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ENGR-MA-5 Mechanisms: Linkages, Cams, Gears, & Bearings
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Annotation: 
This unit will introduce students to basic mechanisms such as linkages, cams, gears and bearings used in mechanical design.  The student will be able to select and properly design the appropriate mechanism for various mechanical applications.  
Grade(s):  

	x
	9th

	x
	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
GPS Academic Standards:
ELA9RL5

The student understands and acquires new vocabulary and uses it correctly in reading and writing.

MM1P3

Students will communicate mathematically.

MM1P4

Students will make connections among mathematical ideas and to other disciplines.

SCSh4

Students will use tools and instruments for observing, measuring, and manipulating scientific equipment and materials.
National / Local Standards / Industry / ISTE:
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Enduring Understandings: 
Student should understand the conceptual function of the various mechanisms and have a basic understanding of how to incorporate these mechanisms into a mechanical design.
Essential Questions: 

· What are some of the world’s oldest mechanism?

· How have machines and mechanisms changed society?

· Why is it important to understand simple machines like lever, wheel and axle, pulley, incline plane, and screw when studying complex mechanisms?

· How are levers, wheel and axles, and pulleys similar and how are they different?

· How are inclined planes and screws similar and how are they different?

· Explain how simple machines are useful.
· Why is a frame considered a linkage even though it does not move?

· What is the essential function of cams?

· What is the advantage of the Cycloidal cams?

· When would you use constant Velocity cams?

· What are the functions of gears?
· What are the functions of bearings?

Knowledge from this Unit:  
Students will be able to: 
· Calculate gear ratio.
· Identify various types of gears, bearings and cams.
Skills from this Unit:  
Students will:
· Interact with a manufacturer catalog or web site to select and size mechanism (bearings, cams and gears) for the proper application.
· Properly detail working drawings for purchased or designed mechanisms.
· Produce a cam diagram for a prescribed cam motion.
· Model a cam from a given cam diagram.
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Assessment Method Type:
	 x
	Pre-test

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

	
	__ Quizzes/Tests
_x_ Unit test

	x
	Group project

	x
	Individual project

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

	
	_x_ Self-check rubrics   

__ Self-check during writing/planning process

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

__ Academic prompts

__ Practice quizzes/tests

	
	Subjective assessment/Informal observations

	
	__ Essay tests
__ Observe students working with partners

__ Observe students role playing

	x
	Peer-assessment  

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

_x_ 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

	
	Constructed Responses

	
	__ Chart good reading/writing/listening/speaking habits

__ Application of skills to real-life situations/scenarios

	
	Post-test


Assessment Attachments and / or Directions: 
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•
LESSON 1: Introduction to Mechanisms: Linkages, Cams, Gears and Bearings

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
ELA9RL5

The student understands and acquires new vocabulary and uses it correctly in reading and writing.

MM1P3

Students will communicate mathematically.

MM1P4

Students will make connections among mathematical ideas and to other disciplines.

SCSh4

Students will use tools and instruments for observing, measuring, and manipulating scientific equipment and materials.
2.
Review Essential Questions. Post Essential Questions in the classroom. 
· How do mechanisms make life better?
· What are some of the world’s oldest mechanism?

· How have machines and mechanisms changed society?

3.
Identify and review the unit vocabulary. Terms may be posted on word wall.

	Mechanism
	Kinematics
	Linkage

	Crank
	Lever or rocker
	Slider

	Four bar linkage
	Bell crank
	Slider Crank

	Cam
	Cam follower
	Cam Displacement Diagram

	Simple harmonic Cam motion
	Cycloidal cam motion
	Keyways, keys, set screw

	Spur gears
	Helical gears
	Bevel gears

	Face gears
	Cross helical gears
	Hypoid gears

	Worm Gears
	Rack and Pinion Gears
	Pitch diameter (D)

	Diametral Pitch (P)
	Number of Teeth (N)
	Plain (journal) bearing

	Ball Bearing
	Roller bearing
	Radial bearings

	Thrust bearings
	
	


4.
Show the invention of machines and mechanism impacted society.  The following are some ways to do that.
· Hand out the Machine Elements Handout. Explain the types of simple machines and machine elements. This handout will be used later in the unit in the Culminating Performance Task, so have students hold on to it.
· Watch the History Channel - Ancient Discoveries: Machines of the Gods

 (http://www.youtube.com/watch?v=-RfXcm1fS6Y)
· Assign students to research a various mechanism and that mechanisms impact on society. Have the students to make a 3 minute presentation or a gallery wall of student research.

•
LESSON 2:  Review Simple Machines using modular building blocks

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

· Why is it important to understand simple machines like lever, wheel and axle, pulley, incline plane, and screw when studying complex mechanisms?
· How are levers, wheel and axles, and pulleys similar and how are they different?

· How are inclined planes and screws similar and how are they different?

· Explain how simple machines are useful.
2.
Show the Machine Elements PowerPoint.

3.
Allow student time for exploration with modular building block kits.
4.
Lesson on simple machines from Teach Engineering: http://www.teachengineering.com/view_lesson.php?url=http://www.teachengineering.com/collection/cub_/lessons/cub_simple/cub_simple_lesson01.xml 
5.
Summary

· Have students present their modular building block creations.
•
LESSON 3:  Linkages

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

· Why is a frame considered a linkage even though it does not move?

2.
Explain and discuss linkages.
· Discuss types of linkages and their schematics symbols.

3. Demonstrate how to use manual drafting, and 2D CAD or cad blocks techniques to solve problems.

4. Assign Problem sets- Teachers should coordinate problem sets with the available textbook for the course.
· Draw schematic diagrams of problems sets using 2D cad or manual methods to find a solution.
· Use sketch blocks in Inventor or Solidworks to create schematic models of problems to find a solution.
5.
Summary

· Have students share solutions to the problem set and grade problem set.
•
LESSON 4: Cams

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

· What is the essential function of cams?

· What is the advantage of the Cycloidal cams?

· When would you use constant Velocity cams?

2.
Explain and discuss cam and its function (see http://auto.howstuffworks.com/camshaft.htm) 
· Discuss types of cams and cam followers.
· Discuss Cam Follower Diagrams and their schematics symbols.
3. Demonstrate how to create cam diagrams for various types of motion using manual and CAD tools.
4. Assign Problem sets- Teachers should coordinate problem sets with the available textbook for the course.
· Create cam diagram using Manual method (students should do at least 2-3).
· Create cam diagrams using CAD methods.
· Create cam for problems using 3D cad programs and animate cam and follower action.
5.
Summary

· Have students share solutions to the problem set and grade problem set.
•
LESSON 5: Gears

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

· What are the functions of gears?
2.
Explain and discuss gears.
· Discuss types of gears and their uses (see http://science.howstuffworks.com/transport/engines-equipment/gear.htm)
· Explain gear terminology and related mathematical formulas.

· Demonstrate how to complete a gear train chart.

· Demonstrate how to use cad blocks model gear trains.

3. Assign Problem sets- Teachers should coordinate problem sets with the available textbook for the course.
· Complete gear train charts

· Model gear train problem with Sketch blocks

· Model 3D model of gear train problems 
4. Summary
· Have students share solutions to the problem set and grade problem set.
•
LESSON 6: Bearings

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

· What are the functions of bearings?

2.
Explain and discuss bearings.
· Discuss types of bearings and their uses 
· See http://science.howstuffworks.com/transport/engines-equipment/bearing.htm
· See http://www.timken.com/AntiFriction/player.html (narrated power point presentation on bearings)
· Demonstrate how to select bearings based on the type of load, shaft and mounting applications.

· Demonstrate how to size shaft and housing based on manufactures data for a chosen bearing.

· Demonstrate how to select and download cad model of selected bearing.
3. Assign Problem sets- Teachers should coordinate problem sets with the available textbook for the course.
· Select bearings for problems.
· Sketch shaft and housing for proper fit based manufactures data.
· Properly model an assembly with a down loaded bearing and create a detailed working drawing showing sizing info for shaft and housing.
4. Summary
· Have students share solutions to the problem set and grade problem set.
Attachments for Lessons:
 Machine Elements Handout
Machine Elements PowerPoint
•
NOTES & REFLECTION: 

Teachers should use their own textbooks and materials for quizzing students and assigning homework or projects. An example textbook with questions can be found here if teachers do not have access to a textbook:
http://books.google.com/books?id=N97zPAvogxoC&lpg=PP1&dq=engineering%20drawing%20and%20design&pg=PA507#v=onepage&q&f=false
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Culminating Unit Performance Task Title: 
Machine Elements Research Project and Presentation
Culminating Unit Performance Task Description/Directions/Differentiated Instruction: 
Hand out and read over the Machine Elements Research Project Handout. Students will create a presentation. 
Each student will choose one machine element from the Machine Elements Handout. Each student will research a machine element, give a 5-8 min presentation and provide a 1-2 page summary handout. 

Attachments for Culminating Performance Task: 
Machine Elements Research Project Handout
Machine Elements Handout
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Web Resources:
http://www.youtube.com/watch?v=-RfXcm1fS6Y
http://www.teachengineering.com/view_lesson.php?url=http://www.teachengineering.com/collection/cub_/lessons/cub_simple/cub_simple_lesson01.xml
http://auto.howstuffworks.com/camshaft.htm
http://science.howstuffworks.com/transport/engines-equipment/gear.htm
http://science.howstuffworks.com/transport/engines-equipment/bearing.htm
http://www.timken.com/AntiFriction/player.html
http://books.google.com/books?id=N97zPAvogxoC&lpg=PP1&dq=engineering%20drawing%20and%20design&pg=PA507#v=onepage&q&f=false
Materials & Equipment: 
· Modular building block sets that can be found here:
www.lego.com
www.knex.com
· CAD Software
21st Century Technology Used: 
	x
	Slide Show Software
	
	Graphing Software
	x
	Audio File(s)

	
	Interactive Whiteboard
	
	Calculator
	
	Graphic Organizer

	
	Student Response System
	
	Desktop Publishing 
	x
	Image File(s)

	
	Web Design Software
	
	Blog
	x
	Video

	x
	Animation Software
	
	Wiki
	
	Electronic Game or Puzzle Maker

	
	Email
	x
	Website
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