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	Introduction/Context
	This lesson will instruct students on how to describe the operation of a regenerative braking system. Knowledge of these techniques and the skills required to correct problems associated with this task are necessary for a student to acquire if they wish to compete for high paying, high skilled jobs in an Automotive Repair Facility. Entry level technicians need to be able to perform this task to 100% accuracy. Incorrectly performing this task can lead to an automobile accident or create customer satisfaction issues.

	Prepared By
	School
	Date:

	
	
	

	Grade Level
	No. Students
	No.IEP's:
	Lesson Length:

	
	 
	 
	



	
	Task

	
	Describe the operation of a regenerative braking system



	No.
	Objective

	1
	Given the proper tools and instructions, students will be able to describe the operation of a regenerative braking system, plus pass a written exam on the task with 100% accuracy by the end of the course.



Connections:
	Skills Standards:
OH  001  
OH  002 
OH  003
OD  002
OD  003
OD  005
OI   002
New Common Core Standards:
RST 11-12 3
Common Core Technical Standards:
TD-OPS 2
TD-SYS 2
New Generation Science Standards:
HS-PS2-5.
HS-PS3-3.



INSTRUCTIONAL MATERIALS/TECHNOLOGY 
Teacher Designed Materials and Other Handouts
	Instructor may copy the content section of this Lesson Plan and distribute it to students as a reference when dealing with regenerative braking system




Textbooks and Workbooks
	Author
	Title/ISBN No.
	Edition
	Publisher
	Pages

	Jack Erjavec 
	Hybrid, Electric and Fuel Cell Vehicles 
	First 
	Thomson Delmar 
	122-123





Content/Presentation/Demonstration Outline
	   IMPORTANT: Inform students that hybrid vehicles have high-voltage systems. Careless handling of some components can lead to serious injury, including death. Always follow and adhere to the precautions given by the manufacturer. These precautions are clearly labeled in their service manuals.

	   Instruct students that on all hybrids, the high-voltage cables and connectors are colored orange, and warning labels are affixed to all high-voltage components. In addition, the battery packs are placed in protective zones and are enclosed in containers. These containers are designed to withstand a degree of impact and to contain any battery chemicals that may leak from the batteries. The cables are also routed in "safe" areas and if they are not routed through the vehicle's frame, they are protected with extra metal.

	   IMPORTANT: Inform students to always wear safety gloves during the process of de-powering and powering the system back up again. These gloves must be class "0" rubber insulating gloves rated at 1000 volts. These are commonly called "lineman's gloves". The condition of the gloves must be checked before each use. Make sure there are no tears or signs of wear. Electrons are very small and can enter through the smallest of holes in your gloves. Manufacturer's recommend disposing of the gloves after 6 months of use, regardless of condition. Instruct students that the procedure for properly de-powering and isolating the high-voltage system from the rest of a hybrid vehicle is very important and not very difficult. However, each manufacturer has its own procedure that must be followed in the order presented. Fortunately, the various hybrid models offered by a particular manufacturer have much the same procedure. This does not mean you should not look for the correct procedure for a specific model you are working on. With the correct information and following the procedures, you may safely work on a hybrid vehicle.

	Explain to students that regenerative braking is the process that allows a vehicle to recapture and store part of the kinetic (moving) energy that would ordinarily be lost during braking. Instruct students that when the brakes are applied in a conventional vehicle, friction at the wheel brakes converts the vehicle’s kinetic energy into heat. With regenerative braking, tell them that energy is used to recharge the batteries. Inform students that regenerative braking can capture approximately 30 percent of the energy normally lost during braking in conventional vehicles.

	Instruct students that in a regenerative braking system, the rotor of the generator is turned by the vehicle’s wheels as the vehicle is slowing down. Explain that the activation of the generator applies resistance to the drivetrain, causing the wheels to slow down. The kinetic energy of the vehicle is changed to electrical energy until the vehicle is stopped. 

	Tell students that in many hybrids, there is no separate generator for the braking system. The control system changes the circuitry at the motor and it acts as a generator. Explain that the motor now converts motion into electricity rather than converting electricity into motion. Tell them that the captured energy is sent to the batteries or to an ultra-capacitor.  Let them know that some hybrids use ultra-capacitors because they can capture the energy quickly and can release it quickly during acceleration. 

	Instruct students that regenerative braking is not used to completely stop the vehicle. Let them know that a combination of conventional hydraulic brakes and regenerative braking is used. Hydraulic, friction-based brakes must be used when sudden and hard braking is needed and during antilock brake activation.

	Tell students that the amount of energy captured by a regenerative braking system depends on many things, such as the state of charge of the battery, the speed at which the generator’s rotor is spinning, and how many wheels are part of the regenerative braking system. Let them know most current HEVs (Hybrid Electric Vehicles) are front-wheel drive; therefore, energy can only be reclaimed at the front wheels. 





Applications/Practice
	1
	Since Hybrid vehicles are very seldom available, students will have to rely on information gathered from periodicals, computer software programs that contain information about Hybrid Vehicles, and training manuals that cover this subject.




Evaluation and feedback Prior to Testing or Lab Work
	1
	Objective 1/ Formative assessment / Instructor will observe students as they practice the procedure to assure correct procedure and safety practices are being followed. A checklist should be utilized to chart student progress on the task. Questioning techniques will be utilized as necessary to demonstrate student comprehension / Adaptations and/or accommodations for special needs students will be added if required.




STUDENT ASSESSMENT: (Assess student progress with performance criteria.)
	1
	Objective 1/ Summative assessment / written test questions on stated objective / adaptation and/or accommodations for special needs students will be added if required.



	IMPACT--Reflection/Analysis of Teaching and Learning: (How did students’ progress in relation to the state objectives? Was the instruction successful? Analyze samples of student work particularly that which is unsatisfactory, for the purpose of planning further instruction.)






	REFINEMENT--Lesson Extension and Follow-up: (To be filled in as the lesson is modified during initial planning and/or during the teaching learning process.)
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