CHAMP COURSE MAP

	Course Name: MAC 250 – Advanced Inspection Techniques

	Instructor Name: 
	[bookmark: _GoBack]Date: 

	Course Competencies:
I. Demonstrate hands on use of geometric dimensioning & tolerancing metrology methods. 
II. Use common measuring tools found in manufacturing. 
III. Operate a coordinate-measuring machine. 
IV. Perform calibration activities on various measuring instruments. 
V. Collect and record data for SPC documentation. 
VI. Verify accuracy of machined parts. 
VII. List ISO standards and requirements. 
VIII. Interpret and report measurement data on databases. 
IX. Describe other quality standards required in manufacturing.



Course Materials (Text, Edition and any other publisher items)
Textbooks and/or Resources:

Resources:

Rubrics: Rubrics and specific grading criteria for EACH assessment should be included at the end of the course map. 

Friday: 1-3:30 pm 

	Module # and Title
	CCNS Competencies
	Content, Activities or Challenges
(Learner Interaction 
& Engagement) 

	Lab Activities
	Assessments, Rubrics (Feedback)
	Publish to OER

	Module 1

Basic Print Reading



	VII. List ISO standards and requirements.

IX. Describe other quality standards required in manufacturing.

Objective:
Students will learn basic print reading skills needed for entry level tech in advanced manufacturing
	Required Reading:
What is Metrology (HTML)

Recommended Reading:

Content:
1. Print Reading Perspective for Inspection Screencast 
2. Basic Blue Print Reading (Slideshare)
3. Blue Print Reading Symbols (wisc-online.com)
4. Blue Print Reading Lines (wisc-online.com)
5. Basic Elements of Dimension – Blue Print Reading (wisc-online.com)
6. Blue Print Reading Tolerance Block (wisc-online.com)
7. Precision Measurement for Machinists Series: Basic Print Reading Parts 1-4 (D2L LOR)
8. Quiz: Module 1 – Print Reading
9. TYK: Module 1 – Perspective Print Reading for Inspection

YouTube Video: 
1. Print Reading Perspective for Inspection (Screencast of prints and how they apply to inspection)

Activities:
1. Complete readings and watch videos in 
Module 1 – Basic Print Reading
2. Participate in F2F lecture on Print Reading and how it applies to inspection. Important topics to include in the discussion include:
· Section views and details
· Title block
· Materials list
· Notes
· Revisions and changes to the drawing
3. Participate in lab activities that include demonstration and hands-on activities relating to referencing a print for inspection
4. Complete Quiz: Module 1 – Print Reading
5. Complete TYK: Module 1 – Perspective Print Reading for Inspection
6. Students complete online activities associated with Module 1 – Print Reading
	Lab Hands-On:
Using a print, students will answer a series of questions related to referencing a print in inspection
	Quiz: Module 1 – Print Reading

TYK: Module 1 – Perspective Print

Lab activity rubric
(In development)

	1. Print Reading Perspective for Inspection
https://www.youtube.
com/watch?v=y58NXaIRe3w

2. Basic Blue Print Reading (Slideshare)

3. Blue Print Reading Symbols (wisc-online.com)

4. Blue Print Reading Lines (wisc-online.com)

5. Basic Elements of Dimension – Blue Print Reading (wisc-online.com)

6. Blue Print Reading Tolerance Block (wisc-online.com)

7. TYK: Module 1 - Perspective Print Reading for Inspection

8. Quiz: Module 1 - Print Reading



	Module 2

The Steel Rule

(.5 Week)
	II. Use common 
measuring tools found in manufacturing. 

VI. Verify accuracy of machined parts.

Objective:
Students will learn how to use, care for and maintain the steel rule in manufacturing and inspection.
	Required Reading:

Recommended Reading:

Content:
1. Types of Steel Rules (wisc-online.com)
2. Everyone Knows How to Read a Steel Rule, Right? (wisc-online.com)
3. Steel Rules Test (wisc-online.com)
4. TYK: Module 2 - Measurement with a Steel Rule
5. Quiz: Module 2 – The Scale and the Playing Card
6. Measuring Data Log

YouTube Videos:
1. Adding and Subtracting Fractions
2. Common Denominator
3. Least Common Denominator
4. How to Read a Machinist’s Scale
5. How to Read a Steel Rule                                                  

Activities:
1. Complete readings and watch videos in Module 2 – Reading a Scale
2. Participate in F2F lecture on Reading an Scale and how it applies to inspection. Important topics to include in the discussion include:
· Types of steel rules
· The combination square
· The protractor
· Math calculations in relationship to inspection
· Care and maintenance of equipment
3. Participate in lab activities that include demonstration and hands-on activities relating to measuring, math and inspection
4. Complete the Measurement Data Log
5. Complete Quiz: Module 2 – The Scale and the Playing Card
6. Complete TYK: Module 2 – Reading a Scale
7. Students complete online activities associated with Module 2 – Reading a Scale
	Lab  Hands-On
Students will accurately measure various parts using the appropriate tool, including a machinist’s scale, protractor, and combination square
	TYK: Module 2 - Measurement with a Steel Rule

Quiz: Module 2 – The Scale and the Playing Card

Measurement Data Log
Assessment tool used to determine accuracy in measuring according to the tools that have been selected
(In development)


	1. TYK: Module 2 - Measurement with a Steel Rule

2. Quiz: Module 2 – The Scale and the Playing Card 

3. Types of Steel Rules (wisc-online.com)

4. Everyone Knows How to Read a Steel Rule, Right? (wisc-online.com)

5. Steel Rules Test (wisc-online.com)


	Module 3

Calipers and Vernier Measuring Tools
	II. Use common 
measuring tools found in manufacturing. 

IV. Perform calibration activities on various measuring instruments.

VI. Verify accuracy of machined parts.

Objectives:
Students will learn how to use Vernier measuring tools. 

	Required Reading:

Recommended Reading:

Content:
1. How to Read a Venier Caliper (wisc-online.com)
2. The Dial Caliper Presentation (PDF)
3. How to Read a Dial Caliper (wisc-online.com)
4. Parts of the Venier Caliper (stefanelli.eng.br)
5. Quiz: Module 3 – Calipers
6. TYK: Module 3 – Label the Venier Caliper
7. TYK: Module 3 – Reading the Dial and Venier Caliper

YouTube Video:
1. How to Read a Venier Caliper


Activities:
8. Complete readings and watch videos in Module 3 – Calipers and Venier Measuring Tools
9. Participate in F2F lecture on calipers and venier measuring tools and how each applies to inspection. Important topics to include in the discussion include:
· Types of calipers – inch and metric
· Dial caliper
· Venier caliper – inside and outside
· Height gauge
· Measurement and tolerance according to a print
· Techniques for inspection
· Care and maintenance of calipers
10. Participate in lab activities that include demonstration and hands-on activities relating to using the proper tool to accurately measure parts. 
11. Complete the Measurement Data Log
12. Complete Quiz: Module 3 – Calipers
13. Complete TYK: Module 3 – Label the Venier Caliper
14. Complete TYK: Module 3 – Reading the Dial and Venier Caliper
15. Students complete online activities associated with Module 3
	Lab Demonstration
How to calibrate and use calipers and Venier calipers

Lab Hands-On
Using a bakery hard roll, students will use calipers and Venier measuring tools to try to get a accurate measurements of an object, that isn’t a solid, in order to develop techniques for measuring different surfaces. 

Using a print and part made by students in MAC 105 or one that was contributed from an industry partner * – students will determine what tools are needed to accurately measure part. They will document their measurements. They will use the scale, protractor, dial and venier calipers. 

*The parts may vary depending on what is available. They include parts made by MAC 105 students, parts that were produced specifically for purposes of this course, as well as parts that have been donated from industry partners.

	Quiz: Module 3 – Calipers

TYK: Module 3 – Label the Venier Caliper

TYK: Module 3 – Reading the Dial and Venier Caliper

Measurement Data Log

Discussion:
Why is it important to realize that the part that is being measured is solid or soft? How does that change inspection techniques? How does part being measured impact the accuracy of measurement?   
	1. Quiz: Module 3 – Calipers

2. TYK: Module 3 – Label the Venier Caliper

3. TYK: Module 3 – Reading the Dial and Venier Caliper

4. How to Read a Venier Caliper (wisc-online.com)

5. The Dial Caliper (PDF)

6. How to Read a Dial Caliper (wisc-online.com)

7. Parts of the Venier Caliper (stefanelli.eng.br)



	Module 4

The Micrometer
	II. Use common 
measuring tools found in manufacturing. 

V. Collect and record data for SPC documentation.

VI. Verify accuracy of machined parts.

Objective:
Students will learn how to use the micrometer caliper for inspection. 

	Required Reading:
1. Reading a Micrometer
2. Gage Block Handbook – Part 1
3. Gage Block Handbook – Part 2

Recommended Reading:
Gage Block Handbook

Content:
1. Reading the Micrometer by PCC John Smith
2. Gage Block Handbook
3. Quiz: Module 4 – Reading a Micrometer
4. TYK: Module 4 – Reading the Inch Micrometer with a Venier Scale


YouTube Videos:
1. Calibrating and Measuring with an Inch Micrometer
2. Reading a Metric Micrometer
3. How to Use a Depth Micrometer
4. How to Build a Stack of Gage Blocks

Activities:
1. Complete readings and watch videos in Module 4 – The Micrometer
2. Participate in F2F lecture on micrometers and how each applies to inspection. Important topics to include in the discussion include:
· Types and uses of micrometers – inch based and inside micrometer
· Micrometer depth gage
· Calibrating a micrometer
· Reading a micrometer
· Measurement and tolerance according to a print
· Techniques for inspection
· Care and maintenance of micrometers
· Cosine error on dial test indicator
3. Participate in lab activities that include demonstration and hands-on activities relating to using the proper tool to accurately measure parts.
4. Complete the Measurement Data Log and submit to Dropbox
5. Complete Quiz: Module 4 – Reading a Micrometer 
6. Complete TYK: Module 4 – Reading the Inch and Venier Micrometer
7. Students complete online activities associated with Module 4
	Lab Demonstration
How to calibrate and read an inch and Venier micrometer

Use and care of gage blocks and how they are used in calibration

Hands-On
Using a print and part made by students in MAC 105 or one that was contributed from an industry partner – students will determine what tools are needed to accurately measure part. They will document their measurements. They will expand their tool selection to include micrometers.

	1. Quiz: Module 4 – Reading a Micrometer

2. TYK: Module 4 – Reading the Inch and Venier Micrometer

3. Measurement Data Log

4. Insert Discussion Topic – possible topic

Insert a photo of a part into the discussion and have students identify the various tools they would use to inspect part, and why they decided on the tools.
	1. Quiz: Module 4 – Reading a Micrometer

2. TYK: Module 4 – Reading the Inch Micrometer with a Venier Scale

3. Reading the Micrometer by PCC John Smith (PDF)

	Module 5

Indicators
	II. Use common measuring tools found in manufacturing. 

IV. Perform calibration activities on various measuring instruments. 

VI. Verify accuracy of machined parts.

Objective:
Students will learn about the use of indicators. 
	Required Reading:
Dial Indicator – Wikipedia Article

Recommended Reading:

Content:
1. Indicators with images (Ladell Humphries)
2. Dial Indicator Simulator (stefanelli.eng.br)
3. Using the Indicator (wisc-online.com)
4. Quiz: Module 5 – Indicators
5. TYK: Module 5 – The Indicator Parts and Readings

YouTube Videos:
1. Reading and Using a Dial Indicator
2. Dial Indicator Concepts: VIR, Validity Rule and TPS
3. Tool Talk: Magical Test Indicator
4. Plunge Dial Indicator

Activities:
1. Complete readings and watch videos in Module 5 – Indicators
2. Participate in F2F lecture on indicators and how each applies to inspection. Important topics to include in the discussion include:
· Types and uses of indicators – dial, plunger
· Functions and features of each indicator
· Calibrating an indicator
· Reading an indicator
· Cosine error on dial test indicator
· Measurement and tolerance according to a print
· Techniques for inspection
· Care and maintenance of indicators
3. Participate in lab activities that include demonstration and hands-on activities relating to using the proper tool to accurately measure parts.
4. Complete the Measurement Data Log and submit to Dropbox
5. Complete Quiz: Module 5 – Indicators
6. Complete TYK: Module 5 – Indicator Parts and Readings
7. Complete the Measurement Data Log and submit to Dropbox
8. Students complete online activities associated with Module 5
	Lab Demonstration
Show students how to read and use dial and plunge indicators

Lab Hands-On
Using a print and part made by students in MAC 105 or one that was contributed from an industry partner  – students will determine what tools are needed to accurately measure part. They will document their measurements. Students will expand their tool selection to include calipers, micrometers, and indicators.


	1. Quiz: Module 5 – Indicators

2. TYK: Module 5 – The Indicator Parts and Readings

3. Measurement Data Log

4. Insert Discussion Topic
 – Possible topic:

Reuse the photo of the part that was used in Module 4. Have students determine if they would use the same tools or expand their selection to include indicators, and why.
	1. Dial Indicator Simulator (stefanelli.eng.br)
2. Using the Indicator (wisc-online.com)
3. Quiz: Module 5 – Indicators
4. TYK: Module 5 – The Indicator Parts and Readings


	Module 6

Gauges

This module is divided into 2 parts

Part 1:

Trigonometry and Measuring Angles

Using the Sine Bar and Gage Blocks

Part 2:

Surface Plates

Optical Comparator

Inspection Sheet

Field trip to Kurt Mfg to visit with inspectors - Includes a discussion
	II. Use common measuring tools found in manufacturing. 

III. Operate a coordinate-measuring machine. 

IV. Perform calibration activities on various measuring instruments. 

VI. Verify accuracy of machined parts.

Objective:
Students will learn to use various gauges to perform precision measurements. 

	Required Reading:

Recommended Reading:
The Gage Block Handbook  (PDF)

Content for Gages Part 1:
1. Right Angle Trigonometry  - Assist to Work South Carolina (PDF)
2. Degrees: Measure of an Angle (Math Open Reference)
3. Label the Right Angle (wisc-online.com)
4. How a Sine Bar Works (wisc-online.com)
5. Angular Measurement Presentation (PDF)
6. Gage Block Sizes Chart (PDF)
7. Precision Measurement for Machinists Series: Gage Blocks Part 3
8. GD&T Concentricity Definition (eMachineShop website)
9. Concentricity (Coban Engineering website)
10. Quiz: Module 6 – Gages
11. TYK: Module 6 – Sine Bar and Gage Blocks: Stacking Um Up

YouTube Videos for Gages Part 1:
1. The Right Angle: Trigonometric Ratios
2. Basic Trigonometry
3. Inspecting Angularity Using the Dial Indicator and the Sine Bar
4. Inspection of Concentricity

Activities for Gages Part 1:
1. Complete readings and watch videos in Module 6 – Part 1 Gages
2. Participate in F2F lecture on types of gages, and how each applies to inspection. Important topics to include in the discussion include:
· Five specific gages: Gage blocks, optical comparator, profilometer, surface plate, and the CMM
· Briefly highlight on telescoping and air gages
· Using the sine bar to set up the angle
· Using right angle trig to calculate gage block height 
· Measurement and tolerance according to a print
· Techniques for inspection
· Care and maintenance of tools 
3. Participate in lab activities that include demonstration and hands-on activities relating to using the proper tool to accurately measure parts.
4. Complete the Measurement Data Log and submit to Dropbox
5. Complete Quiz: Module 6 Part 1 – Gages 
6. Complete TYK: Module 6 Part 1 – Sine Bar and Gage Blocks: Stacking Um Up
1. Complete online activities associated with Module 6 Part 1

Content for Gages Part 2:
1. Precision Measurement for Machinists: Open Setup Inspection – Part 2 (D2L LOR)
2. Precision Measurement for Machinists: Measuring Surface Finish – Surface Plates Part 4 (D2L LOR)
3. Surfacing Textures and Machining Symbols Presentation (PDF)
4. Precision Measurement for Machinists: Analog and Dialog Profilometers – Part 4 (D2L LOR)
5. Precision Measurement for Machinists: Measuring Surface Finish – Go No Go Part 5 (D2L LOR)
6. Precision Measurement for Machinists: Optical Comparators – Part 3 (D2L LOR)
7. Quadra-Chek 200 Optical Comparator User Interface Guide – Parts 1-3 (PDF)
8. Why Air Gages Still Matter
9. Inspection Sheet Assignment Instructions (PDF)
10. Eaton Inspection Sheet Standards and Example (PDF)
11. QUALTEK Inspection Sheet Example (PDF)
12. Dawson Visual Inspection Sheet and Rubric (PDF)
13. Inspection Process Control Plan Examples (PDF)
14. Inspection Field Trip Discussion

Activities for Gages Part 2:
1. Complete readings and watch videos in Module 6 – Part 2 
Topics include: Surface Plates, Profilometer, Go No Go Gages and the Optical Comparator
2. Participate in F2F lecture on features, and functions, and how each applies to measuring finishes in inspection. Important topics to include in the discussion include:
· Overview of surface plates
· Calibrating a surface plate
· Profilometer and how to use it
· Go No Go gages and how to
use it
· Optical comparator, setting it up and using it
· Measurement and tolerance according to a print
· Techniques for inspection
· Care and maintenance of equipment
3. Participate in lab activities that include demonstration and hands-on activities relating to using the proper tool to accurately measure parts.
4. Complete the Measurement Data Log and submit to Dropbox
5. Complete Assignment: Module 6 Part 2 – Create an Inspection Sheet
6. Complete Discussion: Module 6 Part 2 – Site Visit Follow Up
7. Complete online activities associated with Module 6 Part 2
	Lab Demonstration – Gages Part 1
Show students how to use trigonometry and the sine bar to determine the size of a gage block stack to achieve desired angle.

Lab Hands-On Part 1
Students will use the sine bar to calculate the angular measurement of objects.

Then, using a print and part made by students in MAC 105 or one that was contributed from an industry partner – students will determine what tools are needed to accurately measure part. They will document their measurements. Students will expand their tool selection to include calipers, micrometers, and indicators.

Lab Demonstration – Gages Part 2

Students will experiment with surface plates, profilometers, go no go gages, and the optical comparator by using the tools to measure parts.
	Assessment for Part 1:

Quiz: Module 6 – Gages 
Determine the size of the entire stack of gages using the 5” and 10” sine bar

TYK: Module 6 – Sine Bar and Gage Blocks: Stacking Um Up
Select the fewest number of gage blocks to build a stack (the values were the same values students calculated in Quiz: Module 6)

Sine bar calculation sheet
(In development)

Measurement Data Log


Assessment for Part 2:

Assignment: Module 6 Part 2 – Create an Inspection Sheet

Discussion: Module 6 Part 2 – Inspection Field Trip Follow Up

Measuring Data Log
	1. Right Angle Trigonometry - Assist to Work South Carolina (PDF)

2. Label the Right Angle (wisc-online.com)

3. How a Sine Bar Works (wisc-online.com)

4. Quiz: Module 6 – Gages

5. TYK: Module 6 – Sine Bar and Gage

6. Assignment: Module 6 Part 2 – Create an Inspection Sheet 

7. Discussion: Module 6 Part 2 – Site Visit Follow Up



	Module 7

Industry Standards
	V. Collect and record data for SPC documentation. 

VII. List ISO standards and requirements. 

VIII. Interpret and report measurement data on databases.

IX. Describe other quality standards required in manufacturing.

Objective:
Students will learn to use industry standards to identify and verify various compliance measures. Student will also learn about and create process sheets for inspection and measurement documentation.

	Required Reading:

Recommended Reading:
Machinery Handbook 

Content:
1. What is ISO9000 Standards? (PDF)
2. EverySpec (website)
3. Inspection Handbook (Link to Google Books)

YouTube Videos:
1. The Cost of Poor Quality
2. ISO9000 and Quality Management
3. What is ISO – International Organization for Standardization? 

Activities:
1. Complete readings and watch videos in Module 7 
2. Participate in F2F lecture on the importance of standards are extremely important to a manufactured part. Important topics to include in the discussion are:
· Functions and efforts of industrial standards 
· Specifications and standards and how they apply to prints
· Adhering to standards
· Researching and referencing standards
3. Participate in lab activities that include demonstration and hands-on activities relating to using the proper tool to accurately measure parts.
4. Complete the Measurement Data Log and submit to Dropbox.
5. Complete Discussion: Module 7 – Applying Standards to a Print
6. Complete online activities associated with Module 7

Online Activities:
YouTube videos – ANSI standards, ISO 9001, adherence 
Test Your Knowledge  - 
Quiz – Standards and compliance measures
	Lab Demonstration
Using a print, show what each of the standards represents and discuss how a part can be affected by oversight and carelessness. Demonstrate how to use reference materials to find and utilize standards.

Lab Hands-On
Using a different print, have students research the standard and what it pertains to, what it means, and how to use the information in inspection.

	Discussion: Module 7 – Applying Standards to a Print
Students are given a print and are asked to respond to a series of questions that apply to standards and inspection.

Discussion Rubric

	1. Discussion: Module 7 – Applying Standards to a Print


	Module 8

Basic Reverse Engineering Concepts
	II. Use common measuring tools found in manufacturing.
 
Objective:
Students will learn about the basic reverse engineering concepts that are used in the manufacturing environment.

	Required Reading:

Recommended Reading:

Content:
1. What is Reverse Engineering? (PPT)
2. Reverse Engineering: A Valuable Service (HTML)
3. Reverse Engineering (HTML)

Activities:
7. Complete readings and watch videos in Module 8
8. Participate in F2F lecture on reverse engineering, its importance, and how it applies to measuring inspection. Important topics to include in the discussion include:
· What is reverse engineering?
· Where to begin?
· Consideration of various characteristics and parameters
· Measurement
· Verification
· Instrument selection
· Documenting measurements
· The importance of a sketch
· Techniques for inspection
9. Participate in lab activities that include demonstration and hands-on activities relating to using the proper tool to accurately measure parts.
10. Complete Assignment: Module 8 – Reverse Engineer a Part
11. Complete online activities associated with Module 8
	Lab Demonstration
Show how to create a new part by using tools and techniques to disassemble a single part

Lab Hands-On
Using a rotor from an impact gun (supplied by an industry partner), students will deconstruct the part, document their findings on their inspection sheet, and make a sketch of the part. Determine proper material and tolerances.
	Inspection Sheet
This is the sheet students created in Module 6 Part 2

Sketch of part
	

	Module 9

Quality Inspection & Process Improvement Techniques
	V. Collect and record data for SPC documentation. 

VII. List ISO standards and requirements. 

IX. Describe other quality standards required in manufacturing.

Objective:
Students will learn about quality inspection techniques and process improvement with an emphasis on various types of measurements used to perform inspections, analysis of those inspections, and process improvement recommendations.
	Required Reading:

Recommended Reading:

Content:
1. Principles of Quality Management (PDF)
2. Quality Improvement (PPT from Metro State)

YouTube Videos:


Activities:
1. Complete readings and watch videos in Module 9
2. Participate in F2F lecture on the quality improvement process. Important topics to include in the discussion are:
· What is quality improvement and why does it matter?
· The impact QI has on a company
· Activities associated with QI
3. Continue working on reverse engineering project. If the student completes the project, he or she can measure various parts that are available in the lab.
4. Complete Discussion: Module 9 – 
Improving Quality is Everyone’s Responsibility
5. Complete online activities associated with Module 9
	Lab Hands-On
Students continue to work on this project in lab. 

Using a part (PCC used a rotor from an impact gun. The part was supplied by an industry partner), students will deconstruct the part, document all measurements and notes on the inspection sheet, and make a sketch of the part.

If students have completed this lab project, they are able to work in the lab. Several parts are have been created or contributed, allowing students to measure parts several different typemade available to them to measure using e measuring tools to inspect parts.

Using an a part (to be determined by instructor)

For example… 
	Inspection Sheet
Will be used for reverse engineering project or the students will use it to document other parts they’re inspecting in the lab.

Discussion: Improving Quality is Everyone’s Responsibility
Students will evaluate MAC 250 and provide an analysis of the course. What works, what doesn’t work, and what could be done to make it better.

Discussion Rubric
	1. Discussion: Module 9 - Improving Quality is Everyone’s Responsibility


	Module 10
Geometric measurement   
Definitions
   
This module is under construction – CMM was not functioning until recently

	I. Demonstrate hands on use of geometric dimensioning & tolerancing metrology methods. 

III. Operate a coordinate-measuring machine.
	1. Learn how GD&T applies to inspeciton
2. Operate the coordinate measuring machine 
3. CMM – set up parameters to create planes and specify datums 
4. Geometric measurement and tolerances
5. Tolerances & specifications
6. Measurement instruments
	Demonstrate how CMM is used in inspection to GD&T requirements

Part created by GD&T instructor with GD&T tolerances for inspection; students will measure parts with  

	



	http://what-when-how.com/metrology/geometric-dimensioning-and-tolerancing-metrology/




