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PATHWAY:  
Engineering Graphics & Design
COURSE:  

3D Modeling and Analysis
UNIT 7: 

ENGR-MA-7 Mechanism Project
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Annotation: 
This unit focuses on the application of the knowledge gained in units 5 and 6.  Students are presented with an engineering problem to solve that involves the use of mechanisms. Students will work in teams and use an engineering design process to guide them to the solution of the problem. The unit concludes with a formal presentation and design competition.
Grade(s):  

	
	9th

	
	10th

	X
	11th

	X
	12th


Time:  
20 Hours
Author:  
Leon R. Grant III
Students with Disabilities:

For students with disabilities, the instructor should refer to the student's IEP to be sure that the accommodations specified are being provided. Instructors should also familiarize themselves with the provisions of Behavior Intervention Plans that may be part of a student's IEP. Frequent consultation with a student's special education instructor will be beneficial in providing appropriate differentiation.
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GPS Focus Standards: 
ENGR-MA-1.
Students will draw fasteners using American National Standards Institute symbols.

a) Identify and describe various types of fasteners
b) Specify threads and fasteners on a technical drawing

c) Draw various types of threaded fasteners

ENGR-MA-2.
Students will create production-ready drawings of parts.
a) Describe the various types of working drawings

b) Produce detail drawings

ENGR-MA-3.
Students will create assembly drawings.



a) Construct accurate drawing representations of a 3-D assembly model.
ENGR-MA-4.
Students will create a rendered image of a model communicating material and finish.

a) Identify the purposes and uses of extracting geometric data from surfaces and wireframes.

b) Identify the purposes and uses of rendering a model’s image.

c) Render an image of a model.

d) Shade a rendered image of a model.


CTAE-FS-2. 
Academic Foundations: Learners achieve state academic standards at or above grade level.

CTAE-FS-3.
Communications: Learners use various communication skills in expressing and interpreting information.

CTAE-FS-4.
Problem Solving and Critical Thinking: Learners define and solve problems, and use problem-solving and improvement methods and tools.

CTAE-FS-5.
Information Technology Applications: Learners use multiple information technology devices to access, organize, process, transmit, and communicate information.

CTAE-FS-8. 
Leadership and Teamwork: Learners apply leadership and teamwork skills in collaborating with others to accomplish organizational goals and objectives.
GPS Academic Standards:
NONE
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Enduring Understandings: 
Designing a mechanical solution for a specific problem involves the combination of various mechanisms. The engineering design process includes systematic steps for such combinations, and a thorough understanding of this  process enables its application to various problems and achieving the desired outcome. 
Essential Questions: 
· What processes do engineers follow to solve complex problems like creating the Joint Strike force fighter or plugging the BP Oil Spill in the Gulf of Mexico?
· Why is teamwork essential to solving engineering problems?
· Which kind of issues must be considered when solving engineering problems?

· How do manufacturing capabilities impact the viability of an engineering solution?

· Why is Problem Definition so important to the engineering design process?

· How does an engineering log book help in the design process?

· Why is communication important to engineers?

· How do engineering companies compete to win billion dollar contracts?
· What advantages do virtual prototypes have over physical prototypes?
· What advantages do physical prototypes have over virtual prototypes?

Knowledge from this Unit:  
Students will be able to: 
· Know the steps of the engineering design process.
· Explain the importance of planning designs according to the design process’ steps.

· Identify competition pressures in engineering design and how it affects the design process.

Skills from this Unit:  
Students will:
· Work together as a team to solve a mechanical problem.
· Apply the engineering design process to develop a machine from concept to prototype.
· Communicate properly and professionally a design’s progress through the design process.

· Design physical and virtual prototypes according to problem definitions and Request For Proposals (RFP).
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Assessment Method Type: 
	
	Pre-test

	
	Objective assessment - multiple-choice, true- false, etc.

	
	__ Quizzes/Tests

__ Unit test

	X
	Group project

	
	Individual project

	X
	Self-assessment - May include practice quizzes, games, simulations, checklists, etc.

	
	_x_ Self-check rubrics   

_x_ Self-check during writing/planning process

_x_ Lab Book
_x_ Reflect on evaluations of work from teachers, business partners, and competition judges

__ Academic prompts

__ Practice quizzes/tests

	X
	Subjective assessment/Informal observations

	
	__ Essay tests

_x_ Observe students working with partners

__ Observe students role playing

	X
	Peer-assessment  

	
	_x_ Peer editing & commentary of products/projects/presentations using rubrics

__ Peer editing and/or critiquing

	X
	Dialogue and Discussion

	
	_x_ Student/teacher conferences
_x_ Partner and small group discussions

_x_ Whole group discussions
_x_ Interaction with/feedback from community members/speakers and business partners

	X
	Constructed Responses

	
	__ Chart good reading/writing/listening/speaking habits

_X_ Application of skills to real-life situations/scenarios

	
	Post-test


Assessment Attachments and / or Directions: 
NONE
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•
LESSON 1: Introduction to the Engineering Process

1.
Identify the standards. Standards should be posted in the classroom.

ENGR-MA-1.

Students will draw fasteners using American National Standards Institute symbols.

a) Identify and describe various types of fasteners.
b) Specify threads and fasteners on a technical drawing.
c) Draw various types of threaded fasteners.
ENGR-MA-2.

Students will create production-ready drawings of parts.
a) Describe the various types of working drawings.
b) Produce detail drawings.
ENGR-MA-3.

Students will create assembly drawings.




a) Construct accurate drawing representations of a 3-D assembly model.

ENGR-MA-4.

Students will create a rendered image of a model communicating material and finish.

a) Identify the purposes and uses of extracting geometric data from surfaces and wireframes.

b) Identify the purposes and uses of rendering a model’s image.

c) Render an image of a model.

d) Shade a rendered image of a model.

2.
Review Essential Questions. Post Essential Questions in the classroom. 
· What processes do engineers follow to solve complex problems like creating the Joint Strike force fighter or plugging the BP Oil Spill in the Gulf of Mexico?
· Why is team work essential to engineering new products?

· Which kind of issues must be considered when solving engineering problems?
3.
Identify and review the unit vocabulary. Terms may be posted on word wall.
	RFP
	Prototype
	Design constraints

	Developmental Work
	
	


4.
Show a video such as “Battle of the X-Planes” (http://topdocumentaryfilms.com/battle-x-planes/) to introduce the engineering design process.
5.
Present the Design Projects PowerPoint. Lead students through the engineering design process:
· Problem definition
· Research and investigate the problem

· Develop possible solutions

· Choosing the best solution

· Developmental work

· Build a prototype

· Test and evaluate the prototype

· Student Presentations

· Design Competition
•
LESSON 2:  Mechanism Design Project

1.
Review Essential Questions. Post Essential Questions in the classroom.

· Why is Problem Definition so important to the engineering design process?

· How does an engineering log book help in the design process?
· How do manufacturing capabilities impact the viability of an engineering solution?

· What advantages do virtual prototypes have over physical prototypes?

· What advantages do physical prototypes have over virtual prototypes?
2.
Provide students with the Wiper Assembly RFP Project Handout which provides the following components (students have a few weeks to complete this): 
· Project Overview

· Design Brief

· Design Constraints

· Project Schedule

· Points System
This project focuses more on building a virtual prototype, which emphasizes 3-Dimensional modeling and analytical skills. Distribute the Wiper Analysis Worksheet for students to assess their own designs.

3. Instructor’s Note: The following project will require students to build a portfolio and make a formal presentation at the end of this unit. Reading through the Mechanical Design Project Handout Packet ahead of time is recommended as it will help with better assisting students and help instructors estimate due dates. Students may work on both projects simultaneously. 
4. Distribute the Mechanical Design Project Handout Packet to each student and divide them into groups of 2-3. The focus of this project is to build a working prototype for a head-to-head competition. Distribute the following worksheets that go with the project: 
· Problem Statement Rubric Worksheet
· Proposal Contract Worksheet
· Research the Problem Worksheet
· Possible Solutions Worksheet
· Choosing the Best Solution Worksheet
· Developmental Work Worksheet
· Design Analysis Worksheet.
These worksheets should be completed throughout the unit; they guide students through each specific step of the design process. 
5. Have students begin to work in groups with scheduled dates for deliverables. Note: Tentative due dates are provided on the Wiper Assembly RFP Project Handout mainly to give teachers an idea of how long students should be given to complete each step. 
6. Summary: Provide rapid feedback on assignments to help students correct their thinking and improve the final design. Discuss as a class their overall progress and any questions they may have.
•
LESSON 3: Presentation and Design Competition

1.
Review Essential Questions. Post Essential Questions in the classroom.

· Why is communication important to engineers?

· How do engineering companies compete to win billion dollar contracts?
· What advantages do virtual prototypes have over physical prototypes?

· What advantages do physical prototypes have over virtual prototypes?
2.
Present the Spring-Loaded Onager PowerPoint. This is a student presentation to provide an example for the presentation portion of the Mechanical Design Project Handout Packet. 

3.
Have each group make a formal PowerPoint presentation that presents their design and design process from the Mechanical Design Project Handout. 
· Students must address the major requirements of the RFP.

· Students should compete in a head-to-head competition if applicable to their design/design process.
4.
Summary: Discuss the winners’ design(s) and which qualities made those designs stand out the most. Hold a class discussion on what students have learned from this unit and completing the projects.
•
ATTACHMENTS FOR LESSON PLANS:
Design Projects PowerPoint

Wiper Assembly RFP Project Handout

Wiper Analysis Worksheet

Mechanical Design Project Handout Packet

Problem Statement Rubric Worksheet
Proposal Contract Worksheet

Research the Problem Worksheet

Possible Solutions Worksheet

Choosing the Best Solution Worksheet

Developmental Work Worksheet

Design Analysis Worksheet

Spring-Loaded Onager PowerPoint
Wiper Analysis Weighted Score Worksheet* (See Notes & Reflection below)
Design Analysis Weighed Score Worksheet* 
•
NOTES & REFLECTION: 

· Students will complete two large projects and assess themselves with rubrics. Their knowledge from this unit may be assessed by the instructor from observations, quality of work presented, and using the rubrics, as well. Additional information on these projects is found in the lesson plans below. 

· Inevitably, student teams will be pressed for time and that is a real aspect of the project.  It is important for students to manage their time and delegate the workload, and it is also important that students follow the design process. Again because of the time constraint, students will want to skip the discipline of the process and go directly to designing a solution. This may seem wise at the moment, but in the end the design process will yield a design that best meets the RFP requirements.  The goal of this unit is to make the project as realistic as possible.

* The Wiper Analysis Weighted Score Worksheet and the Design Analysis Weighted Score Worksheet are optional substitutes for the Wiper Analysis Worksheet and the Design Analysis Worksheet. Both sets consist of rubrics as an analytical method for evaluating their designs; however, the worksheets containing “weighted score” are Excel files and must be completed with Excel on a computer. Formulas have been entered so that Excel will automatically calculate a weighted score for each criteria/category. Students may still print their scores to include in the projects; the Wiper Analysis Worksheet and the Design Analysis Worksheet do not require Excel and may be distributed to students for them to complete with a pen or pencil. 
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Web Resources:
http://topdocumentaryfilms.com/battle-x-planes/
Materials & Equipment: 
· LEGO KITS

· KNEX KITS

· VEX ROBOTIC KITS

· Computer with Internet access

· Projection equipment
21st Century Technology Used: 
	X
	Slide Show Software
	
	Graphing Software
	X
	Audio File(s)

	X
	Interactive Whiteboard
	
	Calculator
	X
	Graphic Organizer

	
	Student Response System
	X
	Desktop Publishing 
	X
	Image File(s)

	
	Web Design Software
	
	Blog
	X
	Video

	X
	Animation Software
	
	Wiki
	
	Electronic Game or Puzzle Maker

	X
	Email
	X
	Website
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