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Abstract  

 
This report is for the OTRA senior project. The scope of this project is to create a 

reusable rocket that would facilitate testing of different systems for future OTRA rockets. The 
purpose of this report is to present detailed analysis of our project as well as provide useful 
information to future OTRA club members. In this report the following information will be 
presented: 

 
A breakdown of each part of the rocket, including the design, analysis, and 

manufacturing of each segment, with Learning and Possible Improvements considerations for the 
part; overall project results, including the launch event.; team members and project organization, 
and sources of funding and expenditures. 
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1. Team Information 
 

a. Advisors : 
● Professor Dongbin Lee 
● Professor Sean Sloan 

b. Team leadership: 
● Project Lead: Daniel Quon 
● Rocket Body Lead: Jack Markee 
● Motor Housing Lead: Daniel Quon 
● Recovery Lead: William Thode 

c. Team Members:  
The senior rocket project was split into three teams with the following design 
responsibilities: 

1. Rocket body:  
A. Christopher Anderson: Fins, NAR #106895 
B. Marco Bellutta: Nosecone 
C. Hunter Jones: Rocket body 
D. Jack Markee: Rocket body and Air Brakes 

2. Motor housing & Launch Tower: 
A. Daniel Quon: Structure design and analysis 
B. Ethan Van Gent: Assistance with structure design 
C. Keaton Webb: Launch tower and structure design 

3. Recovery:  
A. Anthony Ramos: Recovery and release 
B. William Thode: Avionics and Ejection 
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2. Project Overview 
 

a. Project goals 
The original goals of this project were to: 

● Build a modular rocket that future teams could easily upgrade or test components 
on 

● Make the rocket big enough to allow for a liquid fuel engine 
● Design the rocket to compete at the Spaceport America Cup  
● Design and implement air brakes to ensure the rocket does not exceed apogee 

 
b. Goal Changes 

● Our rocket was built, is able to be fully disassembled and can fit larger 
components 

● The rocket is expected to be able to perform according to the rules of Spaceport 
America, but our team failed to enter Spaceport America Cup 

● Our airbrake system was designed but not built due to CFD and machining 
limitations 
 

  
Figure 1:          Figure 2:                                              Figure 3: 

 Fully Assembled Rocket at first Bottom View of Assembled Rocket                   Fully Assembled Launch Tower 
Launch Event 
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3. Project Details 

 

Nosecone 
 
Design 

When deciding the shape of the nose cone there are several factors that need to be 
accounted for. The main factors are the diameter of the rocket body and the maximum velocity 
of the rocket. The diameter is calculated from the total length of the nose cone, and the speed 
determines the shape of the nose cone itself. According to the rocketry team at MIT [1], the 
length should be 1:3, but it can range up to 1:5.5 according to Madcow Rocketry [2]. The nose 
cone to rocket body length will be 1:5.5 which makes the nose cone 6 inches in diameter and 33 
inches in length. 

According to aerospaceweb.org, the faster the rocket travels, the more stable and less 
drag will be acquired by a more pointed design [3]. Simulations showed the rocket going in the 
transonic region which is defined as 0.8 to 1.2 Mach. Due to the higher speed, the decision was 
made to use a Von Karman shaped nose cone. This decision was made using suggestions from a 
paper written at uakron.edu [4]. Their paper states that the Von Karman shape is ideal for speeds 
around Mach 1.2. Even though OTRA’s rocket is planned to go near the bottom of the transonic 
region, Von Karman would be a good fit since this rocket may eventually be flown to higher 
elevations in future missions. In those missions, it is probable that future rocket operators are 
going to reach higher speeds which would require the Von Karman nose cone. For reasons 
detailed in the manufacturing section, we ended up going for a secant ogive shape which has 
similar specifications to the Von Karman shape. 

 
Analysis 

The main analysis that needs to be done is the amount of heat generated on the nose cone 
to ensure the fiberglass will not fail in flight. There is a rough estimate of the amount of 
temperature increase that will occur, but the estimate will be refined in the future. Using 
equations depicted in an article by Ben Brockert [5], the temperature increase was estimated at 
86.4°F at the tip. Assuming the nose cone will initial temperature will be about 85°F due to the 
desert heat, means that the nose cone will be achieving temperatures of around 171.4°F. This was 
done as an estimate to ensure that our fiberglass nose cone would not fail. Once the durability of 
the nose cone had been analysed, it was determined that insulation will not be needed to add 
more heat protection to the rest of the internals. 
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Manufacturing 

Due to the complexity of the shape, creating a mold of the nose cone that is very accurate 
would be very time consuming and expensive. While it would be possible to create the shape 
with foam molds, learning the process of creating a sufficiently smooth product with the mold 
would also be highly labor intensive and require multiple iterations. Due to these restrictions, it 
was decided to purchase a pre-manufactured piece, this reduced manufacturing time and 
produced a more accurate shape. A purchased nose cone was also a cheaper alternative since the 
tooling would be relatively expensive. This manufacturing process was then compared to the cost 
of the premade nose cone at $150. The nose cone has a built in metal tip, therefore the heat 
resistance of the nose cone will be dramatically improved. It also was produced by a filament 
winding process, which has high production costs but can allow for a smoother product with less 
post manufacturing. All these reasons led to make the choice that it was a more efficient use of 
resources to use the premade piece rather than attempting to manufacture a nose cone on campus. 
While the Von Karman nose cone from Madcow Rocketry was unavailable, secant ogive nose 
cone was available, had similar specifications, and would work for our rocket. Once the nose 
cone arrived, we created a wooden bulkhead to sit in the nose cone to reduce the volume that the 
ejection system would have to push on, and the bulkhead allowed us to put an eye-bolt to secure 
it to the rocket after the jettison.  
 
Testing 

Due to the fact that the nose cone was purchased, there was no testing to be done when it 
came to the shape and aerodynamics. What needed to be done was testing for the recovery 
system. The recovery will have to jettison the nose cone to deploy the parachute. There was the 
need to test to confirm that the nose cone will get out of the way in time and that the jettison 
system is powerful enough for the weight of the nose cone. These tests were done at the launch 
site and will be detailed more in the recovery section of the paper. 

 

Body Tubes 
 
Design 

There were several factors to consider when making the body tubes. The first was the 
Learning and Possible Improvements of the rocket. We knew that it is OTRA’s goal to 
eventually use liquid fuel to power the rocket. Because of this a larger, more robust rocket would 
be needed to support the liquid fuel canisters. This and the desire for less parts in the rocket led 
to the decision for the rocket to be monocoque. In a monocoque design all forces are translated 
through the body tube, meaning that the body tube needs to be a more resilient material. A 
monocoque design also helps the overall analysis of the rocket by reducing the number of overall 
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components that can share or contribute to a load. For example, the thrust from the motor will be 
able to act almost directly on the body tubes, and the axial loading acting on the nose cone will 
also be directed on the body tubes instead of structural recovery components. Having a minimal 
number of forces act on each component of the rocket allows us to assume our FS are accurate as 
few other forces will act on that component and therefore allow us to further reduce the weight 
of structural components in the rocket in order to be as light as possible. 

The two cost effective and ready materials were carbon fiber or fiberglass tubes. Carbon 
fiber was chosen for its higher strength. Two 40inch tubes with ID of 6 inch and OD of 6.17 inch 
make up the rocket body. These tubes are large enough to fit potential future liquid engines and 
are several inches larger than needed for our solid fuel motors. These sizes were also chosen to 
accommodate Spaceport America’s load requirements.  

The connect the various motor rings and plates to the tube, countersunk inset washers 
were used. While carbon fiber is strong, we were worried that the small screws and large forced 
would cause shearing in the body tubes. The larger bolt holes allowed for the force from the 
small screws to be translated over a larger area of carbon fiber. If the washers were not there then 
the force would be concentrated on the threads allowing for uneven pressure that could force the 
carbon fiber layers apart. If this had happened it would have shortened the life of the rocket or 
caused a flight failure. The washers also allowed for the screws to be more aerodynamic because 
of a lower more sloped profile. To prevent corrosion the washers (and all aluminum touching the 
carbon fiber) were spray painted.  
 
Analysis 

Material properties could not be gathered for the filament winding because the 
manufacturer did not supply those values and there was no time to test them before 
manufacturing. Independent classical laminate analysis was attempted for carbon fiber weaves, 
but could not be used in this situation. The team estimated the properties of carbon fiber in two 
different ways. The first analysis looked at the average of the different carbon fiber weaves 
material properties and used the average properties in FEA. The area focused on was the thrust 
cap since this area would contain the most stress. The goal of the FEA analysis was to see if the 
material would deform around the screws. Even pressure was assumed since we would be using 
inset countersunk washers. FEA showed minimal elastic deformity. To confirm these results we 
talked with several experience rocket launchers who told us that our carbon fiber design would 
work. The second team assumed properties similar to aluminum which gave a FS of 10. This 
supports a monocoque design without critical failure in the body tubes. 

 
The primary forces on the body tubes would be the bending of the rocket while angled, 

the thrust of the rocket, and drag. According to Box, Bishop and Hunt [6], drag forces on the 
body tubes are able to be approximated as the sum of two forces, the body drag and base drag. 
The drag forces are based off of the characteristic length (ltr) which is the total length of the 
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rocket body, the length of a boat tail (lc, 0 in our design), and the body diameter (db and dd). The 
coefficient of viscous friction (Cf(fb)) is a function of Reynolds number also given by Box, 
Bishop and Hunt. 

 

 

 Figure 4: Body Drag Equation 

Figure 5: Base Drag Equation 

 
A general assumption that can be made for rockets nearing the subsonic to supersonic region is                
that max drag would occur at Mach 1, just as the rocket has the most difficulty breaking through                  
the sound barrier and moving air atoms. At Mach 1, the coefficient of drag must be corrected for                  
compressible flow. Box, Bishop and Hunt offer the following correction for compressible flow  

 
Figure 6: Compressible Flow Correction 

 
The resulting drag was calculated to be a little over 100 lbs. This was less than twice the 

weight of the rocket itself and nearly a ninth of the expected max thrust of the Level 3 rocket. 
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This meant that the primary force to consider during analysis of the rocket remained its thrust, as 
should be expected. 
 
Manufacturing 

The manufacturing process was broken into two major processes: hole drilling and slot 
cutting. Hole drilling was performed using a drill press and a paper template. The holes were 
lined up with the drill and drilled with a special jig backing. The jig prevented delamination of 
the carbon fiber. The couple and connected body tube holes were drilled at the same time to 
ensure conformity in hole lineup.  

The hole drilling method meant that not all the holes lined up perfectly. Tiny adjustments 
needed to be made with a dremel and end mill. The plates and hole locations were marked so that 
the original position of the holes could be returned.  

Slot milling was tried with several methods. What seemed to work best was to rough cut 
the slots with a grinder to approximately 1/4 inch wide and fine tuning the rest of the width with 
a dremel and 1/8 inch end mill. The other tried methods all resulted in delamination and/or 
uncontrollable cutting.  
 
Learning and Possible Improvements 

The filament winding process involves wrapping composite fibers around a mold while in 
tension to create a strong, tightly wound composite part. This inherent tension proved to be a 
problem when cutting the tubes to fit the fins, as the tension collapsed each part of the tube 
slightly inward. This was not easy to counteract due to the stiffness of carbon fiber, and required 
the adjustment of the engine housing assembly via sanding down the surfaces in contact with the 
tube so that the assembly would be small enough to fit in the shrunken end of the tube. A 
possible solution that would prevent the ends of the tube from collapsing and allow parts to fit in 
at the correct size would be the creation of a jig that could hold the tube open. Having the jig 
secure to the ends of the tube while a placeholder object such as the cork core used for drilling is 
inside the tubes stretching the ends back to their original position would then allow the jig to 
hold the tube in tension and allow for the internal components to be placed inside. Multiple 
placeholder cores might be needed to prevent the sliced ends of the tube from sagging in the 
middle while the free end and unsliced end are supported. 
 Another learning experience came from the tolerancing in drilling the holes to line up the 
body tube inside the rocket. While adjustments were needed to make some holes clean and clear 
away delaminated fibers, adjustments continued to be made due to issues with fitting the engine 
assembly, up till final assembly and launch. The issue most likely was a result of loose 
tolerancing in the location of the holes in the engine mount, as well as sanding on the engine 
mount assembly resulting in the part not being centered inside the body tube. 
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Engine Housing 

 
Design and Specifications 

The engine and fin housing was designed with the goal of being fully removable from the 
rocket and replaceable. Having fully removable components aligns with the goal of modularity, 
as components can be adjusted and replaced after launches as needed. Initial designs resembled a 
semi-monocoque structure, with rails that could hold the fins running the whole length of the 
motor and centering rings with inset cuts for the rails. The rails also help to align the rings and 
transfer load from the fins to various parts of the body. Upon deciding on a monocoque design, 
the assembly was greatly reduced in order to cut overall weight from the rocket for flight 
performance. The final design consists of 4 rings to center and enclose the motor casing on both 
ends, with 2 of the rings being much thinner and having spokes rather than contact with the 
entire circumference of the inside of the body tube. The rails were shortened to the length of the 
fins to align the spoke rings. Of the four rings, the top ring was designed to sit around the top of 
the motor casing, take the thrust of the motor, and distribute it to the body tubes. A middle ring is 
aligned by the top of the fin rails and sits around the motor casing. The bottom ring assembly 
consists of a countersunk ring that accommodates the bottom lip of the motor casing and is also 
aligned by the bottom of the fin rails, and a retaining ring that bolts to the bottom of the 
countersunk ring and keeps the motor from falling out. (Figures 7-9) The parts were generally 
made as thin as possible to ensure the rocket would not be heavier than it needs to be, with 3/8ths 
inches of material around a screw hole or ⅛ inches of material to screw through being a common 
design parameter. 

As the project initially aimed to launch with a Level 3 motor the rings were designed to 
hold a 98mm motor casing, with the ability to use motor adapter rings to place smaller motors 
within the rings for test launches. The rings are designed to take a 900 lb (4000N) load. 

 
Analysis 

Analysis for stress and failure on 3 of the centering rings which were expected to be 
structural and the fin rails was done through Solidworks Simulation. The analysis of each ring, 
with the exception of the retaining ring, assumed that the full thrust of the level 2 motor (4000N) 
would act along the inside of the rings while the rings would be fixed to the body tubes with half 
inch long screws. Having shorter screw length increased the stress in the rings as opposed to long 
screws going all the way through the part, this was a worst case scenario analysis using the 
shortest screws we had. Several of the taps going into the rings could fit longer screws and 
therefore take more stress, but tapping all the way through the rings proved difficult due to the 
aluminum parts and small tap size. Using the max thrust of the motor is a worst case 
overestimation on the middle ring; while the rings would be snug on the motor casing, the force 
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of friction holding the ring and casing together would be overcome by the thrust of the motor and 
the ring would not be experiencing the full load. The top and bottom rings both have countersunk 
lips that would catch the motor and experience close to the full thrust of 4000N. The retaining 
ring would not be fixed against the body tube with the level 2 motor, and was not used at all with 
the level 2 motor due to the use of the motor adapter rings. The fin rails were similarly subjected 
to the 4000N max thrust while being fixed against the rings, as well as drag forces the fins were 
expected to experience acting in the small screw holes where the fins would be secured. This was 
a worst case overestimation, as the rings would transfer their load to the body tubes and not 
entirely to the fin rails. Factors of Safety (FS) on the top ring were at 3 with even shorter quarter 
inch long screws and close to 10 with half inch long screws. FS on the middle and lower rings 
are expected slightly above 10 when fixed to the rails or 2 when only fixed to the body tubes, all 
with half inch long screws. Since the assumption that the full thrust of the rocket would be 
transmitted along the sides of these rings and not succumb to friction is unrealistic, the FS for the 
two rings are likely even higher. FS on the fin rails was the largest, over 27, due to the length of 
the piece and all forces acting against the long section.  

 
 

 
Figure 7:  FEA Analysis on Thrust Cap 

with FS 3 
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Bolt Strength Requirements 

Fasteners are a critical component of any complex assembly, our rocket in particular has 
about 40 bolts from #6-32 up to ¼ -20. Many of them are loaded in shear and must be checked 
for the potential of failure due to shear. Luckily, only a few calculations were needed due to the 
symmetrical bolt patterns we would be utilizing. The first major requirement came from the 
Spaceport America rules and regulations [7]. The rules say the couplers that connect the body 
tubes have to hold twice the weight of the rocket. The next requirement was the thrust cap, which 
absorbs the full force of the motor during launch. The largest possible motor we would 
potentially use was a class M motor, which had a peak thrust of 4000N.  

 
Analysis 

The calculations were done using equations and material properties from the 
Fundamentals of Machine Component Design text book [8]. We assumed the bolts were made 
from a low grade ductile iron, since the actual material was not given and we wanted additional 
factors of safety. This gave us a yield strength of 250 MPa. for the coupler calculations, we were 
assuming a maximum in-air weight of 668 N. after taking into account the number of bolts, as 
well as a non uniform loading condition (50% loading bias towards a single bolt), we arrived at a 
force of 167 N per bolt. This was put into the modified shear stress equation with the effective 
cross sectional area of the threaded region of the bold to arrive at 85.8 MPa. The result is a factor 
of safety of just over 2.9. These numbers allowed us to quickly confirm the structural integrity of 
several other components such as the fin mounts, centering rings and retainer ring due to 
substantially reduced loading and similar bolt count. Using the same process and material 
properties, we confirmed an operating safety factor of 2.8 for the Thrust cap fasteners using the 
level 2 motor. Unfortunately, the factory of safety for the level 3 motor was found to be 0.97. 
This puts the level 3 motor in risky territory even with the additional safeties taken into account. 

 
Revisions 

At the end of the project, we were able to find a more refined weight for the rocket of 480 
N as compared to the original 668 N. This means the factor of safety found in the coupler 
calculation is actually much higher, around 4.0. In its current state, the fasteners for the thrust 
cap have high potential for failure. However, replacing the #6 screws with #10s or larger would 
be more that enough to assure a safe launch with the level 3 motor, while also increasing the 
factor of safety in the cap itself. 
 
Learning and Possible Improvements 
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One lesson we learned came only in a design inspection of our rocket after it was nearly 
complete, and was thus impractical to fix. The team learned that high powered rockets are 
generally built so that the motor is delivering thrust mostly to the bottom of the tube, which is 
then distributed throughout the rocket. Thus, with our design the retaining ring should be 
redesigned to enclose the entire bottom of the rocket, in order to sufficiently distribute the thrust 
of the motor throughout the body tube. As the retaining ring would then be structural, the lower 
ring would need to be thicker overall to accept thicker screws attaching the retaining ring to the 
bottom. The redesign was not necessary for flying a much lower class rocket than was designed 
for, but would aid the design for a level 3 flight. 

Our initial designs were made before knowing the magnitude of the forces we would 
expect and severely underestimated the strength of aluminum once it had been chosen as a 
material. Even with weight reductions up to what we found machinable in our shop, all parts are 
much stronger than needed when many rockets fly with FS only slightly above 1.  For further 
weight savings, all rings but the lowest retaining ring as well as the fin slots could be made of 
wood, which would retain a third of the strength of aluminum, just around the strength needed on 
critical rings. However, the designs would likely be simplified so that CNC work on the wood 
parts would not be required. This would also be reducing weight from a section that is 5.7 
pounds in total. As this is all weight on the bottom of the rocket, it would be beneficial to the 
stability of the rocket, but would not move the center of gravity very far due to the overall 
reduction only being a few pounds. 

 

Engine Housing Manufacturing Process 

 
Figure 8: Assembled Engine Housing for Level Two Motor 
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The engine housing was constructed out of Aluminum and held together with fasteners. 
The manufacturing was done on manual milling machines, manual engine lathes, and a Haas 3 
axis CNC machine. All of these machines belong to Oregon Tech. Some of the school’s tooling 
was used and some of the tooling belonged to either the club or individual members of the team. 

 
Jig design 

Two jigs were designed for aiding in the manufacturing process. The first jig was a 
simple plate with holes drilled into it. This was to hold the stock material down for the CNC 
process of both centering rings. There were 8 M3 screws that screwed into the 4 wings of the 
rings such that only one setup was needed for the CNC process to cut out the main geometry of 
the two centering rings. 

The second jig was another machined plate with holes in it. This plate was used for two 
different parts; the thrust cap and the recovery plate. The purpose was to have holes in the parts 
that could interface to the plate in a way that gauge pins were drove through both parts. The 
combined two parts were then put into the vise of the milling machine so that the #6-32 threads 
could be drilled and tapped onto the outer radius of these parts. This allowed for screwing the 
parts to the body tubes of the rocket.  

 
Thrust cap 

The thrust cap holding the top of the engine casing is bolted into the body tube through 8 
#6 screws. The thrust cap was primarily manufactured on a manual engine lathe. The original 
design of this part would have required CNC processes but the part was simplified so that it was 
possible to machine manually. This greatly helped with our manufacturing timeline. After all of 
the main features of the thrust cap were machined, it was taken to a milling machine to drill 8 
quarter inch locating holes. These were used with quarter inch gauge pins in order to attach the 
part to the second jig for the purpose of drilling and tapping the threads on the outer radius. This 
particular method worked surprisingly well as the holes all lined up and made easy work of 
drilling the holes for tapping. Due to the geometry of having 8 holes on the outer radius as well 
as constraints to the size of our plate, the holes had to be offset so that the hole would be drilled 
between the locating holes. This geometry was resolved with the use of Solidworks. The thrust 
cap was finished after this process. 

 
Fin Rails 

The fin rails (aka fin mounts) are rectangular blocks with a slot for the fins, two 1/4" 
screw holes at either end that screw the fins to the centering rings, and 3 #6 screw holes that 
secure the fin to the rail.   The rails were created on manual milling machines. This was a time 
intensive task due to the stock material we started with being much larger than the final size 
while not having any good processes available to cut more material off with the necessary 
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precision. The stock was cut to rough size then machined down to the correct, accurate size. 
After machining the stock into an appropriately sized rectangle the mounting holes were drilled 
with the milling machine and then the slot was cut for the fin to sit in.  

 
Retainer Ring 

The retainer ring screws into the bottom of the engine assembly onto the lower centering 
ring with 8 #6 screws. This retains the engine housing to the engine assembly so that the motor 
does not fall out of the bottom of the rocket. This part was created on the manual engine lathe by 
facing the stock and getting the inner and outer diameters cut in the material through HSS lathe 
tools as well as a boring bar. A parting tool was then used to cut the ring off of the stock at 
thickness. The ring was then put into a milling machine so that the 8 holes could be drilled that 
the threaded fasteners go through to secure the ring. 

 
Centering Rings 

The Centering rings hold the motor casing and had 4 spokes that held the rings in contact 
with the body tube. Offset from the spokes were flat surfaces to allow the fin rails to screw into 
the rings and act as additional spokes that also came into contact with the body tube. Each of the 
4 spokes on both rings had a #6 screw hole for the body tube and each flat surface had a 1/4" 
screw hole. The Centering Rings were the two parts that we needed to create with CNC 
processes due to the complex geometry. The stock material was prepped by facing the 6.25 inch 
round aluminum stock in a lathe and machining down to the required thickness. For the upper 
ring the thickness was one inch while the lower ring had a thickness of one and a half inches. 
After getting the parts faced to thickness, they were then taken to a milling machine to drill and 
tap 8 M3 screws into each part. This was so that they could be secured to the jig plate in the 
CNC. The G-Code for the school’s 3 axis Haas CNC was created in FEATURECAM. The CAD 
models of the parts were imported and then the stock material, coordinate system, features, tools, 
feeds, and speeds were generated with the help of Professor David Culler. Professor Culler also 
assisted in the machine operating of the Haas. The stock was secured onto the jig plate with 8 
M3 screws with loctite to help avoid fixture failure due to vibrations. Then after mounting the 
fixture plate into the vice of the CNC on machining parallels, the tools were loaded and the tool 
offsets were set. At this point the program was ran. It worked perfectly for both parts and 
generated good parts on the first try. At this point there needed to be drilled and tapped holes on 
both parts which were done on a milling machine later to avoid complicating the CNC process 
with extra tooling and setups. 
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  Figure 9:         Figure 10: 

    Fully machined Thrust Cap  Fully machined Bottom Ring, Middle Ring, and Fin Rail  
 

Level 2 Motor Adapter 
While parts were designed for a Level 3 motor, an initial launch with a Level 2 motor 

needed to be made. A motor adapter would serve the purposes of modularity for our rocket and 
allow us to test all pieces of the rocket before attempting to launch at sonic speeds. To make our 
motor adapter, fiberglass weave was roll wrapped around our Level 2 motor casing, then allowed 
to cure and separated from the casing. Laser-cut wooden rings were glued to the fiberglass tube 
to sit inside and on top of the centering rings. The shorter Level 2 motor was compensated for by 
having a wooden piece sitting inside the thrust cap that the Level 2 motor and fiberglass tube 
could butt up against. 

 

Learning and Possible Improvements 
Many things were learned throughout the manufacturing of the engine housing. There 

was a lot of machining that had to be done and no one on the team was really an expert machinist 
by any means. Luckily a few people had enough of an idea that parts were still able to be made. 
One of the biggest problems that was faced was that the main fasteners were #6-32 machine 
screws. It was difficult to drill and tap such small holes reliably without breaking drills and taps. 
Having these drills and taps break off made manufacture much harder to try to either repair the 
part or completely start over. Even if we only needed small fasteners, it would have been easier 
and better to just take the weight loss and use larger bolts for the sake of simplifying 
manufacturing.  

Another lesson was not learned through complete failure, but would be a good 
improvement to make. The sacrificial jig plate for the CNC operation should have been made out 
of aluminum instead of steel. This way the exact tool heights and offsets wouldn’t have to be 
quite as close and the expensive tooling wouldn't be at such great risk of being damaged or 
broken. 

One other lesson was learned with the rails. The cheaply sourced aluminum stock was 
significantly larger than final dimensions. Due to the length, the machine shop at OIT did not 
have any good way to cut the material in half with the required precision which made for an 
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inefficient time sink of machining down the aluminum stock to size until we were able to source 
more material which was a lot closer to the final dimensions of the rails. 

 

Fins 
 

Design 
Fins are designed with two main goals in mind, making the rocket as stable as possible 

and balancing weight vs structural integrity. Fin shape is the primary factor affecting the stability 
of the rocket, with the weight of the fin also having a small effect by changing center of gravity. 
The structural integrity of the fins is decided by the ability of the fins to resist three factors: shear 
due to downward wind forces, shear due to vibrations, and cracking due to impact with the 
ground. The fin design attempts to optimize the amount of stability while avoiding failure during 
launch. 
 

 
Figure 11: Blueprint of Rocket Fins 
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Figure 12: Example of OpenRocket Simulations 

 

The final choice for shape of the fin is the clipped delta shape, shown above. This shape 
provides a sloping edge to avoid large amount of air resistance on the leading edge while also 
having a large surface area for stability. Another perk of this shape is the ease of manufacturing, 
as the fin material can easily be cut to size. For the final product 4 fins were made for the rocket 
out of carbon fiber, with a plywood core for a stronger strength to weight ratio. 
 
Analysis 

In order to decide on the exact dimensions of the fin, the flight prediction program 
openrocket is used. This program allows us to test multiple different sizes of fin and see the 
effect it has on the stability of the rocket. Stability is determined by the measurement of stability 
calibers, the number of body diameters between the rocket center of gravity and center of 
pressure. The goal is to keep the stability of the rocket between 1.5 and 5 stability calibers during 
the duration of the flight. With the displayed design and selected rocket motors, the rocket stays 
between 2.1 and 4 calibers of stability. 
 

 
                   Figure 13: Example ofAeroFinSimulations 

In order to ensure the fins would not break, the program AeroFinSim is used to analyze 
the amount of fin flutter that will occur during flight. The program uses a series of vibration 
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equations along with material properties to estimate the velocity of wind required to create 
harmonic vibrations in the fins, which would result in the fin flutter increasing in amplitude until 
failure. Avoiding shearing of the fin and cracking due to impact required consideration of the 
material the fin is made of, the end choice being a piece of plywood with layers of carbon fiber 
on either side. The carbon fiber provided the strength and stiffness necessary to avoid shearing 
and flutter, while the plywood helped with impact resistance, a known weakness of carbon fiber. 

While flutter was assumed to be the main mode of failure, drag forces were still 
calculated to make sure the fins would be strong enough in the transverse direction. The drag 
forces were calculated according to equations from Box, Bishop and Hunt [6]. While drag forces 
on a fin are normally assumed to only act along the leading front edge, worst case scenario 
considerations led us to calculate drag on the leading front edge as well as the entire side of the 
fin to ensure the fin would not break if the rocket lost stability. The forces were calculated to be 
~107N with leading edge drag and ~1111N with full side drag after correcting for compressible 
flow. These drag forces were then applied to the fin using Solidworks Simulation FEA to ensure 
the fin wouldn’t break, using an approximation of carbon fiber via aluminum properties and 
calculating values of a solid 8 layer carbon fiber layup through classical laminate analysis. While 
neither match the properties of the final plywood core fin, the 8 layer solid carbon fiber fin and 
plywood fin had similar stiffness and strength during the manufacturing process. Both analyses 
gave similar results, with FS of ~7 for the worst case scenario full side drag and FS of over 50 
for leading edge drag. 
 
Manufacturing Process 

In order to manufacture the fins, the team uses the composites lab available at Oregon 
Tech. The lab equipment available includes a band saw and sander for the plywood core and a 
vacuum pump and layup supplies for the carbon fiber. The fins are first cut to shape out of 
plywood and the edges are sanded to a point. Once the plywood cores are prepared, 3k twill  
 
 
 
 
 
 
 
 
 
 
 

      Figure 14: Rocket Fins Completed                              Figure 15: Manufacturing Rocket Fins 
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carbon fiber is used in two layers on each side of the fin. The fiber orientation is clocked by 45 
degrees for the second layer on each side to add strength in multiple directions. Once the carbon 
fiber is on the core material, some final cutting, sanding, and surface preparation work is done to 
ensure the fin falls within tolerances. 

In order to hold the fin into the rocket, holes are drilled through the fin to allow for 
fasteners. These holes are reinforced with aluminum inserts to prevent the threaded inserts from 
damaging the fin material. To prevent corrosion between the carbon fiber and aluminum, these 
inserts are spray painted before inserting them into the fin. 
 
Learning and Possible Improvements 

In the process of designing the rocket fins, several ideas and iterations of fin were 
discarded. Initial manufacturing consisted of using solid 12K twill carbon fiber fins, creating an 
extremely heavy fin which was also much more susceptible to impact damage. Not only was the 
fin bulky, it was also much more difficult to manufacture and work with. A take away here is 
that it is worth the time to consult an experienced composites engineer before starting a 
composite based project, as every piece of information pertaining to performing layups can save 
a massive amount of time in the composites shop. 

 

Motor Selection 
 
Design Considerations 

The main considerations that went into our selection of a Level 3 motor were two rules 
established for the Spaceport America Cup. Spaceport America establishes that a rocket must have a 
minimum velocity of 100 ft/s off the launch rail and stability margins of at least 1.5. Original assumptions 
of a 17 ft long launch rail meant that our motor had to accelerate the rocket quickly to reach the necessary 
velocity. This led to choosing a motor with a rectangular thrust profile that was quick burning, as opposed 
to a spiked thrust curve that gradually reduces in thrust over a longer period of time. This made designing 
for the stability of our rocket a bit challenging due to the quick acceleration, but allowed our rocket to be 
stable with any slower burning motor, such as the level 2 motor that was chosen at our launch. We chose 
a Cesaroni M3400-WT for the purposes of our Openrocket simulations, but knew that the actual motor 
used in a launch would depend on vendor availability due to an inability to pre-purchase and store our 
motors. Our goal would have been to find a Level 3 motor as close to our desired thrust curve as possible. 
This inability to store motors came from a school safety standpoint as well as not having a Level 3 
certified flyer amongst our club. 
 

Launch Tower 
 
Design Considerations 
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The requirements of the launch tower as given by the Brothers launch site were fairly 
limited. As a result, most of our design constraints came from our particular rocket. The Brothers 
launch site required that we have a blast deflector plate to keep the engine from venting directly 
onto the ground, while the Spaceport America rules required a launch angle of 6 degrees from 
vertical. This is presumably to keep the rocket from landing too close to the launch site in the 
absence of wind. Based on data from the open rocket simulations, the guide rail needed to be a 
minimum 12ft long for the rocket to reach a stable velocity upon leaving the launcher. We also 
decided the tower should be movable with minimal personnel and equipment. 

There were numerous possible launcher designs that satisfied our criteria. Among them, 
the Newman Launch Rack, Baxter T-rail as well as a few other small launchers were of interest. 
In general, the T-rail style launchers would have been the easiest to construct. However, when it 
came time to build the tower, we only had about a week to do so. This meant that we could not 
afford to wait for components to be shipped, everything would have to be purchased locally. This 
alone ruled out the many variations of T-rail, because we would certainly have to order the rail 
online and have it shipped. There was also the issue of the rail guides, which were fairly fragile 
and difficult to aline properly. They also had to be affixed to the exterior of the rocket, which 
meant if would be more complicated to use the T-rail launch for other rockets in the future. After 
assessing each of the possible designs, the Newman Launch Rack was the only launcher that 
satisfied all of our requirements. 
 

 
Figure 16: Completed Launch Tower With Gauge Tube 

 
The Newman Launch Rack features guide tubes that are adjustable for a wide range of 

rocket diameters and a rotating base that makes loading the rocket a simple task. The 
adjustability of the launcher also means the OTRA club will be able to use it in the future, 
allowing them to focus more time on constructing their rockets. Adjusting the launcher is also 
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fairly easy, simply loosen the adjuster bolts and move the tubes so the rocket slides freely but 
does not have too much slop, then re-tighten the bolts. In order to accommodate the movability 
requirement, we kept the the total launcher weight as low as possible without compromising the 
structural integrity. To do this, we constructed the majority of the tower from A36 angle iron, 
which offers good rigidity and strength with minimal weight. As a result, the whole tower 
weighed in at 425 Lbs and can be disassembled, leaving the heaviest component at 195 Lbs. We 
decided to make the guide tubes the minimum length of 12ft long to accommodate the lower 
power test motor, resulting in a launch-position height of almost 13ft. The launcher rotates 90 
degrees on its base to make loading the rocket easier and to reduce the necessary ceiling height 
of our storage area. It would be a fairly easy task to implement longer guide tubes in the future if 
necessary, but this will increase weight and make the tower much more difficult to load without 
adding some form of counterweight.  

 
Analysis 

Our launcher started as a series of sketches based on an image of a previously constructed 
Newman Launch Rack. The one in the image was substantially larger than the one we needed, 
but the design was simple enough to scale down. Next we constructed a full assembly model in 
Solidworks 2018 with articulating components. Once the design met our functional 
requirements, the model was transferred to Creo Parametric where a series of strengths 
calculations were performed under several different loading conditions such as the loading and 
launch positions. As a starting point for loading conditions, it was assumed that 100% of the 
thrust from the motor (900 lbs) was absorbed by the deflector plate. Assuming a yield strength of 
36 ksi, FS for various parts of the tower were 5.5 for the tower axles, and 9.6 for the vertical 
supports of the base. 

 
Figure 17: FEA Analysis of Launch Tower 
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 Manufacturing Process  
After a finalized design was reached, a full list of required materials and tooling was 

created. In order to better utilize available time, the bulk of the structure was constructed using 
personal welders. However, the tubes that allow the rack to sit on the tower structure and be 
adjusted were made in the Oregon Tech Machine Shop using a hydraulic bandsaw, a lathe and a 
drill press. The deflector plate was also cut in the Oregon Tech Welding shop. 
 

Learning and Possible Improvements 
As a whole, the launch tower design and manufacturing process went smoothly. 

However, there were a couple problems with the location in which it was constructed. The first 
was the concrete floor where the majority of it was built was assumed to be flat, but there were 
actually several large bumps and recesses that caused a few of the steel components to be welded 
on incorrectly. However, this proved reversible as all components were tack welded on and 
checked before final welds were made. It likely would have been easier to use the welding shop 
at Oregon Tech, where the floors are much smoother. The other issue was the ceiling height. As 
mentioned earlier, the tower stands at almost 13 ft tall and the ceilings where it was constructed 
were about 11 ft. This means the tower had to be moved outside several times during the build 
process. Unfortunately, the work surface there was asphalt, and was even less level than the 
concrete inside. There was also rain during most of that week, which made it difficult to weld 
and also caused the formation of rust on several components. Again, this could have been 
mitigated by using the Oregon Tech shop space. The takeaway is to plan ahead and use the 
facilities that are available, even if they are more restrictive on when they can be used. 

If time had permitted, there are a few changes that would greatly improve the 
functionality of the launcher. Firstly, a wooden block can be seen holding up the end of the tower 
in figure 21. It would be a fairly simple task to replace that block with a steel support that is 
attached to the rest of the tower. So long as the support was welded to the removable bar that 
connects the two halves of the base, it would not affect the launchers ability to be disassembled. 
As mentioned earlier, it was assumed that the full thrust of the motor was absorbed by the 
deflector plate to establish loading conditions, this is likely a gross overestimate. It would be 
beneficial to perform small scale tests to see what percentage of the thrust is actually absorbed, 
as the axles may me more than strong enough for larger motors. Similar testing for various levels 
of thrust would also help determine how much performance is lost by the rocket to friction 
against the rails, especially nearing subsonic flights. We had also hoped to mount the tower to a 
large trailer, which would allow us to transport it without the need to disassemble it. However, 
an existing OTRA trailer needs new tires and possibly re-registration, preventing its current use. 
Future OTRA members should have few issues making these changes now that the problems and 
solutions are already known. 
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Air Brakes 

 
Figure 18: Air Brake Fin 

 
 

 
Figure 19: Air Brake Fin and Piston 

 
 

Design and Specifications 
One of the original design goals of the project was to have some form of air brakes on the 

final rocket so that the apogee of the rocket can be set and an onboard control system could 
ensure the rocket matches that altitude. This goal was set with the thought process of competing 
in Spaceport America, where competing teams are scored based on how close their apogee 
matches the competition apogee. Flying slightly under the desired apogee is more desirable than 
overshooting the apogee due to a tolerance system awarding more points the closer the rocket 
flies to its desired goal. To ensure the rocket reaches the designed altitude, it will be fitted with a 
slightly overpowered engine and air brakes. The larger impulse engine will force the rocket 
above the 10,000 foot goal. Deploying the air brakes at the right moment will slow down the 
rocket so that it will not go past the desired altitude. The flight computer of the rocket would use 
sensor data to plot both the current flight path and a theoretical path with deployed air brakes. 
Drag profiles both with and without air brakes were to be determined with CFD software. When 
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the deployed path was at the target altitude the air brakes were to be released and stay released 
for the remainder of the flight to reduce complexity. 

After analyzing many potential systems, the system that we chose to pursue was a 
pneumatic/linkage design with dual brakes to reduce components. This would have a small 
pneumatic cylinder operating off of a commercially available compressed CO2 cylinder, similar 
to that used by the rocket’s recovery system. An electrically controlled solenoid valve would be 
opened by the flight computer hardware, allowing the gas to push on the pneumatic ram. The 
cylinder diameter was to be 2 inches and machined out of aluminum with 1/4 inch walls. The 
peak design operating pressure of this system was set at 100 PSI for safety reasons. This would 
push down on the linkages that ran alongside the engine housing to deploy the air brakes.  

The air brakes themselves were planned to be manufactured out of thin sheet steel and 
then a weldment process would attach all of the pieces together. A trapped pin was to act as an 
axle. A design assumption was made that the air brakes were to deploy out to 45 degrees. At 
peak cylinder pressure 50 pounds of max drag would be generated between the two brakes on the 
rocket due to this and our defined geometry to make this system fit around the rest of the rocket 
components.  

Ultimately this system was not further developed and manufactured due to several issues. 
We primarily realized that due to the team’s limited time and resources this was really pushing 
what was going to be possible for the school’s first team to build a high power rocket like this. 
The modular design was already complicated enough but due to that design, this would be 
theoretically a lot easier to add on in a future year if this system was fully developed and then 
manufactured and tested. Several members were taking a lot of time in the CFD testing of 
various models and the team was falling behind on the manufacturing schedule. The difficulty of 
cutting the carbon fiber body tube would have also made this very difficult to smoothly install 
without more preparation. Ultimately this system was cut so that we would be able to complete 
manufacture a complete rocket at all. Due to constraints, this seemed to be a good decision since 
we were barely able to finish manufacturing of the rocket without this system. 
 

Recovery  
 
Design 

The design of the recovery system is broken into two parts descent and ejection. The               
descent section details the selection of a main parachute (Main), a drogue chute (Drogue), shock               
cord, and bulkheads. The ejection section details the selection of an ejection mechanism and the               
creation of a fully independent avionics control board. 

When the rocket arrives at apogee, the nose cone is ejected and the drogue parachute is                
deployed. When the rocket reaches a specified altitude roughly 1,000-1,200 ft, it will deploy the               
main chute and slow down the rocket to a safe landing speed to prevent damage to the frame or                   
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fins. Not damaging either of these components was one of our main criteria since they maintain                
the structure for flight and damage would hinder modularity. However our main goal is to have a                 
clean ejection and deployment of both chutes, since if these actions do not occur the rocket will                 
crash and have catastrophic damage.  
 
Descent 

This section started with the sizing and selection of the Main, Drogue, and shock cord. 
The parachute style chosen was a round hemispherical design as they display better properties 
when dealing with large or heavy rockets. The idea of a round parachute is that it is connected 
around its circumference to the payload and collects air as it is driven up into it by the descent. 
This keeps the parachute rigid and inflated, allowing the payload to fly safely down to earth. The 
main downside of round parachutes is that they do not provide any directional control since their 
connection to the payload is a single point in the center of the rocket. This was not a problem we 
decided to challenge as creating a swivel control was beyond the scope of our project, and was 
not necessary for our altitude. 

Figure 20: Parachute Example 

The decision for a dual-deployment system was made due to the expected altitude from              
OpenRocket simulations with a level three motor. In simple terms, dual-deployment really means             
two recovery devices in the rocket that are ejected at different times during the flight. The main                 
reason for a drogue is to reduce the drifting distance of the rocket during descent which is                 
especially important for higher flights; also flying out in the desert with a weak tracker can lead                 
to never finding your rocket again if it drifts a moderate distance. The Drogue reduces drift by                 
allowing a higher descent rate during the majority of the return. This will allow the rocket to                 
maintain a higher velocity between apogee and the Main deployment, reducing the amount of              
time wind and weather can affect the recovery. The Drogue is connected directly to the shock                
cord and is deployed at apogee by the ejection of the nose cone and subsequent difference in                 
falling velocities. For both the Drogue and Main a one-side one-cord method of folding was used                
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as we could fold the chutes down into quarters or thirds of their original length and better use the                   
volume provided in the rocket. 

The purpose of the shock cord is to allows the bulkheads, Main, and Drogue a secure                
place of connection to the rocket. This cord is the main connection for the entire recovery during                 
descent. This cord gave us the ability to attach all of the relevant section for dual-deployment                
together, however when looking at the cord, we had a premonition of failure due to the disparity                 
in size between it and the rocket. 

The bulkheads used were determined at different times to be either wood or aluminum.              
The purpose of the bulkheads is to allow the recovery section secure holds onto the rocket. This                 
means the bulkheads must be secure within the nose cone and body tube since if these fail the                  
recovery system is no longer attached to the rocket at all. Therefore the bulkheads are paramount                
to the entire system and must be strong enough to hold the dynamic and static forces from the                  
chutes while also be attached in a method that will not tear the carbon fiber of the body tube or                    
the fiberglass of the nose cone.  

When we decided on a dual-deployment system one of the features that we needed to               
begin investigating is a chute release for the Main. When designing a single-compartments             
recovery system a chute release or retainer is required to keep the Main wrapped until it’s                
specified lower altitude.  
 
Ejection 

The first decision that has to be made when regarding ejection systems is deciding where               
the ejection should take place. Based on the 6inch diameter and weight of our rocket it was                 
evident that a robust recovery system would be used thus ejection would need adequate space for                
deployment, the easiest place for this to happen was determined to be the connection between the                
nose cone and body tube. The basis of the ejection will be done between two bulkhead attached                 
to the two respective tubes with a chamber on the body tube and an insert on the nose cone.                   
Within the chamber will be a small amount of black powder will trigger a CO2 canister to be                  
punctured that will supply pressure in the chamber. This pressure applied to the walls of the                
chamber provides enough force to shear the nylon pins, used to hold the nose cone in, to break                  
them and allows the parachute to be deployed. The main requirement was the force required to                
eject the entire nose cone. The design approach was to determine the ejection method first and                
then design the connections to the tubes.  
 
Analysis 
 
Descent 

After flushing out a design, we decided on what we wanted to use for the shape of the                  
parachute and if we should include a drogue chute. We started to calculate the sizes we would                 
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need for the parachute. As a general rule of thumb when designing a main parachute inch the                 
descent velocity of a rocket should be between is 3.5 to 4.5 meters per second (11.5 to 14.8 feet                   
per second)inch. [8] The area of the parachute can determined from the following equation:  

 
Figure 21: Parachute Area Calculation 

Where S is the area of the parachute, g is the acceleration due to gravity; which has a value of                    
9.81 m/s2 at sea level, m is the mass of the rocket (with empty engine) as measured in grams, r is                     
the density of air (1225g/m3) at sea level, Cd is the coefficient of drag; estimated at 0.75 for a                   
round canopy, and V is the descent velocity we choose. Since we decided on a round canopy, the                  
diameter is found by the formula below: 
 

 
Figure 22: Canopy Diameter 

 

The main chute we decided would fill the requirements provided by these calculations             
was a Rocketman 120 inch elliptical chute with a Cd of 1.6. This would provide a decently safe                  
impact velocity of 20 ft/sec, which is on the high side but without making an expensive custom                 
order we would have used too much of the recovery volume for this chute. This chute provided                 
good qualities and came with a 1500 lb swivel already attached and double sewn outer seems for                 
quality. 

For Drogue Chute selection we used the same calculations as the main chute, however a               
general range of their descent velocity is 50-100 ft/sec. Since there was a large disparity in the                 
size we could choose and stay within this rule of thumb, the deciding factor was instead the                 
remaining expected volume in the recovery section that we wanted to dedicate to a Drogue. We                
decided that a good selection would be a Rocketman 36 inch elliptical design. This chute               
provided us with a Cd of 1.5 and at our level 3 projected weight and values would maintain a 75                    
ft/sec descent rate. This chute also came with the same features listed for the Main. This size                 
provided good properties for this years build and provides a good range for heavier liquid-fuel               
rocket development.  

The shock cord we planned on using was a one-eighth inch kevlar wound cord. This cord                
was rated to hold 300 pounds, which was far above our calculated tensile forces of 131 lbs for                  
the Drogue and 165 lbs for the Main. However, we received some advice that the main issue                 
with thin shock cords can be the abrasion due to rotating tubes during descent and an initial                 
cutting force parallel to the fiber direction due to the dynamic deployment method. To              
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compensate for these extra forces we resolved to increase the cord to 1/2 inch kevlar cord rated                 
at over 1200 lb.  

 
Figure 23: Chute Release 

 
The bulkheads provided a good chance to look at multiple designs such as wood,              

composites, metal, or a new mechanical system. The forces that each bulkhead would receive              
from the shock cord would be the same as the listed force for the shock cord. The advantages of                   
each choice were that wood was light and consistent but not strong, composites could be very                
strong with low weight but could not be produced strong enough or consistently, so 6061               
aluminum with its lighter weight, good mechanical properties, and consistent manufacturing was            
chosen.  

We chose the Jolly Logic Chute Release shown below since it is a stand alone electrically                
controlled based system this bases its release off of a pre-set altitude. A stand alone system does                 
not require any communication with the other avionics, ejection controls, or any other external              
timer. The only thing this chute release system needed to be operational was a secure piece of the                  
rocket or recovery cord to time off to retain the release after deployment. This system was simple                 
to program and could be easily ground tested at anytime, which was testing. We chose to not                 
have redundancy here since we needed to increase the size of the rubberband for our large size of                  
parachute with its protective bag. Redundancy could have been easily added by another system              
connected to the avionics or buy the same piece. 

 
Ejection  

In addressing the first question of the ejection charge or method the decision was between               
black powder and other non-pyrokinetic methods. The two reasons to investigate these other             
non-explosive releasing actuators is the potential shock and the safety concerns of explosives.             
Non-explosive methods of separation produce less of a shock on the surrounding panels [9],              
these shocks are negligible for our systems due to the relative size of our rocket and the distance                  
between the shock and electronics. The safety of black powder is also still a concern with any                 
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amount in possession, however the amount we would be using would be on the order of five                 
grams [9] for each ejection test and the release mechanisms in the parachute lines. This method                
was then found to be to costly and time consuming to make the launch deadline so a catharsis                  
between the two methods was reached. Using non-explosive methods of separation were            
important so that the system could be tested on campus, but due to the short deadline the                 
reliability of detonation of black powder needed to be incorporated. Using the table below with               
our finalized dimension with our ejections bay being 30 inch in length and our know rocket                
diameter 6inch  we were able to correctly find  our CO2 canister to be a 25 gram canister. 

 
Figure 24: CO2 Selection Chart 

 

With black powder CO2 hybrid system selected as the ejection method and the bulkheads              
on the nose cone and body tube designed we now look towards holding the tubes together with                 
shear pins. With shear pins selected the calculations are statically based on the max shear force                
that the bulkheads will exert. In the equation below the Area (A) is the pitch diameter of the pins                   
selected, tau is the shear strength of the material for the pins and the force is an estimate for the                    
force required to perform full shear. 
 

 

 
Figure 25: Shear Sample 
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To make sure that the system would correctly separate we used a calculation chart provided by 
the ejection system company and adjusted the design to work with our shear pins which had a 
max shear force of 50 lb each. We used two pins so the system did not separate unevenly and 
cause it to fail after calculations it was found that we had 10 times the force required to break the 
shear screws from here all that was left was to build and test they system. 
 
Manufacturing Process 

Once our main parachute size and drogue chute size had been selected much of the               
parachutes will be bought from trusted distributors. Building our own parachutes, while possible             
leads to many unknown factors of there construction. We decided to save time and doubt with                
pre-bought parachutes allowing us to put more time towards testing.  

The shock cord is the same tory as the parachutes. Creating an entire machine to wrap                
and create cord was not viable for a senior project. So buying some kevlar cord was also the best                   
options as we could also have a verified rockery vendor selling the cord so that no on-site testing                  
would be needed. Some manufacturing could have been done to help defend against the abrasion               
that would occur and to create less cutting force. 

For the bulkhead manufacturing there were two different approaches used since the two             
bulkheads need to fulfill different requirements. The nose cone requirements demanded a            
material and design that focused on being lightweight, secure, and strong enough to survive the               
forces. For the wood section used for the nose cone bulkhead we bought a single piece of solid                  
wood and then turned it down with a lathe on campus to the required diameter first. Once the                  
wood was turned down to the 6inch diameter and the width was kept to a consistent 1inch we                  
again used the lathe to create a matching curve on the forward edge to match the equation used to                   
produce the nose cone. Attaching the bulkhead to the nose cone was done using epoxy resin                
since any mechanical fastener was not ideal due to needing to maintain the aerodynamics. For               
the lower bulkhead 6061 aluminum was sued to provide the strength needed to survive the major                
force developed due to the parachutes drag. The aluminum for the bulkhead was cut down to its                 
nominal sizes using a manual lathe and face mill on a manual mill. Then using a mill and a base                    
jig to drill holes needed for the ejection system to span the gap between the avionics bay and the                   
recovery section and for the connectin for the shock cord. 

For the manufacturing of the ejection system bought shear pins will be used as to               
maintain a more precise measure of their shear strength, while the bulkheads and structure will               
be made in the campus machine labs. The only manufacturing difficulties that should present              
themselves for ejection is the style wanted for the chamber and pin, using a large cylinder of                 
aluminum for this would lead to excess waste of metal while Tig welding aluminum blocks               
together saves much more. Welding blocks together requires us gaining more experience with             
this type of welding till proficient enough to feel safe in it construction. Between the universities                
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facilities and the tools that the on campus rocket club has tooling and manufacturing should be                
relatively simple processes. 

                   
              Figure 26: Ejection System Electronics              Figure 27: Ejection CO2 & Parachute Assembly 

 
Testing 

For recovery testing there are multiple levels of tests that will be performed, a basic static                
loading test, static ejection testing, and dynamic chute deployment, and hopefully a fully launch              
at Brother Oregon. The static loading tests will be the chutes and cords with the full connections                 
between the cords and the appropriate bulkhead to test the connections, tender descenders, and              
forces that will be exerted during descent. The static ejection tests will be the nose cone and                 
main body tubes fully connected as they would be in flight and the system on a slightly raised                  
ramp to allow for movement in the free air. Once set-up the system would then test the ejection                  
portion to see the force exerted and allow a determination on whether the force is sufficient to                 
perform ejection once in flight. The dynamic chute deployment will likely be done of a structure                
attached to the rocket test stand to allow the nose cone to be pulled off during travel by a                   
motorized vehicle and then at a sufficient speed deploy the drogue chute and then later test the                 
cord connections by releasing the main parachute. The main test of the entire system at altitude                
would hopefully be in the spring at Brothers Oregon with a local rocketry club there to test up to                   
8000 feet, and allow the entire recovery system to be tested together during actual flight. 

For recovery three full tests were able to be performed along with some small section               
testing earlier on in the year. The earlier testing was done for the parachutes, chute release, and                 
ejection system. For the parachutes we performed static testing load for the swivel attached and               
the leading cords, which were both fully successful. For the chute release the only testing that                
was needed was some basic testing to understand the control procedure to accurately set the               
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altitude determined for the current days recovery. For the ejection system more testing was              
required to try and create experimental data about the C02 ejection system that was being               
designed and used. Using C02 is not a normal operation and many long term rocketeers are                
unfamiliar with it and the forces that it can create due to a sudden increase in pressure. We did                   
ejection tests with the body tube used for the recovery section and the true nose cone to help                  
determine the size and pressure needed for the C02 canister. We were hindered in testing due to                 
not being able to accurately determine the forces that would develop in the carbon fiber tubes                
due to the possible shear forces developed on the fibers. We were also not able to accurately                 
simulate the pressure developed due to the change in air density that occurs during altitude               
change.  

 
Learning and Possible Improvements 

From this project getting approval from a public university for gunpowder usage is very 
difficult to achieve. When facing disapproval in this desire we looked at many different options 
such as trying to find ways to get the schools approval as well as finding proper off site testing 
facilities. We ended up deciding that getting approval would be an undertaking that would take 
more than a year of work. So to stay within the confines of the university we tested the ejection 
system at approved testing site in brothers oregon under the supervision of the Oregon Rocketry 
Association. For future improvements testing they system before the day of the launch will better 
your success rate and possibility of launch. 

The main thing that was learned regarding the recovery section was that the problems you 
might face may be problems that are not directly solved by calculations. Trying to work with 
safety to develop and design solutions to the requirements for storing and use black powder was 
our first obstacle in this nature. Stuart Sockman the head of Environmental Health and Safety for 
OIT wanted our project to work and helped us look at the possible areas on campus that would 
already be ready for our storage, however the time necessary to complete this renovations would 
be too long and no solutions would have worked out before we needed to test. The other main 
point was the shock cord that we discussed that the tensile force was the least of concern when 
compared to the abrasion and cutting potential.  
 

4. Project Results 
a. Final assembly 

The final assembly of our rocket came about May 17, 2019. All parts had been machined 
and assembled. The final components without motors including screws, fasteners and motor 
adapter came to a total weight of 36.5 lbs. At level 2, the rocket was expected to weigh 42 
pounds; at level 3, the rocket was expected to weigh 49.6875 with the exclusion of the level 2 
motor adapter. As previously mentioned, one unexpected complication in the process of the final 
assembly occurred due to cuts in the filament wound carbon fiber body tubes. The end of the 
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tube was cut to allow for the fins to slot into the rocket, and the tension present in the filament 
winding process caused the sections of cut tube to collapse inward. As a result, the engine and 
fin mounting were initially very difficult to slide in. This was only when fully assembled, as the 
individual rings were able to slip in without difficulty. The cut edges of the tube sat near or on 
top of the thin fin rails and sometimes were misaligned or pushing against the fins. In order to fit 
in the mounting assembly, parts had to be sanded down five hundred thousandths more than 
expected tolerances. Even when the assembly was able to fit inside, holes were not aligned as 
expected and required more dremelling to allow the fasteners in the body tube to be screwed in. 

 
b. Launch attempt 

On Saturday, May 18, 2019 in Brothers Oregon. Team members completed the rocket on 
site for testing. The goal was to launch the rocket with a level 2 class L motor. Due to bad 
weather the launch site closed and the launch was canceled.  

On June 22, 2019, a second launch attempt succeeded. The rocket was fired with an 
L-805 Cesaroni motor and reached an apogee of 3438 feet in approximately 15 seconds, 
followed by chute release at 17 seconds. The rocket motor provided 2833 Newton Seconds of 
impulse over the course of 3.5 seconds and the rocket remained stable throughout the entire 
flight. During recovery, the chute release cord broke due to a violent release. Learning and 
Possible Improvements of the chute release could benefit from reinforcement or using a kevlar 
cord similar to the parachute lines. Physical recovery of the rocket on the ground showed no 
damage to the main rocket, however the parachute began getting caught in brushes on the ground 
and dragged by the wind. The rocket would be relaunchable with replacement of the parachute 
and chute release, which can be easily taken out and replaced. 
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Figure 28: Test Launch 
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5. Project Organization 
 

Timeline information 
 

Fall Term 
Fall term was focused mostly on design and team organization. It was during this term 

that we came up with the original main goals for the rocket. At the end of this term we had come 
up with a preliminary design for our modular rocket, begun a redesign, organized ourselves into 
teams, established weekly team/subteam meetings and bi-weekly meetings with our advisor, and 
elected a team leader. These goals were presented to the OIT MET department along with other 
senior projects. 
 

Fall Term 

Sept 
24-30 Oct 1-7 Oct 8-14 

Oct 
15-21 

Oct 
22-28 

Oct 
29-Nov 
4 

Nov 5 
-11 Nov 12-18 

Nov 
19-25 

Nov 
26-Dec2 

Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8 Week 9 Week 10 

Project Goals         

 
Subteam 

formation/goals        

OSGC Proposal     

  Research & design Design 1 Design 2 

 
Advisor 
meeting  

Advisor 
meeting  

Advisor 
meeting  

Advisor 
meeting   

        
Senior Project 

Proposal/Update 

         
Design 

Revision 

 
Winter Term 

In winter term we finished the second iteration of our rocket design and had gotten our 
materials so that we would be ready for manufacturing in spring term. In this term we also 
completed detailed drawings of the parts as well as the planning for the actual manufacturing of 
the rocket. 
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Winter Term 

Jan 7-13 Jan14-20 Jan21-27 
Jan 

28-Feb3 Feb 4-10 
Feb 

11-17 
Feb 

18-24 
Feb 25-Mar 

3 Mar 4-10 
Mar 

11-17 

Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8 Week 9 Week 10 

Design Revision       

Safety Approval   

 OIT RBC Funding Proposal      

    
Manufacturing 

schedule     

    
Design 
Defence      

 Part Acquisition 

 
Advisor 
meeting  

Advisor 
meeting  

Advisor 
meeting  

Advisor 
meeting   

       Manufacturing 

 
Spring Term 

This term consisted primarily of the manufacturing to successfully build the rocket. By 
the end of week 7 the rocket was completed and checked by our club president. A launch was 
attempted, but was aborted due to bad weather conditions. The launch was successfully 
completed after the term. 

Spring Term 

Apr 1-7 Apr 8-14 
Apr 

15-21 
Apr 

22-28 
Apr 29- 
May 5 

May 
6-12 

May 
13-19 May 20-26 

May 27- 
June 2 June 3-9 

Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8 Week 9 Week 10 

Manufacturing   

   
Ejection Systems 

Test      

 
Advisor 
meeting  

Advisor 
meeting  

Advisor 
meeting  

Advisor 
meeting   

    Final Assembly   

      
 
First Launch Attempt   

        
Senior Project 
Symposium 
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6. Budget 
 

Funding Sources 

Source Amount Awarded Amount Spent Unspent Funding 

OSGC $9501.96 $9,378.60 $123.36 

OIT RBC $4500  $ 1,666.79   $ 2,833.21  

Total $14,001.96 $11,045.39 $2,956.57 

Approximate Spending Breakdown by Component 

Fins $927 

Recovery $840 

Body/Nosecone $1,700 

Internals $2,648 

Launch Tower $600 

Tooling $1,800 

Storage $2,400 

Spending Breakdown per Funding Source 
OSGC 

Vendor/Item Quantity Unit Cost Shipping 

Item/Vendor 
Subtotal 

Amazon 

Brown & Sharpe 599-792-2 Edge Finder Single, 
3/8” Shank 

1 $15.99 

 

$15.99 

ABN Machinist Thin Parallel Bars 20-Piece Tool 
Set 

1 $39.99 

 

$39.99 

Hotop Stainless Steel Feeler Gauge Gap Measuring 
Tool 

1 $6.99 

 

$6.99 

6Pack HSS Straight Shank Square Nose End Mill 
Cutter 

1 $19.99 

 

$19.99 
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End Mill Set, 20 pieces 2&4 Flute, Tin coated HSS 1 $70.95  $70.95 

BL-123 Pair of 1”x2”x3” Precision Steel 1-2-3 
Blocks 

1 $24.99 

 

$24.99 

General Tools 88 Tungsten Carbide Scriber 2 $7.09  $14.18 

Accusize Tools 29 Ps/Set 135 HSS+5% Co Jobber 
Drill Set 

1 $78.00 

 

$78.00 

MaxTool 60pcs Twist Drill Bit Set; HSS M2 1 $39.96  $39.96 

6”/150mm Electronic Vernier Calipers HSS by 
RUBEDER 

2 $19.99 

 

$39.98 

Best Choice 40-Piece Tap and Die Set – SAE Inch 
Sizes 

1 $27.99 

 

$27.99 

Size 6x32 NC Tap No 36 Drill Bit Combo 2 $9.45  $18.90 

T444.1XRL-1 Outside Micrometer .0001” Grad 1 $157.99  $157.99 

HFS 190 PCS Class ZZ Steel Pin Gage Set 1 $49.99  $49.99 

Rexbeti 16Pcs Drop Forged Alloy Steel File Set 1 $29.99  $29.99 

iFixit Manta Driver Kit – 114 Piece Bit Kit 1 $64.99  $64.99 

Jex Key Allen Wrench Set, SAE Metric Star Long 
Arm Ball 

1 $25.99 

 

$25.99 

DEWALT 45 Piece Screwdriving Set with Tough 
Case 

1 $13.05 

 

$13.05 

DEWALT Mechanics Tools Set 192 Piece 1 $199.99  $199.99 

Magnet Screwdriver 5 Phillips and 5 Flat Head 
Tips Set 

1 $17.99 

 

$17.99 

Irwin Vise-grip multi-tool Wire 
strippers/crimper/cutter 

1 $13.99 

 

$13.99 

60-40 Tin lead 0.020” rosin core solder wire 1 $9.95  $9.95 

Anbes soldering iron kit 1 $18.99  $18.99 

Vastar tweezers 12 piece kit anti-static 
non-magnetic 

1 $13.99 

 

$13.99 

Etekcity digital multimeter MSR-C600 
auto-ranging 

1 $26.99 

 

$26.99 

Forney 20857 Tap magic industrial pro cutting 
fluid 4 oz 

1 $10.51 

 

$10.51 

High precision polishing sandpaper grits 1500-7000 1 $14.99  $14.99 

Boxed assorted abrasive rolls grits 150-600 1 $19.99  $19.99 

Four shoe handle wire scratch brushes, jounjip 
brand 

1 $11.99 

 

$11.99 

Lincoln electric MIG welding pliers 1 $23.95  $23.95 

Antra Ah6-260 solar power auto darkening welding 
helmet 

1 $44.06 

 

$44.06 

Rapicca leather forge welding gloves 16 inches 1 $19.99  $19.99 
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Forney 42300 flux core MIG wire, mild steel .030 
diameter, 2-lb spool 

2 $13.89 

 

$27.78 

ION tool 6-pack, 11” C-clamp locking pliers 1 $45.99  $45.99 

Irwin vise-grip adjustable wrench set, 4-piece 1 $40.70  $40.70 

Irwin vise-grip original locking pliers set- 5 piece 1 $52.65  $52.65 

Workpro 18” close top wide mouth storage tool bag 
with strap 

2 $22.99 

 

$45.98 

Oemtools tool box set, 19”tool box and 12.5” 
removable tool tray 

1 $31.62 

 

$31.62 

6-piece welding magnet arrow type, 25-50-75 LB 2 $29.95  $59.90 

Irwin tools vise-grip groovelock pliers set, V-jaw 
2-piece 

1 $17.96 

 

$17.96 

Irwin vise-grip mini pro pliers set with case, 
8-piece 

1 $84.99 

 

$84.99 

Khcraft professional dial test indicator 0-0.03” 
x.0005” steel hardened all metal components with 2 
steel dovetail clamps 3/8” and 5/32” in storage case 

1 $22.99 

 

$22.99 

All industrial tool supply TR72020 dial indicator 
(magnetic base and point precision inspection set) 

1 $34.95 

 

$34.95 

Makita 5-pack 4.5” grinding wheel for grinders, 4 
½” x ¼” x 7/8” 

2 $13.99 

 

$27.98 

Makita 10-pack, 4.5” cut off wheels for grinders, 
INOX 4 1/2 x .045 x 7/8” 

2 $19.99 

 

$39.98 

Makita GA4530 4 ½ inch angle grinder 1 $54.99  $54.99 

Hiltex 10005 HSS silver and Deming industrial 
drill bit set (8 pieces) 1/2 inch 

1 $25.99 

 

$25.99 

LiCB 20 Pack LR44 AG13 357 303 SR44 Battery 1 $6.99  $6.99 

 Total $1,808.72 

Animal Motor Works 

Pro98-4G Motor Casing 2 550.00 $55 $1,155 

Apogee     

Cesaroni 54mm Starter Set 71038 1 294.65 294.65 

RRC3 " sport Altimeter 1 $84.62  $84.62 

Cesaroni 54mm 6XL-Grain Case 71036 1 143.27 143.27 

Kevlar Cord 300# 40 $0.53  $21.20 

Sunward 24in DARK Nomex Parachute Protector 2 $14.55  $29.10 

30in Shock Cord Protector 2 $13.47 $24.37 $51.31 

 Total $636.52 

Armag 

Top Opening Magazine 24 in. x 18 in. x 18 in. 1 $1,485 $600 $2,085.00 

Communication Spec     
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RC-HP Transmitter 30 Milliwatt Output PR-100 
Ch 82 1 $75  $75 

RC-HP Transmitter 30 Milliwatt Output PR-100 
Ch 83 1 $75 $40 $75 

 Total $190 

Fruit Chutes 

CO2 Ejector 1 $474.29  $474.29 

Home Depot 
Husky Tool Chest Mobile Workbench 1 $398  $407.48 

HDX 27 Gal. Tough Storage Tote in Black 2 $8.98  $17.96 

Rust-oleum Spray Paint 5 $4.27  $21.35 

Misc Welding Supplies    $114.36 

 Total $561.15 

Klamath Metals 

1.75"x1.75" Angle Iron 130 ft   $300 

3" Channel Steel 10 ft   $84 

1.5" Tube 80 ft   $100 

 Total $484 

LOC Precision 

Motor Mount Adapter 98mm to 54mm 1 21.95  21.95 

MadCow Rocketry 

6" Carbon Fiber Filament Wound Airframe Tubing 2 $539.00 $45.77 $1,123.77 

6" Filament Wound Nosecone with Metal Tip 2 $149.95 $30.32 $180.27 

 Total $1,304.04 

Online Metals 

Aluminum Rectangle Bar 6061-T6511-Extruded X 
24" 1 $60.47  $60.47 

Aluminum 6061 Round Bar 6.25" x 6.75" 3 $55  $165 

 Total $225.47 

Performance Hobbies 

Filament Wound Carbon Fiber Coupler 6" x 12" 
length 2 $150 $ 25.00 $325 

 

Aluminum 2x2 bar 42" Long 1   $142.32 

Aluminum 6.25" Rod 15" Long 1   $225.51 

   Total $367.83 

OIT RBC 

Vendor/Item Quantity Unit Cost Shipping 

Item/Vendor 
Subtotal 

ACP Composites 

Vacuum Bag Sealant Tape - Room temp, black, 50ft 2 $ 9.90  19.8 

44 



roll 
Amazon 

Scale 1 $ 13.34  13.34 

Mixing Cups 1 $ 31.00  31 

Safety Goggles 1 $ 24.57  24.57 

 Total $ 68.91 

Apogee Rockets 

Aluminum 6-32 Tube Fasteners 21 $17.27 $4.75 $367.42 

Apogeerockets- Nylon Shear Pins-20 pack 20 $3.22 $ 8.58 $72.98 

 Total $440.40 

Fibreglast 
12K 2x2 twill weave carbon fiber 1 yard 2 $ 69.95  $139.50 

3K 2x2 twill weave carbon fiber 1 yard 1 $ 59.95  $59.95 

Nylon Release Peel Ply 3 yard 1 $ 39.95  $39.95 

Breather and Bleeder cloth 5 yard 1 $ 24.95  $24.95 

Vacuum Tubing by the foot 12 $ 1.55  $18.60 

Hose Cutter 1 $ 34.95  $34.95 

Flow Media 3 yard 1 $ 26.95  $26.95 

Flow Regulator 1 $ 2.95 $64.95 $2.95 

 Total $453.15 

Fruity Chutes 

Peregrine Raptor CO2 System Kit - 23 to 45 gram 1 $158 $22 $180 

 Total $192.50 

Grainger 

Schedule 80 Pipe, Non-Threaded 1 $168.92 $12.34 $181.26 

PVC Cap, Hub, 6" Pipe Size - Pipe Fitting 4 $12.36 $12.26 $ 37.18 

 Total $ 218.44 

RocketMan 

Rocketman Parachutes- 36 inch 1 $70  $70 

Rocketman Parachutes- 120 inch elliptical parachute 1 $290  $290 

 Total $360 

Donated Funding 
Source Item Unit Cost Quantity Total Cost 

Dassault Systemes Solidworks licenses $150 20 $3,000 
William Thode Tooling (Drill indexes, calipers, hand tools)   $250 

 

Parts (nuts, bolts, screws, etc.)   $300 
Shipping and Travel (for parts and to launch 
site)   $200 
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Oregon Tech/ Philip 
Dussel Round Tube $21.42 48" $21.42 
 ".25 plate $70 24"x36" $70 

Oregon Tech/Sean 
Sloan and Don Lee Faculty advisor hours  22% FTE $32,056 

Oregon Tech Machine shop hours $20 492 $9,840 
   Total $45,737 
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Glossary 
 

Modular Rocket: A rocket whose parts can be replaced or upgraded easily 
Spaceport America: An inter-collegiate rocket launching competition 
OTRA: Oregon Tech Rocketry and Aerospace Club 
FEA: Finite Element Analysis(which was performed on SolidWorks) 
ID: Inner diameter of a tube  
OD: Outer diameter of a tube 
FS: Factor of safety 
Shear: Break off or cause to break off, owing to a structural strain. 
N: Newton or units of force 
MPa: Mega Pascals or unit of pressure 
OIT: Oregon Institute of Technology(Oregon Tech) 
Open Rocket: A free rocket simulation program 
AeroFinSim: A free flight fin simulation program 
Lbs: pounds or units of force 
Psi: pounds per square inch or units of pressure 
CFD: Computational Fluid Dynamics(which was performed on Star CCM+) 
Featurecam: A Cam software available at OIT 
CNC: Computer numerically controlled machine(used in reference to CNC controlled vertical  

milling machines) 
G-Code: A CNC machine coding language 
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Further drawings, analysis and other project information is available upon request.  
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