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SECTION 1 - Summary of PDR report
1.1.

Team summary
1.1.1.

Team name and mailing address

School: The University of Akron
Team Name: Akronauts Rocket Design Team
Location: 302 E. Buchtel Ave, Akron OH, 44304
Project Name: Zaphod
Name of mentor, NAR/TRA number and certification level
Steve Eves
Level 3 TRA
Phone: 330-414-5131
Email: fireside2001@aol.com

1.1.2.

1.1.3 - Team Contacts
Dr. Francis Loth, Advisor
Title: F. Theodore Harrington Professor
Dept/ Program: Mechanical Engineering
Phone: 330-972-6820
Email: loth@uakron.edu
Dr. Scott Sawyer, Advisor
Title: Associate Professor and Associate Chair for Undergraduate Programs
Dept/ Program: Mechanical Engineering
Phone: 330-972-8543
Email: ssawyer@uakron.edu
Matthew D. Wilson
Title: Safety Officer
3rd-year Mechanical Engineering Student
Phone: 330-696-4938
Email: mdw104@zips.uakron.edu
Daniel T. Nicolino, Jr.
Title: President
5th-year Mechanical Engineering Student
Phone: 330-703-1676
Email: dtn5@zips.uakron.edu

1.2.

Launch vehicle Summary
1.2.1.

Size and mass

1
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The rocket is 121 inches long with an I.D. of 5 and O.D. of 5.125 inches. Currently, the
combined weight of the rocket and all of its components is 41lb. In many of our simulations and
calculations, we assume the final weight of the rocket will be 50 lb.

1.2.2. Motor choice
AeroTech’s L1390G
With an impulse of pf 3946 N-s and average thrust of 1374 N, this motor provides the
best simulated rocket experience. Simulations were conducted and the rocket was achieving an
apogee of 5329 ft, which is not so bad considering all the factors that go into play using the
OpenRocket Software. Also, this motor is reloadable and cost effective only costing around
$200. Below is the thrust curve for AeroTech’s L1390G motor:

Figure 1

1.2.3. Recovery System
The launch vehicle will use dual deployment as its recovery system. At apogee, a drogue
parachute will be deployed via a CO2 ejection system from the mid-section of the rocket to slow
the descent of the vehicle to approximately 80 ft/s. At 800 ft, the main parachute will be
deployed via a CO2 ejection from the nose cone, allowing the vehicle to reach a terminal velocity
of approximately 11 ft/s while satisfying the 75 ft-lbf impact energy requirement.
1.2.4. Milestone Review Flysheet
See attached document
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Payload Summary

1.3.1. Project Anaconda: Fragile Material Protection
The objective of the payload restriction system is to protect a fragile object of theoretical
dimensions 3.5” OD and 6” linear height. Through the implementation of a binary system, the
first function will secure the payload throughout the whole operation of the rocket. The second
function being for the absorption of the intense forces experienced at key event times, which are
launch, motor burnout, parachute deployment, and landing. This is to be accomplished by
constraining the object’s movement by inflating air bladders within a closed cylindrical container.
The intense forces of the launch will be handled by a custom spring damper system.

2.

SECTION II - Changes made since Proposal

2.1.

Highlight all changes made since the proposal and reasons for those
changes
2.1.1. Changes to vehicle criteria
● The team originally intended to purchase a 3 grain motor from Cesaroni
technologies, but being unsure if they would have them in stock we have chosen
an alternative motor from AeroTech as our new primary. A back up motor will
now be from Cesaroni that will utilize a 5 grain casing, if possible. The casing will
only utilize 3 fuel grains with spacers. More information is available in section
3.1.5.
● Due to the possibility of including a 5 grain motor casing the engine bay has been
increased in length to accommodate this, effectively increasing the length of the
rocket.
● In hoping to reduce the total length increase, the team has reduce the amount of
space in the drogue chute bay, and are utilizing space in the nose cone for the
main chute.
2.1.2. Changes to payload criteria
● The payload will utilize a pump to control the pressure within the air bladders,
instead of the originally planned pressure vessel. A pump will provide more
control over the internal pressures, and save weight. This also relieves the team
of meeting the outlined pressure vessel requirements.
2.1.3. Changes to project plan
● More Resolution of projects was given for the PDR portion of the gantt chart.
● Team calendar template has been updated.
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SECTION III - Vehicle Criteria

3.1.

Selection, Design and rationale of Launch vehicle

3.1.1.

Mission Statement/ Mission Success Criteria
The mission is to design a launch vehicle that will take a fragile material to an
altitude of 5,280 ft, and return it safely back to the ground. Prior to launch, the
vehicle must accept a fragile material of unknown size and shape, and protect it
without breaking from the time the vehicle is recovered. The vehicle must be
reusable and able to fly immediately after recovery.
The following criteria must be met in order for the mission to be considered a
success:
1. The rocket must reach an altitude no less than 5,100 feet and no more
than 5,300 feet.
2. The rocket must leave the launch rail with a velocity greater than 52 feet
per second.
3. The rocket must travel at a speed less than Mach 0.8 before motor
burnout.
4. The recovery system ejects both drogue and main without causing any
tangling of lines.
5. The rocket lands without causing any damage to the rocket.
6. The fragile payload must not break at any point while it is inside the
rocket.
7. The payload containment unit must not malfunction at any point that the
unit is in use.
8. The team follows all launch procedures and no one is injured.
9. The avionics system collects data throughout the entirety of flight.

3.1.2.

Systems Review

Guidance System:
Nose Cone Designs: Table 1
Nose Cone Design

Pros

Cons

Von Karman

Offers the best drag
characteristics compared to
other designs through
subsonic to transonic region

Not constructed from
geometric features so more
difficult to construct

Elliptical

1) Simple Construction
2) low drag characteristic
below mach 0.5

High drag characteristic above
Mach 0.5
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Low drag characteristic below
transonic region

High drag characteristic in
transonic region

Fin Design

Pros

Cons

Clipped Delta

Simple to manufacture,
stabilizes rocket well

Prone to damage during
touchdown

Trapezoidal

Stabilizes rocket well; damage
resistant towards touchdown
due to trailing edge location

Slightly difficult to manufacture

Tapered Swept

Increases stability of margin
further compared to others

Difficult to manufacture, prone
to damage during touchdown

Ellipse

Lowest drag characteristics
among fin designs

Most difficult to manufacture

.

Fin Designs: Table 2

Avionics & Payload Bay:
Below is a table comparing different designs of the avionics and payload bays (systems).
The payload bay is sandwiched between the avionics bays so the table discusses
whether having each section (bay separated by bulkheads) independent from each other
or dependent based on creating a design that connects them together or not.
Table 3
Avionics & Payload Bay
Designs

Pros

Cons

Independent, All Removable
Sections

Rigid Construction, two
access points to payload

Time required to access
payload, Many fasteners

Independent, One Removable
Section

Rigid Construction, one
access to payload

Time required to access
payload

One Removable Section

Fast access to all sections

Tougher to fasten, all sections
removed when one is
required, weak construction

Payload Bay Access Door

Fast access to all sections

Avionics access is tight,
fasteners required for access
door
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Engine Bay:
Engine Mount Design
The table below shows a three designs considered for the engine bay. Previous
experience of our thrust plates showed vibration and shear force were extremely
damaging to the fasteners so alternate designs were considered in order to lower vibration
and having a secure fit.
Table 4
Engine Mount Design

Pros

Cons

Inner Tube with Dual Thrust
Plate

Simple Construction

Prone to vibration

No inner tube, center rings with
O-rings and Dual Thrust Plate

Less Vibration, Secure fit

Difficult Construction

Friction Fit Motor

Simple Construction

Unsafe

Figure 2: Engine mount design
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3.1.3. Systems Research
Guidance System:
Nose Cone Designs:
1. Von Karman

Figure 3: Von Karman nosecone design

The purpose of the Von Karman design (also known as the Haack Series) is to create
the lowest drag characteristic possible which accounts for its design being nongeometrical. Below are the calculations used in determining the geometry of the Von
Karman design as well as a graph showing the drag characteristics related to R and L.

Figure 4

7
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2. Elliptical

Figure 5

This design is exactly one half of an actual ellipse shape and is symmetrical about its
X axis. The shape of the elliptical design resembles an airfoil at a zero angle of attack
which is superior at low mach numbers due to a continuous boundary layer. Boundary
layer separation occurs at a mach number greater than 0.5 which increases the drag
coefficient dramatically. Below is the calculation used in determining the elliptical
design’s geometry:

3. x1/2 Power Series

Figure 6

As part of the power series of nose cones, the x1/2 most resembles an elliptical nose
cone but its geometry is slightly less of the actual ellipsoid design. The leading edge is
blunt, as an ellipsoid is, but the edge to where the nose cone meets the rocket body is
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not necessarily tangential to the body. Below is the calculation used in determining the
elliptical design’s geometry as well as a graph that shows they types of parabolic
designs available:

Figure 7

Fin Designs:
The following fin designs were considered to be used for this rocket. Each design
shows data obtained using OpenRocket Software with the following kept constant:
Chord length of fin, height of fin, number of fins which is three, as well as weight of
rocket components and rocket geometry. Although the data is similar for each of them it
is noteworthy that of all the designs listed, the clipped delta design is easily constructed
compared to the others.
Table 5
Fin Design

Height(ft)

Velocity(ft/s)

Mach Number

Clipped Delta
Trapezoidal

Acceleration
(ft/s^2)
265
265

5383
5312

616
615

0.55
0.55

Tapered Swept
Ellipse

265
288

5406
5791

617
666

0.56
0.60

1. Clipped Delta:
Due to the trailing edge being directly on the bottom of the fin, the fin will most likely experience
damage during touchdown.

Figure 8
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2. Trapezoidal:
This fin design provides the best resistance to damage during touchdown and is relatively
simple to construct.

Figure 9

3. Tapered Swept:
Due to the trailing edge located past the main chord of the fin the fin is extremely prone to
damage and is difficult to construct.

Figure 10

Ellipse:
Due to difficulty of construction the elliptical fin method was determined to not be used.

Figure 11
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Figure 12

Avionics and Payload Bay
As opposed to having a completely removable section that easily slides in and out of the
upper body tube of the rocket, an alternative would be to have a semi-permanently fixed
section that attaches to the rocket with fasteners, like an access panel. One advantage to
this method of access would be that there is virtually no chance of something getting
damaged or moving a component put out of place in the recovery system when accessing
the payload bay. Another advantage would be quicker access to the payload bay inside
the rocket via the access panel in the body of the rocket. The major disadvantage is the
cut in the body where the panel would be placed would have to be a large portion of the
body of the rocket that could be removed, presenting challenges pertaining to a smooth
integration into the body. Such a design would require more research and testing. Since
the method provides easier access to the payload, and structural reinforcements can be
added, the access panel will be the primary candidate to reach the payload.
Engine Bay

Figure 13

Engine bay will be holding the L1390g motor from AeroTech. Materials for the thrust
plates were quickly determined to be aluminum due to their load bearing design.
Fasteners to hold the thrust plates to the body of the rocket were calculated in size with
the results showing that the fastener needs to be at least a size M4-14. Below were the
fastener calculations:
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Table 7

3.1.4. Current Vehicle Design
3.1.4.1. Subsystems
Below is what makes up the vehicles subsystem. The systems are split up based on
functionality as well as location in the rocket. They come in order from top down on the rocket:
Guidance System:
Nose Cone:

13
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The goal of the nose cone is to provide the least possible drag resistance for the speed
(615 ft/s ) and height (one mile) we expect to attain.
Fins:
The goal of the fins is to stabilize the rocket during flight and keep it on its intended
flight path. This is accomplished by attaching the fins near the end of the rocket to move
the CP farther behind the CG. The attachment of the fins would be best accomplished
with screws and an adhesive such as Master Bond Supreme 10AOHT-LO or FA-8, but
due to the curing processes involved with such adhesives, we may decide to go with 46 rivets.
Number of Fins:
1. Three: Less air drag; solid stability.
2. Four: 33% more air drag than 3 fins; <33% increase in stability.
Avionics:
The avionics bay consists of two sets of Peregrine Raptor CO2 Systems. Due to the dual
deployment setup of the rocket as well as moving forward with the fragile material
protection option, it was decided to develop two avionics bays that sandwich the payload.
The avionics bay will have the necessary electrical components (PCB to detonate CO2
charges, various sensing equipment, etc.) to take care of the recovery bays once apogee
as well as the height for the main chute has been reached. Access to these bays is
relatively easy as they are directly behind the main and drogue chute.
Engine Bay
Engine bay secures the L1390g motor from AeroTech using two thrust plates connected to
the body of the rocket. Centering rings with an inner body tube will align the motor
perpendicular to the bottom of the rocket. The load applied to the inner walls of the rocket
by the motor is low so the center rings will be constructed of a lightweight ABS material.
Thrust plates will be held together by means of fasteners as well as being attached to the
body of the rocket.
3.1.4.2.

Dimensional Drawing
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Figure 14

3.1.4.3.

Estimated Masses

The table below summarizes the estimated mass of the components within the rocket.
Table 8

Estimated Mass of Components
Component

Mass (lb)

Nose Cone

5

Upper Body Tube

4.05

Main Chute Bay

4

Avionics Assembly

2.5

Payload

9
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Drogue Bay

2.5

Lower Body Tube

2.33

Fins

1

Engine Bay

2.29

Motor

8.33

TOTAL

41

Review different motor alternatives, and present data on each alternative.

Below are the motor alternatives considered.
Cesaroni Pro75 motor

An alternative was considered using a 5g motor and with two spacers so that it is possible
to accommodate the 3757L800-P motor. The reason for this irregular design is to meet
financial restrictions. The same rocket is scheduled to compete in a second competition
and this allows us to reuse the lower half of the rocket. Below, is an illustration depicting an
example of using a spacer in a motor. Again, the image below is only an example.

Figure 15

3.2.

Recovery System

3.2.1.
Recovery System Overview
The launch vehicle will use dual deployment as its recovery system. The system will follow a
strict sequence of events. Refer to the table below for the list of these sequences.

Sequence

Event

Altitude

1

Drogue Chute deployed from
mid-section of rocket

5,280 ft
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Main Chute deployed from
nosecone of rocket

800 ft

Table 9 – Recovery Sequence of Events

Figure 16– Recovery Deployment Events

The recovery system will be comprised of Ripstop Nylon and will be crafted into the drogue and
main parachutes. The main parachute will be 165” in diameter; while the drogue parachute will
be 30” in diameter. The main parachute will be an annular design and the drogue will be an
elliptical design. See the below table for the design specification of each parachute.

Deployment Altitude (ft)
Diameter (in)
Area (ft^2)
Material
Estimated Fabric Weight (g)
Design

Drogue

Main

5,280

800

30

165

4.91

148.49

64 gsm nylon

64 gsm nylon

30

880

elliptical

annular
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Cd

18

1.33

2.2

Table 10 - Design Specification of Parachutes

The patterns for each respective gore have been calculated to ensure the design is within the
team’s capabilities. The drogue parachute will use 12 gores. The main parachute will use 16
gores. Refer to the below figure for the gore pattern of each design.

.
Figure 17 – Gore Pattern Layouts (units in inches)

3.2.2. Component and Material Selections
3.2.2.1. Fabric Selection
After researching various materials for the main and drogue parachutes the team decided
Ripstop Nylon would be the best option for the recovery system. The team began by narrowing
the choices down to two materials: nylon and Kevlar. These two materials are most favorable
due to the unique characteristic of being nonflammable. The team discussed other pros and
cons by comparing nylon and Kevlar to other fabrics such as terylene, aether, Nomex, Zylon,
and others. Refer to the below table for a brief overlook of the pros and cons.

Pros

Nylon

Kevlar

Affordable

High strength

Light

Stiff

Proven Since WWII

Cannot Melt
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Nonflammable

Nonflammable

Weak

Heavy

Can melt

Expensive
Specific Cutting Tools Needed

Table 11 - Fabric Pro and Con Comparisons

Several factors were taken into deep consideration while choosing between the two materials.
These factors include weight, cost, and strength of each material. Refer to the below table for
these direct comparisons.
Nylon

Kevlar

Thickness

0.005 in.

0.024 in.

Weight

1.9 oz/yd2

14.0 oz/yd2

Tear Strength Warp

115 lb

1600 lb

Tear Strength Weft

75 lb

1800 lb

1.15 g/cm3

1.44 g/cm3

$5.00/yd

$40.00/yd

General Density
Price

Table 12 – Material Quality Comparisons

Considering the pros and cons of each material and strictly evaluating each specification, the
team has picked Ripstop Nylon as the exemplar choice for both the main and drogue
parachutes, due to its superiority in a lower cost and lower density.
3.2.2.2. Rope Material Selection
Other materials for the rope were investigated, similar to the selection of the material for the
parachutes (see above section). Due to its strength, cost, and weight, webbed nylon will be
used for the harness, shroud lines, and suspension lines.
The length of the rope that connects the independent sections of the rocket were chosen with
the intention of decreasing the likelihood of collision during descent. For the configuration and
lengths of the rope connections, refer to the table and figure at the end of this section.
Harnesses
For the harnesses, 5/8" diameter tubular woven nylon rope will be used. This material was
chosen for its exemplar strength of enduring 1800 lb of force. The harness length will be 2 ft in
all sections of the rocket. This length was chosen, because it is enough for the ends of
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harnesses to clear the recovery bays and avoid interference with any other components inside
the rocket.
Suspension Lines
In previous years, tubular nylon webbing cords have been chosen for the suspension lines and
have been immensely successful, however the tubular pattern would occasionally get caught
inside the recovery bay area. To avoid this issue from repeating, flat Nylon webbing was
investigated and found to be favorable over tubular nylon webbing. Flat nylon webbing was also
investigated with the intention that it would have the ability to be packed more comfortably in the
recovery bay; further avoiding any tangling of lines when the parachutes unravel after ejection.
1” wide cords which comply with Mil-Spec 17337. These cords have a breaking strength of
1200lbs.
Shroud Lines
Tubular shroud lines have been used in previous years. The tubular design made manufacturing
the parachutes a challenge. A new goal was established in which the shroud lines will be made
of flat webbed Nylon. Flat material was selected with the intention that it will be easier to sew
the shroud lines into the chutes. The flat webbed Nylon will be 1/4" width. This thickness was
chosen simply because the shroud lines will have the load of the launch vehicle evenly
distributed among all lines. Per industry-wide recommendations, the shroud lines will be 115%
of the diameter of each parachute.

Parachute
System Section

Material

Style

Thickness
(in)

Drogue
Length
(ft)

Main
Length
(ft)

Total Length
(ft)

Harness Lines
(Green)

Woven
Nylon

Tubular

5/8

4

2

6

Suspension Lines
(Blue)

Webbed
Nylon

Flat

1

24

24

48

Shroud Lines
(Orange)

Webbed
Nylon

Flat

1/4

36

256

292

Table 12 - Rope Selection Specifications

3.2.2.3. Attachment Method Selection
The separation of the recovery bays will have a bulkhead each comprising of CO2 cartridges. In
the center of the bulkhead will be a 1¼” ID U-bolt and back plate assembly rated for 1075 lb.
Refer to the below figure for a representation of the full bulkhead assembly.
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Figure 18 - Recovery Bay Bulkhead Assembly

Each of the bulkheads will have two CO2 cartridges. One will be the main ejection, the other will
serve as a redundant system. Therefore, a total of four ejection systems will exist within the
launch vehicle.
3.2.2.4. Ejection Method Selection
After researching various ejection methods for both the main and drogue parachutes the team
decided a Peregrine CO2 ejection system was ideal when compared to a black powder ejection
system. While black powder was considered to have a higher probability of an event occurring,
it was also found to be more explosive and required wadding to prevent damage to the
parachutes. Overall, it is dangerous to handle. On the other hand, CO2 is safer to use but it has
a slightly higher possibility of no event occurring. This was mitigated by the built in redundancies
within the system.
3.2.2.5. Altimeter Selection
In choosing an altimeter for each of the parachutes, the NASA guideline requires that the
altimeter must produce an audible beep for reaching apogee and that the data collected be
based on barometric pressures. An additional desired quality the team sought was that the
altimeters be capable of deploying both a drogue and main parachute.
The selection of altimeters were narrowed down to a PerfectFlite StratoLoggerCF and a Missile
Works RRC2+. Another option the team considered was to manually program a microcontroller
to take altitude readings from a barometric pressure sensor and output the required audible
beeps as well as eject the parachutes at the target altitudes. The team ultimately chose two
StratoLoggerCF altimeters because of the team’s existing knowledge and experience with these
devices. The team also has two previously used StratoLoggerCF altimeters in stock, both satisfy
NASA guidelines.
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\
Figure 19

.
3.2.2.6. Main parachute and Drogue Parachute Design Selection
After finalizing the fabric material for both the drogue and main parachutes, the team began
researching different designs for the parachute. It was decided that an annular design be used
for the main parachute and an elliptical design be used for the drogue parachute. All of the
designs that were compared included annular, panel, elliptical, cross, flat sheet, parafoil, and
others. The team narrowed the choices down to the elliptical and annular parachutes.
The pros and cons for the parachute designs came down to two main factors: the drag
coefficient, and whether or not the team had created the design in the past. Refer to the below
table for the drag coefficients (Cd) of annular and classic parachutes.

Cd

Annular

Classic

2.2

1.3

Table 13 – Drag Coefficient Comparisons

The team is experienced in fabricating the elliptical design, because it has been used in all
previous competitions. Thus, will use an elliptical design for the drogue parachute; however, due
to the required total kinetic energy of 75 ft-lbf upon landing, the main parachute will need to be
very large if the team were to select the elliptical design for the main parachute. Therefore,
different designs with higher drag coefficients than the classic design were researched. The
team’s budget was the deciding factor when finalizing the parachute selection. The annular
parachute has a higher drag coefficient than the elliptical, which results in less material required
to fulfill the landing kinetic energy requirement. Therefore, an annular design will be used for the
main parachute.
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A 30 in. diameter drogue parachute was selected to be used. In the past, the team has aimed to
maintain a descent rate between 75 ft/s and 150 ft/s. This range is optimal at reducing drift
distances while reducing the speed of the launch vehicle to a velocity that is safe for the main
parachute to eject without causing harm to the vehicle, (such as zippering or destroying any
harness/airframe interfaces.)
The team has a hand-crafted 30 in. drogue parachute in stock that was recovered from previous
competitions. The descent rate was calculated and it was found that the drogue will achieve a
terminal velocity of 81.19 ft/s. Since the descent rate falls within the 75 to 150 ft/s range, the
team will re-use the 30 in. parachute and will perform minor upgrades to the shroud lines to
ensure the drogue is fully capable of carrying the launch vehicle.

3.2.3. Declined Designs
One of the features the team had begun investigating was spinning parachutes. The hypothesis
was that a spinning canvas could aid in retarding the descent to satisfy the landing kinetic
energy requirement; in turn, allowing even less material to be used for the parachute. Ultimately,
saving money. However, through thorough investigation, it was found that spinning parachutes
are formidable at descending an object straight down, but they are not favorable for slowing the
descent of an object.
The team also investigated the possibility of pursuing a tumbling descent or streamers in place
of a drogue parachute. The team has existing knowledge of drogue parachutes and are
comfortable with the application and science behind their reliability. Due to the team’s lack of
experience with tumbling descents and streamers, the team has decided on the reliability of the
drogue parachute design.
Many ideas were brainstormed, but it was decided that the above designs are the most notable
and will be considered being attempted on future recovery designs. However, for the purposes
of the NASA Student Launch, the team’s main focus is a safe and simple recovery in order to
ensure all components remain intact and the team is able to retrieve all collected flight data.
3.2.4. Parachute Sizing Calculations
The selection of the parachute sizing was a tedious process. Many different equations were
used to verify the diameter was acceptable per NASA guidelines. Ultimately, the following
process was the deciding method of sizing selection.
The following equations will be used throughout this process

Kinetic energy equation
Where:

(eq. 1)
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(eq. 2)

Where:

Area of a circle equation

(eq. 3)

Where:

Given that the maximum weight of the rocket is to be 50 lb, this will be the assumed weight
throughout all recovery equations to ensure worst-case scenarios are considered.
(1)

Converting the weight into mass gives:

(2)

Prior to size selection, the design of the parachutes were carefully selected. Their drag
coefficients are as follows:
(3)
(4)
The launch vehicle will only be traveling to an altitude of 5,280 ft. Therefore, changes in
density are considered negligible and will remain constant for all equations.

(5)
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Each independent section of the vehicle must have a kinetic energy of less than 75 ft-lbf.
(6)
The heaviest section of the rocket will be taken into consideration. The heaviest section of
the rocket is the upper section, weighing an approximate 27 lb.

Converting the weight into mass gives:

To account for any design changes that occur to the upper half of the rocket during the
critical design phase and the flight readiness phase and any added weight that may occur
(such as added hardware or epoxy), a margin of 33% will be added to the mass.
(7)

Plugging variables (6) and (7) into (eq. 1) and rearranging to solve for velocity gives:

Now that the heaviest section’s velocity is known, the radius of an appropriate parachute size
will be calculated by plugging (eq. 3) into (eq. 2) and rearranging to solve for A.

The diameter was then found from the radius and converted into inches.

The found diameter of 161.52 in. is rounded up to the nearest 5 in. for simplicity. Now that
the diameter of the parachute is known, convert the diameter back into a radius in terms of
feet.

The velocity at which the entire launch vehicle will descend can be found by plugging (eq. 3)
into (eq. 2) and solving for v.
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A 165 in. parachute will ensure that the heaviest component (27 lb) of a 50 lb launch vehicle
will land with a kinetic energy of less than 75 ft-lb. The terminal velocity at which the 165 in.
parachute will allow the launch vehicle to reach is 11.35 ft/s.
To calculate the terminal velocity of the drogue, first the diameter was converted into a radius
in terms of ft.

Next, (eq. 3) was plugged into (eq. 2) and rearranged to solve for terminal velocity. The
velocity is found to be 81.19 ft/s.

3.2.5.
Redundancy within the Recovery System
The recovery system will contain a redundant altimeter-activated deployment system in which
the main and redundant setup will have its own power source. Each altimeter setup uses a
StratoLoggerCF capable of controlling the ejection of both the drogue and the main parachutes.
Both altimeters are capable of reporting the maximum altitude reached through a series of
audible beeps. In terms of ejection, each recovery bulkhead will be equipped with two CO2
canisters. Each of these canisters will be able to eject its parachute independent of its pair.
Also, one of each pair of canisters will be connected to a different altimeter setup, this way if
one fails, the parachutes will still eject.

3.3.

Mission Performance Predictions
3.3.1. Show flight profile simulations, altitude predictions with simulated vehicle data,
component weights, and simulated motor thrust curve, and verify that they are
robust enough to withstand the expected loads.

Below is the simulated altitude prediction, vertical velocity profile, as well as the vertical
acceleration profile.
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Figure 20

Flight simulation 12 obtained the data below:

Flight Simulation Data

Table 14

Velocity of Rail

73.4 ft/s

Apogee

5318 ft

Optimum Delay

15.8s

Max Velocity

616 ft/s

Max Acceleration

266 ft/s^2

Time to Apogee

18.6s

Flight Time

81.5s
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Simulated motor thrust curve is below:

Figure 21
Using the average thrust, our thrust to weight ratio is about 7.5.

3.3.2. Show stability margin, simulated center of pressure (CP)/center of gravity (CG)
relationship and locations.

Stability -

2.45

Center of gravity (CG) - 70.637in
Center of pressure (CP) - 83.217in

Figure 22
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Stability vs time throughout flight - Wind = 0mph
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Figure 23
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Stability vs time throughout flight - Wind = 8mph (average wind speed for Huntsville, AL)
Figure 24

Stability vs time throughout flight - Wind = 15mph
Figure 25
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3.3.3. Calculate the kinetic energy at landing for each independent and tethered
section of the launch vehicle.
The following equation was used to calculate the kinetic energy at landing for each independent
and tethered section of the launch vehicle. A descent velocity of 11.35 ft/s was used along with
the mass of each component located in the table below. A 33% margin was taken into
consideration when calculating the landing kinetic energy. This margin is to account for any reallocated masses between the independent sections that may occur during the Critical Design
Phase and Flight Readiness Phase. This margin also accounts for any future adjustments to the
systems which may add mass (added hardware, epoxy, etc.) Even after considering a 33%
margin, all independent and tethered sections of the launch vehicle remain below a landing
kinetic energy of 75 ft-lbf.
Kinetic Energy equation
Where:

Component

Weight (lb)

Mass
(slug)

KE (ftlbf)

KE with 33% Margin (ftlbf)

Nose Cone

3

0.093

6.00

7.98

Rocket Body (Upper)

27

0.839

54.01

71.83

Rocket Body (Lower)

20

0.621

40.01

53.21

System Total

50

1.553

100.02

133.02

Table 15- Kinetic Energy of Independent Sections

3.3.4. Drift Calculations
The following diagram was considered when the drift distances were calculated:

Akronauts Preliminary Design Review, Project Zaphod

32

Figure 26

Each event of the rocket will experience different drift distances due to their independent
terminal velocities. To calculate the total displacement achieved, both drift distances will
have to be added together.
For the drogue parachute, it was assumed that 𝑌𝑑𝑟𝑜𝑔𝑢𝑒 is the vertical distance traveled
by the drogue chute. The drogue is released at 5,280ft and will remain active until the
main parachute is deployed (800ft). Therefore,
𝑌𝑑𝑟𝑜𝑔𝑢𝑒 = 5,280 ft - 800 ft = 4480 ft
Allowing 𝑣𝑑𝑟𝑜𝑔𝑢𝑒 to be the terminal velocity achieved by the drogue as previously
calculated
𝑣𝑑𝑟𝑜𝑔𝑢𝑒 = 80.28 ft/s
The time the drogue spends being active was then calculated by
dividing 𝑌𝑑𝑟𝑜𝑔𝑢𝑒 by 𝑣𝑑𝑟𝑜𝑔𝑢𝑒
4480 𝑓𝑡
=
80.28 𝑓𝑡/𝑠

55.8 s

Now multiply this time spent active by the speed of the winds to find the drift distance. See
the list of calculated wind speeds for the drogue parachute in Table 16.
Next, the main parachute drift distances were calculated using the same method as the
drogue parachute.
For the main parachute, it was assumed that 𝑌𝑚𝑎𝑖𝑛 is the vertical distance traveled by the
main chute. The main is released at 800ft and will remain active until contact with the
ground. Therefore,
𝑌𝑚𝑎𝑖𝑛 = 800 ft
Allowing 𝑣𝑚𝑎𝑖𝑛 to be the terminal velocity achieved by the main parachute as previously
calculated
𝑣𝑚𝑎𝑖𝑛 = 11.35 ft/s
The time the main parachute spends being active was then calculated by
dividing 𝑌𝑚𝑎𝑖𝑛 by 𝑣𝑚𝑎𝑖𝑛
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800 𝑓𝑡
=
11.35 𝑓𝑡/𝑠

70.5 s

Now multiply this time spent active by the speed of the winds to find the drift distance. See
the list of calculated drift distances for the main parachute in the below table.
Wind Speed
(mph)

Wind Speed
(ft/s)

Drogue Drift
(ft)

Main Drift
(ft)

Total Drift
(ft)

0

0.00

0

0

0

5

7.33

409

517

926

10

14.67

818

1034

1852

15

22.00

1228

1551

2779

20

29.33

1637

2068

3705

Table 16 - Drift Calculations

4.

SECTION IV – Safety

4.1.

Components needed and how risk/ delays impact project
The main goal of the Akronauts Rocket Design Team is to be sure that everyone
is safe and all safety concerns are mitigated. Accidents are always within the realm of
possibility. While using any machinery or dangerous tools there is a risk of injury. It is
every team member's responsibility to uphold the safety agreement. Should someone be
seriously injured, there will be a halt on all team activities until the situation can be
assessed and addressed. This is a major setback however, if something goes
unaddressed more accidents may occur. It cannot be iterated enough that safety is the
team's number one priority.
While students are in the machine shop there will always be trained university
staff and the team safety officer supervising. All students shall abide by machine shop
rules. During all tests and active system engagements there will be proper safety
equipment worn. During any event that involves an active system such as a test, there
will be a safety officer present as well as at least two other team members. Nobody on
the team shall ever work alone. The team understands that a severe injury or death,
unless assessed to be considered an act of God, shall result in severe voluntary
sanctions on involved parties and a complete investigation. The responsible parties shall
take complete responsibility and the entire team understands that unsafe actions can be
cause for removal from competition(s).
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Final Assembly Checklist / launch procedure

Table 17
System

Procedure

Payload

Load the fragile object into the
payload capsule.

Payload

Load the payload into the rocket
and ensure that the device is
locked into place.

Payload

Attach supplemental power
supply.

Payload

Immediately prior to launch
remove supplemental power
supply.

Main and Drogue Parachutes

If parachutes are already folded,
unfold parachutes.

Main and Drogue Parachutes

Fluff the parachute to expel any
debris in the assembly.

Main and Drogue Parachutes

Inspect all harnesses,
suspension lines, shroud lines,
and canopies for any defects.

Main and Drogue Parachutes

Line up the shroud lines so that
they are in sets of 2.

Main and Drogue Parachutes

Fold the chute in half again,
make sure the shroud lines
remain lined up. There should
be sets of 4 cords now.

Main and Drogue Parachutes

Starting with the cord set either
to the right or the left of the
center, fold the chute so that the
cords are now lined up in the
middle. There should be a set of
8 cords and a set of 4 cords.

Verification
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Main and Drogue Parachutes

Taking the free set of 4 cords,
fold the parachute so that the
cords are added to the other 8.

Main and Drogue Parachutes

Fold the parachute in half again,
meaning that the cords are no
longer in the middle, they should
be to either the left or the right of
the majority of the parachute
cloth.

Main and Drogue Parachutes

Fold in half again.

Main and Drogue Parachutes

Perform a Z-fold. This involves
folding the length of the
parachute in a manner that it
resembles a Z.

Main and Drogue Parachutes

Wrap the shroud lines around
the parachute packet.

Recovery Electronics

Visually inspect all wiring and
check that terminal screws are
tight and wires secured. Check
that battery is secured and
battery clip is attached properly.
Close and seal avionics bay.

Recovery Electronics

Prep rocket, install engine, and
do not install engine igniter.

Recovery Electronics

Make sure altimeter power
switch is OFF.

Recovery Electronics

Install ejection charges.

Recovery Electronics

Connect ejection charge leads to
avionics bay’s ejection charge
terminals, making sure that
wires do not short together or
short to anything else.

35
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Recovery Electronics

Have your rocket inspected by
RSO if applicable, install engine
igniter, and place rocket on
launch pad.

Recovery Electronics

Put on Safety glasses.

Recovery Electronics

Turn altimeter power switch ON.
If you hear a repeating error
siren, turn altimeter OFF and do
not launch until problem is
corrected. The altimeter’s
settings will be reported; confirm
that the preset number and main
deployment altitude are set
properly. Last flight altitude will
then be reported, followed by
battery voltage. Make sure
battery voltage is within your
expectations.

Recovery Electronics

Next, ejection charge continuity
will be annunciated by a series
of one, two, or three beeps. Do
not launch if continuity status is
not as expected! Ejection
charges are “armed” at this
point: Keep body parts clear!

Recovery Electronics

If continuity is being reported as
expected, attach launch system
leads to engine igniter and
launch!

The fragile object will be loaded into the payload prior to mounting the rocket onto the launch
rail. Since the payload is only designed to last for two hours on the internal power supply, a
supplemental external power supply that will extend the duration of the pumps operation. This
supplement power supply will need to be removed when the rocket is being prepared to launch.

4.3.

Personal Hazard Analysis
Severity

Level of Risk

Probability

1
Catastrophic

2
Critical

3
Marginal

4
Negligible
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High

A- Frequent

1A

2A

3A

4A

Moderate

B- Probable

1B

2B

3B

4B

Low

C- Occasional

1C

2C

3C

4C

Minimal

D- Remote

1D

2D

3D

4D

E- Improbable

1E

2E

3E

4E

Table 18 Risk Assessment Code (RAC)

The above Risk Assessment Code (RAC) is to be used in the analysis of hazards, failure
modes and all other matrix-style decisions. Implementation of a standard code across the board
allows for easier risk analysis in a complex system, as well as serves as a standard guide for
resource allocation for risk mitigation.
Personnel-Specific Hazard Analysis
Hazard

Cause

Effect

Launchpad
Topple Over

Improperly
Secured

Laceration /
Blunt force
injury

Motor Failure

Rocket is
severely
damaged and
risk of injuring
personnel

Launchpad
Vehicle
Explosion

Launch
Hang Fire

Mid-Flight
explosion

Electronic
ignition failure, Launch delay,
thermite or
possible
charge
personal Injury
improperly
mounted

Falling debris,
Catastrophic
shrapnelsystem failure possible death
or severe injury

Rocket ballistic
Uncontrolled
Recovery
descent, drift to
Descent
System Failure
populated area

Pre-RAC

Mitigation

Verification

Post-RAC

2D

Launchpad
will be
anchored to
ground

Use a second
(trained)
member to
verify

1E

1E

Range Officer
(Certified)
Range
Supervision, Officer and
Minimum
team Safety
distance kept
Officer
by all
Enforced
members

1E

2C

Minimum
certified
(NAR/TRA)
level 3
rocketeer or
Range Officer
are to
approach
launchpad

Range
Officer and
team Safety
Officer
Enforced

2E

1D

Team of
spotters
watching
entire flight
sequence

Range
Officer,team
Safety
Officer, all
present
members

3D

1C

See below
FMEA Table
for failurespecific risk
mitigations

Test to verify
prior to
launch

1E
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Fabrication
Injury

Member
inexperienced,
untrained,
Personal Injury
unprepared to
work

Assembly
Injury

Member
inexperienced,
untrained, or Personal Injury
unprepared for
work

Recovery
Systems
TestingPremature
misfire

Powder Charge
Misfire- current
Personal Injury
sent to
(Burns)
recovery
system

Fuel
Creation
injury

Personal Injury
(skin contact,
Chemical spill,
burns,
powderabrasions),
friction ignition
powder
explosion

Fuel Testing
Pressure
injury
Vessel Rupture

Death, Severe
Injury

2D

Members will
trained with
all machine,
tools, or
chemicals
they plan to
use.

Have two or
more
(trained)
members at
all times

2D

2D

Members will
trained with
all machine,
tools, or
chemicals
they plan to
use.

Have two or
more
(trained)
members at
all times

2D

2C

Will design
avionics to
not have
parasitic
voltage

Test to verify
prior to
launch

1E

2C

Supervision
of University EOHS Safety
EOHS Safety Officer, Team
Officer, PPE
Safety
worn at all
Officer
times

2D

1D

Components
purchased
from certified
suppliers,
pressure
rated

Design
Review,
assembled
with
University
Chemistry
Dept.
Mechanic

3D

Table 19 -Personnel-Specific Hazard Analysis

4.4.

Failure Mode & Effect Analysis (FMEA)

The below table, Table 19 contains the FMEA of our proposed vehicle and payload
systems. These are ranked based on our defined Risk Assessment Code (RAC) from Table 18
in above Section 4.3. These values were assigned based on common standards for FMEA and
previous team experience at the Experimental Sounding Rocket Association’s (ESRA)
Intercollegiate Rocket Engineering Competition.
FMEA Hazard Analysis
Hazard

Effect

Pre-RAC

Cause

Mitigation

Verification

Post-RAC
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Rocket Deviates
from nominal
Death or
flight path and
severe
comes in
injury to
contact with
personnel
personnel at
high speed

Rocket recovery
system fails to
Death or
deploy, rocket
severe
comes into
injury to
contact with
personnel
personnel

Fin detaches
from launch
vehicle

Fin alignment
fixture will be
built. Fins are
Design Review
to be thruwalled
attached

Rocket is
Unstable

CG and CP to
be correctly
calculated. CG
will be
measured and
fins will be
designed for
Design Review
any future
variations in
weight that
could reduce
the distance
between CG
and CP

1C

1C

Avionics
armed
incorrectly

Create an
arming
sequence

Use a second
(trained)
member verify
sequence

Avionics
improperly
programmed

Avionics will
not be
sending
signals to
recovery
system

Test to verify
prior to launch

Nose cone
does not
detach from
launch
vehicle

Parachute
gets stuck in
body of
rocket
Recovery
system deploys Personnel
during assembly
injury
or prelaunch
Main parachute
deploys at or
near apogee,
rocket drifts

Risk of
landing in
municipal
areas and

2C

3D
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Avionics
sends a
current to
recovery
system

Correct shear
Test to verify
pin size will be
prior to launch
used

1E

1E

CO2 charges
will be large
Test to verify
enough for
prior to launch
overcompens
ation
CO2 charges
will be large
Test to verify
enough for
prior to launch
overcompens
ation
Will design
avionics to
not have
parasitic
voltage

Test to verify
prior to launch

1E

Main
Connection to
parachute is
be checked
Test to verify
not attached before taking prior to launch
properly
to launch pad

1E
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difficult
recovery
of launch
vehicle
Hang Fire upon
ignition
command, then Personnel
ignites upon
injury
personnel
approach

Rocket falls
from launch rail Personnel
during
injury
prelaunch

Rocket is
severely
Motor explodes
damaged
on the launch
and risk of
pad
injuring
personnel

Rocket doesn't
leave launch rail
above 52 feet
per second

Rocket
becomes
unstable

Member gets
hurts while
Personnel
manufacturing a
Injury
part of the
rocket
Table 20

2D

2C

Ignitor is
connected to
battery

Disconnect
wires leading
from arming
switch to
ignitor

Use a second
(trained)
member or
Range Officer
to verify

Rail buttons
are
incorrectly
sized

Check the rail
buttons for
compatibility
of launch rail

Use a second
(trained)
member to
verify

Rail buttons
are torn from
body of
launch
vehicle

Rail buttons
will be
Rail buttons to
fastened with
be checked
proper
prior to launch
hardware

1E

1E

Make sure
motor system
is free of any
visible defects

1E

2D

Too much
friction
Use
between
simulations
rocket and
and test
launch pad,
results to
Rocket
Design Review
verify; use
weighs too
lubricant on
much, or
launch rail to
motor doesn't
reduce friction
produce
enough thrust

1E

2D

Members will
trained with all
Have two or
Not following
machine,
more (trained)
the safety
tools, or
members at all
plan
chemicals
times
they plan to
use.

2D

1E

Faulty Motor

Buy a
commercial
motor
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Environmental Concerns
4.5.1. Littering- Our goal is to mitigate all possible safety issues or environmental issues
related to littering. Materials used will be tested to insure no ripping or tearing off
will occur. One item is the harness that connects the rocket to the parachute.
This will be made of 5/8" webbed tubular nylon. Testing will contribute to the
decision. Another concern is discharge from rocket motor could litter the launch
zone. If something is jettisoned from the rocket unintentionally like the phenolic
liner or entities of the motor, the team will visually inspect and make sure the
zone is clear for other teams.
4.5.2. Pollution- The engine we are using has been certified and shall meet all
pollution requirements recommended by all applicable safety organizations.
4.5.3. Noise- It is possible that the rocket could disturb the ecosystem with noise
pollution. To mitigate this there will be safety inspections by the team safety
officer to ensure all life forms within a 500 meter radius of the launch location is
protected and has adequate hearing protection.
4.5.4. Physical harm to environment or ecosystem- It is possible that the rocket may
cause physical harm to the environment. If the recovery system does not work
properly there will be a crash that may disturb wildlife severely. The rocket will
have redundant recovery systems to ensure this is not an issue. In addition,
should there be a malfunction with the rockets recovery system, there will be a
warning signal to all other teams in the area. It is also a concern that the rocket
may be harmed by the environment. Should there be harsh weather conditions
such as extreme heat, high wind, heavy rain, thunderstorm, lightning, etc. the
launch will be delayed and the rocket will be wrapped in a protective tarp.

4.6.

Define Risks

Hazard Analysis tables from sections 4.3 and 4.4 have risk-specific mitigation implementations and
verification processes. The following risks have a broader scope to the risk definition. This
allows us to address these risks with an initial common mitigation before further investigation.
4.6.1. Motor Failure- High impact risk, with low likelihood due to this system being a
purchased, certified solid motor. Purchasing a commercial motor has many
benefits, including time saving, short term budget savings and near-perfect
functionality. These motors are tested rigorously with resources that would
difficult or costly to come across for a student design team.
4.6.2. Launch Failure- Medium to High impact risk, with a medium likelihood of
occurrence. Launch failure can be defined as anything other than a “perfect”
launch, meaning an ignition hang fire, not reaching off-the-rail required speeds
or an immediate unplanned incorrect trajectory. A hang fire is to be addressed
by the Range Officer, and would result in minimal time loss and launch delay. A
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dynamic launch failure is a much higher risk and is addressed by inspection of
launch pad & connections, and proper ignitor insertion.
4.6.3. Recovery System Failure- Medium to High impact risk, with a low to medium
likelihood of occurrence. Failure can be defined as anything other than a
“perfect” touchdown speed of over 12 ft/s, under full parachute canopy open
and operational, within the designated recovery area. Failure can occur due to
avionics communication, incorrect chute release altitude, ripcord damage or
incorrect chute packing and mounting. See FMEA Table 20 for specifics.
Expensive failure possibility due to vehicle destruction upon impact.
4.6.4. Fabrication/Assembly Risks- Low impact, low to medium likelihood of failure
occurrence. This is our all-encompassing general risk mitigation technique.
Fabrication/Assembly risks stem from team members being uninformed, illequipped or untrained for the attempted task. To address this, we will perform
“Welcome 101” training to our new members over all aspects of design and
fabrication over the competition year. Skilled upperclassmen will lead lectures
and training for all members new to a process or software. Before fabrication
begins, all working members will have a meeting with the team President and
Safety Officer, as well as University Officials and EOHS Officers to ensure
personal safety. All work to be done with at least a second fully trained member
present at all times, with all members in full, proper PPE.

5.

SECTION V - Payload Criteria

5.1.

Selection, Design, and Rationale of payload

5.1.1. Payload Objective
The payload will be tasked with protecting a fragile object or objects of unknown size
and shape. All that is known about the object or objects is that they are able to fit within a
cylinder having a diameter of 3.5” and a height of 6”, and have a total weight of 4oz. The
objective is to keep this fragile object completely intact for the duration of the rocket’s flight. Our
team will consider any cracks, dents, or other imperfections as a failure during the testing
phase.
5.1.2. Alternative Designs
Before the NASA proposal the payload design team was tasked with developing several
alternative methods to accomplish the objective. Three of the most feasible concepts was
considered for the proposal, and the team was split into three groups to determine which
concept should be promoted into the design phase. These three concepts were a spring damper
system, a liquid suspension system, and an air bladder constraint system. The groups were
given three weeks to perform research and prepare preliminary models, all of which was
presented to the rest of the Research and Development team for critiquing.
The first concept that was discussed was the liquid suspension system. This concept
would consist of a storage tank that suspend the object in a fluid, in such a way that it would be
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directly dampened. Different fluids were considered for this concept, including non-Newtonian
liquids. Concerns were made about brought to the group’s attention about putting the object in a
liquid, so a protective lining, such as an elastic bag or something of the sort would provide a
barrier between the object and the liquid. This concept had quite a few factors hindering it, such
as the fact that the object could sink to the bottom of the vessel or float to the top, depending on
buoyancy, making contact with a hard surface that could damage the object under an impulse.
The next concern was the weight, fluids tend to be significantly denser than gases, and
therefore this concept would be by far the heaviest option. With a few alterations to this system
there could be some benefits, such as connecting the protective barrier to points on the sides of
the vessel using elastic cords, that would not only keep the objected from sinking or floating but
also act as a spring system.
The second concept that was considered was the air bladder constraint system. This
system originally comprised of a capsule that would have its internal compartment lined with
inflatable air bags. The system would inflate and hold the fragile object in place without applying
too much pressure. To control the amount of pressure that the bladders were to be supplied
with control system that relayed information gathered from pressure sensors back to the
inflation device would be implemented. The inflation device was not decided on at the time, but
the two main options were a tank of compressed air and an air pump that would supply air to the
bladders from the surroundings.
The obvious benefits of this system are that the bladders can be controlled allowing
them to adjust the gripping force on the fragile object. Since air is a compressible fluid it allows
the bladders to conform more easily around the object than a bladder that contains a liquid. One
of the major drawbacks of this system is also because of the compressibility of air. Prior to
takeoff the object will be at rest inside the rocket, when the rocket launches the object will be
subjected to forces and the object will react to these. Since the object will be compelled into
motion it may compress the air bladders that support it, depending on the orientation of the
object and bladders. This could result in the compression of the air and the object may bottom
out on the capsule resulting in a failure. The last notable fault of this system is the potential it
has to be heavy. This inconvenience mostly depends on the choice of inflation system, a tank of
compressed air that has enough of a capacity to last the duration of the flight could be quite
heavy.
The final concept under consideration was a classic spring damper system. For this
design a spring and damper would be placed on each side of a capsule that stores the fragile
object. These systems have been proven reliable in most cases, but concerns were brought to
the team’s attention about if the system would hold up when placed under the immense forces
of the launch. Additionally there would be nothing in contact with the object to keep it from
shifting inside the capsule. The main beneficial factor of this design is that it would weigh the
least of the three considerations.
After discussing the options, the team decided to move forward with the air bladder
system in combination with the spring damper system. Once the team decided to advance with
this design, further work was done to fine tune the designs functions. The team has considered
filling the bladders with liquids instead of a gas. Discussions were also had about the material
selection for the bladders themselves, such as a puncture-resistant fabric. Additionally the air
bladders were to be lined with a gel that would assist in the dampening of the object’s motion,
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but concerns of air bubbles expanding in the gel resulting in the material being crushed have
been brought into the light. Instead a material similar to memory foam could be used instead,
but more research needs to be done. The inflation system has also been reconsidered, ideas of
using a pump that will continuously supply the bladders with the supporting fluid, or if the system
should be controlled in some way. The proposed method of access into the capsule has also
been reevaluated, instead of a hatch a screw top lid may be implemented.
The spring damper system was originally going to be purchased, but unfortunately no
commercial spring-damper systems meet the requirements of our design. To handle this the
team has been looking into making a custom damper that will contain a specialized viscous fluid
that will meet the specifications. Depending on the fluid chosen a sealing method may need to
be revised, the ideal approach would be an axial seal for its simplicity. However, because the
shaft will be in motion a radial sealing method should be used. Once a viscous fluid has been
selected, the team will look into materials that will be used to make the seals. This is done after
the selection of the viscous fluid since the fluid may deteriorate the seal. The preferred material
for the seal will be an elastomer, the team would like to avoid using piston rings since they
would add weight and complexity to the system.
Discussions have also been ongoing about the spring selection and implementation.
Research has been taking place to determine the ideal spring for the rocket, but given the
variety of forces and vibrations it is unlikely one spring will suffice. Instead the employment of a
nested spring system will likely be utilized. Calculations are currently being done to determine
what combination of springs should be used, as well as how many. Changes in the placement of
the spring damper system have also been considered, there are two primary options, such as
the standard coil-over, but if a nested spring design is used the damper won’t fit properly.
Moving the damper to the opposite side of the capsule would be the most the best course of
action for that scenario, such that all springs are placed together, and the damper is fixed to the
other end of the capsule.
The team has been thinking about appropriate methods to test this device, and one of
the most prominent methods would be to take fragile objects and subject the device to a variety
of forces and vibrations. While deciding what fragile objects should be tested, the consideration
of a sharp object came up. Such a scenario would result in catastrophic failure of our system if
the object was sharp enough to puncture a bladder. Due to this the team has been looking into
puncture-resistant materials that could be used to line the bladders or potentially be used as the
bladders. Kevlar was one of the major contenders for this application, because it is both flexible
and durable. Though less expensive alternatives such as canvas or denim could be used as
well. A gel could then be placed over the puncture-resistant material to assist with the isolation
from vibrations.
In the proposal a few options to access the internals of the capsule were outlined, they
were a hatch, a threaded lid, and a panel that would be bolted down. The original concept
model displayed the hatch access method, which would be easy to manufacture and would
allow whomever loads the fragile object to visibly see that it is seated properly. The drawback
for the hatch is that the payload must be pulled out of the rocket’s body every single time it
needs to be accessed. The bolted panel shares the same issue, and also takes more time to
access since the bolts would need to be removed. The threaded lid is the solution to both of
these problems, as it allows access to the internals without pulling the payload out of the rocket.
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The major issue with this design is finding a way to thread the lid, since the diameter of it will be
at least 3.5”.
5.1.3. The Preliminary Design of the Payload
After weighing the options for the spring damper system the team will move forward with
the nested spring and opposing damper design. Having multiple springs that will act when
certain forces or vibrations are being applied will keep the system much more stable during the
flight than any single spring could. To determine the exact number of springs and the
appropriate spring constants the team will be reaching out to Dr. S Graham Kelly and Dr. Ajay
Mahajan, who specialize in isolation and control systems, respectively. The device will be
mounted to the internal bulkheads with a twist and lock fixture, that will enable the handler to
install and remove it quickly.
In order to access the capsule, into which the fragile object will be placed, a threaded lid
will be implemented. This design was chosen for its simplicity and ease of access. The bladders
will be attached to the inner walls of the capsule using a compatible adhesive. The design will
utilize a pump instead of a tank filled with compressed air. The tanks were deemed too heavy
for this system, and the regulation of such a setup would likely have required hoses and
cumbersome valves. A tube of Kevlar will be used to protect the bladders from any sharp
protrusions that the fragile object may have.
Figure 27 -Payload Module
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Figure 28: Cutaway of the payload unit, showing the rocket body (red section), the canister, electronics
bay (in blue), the twist lock (above the electronics bay), and the upper and lower vertical coil-over
dampers.
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Figure 29: Twist & Lock mounting feature

The electronics for this payload will consist of a micro diaphragm air pump, a printed
circuit board, and two, nine volt batteries. Each of these components will be discussed in more
detail. The electronics will be arranged as to not take up more than 4” x 5” of space. This is a
design constraint due to the structure of the rocket. The layout for these three components is as
shown below. Notice that these components take up a maximum length of 101mm (3.97 in).
This inflatable bladder system will be controlled by an electronics module placed directly
above the planned payload area, and will be separate from the avionics system of the rocket. A
diaphragm pump will constantly pump air into the bladder while any excess air will be released
through a mechanical relief valve. Through this method, the bladder will remain at a constant,
predetermined pressure. Currently, pumps are being evaluated that can pressurize at 2.5 LPM.
This is assumed to be an acceptable rate, since the bladder will be fully pressurized before
launch. Also, the canister is approximately 440mL in volume; so a bladder similar to this volume
will be able to be filled rather quickly. It is worth noting that the pump may have to add small
amounts of air during launch and recovery to account for losses. The printed circuit board will
host a microcontroller, a voltage regulator, an amplifying circuit, and a gauge pressure sensor.
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The microcontroller will be responsible for controlling the pressure in the bladder by reading the
signal from a gauge pressure sensor and activating the pump if the pressure falls below a
certain threshold. Since the pumps that are being evaluated require 9v for operation, the
microcontroller will have to use an amplifying circuit to gain enough voltage and current. The
amplifying circuit (or switch) will be a Mosfet with the gate connected to the output of the
microcontroller, the drain connected to ground, and the source connected to the nine volt
battery with the pump in series. See the schematic below for details.
The pump being considered requires a maximum current of 800mA. Two nine volt
batteries at 1000mAh would be able to sustain the pump at maximum load for over two hours.
Since the pump will inactive most of the time, the estimated battery life is much larger. The
microcontroller and pressure sensor have almost negligible current draws (5-20 mA). Assuming
the pump will be active 10% of the time, the nine volt batteries are estimated to last 20 hours,
which will exceed the duration of competition.

Figure 30: Electronics Layout
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Figure 31: Electronics Schematics

5.1.4. Describe the preliminary interfaces between the payload and launch vehicle.
The payload system is attached to the frame of the rocket through the upper subassembly containing the upper damper and coil over system. The payload canister is connected
to the upper sub-assembly via a twist lock mechanism. This twist lock operates as a guide for
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the prongs protruding from the top end of canister. Once the bottom of the twist lock and the top
of the canister are seated and rotated the rubber protrusion from the bottom of the prong will sit
in a notch in the guide; therefore, preventing any accidental separation. Continuing down the
assembly the next attachment point is at the lower spring damper plate which will be attached to
a bulkhead via metal fasteners.
Due to the fact that our payload bulkhead separates the space between our drogue and
main chutes; there may need to be system communication through our bulkhead space. If the
chutes on either side of our system need to communicate, we would need to account for wires
being near contact with a moving spring system. To address this, we plan on running a small
“spine” along the inner wall of the rocket body to protect and insulate the wires from the motion
of the linear dampening system.
As for the placement and removal of the payload, the metal fasteners at the bottom will
be removed and the twist lock spun to the unlocked position. Thereby allowing the whole lower
assembly to be removed in one piece through the bottom of the section.
5.1.5. Instrumentation
The main instrumentation for the payload system is a gauge pressure sensor. The
purpose of this sensor is to obtain the differential pressure between the internal air pressure of
the bladder and the ambient pressure. A likely candidate is a digital gauge pressure sensor from
the NPA Series. This is being considered because of its low cost, high sampling rate, and
temperature endurance. This sensor will interface with a microcontroller via the I2C
communication protocol.
The following table shows the operating temperature range of the sensor. This was
taken from the NPA datasheet. Notice that the sensor is operational up to 125°C. This will
ensure that the sensor does not malfunction due to high temperatures.

Table 21

Another concern for the pressure sensor is the accuracy of measurement. This sensor is
guaranteed to have a total error of less than 1.5%. In addition, the sensor will be able to
determine pressures up to 60 psi. This should be sufficient for the gauge pressure of the
bladder, although more testing may be needed. The ADC on this pressure sensor uses 14 bits,
which can represent 16,383 different pressure values. This gives a resolution of about 0.0036
psi (see Digital Performance table.)
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Table 22

The final concern for the sensor is the sampling rate. A sufficient sampling rate is critical
for the system, as it will allow the microcontroller to react quickly to variances in pressure. The
NPA sensor is capable of sampling at a rate of 2kHz. This equates to 2000 pressure readings
per second. Ideally, the microcontroller will be able to be able to read pressure values from the
sensor at a rate close to this frequency. This frequency needs to exceed the Nyquist rate, which
is twice the actual rate of change of the pressure in the bladder. Assuming the pressure in the
bladder changes with at a rate of less than 1kHz, this sensor is suitable for the payload.

Table 23

6.

SECTION VI - Project plan

6.1.

Requirements compliance

6.1.1.

Verification plan
Launch Vehicle Design Verification Plan

Objective

The launch vehicle will need to be analyzed, demonstrated through testing, and
inspected to verify a safe flight.

Verification

Calculations must be performed to analyze stresses and forces acting on the
launch vehicle to verify that the vehicle will remain intact during flight and during
landing. Also, visual inspections of the final product must be done to verify there
are no abnormalities. Demonstration of the vehicle will be during the subscale
launch and build process.

Verification
Methods

Calculations relating to stresses on the rocket introduced from motor thrust, and
landing. Screw shearing calculations to verify motor mounts are strong enough.
Also, the subscale launch will verify these calculations.
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Inspection

Before and after the subscale launch, the vehicle must be inspected for visual
damage caused by the flight.

Success

There is no visual damage, or broken/bent parts.

Failure

Visual damage exists.
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Table 24: Launch Vehicle Design Verification Plan
Recovery System Design Verification Plan
Objective

The recovery system will need to be tested to verify a safe and reliable recovery is
achieved.

Verification

Calculations have been performed to determine the minimum amount of necessary
force to eject the parachutes for both stages of deployment. Calculations have also
been performed to ensure that the parachutes are large enough to reduce the
descent to a safe speed. These calculations have been verified through peerreviews.

Verification
Methods

Prior to the sub-scale launch, a ground test will be done. The main and drogue
CO2 ejection systems will be artificially triggered to verify the amount of CO2
calculated will be a sufficient amount for each system’s full deployment. A similar
setup will be done for the full-scale launch vehicle prior to launch. To verify the
calculations are accurate for the descent of the launch vehicle, the sub-scale rocket
will be launched and data will be collected through on-board altimeters.

Inspection

After the launching of the sub-scale rocket, all lines and canopies will be inspected
for any signs of damage: tangling, debris, burns, or any other defects that may
have been caused during the launch.

Success

All sections of the rocket impact the ground without causing damage to the launch
vehicle.

Failure

The launch vehicle is damaged.
Table 25: Recovery System Design Verification Plan
Payload Design Verification Plan

Objective

The payload will need to be tested to verify that the fragile object remains intact
under the expected forces and vibrations

Verification

Calculations must be done in order to determine the appropriate spring and damper
constants for the vibrations that the fragile object will likely be exposed to. Running
a simulated test would verify that the calculations were correct if the fragile material
remains undamaged.

Verification
Methods

Drop Testing, Shaker Testing, Pressurized Environment Testing

Inspection

After each test the fragile object and the payload will be inspected for any signs of
damage.
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Success

No changes to the fragile object or payload have occurred

Failure

The object or payload have been altered from their initial condition. (e.g. cracks,
warping, punctured bladders)
Table 26: Payload Design Verification Plan

6.1.2. Team Requirements
Requirement

Justification

Pre-launch prep procedures shall be
confirmed by a minimum of two
trained members and the respective
team lead

To confirm all launch procedures have not been overlooked of
mistakes.

Rocket is capable of measuring
useful data such as G forces,
angular velocities, temperatures,
and communicate this data
wirelessly.

Data gathering such as this could prove extremely useful for
post flight analysis and future rocket designs.

Post flight analysis shows that the
team predicted the rocket's flight
within a 10% error margin for the
parameters: launch rail velocity,
max velocity, main parachute
recovery velocity and max dynamic
pressure

This will allow the team to determine if the current methods for
modeling and simulation the team uses are accurate and
adequate.

Table 27
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Budget and Timeline

6.2.1.

Project Timeline
Figure 32: Project Gantt chart.

Due Date

Task

Description

Deliverable

9-14-16

Decide on a payload, of
the three available.

Of the three possible
payloads available, one

Payload chosen
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must be chosen so the
payload design can
move ahead.
9-21-16

Create different
conceptual ideas on
how to tackle the
payload problem

Since the fragile
material protection was
chosen, several
possible designs must
be created and the best
chosen by the R&D
team.

General payload design
idea

9-21-16

Create a preliminary
design for the Rocket
Structure

Create a rough first
pass design of the
intended rocket
structure design, and
run an OpenRocket
simulation to determine
maximum altitude.

Projected dimensions
and apogee of the
rocket

9-26-16

Proposal draft review

All officers and leads
gather to go over the
current state of the
proposal draft and
comment on anything.

Proposal rough draft

9-30-16

Proposal submission

Submit proposal
through proper
channels to NASA.

Final proposal draft

10-19-16

CAD models

Complete CAD models
of the rocket structure
and complete
assembly.

CAD Model

10-19-16

Prototype payload
design

Complete CAD models
of the fragile material
protection payload
system.

CAD Model

10-19-16

Recovery system
design

Complete drawings of
the method of vehicle
recovery, and
determine altitudes for
recovery events. Also
determine projected
parachute sizes and
tethering cables.

Event altitudes,
parachute sizes, CAD
models

10-26-16

PDR Draft review

Review the current draft
of the PDR with officers
and leads, and
determine any changes
that must be made.

PDR rough draft
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11-04-16

PDR Submission

Submit PDR through
proper channels to
NASA.

Final PDR Draft

10-20-16

Peer review of rocket
structure

Design is presented to
Aerostructure team and
any concerns are
presented and
addressed.

Design presentation

10-20-16

Peer review of fragile
material payload design

Design is presented to
R&D team and any
concerns are presented
and addressed.

Design presentation

10-20-16

Peer review of recovery
system design

Design is presented to
recovery team and any
concerns are presented
and addressed.

Design presentation

11-16-16

Structure design
finalized

Once any concerns are
addressed, the design
must be finalized.

Finalized Design

11-16-16

Payload design
finalized

Once any concerns are
addressed, the design
must be finalized.

Finalized Design

11-16-16

Recovery design
finalized

Once any concerns are
addressed, the design
must be finalized.

Finalized Design

11-22-16

Complete fabrication of
subscale recovery
system

The subscale rocket
requires a recovery
system in order for the
subscale launch to be
performed.

Subscale recovery
system

11-23-16

Complete Construction
of subscale rocket
assembly

In order to perform the
subscale launch, a
subscale model must
be fabricated.

Subscale rocket

11-23-16

Staged recovery test on
the ground

Before launching the
subscale model.

Successful recovery
test

1-6-17

Subscale launch

Perform a subscale
launch.

Subscale rocket
launched

1-11-16

CDR draft review

Review the current draft
of the CDR with officers
and leads, and
determine any changes
that must be made.

CDR rough draft
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1-13-17

CDR submission

Submit CDR through
proper channels to
NASA.

Final CDR draft

2-14-17

Full-scale rocket
structure assembled

Complete fabrication of
the full-scale rocket for
the launch test.

Full-scale rocket

2-14-17

Full-scale recovery
system assembled

Complete fabrication of
the full-scale recovery
system to be used in
the full-scale launch
test.

Full-scale recovery
system

2-14-17

Payload testing and
analysis

Complete any analysis
of the payload system
to determine efficiency
and effectiveness.

Payload effectiveness
report

2-22-17

Full-scale recovery
ground test

Perform a full-scale
recovery system test to
verify functionality for
the full-scale launch.

Successful recovery
test

2-28-17

Full-scale launch

Launch the full-scale
model of the rocket.

Full-scale rocket
launched

3-1-17

FRR draft review

Review the current draft
of the FRR with officers
and leads, and
determine any changes
that must be made.

FRR rough draft

3-6-17

FRR submission

Submit FRR through
proper channels to
NASA.

Final FRR draft

4-4-17

Final Launch
Preparedness

Use the month between
the FRR submission
and the competition for
any last minute
changes and prepare
for the LRR.

4-5-17

Competition and LRR

Arrive at competition
and present LRR.

Table 28

6.2.2. Budget with market values

Final LRR draft
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Table 32

Table 33

Table 34
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Table 35

6.2.3. Funding plan
Based on the current budget, the funding required is going to be $10,198.78. On
October 8th, the Akronauts presented the requested funding in front of the engineering board. In
2015, the Akronauts received $6,500 from the University of Akron. Half of that was from the
College of Engineering, and the other half was from The University of Akron. In 2015, multiple
companies also sponsored the Akronauts. Sponsorships are a necessity for this year as well.
Between Schaeffler, PCC Airfoils, and Cadsoft, $4,600 was given to the rocket design team.
The team hopes to get more sponsorships than these for this year as there are multiple
competitions being attended.
The University of Akron and the College of Engineering base the amount awarded on
multiple factors when it comes to design teams, and with the rapid expansion and success of
the Akronauts, the team hopes to increase its awarded funding from the University itself. New
sponsorships are also going to play a pivotal role in this year’s competitions. The team is
looking into expanding its current sponsors by reaching out to other local engineering
companies. The team has created a new sponsorship packet to send out to companies, many of
which have co-op students that are currently on the team, to try to secure sponsorships for the
year and beyond.

Akronauts Preliminary Design Review, Project Zaphod

Figure 32

6.2.4.

Table 36

Monthly Schedule
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