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1 SUMMARY OF PDR REPORT  

1.1 TEAM SUMMARY 

Reusable Rocket Vehicle Proposed 

Eclipse - II “Bessie” 

Name of School Mailing Address 

University of California, Davis Attn: Nesrin Sarigul-Klijn 
Professor and Director of SpaceED 
Mechanical and Aerospace Engineering Department  
2132 Bainer Drive Davis, CA 95616-5294 

Title Name Contact Information 

Professor and Director Dr. Nesrin Sarigul-Klijn Email: nsarigulklijn@ucdavis.edu 
Phone: 1-530-752-0682 

Level III Certified Mentor 
(NAR Section #534) 

Cliff Sojourner Phone: 408-234-9281 

Student Safety Officer 
Sahir Alokozai Email: salokozai@ucdavis.edu 

Chris Chighizola Email: crchighizola@ucdavis.edu 

Student Leaders 
Andrew Chuen Email: amchuen@ucdavis.edu 

Daniel Torrecampo Email: dtorrecampo@ucdavis.edu 

Sections Members 

Avionics and Payload Keyur, Daniel T., Andy, Max 

Flight Controls Chris, Daniel K., Eric 

Structures Roberto, Matt H., Matt B., Deming, Patrick 

Trajectory Janine, Thomas, Duarte,  

Launch Ops and Testing Sahir, Andrew 

Foreign Nationals Keyur, Deming, Patrick 

mailto:nsarigulklijn@ucdavis.edu
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1.2 LAUNCH VEHICLE SUMMARY 

The launch vehicle is designed to carry a payload and a recovery system to a target altitude of 
5280 ft. As a result, its dimensions directly reflect the size requirements dictated by its payload. 
Regarding motor selection, due to the implementation of g-brakes and an imperfect 
atmosphere, there was a need for a motor that surpassed the target altitude. Accordingly, the 
choice was made to use the 3300-L3200-VM motor from Cesaroni Technology Inc., which is 
capable of slightly surpassing the desired altitude of 1 mile. The launch vehicle's weight and 
dimensions are as follows: 
 

Length: 82.5 in.                           Diameter: 6.16 in 

Avionics Bay: 6 in                        Recovery System: 6 in. 

Payload Frame: 42.5 in.              Slosh Tank: 9 in. 

G-Brakes: 9 in.                            Total Mass (with motor): 21.5 lb. 

Nose Cone:                                 23 in long (6.1" base diameter, Ogive shape) 

1.3 PAYLOAD SUMMARY 

Eclipse is performing two experiments that are included in the rocket’s payload: propulsion 

analysis and liquid slosh in microgravity. Propulsion analysis consists an array of strain gages 

and flex sensors attached throughout the rocket in order to measure stress, strain, and 

vibrations of the rocket. For the second experiment, Eclipse will observe the behavior of liquid 

slosh in microgravity during flight. A slosh tank is placed in the rocket and the fluid movement 

during microgravity is recorded with cameras. Eclipse expects these experiments to be 

beneficial for future rocket launches in terms of measuring stresses and loads as well as 

furthering the study of fluid behavior.  

2 CHANGES MADE SINCE PROPOSAL 

2.1 Changes Made to the Vehicle Criteria 

The most significant change to the vehicle is the motor. Upon further research, Eclipse 

discovered the team was limited to two manufacturers—Cesaroni Technology Inc. (CTI) and 

Aerotech—due to local market availability. The previously selected motor, the Animal Motor 

Works K800BB, also has had known reliability issues with projected altitudes. Eclipse has since 

changed the motor to the CTI 3300-L3200-VM. The motor change also resulted in changes in 

structure configuration, such as increasing the fin count from three to four, and increasing the 

diameter of the drogue parachute.  

The recovery system now fully implements the dual-deployment method. The main parachute is 

located above the recovery and avionics system, and the drogue parachute is now located 

below it and above the payload bay. The Stratologger CF was also identified as the altimeters 

used in the recovery system. 
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Finally, Eclipse has changed the manufacturing methods for the airframe, opting to purchase 

pre-fiberglassed airframes instead due to limitations in time. Eclipse will implement hands-on 

learning through wrapping air-brake control surfaces with carbon fiber.  

2.2 CHANGES MADE TO PAYLOAD 

The second slosh tank no longer drains water. Instead it now contains floating markers to assist 
in data collection. Eclipse has opted for Veho Muvi cameras in place of Go-Pros to save weight 
and increase recording angles. Lights have been added to the slosh experiment to assist in data 
collection. All strain gages have been replaced with Wheatstone bridge rosettes, which are now 
placed at 9 different locations within the vehicle. Accelerometers have also been included into 
the propulsion analysis.   

2.3 CHANGES MADE TO PROJECT PLAN 

The project plan has mostly remained static since the proposal. Only minor changes have been 

made to the budget as a result of increases in design maturity. Eclipse plans on continuing with 

its current track to engage students in rocket education through reaching out to local schools. 

3 Vehicle CRITERIA 

3.1 SELECTION, DESIGN, AND VERIFICATION OF LAUNCH VEHICLE 

3.1.1 Mission Statement 

The Eclipse Rocketry Team aims to design and build a rocket to meet the requirements of the 

2016 USLI Competition. These requirements preclude the successful transport of two scientific 

or engineering payloads to one mile above ground level (AGL). The team aims to develop and 

implement its design utilizing a simple and cost-effective approach. During design and 

implementation the plans to preserve a challenging environment in order to encourage student 

education, teamwork and innovation regarding astro and aeronautical engineering disciplines.  

The Eclipse Rocketry Team will focus on developing a platform with which to observe the 

dynamic effects of liquid sloshing, air-braking during vehicle flight, and how dynamic shifts in 

motion affects the vehicle structure. The result of the experimental payload design is to develop 

a model for slosh analysis in flight and during microgravity environments. Additionally, loads 

experienced during operation of the airbrake subsystem shall be analyzed and discretized. The 

objective of the air-brakes is to allow the rocket to achieve the required altitude as well as 

provide data and validation of the effectiveness of alternative methods to rocket flight control. 
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3.1.2 Mission Requirements 

3.1.2.1 USLI Requirements 

The requirements for the USLI 2016 competition are as follows:  

 Rocket apogee shall reach as close to 5280 feet as possible, and shall not exceed 5600 
feet. 

 The rocket must carry redundant altimeters, with at least one commercially available 
barometric altimeter for official altitude recording. 

 Rocket and payload must be recoverable and must be able to be relaunched on the same 
day without repairs or modifications 

 Rocket must have maximum of four independent sections that will land with a maximum 
of 75 ft-lbf of energy, and limited to single stage 

 Rocket cost shall not exceed $7500.00 as it sits on the pad 
 Dual deployment recovery must be used 
 Dual altimeters must be used for all electronic flight systems. 
 Rocket can only use commercially available, NAR/TRA certified motors, and cannot 

exceed total impulse of 5120 Ns (L-Class motor). 
 Each altimeter must have its own battery and externally located arming switch.  

USLI requirements are not limited to the above; additional requirements are also included in the 
verification tables in later sections. 

3.1.2.2 Subsystem Requirements 

The vehicle requirements as set by the team are as follows: 

Fuselage and Airframe 
 Successfully integrates and delivers experimental payload to apogee. 
 Can sustain loads midflight, such as those experienced from propulsion during launch, 

from the ‘’jerk” during parachute deployment, from landing, and from subsystem 
components within the vehicle. 

  
Payload 1: Slosh in Microgravity Environment 

 Payload system successfully experiences microgravity environment. 
 Video captured during mission duration provides intact data for analysis. 

 

Payload 2: Propulsion Analysis 
 Flex sensors across various points of the vehicle accurately measure stress and strain. 
 Gathers usable data about loads experienced by G-Brakes. 

 

G-Brakes 
 Integrated cleanly and operates at full functionality without interfering with other 

components or subsystems 
 Provides ample de-acceleration for as many various flight profiles as possible while 

sustaining the possible drag loads without significant strain or deformation 
 Deploys only once per flight during coasting or after motor burnout, and retract before 

reaching apogee 



 
 University of California, Davis USLI 2015-16 8 
  
   

 

Recovery System 
 Allows safe descent of rocket while giving ample time for the slosh payload to collect data. 
 Deployment occurs without inducing severe loading on entire system 

 

Propulsion System 
 Carries rocket to proper altitude of 5280 ft. AGL 
 System must safely retain the motor within the rocket at all stages of flight 

3.1.3 Mission Success Criteria 

Mission success is defined as meeting all the launch vehicle requirements as defined by USLI 

regulations and the requirements set forth by the team from the above section.  

3.1.4 Vehicle Architecture 

To achieve mission success, the vehicle design was split into a set of systems that target each of 

USLI’s vehicle requirements. Particular requirements of interest include altitude and reusability 

criteria. The overall vehicle design is driven by payload accommodation given mission success is 

defined by experiment success. The resulting systems that make up the vehicle design are rocket 

structure, G-brakes, avionics and recovery, and the propulsion system. Each subsystem is 

discussed in detail below. 

3.1.4.1 Rocket Structure 

To successfully carry the payload to 5280 ft. AGL and allow it to return to the ground in a re-
useable state, the rocket structure design must be able to sustain the necessary loads expected 
mid-flight. This includes loading produced by the propulsion and payload systems, and loading 
induced from landing. Material selection and weight minimization are of highest priority due to 
limitations of vehicle and structural support geometry. 

The current rocket structure is similar to the design described in the proposal. The external 
structure consists of mainly of a nose cone, airframe, and a fin set. Internally, the rocket structure 
contains bulkheads to allow for mounting of avionics and to separate the various rocket 
subsystems such as the payload, avionics, recovery systems, and propulsion systems.  

In the 2012-2013 competition, Eclipse utilized pre-fabricated fiberglass parts to construct the 
rocket external structures under the rationale of increased strength, loading capabilities, and high 
dimensional stability. Eclipse will again utilize fiberglass as the material of choice for this year’s 
vehicle due to the need to carry a heavier and larger payload. As a result, the team will construct 
a much larger rocket thus enforcing the decision to utilize fiberglass.  

Eclipse has selected the vehicle airframe and external structures from Public Missiles Ltd. (PML). 
PML rockets are ideal due to their light weight and strength, and for their forgiving nature for new 
users with respect to handling and assembly. Additionally, PML rocket kits were chosen for their 
lower cost compared to other available manufacturers. Other airframes, such as those from Giant 
Leap Rocketry’s fiberglass line and Apogee Rocketry’s Blue Tubes, were also considered. 
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However, Giant Leap Rocketry’s airframes were not price competitive, and neither company had 
available components to maintain manufacturing consistency.  

Additional structures will be purchased or manufactured in-house. The Engineering Student Start-
Up Center (ESSC) at UC Davis contains computerized numerical control (CNC) machines for 
woodwork manufacturing. Eclipse will be able to utilize these machines to manufacture wooden 
bulkheads free of charge. Bulkheads made of other materials, such as fiberglass, can be made 
in-house or bought online. Couplers will be bought from PML to maintain part and manufacturer 
consistency. 

3.1.4.2 G-Brakes 

In order to reach the desired height accurately, 
adjustments must be made to the trajectory of 
the rocket in-flight. These flight controls must 
be capable of adjusting the velocity of the 
rocket depending on the flight conditions and 
engine performance. Our design team has 
determined that the best way to meet these 
requirements is through the use of an air 
braking system the team has designated as G-
Brakes. The operational concept behind the 
brake system is to decelerate the rocket to an 
optimal velocity via interval or single operation.  

During the design concept phase, the design team’s goal was to create a system capable of both 
opening and closing the brakes while minimizing weight and complexity. Spring and operated 
systems were considered. However large variable drag forces could result in unreliable 
deployment of the control surfaces, altering the flight path of the rocket. Alternatively, the team 
considered a cable system and soon decided such a system would be too complex to manufacture 
and could compromise reliability. Eclipse decided that staying with the actuator-arm/servo-motor 
configuration described in the proposal would be the best option. This system architecture can 
both open and close the brakes while adding minimal weight to the rocket. Additionally, the servo 
motor is capable of overcoming the expected forces due to atmosphere during deployment. The 
thickness of the lever arms can be adjusted to provide the required structural integrity while 
minimizing weight. The entire system will be programmed to extend the brakes at a particular time 
after launch, and retract them after a carefully calculated time interval. Such a system can be 
expected to reliably deliver the rocket to the desired height. 

3.1.4.3 Propulsion 

In order to propel the rocket one mile AGL, Eclipse considered various K and L class rockets. 
After running flight simulations on OpenRocket, Eclipse chose an L class rocket in order to 
preserve an altitude margin of a few hundred feet from maximum competition altitude. The motor 
chosen, 3300-L3200-VM-P, does not exceed the maximum permitted L-class impulse of 5120 Ns. 
To accommodate for a possible 25-33% mass increase in Eclipse’s rocket, a different L-class 
motor will be used, L1150-0. Refer to section 3.3 for more detailed information regarding the 
choice of motor. 

Figure 1 G-Brake Design Concept 
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3.1.4.4 Avionics and Recovery 

Avionics and Recovery will allow for a controlled descent of the rocket once apogee is reached. 
This system provides for the recoverability and reusability of the vehicle, targeting the specific 
USLI requirements in the mission success criteria. Of all the systems, avionics and recovery must 
consistently work during every launch, despite whatever flight conditions may result from a given 
launch. As such, reliability of design and component choice is of the highest priority. Simplicity in 
design and implementation is also a driving factor in the design approach.  

Eclipse has selected Fruitychutes’s 36 inch elliptical drogue chute and Iris Ultra 84 inch Compact 
main parachute for its dual deployment system. The usability of these parachutes have been 
proven in the previous Eclipse rocket, making it an ideal option for a reliable configuration. 
Simulations of the rocket’s flight profile revealed that this was a reliable set-up as the forces 
experienced by the rocket during parachute deployment were within the parachutes’ respective 
operating regions.  

The StratologgerCF was selected as the altimeter in the recovery system also for its proven 
reliability and multi-function usability. Eclipse’s past rocket, as well as many other past rocket 
designs for other purposes, have utilized the StratologgerCF with great effectiveness. The 
altimeter also provides extensions for telemetry, altitude data collection, as well as setting off 
ejection charges. This is an ideal component for maintaining design simplicity. 

3.1.5 Verification Plan 

The rocket design will be verified with the criteria set by USLI and by the team. The criteria are 
detailed in the following table. 

Table 1 Vehicle Verification Plan 

Requirement Design Feature that Meets 
Requirement 

Method of Verification 

Rocket must reach apogee 
of 5280 ft. AGL, and cannot 
exceed 5600 ft. AGL. 

The rocket motor will be sized 
to reach this altitude. G-brakes 
will assist in altitude 
adjustments 

This will be verified by 
inspection of telemetry post-
flight. 

Rocket must be recoverable 
and reusable.  

Recovery system will allow 
rocket to be recoverable. 
Payload and subsystems will 
be designed to sustain 
expected in-flight loads 

This will be verified post-
flight. 

Rocket can only use 
commercial, NAR/TRA 
certified solid motor 
propulsion system.  

The rocket motor will be 
selected to meet this 
requirement. 

This will be verified during 
the pre-flight stage during 
flight testing. 

Rocket motor cannot 
exceed total impulse of 
5120 Ns.  

The rocket motor selection 
motivation currently reflects 
this requirement. 

This will be verified by 
inspection post-flight. 
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Deployment of recovery 
devices must be staged. 
Dual deployment must be 
used. 

The recovery system will 
deploy the drogue chute first, 
then the main parachute. 

This will be verified by 
inspection post-flight. 

Each independent section 
must land with a maximum 
Kinetic Energy of 75 ft.*lbf. 

The current velocity profile of 
the rocket configuration 
provides a prediction of landing 
energy. 

This will be verified by 
inspection of telemetry post-
flight. 

Only electronic recovery 
deployment systems can be 
used. 

The design of the rocket 
currently reflects this 
requirement. 

This will be verified by 
inspection before testing and 
before flight. 

Electronics for recovery 
system must be completely 
independent of payload 
circuits. 

The design of the recovery 
system is located in a 
separated section near the 
fore-end of the rocket. 
Shielding material will also be 
used to filter outside noise. 

This will be verified through 
recovery system testing, and 
through flight tests. 

The recovery system must 
have redundant commercial 
altimeters, with external 
dedicated arming switches, 
and dedicated power 
supply. 
 

The recovery system design 
currently consists of four 
different commercially 
available altimeters. 

This will be verified during 
recovery system testing, and 
during pre-flight operations. 

Every independent section 
must have fully functional 
electronic tracking devices. 

The design of the rocket will 
reflect this requirement. 

This will be verified during 
the end of the manufacturing 
stage as well as during pre-
flight operations through 
inspection. 

Drogue and main 
parachutes must be 
deployed with removable 
shear pins 

Shear pins have been 
incorporated into the airframe 
design. 

This will be verified during 
the manufacturing phase 
through testing, and by 
inspection during pre-flight 
operations. 

Reliably deploy G-Brakes to 
allow target altitude to be 
reached. 

The G-Brakes will be designed 
to deploy only once during 
flight.  

This will be verified through 
component testing and post-
flight inspection. 

Rocket and payload can 
only cost a maximum of 
$7500 as it sits on launch 
pad. 

The design of the rocket will 
reflect this requirement. 

This will be verified through 
inspection during the design 
and manufacturing process. 



 
 University of California, Davis USLI 2015-16 12 
  
   

Payload must be scientific 
and have scientific value. 

The payload follows the 
scientific method, and 
investigates topics pertinent to 
scientific understanding of 
fluids and solid mechanics. 

This will be verified through 
payload design and 
manufacturing by inspection 
and analysis, and through 
post-flight inspection and 
data analysis. 

A team must successfully 
launch and recover 
subscale model prior to 
CDR, and a full-scale model 
prior to FRR. 

Plans to implement a subscale 
and full-scale launch will be 
finalized shortly after the PDR 
and CDR submissions, 
respectively. 

This will be verified post-
flight. 

 

3.1.6 Project Risks and Delays 

Eclipse has also identified potential risks and delays that may slow down or completely stop 

progress. The impact of these risks, as well as steps towards mitigation, have also been 

analyzed. They are summarized in the table below. 

Table 2 Potential Project Risks and Delays 

Risk Likelihood Impact Mitigation 

Budget High Lack of funds prevent 
the purchase of 
needed material 

Apply for funds through school 
organizations; find other 
sources of funding through 
grants and corporate 
relationships 

Time High Rocket cannot be 
completed, mission 
success criteria 
cannot be met, 
vehicle criteria cannot 
be met 

Weekly meetings for the entire 
project duration, additional sub 
team meetings and build 
meetings, increase/decrease 
meeting frequencies as needed 

Safety Medium Potential team 
member injury, loss 
of facility and 
equipment privileges 

Have Team members attend 
safety seminars and provide 
additional training 

Scope/Functionality Medium Rocket cannot be 
completed, mission 
success criteria 
cannot be met, 
vehicle criteria cannot 
be met 

Test components individually 
and when combined; obtain 
advice and insight from 
professors, faculty, and mentor; 
search for additional students 
within school  
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Manufacturing Low-
Medium 

Creation of parts not 
to design 
requirements 

Utilize precision verification-
tools available in the SMART 
Lab and EFL 

Equipment and 
Software Availability 

Low Access to relevant 
software lost. 

Access to student and trial 
versions of software; use 
university provided resources 

 

3.1.7 Vehicle Manufacturing and Testing 

3.1.7.1 Manufacturing 

3.1.7.1.1 Structure Manufacturing 

Eclipse has chosen to purchase a pre-glassed airframe rather than creating a fiber-glass lay-up 
in-house.  The decision to purchase PML rocket tubes instead of fabricating rocket tubes locally 
has many advantages. The first being consistency in the final kit. By purchasing the proper rocket 
kit, the chance of improperly constructing the fiberglass wrapping over the phenolic tube is 
minimized. This will result in a rocket with more capability structurally which, in turn, ensures the 
successful delivery of the payload. For smaller components such as the bulkheads the team has 
elected to manufacturer them in-house. There are two available options to manufacture the 
bulkheads. These include choices between wood and fiberglass. Both materials have several 
advantages. Wood is cheaper and easier to work with and fiberglass is lighter and thinner. The 
team will use both in order find a compromise between added cost, weight, and build and 
manufacturing time.  

3.1.7.1.2 G-Brake Manufacturing 

Eclipse has decided to use pre-impregnated carbon fiber as the primary material for 
manufacturing the control surfaces. The team will purchase the carbon fiber from local 
manufacturers. If the material cannot be locally sourced, Eclipse will purchase the material from 
online providers. The control surface design calls for a contoured shape. The curved shape was 
chosen to preserve the inherent aerodynamic shape of the fuselage. To accomplish the 
appropriate contour angle, a cylinder of similar diameter as the fuselage shall be utilized as a 
mold for shaping the control surface. The team has opted for an external hinged attachment of 
the control surfaces to the fuselage. Flush seam rivets will secure aluminum hinges to both the 
control surface and the fuselage face. Small slats will be milled through the fuselage, allowing 
pivoting mechanical members to attach to the back of the control surfaces. 

Manipulation of the control surfaces will be performed by mechanical members attached to 
electric servomotors. These members will be made from aluminum rod threaded at both ends and 
attached to one another via uni-ball joints. The preliminary design calls for two members 
connected with one uni-ball joint. This configuration will change based on information gathered 
from testing and any resulting design modifications.  

3.1.7.2 Rocket Structure Testing 

Initial structural testing shall be performed using finite element analysis tools embedded in the 
software SolidWorks. A representative mode will be created using appropriate material properties 
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and dimensions. The team will be using information from the trajectory sub team outlining the 
loads the rocket will experience during its flight to run a preliminary analysis. After a basic model 
and simulation is performed, the team will be able to determine if the rocket design can withstand 
the experienced loads or if a change in the design is required. Once the preliminary model is 
completed, a more advanced model using the software PATRAN will be performed to provide 
verification and higher fidelity. With the higher fidelity model, the team can proceed to test the 
actual rocket tubes to withstand the load forces calculated.   

Three live tests--a crush test, a bending test and a drop test--- will be performed prior to vehicle 
assembly. In the crush test, weight is continually added until the tube fails and, in the bending 
test, one end of the tube is held constant while the other end has force applied to it. The resulting 
angle of deflection is then measured. The drop test simply consists of dropping the rocket tubes 
from a predetermined height and either checking for any visual damage or analyzing the loads 
experienced by the test. These tests allows the team to take note of what forces the rocket can 
safely handle. 

3.1.7.3 G-Brake Testing 

The complexity of the air braking subsystem generates an inherent need for system testing before 
use in flight operations. The system is designed with approximately three mechanical sections. 
These components shall be tested for structural integrity and mechanical stability. The testing 
regiment shall include multiple deployment and retirement checks. The team plans to test the 
system under high stress conditions using tensile and compression tests. This will allow the team 
to develop understanding of how the system responds under adverse operating conditions. That 
is, when the servo and control surfaces are forcibly prevented from opening. Based on test 
information, the team shall decide to either alter the mechanical design or the response of the 
controls. In either case, the system shall include compensation parameters. Meaning, even under 
adverse conditions that air brake system shall respond and show results with positive margin. 

3.1.7.4 Avionics Testing 

The avionics will be ground tested for initial verification of reliability and functionality before use 
in flight. Testing consists of verifying that the main electrical components operate as designed 
under predicted flight conditions. 

Each of the GPS trackers will be tested for accuracy and precision from various distances and 
locations. The GPS units will be placed in a single location while the receiver is sent to another. 
The data produced will be verified against location and distance control data. Additionally, the 
altimeters will be verified for their accuracy and precision. 

The altimeters will be placed into a sealed transparent jar connected to a vacuum pump. The 
resulting drop in pressure inside the jar will simulate atmospheric conditions at altitude. The 
pressure inside the jar will be measured and verified against known pressure values at 
atmosphere. The altimeters will then be tested in the same manner for transmission consistency 
at desired altitudes. Light emitting diodes (LEDs) will be connected to the altimeter test setup to 
indicate signal transmission. 

3.1.7.5 Recovery System Testing 

The several key recovery system components will be individually tested multiple times and finally 
tested as a whole system. These components are the altimeters, black powder ejection charges, 
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shear pins, and main and drogue chutes. The altimeters will be tested in the manner described 
above. 

The black powder ejection charges will only be tested under direct supervision of our NAR mentor, 
Cliff Sojourner. They will be tested for reactivity to a common ignition source. 

The shear pins will be tested by applying the known maximum pin shear load and verify its ultimate 
shear stress. 

Once all of the components have been individually tested, a comprehensive system test will be 
conducted. During this test, the vacuum altimeter set-up will be connected to the black powder 
ejection charges. The shear pins and the main and drogue chutes will be properly attached and 
stowed, respectively. The altimeter ambient pressure will be reduced until the threshold is reached 
and the ignition signal is sent to the charges. This will allow us to verify that the components work 
as intended. 

3.1.7.6 Subscale Model Launch 

Once initial testing of the components is completed, a scaled test launch will be performed. This 
test launch will provide useful information for the full-scale launch that will be completed in 
between CDR and FRR submission. 

3.1.7.7 Confidence and Design Maturity 

Eclipse is confident in the current vehicle design--particularly with respect to fulfilling the mission 
criteria and achieving success. Much of the design utilizes components and concepts proven to 
be successful in other applications. Other components, such as the G-brakes, follow Eclipse’s 
philosophy of approaching problems with simple solutions. Currently, Eclipse believes the current 
rocket design exhibits preliminary maturity. Most components and features, the team believes, 
are essential for mission success have been included in the design. As a next step, the team will 
work to refine the design for maximum mission effectiveness. Further design implementations 
and rigorous engineering analysis remain as the team moves towards a finalized design. 

3.1.8 Dimensional Drawings 

Dimensional drawings and concepts of the rocket design are included in the following images. 
The first few figures show the internal structure and layouts within the vehicle. They also show 
potential methods for subsystem integration, and storage of various components during ascent. 
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Figure 2 SolidWorks Model of Current Rocket Design 

 

Figure 3 OpenRocket Model of Rocket Components 

3.1.9 Recovery System Electrical 

Schematics 

To the left contains the schematics for the 
StratologgerCF, including its ports for its multi-use 
functionality. 

 

3.1.10 Mass Statement 

As the design currently stands, the total mass of the 
rocket, including the motor, is 21.50 lbs. The basis of 
the mass estimate comes from the current design 
complexity and maturity. Some of the numbers come 
from mass analyses and design iterations in Eclipse’s 
previous rocket, or from CAD measurements of the 

system designs. The rest of the numbers came from advertised weight measurements provided 
by manufacturers of the products used. As the build phase commences, more precise weight 
measurements will be taken of the components as it becomes integrated into the rocket. The 

Figure 4 Recovery system schematics with 
Stratologger. 
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current vehicle configuration has a margin of 842 lbs. before the rocket can no longer leave the 
launch pad with the current propulsion system. A more useful weight margin that Eclipse will utilize 
is 8.06 lbs., which is the weight at which the vehicle is no longer able to reach 5000 ft.  

As previously mentioned, the rocket will undergo further design refinement and analysis to ensure 
complete mission success. The rocket is capable to cope with a mass increase should it occur 
from increases in design complexity. The current vehicle configuration has a margin of 33% (4.455 
lbs.), which can effectively reach the required altitudes and provide enough height margin to allow 
for the G-brakes to perform. Simulations performed on Open-Rocket show that the rocket can still 
reach 5432.8 ft. with the additional mass applied.  

Table 3 Mass of Vehicle Systems and Components 

Component Mass (lb.) 

Nose cone 1.68 

Airframe 4.02 

Fin Set 0.84 

Bulkheads 1.30 

Motor 7.19 

Motor Mount 0.334 

Centering Rings 0.10 

Bulkheads 0.09 

Payload 2.46 

Avionics and Recovery System 1.11 

Drogue Parachute 0.08 

Main Parachute 0.84 

G - Brakes 1.46 

Total 21.50 

3.2 RECOVERY SUBSYSTEM 

The Eclipse team has begun analysis of the launch vehicle and recovery system with the software 
OpenRocket. OpenRocket is an open source software in which provides more team members 
access to the simulations and testing. The team has two active licenses to RockSim and will 
regularly compare the simulations with OpenRocket simulations to ensure they remain consistent 
and accurate. 
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The team will utilize a dual deployment system for the recovery process. The dual deployment 
configuration uses two parachutes activated at separate times to safely land the rocket. The first 
parachute, the drogue chute, will have a diameter of 36 inches and deploy at apogee near the 
5280 ft. mark. The second parachute, the main chute, will have a diameter of 84 inches and will 
deploy at 800ft. The dual deployment system minimizes lateral drift from 11600 to 6836 ft. in 15 
mph of wind.  This configuration also ensures that the vehicle will land with a kinetic energy of 
less than 52.67 ft.-lbf, well within the 75 ft.-lbf requirement. 

The attachment hardware for the rocket will be robust enough to withstand the expected loads 
from the mission.  When the main parachute deploys the rocket will experience a total force of 
5.6 Gs. The rocket will use 1/4 in Kevlar harnesses rated at 3000lb and a ⅝ in nylon shock cord 
rated at 1800lb.  

Eclipse plans to use the StratoLoggerCF altimeter to ignite the black powder ejection charges 
during parachute deployment. Upon combustion, the pressure inside the parachute bay will 
increase, causing the shear pins to break and allowing the parachute to deploy. The 
StratoLoggerCF was chosen because it is capable of deploying the drogue and main parachutes 
at predetermined altitudes and can audibly report the rocket’s peak altitude as required for the 
competition. The StratoLoggerCF can also collect flight data and has many other auxiliary 
functions such as a telemetry port for streaming real time data in flight.  

A redundant altimeter will be included in the recovery system. Both altimeters will be housed in a 
separate compartment away from any other radio frequencies and transmitting devices. Each 
altimeter will have its own dedicated power supply and dedicated arming switch. Each switch will 
be able to arm ach altimeter from the exterior of the rocket.  

3.3 MISSION PERFORMANCE PREDICTIONS 

3.3.1 Mission Performance Criteria 

Eclipse aims to achieve the following objectives in order for our mission to be successful: 

1. One mile AGL altitude 
2. Deploy drogue chute 5 seconds after apogee 
3. Land safely 
4. Impact energy must be less than 75 lbf-ft. 
5. Rocket must be stable.  
6. Stability margin (with and without motor) between 1 and 3 Calibers 

The mission performance and predictions of the rocket were simulated using OpenRocket v15.03. 
The design parameters, such as size of body tube, parachute, motor, number and size of fins, 
etc., were determined by the aforementioned criteria. 

3.3.2 Flight Simulations, Component Weights, CG, CP 

Using OpenRocket, Eclipse ran simulations, changing design parameters as needed in order to 
fit the mission criteria, budget, and timeline. The components of the rocket were arranged in the 
body tube with two main purposes in mind: first, to keep the Center of Gravity and Center of 
Pressure far enough away from each other that the stability margin is maintained between 1 and 



 
 University of California, Davis USLI 2015-16 19 
  
   

3, both with and without the motor. And second, to insure the accessibility of specific components, 
such as the g-brakes near the rocket fins. The rocket components are listed in the table below.  

Table 4 Rocket Component Weights. The Color/Display correspond to the following figure. 

Component Weight Color/Display 

Main Parachute 0.84lb Red Circle 

Avionics Bay 0.532lb Green 

Recovery System 0.576lb Yellow 

Drogue Chute 0.08 Red Circle 

Payload Bay 2.46 Pink 

G-Brake Actuator Housing 1.46 Black 

Propulsion System 7.716 Grey/Pink 

 

In its entirety, the rocket weighs 21.5lb. The Center of Pressure, indicated by the red circle, is 
64.46 inches aft of the nose cone tip, and the Center of Gravity, indicated by the blue and white 
circle, is 55.21 inches aft of the nose cone tip. Without the motor mass, the stability margin is 
2.66, and with the motor the stability margin is 1.5. Both of these values are within the desired 
range of 1-3 stability margin. 

 

Figure 5 OpenRocket Model of Rocket. From left to right: Avionics Bay (Green), Recovery System (Yellow), Drogue Chute, Payload 
Bay (Pink), G-Brake Actuator Housing (Black), Propulsion System 

3.3.2.1 Motor Selection 

The most important criteria that drove rocket motor selection was the capability to reach and 
slightly surpass the target altitude of one mile AGL. In addition, the motor's cost, weight, 
availability, and compliance to California state regulations were taken into consideration. 
Furthermore, the size of the motor was also a factor for selection, as a longer motor would have 
interfered with other rocket modules. As a result, after careful consideration, the team has picked 
the 3300-L3200-VM motor from Cesaroni Technology Inc. Originally, Eclipse considered K-class 
motors, but simulations showed that a more powerful motor was warranted, thus an L-class motor 
was chosen. This motor, L3200, was the only motor that propelled the rocket above 5280 ft. but 
less than 5,600 ft. This altitude threshold accounts for atmospheric disturbances, wind turbulence, 
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and a cushion during which the g-brakes will be activated. This is so to ensure the rocket peaks 
at an altitude of 5280 ft. 

 

 

In order to account for a possible 25-33% mass increase in rocket weight, Eclipse will use a 
different L-Class motor, L1150-0 (impulse 3489 N-s). This motor was chosen using a similar 
method to the first choice motor: OpenRocket simulations were ran in order to find a motor whose 
altitude is a few hundred feet above target altitude of one mile AGL. Depending on the g-brake 
deceleration capabilities, Eclipse may be able to keep the original motor even with an increased 
weight of up to 33%. If the g-brakes prove to be more effective than the motor used for the heavier 
rocket, selection will suffice. 

The rocket was able to reach an altitude of 5600 ft. The g-brakes will be engaged in order to slow 
the rocket so that it reaches one mile high, 5280 ft.  Below, is the plot of altitude against the time 
(from OpenRocket simulations) until landing, with the apogee indicated by the vertical green line 
and the deployment of the drogue parachute and main parachute indicted by the two vertical blue 
lines, respectively.  

Figure 6 Motor Thrust Curve for CTI L3200 
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Figure 7 Vehicle altitude profile. 

3.3.3 Wind Drift and Kinetic Energy 

Eclipse ran flight simulations in windy conditions. The following table shows wind drift from the 
point of launch to landing for various tailwind speeds. Additionally, the kinetic energy was 
calculated from the total velocity at the time of ground impact. Kinetic Energy is equal to 

KE =  
1

2
𝑚𝑎𝑠𝑠 ∗ 𝑣𝑒𝑙.2 

Each rocket component is tethered together through the recovery system so each component will 
have the same total velocity at impact.  

Table 5 Wind drift and KE at various wind speeds (0-15mph) 

Tailwind (mph) Wind Drift (ft.) Kinetic Energy (ft.*lbf.) 

0 2867 32.44 

5 4279 39.76 

10 5756 36.01 

15 7254 37.24 

20 8733 36.01 

3.3.4 Flight Profile and Expected Loads 

The following figure shows the vertical velocity of the rocket over the duration of flight. Maximum 
velocity is reached a few seconds after launch, at motor burnout, and it is 1147 ft/s. At this point, 
the velocity slows at an increasing rate until apogee is reached and vertical velocity is zero. 
Velocity increases again until the drogue chute is deployed, 5 seconds after apogee is reached. 
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At an altitude of 800 ft AGL, the main parachute is deployed to slow down the rocket so that its 
ground impact speed is no more than 12 ft/s.   

 

Figure 8 Vertical velocity of rocket during flight. 

The plot below shows expected vertical acceleration of the rocket over the time duration of flight. 
Each component, as well as the rocket in its entirety will be re-verified that it can withstand and 
survive expected loads during flight. The greatest loads occur at maximum vertical acceleration 
(1342 ft/s^2) before burnout, which is approximately 41.7G’s. Eclipse will continue to run 
simulations to verify that the structural integrity of the rocket, as well as the internal payload, will 
be able to withstand such loads. 

 

Figure 9 Vertical acceleration during vehicle flight. 
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3.4 INTERFACES AND INTEGRATION 

Proper integration of the rocket will ensure smooth assembly and optimize its performance. The 
integration of the vehicle design was done system by system. The integration scheme is shown 
below.  

Table 6 Vehicle Integration Scheme 

Connecting Components  Interface Method 

Nosecone Main Parachute Tether 

Avionics Bay  Shear Pins 

Avionics Bay  Main Parachute Tether 

Main Body  Bulkhead  

Drogue Parachute Tether 

G-Brakes Coupler 

Payload  Main Body  Bulkhead 

Main Body  Motor Mount Bulkhead 

G-Brakes Couplers  

Fins Main Body  Epoxy 

  

3.4.1 Payload  

The payload compartment is integrated to a bulkhead in the main body, above the motor casing 
and below the drogue chute. The payload fixtures will then be held in place with screws that are 
inserted into weld nuts inside the bay. For easy integration and removal of the payload, the 
housing is covered and secured with screws.  

A quick finite element analysis of the payload assembly performed with SolidWorks revealed that 
the payload structure can sustain the loads experienced without material failure or significant 
deformation. Loads that can result from the maximum allowed landing energy (75 ft.-lbf) as per 
the requirements revealed similar results. As such, Eclipse is confident that integration of the 
payload into the vehicle will be a feasible task.  

3.4.2 Recovery and Avionics 

A removable avionics compartment has been designed for easy access to the avionics and 
recovery system. The main and backup altimeters, GPS tracker and strain gauges will then be 
attached to the bulkheads or walls of the compartment. Static ports will also be drilled into the 
walls to allow for ambient pressure readings and strain measurements to be recorded. The main 
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parachute will be connected to both the nosecone and avionics bay via tethers connected to eye 
bolts. Similarly, the drogue chute will be attached to the avionics bay using the same method. 

3.4.3 Air Braking Subsystem (G-Brakes) Integration 

The Eclipse flight controls design team originally projected the air-braking subsystem to be cut 
from the rocket fuselage directly. Upon further discussion, the team realized the risks to fuselage 
structure could be too large to account for. Therefore, the team agreed to externally integrate the 
airbrakes with the fuselage. The team realizes that this decision will result in a more complex 
mechanical integration of the airbrake subsystem. However we also recognize that the reduction 
in risk to structural integrity of the fuselage increases the likelihood for mission success. 

 
The air brake control surfaces shall be hinged opposite the aft section of the rocket at a location 
approximately four inches above the leading edge of the each fin. The control surfaces shall be 
approximately nine inches in length. This maintains an approximate aspect ratio of 1:6.5 which 
the team believes shall provide the appropriate drag in in-flight conditions. To mechanically 
operate the air brakes, small slats shall be milled into the fuselage to allow moment arms to attach 
to the underside of each surface. Small high torque-to-weight ratio servo motors shall 
mechanically operate on the moment arms resulting in the outward motion of the control surfaces. 

3.4.4 Motor 

To fix the placement of the motors, three centering rings will be epoxied along the motor portion 
of the rocket. Attached to the centering rings will be the motor mount, which is made of fiberglass. 
The motor mount is adhered to the centering rings with epoxy, and will ensure that the motor will 
remain secured during flight. 

3.4.5 Launchpad Integration 

In order to mount the rocket to the launch pad two holes will be made on the body. The holes will 
be located along the axial line equidistant to two adjacent fins, and be either above or below the 
g-brakes. Two screws are then inserted into the holes and used to mount the rocket to the launch 
pad railing. 

Priming of the altimeters shall be done with a switch. Depending on the model of altimeter, the 
switch shall either be a physical or a magnetic switch. Activation of the physical switch will be 
done with the use of a screwdriver and the activation of the magnetic switch shall be done by 
moving a magnet across the rocket. The fiberglass body of the rocket will not interfere with the 
activation of the altimeters.  

3.5 SAFETY 

3.5.1 Preliminary Checklist 

Preflight and flight checklists were created to properly document launch operations and 
procedures. This shall allow the team to properly monitor safety measures and ensure the team 
follows procedure during preparations and launch activities. The preliminary checklist is as 
follows: 
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Pre-Flight Checklist 
Payload Preparation 

 Inspect payload bay and electronics 

 Ensure strain gauges are placed securely in proper locations 

 Ensure cameras are mounted securely around slosh tank 

 Activate slosh cameras 
 Fill slosh tank and secure in bay 

 

Structures Preparation 
 Inspect and test g-brake flaps 
 Inspect nosecone, fuselage, and fins for damage 
 Verify placement of strain gauges 

Recovery System Preparation 
 Inspect drogue and main chutes for damage 
 Load and secure the 4 black powder ejection charges 
 Load and secure electronic matches 
 Fold chutes and cover with fireproof Nomex chute protector 
 Attach quick links: 

 Main chute 
 Drogue chute 
 Nosecone bulkhead 
 Altimeter bay (2 points of attachment) 
 Booster section bulkhead 

 Load drogue chute 
 Check altimeter bay and test and inspect altimeters 
 Attach drogue chute to harness and harness to eye bolt of altimeter bay 

bulkhead 
 Load altimeter bay 
 Install shear pins 
 Attach main chute to harness and harness to eye bolt of altimeter bay bulkhead 
 Attach nosecone 
 Install shear pins 
 Arm altimeters 

Motor System Preparation 
 Verify proper motor size 
 Ensure motor is properly assembled 
 Install motor retention system 

 

Once the pre-flight checklist is complete, the rocket will enter the launch and flight phase. To 
ensure safety during launch, flight, and recovery of the rocket, the following checklist will be 
followed.  

Flight Checklist 
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Before Launch  
 Secure rocket vertically to launch rails 
 Insert and secure igniter in motor 
 Wrap igniter leads around alligator clips and ensure solid connection 
 Clear area 100 feet and move all personnel 300 feet from pad (for L-Class motor) 
 Verify weather conditions allow viable flight 
 Await clearance for launch 

Launch 
 Initiate countdown 
 Launch 

Recovery 
 Shut off recovery electronics and ejection charges 
 Shut off all electronic systems in payload 
 Recover rocket 

 

3.5.2 Student Safety Officers 

As mentioned previously in the proposal, our two student safety officers will be Sahir Alokozai 
and Chris Chighizola. Sahir Alokozai is the primary rocket safety officer for the team, and Chris 
Chighizola is the assistant safety officer.  

3.5.3 Flight Risks and Hazards 

Eclipse has identified possible risks and situations that may cause deviation from mission criteria 
or harm to personnel during the rocket’s flight. Potential failure modes have also been analyzed 
should a risk event occur. The severity is defined as follows: 

 High—Permanent damage to rocket/payload 
 Medium—Mission objectives unobtainable 
 Low—Mission objectives still obtainable 

 

Table 7 Vehicle Integration and Flight Hazards 

Risk Likelihood Severity Mitigation Procedure Verification 

G-brakes won’t 
stay open 

High Medium Develop robust actuator 
mechanism to withstand 
aerodynamic forces to stay open 
for the required duration 

In design 
phase 

Slosh tank cracks 
and leaks 

Low High Use a watertight tank made of 
crack-resistant material and 
secure properly in payload bay 

In design 
phase 
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Fins break off Low High Attach fins securely to withstand 
calculated anticipated stresses 
during launch and flight 

In design 
phase 

Bulkhead failure Low High Use sturdy material (closed eye 
bolts) 

In design 
phase 

Drogue chute 
doesn’t deploy 

Medium High Fold and pack drogue chute 
carefully into drogue bay 

In design 
phase 

Center of mass is 
off 

Low Medium Use software simulations during 
design phase and prior to launch 
to accurately place CoM in 
desired position 

In design 
phase 

Ejection charges 
fail 

Low High Extensive testing of black powder 
charges during build phase as 
well as checking electrical 
matches are connected properly 
prior to flight 

In design 
phase 

Ignition charges 
fails 

Low Low Ensure connection to electrical 
matches and launch operator is 
secure 

In design 
phase 

Cameras do not 
record 

Low Medium Check for working operation of 
payload cameras prior to launch 

In design 
phase 

Strain gauges rip 
loose during flight 

Low Medium Check to ensure secure 
attachment points at exterior and 
interior of rocket prior to launch 

In design 
phase 

Rocket explodes 
midflight 

Low High Properly handle motor and 
ejection charges. Extensive setup, 
integration, and launch 
procedures will be developed to 
minimize risk of total loss of 
vehicle. 

In design 
phase 

Altimeter doesn’t 
arm 

Medium Medium Check for proper arming and 
signal transmission prior to launch 

In design 
phase 

Shear pins don’t 
break off 

Low High Testing during build phase to 
validate proper amount of ejection 
charges to successfully break 
pins 

In design 
phase 

Chute melts Low High Include more than enough 
wadding in chute bay to isolate 

In design 
phase 
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from hot exhaust from 
charges/motor 

Entanglement of 
chutes  

Medium High Proper procedure for folding and 
packing chutes to prevent 
entanglement will be developed 
and exercised during vehicle 
integration prior to launch 

In design 
phase 

Batteries on 
board do not 
power electronics 

Low High Testing during build phase to 
ensure necessary amount of 
batteries to power all electronics. 
Check for dead batteries in need 
of replacement during vehicle 
integration prior to launch 

In design 
phase 

G-brakes stay 
open too long  

High Medium Develop responsive and robust 
actuator mechanism to accurately 
control duration of G-brake 
activation 

In design 
phase 

Electrical wires 
short 

Low High Check proper connection of all 
wiring during build and again 
during vehicle integration prior to 
launch 

In design 
phase 

Malfunctioning 
transmitter 

Low High Check for proper signal 
transmission during vehicle 
integration. Replacement ready to 
be used if needed. 

In design 
phase 

 

Safety of all members is of utmost importance to Eclipse. Potential hazards to personnel during 
construction have been assessed and countered with a mitigation plan. To further increase safety 
of all members Eclipse will require routine mandatory safety briefings in addition to enforcing strict 
safety regulations. 

Table 8 Personnel Hazards 

Risk Likelihood Severity Mitigation Procedure Verification 

Epoxy vapors 
inhalation 

Medium Medium Proper PPE such as masks and 
gloves to be worn at all times 
during build. MSDS of all material 
will be reviewed prior to use. 
Additionally, fume hood in shop 
will be used to evacuate all vapors. 

In progress 
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Fiberglass layup Medium Medium Proper PPE such as masks and 
gloves to be worn at all times 
during build. MSDS of all material 
will be reviewed prior to use. 
Additionally, fume hood in shop 
will be used to evacuate all vapors. 

In progress 

Carbon-fiber 
layup 

Medium Medium Proper PPE such as masks and 
gloves to be worn at all times 
during build. MSDS of all material 
will be reviewed prior to use. 
Additionally, fume hood in shop 
will be used to evacuate all vapors. 

In progress 

Manufacturing 
machines (mill, 
lathe, etc.) 

Medium High EFL’s safety procedures to be 
reviewed and exercised by all 
using the machines. 

In progress 

3.5.4 Environmental Risks and Hazards 

Eclipse also identified a similar set of risks related to the environment in the event that problems 
occur with the rocket.  

Table 9 Environmental Hazards 

Risk Likelihood Severity Mitigation Procedure Verification 

Wind speeds in 
excess of 20 
mph  

Medium High Launch to be postponed until 
further notice (as per NAR Safety 
Code) 

In progress 

Cloud cover at 
launch site 

Medium Low If obscured visibility, launch with 
caution to avoid overhead aircraft 
and flying fowl 

In progress 

Bird strike Low Medium Check overhead for possible fowl In progress 

Brush fire Low High Follow proper procedures for motor 
handling, integration, and ignition. 

In progress 

 

4 PAYLOAD CRITERIA 

4.1 SELECTION, DESIGN, AND VERIFICATION OF PAYLOAD 

To achieve mission success with the payload, the requirements are described as follows: 

 Determine the loading on the launch vehicle induced by solid rocket motor during flight. 
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 Determine the effects of slosh in a microgravity environment. 

 
Eclipse’s rocket will house two payloads—a propulsion analysis payload and a liquid slosh in 
Micro-G payload. The propulsion analysis payload will utilize various strain gauges and 
accelerometers to measure structural vibration and stress and strain at various points of the 
rocket. These points include the rocket’s fins, joints, separation points, G-Brakes, slosh tanks, 
and the nose cone. The liquid slosh payload is designed to record slosh when the launch vehicle 
momentarily experiences microgravity during apogee. This payload will contain two slosh tanks 
with different configurations. The first slosh tank will have a traditional slosh setup where it is only 
filled with water and the second slosh tank will be filled with water and Styrofoam balls. The 
Styrofoam balls are expected to assist tracking of the water’s surface for post analysis. 

 

Eclipse’s propulsion system analysis payload will utilize 
various sensors to achieve its functional requirements. 
Stress and strain will be measured with the SGD-1/120-
RYT21 Omega Strain Rosettes. The strain rosettes are 
mechanically strong and are suitable for dynamic 
measurement. They will be connected in a Wheatstone 
bridge and the resultant voltage will be connected to an 
operational amplifier so that the voltage signal will be 
readable. The RYT21 model was selected over the other 
strain gauges because of its size and cost. At 9.3mm in 
length and width, the RYT21 was the smallest rosette strain 
gauge offered by Omega at a competitive price. 

To measure the radial strain of the rocket body, Eclipse will 
use SpectraSymbol Flex Sensors. These sensors are 

capable recording radial strain along the rocket fuselage and will be placed radially along the 
interior of the rocket. The flex sensors measures the electrical resistance change as the sensor 
flexes. The radial distortion will be measured by this sensor. The flex sensors will be located at 
the listed sections of the rocket and will be wired to a breadboard and Arduino Uno-R3 board 
located at the payload bay. The Arduino board will record the output voltage. This voltage will 
then be converted to strain values. To measure vibrations, Eclipse will use Piezo Vibration 
Sensors. These sensors will be placed at locations defined above. 

 

Figure 11 SpectraSymbol Flex Sensor 

The strain values obtained from the Omega Strain Rosettes will be used to calculate the principal 
stresses. Alternatively, the SpectraSymbol Flex Sensors will only be utilized for obtaining only 
strain values. 

Figure 10 RYT21 Omega Strain Rosette 
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An amplifier will be required to gather 
measureable data from the strain gauges. Eclipse 
will use Sparkfun’s HX711 Load Cell amplifier and 
the Load Sensor Combinator board to accurately 
gather data from the strain gauges. The HX711 
amplifier ensures the voltage differences 
produced by the strain gauges is magnified 
enough to allow the data to be easily interpreted 
and useable. The Load Sensor Combinator 
provides the necessary Wheatstone configuration 
required to record strain gain rosettes data. These 
components were selected for their cost-
competitiveness, as well as their ease in usability 
and the potential reductions in space 
consumption within the rocket. 

All stress and strain data will be collected by the 
Arduino boards and stored onto an SD card for post 
analysis. Eclipse selected the Arduino boards as the 
primary mode of data acquisition for various reasons. 
Arduino boards are light, relatively inexpensive, and 
easy to program. The team considered LaunchPad 
boards however it lacks in RAM in comparison to 
Arduino. In terms of programming, the team will need 
to add SD card memory storage functionality to save 
the strain data onto the board. Eclipse has already 
determined the code to store the information and is 
ready to implement the design for testing.

 

Figure 14 Diagram of strain measurement. 

Figure 12 SparkFun HX711 Load Cell Amplifier 

Figure 13 Wheatstone bridge for stress/strain analysis. 
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To capture liquid sloshing during microgravity, the slosh tank payload will utilize three 
components-- the slosh tank, video equipment, and fixturing. Eclipse selected a slosh tank with 
spherical heads to simulate a typical situation where slosh will occur. The tanks have a 2” inner 
diameter, 6.12” length, and ⅛” thickness. The dimensions of the tank will provide sufficient room 
for the video equipment. 

 

Figure 16 SolidWorks CAD of Slosh Tank 

Eclipse will place four Veho Muvi Cameras separated 90 degrees radially from the tanks to 
capture multiple views of the sloshing motion. The Veho cameras use a 2MP image sensor that 
can record at 30 frames a second and can record continuously for 90 minutes on a single charge. 
Higher resolution cameras were considered however Eclipse plans to convert the video frames 
to binary images and the resolution was deemed sufficient for the task. The video are placed one 
inch away from the tank to ensure proper field of view and focal distance. The cameras will require 
lighting for good video quality, therefore, LEDs will be aligned along the payload fixturing to 
illuminate the internal payload housing and slosh tanks. 

  

Figure 15 Arduino circuit schematic (left) and circuit board (right). 
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Table 10 Veho Muvi camera dimensions. 

length  2.125” 

width 0.75” 

height 0.25” 

 

 

 

4.1.1 Performance Characteristics 

 
Performance of the propulsion analysis payload is considered nominal under the following 
conditions: 

 Omega Strain Rosettes collect strain data from the rocket’s fins, joints, separation 
points, and the nose cone  

 SpectraSymbol Flex Sensors collect strain data from the inner diameter of the rocket 
body frame.  

 Both strain rosette and flex sensor collect useful data for post analysis. 

 
Performance of the slosh payload is considered nominal under the following conditions: 

 Veho Muvi Cameras collects footage of slosh during micro-g at apogee.  
 Video footage from cameras is clear and undistorted.  

4.1.2 Verification Plan 

Table 11 Payload verification plan. 

Requirement Hardware Used 
to Complete 
Objective 

Design Feature Details Method of 
Verification 

Measure 
structural 
vibration 

SparkFun Triple 
Axis 
Accelerometer - 
ADXL3xx 

The triple axis accelerometer 
will output analog signals to 
the Arduino. These signals will 
be read by the Arduino and 
converted to acceleration 
and/or change in angles. 

Will be verified upon 
recovery of launch 
vehicle and flight 
data stored by 
Arduino boards.  

Measure strain  Omega Strain 
Rosettes 
SpectraSymbol 
Flex Sensors 

The strain gage changes 
resistance according the 
change in geometry. This will 
change the output voltage, 

Will be verified upon 
recovery of launch 
vehicle and flight 

Figure 17 Veho Muvi camera. 
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which can further be used to 
calculate stress at any given 
point. 
Flex Sensors work the same 
way as a strain gage but these 
will be placed along the 
circumference of the rocket. 

data stored by 
Arduino boards.  

Measure stress Omega Strain 
Rosettes 

The strain gage changes 
resistance according the 
change in geometry. This will 
change the output voltage, 
which can further be used to 
calculate stress at any given 
point.  

Will be verified upon 
recovery of launch 
vehicle and flight 
data stored by 
Arduino boards.  

Measure slosh 
in micro-G 
environment 

Veho Muvi 
Cameras 

Cameras will record video of 
slosh tank at 30 frames per 
second. 

Will be verified upon 
recovery of launch 
vehicle and flight 
data stored by 
Arduino boards.  

4.1.3 Preliminary Integration Plan 

The payloads will use different fixtures to keep them 
secured in the launch vehicle. The propulsion analysis 
payload consists of a removable drawer that houses the 
seven Arduino boards. The configuration is shown below. 
To reduce mass, the housing will be constructed of balsa 
wood with two hollow aluminum rod supports of ⅜” outer 
diameter that are bolted between the disks on opposite 
sides of the circular plates. The payload compartment is 
designed similarly to the avionics compartment for 
simplicity. The removable avionics compartment will be 
secured within the body frame by L-brackets that are 
screwed and epoxied onto the frame.  

The slosh payload requires a different set of fixtures to keep its contents secure. As shown below, 
the slosh tank fixturing consists of three balsa wood plates with cavities to fit the contour of the 
slosh tank’s spherical caps. Eight solid aluminum rods with ⅜” diameter provide support and 
protect the slosh tank from the loads induced from flight and landing.  

Figure 18 Payload and Recovery electronics 
integration fixture. 
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Finite element analysis was conducted on 
the assembly of the slosh tanks and its 
fixtures to ensure the slosh tanks will be 
adequately protected. A 75lb force was 
applied on one of the ends while the 
opposite end was held fixed. As shown in 
the figure below, the loads are transferred 
to the aluminum rods and directs the forces 
away from the slosh tanks. Eclipse plans to 
conduct dynamic loading simulations in the 
future to further investigate the structural 
integrity of the design. 

 

4.1.4 Precision of instruments  

The subsystems of each payload have varying levels of precision. The equipment main 
instruments where the precision is critical is in the altimeter, strain gage and video camera. All of 
which are essential for mission objectives. The altimeter is expected to have a precision of +/- 1 
foot. The video equipment that will record the slosh tanks with a resolution of 2MP and frame rate 
of 30fps. This level of precision was deemed sufficient so long as the cameras are securely fixed 
to the payload structure. The strain gages alone cannot output a readable voltage to the Arduino 
board therefore load amplifiers will be integrated into the propulsion analysis payload. Precision 
and repeatability of the strain gauges are also dependent on the quality and method of fixturing. 
Eclipse will ensure proper quality of fixturing the strain gauges by sufficiently preparing the surface 
and applying a protective coating over the area. 

4.2 PAYLOAD CONCEPT FEATURES AND DEFINITION 

4.2.1 Creativity and Originality 

 
The Eclipse slosh payload involves producing in-flight studies of the behaviors of liquid water in 
microgravity environments where ground level intuition of fluids do not apply.  On footage, the 
movement of the water’s surface and its change in height will be recorded with the addition of 
floating markers all throughout the rocket flight.  This way, direct observation of the water’s 
tendency to slosh can be examined under large accelerations during rocket ascent and under 
potential microgravity forces. Under high forces of acceleration, the team aims to investigate the 
effects of stress and strain across various points of the rocket including the slosh payload.      

4.2.2 Uniqueness or Significance 

Slosh investigations are crucial in order to ensure continuous supply of fuel in liquid engines. 
There is high variability in the way liquid fuels deplete within a fuel tank.  These difficulties can 
often lead to oscillations in the rocket, ultimately affecting its designed trajectory.  In order to 
lower the risk and effects of micro-g slosh in future launches, we need to better understand how 

Figure 19 (Left) Slosh payload analyzed under loading in SolidWorks. 
(Right) Payload with vehicle integration structures. 
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fluids behave in-flight. Eclipse plans to study sloshing in micro-g through particle image 
velocimetry. These marker particles will introduce an easier approach to tracking the drifting 
factors of the water.  We will then convert an RGB image into a binary image; by using binary 
images, we will have more accurate data of maximum height reached by a liquid, with a lower 
potential for error. 

4.3 SCIENCE VALUE  

4.3.1 Payload Objective 

Eclipse plans to analyze the data collected by two payload experiments. First are strain gauges 
embedded within the rocket body, and the second is the slosh tank filled with liquid water.  An 
analysis of the slosh behavior of the enclosed liquid will be used to determine trends in liquid 
displacement created by high instances of acceleration and forces experienced upon rocket 
descent (i.e. gravity and air resistance.)  This information will be used to predict how liquids may 
behave within fuel tanks, potentially revealing unpredictable patterns in liquid movement, such as 
differing intensities and total forces on the liquid fuel tanks. We Information about changes in the 
center of mass of the rocket will also be obtained from the slosh experiment through documenting 
the accumulation of liquid bodies at multiple spots within the slosh tank.  Strain gauges will be 
used to measure stress and strain on the fuselage of the rocket’s body. These gauges will be 
placed on the point and the circumference of the rocket to understand stresses and strains placed 
upon the rocket’s body. We will conduct an analysis of micro-G slosh behavior, as well as a 
structural analysis during a propulsion stage. 

4.3.2 Suitable Level of Challenge 

There are challenges in tracking the movement of the water within the slosh capsule such as 
being able to clearly record the water as it oscillates and splashes -- Eclipse will be able to observe 
maximum height reached, and its behavior in micro -gravity.  To deal with these challenges, our 
team has decided to use a transparent casing made of acrylic to allow for a clearer view of the 
water with the video camera along with an LED fixture that will supply ample lighting for video 
quality.  Additionally, floating balls that act as markers will be added to the fluid container to assist 
in tracking the surface motion of the liquid.  

4.3.3 State Payload Success Criteria 

For the slosh tank element of the payload, the completion of two essential components will be 
necessary.  Its first component involves capturing sufficient video quality that the team can use to 
effectively detect changes in the movement of the buoyant marker particles.  This suggests that 
a clear view of the particles is substantial enough to measure and determine the distance of drift 
that will aid velocity computation.  Ample lighting and correct camera positioning will have to be 
considered to ensure that adequate video quality has been registered. 

The second component involves achieving a working model of the video footage recorded during 
flight.  This includes successfully transferring any red-green-blue images recorded by the camera 
into binary images that will be used to determine the location of the floating balls, thus tracking 
the movement of the surface of the liquid payload.  The purpose of this is to translate digital 
footage of moving particles into a collective medium for computer aided analysis.  A successful 
image transfer conclusively verifies the intentions of this payload.       
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4.3.4 Experimental Logic, Approach, and Method of Investigation 

The sensors that Eclipse has selected for the propulsion analysis payload will gather data in terms 
of strain. The strain data gathered from the rosette strain gauges can then be converted to the 
principal stresses at those locations. 

 

For micro-G environment duration, frames from video will be input into MATLAB. Frames will be 
converted to binary images to obtain amplitude frequency of waves. Video obtained from flight 
will also be used to observe surface movement and verify the presence of the cavitation. The 
team is also interested in observing the effects of slosh on the body of the tank therefore strain 
gauges will be placed on the slosh tanks along its radial and axial directions. 

4.3.5 Expected Data and Accuracy/Error Analysis.  

Both payloads are intended to acquire meaningful data. The data gathered from the propulsion 
analysis payload will provide stress and strain across critical points across the launch vehicle. 
Stresses along the separation points, nose cone, fins, and joints can illustrate the intensity of 
forces applied across the rocket. These forces can provide more insight to where the rocket motor 
distributes its load across the airframe of the vehicle.  

The slosh tank payload will gather video recordings of slosh during microgravity. Although the 
microgravity timeframe will be short, the team will gather sufficient data taking the video frame by 
frame and analyzing them as binary images. Gathering slosh data from a microgravity 
environment will provide a vertical velocities of the sloshing motion and the oscillation frequency 
of the system. Potential sources of error include poor fixturing of the video equipment with the 
slosh payload resulting in poor video capture.  

4.3.6 Preliminary Experiment Process Procedures.  

The propulsion analysis payload will need to undergo testing and calibration before flight testing. 
After one set of rosette strain gauges and flex sensors have been properly configured, they will 
be tested for accuracy. The flex sensor values will be verified by deflecting the sensor to a known 
distance and comparing the strain values from the Arduino board to the values calculated by 
hand.  

After the slosh tanks have been acquired, the team will conduct ground testing and perform video 
analysis of the tests. This will be done by fixating the slosh tank onto a shaker and configuring 
video cameras along the setup. The shaker can be commanded to impulse or oscillate set 
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frequencies. After Eclipse has gathered the video test data, the team can analyze the data through 
MATLAB and acquire the surface velocity and frequency of the slosh. 

5 PROJECT PLAN 

5.1 BUDGET PLAN 

The following lays out Eclipse’s projected budget for the USLI project life-cycle. The vehicle and 
payload budget were determined from itemized costs of the components that make up the current 
rocket design. Other costs, including travel, outreach, and testing, are based off of Eclipse’s 
previous participation in USLI. 

Table 12 Eclipse's 2015-2016 budget for USLI competition. 

Item Systems Cost 

Rocket Structures (Airframe, Nosecone, Fin set, Payload and System 
Integration) 

$555.73 

 Propulsion System $360.00 

 Recovery and Avionics System $910.00 

 G-Brake System $101.25 

 Payload 1: Slosh Tank Analysis $227.00 

 Payload 2: Propulsion Structural Analysis $580.10 

 ROCKET TOTAL $2,734.02 

Team 
Logistics 

Launch Testing (Scaled and Full) $257.08 

 Launch Week $6900 

 Outreach $56.25 

 Logistics Total $7123.28 

GRAND TOTAL $9,857.30 
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5.2 FUNDING PLAN 

Eclipse has sought out several potential sources of funding for our project. Our main source of 
funding shall come from the California Space Grant, which can provide up to $10000 for project 
components, as well as travel and testing. Secondary sources of funding will come from the Club 
Finance Council (CFC) at UC Davis. The CFC provides grants of up to $2000 per year to help 
pay for itemized costs of projects or undertakings that enrich campus life. Tertiary sources of 
funding will potentially come from the College of Engineering at UC Davis and/or the Mechanical 
and Aerospace Engineering Department at UC Davis.  

5.3 TIMELINE 

Eclipse’s project timeline will closely follow that of the USLI competition timeline to allow for 
prompt completion of tasks. Other dates are also included to display events that are critical for 
mission success. The project timeline is shown below. 

Table 13 Eclipse timeline for USLI project duration. 

Key Events Dates 

Proposal Due Sept. 11th 

PDR Q&A Oct. 7th 

PDR Due Nov. 6th 

PDR Teleconference Nov. 23rd 

Scale Launch/Subsystem Testing/Slosh Ground Testing Nov-Jan 

CDR Q&A Dec 4 

CDR Due Jan. 15th 

CDR Teleconference Jan 19-29th 

FRR Q&A Feb. 3rd 

Full Scale Launch Feb-Mar 

FRR Due Mar. 14th 

FRR Teleconferences Mar. 17-30th 

Competition Apr. 13-17th 

PLAR Apr. 29th 
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5.4 EDUCATIONAL ENGAGEMENT PLAN 

5.4.1 Educational Engagement Motivation 

Engaging students at their schools is an effective way to make the young engineers excited about 
the world of rocketry and aerospace. We hope to foster the love for science at a young age by 
demonstrating various elements of rocketry in fun and exciting ways. Our team plans to educate 
the young students by giving them hands on assignments and activities to complete. We believe 
that engineers learn the most efficiently by actively working to solve a problem or complete a task. 
As such, the outreach events will focus primarily on educational activities rather than straight 
lecture, for instance. We will also invite other faculty members from the Mechanical and 
Aerospace Engineering department here at U.C Davis to participate. 

5.4.2 Educational Engagement Overview 

The team plans to host community outreach events at nearby primary and secondary schools in 
the Davis/Sacramento region. Additionally these students will have the opportunity to visit the 
campus and tour the facilities we use to manufacture, design, and test the rocket. At both events 
we plan to: 

 Explain the simple physics of the rocket 
 Describe the components of the rocket 
 Show videos of modern rocketry 
 Show various rocket launches 

In prior years we engaged with over 330 elementary and junior high students at their schools in 
the Sacramento area. During these visits we demonstrated a rocket launch, led rocket 
construction projects using ordinary household supplies, and discussed the history and 
mechanics of rocketry. We hope to meet and surpass the outreaching efforts of previous years 
for this upcoming year by meeting with more students at nearby schools. 

5.4.3 Current Plans 

Educational engagement will be one of our top priorities for our team as we continue throughout 
the year and look forward to every opportunity to offer insight into rocketry and aerospace. Eclipse 
plans on conducting at least one outreach event per month. The team intends to arrange visits to 
the following schools: 

 Davis Senior High School 
 Martin Luther King High School 
 Robla Elementary  
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6 APPENDIX 

6.1 DETAILED MASS BREAKDOWN 

System Component Weight (lb.) 

Fuselage Airframe (x 2) 4.03 

PML FNC-6.00 Fiberglass Nosecone 1.68 

Fin Set (x 4) 1.3 

Subtotal 7.01 

Propulsion CSI L3200 Propellant (reload) 7.2 

Motor Mount 0.33 

Centering Ring x3 0.10 

Engine Block 2 0.09 

Subtotal 7.72 

G-Brakes Frame + Arms 1.47 

HS-7966HB Servo-motor (Digital) 0.12 

Subtotal 1.59 

Propulsion Analysis 
Payload 

Arduino Board (UNO R3) (x7) 0.43 

Flex sensors (x6) 0.04 

3-ELEMENT STRAIN ROSETTE (x9) 0 

Load Sensor Combinator (x12) 0.2 

Accelerometers (x2) 0.2 

Load Amplifier (x12) 0.2 

Subtotal 1.07 

Liquid Slosh 
Payload 

Slosh Tank & Fixturing Assembly 1.31 

Water 0.71 

Veho Muvi (x4) 0.44 

Subtotal 2.46 

Recovery and 
Avionics 

Main Parachute - Iris Ultra 84" Compact (38lbs) 0.84 

Drogue Chute - 36" Standard (Fruitychutes) 0.31 

Ardu-Pilot 0 

GPS tracker 0.027 

Ejection Tubes (X5) 0.04 

Black Powder 0.02 

Altimeters X2 0.09 

Duracell 9V Batteries (X4) 0.4 

Subtotal 1.68 

Total Mass (lb.) 21.53 
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6.2 DETAILED ROCKET COST BREAKDOWN 

System Component Cost 

Fuselage Airframe (X 2) $369.98 

PML FNC-6.00 Fiberglass Nosecone $104.99 

Fin Set (X 4) $80.76 

Subtotal $555.73 

Propulsion CSI L3200 Propellant (Reload) $190 

Motor Casing $170 

Centering Ring X3 $21.87 

Engine Block 2 $6.89 

Subtotal 360 

G-Brakes Aluminum Rods $14.65 

Arms $10.65 

Bolts 1/8" X 6 $11.88 

HS-7966HB Servo-Motor (Digital) $45 

Support Plates $19.07 

Subtotal $101.25 

Structural Analysis Arduino Board (UNO R3) (X7) $119.70 

Flex Sensors (X6) $77.70 

3-ELEMENT STRAIN ROSETTE (X9) $220.00 

Load Sensor Combinator (X12) $23 

Accelerometers (X2) $20 

Load Amplifier (X12) $119.40 

Subtotal $580.10 

Slosh Slosh Tanks + Fixturing $42 

Muvi Veho X4 $184.72 

Subtotal $227 

Recovery And Avionics Main Parachute - Iris Ultra 84" Compact (38lbs) $342 

Drogue Chute - 36" Standard (Fruitychutes) $125 

Ardu Pilot $68.83 

GPS Tracker $214 

Ejection Tubes X 5 $12.50 

Black Powder $28.99 

Altimeters X2 $110 

Duracell 9V Batteries (X4) $9.00 

Subtotal $910 

Total Rocket Cost $2,734.02 
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6.3 MATERIAL SAFETY DATA SHEETS 

Material safety data sheets are included in the following pages. These pertain to the possible 

hazardous materials that team members in Eclipse may come across during the manufacturing 

phase. 



 MATERIAL SAFETY DATA SHEET

Prepared: 25 February, 1997 Page: 1 of 11 MSDS No.:15-MSD-21555

Section 1:  Product and  Company Information

Product Name(s): Woven Unidirectional Fiberglass Fabric (A-Style Warp
Unidirectional), Stitchbonded Fiberglass Fabric, Woven Fiberglass Fabric

Manufacturer:  Owens-Corning, World Headquarters, One Owens-Corning Parkway
Attn. Product Stewardship, Toledo, OH, 43659,
Telephone: 1-419-248-8234 (8am-5pm ET weekdays).
OC Fabrics, 1851 S. Sequin Ave., New Braunfels, TX, 78130
Telephone: 1-210-629-4009 (8am-5pm CT weekdays).

Emergency Contacts:
Emergencies ONLY (after 5pm ET and weekends): 1-419-248-5330,
CHEMTREC (24 hours everyday): 1-800-424-9300,
CANUTEC (Canada- 24 hours everyday): 1-613-996-6666.

Health and Technical Contacts:
Health Issues Information (8am-5pm ET):1-419-248-8234,
Technical Product Information (8am-5pm ET): 1-800-GET-PINK.

Section 2:  Composition and Ingredient Information

Common Name Chemical Name CAS No. Wt. %

Non-Hazardous Ingredients

Fiber Glass Continuous
Filament (non respirable)

Fibrous Glass 65997-17-3 94-100

Size Size None 0-2

Polyester Yarn Polyester Yarn None 0-4

Note:  See Section 8 of MSDS for exposure limit data for these ingredients.
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Section 3:  Hazards Identification

Appearance and Odor:  White/off-white colored solid with no odor.

Emergency Overview

No unusual conditions are expected from this product

Primary Route(s) of Exposure:  inhalation, skin, eye

Potential Health Effects:

ACUTE (short term):  Fiber glass continuous filament is a mechanical irritant.
Breathing dusts and fibers may cause short term irritation of the mouth, nose
and throat.  Skin contact with dust and fibers may cause itching and short term
irritation.  Eye contact with dust and fibers may cause short term mechanical
irritation.  Ingestion may cause short term mechanical irritation of the stomach
and intestines.  See Section 8 for exposure controls.

CHRONIC (long term):  There is no known health effects connected with long
term use or contact with this product.  See Section 11 of MSDS for more
toxicological data.

Medical Conditions Aggravated by Exposure:  Long term breathing or skin
conditions that are aggravated by mechanical irritants may be at a higher risk for
worsening from use or contact with this product.
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Section 4:  First Aid Measures

Inhalation:  Move person to fresh air.  Seek medical attention if irritation persists.

Eye Contact:  Flush eyes with running water for at least 15 minutes.  Seek medical
attention if irritation persists.

Skin Contact:  Wash with mild soap and running water.  Use a washcloth to help
remove fibers.  To avoid more irritation, do not rub or scratch affected areas.
Rubbing or scratching may force fibers into skin.  Seek medical attention if
irritation persists.

Ingestion:  Ingestion of this material is unlikely.  If it does occur, watch the person for
several days to make sure that intestinal blockage does not occur.

Section 5:  Fire Fighting Measures

Flash Point and Method:  None

Flammability Limits (%):  None.

Auto Ignition Temperature:  Not Applicable.

Extinguishing Media:  Water, foam, CO2 or dry chemical.

Unusual Fire and Explosion Hazards:  None known.

Fire Fighting Instructions:  Use self contained breathing apparatus (SCBA) in a
sustained fire.

Hazardous Combustion Products:  Primary combustion products are carbon
monoxide, carbon dioxide and water.  Other undetermined compounds could be
released in small quantities.
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Section 6:  Accidental Release Measures

Land Spill:  Scoop up material and put into suitable container for disposal as a non-
hazardous waste.

Water Spill:  This material will sink and disperse along the bottom of waterways and
ponds.  It can not easily be removed after it is waterborne; however, the material
is non-hazardous in water.

Air Release:  This material will settle out of the air.  If concentrated on land it can then
be scooped up for disposal as a non-hazardous waste.

Section 7:  Handling and Storage

Storage Temperature:  Not applicable.

Storage Pressure:  Not applicable.

General:  No special storage or handling procedures are required for this material.
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Section 8:  Exposure Controls and Personal Protection

Ingredient OSHA PEL
(8-hr TWA)

ACGIH TLV
(8-hr TWA)

Fiber Glass Continuous Filament 5 mg/m3
(respirable dust)

15 mg/m3
(total dust
1 fiber/cc

(proposed)

10 mg/m3
(inhalable)
3 mg/m3

(respirable)

Size None Established None Established

Polyester Yarn 5 mg/m3
(respirable dust)

15 mg/m3
(total dust

10 mg/m3
(inhalable)
3 mg/m3

(respirable)

Ventilation:  General dilution ventilation and/or local exhaust ventilation should be
provided as necessary to maintain exposures below regulatory limits.

Personal Protection:

Respiratory Protection:  A properly fitted NIOSH/MSHA approved disposable
dust respirator such as the 3M model 8210 (or 8710) or model 9900 (in
high humidity environments) or equivalent should be used when: high
dust levels are encountered; the level of glass fibers in the air exceeds
the OSHA permissible limits; or if irritation occurs.  Use respiratory
protection in accordance with your company's respiratory protection
program, local regulations and OSHA regulations under 29 CFR
1910.134.

Skin Protection:  Loose fitting long sleeved shirt that covers to the base of the
neck, long pants and gloves.  Skin irritation is known to occur chiefly at
pressure points such as around neck, wrist, waist and between fingers.

Eye Protection:  Safety glasses or goggles.
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Work and Hygienic Practices:  Handle using good industrial hygiene and safety
practices.  Avoid unnecessary contact with dusts and fibers by using good local
exhaust ventilation.  Remove material from the skin and eyes after contact.
Remove material from clothing using vacuum equipment (never use compressed
air and always wash work clothes separately from other clothing.  Wipe out the
washer or sink to prevent loose glass fibers from getting on other clothing).
Keep the work area clean of dusts and fibers made during fabrication  by using
vacuum equipment to clean up dusts and fibers (avoid sweeping or using
compressed air as these techniques re-suspend dusts and fibers into the air.)
Have access to safety showers and eye wash stations.

Section 9:  Physical and Chemical Properties

Vapor Pressure (mm Hg @ 20oC): Not Applicable pH: Not Applicable

Vapor Density (Air=1): Not Applicable

Specific Gravity (Water=1): 2.60 Boiling Point: Not Applicable

Solubility in Water: Insoluble Viscosity: Not Applicable

Appearance: Solid Physical State: Solid

Odor Type: None Freezing Point: Not Applicable

Evaporation Rate (n-Butyl Acetate=1): Not Applicable
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Section 10:  Stability and Reactivity

General:  Stable

Incompatible Materials and Conditions to Avoid:  None

Hazardous Decomposition Products:  Sizings or binders may decompose in a fire.
See Section 5 of MSDS for combustion products statement.

Hazardous Polymerization:  Will not occur.

Section 11:  Toxicological Information

CARCINOGENICITY:  The table below indicates whether or not each agency has listed
each ingredients as a carcinogen:

Ingredient ACGIH IARC NTP OSHA
Fiber Glass
Continuous Filament

A4 3 No No

Size No No No No

Polyester Yarn No No No No

LD50 Oral
(g/kg)

LD50 Dermal
(g/kg)

LC50 Inhalation
(ppm, 8 hrs.)

Fiber Glass
Continuous Filament

Not Available Not Available Not Available

Size Not Available Not Available Not Available

Polyester Yarn Not Available Not Available Not Available
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Fiber Glass Continuous Filament:  The International Agency for Research on Cancer
(IARC) in June, 1987, categorized fiber glass continuous filament as not
classifiable with respect to human carcinogenicity (Group 3).  The evidence from
human as well as animal studies was evaluated by IARC as insufficient to
classify fiber glass continuous filament as a possible, probable, or confirmed
cancer causing material.

Section 12:  Ecological Information

This material is not expected to cause harm to animals, plants or fish.

Section 13:  Disposal Considerations

RCRA Hazard Class:  Non-hazardous.
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Section 14:  Transport Information

DOT Shipping Names: Not regulated

Hazard Class or Division:  None Secondary:  None

Identification No.:  None Packing Group:  None

Label(s) required (if not excepted):  None

Special Provisions: None Packaging Exceptions:  None

Non-bulk Packaging:  None Bulk packaging:  None

EPA Hazardous Substances:  None RQ:  None

Quantity Limitations:       Passenger Aircraft: None
Cargo Aircraft: None

Marine Pollutants:  None

Freight Description:  None

Hazardous Material Shipping Description: None
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Transportation of Dangerous Goods -  Canada

Proper Shipping Name: Not Regulated

TDG Hazard Classification:  (Primary): None (Secondary): None

IMO Classification:  None

ICAO/IATA Classification:  None

Product Identification Number:  None

Packing Group: None

Control Temperature: None Emergency Temperature: None

Schedule XII Quantity Restriction:  None

Reportable Quantity for US Shipments:  None

IATA Packing Instructions: Passenger/Cargo:  None
Cargo Only:  None
Limited Quantity:  None

Maximum Net Quantity per Package: Passenger/Cargo:  None
Cargo Only:   None
Limited Quantity:  None

Special Provisions: None
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Section 15:  Regulatory Information

TSCA Status:  Each ingredient is on the Inventory.

NSR Status (Canada):  Each ingredient is on the DSL.

SARA Title III: Hazard Categories:
Acute Health: Yes
Chronic Health: No
Fire Hazard: No
Pressure Hazard: No
Reactivity Hazard: No

Reportable Ingredients:
Sec. 302/304: None
Sec. 313: None

California Proposition 65: No ingredient is listed.

Clean Air Act:  No ingredient is listed.

WHMIS (Canada):  Status:  Not Controlled
WHMIS Classification(s):  None

Section 16:  Other Information

HMIS and NFPA Hazard Rating: Category HMIS NFPA
Acute Health 1 1
Flammability 0 0
Reactivity 0 0

NFPA Unusual Hazards:  None.
HMIS Personal Protection:  To be supplied by user depending upon use.

Revision Summary: This is a new MSDS.  (Reformatted 11/25/98)



 

 

          Material     Safety     Data     Sheet 
                                                                                                                                                           
 

Section 1: PRODUCT AND COMPANY IDENTIFICATION 
                                                                                                                                                           
 

            MSDS Identification: Carbon Fabric, Sized or Unsized 
            MSDS Number: 439-3227-00SU-C000-12     Date: October 1, 2002     Page: 1 of 6 
            Supersedes MSDS: 439-3227-00SU-C000-11 
 

            Manufacturer:                                          Emergency Telephone Number: 
            Hexcel Schwebel                                        800-433-5072 (24-Hour) 
            2200 South Murray Avenue 
            P.O. Box 2627                                           Information Telephone Number: 
            Anderson, SC 29621                                  864-260-5799 (Normal Business Hours-ET) 
 

            Product Identification: Carbon Fabric: Sized or Unsized 
 

            Chemical Family: Woven Carbon Fabric with various types of Sized and Unsized 
            Carbon Fibers. 
                                                                                                                                                           
 

Section 2: COMPOSITION/INFORMATION ON INGREDIENTS 
                                                                                                                                                           
 

            Component                 CAS          % by             OSHA(PEL)              ACGIH(TLV) 
                                              Number      Weight 
 

            Carbon fiber,            7440-44-0    98.5-100         15 mg/m3(Total)           10 mg/m3(Total) 
            synthetic                                                         5 mg/m3(Respirable)     3 mg/m3(Respirable) 
 

This product is not classified as a Hazardous Chemical as defined by the OSHA Hazard 
Communication Standard, 29 CFR 1910.1200. 
 

Where specific exposure limits for component dusts are not established, the levels 
provided for (Total/Inhalable) dust and (Respirable) fraction reflect the classification of 
Particulates Not Otherwise Regulated (PNOR) by OSHA or Specified (PNOS) by 
ACGIH. 

                                                                                                                                                           
 

Section 3: HAZARDS IDENTIFICATION 
                                                                                                                                                           
 

EMERGENCY OVERVIEW: 
Appearance and Odor: 
Black fibers woven into fabrics of varying weight, width and thickness, depending on the 
style, with and without sizing, with no distinctive odor. 
 

Statement of Hazard: 
Warning!  May cause temporary mechanical irritation of the eyes, skin or upper respiratory 
tract. 
 

If sized, vapor or fumes generated from heating or curing this product may cause eye and 
respiratory tract irritation. 
 

Carbon fibers or dust are electrically conductive and may create electrical short-circuits 
which could result in damage to and malfunction of electrical equipment and/or personal 
injury. 
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Section 3: HAZARDS IDENTIFICATION (Continued) 
                                                                                                                                                           
 

EMERGENCY OVERVIEW (continued): 
           Primary Routes of Exposure: 
           Eye--Yes               Skin--Yes               Inhalation--Yes               Ingestion--No 
 

           HMIS Rating: 
           Health--1               Flammability--0               Reactivity--0               Special--None 
 

Potential Health Effects: 
Eye: Contact may cause mechanical irritation to the eyes.  If sized, vapor or fumes from 
exposure of this product to elevated temperatures may cause irritation to the eyes.  Dust 
from machining, grinding or sawing the cured product may cause mechanical irritation. 
 

Skin: Contact may cause mechanical irritation to the skin and possible dermatitis.  Dust 
from machining, grinding or sawing the cured product may cause mechanical irritation. 
 

Inhalation: May cause mechanical irritation to the upper respiratory tract.  If sized, vapor 
or fumes from exposure of this product to elevated temperatures may cause irritation to 
the respiratory tract.  Dust from machining, grinding or sawing the cured product may 
cause mechanical irritation. 
 

Ingestion: Ingestion unlikely under normal conditions of use.  If any of this product or the 
cured product dust is swallowed, seek medical attention immediately. 
 

Medical Conditions Aggravated by Exposure: Preexisting eye, skin or respiratory 
disorders may be aggravated by exposure to this product or to the dust from machining, 
grinding or sawing the cured product. 
 

Carcinogenic Information: None of the components present in this material at 
concentrations equal to or greater than 0.1 % are listed or regulated by IARC, NTP, OSHA 
or ACGIH as a carcinogen. 
 

            Other:                                                      OSHA(PEL)                 ACGIH(TLV) 
 

            Exposure limits for cured product 
            dust as [Particulates Not Otherwise         15 mg/m3(Total)             10 mg/m3(Inhalable) 
            Regulated (PNOR) by OSHA or           5 mg/m3(Respirable)          3 mg/m3(Respirable) 
            Specified (PNOS) by ACGIH]: 
 

                                                                                                                                                           
 

Section 4: FIRST AID MEASURES 
                                                                                                                                                           
 

Eye: In case of eye contact, immediately flush eyes with large amounts of water for at 
least 15 minutes, keeping the eyelids open.  Get medical attention immediately. 
 

Skin: In case of contact that causes irritation, immediately wash skin with soap and room 
temperature to cool running water.  Use a washcloth to help remove the fibers.  To avoid 
further irritation, do not rub or scratch irritated areas.  Rubbing or scratching may force 
fibers into the skin.  Get medical attention immediately, if the irritation persists. 
 

Inhalation: If large amounts of dust, fiber, fumes or vapor are inhaled, remove to fresh 
air.  If not breathing, give artificial respiration, preferably mouth-to-mouth.  If breathing 
is difficult, qualified personnel may administer oxygen.  Get medical attention 
immediately. 
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Section 4: FIRST AID MEASURES (Continued) 
                                                                                                                                                           
 

Ingestion: Ingestion of this product or the dust from it is unlikely.  If swallowed, get 
medical attention immediately. 

                                                                                                                                                           
 

Section 5: FIRE FIGHTING MEASURES 
                                                                                                                                                           
 

Flash Point/Method of Determination: Not determined 
 

Means of Extinction: Use water spray, dry chemical or CO2 to extinguish fires. 
 

Special Fire Hazards: Avoid exposure through use of a self-contained, positive-pressure 
breathing apparatus. 

                                                                                                                                                           
 

Section 6: ACCIDENTAL RELEASE MEASURES 
                                                                                                                                                           
 

Procedures in case of Accidental Release or Leakage: Avoid contact with skin, eyes or 
clothing (See Section 8).  Clean up material, put into a suitable container and dispose of 
properly (See Section 13). 

                                                                                                                                                           
 

Section 7: HANDLING AND STORAGE 
                                                                                                                                                           
 

Precautions to be taken in Handling and Storage: Store in a cool, dry place.  Maintain 
sealed against contamination from dirt and moisture. 

                                                                                                                                                           
 

Section 8: EXPOSURE CONTROLS/PERSONAL PROTECTION 
                                                                                                                                                           
 

Eye/Face Protection: Avoid eye contact.  Wear safety glasses with side shields, as 
necessary, when using this product or when machining, grinding or sawing the cured 
product. 
 

Skin Protection: Protective clothing such as a loose fitting long sleeved shirt that covers to 
the base of the neck, long pants and gloves, as necessary to prevent irritation.  Skin 
irritation is known to occur primarily at pressure points such as around the neck, wrist, 
waist and between the fingers. 
 

Respiratory Protection: Not ordinarily required.  If sized and sufficient vapor or fumes 
are being generated during heating or curing of this product, use a NIOSH approved 
organic vapor respirator.  If sufficient dust or fibers are generated during use or when 
machining, grinding or sawing the cured product, use a NIOSH approved dust respirator. 
 

Ventilation: Use local exhaust sufficient to control vapor, fumes, fibers or dust generated. 
If exhaust ventilation is not available or is inadequate, use a NIOSH approved respirator, 
as appropriate. 
 

General Hygiene Recommendations: Before eating, drinking, smoking or using toilet 
facilities, wash face and hands thoroughly with soap and water.  Remove any contaminated 
clothing and launder before reuse.  Use vacuum equipment to remove fibers and dust from 
clothing and work areas.  Compressed air is not recommended. 
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Section 9: PHYSICAL AND CHEMICAL PROPERTIES 
                                                                                                                                                           
 

            Appearance and Odor…Black fibers woven into fabrics of varying weight, width and 
                                                   thickness, depending on the style, with and without sizing, 
                                                   with no distinctive odor. 
            Melting Point (oF/oC)......................... 6512oF/3600oC 
            Specific Gravity (Water=1)................ 1.5-1.9 
            pH of Undiluted Product.................... Not determined 
            Volatile [Percent (%) by Weight]....... 0 
            Percent (%) VOC............................... Not determined 
            Solubility in Water............................. Negligible 
                                                                                                                                                           
 

Section 10: STABILITY AND REACTIVITY 
                                                                                                                                                           

 

Stability: Stable under proper handling and storage conditions 
 

Incompatible Materials: None 
 

Products evolved from Heat of Combustion or Decomposition: The products of 
combustion and decomposition depend on other materials present in the fire and the actual 
conditions of the fire.  Burning will decompose the sizing system, if appropriate, and 
produce carbon and nitrogen oxides, phenols, aldehydes, acrolein, carboxylic acid, traces of 
incompletely burned carbon products and other unidentified gases and vapors that may be 
toxic.  Avoid inhalation. 
 

Hazardous Polymerization: Will not occur under proper conditions of use.  Rapid heating 
of the product in bulk may produce an uncontrolled exothermic reaction that may char and 
decompose the sizing system, if appropriate, generating unidentified gases and vapors that 
may be toxic.  Avoid inhalation. 

                                                                                                                                                           
 

Section 11: TOXICOLOGICAL INFORMATION 
                                                                                                                                                           
 

            Component Toxicity Data: 
            Median Lethal Dose (Species): 
            Oral (LD50)...Not determined 
            Inhalation (LC50)...Not determined 
            Dermal (LD50)...Not determined 
 

            Irritation Index, Estimation of Irritation (Species): 
            Skin...Not determined 
            Eyes...Not determined 
            Inhalation...Not determined 
                                                                                                                                                           
 

Section 12: ECOLOGICAL INFORMATION 
                                                                                                                                                           
 

No ecological data has been determined. 
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Section 13: DISPOSAL CONSIDERATIONS 
                                                                                                                                                           
 

Waste Disposal Methods: Material for disposal should be placed in appropriate sealed 
containers to avoid potential human and environmental exposure.  It is the responsibility of 
the generator to comply with all federal, state, provincial and local laws and regulations. 
We recommend that you contact an appropriate waste disposal contractor and environmental 
agency for relevant laws and regulations.  Under the U.S., Resource Conservation and 
Recovery Act (RCRA), it is the responsibility of the user of the product to determine at the 
time of disposal, whether the product meets relevant waste classification. 

                                                                                                                                                           
 

Section 14: TRANSPORT INFORMATION 
                                                                                                                                                           
 

            DOT: 
            Proper Shipping Name…. Not regulated 
            Hazard Class................... Not regulated 
            Identification Number..... Not regulated 
            Packing Group................ Not regulated 
            Label Required................ None 
                                                                                                                                                           

 

Section 15: REGULATORY INFORMATION 
                                                                                                                                                           

 

SARA Title III: 
Section 302/304 Extremely Hazardous Substance: 
None 
 

Section 311 Hazardous Categorization: 
None 
 

Section 313 Toxic Chemicals: 
None 
 

CERCLA Section 102(a) Hazardous Substance: 
None 
 

RCRA Information: 
Currently, the product is not listed in federal hazardous waste regulations 40 CFR, Part 
261.33, paragraphs (e) or (f), i.e. chemical products that are considered hazardous if they 
become wastes.  State or local hazardous waste regulations may also apply if they are 
different from the federal regulation.  It is the responsibility of the user of the product to 
determine at the time of disposal, whether the product meets relevant waste classification 
and to assure proper disposal. 
 

WHMIS (Canada): 
Classification: 
None 
 

This product has been classified in accordance with hazard criteria of the 
"Controlled Products Regulations" and this MSDS contains all the information 
required by the "Controlled Products Regulations." 
 

Ingredient Disclosure List: 
None 
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Section 15: REGULATORY INFORMATION (Continued) 

                                                                                                                                                           
 

California Safe Drinking Water and Toxic Enforcement Act of 1986 (Proposition 65): 
Warning!  The state of California has determined that the following listed component 
chemicals in this product may cause cancer, birth defects or other reproductive harm: 
None 
 

U.S., EPA, TSCA Information: This product is an article as defined by TSCA and is not 
required to be listed in the TSCA inventory. 
 

Ozone Depletion Information: This product does not contain or is not manufactured with 
ozone depleting substances as identified in Title VI, Clean Air Act "Stratospheric Ozone 
Protection" and the regulations set forth in 40 CFR, Part 82. 

 

                                                                                                                                                           
 

Section 16: OTHER INFORMATION 
                                                                                                                                                           
 

Special Precautions: Airborne carbon fibers or dust are electrically conductive and may 
create electrical short-circuits that could result in damage to and malfunction of electrical 
equipment and/or personal injury. 
 

Explanation and Disclaimer: Wherever such words or phrases as "hazardous," "toxic," 
"carcinogen," etc. appear herein, they are used as defined or described under state employee 
right-to-know laws, Federal OSHA laws or the direct sources for these laws such as the 
International Agency for Research on Cancer (IARC), the National Toxicology Program 
(NTP), etc.  The use of such words or phrases should not be taken to mean that we deem or 
imply any substance or exposure to be toxic, hazardous or otherwise harmful.  Any 
exposure can only be understood within the entire context of its occurrence, which 
includes such factors as the substance's characteristics as defined in the MSDS, amount 
and duration of exposures, other chemicals present and preexisting individual 
differences in response to the exposure. 
 

The data provided in this MSDS is based on the information received from our raw material 
suppliers and other sources believed to be reliable.  We are supplying you this data solely in 
compliance with the Federal OSHA Hazard Communication Standard, 29 CFR 1910.1200 
and other Federal and state laws as described in Section 15: Regulatory Information. 
 

The information contained in this MSDS is proprietary and confidential to Hexcel 
Corporation.  This MSDS and the information in it are not to be used for purposes other 
than compliance with the Federal OSHA Hazard Communication Standard.  If you have 
received this MSDS from any source other than Hexcel Corporation or its authorized agent, 
the information contained in it may have been modified from the original document and it 
may not be the most current revision. 
 

Liability, if any, for use of this product is limited to the terms contained in our sale 
terms and conditions.  We do not in any way warrant (expressed or implied, including 
any implied warranty for merchantability or fitness for a particular purpose) the data 
contained or the product described in this MSDS.  Additionally, we do not warrant that 
the product will not infringe any patent or other proprietary or property rights of 
others. 
 

            Contact: David M. Rubin, 
                           Hexcel Schwebel Environmental, Health and Safety Manager 
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Material Safety Data Sheet
Ferrosoferric Oxide, Black Powder MSDS

Section 1: Chemical Product and Company Identification

Product Name: Ferrosoferric Oxide, Black Powder

Catalog Codes: SLF1477

CAS#: 1317-61-9

RTECS: Not available.

TSCA: TSCA 8(b) inventory: Ferrosoferric Oxide, Black
Powder

CI#: Not available.

Synonym:   Iron Oxide

Chemical Name: Ferrosoferric Oxide, Black Powder

Chemical Formula: Fe3-O4

Contact Information:

Sciencelab.com, Inc.
14025 Smith Rd.
Houston, Texas 77396

US Sales: 1-800-901-7247
International Sales: 1-281-441-4400

Order Online: ScienceLab.com

CHEMTREC (24HR Emergency Telephone), call:
1-800-424-9300

International CHEMTREC, call: 1-703-527-3887

For non-emergency assistance, call: 1-281-441-4400

Section 2: Composition and Information on Ingredients

Composition:

Name CAS # % by Weight

Ferrosoferric Oxide, Black Powder 1317-61-9 100

Toxicological Data on Ingredients: Ferrosoferric Oxide, Black Powder: ORAL (LD50): Acute: 5000 mg/kg [Rat].

Section 3: Hazards Identification

Potential Acute Health Effects: Slightly hazardous in case of skin contact (irritant), of eye contact (irritant), . Non-irritant for
lungs.

Potential Chronic Health Effects:
CARCINOGENIC EFFECTS: Classified None. by NTP, None. by OSHA, None. by NIOSH. MUTAGENIC EFFECTS: Not
available. TERATOGENIC EFFECTS: Not available. DEVELOPMENTAL TOXICITY: Not available. The substance is toxic to
lungs, upper respiratory tract. Repeated or prolonged exposure to the substance can produce target organs damage.

Section 4: First Aid Measures

Eye Contact: No known effect on eye contact, rinse with water for a few minutes.

Skin Contact:

http://www.sciencelab.com/
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After contact with skin, wash immediately with plenty of water. Gently and thoroughly wash the contaminated skin with running
water and non-abrasive soap. Be particularly careful to clean folds, crevices, creases and groin. Cover the irritated skin with an
emollient. If irritation persists, seek medical attention.

Serious Skin Contact: Not available.

Inhalation: Allow the victim to rest in a well ventilated area. Seek immediate medical attention.

Serious Inhalation: Not available.

Ingestion:
Do not induce vomiting. Loosen tight clothing such as a collar, tie, belt or waistband. If the victim is not breathing, perform
mouth-to-mouth resuscitation. Seek immediate medical attention.

Serious Ingestion: Not available.

Section 5: Fire and Explosion Data

Flammability of the Product: Non-flammable.

Auto-Ignition Temperature: Not applicable.

Flash Points: Not applicable.

Flammable Limits: Not applicable.

Products of Combustion: Not available.

Fire Hazards in Presence of Various Substances: Not applicable.

Explosion Hazards in Presence of Various Substances:
Risks of explosion of the product in presence of mechanical impact: Not available. Risks of explosion of the product in
presence of static discharge: Not available.

Fire Fighting Media and Instructions: Not applicable.

Special Remarks on Fire Hazards: Material is not combustible. Use extinguishing media suitable for other combustible
material in the area

Special Remarks on Explosion Hazards: Not available.

Section 6: Accidental Release Measures

Small Spill:
Use appropriate tools to put the spilled solid in a convenient waste disposal container. Finish cleaning by spreading water on
the contaminated surface and dispose of according to local and regional authority requirements.

Large Spill:
Use a shovel to put the material into a convenient waste disposal container. Finish cleaning by spreading water on the
contaminated surface and allow to evacuate through the sanitary system.

Section 7: Handling and Storage

Precautions:
Do not ingest. Do not breathe dust. If ingested, seek medical advice immediately and show the container or the label.

Storage:
No specific storage is required. Use shelves or cabinets sturdy enough to bear the weight of the chemicals. Be sure that it is
not necessary to strain to reach materials, and that shelves are not overloaded.

Section 8: Exposure Controls/Personal Protection
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Engineering Controls:
Use process enclosures, local exhaust ventilation, or other engineering controls to keep airborne levels below recommended
exposure limits. If user operations generate dust, fume or mist, use ventilation to keep exposure to airborne contaminants
below the exposure limit.

Personal Protection: Safety glasses. Lab coat. Dust respirator. Be sure to use an approved/certified respirator or equivalent.
Gloves.

Personal Protection in Case of a Large Spill:
Splash goggles. Full suit. Dust respirator. Boots. Gloves. A self contained breathing apparatus should be used to avoid
inhalation of the product. Suggested protective clothing might not be sufficient; consult a specialist BEFORE handling this
product.

Exposure Limits: Not available.

Section 9: Physical and Chemical Properties

Physical state and appearance: Solid. (Solid powder.)

Odor: Odorless.

Taste: Not available.

Molecular Weight: Not available.

Color: Black

pH (1% soln/water): Not available.

Boiling Point: 1000°C (1832°F)

Melting Point: Not available.

Critical Temperature: Not available.

Specific Gravity: 4.6 (Water = 1)

Vapor Pressure: Not applicable.

Vapor Density: Not available.

Volatility: Not available.

Odor Threshold: Not available.

Water/Oil Dist. Coeff.: Not available.

Ionicity (in Water): Not available.

Dispersion Properties: Not available.

Solubility: Not available.

Section 10: Stability and Reactivity Data

Stability: The product is stable.

Instability Temperature: Not available.

Conditions of Instability: Not available.

Incompatibility with various substances: Not available.

Corrosivity: Not available.

Special Remarks on Reactivity: Not available.
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Special Remarks on Corrosivity: Not available.

Polymerization: No.

Section 11: Toxicological Information

Routes of Entry: Absorbed through skin. Dermal contact. Eye contact. Inhalation.

Toxicity to Animals: Acute oral toxicity (LD50): 5000 mg/kg [Rat].

Chronic Effects on Humans:
CARCINOGENIC EFFECTS: Classified None. by NTP, None. by OSHA, None. by NIOSH. The substance is toxic to lungs,
upper respiratory tract.

Other Toxic Effects on Humans:
Slightly hazardous in case of skin contact (irritant), . Non-irritant for lungs.

Special Remarks on Toxicity to Animals: Not available.

Special Remarks on Chronic Effects on Humans: Not available.

Special Remarks on other Toxic Effects on Humans: Not available.

Section 12: Ecological Information

Ecotoxicity: Not available.

BOD5 and COD: Not available.

Products of Biodegradation:
Possibly hazardous short term degradation products are not likely. However, long term degradation products may arise.

Toxicity of the Products of Biodegradation: The product itself and its products of degradation are not toxic.

Special Remarks on the Products of Biodegradation: Not available.

Section 13: Disposal Considerations

Waste Disposal:

Section 14: Transport Information

DOT Classification: Not a DOT controlled material (United States).

Identification: Not applicable.

Special Provisions for Transport: Not applicable.

Section 15: Other Regulatory Information

Federal and State Regulations:
California prop. 65: This product contains the following ingredients for which the State of California has found to cause cancer,
birth defects or other reproductive harm, which would require a warning under the statute: Ferrosoferric Oxide, Black Powder
Massachusetts RTK: Ferrosoferric Oxide, Black Powder New Jersey: Ferrosoferric Oxide, Black Powder TSCA 8(b) inventory:
Ferrosoferric Oxide, Black Powder

Other Regulations:
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OSHA: Hazardous by definition of Hazard Communication Standard (29 CFR 1910.1200). EINECS: This product is on the
European Inventory of Existing Commercial Chemical Substances.

Other Classifications:

WHMIS (Canada): CLASS D-2B: Material causing other toxic effects (TOXIC).

DSCL (EEC):
This product is not classified according to the EU regulations.

HMIS (U.S.A.):

Health Hazard: 1

Fire Hazard: 0

Reactivity: 0

Personal Protection: E

National Fire Protection Association (U.S.A.):

Health: 1

Flammability: 0

Reactivity: 0

Specific hazard:

Protective Equipment:
Gloves. Lab coat. Dust respirator. Be sure to use an approved/certified respirator or equivalent. Wear appropriate respirator
when ventilation is inadequate. Safety glasses.

Section 16: Other Information

References: Not available.

Other Special Considerations: Not available.

Created: 10/09/2005 05:33 PM

Last Updated: 05/21/2013 12:00 PM

The information above is believed to be accurate and represents the best information currently available to us. However, we
make no warranty of merchantability or any other warranty, express or implied, with respect to such information, and we assume
no liability resulting from its use. Users should make their own investigations to determine the suitability of the information for
their particular purposes. In no event shall ScienceLab.com be liable for any claims, losses, or damages of any third party or for
lost profits or any special, indirect, incidental, consequential or exemplary damages, howsoever arising, even if ScienceLab.com
has been advised of the possibility of such damages.
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MATERIAL SAFETY DATA SHEET 

SECTION I.  PRODUCT IDENTIFICATION 
Manufacturer: 
 
 
 
Phone No.: 
 
Product Name: 
 
Designations: 
 
Chemical Family: 

Toray Composites (America), Inc. 
19002 50th Ave E. 
Tacoma, WA  98446  USA 
 
(253) 846-1777 
 
TORAYCA Prepreg 
 
P2302-19, P2352W-19, P2362W-19, F6273-30K, F7373-30K, P235BW-19, 
P235CW-19, P235DW-19, P235EW-19 
 
Formulated epoxy resin impregnated material with Carbon Fiber 

SECTION II. HAZARDOUS INGREDIENTS 
 WT% TLV 
Fiber or Woven Fabric 

Carbon Fiber (PAN based) 
 

 
50-70 

 
Not established 

Formulated Resin (Proprietary) 
Epoxy Resin or Catalyst 

 
30-50 

 
Not established 

SECTION III. PHYSICAL DATA 

Boiling Point: 
Melting Point: 
Vapor Pressure (mmHg): 
Vapor Density (air=1): 
Solubility in Water: 
Specific Gravity (H2O=1): 

Percent Volatile: 
Evaporation Rate: 
Appearance and Odor: 

n/a 
>100°C(212°F) 
n/a 
n/a 
n/a 
n/a 
< 2% 
n/a 
Black, resin impregnated material, practically odorless 
(n/a = not applicable) 

® 
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SECTION IV. FIRE AND EXPLOSION HAZARD DATA 

Flash Point: >200°C(392°F) 

Ignition Point: 
Flammable Limit: 

516°C(961°F) 
n/a 

Extinguishing Media: Water, dry chemical, foam, carbon dioxide 
Self-contained breathing apparatus and protective clothing 
should be worn in case of fires. 

Special Fire Fighting Procedure: 

 

 

Unusual Fire and Explosion Hazard: None 

SECTION V.  HEALTH HAZARD DATA 

Threshold Limit Value: Not established for this product 

Effect of Overexposure: Prolonged or repeated contact may cause 

 skin irritation or allergic reactions. 

Emergency and First Aid Procedure: In case of contact, remove contaminated clothing and wash 
affected skin area with soap and plenty of water. 

SECTION VI. SUPPLEMENTAL HEALTH INFORMATION 

Epoxy resins in this product may cause irritation and skin sensitization. It also shows activity in vitro 
microbial mutangenicity screening. 
Catalyst in this product may cause liver, nerve and kidney effects and blood disorder. It is not 
carcinogenic for mice of ether sex, or for female rats, but is carcinogenic for male rats. 
Significance of the information above to human being is unknown. 
There is no reliable information available for this product as whole mixture of the components, but 
potential for the exposure to the product should be reduced as much as possible. 

SECTION VII. REACTIVITY DATA 

Stability: Stable but has reactivity. 

Conditions to avoid: Avoid excess heat. 

Incompatibility (Materials to Avoid): Strong acid, bases, oxidizing agent. 

Hazardous Decomposition Products: May form toxic materials, avoid inhalation. 

Hazardous Polymerization: Will not occur 

Conditions to Avoid: Not anticipated. 
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SECTION VIII. SPILL OR LEAK PROCEDURE 
Steps to be taken in case material is released or spilled: 
 

n/a 

Waste Disposal Method: Bury in the designated landfill in 
accordance with local and national 
regulations.  Do not incinerate it.  
Incineration may generate airborne fibers 
which may cause electrical malfunctions. 

SECTION IX. SPECIAL PROTECTION INFORMATION 

Respiratory Protection: Vapor respirator is recommended when heated to high temperature. 

Ventilation: Adequate ventilation is recommended while machining cured product. 

Protective Gloves: Rubber or plastic gloves should be worn at all times when handling this 
material. 

Eye Protection: Safety glasses and/or goggles should be worn while machining cured 
product. 

Other Protective Equipment: Eyewash fountains, creams for epoxy resin. 

SECTION X. SPECIAL PRECAUTIONS 

Precaution to be taken in 
handling and storage: 

Materials should be sealed against contamination from dirt and moisture. 
Do not keep the prepreg untightened for more than 2 hours. 
Store below 10°F. 

Other Precautions: Carbon fiber is electrically conductive.  It may cause short circuits of 
electrical apparatus, especially when airborne fibers are drifting in the 
area. 
Do not try to incinerate the material. 

We believe the information on this data sheet is correct to the best of our current knowledge.  However, 
no warranty is made with respect to its completeness. 
This material safety data sheet does not anticipate all the situations in which this material may be 
processed or all the physical and mental characteristics of each individual who may be involved in the 
processing.  It is the user's obligation to test and use this material safely in accordance with every 
relevant regulation and law. 
All components of this product are listed on TSCA inventory. 
Unless otherwise agreed in writing, no liability is assumed by us for any claims or damage caused in 
relation to the use of this material. 
Prepared by TCA Technical Department 


