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CHAPTER 1 INTRODWTION

Since the publication ok Nation at Riskn 1981, there &s been a steady progression toward
standards based education. The researcher found common language in many of the standards publications.
The authors of those documents saw a need for integrated curricula that taught several disciplines, such as
math andscience, in one curriculum. They saw a benefit not only in time management but also in a better
understanding of the content by the students. The authors also saw the advantages of more hands
activities instead of classroom lectures. Math and scieratmoist using those disciplines to make things
and to solve problems. It is not about taking tests and hearing lectures.
There is a strong need for the educational community to embrace these concepts and move out of
the classrooms into the field for a redrld learning experiences. The popularity of national competitions
may be offered as proof that students are just as willing to embrace an interactive approach to learning.
Model rocketry is a powerful tool for teachers who wish to incorporate scieateology,
engineering, and math into a fun, engaging, and challenging activity. When designing model rockets in the
computer | ab, the students have an opportunity to
of Physics in order to design thewn model rocket that is aerodynamically sound. Fine motor skills are
honed during the construction of the rockets as they measure, cut, and glue their rocket parts to the
specifications that they themselves determined. Teamwork is a skill that theseaatd they organize into
a group with many specialized responsibilities for the purpose of launching their rockets and collecting
valuable data to be processed and analyzed in the classroom. Suddenly, the Pythagorean Theorem makes

sense astheyvisuatiz t he gi ant triangle formed by the flight
enforcement right before their very eyes. Through the activities of model rocketry, science and math not
only exist, they fAcome to |ife.o

Description

The primary purpose of this curriculum is to teach the STEM skills necessary for middle and high
school students to successfully compete in the Team America Rocketry Challenge.

Setting

The curriculum may also be used, in whole or in part as:
1 atraining pogram for TARC member.
an elective class in middle and high school.
an extracurricular course.
A model rocket club curriculum.
a handson activity for a middle or high school science or math class.
a summer camp program.

= =4 —a —a A



CHAPTER 2 SKILLSAND STANDARDS

Introduction

The first step in creating a STEM based model rocketry curriculum was to identify the
skills students need in order to be successful in the Team America Rocketry Challenge

and group them into a skill set. Lessons were designed to teatdrgeted skillsThe
final step was to review federal and state STEM content standards that would be
addressed be the lessons.

Skills Set

The following matrix matches specific skills with the lessons that target them.

SET | LESSON
Students should havé&knowledgeof:
1.| the rules and regulations governing the Team America Rocketry LDO7
Challenge.
2.| the parts of a model rocket and their function: LDO02
a. Rocket parts
b. Rocket motors
c. Recovery systems
3.]Newt onés Laws of Motion. LDO3
4.| basicaerodynamics pertaining to rocket flight. LDO04, LDO5
5.| math concepts that pertain to the design, construction, and flight of § DE02, DEO3,
model rocket. ID03, D06,
ID08, ID12, ID13
6.| basic meteorology and its influence on rocket flight. IDO1, ID10
7.| construction tools and adhesives used to build and repair model rock C01-04
8.| model rocket construction materials and techniques. C01-04
9.| the math and science of parachute and streamer recovery. ID02, ID09
10 rocketrysafety rules and how to adhere to them. LD08
Students should have the skills to:
11 operate and succeed in a team environment. LD08
12 design a payload model rocket using Rocksim. DEO1
13runcomputer simulations of the r|DEO1
and that the design meets the requirement of the TARC.
14 calculate the proper size and dimensions of rocket parts and manufg LD04, LDO5,
them to those specifications. DEO2, DE03




15 build an aerodynamically sound booster section, to include a recove| LD04, LDO5,
system, to the specifications of the design that withstands the stress| DE02, DE04,
multiple mid-power flight. CO1-06

16 build an aerodynamically sound, mutfhambered payload section to tf LDO4, LDO5,
specifications of the design that is capable of protecting the egg and| DE02, DE04
electronic payload.

17| determine and adjust model rocket stability. LDO5

18 safely launch a modieocket and recover it. DEO7, LDO6

19cal cul ate a rocketds velocity IiID06

20 calculate the altitude attained by a rocket in flight. IDO3

21 install and use parachutes and streamers to recover the payload anq DEO6, ID02,
booster sections. IDO9

22 record and analyze flight data in order to make adjustments. LDO04, ID01,

ID04

23 predict and adjust a rocketds LDO03, DEO5,
Newtons of force. ID03, ID0O7

24 predict and adjust t he rocketsrkass 6 ¢ LDO3, IDO3,

IDO8
25 predict and adjust the flight times by adjusting the recovery system. | LD04, DEO6,
ID02, IDO5, ID09
26| use the proper equipment to collect, interpret and predict the effects| ID01
atmospheric conditions on rocket flight.

277/cal cul ate a rocketds altitude IDO1, ID10
conditions.

28 analyze preliminary flights to redesign and improve their model rock¢ 1D01-13

needed.

List of Lessons

Lecture & Demonstration

LDO1 Introductionto Rocketry Cco1 Model Rocket Building Preparation
LD02  The Model Rocket Cco2 Motor Mount
LDO3 Newtonds Laws CO03 Fins, Airframe, Nose
LD04  Aeronautics co4 Payload Bays
LD0O5  Rocket Stability C05 Finishing
LD06  Launch Procedures Co06 RecoverySystems
LDO7 TARC Rules Investigation & Discovery
LDO08 Model Rocketry Rules IDO1 Data Collecting Instruments
Design & Engineering ID02 Investigating Parachutes
DEO1  Rocksim IDO3 Calculating Apogee
DEO2 The Booster Section ID04 Adjusting Apogee
DEO3  The Payload Section IDO5 Adjusting Descent Rate:Parachutes & Streamers
DEO4  Painting and Finishing ID06 Investigating Average Velocity
DEO5 Rocket Engines IDO7 Investigating Energy
DEO6  Recovery Systems IDO8 Investigating Nose Cone Drag Co efficiency
DEO7 Launching a Model Rocket ID09 Investigating Streamers
ID10 Investigating Weathercocking
ID11 Adding and Analyzing Data in Rocksim
ID12 Determining Center of Pressure
ID13 Determining Center of Gravity
ID14 Basic Meteorology

Construction




STEM Standards

Listed are national and state standards that the researcher has identified as standards that
may be taught through the use of this curriculiach listed standard is matched with

the TARC skills and the lessons that apply t&dme standardseaddressed by most of

the lessons, but for the sake of clarity the researcher chose to identify a select few as
examples. Standards that the researcher determined do not directly apply to model
rocketry have been omitted; therefore this is not a comigéiaf the standards.

The model rocketry curriculum is not intended to replace science or math courses, but
rather to enhance and reinforce them.

NATIONAL AND CALIFORNIA STEM STANDARDS: SCIENCE

National ScienceEducation Standards | sSkill | Lesson
Content Standards: 58

As a result of activities in gradess5 all students should develop

A 1  Abilities necessary to do scientific inquiry 11- All
1 Understand about scientific inquiry 28
B an understanding of 3 LDO3
1  Motions and forces 4 LD04
1  Transfer of energy 17 LDO5
23 DEO5
D03
IDO7
E 1  Abilities of technological design All All

1  Understandings about science and technology

G an understanding of All All
1  Science as a human endeavor
T Nature of science
1  History of science

Content Standards: 9- 12

As aresult of activities in grades-A.2, all students should develop

A 1  Abilities necessary to do scientific inquiry 19 ID06
1  Understandings about scientific inquiry 20 ID03
22- IDO7
28 ID08
B an understanding of 3 LDO3
1  Motions and forces 4 LD04
5 LDO5
17 DEO5
23 ID03
24 IDO7
25
27
E 1  Abilities of technological design 12 DEO1
1  Understanding about science and technology 13 LDO4
15 LDO5
16 DEO2
DEO4
C01-06
G develop an understanding of All All

1  Science as a human endeavor
1 Nature of scientific knowledge
9 Historicalperspectives
Program Standards
B The program of study in science for all students should be developmentally appropriate, All All
interesting, and relevant to studentso |
be connected with othechool subjects.
C The science program should be coordinated with the mathematics program to enhance stu(  All All
and understanding of mathematics in the study of science and to improve student understa
mathematics.
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California State Standards for Grade 8 SCIENCE (Physical Science)

Standard Set 1. Motion

1. The velocity of an object is the rate of change or its position
a. positionis defined relative to some choice of standard reference point and a set of referenc 4 LDO4
directions.
b. average speed is the total distance traveled divided by the total time elapsed. 19 ID06
C. The speed of an object along the path traveled/aan
d. how to solve problems involving distance, time, and average speed. 19 ID06
e. | todescribe the velocity of an object one must specify both direction and speed. 4 LD04
f. changes in velocity can be changes in speed, direction, or both. 4 LDO5
g. how to interpret graphs of position versus time and speed versus time for motion in a singl¢ 4 LD04
direction.
Standard Set 2 Forces
2. Unbalanced forces cause changes in velocity. Students know
a. | aforce has both direction and magnitude. 3 LD02
4 LD03
b. | when an object is subject to two or more forces at once, the effect is the cumulative effect ¢ 4 LDO4
the forces.
C. when the forces on an object are balanced, the motion of the object does not change. 3 LD03
17 LD05
d. how to identifyseparately two or more forces acting on a single static object, including gravi 3 LD03
elastic forces due to tension or compression in matter, and friction.
e. | whenthe forces on an object are unbalanced the object will change its motion (that is, it will 3, LDO3
speed up, slow down, or change direction). 4, LD04
17 LD05
f. thegreater the mass of an object the more force is needed to achieve the same change inff 3 LD03
23 DEO5
24 D03
IDO7
1D08
Standard Set 9. Investigation and Experimentation
9. As a basis for understanding this concept, and to address the ¢batetiter three strands, students should develop
their own questions and perform investigations. Students will:
a. plan and conduct a scientific investigation to test a hypothesis. All All
b. evaluate the accuracy and reproducibility of data. 23 LD03
24 LD04
25 DEO05
26 DEO6
ID02
D03
IDO5
D07
D08
ID09
c. distinguish between variable and controlled parameters in a test. 23 LDO3
24 LD04
25 DEO5
26 DEO06
ID02
ID0O3
ID05
IDO7
ID08
ID09
d. recognizethe slope of the linear graph as the constant in the relationship y=kx and apply thi 2 LDO7
interpret graphs constructed from data.
e. construct appropriate graphs from data and develop quantitative statements about the relai 26 IDO1
between variabke
f. apply simple mathematical relationships to determine one quantity given the other two (inclf 20 ID03
speed = distance/time, density = mass/volume, force = pressure x area, volume=area x hei
High School Physics
Motion and Forces
1. Newt onds | aws predict the motion of most 3 LDO3
a. Students know how to solve problems that involve constant speed and average speed. 19 ID06
b. Students know that when forces are balanced, no acceleration occurs; thus an object conti 18 DEO7
move at a constant speed or stays at res LD06
C. Students know how to apply the law F = MA to solve-dimaensional motioproblems that 3 LD03
involve constant forces (Newtonds second 19 ID01
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26 ID06
d. Students know that when one object exerts a force on a second object, the second object g 3 LDO3
exerts a force of equal magni ttordlew)and i n 4 LD04
LDO5
e. Students know the relationship between the universal law of gravitation and the effect of gr 4 LDO4
on an object at the surface of Earth. 20 LDO5
21 IDO3
DEO6
ID02
ID09
f. Students know applying a force to @nject perpendicular to the direction of its motion causes 4 ID10
object to change direction but not speed
circular orbit to change direction but not speed).
g. Students know circular motiaequires the application of a constant force directed toward thg =~ 17 LDO5
center of the circle.
h. Students know Newtonés | aws are not exac 3 LDO3
object is moving close to the speed of light or is small enouglytizaitum effects are important| 23 ID04
i Students know how to solve twimensional trajectory problems. 19 ID06
Conservation of Energy and Momentum
2. | The laws of conservation of energy and momentum provide a way to predict and describe the movement of obj
basis for understanding this concept:
a. Students |2<now how to calculate kinetic energy by using the formula 23 LDO3
- DEO5
E =1/2mv. D03
ID07
c. Students know how to solve problems involving conservation of energy in simple systems, 25 LDO4
as falling objects. DEO06
D02
IDO5
D09
d. Students know how to calculate momentum as the product mv. 19 ID06
e. Students know momentum isaparately conserved quantity different from energy. 23 ID04
f. Students know an unbalanced force on an object produces a change in its momentum. 4 LDO4
17 LDO5
26 IDO1
NATIONAL STEM STANDARDS: TECHNOLOGY
[ International Technology Education AssociatiStandards
Standard 8Students will develop an understanding of the attributes of design. Students should learn that
E. | Design is a creative planning process that leads to useful products and systems All All
1  The design process typically occurs in teams winosebers contribute different
kinds of ideas and expertise.
F. There is no perfect design. 28 C01-
1  Alldesigns can be improved. C06
IDO1-
ID13
G. | Requirements for design are made up of criteria and constraints. 1 LDO7
H. | The design processcludes defining a problem, brainstorming, researching and generatingi¢  All All
identifying criteria and specifying constraints, exploring possibilities, selecting an approach,
developing a design proposal, making a model or prototype, testing and evaheaiiesign
using specifications, refining the design, creating or making it, and communicating process
results.
J. The design needs to be continually checked and critiqued, and the ideas of the design mug  22- IDO1-
refined and improved. 27 13
K Requirements of a design, such as criteria, constraints, and efficiency, sometimes competg  All All

each other.
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Standard 9Students develop an understanding of engineering design. Students should learn that

F. | designinvolves a set of steps, which can be performed in different sequences and repeated 15 Co1-
needed 16 C06
1  Each design problem is unique and may require different procedures or demand thg
stops be performed in a different sequence. In addition, engineedesigders also have
their preferences and problesnlving styles and may choose to approach the design
process in different ways.
G. | brainstorming is a group problesolving design process in which each person in the group 11 LDO08
presents his or nédeas in an open forum
fln this process, no person is allowe
inane they may seem. After all of the ideas are recorded, the group selects the best
and then further develops them.
H. | modeling, testing, evaluating, and modifying are used to transform ideas into practical soluf  11- DEOI-
1 Historically, this process has centered on creating and testing physical models. 4 28 07
are especially important for the design of large items, such gssparscraft, and C01-06
airplanes because it is cheaper to analyze a model before the final products and IDO1-
systems are actually made. Evaluation is used to determine how well the designg 13
the established criteria and to provide direction for refinement. Biauyarocedures
range from visually inspecting to actual operating and testing products and syste

l. Established design principles are used to evaluate existing designs, to collect data, and to 12 DEO1

the design process. 14 DEO02
1 The design principles include flexibility, balance, function, and proportion. These 15 DEO3
principles can be applied in many types of design and are common to all technol 16 LD04

LD05

C01-06

J. Engineering design is influenced by penal characteristics, such as creativity, resourcefulneg 1 LDO7

and the ability to visualize and think abstractly
findividuals and groups of people who possess combinations of these characteris
tend to be good at generating numerous alternative solutigneblemsThe design
process often involves a group effort among individuals with varied experiences,
backgrounds, and interes&uch collaboration tends to enhance creativity, expand
range of possibilities, and increase the level of expetiiseted toward design
problems.

K. | A prototype is a working model used to test a design concept my making actual observatiof — 11- DEO1-
necessary adjustments 28 07
Prototyping helps to determine the effectiveness of a design be allowing a design talbe tes C01-06
before it is built. Prototypes are vital to the testing and refinement of a product or system w IDO1-
complicated operations 13

Standard 10Students will develop an understanding of the role of troubleshooting, reseamévetapment, invention and

innovation, and experimentation in problem solving. Students should learn that

F. | Troubleshooting is a problesolving method used to identify the cause of a malfunction in a 28 ID01-
technological system. 13
G Invention isa process of turning ideas and imagination into devices and systems. Innovatiorf ~ All All
process of madifying an existing product or system to improve it.
H. | Some technological problems are best solved through experimentation. 18 ID01-
28 13
J. Tedchnological problems must be researched before they can be solved. 18 ID01-
28 13
Standard 11Students will develop abilities to apply the design process. Students should be able to
H. | Apply a design process to solve problems in and beyonidloeatoryclassroom. 15 Co1-
16 C06
I Specify criteria and constraints for the design. 1 LDO7
J. Make twedimensional and three dimensional representations of the designed solution. 12 DEO1
1  Two-dimensional examples include sketches, drawingscanguterassisted 15 Co1-
designs (CAD). 16 Co06
K. | Test and evaluate the design in relation tege@blished requirements, such as criteria and 1 LDO7
constraints, and refine as needed. 23 DEO3
25 ID04
L. Make a product or system and docuntbetsolution. 2 C01-
3 C06
15 LD04
16 LDO7
24 DEO5
25 DE06
ID02-

ID09
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M. | Identify the design problem to solve and decide whether or not to address it. 28 IDO1-
13

N. | Identify criteria and constraints and determine how these will affect the qesicess. 1 LDO7

0. | Refine a design be using prototypes and modeling to ensure quality, efficiency, and produg 28 IDO1-
of the final product. 13
Evaluate proposed or existing designs in the real world. Modify the design solution so that i
effectivelysolves the problem.

P. | Evaluate the design solution using conceptual, physical, and mathematical models at vario 2 LD02
intervals of the design process in order to check for proper design and to note areas where| 12 DEO1
improvements are needed. 22 IDO1

D04

Standard 13Students will develop the abilities to assess the impact of products and systems. Students should be ablg

F. Design and use instruments to gather data. 22 ID01
G. | Use data collected to analyze and interpret trendsder to identify the positive or negative 28 IDO1-
effects of technology. ID13
I Interpret and evaluate the accuracy of the information obtained and determine if it is useful 28 IDO1-
ID13
J. Collect information and evaluate its quality. 28 IDO1-
ID13
NATIONAL STEM STANDARDS: ENGINEERING
| NATIONAL CONTENT STANDARDS K -12 ENGINEERING/ENGINEERING TECHNOLOGY
Dimension 1: Engineering Design
Students will apply concepts of engineering design to solve problems Students will:
Apply a structured approach $olving problems including: defining a problem, brainstorming,| 11- C01-06
researching and generating ideas, identifying criteria and constraints, exploring possibilitie 28
making a model or prototype, evaluating the design using specifications, and communicatir|
resuts.
Ask questions and make observations to help figure out how things work. All All
Learn that all products and systems are subject to failure and that many products and syst§ 28 IDO1-
be fixed. 13
Troubleshoot as a way @ihding out why something does not work so that it can be fixed. 18 DEOQ7
LD06
Analyze and break down complex systems into their component parts and explain the relat 2 LD02
and interdependency of the part and the system.
Dimension 2: Connectingngineering to Science, Technology, and Mathematics
Students will develop an understanding of the essential concepts of and how to apply science, technology, and mathg
they pertain to engineering. Students will
Apply their knowledge of scienctechnology, engineering, and All All
mathematics to define, analyze, and solve problems
Apply contemporary engineering tools in the application of science, mathematics and techry Al All
to define analyze, model and prototype solutions to problems.
Analyze a device and explain the principles of math and science used in the design. 28 ID01-
ID13
Dimension 3: Nature of Engineering
Students will be creative and innovative in the thought and in their actions. Students will be able to:
| Use a logicaprocess for inquiry, solving practical problems, critical thinking, and innovation.| 1 | LDO7

Dimension 4: Communication and Teamwork

Students will be able to use effective communication and teamwork skills to acquire information and convey outcome

vaiiety of stakeholders. Students will be able to:

Use appropriate communication procedures, including oral presentations and written 11

documentation using guidelines and style

standards.

Communicate effectively using multiple media. 11 DEOQ7
18

Practice interpersonal and group dynamic skills, such as: cooperate with others, advocate, 11

influence, resolve conflict, and negotiate.

Function on multidisciplinary and crossfunctional teams. 11

NATIONAL AND CALIFORNIA STEM STANDARDS: MATH

| National Council of Teachers of Mathematics Standards

Standard 1Mathematics and Problem Solving

In grades 8, the mathematics curriculum should include numerous and varied experiences with problem solving as a

of inquiry and application so thtie students cain

Use problerrsolving approaches to investigate and understand mathematical content;

19
20
24

ID06
ID0O3
ID04




14

Formulate problems from situations within and outside mathematics; 5 DEO02
DEO3
D03
ID06
Develop and apply a variebf strategies to solve problems, with emphasis on multistep and g~ 23 ID04
routine problems; 24
27
Verify and interpret results with respect to the original problem situation; 28 ALL
Generalize solution and strategies to new problem situations; 12 DEO1
Acquire confidence in using mathematics meaningfully. 5 ALL
Standard 2: Mathematics and Communication
In grades 8B, the study of mathematics should include opportunities to communicate so that students can
Model situations using oralyritten, concrete, pictorial, graphical, and algebraic methods. 19 ID06
Reflect on and clarify their own thinking about mathematical ideas and situations. 28 All
Develop common understandings of mathematical ideas, including the role of definitions. 5 All
Use the skills of reading, listening, and viewing to interpret and evaluate mathematical idea]  All All
Discuss mathematical ideas and make conjectures and convincing arguments; 23 IDO3
24 IDO7
Appreciate the value of mathematical notation asddle in the development of mathematical 20 ID03
ideas.
Standard 3: Mathematics as Reasoning
In grades 8B, reasoning shall permeate the mathematics curriculum so that studeints can
Recognize and apply deductive and inductive reasoning. 28 All
Understand and apply reasoning processes, with special attention to spatial reasoning and 23 IDO7
reasoning with proportions and graphs.
Make and evaluate mathematical conjectures and arguments. 22 ID04
Validate their own thinking. 23 ID04
Appreciatethe pervasive use and power of reasoning as a part of mathematics. 5 All
28

Stan

In grades 8B, the mathematics curriculum should include the investigation of mathematical connections so that stuider]

dard 4Mathematical Connections

Seemathematics as an integrated whole. 5 All
Explore problems and describe results using graphical, numerical, physical, algebraic, and 19 ID03
mathematical models or representations. 20 ID04
22 D07
Use a mathematical idea to further thlerstanding of other mathematical ideas. 5 All
Apply mathematical thinking and modeling to solve problems that arise in other disciplines, 4 LDO5
as art, music, psychology, science, and business. ID12
ID13
Value the role of mathematics in awlture and society. 5 All
Standard SNumber and Number Relationships
In grades 8B, the mathematics curriculum should include the continued development of number and number relations
that students cain
Understand, represent, and use numbessvariety of equivalent forms (integer, fraction, 5 DEOQ2
decimal, percent, exponential, and scientific notation) inweald and mathematical problem 15 DEO3
situations. 16 ID14
6
Develop number sense for whole numbers, fractions, decimals, integenstional numbers. 15 DEO2
16 DEO3
Understand and apply ratios, proportions, and percents in a wide variety of situations. 14 LD04
24 ID04
Investigate relationships among fractions, decimals, and percents. 14 C03
Represent numerical relationshipsne and twe dimensional graphs. 23 DEOQ5

Standard 7Computation and Estimation
In grades 8B, the mathematics curriculum should develop the concepts underlying computation and estimation in vari

contexts so that students dan

Compute withwhole numbers, fractions, decimals, integers, and rational numbers; 8 C01-
C05

Develop, analyze, and explain procedures for computation and techniques for estimation; 12 DEO1

Develop, analyze, and explain methods for solving proportions; 22 ID04

Select and use an appropriate method for computing from among mental arithmetianuaper 22 ID04

pencil, calculator, and computer methods;

Use computation, estimation, and proportions to solve problems; 22 ID04

Use estimation to check the reasonabssnof results. 23 IDO7
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Standard 8Patterns and Functions

In grades 8B, the mathematics curriculum should include exploration of patterns and functions so that students can

Describe, extend, analyze, and create a wide variety of patterns; 28 ID04
Describe and represent relationships with tables, graphs, and rules; 2 IDO7
Analyze functional relationships to explain how a change in one quantity results in achang{ 2.b ID0O5
another,;

Use patterns and functions to represent and goblglems. 19 ID06

Standard 9Algebra

In grades 8B, the mathematics curriculum should include explorations of algebraic concepts and processes so that sty

Understand the concepts of variable, expression, and equation; 19 ID06

Represensituations and number patterns with tables, graphs, verbal rules and equations ari  2b IDO7

explore the interrelationships of these representations;

Analyze tables and graphs to identify properties and relationships; 2b IDO7

Apply algebraic methods ®plve a variety of realorld and mathematical problems. 4 LDO4
DEOQ2

Standard 10Statistics
In grades 5B, the mathematics curriculum should include exploration of statistics iwoell situations

so that students gar|

Systematically collecbrganize, and describe data; 19 ID06
Construct, read, and interpret tables, charts, and graphs. 20 ID03
23 IDO7
Make inferences and convincing arguments that are based on data analysis. 28 IDO1-
ID13
Develop an appreciation for statistical methodp@serful means of decision making. 28 IDO1-
ID13
Standard 11: Probability
Model situations by devising and carrying out experiments or simulations to determine probabilities.
Appreciate the power of using a probability model by comparing experimestais with 20 ID11
mathematical expectations;
Make predictions that are based on experimental or theoretical probabilities; 20 ID11Il
23 D07
Develop an appreciation for the pervasive use of probability in the real world. 20 IDO7

Standard 12: Geometry

In grades 5B, the mathematics curriculum should include the study of the geometry of one, two, and three dimensions

variety of situations so that students ¢an

Indentify, describe, compare, and classify geometric figures; 12 DEO1

4 ID08
Visualize and represent geometric figures with special attention to developing spatial sensg 20 ID03
Explore transformations of geometric figures; 2a ID08
Represent and solve problems using geometric models; 20 ID03
Understand andpply geometric properties and relationships; 20 ID03

Standard 13: Measurement

In grades 8B, the mathematics curriculum should include extensive concrete experiences using measurement so that

cani

Extend their understanding of the procesmefsurement; 8 Co1-
C06

Estimate, make, and use measurements to describe and compare phenomena; 21 ID02
25 ID05

Select appropriate units and tools to measure to the degree of accuracy required in a partiq 8 C01-
situation; C06
Understand thetructure and use of systems and measurements; 8 C01-
12 C06

DEO1

Extend their understanding of the concepts of perimeter, area, volume, angle measure, cag 10 ID08
and weight and mass; 20 ID0O3
24 ID04

Develop the concepts of rates and otherived and indirect measurements; 19 ID06
20 ID0O3

Develop formulas and procedures for determining measures to solve problems. 28 IDO1-

ID13
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California State Math Standards

Grade 7 Math

| Number Sense

1.0 Students know the properties of, ar@inpute with, rational numbers expressed in a variety of forms:

11 Read, write, and compare rational numbers in scientific notation (positive and negative pg 15 DEO2
of 10) with approximate numbers using scientific notation. DE04
12 Add, subtractmultiply, and divide rational numbers (integers, fractions, and terminating 12 DEO1
decimals) and take positive rational numbers to whalaber powers.
1.3 Convert fractions to decimals and percents and use these representations in estimations,) 9 ID05
computatons, and applications.
15 Know that every rational number is either a terminating or repeating decimal and be able 5 DEO1
convert terminating decimals into reduced fractions. 12 DEO2
15 DEO3
16 CO2
Co4
1.6 Calculate the percentageintreases and decreases of a quantity. 24 ID04
2.0 Students use exponents, powers, and roots and use exponents in working with fractions:
21 Understand negative wheteimber exponents. Multiply and divide expressions involving
exponents with a common base.
2.2 Add and subtract fractions by using factoring to find common denominators. 14 DEO2
15 DEO3
16 Cco3
2.3 Multiply, divide, and simplify rational numbers by using exponent rules. 2a ID08
2.4 Use the inverse relationship between raising to a power and extracting the root of a perfe 10 LD08
square integer; for an integer that is not square, determine without kimaltue two integers
between which its square root lies and explain why.
25 Understand the meaning of the absolute value of a number; interpret the absolute value g 24 D04

distance of the number from zero on a number line; and determine thetalysdue of real
numbers.

Algebra and Functions

1.0 Students express quantitative relationships by using algebraic terminology, expressions, equations, inequalities, g

graphs:

11 Use variables and appropriate operations to writexgnession, an equation, an inequality, orf 20 ID04
system of equations or inequalities that represents a verbal description (e.g., three less th
number, half as large as area A).

12 Use the correct order of o i Iessi ’ 4 ID12

perations to evaluate algebxaiessions such as (25 ).

14 Use algebraic terminology (e.g., variable, equation, term, coefficient, inequality, expressiq 4 LDO4
constant) correctly.

15 Represent quantitative relationships graphically and interpret the meaning of a specific pg  2b IDO7
graph in the situation represented by the graph.

2.0 Students interpret and evaluate expressions involving integer powers and simple roots:

21 Interpret positive wholkeumber powers as repeated multiplication and negative whwfder 4 ID12
powers as repeated division or multiplication by the multiplicative inverse. Simplify and
evaluate expressions that include exponents.

2.2 Multiply and divide monomials; extend the process of taking powers and extracting roots { 4 ID12
monomials when the latter results in a monomial with an integer exponent.

3.0 Students graph and interpret linear and some nonlinear functions:

3.2 Plot the values from the volumes of thidienensional shapes for various values of the edge 4 ID12
lengths (e.g., cubes with varying edge lengths or a triangle prism with a fixed height and ¢
equilateral triangle base of varying lengths).

3.3 Graph linear functions, noting that the vertical change (changeafue) per unit of horizontal 19 ID06
change (changemv al ue) i s al ways the same and Kk 20 ID03
the slope of a graph.

3.4 Plot the values of quantities whose ratios are always the same (e.g., cost to the numberq 19 ID06
item, feet to inches, circumference to diameter of a circle). Fit a line to the plot and under 20 ID03
that the slope of the line equals the quantities.

4.0 Students solve simple linear equations and inequalities over the rational numbers:

4.2 Solve multistep problems involving rate, average speed, distance, and time or a direct va 19 ID06

23 D03
24 ID04
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Measurement and Geometry

1.0 Students choose appropriate units of measure and use ratios to convert within and between measurement systen

problems:

11 Compare weights, capacities, geometric measures, times, and temperatures within and b| 19 ID06
measurement systems (e.g.,a@niper hour and feet per second, cubic inches to cubic
centimeters).

1.2 Construct and read drawings and models made to scale. 12 DEO1

2.0 Students compute the perimeter, area, and volume of common geometric objects and use the resnoitsagufiesl of
less common objects. They know how perimeter, area, and volume are affected by changes of scale:

21 Use formulas routinely for finding the perimeter and area of basidimensional figures and 2a ID08
the surface area and volume of basic titheeensional figures, including rectangles, 4 ID12
parallelograms, trapezoids, squares, triangles, circles, prisms, and cylinders.

2.2 Estimate and compute the area of more complex or irregulaatvebthreedimensional figures 4 ID12
by breaking the figures down into more basic geometric objects.

3.0 Students know the Pythagorean theorem and deepen their understanding of platid gadreetric shapes by

constructing figures that meet given conditions and by identifying attributes of figures:

3.1 Identify and construct basic elements of geometric figures (e.qg., altitudes, midpoints, diag
angle bisectors, and perpendicular bisectors; central angles, radii, diameters, and chords
circles) by using a compass and straightedge.

3.2 Understad and use coordinate graphs to plot simple figures, determine lengths and areay  2a DEO1
to them, and determine their image under translations and reflections. 15 LD02

Cco3

3.3 Know and understand the Pythagorean theorem and its converse artd tige ithe length of 20 ID03
the missing side of a right triangle and the lengths of other line segments and, in some
situations, empirically verify the Pythagorean theorem by direct measurement.

35 Construct twedimensional patterns for thremensional models, such as cylinders, prisms, 12 DEO1

and cones.

Statistics, Data Analysis, and Probability

1.0 St

udents collect, organize, and represent data sets that have one or more variables and identify relationships am:

variables within a data set by hand and through the use of an electronic spreadsheet software program:

11 Know various forms of displafpr data sets, including a steandleaf plot or boxandwhisker 22 ID04
plot; use the forms to display a single set of data or to compare two sets of data. ID05

1.2 Represent two numerical variables on a scatter plot and informally describe how the data|] 20 ID03
are distributed and any apparent relationship that exists between the two variables (e.g.,
time spent on homework and grade level).

13 Undersand the meaning of, and be able to compute, the minimum, the lower quatrtile, the 19 ID06
median, the upper quartile, and the maximum of a data set. 20 ID03
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CHAPTER 3 LESSONS

Lecture and Demonstration

The lecture and demonstration series of lesaomslesigned to give the students a basic
understanding of the model rocket, Newtonobds La
rules of the Team America Rocketry Challenge, and model rocketry safety rules. The lectures are

given with a PowerPoirRresentation with the students taking notes. The lectures should occur

early in the class as knowledge gained by the students will be used throughout the curriculum.

Resources

Books available for purchase:
The Handbook of Model Rocketrsy G. Harry Stine
Model Rocket Design and Construction Timothy S. Van Milligan.
The Rocket Boywsy Homer Hickam

Available for free from Estes athttp://www.esteseducator.com/
Science and Model RockieysSylvia Nolte, Ed. D.
Physics and Model Rockets Curricullny Sylvia Nolte, Ed. D.
Mathematics and Model Rockédig Sylvia Nolte, Ed.D.
Industrial Technology & Model Rockets CurriculynRichard Kalk, Ed. D and Steve
Walsh.

Online Resources
National Association of Ro&etry www.nar.org
Sacramento Area Rocketry Association www.sargrocket.org
Apogee Components www.apogeerockets.com

Available free from NASA:

Adventures in Rocket SciertmgDeborah Shearer, Greg Vogt, Carla Rosenberg, Vince Huegele,

Kristy Hill,& Benda Terry
http://www.nasa.gov/audience/foreducators/topnav/materials/listbytype/Adventures_in_Rocket S
cience.html

Rockets Educator Guidey Deborah A. Shearer & Gregory L. Vogt, Ed.D.
http://www.nasa.gov/audience/foreducators/topnav/materials/listtARgekets. html

Met eor ol ogy: an Educ @BasedrLéasnindXer GradesdbyeDr. Joseph | nqui r
D. Exline, Dr. Arlene S. Levine&Dr. Joel S. Levine
http://www.nasa.gov/centers/langley/sciencefmate.html



http://www.esteseducator.com/Pdf_files/Science.Model.Rocket.pdf
http://www.esteseducator.com/Pdf_files/PhysicsCurr.pdf
http://www.esteseducator.com/Pdf_files/Math&mr.pdf
http://www.esteseducator.com/Pdf_files/1937_indtech.pdf

Topic:

Content:

Materials

Procedures:

Practice:

Activities:

Assessment:

Modification:

References:
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LECTURE & DEMONSTRATION

LDO1: Introduction to Rocketry

Overview of class, Introduction to the Team America Rocketry Challenge

Student Student Handbook
Teacher: PowerPoint presentation: LLO1; Introduction to Rocketry, TARC DVDE
equipment to showresentation

Welcome, Introduction of instructors & students.

Hand out student handbook .

Lecture on the class outline, the Team America Rocketry Challenge
View a portion ofa TARC finals DVD.

PoOpNE

None

Group Activities: Students will discuss what they observed on the DVD
presentation.

Teacher will ask questions and engage in discussion to check for understandir
As needed for individual students
ClassOutline

(Aerospace Industries Association, 2009) (National Association of Rocke
2008)



Topic:

Content:

Materials

Procedures:

Practice:

Activities:

Assessment:

Modification :

References:
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Lecture & Demonstration

LDO02: The Model Rocket

The parts of a model rocket and their function.

LLO2 PowerPoint PresentatioBguipment to show presentation, a model rocket v
a payload section, rocket engine, parachute.

1. The teacher will give the PowerPoint presentation of the model rocket usir
built model rocket as an example.

The studentsvill handle various model rockets and identify the parts.
Group Activities: none
Individual Activities: Each student will take notes in the student handbook.
Teacher will ask questions and engage in discussion to check for understa
Students will be given a written test on the information.
As needed for individual students

(Van Milligan, 2008) (Canepa, 2005) (Stine & Stiaép4)



Topic:

Content:

Materials

Procedures:

Practice:

Activities:

Assessment:

Modification:

References:
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Lecture & Demonstration

LDO3:Newt onds Laws of Mot i on

An explanation of Newtonds three | a
(Aids/ AV/ Software/ Student Supplies)
of Motion, NASA videocliporNe wt onds Laws of Moti o
sound system, Student Handbook
1. The teacher will give a lecture using the following PowerPoint presentatior
while students take natén their handbook:
2. If needed, the students will viewshort video on the Wright brothers and the
laws of motion.
Students will engage in hands activities that demonstrate the laws of motion.
Group Activities: Balloon Thrust Experiment
Individual Activities: Each student wiltake notes in the student handbook.
Teacher will ask questions and engage in discussion to check for understar
Students will be assessed using appropriate STEM content standards.

As needed for individual students

(National Aeronautics and Space Administration, 2005) (Robertson, 2002)
(Cannon, 1998) (Nolte, 1994) (Cannon, 1970) (Shearer et al., 2007)



Topic:

Content:

Materials

Procedures:

Practice:

Activities:

Assessment:

Modification:

References:
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Lecture & Demonstration

LDO04: Aerodynamics

four forces of flight: lift,drag, weight (gravity), thrust

(Aids/ AV/ Software/ Student Supplies)

of Motion, NASA video clip on four forces of flight, comfer, projector, sound

system Student Handbook

1. The teachewill give a lecture LD0O4, Aerodynamics.

2. If needed, the students will view a short video on the Wright brothers and -
four forces of flight.

The students will use knowledge gained from this lesson to successfully fl
their model rocket.

Group Activities: Students will fly their model rockets as a group.
Individual Activities: Each student will take notes in the student handbook.

Teacher will ask questions and engage in discussion to chegkderstanding.
Students will be assessed using appropriate STEM content standards.

As needed for individual students

(National Aeronautics and Space Administration, 2005) (Stine & Stine, 2004)
(Nolte, 1992) (MandellCaporaso & Bengan, 1973) (Cannon, 1970)



Topic:

Content:

Materials

Procedures:

Practice:

Activities:

Assessment:

Modification :

References:
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Lecture & Demonstration

LDO5: Rocket Stability

Center of gravity, rocket rotations, center of pressure, rocket stability,
weathercocking

(Aids/AV/Software/Student SuppliesfowerPoint presentation on Rocket Stability
computer, projector, model rocket for demonstrative purposes, Student Handbt

1. The teacher will give a lecture LD05, Rocket Stability

The students will use knowledge gained frihis lesson to successfully fly their
model rocket.

Group Activities: Toy Balloon Experimerit adding fins
Individual Activities: Each student will take notes in the student handbook.

Teacher will ask questions and engagdistussion to check for understanding.
Students will be assessed using appropriate STEM content standards.

As needed for individual students

(National Aeronautics and Space Administration, 2005) (Stine & Stine, 2004)
(Estes 1999) (Mandell, Caporaso & Bengan, 1973) (Nolte, 1994)



Topic:

Content:

Materials

Procedures:

Practice:

Activities:

Assessment:

Modification:

References:

Lecture & Demonstration

LDO6: Launch Procedures

Students learn and practice the launch procedures for the class.

Launch Equipment, Data Collection Instruments, Launch procedures script, fligl
log, meteorology log, tracking station log, two way radios.

1.
2.

Assign students to positions.
In Class Walkthrough (Day 1)

1. Hand out Appendix C, Countdowmocedures.

2. The class will read the procedures out loud while the teacher paus
the reading to elaborate what is occurring at that point of the
countdown.

3. Repeat as necessary.

Dry Run with Equipmenit (Day 2)
1. Issue the equipment to the students.
2. Sd up the equipment in a small area so that all students may heal
teacher without the twway radios.
3. Walk through the countdown with the students, explaining each st
4. Repeat the launch procedures in real time while simulating a laun

First Launchi (Day 3)
1. Conduct a launch using one rocket. Ensure that all students are
familiar with their assignments.
2. Conduct a post launch discussion about the launch, answer quest
and clarify procedures

The students will set up the laundiugment and data collection instruments and
conduct a dry run.

Group Activities: The students will conduct a dry run of the launch procedures.

Individual Activities: Each student will have a specific assignment and must les
operateany instruments or equipment pertaining to the assignment.

Teacher will ask questions and engage in discussion to check for understandin
Students will be assessed using appropriate STEM content standards.

As needed fomdividual students

Model Rocketry Safety Rules

24



Topic:

Content:
Materials

Procedures:

Practice:

Activities:

Assessment:

Modification:

References:
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Lecture & Demonstration

LDO7: TARC Rules

A review of the Team America Rocketry Challenge Rules

Current TARC rules

1. The teacher will discugbe TARC rules for the current competition.

2.  The teacher will lead a discussion of the rules and assist the students in
interpreting them.

1. The students will design, build, and fly their rocket based on the TARC ruli

Group Activities: The students will brainstorm ideas about rocket designs that w
be successful under the TARC rules.

Individual Activities: Each student will take notes in the student handbook.

Teacher will ask questions and engagdistussion to check for understanding.
Students will be assessed using appropriate STEM content standards.

As needed for individual students

(Aerospace Industries Association, 2009)



Topic:

Content:
Materials
Procedures:
Practice:

Activities:

Assessment:

Modification:

References:
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Lecture & Demonstration

LDO08: Model Rocketry Rules

Safety ruleon model rocketry.

Rocketry rules in Student Handout

1. The class will review the Model Rocketry Safety Rules.

The students will adhere to the model rocketry safety dadeg all class activities.
Individual Activities: Each student will take notes in the student handbook.

Teacher will ask questions and engage in discussion to check for understandin
Students will be assessed usagpropriate STEM content standards.

As needed for individual students

(National Association of Rocketry, 2009)



27

Notes to Lecture & Demonstration Lessons
LDO1: Introduction to Model Rocketry

The Team America RocketryChallenge

The Team America Rocketry Challenge (TARC) was conceived originally as a way to
promote interest in science and aerospace careers among high school students, and to celebrate
thel0®anni versary of the Wrightwassogredithatis 6 190 3
became an annual eveApproximately 7,000 students from across the nation compete in TARC
each year.

TheTeam America Rocketry Challenge is an aerospace design and engineering event for teams
of US secondary school students (7ttotilgh 12th grades) run by the NAR and the Aerospace
Industries Association (AlA). Teams can be sponsored by schools or tprofiryouth

organizations such as Scoutgidor Civil Air Patrol (but not the NAR or other rocketry
organizations). The goal afARC is to motivate students to pursue aerospace as an exciting
career field, and it is esponsored by the American Association of Physics Teachétsthe
Department of Defense, and NASA. The event involves designing and building a model rocket
(2.2 punds or less, using NABertified model rocket motors totaling no more than 80.0
Newtonseconds of total impulse) that carries a payload of 1 Grade A Large egg for a flight
duration of 40 45 seconds, and to an altitude of exactly 825 feet (measureddnbaard

altimeter), and that then returns the egg to earth undamaged using only a streamer as a recovery
device. Onboard timers are allowed; radantrol am pyrotechnic charges are not.

The first seven Team America Rocketry Challenges, held in 20638ghr2009, were the
largest model rocket contests ever held-sponsored by the NAR and the Aerospace Industries
Association (AlA), the five events together attracted about 5,100guighol teams made up of a
total of over 50,000 students from all 50teta These students had a serious interest in learning
about aerospace design and engineering through model rocketry. The top 100 teams each year
came to a final flyoff competition in late May near Washington, DC, to compete for $60,000 in
prizes. Theseesms were selected based on the scores reported from qualification flights that they
conduced locally throughout the US.

Team America Rocketry Challenge 2010's target flight duration-db4€econds is
measured from the moment of rocket liftoff until #ngg payload lands. The target flight altitude
of 825 feet is measured by an onboard altimeter. The top 100 teams from among all those who
have entered will meet in a final fiyff competition on May 15, 2010 at Great Meadow, The
Plains, VA. These top 1G@ams will be selected based on the duration and altitude scores
reported from local qualification flights that they conduct in front of an NAR Senior (adult)
member observer at their choice of tjrap until the flight deadline of April 5, 2010

NAR
TheNational Association of Rocketry (NAR) is the organized body of rocket hobbyists.

Chartered NAR sections conduct launches, connect modelers and support all forms of sport
rocketry. NAR was founded in 1957 to help young people learn about science antdrogh t
building and safely launching their own models.

f
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LDO02: The Model Rocket

THE BOOSTER SECTION

A Launch Lug 1 helps to guide the
rocket upward until it reaches enou
velocity for the fins to engage.

A Parachutei assists in the safe
recovery of the rocket.

A Shock Cordi connects the parachut
and nosecone to the boostér
absorbs the shock of ejection charg

A Shock Cord Attachmenti attaches
the shock cord to the booster sectio

A Centering Ringsi attach the egine
mount (and sometimes the fins) to

" airframe.
A Engine Mounti holds the rocket
engine inside the rocket.
A Engine Retaineri prevents the
engine from being ejected by the
ejection charge.

2000 Tom Sarradet A Finsi guides the rocket in a straigh
path.




Fin Edges & Shapes
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LEADING
EDGE

ROOT

TRAILING
EDGE

E DIRECTION ag{

OF FLIGHT

AIRFRAME

2009 Tom Sarradet

RECTANGULAR

SWEPT

TAPERED
SWEPT

e

2009 Tom Sarradet

CLIPPED
DELTA

TRAPEZOIDAL

ELIPTICAL

Rectangular. Simple to make,
least aerodynamic

Swept Simple to make, slightly
better aerodynamics

Tapered Swept Moves Center
of Pressure back, good design
for fast moving rockets.

Clipped Delta: Good
aerodynamic fin, used on lew
drag, highperformance rockets

Trapezoidal: Good aerodynamic
fin for payload rockets, moves
the Center of Pressure forward.

Elliptical : Best aerodynamic fin
difficult to construct.



C root = 2D
ctip =D
Cav. =1.5D
S=2D

T root =0.1 C 50t (max.)
Ttip =0.1 Ctip (max.)

|€— Cip —>| Ttip» |«
g A

To reduce fin, reduce
Crootand C tip
To increase fin,
increase S

> <

T root
DIRECTION

OF FLIGHT D
AIRERAME i

2009 Tom Sarradet

Low Drag Clipped Delta Fin

To determine the dimensions of a low drag fin:
1. Determine the diameter of the airframe.
. Multiply it by 2 to determine the root length and the spapd{@nd S)

. The length of the tip (&) is equal to the airframe diameter.

. The thickness of the fin at the tip {§) = 0.1 of the tip length (&)

2
3
4. The thickness of the fin at the root {F;) = 0.1 of the root length (o).
5
6. To reduce the fin, reduce the C root and C tip only.

7

. Toincrease the fin, increase the span (Sy.onl

Pl
PARADIG - 5 | — [
FOR MINI MOTORS
' !

2009 Tom Sarradet



31

Low Drag, High Performance Rocket

The Paradigimb is an example of law-drag, high performancemodel rocket
design that uses a ledrag clipped delta fin.

AIRFRAME

NOSE
==|@ >

@

2009 Tom Sarradet

EGG

BULKHEAD

ALTIMETER

TUBE COUPLER

SHOCKCORD
ATTACHMENT

Payload Section

A
A
A

Nosel creates an aerodynami
shape. May also hold a payloac

Airframe T holds the payloads
in place.

Bulkhead i separates the egg
section from the electronics
section, preventing vortex effec
and causing a false altimeter
reading.

Altimeter i measures the
changing air pressure to
calculate apogedlust have ent
holes in airframe in order to
operate properly.

Tube Coupleri connects the
payload section to the booster
section by means of the shock
cord. Also protects the payload
from the ejection gases.

Shock Cord Attachmenti a
metal eye for the secure
attachment of the shock cord.
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The Egg
Eggs harshstruetuned 6
each end that transfers pressure
the sides.
A About35 Newtonsof force is
required to break an egg on its et
and abouP5Nto break it on its

side.
T —
SEARS-HAAKE
CONE OGIVE ELLIPTICAL PARABOLIC  (VON KARMEN)
2009 Tom Sarradet
Nose Shape

Rocket noses amade ofbalsa, plastic, or fibergladsor aircraft and rockets, below Mach
.8, the nose pressure drag is essentially zero for all shapes and the major significant fe
friction drag. Having a smooth finish on the nose is more impbtitean nose shape for
rockets flying under the speed of sound.



MINI ENGINE
L— 1.75" (4.4 om) long —.l

0) A10-3T €Zz7 | iiir™

STANDARD ENGINE
L—— 2.75" (7.0 cm) long —-——»I

D ENGINE
L—- 2.75" (7.0 cm) long ———»l

BLACK POWDER MODEL ROCKET ENGINE

DELAY CHARGE
CLAY NOZZLE

Imm EJECTION CHARGE

CLAY RETAINER CAP
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RocketMotor Sizes

A Motor diameter is
measured in millimeters.

A Sizes for low to mid
power rockets are 13mm,
18mm, 24mm, and 29mm.

Engine or Motor?

A Something thaimparts
motion is called anotor.

A An engineis a machine
thatconvertsenergyinto
mechanical motion.

A While referring to the
propulsion system of a
model rocket as motor is
more accurate the use of
the term engine is commoil

Black Powder Motor

Bi Theletter indicates the
total impulse power
produced by the motor.
Each letter doubles the
power.

61 The first number gives
the average thrust of the
motor in Newtons.

471 The last number
indicates the delay seconc
between the end of thrust
and the ejeatin charge.

Black Powder Motor Burn

Too oo oo o

recovery system.

Black powder motors burn from thear forward .

When the propellant is spent, it ignites tteday charge

The delay charge burns forward and ignitesdjieetion charge

The clay nozzle forces the presstorvard , expelling the nose cone and
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FORWARD CLOSURE

COMPOSITE PROPELLANT GRAIN
AFT CLOSURE

\ \

EJECTION CHARGE

\

|
IGNITER

NOZZLE
HOLLOW CHANNEL DELAY ELEMENT

Too o o Too o

To o

A

2009 Tom Sarradet

The parts of a Composite Reloadable Engine:

The case is a reusable part that holds the propellant. Also reusable are the 1
and aft closure.

The nozzle is only used once and directs the thrust rearward.

The composite propellant grain is a spongy material that does not break if
dropped|t is the same type of propellant used in the NASA Space Shuttle
boosters.

The igniter is pushed all thveay forward into the propellant grain.

The delay element is installed inside the forward closure.

The black powder ejection charge is held in place by a plastic cap.

Composite Motor Burn
Composite motors burn from the inner core out.
The delay element is ignited with the propellant and burns forward. Becaus
this, tracking smoke is produced immediately.
The delay element ignites the ejection charge.
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Peak with Spill Hole Parachute

{1 Parachutes are made out of plasti
Mylar, or rip-stop nylon.
Peak 1 Shroud lines can be carpet thread

Canopy

Kevlar chord.

1 The spill hole reduces oscillation
and increased descent rate.

1 Oscillation is a swaying motion as
the parachute spills air from its
sides.

1 Adding a riser lifts the parachute
out of the turbulence of thecket,
but increases the risk of parachute
failure.

Shroud| Lines

Riser

Load

N Streamers
Trailing Edge A

1 Streamers are made out of crepe
paper, Mylar, Durd.ar, or rip-stop
nylon.

1 The best length to width radio is
10:1 to create the most drag as th

Ratio: 64 streamer flaps in the wind.

10:1 1 Streamer recoveryg faster than
parachute recovery and reduces tl
recovery area.

Leading Edge @ 4

Riser

Load
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LDO3: Newtondbs Laws of Mot i on

Sir Isaac Newton was an English physicist, mathematician, astronomer, natural philosopher, and alchemist.
In 1666, he witnessed an apple fall fromtiee and he began to ponder why it fell down.

This led to his Three Laws of Motion.

First Law of Motion : The Law of Inertia

Every body perseveres in its state of being at rest or of moving uniformly straight forward, except insofar as it i
compelled tachange its state by force impressed.

Objects at rest will stay at rest (inertia) and objects in motion will stay in motion in a straight line unless acted u
an unbalanced force.

There is a natural tendency of objects to keep on doing what tdejfig All objects resist changes in their state of
motion. In the absence of an unbalanced force, an object in motion will maintain this state of motion.

Second Law of Motion: The Law of Force

The change of momentum of a body is proportional to tipelise impressed on the body, and happens along the
straight line on which that impulse is impressed.

Acceleration is produced when a force acts on a mass. The greater the mass (of the object being accelerated)
the amount of force needed @ocelerate the object).

F=MA

Force = Mass times Acceleration

A car that weighs 1,000 kg runs out of gas. The driver pushes the car to a gas station at a speed of 0.05 meter
second. How much force is the driver applying to the car to go that speed?

F =1,000 kg x 0.05 m/s/s

F = 50 Newtons of force

What the heck is a Newton?

The Newton is a unit of force.

It is equal to the amount of force required to accelerate a mass of one kilogram at a rate of one meter per secc
second.

What the heck isa kilogram?

1 Kilo = 2.2 pounds

You Know The 2nd Law Already!
Everyone knows the Second Law: heavier objects require more force to move the same distance as lighter obj

We know that we donét need t he sesdadtoldtmbowlimgballof f or
Third Law of Motion: The Law of Reciprocal Actions

For a force there is always an equal and opposite reaction: or the forces of two bodies on each other are alway
and are directed in opposite directions.

For every ation, there is an equal and opposite reaction.

This means that for every force there is a reaction force that is equal in size, but opposite in direction. Whenev
object pushes another object it gets pushed back in the opposite direction witlorespual f
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LDO4: Aerodynamics

turbulent  fin_pody

laminar boundary interference
boundary  transition layer drag
pressure .
foredrag Y \ l v
drag - &--—f--—--—--—--—--—-- 5
from e s SN Y
angle /f/' parasitic
of kin pressure
attack FiskioR drag from base drag

drag launch lug fin tip vortex

Aerodynamicsis the study of the motion of aiy particularly when it interacts with a
moving object. In physics the temtynamicscustomarily refers to the time evolution of
physical processes.

Factors that Affect Aerodynamics

The Object shape and size

The Motion: velocity and the inclinatior
to flow

The Air: mass, viscosity,
compressibility

Four Forces of Flight

Lift is a force used tstabilizeand
controlthe direction of flight.

Drag is theaerodynamic forcearallel to
the relative wind.

Weight is the force generated lgyavity
on the rocket.

Thrust is theforcewhich moves the
rocketforward

Aerodynamic Forces
Aerodynamic forcesare generated and act on a rocket 8 through the air.
The lift and drag act through tleenter of pressurewhich is the average location of the
aerodynamic forces on an object.
Aerodynamic forces anmechanicalforces They are generated by the interaction and contac
the rocket with the air.
Forlift anddrag to be generated, the rocket must be moving through the air.
A Lift occurs when a flow ajas(the air) is turned by solid objeci(the rocket).
A The flow is turned in one direction, and the lift is generated in the opposite directior

For a model rockethenose airframe, andfins can become a sourceldt if the
rocketodos flanglat path is at an

When a solid bodytiie rocket) moves through a fluidg@s or liquid), the fluidresists
the motion. The rocket is subjected toaammodynamicforce in a direction opposed to
the motion which we catlrag.
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turbulent  fin-pody

laminar boundary jnterference
boundary transition layer drag
pressure(form) layer l / S coeom
dra K =
drag —-€-—I ----------------- e S R
from > —— N -
angle /VV parasitic
of skin pressure
attack friction drag from base drag
drag launch lug fin tip vortex

drag is aerodynamic friction, and one of the sources of drag isgkmm friction
between the molecules of the air and the solid surface of the moving rocket.

A boundary layeris the layerofer i n t he | mmedi ate vVvic
Boundary layers can Baminar (smooth flow) orturbulent (swirling).

Thepoint in which a laminar boundary layer becomes turbulent is calletlghsition.

drag is alsoaerodynamic resistanceo themotion of the object through the fluid. This
source of drag depends on stepeof the rocket and is callgatessure or form drag.

Interference drag occurs whenever two surfaces meet at sharp angles, such as at t
roots. Interference drag creategaatex which creates dragrin fillets reduce the effects
of this drag.

Air passing by the tips of the fins fornfia tip vortex . Accelerating the aiinto this
vortex causedrag on the fins, and bbw pressure area behind them. Tapered fin tips
reduce this drag.

Parasitic Drag is produced by objects like the launch lug. The launch lug can accol
30%ofalldragCut ti ng the | ugbs | eading edge
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A model r o c lsquareos thef
edges creates a lot dfag andturbulence.
I f the finds | eadi

sanded in aoundshape called arairfoil ,
it reduces therag.

airfoil shape fins creates high pressure
behind the fin angushes it forward,
cancelling out most of the pressure drag
caused by the finghis is calledoressure
recovery.

Z0——-Nm>o—0

JC
K

Weight is the force generated by tgeavitational attraction on the rocket.

The gravitational force isfeeld force; the source of the force doest have to be in
physical contact with the object.

Gravity affects the rocket whether itsgationary or moving (up or down).

Thrust is the force applietb the rocket tanove itthrough the air, and through space.
Thrust is generated by tipeopulsion systemof the rocket through the application of
Newton's Third Law of Motion.

The direction of the thrust is normally along thegitudinal axis of the racket through
t he r ceotdr ef gravay.
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LDO5: Rocket Stability

During the flight of a model rocket, gustswind or thrust instabilities, can cause the rocket tc
"wobble", or change its attitude in flight.

Poorly built or designed rockets can also becanstablein flight.
This lesson is about what makes a rocket unstable in flight and what can be done to impro
stability.

Translation and Rotation
A rocket in flight can move two ways; it camnslate, or change its location from one point to
another, and it carotate, meaning that it can roll around on its axis.

Roll

Most rockets are symmetric about a line from the tip of the nose to the center of the nozzle
We will call this line theoll axisand motion about this axis is calledodling motion.
Thecenter of gravity lies along the roll axis.

Yaw and Pitch
When a rocket wobbles froeide to side this movement is calledyaw motion.
A pitch motion is anup or down movement of the nose tife rocket.

Center of Gravity 1 CG

CcG As a rocket flies through the air, it both
translatesandrotates. The rotation occurs
about a point called theenter of gravity,
which is the average location of the weight
the rocket.

PAYLOAD & RECOVERY SYSTEM INSTALLED STRING

<l \

-

LOADED ROCKET MOTOR

How to Determine theCenter of Gravity
Load the motor, recovery system, and payload.
Tie a string around the airframe and adjust it until the rocket is horizontally
balanced.
3. The location of the string is the center of gravity.

N =
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Center of Pressurei CP
The average locatiorf the pressure on the rocket is called

the center of pressure.
The parts of the rocket that influences the location of the

center of pressure the most are the fins.

N— %fGﬁh

Building a Stable Rocket
If the center of gravity is in front of the center of pressure, the rocket will return to its initial
conditions if it is disturbed. This is calledestoring force because the forces "restore" the

rocket to its initial condition and the rocketsizid to bestable

S— oM

If the center of gravity and the center of pressure are in the same location, it ineathad

stability .
A rocket with neutral stability may makestable or unstableflight depending on the forces

acting on it.

d (D) .

If the center of pressure isn front of the center of gravity, the lift and drag forces maintain
their directions but the direction of the torque generated by the forces is reversed. This is ¢
de-stabilizing force. Any small displacement of the nose getes forces that cause the
displacement to increase. Such a flight conditiamistable
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Correcting Unstable Flight
To move the Center of Gravity:
A Add or remove weight in the nose cone.
A Redistribute the Payload
A Increase or decrease airframe length.
To move the Center of Pressure:
Increase or reduce the fin size.
Change the shape of the fins.
Change the location of the fins.
Increase or decrease airframe length/diameter

To To I o

PAYLOAD & RECOVERY SYSTEM INSTALLED

S— ) RO .

LOADED ROCKET HIITIIE

One Caliber Stability

The best separation between the center of grandythe center of pressusefor the CP
to be at least one body tube diameter in front of the CG. This is caléedaliber
stability .

Weather Cocking
A Following the liftoff of a model rocket, it oftemirns into the wind. This
maneuver is calledieather cockingand it is caused by forces, such as a stron
wind, pushing on the side of the r

Causes of Weather Cocking
A Rockets with long airframes experience weather cocking, especially during t
coast phase
A Large fins present a largsurface area for the wind.
A Rockets with a center of gravity that is far in front of the center of pressure.

Tube Fins
A Using tube fins reduce weather cocking because of the aerodynamic side pr
A Tube fins should be used carefully because these tfpeskets tend to be
unstable.
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Design and Engineering

During the design and engineering phase, the students will learn how to design and run
flight simulations on Rocksim, a model rocket computer program available from Apogee
Components. The student will also receive a detailed hamgsesentation of the bster

and payload section of the model rocket to include information on materials and
construction, how to paint a rocket, rocket engines, the types of recovery systems used on
model rockets, and how to safely launch rockets.

Figurel Student designing rocket on Rocksim



Topic:

Content:
Materials:

Procedures:

Practice:

Activities:

Assessment:

Modification:

References:
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Design & Engineering

DEO1: Introduction to Rocksim

Designing a model rocket on the computer
Computer and a copy of Rocksim for each student, Student Handbook

The teacher wildlemonstrate in a step by step process how to design a model rock
load and engine, and run flight simulations.

Students will run simulations and make changes to their rocket design to improve
performance.

Group Activities: The students can have a virtual model rocketry contest with thei
Rocksim designs.

Individual Activities: Students will design their own rocket and test the design in fl
simulations.

Teacher will ask questions and engage in discugsicheck for understanding.
Students will be assessed using appropriate STEM content standards.

As needed for individual students.

Rocksim Help Manual
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Design & Engineering

DEO2 The Booster Section

Fin design and construction, through the tube fins, fin fillets, body tubes, engine
mounts, shock code attachment, launch lugs and rails

Examples of fins and fin material, craft, HD, and phenmiies, engine mount parts;
engine mounts, centering rings, engine blocks, engine hooks and retention syster
launch lugs and rails, epoxy, glue, ca glue, card stock, wood filler

1. The teacher will present each part of the booster seatiil@monstrate
construction techniques. To include:

Fin design and construction

Fin reinforcement methods

Engine mount design and construction

How to select and use epoxy and other adhesives

Through the Tube Fins (TTF)

Shock cords and their attachment

E R I

2. Demonstration of cutting body tube
Students will use skills to built the own rocket.

Group Activities: TARC team members will work as a group in the design and
construction of their TARC rocket.

Individual Activities: Students will use knowledge gained from lesson in the
construction of their own rockets.

Teacher will ask questions and engage in discussion to check for understanding.
Students will be assessed using appropriate STaNeat standards.

As needed for individual students.

(Van Milligan, 2008) (Canepa, 2005) (Stine & Stine, 2004)
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Design & Engineering

Topic:
DEO3: The Payload Section
Content: Construction of a payload section amodel rocket.

Materials Examples of nose cones, body tubes of various sizes and materials, bulkheads,
altimeter, egg, cushion materiel, hardware.

Procedures: 1. The teacher will present each part of the payload section and demonstrate
construction techniques.
1 Nose cone shapes, materials, and selection
1 Body tube sizes and selection. Cutting body tubes.
1 Bulkhead selection and installation.
1 Vent hole placement ardtilling.

2. Altimeter installation and operation.
3. Areview of the chicken egg.
Practice: Students will use skills to built the own rocket.

Activities: Group Activities: TARC team members will work as a group in the design and
construction otheir TARC rocket.

Individual Activities: Students will use knowledge gained from lesson in the
construction of their own rockets.

Assessment: Teacher will ask questions and engage in discussion to check for understanding.
Students will be assessesing appropriate STEM content standards.

Modification: As needed for individual students.

References: (Van Milligan, 2008) (Canepa, 2005) (Stine & Stine, 2004)
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Design & Engineering

DEO4: Painting and Finishing

The bestmethods for creating aerodynamic surfaces.

Unfinished model, wood filler, wood sealer, spray cans of primer and enamel pain
clear coat, model rockets in various stages of finish.

1. The teacher will demonstrate the procesapylying a finish to a model rocket.
For the sake of time, discuss the technique and show examples.

2.  Supervise the students throughout the finishing process.

Students will apply a finish to their own rockets during construction.

Group Activities: TARC team members will work as a group in the design and
construction of their TARC rocket.

Individual Activities : Students will use knowledge gained from lesson in the
construction of their own rockets.

Teader will ask questions and engage in discussion to check for understanding.
Students will be assessed using appropriate STEM content standards.

As needed for individual students.

(Van Milligan, 2008) (Canepa, 2005) (Sti&eStine, 2004)
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Design & Engineering

DEO5: Rocket Engines

A detailed look at model rocket engines
Examples of rocket engine, model rocket engine static display.

1. Give lessons and demonstrations fhatude:

the types of available rocket engines

motor nomenclature

single use and reloadable engines

how to read a thrust curve

how to build a reloadable engine, engine retainer systems
clustering

staged rockets

E R

The students will choose and loamtket motors into their own rockets.

Group Activities: TARC teams will use this information to design and build their
competition rocket.

Individual Activities : Students will use knowledge gained from lesson in the
construction of theiown rockets.

Teacher will ask questions and engage in discussion to check for understanding.
Students will be assessed using appropriate STEM content standards.

As needed for individual students.

(Van Milligan, 2008) (Stine & Stine, 2004) (Estes, 1999)
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Design & Engineering

Topic:

Content:

Materials:

Procedures:

Practice:

Activities:

Assessment:

Modification:

References:

DEOG: Recovery Systems

Types of recovery, parachutes and streamers

Examples of recovery systems including, parachutes with and wihdloles and of
different material, examples of streamers.

1. The teacher will describe and discuss each type of recovery system.

2. The teacher will demonstrate the various types of parachutes and streamers
The studentsvill practice the use of recovery systems during lesson ID02, Investig
Parachutes, ID09, Investigating Streamers, and ID05, Adjusting Descent Rate Us

Parachutes & Streamers

Group Activities: TARC teams will use this information tiesign and build their
competition rocket.

Teacher will ask questions and engage in discussion to check for understanding.
Students will be assessed using appropriate STEM content standards.

As needed for individual students.

(Van Milligan, 2008) (Stine & Stine, 2004)
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Design & Engineering

DEOQ7: Model Rocket Launch Equipment

A review of available launch equipment.

Example of launch pads using rods and rails, 6v anddiftion systems

1. The teacher will describe and discuss various types of launch equipment to
include | aunch 1/806, 3/80, and 10
12 volt ignition systems.

The students will gaiexperience with the launch equipment during launches.

Group Activities: TARC teams will use this information to select a launch system 1
their competition rocket.

Individual Activities: none

Teacher will ask questions andgage in discussion to check for understanding.
Students will be assessed using appropriate STEM content standards.

As needed for individual students.

(Van Milligan, 2008) (Stine & Stine, 2004) (Estes, 1999) (Wayne, 1996)
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Construction

The construction of the studentsd model r o
design and engineering lessoAgyood sequence is to give the design and engineering
lesson specific to the part of construction that the students aretalmgin.

Because of the volume of rockets that the students will create, it is recommended that the
educator devise some form of identification nomenclature for each rocket. The system

that the researcher uses has worked. ek first digit is an S, fostudent or a T, for

teacher. The next two digits are the last two numbers of the year. The last two to three
digits represent the rocket number for the year. So tfiedsket build by a student in

2009 would be S0951. Th eeatandstarhfm thesfirst oc k e t
rocket the teacher built and is written as TO55 for tHér68ket The numbers are types

on small adhesive mailing labels and affixed on the airfrdmis is the number that the

Chief Engineer will verify with Flight Contrgbrior to launch.

An affordable student rocket, the Wildcat 20mm Student Rocket, was developed by the
author and the plans and Rocksim file are availableaat.sargrocket.org

e TR

(S) - 0



http://www.sargrocket.org/
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CONSTRUCTION

Topic:
COL Model RocketParts Inventory

Content: Opening and inspecting a model rocket kit prior to assembly.

Demo Models: None

Perishable Materials: Model rocket kits

Durable Materials: Scissors to cut packaging.

Teacher Instruction/ Guided Construction:

1. Carefully open kit package and lay out model rocket parts.

2. Use the instruction sheet to inspect and inventory all parts.

3. Mar k each package with studentés name.
4. Repackage items or continue on to Lesson C02.

Independent Construction:
1. Thest udents will foll ow the teacherods | ea

Clean Up: Kits will be collected and stored if not continuing with Lesson C02

Assessment:  Teacher will ask questions and engage in discussion to check for understandini
Students wilbe assessed using appropriate STEM content standards.

Modification: As needed for individual students.

References: Model rocket kit instructions.
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Construction
Topic:
C02 Model Rocket Construction: The Motor Mount
Content: Building themotor mount
Demo Models: Example of completed motor mount.
Perishable Materials: Model rocket kits, glue, tape
Durable Materials: Hobby knife, scissors, ruler, pencil

Teacher Instruction/ Guided Construction:
1. The teacher will demonstratetbeo nst ructi on of the rocket
the kit instructions.

Independent Construction:

1. The students will construct their motor mounts in accordance with the lecture and kit
instructions.

2. Return completed motor mount to thackage once dry or continue to Lesson C03

Clean Up. Kits will be collected and stored if not continuing with Lesson C03, tools cleane:
stored.

Assessment:  Teacher will ask questions and engage in discussion to check for understandin
Studentswill be assessed using appropriate STEM content standards.

Modification: As needed for individual students.

References:  Kit instructions, (Van Milligan, 2008) (Stine & Stine, 2004)
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Construction

Topic:
C03 Model Rocket Construction: FinsAirframe, Nose
Content: Construction techniques for the fins, airframe, and nose cone.
Demo Models: Examples of fins to include balsa, plywood, laminate, and fiberglass
Examples of rocket noses are various shapes and materials.
Perishable Materials: Wood glue, wood filler, sandpaper, disposable cups, popsicle sticks
Durable Materials: Hobby knife, scissors, ruler, pencil

Teacher Instruction/ Guided Construction:
1. 1 Applying wood filler on balsa fins and nose cones.
1 Laminating paper on fins fatrength.
9 Filling airframe seams with filler.
1 Airframe construction (fins, motor mount, shock cord, nose)
1 Wet and dry sanding techniques.

Independent Construction:

1. The students will replicate the demonstrated techniques on their own model rockets.
2.  Complete the construction of the airframe according to the kit directions.

3.  Return parts to the package or continue to Lesson C04

Clean Up: Kits will be collected and stored if not continuing with Lesson C03, tools cleane
and stored.

Assessment:  Teacher will ask questions and engage in discussion to check for understandir
Students will be assessed using appropriate STEM content standards.

Modification: As needed for individual students.

References:  Kit instructions, (VarMilligan, 2008) (Stine & Stine, 2004)
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Construction

Topic:
C04 Model Rocket Construction: Payload Bays
Content: Adding a payload bay to a model rocket.

Demo Models: Examples of completed payload bays

Perishable Materials: Model rocket kitsglue, tape, airframe tubes similar to kit.

Durable Materials: Hobby knife, scissors, ruler, pencil, airframe cutting jig

Teacher Instruction/ Guided Construction:
1. The teacher will demonstrate how to scratch build a payload bay. Instruction includes:

1 Designing a payload bay
9 Cutting airframes

M Bulkheads

M Vent holes for altimeter

Independent Construction:
1.  to build their own bays.
2. Return parts to the package or store on model rocket stand.

Clean Up: Clean and store materials, pick up trash.

Assessment: Teacher will ask questions and engage in discussion to check for understanding.
Students will be assessed using appropriate STEM content standards.

Modification: As needed for individual students.

References: (Van Milligan, 2008) (Canep&005) (Stine & Stine, 2004)
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Construction

Topic:
CO05 Model Rocket Construction: Finishing
Content: Finishing a model rocket for improved drag coefficient.
Demo Models: Examples of properly and poorly finished model rockets.
PerishableMaterials: Spray cans of sandable primer, flat white enamel paint, gloss, \ndilte
and yellow enamel paint.
Durable Materials: Filter mask rated for paint, model rocket drying stand.

Teacher Instruction/ Guided Construction:

1. The teacher wildemonstrate each step of finishing a model rocket:
1 Apply and sand -3 coats of primer, ending with a wet sand.
1 Apply flat white enamel spray paint, wet sand
1 Apply gloss white enamel spray paint
1 Apply red or yellow to fins and nose.

IndependentConstruction:

1. The students will replicate the demonstrated techniques

2. Setrockets on stand to dry.

Clean Up: Store unused paint, rockets

Assessment:  Student competence is demonstrated by successful completion of the task.

Modification: As needed for individual students.

References: (Van Milligan, 2008) (Stine & Stine, 2004)
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Construction
Topic:
C06 Recovery Systems
Content: The students will construct parachutes and streamers for their model rocket.
Demo Models: A variety of completed streamers and parachutes.
Perishable Materials: Plastic, Mylar, carpet thread, page hole reinforcing rings, launch lugs
Durable Materials: Hobby knife, scissors, ruler, pencil

Teacher Instruction/ Guided Construction:
1. Give a hand$on demonstration of various forms of parachutes and streamers.
1 Examples should include parachutes made of plastic, Mylar, astbpmylon,
parachutes with and without spill holes, and streamers made out of crepe paper,
Lar, and Mylar.
1 Discuss tke pros and cons of each design.
1 Demonstrate how to construct a parachute and a streamer.
1 Iftime is available, conduct a launch that demonstrates each recovery system.

Independent Construction:
1.  Students will each construct a parachute and a strefantéieir model rocket.

Clean Up: Tools and materials will be stored away be the students.
Assessment  Student competence is demonstrated by successful completion of the task.
Modification: As needed for individual students.

References:  (VanMilligan, 2008) (Stine & Stine, 2004)
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Investigation andDiscovery

The most exciting time for the students is when they get to fly their model rockets. It is during
these launches that the previous lessons will be reinforced by the investigataiscanery
lessons. It is an exciting time for the teacher as.\8&lidents will work independently as they
prepare the rockets for launch and to collect valuable flight @ataknowledge gained on the
field during launch day will enrich the peffight activities as the students analyze and decipher
the collected data in the classroom.
There are three distinct phases of each investigation and discovery lesson:
1 Preflight Activities- occur the day before launch day
0 teacher briefing on lesson goals.
0 selection and preparation of rockets,
0 inspection of all equipment
0 equipment training
o launch day weather report from the meteorologists.
1 Launch Day
0 transport equipment and rockets to launch site
0 set up equipment and conduct launches
0 record data
0 recover egipment and rockets to class room
o conduct quick posflight debriefing if possible
1 PostFlight Activities -
o analyze and discuss collected data
o0 assessment of student understanding

Launching Model Rockets

Launching model rockets require access to a laanea that meets the size requirements
in accordance with the Model Rocket Safety Code. Schools typically have athletic fields that
meet Type A and B model rocket motor requirements of 122 square meters. The Educator may
also contact their local NationAls s oci ati on of Rocketry club for
NAR clubs support local rocketry education efforts and will usually welcome students on their
launch sites with proper natification and preparation. Educators may find club informatioas on
NAR website (National Association of Rocketry, 2009). The local fire laws should be
investigated prior to the use of solid propellants. If laws do prohibit them, the curriculum may be
altered to use water or air as a means of propulsion. Water roekele set up to deploy a
recovery system and to carry payloads and electronic altimeters. Educators who use this
curriculum for training a TARC team should conduct the training prior to the teams beginning
their design and build. Once the students bdggrcbntest, educators and mentors are prohibited
from aiding in the design and construction of a TARC rocket.
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Investigation & Discoverz

Topic:
IDO1: Data Collecting Instruments

Content: A introduction to instruments used to collect data on wind, humidity, temperatur
pressure, flight times, distances and altitude.

Statement of InvestigatonDat a on t he weather conditions
with the propeinstruments.

Equipment: Sling psychrometer (humidity), anemometer (wind speed), barometer (air press
thermometer (air temperature), stopwatch (time), and Estes Altitrak or similar d
(altitude), Flight Data Logs

Teacher Instruction/ Guided Construction:
1. Demonstrate the operation of each instrument.
2. Demonstrate how to record data on the Flight Log.

Guided Practice:
1. Divide the students into enough group to rotate through each instrument a

gain handson experience.

Discovery.
1. Collect and record data and analyze results.

Independent Practice:Students will collect data as assigned during rocket launches.
Assessment:  Student competence is demonstrated by successful completion of the task.
Modification: As needed for individual students.

References:  Instrument manuals (Exline, Arlene & Levine, 2008)
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Topic:
IDO2: Investigating Parachutes

Content: Parachute design

Statement of Investigation:Students launch rockets with parachutes of different sizes, shapes, i
spill holes and collect data for analysis.

Equipment: A single rocket or rockets of equal design, engine and weight, a variety of parac
of different diameters and spill holes.

Preflight Procedures:
1. Lesson LD02, The Model Rocket
2. Preparation of Equipment
3.  Safety Briefing

Guided Practice:
1. Setup Equipment
2. Conduct activity and collect data
3 Recover equipment

Discovery.
1. Collect and record data:
1 Descent times from apogee for each parachute.
1 Observe for oscillation, spinning, and deployment.
1 Record times and observation on the Flight Log.

2. Group analysis of results:
1 Class will discuss and compare data and determine the best para
design arong those that were deployed.

Independent Practice Students will collect data as assigned during rocket launches.

Assessment:  Student competence is demonstrated by successful completion of the task.
Teacher will ask questions and engage in discugsicheck for understanding.
Students will be assessed using appropriate STEM content standards.

Modification: As needed for individual students.

References:  (Van Milligan, 2008) (Stine & Stine, 2004)
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Topic:
IDO3: Calculating Apogee

Content: Students learn how to use the Pythagorean Theorem, marker streamers, and
electronic altimeters to determine

Statement of Investigation:Rocket altitude can be determined by various methods.

Equipment: Rocket with payload section, launch equipment, two Estes Altitraks, measuring
wheel, stopwatches, marker streamers, and electronic altimeter.

Preflight Procedures:
1. Assignment of duties
2. Preparation of Equipment:
1. Prepare rocket witinotor and recovery system.
2. Make marker streamers as instructed in Appendix I, Marker
Streamers.
3. Install marker streamer over the recovery system and the electron
altimeter in the payload bay.

3.  Safety Briefing

Guided Practice:
1. Setup Equipment
1 Two students are placed with the Altitraks with one student placec
halfway between the other tracker and the launch pad.
I Timers are assigned to time the drop of the marker streamers.
1 The electronic altimeter is activated by the pad crew.

2. Launch rocketith all 3 apogee calculation methods deployed.
3.  Recover equipment

Discovery.
1. Collect and record data: All data is recorded on the Flight Log
2. Group analysis of results
1. Students compare the results of the different methods.
2. How close ar¢he 3 methods in apogee calculation?
3.

Assessment: Teacher will ask questions and engage in discussion to check for understandin
Students will be assessed using appropriate STEM content standards.

Modification: As needed for individual students.

References: (Nolte, 1994) (Cannon, 1970) Appendix |, Marker Streamers
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ID03: Marker Streamer Construction and Use

Marker streamers are used as an inexpensive method of determining how high a model
rocket flew by ti ming Theseeneasuringeevicesared s r et ur
constructed by taping a 3 gram weight, such as a penny, on the end of a 1 inch wide by 12
inches | ong polyethylene tape that is .00010
not to produce drag, but to aid visibility oktstreamer. High visibility colors such as

florescent orange are a good choice. The streamer will fall at a constant rate of 18 feet per
second. By timing the streamer6s drop from
can be determined by multiplyirigat number by 18.

Construction

1. Cuta 1 inch polyethylene tape to 12 inches

2. Place a penny (or other 3 gram flat object) on one end and fold the side of the tape around
it to from a AV. O

3. Tape the penny in place.

4. Fold the marker streamer.

1. Place the marker streamer into the body tube after the recovery system and shock cord
has been packed.

2. Instruct the timer to begin timing when the streamer is ejects out of the body tube and to
stop timing when the streamer lands.

3. To determine altitude, uitiply the number of seconds from apogee to landing by 18. The
result is the altitude in feet.

A
Y
<

3-Gram Weight 12Inches

0.0001 Inch Polyethylene Non Adhesive Tape Tlnch

Marker Streamer T
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Investigation & Discovery

Topic:
IDO4: Adjusting Apogee

Content: Adjusting the mass of the rocket to change the apogee.

Statement oflnvestigation: The students will reduce the altitude of a model rocket by 25% using
Newt onés Second Law=BA Motion as a guide:

Equipment; Rocket with payload section, launch equipment, two Estes Altitraks, measuring
wheel, stopwatches, marker stneers, electronic altimeter, clay or lead weights.

Preflight Procedures:
1. Assignment of duties
2.  Preparation of Equipment
3.  Safety Briefing

Guided Practice:

Set up Equipment

Launch rocket and determine its apogee.

By using F =MA, calculate the additional mass needed to reduce the apog
25% lower.

4. Prepare rocket with adjusted mass and launch again.

5. Repeat process until apogee has been reduced by 25% from the first fligh

wn e

Discovery.
1. Collect and record datall data is recorded on the Flight Log
2.  Students determine mass adjustment.

Independent Practice:TARC teams will adjust apogees in their own rockets.

Assessment:  Teacher will ask questions and engage in discussion to check for understandini
Students will be assessed using appropriate STEM content standards.

Modification: As needed for individual students.

References: (Stine & Stine, 2004) (Nolte, 1994) (Cannon, 1970)
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Topic:
IDO5: Adjusting DescenRate Using Parachutes & Streamers

Content: Adjusting descent rate of model rocket by changing drag coefficient.

Statement of Investigation Students will use different types of streamers to alter the payload
sectionds time of descent.

Equipment: Rocket used in Lesson ID04 including added mass, two parachutes two sizes ¢
that original parachute without spill holes and two of the largest size with two
different sized spillholes.

Preflight Procedures:
1. Assignment of duties
2.  Preparatiorof Equipment: Prepare rocket with recommended parachute.
3.  Safety Briefing

Guided Practice:

1. Setup Equipment

2. Launch rocket and determine its apogee.

3 By using knowledge gained by Lessons ID02 and IDQ9, increase the time
flight by 25%o0f first flight. NOTE: If adding 25% more time to time of flight
may cause the rocket to leave the recovery area, target a lower percentag

4. Repeat the process using streamers of different sizes and materials.

Discovery.
1. Collect and recordata
2. Students determine adjustment.

Independent Practice TARC teams will adjust apogees in their own rockets.

Assessment: Teacher will ask questions and engage in discussion to check for understandin
Students will be assessed using appropB8dtEM content standards.

Modification: As needed for individual students.

References: (Van Milligan, 2008) (Stine & Stine, 2004)
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Topic:

IDO6: Investigating Average Velocity

Content: Measuring Velocity of modelbckets after determining altitude.

Statement of Investigation:Students will determine the average velocity of a model rocket in fligr
using the equation = d/t.

Equipment; Rockets with similar mass and motors, launch equipment, two Akiteaks,
measuring wheel, stopwatches, marker streamers, electronic altimeter

Preflight Procedures:
1.
2.
3.

Guided Practice:
1.

Discovery:.

3.

Assignment of duties
Preparation of Equipment
Safety Briefing

Set up Equipment

Launch several rockets. Tinflights from launch to apogee and calculate
altitude.

Recover equipment

Collect and record data: record times and determine altitude.

Group analysis of results: Using the formufad/t, determine the average
velocity of eactrocket.

Determine the combined average velocity of all launched rockets.

Independent Practice:TARC students are able to determine the average velocity of their own roc

Assessment:  Student competence is demonstrated by successful compiétina task.
Teacher will ask questions and engage in discussion to check for understandini
Students will be assessed using appropriate STEM content standards.

Modification: As needed for individual students.

References: (Stine & Stine, 2004)
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Topic:

IDO7: Investigating Energy

Content: Predicting the apogee of a model rocket based on the rocket motor.

Statement of Investigation:The altitude of a model rocket can be predicted based on the mass
rocket andhe energy of the motor.

Equipment: Rockets with similar mass and motors, launch equipment, two Estes Altitraks,
measuring wheel, stopwatches, marker streamers, electronic altimeter

Preflight Procedures:

1.
2.
3.

Guided Practice:

1.
2.
3

4.
3.

Discovery:.

Assignment of duties
Preparation oEquipment
Safety Briefing

Set up Equipment

Launch rocket with an A motor and determine its altitude.

Lead class in a discussion about the predicted altitude of the rocket with a
motor. Record predictions.

Launch rocket with a B motor and determine its altitude.

Recover equipment

Collect and record data

Group analysis of results: How accurate was the prediction verses the act
altitude? Where there any unbalanced forces that could have effected the
results?

Assessment:  Student competence is demonstrated by successful completion of the task.
Teachewmvill ask questions and engage in discussion to check for understanding
Students will be assessed using appropriate STEM content standards.

Modification: As needed for individual students.

References:  (Stine & Stine, 2004)
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Topic:
ID08: Investigating Nose Drag Co efficiency

Content: The investigation and discovery of model rocket noses.

Statement of Investigation:Students will determine drag co efficiency of various nose shapes.

Equipment: Model rocket, noses that fit the rocket of the following shapes: Elliptical,
parabolic, conical, ogive. Hemisphere, launch and data equipment.

Preflight Procedures: 1. Assignment of duties

2. Preparation of Equipment

3 Safety Briefing

Guided Practice: 1. Set up Equipment
2. Students will fly the model rocketith a different nose for each
flight under the following conditions:
1 Each flight uses the same motor
1 Each flight uses a different nose

3. Recover equipment

Discovery:.
1. Collectand record data
The altitude of each flight is recorded either from an electronic altimeter or an Estes
Altitrak. The results are entered on the Flight Log.
2. Group analysis of results:
Students will determine which cones flew the highest with minirpitain and yaw.

Independent Practice:TARC students will determine the best nose shape for their rocket.

Assessment:  Student competence is demonstrated by successful completion of the task.
Teacher will ask questions and engage in discussion to étveckderstanding.
Students will be assessed using appropriate STEM content standards.

Modification: As needed for individual students.

References:  (Van Milligan, 2008) (Stine & Stine, 2004)
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Topic:
ID09: InvestigatingStreamers
Content: The investigation and discovery of streamer recovery for model rockets.

Statement of Investigation:Students will discover the drag coefficients of streamers constructed
different material and of different lengths.

Equipment: 1. Alow power model rocket with ample space for streamers.
2. The following streamersoneeachl 6, 26, and 40 X
polyethyleneand oneeach 10, 20, and 40 x 1

Preflight Procedures:
1. Assignment of duties
2. Preparation of Equipment
3.  Safety Briefing

Guided Practice:
1. Setup equipment
2. Conduct activity and collect data as described below.
3 Break down equipment

Discovery.
1. Collect and record data:

91 Students will collect and record tliemes from apogee to landing (to measure desc
rate) and the distance from the launch pad (to measure drift)
1 Information will be recorded on a graph showing descent rate and drift.

2. Group analysis of results
1 The class will determine the best streaffioe the test rocket; that being the streame
with the highest drag yet still durable enough to give consistent results.

Independent Practice:TARC student will adjust the recovery of their rocket.

Assessment:  Student competence is demonstratedincessful completion of the task.
Teacher will ask questions and engage in discussion to check for understandin
Students will be assessed using appropriate STEM content standards.

Modification: As needed for individual students.

References:  (VanMilligan, 2008) (Stine & Stine, 2004)
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Topic:
ID10: Investigating Weathercocking

Content: Students study the effects of wind on rocket flight.

Statement of Investigation:The wind is an unbalanced force that affects a rockets trajectory anc
altitude.

Equipment: For classroom demonstratiomodel rocket with large fins suspended by the nose
with string, fan with strong and focused current.
For field demonstration: modedckets with different types of fins, launch
equipment, windy day.

Preflight Procedures:
1. Give a demonstration of weathercocking
2. Assignment of duties
3. Preparation of Equipment
4. SafetyBriefing

Guided Practice:
1. Setup Equipment
2. Students observe and record effects of weathercocking during rocket flight.
3. Recover equipment

Discovery:.
1. Collect and record data
2. Group analysis of results: Classroom discussiambstrvations. Which fin performed the
best?
Independent Practice:TARC students will select the best fin design for their rocket.
Assessment:  Student competence is demonstrated by successful completion of the task.
Teacher will ask questions and engagdiscussion to check for understanding.
Students will be assessed using appropriate STEM content standards.
Modification: As needed for individual students.

References:  (Van Milligan, 2008) (Stine & Stine, 2004)
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Topic:
ID11: Entering and Analyzing Flight Data in Rocksim

Content: Students will begin designing their TARC rocket

Statement of Investigation:Rocksim flight simulations are more accurate with proper data.

Equipment: Copy of Rocksim, computemodel rocket with Rocksim file, launch equipment.

Preflight Procedures:
1. Assignment of duties
2.  Preparation of Equipment
3.  Safety Briefing

Guided Practice:
1. Setup Equipment
2. Launch rockets and collect data on flight and weather.
3. Recover equipment

Discovery.
1. Collect and record data
2. Group analysis of results: Enter data into Rocksim and run simulations.
3 Compare the results of the simulation with the actual flight.
Independent Practice:TARC students will be abl® enter data into Rocksim and analyze the res
Assessment:  Student competence is demonstrated by successful completion of the task.
Teacher will ask questions and engage in discussion to check for understandin
Students will be assessed usagpropriate STEM content standards.
Modification: As needed for individual students.

References:  Rocksim Manual, (Van Milligan, 2008)
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Topic:
ID12: Determining the Center of Pressure

Content: Calculating CP usin&ocksim, the cardboard cutout method, and the Barrowmar
method.

Statement of Investigation:The center of pressure can be determined with several methods.

Equipment: Model rocket as an example, caliper and ruler for measurements, cardboard, cc
Rocksim on a computer Barrowman equation found in the appendix ditidbook
of Model Rocketry

Procedures:
1. Review lesson LD05, Rocket Stability, with the class.
2. Give a demonstration of using the cardboard cutout method:
1. Draw an outline of the sample rocket on the piece of cardboard using accurat

measurements.
2. Cut out the rocketds outline from t
3. Balance the cutout on the edge of a ruledt@termine the center of pressure.
4. Mark the CP6s |l ocation on the cutol

3. Give a demonstration of using the Barrowman equation to determine the CP using the
cardboard cutout.

4. Using the same model rocket as the design, point out the locatilbe 6P as determined k
Rocksim. Measure and mark the Rocksim CP on the cardboard cutout.

5. Compare the three CP locations from the 3 different methods and discuss the findings
the class.

Guided Practice:
1. Guidethe students as they repéat processes with their own rocket design.

Discovery.
1. Collect and record center of pressure results.
2. Group analysis of results
Independent Practice:Students will be able to determine the CP of their own rocket.
Assessment:  Studenttompetence is demonstrated by successful completion of the task.
Teacher will ask questions and engage in discussion to check for understandini
Students will be assessed using appropriate STEM content standards.

Modification: As needed for individualtsdents.

References:  (Stine & Stine, 2004) (Kalk & Wash, 1995)
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Topic:
D13 Determine the Center of Gravity and Stability of a Rocket

Content: Determine the center of gravity using a string and tape.

Statement of Investigation:The center of pressure of a model rocket can be determined by bala
the rocket with a string.

Equipment: Model rocket with engine installed, sturdy nylon string at least 8 feet long, mask
tape

Procedures:

1. Reviewlesson LDO05, Rocket Stability, with the class.

2. Taking a model rocket with an installed engine and parachute, tie a string around the
airframe and slide the rocket back and forth until it balances on the string.
Explain to the class that tlecket balances at the location of the center of gravity.
Mark the location of the center of gravity with a pen.
Tape string onto airframe at the center of gravity.
In a clear area outdoors or in the gym, rotate the rocket in a circle hbagieTell students
to look for any pitch, which will indicate an unstable rocket.
If an unstable rocket is available, repeat the process so that the students may see the
difference.

ogrW

~

Guided Practice:
1. Have the students repeat the proceddezsonstrated to them during the demonstration.
2. Conduct activity and collect data
3. Recover equipment

Discovery.
1. Collect and record data
2.  Group analysis of results
Independent Practice:Students will be able to determine the stabibtyheir own rockets.
Assessment:  Student competence is demonstrated by successful completion of the task.
Teacher will ask questions and engage in discussion to check for understandin
Students will be assessed using appropriate STEM content standards.

Modification: As needed for individual students.

References: (Estes, 1999) (Kalk & Wash, 1995)
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Topic:
ID14: Basic Meteorology

Content: Collecting samples of temperature, humidity, pressure, and wind.

Statementof Investigation: Samples of temperature, humidity, air pressure, and wind can be coll
using a variety of instruments.

Equipment; Thermometer, anemometer, sling psychrometer, barometer, compass, stop wa
Meteorologist Log, cloud chart

Procedures:
1. Give alecture on basic meteorology
2. Demonstrate how to collect and record meteorological data.

Guided Practice:
1. Students practice collecting data with each instrument.
2. Share and discuss collected samples with the class.
Discovery:.
1. Collect and record data
2. Group analysis of results
Independent Practice:Students will collect data during rocket launches.
Assessment:  Assess the accuracy of the data collection.
Teacher will ask questions and engage in discussicheck for understanding.
Students will be assessed using appropriate STEM content standards.
Modification:  As needed for individual students.

References: (Exline, Arlene & Levine, 2008)
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CHAPTER 4 TRAINING, ORGANIZATION, AND
EQUIPMENT

Launch Procedures

Launching model rockets with a middle or high school class requires procedures that maintain
control by keeping all students actively involved in a meaningful activiglso maintains a high level of
safety, which is of paramount importarioethe teachefThe following procedures meet those needs and
are designed for a class of twenty to thirty students.

These launch procedures are loosely based on the actual count procedures used for the Pershing 1a
missile operated by the United Statesnérin Germany. The MGM1 Pershingvas a solifueled twe
stage mediunnange ballistic nuclear missile designed and built by Martin Marietta. The Pershing systems
lasted over 30 years from the first test version in 1960 through final elimination in 198@T6Id War
Museum, 2008). Theesearcheserved for over three years in a United States Army Pershing firing battery
from 1981 to 1984 and was assigned as a flight controller on a Combat Alert Site (CAS) in southern
GermanyOver a fourmonth period, theesearcher took part in many simulated launches of the missiles on
the remote siteThe spirit of speed, efficiency, and safety of the Pershing launch procedures were
preserved.

Thecurriculum was developed from two years of experience teachingree@Bmodel rocketry
elective to middle school students at E.V. Cain Middle School in AuburnT@&model rocketry elective
is very popular with students and pareSfaidents take launches very seriously and behavior problems
have been rar@his is a very paerful teaching tool.

Organization

Upon completion of the model rocket construction phase, the students must be given launch
assignments and trained in procedures and equipment before conducting the first launch

The educator may assign positions depahda the size of the class by combining responsibilities
in smaller classes or assigning more than the suggested number of timers or security members. If the class
is composed of 10 or less students, it is recommended that the educator use a morenmetiroaabf
conducting launches that meet the requirements of the Model Rocket Safety Code(National Association of
Rocketry, 2009).

The assignments are grouped into four sections; flight control, engineering, science, and
security/recovery. Each positiondha description of the responsibilities are listed followed by

recommendations of how to fill the positions.
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Table of Suggested Launch Duty Assignments

Assignment # of Positions Total Positions
FLIGHT CONTROL SECTION 4
Student Flight Director 1

Flight controller 1

Launch control specialist 1

Communications Officer 1

ENGINEERING SECTION 5
Chief Engineer 1

Engineer 4+

SCIENCE SECTION 14
Chief Scientist 1

Meteorologist 3+

Flight Timer 4+

Tracking Station OIC 1

Tracker 2+

Surveyor 2

Observer 2+

SECURITY/RECOVERY SECTION 5
Chief Security 1

Security/Recovery 4+

Note: numbers followed by the + sign are positions that additional students may be assigned to.

Organization & Equipment

CONTROL CENTER

Flight Director
(Teacher)
2-Way Radio Flight
Clipboard Controller
Class Roster < = 2-Way Rad
List of Assignments StudentFlight Director . Oa,yba 'g
2-Way Radi iploar 2l
Countdown Procedures C||p:>);a?d . Countdown Procedures Launch Control Communications
Countdown Procedures Countdown Timer Specialist Officer
Launch Controller Radios
ENGINEERING SCIENCE
Meteorology
Meteorologist 1 Meteorologist 3
Sling Psychrometer Anemometer
Chief Scientist Stopwatch 2-Way Radio
2-Way Radio Barometer
Clipboard Thermometer
. Clipboard
. : : Flight L
Engineers Chief Engineer Sl Meteorologist Wooksheet
Launch Equipment Clipboard )
Model Rockets Engineer Checklists . X Meteorologist 2
Fire Extinguisher 2-Way Radio Flight Timers Cloud Chart
Stopwatch
SECURITY & RECOVERY Surveyors Altitude Tracking
m “ 1 each Stopwatch ‘ * I '
Tracking OIC
Security/Recovery Team Security/ Surveyor 1 Surveyor 2 2-Way Radio Trackers
Portable Table for CC  Recovery OIC Mearuring Wheel  Lensatic Compass Clipboard 1 each AltiTrak
2-Way Radio Tracking Worksheet
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Description of Positions

FLIGHT CONTROL i The fightcontrol is the command section and has the overall responsibility of
conducting productive and safe flights.

0 Flight Director- The Flight Director is the teacher and is responsible for insuring that all
students are trained in their positions and thdaatiches are conducted in a safe
manner.

0 Student Flight Director The Student Flight Director is the highest ranking student
during flights. While it may seem obvious that placing the most responsible student in the
position is best, the author has hlad tost success with putting students who need to be
challenged and given responsibility.

Duties include:
A in charge of the Flight Control area.
A ensures that all stations are properly set up
A collects all data and records it on the Flight Data Sheet
A Equipment: clipboard, Launch Procedures script, Flight Data Sheetyayo
radio

0 Flight Controller- The Flight Controller manages the count procedures and speaks to the
teams on behalf of the Flight Director. The student picked for this position must be able
to speak clearly over the two way radiguties include:

A leads the launch procedures over the radio

operates the countdown timer and announces the countdown

monitors and records the total time of flight

Equipment: portable table, Launch Procedures scripftdown timer,

clipboard, tweway radio

o Launch Controllerz The launch controller specialist operates the launch controller,
which launches the rockets. A student good at troubleshooting misfires and
malfunctioning equipment. Sits next to the flight contrdler. Duties include:

> > > >

A ensures that the launch controller is operational and ready for launches

A ensures the safety of students by monitoring the location of the launch safety
key

A operates both switches of the launch controller during launcheadferbuilt
rockets

A operates the safety switch during launches of student rockets

A trains students on the launch controller

A Equipment: launch controller

0 Communications Officei The Communications Officer is responsible for the two way
radios. Theassignment may be combined with another if the class size is small.

Duties:
A conduct maintenance on the radios onffight days
A assign radios to the proper personnel
A Ensure that all radios are accounted for after the launch.
A Equipment: tool box with rad®and spare batteries

ENGINEERING 7 The engineers prepare rockets for launch using théd&mch Checklist. On launch
day, they set up the launch pad and rockets.
0 Chief Engineei The chief engineer ensures that the engineering section is following
prope procedures in a safe manner.
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Duties:

Follows PreFlight Checklist

Oversees the setup of the launch pad

Communicates with flight control over the two way radio

Controls safety key

Equipment: clipboard, Launch Procedures scriptl@uach checklisttwo way

radio, fire extinguisher

1 Rocket Engineerz The rocke engineers are responsible foprepping the rockets for flight.
There can be as few as one or as many as four students assigned to this position. Duties:

> > Dy

inspect and prep rockets for launch

maintainand clean launch equipment

set up and break down launch equipment

maintain control of prepped rockets

provide safety and security on the launch pad

ensure that rocket engines are secure

Equipment: Ready box, tool box with launch pads and launch controller

> D Dy D

SCIENCE i The science section is the largest section and has the most important job of collecting the data
that will be used in the classroom.
0 Chief Scientist The chief scientist is responsible for the accurate collection of data
during rocket launcheduties:

A collect data on weather conditions from the meteorologists, times from the
timers, the degrees reported by the tracking station(s), measurements and
compass readings from the surveyors, and flight characteristics from the
observers.
record data othe Science Data Sheet.

Equipment: clipboard, launch procedures script, science data sheet, two way

radio

0 Meteorologist The meteorologists obtain weather reports for launch day and collect real
time data of conditions during launoht least twostudents share these duties.

A Check online weather sources and brief the class on weather predictions for

launch activities

A Determine humidity, barometric pressure, temperature, wind speed and
direction, cloud conditions, dew point

A Equipment: sling psychroater, barometer, wind speed gauge or anemometer,
cloud chart, toolbox for equipment, clipboard

o Flight Timer z The flight timers time whatever part of the flight that the lesson calls
for. There should be at least two timers for each time needed, threehstter. More
than one timed event, such as launch to apogee and apogee to landing, may be
recorded on the same flight.

>

A Equipment: one stopwatch for each timer
0 Tracking Station OIG The tracking station officer is responsible for ensuring that
trackers arén place for launches and to record and report readings in degrees. This
student may also act as an altitude tracker if needed.
A Equipment: clipboard, Tracking Station Record Log, two way tadio
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0 Altitude Trackeri The altitude trackers measure the altitude of the rocket in degrees
using an Estes AltiTrak or similar device. The trackers are positioned by the surveyors
using the measuring wheel.

A Equipment Estes AltiTrak, two way radio if stationed at a distarroenfthe
tracking station officer

0 Surveyor The surveyors measure ground distance using a measuring wheel, and
determine the direction of rocket landing from launch pad in degrees. They are also
responsible for helping the meteorologists determine windtibre

A Measure distance for trackers to stand

A Determine direction of landing in degrees.

A Determine distance of landing

A Determine wind direction.

A Equipment measuring wheel, lensatic compass

O Observei The observers watch t hdéorpitohcTheytlsdos f |l i ght
assist the recovery team in locating rockets if the team loose site of the returning rocket.
This responsibility may be assigned to security/recovery if the class is small.

SECURITY & RECOVERY i Safety is the number one priority anddents assigned to this section
must be mature and dependaflbey are very important in the likely event that the launch field is being
shared with other types of classes, such as physical education.

0 Chief of Security The security officer is in charg# the security section and
communicates with the control center over the two way radio. Duties:

A Create a security perimeter around the launch pad of at least 20 feet

Position security personnel around the perimeter

Take note of wind direction and positipersonnel for rocket recovery

Communicate security status to the control center

Ensure that no one enters the perimeter while the pad is hot

Secures the rocket at its landing site until the surveyors have determined

distance and direction

0 Security/Recover- Members of security/recovery follow the directions of the security
officer and maintain security around the launch pad. They are also responsible for the
recovery of the rocket.

> > > > >

Assignment Recommendations

Care should be taken in assigning studentbdaluties that they will perform during the launches.
The most challenging positions are the ones that require leadership and managemeéltiasals
positions, the student flight director, chief scientist, chief engineer should be filled by studertaweh
demonstrated leadership qualitiBecause of their importance to the success of the launches and data
collection obtained by them, these positions should be filled @mtsideration for the remaining
positions, in the order of importance, isfaows:

1 Student Flight Director This is a position that can really bring out the best in the right
student. The best student flight director that the researcher ever has was a student who
was disruptive and unmotivated in class until given this assighifieat student not only
transformed into a model student, he went on to participate in the Team America
Rocketry Challenge and wa s Somedudents anejust a | i n
waiting for the opportunity to prove themselves.
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91 Elight Controler - As the student who will be the center of communications during the
launch, flight controllers should speak in a loud, clear voice.

1 Engineers engineers will carefully follow procedures in the preparation of the rockets
for flight. Students who do bem this role are careful and methodical.

1 Meteorologists These students will be active collecting data and are using equipment
that is expensive and fragile. Students selected as meteorologists should be responsible
enough to collect weather data actelawith minimum supervision.

1 Launch Control Speciali$t While this position is not very challenging, it is one of the
most rewarding. The launch control specialist gets to press the launch button, making it a
much sought after job.

1 Tracking OIC/ Trackesi The students tracking the rocket flights will be 75 or more
meters away from the teacher. Students selected must be responsible enough to work
independently.

1 Security/Tracking The perfect assignment for high energy students who will get plenty
of movement as they follow and recover the rockets.

9 FElight Timersi These students must be focused in order to gather accurate flight times.

1 Surveyors Students assigned to these positions need to be accurate in their
measurements and directions. Surveyorshéatiost walking among the students during
the launches.

1 Communications Officer This position can easily be filled by the flight controller as
most of the responsibilities occur during {ench procedures. Assign to another student
if the class is larg and a student is available.

Duty Rotation

Rotation of students is recommended in order to maximize student learning and to maintain
interest. The frequency is left to the discretion of the educator. If time permits, the class may be retrained
using theprocedures outlined in Lesson LD06, Launch Procedures. Another technique is to rotate a portion
of the students and have them receive fion the jobo
learning will occur during the podlight activities when the collected data is analyzed and discussed.

Training

Taking the time to train the students on the launch procedures and how to properly the equipment
before the first rocket launch will ensure an efficient and safe ladinaim the students oadinch
procedures using lesson LDO6, Launch Procedures.

Because of the volume of rockets that the studentswiidl and fly, it is recommended that the
educator devise some form of identification nomenclature for each rocket. The system that the researche
uses has worked wellhe first digit is an S, for student or a T, for teacher. The next two digits are the last
two numbers of the year. The last two to three digits represent the rocket number for the year. So the 51
rocket build by a studentin200o ul d be S0951. The teacherds rocket
the first rocket the teacher built and is written as T055 for tilediket The numbers are types on small
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adhesive mailing labels and affixed on the airfraiités is the numbethat the Chief Engineer will verify
with Flight Control prior to launch.

Launch Layout on Softball Field Security/Recovery
L
Tracker 1
Security/Recovery
25,
ey
. . .
Tracking OIC Chlgf Engineer
Engineers
Security/Recovery

75+ Meters
. ENGINEER
BUNKER

Tracker 2 Surveyors

Engineers
. 50’ cords .
Chief of Security .
Anemometer Station
Meteorologist 3
I ") I CONTROL CENTER
|_| Student Flight Director
Science Department Meteorology Station Flight Controller
Chief Scientist Meteorologist 1 Launch Cf’”t’_‘)' Specialist
Flight Timers Meteorologist 2 Communications Officer
FigureE10 Launch Layout
Launch Site
A good | ocation to conduct | aunches in on the s
l aunch pad on the pitcherds mound and | ocating most

controllable and safe environment.
Equipment

During launchesmany of the students will be responsible for the collection of data to be used for
in-class activitieswWhile professional grade equipment may give very accurate results, there is an
opportunity for the instructor to add to student knowledge by buildingesaf the equipment in the
classroom and by using equipment that require the students to manually collect and interpret data, thus
increasing student understanding of the collection progestident who builds a cup anemometer, counts
the number of rot&ins, and multiplies that number with the diameter of the cup assembly to determine
wind velocity will have a much greater understanding of the process than the student who simply reads the
wind speed from an electronic device.
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Design and Engineering Equiment

The recommended setup for the teaching of Rocksim software is to have a copy of Rocksim and a
computer for each student. As of this writing, Apogee offers an education discount on the software
available on their websit&ince most middle and high smtis now possess a computer lab, it is assumed
that the software would be installed there.

The teacher will also need built examples of model rockets to use as demonstration Gmuisicting

the models prior to the lessons helps the teacher to batteratand the work required.

Construction Equipment and Material

Durable equipment will last for many years if properly maintained.
Rulersi Used for measuring parts for cutting and gluing.

Hobby Knivesi These knives dull quickly in the hands of inexpaded builders, so a supply of
replacement blades is a must.

Cutting Matsi help to extend the life of the hobby knife blade not to mention the class tables.
Pencilsi to mark fin and launch lug locations.

Scissorg are handy for several of the constrantsteps.

Consumable Supplies will need to be restocked after their use.

Rocket Kitsi The easiest choice for the educator is to purchase a complete model rocket kit for
each student. It is also the most expengir®ther method is to purchase the maadeket parts

in bulk and give the students the added challenge of building from sdvéakng the Paradigm 5
found inThe Handbook of Model Rocketsysimple and inexpensive. Students may also design
their own model rocket on Rocksim, print the tempdatad parts lists, and build it.

Gluei Wood glue is perfect for small rocke&tudents who will build a migpowered rocket to
compete in the Team America Rocketry Challenge will need to become familiar with ca glue and
epoxy as well.

Tapei Masking tape is used to mask off areas of the model rocket for multi color paint schemes
The tape is also used to friction fit rocket motors into the motor mount.

Painti The most efficient method of painting the model rockets is to use the enanyetapsa

found in all hardware storeBainting should be done outdoors for enough away from the class so
that the fumes do n.Withgenerkus furddinge a progranacpuldiset gpk i n
airbrush stations and use wabgrsed paint.

Launch Equipment

f

Launch Pad There are several commercially made launch pads that will. Woekchallenge

with most of them is that they sit very low the ground, making it difficult for the students to set up
the rockets and for the instructor to inspect the workinfpke pad for three rockets can be made

with a saw horse or custom built with PVC pipe and connectors

Electronic Launcher As with launch pads, commercial launchers will work fik@st are 6 volt
systems that have only a 15 foot electrical cBia maimum safety, a 12 volt system with 50

foot cords will move the students to a distance that makes visual tracking of the flight much easier
A custom launch controller made of Radio Shack parts that allow the preparation of three rockets
at a time is recomendedSuch a system will allow all three rockets to be launched

simultaneously or in sequence. This will shorten the launch times and provide more time for post
flight lessonsElectronic Model Rocket Launcher Construction Plans and Tips by Tony Wayne
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offer several electronic launcher plans for the classroom and is available from Apogee
Components.

1 Two-Way Radios A very important feature of the launch procedures is communication. Two
way radios allow the students to conduct a smooth launch while sprea8625 square meters or
more. The radios also allow the teacher get give instructioe researcher has given a portion of
a altitude calculation lesson by standing at the launch pad and pointing out the parts of the triangle
formed by tghteverthe mdioda thie slas$ dpriead out over the field. Inexpensive
radios can be found on eBay and on sale at department and sporting goods stores. Another source
is to obtain the school 6s ol d -wayddias,sheagliredn t hey
range of operation is very small. Another di men
factor to the activityThe students love using the raditiss recommended that the radios be
distributed and returned at the launch site for @dmurposes. The students should be instructed
that all transmissions are in the public domain and are under the control of the Federal
Communications Commission.

9 Fire Extinguishéir As an added safety precaution, a portable fire extinguisher is recomuinende

1 Countdown Timei a simple kitchen battery operated timer can be used by the flight controller for
the countdown.

1 Portable Tables for the Control Center and the Meteorologists.

Data Collection Equipment

9 Sling Psychrometer The sling psychrometer issed by the meteorologists to determine the
relative humidity during the launch. The data can also be used to determine the dew point. The
Taylor 1330PJ Sling Psychrometisra good inexpensive choice. It also uses a nontoxic red liquid
rather than mercurymaking it a safer choice for student use.

1 Thermometei While the meteorologists can use the dry thermometer on the sling psychrometer
to record the temperature, an inexpensive thermometer can provide a more accurate reading of the
l aunch sitebs temperature.

1 Wind Meter/Anemometeir The teacher has severattiopms for determining wind speed.

o Cup anemometers rotate in the wind and can be used to determine the wind velocity in
feet per minute. While commercial versions are available, the students can make their
own cup anemometers using paper cups and strawspl@hs for a student built cup
anemometer and instructions on its use are located in the appendix.

o Electronic hand held anemometers such as#h€rosseEA-3010 Anemometer his
model uses a small fan to determine wind speed, temperature, and winoluthiigre
are others who utilize a small cup anemometer for reading.

o Wind socks, a common sight at small airfields, is another effective methods for
measuring wind speed and directidnl5 knot (17mph) wind will fully extend the
windsock. A 3knot (3.5myh) breeze is required to cause the windsock to orient itself
according to the wind. Wind direction is the opposite of the direction in which the
windsock is pointing. The Federal Aviation Administration (FAA) specifications for
windsock use are locatedtime appendix.

o Windmill anemometers are also available for use for wind speed and direction readings
This type is expensive and is usually affixed permanently to the tops of buildings.
Portable versions are available as well, but are too fragile for studen

1 Barometeii A barometer is used to measure atmospheric pressure. A hand held barometer is
recommended. These types of barometers have a manual adjustment ring to adjust for the altitude
of the launch site.
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1 Altimeter- Knowing the altitude of the lanch site in required for accurate calculation of
barometric pressure. The least expensive way for determining launch site altitude above sea level
is to use Google Earth, or a similar program, to get that informadimnd held altimeters and
GPS devices ilf also provide that information.

1 Trackersi The typical tracker is a simple pointing device that requires the tracker to follow the

rocketds flight and nibaadata, canbinet with thepmegsered distanced e gr e
of the tracker from th&@unch pad will be used during post flight lessons to determine the highest
altitude of the rocketés flight. An example of

plastic tracker that requires the tracker to depress the trigger duringaflighelease it at apogee.
This action locks a weighted arm into position and the degrees can be read through a small
opening in the arm. Plans for a trigitack tracker is provided in the appendix of Hendbook of
Model RocketrySimple, but accurateackers can be made out of typical classroom materials.

1 Marker Streamer A simple method of determining maximum altitude of a model rocket is the
use of a marker streamer. Details on constructing and using marker streamers are in the appendix.

1 LensaticCompass$ Also known as a military compass, this inexpensive compass is used to
determine magnetic North on the launch site, and to determine the direction of rocket landing
from the launch pad and of the tracking stations.

1 Measuring Wheel Measuring wieels operate by rolling the wheel on the ground from one spot to
another and the distance is either mechanically or electronically dispfaydteel that measures
in meters is preferred. Electronic versions measure in meters as well as feet.

91 Digital Scalei a digital kitchen scale large enough to weigh the rockets, motors, and parts in
grams. Weigh rocket parts to enter an accurate mass weight in Rocksim. The engineers will use
the scale to weigh the rocket before and after flight.
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APPENDIX1: COUNTDOWN PROCEDURES
Long Count:
Speaker Says

Flight Director

Flight Control, commence launch procedures.

Flight Control

Attention all launch personnel; the Flight Director has given permissio
begin countdown preparationsll teams report a GO NO GO on lainch
commencements:

Note: teams are to report GO if their equipment is functional and they are in position. Rep(
NO GO if there are any problems with equipment or personnel. If a team reports a NO GO
Recorder is to continue with the team check, tha@d countdown preparations until NO GO

team reports a GO.

Flight Control

Tracking?

Tracking Station
oIC

Go Flight(or NO GO Flight, then state reason for NO GO)

Flight Control

Security?

Security OIC Go Flight(or NO GO Flight, then state reason for NO GO)
Flight Control Engineers?
Engineer OIC Go Flight(or NO GO Flight, then state reason for NO GO)

Flight Control

Weather?

Meteorologist

Go Flight(or NO GO Flight, then state reason for NO GO)

Flight Contol

Science?

Science OIC

Go Flight(or NO GO Flight, then state reason for NO GO)

Flight Control

(If all report GO)AIl Teams report GO, commence launch procedures.

All teams prepare for launch in accordance with special instructions.

Quick Count

PadOIC

Flight Control,
Verify rocket number (rocket SN)on Pad # :
(Note: The Pad OIC will verify all remaining rockets in the same manr]

Flight Control

Rocket number is verified for laur(cbpeat #)

Meteorologist

Flight Control,Wind Speed is at ____ miles per hour. Conditions are G
for launch.

Flight Control

Understand. Wind speed is at miles per hour; GO for launch.

Engineer OIC

Flight Control, Pad OIC requests permission to clear pad. Pad checkl
complete with thexception of removal of the Launch Key on Rocket
number

Flight Director

Understand. Pad OIC stand by. Flight Control; give a final status cheg
teams.

Flight Control

Understand. All teams report a GONO GO on launch commencement

Flight Control

Tracking

Tracking Station
oIC

GO Flight(or NO GO Flight, then state reason for NO GO)

Flight Control

Security

Security OIC Go Flight(or NO GO Flight, then state reason for NO GO)
Flight Control Engineers
Engineer OIC Go Flight(or NO GO Flight, then state reason for NO GO)

Flight Control

Weather

Meteorologist

Go Flight(or NO GO Flight, then state reason for NO GO)
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Flight Control

Science

Science OIC

Go Flight(or NO GO Flight, then state reason for NO GO)

Flight Control

All teams stand by for launch.

Flight Director

Pad OIC, you have permission to remove Launch Key and clear pad.

Engineer OIC

(After crew has left pad and entered the Engineer Buiiant)is clear.

The Pad OIC brings

Specialist. The Lau

the Launch Key to Flight Control delivers it to the Launch Control
nch Control Specialist will conduct a hot test on the launch system.

Launch Control
Specialist

(Without a radio to RecordeHot Test is complete, pad (1,2,3) is hot.

Flight Control

Pad is hot.

Flight Director

FI'ight Control, begin 15 second

Flight Control

(onradio)l0, 9, 8,7,6,5, 4,3, 2,1, Ignition!

Flight Control

(on radio if liftoff successful).iftoff!

Security OIC

(on radio when rocket touches dovirguchdowri

DATA/ ROCKET RECOVERY

Data Collection : Student Flight OIC collects and records flight data on the Flight Data She
Transmission of data over the two way radios should be reserved for students who are at
distance from fight control, such as thacking station. Nearby stations may pass data directl
the Student Flight OIC.

Flight Control

All stations report data.

Flight Control

Tracking

Tracking Station
oIC

Tracking Station Alpha reports degrees.
Tracking Station Bravo reports __ degrees.
Tracking Station Charlie reports degrees.

Flight Control

Science OIC report to Flight Control with data.

Science Officer

Science OIC will collect data from timers, observers, meteorologists, i
surveyors and turn in the completed Scienatal3heet to the Student
Flight Director.




APPENDIX2: ENGINEER CHECKLIST
ROCKETSERIAL #

BUILDER:

86

GO NO
GO

PRE-FLIGHT SAFETY CHECK

All glue and paint on model iompletely dry

Model is complete and all parts are present

Nose cone fits properly and is not tight

Nose cone is securely attached to the airframe

Shock cord is secure

Airframe is straight with no bends or warps

Fins are present, securaitached and properly aligned

Fins are undamaged

Launch lug is securely attached to the airframe

Motor mount is secure and operational

ROCKET IS READY FOR FLIGHT!

PRE-FLIGHT PREPARATION

ROCKET WEIGHT EMPTY: grams

Waddinginstalled

Recovery system installed

Rocket motor nomenclature:

Rocket motor undamaged

Rocket motor installed

Igniter and igniter plug installed

Payload description:

| Payloadnstalled

ROCKET WEIGHT LOADED: grams

POST-FLIGHT INSPECTION

Rocket successfully recovered

Rocket nose, airframe, and fins are intact and undamaged

Recovery system is reusable

ROCKET POSTFLIGHT WEIGHT : grams
(Including engine casing & recovery system)



APPENDIX 3: FLIGHT LOG

Rocket Name:

87

Serial #
Builder:
LAUNCH INFORMATION FLIGHT DATA
Date: Liftoff Recovery
Launch Time: Successful: Recovery System Deployment
Location: Misfire Stage 1
Launch PacElevation; Stage 1: Before Apogee:
Stage 2: At Apogee:
ROCKET DATA Pitch & Roll During Descent:
Fin Design: Thrust Phase Partial Deployment:
Fin # No Pitch/Roll: Failed to Deploy:
Engine Pitched: Stage 2
Stage 1: Rolled: Before Apogee:
Stage 2: Tumbled: At Apogee:
Weathercock During Descent:
Recovery System Coast Phase Partial Deployment:
Stage 1: Straight Trajectory: Failed to Deploy:
Parachute Weathercock
Diameter: Tumbled: Recovery System Performance
Spill Hole Diameter: Stage 1
Streamer ALTITUDE Stable Descent:
Size: Tracking Station Oscillation:
Material: Track.1 Distancérom pad Spinning:
Stage 2: Track.2Distancefrom pad Stage 2
Parachute Track.3Distancefrom pad Stable Descent:
Diameter: Tracker 1 Degrees: Oscillation:
Spill Hole Diameter: Tracker 2 Degrees: Spinning:
Streamer Tracker 3 Degrees:
Size: Landing
Material: Marker Streamer Soft:
Timer 1: Hard:
Mass Timer 2: Crash:
Empty: Distance from Pad:
Loaded: Electronic Altimeter Direction from Pad:
Post: Reading:
FLIGHT TIMES Post Flight Inspection
METEOROLOGY To Apogee Damage
Temperature: Timer 1: Nose:
Humidity: Timer 2: Airframe:
Barometer: Apogee to Landing Fins:
Wind Speed: Timer 1: Shock Cord:
Wind Direction: Timer 2: Recovery System:
Conditions: Total Time of Flight Can be reflown?
Cloud Type: Timer 1:
Timer 2:










