NASA STUDENT LAUNCH

2014-2015 CDR FOR MAXI-MAV
JANUARY 16, 2015

River City Rocketiy20142015 NSL CD



Table of Contents

Section 1. Summary of CDR RePOIt.......ccooiiiiiiiiiii e 3
) T == 1 g TS U =TSSR 3
2) Launch VEICIE SUMMEAIY .......uuuuiiiiiiiiiiiiiiiiiiiiiiii e 3
Section 2. Changes Made SinCe PDR ........ccooiiiiiiiiiiiiiiin e 4
) IV = o1 T [ O 1 (= o - PSPPI 4
P2 T N 1S ] = O 1 (=1 - U 4
Section 3.  Launch Vehicle Criteria.........cccccuiiiiiiiiiiiiniecei e, 6
1) Design and Verification of Launch VehicCle ... 6
2) RECOVENY SUDSYLEIM .. .. e e e e e e e e e e e e e 40
3) Mission Performance PrediCtioNS ..............iiiiieiiiiiiiiiiiiee et 67
4) Interfaces and INtEQration ............oooviuiiiiiii e e 76
5) Subscale Flight Verification and RESUILS...............uuuiiiiiiiiiiiiiiie 87
G TS Y- 1= 1S 90
Section 4. AGSE/Payload Criteria........cccooeveviiiiiciiiiieeciieeeeeie e, 101
1)  SYSIEMS OVEIVIEW ....vviiiii e et e e e e ettt e e e e e e e e e et e e e e e e e e e e ataa s e e e eeeeeeennes 101
2) Payload Capture and CONTAINMENT. .........uuuuuuiiiiiiiiiiiiiiieieeeeeb e 105
3) LaunCh Platformi.... ... e 125
4) Vehicle EreCtion SYSeM .....ccooo i 139
o) Lo L 11101 1R = U1 o o 161
6)  FADMICALION ... ..iiiiiiie e 172
7)  EIECIrONICS SYSIEIMS ..o e e e e e e e et e e e e e e e eeeenees 179
8) Statement of WOrk VerifiCation .................uuuiiiiiumiiiiiiiiiiiiiiiiiiiiiieeees 191
Section 5. ProjeCt Plan. ... 194
1) BUAQEL PIaN coooiiiiiiiiiieeeeeeeee et 194
2) FUNAING PIAN.. ... et e e e et e e e e e e eaaaa 200
3)  TIMIEIINE e 201
4) Educational ENQAagemMENt..........ccoiiiiiiiiiiii e 212
Section 6.  Appendix | T Subscale Launch Procedures.................. 225
Section 7.  Appendix Il T Full Scale Launch Procedures................ 237
Section 8.  Appendix Il i Risk Assessment...........cccoeeeveiiiiieeinnnnnn. 263
Section 9.  Appendix IV Technical Drawings..........cccooeveviiiieeennnnn. 298

River City Rocketiy20142015 NSL CD



Section 1. Summary of CDR Report
1) Team Summary

School Name: University of Louisville
Organization: River City Rocketry
Location: J.B. Speed School of Engineering

132 Eastern Parkway
Louisville, KY 40292
Project Title: Project Lazarus

Mentor Name: Darryl Hankes
Certification: Level 3 Tripoli Rocketry Association
Contact Information: nocturnalknightrocketry@yahoo.com or (270) 823-4225

2)Launch Vehicle Summary

The launch vehicle has been designed to be efficient in weight, manufacturing, and
performance. The vehicle will be constructed out of fiberglass airframe, aluminum,
plywood, and various additive manufacturing materials. The design focuses on
allowances for expeditious assembly and disassembly. Table 1 shows a brief overview of
the launch vehicle.

Overall Length (in) 143
Diameter (in) 6.17

Mass (Ibs) 41.8

Motor Choice CTI 3147-L935-IM-P
Recovery System Dual deployment

Table 1: Launch vehicle overview.

See section 5.3 for milestone timeline.
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Section 2. Changes Made Since PDR
1)Vehicle Criteria

The launch vehicle has undergone three design changes since PDR. One of the changes
was to address a point of concern regarding our fin retaining system. The remaining
changes address a design change in how the cache will be deployed from the launch
vehicle during descent. The changes made since the proposal are as follows:

1 The rear fin retainer has been modified to allow a 6-32 UNC-2A set screw to be
installed upon fin insertion.

1 The launch vehicle will now feature a fairing that will deploy the cache payload,
rather than utilizing an ejection via black powder method.

1 Due to the implementation of the fairing design, the actuation of the door assembly
has been modified to be one of linear movement rather than rotational.

After our PDR review, a point of concern was brought to our attention regarding fin flutter
and fin retention. To further increase the rigidity of the fin retention system, the design of
the rear fin retainer has changed such that a set screw can be installed up against the
rear tab of each fin. With the press fitment of the fins into each machined centering ring,
and the added retention of the set screw, the fins will be in a static state from the fin tab
down to the centering ring.

Throughout the critical design phase of the launch vehicle, it was determined that ejecting
the cache payload via black powder would yield unsatisfactory results. There would be
an inherent risk of either damaging the electronics, or the recovery, to accomplish the
task as originally planned. To alleviate all issues, the cache containment bay has been
converted into a fully functional fairing deployment bay. This will allow for a secure fitment
of the payload into the launch vehicle, and will ensure a safe and reliable deployment.

Due to the nature of the fairing design, one having a section of airframe split down the
middle, a rotating door assembly can no longer be used. Rather, the door will be actuated
linearly from the fore section of the cache bay towards the aft section. The door assembly
will still be driven by a servo motor, and will be driven on a rack and pinion gear train.

2)AGSE Criteria

The AGSE has seen multiple major design changes since PDR, these changes are
explained below:

1 The ground station transportation method has changed into 3 distinct sections

1 Locations for all electronics and power supplies has been added to the ground
station

1 The auto platform leveling system has been detailed
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Anti-friction tape has been replaced with a spray on anti-friction coating
The ignition station has been changed to one motor

The ignition station has added an extra gear

The outrigger station has had their motor sized

The material for all components has been re-selected

= =4 =4 4 A

The ground station was changed for transportation reasons, with the three sections will
be structurally rigid for transportation as each individual section and use pins to attach to
each other. The locations for the batteries and control electronics were added and needed
to ensure proper fitment and clearance with the vehicle in the AGSE.

The anti-friction tape was changed to a spray on coating because it is more cost effective
and simpler application. To prevent the chance of one motor having to overcome another
motor in the ignition station, one motor has been removed and an idler gear has been
added in its place.

Analysis was performed on the outrigger drive screw to determine the required motor
torqgue and required rpmbébs of the motor to mee
material has been determined to be AISI 1020 for all AGSE steel components except for

the four shaft blocks that connect the launch platform to the ground station, which are

AISI 4130. All AGSE aluminum components are 6061-T6, the material change and

definition are required for material order and fabrication information.
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Section 3. Launch Vehicle Criteria
1)Design and Verification of Launch Vehicle

Design Overview

Propulsion Bay

Secondary Recovery
Bay

Cache Containment
Bay

Main Recovery
Bay

Nose Cone Bay

Figure 1. Layout of the primary launch vehicle sections.

The launch vehicle design is focusing on overall efficiency both inside and out.
year6s competition | aunch vehicles

Previous

h ardquet hei r

and proven reliable. The launch vehicle designed this year features revamped versions
of certain systems while using experiences learned to push the quality and precision of
the of all components and assemblies of the launch vehicle. Figure 1 shows the basic
layout of all sub sections of the launch vehicle: nose cone bay, main recovery bay, cache

containment bay, secondary recovery bay, and propulsion bay.

The launch vehicle is designed to be made of fiberglass airframe, to feature a removable
fin system, to feature an integrated fairing deployment system, and to have a dual deploy

recovery system. For the I aunch vehiclebs f
must meet multiple flight requirements:

1. Leave the launch pad at over 50 ft/s.
2. Fly to an apogee of 3,000 ft with zero anomalies.
3. Actuate all recovery events at all programmed altitudes.

light t
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4. All vehicle section land under the mandated kinetic energy requirements.

Assuming all points are accomplished, the flight and recovery of the launch will be
determined to be a success.

Applicable Formulations

Three core values must be calculated to assess the stability and success of the rocket:
peak altitude, center of gravity, and center of pressure. The peak altitude is found through
a precise sequence of equations. The average mass is first calculated using

a & a4 — 1)

where & is the rocket mass, & is the motor mass, and & is the propellant mass. The
aerodynamic drag coefficient (kg/m) is then computed by

Q -"6 0 2
where " is the air density (1.22 kg/m?3), 6 is the drag coefficient, and 0 is the rocket cross-

sectional area (m?). Equations 1 and 2 are utilized to calculate the burnout velocity
coefficient (m/s) using

n 3)

where "Yis the motor thrust , and "Qis the gravitational constant (9.81 m/s?). Equations 1,
2, and 3 are then used to compute the burnout velocity decay coefficient (1/s) using

© — 4)
Equations 3 and 4 are used to calculate the burnout velocity (m/s) using
b N — (5)

where t is motor burnout time (s). The altitude at burnout can then be computed by

o i (6)

Once the burnout altitude is calculated, the coasting distance must be determined
beginning with the calculation of the coasting mass using

& a4 & @ @)
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The coasting mass replaces the average mass in equations 3 and 4; this results in
equations 8 and 9 for the coasting velocity coefficient and coasting velocity decay
coefficient, respectively:

n — (8)

@ — 9)
Equations 8 and 9 can then be utilized to determine the coasting velocity (m/s) using

b N — (10)
The coasting distance can then be computed using

o - — (11)
The peak altitude is then determined using

00 & o (12)
The center of gravity location is calculated using

W (13)

where W is the total weight, d is the distance between the denoted rocket section center
of gravity (nose, rocket, body, engine, and fins, respectively) and the aft end. The center
of pressure measured from the nose tip is calculated using

& (14)

where Cnn is the nose cone center of pressure coefficient (2 for conical nose cones), & is
the computed by

& -D (15)

where 0 is the nose cone length. Cne in equation 14 is the fin center of pressure
coefficient calculated using

8 b — (16)
|
L
where R is the radius of the body at the aft end , S is the fin semispan , N is the number

of fins, Lr is the length of the fin mid-chord line, Cr is the fin root chord length, and 6 is
the fin tip chord length . @ in equation 14 is calculated using
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S A S, S — (17)

where @ is the distance from the nose tip to the fin root chord leading edge. Xr is the
distance between the fin root leading edge and the fin tip leading edge measured parallel
to body. Equations 14 through 17 are also known as the Barrowman Equations (The
Theoretical Prediction of the Center of Pressure, 1966). Note that Equation 14 is a
simplified form because the rocket has no transition in diameter in the body; thus, the
transitional terms have been omitted.

Stability and Construction

The launch vehicle and its internal structure will be constructed primarily of fiberglass,
plywood, ABS plastic, and aluminum. The vehicle is designed to house a cache capsule
payload within its airframe. To ensure an efficient design, the launch vehicle is designed
to host the cache capsule system as high up in the rocket as is reasonably possible.

Rocket Stability: 2.14 cal

Length 143 in, max. diameter 6.17 in @ CGB6.599 in

Mass with motors 39.8 Ib ® CP99.792in
at

[ (L A ==jfn | {t 1 u\\& J— Pl . ===

i e o Sl

Apogee 3261 ft
Max. velocity: 452 ftis (Mach 0.41)

Max. acceleration: 238 ft/s*

Figure 2: OpenRocket simulation of the launch vehicle.

Figure 2 shows the OpenRocket schematic of the launch vehicle. The vehicle is designed
such that the cache capsule system, located inside of the fairing, will be located directly
beneath the main recovery system. This allows one of the heavier systems in the vehicle
to sit high up in the rocket, thus raising the center of gravity and in return, the stability.
The figure also shows the locations of all recovery electronic bays, shown in black. The
secondary recovery system is housed below the cache containment bay. The layout of
the vehicle sections can be seen again in Figure 1.

The launch vehicle will be constructed by adhering to proven manufacturing processes.
All sections of the vehicle that are to separate at an event will be joined to their respective
coupler with 4-40 nylon shear pins. Those section that are to stay intact throughout the
course of the entire flight and descent will be joined with the appropriate metal fasteners.
All bulk plates, centering rings, and permanently secured sections of the rocket will be
epoxied using Gl enmarcés G5000 two component fi
for its superior strength, as seen in Table 2.
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Ultimate Tensile Strength

(Ibs/in?) 7,600

Compression Strength

(Ibs/in?) 14,800

Table 2: Physical property data of Glenmarc's G5000 epoxy.

Nose Cone Design
The Von Karman Nosecone, seen in Figure 3, was chosen due to its performance through
subsonic and transonic speeds.

Figure 3: Von Karman nose cone modeled in SolidWorks.

The overall internal dimensions of the Von Karman nosecone also allows for the
containment of an avionics bay, thus allowing an efficient use of space. A Garmin GPS
unit will be installed inside the nosecone fore of the avionics sled.

Ballast System Design

Until the launch vehicle is physically manufactured, the team must rely on the
OpenRocket Simulation and hand calculations to estimate the projected apogee of the
flight. It is understood that true weights of various components may contradict their
calculated, estimated, and/or researched values. This change in weight has the possibility
of changing the placement of the center of gravity of the launch vehicle. With safety and
stability on the forefront of the design, a weighted ballast system has been designed to
allow adjustability to the center of gravity once the rocket is constructed.
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Figure 4: Rendered image of the nose cone's ballast system.

The primary goal in the design of the ballast system is to ensure it did not interfere with

any other systems. Figure 4 shows a rendered representationof t he nose coneds
bay, GPS mounting sled, and vehicle ballast system. By designing the ballast weights to
beringsinshape, t he avionics are able to mount to t
interference.

The ballast system consists of three components:

1. AISI 1018 low carbon steel ballast weight rings
2. Silicone rubber ballast spacers
3. 1 620 UNC-3A threaded fasteners

Figure 5 shows the detailed drawing for the steel rings used as the weighted ballast.
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Figure 5: Detailed drawing of the ballast weight.
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Figure 6 shows the detailed drawing of the rubber ballast spacer.
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1
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o
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Figure 6. Detailed drawing of the ballast spacer.

The inclusion of the silicone rubber spacers is to dampen vibrations that would occur
between the steel rings if there was any play between them. The material thickness of
each component was chosen as the optimum choice to allow for logical adjustability.
Table 3 shows the masses of the ballast weight and spacer.

Part Material Density Part Mass
Ballast Weight | AISI 1018 Low Carbon Steel | 0.282 Ibs/in® | 0.308 Ibs
Ballast Spacer Silicone Rubber 0.045 Ibs/in® | 0.019 Ibs

Table 3: Overview of ballast component masses.

As the launch vehicle is constructed, and weights are updated in the OpenRocket
simulation, the team has the ability to control the location of the center of gravity. This will
allow for predictable flight stability on launch day. The ballast weights can be added, with
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a spacer, in line as deemed necessary to keep the center of gravity at a predetermined
location.

Propulsion Bay Design

Figure 7: Assembled propulsion bay.
The propulsion bay will serve two specific purposes:

1. Serve as the connection point for the fins.
2. House the motor and casing.

Airframe

The outer airframe of the propul sglasntubingay wi | |
The slots will be precision cut on a ShopBot CNC wood router to ensure correct alignment
of fins during installation. To do this, the team will develop a jig for ease of manufacturing.
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Figure 8: Detailed drawing of propulsion bay airframe.
Motor Tube
The motor tube will c ogassteing. Tthé modortub8will bd dula met er
to house the | au mwithhtwovnehes of maod eerharg.t Am aluminum

centering ring, cut out on a MAXIEM waterjet, will be epoxied two inches below the fore
end of the motor tube.

Fin Mounting Design

To eliminate the reliance of epoxy as the only means of mounting the fins to the launch

vehicle, a precision removable fin system is being implemented. The design allows for

quick and easy remo v a | and installation of the | aunch
eliminate the risk of having the rocket incapable of flight in the event of a fin breaking with

no time to secure a new fin. Replacement fins will be readily available, and in the event

of a damaged fin, a new fin will be able to t
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Figure 9: Propulsion bay's removable fin assembly.

Figure 9 shows the assembled removable fin system as it would appear within the

propulsion bay. The assembly consists of three centering rings, a rear fin retainer, and a

motor casing retainer. The centering rings will be the only components using epoxy to

hold them in place around the motor tube. The fin retainer is mounted to the aft centering

ring by -@UNC-BA tbreaded shoulder screws 1J0 i
inserted into the motor tube, the motor casing retainer will be mounted to the rear fin

ret ai ne f20 WNCt3A threaded shoulderscrews 30 i n | ength. Al Il f ac
motor tube assembly will be made from 18-8 stainless steel. An exploded representation

of how the assembly fastens together can be seen below in Figure 10.
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Figure 10: Exploded view of removable fin system.

The lower three centering rings in the motor tube assembly are designed to host the fins.
The centering rings and rear fin retainer are designed for a push fit within the launch
vehicl ebds a ierttematoné¢ubeaRurdhermore, a set screw is to be installed
into each rear fin retainer tab to firmly secure the fin in its installed position.

Figure 11: Highlighting the three connections between the fins, centering rings, and fin retainer.
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There are three points of connection between the fins and the motor tube assembly

A. Fore centering ring
B. Middle centering ring
C. Aft centering ring and rear fin retainer

The process for installing the fins into the launch vehicle is described in the following three
figures with the propulsion airframe not shown. As shown in Figure 12, the fin is to be
pressed into the fin slots of the middle and aft centering ring. This fitment will be snug,
and the use of a dead blow hammer is recommended to ensure the fin is properly seated.

Figure 12: Fin being pushed into centering ring fin slots.

Once the fin is properly seated, the fin is to be pushed forward, as seen below in Figure

13. Thef ore tab of the fin wild.l have a press fit
slot. Once again, a dead blow hammer is recommended to be used to tap the fin firmly

into the fin tab slot.
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Figure 13: Fin is pushed forward so that the fin tab inserts into aft centering ring.

Upon inspection that the fin is properly seated both down into the fin slots, and forward
into the tab slots, the rear fin retainer can be installed onto the aft centering ring. The 6-
32 UNC-2A set screw should be installed into the rear fin retainer, as seen below in Figure
13.
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Figure 14: Installing the set screw to secure the fin inside the rear fin retainer.

The set screws used have a thread-locking nylon patch, as seen in Figure 15. This choice
of fastener was chosen to reduce the risk of the set screws losing their clamping integrity
due to the vibration the launch vehicle will see during flight.

Figure 15: Thread-locking nonmarring flat point set screws.
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Figure 16: Rear fin retainer technical drawing.

To allow for this addition of set screws into the design of the fin retention system, the rear
fin retainer had to be modified. An Allen key has to be able to fit down between the aft
centering ring and rear fin retainer to install the set screw. Figure 17, shown below, shows
the modification and the clearance for the Allen key.
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Figure 17: Modified rear fin retainer to allow access for an Allen key.

Fin Design

To remove unwanted drag, the launch vehicle will have three fins. The fins will be
constructed from G12 fiberglass. A material thickness of 1 / &as chosen for the fins as
the launch vehicle will fly solely at subsonic speeds. The fins will be cut out using an
MAXIEM Abrasive waterjet. Figure 18, below, shows the detailed drawing of the launch

vehiclebs fin.
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Figure 18: Detailed drawing of the launch vehicle's fin.

The fin is a

trapezoidal fin.

The geometry

is symmetric about its center axis. Basic geometry of the fins are as follows:

T Tip Chord:
T Fin Height
T Root Chord:
1 Sweep Angle: 51.34°
T Tab Hei ght

6

0
5
1

1

(@)

o

The leading edges of both extended fin tabs are chamfered, as per the detailed drawing,
for smooth insertion into the launch vehicle.

Centering Ring Design

All centering rings will be machined from 6061-T6 aluminum while maintaining tolerances
within the thousandth of an inch. Blanks will be cut out using an MAXIEM abrasive
waterjet. The blanks will be machined to spec using a 3-axis HAAS CNC mill. The
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centering rings are designed to allow a push fit fitment between the centering ring fin slots

and the fin. To save weight, each centering ring has excess material removed, as seen

inFigure 19.Sets of equally spaced hol estweeheath. 800 d
of the machined fin slots.

Figure 19: View of the fore centering ring in the removable fin system.

The fore centering ring, in the removable fin system, will have three through slots
machined into them. The slots have equal spacing of 120° between them. The detailed
drawing below, in Figure 20, shows the general geometry of the centering rings.
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Figure 20: Detailed drawing of the fore centering ring.

The middle and aft centering ring will be identical in every fashion except the aft centering
ring will have mounting holes for the rear fin retainer. Through slots, with equal width and
spacing as the fore centering ring, will be machined into the middle and aft centering ring.
These two centering rings are slotted such that the fins will be able to slide through the
airframe and into the centering rings during installation. The width of each slot is subject
to change once the fin material is obtained and measured for precise thickness.

Motor Retention

It is important that the motor casing is properly secured through the entirety of the launch.
The design of the motor casing retainer essentially needs to be able to support the weight
of the motor, and withstand the force from the main parachute deploying.

Figure 21, below, shows the detailed geometry of the casing retainer.
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Figure 21: Detailed drawing of the motor casing retainer.
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Figure 22: Motor retention components exploded view.

Prior to installation, the fins and rear fin retainer must be installed. As seen above in
Figure 22, the motor casing retainer is fastened into place with two shoulder screws. The
installation of the casing retainer takes place after the motor casing has been inserted
into the motor tube. The casing retainer will be machined from 6061-T6 aluminum while
maintain tolerances within the thousandth of an inch using a 3-axis HAAS CNC mill.

Table 4, below, lists material properties for the components found in the propulsion bay.

Material Components Characteristics

Centering Rings

Rear Fin . -
6061-T6 Aluminum | Retainer Densllty. 0.098 Ib_S/'n .
. Tensile Strength: 35,000 psi
Motor Casing
Retainer
Density: 0.069 lbs/in®
G12 Fiberglass Fins Tensile Strength: 120,000

psi
Density: 0.050 lbs/in®

Propulsion Bay

Carbon Fiber Airframe Tensile Strength: 120,000
Motor Tube psi

18-8 Stainless Shoulder Density: 0.290 Ibs/in®

Steel Screws Tensile Strength: 90,000 psi
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Table 4: Material properties of components in the propulsion bay.

Lower Avionics Bay

The need to safely jettison the propulsion bay from the secondary requires the

implementation of a lower avionics bay. This section will be constructed primarily out of

60 fiberglass coupler tubing, plywood bul kpl a
aluminum fasteners.

The design of the lower avionics bay serves to purposes. It will host the necessary
avionics to control necessary recovery events, and contain an on board GoPro camera
to capture video documentation of the flight. To be deemed successful the completed
assembly must contain:

1.
2.
3.
4.

Two StratoLoggers

Two 9 V Duracell batteries

GoPro Hero camera

A window that allows for clear video documentation

The use of additive manufacturing will be used to create the avionics sled and GoPro
sled. The sleds will be printed out of ABS plastic. Bulkplates will separate the avionics
sled from the GoPro sled. Aluminum tape shielding will be used between all bulkplate

sections.
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Figure 23: Lower avionics bay with the coupler tubing removed.

Cache Containment Bay and Fairing Payload Integration

A redesign of the v e hoccarteedpps-PORaAydesgaafiareéusable gr at i
fairing will be implemented to safely secure and deploy the cache capsule. The use of

this system will allow for the sensitive electronics to be shielded from the ejection charges

of the secondary recovery bay.

Overview of Physical Integration

Wound fiberglass is inherently under constant compressive forces. When cutting the
fiberglass airframe perpendicular to the axis of the airframe, you do not notice the
compression, as you are not specifically deforming the structural integrity of the wound
material. However, when cutting the fiberglass down the axis of the airframe, it becomes
apparent that the wound material will want to compress inwards onto itself. This
permanent deformation to the integrity of the wound fiberglass material will cause the two
halves of the airframe, when placed together, to take on a more oblong shape.
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Figure 24. Representation of fiberglass deformation.

To counteract this issue, the team came up with a solution to ensure no deformation to
the section of airframe of the fairing so that when the two halves were placed together,
they formed a perfect circle. It was determined that all of the bulkplates and coupler tubing
would be installed prior to the cutting of the airframe. After the epoxy had dried, a jig was
built so that a band saw could be used to precisely cut the fairing in half. Having the
bulkheads already epoxied in place did not allow the fairing airframe and coupler tubing
to deform at all. This allowed for the system to keep its cylindrical shape, thus allowing
for proper integration into the launch vehicle.

Design and Verification of Fairing Integration

The fairing can be divided into three main sections: the altimeter housing, cache payload
housing, and fairing retention bay. Each section has its own primary role in ensuring the
safe deployment and recovery of the cache payload. The main components that make up
the fairing, including airframe and bulk plates, can be visualized as equally divided into
separate halves.

Altimeter Housing

In order to save space within the confinements of the fairing, standalone altimeter housing
units are designed to power and control a single StratoLogger. This called for no separate
altimeter bay. The team designed an altimeter housing, shown in Figure 25, that will be
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3D printed from ABS plastic. The enclosure will incorporate a StratoLogger, a 9V battery,
an acrylic glass face plate, and a screw switch that would be used to activate the altimeter.

Figure 25: Altimeter housing assembly.

The decision to use 3D printing of this component allowed for a unique design. The outer
body of the housing has an outer diameter that matches the inner diameter of the coupler
tubing where it sits in the fairing assembly. The housing hosts a body extrusion that will
safely house a standard 9V battery. A vented lid was 3D printed separately. The lid is
screwed in place and properly constrains the battery in place. Included in the 3D printed
design are raised extrusions that will also be properly tapped to allow for the StratoLogger,
screw switch, and the acrylic glass front plate to be securely mounted to the altimeter
housing.

>

Figure 26: Exploded view of the altimeter housing.

Furthermore, there is a hole in the back of the altimeter housing which can be seen in
more detail below in Figure 27. Once assembled, this hole will line up with a hole that will
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be drilled into the coupler tubing the altimeter housing rests in. This hole will allow access
to the screw switch so that the altimeter can be armed on the launchpad.

SECTIOR B-3

ALTWCTIR ROUSING i i Perm g SR
! 5 [ L T ; L Uity o Lauivel e
2 - F . . Fved Cily Rocksing
= A, » ) oo 1

Figure 27: Altimeter housing basic dimensional drawing.

Utlizi ng 1 nformation from StratolLoggerodos websit
housing was determined. Table 5 shows the information gathered and calculated from
StratoLoggerdés website.
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Avionics Bay

Single

Diameter Length Volume Port
(inches) (inches) (in%) Hole Size

(in)
1.6 6.0 12.06 0.032
2.1 6.0 20.78 0.048
3.0 8.0 56.55 0.113
3.0 12.0 84.82 0.17
3.9 8.0 95.57 0.202
3.9 12.0 143.35 0.302

55 12.0 285.10 N/A

7.5 12.0 530.14 N/A

Table 5: StratoLogger's volume to port hole size comparison.

In order to decide on the appropriate port hole size, the volume of the altimeter housing
was calculated. This value was cross referenced against the information in Table 5 and
the volume one step higher was chosen as guidance. A safety factor of 1.5 was chosen
to influence the size of the final port hole size.

Volume (in3) 12.92
Single Port Hole Size (in) 0.17
Safety Factor 1.5
Final Port Hole Size (in) 0.255

Table 6: Altimeter housing port hole analysis.

Table 6 shows the data used to determine the final port hole size for the altimeter housing.
With the safety factor applied, it was determined that the ¥4 inch hole used for the screw
switch was adequate enough to act as a proper port hole for the StratoLogger.

Fairing Pyro Cap

The primary objective of the fairing is to safely deploy the cache payload. The fairing is

designed in such a way that the two halves of the fairing want to remain open in its

equilibrium state. In order for the fairing to stay closed, thus encapsulating the payload, a

3D printed ABS plastic pyro cap and shell will be used to securely constrain the fairing

shut . The shell that secures around the pyro
and AShell B60. With the fairing being primari
halves, each bulkplate is a semicircle in shape. Each shell is securely mounted to its own

semicircle bulkplate on one half of the fairing.
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In the design of the pyro cap system, tolerances were a key item of concern. The shells
had to be able to snuggly fit together, but could not be toleranced so tight that they would
become stuck together if accidentally closed too tightly. In order to countreract this the
radial dimension of the mating flange of Shell B was calculated and designed to a specific
tolerance. Table 7 shows the maximum and minimum clearances for the fitment of Shell

B into Shell A.

Maximum (in) | 0.013
Minimum (in) | 0.003

Table 7: Fitment clearances for Shell B into Shell A.

== PYRO SHELL A

>
k2 University of Louisville
River City Rocketry

M e BOM MATRAL ABS PLASTIC
a 2013-2014 Design
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Figure 28: Detailed drawing of Shell A.
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Figure 29: Detailed drawing of Shell B.

Similar to the tolerances going into the design of the two shell halves, the pyro cap went
under the same rigorous design criteria to ensure a clearance fitment into the shells.
Figure 30 shows the clearance fitment for the pyro cap into the assembly.

Maximum (in) 0.026
Minimum (in) 0.006

Table 8: Fitment clearances for the pyro cap into the shell components.

The pyro cap is designed to house two separate chambers for black powder charges.
This is to ensure all rocket systems are fully redundant. To save space, the design was
modified such that there are two concentric semi-circle black powder wells.
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Figure 30: Detailed drawing of the pyro cap.

Diameter .75in3 Black Powder in Wells
Depth 38in 1 2
Volume .07in3 0.7¢ lg

*\/olume is accurate. The well is not an exact half
semi-circle as there is a .08 in wall between wells

Table 9: Pyro cap black powder well dimensions.

Table 9 the overall dimensions of the black powder chambers. By including two black
chamber wells, the system is fully redundant. This is further accomplished by having two
access ports for electronic matches in each black powder well. This was to ensure that in

the event which the
well will fire with more overall pressure.

pri mary

chamber 6s

argni tior
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Figure 31: Pyro cap assembly.

The pyro cap is secured into place by two 4-40 nylon screws, as shown in Figure 31. A
#4-40 threaded eyebolt is to be epoxied into the top of the pyro cap. A section of Kevlar
wound nylon cord will be tied from the eyebolt on the pyro cap to the eyebolt mounted to
the bulkplate to the side of the pyro cap assembly. This will ensure that when the pyro
cap is jettisoned from the fairing that it will not free fall to the round where it could cause
damage people or property.

Payload Integration and Recovery Section

The cache containment section of the fairing is self-contained. This means that the
section is completely separated from the elements. The cache payload has to be
constrained safely within the fairing. In order to do so the chosen method of constraint will
be to have foam machined on a CNC to a precise geometric structure to securely house
the cache payload.

The team t estahthickpalystyréeng idsslati@n sheets. Structurally, the foam
is rigid, and easy to machine. This will prove useful in shaping it to conform to the body
of the cache capsule.
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Cache Capsule

Foam Insert

Pyro Cap

Figure 32: Integration of the cache capsule into the fairing.

Figure 32 lays out the integration of the cache payload into the fairing.

The actuation of the fairing is controlled at the fore end of the fairing assembly. The
sectionsarej oi ned by a 304 stainless steel hi nge.
polyacetal bushing. This allows a low coefficient of friction in the hinge. A stainless steel
U-bolt is mounted on either side of the upper fairing bulkplates. Two steel spring joining
the two U-bolts. This set up, shown below in Figure 33 causes the fairings static state,
without the pyro cap installed, to be open.

River City Rocketfy20142015 NSL CD



Figure 33: View of spring actuated payload ejection system.
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2)Recovery Subsytem

Design Overview
The recovery system must fulfill the following requirements in order for the mission to be
considered a success.

1. The launch vehicle shall stage the deployment of its recovery devices, where
a drogue parachute is deployed at apogee and a main parachute is deployed
at a much lower altitude.

2. All independent sections must have a maximum kinetic energy of 75 ft-Ibr at
landing.

3. The recovery system electrical circuits shall be completely independent of any
payload electrical circuits.

4. The recovery system shall contain redundant, commercially available
altimeters, each with an independent arming switch that is accessible from the
exterior of the rocket airframe.

5. Each altimeter shall have a dedicated power supply.

6. Each arming switch shall be capable of being locked in the ON position for
launch.

7. Removable shear pins shall be used for both the main parachute compartment
and the drogue parachute compartment.

8. An electronic tracking device shall be installed in the launch vehicle and shall
transmit the position of the tethered vehicle or any independent section to a
ground receiver.

9. The recovery systems electronics shall not be adversely affected by any other
on-board electronic devices during flight.

The details on how these requirements are to be met are discussed in the following
section.

Parachute Design

Recovery Flight Path

To allow for the ejection of the cache capsule, the rocket will be recovered in three
independent sections. A pictorial representation of the recovery sequence is shown in
Figure 34.
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Figure 34: Recovery sequence of events.

A description of the recovery sequence and the altitude at which each event occurs is

described in
Table 10.
Event | Altitude (ft.) Description
Apogee.
1 3,000 Nose cone ejection.
Entire rocket under main parachute acting as drogue.
Eject lower airframe.
2 1,500 Both upper and lower airframes now falling under
main parachutes.
Fairing deployment.
3 1,000 Cache capsule ejection.
All independent sections now under main parachutes.

Table 10: Recovery events and descriptions.
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Drift calculations have been performed under worst case scenario for the upper airframe
at various wind speeds, yielding the results shown in Table 11.

wind speed (mph) D'IS;SEEﬁ ggg {frt(;m
0 0
5 324.5
10 649.0
15 973.5
20 1297.9

Table 11: Drift calculations.

The calculated drift is considered acceptable. Due to the teams familiarity with the
competition launch site, it was determined that the drift needed to be less than a half mile
to avoid any potential hazards. The current recovery schematic keeps the entire system
well within the limits. As the design of the rocket progresses forward, calculations will be
updated with hard data such as the mass of each component of the rocket and the
coefficient of drag of the parachute. Currently these inputs are theoretical. Through
testing we will be able to more accurately predict the drift on launch day.

A plot of altitude versus time for the upper airframe falling under the vortex ring parachute
is shown in Figure 35.

YYehicle altitude vs. time
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Figure 35: Upper airframe altitude versus time plot for worst case scenario.
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The decent velocity versus time is shown in Figure 36 for the vortex ring.

Descent wvelocity ve. Time
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Figure 36: Upper airframe decent velocity versus time for worst case scenario.

The two drops in velocity are from where sections of the rocket are dropped off. Initially,
the vortex ring will be allowed to fall faster, preventing the system from drifting. As the
lower airframe and the cache capsule are dropped off of the upper airframe, the vortex
ring becomes appropriately sized for the load that it is carrying, allowing the upper
airframe to be successfully recovered.

Geometry

The recovery system has potential risks that can be mitigated through optimizing certain
criteria in the parachute design. The parachute criteria and risks mitigated are described

In

Table 12.

Parachute criteria

Risk mitigated

Low opening force.

Shock from the upper airframe parachute could be enough to
break shear pins, causing the lower airframe to prematurely
detach.

Minimal oscillation

Excessive oscillation of upper airframe during ejection of
cache capsule could result in cache capsule not deploying
correctly.

River City Rockety20142015 NSL CD




Table 12: Parachute criteria and how risks are mitigated.

The performance characteristics from multiple parachute geometries were compared to
select the optimal geometry for the recovery system. The considered geometries are
shown in

Table 13.

Parachute Geometry Cob Cx Oscillation
Rotafoil 0.85-0.99 1.05 0°-2°
Vortex ring 1.5-1.8 1.1-1.2 0°-2°
Cross (Cruciform) 0.6-0.85 1.1-1.2 0°-3°
Triconical Polyconical 0.8-0.96 1.8 10°-20°
Annular 0.85-0.96 1.4 6°

Table 13: Parachute performance characteristics comparison.

The vortex ring was selected as the main parachute for the upper airframe due to the
efficiency of the parachute, low opening force and low oscillation. The vortex ring is a
rotating parachute, consisting of four panels. The panels are not stitched together like the
gores of more conventional parachutes, but are tethered together with a series of lines
that maintain the shape of the panels and induce the autorotation of the parachute upon
decent.

Due to the complexity of the vortex ring, it was decided to use a simpler parachute for
both the lower airframe and the cache capsule recovery systems. The risks that are
mitigated by the low opening forces and oscillation of the vortex ring do not apply to the
lower airframe and the cache capsule recovery. To reduce complexity, furthermore
reducing the risk of failure, a cruciform parachute was selected for the lower airframe and
cache capsule recovery systems.

The major advantage of the cruciform parachute is its simplicity. The construction of the
cruciform is significantly easier than that of the vortex ring. Additionally, due to the
simplicity of the geometry and shroud lines, the parachute is significantly easier to pack.
This reduces the risk of failure of deployment.

The disadvantage to the cross design is the tendency for oscillation about the vertical
axis. Since nothing is needing to be deployed from either of the sections utilizing a
cruciform parachute, it is not necessary to maintain low levels of oscillation. Since too
much oscillation could collapse the parachute and send the rocket or cache capsule into
free fall, the suspension lines will be lengthened to prevent harsh oscillating as the
sections descend. Longer suspension lines will stabilize the rocket and capsule. This will
also improve the risk of the payload drifting when it lands on the ground.
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Sizing
The terminal velocity of each section of the rocket was calculated using

v=25 (18)
m

where E is the kinetic energy, gcis the dimensional constant, and m is the total mass of
the section to be recovered. A value of 75 ft-Ibs was used for the maximum kinetic energy
since this was the requirement established in the statement of work to determine the
minimum size of the parachute. The steady state velocity under parachute was calculated
using

2 mg
} C4A

(19)

where g is acceleration due to gravity, } is the density of air, Cp is the coefficient of drag
of the parachute, and A is the effective area of the parachute. The equations were
combined in the following equation to solve for the necessary effective area of the
parachute.

S (20)
} CyEg,
The nominal diameter of the parachute was calculated using
A
Do= — (21)

The area, diameter, and velocity were calculated for each of the three recovery systems
on board the rocket. Multiple iterations of the calculations were run, altering the allowable
kinetic energy in order to achieve decent velocities that could be withstood by each of the
systems. The calculations are shown in

Table 14.
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Section of rocket | Mass (Ibm) | Area (ft?) | Diameter (ft) | Velocity (ft/s) | E (Ibs-ft)
Upper airframe 16.7 42.8 7.4 15.20 60
Lower airframe 11.2 38.5 7.0 18.57 60
Cache capsule 7.02 30.2 6.2 16.58 30

Table 14: Parachute area, diameter, decent velocity, and kinetic energy calculations.

Prior to the lower airframe and cache capsule detaching, the main parachute will function
more like a drogue parachute due to the additional weight. The main will provide stability
while still allowing the section to fall rapidly until the lower two sections separate,

eliminating significant drift.

Layout
The vortex ring will be manufactured in accordance with the schematic shown in

Figure 37.

River City Rockety20142015 NSL CD




Figure 37: Vortex ring schematic for lines that tether the panels together.

For organizational purposes during construction, the parachute was broken down into
four sections. Each panel and its corresponding lines each formed one section.
Schematics of the four sections are shown in

Figure 38. Every line on the parachute was given a unigue number and is indicated by a
circle. Each of the lines are connected with lines from other panels at uniquely numbered
connection points which are indicated by a triangle.
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Figure 38: Vortex ring parachute divided into four sections with corresponding lines and
connection point labels.

The lengths of each of the lines were calculated using a relationship to the parachute
diameter in feet, which are listed in

Table 15. The actual length of the subscale parachute lines were calculated and are
shown in the table. The baseline for the equations for each line came from

Figure 37. Six inches was added to both ends of each line in order to allow for
manufacturing processes.

Lines Equation Subscale length [in]
5,8,13, 20 2.544D+12 23.45
4,9,14, 19 2.424D+12 22.90
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3,10, 16, 18 2.376D+12 22.69
2,11,15,17 2.05D+12 21.23
Centerline 12.16D+6 62.70
Head 0.564D+12 14.54
6,7,12,21 0.384D+6 7.728
Suspension Line 12D+6 60.00

Table 15: Line length equations for subscale vortex ring.

Since the team has no previous experience with the vortex ring parachute, and the given
planforms were not fully defined, some experimentation was done in order to achieve the
optimal parachute. As a result of the experimentation, the equations given were modified
to those given in

Table 15.

The original parachute that was manufactured presented several problems. First, it did
not rotate. Second, it required high speeds to inflate. In order to resolve these problems,
a few modifications were made. Lines 2, 11, 15, and 17 were all shortened. As a result
of this, the initial pitch of the panels increased. In order to force the parachute to spin and
generate lift, it was apparent that these lines needed to be changed. Additionally, the
length of the centerline was addressed. By shortening the centerline, the parachute held
a tighter shape, resulting in the parachute more easily inflating.

Since the modifications to these two lines altered the performance of the parachute, the
parachute was incrementally tested to determine the ideal dimensions in order to achieve
the highest coefficient of drag and the most stable parachute. The tests were run by
attaching the parachute to a 10 foot metal pole that was strapped to and sticking out the
side of a vehicle as shown in

Figure 39.
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Figure 39: Subscale parachute test rig.

This avoided the blunt body effects that the parachute would have seen would it have
been directly behind the vehicle. At the end of the metal rod was a pulley, around which
the parachute was attached and connected to a force gage. Through these readings, the
coefficient of drag was determined. Each test was run three time at an average velocity
of 20 mph and the average force measurement was taken to verify precise results.

To test the optimal length of lines 2, 11, 15, and 17, the original length was first tested.
While the parachute stayed inflated at all times, the parachute did not rotate about a
centralized point. When the lines were shortened by 4 inches, the parachute became
unstable, consistently deflated, and had high oscillations. It was determined that the ideal
configuration was to shorten the lines by 2 inches. This resulted in a stable parachute
that constantly stayed inflated and rotated at a consistent rate around a single point. The
coefficient of drag was calculated using

2F,

iR (22)

where Fpis the force due to drag, } is the density of air, v is the velocity, and A is the
effective area of the parachute.

The force measurements and calculated drag coefficients are shown in

Table 16.

River City Rocketiy20142015 NSL CD



Configuration Run Force Co
1 9 1.30

Original 2 9 1.30

3 10 1.45

Average 9.33 1.35

1 10 1.45

2 9 1.30

Shortene 3 10 145
Average 9.67 1.40

1 8 1.16

2 8 1.16

Shortene 3 7 101
Average 8.67 1.11

Table 16: Subscale ground testing results for alterations to lines 2, 11, 15, and 17.

After analyzing the quantitative and qualitative data collected from the tests, the ideal
alteration was to shorten lines 2, 11, 15, and 17 by two inches. Another series of tests
was run in order to determine the optimal length of the centerline. All of the tests were
run with the same parameters as the initial tests and lines 2, 11, 15, and 17 were secured
at their optimal length.

Configuration Run Force Co
1 10 1.45
Original 2 9 1.30
3 10 1.45
Average 9.67 1.40
1 9 1.30
2 10 1.45
Shortene 3 10 145
Average 9.67 1.40
1 N/A N/A
2 N/A N/A
Shortene 3 N/A N/A
Average N/A N/A
Table 17: Subscale ground testing results for alterations to centerline length while holding lines 2,
11, 15, and 17 at the opti mal l ength of

After analyzing the quantitative and qualitative data collected from the tests, the ideal
alteration was to shorten the center line by two inches. While the coefficient of drag did
not change from the original configuration, the vortex ring was much more stable during
testing with the center line shortened. When the centerline was shortened by four inches,
the parachute became extremely unstable and would not stay inflated. Even though we
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ran tests with this configuration, the performance of the parachute was inconsistent,
preventing accurate force readings from being taken.

The completed subscale parachute is pictured in Figure 40 with all modifications made
from the testing.

Figure 40: Completed subscale vortex ring parachute.

The dimensions calculated for the full scale vortex ring parachute using the same
equations that were verified through the subscale testing are shown in

Table 18.

Lines Equation Full scale length [in]

5,8, 13,20 2.544D+12 30.83

4,9,14,19 2.424D+12 29.93

3,10, 16, 18 2.376D+12 29.58

2,11,15,17 2.05D+12 27.17

Centerline 12.16D+6 95.98

Head 0.564D+12 16.17

6,7,12,21 0.384D+6 8.84

Suspension Line 12D+6 94.8
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Table 18: Calculated dimensions for full scale vortex ring parachute.

The shroud lines and the lines used to tether together the panels are designed based
off the schematic shown in

Figure 37. All lengths are functions of the nominal diameter of the parachute.

The two cruciform parachutes will be constructed using the schematic shown in

Figure 41.

PLANFORM

Figure 41: Cruciform construction schematic.

The ratio of the dimensions are defined using the following relationship:
Q .,
o) T® QO 9@ 0 0 (23)
The parameters are related to the nominal diameter of the parachute using
O ¢oQ 1Q (24)

The inflated profile of the cruciform parachute is shown in Figure 42.
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Figure 42: Inflated cruciform parachute schematic.

The length of the suspension lines for the cruciform parachute are represented by the
following ratio:

o 0 ¢ 25
o Pog (25)
Since the oscillation of the cruciform parachute has been an identified risk that can be
mitigated through lengthening the suspension lines, the upper end of the ratio was used

to calculate the length of the suspension lines.

The dimensions calculated for the parachutes for the lower airframe and the cache
capsule are shown in

Table 19.
Section of rocket es (ft) Dc (ft) le (ft)
Lower airframe 1.23 4,11 14.00
Cache capsule 1.09 3.65 11.10

Table 19: Calculated dimensions for cruciform parachutes.

The lower airframe will be secured to the upper airframe using shear pins. Calculations
will be made to ensure that the shock of the opening of the main parachute will not
prematurely shear the pins. At 1,250 ft, a second charge will be ignited, separating the
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lower airframe from the upper airframe. The lower airframe will fall under its own
independent recovery system.

Parachute Materials

The canopy of the parachutes will be made of MIL-C-44378 0.75 oz. rip stop nylon. The
rip stop nylon was selected due to the high strength-to-weight ratio. Its strength is derived
from the crosshatching of reinforcing fiber, which prevents tears from propagating through
the fabric. Dacron was considered due to its comparable strength to rip stop nylon, but it
was counted out due to its stiffness, making it difficult to pack. Additionally, rip stop nylon
is cheaper and more readily available than Dacron, making rip stop nylon the optimal
material.

Each hem will be constructed by folding over the material two times. This will help prevent
the material from fraying. The hem fold and stitch pattern are shown in Figure 43.

=

Figure 43: Hem fold and stitch pattern for parachutes.

The suspension lines will be made of 1/8 inch nylon para-cord with 400 Ib tensile strength.
Six inches of line will be used for every location at which the lines need to be stitched into
a panel or secured to another line. At the five connection points, four lines must be joined
together. This is done by first placing two lines side by side and securing together using
a zig-zag stitch. Both pairs of lines should be secured together in this manner. The two
pairs of secured lines are then stacked on top of each other and secured using a zig-zag
stitch. This connection is then covered in heat-shrink tubing to help prevent lines from
coming unstitched and to prevent the lines from snagging on anything. The line
connection pattern is shown in Figure 44.
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Figure 44: Suspension line connection pattern.

The harness that connects the suspension lines to the launch vehicle will be made of 9/16
inch tubular nylon with a tensile strength of 500 Ibs, there will be one harness per
parachute. Six inches of the nylon will be folded over and stitched together to secure to
either an eye-bolt or a U-bolt. The stitched section will be covered with heat-shrink tubing
in order to add an extra layer to prevent the section from coming unstitched and to prevent
anything from getting caught on the lines.

Custom deployment bags will be constructed out of canvas. Canvas has previously been
used by the team and has proved to be durable and fire resistant, protecting the parachute
from any pyrotechnic activities.

Bulkheads

Each bulkhead used in the rocket will be custom made and will consist of two parts. The
first half of the bulkhead will be a plate cut from half inch plywood using a ShopBot. A
plate will also be cut from 1/8™ inch G10 fiberglass using a water jet. Each of the wooden
bulkheads will be epoxied to the fiberglass plates using ProLine 4500 high temperature
epoxy. Once the bulkheads have been epoxied, holes will be drilled in order to mount
the connecting hardware for the recovery harnesses. A sample bulkhead is shown in
Figure 45.
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Figure 45: Custom fabricated bulkhead configuration.

Testing

Since the team did not have any experience with this geometry of parachute, a subscale
version was constructed. The subscale parachute ground testing described earlier
verified the Cp and ensured successful deployment. The subscale parachute will be
tested in flight with the subscale rocket. Due to launch cancellations due to weather, this
test has been postponed until after CDR.

The main disadvantage of the vortex ring is that is it difficult to pack and deploy properly
without tangling the shroud lines. A custom deployment bag will be constructed to and
tested prevent tangling during deployment. Ground testing will be performed to ensure
that the parachute properly deploys from the bag without any of the lines tangling.

Another advantage of the vortex ring is that there are no scale effects upon the drag
coefficient. Therefore, the information gathered from any sub-scale tests will be
accurately translated to the full scale parachute, giving the team confidence in the design.
The full scale parachute will undergo the same ground testing procedures as the subscale
prior to integration into the full scale rocket.

Avionics

Each section of the rocket that will be independently recovered has its own avionics bay
on board. The avionics bays each contain two altimeters and a GPS tracking device.
Custom sleds have been designed for each of these components. All of the sleds will be
3D printed out of ABS and will be treated with acetone for strengthening. ABS was
selected for weight reduction purposes. Additionally, in the event that a section of the
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rocket would fall with too much kinetic energy, 3D printed ABS parts are not as likely to
shatter as the alternative material selections.

For the deployment of the upper airframe main parachute, separation of the lower
airframe, and deployment of the cache capsule, Perfect Flite StratoLoggers, pictured in

Figure 46, will be used. These will be used to trigger black powder ejection charges.

e
-
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Figure 46: PerfectFlite StratoLogger

The PerfectFlite StratoLogger altimeter records its altitude at a rate of 20Hz with a 0.1%
accuracy. In previous testing, the altimeter was found to be accurate to £1 foot. Testing
was also performed to test the maximum e-match capacity of the main and drogue
terminals. Four e-matches were able to be fired off simultaneously during testing.
Additionally, the StratoLogger can be configured to provide a constant serial (UART)
stream (9600 baud rate, ASCII| characters) of

The avionics bays for the upper and lower airframe will be identical. Custom altimeter
sleds have been designed and 3D printed to house the altimeters as shown in Figure 47.
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Figure 47: Altimeter sled.

Each StratoLogger will be mounted using four 4-40 screw onto four 18-8 stainless steel
hex standoffs. Each StratoLogger will be powered by an individual Duracell 9V battery.
Duracell batteries have been selected due to their reliability. Since the leads are internally
soldered, the chance of battery failure from vibrations during flight is less likely than with
a battery that does not have internally soldered leads. The batteries will be mounted on
the opposite side of the altimeter sled, as shown in Figure 48.
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Figure 48: Battery clips view of altimeter sled.

There are two slots sized for a 9V battery. The two batteries are retained through the use
of a 3D printed cover that is mounted using four 4-40 screws. Four rubber dampeners,
as shown in Figure 49, are incorporated into the stack-up to reduce the shock and
vibrations that the altimeters see throughout the course of the launch and recovery.

Figure 49: Rubber dampener.

The altimeter sleds will be mounted on ¥ inch threaded rods between two sets of bulk
plates as shown in Figure 50.
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Figure 50: Altimeter sled full assembly.

Each altimeter will be locked into the on position through use of a Featherweight screw
switch, shown in Figure 51. The switches allow for easy arming of altimeters while the
rocket is upright in the ASGE. Access holes will be drilled and marked on the outer
airframe to allow for arming.

Figure 51: Featherweight screw switch.
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To satisfy the GPS requirement, both of the avionics bays will use a Garmin Astro DC 40.
The Garmin tracker will be mounted in the rocket on a custom 3D printed sled, shown in
Figure 52. There will be a wooden bulk plate dividing the GPS units and altimeters in the
avionics bay. The entire inside of the avionics bay will be covered in aluminum tape in
order to shield the altimeters from the GPS unit as well as any other transmitted signals
from the AGSE that may interfere.

Figure 52: Garmin tracker mounted on custom 3D printed sled.

To satisfy the GPS requirement for the cache capsule, the capsule will house an
Eggfinder GPS tracking system, shown in Figure 53. This has been switched from the
TeleMetrum since we no longer need to fire a black powder charge from within the
capsule. Additionally, the Eggfinder will be half the cost of the TeleMetrum.

Figure 53: Eggfinder GPS tracking device.
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The Eggfinder, is a 0.90x30x0.40 board
tested and is reliable up to 8000 ft, which is well within the expected range of the rocket.

Electrical Schematics
Each recovery event will be controlled with a unique avionics bay. The following wiring

schematics detail the components utilized and the activation set point for each
PerfectFlite StratoLogger.

9V Duracel|
Battery

Activated at Apogee

Activated at
Apogee + 2 sec

Terminal
Block

Terminal
Block

9V Duracell
Battery

Figure 54: Main recovery electrical schematic.

W Duracel|
Battery

Activated at 1500 ft Terminal

4

Activated at 1400 ft Terminal

Block

9V Duracel|
Battery

Figure 55: Lower airframe recovery electrical schematic.
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._b Black

9V Duracell
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Figure 56: Fairing recovery electrical schematic.

Bay Layout
For each recovery event, there is a uniquely designed recovery bay. The main recovery

bay schematic is shown in Figure 57. .

| — U-Bolt

Black Powder &M
1

Charges

Shock Cord — |

Main

Figure 57: Main recovery bay schematic.

For the deployment of the main parachute, shock chord and the main parachute will be
packed directly below the nosecone. Black powder charges will be fired to separate the
nosecone and upper airframe from the remainder of the rocket and to push the main
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parachute out of the rocket. The main parachute will then be connected to the two
sections of the rocket via two harnesses

The second recovery event is the ejection of the lower airframe. The schematic of the
lower airframe ejection is shown in Figure 58.

/ Partial Bulkplate
—Eye bolt with
Shock Chord
Connecting to
Deployment Bag

Deployment Bag —

Shock Cord Black Powder

" Charges

Eye Bolt

Motor Casing —_

Figure 58: Lower airframe deployment recovery schematic.

Black powder charges will sit below the parachute and above the motor casing. This will
separate the rocket and push out the parachute. The deployment back will be attached
to and eyebolt on the fairing that will pull the deployment bag off of the parachute. The
recovery harness will be attached to the lower airframe via an eyebolt that is threaded
into the motor casing.

The final recovery event is the deployment of the cache capsule. A schematic of the
cache capsule deployment schematic is shown in Figure 59.
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Figure 59: Cache capsule deployment schematic.

Once the pyro cap is fired and the fairing is allowed to open, the capsule will fall out the
fairing. The parachute will be packed in a deployment bag directly above the capsule.
The deployment bag will be connected to the fairing by securing a line from the bag to an
eyebolt. This will secure the deployment bag to the fairing and allow for the capsule

parachute to properly deploy.

Challenges

The primary recovery challenges are shown in

Table 20.

Challenge

Solution

Avoiding parachute tangling during
ejection.

All parachutes will be stored in deployment bags
which will be custom made and tailored to each
individual parachute.

Custom made parachute with
unknown drag coefficient.

A parachute will be tested to determine the drag
coefficient which will be used in sizing and
construction of the remaining parachutes.

Eject cache capsule without
damaging the parachute.

A non-explosive actuator release will be used to
release the cache capsule from the upper
airframe. The system does not produce any
fragmentation or debris, making it safe to
operate near a parachute.

Table 20:

Recovery challenges.
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3)Mission Performance Predictions

Performance Criteria
The following criteria must be satisfied for a mission success:

Rocket returns completely reusable, or with easily repairable damage.

An apogee no more than 75 feet above or below 3,000 feet is attained.
Horizontal drift of 1,000 feet or less is experienced in winds of 20 mph.

Vertical velocity does not exceed Mach 0.6.

Velocity at rail exit is not below 50 ft/s (assuming 10 foot rail).

Kinetic energy upon landing, of all recovered sections, does not exceed 75 Ib-ft.
The rocket must retain a 1.8 or greater stability margin during ascent.

NoogsrwDdE

Overall Launch Vehicle Characteristics

An OpenRocket model of the full scale design, shown in Figure 60, has been created to
simulate the | aunch vehiclebs | ayout, physica
software within the OpenRocket software, the following values were obtained:

1 Overall Length: 143.0 in

1 Overall Diameter: 6.17 in

i Overall Mass: 39.8 Ibs

9 Stability Margin: 2.14 caliber (From tip: CG 1 86.60 in, CP i 99.79 in)

Rocket Stabilty: 2.14 cal

Length 143 in, max. diameter 6.17 in @ CGB6.599in

Mass with motors 39.8 Ib ® CP99.792in
at e

N T 7 \ P | ) ooy = — 1
‘ i ,: ﬂ\\@ /ﬂ_;fk==£;y'==_ [ 1 = i

Apogee: 3261 ft
Max. velocity 452 ftis (Mach 0.41)
Max. acceleration: 238 ft/s*

Figure 60: OpenRocket schematic of the full scale launch vehicle.

Critical Mass Components and Statement

Using the OpenRocket software, mass measurements from previous years, and general
estimations the mass of the launch vehicle has been accounted for as best as possible.
While still in the early stages of design, it is important to account for the mass of various
components as best as possible.
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Table 21 lists the various weights of each section of the launch vehicle.

Section of Launch Length of Section Mass
Vehicle (in) (Ibs)

Nose Cone 30.85 5.335
Main Recovery Bay 27.5 5.905
Cache Containment Bay 16.75 7.83
Secondary Recovery Bay 28 4.977
Propulsion Bay 37 9.948
Witness Rings 2 0.201
Motor N/A 5.604
Total Mass 39.8

Table 21: Mass and length evaluation of critical launch vehicle sections.

The motor choice, laid out in the following section, has been made on the assumption of
a 15-20% mass increase over the course of the project. This increase in mass will come
from unforeseen needs in the overall design. By utilizi ng t he | aunch
system, the team will be able to hit close to the 3,000 foot benchmark.

Motor Selection

The full scale launch vehicle will use a Cesaroni L935-I M. Based on the
with motors from this supplier, Cesaroni was the sole choice for motor selection. Cesaroni
motors are known for their ease of use, reliability, and performance characteristics. A
thrust curve detailing the L935-1 M ¢hrust versus time is shown in Figure 61.
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Cesaroni Technology L9325, Rocksim format © ThrustCurve.org 2014
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Figure 61: Thrust curve of the CTI 3147-L935-IM-P motor.

The motor was chosen to bring the | aunch
feet, knowing that number wi || drop as
unforeseen needs during manufacturing. To ensure a sufficient launch rail exit velocity,
the choice to go with an Impulse Max (IM) motor was an obvious choice. Table 22 lists
simulated vehicle information and motor details as justification for the motor selection.

Thrust-to-Weight Ratio 5.27
Rail Exit Velocity 65.4 ft/s
Projected Altitude (w/o Ballast) 3,261 ft
Projected Altitude (w/ Ballast) 3,033 ft
Maximum Acceleration 225 ft/s?
Motor Burn Time 3.4 sec
Maximum Motor Thrust 1585.6 N
Average Motor Thrust 933.8 N
Total Motor Impulse 3146.8 N-sec

Table 22: Justification for motor selection.
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The following plots shown in Figure 62 through Figure 65 display various simulation
results indicating the proper motor selection, CG and CP locations.

Propellant mass
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Figure 62: A plot of mass propellant versus time.
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Figure 63: A plot of altitude versus time.
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Mach number
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Figure 64: A plot of Mach number versus time.
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Figure 65: A plot of CG and CP locations versus time.

Designing an efficient high powered launch vehicle has its own inherent challenges. To
ensure safety and vehicle performance the team will focus on tackling various design
challenges with various solutions. Furthermore, the team must make sure their overall
design stays within the constraints laid out by the Statement of Work. Table 23, below
details the various challenges and their related solutions.
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Challenges Solutions
Efficiently document and record
all material and component weights

The vehicle shall deliver the payload to,
but not exceeding, an apogee altitude of
3,000 feet above ground level (AGL).

throughout the design and manufacturing of

the launch vehicle. Maintain accurate
OpenRocket  simulations and hand
calculations to ensure correct motor
selections.

The vehicle shall carry one commercially
available, barometric altimeter for
recording the official altitude used in the
competition scoring.

Each section of the launch vehicle that falls
under its own parachute, including the
cache containment section, will have its
own barometric altimeter. For complete
redundancy, each section will have a
secondary backup altimeter as well.

The launch vehicle shall be designed to be
recoverable and reusable.

Each parachute will be designed to ensure
sections of the launch vehicle land with a
kinetic energy below the maximum kinetic
energy laid out in the Statement of Work.
Landing within these constraints will leave
our launch vehicle in a reusable state.

The launch vehicle shall have a maximum
of four (4) independent sections.

Our launch vehicle will be comprised of 4
independent sections: the nosecone, the
main  recovery bay, the payload
containment bay, and the propulsion bay.
Each section will either fall under their own
parachute or will be tethered to another
section's recovery.

The launch vehicle shall be limited to a
single stage.

Having a limited altitude of 3,000' eliminates
any need for staging of our launch vehicle.
Motor selections have been made to
accomplish all necessary  altitude
requirements on a single stage launch
vehicle.

The launch vehicle shall be capable of
being prepared for flight at the launch site
within 2 hours, from the time the Federal

Aviation Administration flight waiver opens.

A comprehensive launch procedure
checklist will be constructed by the team to
allow for accurate and expedited vehicle
assembly while preparing for flight.

The launch vehicle shall be capable of
remaining in launch-ready configuration at
the pad for a minimum of 1 hour without
losing the functionality of any critical on-
board component.

The power supplies for all AGSE
components, altimeters, and flight event
devices have been chosen to eliminate the
chances of power failure for an extended
period of time.
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The launch vehicle shall be capable of
being launched by a standard 12 volt direct
current firing system.

The launch vehicle will utilize the provided
and proven launch igniters provided with
the Cesaroni motors. The igniters are
designed to ignite the vehicle's motor by
use of a standard 12 volt direct current firing
system.

The launch vehicle shall use a
commercially available solid motor
propulsion system using ammonium
perchlorate composite propellant (APCP)
which is approved and certified by the
National Association of Rocketry (NAR),
Tripoli Rocketry Association (TRA), and/or
the Canadian Association of Rocketry
(CAR).

The team will be using a Cesaroni L910 two
grain C-Star motor for its full scale launch
vehicle. The team has never had a motor
failure in the past while using Cesaroni
motors.

The total impulse provided by a launch
vehicle shall not exceed 5,120 Newton-
seconds (L-class).

The total impulse of the Cesaroni L910 two
grain C-Star motor is 2,856.1 Newton-
seconds.

Any team participating in Maxi-MAV will be
required to provide an inert or replicated
version of their motor matching in both size
and weight to their launch day motor. This
motor will be used during the LRR to
ensure the igniter installer will work with
the competition motor on launch day.

The team will be 3D printing an exact
replica of the motor used in the full scale
flight for the LRR. It will be custom weighted
to ensure the inert replica matches the
launch day motor in both size and weight.

Pressure vessels on the vehicle shall be
approved by the RSO and shall meet the
criteria laid out in the Statement of Work.

The current design of the launch vehicle
and AGSE does not require the use of any
pressure vessels. If the design changes to
include such a system, NASA and the RSO
will be notified, and the criteria mentioned in
the Statement of Work will be met.

All teams shall successfully launch and
recover a subscale model of their full-scale
rocket prior to CDR. The subscale model
should resemble and perform as similarly
as possible to the full-scale model,
however, the full-scale shall not be used
as the subscale model.

The team will design a 1:2 scaled model of
the full scale launch vehicle. The subscale
launch vehicle will be used to test stability
and integration of various systems seen in
the full scale launch vehicle.

Table 23: Solutions to various challenges set out by the statement of work.
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4)Interfaces and Integration

Cache Capsule
The cache capsule must fulfill the following requirements in order for the mission to be
considered a success.

1. Provide a location for the cache to be placed by the arm.
2. Secure the cache inside the capsule during flight.
3. Be ejected from the rocket at a designated altitude.

Design
To contain the payload within the rocket, a capsule will be mounted inside one of the
rocket 0schisshpwninwh

Figure 66 and Figure67. The overall size of the capsule w
5.250 x 2.70.

Figure 66: Payload capsule with open (left) and closed (right) doors.
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Figure 67: Top view of payload capsule.

The capsule will be 3D printed out of ABS plastic due to its irregular geometry. The outside
of the capsule will have the same radius as the inside of the rocket. The cache capsule
is designed to be a completely independent system that can function without any
dependence on the rocket. There will be two separate compartments, one will contain
the payload and the other will contain any necessary electronics. The electronics
compartment will have a clear acrylic cover on it that will screw into the capsule body
using four #6-32 UNC screws.

The lower section contains two retaining clips, shown in Figure 68. The clips are sized to
fit around the PVC caps of the cache. This allows for the gripper on the robotic arm to
have room to grip the cache until it is fully inserted into the clips.

Figure 68: Retaining clip.

The two angled faces serve as a guide for the robotic arm if the alignment is not precisely
in the middle of the clip. The angles guide the cache to the centered location. When a
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force is applied by the robotic arm, the retaining clip will flex, allowing the cache to slide
into place. Once the cache has been pushed into place, the clips will snap back to their
original position, forming a compression fit. This compression fit will secure the cache
during the remainder of the ground operations and throughout launch and recovery.

A benefit to the retaining clips is that the system can function no matter what orientation
the rocket is at. This will protect the cache from moving around during flight. This also
gives the team the flexibility to rotate the system and install the cache from any angle.

Once the payload is put into the clips and the payload arm is retracted the doors will begin
to close. Each door will be operated via a Hitec HS-5485HB servo which outputs 89 oz-
in of torque. If it is determined that more torque is needed to keep the doors closed,
another servo can easily be swapped in. The servos will be located at the back of the
electronics section. There will be a small pocket for the servos to slide in screw into using
four #6-32 UNC screws. A brass coupler will be used to connect the servos to an
aluminum D-shaft that will run almost the entire length of the capsule. The shaft will slide
through a slot in the doors. Two aluminum set screw hubs will connect the doors to the
D-shafts. The doors will have a flange on each end where the hubs will be able to screw
into using four #6-32 UNC screws. A better view of the doors is shown in Figure 69.

Figure 69: Capsule door.

The doors have a cut-out on the end that will allow them to overlap each other. Due to

their overlap, one door will have to close before the other. Since the servos can be
independently controll ed, the doors wildl be
other by having one close first and then the other.

On the sides of the payload compartment, a flange will be located where the doors rest

on once theyodére closed. A magnet will also be
closed. The doors will therefore have a corresponding magnet. The doors will also rest

on the top of the payload clips so there are no interference issues. The payload clips will

screw into the bottom of the capsule using two #6-32 UNC screws.
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Challenge

Solution

Secure cache in place.

Clips allow for easy insertion and retention
of cache. Analysis will be performed to
optimize the dimensions of clips to apply a
sufficient force to retain the cache while
minimizing the force applied by arm to
insert cache.

Close doors of capsule autonomously
after the arm is out of the way.

Servos to close doors are activated by a
switch on a time delay. Testing will be
performed to ensure the necessary timing
of events.

Table 24: Cache Capsule Challenges

Door System
Design

To keep the ground station and launch vehicle systematically autonomous, a retractable
door will be incorporated into the launch vehicle. The door will be located in the cache
containment bay on the launch vehicle, as seen in Figure 70 The door, when activated
via on-board electronics, will be opened by a servo motor. With the door opened, the
payload can be inserted into the cache containment. Once the payload is in place, the
door will be told to close, at which point the servo motor will actuate the door closed.

Figure 70: Depiction of the cache containment bay.
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There are two primary criteria that were taken into account when designing the door
assembly.

1. The door has to be big enough to allow both the arm and the payload to fit through
it when open.

2. The door, when closed, has to have a proper seal around its edges so as to ensure
air, foreign objects, and debris will not enter the airframe and cause flight instability.

The door is designed to be 3D printed by use of a Stratasys Objet Connex2 printer. The
printer allows for various different durometers of materials to be tested. While the design
of the door is complete, the team will set up a test to determine which material property
best suits the needs of the system.

Track System

Figure 71 shows the layout of the door and track assembly. The system is designed so
that its vertical path is constrained by the two 3D printed ULTEM 9085 guides. By having
the door linearly open instead of rotationally, we are able to save space inside the launch
vehicle.

Figure 71: Complete door and track assembly.

Polyethylene track wheels will be installed into the door and track system using 4-40 UNC-
2A threaded shoulder pins, as seen in Figure 72. Polyethylene was the material of choice
for the track wheels for having a static coefficient of friction of 0.195 between itself and
the ULTEM 9085 track guides.
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Figure 72: Exploded view of the track guide system.

These wheels will run along the track of the guides, thus allowing smooth movement
within the airframe of the launch vehicle.

Door Sealing

The door must be able to seal itself against the airframe upon closure. Relying on the
servo motor alone, was deem insufficient. The team is incorporating a magnetic sealing
system for the door. One of the N52 neodymium magnets can be seen installed in the
door in Figure 73 below.

Figure 73: View of N52 magnet location

There is a neodymium magnet at each corner of the door. When the door is closed, the
magnets align with their respective magnet and airfoil which is epoxied on the outside of
the airframe. These airfoil targets can be seen on the outside of the cache containment
bay in Figure 70.
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With a gap of 0.125 inches, as seen in Figure 74, the team used online calculators found

on the magnet suppl i er 6s, K & Jwelbdite g gett gereralized pull torce
values between the two neodymium magnets.

Figure 74: View of the gap between the neodymium magnet and ferrous target.

These force values changed with the change in geometry of the magnet. To increase the
attractive force between the two components, the neodymium magnet was designed to

be as | arge as the doordés geomet r gan belséen we d .
below in Figure 75.
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Figure 75: Detailed drawing of the N52 neodymium magnet.

With the geometry defined, the team extrapolated a pull force value of 3.01 Ibs between
the two N52 neodymium magnets. Figure 76, below, shows a plot of distance between
magnets versus pull force.
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Figure 76: Graph of distance between magnet and ferrous target versus pull force.

Neodymium Magnet Grade N52
Diameter (in) 0.4
Thickness (in) 0.375
Distance from Target (in) 0.125
Pull Force (Ibs) 3.01
Number of Magnet pairs 4
Combined Pull Force on Door (lbs) | 12.04

Table 25: Geometric and force values of the magnets.

The combined pull force on door from the neodymium magnets pairs was deemed

sufficient for the systembébs needs.
Door Actuation
The doords motion will be controlled by

is mounted to the door as seen in Figure 73.

The design uses a linear rack and pinion gear system to drive the door. The pinion is
directly attached to the servo motor by use of internal servo teeth. When the door closes,
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the pinion moves along the rack, and causes the polyethylene track wheels to move along
their guide.

Both guides have the same track machined into them. The right guide, as seen below in

Figure 77, has the rack for the gear system attached to threaded slots in the rail guide
using #8-32 UNC 2A bolts.

Figure 77: Bottom view of the lower guide with gear system rack.

The previous design of the track guides used two paths that the track wheels were to run
along. This designed was replaced by one where both track wheels run one track.
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Table 26 lists the various materials and their properties of the components that make up

the retractable door assembly.

Material

Components

Characteristics

6061-T6 Aluminum

Pinion Gear

Density: 0.098 Ibs/in®
Tensile Strength: 35,000 psi

Airfoil Magnet

Density: 0.0376 lbs/in®

ABS Plastic Mounts Tensile Strength: 65,000 psi
: Density: 0.267 lbs/in®

Neodymium Magnets Tensile Strength: 10,667 psi
: Shoulder Density: 0.290 lbs/in®

18-8 Stainless Steel Screws Tensile Strength: 90,000 psi

Polyethylene UHMW | Track Wheels

Density: 0.034 lbs/in®
Tensile Strength: 5,800 psi

Fiberglass Airframe

Density: 0.0650 lbs/in®
Tensile Strength: 38,000 psi

Table 26: Material properties of components found in the retractable door assembly.

Challenges

To make sure the door system integrates with the rocket and functions as intended
certain solutions were sought for various design challenges, as seen in Table 27.

Challenges

Solutions

Design the door such that the cache
payload and arm device will fit during
payload insertion.

Proper dimensional analysis will be
conducted to ensure there are no clearance
issues throughout the design and revision
of any payload containment and insertion
systems.

The door will be autonomously closed.

On-board computer electronics will work
hand in hand with ASGE systems to
synchronize payload insertion and door
actuation movements.

The door shall not be allowed to open
during flight.

Using the proper servo motor, the door
system can be "locked" shut to be certain
the door will not back itself through the
guides during flight.

Table 27: Solutions to various door design challenges.
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5)Subscale Flight Verification and Results

Subscale Testing Plan

In order to test the design of subsystems of the final launch vehicle assembly, the team
constructed a one half scale model. To facilitate a standard dual deployment recovery
configuration, the cache containment bay featured in the full scale model was replaced
with an altimeter bay. Additionally, recovery bay sizes were adjusted to allow adequate
room for all recovery equipment. The final subscale launch configuration is shown in
Figure 78 below.

Rocket Stability: 214 cal

Length 72.35 in, max. diameter 3.125 in * CG46.092in

Mass with motors 187 oz ® CPS52.7740n
at D 30

Apogee: 4971 1t
Max velocity: 659 ftls (Mach 0.59)
Max acceleration: 221 /s

Figure 78: Subscale launch vehicle configuration.

The launch characteristics of the subscale model are similar to the full scale vehicle to
ensure adequate vehicle design testing. A comparison of the full scale and subscale flight
characteristics are shown in

Table 28 below.

Comparison
Property Subscale Full scale (% difference)
Center of Gravity:
Length (%) 63.71 58.71 7.85
Center of Pressure:
Length (%) 72.94 69.70 4.44
Rail Exit Velocity 576 56.7 156
(ft/s)
Max. Acceleration
(f/s"2) 222 237 6.33

Table 28: Comparison of vehicle launch characteristics.
The similarity of launch vehicle characteristics shown in
Table 28 verified that the overall vehicle design is adequate for a safe launch.

Subscale Flight Test Results
A concept design of the Bluetooth on-board live feed device was constructed for testing
during subscale flight. The module was thus placed in a separate bay located above
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the propulsion bay. The configuration is shown and bay are shown in Figure 79 Below.
The Bluetooth test results are completely covered in the Testing subsection of the
Electronics Systems section.

Figure 79: Bluetooth bay configuration.

The rocket was launched to an altitude of 4902 feet with the main parachute deploying
at 600 feet. At 500 feet, a secondary, redundant altimeter was set to fire a black
powder ejection charge to prevent recovery ejection failure. The lower altitude was
selected due to sustained high speed winds. The results from the onboard primary
altimeter are included in Figure 80 below. The redundant altimeter data has not been
included due to data recording and transfer error.

Altitude (Feet) Velocity (Feet/Second)

5,000

N e (O
4,000
35004
so0d 4N >~
2,500 - 200.0
2,000
1,500

Y LM\"‘\M

500

T T T T T T T TRl

0 15 0 45 60 75 20 105
Statistics: Displayed Comments Help
Apogee Alt: 402" AGL Raw Altitude
Ground Elev: -249' MSL [ it
NumSamps: 2344 (®) Velocity
Main Deploy: 600" AGL () Ternperature
Apogee Delay: 0 SEC () Voltage
FlightNum: 9 [Model: SL100  Serial # 3440 |

Figure 80: Primary altimeter flight results.
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The simulated flight of the subscale model predicted an altitude of 4924 feet using launch
day weather characteristics. A comparison of the altitude prediction from the simulation
to the actual recorded the team produced an error of 0.4%. The acquired flight results
promoted confidence in the teamb6s abil it
flight.

Two primary lessons were learned from the subscale launch, the first being a need for
ground calibration and testing of all altimeters. The programming of the redundant
altimeter called for the secondary drogue parachute ejection charge to fire one second
following apogee. During the test flight, both primary and secondary altimeters ejected
the drogue parachute at apogee, effectively doubling the ejection charge used in the
drogue parachute bay. This amount of black powder caused significantly higher force to
be seen by the connection between the propulsion bay and the altimeter bay. This force
caused a failure in the epoxy joint connecting the propulsion bay to the altimeter bay.

The second lesson learned, directly related to the altimeter calibration, was to ensure a
proper epoxy joint is used at each required point. It was determined that the joint failed
due to lack of properly mixed and applied epoxy. To solve this problem in the full scale
vehicle, steps will be taken to verify each epoxy joint properly mates each component.
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6) Safety

Safety Plan

Safety Officer Responsibilities

Emily is the safety officer for the River City Rocketry team during the 2014-2015 season.
She is responsible for ensuring the overall safety of the team, students and public
throughout all team activities, as well as assuring compliance with all laws and
regulations. The followingaret he Saf ety Officerdés speci

1 Provide a written team safety manual that includes hazards, safety plans and
procedures, PPE requirements, MSDS sheets, operator manuals, FAA laws, and
NAR and TRA regulations.

1 Confirm that all team members have red and comply with all regulations set forth
by the team safety manual.

1 Identify safety violations and take appropriate action to mitigate the hazard.

1 Establish and brief the team on a safety plan for various environments, materials
used, and testing.

1 Establish a risk matrix that determines the risk level of each hazard based off of
the probability of the occurrence and the severity of the event. Ensure that this
type of analysis is done for each possible hazard.

1 Oversee testing being performed to ensure that risks are mitigated.

1 Remain active in the design, construction, testing and flight of the rocket in order
to quickly identify any new potential safety hazards and to ensure the team
complies with the team safety plan.

1 Enforce proper use of Personal Protective Equipment (PPE) during construction,
ground tests, and test flights of the rocket.

1 Make MSDS sheets and operator manuals available and easily accessible to the
team at all times.

1 Provide plan for proper purchase, storing, transporting, and use of all energetic
devices.

1 Ensure compliance with all local, state, and federal laws.

Ensure compliance with all NAR and TRA regulations

1 Ensure the safety of all participants in educational outreach activities, providing
PPE as necessary.

=

Emily has written a team safety manual that each team member was required to review
and sign indicating compliance. The document includes hazards, proper safety plans and
procedures, PPE requirements, MSDS sheets, FAA laws, and NAR and TRA regulations.
The manual will be revised throughout the year as a need arises. Emily is responsible
for making sure that each team member has read and acknowledged the safety manual
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and will continue to enforce all statements in the safety manual. The manual can be
found on the team website so that it is easily accessible for all team members at all times.

Hazard Analysis

Risk Assessment Matrix

By methodically examining each human interaction, environment, rocket system and
component, hazards have been identified and will continueto be br ought
attention. Each hazard has been assigned a risk level through the use of a risk
assessment matrix, found in

Table 31, by evaluating the severity of the hazard and the probability that the hazard will
occur.

A severity value between 1 and 4 has been assigned to each hazard with a value of 1
being the most severe. In order to determine the severity of each hazard, the outcome
of the mishap was compared to an established set of criteria based on the severity of
personal injury, environmental impact, and damage to the rocket and/or equipment. This
criteria is outlined below in

Table 29.
Severity
Description | Value Criteria
Could result in death, significant irreversible environmental
Catastrophic 1 effects, complete mission failure, monetary loss of $5k or
more.
Could result in severe injuries, significant reversible
Critical 2 environmental effects, partial mission failure, monetary loss of

$500 or more but less than $5k.

Could result in minor injuries, moderate environmental effects,
Marginal 3 complete failure of non-mission critical system, monetary loss
of $100 or more but less than $500.

Could result in insignificant injuries, minor environmental
Negligible 4 effects, partial failure of non-mission critical system, monetary
loss of less than $100.

Table 29: Severity criteria.

A probability value between 1 and 5 has been assigned to each hazard with a value of 1
being most likely. The probability value was determined for each hazard based on an
estimated percentage chance that the mishap will occur given the following:

1 All personnel involved have undergone proper training on the equipment being
used or processes being performed.
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1 All personnel have read and acknowledged that they have a clear understanding
of all rules and regulations set forth by the latest version of the safety manual.

1 Personal Protective Equipment is used as indicated by the safety lab manual and
MSDS.

1 All procedures were correctly followed during construction of the rocket, testing,
pre-launch preparations, and the launch.

1 All components were thoroughly inspected for damage or fatigue prior to any test
or launch.

The criteria for the selection of the probability value is outlined below in

Table 30.
Probability
Description Value Criteria
5 . .
Almost Certain 1 Séglzjlrter than a 90% chance that the mishap will
. Between 50% and 90% chance that the mishap
Likely 2 )
will occur.
Between 25% and 50% chance that the mishap
Moderate 3 .
will occur.
. Between 1% and 25% chance that the mishap
Unlikely 4 )
will occur.
Improbable 5 Less than a 1% chance that mishap will occur.

Table 30: Probability criteria.

Through the combination of the severity value and probability value, an appropriate risk
level has been assigned using the risk assessment matrix found in

Table 31. The matrix identifies each combination of severity and probability values as

either a high, moderate, or |l ow risk. The t e:
level by the time of the competition launch. Those that are not currently at a low risk level

will be brought down through redesign, new safety regulations, or any other measures

seen fit to reduce risk. Risk levels will also be reduced through verification of systems.

Risk Assessment Matrix
Severity Value
Catastrophic-(1) | Critical-(2) | Marginal-(3) | Negligible-(4)
4-Moderate 5-Moderate

Probability Value

Almost Certain- (1)

Likely-(2) 4-Moderate | 5-Moderate 6-Low
Moderate-(3) 4-Moderate 5-Moderate 6-Low 7-Low
Unlikely-(4) 5-Moderate 6-Low 7-Low 8-Low
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6-Low | 7-low | 8Low | 9-Low |

| Improbable-(5)

Table 31: Risk assessment matrix.

Preliminary risk assessments have been completed for possible hazards that have been
identified at this stage in the design. Acknowledging the hazards now brings attention to
these particular failure mechanisms. As the design continues to move forward, the team
can design with these possible failures in mind. The team will work to mitigate the hazards
during the design phase. The identified hazards can be found below.

Some risks are currently unacceptably high. This is because all risk mitigation has been
implemented in through concept design work and some hand calculations. No testing
has been done on any of the systems to support the risk mitigation. Risk levels will only
be lowered once physical testing has been performed to support the design.

Lab and Machine Shop Risk Assessment

Construction and manufacturing of parts for the rocket will be performed in both on-
campus and off-campus labs. The hazards assessed in Table 65 are risks present from
working with machinery, tools, and chemicals in the lab.

Launch Pad Functionality Risk Assessment

The hazards outlined in Table 66 are the risks linked to the launch pad functionalities of
the ASGE. Due to high importance of a stable launch tower, the system will be rigorously
tested prior to any launches.

Vehicle Erector Risk Assessment
The hazards outline in Table 67 are the risks associated with the vehicle erector. Risks
have been considered for when the system is non-operational and operational.

Igniter Installation Risk Assessment

The hazards outlined in Table 68 are risks associated with the autonomous igniter
installation process. This is of particular concern since we do not want to risk a premature
ignition of the motor.

Ground Station Risk Assessment

The hazards outlined in Table 69 are risks associated with the ground station. The ground
station provides the foundation for the entire AGSE, therefore risks associated with the
ground station are critical to mission success.

Payload Retrieval Arm Risk Assessment

The hazards outlined in Table 70 are risks associated with the payload retrieval arm. The
payload arm interfaces with multiple components and has multiple opportunities for
hazards.
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Main Controller Risk Assessment

The hazards outlined in Table 71 are risks associated with the main controller. The master
controller is the backbone of the AGSE and is critical to mission success therefore these
risks are of high importance.

Leveling System Risk Assessment

The hazards outlined in Table 72 are risks associated with the leveling system. A level
launch platform is critical to a successful launch so risks associated with this system are
of high priority.

Master Controls Risk Assessment

The hazards outlined in Table 73 are risks associated with the master controls. The
master controls are important safety interlocks for the AGSE, so risks associated with
these controls are of high importance.

Stability and Propulsion Risk Assessment

The hazards outlined in Table 74 are risks associated with stability and propulsion. The
team has multiple members of the team with certifications supporting that they can safely
handle motors and design stable rockets of the size that the team will be working with.
This area is considered a low risk for the team, but it is still important to address any
potential problems that the team may face throughout the project.

Recovery Risk Assessment

The hazards outlined in Table 75 are risks associated with the recovery. Since there are
three recovery systems onboard, many of the failure modes and results will apply to all of
the systems but will be stated only once for conciseness.

Cache Capsule Risk Assessment
The hazards outlined in Table 76 are risks that are related to the cache capsule. This
includes potential risks during assembly, operation, launch, and recovery of the capsule.

Vehicle Assembly Risk Assessment
The hazards outlined in Table 77 are risks that could potentially be encountered
throughout the assembly phase and during launch preparation.

Environmental Hazards to Rocket Risk Assessment

The hazards outlined in Table 78 are risks from the environment that could affect the
rocket or a component of the rocket. Several of these hazards resulted in a moderate
risk level and will remain that way for the remainder of the season. These hazards are
the exception for needing to achieve a low risk level. This is because several of these
hazards ar e o ut rolpstich astthe weathea. imdhe caseahat environmental
hazards present themselves on launch day, putting the team at a moderate risk, the
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launch will be delayed until a low risk level can be achieved. The hazards that the team
can control will be mitigated to attain a low risk level.

Hazards to Environment Risk Assessment

The hazards outlined in Table 79 are risks that construction, testing or launching of the

rocket or AGSE.
NAR/TRA Procedures
NAR Safety Code

The below table describes each component of the NAR High Power Rocket Safety
Code, effective August 2012, and how the team will comply with each component. This
table has also been included in the team safety manual that all team members are
required to review and acknowledge compliance.

NAR Code

Compliance

1. Certification. | will only fly high power
rockets or possess high power rocket
motors that are within the scope of my user
certification and required licensing.

Only Darryl, the team mentor, and certified
team members are permitted to handle the
rocket motors.

2. Materials. | will use only lightweight
materials such as paper, wood, rubber,
plastic, fiberglass, or when necessary
ductile metal, for the construction of my
rocket.

The Mechanical Engineering team will be
responsible for selecting the appropriate
materials for construction of the rocket.

3. Motors. | 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. | will
not allow smoking, open flames, nor heat
sources within 25 feet of these motors.

Motors will be purchased through Wildman
Rocketry and will only be handled by
certified members of the team who are
responsible for understanding how to
properly store and handle the motors.
Additionally there is a portion on motor
safety in the team lab manual that the
entire team is  responsible  for
understanding.

4. Ignition System. | 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

All launches will be at NAR/TRA certified
events. The Range Safety Officer will
have the final say over any safety issues.

River City Rockety20142015 NSL CD




be inhibited except when my rocket is in
the launching position.

5. Misfires. If my rocket does not launch
when | press the button of my electrical
launch system, | will remove the
| auncher 6s s aif dstogneci
its batter and will wait 60 seconds after the
last launch attempt before allowing
anyone to approach the rocket.

The team will comply with this rule and any
additional precautions that the Range
Safety Officer makes on launch day.

6. Launch Safety. | 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. |
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 | will ensure that no person is
at the pad except safety personnel and
those required for arming and disarming
operations. | 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 | will observe
the additional requirements of NFPA 1127.

The team will comply with this rule and
any determination the Range Safety
Officer makes on launch day.

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. | will use a
blast deflector to prevent the motor's
exhaust from hitting the ground. | 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 teams ASGE will function as the
launch pad for the rocket. The ASGE will
be rigorously tested for stability before a
launch will be allowed. The length of the
tower will be designed to ensure that in
any allowable wind condition, the rocket
will be able to attain a rail exit velocity that
will ensure a stable flight. The ASGE will
have a blast deflector integrated into the
design.

The team will be familiar with and comply
with the minimum distance table at all
launches.

River City Rockety20142015 NSL CDm




8. 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. | will not launch my rockets if
wind speeds exceed 20 miles per hour. |
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.

The team will comply with this rule and any
determination the Range Safety Officer
makes on launch day.

9. Launch Site. | 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 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 team launches will be at NAR/TRA
certified events. The Range Safety Officer
will have the final say over any rocketry
safety issues.

10. 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.

The team will comply with this rule and any
determination the Range safety Officer
makes on launch day.

11. Recovery System. | 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 | will use only flame-
resistant or fireproof recovery system
wadding in my rocket.

The Recovery team will be responsible for
designing and constructing a safe
recovery system for the rocket. A safety
checklist will be used on launch day to
ensure that all critical steps in preparing
and packing the recovery system and all
necessary components into the rocket are
completed.
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12. Recovery Safety. | will not attempt to | The team will comply with this rule and any
recover my rocket from power lines, tall | determination the Range Safety Officer
trees, or other dangerous places, fly it | makes on launch day.

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.

Table 32: NAR safety code compliance.

Team Safety

A team safety meeting will be held prior to any construction, tests or launches in order to
ensure that every team member is fully aware of all team safety regulations as detailed
in the team safety manual. Each team member is required to review and acknowledge
the safety manual. As revisions are made and released, team members are responsible
for remaining up to date with team safety regulations. The team safety manual covers
the following topics:

1 Lab Workshop Safety

Material Safety

Energetic Materials

Personal Protective Equipment regulations
Launch Safety Procedures

Educational Engagement Safety

MSDS sheets

1 Lab specific rules

= =4 =4 4 -4 -

Should a violation to the contract occur, the violator will be revoked of his or her eligibility
to access to the lab and attend launches until having a meeting with the safety officer.
The violator must review and reconfirm compliance with the safety rules prior to regaining
eligibility.

Prior to each launch, a briefing will be held to review potential hazards and accident
avoidance strategies. Briefings will cover the following items:

1 Information on the waiver times and altitudes to ensure that the team completes
all launches at appropriate altitudes before the waiver expires.

1 Review of launch site regulations i stress on attentiveness during launches.

1 Draw attention to any hazards that are particular to that day due to the
environmental conditions.

1 Address any hazards that have not yet been mitigated that may be encountered
during preparations and testing.
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1 Delegate launch day checklists to appropriate personnel to ensure that all tasks
get completed in an efficient manner.

In order to prevent an accident, a thorough safety checklist have been created and will
be reviewed on launch day. Individual checklists will be created for each subsystem. The
checklists include the following information:

1 Required tools.

Required hardware.

Required PPE.

Explicit step-by-step instructions to be checked off after completion.

Caution statements indicating steps where specific PPE is required.

Danger statements indicating steps where there is a particular hazard to personnel

involved and what should be done to mitigate that hazard.

1 Warning statements indicating importance in a procedure. Describe if a certain
procedure is not followed completely, then a particular event will happen, resulting
in the occurrence of a particular hazard.

1 Signatures required from two representatives that all steps have been completed.

= =4 =4 4 -4

Throughout preparations, it will be the responsibility of the safety officer to confirm that
each of the necessary tasks for a successful launch is completed. Safety checklists must
be printed in color so that the warning, danger and caution symbols stand out, drawing
the appropriate attention to the step. Two team members are required to sign off, verifying
that each required task has been completed in order to ensure a safe launch. Once all
subsystem checklists are completed, a final checklist must be completed and final
approval granted by the safety officer and captain. The safety officer has the right to call
off a launch at any time if it is determined that anything is unsafe or at a high risk level.

Local/States/Federal Law Compliance

The team has reviewed and acknowledged regulations regarding unmanned rocket

launches and motor handling. Federal Aviation Regulations 14 CFR, Subchapter F, Part

101, Subpart C, Code of Federal Regulation 27 Part 55: Commerce in Explosives; and

fire prevention, and NFPA 1127 nCode f asr
available to all members of the team in the team safety manual.

Motor Safety

Darryl, the team mentor, who has obtained his Level 3 TRA certification, will be
responsible for acquiring, storing, and handling the teams rocket motors at all times.
Team members that have attained a minimum their Level 2 certification, are also
permitted to assist in this responsibility. By having obtained a Level 2 certification, the
individual has demonstrated that he or she understands the safety guidelines regarding
motors. Any certified member of the team that handles or storesthe t ea mé6 s
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responsible for following the appropriate measures. The motors for both test and
competition launches will be transported by car to the launch site.

Rocket motors shall be stored in accordance with the regulations set forth by NFPA 1127.
All energetic materials shall be stored in a red, indoor magazine, bearing the words
AEXPLOSTNEBP FI RE AWAYO in white. The
residence and will be stored in a detached garage or outbuilding by a certified team
member or mentor. No more than 50 Ibs of propellant shall be stored together at any
given point in time.

Safety Compliance Agreement

The University of Louisville River City Rocketry team understands and will abide by the
following safety regulations declared by NASA. All team members are required to sign a
safety compliance form prior to any construction, testing, or attending launches. By
signing the safety compliance agreement, team members acknowledge that they have
read and understand all safety requirements set forth by the safety officer in the safety
manual. The following statements are included in the agreement:

1. | agree to comply with all safety rules and regulations set forth by the safety

manual.

| have read and am familiar with the entire safety manual.

3. lunderstand that it is my responsibility to remain up to date with the latest version
of the safety manual, which will be sent out upon revision.

4. If | violation these regulations, | realize that | may not be able to participate in
construction or launch activities.

5. I will strive to follow these safety procedures and encourage safety throughout the
team and at educational events.

N
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Section 4. AGSE/Payload Criteria
1) Systems Overview

Overview
To be considered a success, the AGSE must meet the following requirements:

1.
2.

7.
8.
9.

Teams will position their launch vehicle horizontally on the AGSE.

A master switch will be activated to power on all autonomous procedures and
subroutines.

After the master switch is turned on, a pause switch will be activated, temporarily
halting all AGSE procedure and subroutines. This will allow the other teams at the
pads to set up, and do the same.

Once the launch services official has inspected the launch vehicle and declares
that the system is eligible for launch, he/she will activate a master arming switch
to enable ignition procedures.

The Launch Control Officer (LCO) will activate a hard switch, and then provide a
5-second countdown.

At the end of the countdown, the LCO will push the final launch button to initiate
launch.

All AGSE systems shall be fully autonomous.

The system must suffer no setbacks when the pause button is initiated.

The system must complete all tasks within 10 minutes.

10.The capture and containment system must be able to retrieve the payload from

outside of the vehicle MOLD line and from the ground.

11.No forbidden technologies will be utilized. The forbidden technologies are as

follows

a. Sensors that rely on Earthdés magnetic

b. Ultrasonic or other sound-based sensors

c. Earth-based or Earth-orbit-based radio aids (e.g. EGPS, VOR, cell phone,
et cé)

d. Open Circuit pneumatics

e. Air breathing systems

In addition to the above requirements, the following controls parameters must be met to
be considered a success.

1.

2.

A master switch to power all parts of the AGSE, the switch must be easily
accessible and hardwired into the AGSE

A pause switch to temporarily terminate all actions performed by the AGSE. The
switch must be easily accessible and hardwired into the AGSE

River City Rockety20142015 NSL CD

f



3. A safety light that indicates that the AGSE is powered on. The light must be
amber/orange in color. It will flash at a frequency of 1 Hz when the AGSE is
powered on, and will be solid in color when the AGSE is paused while power is still
supplied.

4. An all systems go light to verify all systems have passed safety verifications and
the rocket system is ready to launch.

To accomplish the above requirements, the AGSE has been broken up into sub-stations
shown in Table 33.

Sub-Station Responsibility

Locate, capture, and place the payload inside the launch vehicle.
The containment responsibility has been placed with the launch
vehicle.

House all control electronics in addition to all prerequisite
switches and indicator lights.

Payload Capture
and Containment

Ground Station

Launch Platform Support and guide vehicle during launch procedures and launch.
Vehicle Erector Raise vehicle from horizontal position to 5 degrees of vertical.
Igniter Installer Install electronic match after vehicle has been safely erected.

Table 33: AGSE sub-stations.
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Figure 81: Fully deployed system.

The overall system dimensions are shown in Table 34.

Overall Overall Overall Height Overall Height Overall
Mass (Ibm) Width (in) | (fully erected) (in) (closed) (in) Length (in)
352.59 29.25 144.83 30.84 203.02

Table 34: Overall system dimensions.

Changes since PDR

Table 35 shows the changes since proposal for the overall system. Each sub-system
changes will be shown in their system description.

Change

Justification of Change

Weather station has been defined in more
detail.

Increase science value of system.

Construction has begun of various
portions of the ground station and the
vehicle erection system

Testing of those systems cannot be
completed until the system has been
fabricated.

Table 35: Changes since proposal.
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System Timeline
Per the SOW the ground station has ten minutes to complete the proposed tasks,
however, the centennial challenges have stated that five minutes is the target time. To
accomplish these task in the required time, a system timeline has been developed and is
shown in Figure 82.

30 seconds 1:30 » 2:00 » 4:00 » 4:20

30 seconds 1 Minute To 30 seconds to 2 minutes to 20 Seconds

Time irrelevant Tocomplete complete complete complete to complete
task tasks tasks tasks task

Load Vehicle

Auto Level System

Payload Capture

Ground station is

iiazaios P system grabs raised to takeoff Paylosghlzrlzced n Vehlc:;aolssitg:]sed oLl igniter is Installed
Timer Start payload position
Payload is raised Vehicle Door System is

to vehicle

Closes

completely level

Figure 82: System timeline.
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2)Payload Capture and Containment

Overview
The purpose of this system will be to grab the payload from the ground, raise it up to the
rocketodos | evel, a n d nto fisedasignatedsseatidn intthe eockgt. &g | oad i

achieve this, an arm was designed that will mount onto a side rail of the AGSE. The
payload will be placed underneath the AGSE so the arm will be able to start facing the
rocket. The payload arm is shown in its vertical and horizontal position in Figure 83 and
Figure 84 respectively. The general dimensions of the payload arm are shown in Table
36.

Height (in) Length (in) Width (in) Mass (Ibm)
18.250 15.975 6.625 13.362

Table 36: General dimensions of payload arm not Including length of shafts

Figure 83: Payload arm in vertical position.
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Figure 84: Payload arm in horizontal position.

Design

Gripper Assembly

The gripper assembly will be responsible for holding the payload and for driving the
payload vertically and horizontally with the help of a motor. Figure 85 shows the gripper

assembly.

Figure 85: Gripper assembly.
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Currently, a 10RPM 12VDC motor with a maximum torque of 368 0z-in is going to be
used. The motor specifications might change later once more analysis is done on the
speed required to complete the task within the allotted time and the torque required to
move the gripper assembly. The motor has holes for screws that will be used to attach to
a 0.125in 6061 aluminum plate shown in Figure 86.

Figure 86. View of motor attachment plate

The motords shaft will have a coupler that wi
the gripper assembly upwards. To add support to the assembly, another 0.25in steel shaft

will mount on each side of the motor. Set screw hubs will hold these shafts in place. The

hubs will mount onto each side of the plate using #6-32 UNC screws. To connect the

motor plate to the actual gripper, four 2.25in x6-32 UNC threaded standoffs will be used

to connect to another plate, which is better shown in Figure 87.
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Figure 87. Gripper assembly with closed (left) and open (right) payload arms.

This plate will be spot welded to a 32 gauge aluminum sheet metal cover. In case the
welds were to fail, the cover will still have a screw that attaches it to the plate underneath
the motor. This cover will house the gears used to open and close the arms holding the
payload. The cover will be cut out using a water jet. The gripper assembly without the
cover is shown in Figure 88.

Figure 88. View of gears used to move payload arms.

To open and close the payload arms, a Hitec HS-5485HB servo will be used which will
be mounted on the outside of the cover using four #6-32 UNC screws and nuts. The servo
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has maximum torque of 89 oz-in. If more torque is needed to hold the payload, the servo
can easily be swapped for another with more torque. A brass gear will be attached to the
servo which will in turn drive two other brass gears. The gears will be store bought and
their specifications are shown in Table 37.

Gear Servo Left Arm Right Arm
Pitch Diameter (in) 0.75 1.00 1.00
Pitch 32 32 32
Teeth 24 32 32
Pressure Angle (deg.) 20 20 20

Table 37: Gripper gear specifications.
The center distance, c, between the gears was calculated using

d; +d;
2

C (26)
where d1 is the pitch diameter of the driving gear and d: is the pitch diameter of the driven
gear. Twenty degree pressure angle gears were chosen due to their higher load capacity
compared to other standard pressure angles.

The two arm gears have an extrusion which allows them to attach to a 0.25in diameter D-
shaft using a #10-32 UNC set screw. The payload arms will slide over the extrusion and
will be held in place using the same set screw used for the gears. The part of the arms
that will hold the payload are dimensioned to be the same as the outer diameter of the
inner tube of the payload. The payload arms will be 3D printed out of Vero Black plastic.
Vero Black plastic was chosen over ABS due to having better material properties as
shown in Table 38.

Material Vero Black ABS
Tensile Strength (psi) 9450 5221
Elastic Modulus (psi) 435000 203052
Flexural Strength (psi) 16000 7541

Elongation at Break (%) 10 4

Table 38: Vero Black compared to ABS Plastic.

To verify that the payload is held within the arms, a touch sensor will be placed on one
side of each arm. The arms will have a slot for the pin of the touch sensor to go through
which is can be seen as a small red dot in the middle of the arm in Figure 88. Two #2-56
UNC screws and nuts will attach the sensors to the arms. When the system gets
activated, the arms will close until both sensors are activated which indicates that the
payload has been grabbed.

River City Rockety20142015 NSL CD



Threadless Ball Screw System

To move the gripper assembly, the motor on it will be connected to a 0.25in diameter
shaft. The length of it will be adjusted later on depending on the required height from the
ground to the rocket. Since the height can vary from at least 18in to 48in, the system has
to be easily adjustable. A threaded rod and ball screw is a common solution, but
unfortunately, the price of the threaded rod and ball nut increases as the height from the
ground increases which made the idea unappealing if the height from rocket to ground
was large. Instead, a threadless ball screw idea was chosen which will help decrease the
cost of the system if larger heights are required.

Figure 89: Threadless ball screw assembly.
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Figure 90. Exploded view of threadless ball nut.

The system works by using three bearings which center the shaft that goes through the
middle of the threadless nut, shown in red. The bearings are angled such that they
simulate a thread pitch. As the shaft rolls over the bearings, it follows the pitch of the
bearings like a threaded rod. The bearings have a point contact on the shaft which causes
a high force to keep the shaft in line. A screw is used on one side to add a preload to the
shaft. The theoretical thread pitch, P, can be calculated using

P =Dt a(nd) (27)

where D is the diameter of the shaft and d i s
of the threadless nut. The threadless ball nut contains three holes angled at the current

bearing angle of 10degrees where the bearings will be mounted on. A #6-32 UNC screw

and nut will hold the bearing in place. A nut will go between the inner race of the bearing

and screw.

The threadless ball bearing system is used commonly in 3D printing machines due to
their low cost since a regular threadless shaft is cheaper. Two of these assemblies will
be placed on opposing sides of an L-shaped bracket to provide more support. All of these
parts will be 3D printed out of Vero Black plastic. To insure that the gripper assembly can
be held securely, force tests will conducted to determine what force is require to make
the shaft slip.
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Gripper Assembly Rotation
The aforementioned threadless ball screw system will mount on the end of the payload
tower structure facing the rocket as shown in Figure 91.

Figure 91. Threadless ball screw assembly mounted on U-shaped channel.

The L-bracket that the threadless nuts mount on will be attached to the U-shaped channel
in between the two towers using a mortise style hinge which is rated for a 40lb load. Three
#10-32 UNC flat head screws and nuts will attach the hinge to the bracket as well as to
the U-shaped channel. The U-shaped channel will be made out of 32 gauge aluminum
sheet metal that will be cut out using a water jet. To limit the angle of rotation to 90
degrees, a slot will be cut into the channel. The L-bracket will have a though-hole near
the top for a 0.25in shaft. The shaft will then go through the slot in the channel.

Once the gripper assembly reaches a vertical distance, yet to be determined, the system
will begin to rotate back until it is horizontal. To accomplish this task, a belt system will be
turned used, shown in Figure 92. A similar belt system is used in photography to achieve
shots where a steady horizontal camera movement is required. The belt, pulleys, and belt
mounts used in the payload arm are the actual components used in some of these
photography fixtures.
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Figure 92. Top view of payload arm assembly.

The timing belt will be connected to two pulleys, one of which will be driven by another
12VDC motor that is mounted underneath the U-channel and another which will act as
the belt tensioner. To add tension to the belt, the second pulley will be free to slide within
a smaller U-channel, shown in Figure 93.

Figure 93. Belt tensioning pulley.

Two bearing mounts will go on each side of the pulley. A 0.25in diameter D-shaft will go
through the bearings and the pulley. The bearing mounts will be screwed into a plate
using #6-32 UNC screws. At the end of the smaller U-channel, a 0.25in thick 6061
aluminum end plate will be attached using four #6-32 UNC screws. Another #6-32 UNC
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screw will then connect the plate mounted on the bearing mounts and the plate at the end
of the U-channel. This screw will be responsible for increasing or decreasing the tension
on the timing belt. The smaller U-channel, end plate, timing belt, pulleys, and bearings
will be bought off the shelf from ServoCity.com.

The timing belt will clamped in between 316 stainless steel belt mount plates which will
screw into a slider, printed out of Vero Black material, using four #6-32 UNC screws as
shown in Figure 94 and Figure 95.

Figure 94. Slider mounted on timing belt.

Figure 95. Another view of the slider.
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The slider will have flanges on each side where two 0.25in shafts will be located. Each
shaft will be held in place using an aluminum clamping collar. The shafts will go through
a slot on the sides of the main U-channel. The shafts will keep the weight of the slider off
the belt so that it will only experience a tension force in the direction of motion. Push rods
will be used to connect the slider with the L-bracket at the front of the payload arm. The
push rods have a flange with a 0.25in hole at each end. One end will go through the front
shaft of the slider and the other end will go through the shaft on the top of the L-bracket.
The push rods will be placed near the sides of the U-channel so that they are out of the
way of the shafts on the gripper assembly when it rotates horizontally.

The Arduino Uno that will be controlling the payload arm will be placed in a 3D printed
case with a clear acrylic cover at the end of the U-channel. The driving pulley for the
timing belt will be mounted directly to the shaft of a 12VDC motor. This motor will be
mounted underneath the U-channel as shown in Figure 96.

Figure 96. Side view of payload arm assembly.

Once the gripper assembly is rotated horizontally, the timing belt will stop moving. Then,
the motor on the gripper assembly will begin to rotate in the opposite direction which will
cause it to extend towards rocket. Currently gripper assembly is expected to have to travel
12in horizontally to reach the clips inside the rocket. Once inside the rocket, a hall-effect
sensor will probably be used to detect when it has reached the clips that will hold the
payload. The motor will then stop and the payload arms will open up to release the
payload. Finally, the motor will change its rotation direction and retract from the rocket.
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Payload Arm Structure

The U-channel will be mounted in between two 80/20 aluminum posts. The posts are
currently going to be 18in tall but can be cut to any length as necessary. The U-channel
will have two brackets that support it underneath using 5/16-18 UNC socket screws and
nuts. The same type of screw will then be used to attach the bracket to a special 80/20
fastener on the 80/20 posts which is held in place using a set screw. Two other 5/16-18
UNC screws will be used near the top of the U-channel sides to prevent rotation.

A 0.25in thick 6061 aluminum plate will be used to mount the two towers holding the U-
channel as shown in Figure 97.

Figure 97. Payload arm mounting plate.

The same brackets used to hold the U-channel will be used to support the 80/20 towers
on each side. Underneath the mounting plate, three more brackets will be placed that will
be used to connect the entire payload arm assembly to the side rail of the AGSE launch
platform.

Cantilever Analysis

One of the main concerns with this systemés
gripper assembly will deflect too much when it is extended horizontally to deposit the

payload inside the rocket. A SolidWorks Simulation was therefore done to see how much

deflection is expected on the shafts due to the weight of the gripper assembly. Figure 98

shows the constraints and loads that were applied to the shaft during the simulation.
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Figure 98. Constraints and loads on shaft.

The shaft was simulated as a cantilever beam since the threadless ball nuts will be
supporting the shaft and the gripper assembly, shown in green in Figure 98. The shaft
was analyzed at its maximum extended length of 12in. In Figure 98 the red arrow
represents the gravity vector and the purple arrow represent the force applied to the shaft
due to the weight of the gripper assembly. The shaft was simulated to be made of steel
with the properties and loads applied shown in

Table 39.
Elastic Modulus (Pa) 210x10°
Poi ssonds | 0.28
Yield Strength (MPa) 620
Density (kg/m3) 7700
Gripper Assembly Mass (kg) 0.680
Applied End Load (N) 6.71

Table 39. Applied cantilever analysis constraints.

For the simulation, the entire weight of gripper assembly was applied as the end load on
the shaft instead of distributing it among the three shafts. The reason for this is to see the
worst case condition where somehow the middle shaft is the only one carrying the load
due to some unforeseen problem. Figure 99 and Figure 100 show the resulting plots from
the simulation.
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Figure 99. Vertical displacement plot.
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Figure 100. VonMises stress plot.

Assuming the worst case scenario where the entire weight of the gripper assembly is on
one shaft and the gripper assembly is fully extended, the results shown in

Table 40 were obtained.

Maximum Vertical
Displacement (in)

Maximum VonMises
Stress (MPa)

Yielding Factor of Safety

0.028

50.2

12.4

Table 40. Results from cantilever analysis.

From the results, the team is confident that the weight from the gripper assembly on the
shafts are negligible on the vertical displacement. When the payload arm is built, the team

will still verify that there is no noticeable shaft deflection.
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Schematics

The overall dimensions of the payload arm from the base plate are 15.975in x 6.625in

x18.25in starting from the base plate and not including the length of the shafts that the
gripper assembly is on. Figure 101 shows the general dimensions of the payload arm.
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Figure 101. General dimensions of payload arm.
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Figure 102. General dimensions of gripper assembly.

Controls

The payload arm will operate on a series of checks to see if it is ready to go to the next
step. An Arduino Uno is currently expected to control the system which will in turn be
connected to the laptop. A general overview of how this system will operate is shown in
Figure 103.
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Figure 103. Flowchart for payload capture system.

One of the most important features in the system is that it must be able to completely stop

what it is doing if the RSO decides to pause
connected to the entire AGSE including the payload arm. If system ever receives a signal

that the pause switch has been activated, it will stop at its current position. The Arduino

must then remember what it was doing and resume from this same place once the pause

switch is deactivated. The payload arm systems must be able to hold in whatever position

they are if this situation were to ever arise.
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Challenges

Table 41 shows the foreseen design challenges for the payload capture system and their

chosen solutions.

Design Challenge

Solution

Detect when the payload has been
captured the by the payload arm.

A touch sensor will be located on each
side of the gripper arms. When both have
been activated, the system will know the
payload is securely held.

Raise the payload Z distance from the
ground at a low cost.

A threadless ball screw system will be
implemented. A regular shaft will be more
cost effective than a threaded rod at larger
lengths.

Rotate the gripper assembly to be parallel
with the rocket.

A timing belt system will be implemented
to rotate the assembly. This type of system
is common in photography to move a
camera at a steady rate.

Place the payload within the rocket in its
allotted time.

The two DC motor that operate the
payload arm will be chosen such that they
are able to drive their components fast
enough while still having enough torque to
accomplish their tasks.

Easily move the payload arm structure
along the launch pad side rail to
accommodate the location of the capsule
bay on the rocket.

The payload arm will mount on a side rail
using three brackets. The brackets will be
able to be screwed anywhere on the side
rail.

Table 41. Design challenges and solutions for payload capture system.

Verification Plan

To be considered successful, the payload arm must meet the requirements set forth in

the statement of work.

Table 42 shows the verification plan to meet these requirements as well as any others set

forth by the team.

Requirement

Method of Completion

Method of Verification

Each Maxi-MAV team must
capture and contain a
payload.

The team will design and
build an arm system to pick
up a payload from the

Each subsystem of the
payload arm will be tested
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ground and place it inside
the rocket.

to insure it can operate
without any problems.

If the pause switch is re-
enabled, all actions must
stop immediately.

The Arduino controlling the
system will constantly be
polling for a signal from the

pause switch and if it sees
one all activity will be
stopped.

The pause switch will be
tested at various phases of
the payload capture
process.

Each team will be given 10
minutes to autonomously
capture, place, seal the
payload within the rocket,
erect the vehicle, and insert
the igniter.

The motors moving the
gripper assembly will be
chosen to rotate fast
enough to allow the system
to complete its task within
its allotted time.

The entire system will be
timed to insure it falls within
its allotted time.

All AGSE system shall be
fully autonomous.

The payload arm will be
completely controlled by an
Arduino Uno.

The system must operate
successfully without any
team member intervening

while testing.

Table 42. Verification plan for payload arm.

Tests and Measurements

To make sure that the payload arm will function without flaws during the actual
competition, the system will undergo several tests which are described in

Table 43.

Tests

Success Qualification

Verify that the payload arm can detect
when the payload is secured.

The system must correctly sense the
payload whenever it is grabbed.

Verify that the payload can be grabbed
and held securely by the gripper
assembly.

The payload is grabbed and does not fall
out at least 5 times in a row.

Verify that the threadless ball screw
system works correctly by running the
motor and shaft connected to it.

The gripper assembly must be able to
move upwards without problems at least 5
times in a row.

Verify that the arm is able to rotate
horizontally using the belt system.

The arm must successfully rotate 90
degrees at least 5 times in a row.

Verify that the arm is able to move
horizontally towards and away from the
rocket.

The payload must be able to move
horizontally without moving more than
0.028in vertically.
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Verify that the payload can be pushed into
the clips in the payload bay.

The payload must be held securely by the
clips at least 5 times in a row. The payload
arm must be able to retract without moving
the payload.

Verify that the payload arm is stable.

The payload arm must not wobble
whenever it is in motion. It must also stay
perpendicular to the side rail.

Verify that the payload can be picked up
and deposited inside the rocket in its
allotted time.

The entire process must be at or less then
the time given to the payload arm
operation.

Verify that the system can restart from a
pause state.

The payload arm system must continue
what it was doing before the pause switch
was activated.

Table 43. Test Plan

for the Payload Arm
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3)Launch Platform

Overview

The launch platform must perform the following functions in order of importance to be
considered a success:

1. Allow the vehicle to leave at a safe exit velocity.
Maintain vehicle alignment during payload insertion.
House the ignition system for the vehicle.
Mount to the ground station in a consistent manor.

Attach to the vehicle erection system in a repeatable manor.
Be reusable.

Be transportable by a single or a series of passenger vehicles

No oML

The overall dimensions of the launch platform are shown in

Table 44.
Overall Height | Tower Height Overall Overall Overall Mass
(in) (in) Width (in) Thickness (in) (Ibm)
126.78 120.36 30.97 22.65 104.265

Table 44: Launch platform general dimensions.
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Figure 104: Launch platform.

Changes since Proposal
The changes made to the launch platform since CDR are shown in

Table 45
Change Justification for Change
The spacing between the vehicle and the
guide rails has been lowered from 0.125 Better control of launch angle

inches to 0.050 inches.

The anti-friction tape has been removed
and replaced with a spray on Teflon More cost effective
coating.

The material for the lower plates has been
determined to be AISI 1020.

Required detail for fabrication

Table 45: Changes made since proposal.
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Design

The launch platform consists of three t-slotted aluminum extrusions which guide the
vehicle until the vehicle has reached a designated safe velocity. Along the rails will be
sprayed with a Teflon spray coating which dries as a solid to lower the frictional losses
between the vehicle and the rails. The gap between the guide rails and the vehicle is
0.050 inches.

Figure 105: Launch platform base.

The guide tower rests upon a base, shown in Figure 105, made from two machined 0.375
inch thick, and one 0.250 inch thick steel triangular plates with each plate serving a
specific purpose. The bottom most plate, shown in Figure 106, is where three 18.375 inch
aluminum extrusions that stabilize the primary guide rails and is the base mounting plate
for the ignition system.
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Figure 106: Platform bottom plate.

The middle plate, shown in Figure 107 , is the plate in which the guide rails mount. The
guide rails mount the same way as the support rails. The rails then are attached via
rectangular connecting plate that is fastened to both support and guide rail.

Figure 107: Middle base plate.

The uppermost plate, shown in Figure 108, is where the vehicle rests pre-flight. This is
constrained by two sets of plates that connect and stabilize the support and guide rails.
The plate also features three clearance holes for the screws that hold the motor retainer
into the vehicle.

Figure 108: Uppermost base plate.
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To ensure correct vehicle position during payload insertion, an alignment plate, shown
in Figure 109, will hold one of the fins in the correct orientation and will only allow for
translation along the axis of the launch platform.

Figure 109: vehicle alignment plate.

The guide tower consists of three rails that split into two groups for transportation reasons.
To ensure proper alignment, at the conjunction between each plate will have a connecting
rod and a fastening plate mounted on three sides of the extrusion, shown in Figure 109.
The connecting rod is an 8 inch rod with the bottom half being threaded and the upper
half being the same diameter as the t-slotted extrusion.

Figure 110: Tower connection joint.
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To maintain structural rigidity during vehicle erection and provide the mounting locations
for the ground station and the vehicle erection system, three ring assemblies will be used.
To avoid any incidental contact between the vehicles fins, the amount of gap between the
fins and the inner diameter was set to 0.75 inches nominally and a parallel view is shown

in Figure 111. These rings connect to three t-slotted aluminum extrusions which are 6.5
inches long.

Figure 111: Worst case alignment.

The bottom most stability ring assembly, shown in

Figure 112, doubles as the method of attachment to the ground station. This assembly
consists of two rings with an inner diameter of 17.00 inches and an outer diameter of
22.65 inches. The placement of this ring assembly is 24.000 inches from the bottom of
the station.
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