A8 Engine Performance 4th Edition
Chapter 32 Emission Control Devices Operation & Testing
Opening Your Class

	KEY ELEMENT
	EXAMPLES

	Introduce Content
	This course or class covers operation and service of Automotive Engine Performance. It correlates material to task lists specified by ASE and NATEF.     

	Motivate Learners
	Explain how the knowledge of how something works translates into the ability to use that knowledge to figure why the engine does not work correctly and how this saves diagnosis time, which translates into more money.

	State the learning objectives for the chapter or course you are about to cover and explain this is what they should be able to do as a result of attending this session or class.
	Explain the chapter learning objectives to the students.  
1.
Prepare for ASE Engine Performance (A8) certification test content area “D” (emission Control Systems).

2.
Describe the purpose and function of the exhaust gas recirculation system.

3.
Explain methods for diagnosing and testing for faults in the exhaust gas recirculation system.

4.
Describe the purpose and function of the positive crankcase ventilation and the air injection reaction system.

5.
Explain methods for diagnosing and testing faults in the PCV and AIR systems.

6.
Describe the purpose and function of the catalytic converter.

7.
Explain the method for diagnosing and testing the catalytic converter.

8.
Describe the purpose and function of the evaporative emission control system.

9.
Discuss how the evaporative emission control system is tested under OBD-II regulations.

10.
Explain methods for diagnosing and testing faults in the evaporative emission control system.

	Establish the Mood or Climate
	Provide a WELCOME, Avoid put downs and bad jokes. 

	Complete Essentials
	Restrooms, breaks, registration, tests, etc.

	Clarify and Establish Knowledge Base
	Do a round robin of the class by going around the room and having each student give their backgrounds, years of experience, family, hobbies, career goals, or anything they want to share.


	ICONS
	Ch32 Emission Control Devices
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	1. SLIDE 1 CH32 Emission Control Devices Operation & Testing
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	Check for ADDITIONAL VIDEOS & ANIMATIONS @ http://www.jameshalderman.com/ 

WEB SITE REGULARLY UPDATED
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	POWER POINTS DONE BY INDIVIDUAL LEARNING OBJECTIVES, SO THERE IS POWER POINT FILE FOR EACH LEARNING OBJECTIVE  
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	2. SLIDE 2 EXPLAIN OBJECTIVE CH32 AEP_LO1
3. SLIDE 3 EXPLAIN SMOG 
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	4. SLIDE 4 EXPLAIN FIGURE 32-1 Notice the haze caused by nitrogen oxides that is often over many major cities.
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	2. SLIDE 2 EXPLAIN OBJECTIVE CH32 AEP_LO2
3. SLIDE 3 EXPLAIN FIGURE 32-1 Notice the haze caused by nitrogen oxides that is often over many major cities.
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	4.  SLIDE 4 EXPLAIN Exhaust Gas Recirculation 
Systems: NOx Formation
5.  SLIDES 5-6 EXPLAIN Exhaust Gas Recirculation 
Systems: Controlling NOx 
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	Exhaust Gas Recirulation, EGR
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	DISCUSSION: DISCUSS how EGR systems are designed to recirculate exhaust into the combustion chamber. What conditions must be present to allow proper engine operation while exhaust is recirculated? FIGURE 32-1
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	7.  SLIDE 7 EXPLAIN Figure 32-2    When the EGR valve opens, the exhaust gases flow through the valve and into passages in the intake manifold 
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	DEMONSTRATION: While applying vacuum using a hand-held pump, open & close a standard EGR valve so students can see diaphragm & valve operation. FIGURE 32-2
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	DEMONSTRATION: Pass around various EGR valves to the students. Point out positive and negative FIGURE 32-2 backpressure styles and how they vary. 
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	8.  SLIDE 8 EXPLAIN Figure 32-3    Back pressure in the exhaust system is used to close the control valve, allowing engine vacuum to open the EGR valve.
9.  SLIDES 9-13 EXPLAIN Exhaust Gas Recirculation Systems
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	14.  SLIDE 14 EXPLAIN Figure 32-4    Typical vacuum-operated EGR valve. The operation of the valve is controlled by the PCM by pulsing the EGR control solenoid on and off.
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	15.  SLIDE 15 EXPLAIN Computer Controlled Exhaust Gas Recirculation Systems Digital EGR Valves
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	EGR valves can be tested for leakage by inverting and spraying carburetor cleaner into the pintle valve. If the carburetor cleaner leaks past pintle, valve is defective.
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	16.  SLIDE 16 EXPLAIN Figure 32-5    An EGR valve position sensor on top of an EGR valve
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	DEMONSTRATION: Pass around both digital & linear EGR valves for the students to see. FIGURES 32-3, 4, & 5
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	DEMONSTRATION: Pass around various types of EGR valve position sensors for the students to see. FIG 32-3, 4, & 5
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	17.  SLIDE 17 EXPLAIN Figure 32-6    Digital EGR valve as used on some older General Motors engines.
23.  SLIDE 23 EXPLAIN Figure 32-7 GM linear EGR valve
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	HANDS-ON TASK: Have students gradually open EGR valve with a hand operated vacuum pump.  Have them use an ohmmeter to check valve position sensor resistance at various valve openings. 
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	DISCUSSION: Discuss the difference between linear and Digital EGR valves.  What is the difference? FIG 32-6, 7, & 8 
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	DISCUSSION: discuss & list possible symptoms of a malfunctioning EGR system. What driveability issues could be caused by too much, or incorrect, EGR flow or timing? What problems can be caused by no, too little, EGR flow? 
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	2. SLIDE 2 EXPLAIN OBJECTIVE CH32 AEP_LO3

REPEAT SLIDES 3 to 23 FROM AEP_LO2
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	2. SLIDE 2 EXPLAIN OBJECTIVE CH32 AEP_LO4
3.  SLIDES 3-4 EXPLAIN PCV DIAGNOSIS
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	ANIMATION: PCV OPERATION 
www.myautomotivelab.com http://media.pearsoncmg.com/ph/chet/chet_myautomotivelab_2/animations/A1_Animation/Chapter19_Fig_19_12&13/index.htm
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	DEMONSTRATION: Pass around various PCV valves for the students to see.  Students should understand where the PCV valve can be located on an engine 
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	5.  SLIDE 5 EXPLAIN FIGURE 32-15    PCV valve operation in the event of a backfire
6.  SLIDE 6 EXPLAIN FIGURE 32-16 Most PCV valves used on newer vehicles are secured with fasteners, which makes it more difficult to disconnect and thereby less likely to increase emissions.
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	DEMONSTRATION: Show how to check valve operation by shaking the valve. 
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	HANDS-ON TASK: Have the students locate PCV system components on their own vehicles. Ask them to explain how air flows through the system. 
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	DISCUSSION: Have the students talk about what can happen to a PCV system from a vehicle owner who neglects or extends normal oil and filter replacements. What problems can restricted Airflow cause? 
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	DEMONSTRATION: Show students examples of plugged, dirty, or stuck PCV valves.
	

	[image: image43.jpg]



	Don’t overlook malfunctioning PCV system when diagnosing excessive oil leaks. Plugged PCV system can create excess pressure in crankcase due to accumulation of combustion vapors. This excess pressure can force oil out of crankcase through engine seals & gaskets.
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	HANDS-ON TASK: Show the students an orifice-controlled crankcase ventilation system. Have them LOCATE & LABEL main components & explain airflow through the system. 
	

	[image: image45.jpg]


[image: image46.jpg]



	DEMONSTRATION: Show how to check for a slight vacuum on a running engine by using a 3 x 5 index card. Pinch vacuum line between intake manifold and PCV valve to illustrate plugged or obstructed system with no vacuum. 
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	HANDS-ON TASK: Have students perform the SNAP-BACK TEST on a PCV valve on a running engine by placing their finger over valve inlet. Students should listen & feel for click when they remove their finger indicating the valve is functioning properly. 
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	DISCUSSION: Have the students talk about why  OBD-II system checks or monitors PCV system. How do crankcase emissions affect atmosphere? What does PCV system do to prevent pollution? 
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	HANDS-ON TASK: Have the students research a PCV system failure DTC. Students should be able to determine conditions that caused DTC & OEM troubleshooting procedure for DTC. 
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	ON-VEHICLE NATEF TASK: Diagnose oil leaks, emissions, and driveability concerns caused by the positive crankcase ventilation (PCV) system; determine necessary action. 
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	ON-VEHICLE NATEF TASK: Inspect, test and service positive crankcase ventilation (PCV) filter/breather cap, valve, tubes, orifices, and hoses; perform necessary action. 
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	7.  SLIDE 7 EXPLAIN FIGURE 32-17 typical belt-driven AIR pump. Air enters through revolving fins behind the drive pulley. The fins act as an air filter because dirt is heavier than air, and therefore the dirt is deflected off of the fins at the same time air is being drawn into the pump
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	DEMONSTRATION: Show the students various types of air injection pumps. Most belt-driven pumps can be easily disassembled to show their internal components. FIGURE 32-17
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	HANDS-ON TASK: Have the students use electronic service information COMPONENT LOCATOR to locate the secondary air-injection components on their own cars. Students should be able to identify components and explain their operation and purposes. 
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	7.  SLIDE 7 EXPLAIN FIGURE 32-18 (a) When the engine is cold and before the oxygen sensor is hot enough to reach closed loop, the air flow is directed to the exhaust manifold(s) through one-way check valve(s). These valves keep exhaust gases from entering the switching solenoids and the air pump itself. (b) When the engine achieves closed loop, the air flows through the pump, is directed to the catalytic converter, and then moves through a check valve.
 8.  SLIDES 8-11 EXPLAIN Air Distribution Manifolds and Nozzles
12.  SLIDE 12 EXPLAIN FIGURE 32-19 A typical electric motor-driven AIR pump. This unit is on a Chevrolet Corvette and only works when the engine is cold.
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	DEMONSTRATION: Show various air distribution manifolds & exhaust check valves. Demonstrate check valve operation by attempting to blow air through each side. If valve is good, air should pass through only one side
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	2. SLIDE 2 EXPLAIN OBJECTIVE CH32 AEP_LO5
3.  SLIDE 3 EXPLAIN Crankcase Ventilation

	

	[image: image62.jpg]



	4.  SLIDE 4 EXPLAIN FIGURE 32-10 A PCV valve shown in a cutaway valve cover showing the baffles that prevent liquid oil from being drawn into the intake manifold.
5.  SLIDE 5 EXPLAIN FIGURE 32-11 PCV valve in a cutaway valve cover, showing the baffles that prevent liquid oil from being drawn into the intake manifold.
6.  SLIDE 6 EXPLAIN FIGURE 32-12    Spring force, crankcase pressure, and intake manifold vacuum work together to regulate the flow rate through the PCV valve & EXPLAIN FIGURE 32-13 Air flows through the PCV valve during idle, cruising, and light-load conditions 
7.  SLIDE 7 EXPLAIN FIGURE 32-14 Air flows through PCV valve during acceleration & when engine is under a heavy load.
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	2. SLIDE 2 EXPLAIN OBJECTIVE CH32 AEP_LO6
3.  SLIDE 3 EXPLAIN Figure 32-28 EVAP system includes all of the lines, hoses, and valves, plus charcoal canister.
	


