Aerodynamic Control Station: Force, Motion, and How an Airplane Flies (or is controlled)
Heckman revisions 24 February 2006updated for Celine’s info 24 August 2008

Summary
Instructors introduce themselves, refer briefly to the Destination/Goal setting chart and state the topic of the station. They teach
 the coordinate concepts pitch, roll and yaw and link them to the parts of the airplane that control their movement. Students reinforce these concepts by playing with paper airplanes.
Objectives (conceptual objectives)

Using balsa airplanes students will demonstrate the three motions exhibited by airplanes; yaw, pitch and roll.
Using a paper airplane, student teams will demonstrate the relationship between each of the three motions, yaw, pitch and roll and the control surfaces that modify them, the rudder, the elevator, and the ailerons. 

Estimated time

25 minutes

Personnel

2 instructors—Celine and a flying club member, undergrad Aero, or Hearne Physics Club
Materials
(1) Hanger

(1) Open area to flight-test paper airplanes (pie shaped area for safety?)

(2) Tables

(12) Chairs for students and teachers in hanger
(1) Planning-a-flight/planning-your-future comparison chart—field observations table available
(1) Detailed chart showing a goal setting version with controlling the plane highlighted

(1) Model car to demonstrate car motion

(12) Balsa planes for each student—have used these, but paper appears to be more effiecient due to breakage. Could have students build their airplanes prior to air fair using that time for trails, data collection, and revisions to airplane.
(25) Paper airplanes with bendable control surfaces, one plane for each team of three
(1) Chart showing cartoon of airplane with control surfaces highlighted.

(4) Clipboards for every team

(4) Data sheet for every team

(4) Pencils for every team

Strategy
(Not intended to be a script, just an example of how one might present the material)
I. Instructors begin by very briefly introducing themselves. They activate thoughts about flying, generate enthusiasm for the lesson, and define the topic for the lesson.
Instructor: Hi everyone. My name is Karin Millhouse and I am a private airplane pilot. You’ve already met Jorge Sanchez one of our young glider pilots. 
Has anyone here ever wanted to be a pilot? Yes, I can see that a lot of you have. Isn’t it cool to think about flying like birds … looking down on tiny towns and rivers below…. flying anywhere you wanted, when you wanted? Who thinks that sounds pretty cool? (Wait for a response from the group).
Well, if you were to decide to become a pilot, two of the first things you would learn would be 1) how aircraft are able to fly and 2) how they are controlled once they are airborne. At this station we are going to focus on the second part – controlling the plane in the air.

II. Instructors place this topic into the overall context of goal setting. They refer to the planning-a-flight/planning-your-future chart first and then show a specific goal of becoming a pilot with “controlling the plane” highlighted. The instructor also pumps up interest and motivation by discussing the logbook and ground school endorsement.
Instructor: Before we get into the meat of our topic, let’s take a moment to think about how this station fits in with the planning-a-flight/planning-your-future chart. Remember this chart from earlier? Let’s say your long term goal was to become a pilot. Flight training would certainly be one of the steps you would identify and learning about controlling the plane is one of the steps in flight training. Preparing yourself is the part where you are working towards short-term goals that lead to your long-term goal of becoming a pilot. 
At this station we are going to give you your first flight training lesson on controlling the plane. We are also going to provide you with a logbook showing a ground school endorsement like this for this training. [Show log book and endorsement].

However to earn the endorsement, you need to demonstrate that you understand the information. Are you willing to take the challenge?
III. Instructor describes the difference between controlling cars and controlling planes. This activates prior knowledge – car motion, so the motion of airplanes can be more easily explained. They also have the opportunity to experience tactile input as they are learning the concepts.
Instructor: The motion of an airplane is much different than the motion of a car. Does anyone know why? [Guide students to think about three dimensions in the air versus two on the ground.] 
That’s right. Cars need to be controlled in two dimensions whereas planes need to be controlled in three. Let me illustrate. If you have a car, it needs to be controlled front to back and side to side (Place a model car on the table. Move it back and forth.) The car driver doesn’t need to worry about falling to the ground. He’s already on the ground.

On the other hand, planes need to be controlled in three dimensions; the same two dimensions you saw for the car front and back and side-to-side as well as an additional one, an up and down dimension. Pick up your balsa planes and holding it in your hand, practice moving the plane in three dimensions. [Demonstrate diving the plane, rolling the plane and turning the plane. Don’t name the motions yet.]
IV. Instructor names the three airplane motions and shows how they rotate around one of three axes. Do not use the terms longitudinal, lateral or vertical axes, because that is too many terms. Just show them the motion. Don’t even mention center of gravity. We want to avoid cognitive overload. The terms we want to convey to these 5th graders are pitch, roll, and yaw. Tactile information accompanies the names and a mnemonic is provided to assist with recall. Each name with its associated motion is repeated several times.
Instructor: All right. Good job. You have moved your plane using three different motions. During flight, all three motions need to be controlled and each has a name. They are pitch, roll and yaw. Practice with me with your balsa planes, pitch…..roll…. and yaw. [Instructors move their airplanes as they say the names, pitch, roll and yaw] 
An easy way to remember these three names is the silly phrase “Pilots run and yell”. P in pilots is for pitch, R in run is for roll and Y in yell is for yaw.
Let’s look at them individually. The up and down motion is called pitch. Imagine that this straw represents an axis of rotation for pitch. The plane rotates around this imaginary axis when it is experiencing pitch. See? This is pitch. Try that with your balsa planes. Move only around an imaginary axis in an up and down direction. (Instructors look around the group and offer help as necessary).
Ok, let’s look at another motion – roll. Imagine that this straw represents the axis of rotation for roll. The plane can only move in a rolling motion around the straw. One wing up, the other down. You try it now.  Excellent! Roll rotates in that direction, pitch rotates in this direction. Roll, pitch. Does everyone have it?
Now what about yaw? Can anyone show me in what direction yaw occurs? [Allow students to make suggestions and play with their planes. If they get it right congratulate them, otherwise guide them to the proper motion.] This is yaw. The axis of rotation for yaw is straight up and down and it allows the plane to move horizontally. Now you try it.
V. Instructors check the student understanding. This will reveal any group-wide confusion and will serve as a cue to move on or repeat some elements.
 Instructor: Okay, let’s see if you have it. Remember the silly phrase “Pilots run and yell” to remind you of the names. What is the name of this motion? … What about this one? And this one? Ok super. You guys are making great progress. 
VI. Instructors introduce the link between motions and control surfaces first on a chart and then by showing them on a paper airplane. The information is provided in 2D chart form as well as 3D model form to assist with recall. Clues linking the control surfaces to their respective motion are provided. The instructor demonstrates the movement and repeats the information several times.
Instructor: Recall when we were handling the balsa plane and we were moving our planes like this? [Instructor shows broad movements] Well imagine if you were a passenger or the pilot of that plane. That would be a wild ride. Therefore, planes have surfaces that allow the pilots to control their movements.  In fact specific surfaces control specific movements. Look at this chart.
[Instructor shows a chart with a picture of a plane with arrows linking pitch, roll and yaw with their respective labeled control surfaces.]
Pitch is controlled by the elevators here at the back of the plane, the rudder controls yaw and the ailerons control roll. Let’s think about these terms. 
[Instructor picks up the paper airplane with the bendable surfaces to demonstrate.] Pitch is an up and down motion isn’t it and elevators in the mall move you up and down between floors. Pitch is controlled by elevators located here. 

Rudders in boats, allow the captain to turn the boat right and left on the surface of the water, just like the yaw movement of plane. [Instructor demonstrates the yaw movement] Yaw is controlled by the rudder. 

Ailerons on the wings control roll and I’m afraid that’s a term you’ll just have to memorize. Roll is controlled by ailerons. 
VI. Instructors guide the students to move the control surfaces on their paper airplanes to alter the plane’s motion. Move the class into an open area and have the teams face away from one another, always throwing the planes away from people. Caution them to throw away from people because of the eye safety hazard. This exercise reinforces the names of the motions and their link with the plane’s control surfaces.
Instructor: Ok your turn. I’m going to divide you into teams of three and you are going to take turns controlling the paper plane’s flight path by bending the control surfaces. You three are team A, you three are Team B, you are Team C etc. Now throughout the flight tests, I want you to throw away from people. We don’t want anyone to get a plane in the eye. We will take that seriously just as you should. Let’s move out to the field.
Instructor: Ok, team A stand here and you will launch your plane in that direction, team B here, team C here. One of you take the plane, don’t worry you’ll each have a chance to practice. Another person takes the clipboard with the data sheet.  But don’t start yet, let me demonstrate first. 
Ready to start? OK. Make sure the rudder and elevator here at the back of the plane are flat. Make sure the ailerons are bent in opposite directions with right side up and left side down. Like this. Don’t bend them too far or your plane will not fly properly [Instructor shows control surfaces on his plane]. 
Gently, I repeat gently, launch your plane like this and observe the movement. [Instructor demonstrates] With my ailerons configured this way, which direction did my plane roll? That’s correct. It rolled right. I would write on my data sheet next to the line right aileron up/ left aileron down that it rolled right. Notice on your data sheet the first line that says right aileron up/left aileron down. [Hold up a data sheet and point to the line]
Now you try it. Observe how your plane moves. One person gently launch it and the person holding the clipboard writes what motion the plane had. Everyone watch to see the motion. If you’re not sure, launch it again. Did it roll to the right? If not hold up your hands. We’ll be there to help. 
For the rest of you adjust the ailerons the opposite direction with left aileron up and right aileron down. What do you expect your plane to do? Ok, now gently launch it and see what direction it goes. Does it do what you expect it to? Be sure to write down the motion on your data sheet. Right now practice seeing how roll is affected by the ailerons.  [Instructors move around the teams to offer assistance as needed]
Okay, we have two more control surfaces to practice 1) the elevator and 2) the rudder, both at the back of the plane. Give someone else a turn launching the plane and recording observations on the data sheet. Now, adjust your ailerons back to flat. What does the elevator in a mall do? Right it helps you go up and down. With the elevator adjusted, the plane should change in pitch either nose up or nose down. What if I bent the elevator up slightly, what should happen to the pitch? Right nose up. Now you try it first with the elevator bent slight up and next with the elevator bent slightly down. Be sure to mark the observed motions on your team data sheets.  Ok good job. Is anyone having a problem with the pitch control, the elevator? [Instructors move around the teams to offer assistance as needed]
Let’s do the last one, the rudder. Rudders on boats allow you to do what? Go right and left on a horizontal plane… good. On airplanes that motion is called what? Yaw, that is correct. Exchange jobs again. Everyone who hasn’t launched the plane or recorded take a turn. Now, slightly adjust your rudder to the right. Do you expect the plane to yaw right or left?  Go ahead and check your prediction. Now move the rudder to the left and see if the plane yaws the opposite direction. Don’t forget to write your answers on your data sheet.

When your team is finished completing the data sheet, call us over. Jorge and I will take a look.

VII. Instructors summarize the lesson. 
Instructor: Who hasn’t finished their sheet yet? Let me see….

Good job guys! You have learned about the three motions that aircraft experience. These are pitch, roll and yaw. These motions are controlled in flight by the pilot using the elevator, ailerons, and rudder. You have all earned a flight endorsement. Congratulations. It’s been nice having you. Enjoy the other stations.
Assessments
· Students will be able to describe what force and motion 

· Students will be able to name and demonstrate the motions for pitch, roll and yaw by moving the balsa airplanes while seated.
· Students will be able to name the parts of the airplane that control each motion, specifically ailerons, rudder and elevator, and will be able to adjust the appropriate surface on a model by flight testing paper airplanes and writing the results on a data sheet.
TEKS standards
Science, Grade 8

7)  Science concepts. The student knows that there is a relationship between force and motion. The student is expected to: 

(A)  demonstrate how unbalanced forces cause changes in the speed or direction of an object's motion; and 

(B)  recognize that waves are generated and can travel through different media. 

1)  In Grade 8, the study of science includes planning and conducting field and laboratory investigations using scientific methods, analyzing data, critical-thinking, scientific problem-solving, and using tools such as telescopes to collect and analyze information. Students also use computers and information technology tools to support scientific investigations
(7)  Investigations are used to learn about the natural world. Students should understand that certain types of questions can be answered by investigations, and that methods, models, and conclusions built from these investigations change as new observations are made. Models of objects and events are tools for understanding the natural world and can show how systems work. They have limitations and based on new discoveries are constantly being modified to more closely reflect the natural world. 

2)  Scientific processes. The student uses scientific inquiry methods during field and laboratory investigations. The student is expected to: 

(A)  plan and implement investigative procedures including asking questions, formulating testable hypotheses, and selecting and using equipment and technology; 

(B)  collect data by observing and measuring; 

(C)  organize, analyze, evaluate, make inferences, and predict trends from direct and indirect evidence; 

(D)  communicate valid conclusions; and

(E)  construct graphs, tables, maps, and charts using tools including computers to organize, examine, and evaluate data. 

(3)  Scientific processes. The student uses critical thinking and scientific problem solving to make informed decisions. The student is expected to: 

(A)  analyze, review, and critique scientific explanations, including hypotheses and theories, as to their strengths and weaknesses using scientific evidence and information; 

(B)  draw inferences based on data related to promotional materials for products and services; 

(C)  represent the natural world using models and identify their limitations; 

(D)  evaluate the impact of research on scientific thought, society, and the environment; and 

(E)  connect Grade 8 science concepts with the history of science and contributions of scientists.

(4)  Scientific processes. The student knows how to use a variety of tools and methods to conduct science inquiry. The student is expected to: 

(A)  collect, record, and analyze information using tools including beakers, petri dishes, meter sticks, graduated cylinders, weather instruments, hot plates, dissecting equipment, test tubes, safety goggles, spring scales, balances, microscopes, telescopes, thermometers, calculators, field equipment, computers, computer probes, water test kits, and timing devices; and 

(B)  extrapolate from collected information to make predictions. 

(5)  Scientific processes. The student knows that relationships exist between science and technology. The student is expected to:

(A)  identify a design problem and propose a solution;

(B)  design and test a model to solve the problem; and

(C)  evaluate the model and make recommendations for improving the model.

Science, Grade 5
112.7.1A – demonstrate safe practices during field investigations.

112.7.2B – collect information by observing and measuring.
112.7.3A – analyze hypotheses and theories using scientific evidence.

112.7.3C – represent the natural world using models
112.7.5B – Describe some interactions that occur in a simple system.







�See my comments and notes from Lesson Plan hardcopy


�Another approach would be to introduce the concepts of motion and force, using reasons why an airplance flies as the link to force and motion. These are concepts that are introduced in the grade 6 (according to TEKS). 
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