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PATHWAY:  
Metals Technology
COURSE:  

Machining Operations I
UNIT 2: 

ACCT-MOI-2 Measuring Instruments
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Annotation: 
Students will explore the tools used for shop measurements. The unit will guide students on how to use, read, and care for measuring instruments through hands-on activities, while the importance of precision and accuracy when measuring is also emphasized through real-life scenarios and problem-solving.
Grade(s):  

	
	9th

	X
	10th

	X
	11th

	X
	12th


Time:  
20 Hours
Author: 
Dr. Chesley Chambers
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:
ACCT-MOI-2.
Students will measure with the following to specific tolerances. 
a) Measure work pieces with a 6 inch Standard rule. 
b) Measure work pieces with a 12 inch Standard rule. 

c) Measure work pieces 0-1” Micrometer. 

d) Measure work pieces with dial and vernier calipers. 

e) Use a dial indicator. 

 GPS Academic Standards:
MM2P1.

Students will solve problems (using the appropriate technology). 
a) Build new mathematical knowledge through problem solving. 

b) Solve problems that arise in mathematics and in other contexts. 

c) Apply and adapt a variety of appropriate strategies to solve problems. 

National / Local Standards / Industry / ISTE:

NCCER, NIMS, OSHA
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Enduring Understandings:

A thorough understanding of measuring instruments involves knowing when and how accurate particular measurements must be and how to use and care for measuring instruments. Knowing when and how significant such one unit of measurement error could be in shop measurement is vital for preventing negative, drastic impacts on a product’s outcome, a business’ financial state, and safety. Proper use and care, precision and accuracy go hand-in-hand with measuring instruments for shop measurement.
Essential Questions: 
· How accurate should a measurement be?

· Why is knowing the consequence of an imprecise measurement so vital for shop measurement? 
· When and why would being off by 0.001 inch be critical?

· Why is a thorough understanding of how to use micrometers important for shop measurement?
· How does the saying “just a hair off” relate to shop measurement?
· Why would the same part measure differently from day to day? 

· If you could choose only one measuring tool, what would it be and why?
· Why would somebody let a part leave the shop knowing the measurement is off?
Knowledge from this Unit:  
Students will be able to: 
· Determine which measuring device is most suitable to use for various parts.

· Explain how a fractional inch is broken down on a ruler.

· Describe how to read a fractional ruler to nearest 1/32”.
· Know the parts of a micrometer.

· Know how to read the measurements on a micrometer, caliper, and indicator.

Skills from this Unit:  
Students will:
· Measure to the nearest 1/32” with a ruler.
· Measure parts with a micrometer.
· Measure parts with caliper.
· Check the calibration of a caliper.

· Use a dial indicator.
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Assessment Method Type: 
	
	Pre-test

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

	
	_x_ Quizzes/Tests

_x_ Unit test

	
	Group project

	x
	Individual project

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

	
	__ 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  

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

_x_ Peer editing and/or critiquing

	x
	Dialogue and Discussion

	
	__ Student/teacher conferences
__ Partner and small group discussions

_x_ Whole group discussions
__ 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: 
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•
LESSON 1: STANDARD RULE 

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

ACCT-MOI-2.
Students will measure with the following to specific tolerances. 
a) Measure work pieces with a 6 inch Standard rule. 
b) Measure work pieces with a 12 inch Standard rule. 

c) Measure work pieces 0-1” Micrometer. 

d) Measure work pieces with dial and vernier calipers. 

e) Use a dial indicator. 

2. Review Essential Questions. Post Essential Questions in the classroom. 
· How accurate should a measurement be?

· Why is knowing the consequence of an imprecise measurement so vital for shop measurement?
3. Identify and review the unit vocabulary. Terms may be posted on word wall.

	Dial indicator
	Micrometer
	Vernier caliper

	Steel rule
	Digital caliper
	Dial caliper


4. Explain and discuss the following information to introduce the concept of when one unit of measurement can be very important: 
· When measuring things, how important is just one unit?  
· At 212 degrees Fahrenheit water boils.  That steam can be captured and used to power an electric turbine that produces the power in your house.  This would not happen at 211 degrees F.  

· One point may not a big deal depending on where it lies on a particular scale.  A course grade of 94 versus 95 is not too significant.  
· What if that one point is at 70 versus 69?  That 1 point is the difference between passing and failing. 
· When using shop measurements it is critical to know when and how accurate a measurement must be.  Just one wrong measurement could, for example, bankrupt a company. 
5. Next, present the following scenario for students to apply the above information to shop measurement:

As a business owner, is making money important?  Yes it is.  Suppose you own a construction company and you have 10 employees.  You are building a $125,000 house for a customer.  You should profit about $18,000 from this job.  Your workers have dug the foundation, poured the footer, laid the block footing, and started to deck the floor.  The homeowners visit the site and then angrily call you.  They noticed that the foundation was not square, claiming it be obviously done wrong.  When you arrive to meet the angry homeowners, you also see why they are angry.  
Someone did not measure properly and the other someone did not check before they built on the footing.  The footing wall and footer must be torn down and rebuilt correctly.  It takes a week to repair this measurement mistake.  You had to pay $8,000 in labor for the 5 days.  Material cost is $10,000.  Time delay cost $8,000.  Just because somebody did not measure correctly, you lost a total of $8,000 on this job.  You would have been better of to give the homeowners $8,000 and never started the job.

6. Review how to read an inch-based ruler.  A good way to illustrate the fractions to students is to have them make a paper ruler. Distribute the Making a Paper Ruler Handout to provide students with instructions.  
7. Instructor’s Note: Ahead of time, draw some lines with hash marks on the ends of a sheet of copy paper, and make copies for each student to have as a worksheet. They will measure the lines to practice using a ruler and write the length of each line on the worksheet to turn in; the answer key needs to be one of the copies made because the lengths of the lines tend to change when they are copied.
8. Have students practice using a six-inch and 12-inch ruler by instructing them to complete the worksheet created above.   
9. Summary: Ask students the following questions for discussion:
· What would you do in the builder’s situation from the scenario we discussed at the beginning of this unit?
· Would you fire the person who made the mistake in measurements?
· What could you do to prevent this from happening again?
· What is the consequence of making an error off by 1/16th of an inch?
•
LESSON 2:  USING & READING MICROMETERS 

1. Review Essential Questions. Post Essential Questions in the classroom.
· When would being off by .001 inch be critical?

· Why is a thorough understanding of how to use micrometers so important for shop measurement?
2. Introduce the lesson with the presenting the following scenario to students: 


You are only as accurate as the tools you measure with.  You buy a new hunting rifle with a 300-yard scope on it.  Your shooting rang is only 50 yards long.  The bullet is off by 2 inches at 50 yards.  At 300 yards you couldn’t hit the side of a barn.  When measurements need to be accurate within .0005, the micrometer would be the measuring tool to use.  Remember to calibrate the tool.    
3. Review the parts, care, and reading of an inch micrometer. A simple way of reading the micrometer is thinking of the units as “dollar, quarter, penny,” which translate to the following on the micrometer:

· Dollar = 0-9 graduations; for a micrometer reading, this will be 0 or 0.100-0.900.
· Quarter = 0.025 graduations; for a reading, this will be 0.000, 0.025, 0.050, 0.075.
· Penny = the thimble graduations; for a reading, this will be 0.000, 0.001-0.024.
4. Write the above information on the board so students can better visualize the graduations’ meanings on the micrometer, and distribute the Introduction to Micrometers Worksheet. This is a quick worksheet so that students can apply the information written on the board to numerical units on the micrometer. Students may need assistance, and the worksheet can be done together as a class.
5. Have students practice measuring various objects using a micrometer. Examples of objects they can measure include the thickness of a dollar bill, the thickness and diameter of coins, nuts and bolts, etc.

6. Summary: Present the following situation and ask students the discussion questions that follow:

· You pay somebody to sight in the scope on your hunting rifle.  You expect it to be on the bull’s eye.  
· What if it is off?  
· What if you measure a part and your measurement is off?

•
LESSON 3: CALIPERS

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

· What is meant by the saying “just a hair off” and what does it mean for shop measurements?
· If you could choose only 1 measuring tool, what would it be and why?
2. Introduce the lesson by presenting the following scenario and questions for class discussion:

If you were stranded on an island and could only have three items, what would they be?  The answer could depend on where the island is located and what time of year it is.  How did you get stranded?  You were stranded because you were “just a hair off” on your fuel calculations so you had to make an emergency air plane landing on the island.


3. Show students a caliper and explain their importance for shop measurement—they are a must-have when doing machine shop measurements because of their versatility of measurement types (explained in further detail below). Stress that they can be knocked out of calibration easily if dropped on the floor, and demonstrate how to check the calibration of a caliper to ensure accuracy. 
4. Introduce students to reading a vernier and a dial caliper; point out the jaws of a caliper and stress that the jaws must be square for accurate measurements (i.e., jaws must meet the caliper at 90-degree angles). Note to students that the dial caliper is the most commonly used caliper and has a vernier scale for .100 measurements and a dial for .001-.099 measurements. 

5. Explain and show to students the four areas that most calipers are designed to measure with: between the jaws for outside measurements, the back of jaws for inside measurements, the opposite sides of jaws for depth measurements, and the end slide rod for depth measurements. Demonstrate using these areas of the caliper by obtaining the following measurements of an item(s) in the classroom:
· Inside diameter, 
· Outside diameter, 
· Inside lengths, 
· Outside lengths, 
· Depths, etc.

6. Activity: Pick out items around the classroom/lab that students can measure with a caliper. Instruct students to obtain inside and outside measurements of the chosen items using the caliper, and have them check each other’s measurements. 
7. Summary: Review the importance of calipers and thus the importance of using proper care when and not handling. Remind students to check the calibration before each use, since that is a huge determining factor of accurate measurements—being “just a hair off” can result in the wrong outcome. 
•
LESSON 4: INDICATORS

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

· Why would the same part measure differently from day to day? 

· Why would someone allow a part to leave the shop knowing the measurement is off?
2. Introduce the lesson by describing the purpose of indicators—to give information. Many times they are used to notify whether a specified tolerance is being met during a machine’s use. There are many indicators in automobiles, such as the low fuel light, engine overheating, and the maintenance-required indicator. Dial indicators are used to trim a mill vise in, check for the lathe part center, and many other things. 
3. Show students the various types of indicators used in machine shops: dial indicator, best-test indicator, magnetic base indicator, and depth indicator.

4. Demonstrate how to use a dial indicator to trim in a milling machine vise.

5. Demonstrate how to use a best-test indicator to trim in a milling machine head.

6. Demonstrate using an indicator to align a part in the lathe.

7. Demonstrate using an indicator to measure length on a lathe part.

8. Activity:  Have students perform the following tasks:

· Trim in a milling machine vise within 0.001.

· Trim a milling machine head within 0.001.

· True a part in a four-jaw lathe chuck. 
9. Summary: Ask students when trimming a milling machine vise, if it is off by .002 inches, how will it affect a part that is 36 inches long?  It will be at least .016 inches off over the 36 inches of length; although it may not matter on some things, in precision machining it would kill the part.

•
ATTACHMENTS FOR LESSON PLANS:
Making a Paper Ruler Handout
Introduction to Micrometers Worksheet

•
NOTES & REFLECTION: 


Additional note on assessments: Instructors are encouraged to develop a unit/post test to assess students’ knowledge gained from the entire unit. If time and equipment availability allow, give students an exam at the end of Lesson 4. Because content of any quiz and/or test that assesses students’ knowledge of measuring instruments depends on equipment availability, there are no attachments for assessments with this unit plan. However, instructors are encouraged to have students measure ten or so items with the available equipment in the classroom.   

Teaching how to use the indicators and micrometer is challenging. Many times the students do not understand the importance of accurate measurements. The indicators and micrometers are easily damaged, and students can unknowingly over-tighten and disassemble the micrometer. When this happens, students will sometimes hide it and get another one to use. Stress the importance of care for the precision tools, and practice close supervision while students are handling them.      
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Culminating Unit Performance Task Title: 
Measurement Activity: Drawing a Neighborhood 
Culminating Unit Performance Task Description/Directions/Differentiated Instruction: 
Students will follow directions and guidelines provided on the Neighborhood Measurement Activity Handout to draw a neighborhood with streets, houses, and city buildings. Students must create these objects while adhering to specific measurement requirements as listed on the handout for each.
Attachments for Culminating Performance Task: 
Neighborhood Measurement Activity Handout
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Web Resources:
Micrometer Animation: http://www.technologystudent.com/equip1/microm1.htm
Video: www.youtube.com/watch?v=oHqaLMEHlnE
Dial Indicator: http://www.mini-lathe.com/Measurement/Dial_indicators/Dial_indicators.htm

Vernier Caliper: http://visual.merriam-webster.com/science/measuring-devices/measure-thickness/vernier-caliper.php 
Video: www.youtube.com/watch?v=Vz40xmrdhyY 
Dial Caliper Video: www.youtube.com/watch?v=28qOM0uG7h0
Materials & Equipment: 
· Rulers
· Micrometers
· Dial calipers
· Indicators
· Colored pencils
· Alison Burkhalter, Floyd County Schools College & Career Academy – Neighborhood Measurement Activity Handout 
· Machine Trades Print Reading. Copyright 1993. Michael A. Barsamian & Richard A. Gizelbach.  The Goodheart-Willcox Company, INC.   ISBN 0-87006-992-6

· Machining Fundamentals. Copyright 2004. John R. Walker. The Goodheart-Willcox Company, INC.  ISBN 1-59070-249-2

· Machining Fundamentals Workbook. Copyright 2004. John R. Walker.  The Goodheart-Willcox Company, INC.  ISBN 1-59070-250-6

· Modern Metalworking. Copyright 2004. John R. Walker.  The Goodheart-Willcox Company, INC.  ISBN 1-59070-224-7

· Modern Metalworking Workbook. Copyright 2004. John R. Walker.  The Goodheart-Willcox Company, INC.  ISBN 1-59070-225-5

21st Century Technology Used: 
	
	Slide Show Software
	
	Graphing Software
	
	Audio File(s)

	
	Interactive Whiteboard
	x
	Calculator
	
	Graphic Organizer

	
	Student Response System
	
	Desktop Publishing 
	
	Image File(s)

	
	Web Design Software
	
	Blog
	x
	Video

	
	Animation Software
	
	Wiki
	
	Electronic Game or Puzzle Maker

	
	Email
	
	Website
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