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I. Curriculum Plan/Guideline 

 

Week # Educational Activities. Laboratory Activities 

1. - Present safety briefing 

- Introduce the website 

- Show Part 1: how model rockets work 

- Introduce program overview/objectives 

- Discuss OPRs/LPRs 

- Introduce model rocketry glossary 

- Present the Model Rocketry Safety 

Code (Cadet Contract) 

- N/A 

2. - Discuss basic model rocket components 

- Show Part 2: components of a rocket 

- Discuss/explain NAR Safety Code 

- Cadet homework: review parts 3, 4, 5 

on how to construct a rocket 

 

- Demonstrate the tools and materials needed 

to construct a simple single-stage rocket 

- Demonstrate types of engines available 

- Provide lists of tools and materials needed 

to construct a single-stage rocket; provide 

plans for a rocket  
3. - Explain rocket flight profile 

- Explain rocket aerodynamics 

 

- Begin construction of single-stage rocket 

(all cadets use same basic plan) 

4. - Explain rocket engines & types 

- Explain rocket aerodynamics  
 

- Continue construction of rockets 

5. - Plan rocket launching activity 

- Make launch position assignments 

(range guard, safety officers, etc.) 

- Review safety code 

- Complete construction and inspect 

completed model rockets; make any 

necessary repairs 

6. - Unit model rocket launching - Unit model rocket launching 
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II. Model Rocketry Program Description: 
 
The model rocketry program provides an opportunity for cadets to learn the basic principles of 
aerospace rocketry.  During the program, the cadets get the opportunity to design, build and launch 
model rockets and perform in appointed team positions.  Model rockets use safe engines.  
Successful completion of program requirements makes cadets eligible for the model rocket badge. 
 
III. Program Objectives: 
 
1.  To acquaint cadets with the importance of rocketry and its role in the future. 
 
2.  Increase cadets’ knowledge of aerospace sciences and motivate them to attain an even greater 
knowledge of aerospace. 
 
3.  Employ the cadets’ interest in model rocketry to enrich their development. 
 
4.  Provide activities and opportunities for the development of aerospace leadership skills. 
 
5.  Arouse interest in aerospace careers that require the knowledge of rocketry. 
 
6.  Contribute to the development of an understanding of aerospace power. 
 
7.  Lead to the discovery of the individual educational need of cadets aspiring to careers in 
aerospace. 
 
IV. Operational Performance Requirements (OPRs) 
 
Cadets participating in the model rocketry program must satisfy the following requirements either as 
individuals or in groups to earn the rocketry badge: 
 
OPR 1.  Construct, launch, and evaluate at least one model rocket with two successful launches. 
 
OPR 2.  Successfully recover at least one model rocket launch by catching it prior to hitting the 
ground.  Do NOT try to catch a rocket whose parachute has not deployed!  This requires that 
parachutes are correctly installed so they deploy as required to slow the descent. 
 
OPR 3.  Know the parts of a model rocket as described in the diagram provided.  
 
OPR 4.  Understand and follow all safety rules associated with model rocketry as discussed in class.  
Pass the written safety exam with a minimum score of 80%.  Keep your eyes on all rockets launched 
on launch day, and do not do anything unsafe. 
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V. Leadership Performance Requirements (LPRs) 
 
Cadets participating in the rocket program must achieve proficiency and become successful in 
model rocketry activities.  The following LDR’s must also be satisfied: 
 
LPR 1.  Demonstrate a knowledge of the AFJROTC model rocketry program and its concepts and 
techniques by satisfactorily implementing, administering, supervising, and evaluating model 
rocketry activities. 
 
LPR 2.  Demonstrate a knowledge of the organization of AFJROTC Model Rocketry Program 
activities, including personnel required, skills necessary, and the job responsibilities of cadets and 
adult supervisors for rocketry activities. 
 
LPR 3.  Demonstrate knowledge of the physical facilities required for all model rocketry operational 
activities, to include facilities for storage, handling, and building static models, flying and safety 
precautions, and spectator protection. 
 
LPR 4.  Demonstrate the leadership skills necessary to conduct the model rocketry competitive meet 
at the end of the quarter. 
 
LPR 5.  Serve successfully in your appointed assignment on your rocket team, showing leadership, 
followership, a strong work ethic, and good communication techniques. 
 
VI. Model Rocket Badge 
 
This badge will be awarded to cadets that complete 
program requirements of building a rocket and 
successfully launching it twice (must rise above the 
Colonel’s head) and recovering it once by catching it 
before it hits the ground. 
 
VII. Program Procedures 
 
1. The team leader will keep a record of rocket 
launchings, to include successful launches, recoveries, 
heights achieved and adherence to safety precautions. 
 
2. Model rocketry program activities involving 
launchings or flying is always conducted under the 
supervision of the instructors on days that have 
favorable weather conditions. 
 
 
 
 
                                                                                      Figure 1 – Model Rocket Badge 
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VIII. Team Positions 
 
 The following positions with corresponding responsibilities will be designated and filled to conduct 
program activities. 
 

Range Officer (AFJROTC Instructor) – The range or contest officer takes complete charge of the 

range or flying field, directs all action, gives all orders, makes all decisions, supervises all 

operations, and is normally positioned at the control center.  For AFJROTC launches or meets 

sponsored by AFJROTC, the range officer will be an AFJROTC instructor. 
 
Engineer – Is the head of the rocketry team with overall responsibility for the construction, 
decoration and deployment of rockets.  Supervises all operations and is positioned at the control 
center upon launch. 
 

Safety Officer – The safety officer is responsible for checking all critical points of the operation in 

advance to ensure safety regulations are followed.  The safety officer conducts safety briefings prior 

to launches and instructs all personnel in safety procedures.  No launching or flying will take place 

until the safety officer issues clearance to the range officer. 
 

Spectator Control Officer – The spectator control officer is responsible for clearing launch areas 

of all personnel not assigned to specific posts and ensuring spectators and personnel are at a safe 

distance before giving clearance for activity to the range officer. 

 

Range Guards – Range guards are responsible for keeping passers-by out of the area, scanning the 

sky for aircraft, and certifying to the range officer that it is safe to launch rockets. 
 
Reader – The reader must thoroughly read the instructions for rocket assembly, ensuring that each 
step of the construction is carried out precisely.  Leadership in this position will be demonstrated by 
tactfully ensuring that assemblers do not get ahead of themselves by skipping important steps along 
the way.  The reader will also make sure that all team members understand safety instructions and 
grading criteria. 
 

IX. NAR Safety Code 

 

The following National Association of Rocketry (NAR) safety code, although it may seen as 

annoying and inconvenient, must be followed at all times.  If followed correctly, it will prevent 

serious accidents. 
 

1.  Construction – Model rockets will be made of lightweight materials such as paper, wood, 

plastic, and rubber without any metal as structural parts, other than the engine clip provided. 

 

2.  Engines -Use only the provided rocket engines (A-8-3).  If, after three launch attempts and 

meeting all grading requirements, a cadet wants to bring in a factory-made model rocket engine to 

do a “for fun” higher launch, it can be no stronger than a “C” engine and must be used in the manner 

recommended by the manufacturer. 

 

3.  Recovery – All rockets launched will be outfitted with the prescribed recovery system 

(parachute) that will return them safely to the ground so that they may be flown again.   
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4.  Weight Limits – Model rockets will not carry anything other than the materials included in the 

kit. 

 

5.  Launching System – The system used to launch the rockets must be remotely controlled and 

electrically operated.  It will contain a safety switch that will automatically return to “off” when 

released. All cadets and bystanders will remain at least 15 feet away from any rocket being 

launched. 
 

7. Launch Safety – Do not let anyone approach a model rocket on a launcher until the instructor is 

sure that the safety interlock key has been removed or that the battery has been disconnected from 

the launcher.  
 

8. Flying Conditions – Rockets will not be launched in high winds, near buildings, power lines, tall 

trees, low flying aircraft, or under any conditions which might be dangerous to people or property.  

 

9. Launch Area – Model rockets will always be launched from a cleared area, free of any easy to 

burn materials, and only nonflammable recovery wadding will be used in the rockets. 

10. Jet Blast Deflector (JBD) – My launcher will have a JBD device to prevent engine exhaust 

from hitting the ground directly. 

 

11. Launch Rod – To prevent accidental eye injury, always place the launcher, so that the end of 

the rod is above eye-level or cap the end of the rod with the provided cap or a plastic soda bottle.  

 

12. Power lines – Cadets will never attempt to recover my rocket from a power line or other 

dangerous place. 

 

13.  Launch Targets and Angle – Rockets will be launched so that their flight paths will not carry 

them against targets on the ground and will always be pointed within 30 degrees of vertical. 
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X. Basic Model Rocket Components 
 

 

 
 

                                         Figure 2 – Typical Model Rocket 
 

These are the components of a typical model rocket as shown in figure 2, and must be memorized: 
 

1. Nose Cone – Usually made of Plastic or balsa, the nose cone guides the air around the rocket.  

 

2.  Shock Cord – Absorbs the shock of the parachutes opening and connects the nose cone to the 

body of the rocket. 

 

3. Recovery Device – Usually composed of the parachute and a streamer, is designed to slow the 

rocket’s descent to a gentle landing. Usually made of thin plastic.   

 

4.  Tape Rings or Grommets – keep the parachute from ripping at the point the shroud lines 

connect. 

 

5.  Shroud lines – attach the parachute to the nose cone. 

 

6.  Shock cord mount – provides stability for the shock cord. 

 

7.  Body Tube – Is the basic airframe of the rocket. Is made of rolled cardboard with special coating 

to add strength and make the tube easy to paint. 

 

8.  Engine Mount – A separate insert into which the engine is placed just prior to launch. 

 

9.  Engine Hook – Holds the engine in place. 

 

10.  Fins – Usually made of balsa wood or plastic, the fins provide guidance to the rocket after it 

leaves the launch pad.  (NOTE:  these CAN be put on backwards, which decreases stability and is 

NOT desirable!) 
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11.  Launch Lug – Is a small tube located on the side of the rocket. It slips over the launch rod on 

the launch pad and guides the rocket during the first phase of the flight 

 

12.  Wadding (not shown) – Protects the parachute and streamer from the gas of the retro thrust 

action of the engine. Helps to form a piston to eject the device from the body tube. 

 

13. Electric Igniter (inside the engine) - Starts the solid-propellant motor (engine) when charged 

electrically 

 

14.  Rocket Engine – the expendable solid-propellant motor of the rocket. Ignites when excited by 

an electrical charge. 

 

XI. Model Rocketry Glossary 

Cadets need to learn the following terms used in this program: 

 

1. Apogee – The highest point of a rockets flight path, this is where the ejection charge is supposed 

to go off. 

 

2.  Burnout – The point on a rocket’s flight path, this is where the ejection charge is supposed to go 

off. 

 

3.  Fillet – A smooth bead of glue run in the gap between the body tube and an external attachment 

such as a fin.  Fillets greatly strengthen the joint and reduce drag. 

 

4.  Boat Tail – A rocket design feature where the rocket becomes narrower at the back, reducing 

pressure back drag. 

 

5. Terminal Velocity – The maximum speed at which an object cannot accelerate past without 

reaching one of the following:  

a) An equilibrium between acceleration and drag, resulting in a constant, maximum speed. 

b) It goes fast enough that there is enough drag, lift and other pressure differences and anomalies 

that the object’s structure fails. 

 

6. Max-Q – This is a rocket-scientist term describing the maximum aerodynamic pressure that an 

airframe can withstand before structural failure occurs. Example: If you put a “D” engine in a rocket 

not designed to take an engine bigger than “C” and the fins come off in flight, the rocket hit Max-Q. 

 

7. Minor Structural Failure – In this case, the airframe is weakened, but it remains intact and 

airworthy.  Example: A cracked fin or creased body tube. 

 

8.  Catastrophic Structural Failure (CSF) – This involves the complete destruction or separation 

of a component or components. Example: At a lunch one day, a rocket suffered a CSF when the top 

of the engine failed, causing the burning propellant to blow out the top of the rocket roman-candle 

style.  The engine-core fireball melted the parachute, severed the shock chord, and blew off the nose 



 10 

cone.  The sudden reverse in thrust stopped the rocket abruptly in mid-air. The shock from this blew 

off the fins and blew out the internal engine mount.  (Obviously resulting in loss of points!) 

 

9.  Safety Interlock Key – This is the primary safety feature on most commercial launch 

controllers.  When inserted into the launcher, the interlock key completes a sub-circuit so that the 

primary launch circuit will be complete when the launch button is pressed. During preflight times, 

the safety key must be left visibly dangling to insure safety.   When clear to launch (about 15 feet 

away), after you insert the safety key,  the ignition continuity light in the launch controller should 

come indicating that you have a hot circuit ready to launch. To launch give the countdown: 

“five…four…three…two…one…launch” loud enough for ALL to hear! 

 

10. Center of Gravity – The balance point of a rocket. 
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XII. Rocket Flight Profile 

 

 

 

                                                Figure 3 – Rocket Flight 

 

Figure 3 shows the different phases of a model rocket flight. It begins with the electrical ignition of 

the rocket engine, flight, burnout, coasting flight, peaking altitude, recovery device deploys, descent 

and landing (or, in our case, recovery before it hits the ground). 
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XIII. Rocket Engines 

 

The model rocket engine provides the propulsive force to thrust the rocket hundreds of feet in the air 

and the means to eject the recovery device. Pre-manufactured and ready-to-use, it slips into the 

engine mount of the rocket.  

 

Construction – Most model rocket engines consist of a large, single grain propellant inside a thick-

walled paper tube.  It has a ceramic nozzle plug in the back end. The explosive powder has a time-

delay grain and is capped with a thinner, solid plug in the front end to provide compression for the 

explosive and to prevent the propellant from being forced out of the engine casing and into the 

rocket (Figure 4) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                          Figure 4- Typical Rocket Motor 

 

Principles of Operation – An electrical ignitor is needed and thus inserted into the engine’s nozzle. 

It is usually held in place with a plastic ignitor plug.  The alligator clips from the launch controller 

attached to the ends of the ignitor.  The ignitor is really a piece of high resistance wire which thins 

in the middle where it is coated with a flammable, gunpowder-like substance.  When enough current 

is put through it, the thin part of the wire glows red-hot, setting off the gunpowder coating.  The 

resulting flames ignite the propellant grain of the engine.  Once the propellant is lit, it burns very 

rapidly and produces a lot of exhaust gasses.  These gasses are produced more rapidly than they can 

readily escape thru the nozzle, and pressure builds up within the casing.  The gases being forced out 

through the nozzle under great pressure is what generates the thrust that propels the rocket.  At the 

end the propellant grain is a smaller grain of powder that produces thick white smoke.  This tracking 

smoke does not provide any thrust but helps you see the rocket as it coasts upward toward the 

apogee, the top of its flight.  After the smoke powder has burned, it lights the ejection charge, an 
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explosive composition that blows off the engine’s forward plug, suddenly pressurizing the inside of 

the body tube with hot gasses and fire.  This blows the nose cone off the rocket, deploying the 

recovery device.  The rest is up to the recovery device. 

 

XIV. Rocket Aerodynamics 

 

Identifying and Controlling sources of drag – as the rocket moves through the air, it must fight 

against the pressure from all the molecules of air it pushes out of its way, and against the partial 

vacuum behind it where the molecules have not yet been able to fall back into place.  These 

aerodynamic pressures are drag.  There are three primary kinds of drag that affect model rockets. In 

order of impact on rocket performance, they are pressure drag, back drag, and parasite drag. 

 

a. Pressure Drag – relates to the general frontal area of the rocket body tube (how wide it is), and 

the shape of the nose cone.  For example, a narrow diameter body tube with a real “pointy” nose 

cone will have less drag than a narrow body tube with a real “blunty” nose cone.  

 

b. Back Drag – is caused by a low-pressure area immediately behind the back of the rocket, where 

the displaced air has not yet been able to flow back yet. This partial vacuum is trying to suck the 

rocket back. If your rocket’s diameter is larger than the diameter of your engines, make a “boat tail” 

to reduce the blunt rearward area. A surprisingly high performance of a rocket’s total drag comes 

from back drag. 

 

c. Parasite Drag – is caused by items that are attached to the airframe, protruding and disrupting the 

airstream, such as fins and lunch lugs.  Here are a few things to consider for reducing parasite drag: 

1) Fins should be well sanded on both leading and trailing edges. 

2) Fins should not be made any larger or more complicated than necessary and remember more 

sweep = less drag. 

3) Fillets at fin/body tube junctions will both increase the strength of the joint and reduce parasite 

drag. 
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XV. Types of Engines and Recommended Field Dimensions 

 

Depending on the type of engine and given the lift-off weight, a rocket will reach a certain altitude 

and will require a minimum field size to launch rocket safely as estimated by the chart below.   

 

Motor Lift-off Weight Altitude Range Field 

 (Ounces) (Feet) (Feet) 

Type A 1 235 to 560 150 X 300 

 2 170 to 260 150 X 300 

 3 100 to 120 150 X 300 

    

Type B 1 400 to 1,040 300 X 300 

 2 370 to 760 200 X 300 

 3 280 to 425 150 X 300 

    

Type C 2 650 to 1,620 400 X 400 

 3 600 to 1,270 350 X 350 

 4 520 to 800 200 X 300 

 5 460 to 580 150 X 300 

 6 330 to 420 150 X 300 
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XVI. Launch Data Sheet 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


