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GOLDEN TRIANGLE COMPOSITE SQUADRON


MODEL ROCKETRY PROGRAM


INTRODUCTION


Welcome to the Civil Air Patrol Model Rocketry Program.  This program will fully comply with Civil Air Patrol Manual 50-20, the CAP Rocketry Regulation.  Furthermore, our program will also follow the strict safety guidelines of the National Association of Rocketry.  It should be noted that model rocketry has an impeccable safety record with over 300 Million safe launches, and we will intend to keep it that way with safe procedures and training.





REQUIREMENTS


The following is an excerpt from CAPM 50-20.  In order to earn your model rocketry badge, you must launch your rocket four times.  Each launch will measure different things.  You must also complete the classroom instruction, rocket launch, and a few other activities.  There are performance (doing things) and leadership (making sure we complete the mission) requirements.  Here is a worksheet for everything you must do. Check off completed items.





Performance Requirements:


� Construct, launch, and evaluate at least one model rocket suitable for the altitude competition, the payload competition, the parachute duration competition, and the spot landing competition (the NOVA rocket provided is suitable for all four competitions)


� Prepare a diagram of a typical model rocket launch site and flight area that complies with NAR regulations.  This diagram may be as elaborate as desired, but it must include at least the following: (1) Launcher, (2) Model Rocket, (3) Igniter, and (4) Land Area Requirements.


� Submit for evaluation a journal of all activities completed in the model rocketry program.  The journal must indicate completion of the performance requirements listed above and it must include a CAP Model Rocket Launching Data Sheet for each launching.





Leadership Requirements:


� Demonstrate a knowledge of the CAP model rocketry program and its concepts and techniques by satisfactorily implementing, administering, supervising, and evaluating model rocketry activities.


� Demonstrate a knowledge of the organization of CAP model rocketry program activities, including the personnel required, the skills necessary, and the job responsibilities of cadets and senior members in individual, group, and competitive rocketry activities.


� Demonstrate a knowledge of the physical facilities required for all model rocketry operational activities, to include facilities for (1) storage, handling, launching, and recovering model rockets, (2) launching and safety precautions, and (3) spectator’s protection.


� Demonstrate the leadership skills necessary to conduct an individual test, group test, and NAR-sanctioned model rocketry competitive meet.


� Serve successfully in a minimum of three of the seven positions listed under paragraph 6b of CAPM 50-20, one of which must be the position of safety officer.


� Pass an oral examination covering the topics of model rocketry procedures, operations, and safety precautions.


�
National Association of Rocketry (NAR) Safety Code


1. Construction:  My model rockets will be made of lightweight materials such as paper, wood, rubber, and plastic, without any metal as structural parts. 


2. Engines:  I will use only pre-loaded factory-made NAR Certified model rocket engines in the manner recommended by the manufacturer. I will not alter or dismantle model rocket engines or their ingredients in any way or attempt to reload these engines. 


3. Recovery:  I will always use a recovery system in my rockets that will return them safety to the ground so that they may be flown again. I will use only flame-resistant recovery wadding in my rockets. 


4. Weight Limits:  My model rocket will weigh no more than 1500 grams (53 oz.) a lift-off, and the engines will contain a total of no more than 125 grams (4.4 oz.) of propellant. My model rockets will weigh no more than the engine manufacturer's recommended maximum lift-off weight for the engines used or will use the engines recommended by the manufacturer for my rocket. 


5. Stability:  I will check the stability of my model rockets before their first flight, except when launching models of already proven stability. 


6. Payloads: Except for insects, my model rockets will never carry live animals or payloads that are intended to be flammable or explosive. 


7. Launch Area:  I will launch my model rockets outdoors in a cleared area, free of tall trees, power lines, and buildings. I will ensure that people in the vicinity are aware of the pending rocket launch and are in a position to see the rocket's liftoff before I begin my audible 5-second countdown. 


8. Launcher:  I will launch my model rockets from a rod or other device which provides rigid guidance until the rocket has reached a speed adequate to ensure a safe flight path. to prevent accidental eye injury, I will always place the launcher so that the end of the rod is above eye level or will cap the end of the launch rod when approaching it. I will cap or disassemble my launch rod when not in use and will never store it in an upright position. The launch device will have a jet deflector to prevent the engine exhaust from hitting the ground directly. I will always clear the area around my launch device of brown grass, dry weeds, and other easy-to-burn materials. 


9. Ignition System:  The system I use to launch my model rockets will be remotely controlled and electrically operated and will contain a launching switch that will return to "off" when released.  The system will contain a removable safety interlock in series with this firing switch.  When launching, all persons will remain at least 15 feet away from any model rocket when igniting engines totaling 30 N-sec of total impulse or less and at least 30 feet when igniting engines totaling more than 30 N-sec total impulse.  I will use only electrical igniters which will ignite my rocket engine within one second of actuation of the launching switch. 


10. Launch Safety:  I will not let anyone approach a model rocket on a launcher until I have made sure that the safety interlock has been removed or the battery has been disconnected from the launcher. In the event of a misfire, I will wait one minute before allowing anyone to approach the launcher. 


11. Flying Conditions:  I will launch my model rocket only when the wind is less than 20 miles per hour, and under conditions where the model will not fly into clouds, fly near aircraft in flight, or be hazardous to people or property. 


12. Pre-Launch Test:  When conducting research activities with unproven designs or methods I will, when possible, determine their reliability through pre-launch testes, I will conduct launchings of unproven designs in complete isolation from persons not participating in the actual launching. 


13. Launch Angle:  I will not launch rockets so their flight path will carry them against targets. My launch device will be pointed within 30 degrees of vertical. I will never use model rocket engines to propel any device horizontally. 


14. Recovery Hazards:  If a model rocket becomes entangled in a power line or other dangerous place, I will not attempt to retrieve it. 


�
ROCKET CONSTRUCTION


Rockets must be constructed of lightweight materials (NAR Rule 1).  Follow the instructions if you are constructing a kit.  When gluing on balsa wood fins, cut out the fin and place a thin layer of glue on the fin and on the tube where the fins will be attached.  Let that glue dry, then attach the fin.  This will make a stronger bond.  Once fins have been attached, place a line of glue in the corner where the fins attach to the tube.  This is called making a “fillet,” and it welds the fin to the tube.





A lighter rocket will fly higher than a heavier one.  This means that if you use a lot of glue your rocket will not fly as high.  If you don’t use enough glue, though, your rocket will break easily and may not be able to fly the required 4 flights.  Paint, stickers, and decals add weight so they also decrease performance, but add attractiveness and personality to your rocket.  





A smooth rocket will fly higher than a rough one.  Use sandpaper to smooth all surfaces.  Blunt shapes are more efficient below speeds of Mach 1, so choose rounder nose cones for model rockets instead of pointy ones (if you can).  If you can’t remember this, remember that the T-37 is very blunt and very subsonic.  The T-38, on the other hand, is supersonic and pointy-nosed.








PARTS OF A ROCKET


Examine the diagram below to learn about the parts of a rocket.  Can you determine what each part’s function is?


�


1. Nose Cone - usually made of plastic, the nose cone guides the air around the rocket


2. Shock Cord - absorbs the shock of the parachute’s opening and connects the nose cone to the body of the rocket.  It is usually made of a rubber band type material


3. Parachute - like all types of recovery systems, is designed to slow the rocket’s descent to a gentle landing.  Parachutes are generally made of thing plastic


4. Tape Rings - connect the individual ends of the shroud lines to the parachute


5. Shroud Lines -  attach the parachute to the nose cone


6. Shock Cord Mount - allows gluing of the shock cord to the inside of the body tube


7. Body Tube - the basic airframe of the rocket, made of rolled paper


8. Engine Mount - The engine mount centers and holds the engine in place inside the body tube


9. Engine Hook - The engine hook secures the engine within the mount, made of a small piece of springy metal


10. Fin - Fins are usually made of balsa wood or plastic, they provide guidance to the rocket after it leaves the launch rod


11. Launch Lug - The launch lug is a small tube located on the side of the rocket.  It slips over the launch rod on the launch pad and helps guide the rocket during the first few feet of flight


�
MODEL ROCKET ENGINES


Model rocket engines are what propel our rockets.  They must be commercially purchased and used as intended.  Single-stage engines consist of several different parts.  First of all, the entire engine is enclose in a cardboard tube called a casing.  This holds in all the burning fuel and protects the rest of the rocket from very high temperatures.  The engine burns its solid fuel from the bottom up, so we’ll examine the rest of it in that way.  The clay nozzle directs the hot gases downward and optimizes the gas like a nozzle on a garden hose.  The high-velocity escaping gas provides thrust through Newton’s Third Law of Motion.  The Propellant burns when ignited, and the smoke of this burning is the exhaust gas.  When the propellant has burned up, a delay burns.  This delay doesn’t make any measurable thrust, but it does produce white smoke so trackers can keep an eye on the rocket when it is very high.  The delay also allows the rocket to coast as high as it can before gravity takes over.  After the delay, the ejection charge fires.  This forces a small amount of gas into the top of the rocket.  This gas pops out the nose cone and activates the recovery system.  The rocket then returns safely to the ground.





��








ROCKET RECOVERY DEVICES


There are several types of recovery devices for model rockets.  Each one does the same thing for the rocket, however.  A recovery device allows the rocket to safely return to the ground from altitude.  Here is a description of the major recovery systems.


TUMBLE: tumble recovery rockets simply fall back to earth.  The ejection charge removes the engine from the rocket, allowing a very lightweight model to come back this way.


STREAMER: the ejection charge deploys a long plastic streamer which slows the model down sufficiently to prevent damage to the rocket and to be safe.  The rocket must still be very lightweight.


PARACHUTE: the ejection charge releases one or more parachutes for slowing down the model rocket.  Parachute size must be varied by the weight of the model, but even the heaviest of models can be recovered by parachute.  It worked for the early space program, didn’t it?


HELICOPTER: the ejection charge changes the configuration of the rocket or deploys special fins.  These fins safely spin the model back to the ground like a helicopter.


GLIDER: the ejection charge deploys wings on the model, allowing it to safely return to earth like a gliding airplane.


�
ROCKET AERODYNAMICS AND STABILITY


Rockets must fall within certain aerodynamic principles for them to fly safely.  Aerodynamics is the study of how air acts on vehicles.  The principles we learn in rocketry hold true for airplanes as well, but are simpler and easier to understand for rockets.  There are two important variables for rocketry aerodynamics and stability.  One is the Center of Gravity (CG) and the other is the aerodynamic Center of Pressure.





The Center of Gravity, or CG as its called, is simply the point that the aircraft would balance on if it was tied to a string.  This is, in fact, how we test for the actual center of gravity in a model rocket.  We must be sure to include an unused engine when we perform this test.  CG is important because the rocket will always move around the CG.  If you can imagine a spinning weightless person in space, does that person rotate around his or her knee?  No, the person rotates around her middle.  That exact middle is the balance point, or CG.





The aerodynamic Center of Pressure, or CP, is the exact middle of the entire surface area of a rocket.  We must calculate the area of the rocket in order to determine this value.  Once the entire area has been determined, half of the area from either end is the CP.  CP is important in the stability of rockets.  There are three kinds of stability in rockets.  The three kinds are positive, neutral, and negative.  Our models must only be positively stable for reasons we’ll explain.





Positive stability is when the center of gravity is forward (closer to the tip of the nose cone) than the center of pressure.  That means there is more surface area for the air to act on behind the CG than in front of it.  The rocket is then like a weathervane, a dart, or an arrow.  If the rocket tries to fly in any direction other than straight ahead, the air around it will push it back to flying straight ahead.





Negative stability is when the CG is behind the CP.  This would be like trying to throw a dart backwards.  If the rocket tries to fly other than straight ahead, the air moving across the rocket tends to move the rocket further from straight ahead.  This causes very unpredictable results and can be very dangerous.





Neutral stability is when the CG and the CP are in the same location.  If the rocket tries to move other than straight ahead, it will continue to move in that direction.  These rockets are also unpredictable and dangerous.





TESTING STABILITY


�


We can now easily see why we must test our rockets before we fly them.  Kit rockets will usually be very stable, but still should be tested.  Rockets of our own design require thorough testing.  Testing is very easy, however, and doesn’t need any math.  Simply take a 6 to 8 foot long string and tie it to the balance point of your rocket.  Swing the rocket around your head in a clear area.  If the nose continues to point in the direction of motion, the rocket is positively stable and can be safely flown.  If the rocket does not point forward, add a small amount of nose weight, such as clay, to the nose cone of the rocket.  This will move the CG forward.  Retest the rocket to see if the CG has been moved forward of the CP to make a stable rocket.


�
MODEL ROCKETRY RANGE


The CAP model rocketry range will be supervised by the Range Officer and the Safety officer.  The minimum personnel necessary to conduct a CAP model rocket competitive meet are as follows: Range Officer, Safety Officer, Launch Supervisor, Spectator Control Officer, Range Guards, Observers and Trackers, and a Public Affairs Officer.  Refer to diagram for placement of personnel.  The duties of each member are as follows:


Range Officer (7)  The Range Officer is in complete control of the range.  No action is taken without their direction.  They give all orders and make all decisions.  Their place should be at the control center.  All rockets presented for operation on the flying field shall be permitted or denied flight by the Range Officer on the basis of his or her considered judgment with respect to safety.


Safety Officer (3)  The Safety Officer is responsible for checking all critical points of the operation in advance to make certain that safety regulations are followed.  He or she is responsible for the instruction of all personnel in safety procedures.  No launching will take place until the safety officer has given clearance to the range officer.


Launch Supervisor (7)  The Launch Supervisor is responsible for assuring that established procedures are followed at the launch site and for supervising the actual launching operation.  He or she certifies the launch area to be clear before launching begins.  Launching of a model rocket must be conducted by remote electrical control at least 15 feet distant from the model, and must be fully under the control of the person launching the model.  The Launch Supervisor is the one who actually initiates the launch.


Spectator Control Officer (10)  The Spectator Control Officer is responsible for clearing the launch area of all personnel not assigned to specific posts.  They see that personnel are a safe distance before they give clearance for launching to the range officer.  This assignment may be handled by the safety officer.


Range Guards (3, 5, & 7)  The Range Guards are responsible for keeping passersby out of the area, scanning the sky for aircraft, and certifying to the range officer that it is safe to launch rockets.


Observers and Trackers (1 & 2)  The Observers and Trackers are responsible for tracking the path of the rocket, taking observations on the angle of elevation at the peak of trajectory, and reporting these data to the judges for plotting.


Public Affairs Officer  The Public Affairs Officer arranges for advance publicity about the meet and provides newspaper, radio, television, and/or magazine coverage of the activities.  He or she ensures that the rocketry program enjoys favorable public relations.  He or she also acts as an escort for media representatives during the launch meet.  There is no designated position for the PAO on the range so long as safety is met.





RANGE FIELD REQUIREMENTS


The flying field shall have a ground area whose shortest dimension is no less than one-fourth (¼) the anticipated maximum altitude of the rockets to be flown.  The flying field should not contain or be adjacent to high voltage lines, major highways, multi-story buildings, or other obstacles.  The launching location shall be no closer than 30 feet to the boundaries of the flight area.


�
�


		1. Tracker 1				7. Launch Supervisor


		2. Tracker 2				8. Flag


		3. Safety Officer				9. Range-In-Operation Pennant


		4. Judges’ Recording Table		10. Spectator Control Officer


		5. Preparation Table			11. Parking Area


		6. Recovery Team			12. Launching Pad





ALTITUDE TRACKING
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We can track our rockets’ altitude by using trigonometry.  Specifically, we will use the tangent function.  This can be found on a scientific calculator.  A long time ago a guy named Pythagoras discovered that if you had a triangle with a right angle in it (90º), the lengths of the sides had some very special relationships.  These relationships were later boiled down into trigonometric functions.  Here’s how it works.  We assume we have a very large right triangle with the rocket at the top.  Trackers on the ground measure the angle to the rocket when it is at its highest point.  If we know the angle and how far away from the launch pad the trackers are, we can use the tangent function to figure out the altitude.  Let’s use, as an example, 100 feet for the distance from the tracker to the launcher.  If the angle the tracker measures is 60º, the tangent for that angle is 1.73.  We simply multiply 1.73 by 100 to come up with 173 feet.  This is the altitude of the rocket!  Errors can be reduced by using multiple trackers and averaging their results.  This is precisely what we’ll do for competition.





For a tracker to determine the angle to the rocket, he or she must use a theodolyte.  A theodolyte is a tool used for measuring angles over long distances.  Land surveyors use very accurate theodolyte’s to determine exact property boundaries.  We will construct simple theodolytes for use during launch competition.


�
CAP MODEL ROCKETRY COMPETITION RULES





ALTITUDE COMPETITION


At least 2 trackers must be used.  Each must have a tracking theodolite.  A tracker may not track his or her own rocket for competition.  Altitudes will be computed and averaged by the judges.  Highest altitude wins the competition.





PARACHUTE DURATION COMPETITON


Timing shall begin at first motion of the rocket, not the “0” second from the Launch Officer.  At least two timers must be used.  Timing will be averaged for score by the judges.  Longest duration wins the competition.





PAYLOAD COMPETITION


Payload launches shall be conducted with the payload of each contestant’s choice.  Payloads will be judged on originality, scientific value, altitude reached, safe launch and recovery, and the contestant’s reasons for selection of the payload.  Judges will rank order contestants’ payloads.  Judges will use the worksheets provided.  Contestants will place their names on the backside of the score sheet to eliminate bias.





SPOT LANDING COMPETITION


A target will be designated by the judges for the contestants.  Rockets will be launched and allowed to be recovered unaided from personnel on the ground.  Each contestant shall be able to determine the launch rod angle and direction, within safe constraints as determined by the Safety Officer and the Range Officer.  The total distance from the center of the target is each contestant’s score.  Judges will measure the distance in feet and inches using a tape measure.  Lowest score wins the spot landing competition.





SWEEPSTAKES POINTS


Competition points will be awarded to each contestant on the basis of the following schedule:


First Place: 10 Points, Second Place: 6 Points, Third Place: 4 Points, Fourth Place: 2 Points, Remainder of contestants if a safe flight is conducted: 1 Point.  The contestant with the greatest number of points at the end of the meet is the sweepstakes winner.


�
LAUNCH SCRIPT





The Launch Supervisor will conduct this prelaunch checklist for every launch.  He or she will ensure the following steps are taken.  Other crew members will respond as published here or with “STOP!” for stop-launch.  All personnel must concur for launch: anyone can stop the launch at any time.  Only upon mutual agreement of everyone may the launch proceed.  The Launch Supervisor will keep the safety key in his or her personal possession any time it is in transit from the launch rod to the launch controller.





1.  Ensure safety key is not in the launch controller; it should be attached to the safety cap and on the launch rod


2.  Place rocket on the pad.  Replace the safety cap.


3.  Attach the micro clips to the igniter wires. Arrange the clips so they do not touch each other or the metal blast deflector.  Attach clips as close to protective tape on igniter as possible.


4.  Move back as far as launch system will permit, at least 15 feet


5.  Insert safety key to arm the launch controller.  If light does not illuminate remove the key and check the igniter connections.


6.  Loudly yell the following audible calls to the entire crew:


Launch Supervisor: Spectators?


Spectator Control Officer: GO!


Launch Supervisor: Trackers?


Trackers (all): GO!


Launch Supervisor: Guards?


Guards (all): GO!


Launch Supervisor: Safety?


Safety Officer: GO


Launch Supervisor, to Range Officer: SIR, THE RANGE IS READY


Range Officer: LAUNCH!


Launch Supervisor: 5, 4, 3, 2, 1, IGNITION!


7.  Immediately following launch, the launch supervisor will remove the safety key from the launch controller and replace the safety cap on the launch rod.  The trackers will find and record their angles on their logs.  The recovery team will recover the rocket.  Safety permitting, the next rocket may be spotted for launch on the pad as soon as the previous rocket has been launched.


�
CAP MODEL ROCKETRY JOURNAL


On this page I have recorded such items as my design philosophy, finishing scheme, payload choice, construction techniques, and how my launches went.  I understand that completing this journal is a requirement for my CAP Model Rocketry Badge.


CADET  NAME:___________________________


_______________________________________


_______________________________________


_______________________________________


_______________________________________


_______________________________________


_______________________________________


_______________________________________


_______________________________________


_______________________________________


_______________________________________


_______________________________________


_______________________________________


_______________________________________


_______________________________________


_______________________________________


_______________________________________


_______________________________________


_______________________________________


_______________________________________


_______________________________________


�
CAP MODEL ROCKETRY RANGE DIAGRAM


On this pa
