California State Polytechnic University, Pomona | 2

Table of Contents
Team Summary .................................................................................................................... 5
Motor Used .......................................................................................................................... 5
Launch Vehicle Summary.................................................................................................... 6
Nose Cone ........................................................................................................................ 6
Drogue and Main Parachute Bays .................................................................................... 7
Recovery bay .................................................................................................................... 7
Payload/Observation Bay ................................................................................................. 7
Motor Bay ........................................................................................................................ 8
Fins ................................................................................................................................... 8
Bulkheads ......................................................................................................................... 8
Data Analysis & Results of Payload .................................................................................... 9
Payload Summary .............................................................................................................. 10
Launch Vehicle Payload................................................................................................. 10
Scientific Payload ................................................................................................... 10
Cameras................................................................................................................... 10
Recovery bay .......................................................................................................... 10
AGSE ............................................................................................................................. 10
Scientific Value .................................................................................................................. 15
Visual Data Observed ........................................................................................................ 15
Lessons Learned................................................................................................................. 17
Overall Experience............................................................................................................. 18
Educational Engagement ................................................................................................... 19
Budget Summary ............................................................................................................... 19

California State Polytechnic University, Pomona | 3

Acronym Table
AGSE = Autonomous Ground support equipment
CTI = Cesaroni Technology Incorporated
FRR = Flight Readiness Review
GPS = Global Positioning System
GCS = Ground Control Station
IIS = Ignition Insertion System
IMU = Inertial Measurement Unit
LED = Light Emitting Diode
LV = Launch Vehicle
LVPS = Launch Vehicle Positioning System
MATLAB = Matrix Laboratory
MAV = Mars Ascent Vehicle
NASA = National Aeronautics and Space Administration
NSL = NASA Student Launch
PAS = Payload Acquisition System
PRA = Payload Retrieval Arm
PRS = Payload Retrieval System
SPST = Single Pole Single Throw
SSS = Static Support Structure
STEM = Science, Technology, Engineering, and Mathematics
UMBRA = Undergraduate Missiles and Ballistics Rocketry Association
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Team Summary
California State Polytechnic University, Pomona UMBRA NSL Team
3801 W Temple Ave, Pomona, CA 91768
Mentor name: Rick Maschek
Tripoli Rocketry Association Level 2: #11388

Motor Used
The motor selected originally, the Cesaroni Technology Incorporated (CTI) Pro54
2108K780-15A reloadable motor, imparted 322.9 pounds of force to the rocket with a total impulse
of 533 lb-s. This was deemed ideal to propel our launch vehicle to an altitude of between 5,282
feet and 5,240 feet according to the MATLAB® program and OpenRocket simulations,
respectively. This altitude window was assumed acceptable due to the ability to fine-tune using
ballast in the case of an overshoot for a final altitude of 5,280 ft. The thrust duration is 1.65 seconds.
This short burn time ensures that the rocket will reach a stable velocity, quickly allowing for a
shorter possible launch rail. However, upon a successful full-scale launch, the altitude reached was
5,909 ft., which was in violation of the flight waiver for the completion by 309 ft. The motor was
then downsized to the CTI Pro54 2108K780-15A. OpenRocket simulations put the altitude just
above 5,000 ft. The specifications for the K780 motor as well as the thrust curve can be found
below in Table 2.0-1 and Figure 2.0-1.
Figure 4.2.1.1.3-1: CTI Pro54 2108K780-15A Thrust Curve
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Table 2.0-1: CTI Pro54 2108K780-15A Motor Data
CTI
Manufacturer
Average Thrust (lbf.)
Motor Dimensions (in.) 2.13 x 19.21 Maximum Thrust (lb.)
3.748
Loaded Weight (lb.)
Total Impulse (lb-s)
2.513
Propellant Weight (lb.)
Isp (s)
2.70
Burnout Weight (lb.)
Burn time (s)
Blue Streak
Color
Class

175.3
228.3
473.9
188.5
2.70
65% K

Launch Vehicle Summary
The launch vehicle was composed of three independent sections called Module 1, 2, and 3.
Module 1 consists of the Nose Cone. Module 2 is composed of the Drogue Parachute Bay and the
Recovery Bay, and Module 3 is composed of the Main Parachute Bay, Payload/Observation Bay,
and Motor Bay. The layout of the launch vehicle can be seen in Figure 3.0-1. Each module is
connected to each other using shear pins. The different sections within each module are attached
via bulkheads using steel screws. Overall length of the launch vehicle was 102 inches (8.5 feet).
The main airframe of the launch was made entirely of 3 layers of carbon fiber which was made via
a wet layup process over a steel mandrill.
Nose Cone

Recovery Bay

Drogue Parachute
Bay

Payload/Observation
Bay

Main Parachute
Bay

C.G.
52.5”
57.5

C.P.
66.54
62.3
Motor Bay

Module 3
Black Powder
Charge Locations
Figure 3.0-1: Layout of the bays and modules comprising the launch vehicle

Module 1

Module 2

Nose Cone
The Nose Cone was made of PLA-plastic because it is lightweight, strong, and allows the Nose
Cone to be easily manufactured by the use of a 3D printer. The inside of the Nose Cone was further
reinforced by 2 layers of fiberglass. The Nose Cone, which is 11.0 inches in length, was printed as
one piece, with interval slots that allow the avionics sled and antenna to be placed within. The
bottom 3 inches of the Nose Cone is designed to be the shoulder. This portion of the Nose Cone
will be inserted into the Drogue Parachute Bay. At the base of the shoulder, a bulkhead is attached
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using steel flat-head cap screws. Attached to this bulkhead is a steel eyebolt to which the drogue
parachute shock cords will be connected.
Drogue and Main Parachute Bays
Both parachute bays are carbon fiber tubes with constant inner and outer diameters of 4
and 4.1 inches, respectively. The Drogue Parachute Bay is 22 inches in length and the Main
Parachute Bay is 24 inches in length. The upper end of the Drogue Parachute Bay is attached to
the Nose Cone via shear pins and the lower end is attached to the Recovery Bay via a bulkhead.
The upper end of the Main Parachute Bay is attached to the Recovery Bay via shear pins and the
lower end is attached to the Payload/Observation Bay via a bulkhead. The central portions of the
parachute bays provide an area where the parachutes and shock cords are stored during launch.
Recovery bay
The Recovery Bay, shown in Figure 3.3-1, is 7.5 inches long with a 1.5 inch collar at its
center. The top and bottom regions at 4-inch outer diameters allow the Recovery Bay to be inserted
and connected to the adjacent bays. The center section, known as the collar, allows the launch
vehicle to maintain a constant outer diameter, therefore keeping the outside skin between all
sections flushed. The collar also has two 0.5 inch holes drilled into it that allowed for the
installation of STSP key switches, which activates the altimeters from the outside of the launch
vehicle once it is in launch position. Four vent holes are drilled symmetrically around the collar to
allow the altimeters to make pressure readings. Inside the Recovery Bay, four centering rings are
epoxied in place and are used to ensure that the avionics sled will be held secure so the components
remain functional when experiencing forces and vibrations during launch, as well as keep the
masses along the centerline of the launch vehicle. They will also act as a guide to allow the avionics
sled to be easily inserted and removed from the bay. On both ends of the Recovery Bay, there are
bulkheads attached to act as barriers between the different sections. They protect the internal
electronics from launch forces and black powder charge blasts in the adjacent Parachute Bay.

Figure 3.3-1: Recovery Bay (left) and dimensional
drawings (right)
Payload/Observation Bay
The Payload and Observation Bay is 18.5 inches in length and has a constant inner diameter
of 3.9 inches. Two removable bulkheads are positioned at each end on this tube and a third
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permanent bulkhead is position between the Payload and Observation Bay sections, separating
each from one another. This design allows the Payload Acquisition System (PAS) to be easily
inserted and removed. The fore section is the Payload Bay and contains the Payload Acquisition
System (PAS). Along the outside of this section is a 3 inch by 6 inch door that is attached to the
launch vehicle using a custom hinge. After the payload is inserted, the door is closed and is kept
closed with magnets installed on the inside of the door and Payload Bay. The aft section, behind
the middle bulkhead, is the Observation Bay. Epoxied on the outside of this section is a key chain
camera that records downward video data. On the opposite side of this camera is a plastic decoy
camera that is epoxied in place. This was attached to keep symmetry about the launch vehicle.

Motor Bay
The Motor Bay is 30 inches in length. At its end
are three slots, 8 inches long and 0.5 inches wide, that
were cut into the fuselage for the fins to slide into. These
fins are mounted directly on the motor tube within the
Motor Bay and are a part of the motor tube assembly.
This design allows the entire motor tube assembly to be
modular, making the assembly easy to be inserted and
removed from the Motor Bay. This can be seen in Figure
3.5-1.

Figure 3.5-1: Motor Tube Assembly
Modularity

Fins
There are three fins all made out of PLA plastic.
The fins are be 3-D printed, Figure 3.6-1, and are coated
with epoxy to protect the fins from moisture. The fin have
a modified airfoil shape to provide increased stability for
the launch vehicle

Bulkheads

Figure 3.6-1: New 3D printed fins

The bulkheads are made of out of 2 layers of 0.25-inch thick birch plywood laminated with
three layers of carbon fiber on each side. Attached symmetrically around the bulkheads at each
end of the tube, using steel flat-head cap screws, will be four L-brackets. Each L-bracket will
provide an area where the bulkheads can be attached to the body tube using the steel flat-head cap
screws. On these bulkheads steel eyebolts. The permanent bulkhead is comprised of only the
plywood and carbon fiber. Both bulkhead can be seen in Figure 3.7-1
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PVC Pipe that houses the black
powder charges

Birch Plywood

Carbon
Fiber
Laminated

L-Brackets

Figure 3.7-1: Removable and Permanent Bulkheads

Data Analysis & Results of Scientific Payload
The scientific payload was successful in datalogging and transmitting the data to the ground
station. The altitude data from the IMU can be seen below in Figure 4.0-1. The flight profile can
be seen to be a ballistic trajectory with a total flight time of 38 seconds. The pressure readings
from the IMU reported altitudes upwards of 85,000 meters. This could be due to a faulty pressure
sensor, or the pressure readings within the nosecone could have actually been extremely low.

Flight Profile
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Figure 4.0-1: Altitude vs. time data from the IMU
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Payload Summary
Launch Vehicle Payload
Scientific Payload
The key components of the scientific payload were an inertial-measurement unit (IMU)
that gave 10 axes of data. The IMU included an accelerometer, gyroscope, magnetic compass, and
a barometer. The IMU was unique due to its integrated sensors. All the sensors are built into the
breakout unit. The next key component was the GPS unit. The unit has built in data logging, as
well as an internal antenna. These key features make this component ideal for tracking the launch
vehicle during flight. The next key of the scientific payload was the XBee Pro 900. The XBee was
responsible for transmitting all data to the ground station. A key-supporting component of the
XBee was the Arduino mega. This unit handled all of the processing power and communication
between the IMU, GPS, and XBee.
Cameras
The camera used for recording the on-board footage was a key-chain camera. It recorded
in 1080p with sound. It recorded on-board footage of both full-scale launches and was crucial in
determining the source of error.
Recovery bay
The recovery system comprised of two StratologgerCF altimeters. Each altimeter had a
dedicated power supply, the Eflite 7.4V 400mAh LiPo battery. The primary and secondary charges
of the main and drogue parachute deployment systems were connected to the altimeters through
the terminal block. One altimeter was dedicated to the primary recovery subsystem and the
secondary altimeter was for redundancy.
AGSE
The Autonomous Ground Station
Equipment was modularized in multiple
subsystems namely; the Static Support
Structure (SSS), Payload Retrieval System
(PRS), Launch Vehicle Positioning System
(LVPS), Ignition Insertion System (IIS) and the
Ground Control System (GCS), as depicted in
Figure 5.2-1. All the subsystems are
interdependent, with the SSS being the main
structure, onto which the other subsystems will
be integrated. The AGSE is also required to
have a maximum weight of 150 pound-force,
which is fulfilled by the use of 80/20 aluminum
extrusion, a light weight material, to make up
most of its framework.

Figure 5.2-1: Complete AGSE Assembly
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Static Support Structure
The SSS was mainly comprised of the 80/20 1515 aluminum extrusion, connected
with mounting and other hardware such as anchor fasteners and SHCS Economy T-Nut screws
and bolts. The overall size and dimensions of the SSS from the
side and front views of the SSS can be seen in Figure 5.2.1-1,
5.2.1-2 and 5.2.1-3. From these figures, it is evident that SSS is
approximately 48 inches tall and 70 inches long. In Figure 5.2.13 it can be seen that the SSS is approximately 40.3 inches wide
and its side vertical supports have an angle of about 69.44
degrees. Also, note from Figure 5.2.1-3 that there are two angled
side supports on the left side of the SSS and a single angled
support on the right side. This design feature ensures overall
support since the lateral movement of the SSS is minimized and
it also reinforces the support system for the PRS.
Figure 5.2.1-1: SSS Configuration

Figure 5.2.1-2: SSS Side View

Figure 5.2.1-3: SSS Front View

Launch Vehicle Positioning System
The key components that made up the LVPS were launch rail, which is a 7-foot 1515 aluminum
extrusion from 80/20, a pivot joint and mounting platform, as seen in Figure 5.2.2-1 below. This
system will rotate, by use of the chain and sprocket combination located at the pivot joint (see
Figure 5.2.2-2), the launch rail and launch vehicle to 85 degrees off the vertical.
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Figure 5.2.2-1: LVPS key
components

Figure 5.2.2-2: Pivot Joint

Ignition Insertion System
The IIS is mainly consistent of the
insertion mechanism and the blast plate
made from welded 16 gauge steel. The
insertion mechanism function similar to
a 3D filament extruder, by pushing a
curved PTFE tube with an igniter into
the motor. The blast plate’s angled
design, as shown in Figure 5.2.3-1,
disconnects the exhaust path from the
electronics.

Figure 5.2.3-1: (Top Left moving counterclockwise) The insertion
mechanism, the blast plate, and the entire system integrated
Payload Retrieval System
The Payload Retrieval System is composed of four subsystems: Payload Retrieval Arm,
Ascending Platform Lift, Computer Vision System, and Payload Acquisition System.
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Payload Retrieval Arm
The PRA is a five degree-of-freedom, parallel mechanism robotic arm with a parallel
motion end effector, which can be seen in Figure 5.2.5-1. The arm is made out of PLA plastic to
keep the arm as light as possible. Three HiTec HS-5685MH HV Ultra Torque servo motors are
used to control the arm’s movement and two Parallax Standard Servo motors are used to control
the end effector. The end effector will also contains extenders that are made of PLA plastic and
they allows the payload to be pushed into the PAS. To reduce as much weight as possible, majority
of the arm is tightened together using nylon screws and nuts. A custom-made circuit board is
placed in the space allotted on the arm’s structure to reduce the length of wires needed.

Figure 5.2.5-1: Payload Retrieval Arm
Ascending Platform Lift
The platform of the APL is shown
in Figure 5.2.6-1 with the dimensions
shown in Figure 5.2.6-2. It is made of
carbon fiber and is attached to two Lbrackets that is made of PLA plastic. The
L-brackets are secured to the flanges that
are located on the SSS. In order for the
platform to move up and down, a 0.5 inch
thick, 46 inches long threaded rod with a
0.5 inch diameter ball screw is placed on
the SSS and attached to the platform with a
custom-made plate. The threaded rod is

Figure 5.2.6-1: Ascending Platform Lift
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attached to the SSS by using two 0.5 inch diameter bearing mounts. A modified linear is attached
to the SSS with a custom-made motor mount and connected to the threaded rod by using a coupler.

Figure 5.2.6-2: Dimensions of Ascending Platform Lift

Payload Acquisition System
The PAS is located on the launch vehicle. It contains
two omega-style clips that are used to secure the payload by
having the payload been pushed into them. The PAS will also
contains foams that are placed in any empty space and they
serve to reduce the vibration that the PAS will experience
during launch. The door of the PAS will have strong magnets
so that the door will be shut tightly and will not be opened
during launch or flight.

Ground Control System

Figure 5.2.7-1: Payload
Acquisition System

The GCS is composed of a PIC microcontroller called ChipKit Max32, one power
distribution board called Seco-Larm Enforcer 9-Output Power Distribution Board, a relay board,
a custom-made connection board, and two voltage regulators. All of the electronics are placed in
an enclosure that is made by two project boxes. A main power switch is placed on the enclosure
of the GCS and a custom handheld controller is connected to the enclosure. The handheld
controller has the “START” and “INTERRUPT” buttons as well as a LED indicating the status of
the GCS. The back of the enclosure has two holes that allow cables from the battery and other
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subsystem to go through and the front has two holes for the handheld controller and the USB-toMicroUSB cable that is used to connect the Chipkit Max32 to a laptop.

Scientific Value
The MAV project simulation provided insight into systems that one day can be used to bring back
a small payload from Mars. Being able to build a system that is compact enough to fit inside of a
payload fairing and has the ability to autonomously prepare a loaded launch vehicle for a return
trip to Earth can also be possibly considered to be a conceptual design for a human return trip from
Mars.

Results and Failure Analysis
Visual Data Observed
The final flight of Cal Poly, Pomona’s UMBRA NSL Team’s launch vehicle took place on
April 16th 2016. Visual data collected from on-board cameras confirmed that flight was nominal
up until the deployment of the drogue parachutes. The drogue parachute failed to deploy at apogee
and the cause is still somewhat unclear. From the video footage a piece of material is ejected from
the launch vehicle at the time of firing for the drogue black powder charges. This was later
determined to be a piece of carbon fiber body tube located directly below the nose cone. This type
of failure had not been observed in any of the multiple test firings of either sub-scale or full-scale
black powder charges. Shown below in Figure 7.1-1 and Figure 7.1-2 respectively are the material
ejected during flight and the missing section of the body recovered after launch.

Figure 7.1-1: Ejected Material During Flight
Figure 7.1-2: Post Flight Body
Tube Blast Hole
Several conclusions were drawn based on failure analysis of the launch vehicle. First, the
shear pins used during the flight at Huntsville were not same as those used during test flights and
ground testing. The reason different shear pins were used was due to a simple oversight of not
stocking enough of the same type of shear pins that were used in testing. Second, the strength of
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the handmade drogue parachute bay body tube was not strong enough to contain the pressure
created by the blast of the drogue black powder charges. The hot gasses produced followed the
path of least resistance, through the side of the launch vehicle rather than ejecting the nose cone
and deploying the drogue parachute. Finally, from ground video footage, it was observed that the
launch vehicle had already began to descend in a ballistic manner when the drogue parachute
charges ignited. The reason for the late charge ignition is not known.

AGSE Results
The final run of Cal Poly, Pomona’s UMBRA NSL Team’s Autonomous Ground Support
Equipment was on April 13, 2015. It took a total of 5 minutes and 3 seconds for the AGSE to
locate and capture the payload, insert it into the Launch Vehicle, rotate the LV to launch ready
position, and insert the igniter. The full autonomous sequence completed as designed, however
there were some errors.
Error 1: After the APL moved to
its final position at the top of the SSS, the
PRA began its sequence to insert the
payload into the payload bay on the LV.
Due to an error in calibration, the payload
was inserted at an incorrect angle, as seen
in Figure 7.2-1. However, the PRA was
able to push the payload down with
enough force to correct that error and
insert the payload into the PAS clips in
the LV.
Figure 7.2-1
Error 2: The next step in the autonomous sequence is to close the payload bay door. The
PRA was to reach behind the LV and pull the door closed. Unfortunately, the PRA reached too far
down and got stuck behind the LV, unable to close the payload bay door. The PRA was flexible
enough to pull itself back to its neutral position and close the payload door in the process.

Figure 7.2-2
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Error 3: Once the Payload bay door was closed,
the LV needed to be rotated to its launch ready position,
5 degrees off the vertical. The LVPS began to rotate the
launch rail as designed. Just before the LV rotated to its
final position, the chain used to drive the rotation slipped
from its gear for a short period of time, causing the
launch rail to fall slightly. The drive gear caught the
chain and rotated the LV to the correct position,
fulfilling that portion of the autonomous sequence.
Error 4: During the entire autonomous sequence,
an amber safety light is to continuously flash at a 1 Hz
frequency. The amber LED used as the safety light fell
out of its socket, preventing the light from being seen.

Figure 7.2-3

Lessons Learned
The lessons learned during this flight were two fold. Since the body tubes were handmanufactured with 3 layers of carbon fiber, any future designs would need to incorporate 4 or 5
layers of carbon fiber. It is clear that 3 layers is not always sufficiently strong enough to withstand
charge ignitions. Purchasing body tubes would also mitigate this failure. Also, it is critical to only
launch components used during test flights and not over-look simple things like shear pins.
Whether or not swapping the shear pins was the main cause for the body tube failure, it is still
necessary to maintain proven flight tested configurations.

Another important lesson is the wiring must be designed in such a way for easy assembly
and disassembly. Many of these errors were directly and indirectly caused by in issue in the wiring
design. The design was too complicated for troubleshooting and all of the setup time before the
final AGSE run was used in making sure everything was wired correctly. There was no time,
before the final run of the AGSE, to finish calibrating the positions for the arm. Fortunately, due
to the design of the PRA, with its powerful geared servo motors and PLA plastic construction and
nylon screws, it was strong and flexible enough to correct those problems. The safety light was
not checked, again due to time constraints.
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Overall Experience
Participating in the 2015-2016 NASA Student Launch competition was a once in a life
time opportunity for the Cal Poly Pomona UMBRA NSL Team. The experiences and valuable life
lessons are too numerous to mention. The number one lesson the competition provided was the
value of learning to work as a team to accomplish something worthwhile. There were many
struggles along the way, again, too many to mention in full detail. As an example, the team had to
overcome a failed launch and rebuild a complete full-scale launch vehicle in a week’s time in order
to make the deadline for the Flight Readiness Review. This tested the team’s cohesive bonds with
each other and strained friendships. However, the team was not derailed, and any hard feelings
were erased and the team was allowed to fly at Huntsville due to the successful launch of the new
launch vehicle.
The fully assembled systems of both the launch vehicle and the Autonomous Ground
Support Equipment matched the final design with very little discrepancies. Both designs were
complete and thoroughly thought out from Proposal to FRR. Even though there was a small failure
which caused the loss of the launch vehicle in Huntsville, the apogee achieved of 5,144 feet and
the success of the AGSE’s performance, supports the diligence of Cal Poly Pomona UMBRA NSL
Team’s design process.
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Educational Engagement
The UMBRA NSL team was able to engage the community by implementing educational
activities. The team’s main intent was to nurture and cultivate young minds into the STEM fields.
The activities were structured in either a series of 2-day events or 1-day events where the students
were able to attend workshops where scientific laws were taught and demonstrated. The students
were then able to engage in a hands-on activity and even friendly competitions. Over the last 8
months, the team has engaged 250 students, from both middle and high school, in the fields of
engineering and rocketry, and hopefully inspired them to pursue a career in such.
Table 6.5-1: Important dates of the Educational Engagement Plan
Event
Blessed Sacrament Middle School Lecture
on Rocketry
Blessed Sacrament Middle School
Construction of Rocket
Blessed Sacrament Middle School Set up
and Launch
California Polytechnic University, Pomona
Aerospace Lab Tour
Bolsa Grande High School Educational
Engagement
Total STEM Engaged Students

Date
10/23/15

No. of Students

10/30/15

38 (same students)

11/13/15

38 (Same students)

1/5/16

54

2/19/2016

158

38

250

Budget Summary
A summary of the overall UMBRA NSL project budget is shown in Table #1. In this table
it can be seen that the overall cost of the project of the project without the travel expenses was
$5,337.25. This is less than the budget requirement $7,500 for both the launch vehicle and AGSE.
Table #.1: UMBRA NSL Team Project Budget
Overall Budget
Budget
Full Scale Launch Vehicle
Sub Scale Launch Vehicle
Recovery System
Avionics/Payload Bay
AGSE
Travel Expenses
Overall Cost w/o Travel Expenses
OVERALL COST

Price
$1,442.56
$1,121.44
$205.22
$692.79
$1,875.24
$11,400.00
$5,337.25
$16,737.25
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