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1 Introduction

This document describes the approach to be used by the joint Northrop Grumman Mission Systems, Science, Technology, Engineering and Math Education (CSTEME); University of Colorado, Colorado Springs and Talented and Gifted math program at Queen Palmer Elementary School; Colorado Springs, CO.
1.1 Scope

This program management plan will be used to document the Queen Palmer Elementary School Rocketeer Program.  

1.2 Program Overview

This program will help the 5th grade students answer the following Questions:

1. What are some of the science and mathematical under pinning’s of rocketry?

2. How can I apply the science and math to rocket development?

3. What is necessary to design and produce a rocket

4. What preparations are needed to conduct a successful launch of our rocket

5. How is rocket technology being utilize in the world today?

This program will be conducted in five sessions over a four-month period.  In preparation for the class room session’s additional student help will be provided by local undergraduate college students on a weekly basis
2 Referenced Documents

The documents listed were reviewed and some material from them is included in this plan. 

1. Information for the Space Exploration web site developed for use in support of the Space Exploration Merit Badge, Boy Scouts of America.  URL: http://my.execpc.com/~culp/space/space.html.  This site is developed and maintained by Mr. Randy Culp of New Berlin, Wisconsin.

2. The Space Exploration Merit badge pamphlet published by the Boy Scouts of America.

3 The Program 

The program will be presented in five one-hour sessions.

· Session 1 will introduce the students to the some of the science and math associated with rockets and missiles.

· Session 2 will provide the students with some hands on experiments that demonstrate the material learned in Session 1 and prepare the students to be able to produce their own rocket.  It will a provide an overview of rocket production.

· Session 3 will consist of producing a rocket and preparing for a test launch.

· Session 4 will consist of the test launch, data collection and analysis

· Session 5 will be a field trip to Peterson Air Force Base to the base museum to tour the ICBM missile procedures trainer.

3.1 Program Schedule

December 6: Session 1 


 12:00-1:00  

Northrop Grumman
UCCS

January 10: Session 2 Prep

 12:00-12:20 

UCCS

January 17: Session 2


12:00-1:00

Northrop Grumman 
UCCS

February 14: Session 3 Prep

12:00-12:20

UCCS
February 21: Session 3


12:00-1:00

Northrop Grumman, 
UCCS

April 3: Session 4 Prep


12:00-12:20 

UCCS

April 10: Session 4 (Launch Day!)
12:00-1:00      

Northrop Grumman
UCCS

May 8: Field Trip to Peterson Air Force Base    (Time TBD)
3.2 Session 1

This session will look at select science and math associated with rocket development.  

3.2.1 Session 1 Prerequisites.

The following prerequisites are need for this session:

a. Exposure to Sir Isaac Newton and his work in science
b. Exposure to math equations with the ability to substitute numbers for the equation terms
c. Review of the following terms.
· Velocity 

· Acceleration
· Force
3.2.2 Rocket Science of interest

3.2.2.1 Newton's Laws 

Newton's First Law 

An object at rest will remain at rest 

An object in motion will stay in motion - in a straight line, at the same speed as long as no force is applied (more accurately, no unbalanced force). 

Newton's Second Law 

An object’s acceleration is proportional to the force applied to it. 

The force to accelerate an object is proportional to the object’s mass. 

In equation form, if we call the force "F", the object’s mass "m" and the acceleration "a", then Newton's Second Law is simply 

F = m * a 

which is the most famous form of this fundamental principle of physics.
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Go To How This Works 

Newton's Third Law  
For every action, there is an equal and opposite reaction. 
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Go To How to Demonstrate It 

3.2.3 Physics Summary

Let us have a look at how you can use Newton's Second Law to figure out how fast your rocket will go. First, we need to understand

· Velocity
· Acceleration
· Force
Then we will put them together to find your rocket's speed. 

You might notice that we make all our measurements here using the metric system. That is because the metric system is designed for all the equations to work without any conversion factors just to fix the funny units. If we measure in English units, feet, inches, and pounds, then there are fudge factors all over the place... very confusing. 

3.2.3.1 Velocity 

This is the measure of your speed, defined as the distance covered each second, or each minute, or each hour. In equation form, then, you can find the distance you have covered by multiplying the velocity at which you are traveling by the time you are going at that speed:

Distance = velocity x time 

Alternatively, in short form, 

s = v x t 

Example: 


Table 1 – Velocity
	Toy car rolling at 2 meters per second -

	After
	the car has gone

	1 second
	2 meters

	2 seconds
	4 meters

	3 seconds
	6 meters

	4 seconds
	8 meters


3.2.3.2 Acceleration 

Now what if your velocity is changing, as when you are rocket's engine is burning and the rocket is rapidly speeding up? How do you measure how you are speeding up? 

The term for this is acceleration, and the measure is to figure out how much faster you are going after each second (or after each minute or hour). If it takes my car 10 seconds to go from zero to 60 miles per hour, then my acceleration is 6 miles per hour each second - we would say 6 miles per hour per second. 

If I measure velocity in meters per second instead of miles per hour, then acceleration is in meters per second per second. It sounds funny but that is how you say it. 

So now if I know my acceleration and how long I accelerate, I can find my velocity (speed) by multiplying the acceleration times the time, or in equation form, 

Velocity = acceleration x time 

or in short form, 

v = a x t 

Example : 

Table 2 – Acceleration
	Car accelerating at 5 meters per second per second - 

	After 
	the car is going 

	1 second 
	5 meters per second 

	2 seconds 
	10 meters per second 

	3 seconds 
	15 meters per second 

	4 seconds 
	20 meters per second 


Note: 1 meter per second (m/s) equals 2.237 miles per hour. 

Force 

Newton's Second Law: 
Force = mass x acceleration, or 

F = m x a (sometimes written F = ma) 

You usually think of force in pounds - in the metric system, force is measured in "Newtons", yes, named after Sir Isaac. A Newton is not a lot of force - one pound is 4.45 Newtons. 

Example: 

Table 3 – Force
	Pushing a 0.25 kilogram rocket - 

	Motor's thrust 
	rocket's acceleration 

	1 newton 
	4 meters/sec/sec 

	2 newtons 
	8 meters/sec/sec 

	3 newtons 
	12 meters/sec/sec 

	4 newtons 
	16 meters/sec/sec 


3.2.4 So What? 

So now, you can find the speed your rocket will go: 

If you know the force applied to the rocket, and the mass of the rocket, you can use Newton's second law to find the acceleration. 

Once you know your acceleration and how long you accelerate, you can find velocity (v = a x t). 

The force, of course, is the rocket's thrust as given by the motor spec. We find the burn time by dividing the impulse by the thrust, as described on the NAR Rocket Motor Coding web page. 

Example: 
My rocket weighs 3.5 ounces = 0.1 kg. 
Note: 1 kilogram equals 35.27 ounces 

If we use a "C5" motor, it will have a thrust of 5 Newtons for 2 seconds, according to its specifications. 

That's all we need to know! Putting it all together, we have: 

F = 5 newtons 

m = 0.1 kg 

t = 2 seconds 

F = m x a, therefore 5 = 0.1 x a, so a = 50 meters/sec/sec

v = a x t = 50 x 2 = 100 meters/second = 223.7 mph! 

...and you won't get a ticket! Some of the faster model rockets will get up to 300 mph and even more, so this speed is actually pretty typical. 
3.3 Session 2

This session will provide the students with some hands on experiments that demonstrate the material learned in Session 1 and prepare the students to be able to produce their own rocket.  It will also provide an overview of rocket production.

3.3.1 Session 2 Prerequisites.

The following prerequisites are need for this session:

1.  Review experiment fact sheets

2.  Review parts of the rockets

3.  Review engine features

The following items are needed for this session

· Mentos

· Diet coke bottle

3.3.2 Experiment

One experiment will be conducted during this session.  It will be Mentos in a Diet Coke bottle.

Pre Rocket Production Activities

3.3.3 The Rocket 

Table 4 – Illustrated Rocket
· [image: image1.png]


Nose cone - leading section of the rocket, with the job of reducing aerodynamic drag. 

· Payload - section of the rocket which carries the cargo to be delivered. 

· Body tube - central structure of the rocket, the body tube holds the engine and provides a mounting point for the fins. 

· Wadding - when the ejection charge forces the parachute out, this protects the parachute from being burned. 

· Thrust ring - holds the engine from shooting through the rocket. 

· Engine - provides the thrust to accelerate the rocket (see below) 

· Parachute - when the ejection charge ignites, the parachute is forced out & slows the rocket's descent to avoid damage. This is one of several possible "recovery devices". Streamers are also used, which are long pieces of crepe paper which provide enough drag to slow the fall of a light rocket. Other devices include helicopter-like propellers and even glider wings, all of which are ejected or extended by the ejection charge (see below). 

· Shroud Lines - suspend the rocket from the opened parachute during descent. 

· Shock cord - elastic cord connecting the body to the nose, which in turn is the anchor point for the shroud lines. The shock cord prevents a sudden jolt to the rocket when the parachute opens. 

· Launch lug - small tube that goes over the launch rod and guides the rocket at launch. 

· Stabilizer Fins - take over guidance of the rocket once it reaches high enough speed for the airflow over the fins to provide a stabilizing force. Note then that the rocket needs to be up to speed by the time it reaches the end of the launch rod or it's flight will not be stable. The thrust of the engine must be not only enough to lift the rocket, but enough to accelerate it to about 30 mph by the end of the launch rod (about 36 inches of travel). 

3.3.4 The Engine (or motor) 

Table 5 – Illustrated Rocket Engine
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Retainer Cap - holds in the ejection charge until it is ignited. 

· Ejection Charge - forces the recovery device out (recovery deployment) at apogee. 

· Delay Element - provides time delay between propellant burnout and ejection charge ignition so recovery deployment occurs at apogee. Also provides smoke trail to help track the rocket. 

· Propellant - chemical compound which, when burned produces thrust as it escapes through the nozzle. 

· Nozzle - forces engine exhaust gases through a small hole in a ceramic disk - forcing the gases to move faster which improves the engine's thrust. 

· Igniter wires - ignites the propellant through remote control. 

3.4 Session 3

This session will consist of producing a rocket and preparing for a test launch.

3.4.1 Session 3 Prerequisites.

The following prerequisites are need for this session


1.  Review rocket production plans


2.  Assign tasks and mentors to each group


3  Review Test Launch Day preparation s in 3.3.3

The following materials are needed for session 3

· Material to construct your rocket

· Material for our field box

3.4.2 Rocket Production

Using the kits provided produce two rocket to be test flown in session 4

3.4.3 Test Launch Preparations

In order to safely and successfully launch our rockets test planning must occur.  Three main areas will need to be planned.  First, the launch operation must be organized; second Data measurement collection must be planned; third data analysis must be planned.

3.4.3.1 Launch Operations

3.4.3.1.1 Whom to Bring... 

Three adults with a group of ten Students: 

Adult #1: Range Control Officer 

Adult #2: Range Technical Support - helps students with their rocket prep 

Adult #3: Altitude Tracking - helps students on altitude tracking stations 

A flight log should also keep a flight log for the session. This helps later in putting together the launch report for the final report. For each flight, note the following points (you'll be happy you did) 

The following is a list of range operation support staff and equipment.

· Rocketeer 

· Rocket 

· Motor Type/Pad Number 

· Tracker Angle 

· Altitude (computed from tracker angle) 

· Recovery Device Operation 

· Performance Comments 

· Condition After Recovery
3.4.3.1.2 What to Bring...

a. Your Rocket 

b. Launch Pad & Ignition System 

c. Rocket Motors 

d. Igniters 

e. Recovery Wadding 

f. Altitude Tracker 

g. Your Field Box 

In addition, it would be a good idea for the group to bring 

· A folding card table or picnic table for rocket prep 

· Trash Bags: try to leave your launch field cleaner than you found it. 

· First Aid Kit: be prepared. 

· A fly or tarp set up as a lean-to to protect the rocket prep area from the wind and/or sun. 

3.4.3.1.3 What to Put in Your Field Box 

At least this is what I have in my field box... 

1. Swiss Army Knife: for all kinds of things 

2. A pair of slip-jaw pliers: for getting motors out of the rocket - some rockets require these for getting the motors INTO the rocket as well, but for almost any rocket, the pliers seem to come in handy. 

3. A modeling knife: for those unexpected precision cutting & trimming jobs. 

4. Baby powder: for powdering the parachute to make sure it deploys properly and doesn't stick. 

5. Extra Igniters (12 of them) 

6. Extra Wadding (two packs) 

7. Clothespins: for all kinds of things 

8. Tape measure: I use a 25-footer to mark off the distance for altitude trackers. Two people can take the tape at each end and mark off 200-300 feet, 25 feet at a time. 

9. Stopwatch: for timing flights, countdowns, and 60-second wait periods on misfires 

10. Sandpaper: also for helping motors into the rocket 

11. Superglue: for those fins occasionally dislodged by a sudden stop at the ground 

12. Masking tape: good for shimming parts to fit tighter, also good for taping on the launch rod like a little flag to hold the rocket up off the pad (to avoid Bernoulli Lock). You can use the clothespins for this, I use standoffs of various types for this. 

13. Cellophane tape (Scotch tape): for taping two-stage motors (booster & upper stage) together. 

14. Electrical tape: I use this to hold the film door securely on my Astrocam. 

15. Straws: for replacing lost launch lugs 

16. Extra shock cord 

17. String 

18. Rubber bands 

19. Watercolor brush: I use this for cleaning the mirror on my Astrocam. 

20. Sun Block: time flies when you're having fun - before you know it, you're a crispy critter. 

3.4.3.1.4 Rules of the Range 

1. During the countdown if something goes wrong anyone on the range may yell "HOLD" and the RCO will stop the countdown immediately. 

2. During any terminal countdown stop what you're doing and watch the model being launched. Keep your eyes on it until you know that the flight is going well and where the model is going to land. 

3. IF THE ROCKET MISFIRES: start a timer and wait 60 seconds before allowing anyone to approach the launch pad. On our first outing we had a misfire which then launched 5 seconds into our 60 second wait period. This is an important rule. 

4. Don't engage in horseplay or practical jokes on the range at any time, and don't let others do it either. 

5. Don't recover someone else's model unless you are asked to do so. 

6. Don't walk across launch areas - stay between them or within one so you don't trip over controller cables. 

3.4.3.1.5 Range layout

To be supplied

3.5 Session 4 

This session will consist of the test launch, data collection and analysis

3.5.1 Session 4 Prerequisites.

The following prerequisites are need for this session:

1.  Review launch processes and make assignments to the support teams

2.  Review data collection processes (height and time measurements)

3.  Review launch safety requirements

The following items are needed for this session

· Field Box

· Altitude measuring devices

· Stopwatches 

· Data record sheets

· Pen/pencils

3.5.2 Test Launch

The Flight of the Model Rocket

Table 6 – Illustrated Rocket Flight Profile
[image: image5.png]5. Ejestion Q 3

/3. Bumout
6. Recovery

J:L 2. Powsred Flight

1. Launch





· Launch: technically, this is the time that the rocket is traveling up the launch rod. It is not yet moving fast enough for the fins to stabilize the flight aerodynamically. The engine ramps up to full thrust, briefly exceeding the average thrust in order to get the rocket up to speed (about 30 mph) before it reaches the end of the launch rod. 

· Powered Flight: flight time after the rocket has left the launch rod, while the engine is still burning. During this time the rocket is a "free body", with three forces acting on it: the thrust of the rocket, gravity (the weight of the rocket), and wind resistance. Of the three forces, though, the rocket thrust is by far the dominant one. 

· Burn-out: the engine runs out of propellant and the rocket is no longer under thrust. Since it has just gotten the entire "push" from the engine, though, the rocket is now moving at its highest speed - as much as 300 miles per hour. It's going to keep going up for a while. 

· Coasting Flight: the flight time of the rocket after the motor has burned out. During this time the rocket remains a "free body" with two forces acting on it: gravity and wind resistance. Because the rocket is, by design, very light, the wind resistance is large in comparison to the weight (it can easily be three times the weight of the rocket at peak velocity) and plays a major role in the performance of the rocket. 

· Ejection: during coasting flight a delay fuse is burning in the rocket engine for a pre-determined time that is specified for the motor (see NAR's Rocket Motor Coding). When this delay time is up, the ejection charge fires, forcing the nose off the end of the rocket and pushing the parachute (or other recovery device) out. The delay time is chosen to give the rocket just enough time to slow to a stop and reach its peak altitude before deployment of the parachute. 

· Recovery: with the parachute deployed, the rocket is returned gently to the ground so it can be recovered intact and flown again. 

3.5.2.1 The following describes the process for launch activities

1. Rocket inspected by Range Control Officer (RCO) 

2. Place rocket on launch rod 

3. Verify launcher is DISARMED 

4. Attach alligator clips to igniter leads 

5. Inform others that rocket is ready for launch. Check with RCO for permission to launch 

RCO: "Next rocket to go is from launch area number ___. Skies are clear. Tracker(s) ready? " 

Trackers: "Ready" 

RCO: "Is everyone on the range watching?" 

Rocketeers: "WATCHING" 

RCO (after verifying that all eyes are on the launch): "Range is go." 

You now may arm your launch controller 

RCO: "Time is running at T-minus 5... 4... 3... 2... 1... START" 

RCO: "Model is coming up on peak. MARK" (this is the point that altitude is taken) 

RCO: "Recovery system is deployed. Descent looks good. Trackers, angles please." 

Trackers report altitude angle measurements 

3.5.2.2 Rules of the Range for Safety
· During the countdown if something goes wrong anyone on the range may yell "HOLD" and the RCO will stop the countdown immediately. 

· During any terminal countdown stop what you're doing and watch the model being launched. Keep your eyes on it until you know that the flight is going well and where the model is going to land. 

· IF THE ROCKET MISFIRES: start a timer and wait 60 seconds before allowing anyone to approach the launch pad. On our first outing, we had a misfire, which then launched 5 seconds into our 60-second wait period. This is an important rule. 

· Do not engage in horseplay or practical jokes on the range at any time, and do not let others do it either. 

· Do not recover someone else's model unless you are asked to do so. 

· Do not walk across launch areas - stay between them or within one so you do not trip over controller cables. 

3.5.2.3 Range layout 

To be supplied

3.5.2.4 Data collection 

3.5.2.4.1 Predicting Your Rocket's Flight Altitude

I give you two methods here - the first one is to go to a site, which will run a flight simulation for you, showing you thrust, timing, velocity, and altitude for the entire duration of your flight. The second provides you with the equations and lets you perform the calculation yourself. It is not for the arithmetically challenged. 
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Go to Model Rocket Altitude Predictor - oh, is this ever cool. 


3.5.2.4.2 Measuring Your Rocket's Flight Altitude

I propose the simple and cost effective solution. Unless you are in a competition, it is very good enough. This is referred to as the "Elevation Only" method, and requires only a single observer and simple gear. 

Table 7 – Illustrated Altitude Calculator
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Start by making up your elevation-only tracker. You can buy one at a hobby store for $18.95, or make it up for 50 cents. It can be made by hanging a string from the pivot point of a protractor with a weight (say, a washer) tied to the end of the string. 

Your observer stands distance D (about 300-600 feet, or 100-200 meters) from the launch pad. Alternatively, you take the tracker and stand 300 feet away, and let your observer launch the rocket instead. 

Site the rocket down the flat side of the protractor (now your tracker) and track the rocket from launch to apogee (the highest point of flight). You may want to tape a straw to the flat side of the protractor and site down the straw. Let the string hang freely until the rocket reaches apogee, and then clamp it with your finger at apogee. The string now indicates the elevation angle of the rocket at its highest altitude. Call this angle "A". 

Note: check your protractor to see if it reads either 0 or 90 when you look straight ahead. If it reads 90, then you will need to take your protractor reading and subtract it from 90, so that when you are looking straight ahead you get 0 degrees and when you look straight up you get 90. 
You can now calculate your rocket's altitude, H, which is equal to D, your distance from the launch pad, times the tangent of the elevation angle A, or written as a formula, it's

H = D * tangent (A)   Tangent = h/d
3.5.2.4.3 Measuring you rockets Speed

This will be done by using a stopwatch to capture the time from missile motion until it is at its highest point.  Using the altitude calculated in step 3.4.2.4.3 time the time collect you can them calculate the speed of your rocket.

3.5.2.5 Data analysis

To be supplied

4 Glossary
AGL: Above Ground Level. This is FAA-speak which, when talking about an altitude waiver, refers to the maximum altitude you can legally fly under that waiver. It is usually added to the MSL (Mean Sea Level) altitude of the launch site to give an altimeter reading that pilots must avoid. Example: if your launch site is at 1,500' MSL and you have a 3,000' AGL waiver, then pilots must stay above 4,500' to be safe.

Air Start: Any motor that is started after first motion of the vehicle. Upper stage ignition of a multi stage rocket is a special case of air starting. Usually it is outboard boosters started after a central motor has lifted the vehicle, or visa versa. This can be done by a flashbulb/motion switch, timer, or simply a piece of fuse started by the exhaust of the pad start motor.

AP: Ammonium Perchlorate, the oxidizer used in composite rocket motors. Other components are Aluminum powder (fuel) and polybutediene rubber (the binder holding it all together). This is the propellant mixture that the Shuttle SRB's use.

Apogee: The highest point of a rocket's flight path. (More literally, the point farthest on the flight path from Earth.)

Ballistic Coefficient: A measure of a projectile's ability to coast. It is defined as Cb = M/CdA where M is the projectile's mass and CdA is the Drag Form Factor (q.v.). At any given velocity and air density, the deceleration of a rocket from drag is inversely proportional to this value. Intuitively, it is the principle behind why a tightly crumpled piece of paper can be thrown farther than a loosely crumpled one.

Bernoulli Effect: A phenomenon first described by the 18th century Swiss scientist Daniel Bernoulli who studied the pressures in moving fluid streams. The effect states that moving air will have a lower pressure than the still air around it. This is the principle behind how airplane wings generate lift and why beach balls stay "balanced" on top of fans in those hardware store displays :-) 
The effect is significant in rocketry when using altimeters or any other kind of payload that senses the ambient pressure around the rocket. The air moving by the payload section could cause the payload to indicate a lower pressure than the ambient still air, thus giving a false altitude reading. The effectdrops to zero at apogee when your rocket stops moving, but thealtitude vs. time curve will be wrong.

Bernoulli Lock: A phenomenon similar to the "Krushnic Effect" (q.v.) where the rocket seems to be "glued" to the pad at liftoff. This afflicts larger, flat-bottomed rockets launched too close to pads with flat blast deflectors. The exhaust gasses escape at great speed through the small annular space between the rocket and the pad creating a venturi which generates a low pressure region at the base. This pressure deficit can be significant, and if it is greater than the thrust being generated by the motor, the rocket won't go anywhere! This is quite possible as a 2" dia.rocket has, potentially, over 45 lbs (200 N) of "suction" available to hold it back, while a 3" rocket has over 100 lbs (460 N)! The old Centuri "Point" was an infamous Bernoulli locker when launched from an Estes Porta-Pad with its perfectly matching round blast deflector. 

Boattail: A transition section at the tail of the rocket which gradually narrows the body down to the motor diameter. Used to reduce base drag (q.v.).

Booster: On a multi stage rocket this refers to the sections (stages) which drop off in mid-flight. On single stage payload rockets,the term is used for the lower powered portion to distinguish it from the payload section. See also "Air Start"

Burn Out Velocity: The velocity the rocket is traveling when the motor runs out of fuel. Usually the highest speed achieved by the rocket. See also "Hyperterminal Velocity" 

Caliber: In rocketry, the diameter of the main body tube. Usually used when refering to some function of length, e.g. "The CP should be behind the CG by at least one caliber." The term is borrowed from the small arms industry where it refers to the bore of a rifle or pistol barrel, e.g. a .38 caliber pistol has a barrel with a .38" bore. Note that in large artillery, caliber refers to the *ratio* of barrel length to bore. For example, a 3 inch 40 caliber gun would have a barrel 120 inches long.

Opinions on the origins say that it is either from the military rocket programs of WW II, the post war development era, or even a modroc-only term which originated with the MESS (Malfunctioning Engine Statistical Survey) performed by NAR's Standards and Testing committee. There is also a claim that it started with the Boston Rocket Club and that the spelling has evolved over the years. It supposedly started out as 'KATO' which, of course, stood for KABOOM At Take Off!

CG: Center of Gravity. The point about which a free body will rotate when disturbed by an outside force. For a model rocket, this is the point where the effects the masses of the individual components cancel out and the model will balance on a knife edge. As with a see-saw, a mass further from the CG will have a greater effect than the same mass closer in.

Composite Material: Hi-Tech materials, other than paper, wood or metal, used in the construction of rockets (see also "Phenolic"). 

Composite Motor: The term used broadly to cover solid fuel rocket motors using propellants other than black powder. Composite motors require different igniters and igniter systems from black powder motors.

Composite Propellant: In Hobby Rocketry, any propellant other than black powder. In military parlance (where the term originated) the term is used to denote propellants that are mixtures of oxidizers and fuels and to distinguish them from Single, Double, and Triple base propellants (which are either monopropellants or mixtures of monopropellants). Note that by the military definition, black powder is itself a composite propellant because it consists of separate oxidizers (KNO3 and sulfur) and fuel (charcoal). Further note that by the hobby definition, single/double/triple base propellants are composites because they are not black powder. No ambiguity arises, however, since the military doesn't use black powder (in rockets, anyway), and no hobby rocket motors use single, double or triple base propellants. See also "Single Base Propellants", "Double Base Propellants" and "Triple Base Propellants"

Continuity Check: A group of electrical techniques for checking the firing circuit through the igniter to ensure that the circuit is functional. This usually involves some type of light or audio tone activated by a push-button. The techniques range from a simple current limiting light bulb or buzzer placed in series with nichrome igniters, to sophisticated bridge circuits for sensitive, low current flashbulbs and electric matches.

Delay Train/Delay Charge: Pyrotechnic material in the rocket motor which burns slowly between the propellant charge and the firing of the ejection charge. This allows the rocket to coast towards apogee and slow down to deploy the recovery system at low speed.

Double Base Propellant: A solid propellant consisting of two monopropellants (usually nitroglycerin and nitrocellulose) and various additives. Double base propellants are used as smokeless powders in ammunition. They are also used in smaller military rockets but have been largely replaced by composites in larger vehicles. Double base propellants are not used in hobby rocketry. See also "Composite Propellant"

Drag Coefficient(Cd): A dimensionless number used in aerodynamics to describe the drag of a shape. This number is independent of the size of the object and is usually determined in a wind tunnel. It is part of the basic drag equation F=.5*rho*V^2*Cd*A where F is the drag force, rho is the air density, V is the air velocity and A is the cross sectional area. All of these, except Cd, are directly measurable in a wind tunnel so Cd can be thought of the "fudge factor" that accounts for all of the aerodynamic peculiarities of a shape. The Cd for most sport type hobby rockets is in the range of .4 to .5. See also "Reynolds Number."

Engine: A machine that converts energy into mechanical motion. Such a machine is distinguished from an electric, spring-driven or hydraulic motor by its consumption of a fuel (from *American Heritage Dictionary*). 

Hang Fire/Misfire: Terms which refer to abnormal ignition. With hang fire, the motor usually ignites after a considerable delay. Misfires never ignite. Hang fires often appears as a misfire until the motor ignites some time later. This is the main reason the safety code advises not to approach a misfired rocket for one minute.

Igniter: An expendable device used to ignite a rocket motor.

Impulse(Relative): A measure of the efficiency of a rocket engine. Similar to Specific Impulse, it is defined as the Total Impulse (q.v.) divided by the mass of the propellants. A little dimensional juggling shows that this gives the same units as velocity (ft/sec or m/sec) hence is sometimes called "Effective Exhaust Velocity." How quickly the reaction mass leaves the nozzle is a good measure of efficiency.

Impulse(Specific): A measure of the efficiency of a motor/propellant system. It is determined by taking the Total Impulse (q.v.) and dividing by the weight of propellants. This carries the potentially confusing units of "seconds" (as if it had something to do with the burn duration) but is due to weight and thrust both being force parameters hence canceling out (e.g. lb-sec/lb or N-sec/N). This is actually very handy since it makes the term independent of the units system (metric or English) since they both use "seconds" for time.

Impulse(Total): A measure of the total momentum imparted to the rocket by the motor. It is defined (for those who know calculus) as the integrated area under the thrust-time curve. For the rest of us, it can be thought of as the motor's average thrust times the duration of the burn. Measured in N-sec or Lb-sec.

Motor: Something that imparts or produces motion, such as a machine or engine. A device that converts any form of energy into mechanical energy (from *American Heritage Dictionary*). 

Newton & Newton-second: Metric units used to measure thrust and total impulse (q.v.)respectively. One pound = 4.448 newtons. 

Payload: Anything carried aloft by the rocket that is not part of the rocket itself. Common payloads include altimeters, computers, cameras, and radio transmitters. The Safety Code specifically prohibits the launching of live payloads. 

Phenolic: A heat-resistant plastic most familiar as the material from which plastic ashtrays are made. It is made by a reaction of phenol and formaldehyde. When mixed with carbon black, it is used to make casings for composite propellant rocket motors. It is also used to reinforce the cardboard in body tubes for competition rockets (e.g. "Blackshaft" tubing sold by Apogee). Phenolic body tubes are stiffer than ordinary tubes, but are also more brittle so that extra care must be taken to avoid damage during construction, transportation and recovery.

Prototype: An initial, development design used to test out principles and concepts but never intended to be a finished or production design. In scale modeling, the original "real" rocket after which the model is patterned.

Single Base Propellant: A solid propellant based on a single monopropellant. In practice usually nitrocellulose in a mixture with stabilizers and plasticizers. Single base propellants are used as smokeless powders in ammunition. In rockets, such propellants have been largely replaced by composites. Single base propellants are not used in hobby rocketry. See also "Composite Propellant"

Squib: A small explosive device used to detonate larger explosive charges. While the term is sometimes used to describe igniters used in hobby rocketry, especially HPR igniters such as electric matches (q.v.), true squibs are almost *never* used as igniters since their purpose is to set up a detonation pressure wave to set off pressure sensitive explosives (e.g. plastic explosive), while an igniter must start a (relatively) low speed flame front so that the motor burns, rather than explodes.

Terminal Velocity: In the powered phase, the speed where the motor thrust equals the combined forces of gravity and aero drag. Theoretically, the rocket would continue ascending at a constant speed (i.e. no acceleration) with these forces in balance. This doesn't actually happen since motor thrust varies with time and aero drag with altitude. A second meaning is, when descending, where aero drag balances the weight of the descending model. If under a 'chute or other high drag recovery aid, this is quite slow. If in core sample (q.v.) mode this speed can be several hundred feet/sec. See also "Hyperterminal Velocity"

Wadding: Any flame retardant material used to prevent the scorching of the recovery system do to the heat of the ejection charge. The material (usually a boron treated paper tissue) is placed in the body tube between the engine and the recovery system. See also "Ejection Baffle"

Appendix A - -Soda Bottle Rocket Instruction

Adapted from NERDS Inc. and Mr. Jake Winemiller

Problem:
Create one bottle rocket that will fly straight and remain aloft for a maximum amount of time.

Materials

Two 2-liter bottles
One small plastic cone (athletic)
Duct Tape
Scissors
String
Manila Folder
Large Plastic Trash Bag 
Masking Tape or Avery Paper reinforcement labels (you'll need 32/chute.) 
Hole punch

Procedure

Cut the top and the bottom off of one bottle, so that the center portion or a cylinder remains. 
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Tape the cylinder to another bottle to create a fuselage (a place to store the parachute).
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Get the manila folder; fins will be made from it. Cut three shapes out of the folded bottom in the shape that the diagram shows. Your fins will be triangular.
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The next drawing indicates how the fin should look once folded. 
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Be sure that the sides are together before
you secure it to the rocket.






Mark straight lines on the bottle by putting the bottle in the door frame or a right angle and trace a line on the bottle with a marker. Use these lines as guides to place the fins on the bottles. 
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Make three fins and tape them on the rocket. Be sure that the fins are spaced equally around the rocket body. This can be achieved by using a piece of string and wrapping it around the bottle and marking the string where it meets the end. Mark the string and lay it flat on a meter-stick or ruler. Find the circumference of the bottle by measuring the length of the string to the mark. Once you know the circumference, then you can divide it by three to find the distances the fins should be separated.
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Use the athletic cone to make your nose cone. Use fairly rigid scissors and cut the bottom square off of the cone. Depending upon your project's mass limitations, place a golf ball sized piece of clay in the tip of the cone. This will add mass to the cone and give the rocket/cone more inertia. Then, using scissors, trim the cone to make it symmetrical. (Hint: the diameter of the bottom of the cone should be a little wider than the diameter of a 2-liter bottle.
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Attach the cone with string to the top of the other two-liter bottles so that it looks like the diagram. Tie a knot in the end of each piece of string to give it more friction and tape it using a piece of duct tape to the inside of the cone and to the inside of the rocket body. 
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Many students have trouble with their nosecone getting stuck on the top of the rocket and not coming off. This can be prevented by making a pedestal for the cone to sit on. It should be high enough up so that there is space between the cone and the top of the parachute compartment. You can make a pedestal out of the same material you will make the fins, the manila folder. Make three mini-fins, invert them and tape them on the rocket where the cone should sit. 

[image: image22.png]Tabs to support
the nosecone.
Use at least
three.





Making the Parachute

Don't forget a good parachute has shroud lines that are at least as long as the diameter of the canopy.

Lay your garbage bag out flat. Cut off the closed end. It should look like a large rectangle and be open at both ends. Lay down the bag on a flat surface and smooth it out.




The bag has a long side and a short side and is open at both ends. Fold it in two so that the short side is half as long as it was originally.




Make sure the edges are perfectly lined up during each fold. Now fold it in half along the long axis.




Make a triangle with the base of the triangle being the closed end of the previous fold.
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Now fold it again. Fold the hypotenuse so that it lines up with the right side of the triangle in the above drawing.




Examine the base of the triangle and find the shortest length from the tip to the base. This is the limiting factor for chute size. The most pointed end will end up being the middle of the canopy.

For an example; if you want the diameter of the chute to be 34 inches then measure 17 inches from the center of the canopy (the most pointed side of the parachute) along each side, mark it and then cut it.
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After cutting it, unfold it. If you have been successful there should be two canopies.

 

Fold the canopy in half, then into quarters, then into eighths. Carefully crease the folds each time. Crease it well and fold it again. Now the canopy is divided into 16ths. Unfold the parachute. Notice the crease marks. Get masking tape and put a piece around the edge at each fold mark. You may also use Avery reinforcement tabs. Place one on both the inside and outside of every crease, making sure that they are overlaid on top of each other.

Punch holes through every piece of masking tape or Avery tab pairs and use these to attach the kite-string shroud lines.
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As mentioned earlier the minimum length of the shroud line should be the same length as the diameter of the canopy.

After punching the holes fold the canopy in half. Pick four holes and tie the shroud lines to the holes. After doing this tie the four lines together at the end most distant from the canopy. 

Repeat this four times until the chute is completed.

Once you have it complete attach it inside the fuselage. Generally a couple of pieces of duct tape will hold the parachute to the rocket. Pack the parachute loosely and put the nosecone on the rocket. 

You are now ready to launch your rocket. 




Carefully read the safety instructions. Fill the rocket half full of water, place on the launch pad, pressurize, and launch.
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