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PATHWAY:  
Engineering Graphics & Design
COURSE:  

Introduction to Engineering Drawing and Design
UNIT 10: 

ENGR-IED-10 Dimensioning and Tolerancing
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Annotation: 
Through lecture, discussion, and peer reviews, the students will develop an understanding of the importance of dimensioning and tolerancing and how to accurately complete these tasks.
Grade(s):  

	X
	9th

	X
	10th

	X
	11th

	x
	12th


Time:  
20 Hours
Author: 

John Kirby

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.
[image: image2.jpg]% FOCUS STANDARDS




GPS Focus Standards: 
ENGR-IED-10
Students will create and dimension single view drawings while applying geometric construction.
a) Produce geometric shapes such as straight lines, geometric angles, plan figures, circles and arcs, and irregular geometric figures.

b) Apply geometric construction techniques to problems.

c) Draw problems that show construction procedures.

d) Apply correct dimensioning procedures.

e) Apply the symmetrical features of a center line to its proper size and location.

f) Demonstrate multiple construction techniques (including lines, conics, circles, splinters, arcs, and polygons) given size, orientation, and location specifications.

g) Use fundamental CAD commands to create drawings.

ENGR-IED-11
Students will use orthographic projection to create and dimension multiview drawings.
a) Explain and apply nominal size, basic size, tolerance, unilateral tolerances, bilateral tolerances, fit, actual fit, clearance fit, interference fit, transition fit, allowance, maximum material limit, minimum material limit, basic-hole system, and basic-shaft system.

b) Draw an object that is described with two views.

c) Draw an object that is described with three views.

d) Select proper drawing scale, views, and layout.

e) Draw an object that has an inclined surface.

f) Draw an object containing circles and arcs.

g) Change view, view names, and multiview views.

h) Create orthographic projections utilizing the necessary views.
GPS Academic Standards:
MM1G1

Students will investigate properties of geometric figures in the coordinate plane.

MM1G3

Students will discover, prove, and apply properties of triangles, quadrilaterals, and other polygons.

MM4G1

Students will understand the properties of circles.
MM1P4

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

MM1P5

Students will represent mathematics in multiple ways.
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Enduring Understandings: 
Describing the application of terminologies and procedures for dimensioning is a necessary skill for the dimensioning field. Students will understand the importance of determining when to apply conventional dimensioning techniques to describe the size and shape accurately on an engineering graphics drawing. They will gain an understanding of the rules and procedures for dimensioning standards and develop an understanding of various dimensioning styles and systems.
Essential Questions:
· Why are dimensions necessary for engineering drawings? 

· Is following dimensioning standards necessary for clarity of communications in engineering drawings?  

· Is engineering drawing a universal language?  Explain and support your answer.  Can it be a universal language without dimensions?

· What types of parts can be defined with a single view? 

· What types of parts can be defined with two views? 

· What types of parts can be defined with three views?  

Knowledge from this Unit: 
Students will be able to: 

· Explain when to use correct dimensioning techniques.

· Recognize aligned and unidirectional dimensioning systems.

· Describe correctly placed dimension lines, extension lines, and notes with regards to position on engineering drawings.

· Explicate when to add necessary notes and symbols to drawings when dimensioning.

Skills from this Unit:  
Students will:

· Draw and dimension a single view object.

· Draw and dimension an object with two views.

· Draw and dimension an object that is described with three views.

· Draw and dimension an object that has an inclined surface.

· Draw and dimension an object containing circles and arcs.

· Draw and dimension an object with necessary notes and symbols.

· Draw and dimension an object including tolerances.
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Assessment Method Type: 
	X
	Pre-test (orally check knowledge of lines, dimensioning, and tolerances)

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

	
	_x_ Quizzes/Tests (Self-check PowerPoint)

_x_ Unit test

	
	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

_x_ Practice drawing assignments

	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

_x_ Peer editing and/or critiquing

	X
	Dialogue and Discussion

	
	__ Student/teacher conferences

_x_ Partner and small group discussions

_x_ Whole group discussions

__ 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

	X
	Post-test


Assessment Attachments and / or Directions: 
Dimensioning and Tolerancing Post Test

Dimensions and Tolerancing Post Test KEY
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•
LESSON 1: Dimensioning Rules and Techniques

1.
Review and discuss the standards for the unit on dimensioning and tolerances that are posted in the class room.

ENGR-IED-10
Students will create and dimension single view drawings while applying geometric construction.
a) Produce geometric shapes such as straight lines, geometric angles, plan figures, circles and arcs, and irregular geometric figures.

b) Apply geometric construction techniques to problems.

c) Draw problems that show construction procedures.

d) Apply correct dimensioning procedures.

e) Apply the symmetrical features of a center line to its proper size and location.

f) Demonstrate multiple construction techniques (including lines, conics, circles, splinters, arcs, and polygons) given size, orientation, and location specifications.

g) Use fundamental CAD commands to create drawings.

ENGR-IED-11
Students will use orthographic projection to create and dimension multiview drawings.
a) Explain and apply nominal size, basic size, tolerance, unilateral tolerances, bilateral tolerances, fit, actual fit, clearance fit, interference fit, transition fit, allowance, maximum material limit, minimum material limit, basic-hole system, and basic-shaft system.

b) Draw an object that is described with two views.

c) Draw an object that is described with three views.

d) Select proper drawing scale, views, and layout.

e) Draw an object that has an inclined surface.

f) Draw an object containing circles and arcs.

g) Change view, view names, and multiview views.

h) Create orthographic projections utilizing the necessary views.
2.
Review Essential Questions. Post Essential Questions in the classroom. 

· Why are dimensions necessary for engineering drawings?  

· Is engineering drawing a universal language?  Explain and support your answer.  Can it be a universal language without dimensions?

3.
Identify and review the unit vocabulary. Terms may be posted on word wall as they are used throughout the unit.
	aligned
	coordinate method
	dimension text

	angular method
	cumulative
	extension line

	ANSI
	datum
	ISO

	Arrowheads
	diameter
	leader line

	ASME
	dimension line
	radius

	base-line
	dimension notes
	tolerances

	contours
	dimension symbols
	unidirectional


4.
Review key terms from the vocabulary for getting starting with dimensioning.  The terms will be repeated throughout the PowerPoint presentations that are provided with the unit.
5.
Give students the Rubric for Dimensioning and Tolerancing Unit. Throughout the unit, students will use this rubric to check their progress. They will need to update it daily. 
6.
Give students the Dimensioning Vocabulary Study Guide to take notes with as they view the PowerPoints included in this unit. 

7.
Show Alphabet of Lines PowerPoint. This can be used as a review from previous units and a lead-in for this unit on dimensioning.

8.
Close the lesson by discussing the relevance of terms for dimensioning engineering drawings and why standards are necessary for clarity.

•
LESSON 2:  Dimensioning Techniques and Procedures

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

· Is following dimensioning standards necessary for clarity of communications in engineering drawings?  

2.
Show Dimensioning Standards and Techniques PowerPoint.  Have the students take notes on their Dimensioning Vocabulary Study Guide and discuss the various techniques for dimensioning. (Optional: if time permits, have the students go through the self check quiz on slides 32-47 of the PowerPoint.  This can be used with the teacher for discussion and a self-check for understanding on dimensioning techniques.)
3.
Summary

· Review the essential question again.  More in depth answers should be expected after viewing the PowerPoint.

•
LESSON 3: Dimensioning Self Check

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

· Is following dimensioning standards necessary for clarity of communications in engineering drawings?  

2.
Students will use the Test Your Dimensioning Knowledge PowerPoint.  As the students view the PowerPoint, they need to record what is wrong the dimensions on each slide.

3.
Summary

· Review the essential question again.  More in depth answers should be expected after viewing the PowerPoint

•
LESSON 4: Dimensioning Single View Drawings

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

· What types of parts can be defined with a single view? 

2.
Assign problems for single view drawings.  Assignments can be from Engineering Graphics & Design Textbooks or from CAD software tutorials provided with appropriate software. Assign enough problems for mastery and recognition of dimensioning techniques for single view drawings. Assignments for dimensioning single view drawings should take 3 to 5 days for complete mastery and recognition of views.

3.
At the conclusion of lesson 4, allow students adequate time to share their drawings with classmates. Use the Peer Review of Drawing Assignments for reviews.
4.
Conclude lesson 4 with a whole group discussion of the standards of full section drawings.  Add words to the Word Wall and study guide that were addressed in lesson 4. Conclude the summary with an introduction to lesson 5, “Dimensioning Two View Drawings”. 

•
LESSON 5: Dimensioning Two View Drawings

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

· What types of parts can be defined with two views? 

2.
Assign problems for two view drawings.  Assignments can be from Engineering Graphics & Design Textbooks or from CAD software tutorials provided with appropriate software. Assign enough problems for mastery and recognition of dimensioning techniques for two view drawings. Assignments for dimensioning two view drawings should take 3 to 5 days for complete mastery and recognition of views.

3.
At the conclusion of lesson 5, allow students adequate time to share their drawings with classmates. Use the Peer Review of Drawing Assignments for reviews.
4.
Conclude lesson 5 with a whole group discussion of the standards of two view drawings.  Add words to the Word Wall and study guide that were addressed in lesson 5.  Conclude the summary with the introduction to lesson 6, “Dimensioning Three View Drawings”.  

•
LESSON 6: Dimensioning Three View Drawings

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

· What types of parts can be defined with three views?  

2.
Assign problems for three view drawings.  Assignments can be from Engineering Graphics & Design Textbooks or from CAD software tutorials provided with appropriate software. Assign enough problems for mastery and recognition of dimensioning techniques for three view drawings. Assignments for dimensioning three view drawings should take 3 to 5 days for complete mastery and recognition of views.

3.
At the conclusion of lesson 6, allow students adequate time to share their drawings with classmates.  Use the Peer Review of Drawing Assignments for reviews.
4.
Conclude lesson 6 with a whole group discussion of the standards of three view drawings.  Add words to the Word Wall and study guide that were addressed in lesson 6.  Conclude the summary with the introduction to lesson 7, “Dimensioning with Tolerances”.  

•
LESSON 7: Dimensioning with Tolerances

1.
Assign problems for tolerances required in the drawings.  Assignments can be from Engineering Graphics & Design Textbooks or from CAD software tutorials provided with appropriate software. Assign enough problems for mastery and recognition of dimensioning techniques for two view drawings. Assignments for dimensioning with tolerances should take 3 to 5 days for complete mastery and recognition of when to apply the rules to the drawings.

2.
At the conclusion of lesson 7, allow students adequate time to share their drawings with classmates.  Use the Peer Review of Drawing Assignments for reviews.
3.
This is the final lesson for dimensioning.  Have students organize all files for each lesson.  Check peer reviews and notes on terms from the Word Wall.  
•
ATTACHMENTS FOR LESSON PLANS:

Rubric for Dimensioning and Tolerancing Unit
Dimensioning Vocabulary Study Guide 
Alphabet of Lines PowerPoint
Dimensioning Standards and Techniques PowerPoint
Test Your Dimensioning Knowledge PowerPoint
Peer Review of Drawing Assignments

Tips for the Instructor Handout
•
NOTES & REFLECTION: 

Tips for Instructor Handout can be reviewed for extra information.

Prior CAD skills would benefit the students for this unit.  Often students want to draw using a 3D Modeling program.  The 3D model files will have to be completed in 2D engineering drawing files.  The intention of this unit is to comply with dimensions and tolerances applied in 2D drawings.  The unit can be taught with Inventor, SolidWorks, Pro-Engineering Wildfire, or any CAD program.
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Culminating Unit Performance Task Title: 
Advanced Drawings
Culminating Unit Performance Task Description/Directions/Differentiated Instruction: 

Assign four drawings, one for each type (single view, two view, three view, and tolerances). Assignments can be from Engineering Graphics & Design Textbooks or from CAD software tutorials provided with appropriate software but make sure that these drawings include major dimension practices. 

Attachments for Culminating Performance Task: 

NONE
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Web Resources:

None
Materials & Equipment: 
· CAD Program of your choice
· Textbook of your choice for drawings and further standards on dimensions and tolerances
· Computer with Internet access
· Projection equipment
21st Century Technology Used: 
	X
	Slide Show Software
	X
	Graphing Software
	
	Audio File(s)

	
	Interactive Whiteboard
	
	Calculator
	X
	Graphic Organizer

	
	Student Response System
	
	Desktop Publishing 
	
	Image File(s)

	
	Web Design Software
	
	Blog
	
	Video

	
	Animation Software
	
	Wiki
	
	Electronic Game or Puzzle Maker

	
	Email
	
	Website
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