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	CTE Concept(s):  Understanding Rotor Thickness Variation and Lateral Runout

	Math Concepts:  Ordering and Subtracting Decimals

	Lesson Objective:
	Students Determine When and How to Machine a Rotor

	Supplies Needed:
	Micrometer, Dial Indicator, Brake Rotor, Manufacturer’s Specification Guide, Brake Lathe


	The "7 Elements"
	Teacher Notes

(and answer key)

	1. Introduce the CTE lesson.  

We have already discussed how to diagnose brake problems.  If we  suspect problems with a brake rotor, then we need to measure the rotor to determine if it’s out of specification and/or if it’s able to be machined or needs to be replaced.

We would look up manufacturer’s specifications for rotor thickness for the vehicle we are working on.  Then we would measure our rotor in six different places on the circular surface of the rotor.  If we wanted to spread our measurement points equally around the rotor, and a circular rotor surface is 360 degrees, then can anyone tell me how far apart each measurement should be?

We use a micrometer to measure rotor thickness to the nearest thousandth of an inch, and we use a decimal format.  The first step is to look at the smallest of the six measurements, and make sure that this is greater than the minimum required thickness.  If the rotors pass this test, we must then determine how much to machine off of the rotor so that it is true.


	A.  We should measure every 60 degrees, because 360/6 = 60

	2. Assess students’ math awareness as it relates to the CTE lesson. 

Does anyone know how to write one thousandth as a decimal?
Can anyone tell me how to compare decimals - for example, which is greater:  0.4 or 0.39?  Any numbers that are to the RIGHT of a decimal point are smaller than one, and each place value further to the right of the decimal point is ten times less than the place value to its left.  Note the different place values on the place value chart at the top of the worksheet I am passing out.  To compare decimals, we compare the values in each place until we find two different digits in the same place value.  At that point, we can tell that the number with the higher digit in that place is the great number, even if the other number is longer.


	A.  0.001 

A. 0.4 is greater  

Pass out worksheet.

	3. Work through the math example embedded in the CTE lesson. 

Suppose the original thickness of a brake rotor is 1.27”.  The discard thickness (when the rotor is no longer usable) is 1.21”.  We have taken six measurements as follows:  1.223, 1.261, 1.238, 1.229, 1.26, and 1.251.  We need to put these in order from least to greatest, and see if the least value is acceptable and can be machined.  Can anyone put these numbers in order from least to greatest?

So the smallest value is 1.223.  Now we have to figure out how much needs to be machined from the rotor to make it true.  That amount will be the difference between the highest measurement and the lowest.  

     1.261 - 1.233 = ?

We need to line up the decimal points so we will be subtracting the correct digits from each other:

   1.261

·  1.233
   .028    

So we have .028 (twenty-eight thousandths) that needs to be machined from the rotor.  However, we do not want to machine more than five-thousandths at a time, in order to avoid what is called the “record effect”, which is grooves in the rotor.  How many times would we need to machine the rotor in order to meet this requirement?  

We will also be using a dial indicator to measure lateral runout.    Lateral runout is a term to describe the wobble of the brake rotor.  Maximum allowable lateral runout is usually between 0.10 and 0.13 mm.  If the dial indicator registers more than 0.13 mm at any point during on rotation of the rotor, the rotor must be discarded.

A good automotive tech will weigh the cost of machining the existing rotor against the cost of replacing the rotor.  It is also important to look at how close to minimum thickness the rotor would be after machining and how long it could be expected to last


	A.  1.223, 1.229, 1.238, 1.251, 1.26, 1.261

A.  Six cuts:  five cuts of five-thousandths, and one cut of three-thousandths.



	4. Work through related, contextual math-in-CTE examples.

You look at the right front brake and take the following measurements:  32.140 mm, 32.135 mm, 32.140 mm, 32.138 mm, 32.139 mm, 32.140 mm.  Lateral runout is 0.015 mm.  If the discard thickness is 30.700 mm and maximum lateral runout is 0.080 mm, what should you do?

A disc brake rotor has a diameter of 7.550” and a minimum allowable thickness of 0.468”. Your measurements from around the rotor are 0.463”, 0.462”, 0.460”, and 0.458”.  What would you recommend to the customer?


	A.  The largest measurement is 32.140 and the smallest is 32.135, with a difference of 0.005 mm.  The lateral runout is less than 0.080.  Therefore, you should machine 0.005 mm from the rotor.

A.  Each measurement is less than 0.468, so the rotor should be replaced.



	5. Work through traditional math examples.

Hand out worksheet AT12_Brake Rotors_WS1


	Assist students in answering questions.  Remind them to compare digits with the same place values to order numbers.  Remind them to line up decimal points when subtracting.

A helpful hint for remembering which symbol (< or >) to use is to tell students that the LESS THAN symbol points to the LEFT (both start with “L”).  

If students need more help, the following websites can offer additional instruction and practice:

www.khanacademy.org
www.math_drills.com


	6. Students demonstrate their understanding.

Students will set up the rotor to be machined, will take measurements, check manufacturer’s specifications for minimum thickness, compare their measurements to this value, and determine how much needs to be machined from the rotor or if it needs to be replaced.

	

	7. Formal assessment.

Students will machine the rotor so that it’s true again.


	


    NOTES:
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