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1 Washington County 4-H Team Information 
1.1 Title of Project 
Electricity Generation from a Rocket Powered Wind Turbine and Permanent Magnet Generator. 

1.2 Organization Details 
4-H is an educational youth program conducted by the UW-Extension Service.  Youth who are nine or in third grade 
to eighteen years old may enroll in 4-H.  Parents and adults are encouraged to be leaders.  Four-H is open to 
anyone regardless of race, color, creed, sex, national origin, disability, religion or ancestry.  Over 80% of the youth 
in 4-H are from town and urban areas.  Four-H is the largest youth organization in Wisconsin with 150,000 youth 
members and 30,000 adult volunteers.  

4-H Club members enroll in projects, exhibit at the county fair, keep a record book, help organize programs, elect 
club officers, and conduct meetings with guidance from other youth and adult leaders.  

A 4-H project is an area of investigation that members sign up for.  They can pursue anything they might choose to 
do or like to learn about.  Projects are selected based on the member's individual interests.  Members receive 
project literature to use as a reference, and with guidance from adult and youth leaders they work throughout the 
year on different activities in the project.  Finally, the members can exhibit items at the county fair that show what 
they did or learned in the project.  

The Washington County 4-H Rocketry Program was formed to promote aerospace and rocketry and supports the 
newly announced partnership between 4-H and the National Association of Rocketry (NAR).  Our county’s rocketry 
project meets once per month from January through May, and more frequently in the summer, where the basics of 
model & mid-powered rocketry are covered, along with proper rocket construction techniques.  Experienced 
rocketeers learn how to design and build rockets of their own design.   

Contact information for the SLI team: 
Washington County 4-H Rocketry 

c/o Doug Pedrick 
814 Century Court 

Slinger, WI 
53086 

 
Team Email: 4hrocketry@gmail.com  
 

4-H PLEDGE  

4-H'ers everywhere are linked in many ways, especially by the 4-H pledge that they all recite:  

I pledge...  

My HEAD to clearer thinking,  

My HEART to greater loyalty,  

My HANDS to larger service,  

My HEALTH to better living for my club, my community, my country, and my world.  

 

4-H MOTTO  

"To Make The Best Better"  
 
 

1.3 Administrative Staff  
The 4-H rocketry program is administered through the Washington County 4-H Youth Leaders Association.  Ms. 
Kandi O’Neil is the 4-H Youth Development Educator coordinating the 4H program in Washington County through 
the Washington County UW-Extension in the State of Wisconsin.   
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Two adult leaders, Mr. Doug Pedrick and Mr. Patrick Wagner, lead the Rocketry Program.  In conjunction with the 
Youth Leaders Association and Ms. O’Neil, they administer all aspects of the rocketry program including promotion, 
planning, coordination, budgeting, youth meetings, launch dates, and fair projects. 

1.4 Mentors 
Mr. Doug Pedrick 

Mr. Pedrick is a National Association of Rocketry (NAR) member, has been a 4-H 
rocketry leader for 4 years, and is co-leader of the Washington County, Wisconsin 
4-H Rocketry program.  He has been involved in rocketry on and off for the past 
35 years. He is also an avid woodworker (with a basement full of power tools) and 
an amateur astronomer.   When not mentoring 4-H members, he works as a 
Senior Software Architect for GE Healthcare. 

Email: dpedrick@yahoo.com 

Phone: 414.531.6094 

 

 

Mr. Patrick Wagner 

Mr. Wagner is a NAR member, has been a 4-H rocketry leader for 2 years, and is 
co-leader of the Washington County, Wisconsin 4-H Rocketry program.  His 
interest in rocketry started as a youth and re-kindled through his involvement as 
an adult leader in the 4-H program.  He is an avid outdoorsman enjoying fishing, 
hunting and archery.  In his ‘spare time’, he is a Systems Consultant for 
Northwestern Mutual in their IT department. 

Email: wagner65@charter.net 

 

Mr. Jim Decker 

Mr. Decker is a Consulting Application Development Engineer at ABB, the world’s 
largest engineering company; having worked with A/C drives and motors for the 
last 19 years.  He holds a Bachelor of Science degree in Electrical Engineering 
from the Milwaukee School of Engineering (MSOE).  He is also the adult leader of 
the Slinger Elementary School Destination Imagination (DI) team.  DI is the 
world’s largest creative problem solving organization for students.  Mr. Decker will 
advise the team on their scientific payload. 
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1.5 Student Team Members 

Cameron Schulz 

Cameron Schulz is a sophomore at Kettle Moraine Lutheran High School in 
Jackson, WI. He has been building rockets in 4-H for over 4 years and has been 
on two 4-H TARC teams that have participated at the national finals. Cameron is 
interested in basketball and golf. He is currently employed at Scenic View Golf 
Club in Slinger, WI. He is the current treasurer for the Hi-Lite Happy Workers 4-H 
club. He looks forward to studying engineering in college. 

 

 

 

 

Ben Pedrick 

Ben Pedrick is a freshman at Slinger High School in Slinger, WI.  He has been 
building rockets in 4-H for over 5 years and has been on two 4-H TARC teams 
that have participated at the national finals.  Through his involvement in 4-H, he 
also has many years of experience in woodworking and in working safely with all 
types of power tools.  He attended 4-H space camp in Huntsville, Alabama in April 
2005.  He is the past and current Vice President of the Hi-Lite Happy Workers 4-H 
Club, has attended the Wisconsin 4-H Leadership Conference, and has taken 
various leadership training classes in the recent past.  Ben envisions studying 
mechanical or aerospace engineering in college. 

 

 

Katlin Wagner 

Katlin Wagner is a freshman at Slinger High School in Slinger, WI.  She has been 
building rockets in 4-H for 3 years and has been on two 4-H TARC teams that have 
participated at the national finals in Great Meadow, Virginia.  In addition to rocketry, 
Katlin has been involved in several 4-H projects including being a youth leader for 2 
years in the Shooting Sports program, Hi-Lite Happy Workers 4-H Club Historian 
and is currently the club secretary.  She attended 4-H space camp in Huntsville 
Alabama in April 2007, and has attended the Wisconsin 4-H Leadership 
Conference.  She enjoys playing volleyball and is currently captain of her freshman 
team at Slinger. 

 

 

Brady Troeller 

Brady Troeller is in eighth grade at Peace Lutheran School in Hartford, WI.  He has 
been involved in basic rocketry summer programs at the Slinger Middle School 
since 3rd grade.  He is involved in soccer, basketball, and baseball.  He has been in 
4-H for 3 years, with interests in the rocketry, archery, woodworking, and shotgun 
projects.  He was a member of last year’s TARC team that participated at the 
national finals.   Brady is an avid soccer player. 

 

 



Washington Co. 4-H   

 Page 4  
SLI 2007-2008 Proposal  

1.6 Team Roles 
Since we are a moderately small team, there is a risk that the amount of work could be overwhelming.  However, all 
of us have many years of experience in model rocketry and two years in TARC.  We feel we are fully aware of the 
amount of time required to be successful and are committed to this project.  Our roles on this project are shown in 
Figure 1. 

 

Role Team Member 

Project Manager Cameron 

Vehicle Design Ben, Cameron 

Rocket Construction Cameron, Ben, Katlin, Brady 

Payload Specialist Ben, Katlin 

Propulsion Specialist Cameron, Ben 

Outreach Brady, Cameron 

Safety Manager Katlin 

Web Designer Brady 

Recovery Specialist Katlin, Brady 

 

Figure 1. Team Roles. 



Washington Co. 4-H   

 Page 5  
SLI 2007-2008 Proposal  

2 Facilities and Equipment 
2.1 Facilities 
Since we are a 4-H group, we do not have the luxury that most school teams enjoy, where they have access to 
shop equipment, conference rooms, sheds, computers, etc.  Instead, we will rely on facilities, tools, equipment, and 
computer resources owned by the families of the team members.  Primary design activities will take place in the 
homes of our mentors, Mr. Pedrick and Mr. Wagner.   They also have full suites of woodworking tools so some 
construction activities may take place in their basements. 

 

Primary construction activities will take place in a garage owned by team member Brady Troeller’s father. The 
primary rocket construction facility is a heated attached garage with approximately 900ft2 of usable floor space and 
12ft high ceilings. Figure 2 shows exterior and interior photos of the garage. 

 
 
 
 
 
 

 

 

 

 

Figure 2. Rocket Construction Facility. 

 
Our high-powered rocket launches will take place at the Richard I. Bong State Recreational Area, Kansasville, WI. An 
altitude waiver will be obtained from the FAA prior to each high-powered flight. 
 
Our scale rocket launches will take place at the Erin Soccer Fields, Town of Erin, Wisconsin, provided we use a G 
powered motor or less.  Otherwise we will launch it at the Bong facility. If the scale rocket exceeds 1 lb in weight, we 
will notify the FAA as required. 
 

2.2 Equipment and Supplies 
Mr. Pedrick, Mr. Wagner, or Mr. Troeller owns the tools necessary to construct, test, and launch the rocket(s).  
These include, but may not be limited to, the following: 

• Table Saws 

• Band Saws 

• Dremel Tool and Accessories 

• Drill Press 

• Electric Hand Drill 

• Hand Sander 

• Belt Sander 

• Soldering Iron 

• Exacto Knives 

• Utility Knives 
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• Scissors 

• Pliers 

• Wrenches 

• Screwdrivers 

• Standard rail launcher 

2.3 Computer Equipment 
Each team member has access to modern PC equipment, email, instant messaging, and hi-speed Internet access.   

2.3.1 Rocket Design 

The primary workstation for rocket design shall, at a minimum, consist of: 

Hardware 

• Dell Dimension 5100, Pentium 4, 3GHz, 1GB RAM, Microsoft XP SP2 

• Cable modem (5Mbit downlink, 784Kbit uplink) 

Software 

• Rocksim 8.16 

• MS Word 

• MS Excel 

• MS PowerPoint 

• MS Outlook 

• MS Publisher 

• Open Workbench or MS Project 

• SketchPad 

2.3.2 Website 

We will be hosting a team website at http://www.4hrocketry.org; a domain that is owned and registered by 
Mr. Pedrick.  The hardware consists of a Dell Dimension XPS R450 running Ubuntu Linux, cable modem, 
and 100 Mb/s router. 

2.3.3 Video Teleconferencing 

Our video teleconferencing will be conducted in the home of one of our mentors using their hi-speed Internet 
link, Windows XP desktop computer, microphone headsets, and web camera.  No corporate level firewall will 
be involved in the link, only the firewall resident in the router and software firewall running on the desktop 
computer.  We will use a free videoconferencing service called VSee (http://www.vseelab.com). 
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3 Safety 
3.1 NAR Mentors 
Mr. Pedrick and Mr. Wagner are current NAR members.  They are both working on their Level 1 and 2 certification.  
Since there is no guarantee that they will be Level 2 certified by April 2008, we have also contacted the Wisconsin 
Organization of Spacemodeling Hobbyists (WOOSH), a local chartered section of the NAR, in an effort to identify 
Level 2 members willing to assist the team. The team is confident that an additional mentor will be identified soon. 

3.2 Construction Safety 
Most of the construction will be done in Brady Troeller’s garage. It is attached to the house, contains propane heat, 
an electrical cut off, grounded outlets, and adequate ventilation and lighting.  

Before we begin construction of the rocket, we will be having a 1 hour safety briefing where we will review all power 
tool safety and discuss safe hazardous chemical handling for items such as: epoxy, solvents, paint, soldering flux 
and cyanoacrylate glue.  In addition, we will also be covering basic shop safety.  

While constructing our rocket we will be using a number of power and hand tools. The safety of the team is always a 
top priority. By being trained on the proper use of each tool, reading the operators manual, keeping focused on the 
task at hand, wearing proper eye and ear protection, maintaining a clutter-free work environment, and having adult 
supervision we can safely use the power tools necessary to build the rocket. For emergency measures, there will 
always be a first-aid kit nearby. This will be sufficient for minor injuries. In case of a fire we will also have a fire 
extinguisher in the room where we are constructing the rocket. The work area is roughly 32 x 28 feet in size, which 
will leave plenty of space for working on the rocket and maintaining a clutter free environment. Many of the power 
tools the team is going to be using may cause damage to the ears. To prevent permanent hearing damage the 
operator shall always wear sufficient ear protection.  

The main bonding component that team will be using is epoxy. Users will wear gloves to avoid chemical burns and 
safety goggles with side guards to prevent eye injuries. The garage will be ventilated properly to avoid respiratory 
irritation. The members will also be instructed to not wear jewelry or loose fitting clothing while using tools and 
constructing the rocket. It will be the responsibility of our Safety Manager, Katlin Wagner, to enforce all safety rules, 
but it will be everyone’s responsibility to identify and remedy safety issues.  Figure 3 lists most of the tools we expect 
to use and risks typical of their use. 

 



Washington Co. 4-H   

 Page 8  
SLI 2007-2008 Proposal  

 
Tool Risk 
Band Saw Cut, Sawdust in Eye 

Belt Sander Cut, Scrape, Sawdust in Eye 
Blades Puncture, Cut 
Cyanoacrylate (Super Glue) Burn, Respiratory Irritation 
Dremel Cut 
Drill Press Puncture, Cut, Scrape 
Drill Bits Puncture, Cut, or Eye Injury 

due to broken bit 
Electric Matches Burn 
Power Sander Cut, Scrape, Sawdust in Eye 
Epoxy Respiratory Irritation, Eye Injury 
Hand Tools Puncture, Cut, Scrape 
Electric Drill Puncture, Cut, or Eye Injury 

due to broken bit 
Soldering Iron Burn 
Table Saw Cut, Sawdust in Eye 
Wire Cutters/ Strippers Cut 

 

Figure 3. Tool Risk. 

 
 

3.3 Launch Safety  
Launch safety would be governed by the rules of the NAR model rocketry and NAR High Powered safety code. See 
Appendix A.  All FAA notification rules will be strictly adhered to.  At each test launch of the full scale rocket we will 
have at least one NAR Level 2 mentor present.  At the half-scale launches we will have our two NAR mentors, Mr. 
Pedrick and Mr. Wagner. 

All necessary safety precautions will be made for the electronics bay and resident ejection charges. 

Before each launch we will ensure that we have a fire extinguisher and first-aid kit present, we will review all launch 
safety rules, and we will go over our pre-flight checklist. 

 

3.4 Payload Safety 
The scientific experiment will contain electrical components including a wire coil, rare-earth magnets, and possibly 
capacitors and batteries.  Care must be taken with these components in the event that they retain excessive voltage. 
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4 Technical Design 
4.1 Requirements, Constraints, and Design Challenges 
The primary rocket requirements are derived from the statement of work, and constrained by additional design 
principles:  

 The rocket shall reach 5280 feet above ground level (AGL). 

 The rocket shall carry a scientific payload 

 The rocket and its scientific payload shall withstand the aerodynamic forces of lift off, parachute ejection, and 
touchdown.  

 The rocket and scientific payload shall be recoverable and reusable. 

 Data from the scientific payload shall be collected, analyzed, and reported using the scientific method. 

 Rocket launch preparation shall not exceed 4 hours. 

 The maximum total motor impulse shall not exceed 2560 Newton-seconds and shall be supplied by 
commercially available ammonium perchlorate composite propellant (APCP) motors. 

 The rocket shall contain a tracking device for recovery after launch. 

 The rocket shall be launched with a standard rail. 

 

The biggest design challenge that the team faces is incorporating the scientific experiment into the rocket. The 
experiment requires attaching one or more turbines to the outside of the rocket’s body tube. This presents 
challenges in making the rocket stable and in overcoming the additional parasitic form drag caused by the turbines.   

Our scientific payload is going to have two turbines extending out of the side of the rocket. This presents a huge 
problem. The turbines will affect the rocket’s coefficient of drag (Cd), and since Rocksim cannot easily simulate this 
additional component, we will have to find other ways of determining Cd. We hope to test our rocket in a wind 
tunnel, use mathematical formulas, or simply have test flights in order to observe the aerodynamic behavior. 

4.2 Rocket Design 
Our rocket is designed to withstand the forces of acceleration to get to an altitude of a mile AGL. It also has plenty of 
room for our payload, electronics bay, parachutes, and ejection pistons. Below in Figure 4 is our preliminary design 
layout. Figure 5 depicts the different sections and parts of the rocket.  

 

 

Figure 4. Preliminary Vehicle Design 

 

 

Figure 5. A 3-D look at the inside of the rocket 
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4.2.1 Airframe 

The airframe is made from phenolic tubing and has an outside diameter of 4.0 in. and an inside diameter of 3.9 
inches. This size was chosen because it is small enough so the rocket does not have enormous amounts of drag on 
it, but it will be substantially big enough for the anticipated size of our payload bay. 

4.2.2 Fins 

The rocket has three clipped delta fins made of G10 fiberglass. They are a clipped delta because that shape has 
proven to be one of the most aerodynamic. These fins are 0.0937 inches in thickness, with tabs for through-the-wall 
mounting to the motor mount tube for added strength. 

4.2.3 Payload 

The payload will be located in the bottom tube directly above the engine. It will be 12.375 inches long. There will be 
plenty of room to fit our generator, turbine, and electronic measuring devices. It is going to be a hatch style payload, 
so we can fit all of our components in from the side.  

4.2.4 Electronics Bay and Recovery 

The electronics bay will be in the middle of the sustainer. It will have pistons on either side that will eject the drogue 
and main parachutes. The drogue parachute will be 18” and the main will be 60”.  Both parachutes will be 
constructed from rip-stop nylon with reinforced shock cords.  The ejection system will contain redundant dual-
deployment altimeters.  Each altimeter will be from a different manufacturer to reduce failure risk.  The altimeters 
will be an Olsen Advanced Electronics FCP-M2 and a Missile Works RRC2 mini. 

The electronics bay will also contain a rocket locator beacon from Adept Rocketry. 

4.2.5 Coefficient of Drag 

Rocksim predicts the Cd for our rocket to be about 0.3.  This is not entirely accurate since the Cd will change 
drastically when we put one or more turbines on the outside of the rocket. We will estimate a more accurate Cd 
using other mathematical modeling, and measure the true Cd using a combination of wind tunnel and flight-testing. 

Figures 6, 7, 8 and 9 show several dynamic flight characteristics when using a Cesaroni J210 motor. 
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Figure 6. Coefficient of drag over time (without turbine) 

Cesaroni J210 

 

 
Figure 7. Time vs. Altitude 

Cesaroni J210 
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Figure 8. Velocity vs. Time 

Cesaroni J210 

 

Figure 9. Thrust vs. Time 

Cesaroni J210 
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4.3 Science Experiment and Payload Design 
The team decided to plan a science experiment based around electricity generation.  The Milwaukee Journal 
Sentinel recently reported that Wisconsin emits greenhouse gases at a rate that is about one-third higher than the 
national average.  Wisconsin utilities rely heavily on coal-burning power plants, with several more currently under 
construction. We need to start looking seriously at renewable and alternative energy sources instead of relying 
primarily on fossil fuels. Renewable energy is most attractive since it is extracted from natural resources that are 
continuously replenished.  These include wind, sunlight, tides, and geothermal heat. All of these naturally occurring 
types of energy can be harnessed to generate electricity. We are interested in exploring renewable energy because 
it will play a major role in the future of this country. 

We are proposing to build a small externally mounted wind turbine, propelled by the air stream flowing down the 
rocket tube, that will drive a small permanent magnet generator residing inside the payload bay.  
Our experiment will investigate how a small portion of the chemical energy of the rocket motor can be indirectly 
converted to electrical energy. 

4.3.1 Generator Background 

In the 1830s Michael Faraday discovered that if you present a changing magnetic field around a coil of insulated 
wire the coil will produce current. This concept is the basis of most electricity generators.  

Generators are now at the center of renewable energy sources. They are found in dams, wind turbines, and power 
plants.  

There are many different types of generators. Induction generators feed electricity into a grid without brushes or 
other complications. These types of generators are used most commonly in producing electricity from the wind. 
However, the permanent magnet AC generator is simpler in a situation like this because it can be self-excited. This 
means it can start operating without an initial external power source. They are usually used in smaller wind turbines 
due to cost considerations.  

Our team has researched generators and we concluded that the best choice for our experiment is the permanent 
magnet AC generator.  

This experiment is not meant to find new ways of using generators nor as a practical modification to any rocket. 
Instead, our goals are to gain knowledge of clean energy sources and to learn the basics of electricity generation.  
The knowledge gained may have very practical applications later in our lifetime. We will gain insights into the 
technological and engineering challenges that will need to be overcome in order to make the production of 
electricity from clean, renewable energy sources a reality. 

4.3.2 Wind Turbine Physics 

A wind turbine extracts energy from moving air by slowing the wind down and converting the extracted energy to 
mechanical energy by way of a spinning shaft.  The shaft then converts the energy into electrical energy using an 
alternator or generator.  

The power in the wind available for extraction depends on both the wind speed and the area that is swept by the 
turbine blades.  Wind is made up of moving air molecules.  Although each molecule’s mass is very small, it is the 
movement of this mass that results in the kinetic energy that we are attempting to harness.   Any moving object with 
mass carries kinetic energy in an amount given by equation 1: 

 
Kinetic Energy = 0.5 * Mass * Velocity2 (Eq. 1) 

 
where the mass is measured in kg, the velocity in m/s, and the energy is given in joules. 
 
Air has a known density (around 1.23 kg/m3 at sea level at 15°C), so the mass of air hitting the wind turbine (which 
sweeps through a fixed area) each second is given by the following equation: 

Mass/sec = Velocity * Area * Air Density  (Eq. 2) 
 
where the air density is in kg/m3. The power (i.e. energy per second) in the wind hitting a wind turbine with a certain 
swept area is given by substituting the mass per second calculation into the standard kinetic energy equation 
resulting in the following equation: 
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Power = 0.5 * Swept Area * Air Density * Velocity3 (Eq. 3) 

 
where Power is in watts (or joule/second),  

Swept area is pi*r2 (r == radius of the swept area, or the blade length, in meters),  
Air density in kilograms per cubic meter, and 
Velocity in meters per second. 

 
This equation shows that when the swept area of the turbine doubles, the power also doubles, but when the wind 
speed doubles, the power available increases by a factor of 8. 
 
It is not possible to extract ALL of the energy in wind and convert it to electricity, however. In 1919 a German 
physicist, Albert Betz, calculated that there’s a limit to how much power a turbine blade can extract from the wind.  
He found that no wind turbine can convert more than 16/27 (or 59.26%) of the kinetic energy of the wind into 
mechanical energy turning a shaft.  This fact is now known as the Betz Limit or Betz’ Law.  Beyond the Betz Limit of 
59.26%, more and more air tends to go around the turbine rather than through it, with air pooling up in front. So 
59.26% is the absolute maximum that can be extracted from the available power.  
 
There are additional losses as well. Small wind turbine blades are never 100% efficient, even when running at their 
optimal speed and no generator is 100% efficient in converting the energy in a rotating shaft to electricity due to 
friction losses from bearings and gearing, and due to magnetic drag and electrical resistance losses in the 
generator.   Even the best commercial wind turbines today only convert between 35-45% of the energy in the wind. 
 
Modifying Equation 3 for the power efficiency of the machine: 
 

Effective Power = Cp * 0.5 * Swept Area * Air Density * Velocity3 (Eq. 4) 
 
Where Cp is the power efficiency. 

 

Figures 10, 11, and 12 show predicted power generation for various blade sizes and efficiencies. 

 

Predicted Power at 50 m/s Wind Velocity 
Power Efficiency (Cp) Blade 

Length 
(mm) 

Swept 
Area 
(mm2) 

Maximum 
Betz 
Power (W) 10%(W) 20%(W) 30%(W) 

15 706.8583 32.2560664 5.434 10.86795 16.30192 
30 2827.433 129.024266 21.736 43.47179 65.20768 
45 6361.725 290.304598 48.906 97.81152 146.7173 

Figure 10. Predicted Power at 50 m/s Wind Velocity 

 

 
Predicted Power at 100 m/s Wind Velocity 

Power Efficiency (Cp) 

Blade 
Length 
(mm) 

Swept 
Area 
(mm2) 

Maximum 
Betz 
Power (W) 10%(W) 20%(W) 30%(W) 

15 706.8583 258.048531 43.472 86.94358 130.4154 
30 2827.433 1032.19412 173.89 347.7743 521.6615 
45 6361.725 2322.43678 391.25 782.4922 1173.738 

Figure 11. Predicted Power at 100 m/s Wind Velocity 
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Predicted Power at 200 m/s Wind Velocity 

Power Efficiency (Cp) 

Blade 
Length 
(mm) 

Swept 
Area 
(mm2) 

Maximum 
Betz 
Power (W) 10%(W) 20%(W) 30%(W) 

15 706.8583 2064.38825 347.77 695.5486 1043.323 
30 2827.433 8257.553 1391.1 2782.194 4173.292 
45 6361.725 18579.4942 3130 6259.937 9389.906 

Figure 12. Predicted Power at 200 m/s Wind Velocity 

Further ground-based testing will be required before we decide on the number of blades, and their size and shape. 

4.3.3 Payload 

The payload bay will contain a small permanent magnet AC generator. The generator will be hooked up to 
electronics that will measure how much electricity and power the generator produced. From these data we will be 
able to determine a multitude of things: how efficient the generator was, if the generator worked, the energy 
produced is even going to be substantial enough to measure, and how many revolutions per minute the turbine 
rotated. 

The generator will consist of three main sections: The turbine blades, the armature and magnets, and electrical 
storage or load. The turbine blades will be on the outside of the rocket, as shown in Figure 13. These will be turning 
thousands of revolutions per minute. The turbine blades will be attached to a shaft that runs into the inside of the 
rocket’s body tube. This shaft will sit on a pair of ball bearings that support the magnets from wobbling and allow the 
shaft to turn freely. The shaft is attached to a ring that will go around the armature. The magnets will be epoxied 
onto this ring. Our generator will turn the magnets around the armature instead of the armature moving inside the 
magnets. This simplifies the generator and saves space so we do not have to put in brushes, gears, and other 
mechanics. When the shaft spins it will change the magnetic field around the armature, creating electricity that will 
be stored and measured by on-board electronics. 

 

 

Figure 13. Turbine blade view. 

4.3.4 Payload Bay Design 

The payload bay will contain the turbine transmission (shaft and gears), the permanent magnet generator, the 
copper wire coils, and additional electronic circuitry to measure and record the power output.  As currently 
designed, the payload bay will be a hatch design approximately 12.375” in length. 

4.4 Altitude Measurement  
Our primary altimeter will be the Olsen Advanced Electronics FCP-M2.  This altimeter is a dual-event flight 
recording programmable altimeter.  Our backup altimeter will be the Missile Works RRC2 mini, also a dual-event 
altimeter.  Each altimeter will independently control both drogue and main parachute deployment.  Both store flight 
data in non-volatile memory for post-flight analysis.  
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4.5 Motor Selection and Motor Retention Design 
For our motor mount we chose a 54 mm tube. Based on simulations, this allows us a much wider range of motors to 
use. We can use this to our advantage if the rocket’s weight increases from the original simulated weight. The motor 
mount tube will be 14 inches long with 4 centering rings. 

The motor will be retained using the Public Missile’s HAMR system (Highly Adaptive Motor Retainer). This system 
will prevent our rocket motor from falling out of the back of the mount. 
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5 Outreach 
5.1 Student/Educational Outreach 
One of the most important things to this group is educating other youth about rocketry. During SLI we will lead 
activities with 4-H and other youth to educate them about rocketry and try to get them involved. We plan to do these 
experiments at an annual Cloverbud meeting. The Cloverbuds are a branch of 4-H for children under 3rd grade.  
Washington County Cloverbud meetings have anywhere from 35 to 60 kids in attendance.  We also plan to do 
these experiments with the 2nd grade class, a group of about 25 kids, at Peace Lutheran Elementary School in 
Hartford, Wisconsin. The experiments we want to perform come from the NASA website for K-12 educators.  These 
include 3-2-1 Pop, antacid tablet race, and a homemade rocket powered by Diet Coke and Mentos. We are hoping 
that through these experiments, the kids develop an interest in rocketry and ultimately end up joining the 
Washington County 4-H Rocketry club.  

5.2 Industry and Academic Partnership 
To solicit our SLI experience several newspapers such as the Daily News and the Times Press have written articles 
on how we got to the point of having an opportunity to write a proposal to NASA. Our group has made many calls to 
teachers, Level 2 NAR members, and electrical engineers in an effort to establish relationships. Dr. Jane Dawson, 
Professor of Geology at Iowa State University, gave us guidance and feedback on our proposal. We have also 
talked to auto body and paint shops of the possibility of them donating their services to paint the rocket. To test our 
electronics in our scientific payload we are in the process of contacting Marquette University in order to gain access 
to a wind tunnel that can get the wind speed up to 600 mph. We will always be looking for ways to lower our budget 
by using our local resources throughout the whole process.   
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6 Project Plan 
6.1 Timeline 
August 2007 
 15th: Initial brainstorming 
 16th—30th: Work on design of rocket and assign tasks 
September 2007 
 1st—30th: Find Level 2 certified NAR member and finish proposal 
October 2007 
 1st: Submit proposal to NASA 
 22nd: Awards granted. Schools notified of selection  
 23rd: SLI teams teleconference  
 24th—30th: Design work  
 30th: NASA media announces new 2007—2008 SLI teams 
 November 2007 
 1st—15th: Finalize design and work on PDR draft 
 5th: Web presence established for each team  
 16th—26: Finalize PDR 
 28th:PDR report due to Julie Clift and posted on website 
December 2007 
 1st—7th: Begin work on scale model 
 7th—10th: Finish scale model 
 15th: Launch scale model 
 16th—20th: Meet and discuss what happened at scaled model launch 
 21st: Begin work on full-scale rocket, CDR, and CDR PowerPoint 
January 2008 
 11th: Finish full-scale rocket 
 12th: Test full-scale rocket in wind tunnel 
 16th: Analyze what happened in the wind tunnel 
 17th—21st: Finish CDR and CDR PowerPoint 
 22nd:Submit CDR and CDR PowerPoint to NASA. Post CDR on website 
 28th: CDR review 
 
February 2008 
 1st: Begin work on payload 
 10th: Finish Payload 
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 16th: Test full-scale rocket in wind tunnel with payload 
 20th: Analyze wind tunnel results and make appropriate changes to the rocket and payload 
27th: Adjustments made to the rocket and payload 

March 2008 
 1st: Begin work on FRR and FRR PowerPoint 
 15th: Finish FRR and FRR PowerPoint 
 24: Submit FRR and FRR PowerPoint to NASA 
 31: FRR teleconference  
April 2008 
 6th: First full-scale launch with payload  
 9th: Analyze launch 
 10th: Start changes to rocket or payload 
 16th: Finish changes to rocket or payload 
 20th: Final adjustments 
 23rd: Travel to Huntsville 
 24th: Rocket Fair 
 26th: Launch Day 
 27th: Travel home 
May 
 1st—9th:Post-flight analysis of payload 
 10th—22nd: Write final report 
 23rd: Submit PLAR 
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6.2 Proposed Budget 
 

Qty Item # Item Description Manufacturer Cost 

Vehicle 

2 PIS-3.9 Piston Public Missiles Ltd. $22.00 

1 CBP-3.9 Airframe Tube (Lower Body Tube) Public Missiles Ltd. $16.00 

1 PNC-3.90 Nose Cone Public Missiles Ltd. $18.00 

1 PT-3.9 Airframe Tube (Upper Body Tube) Public Missiles Ltd. $16.00 

2 BP-3.9 Piston Plate Public Missiles Ltd. $5.00 

3 CBP-3.9 Bulkhead Public Missiles Ltd. $18.00 

1 FIN-B-05 Fin Set (G10 Fiberglass) Public Missiles Ltd. $18.00 

1 CT-3.90 Tube Coupler Public Missiles Ltd. $5.00 

1 KS-KIT-2K 54mm Motor Mount Public Missiles Ltd. $30.00 

1  Epoxy (Resin and Hardener) West Epoxy $50.00 

  Miscellaneous Hardware (D-Ring, 
Shock Cord, Rail Buttons, etc) 

Various Suppliers $20.00 

Electronics Bay 

1 FCP-M2 Altimeter (Primary Altimeter) Olsen Advanced 
Electronics 

$150.00 

1 RRC2 Mini Altimeter (Secondary Altimeter) MissleWorks $60.00 

  Electric Matches, Light Bulbs, 
Wiring, Safety Switches 

 Various Sources $50.00 

  Black Powder / Pyrodex Source to be 
determined by holder of 
Low Explosives User 
Permit 

$15.00 

Payload 

  Scientific Payload (Includes 
Motors, magnets, wiring, etc 

Various Sources $75.00 

Recovery 

1 T400AM Transmitter (Tracking Device) Adept Rocketry $60.00 

1 ANT440-3 Three Element Directional 
Receiving Antenna (Includes 
accessory cable and connector) 

Adept Rocketry $40.00 

1 PML-LP-18 18” Nylon Ripstop Parachute 
(Drogue) 

Public Missiles Ltd. 18.00 

1 PAR-62R 62” Nylon Ripstop Parachute 
(Main) 

Public Missiles Ltd. $65.00 

Propulsion 

2 J210 or 
comparable 

54mm Reloadable Engine (test 
and final flights) 

Cesaroni  Technology 
Inc. 

$200.00 

1  54mm Reloadable Engine Casing Matched to Engine 
Manufacturer 

$80.00 
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1  Highly Adaptive Motor Mount Matched to Engine 
Casing Adapter 

$40.00 

3  Igniters  $15.00 

Half-Scale Model 

  Half Scale Vehicle   Various Manufacturers $100.00 

1  Engine for half-scale Manufacturer to be 
Determined 

$25.00 

Miscellaneous Items 

  Outreach Materials Various Vendors $50.00 

  Miscellaneous Supplies (Paint, 
Shop Rags, Cleaners, etc.) 

Various Suppliers $50.00 

  Website URL License  $120.00 

     

High-Level Cost Estimate: $1449.00 

     Figure 14.  Budget Estimate. 

6.3 Educational Standards 
The State of Wisconsin’s Department of Public Instruction authors educational standards.  The applicable standards 
are high-school level science, mathematics, and language/reading.  The standards are broken down into Advanced, 
Proficient, and Basic criteria.  We have focused on the Advanced and Proficient standards only. 

We will utilize physics in the payload experiment and in the designing of the rocket. The following are the science 
educational standards for advanced students in Wisconsin. Understanding unifying themes in science such as 
systems, evidence, models, or form and function: 

• Using scientific inquiry processes and procedures, such as hypotheses, models, data collection, 
analysis, and interpretation 

• Using scientific knowledge and reasoning when making and evaluating decisions 

• Analyzing the costs, benefits, or consequences associated with an innovation 

• Analyzing how organisms depend on and contribute to the stability of ecosystems or total systems such 
as the Earth  

• Analyzing the properties of energy and characteristics of energy sources, and explaining the 
advantages or disadvantages of an energy source for specific uses 

• Identifying the relative organization of the solar system and the universe  

• Identifying and explaining the role of organs in human systems 

 

These are the standards in Wisconsin for the students in the proficient level for Language. We will require these 
skills to create the proposal, review documents, briefing materials, and other reports.   

 

• Determining appropriate reference material and methods of gathering or documenting information about 
a topic when preparing to write   

• Composing a response to a prompt that shows adequate control of writing features such as purpose 
and focus, organization and coherence, development of content, sentence fluency, and word choice  

• Improving coherence in a piece of writing by inserting detail sentences in an appropriate location, 
identifying sentences that are off-topic and should be deleted, or identifying an appropriate concluding 
sentence  
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• Combining ideas to improve sentence variety in a composition, to subordinate ideas, or to remove 
excessive coordination  

• Revising language to be consistent with the style and tone of a piece of writing  

• Correcting errors in sentences, including verb formation and grammar  

• Editing fragments or run-on sentences to create complete, correctly-written sentences 

 

These are the educational standards in Wisconsin for the mathematics. We use math in the design process and in 
the scientific equations to compute kinetic energy and power conversion. 

At the beginning of tenth grade, students performing at the proficient level convey mathematical ideas in a 
variety of ways and provide justifications and details to support their solutions and reasoning. Students 
solve a variety of problems using familiar percents. They locate and plot coordinates of geometric figures 
transformed in a coordinate plane and apply angle relationships in a circle to solve real-world problems. 
Students use the Pythagorean Theorem and distance and mid-point formulas. They convert between units 
of measurement, apply tools of measurement to solve problems, and calculate the area of two-dimensional 
shapes. Students determine missing information using Venn diagrams, create scatter plots with appropriate 
scales and labels, and interpret the graph of quadratic relationships between two real-world quantities. They 
solve multi-step linear and non-linear equations and inequalities. They determine and extend patterns 
involving real-world contexts.  

 

Here are the educational standards for reading in the state of Wisconsin. We will be reading when we research for 
our experiment.  

 
At the beginning of the year, tenth-grade students performing at the Proficient level appropriately use a 
range of word-identification strategies and on grade-level reading vocabulary to understand text. They use 
context clues to determine the meaning of unfamiliar words, or which meaning of a multiple-meaning word 
is used, as well as interpret the meaning of words and phrases used figuratively, including in poetry. 
Additionally, students use affixes to determine the meaning of unfamiliar words and use a dictionary or 
thesaurus entry and context clues to determine the meaning of an unfamiliar or multiple-meaning word.  

When reading literary texts, students at this level can identify an implied theme or central message and 
identify details that support or reveal the theme. They analyze a text to identify one or more conflicts that 
are central to a text and analyze implied cause and effect relationships or the impact of events on the 
narrator or characters. When reading informational texts, students identify stated or implied main ideas, 
identify supporting details and distinguish between fact and opinion or between important and unimportant 
details. Students also sequence stated events or steps in a process and use a graphic organizer to recall 
and sequence events. They use text features such as tables, charts, or diagrams to locate and identify a 
main idea or supporting details.  

When reading either literary or informational texts, students at this level are able to identify an author’s 
general style or the tone conveyed in a portion of text. In addition, they can analyze an author’s style by 
inferring a purpose for making specific word choices or for including certain ideas or images in a text, 
including poetry. They identify phrases or sentences that reveal a specific purpose or create a given effect. 
Students are able to draw conclusions and summarize important ideas and events and provide some 
relevant, text-based information to support the summary. They identify stated or implied cause and effect 
relationships or comparisons and contrasts as well as implied bias and propaganda. Students are able to 
connect or extend concepts in an informational text to a new situation, themselves, or real-world 
experiences. In general, students at the Proficient level sufficiently comprehend a variety of grade-level 
texts at literal, inferential, and evaluative levels. They easily recognize and thoroughly analyze important 
ideas and make connections among ideas to demonstrate comprehension. 
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Appendix A  Power Tool Safety 
Because power tools are so common in construction, workers are constantly exposed to a variety of hazards. The very tool that makes 
their job easy and efficient may one day be the cause of a tragic accident. It is good to be reminded of common-sense safety practices. 

Tool Safety Tips  

• Never carry a tool by the cord.  

• Never yank the cord to disconnect it from the receptacle.  

• Keep cords away from heat, oil, and sharp edges (including the cutting surface of a power saw or drill).  

• Disconnect tools when not in use, before servicing, and when changing accessories such as blades, bits, etc.  

• Avoid accidental starting. Do not hold fingers on the switch button while carrying a plugged-in tool.  

• Use gloves and appropriate safety footwear when using electric tools.  

• Store electric tools in a dry place when not in use.  

• Do not use electric tools in damp or wet locations unless they are approved for that purpose.  

• Keep work areas well lighted when operating electric tools.  

• Ensure that cords from electric tools do not present a tripping hazard.  

• Remove all damaged portable electric tools from use and tag them: "Do Not Use."  

• Use Double-Insulated Tools.  

 
Specific Examples:  

Double-Insulated Tools  

• Hand-held tools manufactured with non-metallic 
cases are called double-insulated. If approved, 
they do not require grounding under the National 
Electrical Code. Although this design method 
reduces the risk of grounding deficiencies, a 
shock hazard can still exist.  

• Such tools are often used in areas where there is considerable moisture or wetness. Although the user is 
insulated from the electrical wiring components, water can still enter the tool's housing. Ordinary water is a 
conductor of electricity. If water contacts the energized parts inside the housing, it provides a path to the 
outside, bypassing the double insulation. When a person holding a hand tool under these conditions contacts 
another conductive surface, an electric shock occurs. 

• If a power tool, even when double-insulated, is dropped into water, the employee should resist the initial 
human response to grab for the equipment without first disconnecting the power source.  

 

Portable Tool Use with Extension Cords  
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• Another potential hazard is using extension cords with portable 
tools. In construction, these cords suffer a lot of wear and tear. 
Often, the damage is only to the insulation, exposing energized 
conductors. When a person handling the damaged cord contacts 
the exposed wires while holding a metal tool case or contacting a 
conductive surface, serious electrical shock can result, causing a 
fall, physical injury, or death. 

• Since neither insulation nor grounding protects you from these 
conditions, use other protective measures. One acceptable method 
is a ground-fault circuit interrupter (GFCI).  

 
 

Additional Information:  

• 29 CFR 1926.302, Power-operated hand tools. OSHA Standard.  

o 1926.302(a)  

• Electrical Safety: Safety and Health for Electrical Trades Student Manual. US Department of Health and Human 
Services (DHHS), National Institute for Occupational Safety and Health (NIOSH) Publication No. 2002-123, 
(2002, January).  
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Appendix B  Model Rocket Safety Code  
 

1. Materials. I will use only lightweight, non-metal parts for the nose, body, and fins of my rocket.  

2. Motors. I will use only certified, commercially-made model rocket motors, and will not tamper with 

these motors or use them for any purposes except those recommended by the manufacturer.  

3. Ignition System. I will launch my rockets with an electrical launch system and electrical motor 

igniters. My launch system will have a safety interlock in series with the launch switch, and will use 

a launch switch that returns to the "off" position when released.  

4. Misfires. If my rocket does not launch when I press the button of my electrical launch system, I 

will remove the launcher's safety interlock or disconnect its battery, and will wait 60 seconds after 

the last launch attempt before allowing anyone to approach the rocket.  

5. Launch Safety. I will use a countdown before launch, and will ensure that everyone is paying 

attention and is a safe distance of at least 15 feet away when I launch rockets with D motors or 

smaller, and 30 feet when I launch larger rockets. If I am uncertain about the safety or stability of 

an untested rocket, I will check the stability before flight and will fly it only after warning spectators 

and clearing them away to a safe distance.  

6. Launcher. I will launch my rocket from a launch rod, tower, or rail that is pointed to within 30 

degrees of the vertical to ensure that the rocket flies nearly straight up, and I will use a blast 

deflector to prevent the motor's exhaust from hitting the ground. To prevent accidental eye injury, 

I will place launchers so that the end of the launch rod is above eye level or will cap the end of the 

rod when it is not in use.  

7. Size. My model rocket will not weigh more than 1,500 grams (53 ounces) at liftoff and will not 

contain more than 125 grams (4.4 ounces) of propellant or 320 N-sec (71.9 pound-seconds) of 

total impulse. If my model rocket weighs more than one pound (453 grams) at liftoff or has more 

than four ounces (113 grams) of propellant, I will check and comply with Federal Aviation 

Administration regulations before flying.  

8. Flight Safety. I will not launch my rocket at targets, into clouds, or near airplanes, and will not 

put any flammable or explosive payload in my rocket.  

9. Launch Site. I will launch my rocket outdoors, in an open area at least as large as shown in the 

accompanying table, and in safe weather conditions with wind speeds no greater than 20 miles per 

hour. I will ensure that there is no dry grass close to the launch pad, and that the launch site does 

not present risk of grass fires.  
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10. Recovery System. I will use a recovery system such as a streamer or parachute in my rocket so 

that it returns safely and undamaged and can be flown again, and I will use only flame-resistant or 

fireproof recovery system wadding in my rocket.  

11. Recovery Safety. I will not attempt to recover my rocket from power lines, tall trees, or other 

dangerous places.  

LAUNCH SITE DIMENSIONS 
Installed Total Impulse (N-sec) Equivalent Motor Type Minimum Site Dimensions (ft.) 

0.00--1.25 1/4A, 1/2A 50 

1.26--2.50 A 100 

2.51--5.00 B 200 

5.01--10.00 C 400 

10.01--20.00 D 500 

20.01--40.00 E 1,000 

40.01--80.00 F 1,000 

80.01--160.00 G 1,000 

160.01--320.00 Two Gs 1,500 

Revision of February, 2001  
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Appendix C  High Power Rocket Safety Code  
 

1. Certification. I will only fly high power rockets or possess high power rocket motors that are 

within the scope of my user certification and required licensing.  

2. Materials. I will use only lightweight materials such as paper, wood, rubber, plastic, fiberglass, or 

when necessary ductile metal, for the construction of my rocket.  

3. Motors. I will use only certified, commercially made rocket motors, and will not tamper with these 

motors or use them for any purposes except those recommended by the manufacturer. I will not 

allow smoking, open flames, nor heat sources within 25 feet of these motors.  

4. Ignition System. I will launch my rockets with an electrical launch system, and with electrical 

motor igniters that are installed in the motor only after my rocket is at the launch pad or in a 

designated prepping area. My launch system will have a safety interlock that is in series with the 

launch switch that is not installed until my rocket is ready for launch, and will use a launch switch 

that returns to the "off" position when released. If my rocket has onboard ignition systems for 

motors or recovery devices, these will have safety interlocks that interrupt the current path until 

the rocket is at the launch pad.  

5. Misfires. If my rocket does not launch when I press the button of my electrical launch system, I 

will remove the launcher's safety interlock or disconnect its battery, and will wait 60 seconds after 

the last launch attempt before allowing anyone to approach the rocket.  

6. Launch Safety. I will use a 5-second countdown before launch. I will ensure that no person is 

closer to the launch pad than allowed by the accompanying Minimum Distance Table, and that a 

means is available to warn participants and spectators in the event of a problem. I will check the 

stability of my rocket before flight and will not fly it if it cannot be determined to be stable.  

7. Launcher. I will launch my rocket from a stable device that provides rigid guidance until the rocket 

has attained a speed that ensures a stable flight, and that is pointed to within 20 degrees of 

vertical. If the wind speed exceeds 5 miles per hour I will use a launcher length that permits the 

rocket to attain a safe velocity before separation from the launcher. I will use a blast deflector to 

prevent the motor's exhaust from hitting the ground. I will ensure that dry grass is cleared around 

each launch pad in accordance with the accompanying Minimum Distance table, and will increase 

this distance by a factor of 1.5 if the rocket motor being launched uses titanium sponge in the 

propellant.  

8. Size. My rocket will not contain any combination of motors that total more than 40,960 N-sec 

(9208 pound-seconds) of total impulse. My rocket will not weigh more at liftoff than one-third of 

the certified average thrust of the high power rocket motor(s) intended to be ignited at launch.  
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9. Flight Safety. I will not launch my rocket at targets, into clouds, near airplanes, nor on 

trajectories that take it directly over the heads of spectators or beyond the boundaries of the 

launch site, and will not put any flammable or explosive payload in my rocket. I will not launch my 

rockets if wind speeds exceed 20 miles per hour. I will comply with Federal Aviation Administration 

airspace regulations when flying, and will ensure that my rocket will not exceed any applicable 

altitude limit in effect at that launch site.  

10. Launch Site. I will launch my rocket outdoors, in an open area where trees, power lines, buildings, 

and persons not involved in the launch do not present a hazard, and that is at least as large on its 

smallest dimension as one-half of the maximum altitude to which rockets are allowed to be flown at 

that site or 1500 feet, whichever is greater.  

11. Launcher Location. My launcher will be at least one half the minimum launch site dimension, or 

1500 feet (whichever is greater) from any inhabited building, or from any public highway on which 

traffic flow exceeds 10 vehicles per hour, not including traffic flow related to the launch. It will also 

be no closer than the appropriate Minimum Personnel Distance from the accompanying table from 

any boundary of the launch site.  

12. Recovery System. I will use a recovery system such as a parachute in my rocket so that all parts 

of my rocket return safely and undamaged and can be flown again, and I will use only flame-

resistant or fireproof recovery system wadding in my rocket.  

13. Recovery Safety. I will not attempt to recover my rocket from power lines, tall trees, or other 

dangerous places, fly it under conditions where it is likely to recover in spectator areas or outside 

the launch site, nor attempt to catch it as it approaches the ground.  

MINIMUM DISTANCE TABLE 
Installed Total 

Impulse (Newton-
Seconds)  

Equivalent High 
Power Motor Type

Minimum Diameter 
of Cleared Area (ft.)

Minimum 
Personnel 

Distance (ft.) 

Minimum Personnel 
Distance (Complex 

Rocket) (ft.) 
0 -- 320.00 H or smaller 50 100 200 

320.01 -- 640.00 I 50 100 200 

640.01 -- 1,280.00 J 50 100 200 

1,280.01 -- 
2,560.00 K 75 200 300 

2,560.01 -- 
5,120.00 L 100 300 500 

5,120.01 -- 
10,240.00 M 125 500 1000 

10,240.01 -- 
20,480.00 N 125 1000 1500 

20,480.01 -- 
40,960.00 O 125 1500 2000 
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Note: A Complex rocket is one that is multi-staged or that is propelled by two or more rocket motors  

Revision of July 2006 
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Appendix D  Epoxy Resin Material Safety Data Sheet 

 
 

MATERIAL SAFETY DATA 
SHEET West System Inc.  

West System Inc. Transportation 102 Patterson Ave. CHEMTREC:............800-424-9300 (U.S.) Bay City, MI 
48706, U.S.A. 703-527-3887 (International) Phone:  866-937-8797 or 989-684-7286 Non-transportation 
www.westsystem.com Poison Hotline:..........800-222-1222  

MANUFACTURER: EMERGENCY TELEPHONE NUMBERS: 

PRODUCT NAME:............................. WEST SYSTEM
®

 105™ Epoxy Resin. 
PRODUCT CODE:.............................. 105 CHEMICAL FAMILY: 
...................... Epoxy Resin. CHEMICAL NAME: .......................... Bisphenol 
A based epoxy resin. FORMULA: ......................................... Not applicable.  

1. CHEMICAL PRODUCT AND COMPANY IDENTIFICATION 

2. COMPOSITION/INFORMATION ON HAZARDOUS INGREDIENTS 

INGREDIENT NAME CAS # CONCENTRATION 

Bisphenol-A type epoxy resin 25085-99-8 > 50% Benzyl alcohol 100-51-6 < 20% Bisphenol-F 
type epoxy resin 28064-14-4 < 20% Ethylene glycol monobutyl ether 111-76-2 < 0.3%  

3. HAZARDS IDENTIFICATION  

EMERGENCY OVERVIEW HMIS Hazard Rating: Health - 2 Flammability - 1 

Reactivity - 0  
WARNING!  May cause allergic skin response in certain individuals.  May cause moderate irritation to the skin.  Light 
yellow liquid with mild odor.  

PRIMARY ROUTE(S) OF ENTRY: ..............................Skin contact.  

POTENTIAL HEALTH EFFECTS:  

ACUTE INHALATION:..................................................Not likely to cause acute effects unless heated to high 
temperatures.  If product is heated, vapors generated can cause headache, nausea, dizziness and possible respiratory 
irritation if inhaled in high concentrations.  

CHRONIC INHALATION: ............................................Not likely to cause chronic effects. Repeated exposure to high 
vapor concentrations may cause irritation of pre-existing lung allergies and increase the chance of developing allergy 
symptoms to this product.  

ACUTE SKIN CONTACT: .............................................May cause allergic skin response in certain individuals.  May 
cause moderate irritation to the skin such as redness and itching.  

CHRONIC SKIN CONTACT:........................................May cause sensitization in susceptible individuals.  May cause 
moderate irritation to the skin.  
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EYE CONTACT:..............................................................May cause irritation. INGESTION: 

....................................................................Low acute oral toxicity. SYMPTOMS OF OVEREXPOSURE: 

...........................Possible sensitization and subsequent allergic reactions  
usually seen as redness and rashes.  Repeated exposure is not likely to cause other adverse health effects.  

MEDICAL CONDITIONS AGGRAVATED BY EXPOSURE: 
Pre-existing skin and respiratory disorders may be aggravated by exposure to this product.  Pre-existing lung and skin 
allergies may increase the chance of developing allergic symptoms to this product.  

4.  FIRST AID MEASURES:  

FIRST AID FOR EYES ...................................................Flush immediately with water for at least 15 minutes.  Consult 

a physician. FIRST AID FOR SKIN....................................................Remove contaminated clothing.  Wipe excess 

from skin.  

Remove with waterless skin cleaner and then wash with soap and water.  Consult a physician if effects occur. 

FIRST AID FOR INHALATION....................................Remove to fresh air if effects occur. FIRST AID FOR 

INGESTION .......................................No adverse health effects expected from amounts ingested  
under normal conditions of use. Seek medical attention if a significant amount is ingested.  

5.  FIRE FIGHTING MEASURES: FLASH 

POINT:................................................................>200°F (Tag Closed Cup) EXTINGUISHING MEDIA: 

...........................................Foam, carbon dioxide (CO2), dry chemical. SPECIAL FIRE FIGHTING 

PROCEDURES:  
Wear a self-contained breathing apparatus and complete full-body personal protective equipment.  Closed containers 
may rupture (due to buildup of pressure) when exposed to extreme heat.  

6.  ACCIDENTAL RELEASE MEASURES: 

SPILL OR LEAK PROCEDURES Soak up in absorbent material or scrape up.  Residual can be removed with non-
flammable solvent, but solvent should be used sparingly and with appropriate precautions.  

7.  HANDLING AND STORAGE:  

STORAGE TEMPERATURE (min./max.):...................40°F (4°C) / 120°F (49°C)  

STORAGE: .......................................................................Store in cool, dry place.  Store in tightly sealed containers to 
prevent moisture absorption and loss of volatiles.  Excessive heat over long periods of time will degrade the resin.  

HANDLING PRECAUTIONS:.......................................Avoid prolonged or repeated skin contact.  Wash thoroughly 
after handling.  Launder contaminated clothing before reuse.  Avoid inhalation of vapors from heated product. 
Precautionary steps should be taken when curing product in large quantities. When mixed with epoxy curing agents this 
product causes an exothermic, which in large masses, can produce enough heat to damage or ignite surrounding 
materials and emit fumes and vapors that vary widely in composition and toxicity.  

8.  EXPOSURE CONTROLS/PERSONAL PROTECTION: EYE PROTECTION 

GUIDELINES:.............................Safety glasses with side shields or chemical splash goggles.  
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SKIN PROTECTION GUIDELINES: ...........................Wear liquid-proof, chemical resistant gloves (nitrile-butyl 
rubber, neoprene, butyl rubber or natural rubber) and full body-covering clothing.  

RESPIRATORY/VENTILATION GUIDELINES: 
Good room ventilation is usually adequate for most operations.  Wear a NIOSH/MSHA approved respirator with an 
organic vapor cartridge whenever exposure to vapor in concentrations above applicable limits is likely.  

ADDITIONAL PROTECTIVE MEASURES:...............Practice good caution and personal cleanliness to avoid skin 
and eye contact.  Avoid skin contact when removing gloves and other protective equipment. Wash thoroughly after 
handling.  

OCCUPATIONAL EXPOSURE LIMITS: ....................Not established for product as whole. Refer to OSHA’s 
Permissible Exposure Level (PEL) or the ACGIH Guidelines for information on specific ingredients.  

9. PHYSICAL AND CHEMICAL PROPERTIES: 

PHYSICAL FORM: .........................................................Liquid. COLOR: 
............................................................................Clear to pale yellow. 
ODOR:...............................................................................Mild. BOILING 
POINT:............................................................> 400°F. MELTING POINT/FREEZE POINT: ...........................No 
data. VISCOSITY:.....................................................................1,000 cPs. pH: 
.....................................................................................No data. SOLUBILITY IN 
WATER:.............................................Slight. SPECIFIC GRAVITY: ....................................................1.15 BULK 
DENSITY:.............................................................9.6 pounds/gallon. VAPOR 
PRESSURE:.......................................................< 1 mmHg @ 20°C. VAPOR 
DENSITY:..........................................................Heavier than air. % VOLATILE BY WEIGHT: 
........................................EPA Method 24, as described in 40 CFR Part 60, was used to determine the Volatile Matter 
Content of mixed epoxy resin and hardener.  This method states that two-component coating systems should be tested 
by mixing the individual components together at the proper ratio.  Refer to the hardener's MSDS for information about 
the total volatile content of the resin/hardener system.  

10. REACTIVITY:  

STABILITY: .....................................................................Stable.  

HAZARDOUS POLYMERIZATION:...........................Will not occur by itself, but a mass of more than one pound of 
product plus an aliphatic amine will cause irreversible polymerization with significant heat buildup.  

INCOMPATIBILITIES:..................................................Strong acids, bases, amines and mercaptans can cause 
polymerization.  

DECOMPOSITION PRODUCTS: .................................Carbon monoxide and carbon dioxide fumes may be produced 
when heated to decomposition.  

11. TOXICOLOGICAL INFORMATION:  

No specific oral, inhalation or dermal toxicology data is known for this product.  Specific toxicology 
information for a bisphenol-A based epoxy resin present in this product is indicated below:  

Oral:....................................................... LD50 >5000 mg/kg (rats) 
Inhalation:.............................................. No Data. Dermal:.................................................. 
LD50 = 20,000 mg/kg  (skin absorption in rabbits)  
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TERATOLOGY: ................................... ………………Diglycidyl ether bisphenol-A (DGEBPA) did not cause birth 
defects or other adverse effects on the fetus when pregnant rabbits were exposed by skin contact, the most likely route of 
exposure, or when pregnant rats or rabbits were exposed orally.  

Ethylene glycol monobutyl ether (present at < 0.3 %) causes harm to the fetus in laboratory animal studies.  Harm to the 
fetus occurs at exposure levels that harm the pregnant animal.  The relevance of these findings to humans is uncertain.  

REPRODUCTIVE EFFECTS: .............. ……………….DGEBPA, in animal studies, has been shown not to interfere 
with reproduction.  

MUTAGENICITY: ............................... ……………….. DGEBPA  in animal mutagenicity studies were negative. In 
vitro mutagenicity tests were negative in some cases and positive in others.  

CARCINOGENICITY: NTP 
.............................................................................Product not listed. IARC 
...........................................................................Product not listed. 
OSHA..........................................................................Product not listed.  

Many studies have been conducted to assess the potential carcinogenicity of diglycidyl ether of bisphenol-A. 
Although some weak evidence of carcinogenicity has been reported in animals, when all of the data are considered, 
the weight of evidence does not show that DGEBPA is carcinogenic.  Indeed, the most recent review of the available 
data by the International Agency for Research on Cancer (IARC) has concluded that DGEBPA is not classified as a 
carcinogen.  

Epichlorohydrin, an impurity in this product (<5 ppm) has been reported to produce cancer in laboratory animals 
and to produce mutagenic changes in bacteria and cultured human cells.  It has been established by the International 
Agency for Research on Cancer (IARC) as a probable human carcinogen (Group 2A) based on the following 
conclusions: human evidence – inadequate; animal evidence – sufficient. It has been classified as an anticipated 
human carcinogen by the National Toxicology Program (NTP).  

12. ECOLOGICAL INFORMATION:  
Prevent entry into sewers and natural waters.  May cause localized fish kill.  

Movement and Partitioning: Bioconcentration potential is moderate (BCF between 100 and 3000 or 
Log Kow between 3 and 5).  

Degradation and Transformation: Theoretical oxygen demand is calculated to be 2.35 p/p.  20-day 
biochemical oxygen demand is <2.5%.  

Ecotoxicology: Material is moderately toxic to aquatic organisms on an acute basis.  LC50/EC50 between 1 
and 10 mg/L in most sensitive species.  

13. DISPOSAL CONSIDERATIONS:  

WASTE DISPOSAL METHOD: ....................................Evaluation of this product using RCRA criteria shows that it is 
not a hazardous waste, either by listing or characteristics, in its purchased form.  It is the responsibility of the user to 
determine proper disposal methods.  

Incinerate, recycle (fuel blending) or reclaim may be preferred methods when conducted in accordance with federal, state 
and local regulations.  

14. TRANSPORTATION INFORMATION: 

 

 SHIPPING NAME:..............................................Not regulated by DOT. 
TECHNICAL SHIPPING NAME: .................................Not applicable.  
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 HAZARD CLASS: ...............................................Not applicable. 
U.N./N.A. NUMBER: .......................................................Not applicable. 
PACKING GROUP:.........................................................Not applicable. 

15. REGULATORY INFORMATION:  

OSHA STATUS:...............................................................Slight irritant; possible sensitizer. TSCA 
STATUS:................................................................All components are listed on TSCA inventory. SARA 
TITLE III:  

SECTION 313 TOXIC CHEMICALS.....................None (deminimus). 

STATE REGULATORY INFORMATION: 

The following chemicals are specifically listed or otherwise regulated by individual states.  For details on your regulatory 
requirements you should contact the appropriate agency in your state.  

COMPONENT NAME  

1.

  These substances are known to the state of California to cause cancer or reproductive harm, or both.  

16. OTHER INFORMATION:  

REASON FOR ISSUE: ....................................................Additional information in Section 15. 
PREPARED BY: ..............................................................T. J. Atkinson APPROVED BY: 
..............................................................G. M. House TITLE: 
..............................................................................Health, Safety & Environmental Manager 
APPROVAL DATE:.........................................................October 13, 2005 SUPERSEDES 
DATE: .....................................................January 3 , 2005 MSDS 
NUMBER:.............................................................105-05b  

Note:  The Hazardous Material Indexing System (HMIS), cited in the Emergency Overview of Section 3, uses the following 
index to assess hazard rating: 0 = Minimal; 1 = Slight: 2 = Moderate; 3 = Serious; and 4 = Severe.  

This information is furnished without warranty, expressed or implied, except that it is accurate to the best knowledge of West 
System Inc.  The data on this sheet is related only to the specific material designated herein.  West System Inc. assumes no 
legal responsibility for use or reliance upon these data.  
 

  

  

      

 
/CAS NUMBER  CONCENTRATION  STATE CODE  
Epichlorohydrin 106-89-8  

< 5ppm  1CA  
Phenyl glycidyl ether 122-60-1  

<5ppm  1CA  
Ethylene Oxide 75-21-8  

<0.0019%  1CA  
Ethylene glycol monobutyl ether    
111-76-2  < 0.3%  NJ, PA  
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Appendix E Epoxy Hardener Material Safety Data Sheet   

1. CHEMICAL PRODUCT AND COMPANY IDENTIFICATION  

PRODUCT NAME:........................... WEST SYSTEM
®

209™ Extra Slow Hardener 
PRODUCT CODE:........................... 209. CHEMICAL FAMILY:....................... 
Amine. CHEMICAL NAME: ......................... Modified polyamine. FORMULA: 
...................................... Not applicable.  

MANUFACTURER: EMERGENCY TELEPHONE NUMBERS:  
West System Inc. Transportation 102 Patterson Ave. CHEMTREC:...........800-424-9300 (U.S.) Bay City, 
MI 48706, U.S.A. 703-527-3887 (International) Phone: 866-937-8797 or 989-684-7286 Non-transportation 
www.westsystem.com Poison Hotline:........800-222-1222  

2. COMPOSITION/INFORMATION ON HAZARDOUS INGREDIENTS  

INGREDIENT NAME CAS # CONCENTRATION  

TOFA, reaction product with TEPA 68953-36-6 < 50% Polycycloaliphatic amine trade 
secret < 25% Polyoxypropylenediamine 9046-10-0 < 25% Isophorone diamine 2855-13-
2 < 25% 4,4'-Methylenebiscyclohexane 1761-71-3 < 15% Tetraethylenepentamine 
(TEPA) 112-57-2 < 15% Benzene-1,3-dimethaneamine 1477-55-0 < 15% Modified 
amine trade secret < 15%  

3. HAZARDS IDENTIFICATION  

EMERGENCY OVERVIEW HMIS Hazard Rating: Health - 3 Flammability - 1 

Reactivity - 0  
DANGER! Corrosive.  Severe eye irritant. Severe skin irritant.  Severe respiratory irritant. May cause skin 
sensitization. Harmful if swallowed. Harmful if in contact with skin. Yellow colored liquid with ammonia odor.  

PRIMARY ROUTE(S) OF ENTRY:............................ Skin contact, eye contact, inhalation. 

POTENTIAL HEALTH EFFECTS: ACUTE INHALATION: .............................................. Exposure to 

high concentrations of vapor causes  
irritation to the respiratory tract.  Coughing and chest pain may result.  

CHRONIC INHALATION:.......................................... Prolonged or repeated exposure to high concentrations 

of vapors may cause lung tissue damage. Exposure to low vapor concentrations may cause a sore throat. 

ACUTE SKIN CONTACT: ......................................... Corrosive.  Prolonged contact may cause skin damage 
with burns and blistering. Wide spread contact may result in material being absorbed in harmful amounts.   
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CHRONIC SKIN CONTACT:..................................... May cause persistent irritation or dermatitis. Repeated 
contact may cause allergic reaction/sensitization and possible skin tissue destruction.  Repeated absorption 
may cause internal organ damage.  

EYE CONTACT: ........................................................ Corrosive.  Causes irritation and may cause chemical 
burns resulting in permanent damage. Vapors may cause blurred vision when absorbed into eye tissue.   

INGESTION: .............................................................. Corrosive.  Causes burning of the mouth and throat. 
May cause bleeding of the gastrointestinal tract and vomiting.  Aspiration hazard.  

SYMPTOMS OF OVEREXPOSURE: ........................ Persistent irritation or dermatitis.  Skin sensitization or 
allergic reaction. Irritation to the respiratory tract, headache, nausea.  Redness and swelling of the eye.  Liver 
or kidney damage.  

MEDICAL CONDITIONS AGGRAVATED BY EXPOSURE:  
Existing skin and respiratory conditions (allergies, dermatitis, asthma, bronchitis).  

4. FIRST AID MEASURES:  

FIRST AID FOR EYES: ............................................. Immediately flush with water for at least 15 minutes.  Get 
prompt medical attention.  

FIRST AID FOR SKIN: .............................................. Remove contaminated clothing.  Immediately wash skin 
with soap and water. Do not apply greases or ointments.  Get medical attention if severe exposure.  

FIRST AID FOR INHALATION: ................................ If symptoms occur as noted in Section 3, remove to 
fresh air. Get medical attention if symptoms persist or worsen.  

FIRST AID FOR INGESTION:................................... Give conscious person at least 2 glasses of water.  Do 
not induce vomiting. If vomiting should occur spontaneously, keep airway clear.  Get medical attention.  

5. FIRE FIGHTING MEASURES:  

FLASH POINT: .......................................................... > 200°F.  

EXTINGUISHING MEDIA:......................................... Water spray, dry chemical, alcohol foam and carbon 
dioxide (CO2).  

FIRE AND EXPLOSION HAZARDS: ........................ Burning will generate toxic fumes.  When mixed with 
sawdust, wood chips, or other cellulosic material, spontaneous combustion can occur under certain 
conditions. If hardener is spilled into or mixed with sawdust, heat is generated as the air oxidizes the amine. 
If the heat is not dissipated quickly enough, it can ignite the sawdust.  

SPECIAL FIRE FIGHTING PROCEDURES: ............ Use full-body protective gear and a self-contained 
breathing apparatus. If spill has ignited, use water spray to disperse vapors and protect personnel attempting 
to stop leak. Use water to cool fire-exposed containers.  

6. ACCIDENTAL RELEASE MEASURES:  

SPILL OR LEAK PROCEDURES: Stop leak without additional risk. Wear proper personal protective 
equipment. Dike and contain spill. Ventilate area. Large spill - dike and pump into appropriate container for 
recovery. Small spill - dilute with water and recover or use inert, non-combustible absorbent material (e.g., 
sand) and shovel into suitable container. Do not use sawdust, wood chips or other cellulosic materials to 
absorb the spill, as the possibility for spontaneous combustion exists.  Wash spill residue with warm, soapy 
water if necessary.  
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7. HANDLING AND STORAGE:  

STORAGE TEMPERATURE (min./max.): ............... 40°F (4°C) / 90°F (32°C).  

STORAGE: ................................................................ Minimum feasible handling temperatures should be 
maintained. If stored above 100°F, nitrogen atmosphere is recommended.  Keep containers tightly closed. 

HANDLING PRECAUTIONS:.................................... Use only with adequate ventilation.  Do not breath 
vapors or mists from heated material. Avoid contact with skin and eyes.  Wash thoroughly after handling. 
When mixed with epoxy resin this product causes an exothermic reaction, which in large masses, can 
produce enough heat to damage or ignite surrounding materials and emit fumes and vapors that vary widely 
in composition and toxicity.  

8. EXPOSURE CONTROLS/PERSONAL PROTECTION:  

EYE PROTECTION REQUIREMENTS:.................... Chemical splash goggles or full-face shield.  

SKIN PROTECTION GUIDELINES:.......................... Wear liquid-proof, chemical resistant gloves (nitrile-butyl 
rubber, neoprene, butyl rubber or natural rubber) and full body-covering clothing.  

RESPIRATORY/VENTILATION REQUIREMENTS:  
General mechanical or local exhaust ventilation. In the absence of adequate ventilation controls, use a 
NIOSH approved air purifying respirator with an organic vapor cartridge.  

ADDITIONAL PROTECTIVE MEASURES: .............. Use where there is immediate access to safety shower
and emergency eye wash. Provide proper wash/cleanup facilities for proper hygiene.  

OCCUPATIONAL EXPOSURE LIMITS:................... Not established for product as whole. Refer to OSHA’s 
Permissible Exposure Level (PEL) or the ACGIH Guidelines for information on specific ingredients.  

9. PHYSICAL AND CHEMICAL PROPERTIES:  

PHYSICAL FORM ..................................................... Liquid. COLOR 
...................................................................... Yellow. ODOR......................................................................... 
Ammonia-like. BOILING POINT ........................................................ > 480°F. MELTING POINT/FREEZE 
POINT............................ No data. pH............................................................................... 11.5 SOLUBILITY 
IN WATER........................................... Appreciable. SPECIFIC GRAVITY.................................................. 
0.963 BULK DENSITY......................................................... 8.04 pounds/gallon. VAPOR 
PRESSURE.................................................. < 1 mmHg @ 20°C. VAPOR 
DENSITY...................................................... Heavier than air. VISCOSITY 
................................................................ 85 cP. % VOLATILE BY WEIGHT........................................ EPA 
Method 24, as described in 40 CFR Part 60, was used to determine the Volatile Matter Content of mixed 
epoxy resin and hardener.  This method states that two-component coating systems should be tested by 
determining weight loss after mixing the individual components together at the proper ratio, dissolving them 
in an appropriate solvent, and subjecting them to a temperature of 230°F. 105 Resin and 209 Hardener, 
mixed together at 3:1 by weight, has a density of 1148 g/L (9.58 lbs/gal). The combined VOC content for 
105/209 is 88.2 g/L (0.74 lbs/gal).  

10. REACTIVITY:  

STABILITY: ............................................................... Stable.  
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HAZARDOUS POLYMERIZATION:.......................... Will not occur. 
INCOMPATIBILITIES:............................................... Strong oxidants, acids. 
DECOMPOSITION PRODUCTS: .............................. Burning will produce toxic 
fumes.  

11. TOXICOLOGICAL INFORMATION:  

No specific oral, inhalation or dermal toxicology data is known for this product.  
Oral:.................................................. Expected to be moderately 
toxic. Inhalation:......................................... Expected to be 
moderately toxic. Dermal:............................................. Expected to 
be moderately toxic  
CARCINOGENICITY:  

NTP...................................................................... 
No. IARC 
.................................................................... No. 
OSHA................................................................... 
No.  This product contains no known carcinogens in concentrations greater than 0.1%.  

12. ECOLOGICAL INFORMATION:  

Wastes from this product may present long term environmental hazards.  Do not allow into sewers, on the 
ground or in any body of water.  

13. DISPOSAL CONSIDERATIONS:  

WASTE DISPOSAL METHOD:................................. Evaluation of this product using RCRA criteria shows 
that it is not a hazardous waste, either by listing or characteristics, in its purchased form.  It is the 
responsibility of the user to determine proper disposal methods.  

Incinerate, recycle (fuel blending) or reclaim may be preferred methods when conducted in accordance with 
federal, state and local regulations.  

14. TRANSPORTATION INFORMATION:  

 SHIPPING NAME:.......................................... Polyamines, liquid, corrosive, n.o.s. 
TECHNICAL SHIPPING NAME: ............................... (Polyoxypropylenediamine)  
 HAZARD CLASS:.......................................... Class 8 U.N./N.A. 
NUMBER:.................................................. UN 2735 PACKING GROUP: 
................................................... PG III  

15. REGULATORY INFORMATION:  

OSHA STATUS: ........................................................ Corrosive; severe irritant; possible sensitizer. 
TSCA STATUS:......................................................... All components are listed on TSCA 
inventory. SARA TITLE III:  

SECTION 313 TOXIC CHEMICALS:.................. None.  

STATE REGULATORY INFORMATION:  

The following chemicals are specifically listed or otherwise regulated by individual states.  For details on your 
regulatory requirements you should contact the appropriate agency in your state.  
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COMPONENT NAME CONCENTRATION STATE CODE  

None known.  

16. OTHER INFORMATION:  

REASON FOR ISSUE: .............................................. Update in 1.  
PREPARED BY: ........................................................ T. J. Atkinson  
APPROVED BY:........................................................ G. M. House  
TITLE: ........................................................................ Health, Safety & Environmental Manager  
APPROVAL DATE: ................................................... January 3, 2005  
SUPERSEDES DATE:............................................... January 5, 2004  
MSDS NUMBER:....................................................... 209-05a.  

Note: The Hazardous Material Indexing System (HMIS), cited in the Emergency Overview of Section 3, uses the 
following index to assess hazard rating: 0 = Minimal; 1 = Slight; 2 = Moderate; 3 = Serious; and 4 = Severe.  

This information is furnished without warranty, expressed or implied, except that it is accurate to the best 
knowledge of West System Inc. The data on this sheet is related only to the specific material designated herein. 
West System Inc. assumes no legal responsibility for use or reliance upon these data.  
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Appendix F  Solder Paste Material Safety Data Sheet  
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Appendix G   Cesaroni Rocket Motor Reload Material Safety 
Data Sheet 
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