

	COURSE: Principles of Engineering

	UNIT: FLUID POWER 3.0
	EXERCISE: EXPERIMENT WITH THE T-SHIRT LAUNCHER
	TIME FRAME: 3-5HOURS
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	COURSE: Principles of engineering

	UNIT: Fluid Power 3.0 
	EXERCISE: Experiment with t-shirt launcher
	TIME FRAME: 3-5 hours
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	PREPARATION:  Summary of “to do’s” that the teacher should understand and prepare before bringing this lesson to the classroom.

	
· The key factors in fluid power should be well-understood: air resistance, friction, Pascal’s law. 
· View necessary materials and order. 
· Find a large-enough building and launching area with level ground. 
· Review safety considerations.
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	SAFETY:  Summary of safety strategies in the lesson.

	
· Never look down the barrel of the launcher.
· Only one group should launch at a time. 
· Before launching, notify others and ensure no one is front of launcher. 
· Abide by maximum psi values printed on parts.
· Always disconnect the battery and make sure the switch is off during disuse.
· No not put anything besides a t-shirt in the launcher. 
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	DESIRED RESULTS:  

	ESTABLISHED GOALS:
	
	TRANSFER

	
Problem Solving Techniques and Applications Standards:

· Try to find a solution independently before consulting anyone else.
· If unable to solve a problem (such as a safety or academic question) independently, consult the teacher or a team member. 
· Apply knowledge of projectile motion and AP Computer Science to experiment with a t-shirt cannon and calculate distance through a program created in Java. 


	
	Students will be able to independently use their learning to…

● What kinds of long-term, independent accomplishments are desired? 
Apply the basics of fluid power  and excel; learn how to work cohesively in a team


	
	
	MEANING:

	
	
	UNDERSTANDINGS
Students will understand that...

● What are the big ideas? 
Air resistance, Pascal’s law, Optimal angle and PSI

● What specific understandings about them are desired?
Understand how the shape of the t-shirt can affect its air resistance, what factors affect the motion of a projectile

● What misunderstandings are predictable?
The difference between speed and velocity

	ESSENTIAL QUESTIONS
Students will keep considering...

● What provocative questions will foster inquiry, understanding, and transfer the learning? 

Where is fluid power applicable in real life? 

Why is an understanding of fluid power important? 


	
	
	ACQUISITION OF KNOWLEDGE AND SKILL:

	
	
	Students will know...


● What facts and basic concepts should students know and be able to recall? 

The more surface area an object has, the more air resistance it will experience. 

Trigonometry is important for nonzero launch angles. 

The acceleration due to gravity is -9.81 m/s2.



	Students will be skilled at...

● What discrete skills and processes should students be able to use?

Students should be able to work well in a team, apply the theoretical principles of projectile motion to a t-shirt launcher and understand basic trigonometry. 
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	EVIDENCE:  

	EVALUATIVE CRITERIA:
	
	ASSESSMENT EVIDENCE:

	
● What criteria will be used in each assessment to evaluate the attainment of the Desired Results?

Students will be graded based on the teacher’s observations of their contributions to their group, logicalness of data acquired from experimentation with the launcher, and accuracy of the Excel program 

● Regardless of the format of the assessment, what qualities are most important?



	Performance Task(s): 

● How will students demonstrate their understanding (meaning-making and transfer) through complex performance?
Students will perform an experiment, collecting launch angle and pressure data and inputting it into an Excel program. 

● Through what authentic performance task(s) will students demonstrate the desired understandings? 
The construction and experimentation with the t-shirt launcher as well as creation of a program in Excel will apply students’ knowledge of proper data collection and creating equations within excel. 


● By what criteria will “performances of understanding” be judged?


	
	Other Evidence:  

● Through what other evidence will students demonstrate achievement of the desired results?  What other evidence will be collected to determine whether goals were completed?
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	LEARNING PLAN:  Summary of Key Learning Events and Instruction

	
Pre-Assessment:  
● What pre-assessments will you use to check students’’ prior knowledge, skill levels and potential misconceptions?
An online pre-quiz will be assigned on Stem, testing students’ preliminary knowledge of fluid power. Key points include how air resistance is a factor in launching a projectile, Pascal’s law, basic projectile motion.

W = help the students know where the unit is going and what is expected? Help the teacher know where the students are coming from (prior knowledge, interests)? 
H = hook all students and hold their interest?
E = equip students, help them experience the key ideas, and explore the issues?
R = provide opportunities to rethink and revise their understandings and work?
E = allow students to evaluate their work and its implications?
T = be tailored (personalized) to the different needs, interests, abilities of learners
O = be organized to maximize initial and sustained engagement as well as effective learning?

	W  Where are your students headed?  Where have they been?  How will you make sure the students know where they are going?
	Data will be collected and recorded in excel of numerous launches.  

	H  How will you hook students at the beginning of the unit?
	Launch a T-shirt to kick off the unit

	E  What events will help students experience and explore the big idea and questions in the unit?  How will you equip them with needed skills and knowledge?
	Students will collect many pieces of data during launches.  A discussion will take place as a class so everyone knows what the expected outcomes of the project are.

	R  How will you cause students to reflect and rethink?  How will you guide them in rehearsing, revising, and refining their work?
	Students will need to Analyze launch results.  Adjustments can be made to optimize the launcher and gain accuracy of launches. 

	E  How will you help students to exhibit and self-evaluate their growing skills, knowledge, and understanding throughout the unit?
	As students are collecting data, a discussion about their data and how to interpret the data collected will help them evaluate the success they are having or areas where they need to work on.  

	T  How will you tailor and otherwise personalize the learning plan to optimize the engagement and effectiveness of ALL students, without compromising the goals of the unit?
	Students will work in teams to launch and collect data.  All students will be engaged as they will be required to rotate through different tasks of the project to gain an understanding of all aspects of the experimentation

	O  How will you organize and sequence the learning activities to optimize the engagement and achievement of ALL students?
	Students will be given very precise step by step instruction on how to test their launcher.  They will know exactly what data is needed and be instructed on what to do with the data being collected from launches.



Progress Monitoring:  
● How will you monitor students’’ progress towards acquisition, meaning-making and transfer during lesson events?
Throughout the lesson, student learning will be assessed through a different activities involving fluid power). Furthermore, progress from the beginning to the end of the unit will be measured with pre- and post- tests. 
● What are potential rough spots and student misunderstandings?
Students may misunderstand the difference between pneumatic and hydraulic power and the benefits of each.  They may not understand Pascal’s law due to their lack of experience.
● How will students get the feedback they need and opportunities to make use of it?
[bookmark: _GoBack]The online quizzes will provide students with immediate feedback. For some questions, when an incorrect answer is selected, an explanation of why the chosen answer is incorrect and hint guiding students to the correct answer is provided. Additionally, the worksheet on Surface Area, Volume and Pascal’s Law problems is an opportunity for students to receive feedback on their skill in using relevant equations. 
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	DIFFERENTIATION:  Summary of Key Differentiation Techniques

	
· 


The ASCD Study Guide for Integrating Differentiated Instruction and Understating by Design: Connecting Content and Kids.
by Carol Ann Tomlinson, Jay McTighe

Integrating Differentiated Instruction and Understating by Design: Connecting Content and Kids.
by Carol Ann Tomlinson, Jay McTighe
ISBN-13: 978-1416602842   
ISBN-10: 1416602844

Differentiating Reading Instruction
by Laura Robb.
ISBN13: 9780545022989

A Teacher's Guide to Differentiating Instruction
The Center for Comprehensive School Reform and Improvement
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	CAREER CONNECTIONS:  Summary of Career Opportunities Associated with this Lesson

	
· Rocket propulsion- A rocket is powered by expulsion of gas from its rear. Once launched, it follows a parabolic motion in space and the same principles of projectile motion apply.
· Baseball player- A baseball is a projectile in a baseball game. One interesting application of projectile motion here is the curveball, for which a player snaps his wrist to create spin, which opposes the motion of the ball itself and results in a curved path. 
· Ballistics- This is the study of gunfire patterns for crime-solving. 
· For further detail on these fields, see http://www.scienceclarified.com/everyday/Real-Life-Chemistry-Vol-3-Physics-Vol-1/Projectile-Motion-Real-life-applications.html

Good sources for career connections:

Occupational Outlook Handbook
http://www.bls.gov/ooh

The National Career Clusters® Framework
http://www.careertech.org/career-clusters
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	KEYWORDS:  

	
· Pascal’s Law
· Surface Area
· Volume
· Force 
· PSI
· Universal gravitation constant (g)- the acceleration of an object toward the Earth;- 9.81 m/s2
· Friction- a force in the opposite direction of an object’s motion 
· Air resistance- the frictional force exerted by air on a moving object 
· Speed- the distance an object travels over time 
· Velocity- the speed of an object and the direction of its motion
· Acceleration- the change in an object’s speed over time
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