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	Introduction/Context
	This lesson will instruct students on how to properly inspect electric power-assisted steering. Electronic assist steering is installed on some late model vehicles with power steering, and students need to be able to diagnose problems in the system to be sure that a vehicle is properly repaired before returning it to a customer.
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	Task

	
	Inspect electric power-assisted steering.



	No.
	Objective

	1
	Given the proper tools and instructions from a vehicle manufacturers shop manual, Automotive Technology Textbook, or vehicle computer software program, students will be able to inspect electric power-assisted steering, and 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
Common Core Technical Standards:
TD-OPS.2
TD-SYS.2
New Common Core State Standards:
RST 11-12 3
N-Q-3
New Generation Science Standards:
HS-PS3-5.



INSTRUCTIONAL MATERIALS/TECHNOLOGY 

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

	Stockel, Stockel and Johnson 
	Auto Diagnosis, Service and Repair  
	 
	Goodheart/Wilcox 
	834 

	Don Knowles  
	Automotive Suspension and Steering Systems  
	 
	Delmar 
	282-283 




Equipment
	Quantity
	Item
	Source

	
	
	 




Content/Presentation/Demonstration Outline
	   Instruct students that Electronic Assist Steering is installed on some late model vehicles with power steering. Electronic assist steering reduces power steering pressure at cruising speeds to increase control and road feel. High pressures are maintained at low speeds for ease of steering.

	   Inform students that Electronic assist operation is relatively simple. Major components include steering wheel rotation and vehicle speed sensors, a control module, and a flow control solenoid. The control module uses the vehicle speed sensor and steering wheel rotation sensor inputs to decide on the amount of power steering assist provided by a flow control solenoid. The flow control solenoid is mounted in the high-pressure side of the power steering system. If the electronic assist system fails, the power steering system operates normally.

	   Instruct students that the most common problem caused by a defective electronic steering assist system is a lack of control and road feel at cruising speeds. On some vehicles, a warning light may come on if the system develops a problem. Before deciding that an electronic assist steering system is defective, tell students to check the basic power steering system.

	   Have students Check the fluid level, and make sure the system provides full power assist at low speeds. Once the power steering system has been eliminated as the source of the problem, instruct students to use a SCAN TOOL to test the operation of the electronic assist system. Based on scan tool readings, proceed to test the sensors, the module, and the flow control solenoid.

	   Once the problem has been located, part replacement is relatively easy. Speed sensors are often the same ones used to provide input to the engine and power train computers, and are located in the same positions. Steering wheel rotation sensor removal may require that the steering wheel be removed. Most flow control solenoids are located in the outlet of the power steering pump. After replacing parts, always recheck system operation

	   Inform students that the steering wheel rotation sensor is mounted on the steering column, and a shutter disc attached to the steering shaft rotates through the sensor when the steering wheel is rotated. A row of slots is positioned near the outer edge of the shutter disc. When these slots rotate through the sensor, a steering wheel rotation speed signal is sent from the sensor to the control module. The vehicle speed sensor (VSS) is mounted in the transaxle or transmission, and this sensor sends a signal to the control module in relation to vehicle speed. The VSS signal is also used for other purposes.

	   Instruct students to check the vehicles shop manual to be sure they know if there are any unique items about the system they are working on. This will help to insure a proper repair.



	  Instruct students that the EPS (Electronic Power Steering) system has a rack and pinion steering gear with electric steering assist. The EPS system is light and compact compared with a rack and pinion steering gear with hydraulic steering assist, because the power steering pump and hoses are not required on the EPS system. Since the EPS does not require a power steering pump driven by engine power, this system minimizes engine power loss and reduces fuel consumption. The EPS system reduces steering kickback while providing a linear steering feel.

	   Inform students that the rack and pinion steering gear changes rotary steering wheel motion to transverse motion of the rack. The motor that provides electric steering assist is designed into the steering gear. The steering sensor is mounted in the pinion shaft. This sensor sends input voltage signals to the EPS control unit in relation to the direction, amount, and torque of the steering wheel rotation.

	   If the vehicle has an automatic transaxle, a vehicle speed sensor (VSS) is mounted in the transaxle. This sensor sends voltage input signals to the transmission control module (TCM) in relation to trans axle output shaft rotational speed. These voltage signals are transmitted from the TCM to the EPS control unit. When the car is equipped with a manual transaxle, a differential speed sensor sends voltage signals to a pulse unit in relation to differential rotational speed. These voltage signals are transmitted from the pulse unit to the EPS control unit. The TCM and pulse unit is located in the rear of the vehicle. The speedometer also sends voltage signals to the EPS control unit. The voltage signals from the speedometer act as a double check and backup in a situation where the voltage signals from the VSS or differential speed sensor are inaccurate or nonexistent.

	   Instruct students that the EPS control unit is mounted above the steering gear. This control unit receives voltage input signals from the steering sensor, VSS, or differential speed sensor. When these signals are received, the EPS control unit calculates the proper amount and direction of steering assist. The EPS control unit then commands a power module in the EPS control unit to drive the electric motor in the steering gear and provide the proper direction and amount of steering assist. The EPS control unit also contains self-diagnostic capabilities.

	   The system has three operating modes: a "normal" control mode in which left or right power assist is provided in response to input from the steering torque and rotation sensor's inputs; a "return" control mode which is used to assist steering return after completing a turn; and a "damper" control mode that changes with vehicle speed to improve road feel and dampen kickback.

	   If the steering wheel is turned and held in the full-lock position and steering assist reaches a maximum, the control unit reduces current to the electric motor to prevent an overload situation that might damage the motor. The control unit is also designed to protect the motor against voltage surges from a faulty alternator or charging problem.

	   Instruct students that the electronic steering control unit is capable of self-diagnosing faults by monitoring the system's inputs and outputs, and the driving current of the electric motor. If a problem occurs, the control unit turns the system off by actuating a fail-safe relay in the power unit. This eliminates all power assist, causing the system to revert back to manual steering. A dash EPS warning light is also illuminated to alert the driver. To diagnose the problem, a technician jumps the terminals on the service check connector and reads out the trouble codes.

	   INSTRUCT STUDENTS ON DIAGNOSTIC PROCEDURES: When the ignition switch is turned on, the electronic power steering (EPS) light in the instrument panel should be illuminated. This EPS light action proves the bulb and related circuit are functioning normally. When the engine starts, the EPS light is turned off by the EPS control unit if there are no electrical defect') in the EPS system. The EPS light should remain off while the engine is running.

	   If an electrical defect occurs in the EPS system, the EPS control unit turns on the EPS light to alert the driver that a defect exists in the EPS system. Under this condition, the EPS control unit shuts down the EPS system, and electric assist is no longer available. Manual steering with increased steering effort is provided in this mode.

	   When the EPS control unit senses an electrical defect in the EPS system, a diagnostic trouble code (DTC) is stored in the control unit memory. The EPS control unit memory is erased if battery voltage is disconnected from the control unit.




Applications/Practice
	1
	Refer to Content Section




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 will be utilized to chart student progress on the task. Questioning techniques will be utilized as necessary to demonstrate student comprehension / depth of knowledge. 4/ 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 / depth of knowledge 4/ 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.)







