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Grade Level:


11-12





Semester/Year Course:
Year Course (2 units) 
Prerequisite(s):

Junior or Senior standing; one year of science
Co-requisite(s):    

Science 11 or Chemistry or Physics or Biology or 

Advanced Science Topics


Math Level:
Students will be expected to use algebra and geometry skills routinely.  Analytical thinking and quantitative problem solving ability will be critical for successful completion of the course.  Analysis of experimental error and statistical methods will be necessary for all laboratory work.  Concurrent enrollment in Algebra II is recommended.

· Meets Clovis Unified School District Graduation Requirements

· Meets Fresno Unified School District Graduation Requirements

· Meets UC Regular Admittance Requirements (pending)

Course Description:  This course will examine the key elements of product development from the inception of a concept through design and all the way to production. The science behind pneumatics, sensors and materials testing will set the foundation for the appropriate use of robotics, computer numerical control (CNC), computer assisted design (CAD), computer assisted manufacturing (CAM), and computer integrated manufacturing (CIM). Quality control and precision measurement will become critical components of the student’s projects. The course, Product Development I, meets the “a-f” University of California requirements for entering freshmen. 

Context for Course:  Product Development I is a project-based companion course for first year students in the Product Development Lab of the CART program.  The course is designed to intensify science content and process beyond the core science class while allowing students to focus on the career of chemical engineering. The course will align with the California Academic Science Standards, National Science Standards, and the University of California Expectations for Entering Freshman.  Students will demonstrate 

mastery of content and process by completion and presentation of long-term projects.  Students will be expected to share project results both electronically and during public presentations with peers, teachers, and community professionals. This course will prepare all students for future science careers and university programs.
Textbooks:  Many of the resources used in the class will be web-based.  In addition professional engineering handbooks will be used.  Several popular texts currently used in Physics, Chemistry, Biology, and Environmental Science will also serve as references for this course.

Title:  Engineering Design and Problem-Solving (ISBN 0-8053-6350-5)

Edition: 1st

Author:  Steven Howell, Melton Miller and W. Joe  King

Publisher: Prentice-Hall

Copyright Year:  1995





Title:  Conceptual Physics (ISBN 0-321-00971-1)

Edition:   8th

Author:   P.G. Hewitt

Publisher:  Addison-Wesley

Copyright Year:  1997



:

Title:  Engineering Graphics: Principles, Standards, and Models (ISBN 0-8053-6482-X)

Edition:  1st

Author:  Robert L. Mabrey

Publisher:  Prentice-Hall

Copyright Year:  1998





COURSE PROFILE

Course Goals:
The course Product Development I will provide students with:

1.
the opportunity to understand the key elements of how the concepts underlying a human problem can lead to the design and production of a viable solution;

2.
instruction in physics, engineering design and other scientific principles as they apply to product development; and

3.
the opportunity to conduct research and apply the tools and technologies employed by engineers in production technology in the solution of real world problems.

Course Objectives:

While completing the course Product Development I students will:

1.
investigate a relevant human problem that is in need of an engineered solution;

2.
develop the appropriate level of understanding of physics, chemistry, biology, earth science, engineering and technology knowledge and skills to address the solution;

3.
find a professional partner in the field who can serve as a mentor in this process;

4.
research other work done in the field;

5.
determine if the proposed solution is within their range of current skills and knowledge; 

6.
determine what skills and knowledge they will need to acquire in order to solve their problem;

7.
determine the time window that is sufficient for this acquisition and application; 

8.
design a new solution to the problem that either builds upon past work or is unique;

9.
experiment and re-design for proper operation; and

10.
design a production process that employs quality control and cost analysis components.

This course will facilitate students participation in:

1.  National Engineering Design Challenge

2.  Science Olympiad

3.  Science Fair

4.  Dacta Robotics Competition

Instructional Methods:

Students will be engaged in a variety of activities that balance direct instruction with project work.  Students will be expected to apply the concepts and processes learned during direct instruction to their projects.  Students will attend lectures, complete labs, become involved with professional mentors, complete real world projects, and make presentations that demonstrate understanding of chemical concepts and the research process.  

Methods of instruction will include:

1. direct instruction (lectures, discussions, readings, and lab activities specific for mastery of content);

2. use of community-based research projects and with professional mentors;

3. development of language arts skills while students complete reports, journals, analyses, and essays; 

4. use of educational courseware, interfaced probeware, scientific instrumentation, and professional software;

5. team teaching including instruction from university and industry  partners;

6. use of a variety of instructional materials and resources including electronic media, handbooks, professional journals, reference materials, and textbooks;

7. self-directed, cooperative, and collaborative learning opportunities to increase responsibility of students for their own learning;

8. use of student presentations, exhibits, and competitions;

9. embedded assessments as a learning tool;

10. SDAIE (Specially Designed Academic Instruction in English); 

11. differentiated instruction for exceptional students; and

12. activities which promote science as a way of knowing and technology as a way of adapting.

Evaluation Procedures:

Assessment opportunities that allow continuous evaluation of student progress will be embedded throughout the course and will be a part of the learning experience.  All students will be expected to achieve mastery of all topics, often with demonstration of mastery occurring during a public forum.  Approximately 50 percent of the grade will be determined by performance on exams and mastery conferences.  The remaining 50 percent will be determined by written reports, presentations, and project deliverables.  

The following strategies, which include both formal and informal assessment techniques, may include but are not limited to:

1. written tests with a variety of short answer, essay questions, and problems;

2. performance-based assessments such as experiments, demonstrations, discussions, debates, simulations, and projects; 

3. presentations, both team and individual; 

4. a cumulative portfolio of  investigative accomplishments; and

2. written assignments (such as justifications, investigations, primary and secondary research, evaluative, or technical).

COURSE OUTLINE

This content will be a specific application of science and design as they pertain to the operation of devices, processes and equipment that are specific to the development of products.

I.  Science Concepts in Product Development

A.  Automated system apparatus

1.  Electrical dynamics of servo systems

2.  Physics of pneumatics

3.  Physics of hydrolics

4.  Physics of sensors

a.  optical

b.  acoustical

c.  thermal

d.  magnetic

e.  electrostatic

5.  Physics of switches--macro and micro

a.  electric

b.  magnetic

c.  optical

6.  Physics of solenoids

7.  Physics of pumps

Examples of activities: 

· Students will design, construct, and launch an air rocket, measuring the air pressure changes in the chamber during launch with a Vernier air pressure sensor.  Students will use the data to analyze the force on the rocket.

· Students will design a manufacturing process for the production of a container to be used for shipping eggs.
   

B.  Automated System Programming

1.  Digital Logic Systems

a.  Boolean algebra 

b.  binary (base-2) numbering

2.  Elementary logic functions

a.  and, Nand

b.  or, nor

c.  gates

d.  not

e.  timing

3.  Simple logic circuits

a.  adder

b.  shift register

c.  counter

4.  Elementary Microprocessor

a.  programming

b.  input/output
      

Examples of activities:

· Students will apply Snapp Circuits digital logic gates to design and construct a counter.

C.  Digital Control Systems

1.  Input/output

a.  Programmable Logic Controllers (PLCs) 

b.  Computer Numerical Controllers (CNCs)

2.  CPU

3.  Timing

D.  Visual Basic

Examples of activities:

· Students will program a miniature digital control unit from Vernier to operate simple motors, LEDs, buzzers, stepper motors and other DC devices. 

II.  The Nature of Engineering

A.  Communication Skills

1.  Protocols for sharing of ideas, designs, test results, and standards and specifications

2.  Written reports

a.  ISO 9000

b.  technical report writing 

3.  Technical presentations

a.  visual displays

b.  computer presentations

c.  oral presentations

4.  Electrical transmission of data

a.  Internet

b.  LAN/WAN

c.  wireless

Examples of activities:

· Students will report on the life of manufactured products from raw materials acquisition to disposal with attention to recycling.

· Students will present project results using PowerPoint presentations as part of their exhibition of learning.

B.  Design Skills

1.  Engineering design considerations

a.  practicality

b.  affordability

c.  environmental implications

d.  manufacturability

e.  ethics and professional practice  

2.  Visual representation 




a.  sketching




b.  2-D CAD




c.  3-D CAD 



3.  Modeling




a.  sculpted models




b.  prototype models




c.  process models



4. Manufacturing processes and procedures




a.  sensors




b.  programmable logic controllers




c.  other industrial process controls  

 Examples of activities:

· Students will create and transmit a 3-D Solid Works image to CAD Graphics, a local business partner, who will produce a real model of the image.

· Students will use AutoCAD 2000 to design the layout of a manufacturing plant.

C. Testing Techniques and Analysis

1.  Analytical techniques

a.  qualitative tests

b.  quantitative tests 

2.  Real-time data acquisition, presentation and interpretation

a.  probes and sensors

b.  data collection systems

c.  data presentation software

3.  Appropriate use of measurement standards 

a.  calibration of instruments 

b.  selection of appropriate standards

4.  Design modification as a result of testing

5.  Proper documentation processes

6.  Quality control using ISO 14000

Examples of activities:

· Students will determine mathematical relationships from experimental data collected with an ultrasonic transducer using Vernier LoggerPro.

· Students will test the effects of ultraviolet radiation on various polymers.
Sample Project

Engineering/Product Development Lab

Project 2

Theme: Community
Essential Question: Use engineering design process to create a product, device or system which would be of benefit to someone other than yourself.

Assessment: 

All students will:

1. Research the scientific and engineering principles that are the foundation for the product, device or system which:

a. Is based on the guidelines of the National Engineering Design Challenge or

b. Is based on the  Habitat for Humanity project list or

c. Is based on a real world concern shared by all members of the team which would be of benefit to the community.

Three semester units of Fresno State University Credit may be given for a quality project (a $9 registration fee is required ). 

2. Write an abstract that addresses the Essential Question in a clear and concise manner. It should include the results of your research and the possible effects on that segment of the community to which it pertains. This document should describe your solution from the standpoints of: applied engineering/physical/chemical and biological applications. It should also contain a mechanical drawing of your solution.

3. With your team design and deliver a well-rehearsed 10 min. oral presentation employing Power Point to your classmates and other interested community members. This presentation showcases the results of your research and the product, device or system your team engineered.

In addition students in:

1. English will include in their project connections and analysis made between their research and the reading of October Sky.

2. Physics, Chemistry, Science 3, Biology and AST will address a science question:

· Physics: Explain in detail the mechanical, electo/magnetic, thermal, opical or acoustical principles that underlie the product, device or system your team engineered.

· Chemistry: The air quality in the Central Valley is often poor. What chemical factors are involved in poor air quality and what chemical processes/systems could be used to improve air quality?

· AST: Pollution in the Central Valley could be reduced if electrochemical cells were employed instead of some gas powered engines. Compare and contrast commercially available cells. Make sure that you include the half reactions used in these cells, theoretical cell potentials, and the unique engineering features of the cell design.

· Science 3: What chemical factors are involved in the creation of your product? One focus should be the chemical structure of the materials from which it is made or processes used to manufacture those materials. 

3. Topics in Product Development students will address one key issue in engineering/manufacturing your solution to the chosen product, device or system.

4. CART Technology will ask you to begin to learn Power Point in preparing your presentation.  
Community professionals who could be of help in your research:

1. Sunrise Medical

2. Grundfos Pumps

3. Pelco

4. Duncan Enterprises

5. Floway Pumps

6. CalTans

7. Vendo Company

8. Kenyon Drafting and Design

9. Cal-State Fresno

10. BSK and Associates

11. Habitat for Humanity

Projected Schedule:  October 2-November 9, 2000

10/3 
Gather with your team to define task, responsibilities.

10/4
Discuss final product.

10/6
Continue to discuss final product 

10/10
Choose agencies/People to research

Design interview questions.












10/11
Develop action plan for field research. 

10/12
Field Research- conduct interviews, collect evidence-hard copy and electronic

10/17
Field Research- conduct interviews, collect evidence- hard copy and electronic

10/18
Begin design/construction/experimentation 

10/19
Continue design/construction/experimentation

10/24
Continue design/construction/experimentation

10/25
Test/re-design/Begin developing a well-organized oral computer based Power Point presentation suitable for professional judges from the community.

10/26
Continue to test/re-design solution and develop a well-organized oral & computer based presentation suitable for professional judges from the community. 

10/31
Continue to test/re-design solution and develop a well-organized oral & computer based presentation suitable for professional judges from the community.

11/1
Present final solution and presentation to an instructor and a professional for review.

11/2
Make suggested changes

11/7
Polish final product

11/8
Polish final product

11/9
Present final product 

