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Career and Technical Education Sample Lesson Plan Format

Title:  When Will My Car Hydroplane?
Career Course:  Suspension and Steering - 5710
CTE Competency Skill:  7.1.D, 7.4.A
(Standard reference:  7)


Academic Course:  Automotive Technology, Algebra I, Science, Driver's Education
(integrated subjects if more than one)

Academic Skill:  Problem Solving skills, Critical Thinking skills, use of graphing calculator
(standard reference:  4.1)

Gateway Standard: 3, 4, 5
Instructional Goal(s): The student will:

          1.1 Demonstrate an understanding of the function of tires and it's various tread parts.

          1.2 Demonstrate an ability to diagnose a vehicle wander problem.
          1.3 Demonstrate an understanding of how tread wear affects the ability of the driver to control the vehicle in adverse weather conditions.

          2.1 Demonstrate an understanding of how variables (ie. tire pressure) affect the ability of the driver to control the vehicle in adverse weather conditions.



Performance Indicator(s): The student will complete a chart of speeds at which a vehicle will hydroplane for a variety of tire pressures.
Anticipatory set: Who has been in a vehicle that has hydroplaned? What happened? What caused it? At what speed did it happen?
Activities: (The instructor will begin by giving basic tire information) Even though a tire is round, only a small portion, or patch, will be in contact with the road at any given time. At 60 mph, the contact patch is in contact with the road for only 1/150 of a second. In wet conditions, the tire must displace or remove the water on the road and create enough friction to move the car forward and allow the driver to retain control of the 2000 LB. plus car.  (At this point, the teacher can show different types of tires or pictures of different types of tire treads.) 
     In wet weather and at speed, the action of the tire rolling forward actually forces water under itself. The grooves of a tire function as to allow water to be removed from under the tire. If  they cannot accomplish this, the tire will actually ride upon the water and lose contact with the road. Once this happens, the driver is unable to control the speed or direction of the car. This is called hydroplaning. If this situation is not corrected, a wreck is the result with the possibility of passenger injuries or even death.
     Because the size of the contact patch varies with tire pressure, the speed at which the tire will lose the ability to channel water from under it also varies. (See Modifications, Note 1) Using a graphing calculator, we can determine the range at which the vehicle would hydroplane for a given range of tire pressures. The BASIC (See Modifications, Note 2) formula for hydroplaning speed is 10.27 times the square root of the tire pressure in PSI (Pounds per Square Inch). This formula will give a general speed at which hydroplaning might occur. (Note, various other things also affect this speed such as vehicle weight, tire wear (groove depth), the temperature of the water, as well as the consistency of the water (ie. oil and dirt content.) If the water is aerated, the hydroplaning speed will also be affected.)
     At this point, the students will use their graphing calculators to complete the chart on handout one.

     Upon completion, students should be informed that if their vehicle hydroplanes, they should not attempt to steer nor brake as either action can cause the vehicle to slide out of control. They should ease off the accelarator pedal and let the speed bleed off until the tire regains contact.


Suggested Modification(s): Note 1: Special needs students might, at this point, measure the size of a contact patch on a vehicle. Using butcher's paper and vasoline, the size of a contact patch can be measured. Jack the vehicle up, place a jackstand under the vehicle, and coat a section of tire with vasoline, making sure that an area of at least 15 to 18 inches long is LIGHTLY covered. Place a piece of butcher's paper, with the slick side down, under the tire.  Rotate the tire until the vasoline is at the lowest part of the tire. Remove the jackstand and lower the vehicle. Measure the tire pressure. Then jack the vehicle up and remove the paper. The tread will be visible. Tire pressure can be adjusted either up or down and the process repeated. The various patches can then be displayed with their length and width measurements as well as their related tire pressure. Remember to put the tire pressure back to manufacturer's recommendation at the end of the lesson.
      Note 2: Higher level students can also use a more exact formula to construct and complete a chart of hydroplaning speeds. That formula, using the above information, is 7.95 times the square root of the tire pressure in PSI times patch width (in inches) divided by the patch length) . 
      Note 3: As the NTSB allows that approximately 85% of all vehicles have one or more tires below manufacture recommended pressure (4 or more pounds) Students might discuss the result of different tire pressures (or tire sizes) on the same vehicle. 

Assessment:   The completed chart can be graded. For a check of higher level thinking, the teacher might ask how and WHY tire wear will affect a tire's ability to channel water from under itself. Students might also be asked, given the second formula, how tire width affects hydroplaning. This relationship can be explained as the amount of water under the larger surface is actually greater the larger the contact patch yet the time involved does not change.
Teacher preparation:      
Materials and Supplies needed: 

Graphing calculators, various types and sizes of tires or tire sections showing the same (alternate suggestion; pictures of different tire treads). Vehicle, tire pressure gauge, shop jack, and jackstand. Vasoline. Butcher's paper. Handout.(www.tirerack.com has a very good article for handling hydroplaning as well as the effect of use of directional tires.) 
Lesson Evaluation:  Teacher observation of student participation
Other: Time frame for lesson completion: 2 - 45 minute periods or 1 - 87 minute block if doing all modifications. Otherwise a single 45 minute period should be sufficent.
            Prerequisite knowledge: Measuring with a rule, use of graphing calculator (for students not yet familiarized with a graphing calculator, students might be paired with a student who has been exposed to their use), use of shop jack and shop safety.
    Technology incorporated: Graphing calculators

                                                                      HANDOUT ONE

                                                                    Hydroplaning Speeds

                             Tire Pressure        Speed

                                  15 PSI

                                  17 PSI

                                  19 PSI

                                  21 PSI

                                  23 PSI

                                  25 PSI

                                  27 PSI

                                  29 PSI

                                  31 PSI

                                  33 PSI

                                  35 PSI
                                  37 PSI
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