rd the weight of steel and more corrosion resistant.

FEA: Using PATRAN, it was found that 940 lbf will be exerted on the bulkhead during
main parachute deployment (the largest force event). Since the all thread serves as the
skeleton of the avionics coupler section, this force will also be seen on the all thread.
However, since there will be two lengths of all thread, each stick will only see 470 lbf.
McMaster-Carr rates there all thread sticks at a minimum tensile strength of 42,000
pounds per square inch ensuring that the all thread will not fail in tension at these loads.

Failure Modes Analysis:

Failure Mode

Tensile failure

Likelihood /
Consequence

1/4

Criticality

Potential Effects

Mitigation

Low

Complete loss of
payload and vehicle

Modeling shows
loads below min
manufacturer specs.

Sub-Group:
Upper Airframe
Component:
Altimeter
Mechanical Designer:
Robert J.
General Dimensions:
W:
L:
H:

0.9"
2.75"
0.5"

Material:
Electrical circuit board
Manufacturing Process:
Mass Produced
Component Weight:
0.45 oz
Component Description:
Initially, the University of Alabama in Huntsville's Charger Rocket Works planned to use the
PerfectFlight Stratologger CF altimeter because it is half the size of the pictured SL 100
model. However, the CRW workshop already had numerous SL 100's on hand. The total
cost savings of $110 outweighed the larger component drawback. The complete recovery
electronics system will consist of two, independently powered and switched altimeters for
redundancy. The SL 100 complies with NASA requirements to transmit via a series of
beeps the highest recorded altitude. They will be mounted to a 3-D printed tray that will fit
inside the coupler assembly. 4, 0.4" holes will be drilled into the coupler center ring to
provide pressure reading ports for the altimeters.

Prospective Vendor:
None
Cost / Unit:
$54

ea

saved

Failure Modes Analysis:
Likelihood /
Failure Mode
Consequence
Altimeter failure

1/4

Criticality

Potential Effects

Mitigation

Low

Loss of payload
and vehicle

Testing

Sub-Group:
Upper Airframe
Component:
Aluminum Bulkhead
Mechanical Designer:
Robert J.
General Dimensions:
OD:
Thickness:

5.8"
0.25"

Material:
Aluminum
Manufacturing Process:
Locally Machined
Component Weight:
0.75 lb
Component Description:
Locally machined at the University of Alabama in Huntsville's machine shop. 6 inch
fiberglass bulk heads are not readily available commercially, and not enough consistent
data could be found to ensure a polycorbonate material could withstand the expected
forces. Aluminum properties are readily available in programs like PATRAN and provide
consistant data.
FEA: Patran was utilized for finite element analysis. The model is constrained at the two
bolt holes where the all-thread interfaces. The load is applied via a RBE-2 at the center of
the hole where the eyebolt is attached. The load that is applied here is found to be 939 lbf
and is applied in the vertical direction. From this we can see that the max bending occurs at
the center hole where the eyebolt is attached and we can assume that, with a washer being
there to distribute the load, this 8.6 ksi will be very close to backup hand calculations of 8.4
ksi. The ultimate Margin of Safety is 1.69% with a built in Factor of Safety of 2.

Failure Modes Analysis:

Failure Mode

Tensile Failure

Likelihood /
Criticality
Consequence

1/5

Medium

Potential Effects

Mitigation

Recovery system fails to
remain attached to vehicle
resulting in loss of payload.

Material and
Force Analysis

Sub-Group:
Upper Airframe
Component:
Coupler Avionics Tray
Mechanical Designer:
Robert J.
General Dimensions:
8"
0.5"
2.75"

L:
H:
W:
Material:
ABS Plastic

Manufacturing Process:
3-D Printing
Component Weight:
4.8 oz
Component Description:
3-D printed, plastic sled built to provide a stable platform for mounting altimeters and
batteries inside the coupler housing. Two pieces of all thread will pass through the sides
and connect to the coupler bulkheads preventing forces being transfered through the
plastic material. The batteries and altimeters will be mounted on opposite sides of the
tray for balancing. 3-D printing through UAH's Machine Shop provided an easy way to
quickly build a lightweight part that perfectly met the CRW's requirements. This tray, with
altimeters, batteries, and switch brackets will easily fit inside the subscale vehicle as well
saving more money and development time.
Prospective Vendor:
None
Cost / Unit:
$0

ea

Failure Modes Analysis:
Failure Mode

Likelihood /
Consequence

Criticality

Material failure

1/4

Low

Improper
connection to
coupler

1/4

Low

Potential Effects

Mitigation

Material failing
could result in
damge to
altemeters and
Damage to
altimeters and
batteries

Construction with
aluminum all thread
prevents load
transfer through
Subscale testing

Sub-Group:
Upper Airframe
Component:
GOEX Black Powder
Mechanical Designer:
Harpreet S.
General Dimensions:
Grain Type: 4F

Material:
Black Powder
Manufacturing Process:
Mass Produced
Component Weight:
1 lb. (sold in 1lb. canisters)
Component Description:
Mass produced. Mostly sold for use with firearms. 4F black powder is the finest black
powder available. This yields a much quicker burn time. The amount of black powder to
be tested will be derived from the Ideal Gas Law. The black powder will then be stored in
ejection charges. One ejection charge will detonate and deploy the drogue parachute. The
other charge will detonate at 600 feet above ground level and deploy the main parachute.

Prospective Vendor:
None
Cost / Unit:
$0

ea

saved

Failure Modes Analysis:
Failure Mode

Likelihood /
Consequence

Criticality

Potential Effects

Mitigation

Handling

2/4

Medium

Burns to body.
Property damage

Ground test with
proper supervision.
Safety course
certified.

Failure to Ignite

1/4

Low

Damage to
recovery
system/rocket.

Ground testing.

Sub-Group:
Upper Airframe
Component:
Coupler Tube
Mechanical Designer:
Robert J.
General Dimensions:
5.85"
5.70"
14"

OD:
ID:
L:
Material:
Fiberglass

Manufacturing Process:
Filament Spun
Component Weight:
1.76 lb
Component Description:
Filamet wound fiberglass has been selected. Commercially available, segments can be cut
and sanded to USLI requirements. Material will provide adequate protection for the
avionics stored within.
Prospective Vendor:
MadCow Rocketry
Cost / Unit:
$75

ea

Failure Modes Analysis:
Failure Mode

Bolt Shear

Fiberglass failure

Likelihood /
Consequence

3/4

1/4

Criticality

Potential Effects

Mitigation

Medium

Separation during
flight

Testing

Low

Damage to
altmeters.

Load Path Analysis

Sub-Group:
Upper Airframe
Component:
CR 123 Battery
Mechanical Designer:
Robert J.
General Dimensions:
0.65"
1.34"

OD:
L:
Material:
Lithium

Manufacturing Process:
Mass Produced
Component Weight:
0.6 oz
Component Description:
The commercially purchased CR123 Lithium battery will provide 3V of power to the CRW
GPS Tracker. Specifically designed for use with this battery, the system will be able to
remain powered for several hours. It will be fit into a battery retention bracket, and an
additional means of security via a zip tie will be used to restrain the battery in all three
primary axes.
Prospective Vendor:
Numerous
Cost / Unit:
$2

ea

Failure Modes Analysis:
Failure Mode

Likelihood /
Consequence

Criticality

Potential Effects

Mitigation

Deffective Battery

2/4

Medium

Loss of Tracker
Capability

Check tracker
power prior to
vehicle assembly

Dead Battery

2/4

Medium

Loss of Tracker
Capability

Use a new battery
for each launch

Battery Dislodge

4/4

High

Loss of Tracker
Capability/Damage
to Airframe

Use of retention
bracket and zip tie
for 3 axis security

Sub-Group:
Upper Airframe
Component:
E Match
Mechanical Designer:
Harpreet S.
General Dimensions:
Weight: 0.1 lb.

Material:

Manufacturing Process:
Mass Produced
Component Weight:
0.1 lb.
Component Description:
Firewire Electronic matches will ignite the black powder charges once at apogee and again
at 600 feet above ground level. The altimeter will send a signal at each electronic match to
set off the charges.
Prospective Vendor:
None
Cost / Unit:
$0

ea

saved

Failure Modes Analysis:
Failure Mode

Likelihood /
Consequence

Criticality

Potential Effects

Mitigation

Failure to Ignite

2/4

Medium

Damage to
recovery
system/rocket

Ground testing

Sub-Group:

Component Description Sheet

Upper Airframe
Component:
Eye Bolt
Mechanical Designer:
Robert J.
General Dimensions:
3/8"-16
1 1/4"

Thread:
Shank:
Material:
Zinc Coated Steel
Manufacturing Process:
Forged
Component Weight:
0.346 lb

Component Description:
Commercially available, forged, steel construction. The eye bolts serve as anchor points for the parachute shock cords.
The CRW team specifically searched for rings of continuous construction. Eye bolts with non continuous rings have
been known to warp and separate resulting in a parachute release. Parachute release would result in flight failure, loss
of payload data, and loss of the vehicle. Rated at 1,300 pounds in vertical tension, they will meet the requirements of the
estimated 939 pounds of force due to main parachute deployment.
Prospective Vendor:
McMaster - Carr
Cost / Unit:
$4

ea

Component Description Sheet

Failure Modes Analysis:
Failure Mode

Likelihood /
Consequence

Criticality

Potential Effects

Mitigation

Bolt Failure

1/4

Low

Loss of payload and vehicle

Force analysis and proper
instalation.

Sub-Group:
Nose Cone, Upper Airframe
Component:
Eye Nut
Mechanical Designer:
Michael W
General Dimensions:
Thread: 1/4" -20
1 5/8"
Length
Eye Dia: 3/4"
Material:
Galvanized Steel
Manufacturing Process:
Mass Produced
Component Weight:
0.075 lb
Component Description:
Commercially available, forged, steel construction. The eye nut serves as anchor
points for the main parachute shock cords. The CRW team specifically searched for
rings of continuous construction. Eye bolts with non continuous rings have been
known to warp and separate resulting in a parachute release. The eye nut allows for
easy fabrication and is secured with a hex nut to the nose cone bulkhead. Parachute
release would result in flight failure, loss of payload data, and loss of the vehicle.
Force hand calculations determined the main parachute eyenut would be 80 lbf. The
eyenut chosen for this design would be able to withstand up to 500 lbs.
Prospective Vendor:
McMaster Carr
Cost / Unit:
ea
$6

Failure Modes Analysis:
Failure Mode

Eyenut Failure

Likelihood /
Consequence

1/4

Criticality

Low

Potential Effects

Mitigation

Loss of payload
and vehicle

Force analysis
with proper sizing,
proper assembly
during
construction

Sub-Group:
Upper Airframe
Component:
CRW GPS Tracker
Mechanical Designer:
Michael W.
General Dimensions:
Board Length:
Board Width:
Antenna:

3.5"
.75"
5"

Material:
Electronics board, plastic, trace metal
Manufacturing Process:
Mass Produced
Component Weight:
2.82 (with battery)
Component Description:
Proprietary design of the Univeristy of Alabama in Huntsville's Charger Rocket
Works Team. This tracker transmits GPS coordinates via X-Bee s3b radio
transmitter with a range from 900 MHz to 928 MHz to a ground station laptop using a
USB adaptor connected to the other transmitter. This part was selected because it
is already available at the CRW workshop, and has proven to be successful on
previous flights. Testing on this unit will be conducted to ensure it has not sustained
any damage and to learn its range and limitations prior to full scale vehicle lauch.
The small size of this unit allows it to be used for the subscale launch as well. The
GPS Tracker is powered via a commercially available CR123 battery. A locally
machined "L" Bracket and a pair of zip ties will secure the tracker and battery to all
thread running through the center of the nose cone.

Prospective Vendor:
None

Cost / Unit:
$210

ea

saved

Failure Modes Analysis:
Failure Mode

Likelihood /
Consequence

Prior Damage

3/3

Medium

Not tracking
properly

Testing

Loose fit

2/3

Medium

No data recorded

Properly attached
during assembly

Criticality Potential Effects

Mitigation

Sub-Group:
Upper Airframe, Nose Cone
Component:
Aluminum Bulkhead
Mechanical Designer:
Michael W.
General Dimensions:
OD:
Thickness:

5.8"
0.25"

Material:
Aluminum
Manufacturing Process:
Locally Machined
Component Weight:
0.66 lb
Component Description:
Locally machined at the University of Alabama in Huntsville's machine shop.
6 inch fiberglass bulk heads are not readily available commercially. Aluminum
was selected for consistancy among bulkheads and ease of fabrication. Due
to the sufficient safety margins on the Avionics bulkheads, which are
expected to see more loading, this bulkhead is considered a conservative
design on the side of caution.

Failure Modes Analysis:
Failure Mode

Tensile Failure

Likelihood /
Criticality Potential Effects
Consequenc

1/5

Medium

Failure of
recovery system
to remain
attached to
vehicle resulting
in total loss of
payload.

Mitigation

Material and
Force Analysis

Sub-Group:
Upper Airframe
Component:
Nose Cone
Mechanical Designer:
Robert J.
General Dimensions:
L: 24"
OD:6.02"
Shoulder: 5.5"
ID: 5.85"
Material:
G12 Fiberglass
Manufacturing Process:
Filament Wound
Component Weight:
2.5 Pounds
Component Description:
A commercially available, metal tipped, nose cone made of filament wound fiberglass with
a fineness ratio of 4:1. The nose cone can be modified to support the use of all thread to
anchor the main parachute shock cord with a doubled, fiberglass bulkhead or a machined
bulkhead. The nose cone will provide an aerodynamic foil that creates a pressure front at
the nose of the vehicle. This front will move air to the side, away from the rocket body and
reduce vortex creation along the skin. The metal tip will provide added survivability during
the recovery phase, and a mount point for an all thread rod that connects a main
parachute shock cord to the vehicle. This nose cone will also provide sufficient space and
mounting capability for the CRW GPS Tracker.

Prospective Vendor:
Madcow Rocketry
Cost / Unit:
$125

Failure Modes Analysis:

Failure Mode

Likelihood /
Consequence

Criticality

Loose fit

2/4

Medium

Structural
integrity upon
impact

3/4

Medium

Potential Effects

Mitigation

Nose cone could
disconnect during
flight
Damage could
prevent repeated
use.

Shear pins are
secure during
assembly
Testing

Sub-Group:
Upper Airframe
Component:
Switch Bracket
Mechanical Designer:
Robert J.
General Dimensions:
2"
1.5"
0.75"

L:
H:
W:
Material:
ABS Plastic

Manufacturing Process:
3-D Printing
Component Weight:
1.5 oz
Component Description:
3-D printed, plastic switch bracket built to securely mount power switches for the altimeters.
This design prevents arming of the altimeters (and the recovery charges) during assembly
and pre-launch procedures. It also hold the switches perpendicular to forces from launch
and recovery to prevent deactivation of the altimeters. .One bracket will be mounted on
either side of the sled and a single pull pin will pass through each bracket to individually
activate or deactivate the dual, yet independent, system. 3-D printing allowed for the
realization of exactly the part required for a single pull pin design, and using the UAH
machine shop came at no cost.
Prospective Vendor:
None
Cost / Unit:
$0

ea

Failure Modes Analysis:
Failure Mode

Likelihood /
Consequence

Criticality

Not secure to sled

1/4

Low

Switches held
together loosely

1/4

Low

Potential Effects
Loose swtiches will
cause the alimeter
to not shut off
Altimeter not shut
off during pre
launch

Mitigation
Properly secured
during assembly.
Properly secured
during assembly

Sub-Group:
Upper Airframe
Component:
Switch
Mechanical Designer:
Robert J.
General Dimensions:
0.25"
0.20"
0.10"

L:
H:
W:
Material:
Plastic/Metal

Manufacturing Process:
Mass Produced
Component Weight:
0.28 oz
Component Description:
Mass produced switch commonly used in high power rocketry. Two independent switches
will be used, one per altimeter. These switches will be held inside the 3-D printed switch
bracket. Switches will be activated via removal of a single pull pin. This design prevents
the handling of the avionics bay with activated altimeters which could set off the black
podwer charges.
Prospective Vendor:
Digikey
Cost / Unit:
$2

ea

Failure Modes Analysis:
Failure Mode
Switches do not
activate after pin
removal
Not properly
connected to
bracket

Likelihood /
Consequence

Criticality

Potential Effects

Mitigation

1/4

Low

Altimeter does not
power on

Ground testing

1/4

Low

Altimeter is not
Properly secured
powered off during
during assembly
pre lauch

Sub-Group:
Upper Airframe
Component:
Safe Touch Terminals
Mechanical Designer:
Robert J.
General Dimensions:
3/4"
3/4"

W:
L:
Material:
Plastic/Metal

Manufacturing Process:
Mass Produced
Component Weight:
.3 oz
Component Description:
Mass produced touch safe electrical terminal. These terminals accept the altimeter signal
wire, through the bulkhead, and into the E-Matches that ignite the black podwer charges.
Using these terminals presents a more professional image, and makes broken wire more
readily repairable than passing a wire through the bulkhead and heaping sealant over it.

Prospective Vendor:
Digikey
Cost / Unit:
$1

ea

Failure Modes Analysis:
Failure Mode

Likelihood /
Consequence

Criticality

Signal wire gets loose

2/4

Medium

Terminal not secure

1/4

Low

Potential Effects

Mitigation

Wire loses
connection with
charges.
Loose connection
causing signal loss
in wires

Wires are securely
connected during
ground testing.
Proper application
of epoxy and cure
time

Sub-Group:
Upper Airframe
Component:
"L" Bracket
Mechanical Designer:
Robert J.
General Dimensions:
1"x1.5"
Base:
Leg:
1"x3.5"
Small Hole Diameter:
0.11"
Big Hole Diameter: 0.25"
Material:
Aluminum
Manufacturing Process:
Machined at UAH Machine Shop
Component Weight:
2 oz
Component Description:
Custom machined "L" Bracket made of aluminum at the University of Alabama in
Huntsville's Machine and Fabrication Shop. The "L" Bracket will securely mount the
CRW GPS Tracker to a piece of all thread running through the center of the vehicle's
nose cone. A zip tie will help to secure the CR123 battery to the tracker/"L" Bracket
assembly.
Prospective Vendor:
None
Cost / Unit:
$0

ea

saved

Failure Modes Analysis:
Failure Mode

Likelihood /
Consequence

Not secure to all
thread

1/3

Low

GPS tracker not
secure

2/3

Medium

Ground tracker
Pre lauch testing
loses connection.

CR123 Battery
improperly secured
with zip tie

2/2

Low

GPS loses power Pre launch testing

Criticality Potential Effects
Tracker will not
properly work

Mitigation
Properly fastened
during assembly

Component Description Sheet
Sub-Group:
Lower Airframe
Component:
Aluminum Bulkhead
Mechanical Designer:
Ty C.
General Dimensions:
OD
5.8''
Thickness 0.25"
Material:
6061 Aluminum
Manufacturing Process:
Locally machined
Component Weight:
0.63 pounds
Component Description:
Locally machined at the University of Alabama in Huntsville's machine shop. 6 inch
fiberglass bulk heads are not readily available commercially, and not enough
consistent data could be found to ensure a polycorbonate material could withstand
the expected forces. Aluminum properties are readily available in programs like
PATRAN and provide consistant data.

Prospective Vendor:
Fabricated in house at UAH

Component Description Sheet
FEA: PATRAN was utilized for finite element analysis. The model is constrained at the four
screw holes where the bulkhead attches to the rocket body. The load is applied via a RBE-2
at the center of the hole where the eyebolt is attached. The load that is applied here is
found to be 706 lbf and is applied in the vertical direction. From this we can see that the
max bending occurs at the center hole where the eyebolt is attached and we can assume
that, with a washer being there to distribute the load, the maximum stress seen by the
bulkhead will be 18 ksi. The ultimate Margin of Safety is 0.25 with a built in Factor of
Safety of 2.

Failure Modes Analysis:
Failure Mode

Tension Failure

Likelihood /
Consequence
1/5

Criticality

Potential Effects

Mitigation

Medium

Failure of recovery system
to stay connected to lower
section of rocket

Finite Element
Analysis. Testing
with Launch

Component Description Sheet
Sub-Group:
Lower Airframe
Component:
Centering Ring
Mechanical Designer:
Holly S.
General Dimensions:
OD:
ID:
Thickness:
Material:

6"
2.95"
0.25"

G10 Fiberglass
Manufacturing Process:
McMaster Carr
Component Weight:
0.7 pounds
Component Description:
The centering ring will give the motor tube stability near the top end, and hold it in place to prevent any undesired
movement. The centering ring will G10 Fiberglass Between wood and fiberglass centering rings, the fiberglass was
selected due to the high power of the motor and ensured stability. The fiberglass may also CNC Machined in shop
ensuring accuracy during fabrication whereas the wood would be difficult to cut. The centering ring will have an
outside diameter of 6" and an inside diameter of 2.95”,
Some failures that could be expected include epoxy
failure, or unaligned installment, resulting in loss of motor tube stability.

Prospective Vendor:
McMasterCarr, UAHuntsvilleMAE Machine Shop
Cost / Unit:
$10

Component Description Sheet

Failure Modes Analysis:
Failure Mode

Likelihood /
Consequence

Criticality

Potential Effects

Mitigation
Epoxy application process
controls
Ensure tight fit when part
received

Epoxy Bond Failure

2/5

Medium

Loss of motor alignment
results in loss of stability
and control

Loose Fit

1/2

Low

Motor shakes inside body

Parts List:
Part

Description

Quantity

Center Ring

1/4" Fiberglass Sheet

1

Epoxy

McMaster-Carr

AR

Component Description Sheet
Sub-Group:
Lower Airframe
Component:
Fin Mount
Mechanical Designer:
Jacob E./Summer R.
General Dimensions:
L
W

7.5"
2.014"

H 1.27"
Base Diameter 3.085"

Material:
Aluminum 2024
Manufacturing Process:
Machined at UAH Machine Shop
Component Weight:
0.38 pounds
Component Description:
The fin mounts will be used to fasten the primary fins to the rocket. The mounts will be aligned to the body tube through
the use of 4 1/4"-20 screws fastened with locknuts. The fins will be attached to the mounts through the use of 3 13/64"
binding posts. The fin mounts will designed using SolidEdge and then custom-machined out of 2024 alloy at the
University of Alabama in Huntsville's Machine and Fabrication Shop. Primary concerns while manufacturing will be to
ensure high accuracy with the base radius of the mount to ensure it remains flush with the body tube, and maintaining
appropriate tolerances and dimensions when drilling the holes for the fin - fin mount and fin mount - body tube
connections. Tolerances for these dimensions can be seen in the drawing for this part.

Prospective Vendor:
midweststeelsupply
Cost / Unit:
$19

Component Description Sheet

Failure Modes Analysis:
Failure Mode

Likelihood /
Consequence

Criticality

Potential Effects

Mitigation

Bolt Shear

2/3

Medium

Shear could cause the bolts
at either set of connections
to fail to fail

Finite Element Analysis.
Testing with Launch

Improper Alignment

2/3

Medium

Inaccurate flight trajectory,
potential induced rotation

Precise alignment during
install, verification of
alignment before drilling

Component Description Sheet
Sub-Group:
Lower Airframe
Component:
Fin
Mechanical Designer:
Jacob E.
General Dimensions:
H
W

8"
0.25"

Base Chord 8"
Top Chord 3"

Material:
G-10 or FR4 Fiberglass
Manufacturing Process:
Hand-cut to rough dimensions, then sanded and ground into appropriate profile
Component Weight:
0.709 pounds
Component Description:
The fins are designed to generate appropriate stability and apogee values for the rocket, as well as prevent any flutter.
The fins will be installed in the fin mount slots and then fastened through the use of 3 13/64" binding posts. 1/4" G-10 or
FR4 sheets will be purchased and cut to size through use of equipment available at the propulsion research center at
UAH. Fin curvature will be generated through use of grinding and sanding through use of a channel with appropriate
dimensions. Primary concerns while manufacturing will be generating consistent curvature for the fins and maintaining
consistent geometry for each set of fins. The fins will be slotted in place inside the fin mounts before drilling because of
ease of alignment, meaning the driving dimensions for the holes will be dictated by the fin mounts.

Prospective Vendor:
Professional Plastics, McMaster
Cost / Unit:
$117 for 24" x 24" sheet (Professional Plastics

Component Description Sheet

Failure Modes Analysis:
Failure Mode

Likelihood /
Consequence

Criticality

Bolt Shear

2/3

Medium

Material Failure

1/4

Medium

Potential Effects
Shear could cause the bolts
at either set of connections
to fail to fail
Fin shear at points of stress
concentration, trajectory
failure

Mitigation
Finite Element Analysis.
Testing with Launch
FEA and CFD analysis

Component Description Sheet
Sub-Group:
Lower Airframe
Component:
Motor Assembly, Aerotech L2200
Mechanical Designer:
Holly S.
General Dimensions:
OD: 2.25"
L: 25.703"
Material:
Aluminum 6061-T6 /
Ammonium Perchlorate
Manufacturing Process:
Vendor supplied, mass produced
Component Weight:
Wet Mass
Dry Mass

10.5 lb
4.9 lb

Component Description:
Plugged reload kits do not utilize a motor-actuated ejection charge. Requires 75mm Forward Seal Disk during
assembly. Motor was selected in conjunction with overall vehicle performance and altitude predictions. Please see
document section 3.5.2 Flight Simulation for further specifications and justifications.
Prospective Vendor:
Chris' Rocket Supplies, LLC.
Cost / Unit:
Aerotech L2200 Motor
RMS 75/5120 Motor Casing
Fwd Closure
Aft Closure
Fwd Seal Disk
Motor Assembly Total Cost:

$249
$390
$95
$75
$32
$841

Component Description Sheet

Failure Modes Analysis:
Failure Mode

Likelihood /
Consequence

Criticality

Direct Flame

2/4

Medium

Auto-Ignition Temp

1/5

Medium

Potential Effects
Subject to direct flame.
Foam & carbon dioxide fire
extinguishers will NOT
work.
A direct flame ignition
builds to auto-ignition
temperature.

Mitigation
Be sure not to reuse same
launch pad without proper
house cleaning measures.
Eliminate any exposure to
established flame of 550°F
or greater.

Parts List:
Failure Mode

Description

Quantity

75mm Aft Closure

1

75 / 5120 case

1

75mm plugged
forward closure
75mm forward seal
disk

1
1

Nozzle

large black plastic part

1

Liner

2-3/4" O.D. black plastic tube

1

Propellant grains

7/8” core

4

Fwd & Aft o-rings

1/8" thick X 2-3/4" O.D.

2

Forward Seal Disk
o-ring

3/32” thick x 2-9/16” O.D.

1

Grain Spacer o-rings

1/16” thick x 2-1/2” O.D.

3

Smoke Charge

short solid part

1

1-1/2" O.D. tube

1

2-1/4” dia. red cap

1

Smoke Charge
Insulator
Nozzle Cap
o-ring

Component Description Sheet
Sub-Group:
Lower Airframe, Tail Cone Assembly
Component:
Tail Cone
Mechanical Designer:
Summer R./Holly S.
General Dimensions:
OD:
Thickness:
Height:

6"
4.75"
5.50"

Material:
ABS Plastic
Manufacturing Process:
Printed at UAH Machine Shop
Component Weight:
2.3 pounds
Component Description:
The tail cone was designed to ensure that the motor and motor casing remain in place during thrust and
descent of the rocket. The specific purpose of this component aside from motor retention is to not only serve
as the thrust ring for the rocket motor, i.e. transfer the thrust from the motor into the rocket body itself, but to
also serve as a boat tail to reduce the base drag of the overall vehicle. The part will be fabricated from ABS
printed plastic in the UAH MAE Machine Shop. The printed tail cone will then be fastened into the body tube
using three 10-32 threaded brass press-fit inserts -evenly placed about the top ring surface. These inserts will
then have three 10-32 screws inserted to ensure the part remains securely in place.

Prospective Vendor:
None
Cost / Unit:
-

Component Description Sheet

Failure Modes Analysis:
Failure Mode

Likelihood /
Consequence

Criticality

Bolt Shear

1/4

Low

Bolts could shear causing
tail cone to become
detached from body.

FEM analysis,
hand calculations

Snap Ring Failure

2/4

Medium

Motor could fall from body
during flight.

Ensure fit pre
flight

Thrust Lip Failure

1/5

Medium

Motor shakes inside of body
tube.

Potential Effects

Mitigation

Testing

Component Description Sheet
Sub-Group:
Lower Airframe
Component:
Drogue Parachute
Mechanical Designer:
Jordan
General Dimensions:
1.5 ft
1.78 ft^2

Diameter:
Surface Area:
Material:
1.1 oz. rip-stop
Manufacturing Process:
N/A
Component Weight:
0.109 lb
Component Description:

The drogue parachute is deployed at apogee and is utilized to stabilize the descent of the rocket to a point where the
rocket components do not tumble. The drogue is also used to slow the descent rate down to a point where the main
parachute does not have such drastic loads when it is deployed at approximatly 600 ft. The drogue parachute is housed
in the lower airframe until the time of deployment.

Prospective Vendor:
Fruity Chutes
Cost / Unit:
$53

ea

Component Description Sheet

Failure Modes Analysis:
Failure Mode

Likelihood /
Consequence

Criticality

Potential Effects

Mitigation

Suspension Line Failure

1/4

Low

Rocket components will
approach 600 ft at high
velocity

Ensure the the suspension
lines can withstand the
shock of the deployment

Burn Hole in Parachute
Fabric

3/ 3

Medium

The parachute would loose
drag and descend faster

Create a procedure for
packing the parchute to
eliminate this issue

Component Description Sheet
Sub-Group:
Upper Airframe
Component:
Main Parachute
Mechanical Designer:
Jordan
General Dimensions:
10.65 ft
89 ft^2

Diameter:
Surface Area:
Material:

zero-porosity 1.9 oz. balloon cloth
Manufacturing Process:
N/A
Component Weight:
2.81 lb
Component Description:
The main parachute will be deployed at approximatly 600 ft and will be utilized to slow the descent velocity down to a
point where the rocket body impacts the ground within the alloted kinetic energy requirments. The coefficient of drag for
the selected SkyAngle CERT-3 X-Large parachute is given by the manufacturer as 2.59. The suspension lines that are
designed into the parachute are 100 inches long to the point where they contact the shock cord.

Prospective Vendor:
SkyAngle
Cost / Unit:
$189

ea

Component Description Sheet

Failure Modes Analysis:
Failure Mode

Likelihood /
Consequence

Criticality

Potential Effects

Mitigation
Ensure that the suspension
lines can withstand the
shock of the shock of the
deployment
Create a procedure for
packing the parchute to
eliminate this issue

Suspension Line Failure

1/5

Medium

Parachute would not fall
straight and no drag would
be produces

Burn Hole in Parachute
Fabric

3/ 3

Medium

The parachute would loose
drag and descend faster

Component Description Sheet
Sub-Group:
Upper and Lower Airframe
Component:
Nomex Blanket
Mechanical Designer:
Jordan
General Dimensions:
24 in

Diameter:

Material:
Nomex
Manufacturing Process:
N/A
Component Weight:
0.105 lb
Component Description:
The nomex clothes are utilized to keep the flame and the heat from making contact with the parachute and the shock
cord. The parachute and shock cord are folded inside the nomex cloth until deployment.

Prospective Vendor:
Fruity Chutes
Cost / Unit:
$36

ea

Component Description Sheet

Failure Modes Analysis:
Failure Mode

Likelihood /
Consequence

Criticality

Potential Effects

Mitigation

Heat Resistance

1/3

Low

The parachute will be
burned and burn holes
could form

Ensure that the Nomex is
large enough to cover the
parachute

Component Description Sheet
Sub-Group:
Upper and Lower Airframe
Component:
Shock Cord
Mechanical Designer:
Jordan
General Dimensions:
1 in
50 ft

Diameter:
Length:
Material:
Tubular Nylon
Manufacturing Process:
N/A
Component Weight:
0.0028 lb/ft
Component Description:

The shock cord that is being utilized is 1 inch tubular nylon cord. It will allow for the loads to be decrease due to the
added ductility of the cord. There will be 50 feet used for the drogue and the main parachute. This size and model of
shock cord is shown to have a load capacity of 4000 lb from the manufacturer.

Prospective Vendor:
Fruity Chutes
Cost / Unit:
$42

ea

Component Description Sheet

Failure Modes Analysis:
Failure Mode

Likelihood /
Consequence

Criticality

Potential Effects

Mitigation

Shock Cord Failure

2/5

Medium

Rocket components will
free fall with no constraint

Ensure that the shock cord
can withstand the shock
load during deployment

Burn Spot on Shock Cord

3/ 3

Medium

Shock Cord will not allow
for the same elasticity

Create a procedure for
packing the shock cord to
eliminate this issue

Sub-Group:
Payload
Component:
Bulkhead
Mechanical Designer:
Spencer E.
General Dimensions:
D
5.82 in
H
0.25 in
Material:
ABS plastic
Manufacturing Process:
3D printing
Component Weight:
0.643 lbs
Component Description:
The bulkhead will attach to the bottom of the payload by 4 screws. The purpose will be
to hold all of the materials inside and protect components from any pressure in the
rocket. The bulkhead will have four screws that will attach the Payload to the body tube
of the rocket to clock the system and transfer loads. There will be two steel all thread
rods to transfer loads away from the housing.

Prospective Vendor:
UAH Machine Shop
Cost / Unit:
NA

Failure
Mode

Likelihood /
Consequence

Criticality

Loads
beyond
material
limits

1/5

Medium

Potential
Effects

Mitigation

Possible payload
Manufacture with sufficent
loss and vehicle strength, minimize loading on the
part with load path analysis
loss.

Sub-Group:
Payload
Component:
Fin Connectors
Mechanical Designer:
Spencer E.
General Dimensions:
H
1.2 in
OD 0.5 in
Material:
Aluminum
Manufacturing Process:
CNC Machining
Component Weight:
0.01 lbs
Component Description:
This part will be attached to the control surface using two
screws. The attachment points will be sunk into the wings to try
to maintain a laminar flow of the surface. The end of the part will
be inserted into the rocket body tube at a point that will match a
hole in the payload sled. The rod is attached to another rod that
Prospective Vendor:
UAH Machine Shop
Cost / Unit:
NA

This shows a FEM model of the fin connector rod. The load
applied was the max torque values predicted to be seen from
the fin of 0.875 pounds applied to the servo rod interface. The
wing connector holes are fixed resulting in maximum stresses
well below the allowables for aluminum.

Failure
Mode

Likelihood /
Consequence

Criticality

Torsion loads
beyond material
limits

1/4

Low

Potential Effects
1. Falling debris
2. Unstable flight

Mitigation
Select or manufacture
part with sufficient
strength

Sub-Group:
Payload
Component:
Control Surface
Mechanical Designer:
Spencer E.
General Dimensions:
NACA 0006
Height
Root Chord
Tip Chord
3 in

4 in
0.57 in

Material:
ABS plastic
Manufacturing Process:
3D printing
Component Weight:
0.04 lbs
Component Description:
The control surface will be controlled by the servo to create an angle of attack
with reference to the rocket body. This will cause a lift force to occur on the
control surface to cause a moment on the rocket body that will induce a roll. The
fins will turn at the same angle to stop any moments that will cause the rocket to
pitch. They are designed based on the root chord of 4 in and a thickness of 0.25
in. This shape causes it to be modeled similar to a NACA 0006 airfoil. The holes
present on the part are present to allow for the attatchment of the part that will
connect the control surface into the rocket body and to the servo.

Prospective Vendor:
UAH Machine Shop
Cost / Unit:

NA

This shows a FEM analysis of the Payload fins. Applying 12
pounds of drag to the leading edge with a lift force applied to
one face gives the result shown below. This gives a maximum
strain value of approximatly three pounds per square inch. This
is well below the maximum allowable strain for printed ABS

Failure Mode

Likelihood /
Consequence

Criticality

Compressive
loads beyond
material limits

2/4

Medium

Potential Effects
1. Falling debris
2. Unstable flight

Mitigation
Print with sufficient fill

Sub-Group:
Payload
Component:
Payload Sled
Mechanical Designer:
Spencer E.
General Dimensions:
ID
OD
H

5.32 in
5.82 in
8.5 in

Material:
ABS plastic
Manufacturing Process:
3D printing
Component Weight:
1.03 lbs
Component Description:
The Payload Sled will be used to house the components. Due to the
complexity of the part, and to save on weight, it will be 3D printed. The
screw holes will not be printed, but will be cut out post production.

Prospective Vendor:
UAH Machine Shop
Cost / Unit:
NA

Failure
Mode
Compressive
Mechanical
Failure

Likelihood /
Consequence
1/5

Criticality
Medium

Potential
Effects
1. Possible
vehicle loss

Mitigation
Print with maximum fill,
ensure minimum load
transferred through
payload

Sub-Group:
Payload
Component:
SparkFun IMU Breakout - MPU-9250
Mechanical Designer:
Spencer E.
General Dimensions:
L
H
W

1.0 in
0.1 in
0.1 in

Material:

NA

Manufacturing Process:
NA

Component Weight:
Negligible
Component Description:
The SparkFun IMU Breakout - MPU-9250 sensor will measure the rocket's
movement. This will be done using 2 chips that are present on the board. The
MPU-6500 contains a 3-axis gryoscope and a 3-axis accelerometer, and the
AK8963 contains a 3-axis magnometer. The main purpose of this device is to
measure the rocket's acceleration to determine when the motor is no longer
burning to start rotation. It will also measure the roll of the rocket to control the
control surfaces. The roll will be measured around the vertical axis, as well as the
other axis to know if the rocket begins to pitch.
Prospective Vendor:
Sparkfun
Cost / Unit:
$15

Sub-Group:
Payload
Component:
14.8 V 4000 mAh Li-Po
Mechanical Designer:
Spencer E.
General Dimensions:
L
H
W

1.33 in
4.1 in
1.25 in

Material:
NA
Manufacturing Process:
NA

Component Weight:
1 lbs
Component Description:
The Li-Po battery will power the myRIO and the servos
Prospective Vendor:
E-Flight
Cost / Unit:
$80

Sub-Group:
Payload
Component:
myRio
Mechanical Designer:
Spencer E.
General Dimensions:
L
H
W

1.0 in
3.5 in
5.4 in

Material:
NA
Manufacturing Process:
NA

Component Weight:
0.5 lbs

Component Description:
The myRio will control and monitor the function of the payload. It will read
the data from the SparkFun IMU Breakout - MPU-9250 for inputs and run
it through computations to control the movement of the servos to control
the roll induced by the control serfaces.

Prospective Vendor:
National Instruments
Cost / Unit:
$500

Sub-Group:
Payload
Component:
Servo Shaft
Mechanical Designer:
Spencer E.
General Dimensions:
H
1.0 in
D
0.375 in
Material:
Aluminum
Manufacturing Process:
NA

Component Weight:
0.01 lbs
Component Description:
This shaft will be inserted and epoxyed to the connection rod to hold the wings in place.
The other end is specialy made to interface with the gear system of the servo when the
disc is removed. It will be screwed into place using the screw provided by the servo's
manufacturer.

Prospective Vendor:
Servocity
Cost / Unit:
$5.99

Failure
Mode

Likelihood /
Consequence

Criticality

Torsion loads
beyond
material limits

1/4

Low

Potential Effects
1. Falling debris
2. Unstable flight

Mitigation
Select or manufacture
part with sufficient
strength

Sub-Group:
Payload
Component:
Hitec HS-5645MG Digital UltraTorque Metal Gear 2BB
Mechanical Designer:
Spencer E.
General Dimensions:
L 0.8 in
H 1.7 in
W 2.1 in
Material:
NA
Manufacturing Process:
NA

Component Weight:
0.1 lbs
Component Description:
The servo will be used to rotate the control surfaces to induce a moment
that will roll the rocket. They will be powered by a LiPo battery and will be
controlled by the myRio.
Prospective Vendor:
Tower Hobbies
Cost / Unit:
$40

Failure
Mode
Torque
loading
beyond

Likelihood /
Consequence

Criticality

2/5

Medium

Potential Effects
Loss of payload
fuctionality

Mitigation
Select servo with sufficient
strength

