Airbag Design Project
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YOUR MISSION: 

Your objective is to design, create, and test a model automobile airbag that meets the following criteria:
· The airbag must be deployed safely, without breaking open and will fully inflate.  

· The airbag must weigh no more than 5.5 g. 

· The airbag should leave no appreciable amount of either reactant behind.

Each student will be required to communicate the results of their mission.  This can be done with a traditional science lab report, a power point presentation, or a short film using windows movie maker.  Regardless of the means of communication, your report must include the following sections:

Problem:  Outline the problem you are trying to solve and the questions that must be answered to solve to problem  

Background:  Research the problem.  How do airbags work?  What chemical reaction is involved?  What safety considerations or constraints exist?  Why are airbags necessary?  What are the design requirements of an airbag?

Materials(Budget):  You will ONLY be given the following materials to aid in your design- this is your budget.  It is important to stay within your budget when designing your airbag.


5 snack size plastic ziploc baggies


5 pipettes


1 ruler


6 M acetic acid (HC2H3O2)


Sodium Bicarbonate (NaHCO3)


Electronic Balance


Safety goggles

Procedure:  How did you make your final airbag?  How much of each reactant did you use?   Provide step by step instructions so anyone who reads your report could make the exact same airbag in the same way.  You must perform 5 trials and reflect after each trial to improve your design.  (See calculation requirements.)

Observations/Results/Data:  Create a data table that includes the amounts of reactants and products used in each trial, experimental volume of inflated airbag, mass of final airbag, theoretical volume of inflated airbag and your percent yield.  You should also provide qualitative observations for each trial run.

Calculations:  For each trial you perform you must use stoichiometry to determine the theoretical volume of gas produced given the amounts of your reactants.  You are also required to calculate the percent yield of your reaction for each trial.  

Conclusion:  Analyze your design.  How successful was your design?  Based on your results, what changes or modifications could be made to improve your design?  What did you learn in completing this project?  Write the balanced chemical equation for the reaction that took place in your airbag.


Teacher Lesson Plan

Problem:
Students will work in groups to design, create, and test a model automobile airbag that meets the following criteria:

· The airbag must be deployed safely, without breaking open and will fully inflate.  

· The airbag must weigh no more than 5.5 g. 

· The airbag should leave no appreciable amount of either reactant behind.

Problem Solving Skills Targeted:
	Background:  Students must research the problem How do airbags work?  What chemical reaction is involved?  What safety considerations or constraints exist?  Why are airbags necessary?  What are the design requirements of an airbag?
	· Consider what’s been done in the past

· Read for information

· Research  

· Find controls and constraints



	Brainstorm the design:  Students will generate ideas of what amounts need to be calculated and what information they need to perform this calculation.
	· Identify the scope of your needs

· Brainstorm ideas to determine starting point.

· Critical thinking

· Mathematical and scientific concepts and reasoning.

	Procedure/Calculations/Analysis:   Students will use stoichiometric relationships to calculate the amount of each reactant necessary to fully inflate the bag without leaving any appreciable amount of reactants.  They will perform 5 trials to test their design.  They will be required to calculate the percent yield of each trial and adjust after each trial to improve this yield.
	· Work in a group to propose solution to the problem.  

· Create and test product.

· Revise thoughts and improve work.

· Try again to work for mastery of the task.

· Quality evaluation.

· Follow safety procedures.

· Mathematical and scientific concepts and reasoning.

	Observations/Results/Data:  Students will create a data table that includes the amounts of reactants and products used in each trial, experimental volume of inflated airbag, and mass of final airbag.  
	· Use charts and graphs to organize data for evaluation.

· Make observations.

· Mathematical and scientific concepts and reasoning.

	Communicate Results:

Each student will be required to communicate the results of their mission.  How successful were you in solving the problem?  Based on your results, what changes or modifications could be made to improve your design?  What did you learn in completing this project?  

This can be done with a traditional science lab report, a power point presentation, or a short film using windows movie maker
	· Present and defend ideas and results of experiments.

· Ability to revise thoughts and self reflect.




Student Guidelines:  Refer to attached student handout.

References to NYS Standards:

MST1:  Analysis, Inquiry, and Design

Students will use mathematical analysis, scientific inquiry, and engineering design, as appropriate, to pose questions, seek answers, and develop solutions.

MST1.MA1:Mathematical Analysis:  Abstraction and symbolic representation are used to communicate mathematically.

MST1.C.MA1A:  Students use algebraic and geometric representations to describe and compare data.

MST1.MA3:  Mathematical Analysis:  Critical thinking skills are used in the solution of mathematical problems.

MST1.C.MA3A:  Students apply algebraic and geometric concepts and skills to the solutions of problems.

MST1.SI2:  Scientific Inquiry:  Beyond the use of reasoning and consensus, scientific inquiry involves the testing of proposed explanations involving the use of conventional techniques and procedures and usually requiring considerable ingenuity.

MST1.C.SI2D:  Students carry out a research plan for testing explanations and developing techniques, acquiring and building apparatus, and recording observations as necessary.

MST1.SI.3A:  Students use various means of representing and organizing observations and insightfully interpret the organized data.


3.3a Evaluate experimental methodology for inherent sources of 

error and analyze the possible effect on the result.

3.3b Compare the experimental result to the expected result; calculate the percent error as appropriate.

MST1.C.ED1C:  Students engage in the following steps in a design process; generate creative solutions, break ideas into significant functional elements, and explore possible refinements; predict possible outcomes using mathematical and functional modeling techniques; choose the optimal solution to the problem, clearly documenting ideas against design criteria and constraints, and explain how human understands, economics, ergonomics, and environmental considerations have influenced the solutions.

MST1.C.ED1D:  Students engage in the following steps in a design process; develop work schedules, and working plans which include optimal use and cost of materials, processes, time, and expertise; construct a model of the solution, incorporating developmental modifications while working to a high degree of quality.

MST2:  Information Systems

Students will access, generate, process, and transfer information using appropriate technologies.

MST2.IS1:  Information technology is used to retrieve, process, and communicate information as a tool to enhance learning.

1.5a Use the internet as a source to retrieve information for classroom use.

MST3:  Mathematics (2005)

MST3.IA.CO3.01  Students communicate verbally and in writing a correct, complete, coherent, and clear design (outline) and explanation for the steps used in solving a problem.

MST3.IA.CN4.07  Students recognize and apply mathematics to situations that develop outside of mathematics.

MST3.IA.ME9.02 Student solve problems involving conversions within measurement systems, given between the units.

MST3.IA.PS.08  Students determine information required to solve a problem, choose methods for obtaining the information, and define parameters for acceptable solutions.

MST3.IA.PS1.10  Students evaluate the relative efficiency of different representations and solution methods of a problem.

MST4:  Science

Students will understand and apply scientific concepts, principles, and theories pertaining to the physical setting and living environment and recognize the historical development of ideas in science.

3.3c  A balanced equation represents conservation of atoms.  The coefficients in a balanced chemical equation can be used to determine the mole ratios in the reaction.

3.3e  The formula mass of a substance is the sum of the atomic masses of its atoms.  The molar mass (gram-formula mass) of a substance equals one mole of that substance.

MST5:  Technology

Students will apply technological knowledge and skills to design, construct, use, and evaluate products and systems to satisfy human and environmental needs.

MST5.ED.1:  Engineering design is an iterative process involving modeling and optimization used to develop technological solutions to problems within given constraints.

MST5.TS4:  Technological systems are designed to achieve specific results and 

produce outputs, such as products, structures, services, energy, or other systems.

MST5.IT6:  Technology can have positive and negative impacts on individuals, society, and the environment.  Humans have the capability and responsibility to constrain or promote technological development.

MST5.MT7:  Project management is essential to ensuring that technological endeavors are profitable and that products and systems are of high quality and built safely, on schedule, and within budget.

MST6:  Interconnectedness:  Common Themes

Students will understand the relationships and common themes that connect mathematics, science, and technology and apply the themes to these and other areas of learning.

MST6.MO2:  Models are simplified representations of objects, structures, or systems used in analysis, explanation, interpretation, or design.


MST6.C.MO2A:  Students revise a model to create a more complete or improved representation of the system.

MST7:  Interdisciplinary Problem Solving

Students will apply the knowledge and thinking skills of mathematics, science, and technology to address real-life problems and make informed decisions.

MST7.CO1:  The knowledge and skill of mathematics, science, and technology are used together to make informed decisions and solve problems, especially those relating to issues of science/technology/society, consumer decision making, design and inquiry into phenomena.

MST7.SR2  Solving interdisciplinary problems involves a variety of skills and strategies, including effective work habits; gathering and processing information, generating and analyzing ideas; realizing ideas, making connections among the common themes of mathematics, science and technology, and presenting results.

	Category
	3
	2
	1
	0

	Identification of the problem
	Problem to be solved is clearly stated.
	
	
	Problem to be solved is not clearly stated.

	Evidence of research and understanding of airbag design 
	Demonstrates clear understanding of the chemistry, design requirements, and controls and constraints of airbag safety.
	Missing one of the required components.
	Missing two of the required components
	Lacks an understanding of the chemistry, design requirements, and controls and constraints of airbag safety. 

	Materials (Budget)
	Only uses quantity of materials listed.  Stays within required budget.
	Requires more of one of the materials listed.  
	Requires more of two of the materials listed.
	Wasteful.  No regard for budget.  Requires more of three or more of listed materials.

	Procedure
	Provides step by step detailed instructions so experiment may be duplicated. This includes specific amounts of reactants and products.
	Step by step instructions given.  Lacks specific details. 
	Steps omitted from procedure.  
	Procedure can not be duplicated.

	Observations/Data/Results
	Data table includes qualitative observations, evidence of 5 separate trials with revisions and contains all required information.  Data is well organized and contains units.
	Data table is missing one of the requirements.
	Data table is missing two of the requirements.
	Data table is missing more than two of the requirements.

	Calculations
	Accurate calculations of theoretical volume and percent yield of carbon dioxide produced are shown for each trial in the procedure.
	Calculations provided but contain mistakes.
	Some calculations missing or completely inaccurate.
	No calculations provided.

	Conclusion
	Detailed explanation of the concepts learned is present.  Balanced chemical reaction responsible for the inflation of the airbag is given. Contains analysis of design success or failure and suggestions for improvements. 
	All requirements meant.  Explanation of the concepts learned is general and not specific enough.
	One of the requirements is missing.
	More than one of the requirements is missing.

	Airbag
	Airbag meets the original design constraints.
	The airbag fails to meet one of the original design constraints.
	The airbag fails to meet two of the original design constraints.
	The airbag fails to meet two or more of the original design constraints.

	Punctuality
	Airbag design and report submitted on due date.
	1 day late
	2 days late
	More than 2 days late





Chemists can use ideas like stoichiometry, molar mass, and balanced chemical reactions to solve many everyday problems.  In industry, careful calculations are needed for safety, saving money, and environmental factors.  In this investigation, you will design a model air bag system using a reaction of sodium bicarbonate and acetic acid, which in turn produces carbon dioxide gas as one of the products.





Airbags save countless lives each year.  But how do they work?








