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	DISCUSSION: Have the students list and describe main functions of the evaporative system & potential problems. What is the system designed to do with fuel vapors (hydrocarbons)? What are potential problems with the system?
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	4.  SLIDE 4 EXPLAIN Figure 32-29 typical EVAP system. Note that when the computer turns on the canister purge solenoid valve, manifold vacuum draws any stored vapors from the canister into the engine. Manifold vacuum also is applied to the pressure control valve. When this valve opens, fumes from the fuel tank are drawn into the charcoal canister and eventually into the engine. When the solenoid valve is turned off (or the engine stops and there is no manifold vacuum), pressure control valve is spring-loaded shut to keep vapors inside the fuel tank from escaping to atmosphere.
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	DEMONSTRATION: Pass around examples of evaporative purge & vent solenoids. Show how to locate purge and vent solenoids on a vehicle using electrical component locator.  
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	2. SLIDE 2 EXPLAIN OBJECTIVE CH32 AEP_LO7
REPEAT OF AEP_LO6
3.  SLIDE 3 EXPLAIN Figure 32-28 EVAP system includes all of the lines, hoses, and valves, plus charcoal canister.
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	4.  SLIDE 4 EXPLAIN Figure 32-29 typical EVAP system. Note that when the computer turns on the canister purge solenoid valve, manifold vacuum draws any stored vapors from the canister into the engine. Manifold vacuum also is applied to the pressure control valve. When this valve opens, fumes from the fuel tank are drawn into the charcoal canister and eventually into the engine. When the solenoid valve is turned off (or the engine stops and there is no manifold vacuum), pressure control valve is spring-loaded shut to keep vapors inside the fuel tank from escaping to atmosphere.
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	5.  SLIDES 5-6 EXPLAIN Enhanced Evaporative Control System
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	2. SLIDE 2 EXPLAIN OBJECTIVE CH32 AEP_LO8
REPEAT OF AEP_LO7 SLIDES 5-6
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	3.  SLIDES 3-4 EXPLAIN Enhanced Evaporative Control System
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	HANDS-ON TASK: STUDENTS Cut open a used evaporative canister to show the students what activated charcoal granules look like. 
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	SAFETY Remind the students of extreme fire hazard of working around & servicing evaporative emission system on a vehicle.  Fuel vapors are extremely explosive. 
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	DISCUSSION: Have the students talk about fuel evaporation rates. What factors (e.g., alcohol content, temperature, atmospheric pressure, etc.) influence fuel evaporation rates? 
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	DEMONSTRATION: Show how to use an alcohol test kit to obtain a sample of fuel from a vehicle & test for alcohol content. 
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	DEMONSTRATION: Show the students how

to use a vehicle underhood ECS label & wiring diagram and/or vacuum diagram to determine whether the vehicle has an enhanced or non-enhanced system
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	HANDS-ON TASK: Ask the students to identify and locate purge solenoid & evaporative canisters on their own cars using OEM service information. 
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	Students can easily remember rest position of both purge & vent solenoids (normally closed & normally open, respectively) by using analogy of a home’s front & back doors. Front door is usually closed, whereas back door is frequently left open.
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	Explain how vent solenoids can be tested using jumper wires and a 12 V source to allow system testing.  Remember, the vent solenoid is normally open and should be energized for only short periods (5 minutes or less) to prevent damage.
	

	[image: image23.jpg]


 
	DEMONSTRATION: Pass around various leak detection pumps. Show location of the pump on vehicle. 
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	2. SLIDE 2 EXPLAIN OBJECTIVE CH32 AEP_LO9
3.  SLIDE 3-5 EXPLAIN Secondary Air Injection System
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	DEMONSTRATION: Using small drill bits for automatic transmission service, drill two .020” & 0.040” holes in a small aluminum plate.  Have students observe drilled plate so they can visualize size of leak that an enhanced system must detect. 
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	DISCUSSION: Have the students talk about leak detection pump systems. What other possible methods might manufacturers use to leak test an evaporative system without using a pump? 
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	2. SLIDE 2 EXPLAIN OBJECTIVE CH32 AEP_LO10
3.  SLIDE 3-4 EXPLAIN Secondary Air Injection System
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	5.  SLIDE 5-7 EXPLAIN Inspections
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	2. SLIDE 2 EXPLAIN OBJECTIVE CH32 AEP_LO11
3.  SLIDE 3-5 EXPLAIN Catalytic Converter
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	ANIMATION: CATALYTIC CONVERTER OP
www.myautomotivelab.com http://media.pearsoncmg.com/ph/chet/chet_myautomotivelab_2/animations/A16_Animation/Chapter62_Fig_62_22/index.htm
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	6.  SLIDE 6 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.
7.  SLIDE 7 EXPLAIN FIGURE 32-20 Most catalytic converters are located as close to the exhaust manifold as possible, as seen in this display of a Chevrolet Corvette
	

	
	8.  SLIDE 8 EXPLAIN FIGURE 32-21 A typical catalytic converter with a monolithic substrate.

9.  SLIDE 9 EXPLAIN FIGURE 32-22 three-way catalytic converter first separates the NOx into nitrogen and oxygen and then converts the HC and CO into harmless water (H2O) and carbon dioxide (CO2). The nitrogen (N) passes through the converter and exits the tailpipe and enters the atmosphere which is about 78% nitrogen
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	DEMONSTRATION: With a vehicle on lift, show installed catalytic converters & their locations. Point out the reduction catalyst & oxidizing catalyst.
	

	[image: image38.jpg]



	Because prices of precious metals used in catalytic converters have risen steeply in the past few years, these components have become popular among thieves. Owners of trucks & 4WD vehicles have returned to their parked vehicles to find that thieves have stolen their catalytic converters with battery-powered reciprocating saw. Replacements can run as high as $2,500.
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	10.  SLIDE 10 EXPLAIN FIGURE 32-23 OBD-II catalytic converter monitor compares signals of upstream and downstream oxygen sensors to determine converter efficiency. 
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	DISCUSSION: Have the students discuss how often a PCM tests a catalytic converter. How is catalytic converter monitor classified? When will the monitor check the efficiency of converter? What will happen if the test fails? 
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	DEMONSTRATION: talk about diagnosing catalytic converters. How are catalytic converters tested? 
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	DEMONSTRATION: Connect a digital storage oscilloscope (DSO) to an Upstream Oxygen Sensor & operate engine at normal operating temperature. Show waveform of an upstream oxygen sensor in operation.
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	2. SLIDE 2 EXPLAIN OBJECTIVE CH32 AEP_LO12
3.  SLIDE 3-6 EXPLAIN Inspecting and Testing 
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	DEMONSTRATION: After showing students a waveform of upstream oxygen sensor, connect DSO to Downstream Oxygen Sensor to show students difference between sensors. OBD-II uses downstream sensor to check the efficiency of the catalytic converter
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	DEMONSTRATION: Simulate a plugged or melted converter by installing an expandable plug into a vehicle exhaust pipe. Operate vehicle on dynamometer or on a test drive with vacuum gauge taped to windshield. Show students how vacuum drops as exhaust back pressure increases, causing a substantial drop in engine performance. Remove plug and operate vehicle normally to show proper vacuum readings. 
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	DEMONSTRATION: Install exhaust back pressure gauge in place of an oxygen sensor. Leave oxygen sensor connected while it is removed and operate engine, showing students normal back pressure. Install expandable plug in tailpipe to simulate a plugged converter and have students watch back pressure increase. 
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	ON-VEHICLE NATEF TASK: Perform exhaust system back-pressure test; determine necessary action.
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	ANIMATION: CATALYTIC CONVERTER DIAG:www.myautomotivelab.com 
http://media.pearsoncmg.com/ph/chet/chet_myautomotivelab_2/animations/A1_Animation/Chapter19_Fig_19_27/index.htm
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	DISCUSSION: Have the students talk about catalytic converter efficiency tests. How are results of an oxygen level test interpreted?
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	HANDS-ON TASK: Have students operate an engine at 2,500 RPM until normal operating temperature is achieved, then Measure Inlet & Outlet temperatures of catalytic converter with an infrared thermometer. 
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	ON-VEHICLE NATEF TASK: Inspect and test catalytic converter efficiency. 
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	DISCUSSION: Discuss with the students that an overly rich mixture or any malfunction such as misfire can allow unburned hydrocarbons to enter catalytic converter. How does this affect the catalytic converter? (Point out that this can cause the converter to melt internally and can even set on fire) 
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	DEMONSTRATION: With vehicle on a lift, create a misfire; for example, close electrodes on a spark plug. Operate at 2,500 RPM until the converter begins to overheat and students observe the smell of rotten eggs.  Continue operating vehicle for a few more minutes, check converter temperature with infrared thermometer to show students extreme overheat condition. 
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	Because heat is so critical for converter operation, and underhood space is limited, many OEMS LOCATE catalyst in exhaust manifold.
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	HANDS-ON TASK: Have the students look up catalyst efficiency DTCs for their own vehicles. Students should be able to find conditions that must be met for DTC to set and find OEM troubleshooting procedure to diagnose DTC. 
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	DEMONSTRATION: Demonstrate catalytic

converter operation by testing exhaust emissions with 5-GAS analyzer before and after converter runs. Remove the upstream oxygen sensor after the engine has warmed up, then operate engine with sensor connected and insert analyzer probe into sensor boss while sampling. 
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	DEMONSTRATION: Perform a converter snap-throttle test while sampling exhaust emissions. Have students pay attention to O2 readings to determine converter efficiency. 
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	ON-VEHICLE NATEF TASK: Catalytic Converter Rattle Test

	[image: image72.jpg]We Suppont

EEEEEEEEE



[image: image73.jpg]



	ON-VEHICLE NATEF TASK: Catalytic Converter Performance Test
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	2. SLIDE 2 EXPLAIN OBJECTIVE CH32 AEP_LO13
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	3.  SLIDE 3 EXPLAIN TECH-TIP
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	4.  SLIDE 4-6 EXPLAIN INSPECTIONS


