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lesson 10:

Contact Pressure 

on Bearings
Many machines and structures have multiple parts held together by bearings.  Bearings must transmit weight and stress across a machines separate parts. If the bearings are creating places with high contact pressure (an area with high stresses acting upon it), they can damage the machine and even cause major malfunctions.  To make sure the bearings work as smoothly as possible, engineers try to decrease areas of high contact pressure.  Because pressure is calculated by measuring the force applied to an object divided by the area the force is applied to, engineers attempt to make the surfaces in contact as smooth as possible in order to evenly distributed (over the maximum area) the forces being applied.  Furthermore, engineers can lessen the contact pressure by increasing the contact area of a bearing. Using special pressure sensitive film, engineers can view areas of high pressure so that they can be certain mechanical devices, such as bearings, are functioning properly.  
Materials:

· Piece of light board (large enough for one person to stand on; approximately $5 per team)
· Flat-bottomed plastic cups (thirty; approximately $2.00 per team)
· Scale (one per team;  $12 per team)
· Ruler (one per team; $0.50 per team)
Demonstration:  Experiment with Pressure

· Divide the class into small groups and provide them with the required materials.

· Ask one student out of each group to volunteer to step on the scale and measure his or her weight.

· Have the team calculate the volunteer’s weight in Newtons using the scales reading (Note: Make sure they follow the conversion factors provided on the worksheet)
· Have the students create a physical model to show the relationship between force, area, and pressure.
· Have a student place one of the flat-bottomed plastic cups top down, so that the open side is flat on the floor
· Have the student place the light board on top of the cup so that the bottom of the cup is centered on the underside of the board
· Have the other group members help balance the student who weighed his or herself as he or she slowly steps onto the board which rests on top of the cup.
· (Note: Be prepared for the cup should crush)

· Have the students in the groups predict the number of cups it will take to hold the selected student. Make sure they come to a group estimate.
· Next, have the students place 10 new cups upside down on the ground and place the board over the cups as before with the single cup.

· Again, have the student who weighed his or herself step onto the board while being supported by the other group members. 

· Beginning with 10 cups now in place, decrease the number of cups under the board supporting the student until the collection of cups cannot hold the student anymore.

· Have the students use the scale to measure the weight of the board alone.
· Have the students add the weight of the board to the student’s weight in order to obtain the total weight applied to the cups. 
· Then make sure the students find the force on the cups by converting the total weight from pounds to Newtons (using the given equations on the worksheet)
· To find the surface area of the cups in contact with the board, use the ruler to measure the diameter of the flat bottom of the cup in centimeters. Using the conversion factors and equations on the worksheet, the students should calculate the area of the bottom of the cup in meters squared. 
· Have the group find the total area necessary to withstand the force of the individual by multiplying the area of the bottom of the cup by the number of cups it took to hold up the student. 
· Now have the group calculate the total contact pressure on all the cups on the worksheet.
· Lastly, have the group calculate the contact pressure on a single cup and compare the two values on the worksheet.
· Ask the student what type of relationship exists between pressure, area, and force.

· Now show a graph pressure versus contact area (with force being held constant).  Ask the students how they could use the graph to find the total pressure.
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Have students think back to the example of the bearings.  If you wanted a bearing work best, what would you do?

Resources:

Picture on handout: http://www.thombert.com/images/bearings.jpg

Picture on worksheet: http://www.germes-online.com/direct/dbimage/50318454/Cylindrical_Roller_Bearing.jpg

Math in Engineering: Contact Pressure on Bearings
Engineers want a bearing in a machine or structure to have the least amount of contact pressure with the material it is in contact with.  They can decrease the contact pressure by increasing the area of contact.[image: image2.png]




So how does increasing the area of contact on a bearing affect contact pressure?  
PRESSURE = FORCE / AREA

FORCE:  What force was exerted by the student onto the cups?  

N=kg/ms2 ( 1 Newton = one kilogram meters per second squared

      1.  Convert your weight from pounds (lbs) to Newtons (N)   ______ lbs / 0.225 = ________N 
2.  Find the board’s weight into Newtons (N)  _______lbs / 0.225 = ________N
3. Add the force of the student to the force of the board to find the total force on the cups.

Force on Cups = __________N + __________ N = _____________________ N

AREA:  What is the total area of contact between the cups and the board?

Area = π * r2\                                                   π = pi = 3.14                          r = radius = Diameter / 2
Diameter of the bottom of the cup: _________________ cm

· Convert the diameter in centimeters to meters.         _________ cm / 100 = _________ m

· Calculate the radius of the cup.                                       __________ m / 2 = _________ m

Calculate the total area of contact between one cup and the board.

 
Area = π * (______ m)2 = ___________ m2
Number of cups needed to hold student = ____________ cups

Calculate the total area of contact between the cups and the board.

 Area of one cup ______ m2 * Total number of cups ________ = _______________ m2

PRESSURE:  What is the contact pressure of the student on one single cup?


Contact pressure = total calculated force / total contact area




P = _______ N / _______ m2 = ________________ N/m2 


What is the contact pressure of the student on all the cups needed to hold them up?


Contact pressure = total calculated force / total contact area




P = _______ N / _______ m2 = ________________ N/m2 

Does more total contact area decrease pressure?  If you were an engineer, would you maximize or minimize the contact area of a bearing? Why?
