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Introduction:

This Capstone Experience is designed for 9-10 grade students enrolled in a Technology/Engineering class that meets the Massachusetts Curriculum Frameworks standards. The students will build and test a prototype of a device that will be used as an emergency/backup power source for an electronic device such as an iPod in the event that its battery becomes discharged. The prototype will be assembled and tested as the students study electrical systems. Later, when studying manufacturing technologies, the Engineering Design Process will be used to redesign the prototype with the goal of optimizing a mass production system. The students will create a PowerPoint presentation that documents their experiences. 

This Capstone experience has been developed in order to give the students hands on experience to reinforce the concepts they are studying. Building and testing the circuit will reinforce the electrical systems skills and concepts. Using the Engineering Design Process to redesign the original circuit for mass production will reinforce the concepts in the manufacturing and EDP topic areas.
The students in the Gardner Public Schools come from varied backgrounds. Students come from intact families with parents in professional fields, parents in blue collar fields, and single parent households. There are neighborhoods with average home values over $250,000.00, neighborhoods of multifamily dwellings, neighborhoods of rental property, and a multi-building low-income apartment complex.
Gardner High School has a student population of approximately 900 students. The city of Gardner is known as the Chair City due to its former status as the furniture capital of the world.  From 1805 until the 1970s, furniture factories in the city enjoyed a worldwide reputation for quality furniture. Since then, however, much of the furniture industry has left the city, resulting in high unemployment. The city is currently attempting to attract business and industry with a focus on accessibility along Route 2. 
The community of Gardner has a median household income less than the state average, see table 1 below.  The per pupil expenditure by the city of Gardner is also below the state average.

Table 1

Implementation in Action:
Action Plan #1

Day 1-2:  
Present my previously developed Ohm’s Law lessons. (See attached 


    
worksheets)

Day 3:

Conduct a wire stripping and soldering lab activity


Day 4:

Conduct a circuit building and testing lab activity

Day 5:

Introduce the USB Power Source project


Complete Ohm’s Law worksheets
Day 6

Review Ohm’s Law worksheets

Day 8-9:
Complete building the USB Power Source project

Content and skills to be learned
The following learning standards, which are covered in this lesson, are from the Technology/Engineering Learning Standards for a Full First-Year Course in Grades 9 or 10 found in the Massachusetts Curriculum Frameworks for Science and Technology/Engineering, May 2006.

5. Energy and Power Technologies—Electrical Systems

5.1
Explain how to measure and calculate voltage, current, resistance, and power consumption in a series circuit and in a parallel circuit. Identify the instruments used to measure voltage, current, power consumption, and resistance.

5.2
Identify and explain the components of a circuit, including sources, conductors, circuit breakers, fuses, controllers, and loads. Examples of some controllers are switches, relays, diodes, and variable resistors.

5.3
Explain the relationships among voltage, current, and resistance in a simple circuit, using Ohm’s law
Action Plan #2

     Week 1:
Using the text, Technology: Engineering & Design by Brusic, 




Kutemeyer and Fales, and the text Technology by Wright, the students will 


read and complete manufacturing worksheets.


Using the Universal Systems Model (previously studied) the students will 


apply it to the USB Power Source project they built in the electrical systems 

activity.


Each student will create a PowerPoint presentation illustrating the steps of the 

fabrication process they experienced building the USB Power Source 


prototype.
Week 2:
Using the Engineering Design Process, the students will redesign the USB Power Source container for mass production.


The students will produce orthographic and isometric sketches of possible redesign solutions


The students will model their best solution using 3D Computer Aided Design software.

Week 3: 
Students will develop a PowerPoint presentation and poster describing their Engineering Design Process experiences with the USB Power Source product.
      Content and skills to be learned
The following learning standards, which are covered in this lesson, are from the Technology/Engineering Learning Standards for a Full First-Year Course in Grades 9 or 10 found in the Massachusetts Curriculum Frameworks for Science and Technology/Engineering, May 2006.
1. Engineering Design

1.1
Identify and explain the steps of the engineering design process: identify the problem, research the problem, develop possible solutions, select the best possible solution(s), construct prototypes and/or models, test and evaluate, communicate the solutions, and redesign.

1.3
Produce and analyze multi-view drawings (orthographic projections) and pictorial drawings (isometric, oblique, perspective), using various techniques.

1.4
Interpret and apply scale and proportion to orthographic projections and pictorial drawings (e.g., ¼" = 1'0", 1 cm = 1 m).

1.5
Interpret plans, diagrams, and working drawings in the construction of prototypes or models.

7. Manufacturing Technologies

7.1
Describe the manufacturing processes of casting and molding, forming, separating, conditioning, assembling, and finishing.

7.2
Identify the criteria necessary to select safe tools and procedures for a manufacturing process (e.g., properties of materials, required tolerances, end-uses).
7.3
Describe the advantages of using robotics in the automation of manufacturing processes (e.g., increased production, improved quality, safety).

Beyond Implementation
The cost per student is $5.00

Budget items:
	9V Battery

	0.69

	RadioShack

	23-875

	
	9V Battery Snap Connectors 

	0.5

	RadioShack

	270-325

	
	5V Voltage Regulator (7805) @ 1A

	1.59

	RadioShack

	276-1770

	
	Female USB Connector

	2.22

	Microcenter

	243717

	www.xionusa.com

	Container to hold 9 V battery, clip, and regulator

				
	Solid Copper Wire

				
	Solder

				
	Heat Shrink Tubing

				
	SuperGlue or epoxy

				
	total cost

	$5.00

			
	Non-Consumables

				
	Safety Glasses & Plastic Gloves

				
	Dremel Tool & cutting bits

				
	Mini square file

				
	Cutters & wire stripper

				
	Soldering Iron

				
					

	


Implementation Impact:


Schedule:
This plan is for a class scheduled to meet 5 times per week for four 50 minute 


periods and one 72 minute period.


Lab Considerations:
Computers with 3D CAD software are required.





Tools required include soldering irons, wire cutters/strippers, safety 



glasses, digital volt meters, mini files, and a dremel moto-tool & 




cutting bits.

Lab Availability: Shared labs need to be reserved in advance.

Performance Monitoring:


The deliverables are worksheets, the prototype, the poster, and the PowerPoint presentation.

Appendix A: References


Technology. 
R. Thomas Wright, Goodheart-Willcox Company, Tinley Park, IL, 2004.

Technology: Engineering & Design. 
Brusic, Fales and Kutemeyer, Glencoe, 2008.

www.maximumpc.com
Appendix B: Student Handouts (on following pages)
Technology Engineering Worksheet

Name: ______________________________








Date: _________________      Page # _____

Ohm’s Law

1 Google “Georg Simon Ohm” List three facts about him.

2 What is “Ohm’s Law”? ______________________________________________________________________________________________________________________________________________

Go to www.the12volt.com click on “the basics” then click on Ohm’s law. 
3 Define “Current” ______________________________________________________________________________________________________________________________________________

4 Current is measured in ______________________________.

5 Define “Voltage” ______________________________________________________________________________________________________________________________________________

6 Voltage is measured in ______________________________.

7 Define “Resistance” ______________________________________________________________________________________________________________________________________________

8 Resistance is measured in ______________________________.

9 Define “Power” ______________________________________________________________________________________________________________________________________________

10 Power is measured in ______________________________.

11 Fill in the Ohm’s Law pie chart below.
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12 From the Ohm’s Law calculator, determine the current that flows when a 1500 watt hair dryer is running on a 120 volt circuit. ______________________________________.

Technology/Engineering
                                                   name:__________________________ page# ____
                     




           
                                    class: ______ date: __________
Manufacturing

Text: Technology: Engineering & Design, pp. 226-229

Mass Curriculum Frameworks Connection: Science and Technology /Engineering, Strand 4,

1 Manufacturing is the _____________________________________________________________

________________________________________________________________________.

2 Manufacturing creates _____________________that make tasks _______________________.
3 Manufacturing creates _____________ ____________that are stronger than __________ materials.
4 In factories, _________ are made and then _______ _______________ to create ______________.
5 Nanotechnology involves ___________________________________________________________

6 The ____________________ industry began in the 1200s. People would spin and weave cloth in their ____________________.

7 The 1800s saw production become more ___________________________ with the introduction of ______________ ________________ or ________________ ________________ to provide power for power looms. 

8 The changes (from question 7) were the beginnings of the ________________ ________________.

9 ____________ _______________ implemented ____________ _____________ production in his factories. Workers stayed in one place and the work came to them on a _________________ ______________ ______________.

10 Industrial _________________________ were developed in the 1960s.

11 In the 1970s, manufacturers began using _______________________ aided __________________ and ___________________ aided ____________________.

12 Today the need for __________________ __________________ technicians is increasing.
Technology/Engineering                                                       name:__________________________ page# ____
                     




                                                       class: ______ date: __________
Manufacturing 2

Text: Technology: Engineering & Design, pp. 230-234

Mass Curriculum Frameworks Connection: Science and Technology /Engineering, Strand 4, 1.2 & 7.2

1 A system is  _____________________________________________________________

________________________________________________________________________.

2 The parts of a manufacturing system (also known as the Universal Systems Model) are  _______________, _____________________, __________________, and _______________________.
3 Fill in the seven resources identified by the Universal Systems Model under Inputs below:
4 Fill in the three process identified in the "New Car" Universal Systems Model chart below:
5 Fill in the two outputs identified in the "New Car" Universal Systems Model chart below:
6 Fill in the two examples of feedback from the "New Car" Universal Systems Model chart below:
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7 A company is ____________________________________________________________________

_____________________________________________________________________________

8 A corporation is  __________________________________________________________________

_____________________________________________________________________________

9 Many products are in demand around the world; this has created a ____________ _____________.

10 The demand for these products and services drives the ___________________ ________________.

11 Productivity is ___________________________________________________________________

____________________________________________________________________________.
Technology/Engineering

     name:____________________________________ page# ____
                     




           
                                    class: ______ date: __________
Manufacturing Processes

Text: Technology, pp. 290-315

Mass Curriculum Frameworks Connection: Science and Technology/Engineering, Strand 4, 7.1

Define the following:

1 Casting _______________________________________________________________________

_____________________________________________________________________________

2 Molding _______________________________________________________________________

_____________________________________________________________________________

3 Separating _______________________________________________________________________

_____________________________________________________________________________

4 Conditioning _____________________________________________________________________

_____________________________________________________________________________

5 Assembling ______________________________________________________________________

_____________________________________________________________________________

6 Finishing ______________________________________________________________________

_____________________________________________________________________________

Technology/Engineering

   name:__________________________ page# ____
                     




           class: ______ date: __________
Product Development

Text: Technology, pp. 247-262

Mass Curriculum Frameworks Connection: Science and Technology /Engineering, Strand 4: 1.1, 2.1, 

1 Research is ______________________________________________________________________

2 Development is ___________________________________________________________________
_____________________________________________________________________________
3 Sometimes R & D teams produce products to solve a ___________________, because the problem created a ______________________ for the product (ex. Refrigerators)

4 Sometimes R & D teams produce products then create a __________________ for it through an extensive ______________________ campaign.

5 Thumbnail Sketches don't _____________________________________________________.

6 Thumbnail Sketches are used to __________________________________________________.

7 Basic research is _______________________________________________________________.

8 Applied research is _____________________________________________________________.

9 Define the three research methods.

A
Retrieving ________________________________________________________________

____________________________________________________________________________

B
Describing ________________________________________________________________

____________________________________________________________________________

C
Experimenting ______________________________________________________________

_____________________________________________________________________________

10 Define Ductility __________________________________________________________________

_____________________________________________________________________________

11 Define Elasticity* _________________________________________________________________

_____________________________________________________________________________

12 Define Hardness  _________________________________________________________________

_____________________________________________________________________________

13 Define Plasticity* _________________________________________________________________

_____________________________________________________________________________

14 Define Strength* _________________________________________________________________

_____________________________________________________________________________

15 When engineers "design for manufacturability" they answer these two questions:

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

16 Define Interchangeable Parts ________________________________________________________

_____________________________________________________________________________

17 Define Tolerance _________________________________________________________________

_____________________________________________________________________________

18 Define Standardization _____________________________________________________________

_____________________________________________________________________________

19 Define Simplification ______________________________________________________________

_____________________________________________________________________________

20 Define Modular Design ____________________________________________________________

_____________________________________________________________________________

Technology/Engineering                                                       name:__________________________ page# ____
                     




                                                       class: ______ date: __________
USB Power Source

(Applying the Universal Systems Model)
Fill in the diagram below to illustrate a mass production system designed to produce the USB Power Source device you built when studying electrical systems.








Estimated median household income in 2005: $43,300 (it was $37,334 in 2000)


Gardner �
� $43,300�
�
Massachusetts: �
� $57,184�
�












