Instructor Notes Brake Drums #2
Lesson Objective:  Students will demonstrate a working knowledge of solving inequalities for specified variables using measurements and tolerances and its application in automotive technology. Students will also gain recognizing it in other contexts.

Important terminology:

Brake Inspection Criteria -
Brake drums or brake discs (rotors) are worn or scored to the extent that their remachining would result in a failure to meet manufacturer’s specifications. Use the specification stamped on the rotor or drum if available

Maximum diameter of brake drum (D) – This is the listed diameter on the drum or in the manual specifications. If the drum is machined to a diameter greater than this value, it must be discarded. This is also called the Discard value.

Measured diameter of the drum (m) – the diameter of the brake drum measured using a brake drum gauge.

Cut measurement (c) – the thickness of cut required to remove any score marks in the brake drum.

Inequality – a relationship between two values. “10 < 12” reads “ten is less than twelve”. The symbol “<” is the “less than” sign. Other inequality signs include ≤, >, and ≥.
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Variables required to determine if the drum should be discarded:

	maximum diameter or discard value, D
	measured diameter, m
	cut measurement, c

Formula

	m + 2c < D		If the inequality is true, the brake drum is ok.
				If the inequality is false, the brake drum must be discarded.

Introduction

Discuss the brake drum, what it does, and how it wears. Demonstrate how to measure the brake drum using and English and metric micrometer. Discuss why the brake drum has specifications and what will occur if the brake drum is worn or machined to a diameter greater than the specification.

Discuss basic inequalities and the following properties of inequalities:

	If 	a < b		then		a + c < b + c

Example 1:
		2 < 4		then		2 + 1 < 4 + 1
		true!			       	      3 < 5        still true!
------------------------------------------------------------------------------------------------------------------

	If 	a < b		then		a – c < b – c

Example 2:

		2 < 4		then	          2 – 5 < 4 – 5
		true!			               -3 < -1     still true!
						**draw a number line if needed**
------------------------------------------------------------------------------------------------------------------

	If 	a < b		then		a ∙ c < b ∙ c		if c > 0

Examples 3:

		2 < 4		then		2 ∙ 3 < 4 ∙ 3
		true!			       	     6 < 12       still true!     Because 3 is positive
------------------------------------------------------------------------------------------------------------------

	If 	a < b		then		a ∙ c > b ∙ c		if c < 0
						   flip sign
Examples 4:

		2 < 4		then	          2 ∙ (-3) < 4 ∙ (-3)
		true!			                  -6 > -12       true! 
						**must flip sign because -3 is negative **
						**draw a number line if needed**
------------------------------------------------------------------------------------------------------------------


	If 	a < b		then		a ÷ c < b ÷ c		if c > 0

Examples 5:

		6 < 12		then	          6 ÷ (3) < 12 ÷ (3)
		true!			                     2 < 4       still true!    because 3 is positive

------------------------------------------------------------------------------------------------------------------

	If 	a < b		then		a ÷ c > b ÷ c		if c < 0
						   flip sign
Examples 6:

		6 < 12		then	          6 ÷ (-3) < 12 ÷ (-3)
		true!			                   -2 > -4       still true!
				 		**must flip sign because -3 is negative **
						**draw a number line if needed**


General Rules for Solving Inequalities
Follow the same rules you would if you were solving an equation until you get to the last step
Example: 3x + 10 > 25

1) Combine any like terms on each side of the equation/inequality

2) Locate the term with the variable (in this example, the 3x)

3) Get the variable term by itself by “doing the opposite math” to both sides of the equation (the 10 is being ADDED to the 3x, so you will SUBTRACT 10 from both sides)
3x +10>25
      -10  -10
3x>15

4) **Finally get the variable by itself by dividing both sides of the equation by the number in front of the variable
3x>15
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x>5
The solution is ALL numbers greater than 5

**If the number in front of the variable is a NEGATIVE number, SWITCH the direction of the inequality sign			
-4x < 20
-4     -4
x < -5   
Inequality sign switched direction because we divided by a negative number


Discuss the governing brake drum equation and work through the following brake drum examples:

Example 7:

The maximum diameter of a brake drum is listed as 12.030 inches.  The drum measures 11.990 inches.  What size cut can be made before the drum must be discarded?                            
Substitute in the number values for the variables

Subtract 10.990 from both sides
Divide both sides by 2

The inequality symbol DOES NOT switch direction

            m + 2c < D
    10.990 + 2c < 11.040			
-   10.990           -10.990			
                        2c < 0.040
                         2          2
   
                    c < 0.025 inches

Any cut less than 0.025 inches would be acceptable.

Example 8:

The maximum diameter of a brake drum is listed 12.095 inches.  The drum measures 12.072 inches.  What size cut can be made before the drum must be discarded?                                      
Substitute in the number values for the variables

Subtract 12.072 from both sides
Divide both sides by 2

The inequality symbol DOES NOT switch direction


            m + 2c < D
    12.072 + 2c < 12.095
  - 12.072            -12.072
               2c < 0.023
                2        2
                 c < 0.0115 inches

Any cut less than 0.0115 inches would be acceptable.



Try it 1:

The maximum diameter of a brake drum is listed 10.084 inches.  The drum measures 10.030 inches.  What size cut can be made before the drum must be discarded?                                      
Substitute in the number values for the variables

Subtract 10.003 from both sides
Divide both sides by 2

The inequality symbol DOES NOT switch direction


            m + 2c < D	
    10.030 + 2c < 10.084
  - 10.030            -10.030
               2c < 0.054
                2        2
                 c < 0.027 inches

Any cut less than 0.027 inches would be acceptable.



Try it 2:

The maximum diameter of a brake drum is listed 205.01 mm.  The drum measures 203.6 mm.  What size cut can be made before the drum must be discarded?                                      
Substitute in the number values for the variables

Subtract 204.6  from both sides
Divide both sides by 2

The inequality symbol DOES NOT switch direction


            m + 2c < D
      204.6 + 2c < 206.01
     -204.6           -204.6
               2c < 1.410
                2        2
                 c < 0.704 mm

Any cut less than 0.704 mm would be acceptable.

	


Work through the following traditional math examples:

Example 9:	Solve the inequality for x.		
					4 + x < 9
				           -4 	-4		subtract 4 from both sides
					       x < 5

		**the value of x must be less than 5 to make the original statement true**
		say x = 4.9		4 + (4.9) < 9
					         8.9 < 9   true!

		say x = 5.1		4 + (5.1) < 9
					         9.1 < 9  false!

Example 10:	Solve the inequality for x.		
					5 + 2x < 13
				           -5 	   -5		Subtract 5 from both sides
					       2x < 8

					       2x <  8 
					        2      2		Divide both sides by 2
					          x < 4

Try it 11:  Solve the inequality for x.
					2x – 8 < 4
	    				   + 8    +8The 8 is being subtracted from the 2x so we add 8 to both sides


Divide both sides by 2 to get x by itself

					2x       < 12

					2x       < 12
					2	    2

	         				        x < 6

Example 12: Solve the inequality for x.
					15 – 3x < 45		The 15 is POSITIVE so we need to 
					-15           -15		subtract the 15 from both sides

	    				 -3x   < 30  	 	*notice the subtraction sign from the
original inequality “changes” to a negative sign*

	   				 -3x   < 30     		Divide both sides by -3
	      				   -3       -3

	        				     x > -10	**notice the sign flip because each side was
							divided by a negative number**
Try it 12:

-2x + 7 > 13			Subtract 7 from both sides
      -7     -7  
-2x > 13			

-2x > 13			Divide both sides by -2
-2      -2

x < -6.5	The inequality sign switches direction because we divided by a NEGATIVE number
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