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1. Basic Information 
 

1.1. Summary 
This document outlines the engineering work done by the Oregon Tech Rocketry and 
Aerospace club (OTRA) on Oregon Tech Rocketry Project (OTRP) over the last year. OTRA is 
used to refer to the members or facilitators. OTRP refers to the project itself.  
 
The objective of the project remains to design and build a liquid-fueled rocket to compete in the 
Experimental Sounding Rocket Association (ESRA) Spaceport America Cup. Substantial 
progress was made towards that goal this year with significant design-build work done on the 
liquid fueled engine, testing rig, and flight rocket.  
 
The work completed here was supported in part through NASA/Oregon Space Grant 
Consortium, grant NNX15AJ14H. 
 
Other sponsors include I3dMFG, Kennametal, SolidWorks (Dassault Systems), Parametric 
Technology Corporation (PTC.), Oregon Institute of Technology, and Wordpress. 
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1.2. Contact Information 
 
Faculty Advisor: Sean Sloan 

Associate Professor, OregonTech MMET Department 
Sean.Sloan@oit.edu 

 
 
Senior Project Advisor: Dongbin Lee 

Assistant Professor, OregonTech MMET Department 
Don.Lee@oit.edu 

 
 
Project Members:  
 
David Minar 
Engine Development Lead 
David.Minar@oit.edu 

 
Julien Mindlin-Davidson 
Engine Development Lead 
Julien.Mindlindavidson@oit.edu 
 
Ben Porter 
Test Stand Development Lead 
Benjamin.Porter@oit.edu 
 
Jason Peters 
Test Stand Team 
Jason.Peters@oit.edu 

 
 
Micah Hicks 
Flight Rocket Development Lead/ Test 
Stand Instumentation 
Micah.Hicks@oit.edu 

 
Brandon Camp 
Safety Officer and Manufacturing Lead 
Brandon.Camp@oit.ed 
 
 
 
 

 
Website: http://otra.space 
 
 
 
 
 
 
 
 

3 
 
 

 
 

mailto:Sean.Sloan@oit.edu
mailto:Don.Lee@oit.edu
mailto:David.minar@oit.edu
mailto:Julien.Mindlindavidson@oit.edu
mailto:Benjamin.Porter@oit.edu
mailto:Jason.Peters@oit.edu
mailto:Micah.Hicks@oit.edu
mailto:Brandon.Camp@oit.edu
http://otra.space/


 

2. Test Stand Goals 
 
To safely test engine designs, our goal was to construct an engine testing facility consisting of a 
test stand and propellant feed system, a control center at a safe distance, and chemical storage 
facilities.  
 
Our goal was to build a testing facility for our liquid-fueled rocket engine design. This included 
preparing a trailer for transporting the system, building safety systems, building a propellant 
feed system, installing instrumentation, building a control building, getting administrative 
approvals from the school and finding storage locations for propellants. One item that should 
have been a goal from the start but we didn’t realize until late in the project was ensuring we 
had insurance for testing. 
 

● Trailer 
We decided to build the test stand on a trailer to make it portable. We spent several months 
searching for a good deal on the right kind of trailer, and ended up purchasing one with tandem 
axles large and heavy enough to carry all our equipment, including a large water tank. All the 
required modifications to the trailer went smoothly, we re-painted the metal surfaces and coated 
the wood deck to preserve the wood. 
 

● Safety systems 
There are three main aspects to the safety system design. A slatted box over the engine to 
contain and redirect any potential explosions. A water pump fed by a large tank on the trailer to 
help with fire suppression. A siren and warning beacons to indicate a test is in progress. We 
built the blast containment box and mounted it to the trailer, and tested the assembly of the 
water pump system, but we never got to the point of testing the siren and beacons in the field. 
 

● Propellant system 
The propellant system was designed to use high pressure nitrogen to push liquid oxygen and 
butanol from their respective tanks and into the combustion chamber. It also included manifolds 
for instrumentation. We purchased many of the components needed to manufacture this 
system, but due to administrative issues with procuring certified tanks we weren’t able to fully 
assemble the system this year. 
 

● Instrumentation 
The instrumentation system was designed to measure the flow rate, pressure, and temperature 
of the propellants and combustion chamber at several points, along with several cameras 
providing live feeds of the test to the control center. It was also intended to control the flow and 
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safety valves during the test. We were able to purchase most of the instrumentation we needed, 
but since the fuel system hasn’t been fully assembled yet the instrumentation couldn’t be tested.  
 

● Control building 
The goal of the control building was to have a portable control center for tests. The design was 
a small wooden building assembled from modules so it could be transported flat. Since it 
became clear towards the end of the year that we would be unable to test this year, we decided 
to postpone building this structure until next year. 
 

● Administrative approvals 
Our goal was to develop a positive working relationship with OIT safety personnel, faculty, and 
upper administration. While were not yet given permission to test fire the engine for insurance 
reasons, OIT staff is supportive of our project and pleased with the progress we have made.  
 

● Chemical storage 
We wanted to be able to store our propellants on campus to increase the flexibility of our tests. 
We were able to find a place to store the butanol and nitrogen. 
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3. Execution 
 

3.1. Test Stand Execution 
3.1.1. Overview 

 
Early in the school year, most of our work was done in Solidworks, designing the rough layout of 
the entire facility. The design went through multiple revisions and several levels of design 
review. Mid-year, the focus shifted to sourcing components, holding final design reviews, and 
purchasing. Late in the year, we did all the necessary machining, but we also ran into some 
administrative roadblocks that set our timeline back so we weren’t able to accomplish all our 
goals. 

 
3.1.2. Design 

3.1.2.1.  
3.1.2.2. Test stand design 

The test stand’s primary design purpose, excluding the subsystems instrumentation and 
plumbing, was removing kinetic energy from the system in the event of an explosion.  
 
The original design called for a permanent facility that would be located on OIT’s campus. A 
concrete pad and enclosure as engineered would have had more than sufficient strength to 
contain the blast force from the engine in the worst case scenario.  
 
This design was changed after further consultation with EHS to reduce the risk of a brush fire 
and because the location of the pad on which the stand would be built would have been more 
challenging for firefighting crews to reach.  
 
The second iteration was a test trailer. This had the primary advantage of being mobile, 
meaning we could test at a variety of locations. This was particularly important as EHS and 
liability at the time were pushing for our first series of tests to be done in conjunction with 
Kingsley Field National Air Guard base. 
 
Assuming a static friction coefficient of 0.4 (Engineering Toolbox, compared to wet concrete: 
0.45)  between the four tires and the gravel lot where testing would be conducted, 
clamp-chocked wheels would provide sufficient force to keep the 500 lbf rocket engine 
stationary for testing after initial static loading calculations. Full weight of 330 gallon water tank 
is 2950 pounds, with an empty trailer weight of 1500 pounds. 
 

 (bulk weight of testing trailer)950 lb 500 lb 450 lb2 + 1 = 4  
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  (friction force provided by tires)450 lb .4 780 lbf4 × 0 = 1  
 (factor of safety)780 lbf 00 lbf .561 ÷ 5 = 3  

The additional weight of the the fuel tanks, blast box, and other components will only increase 
this safety factor. To provide redundant holding force, steel spikes will be driven into the ground 
through the two support legs. 
 
The trailer design progressed through several iterations as seen in figures 3.2.1.1 and 3.2.1.2 
and was the final design used by the team.  
 
 

 
Figure 3.2.1.1 - The original test stand design.  
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Figure 3.2.1.2 -  

Final design with 330 gallon water tank, fuel tanks, blast box and engine. (The trailer we 
acquired is a 5000 lb tandem axle flatbed) 

 
3.1.2.3. Instrumentation 

Instrumentation design requirements were driven by the system parameters generated by the 
engine team and limited by budget constraints. Further complications arose as administrative 
concerns regarding the project increased which made it impractical to implement the 
instrumentation system as designed.  
 
Instrumentation selection was driven by four parameters listed below: 
 

1. Process material compatibility 
2. Process state variables (primarily pressure and temperature)  
3. Cost 
4. Accuracy and latency 

 
In the case of instruments such as the load cell used to measure thrust, the selection was 
relatively simple. All that was needed was a load cell with an appropriate force scale and a low 
percent span error. These are available and relatively cheap.  
 
In fact for most processes, the actual selection was straight forward. The temperature, pressure, 
and flow rates of water for our initial test and butanol in all cases can be safely measured with 
COTS components.  
 
LOX, as might be expected, proved more complicated. Because of the extreme temperature 
and oxidation potential of this fluid, particular care had to be given to those components used.  
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K-type grounded thermocouples enclosed in a 304 SS were chosen to measure temperature 
due to a relatively sturdy build, cost, and response time.  
 
The pressure probes chosen are GOX safe transducers that are attached to a coiled standoff of 
36” with krytox packing. This setup will result in a pressure loss through the standoff setup, but 
will ensure the safety of the system. The exact head loss through the standoff will need to be 
calibrated when all system components are assembled and ready to test.  
 
A venturi flow meter for LOX was designed, but was abandoned due to administrations 
unwillingness to allow students to manufacture LOX system components and the failure to find a 
COTS substitute that the project could afford. Two alternative systems are being considered to 
approximate LOX flow rates.  
 
The first system would mount the tank on a scale and a flow sensor mounted on the N2 line 
leading to the tank. These two instruments could then be used to approximate the flow of LOX. 
A second system would use an externally mounted ultrasonic level sensor to monitor the 
change in the level of LOX and base flow rates off of these. This second system would not 
account for the vaporization of LOX to 02, but is simpler and in the short burn times we expect 
this vaporization can be assumed to be negligible.  
 
 
 

3.1.3. Manufacturing 
The manufacture of the test stand did not involve novel or complicated processes-in part 
because as the term progressed students were instructed to purchase rather than manufacture 
an increasing number of components of the plumbing system.  
 
In the following sections a review of the manufacture of the primary components of the stand is 
presented.  

3.1.3.1. Blast box 
The blast box’s primary function is to deflect shrapnel away from the tanks and protect 
observers in the case of a catastrophic failure of the engine.  
 
The blast box was made of four separate components: a back (tank facing) plate and two side 
and a top panels with louvers to deflect any shrapnel. ⅛’ steel plate was used as the louvers 
and welded to ¼” angle iron with a simple jig to ensure a consistent profile and appearance. 
Each panel and the backplate are bolted together using ¼” bolts and then bolted to the decking 
of the test trailer using ⅜” bolts. A blast box panel being manufactured is presented in figure 
3.2.3.1 below.  
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Figure 3.2.3.1 - Welding of blast box panel.  

 
 
 
 

3.1.3.2. Engine slider 
The slider assembly allows for the engine to press into the load cell and relieves the bearings of 
the loads caused by the engine and transfers them to 1” welded steel plate.  
 
The engine saddles and mount plate w were squared, faced, and drilled using a mill to ensure 
accurate placement of the engine and mating of the parts. As seen to the left in Figure 3.2.3.2 
 
The load bearing portion of the slider assembly was welded using 6” x ¼” angle iron and a 1” 
cold rolled load plate supported by ½” angled supports.  
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Figure 3.2.3.2 -  Finished slider sub assembly.  

 
Engine thrust is measured from a load cell mounted on a vertical steel thrust plate, welded from 
0.5 inch steel plate. Solidworks FEA simulation shows von Mises stress, with a factor of safety 
of 29.14 under a 500 pound load. Additional simulations show that up to 5000 pounds of thrust 
could be supported and maintain a factor of safety above 2.9. Safety factor of this component 
doesn’t drop below 1 until 14000 pounds of thrust. 

 
 
Maximum deformation is  mm at the top of the plate..193 × 10−2  
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3.1.3.3. Plumbing and Fuel Tanks 
 
The high pressure fuel system was designed around the use of commercially available 
components rated for the pressures and temperatures seen during operation. All liquid oxygen 
valves and hoses were purchased specifically designed and cleaned for use with LOX.  
 
Stainless steel fuel tanks were designed and analyzed using FEA software (PTC Creo), but 
abandoned due to administrations unwillingness to allow students to manufacture LOX system 
and high pressure components. Alternatively, a set of certified tanks have been engineered to 
our specifications by Apache Stainless (https://www.apachestainless.com). Delivery is expected 
mid August 2018.  
 

 
Figure 3.2.3.3 - Initial tank sizing and material stress comparison. 
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Figure 3.2.3.4 - FEA simulation of student designed tank. 

 
All off-the-shelf components were selected with pressure ratings of 500 psi minimum, and LOX 
compatible materials where required. To keep flow velocities low and allow for the potential use 
of larger engines in the future, 1” diameter feed lines and fittings were selected.  
Nitrogen feed lines were cut from ⅜ inch seamless brass tubing, then bent and flared for use 
with standard 45 degree fittings. 
 
Solenoid valves are used to remotely control flow of all fuels and nitrogen pressurant. This is to 
allow operations to be carried out from a safe distance, as well as planning for future upgrades 
to have the test system run by computer. 
 
A complex Excel spreadsheet was used to iteratively generate parameters for the final engine 
design. From this sheet propellant flow rates and properties were consolidated and used to 
calculate pressure drops through proposed stainless steel pipes. 
  

13 
 
 

 
 



 

 
The following values and equations were used: 
 V’ = Volumetric Flow Rate (m^3/s) 
M’ = Mass Flow Rate (kg/s) 
V = Flow Velocity (m/s) 
𝛍 = Dynamic Fluid Viscosity ((N*s)/m^2) 
𝞀 = Fluid Density 
k = Absolute Roughness ( m).51 * 10−6  
f = Friction Factor (Moody Chart derived values) 
D = Pipe Inside Diameter (m) 
  

 = Flow Velocity (m/s) from given volumetric flow ratesπ/4 )V ′ ÷ ( × D2  
 = Reynolds Number4M )/(πDμ)( ′   

k/D = Relative Surface Roughness 
 = Pressure Drop (Pa/m)1/2) 1/D) ρV ) ( × f × ( × ( 2  

 
Comparison of pressure drops: 

 
 
 
Components which will come in contact with oxidizers have been ordered from suppliers with 
factory oxygen cleaning, when possible. All cleaned parts will remain sealed in approved 
containers until final assembly. (See appendix 6.3 for LOX cleaning details.) 
 
Due to the lead time on the purchased fuel tanks, the decision was made to not assemble any 
of the fuel system to prevent damage and contamination. Only when all components (tanks, 
manifolds,etc) are completed and delivered from vendors will final assembly procede. 
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Figure 3.2.3.5 - Fuel System Schematic 

 
The schematic above describes the fuel supply system between the pressurant tanks to the 
engine manifold. Check valves prevent backflow of fuel and gases from subsystems, while a 
separate pair of nitrogen lines and valves allow the fuel lines and engine to be independently 
purged below the control valves. Clearing the lines between test fires is necessary for safe 
operation and final shutdown, as well as letting each test begin from a known state. 
 
Both tanks feature independent safety valves to prevent over pressurization. The primary safety 
valve is a normally open solenoid operated vent. These valves are only closed when energized. 
Following shutdown, or in the event that the system becomes unsafe to approach, power to the 
valves can be cut, allowing them to open. This “hands-off” safety mode was suggested by 
engineers at Blue Origin during an early design review. LOX safety valves will be mounted on a 
standpipe to prevent contact with cryogenic liquid and freezing. 
 
The secondary safety valve is a standard 1 inch pressure relief valve with a manual operation 
pull ring. This will prevent over pressurization if the primary valve fails, keeping the system 
under failure pressure. 
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Safety is paramount in all operations. Based on industry practices, a set of filling procedures 
has been developed specifically suited to our system. Only team members who have received 
training in safe handling of liquid oxygen and pressurized gas will work on the system when 
these are in use. Suitable Personal Protective Equipment (PPE) will be worn whenever 
servicing the fuel system. 

 
3.1.3.4.  

 
 
Butanol and Liquid Oxygen Tank Hazards and Procedures 
  
-Tank rupture hazard: 
Increasing the pressure of butanol fuel or liquid oxygen to operational levels rapidly or in the 
presence of contaminants can cause a fuel tank to explode due to increased temperatures and 
chemical reactions. 
  
Prior to filling tanks with either fuel, both will be purged and vented with nitrogen gas to remove 
all moisture and air. Purge one tank at a time: 

1. Tank and all connections will be visually inspected to ensure proper installation and that 
there is no damage to the system. 

2. Open bleed valve on the tank. Allow any pressurized gas to escape. Close bleed valve. 
3. Fill tank with 15 psi nitrogen gas. Manually open relief valve briefly to verify it is 

functional (necessary only on first purge cycle.) 
4. Open fuel control valves and allow gas to vent completely through the system and out of 

the injector assembly. Close the control valve. 
5. Repeat steps 2-4 four additional times (total of 5 fill/vent cycles). 
6. For the liquid oxygen tank, repeat this procedure twice with 1.0 liter of liquid nitrogen, 

waiting 2 minutes between each to pre-chill the LOX system. 
7. Attach the grounding wire between fuel tanks and filling vessel. 
8. Open the bleed valve. Connect the fuel filling line to the fuel tank and transfer fuel. 
9. Disconnect the filling line and close the bleed valve. Remove ground wire, move filling 

vessel to safe location. 
10. Check for leaks and spills. Clean spills accordingly; leaks must be repaired before any 

test is conducted. 
  
Prior to test ignition, gradually increase pressure of tanks with nitrogen gas to limit heating. 
These procedures should be done as close to ignition tests as possible to reduces boil-off of the 
liquid oxygen. 
  
Following the final test of the day, drain off any remaining fuels and perform steps 2-4 once to 
clear the system (purging the LOX system with liquid nitrogen is not required at this stage). 
  

16 
 
 

 
 



 

 
 

3.1.3.5. Progressive Testing Schedule 
 
Following final assembly of the engine and testing stand, with all sensors and controls 
integrated, a graduated test program will be utilised to first verify safe engine operations and 
procedures and later gather performance data. 
 
 

Operations Testing Goals: Duration/Notes 

Cold flow of propellants, valve 
operation 

Liquid Nitrogen substituted for LOX, student familiarization 
with system and propellant loading. 

Ignition and shutdown 1-2 seconds, Remove cooling jacket and inspect 
combustion chamber following initial test fires 

Cooling performance, instrument 
operation 

3-5 seconds, verify predicted heat transfer rates with 
measured values, check functionality of instruments 

Engine performance, combustion 
characteristics 

5-20 seconds, monitor cooling, measure thrust and 
vibrations, engine efficiency from chamber pressure and 
mass flow rates up to full duration burn. Inspect frequently 

 
 

3.1.3.6. LOX Component Cleaning 
 
In order to ensure the safety and stability of the plumbing and instrumentation, a comprehensive 
oxygen cleaning and passivation procedure was developed. Every component in contact or 
proximity to liquid oxygen was is required to undergo the LOX cleaning procedure unless 
already professionally cleaned and certified. 
 
A brief summary of the cleaning process is as follows. See appendix 6.3 for the detailed 
cleaning procedure: 
 

● Step 1: Pre-Cleaning using stainless steel brushes and/or dilute citric acid to a visually 
clean state. 

● Step 2: Immerse the part in degreasing detergent and run in an ultrasonic cleaner at the 
optimal time and temperature. For large parts, immerse in the degreaser and agitate. 

● Step 3: Passivate stainless steel parts using a heated solution of 10% citric acid 
● Step 4: Dry the part using clean nitrogen gas and heat lamps. Dry tanks and hoses 

properly by measuring the exit dew point. 
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● Step 5: Inspect the part by wiping it down with isopropyl alcohol and viewing under a 
black light. Then dry again using nitrogen gas. 

● Step 6: Plug and wrap all orifices and surfaces using clean plastic. Then tag and label. 
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4. Outcomes and Analysis 
 

4.1. Test Stand Outcomes and Analysis 
As a result of this year’s work, we were able to fully design the testing facility and complete the 
majority of manufacturing and system assembly.Remaining items are largely due to late 
changes required by administration resulting in certain systems being impractical to assemble 
until a later date.  
 
Particularly of note are last minute and enduring complications regarding our fuel system 
caused by miscommunication with EHS about regulatory requirement. The largest single 
change from these consultation has been that all tanks be professionally made and certified for 
LOX use. Earlier meetings had left project members under the impression that in-house 
manufactured tanks would be acceptable, and as late as April this was still under active 
consideration by EHS and the club. In early May a final decision was given that all these 
components must be purchased and certified. As such delivery of critical system components is 
not expected until mid-to-late August. Because of this, all assembly work on the plumbing 
system was halted as many of the components on hand had been cleaned and sourced 
specifically for butanol or LOX and it was decided that leaving these in a partially assembled 
state would likely lead to undesirable contamination of these instruments and plumbing parts.  
 
It would have been possible to complete more or perhaps all of our project goals if we had had 
more foresight about the bureaucratic and insurance-related issues. We can consider it a lesson 
learned to have plenty of clear communication with our health, safety, and legal departments in 
the future. 
 
At present all hardware other than plumbing components is assembled and on the trailer, or 
capable of being remounted within an afternoon. Certain components, such as the pump, 
generator and slider assembly have been removed to reduce risk of theft and exposure to 
elements. The test stand was briefly assembled for presentation purposes during the student 
symposium in May. It was then disassembled to accommodate easier storage during the 
ongoing renovation of Cornett Hall, the primary building of the MMET department under whom 
the project was undertaken.  
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Without being able to say the project has concluded, it is worth noting that all that is still required 
is assembly and calibration of the instrumentation. From the experience with the partial 
assembly for the student symposium, it is likely that final assembly could be completed with 
approximately 40 man-hours, or a full weekend effort by the current team. The calibration is 
likely to take longer time-span, but require less overall man-hours.  
 
Without the test stand being able to serve its purpose, it is difficult to analyze the results of the 
effort. Beyond saying that the project was an ambitious one for a team that quickly proved to 
only have to five active participants — four of whom were actively involved in other aspects of 
the project — and thus that the state of completion is perhaps expected, no solid assessment 
can be made of the performance of test stand due to the lack of ability to use the test stand as 
intended this term.  
 
In figure 4.2.1  on the following page the partially assembled test stand is shown at the student 
symposium in May. Visible are blast box and slider assemblies, a partial setup of N2 pressure 
system, and components of the fire-suppression system including 300 gallon tank and pump. A 
prototype of a nickel-plating jig is also visible directly behind the N2 pressure system. The 
partially assembled student manufactured tanks were placed behind the black blast box 
(appearing here simply as the two cylinders), but  as noted manufacture of these has been 
stopped.  
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Figure 4.2.1 The Test Stand partially assembled for Student Symposium.  
 
It will be useful to examine the outstanding tasks thus far and the reason for these. These tasks 
derive from the spring term Gantt Chart as all outstanding tasks from previous terms were rolled 
over into the spring term.  
 
Table 4.2.1. Spring Term Tasks for test stand team from Gantt Chart 

2 Test Stand      

2.01 Blast box welding Julien M 4/18/2018 5/2/2018 14 100.00% 

2.02 
Blast box 
drilling/assembly Julien M 5/2/2018 5/4/2018 2 100.00% 

2.03 
Test stand cut rod 
mounts Julien M 5/1/2018 5/8/2018 7 100.00% 

2.04 Test stand cut plate Ben P 5/1/2018 5/8/2018 7 100.00% 

2.05 Test stand buy angle Ben P 5/1/2018 5/10/2018 9 100.00% 
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2.06 
Test stand drill 
mounting plate Micah H 5/6/2018 5/10/2018 4 100.00% 

2.07 
Test stand cut engine 
clamps Julien M 5/6/2018 5/10/2018 4 100.00% 

2.08 Test stand weld frame Julien M 5/9/2018 5/12/2018 3 100.00% 

2.09 
Test stand make 
thrust block Ben P 5/2/2018 5/12/2018 10 100.00% 

2.10 
Test stand final 
assembly  5/13/2018 5/15/2018 2 100.00% 

2.11 Fuel system buy tanks Brandon C 4/30/2018 5/3/2018 3 99.00% 

2.12 
Fuel system buy 
fittings Brandon C 5/4/2018 5/8/2018 4 90.00% 

2.13 
Fuel system venturi 
manifold drawing Micah H 5/21/2018 5/31/2018 10 100.00% 

2.14 
Fuel system cut 
venturi manifolds Brandon C/ 5/6/2018 5/10/2018 4 90.00% 

2.15 
Fuel system pressure 
test venturi manifolds Team 5/11/2018 5/14/2018 3 0.00% 

2.16 
Fuel system clean 
LOX components 

Brandon,Julien, 
David 5/15/2018 5/17/2018 2 0.00% 

2.17 
Fuel system buy final 
hardware Brandon C 5/9/2018 5/12/2018 3 95.00% 

2.18 
Fuel system final 
assembly 

Brandon, 
David, Micah 5/18/2018 5/18/2018 0 5.00% 

2.19 
Fuel system 
inspection 

Sean Sloan, 
Brandon C 5/19/2018 5/21/2018 2 0.00% 

2.20 
Instrumentation 
program DAQ Micah H 5/1/2018 5/4/2018 3 75.00% 

2.21 
Instrumentation 
attach/mount sensors Micah H 5/15/2018 5/18/2018 3 10% 

2.22 
Instrumentation make 
wiring harnesses Micah H 5/10/2018 5/12/2018 2 0.00% 

2.23 
Instrumentation set 
up cameras Micah H 5/10/2018 5/14/2018 4 50.00% 

2.24 
Water system cut 
hose hub Micah H 4/30/2018 5/5/2018 5 100.00% 

2.25 

Water system buy 
fittings to connect 
tank to pump Ben P 5/1/2018 5/7/2018 6 100.00% 
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2.26 
Water system clean 
tank Ben P 5/1/2018 5/6/2018 5 0.00% 

2.27 
Water system test 
pump Ben P 5/8/2018 5/10/2018 2 0.00% 

2.28 
Water system final 
assembly Ben P 5/11/2018 5/15/2018 4 0.00% 

2.29 
Control system finish 
system design Brandon C 4/30/2018 5/4/2018 4 95.00% 

2.30 
Control system finish 
panel layout Micah H 4/30/2018 5/6/2018 6 0.00% 

2.31 
Control system mount 
controls to panel Micah H 5/7/2018 5/10/2018 3 10.00% 

2.32 
Control system final 
wiring Micah H 5/11/2018 5/14/2018 3 0.00% 

2.33 
Control system test 
controls Micah H 5/15/2018 5/18/2018 3 0.00% 

2.34 
Control building buy 
lumber  5/1/2018 5/8/2018 7 - 

2.35 
Control building cut 
lumber  5/9/2018 5/11/2018 2 - 

2.36 
Control building build 
modules  5/12/2018 5/14/2018 2 - 

2.37 

Control building 
match drill and final 
assembly  5/15/2018 5/18/2018 3 - 

 
Tasks 2.15 and 2.16 were ignored due to instructions by administration that student work on 
these components was unlikely to be allowed. Instead, manifolds were purchased, and the use 
of a venturi for LOX flow abandoned for the time being.  
 
Tasks 2.18-2.22 were deferred because of purchase delays. 2.29-33 were left undone largely 
because of time constraints, though these would more than likely have been completed if the 
decision had not been made that testing could not continue this term.  
 
2.34-2.37 were cancelled because the assembly of a large structure seemed foolhardy in light of 
administration's decision to indefinitely defer testing. It was decided that the remaining RBC 
money that would have gone to these causes could be better used by advancing the ability of 
the club to compete in SpacePort America Cup in the COTS division.  
 
 

23 
 
 

 
 



 

5. Budget and Expenditures 
 

The Oregon Tech Rocketry Project was well-funded this year by several sources. This section 
contains summaries of how that money was spent. The accounts are listed with Oregon Space 
Grant Consortium funds first, then matching funds by received amount in descending order, and 
finally a list of non-fiscal support. Access to detailed receipts and purchase forms can be made 
available upon request. 

5.1. OSGC - Liquid Rocket Engine Development 
The NASA OSGC Undergraduate Team Experience Award Program awarded OTRA with 
$6000.00 for the development of a liquid-fueled rocket engine. The expenses here total to 
$6007.07, The balance was drawn from funds reserved for the project by the school.  
 

Purchase description Date Vendor Cost 

Boring bar, cutting inserts, and 'P' twist drill 1/19/2018 MSC Direct $130.62 

Boring bar sleeve 2/1/2018 Rovi Products $74.67 

SS bar for pintle 2/5/2018 Amazon $54.72 

Copper round bar for combustion chamber 2/13/2018 Online Metal Supply $177.55 

O-rings for engine 2/16/2018 McMaster-Carr $40.39 

SS bars for injector 2/16/2018 Midwest Steel and 
Aluminum $251.79 

Drills and taps for injector and film cooling. 2/27/2018 MSC Direct $109.49 

Copper engine stock 4/9/2018 sequoia brass and copper $683.23 

Steel for water jacket 4/9/2018 Heaton Steel $68.70 

3/8" NPT Pipe Tap 4/6/2018 MSC Direct $39.83 

Engine electroplating rig components 4/7/2018 Amazon $128.63 

Drills, die, nuts 4/4/2018 McMaster-Carr $65.99 

SS brushes and clean bags 4/10/2018 McMaster-Carr $43.20 

Center drills and copper 4/10/2018 MSC Direct $104.98 

Nickel round bars 4/10/2018 Online Metals $162.00 

LOX cleaning fluid - Brulin 815GD 4/10/2018 Star Metal Fluids $136.31 
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LOX cleaning supplies 4/10/2018 Amazon $290.88 

Clean plastic wrap 4/10/2018 VWR $29.88 

Nickel stock for electroplating 4/10/2018 Ebay $29.99 

Small pipe taps 4/11/2018 MSC Direct $18.06 

Nitrogen regulator for LOX cleaning setup 4/12/2018 Amazon $61.82 

Hole saw and collet 4/12/2018 MSC Direct $74.76 

Ignition system components 4/12/2018 amazon.com $83.44 

Nitrogen drying fittings 4/13/2018 amazon.com $29.29 

Hose and wye for water testing 4/13/2018 Diamond $52.47 

Gizzard-1N DMLS print 4/18/2018 i3DMFG $3,195.00 

 

5.2. OSGC - Rocket Engine Test Stand Development 
The NASA OSGC Undergraduate Team Experience Award Program awarded OTRA with 
$6000.00 for the development of a test stand for rocket engines. The expenses here total to 
$5967.11. 
 

Purchase description Date Vendor Cost 

Data acquisition unit 3/3/2018 LabJack $445.40 

Load cell, pressure sensors, power supplies 3/3/2018 Mouser $590.11 

Flow sensors, pressure gauges 3/3/2018 Automation Direct $382.25 

Thermocouples 3/3/2018 Omega $136.50 

Wire instruments 22AWG 3/3/2018 Wire Your Way $125.50 

Stainless steel for propellant tanks 3/1/2018 Midwest Steel $1,027.43 

Stainless steel pipe for tank bodies 3/1/2018 Online Metal Supply $240.77 

Safety vent/check valves 3/7/2018 Ratterman MFG $867.50 

LOX valve 3/7/2018 Magnatrol $585.54 

Hardware, insulation, acrylic sheets 3/30/2018 Diamond $113.71 

Wiring supplies, NPT taps 4/11/2018 Amazon $56.99 

Piping supplies and NPT tap stuff 4/11/2018 Grainger $164.58 

Piping supplies and NPT tap stuff 4/11/2018 MSC $167.05 

N2 regulator, check valve 4/12/2018 Airgas $309.73 
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Stand tooling: taps, drills 4/12/2018 MSC $27.35 

3/4 NPT drill and tap 4/12/2018 Drills and Cutters $25.79 

Plate for engine mount 4/12/2018 Midwest Steel $89.27 

Stand LOX hose 4/16/2018 Unisource $444.00 

Pressure transducers 4/16/2018 Mouser $100.69 

Go Pro, Quick Links 5/29/2018 Amazon $66.95 

5.3. OIT Resource Budget Commission - Testing 
The Oregon Tech Resource Budget Commission awarded OTRA with $10 000.00 for the 
development and testing of liquid fueled rocket engines. The expenses here total to $10 000.00. 
 

Purchase description Date Vendor Cost 

Various test trailer components, PPE, range 
gear, LOX handling PPE 3/1/2018 Amazon $819.86 

Components and switches for control box 3/5/2018 Amazon $69.95 

Siren for control box 3/5/2018 eBay $9.15 

Pipe fittings 3/7/2018 McMaster Carr $325.76 

Pipe fittings/plumbing system 3/7/2018 Grainger $468.53 

LOX vent valve 3/7/2018 The Valve Shop $209.88 

Fuel and N2 valves 3/7/2018 Kleen Rite $443.98 

PTFE thread sealant 3/5/2018 Flouramics Inc $67.87 

Pump, generator, and trailer jacks 3/1/2018 Harbor Freight $630.90 

Bearing rods, silicone strips, gaskets, o-rings, 
water fittings, nitrogen diffusers 3/1/2018 McMaster Carr $313.98 

Butanol hoses, LOX transfer line 4/16/2018 Unisource $252.90 

Pressure sensors 4/16/2018 Mouser $51.90 

Steel plate for louvers 4/18/2018 Heaton Steel $84.05 

LabJack accessories 4/25/2018 LabJack $189.30 

4" angle for test stand 5/10/2018 Klamath Metals $20.25 

Stainless steel LOX/butanol tanks 5/21/2018 Apache Stainless $5,396.00 

37/64 drill 4/30/2018 MSC $20.86 

O-rings 4/30/2018 McMaster Carr $11.17 
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12mm drill 5/8/2018 MSC $10.48 

4.5" CF copper gaskets 4/30/2018 Accu-Glass $66.25 

Hoses, extension cords 3/1/2018 Walmart $108.08 

Female pipe, SS 3/9/2018 Titan Fittings $31.10 

Potassium nitrate 4/12/2018 Amazon $19.50 

Kits, altimeter, casings, etc 5/29/2018 Apogee $181.51 

GoPro, Quick Links 5/29/2018 Amazon $196.79 

 

5.4. OIT Resource Budget Commission - Flight 
The Oregon Tech Resource Budget Commission awarded OTRA with $3089.00 for the 
development and prototyping of a flight test rocket. The expenses here total to $3089.00. 
 

Purchase description Date Vendor Cost 

Fiber, epoxy and related items 2/26/2018 FiberLay $1,162.31 

3D print filament, barometer, wood for fins 4/5/2018 Amazon $152.84 

Flight computers 4/5/2018 Apogee $544.15 

Foam for molds 4/5/2018 Amazon $470.72 

Fin supplies 4/5/2018 Spencer $58.70 

Balsa for fins 4/5/2018 Specialized Balsa $43.47 

Birch for fins 4/5/2018 Woodcraft $35.63 

Motor casings 4/5/2018 Chris Rockets $116.55 

Rocket kits, altimeter, motor casings, etc 5/29/2018 Apogee $504.63 

 

5.5. GoFundMe Fundraiser 
To raise additional funds we reached out to friends and family through a GoFundMe fundraiser, 
raising a total of $2000.00 for any purpose supporting the club’s goals. The expenses here total 
to $1721.87. 
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Purchase description Date Vendor Cost 

Various control building and control panel 
supplies 2/17/2018 Goodwill $41.00 

Control building supplies, aluminum tape for 
LOX insulation 2/17/2018 Walmart $30.06 

HDMI to DVI cable, emergency stop button 2/18/2018 Amazon $12.49 

Trailer 3/18/2018 Craigslist $1,000.00 

Reserve for chemical disposal fees   $200.00 

Wire brushes, assembly tools 5/12/2018 Harbor Freight $23.95 

Spray paint, masking tape 5/12/2018 Fred Meyer $20.96 

Bolts, spray paint 5/15/2018 Fastenal $39.01 

Spray paint 5/15/2018 Fred Meyer $28.95 

Water intake hose 5/15/2018 Harbor Freight $47.99 

Dry ice 5/15/2018 Sheldon's Machine Shop $7.50 

Spray paint 5/16/2018 Fred Meyer $19.96 

Plumbing supplies, tools, fuel 5/20/2018 Napa, Harbor Freight, 
Diamond, Home Depot $250.00 

 

5.6. Non-Fiscal Support 
Multiple sources donated work hours, licenses, or physical materials. These donations total to 
$37 269.35. 
 

Meeting room use 2017-2018 Oregon Tech $2,250.00 

Faculty advisory hours 2017-2018 Oregon Tech $18,000.00 

Solidworks license 11/13/2017 Dassault Systemes $6,999.50 

Personal level subscription 11/13/2017 Wordpress $48.00 

Certification rocket kits 12/1/2018 Micah Hicks $200.00 

Stickers 12/1/2018 Micah Hicks $20.00 

Lexan Tube 1/15/2017 Julien Mindlin-Davidson $16.00 

Injector Materials 12/12/2017 Brandon Camp $47.00 
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lathe tool/inserts 1/31/2018 Kennametal Tooling $371.92 

Creo Simulate 12/13/2017 PTC $2,088.00 

Electroplating Equipment 2/8/2018 Julien Mindlin-Davidson $28.49 

Nickel 200 Sheet 2/11/2018 Julien Mindlin-Davidson $18.44 

Steel material 2/18/2018 Modoc Contracting Co., 
LLC $637.00 

Bench Power Supply 3/21/2018 Julien Mindlin-Davidson $45.00 

Tooling 2/1/2018 Kennametal Tooling $1,500.00 

Machining time 4/15/2018 Quality Machined 
Products $5,000.00 

 

5.7. Summary and Totals 
In total, we received $52 358.35 of support from sources other than NASA, more than sufficient 
for the required 150% ($18 000.00) fund matching. 
 

Donation Donated amount Spent amount Remainder 

OSGC - Engine $6 000.00 $6 007.07 -$7.07 

OSGC - Test Stand $6 000.00 $5 967.11 $32.89 

OIT RBC - Testing $10 000.00 $10 000.00 $0.00 

OIT RBC - Flight $3 089.00 $3 089.00 $0.00 

GoFundMe $2 000.00 $1 721.87 $287.13 

Non-Fiscal Support $37 269.35   

Total OSGC $12 000.00 $11 974.81 $25.82 

Total Non-OSGC $52 358.35   

Grand Total $64 358.35   
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6. Bill of Materials 
 

Assembly/Part Component Spec Qty Source 

Side frames Steel angle .375x4x18 2 
Modoc 

Contracting 
Co 

Thrust plate Steel plate .500x7.5x12
.325 1 OIT scrap 

pile 

Thrust plate 
brace Steel plate .375x3.5x6.

5 2 
Modoc 

Contracting 
Co 

Cross 
support Steel plate .250x4x10 1 

Modoc 
Contracting 

Co 

Bearing rod 
mounts Steel block 1.5x1.5x3 4 OIT scrap 

pile 

Bearing 
rods 

Carbon 
steel rod 

12mm x 
300mm 2 McMaster-C

arr 

Bearing rod 
mounting Bolts .375-16x2.5 8 See last 

section 

 Nuts .375-16 8 See last 
section 

Mounting 
plate Al plate .5x10x10 1 Midwest 

Steel Supply 

Linear 
bearings Bearings 12mm ID 4 Amazon 
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Engine 
clamps Al plate .625x6x6.5 2 Midwest 

Steel Supply 

Silicone 
grips 

Adhesive-ba
ck silicone 

strip 

0.5x6, by 
the foot 2 McMaster-C

arr 

Thrust block Steel tube 
3 1/2 

schedule 40 
x 2.5 

1 OIT scrap 
pile 

 Steel disc .125x5 1 OIT scrap 
pile 

 Steel disc .5x4 1 
Modoc 

Contracting 
Co 

 Steel disc .5x1 1 OIT scrap 
pile 

Bearing 
mounting Screws M5x.8 16 See last 

section 

Clamp 
mounting Bolts 3/8-16x1 4 See last 

section 

 Nuts 3/8-16 4 See last 
section 

Clamping 
screws Bolts 3/8-16x2.5 4 See last 

section 

Louvers Steel sheet .125x5x18 24 OIT scrap 
pile 

Small angle Steel angle .25x2x24 2 
Modoc 

Contracting 
Co 
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Large angle Steel angle .25x2.5x20 4 
Modoc 

Contracting 
Co 

Top and 
Bottom 
plates 

Steel plate .25x2.5x24.
5 4 

Modoc 
Contracting 

Co 

Back panel Sheet metal .125x20x22 1 OIT scrap 
pile 

Handles Weld-on pull 
handles Pack of 5 2 Amazon 

Bolts - .25-20x2.5 6 See last 
section 

Wingnuts - .25-20 6 See last 
section 

Bottom end 
caps 

304 SS 
Discs .75x12x12 2 Midwest 

Steel Supply 

Top end 
caps 

304 SS 
Discs .5x10x10 2 Midwest 

Steel Supply 

Top flanges 304 SS 
Discs .375x10x10 2 Midwest 

Steel Supply 

Bottom 
flanges 

304 SS 
Discs .375x12x12 2 Midwest 

Steel Supply 

Tank body 304 SS Pipe 6 Schedule 
10 x 40" 2 Online Metal 

Supply 

LOX 
insulation 

Fiberglass 
roll 15"x25ft 1 Diamond HI 

32 
 
 

 
 

https://www.amazon.com/Monroe-Handle-Finish-Projection-Silver/dp/B0057H3SA0/ref=sr_1_1?ie=UTF8&qid=1518328779&sr=8-1&keywords=weld+on+handle
https://www.midweststeelsupply.com/store/304stainlesssteelplate
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https://www.midweststeelsupply.com/store/304stainlesssteelplate
https://www.midweststeelsupply.com/store/304stainlesssteelplate
https://www.midweststeelsupply.com/store/304stainlesssteelplate
https://www.midweststeelsupply.com/store/304stainlesssteelplate
https://www.midweststeelsupply.com/store/304stainlesssteelplate
https://onlinemetalsupply.com/304-stainless-steel-pipe-6-inch-x-48-sch-10s-6-63-od-x-6-362-id-welded/
https://onlinemetalsupply.com/304-stainless-steel-pipe-6-inch-x-48-sch-10s-6-63-od-x-6-362-id-welded/


 

 Aluminum 
tape 2"x45yd roll 2 Walmart 

Seals Copper 
gaskets 

7.1875IDx8.
75ODx.063 2 McMaster-C

arr 

 PTFE 
O-rings 

7 ID x .125 
thick 2 McMaster-C

arr 

Center 
support 
frame 

Square 
tubing .25x2x2x36 1.5 

Modoc 
Contracting 

Co 

 Square 
tubing .25x2x2x36 1 OIT scrap 

pile 

Center 
support 

crossbar 
Flat bar .375x2.5x28 1 

Modoc 
Contracting 

Co 

Center 
support feet 

Square 
plates .25x5x5 2 

Modoc 
Contracting 

Co 

Tank stand 
flanges Steel discs .375x12D 4 OIT scrap 

pile 

Tank stand 
legs Pipe 1ODx6 8 

Modoc 
Contracting 

Co 

LOX and 
Butanol 

manifolds 

304 SS 
block 2x3x7 1 Midwest 

Steel Supply 

Nitrogen 
inlet 

diffusers 

Tube-to-tub
e union 316SS 3/8 2 McMaster-C

arr 

 Tube 
section 

304SS 
3/8x8" 1 McMaster-C

arr 
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 Tube cap 316SS 3/8 2 McMaster-C
arr 

LOX fill tube 1" tube 4' 1  

Fuel 
delivery 

lines 

3/8" PTFE 
hose 

18" long, 
Male NPT, 

Braided 
2 Grainger 

LOX&Fuel 
blowdown 
junction 

Brass T 1" pipe 2 McMaster 

N2 line 
adapter, 

from 
regulator 

1/4 37deg to 
3/8 npt 
female 

SS-2405-04-
06 1 TanFittings.

com 

N2 supply 
line 3/8" tube 6' 2 Grainger 

 Brass T 3/8 FNPT 3 Grainger 
 

 Male 
Connector 

3/8 MNPT to 
3/8 Flare 
(10 pack) 

2 Grainger 

Blowdown 
line adapter 

Reducing 
Pipe 

Bushing 

1" NPT to 
3/8" NPT 2 Grainger 

injector/hos
e 

connection 

swivel 
adapter 3/8 flare 6 Grainger 

hose 
adapter, 

hose side 
 

3/8 male 
flare to 3/8 

FNPT 
6 McMaster 

Hose 
adapter, 

injector side 
 

3/8 male 
flare to 1/4 

MNPT 
6 McMaster 
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connects 
tube ends to 

fittings 

3/8" flare 
nut 

45deg 
10pack 2 Grainger 

Tank outlets Brass Elbow 90 deg 1" 
NPT 2 McMaster 

LOX 
Flow/Fill G29L52SC 1"NC 1 Magnatrol 

Fuel Flow/fill DEMA 
458P.3 1" NC 1 Kleen Rite 

Corp 

Fuel Vent 
Valve 

ASCO 
redhat 

39P477 
1/4" NO 1 Grainger 

LOX Vent 
Valve 

ASCO 
Series 

EF8262 

1/4" NO 
Explosion 

Proof 
1 The Valve 

Shop 

LOX safe 
thread 
sealant 

Formula-8 
PTFE paste 

https://www.
fluoramics.c
om/store/for
mula-8-3-5-
oz.html?cat
egory_id=24 

2 Fluoramics, 
inc 

Relief Valve 
(LOX & 
Butanol) 

HPRVM-500
B-T-1000-X 1/2" NPT 2 Ratermann 

Fuel check 
valve 

CV-1000B-T
-1-X 1" NPT 2 Raterman 

LOX check 
valve 

CV-1003B-T
-1-X 1" NPT 2 Raterman 

N2 regulator 

Radnor 
Model 

GP250-800-
580 

1/4" flare 
outlet 1 Raterman 
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N2 valve Dema 
453S.6 NC 3/8" NPT 3 RaterMan 

N2 check 
valve WESCV-6M 3/8" NPT, 

male-male 4 MSC 

Flare tool   1 MSC 

tubing 
bender   1 MSC 

Tank stand 
mounting Screws 3/8-16x? 8 See last 

section 

Tank 
mounting to 

stands 
Bolts 3/8-16x2 8 See last 

section 

 Nuts 3/8-16 8 See last 
section 

Center 
support 

mounting 
Screws 3/8-16x2.5 8 See last 

section 

Tank 
assembly Bolts 3/8-16x2 16 See last 

section 

 Bolts 3/8-16x1.5 16 See last 
section 

 Nuts 3/8-16 32 See last 
section 

Cinch straps Hose clamp 
kit 

102" band 
with 3 worm 

gears 
1 Amazon 
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Cameras   1 Amazon 

DAQ  LabJack T7 1 LabJack 

USB Cable  NA 2 Amazon 

Engine Load 
Cell  

TE 
FC2331-000

0-1000-L 
1 Mouser 

Flow Sensor 
Butanol/H20  FSA1-42-27

H 2 Automation 
Direct 

M12 Cable  CD12L-0B-0
20-C0 2 Automation 

Direct 

Thermocoup
le Type 
E/LOX 

 TC-E-1/8NP
T-U-72 1 Omega 

Thermocoup
le 

Butanol/Jac
ket 

 TC-K-1/8NP
T-U-72 2 Omega 

Pressure 
Sensor  

824-M30410
0000501KP

G 
9 Mouser 

Gauge  G25-BD600-
4LB 2 Automation 

Direct 

Block for 
manifolds  304SS block 

2x3x12 1 Midwest 
Steel 

Power 
Supply High 

V 
 RS-15-24 1 Mouser 

37 
 
 

 
 

https://www.amazon.com/dp/B06ZY9GJWQ/ref=psdc_11041691_t1_B071RFVQWC
https://www.amazon.com/Monoprice-32-Feet-Female-Extension-Repeater/dp/B004HJDUW0?th=1


 

Power 
Supply Low 

V 
 RS-15-5 1 Mouser 

Belden 
22AWG 

Wire 
 Belden 8760 

equivalent 500 
Wire and 

Cable your 
Way 

Heat Shrink  NA 1 Amazon 

Ethernet 
Cable  NA 1 Amazon 

Countersink  
60 degree 
1" 4-3/8" 

Len 
1 Grainger 

NPT 1" 
Thread Tap  NPT 1" 1 MSC 

NPT 1/4" 
Thread Tap  NPT 18 1/4" 2 Amazon 

NPT 1" Drill 
Tap  

6" Len 
cheap prolly 

shit 
1 Amazon 

NPT 1" Drill 
Tap  3.58 Len 1 Grainger 

NPT 3/8" 
Drill Tap  9/16" 6-5/8" 

Len 1 MSC 

NPT 1/4" 
Drill Tap  7/16" 5-1/3" 

Len 1 MSC 

Center Bit 
Set  Set #1-#5 1 MSC 
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¼” 8” Len Pipe 
Nipple  Standoff 

304 SS 2 Grainger 

1/8" 18" Len 
Pipe Nipple  SS 304 1 MSC 

1/4" 36" Len 
Pipe Nipple  SS 304 2 MSC 

Current 
Shunts  4-20mA to 

0-5V 3 LabJack 

Screw 
Board 

Extension 
 Cb37 1 LabJack 

Zip ties  
Package of 
100 x 11 

inch 
1 Walmart 

DAQ 
enclosure Box Sprinkler 

control box 1 Goodwill 

Fire 
extinguisher ABC dry 21", 10 lb 1 Amazon 

 AB small  1 Diamond HI 

Fire blanket Fiberglass 
blanket 4'x4' 1 Amazon 

Water tank - ~275 gal 
forklift tank 1 Jason 

Peters 

Pump - 158gpm, 
91ft 1 Harbor 

Freight 

39 
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https://www.harborfreight.com/2-in-212cc-gasoline-engine-semi-trash-water-pump-158-gpm-63405.html


 

Hoses - 3/4 GHT x 
10 ft 7 Walmart 

Flood & 
Spray 
control 
valves 

Solenoid 
valves 

3/4" NPT 
Female, 
120VAC 

2 Amazon 

Hose hub NPT coupler 2" female x 
female 1 McMaster-C

arr 

Hose hub 
plug NPT plug 2" male 1 McMaster-C

arr 

Hose 
branch 

NPT to GHT 
fitting 

3/4 male x 
male 4 McMaster-C

arr 

Nozzle 
adapter GHT to GHT 

3/4 male x 
male, 2 

pack 
2 McMaster-C

arr 

 GHT to NPT 3/4 female x 
1/2 female 4 McMaster-C

arr 

Spray 
nozzles 

Flat spray 
nozzles 

1/2 NPT, 80 
deg, 10 gpm 2 McMaster-C

arr 

Flood 
nozzles 

Full-cone 
spray 

nozzles 

1/2 NPT, 90 
deg, 33 gpm 2 McMaster-C

arr 

Routing 
clamps  1" ID, box of 

50 1 McMaster-C
arr 

Mounting 
screws 

Wood 
screws 

8 gauge x 2 
in, a bunch 1 

Modoc 
Contracting 

Co 

Trailer   1  
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https://www.amazon.com/HFS-Electric-Solenoid-Valve-Water/dp/B018WRJYOU/ref=sr_1_2?s=hi&ie=UTF8&qid=1519667736&sr=1-2&keywords=3%2F4+inch+solenoid&dpID=51UXtfq-yaL&preST=_SY300_QL70_&dpSrc=srch
https://www.mcmaster.com/#4513k68/=1bjouo3
https://www.mcmaster.com/#4513k68/=1bjouo3
https://www.mcmaster.com/#44605k229/=1bjov00
https://www.mcmaster.com/#44605k229/=1bjov00
https://www.mcmaster.com/#73605t51/=1bk8guw
https://www.mcmaster.com/#73605t51/=1bk8guw
https://www.mcmaster.com/#72105t89/=1bk8hy8
https://www.mcmaster.com/#72105t89/=1bk8hy8
https://www.mcmaster.com/#73605T82
https://www.mcmaster.com/#73605T82
https://www.mcmaster.com/#3404k24/=1bjotlw
https://www.mcmaster.com/#3404k24/=1bjotlw
https://www.mcmaster.com/#3282k991/=1bjovs0
https://www.mcmaster.com/#3282k991/=1bjovs0
https://www.mcmaster.com/#9434t22/=1bqn5t4
https://www.mcmaster.com/#9434t22/=1bqn5t4


 

Leveling 
jacks 

Trailer drop 
jack 17"-27" 2 Harbor 

Freight 

Stakes Rebar 0.5x24 4 
Modoc 

Contracting 
Co 

Chocks 4x4 or 6x6 
wood Scrap wood 4 Scrap 

Spill shield Sheet metal .036x48x48 1 OIT scrap 
pile 

Baseboard 
and wall 
panels 

Plywood .750x4'x8' 
sheet 6 Diamond HI 

Studs 2x4s 8' 31 Diamond HI 

Joists 2x6s 6' 6 Diamond HI 

Corner 
posts, 

foundation 
4x4s 8' 6 Diamond HI 

Fastening 
Wood 

screws 
variety 

8 gauge x 2 
in, a bunch 1 

Modoc 
Contracting 

Co 

Quick 
assembly 

Carriage 
bolts 3/8-16x8"  See last 

section 

 
Wall 

threaded 
rod 

1/2-13x6" 8 
Modoc 

Contracting 
Co 

 
Roof/floor 
threaded 

rod 
1/2-13x4" 12 

Modoc 
Contracting 

Co 
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https://www.harborfreight.com/heavy-duty-2000-lb-capacity-top-wind-trailer-jack-42950.html
https://www.harborfreight.com/heavy-duty-2000-lb-capacity-top-wind-trailer-jack-42950.html


 

 Wing nuts 1/8-16 40 See last 
section 

Roofing and 
front impact 

shield 

Corrugated 
roofing 8' sheets 6 

Modoc 
Contracting 

Co 

Toggle 
switches 

Red cover 
Normally 

Open 

5 pack 
12V-20A 
switches 

2 Amazon 

Key Switch - - 1 Amazon 

Big Ignition 
Button 

Choice 
R,Y,Blk,Grn 

Button 

65 mm 
Momentary 
push button 

1 Automation 
Direct 

Emergency 
shutoff 

Self-locking 
push button 

AC, 400V, 
22mm 1 Amazon 

Wire 22AWG, 1A, 
300V 

Pack of 5x 
20ft colored 

rolls 
1 Amazon 

LED 
indicator 

lights 
LED strips 

4 pack 30 
cm Blue 

LED strips 
1 Amazon 

  
4 pack 30 
cm Red 

LED strips 
1 Amazon 

LED 
diffusers 

Frosted 
plastic Plastic tub 1 Goodwill 

Labels Printable 
label sheets 

10xsheets 
of 60 

2/3"x1.75" 
1 Walmart 

Enclosure 
Backup if 
not big 
enough 

4x8x11 cash 
box 1 Goodwill 
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https://www.amazon.com/Support-Cover-Toggle-Switch-Pack/dp/B00ST2AHE0/ref=pd_sim_328_2?_encoding=UTF8&pd_rd_i=B00ST2AHE0&pd_rd_r=D5Y38AVSGY3Y67NPJ3HE&pd_rd_w=TUoxD&pd_rd_wg=nPMYs&psc=1&refRID=D5Y38AVSGY3Y67NPJ3HE&dpID=51BGS5Sk3eL&preST=_SY300_QL70_&dpSrc=detail
https://www.amazon.com/Jameco-Valuepro-IG-406D-2341-Switch-Terminal/dp/B00B88DI98/ref=sr_1_4?ie=UTF8&qid=1518845933&sr=8-4&keywords=key+switch&refinements=p_72%3A2661618011
https://www.automationdirect.com/adc/Shopping/Catalog/Pushbuttons_-z-_Switches_-z-_Indicators/Fuji_Electric_30mm_(AR30_Series)
https://www.automationdirect.com/adc/Shopping/Catalog/Pushbuttons_-z-_Switches_-z-_Indicators/Fuji_Electric_30mm_(AR30_Series)
https://www.amazon.com/Button-Switch-Stop-Emergency-Mushroom/dp/B074PS4VL4/ref=pd_day0_328_6?_encoding=UTF8&pd_rd_i=B074PS4VL4&pd_rd_r=D5Y38AVSGY3Y67NPJ3HE&pd_rd_w=V43Zs&pd_rd_wg=nPMYs&psc=1&refRID=D5Y38AVSGY3Y67NPJ3HE
https://www.amazon.com/StrivedayTM-Flexible-Silicone-electronic-electrics/dp/B01LH1FR6M/ref=sr_1_4?ie=UTF8&qid=1518938437&sr=8-4&keywords=wire&th=1
https://www.amazon.com/Zento-Deals-Flexible-Waterproof-Strips/dp/B018QRW6CS/ref=sr_1_4?ie=UTF8&qid=1518852486&sr=8-4&keywords=led+strip+light+blue&refinements=p_72%3A2661618011
https://www.amazon.com/Zento-Deals-Flexible-Waterproof-Light/dp/B018QXXBDU/ref=pd_bxgy_263_img_2?_encoding=UTF8&pd_rd_i=B018QXXBDU&pd_rd_r=1RCDNC42J541A408GT9A&pd_rd_w=PItq4&pd_rd_wg=tlAT9&psc=1&refRID=1RCDNC42J541A408GT9A
https://www.amazon.com/BUD-Industries-JBH-4961-KO-Knockout-Hinged/dp/B005UP9P38/ref=pd_sim_60_3?_encoding=UTF8&pd_rd_i=B005UPA10Y&pd_rd_r=J3B07F2ZKT49KWB4JBPY&pd_rd_w=9iy0l&pd_rd_wg=MHkzZ&refRID=J3B07F2ZKT49KWB4JBPY&th=1
https://www.amazon.com/BUD-Industries-JBH-4961-KO-Knockout-Hinged/dp/B005UP9P38/ref=pd_sim_60_3?_encoding=UTF8&pd_rd_i=B005UPA10Y&pd_rd_r=J3B07F2ZKT49KWB4JBPY&pd_rd_w=9iy0l&pd_rd_wg=MHkzZ&refRID=J3B07F2ZKT49KWB4JBPY&th=1
https://www.amazon.com/BUD-Industries-JBH-4961-KO-Knockout-Hinged/dp/B005UP9P38/ref=pd_sim_60_3?_encoding=UTF8&pd_rd_i=B005UPA10Y&pd_rd_r=J3B07F2ZKT49KWB4JBPY&pd_rd_w=9iy0l&pd_rd_wg=MHkzZ&refRID=J3B07F2ZKT49KWB4JBPY&th=1


 

Volt Meter Analog 0-20V 1 Amazon 

Amp Meter Analog 0-30A 1 Amazon 

Air Raid 
Siren 110dB 110dB  eBay 

Door  30x80 door 1 Diamond HI 

Hinges   1 Diamond HI 

Window Acrylic 
sheets 18x24.1 3 Diamond HI 

Generator  
120/240VA
C, 12VDC, 

3200W 
1 Harbor 

Freight 

Heater  Fan/heater 1 Goodwill 

Laptop  Runs DAQ 
software 1 ITS Loaner 

Data 
storage 

External 
HDD 250GB+ 1 Ben Porter 

Live feed 
monitor 

External 
monitor 

VGA and 
DVI inputs 1 Goodwill 

Monitor 
cable  HDMI to DVI 

adapter 1 Amazon 
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https://www.amazon.com/uxcell-Measuring-Voltage-Pointer-Voltmeter/dp/B006Z389IQ/ref=sr_1_8?s=hi&ie=UTF8&qid=1519788726&sr=1-8&keywords=20+volt+meter+analog
https://www.harborfreight.com/4000-max-starting3200-running-watts-65-hp-212cc-generator-epa-iii-with-gfci-outlet-protection-63079.html
https://www.harborfreight.com/4000-max-starting3200-running-watts-65-hp-212cc-generator-epa-iii-with-gfci-outlet-protection-63079.html
https://www.amazon.com/AmazonBasics-HDMI-Output-Adapter-Cable/dp/B014I8UL8U/ref=sr_1_6?ie=UTF8&qid=1518934932&sr=8-6&keywords=hdmi+to+dvi+adapter


 

Power strips 
6 outlet 
surge 

protection 

2 pack, 3ft 
cord 1 Walmart 

Extension 
cords  25 ft 3 Walmart 

  50 ft 2 Walmart 

Amber 
beacons 

LED rotating 
beacon 

12V .5A 6W, 
car jack 2 Amazon 

 Power 
adapter 

120VAC to 
12V 1A car 

jack 
1 Amazon 

 Power 
splitter 

1x male to 
2x female 1 Amazon 

Shelf Plywood Scrap 0 Scrap 

 Brackets 10" depth 3 
pack 1 Walmart 

 Screws Scrap 0 Scrap 

Tooling     

Walkie 

talkies 
 Pack of 6 

units 1 Amazon 

High vis 

vests 
 Large 3 Amazon 
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https://www.amazon.com/Tekrite-Beacon-Emergency-Dual-Mount-Wattage/dp/B01MQ1Y5Y6/ref=sr_1_6?ie=UTF8&qid=1518936820&sr=8-6&keywords=amber+beacon&refinements=p_72%3A2661618011
https://www.amazon.com/Cellet-Universal-Cigarette-Lighter-Converter/dp/B000TA4WNW/ref=sr_1_28?ie=UTF8&qid=1518936242&sr=8-28&keywords=ac+to+dc+converter+car+outlet
https://www.amazon.com/Car-Mate-CZ206A-Auxiliary-Adapter/dp/B0028JPECA/ref=cts_ap_1_vtp
https://www.amazon.com/BaoFeng-BF-888S-Radio-Pack-radios/dp/B00ECWE4WC/ref=sr_1_11?s=wireless&ie=UTF8&qid=1518819529&sr=1-11&keywords=walkie+talkies
https://www.amazon.com/Neiko-53941A-Visibility-Safety-Standard/dp/B0030AA3YK/ref=sr_1_3?s=sporting-goods&ie=UTF8&qid=1518910733&sr=8-3&keywords=class+2+safety+vest


 

  Medium 3 Amazon 

Hard hats  White 3 Amazon 

  Blue 3 Amazon 

Safety 

glasses 
 Pack of 12 

pairs 1 Amazon 

Work gloves  Pack of 5 
pairs 2 Amazon 

Earplugs  Box of 100 
pairs 1 Amazon 

Downrange 
shields 

Plywood/OS
B .5x4x8 4 Diamond HI 

 2x4 8' 12 Diamond HI 

LOX Face 
shield   2 Amazon 

LOX Apron  Size 
medium 2 Amazon 

LOX Gloves  Size 
medium 2 Amazon 

Carriage 
bolts  3/8-16 x 8 26 Diamond HI 
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https://www.amazon.com/Neiko-53940A-Visibility-Safety-Standard/dp/B003VKWQBC/ref=pd_bxgy_469_3?_encoding=UTF8&pd_rd_i=B003VKWQBC&pd_rd_r=ADH32FYSRT62ZH197D75&pd_rd_w=dJbYW&pd_rd_wg=ZNZpd&psc=1&refRID=ADH32FYSRT62ZH197D75
https://www.amazon.com/Pyramex-Safety-HP44110V-Ridgeline-4-Point/dp/B00MGMWOY0/ref=pd_bxgy_469_img_2?_encoding=UTF8&pd_rd_i=B00MGMWOY0&pd_rd_r=VSJ5E8PW377JV8WMAESM&pd_rd_w=v8Gkx&pd_rd_wg=pkEXd&refRID=VSJ5E8PW377JV8WMAESM&th=1
https://www.amazon.com/dp/B00MGMW8K0/ref=twister_B0117BFVMW?_encoding=UTF8&psc=1
https://www.amazon.com/JORESTECH-Eyewear-Safety-Protective-Glasses/dp/B01MT9RYEI/ref=sr_1_11?ie=UTF8&qid=1518820042&sr=8-11&keywords=safety%2Bglasses%2Bbulk&th=1
https://www.amazon.com/Vgo-Artificial-Leather-Gloves-5-Pairs/dp/B072K23JT1/ref=sr_1_7?s=hi&ie=UTF8&qid=1518820077&sr=1-7&keywords=work+gloves+bulk
https://www.amazon.com/gp/offer-listing/B00C9QGWLO/ref=dp_olp_new_mbc?ie=UTF8&condition=new
https://www.amazon.com/3M-Protection-82783-00000-Polycarbonate-Faceshield/dp/B007JZ1QQQ/ref=pd_bxgy_328_2?_encoding=UTF8&pd_rd_i=B007JZ1QQQ&pd_rd_r=D2TSNNQJ7CW306C952KY&pd_rd_w=qZZp8&pd_rd_wg=vWv3u&psc=1&refRID=D2TSNNQJ7CW306C952KY
https://www.amazon.com/dp/B004JF54O4/ref=asc_df_B004JF54O45381375/?tag=hyprod-20&creative=394997&creativeASIN=B004JF54O4&linkCode=df0&hvadid=167121456202&hvpos=1o1&hvnetw=g&hvrand=9620039600461255811&hvpone=&hvptwo=&hvqmt=&hvdev=c&hvdvcmdl=&hvlocint=&hvlocphy=9033129&hvtargid=pla-306871613516
https://www.amazon.com/OFTEN-Cryogenic-Waterproof-Protective-Nitrogen/dp/B00JXELB8O/ref=pd_bxgy_328_3?_encoding=UTF8&pd_rd_i=B00JXELB8O&pd_rd_r=D2TSNNQJ7CW306C952KY&pd_rd_w=qZZp8&pd_rd_wg=vWv3u&psc=1&refRID=D2TSNNQJ7CW306C952KY


 

Bolts  3/8-16 x 2.5 30 Diamond HI 

Bolts  3/8-16 x 2 40 Diamond HI 

Bolts  3/8-16 x 1 4 Diamond HI 

Bolts  1/4-20 x 2.5 4 Diamond HI 

Bolts  1/4-20 x .75 6 Diamond HI 

Screws  M5-.8 x 32 16 Diamond HI 

Lock 
washers  3/8 56 Diamond HI 

Washers  3/8 30 Diamond HI 

Washers  1/4 10 Diamond HI 

Nuts  1/4-20 50 Diamond HI 

Nuts  3/8-16 50 Diamond HI 

Nylon lock 
nuts  3/8-16 8 Diamond HI 
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Wing nuts  1/4-20 26 Diamond HI 

Wing nuts  3/8-16 10 Diamond HI 

 

7. Appendices 
 

7.1. Safety Approach (Copied from SAF-GEN--001 Safety General Approach) 

OTRA Safety Mission Statement 
For Oregon Tech Rocketry and Aerospace (OTRA) safety is built into every aspect of our work 
from design to flight. OTRA will strive to set the gold standard in safety of student lead projects 
here at OIT and nationally. OTRA will demonstrate this commitment by our track record and by 
developing internal safety procedures and directives as well as maintaining a database of 
outside safety rules and regulations. 

 

Introduction 
The approach to safety taken by OTRA can be broken into six categories—several of which 
may be appropriate at any given time. These categories are: safety by regulation, safety by 
imitation, safety by oversight, safety by design, safety by process, and safety by certification.  

OTRA is fundamentally an engineering project. What we do will often be regulated by federal 
and state agencies: this is safety by regulation. These include the FAA CFR 101.21-29, the 
NFPA (section 1127), OSHA regulations regarding the storage and handling of our fuels, local 
fire codes, manufacturer MSDS, contest rules and regulations developed by ERSA/IREC, and 
safety regulations developed and maintained by Tripoli Rocketry (initial flight tests), Reaction 
Research Society (experimental flight tests), among others.  

Safety by imitation recognizes that OTRA is a junior member in the field of rocketry and can 
learn by imitating the safety practices of other clubs and teams involved in the field. While there 
are inherent dangers, the contest for which OTRA is designing and the field of amateur rocketry 
in general is remarkably safe. ESRA/IREC has hosted the contest without incident since 2002, 
RRS has not had an accident since their founding in 1943, and according to Oregon Rocketry 
there has not been a single serious injury or fatality associated with Tripoli Rocketry clubs in its 
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50 years . We are in contact with both Portland State University Aerospace Society and 
1

Michigan Aeronautical Science Association regarding their own safety procedures and will 
continue to develop our contacts with other clubs.  

As OTRA designs, builds, and tests our rocket we will have a great deal of oversight. Following 
this and seeking it out is what we mean by safety by oversight. The first line of oversight is our 
club advisor Sean Sloan, then our senior project advisor Dongbin Lee, oversight during the 
manufacturing process will be provided by TAs and MMET faculty, oversight during the 
launches will be provided by certified Tripoli members, RRS members and at the Spaceport Cup 
America by a variety of aerospace professionals who make up the judging and operations staff. 
Safety by oversight includes periodic design reviews, proposals, and oral and written 
explanations that OTRA will have to submit in order to test and fly our rocket. 

Safety by design is the student lead initiative to follow industry standard regulations regarding 
safety in design applications. These primarily relate to factors of safety in structural and 
pressurized components, in house design verification, selecting nonhazardous materials, 
simulating stresses on our components before testing, and a general mentality of focusing on 
safety and developing safety guidelines as we design the rocket. For instance in our selection of 
fuels, safety was a guiding factor. Butanol was selected not only because of its combustion 
properties, but also because it can be made from biofuels reducing environmental hazards and 
has no listed injuries or deaths with OSHA. Similarly LOX was chosen due to safety concerns 
brought up in technical advice given by Blue Origin—a large player in private aerospace.  

In all of engineering and industry in general, processes are a primary concern with 
safety—which is why there are lock out/tag outs and similar. To give a domestic example a gas 
heater poses substantial, innate risk to a home and its occupants. However, by following 
predetermined processes operation and maintenance of these is quite safe. A homeowner 
would be ill-advised to relight a pilot light on a gas heater that has been out for some time 
without first ventilating the area. Failure to do this could result in an explosion, but by doing this 
the innate risk of explosion posed by natural gas is mitigated. Similarly, by developing 
processes for the activities we do we can mitigate the innate danger of these activities. For 
instance, manufacture using composite materials poses specific dangers: inhalation of toxic 
fumes, skin and eye irritation, damage to vacuum equipment. Consequently, OTRA has created 
an instruction manual for composites manufacture which is based off industry experience by 
David Minar and Micah Hicks and experience in a MECH 407 Advanced Composites class 
taught by Prof. Joe Stuart. This is required reading for anyone manufacturing with composites in 
our club—this goes above the procedures of other clubs using the composites lab. Actions of 
this sort comprise safety by process and it is key to keeping the club members and property 
safe.  

Both for professional and safety reasons, OTRA will pursue safety related certifications where 
relevant and feasible. Thus, we will ensure safety by certification. OTRA member Jason 
Peters is working with Kingsley Field and the 173rd fighter squadron to organize training for 
OTRA in LOX handling and their engine testing procedures. Other examples are the 

1 Oregon Rocketry. “Who We Are.” Oregon Rocketry. http://www.oregonrocketry.com/?page_id=4 (7 Oct. 2017) 
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progressive flight certifications team members will be receiving through Tripoli and Oregon 
Rocketry that focus on design and launch safety and include written exams, rocket inspection, 
and safe launch and recover criteria. In some cases, certification will be the result of OTRA 
developed training.  

 

Specific Material Concerns 
Access: Access to all materials is contingent on approval from first Risk Management (if they 
deem it necessary), second Lab Managers and Campus Safety, third club advisors and OTRA 
officers. Access to most materials will be granted on a per user basis. For most materials this 
will require a lab pass and OTRA advisor and officer consent. LOX, N2, and butanol will require 
training. Access to N2 will be granted only on a per use basis.  

Liquid Oxygen (LOX): serves as the oxidizer in our combustion cycle.  

Dangers: LOX is extremely cold (-297°F) and can cause burns as well as reduce the 
strength of many materials. If vented in an enclosed environment can potentially cause 
oxygen saturated atmosphere posing fire and inhalation hazards. Long term storage of 
LOX results in increasing pressure in tanks which if not properly fitted with relief valve 
can result in rupture of tank.  

Prevention: LOX will not be stored by OTRA. LOX will not be stored in enclosed 
environments for at any time. LOX will only be purchased in quantities needed for 
scheduled tests. LOX will be delivered as close to test date as possible (safety by 
process). Any excess LOX at a test location will be removed as soon as possible by 
professionals. OSHA regulations regarding Personal Protective Equipment (PPE) and 
handling will be strictly followed (safety by regulation). PPE includes cryogenic-safe 
gloves, face shields & safety glasses, fire resistant coveralls. Further regulation can be 
found in SAF-TECH-0001. Handling training will be received from Air Force or other 
qualified institution. Handling of LOX will only be performed by certified individuals 
(safety by certification). 

Contingency: In event of injury a first aid kit will be kept on hand with warm packs 
included. In the event of fire or explosion, fire extinguishers are kept on hand any time 
LOX is used and test stand has integrated fire suppression system (safety by design).  

Storage: As LOX must be maintained at low temperatures, all LOX has a limited shelf 
life. Adequate ventilation is necessary for storage to enable the gas to be released as it 
warms and expands. To avoid these complications, OTRA will purchase LOX locally 
from Airgas for same day use and return. Unused LOX can be safely vented to 
atmosphere to empty the vessel or returned to Airgas.  

Butanol: is our rocket fuel.  
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Dangers: OSHA lists no associated deaths or injuries with this substance. It is an 
organic biofuel and nontoxic. Dangers are primarily fire and explosion. It is a 1-3-1-0 
substance and generally regarded as safer than gasoline (stored by FSAE and BajaSAE 
on campus) due to its much higher flashpoint and lower combustibility.  

Prevention: OSHA handling regulations to be followed at all times (safety by regulation). 
In general, it is to be treated like gasoline. Sealed containers, kept away from areas in 
which flammable operations are being performed, etc.  

Contingency: The fire department will be notified a week before and the day of any 
scheduled test (safety by process). No less than two members will stand at ready with 
fire extinguishers at each test and will be trained in their use (safety by process). Test 
stand will contain integrated fire suppression system (safety by design). OTRA has 
reached out to civil engineering professors and the Klamath County Fire Marshall for 
assistance on developing and implementing a fire prevention plan.  

Storage: Unpressurized butanol can be safely stored and handled in the same manner 
as any alcohol solvent. 

Composite fibers include glass and carbon fiber weaves, tape, and tow. These will be used in 
the manufacture of the body tube and support structure. 

Dangers: Primarily dangers come from the manufacturing process rather than material 
itself. Fine carbon fiber and glass dusts are respiratory system, eye, and skin irritant. 

Prevention: Best practice composite labs safety will be followed and team members will 
be instructed of dangers, PPE, and warning signs (safety by process). Basic lab safety 
procedures from OIT professors will be followed including ventilation and the buddy 
system (safety by process). OIT Faculty & Campus will be aware when OTRA members 
are using the composites lab. Any member using the composites lab will have received a 
lab pass from Campus Safety. OSHA has not developed any specific guidance on 
composites. The composites lab is in compliance with OSHA Oregon guidance.  

Contingency: In the event of respiratory problems, members will be instructed to leave 
the lab immediately. Any student who demonstrates irritation, experiences dizziness, 
respiratory problems, or other negative reactions to composite fibers will be required to 
use PPE including respirator and goggles. If eye or skin irritation occurs, wash stations 
are readily available and members will be instructed to rinse for up to 15 minutes.  

Storage: Storage of fibers and tows pose no dangers and already done on campus. Any 
purchased composite fibers will be labeled and stored with existing in the Composites 
Lab (CO 118). 

Composite resins including epoxies, polymers, phenolics and similar will be used in 
manufacture of body tube, structural components, and similar.  

Dangers: Most resins and curing agents are toxic if ingested and before fully cured will 
emit fumes that can be dangerous to health if not vented. Allergic reaction (skin 
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contact/ingestion), poisoning (ingestion), liver damage (ingestion) are possible. Many 
resins are carcinogenic, and can cause bronchitis and pulmonary edema (prolonged 
inhalation). Curing process generates heat which can be danger if uncured resin stored 
next to combustibles.  

Prevention: OSHA and lab safety standards will be followed (safety by 
regulation/process). These include proper use of PPE, inspection of lab equipment 
before use (ventilation and wash stations), buddy system, and in-house training (safety 
by certification). OSHA has not developed any specific guidance on composites. The 
composites lab is in compliance with OSHA Oregon guidance. 

Contingency: Poison control center numbers are posted around lab in case of 
ingestion. Wash stations will be used in case of skin irritation and 911 called in case of 
allergic reaction. Inhalation concerns can only be addressed with PPE, proper lab 
procedure and engineering controls (ventilation).  

Storage: Storage of these chemicals is routine and already done on campus. OTRA will 
consult with lab managers and Risk Management regarding storage. Requisite labels are 
present in the lab and all chemicals purchased by the club will be labeled and stored in 
designated part of Composites Lab (CO 118). 

Nitrogen gas will be used to purge the plumbing systems of the engine between test fires and 
to leak test the system.  

Dangers: N2 compressed gas is nontoxic, nonflammable, and is treated by OSHA as a 
general compressed gas. If vented in a confined space N2 may displace oxygen creating 
a suffocation hazard. 

Prevention: The dangers of N2 are those common to all compressed gasses—primarily 
failure of the pressurized vessel. OTRA will follow OSHA regulations contained in 
1910.101 (safety by regulation). If Risk Management stores N2 in a confined area, the 
storage area will be vented for 30 minutes before entry. Permit required confined space 
rules will be followed. An N2 detector will be purchased for this purpose.  

Contingency: In the event of an OTRA member starting to experience lightheadedness, 
dizziness or other low oxygen symptoms, they will be escorted to an area with 
breathable air.  

Storage: We will identify with Risk Management an appropriate venue for storage of the 
gas. If such cannot be found due to the Cornett re-model N2 will be purchased from 
Airgas locally for same day use and return.  
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Specific Process Concerns 
Testing 
Testing is where most catastrophic safety hazards are present. OTRA will engage in two very 
different kinds of testing: flight testing and engine testing.  

Flight testing will be governed by Tripoli and Reaction Research Society (RRS) rules (safety by 
regulation) and design review by officials from those organizations (safety by oversight) in 
addition to the safety considerations that will have been addressed in design process (safety by 
design) and by advisors to the club (safety by oversight). Because the primary safety controls 
on flight tests cannot be quickly addressed, the reader is deferred to the List of Safety 
Documents below, particularly those by Tripoli regarding range safety and experimental rocket 
safety.  

Engine testing is done in house by OTRA and at Kingsley Field.  

Dangers: Fire, projectiles, acoustic injury, LOX handling dangers, & high-pressure 
handling dangers.  

Prevention: OTRA has after consultation with other clubs and Blue Origin begun 
developing a testing schedule that takes the dangers possible in a full test and spreads 
them into smaller controllable chunks (safety by process). Initial Cold-Flow testing will be 
done with pressurized water and nitrogen to test the pressure viability of the engine. This 
insures the systems integrity without chance of combustion. Initial hot fire testing will be 
performed with minimal fuel loaded and 1-second burns. This requires only ounces of 
fuel and so both fire and rupture hazards are minimal. The test stand is being designed 
with blast shields, fire suppression, and addition safety shut off features. Any approved 
test site will have a Fire Marshall approved fire prevention plan. OTRA members will be 
at a distance of 30m from the test stand behind a safety structure wearing PPE before 
countdown procedures starts. A lockout/tagout procedure will be used to insure all 
members are accounted for. Testing will end immediately if any member requests so for 
safety reasons.  

Contingency: In the event of injury a first aid kit is on hand and members will be trained 
in First Aid Procedures. Due to the distance members will be from the engine during 
testing, any injuries will be minor and are extremely unlikely, but both Skylakes and the 
Fire department will be notified before testing.  

Flight 
Flight safety will be addressed primarily by the range safety officers of the organization 
sponsoring the launch—for the year 2017-2018 this is likely to only be Tripoli Rocketry 
Association. Tripoli has decades of experience without accident and works closely with the FAA, 
NFPA, and OSHA to ensure that each launch is successful and safe.  
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Materials Handling 
Materials handling presents dangers both in the transportation of materials or the loading 
unloading of their containers. At present the only material which poses danger in its 
transportation to and from flight sites or testing is LOX. The dangers LOX presents to students 
is mitigated by the use of proper PPE (safety by regulation), the training OTRA members will be 
required to receive from Air Force or other organization before handling (safety by certification), 
and the same-day use policy OTRA maintains regarding its use and storage (safety by 
process). 

Storage 
OTRA will not store materials that are hazardous in passive storage. Materials that are 
hazardous to passively handle will be handled by certified individuals (safety by certification). 
When OTRA does intend to store materials or chemicals, an appropriate location will be 
identified in consultation with lab managers and Risk Management well in advance of purchase.  

Manufacturing 
Dangers due to manufacturing will be approached primarily through safety through certification, 
which in this case means classwork. Students who have not taken the appropriate classes—as 
an example MFG 103 for welding—will not be allowed to use the equipment that class teaches. 
Beyond this, the appropriate lab pass will be required and OIT’s lab and safety policies followed. 
OTRA is not engaged in any exotic manufacture of parts and for many components will be 
contracting out the work.  

Fire 
Preventing fire is key to the safety of this project. As such we have reached out the Fire 
Marshall for help in developing a fire prevention plan (safety by oversite), are seeking training 
regarding handling of flammables and in the containment of small fires (safety by certification), 
are creating our test schedule with fire prevention as the key concern (safety by process), and 
are integrating a fire suppression system into the test stand (safety by design).  

List of Key Safety Documents 
Author 
Organization 

Document Title Document Number Doc Status 

OTRA Composite Lab Safety SAF-MAN-0001 Approved 
OTRA LOX Safety SAF-SHEET-0001 Pending Rev. 
Tripoli Range Safety SAF-REG-0001 Approved 
Tripoli Metal in Rockets SAF-MAN-0002 Approved 
Tripoli Range Safety Officer Req. SAF-REG-0002 Approved 
Tripoli  Research Safety Code SAF-REG-0003 Approved 
Tripoli Safe Launch Practices SAF-REG-0004 Approved 
NFPA Rocket Fire Reg. 1127 SAF-REG-0005 Approved 
Tripoli High Power Safety Code SAF-REG-0006 Approved 
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OTRA General Lab Safety SAF-MAN-0003 Developing 
OTRA Test Schedule SAF-TECH-0002 Developing 
Bureau Safety 
and Health 
Montana 

Handling Pressure Vessels SAF-TECH-0003 Approved 

OTRA Test Safety Processes SAF-TECH-0004 Developing 
OTRA Engine Test Fire Prevention Plan SAF-TECH-0005 Developing 
OTRA Materials Handling and Storage SAF-TECH-0006 Developing 
DOW SDS n-Butanol SAF-TECH-0007 Approved 
OSHA Confined Space Entry SAF-REG-0007 Approved 
OTRA Model Rocket Safety Code SAF-SHEET-0002 Approved 
OTRA Pressurized Tank Safety SAF -SHEET-0003 Pending Rev. 
 

Glossary 
Confined Space: OSHA defines a confined space as any area that is not designed or suitable 
for continuous human habitation. Examples include: tanks, vessels, silos, storage bins, hoppers, 
vaults, pits, manholes, tunnels, equipment housings, ductwork, pipelines, etc. 

Permit Required Confined Space: refers to any confined space that has one or more of the 
following characteristics: (1) Contains or has a potential to contain a hazardous atmosphere; (2) 
Contains a material that has the potential for engulfing an entrant; (3) Has an internal 
configuration such that an entrant could be trapped or asphyxiated by inwardly converging walls 
or by a floor which slopes downward and tapers to a smaller cross-section; or (4) Contains any 
other recognized serious safety or health hazard. 

Passive Storage: containers are tightly closed and may not be filled or emptied or opened for 
any reason while they are being stored. 

 
7.2. Appendix 3: LOX Cleaning Procedure 

 
 

LOX Cleaning Procedure 
 
All parts in contact or potential contact with liquid oxygen shall be cleaned and inspected 
according to this schedule. 
 
All parts to be cleaned shall be disassembled as much as possible and any part that could be 
damaged during the process (sensors, actuators, etc.) shall be removed and cleaned 
separately. 
 
List of Cleaning Tools and Liquids Required 
 

● Cleaning Detergents 

54 
 
 

 
 



 

○ Brulin 815 GD (general cleaning/degreasing of components)  
○ Brulin 1990 GD (optional for cleaning of pipe)  

● 99.9% Isopropyl Alcohol (for testing)  
● Cotton swabs  
● Deionized water  
● Citric Acid 
● Brass or stainless steel brush with brass or stainless steel handle 
● Clean chemical resistant gloves 
● Clean plastic wrap (e.g. ultra clean lab plastic wrap)  
● Clean sealable bags (e.g. clean room press-to-close bags)  
● Extra plastic plugs for sealing connection openings. (Need extras for each size of 

connection used by the components to be cleaned)  
● pH Meter (for managing alkaline detergent concentration)  
● Black light (for testing)  
● Heat lamp 

 
 
Pre-cleaning 

 
1. Clean all surfaces in contact with oxygen so that they are visually clean of corrosion, dirt, 
grease, scale, and any other foreign matter. 
 
1.2 Mechanically clean surfaces using a corrosion-resistant steel brush, grinding, or using a 
clean abrasive material. 
 
1.3 For pipes, fittings, and other interior features, use a stainless or brass brush with a stainless 
rod/handle to remove all visible foreign matter. 
 
1.4 Do not reuse abrasive materials or brushes that were used on carbon steels to clean 
stainless steels or brass. 
 
2. For sensitive or inaccessible surfaces, use acid to dissolve difficult contaminants such as 
oxide films, corrosion, and weld scale. Make sure all mechanical cleaning is done before acid 
cleaning. 
 
2.1 A dilute citric acid solution is very effective at dissolving corrosion from steel, stainless steel, 
copper, and brass. 
 
2.1.1 Prepare a dilute concentration (1-10% citric acid) of citric acid in warm distilled water. 
 
2.1.2 Immerse the component in the acid solution long enough for all corrosion and 
contaminants to visually be removed (typically under 30 minutes). If possible, scrub the parts 
with a brass or stainless brush to speed up the process. 
 
3. After pre-cleaning, brush with a clean brush and then flush with clean water to remove all 
loose particulates. 
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Degreasing 
 
1. Dilute the detergent (typically Brulin 815 GD) with de-ionized water until the desired pH level 
is reached. Typical recommendations are a pH of 9 for most metals and 9.5 for aluminum. 
Typical dilution is 10%. 
 
1.1 If the pH drops below a reasonable level, replace the bath or increase the concentration. 
 
2. Fully immerse the component in the detergent bath for 10 to 30 minutes and lightly stir. 
Recommended temperature range is 140-150F (60-66C) if possible. 
 
2.1 Avoid strong agitation since this will cause the detergent to foam. 
 
2.2 If using an ultrasonic cleaner, set to the recommended temperature range (140-150F) and 
run for 10 minutes. Ultrasonic cleaning will typically result in better results than manual cleaning. 
 
3. Rinse the component in distilled water. 
 
3.2 Make sure not to touch the critical surfaces with any potentially grease-bearing objects after 
degreasing. Grease-bearing objects include one’s body and any tools or surfaces that haven’t 
been degreased. 
 
4. Dispose of detergent in standard hazardous waste disposal areas after use or pour down the 
drain since brulin is a mild biodegradable detergent. 
 
 
 
Passivation 
 
1. For stainless steels, dip the component in an acid bath to dissolve remaining contaminants 
and passivate the material by re-oxidizing the chromium in the steel. This will maximize the 
corrosion resistance of the stainless steel. Citric acid is a good choice since it is inexpensive 
and effective. 
 
1.1 For austenitic stainless steels, use a solution of 10% citric acid by weight and heat to 
140-150F for best results. Immerse the part for at least 30 minutes at that temperature. Avoid 
chloride contamination of the passivation solution by using distilled water. Make sure to heat the 
solution since room temperature passivation is more or less ineffective 
 
1.3 Make sure to stick to the recommended time and temperature to avoid flash attack from 
ruining parts. If done properly, citric acid passivation can be potentially superior to industry 
standard nitric acid passivation. 
 
1.4 Do not passivate more than one component at a time to avoid mix-ups and galvanic 
corrosion. 
 

56 
 
 

 
 



 

2. (Optional) For brass, heat a dilute citric acid solution (e.g. 2 teaspoons/quart) to 140F and 
immerse the part for 2 minutes. 
 
3. Rinse with deionized water 
 
3.1 Although the solution can be used multiple times as long as the same materials are being 
passivated, make sure to regularly replace the acid solution to avoid decreased passivation 
ability. 
 
3.2 Dispose of the acid solution in standard hazardous waste disposal areas or neutralize with 
baking soda and pour down the drain. 
 
Drying 
 
1. Flush the component with deionized water and then thoroughly dry using dry nitrogen gas. 
 
1.1 Slowly blow dry nitrogen gas through the component for 2 hours under a heat lamp. 
 
1.2 For tanks and lines, the component is considered dry when the exit gas has a dew point 
within 3K (5F) of the purge gas (the dry nitrogen). 
 
Inspection: 
 
1. Wipe the part down with isopropyl alcohol using cotton balls and view under a black light. 
 
1.1 If there is any visible contamination under the black light, repeat the degreasing and drying 
process and inspect again until the part is clean. 
 
1.2 Perform a final drying with dry nitrogen gas. 
 
Protection of Cleaned Surfaces 
 
1. After cleaning, immediately cover all exposed critical surfaces and openings with clean 
plastic. Be careful not to touch the cleaned surfaces with anything else. 
 
1.2 For standard sized openings plug with new plastic plugs (i.e. the standard plastic plugs used 
to seal openings on new valves and fittings.) 
 
2. In addition to plastic wrapping, bag small components in clean sealable bags. 
 
3. Tag each cleaned part as “Oxygen Clean” as well as with a date and signature. 
 
 

7.3. Attached Below 
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