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NATEF Tasks

Engine Repair

General

· Remove and replace timing belt; verify correct camshaft timing. MLR, MAST, AST                                                      (pp 1539–1541)

Engine Performance

General Engine Diagnosis

· Research applicable vehicle and service information, vehicle service history, service precautions, and technical service bulletins. MLR, MAST, AST (pp 1520–1547)

· Identify and interpret engine performance concerns; determine necessary action. MAST, AST (pp 1522–1527)

· Verify correct camshaft timing. MAST, AST (pp 1534–1536)
Knowledge Objectives
1. Explain the difference between external combustion engines and internal combustion engines. (pp 1520–1521)

2. Explain the relationships between pressure, temperature, and volume. (pp 1522–1524)

3. Explain force, work, and power. (pp 1524–1525)

4. Describe reciprocating and rotary motion. (pp 1527, 1546–1547)

5. Explain the five events common to all internal combustion engines. (pp 1527–1528)

6. Describe the functions of the cylinder head. (p 1534)

7. Describe the difference between a cam-in-block engine and an overhead cam (OHC) engine. (p 1535)

8. Describe how the camshaft works. (pp 1535–1536)

9. Describe how the valve train and timing function. (pp 1538–1540)

10. Describe intake and exhaust manifold. (pp 1542–1543)

11. Describe the basic principles of operation and components of the two-stroke spark-ignition engine. (pp 1543–1544)

12. Explain the differences between two- and four-stroke engines. (p 1544)

13. Describe how the crankshaft turns the reciprocating motion of the piston into rotary motion. (pp 1545–1546)

14. Explain the basic principles of operation and components of the rotary spark-ignition engine. (pp 1545–1546)
Skills Objectives
There are no skills objectives for this chapter.
Readings and Preparation
Review all instructional materials, including Chapter 44 of Fundamentals of Automotive Technology: Principles and Practice and all related presentation support materials.
Support Materials
• Lecture PowerPoint presentation

• Skill Drill PowerPoint presentations

Direct students to visit the companion website to Fundamentals of Automotive Technology: Principles and Practice at www.cdxauto.com/CW/Fundamentals. 
Pre-Lecture 

You are the Automotive Technician
“You are the Automotive Technician” is a progressive case study that encourages critical-thinking skills.

Instructor Directions

Direct students to read the “You are the Automotive Technician” scenario found at the beginning of Chapter 44.

•
You may wish to assign students to a partner or a group. Direct them to review the discussion questions at the end of the scenario and prepare a response to each question. Facilitate a class dialogue centered on the discussion questions.
•
You may also use this as an individual activity and ask students to turn in their comments on a separate piece of paper.
Lecture
I. Introduction

A.
Internal combustion engine is an irreplaceable part of modern society.

1.
Hauls food, water, delivers passengers, and saves lives

2.
Has seen many changes

3.
Basics have remained similar.
4.
Several types of spark-ignition engines

5.
Several components used in engine

II. Principles of Thermodynamic Internal Combustion Engines

A.
Thermodynamics is the branch of physical science dealing with heat and relation to other forms of energy.

1.
Heat energy is used in the internal combustion engine.

a.
Makes power 

b.
Makes work happen

2.
Moves a vehicle down the road and provides moving power for onboard systems

a.
External combustion: fuel burned outside of engine

i.
Steam and Stirling engine

b.
Internal combustion: fuel burned inside of engine

3.
At one time, external combustion engines powered all equipment.
a.
Steam engines powered farm tractors, railroad trains, autos, boats, ships.
b.
Steam-powered airplanes were produced.
4.
Steam engines create steam in an external boiler and push piston back and forth.
a.
Most apply steam alternately to each side of piston.
b.
Take a long time to generate pressure

c.
Boilers present an explosion hazard.
i.
Too much pressure

ii.
Weak from rust

5.
Stirling engine is an external combustion engine.
a.
Alternative source of power

b.
Not popular for transportation

i.
Output cannot be easily varied.
c.
Solar-powered popular as home power sources.
i.
Environmentally friendly

d.
Solar energy provides heat for engine.
i.
No by-products

e.
Can run silently 

i.
Does not disturb people

6.
Internal combustion engine replaced external combustion. 

a.
Existed for over a century

b.
Favored mode of transportation industry

c.
Spark-ignition internal combustion engine is used in modern autos.
7.
Gas and diesel engines are internal combustion engines.
a.
Fuel burned inside 

b.
As gas heats, it expands.
c.
Fuel contains energy in a chemical form.
d.
Burning in a sealed combustion chamber provides pressure moving a piston.
e.
Piston produces power. 

8.
ICE classified in two ways

a.
Reciprocating piston engine

i.
Uses crankshaft to convert reciprocating movement of pistons into rotary motion at the crankshaft

ii.
Two-stroke or four-stroke

b.
Rotary engine

i.
Uses a rotating motion 

ii.
Uses ports to control intake and exhaust flow

9.
Piston engines are spark ignition (SI) or compression-ignition (CI) engines.
a.
Liquid fuels are compressed and ignited by an electrical spark. 

b.
Spark jumps across gap of spark plug in the combustion chamber.
c.
Timing depends on when the spark jumps across the electrodes of the spark plug.
d.
Diesel engines have sealed combustion chambers.
i.
Compressed tightly

ii.
Ignites fuel as soon as it is injected into the combustion chamber

e.
Timing relies on when the fuel is injected.
f.
CI engines do not use spark plugs.
III. Principles of Engine Operation 

A.
Engines operate on physics and thermodynamics.
1.
Understanding physics and science will help diagnose engine problems.
a.
Pressure rises when volume of sealed container is reduced.
b.
Sealed chambers maximize power. 

2.
Tightly packed molecules increase expansion pressure. 

a.
Valves and ports in cylinder heads seal combustion chamber.
b.
Leaking valves will decrease pressure in the cylinder.
c.
Too little pressure will not pack the mixture tightly enough.
i.
Less engine power 

3.
Burning black powder in the open air will produce fire but no explosion. 

a.
Tightly wrapped black powder will explode and produce a bang.
b.
More power is produced when fuel and air are compressed into tight space. 

B.
Pressure and Temperature 

1.
Pressure and temperature of a gas are directly related to each other.
a.
Rising pressure increases temperature. 

b.
Decreasing pressure decreases temperature. 

i.
Propane bottle used on a camp stove

2.
Cylinder with a moveable plunger

a.
Plunger seals tightly in the cylinder.
b.
No air can escape past plunger.
c.
Pressure gauge and thermometer are opposite the cylinder.
d.
Plunging increases air pressure and squeezes molecules.
e.
Pressure and temperature increase from friction. 

f.
Cylinder air heats up and temperature rises.
g.
Temperature rises as compression is increased.
3.
Diesel engine uses same principle to ignite fuel.
a.
Air is compressed and ignites fuel.
b.
Called compression-ignition engines

c.
Pulling out plunger reduces gas pressure and decreases temperature. 

d.
Drop in pressure produces lower temperatures.
4.
Heating a gas increases movement of molecules.
a.
Heating gas in sealed container increases pressure.
b.
Cooling a gas decreases pressure.
C.
Temperature and Energy

1.
The temperature of a gas is one measure of how much energy it has.
a.
More energy means more work can be done.
b.
Heating moves gas particles faster and produces more pressure. 

c.
Pressure exerts more force on the container.
d.
Pressure is raised through compression and combustion.
e.
Increased energy produces more work the piston can do.
2.
Latent (stored) heat energy exists in various kinds of fuels.
a.
Released to do work when fuel ignited and burned

b.
Contained in liquid, gaseous, and solid fuels

c.
Expressed as British thermal units: Btu

3.
One Btu = heat required to raise temperature of 1 lb of water by 1ºF

a.
Gasoline has high rating of 14,000 Btu.
b.
Diesel fuel is dense at 25,000 Btu.
c.
Coal has lower Btu rating.
D.
Pressure and Volume

1.
Inversely related; as one rises, the other falls.
a.
An example is a cylinder with pressure gauge and moveable piston. 

b.
Increased pressure allows pump to do work.
c.
Larger volumes will have less gas pressure.
d.
Large pressures increase amount of work done.
E.
Force, Work, and Power

1.
Force: effort to push or pull

a.
Measured in pounds, kilograms, or newtons

b.
Force causes movement and produces work.
2.
Compressed spring or tension lifting cable is moved and work is performed 

a.
Work cannot be performed without movement.
b.
Work = distance moved × force applied.
c.
Work is measured in foot-pounds (ft-lb), watts, of joules.
d.
Work can only be accomplished when something is moved.
3.
Power: rate or speed at which work is performed

a.
Increased power = more work that can be performed.
b.
Measured in ft-lb per second or minute

c.
One horsepower = 550 ft-lb per second, or 33,000 ft-lb per minute.
F.
Power and Torque

1.
Torque is described as a twisting force.
a.
Movement does not have to occur to have torque.
i.
Torque is applied before or during movement.


b.
Rotational force applied to crankshaft is torque.
c.
Unit of measurement is ft-lb or newton meters.
2.
Measurement of engine power is calculated from amount of torque at crankshaft and speed of turning. 

a.
Horsepower changes with rpm.
b.
Express power value and engine speed

c.
Power measured in kilowatts

i.
1000 watts = 1000 newtons per meter per second

3.
Horsepower = rpm × ft-lb ÷ 5252.
a.
Divide product of torque × rpm by 5252.
b.
Work = ft-lb force × distance moved.
c.
Torque = ft-lb twisting force applied to shaft.
4.
Calculate twisting power by adding distance moved and time.
a.
Radian = how many radius distances in the circumference of a circle.
b.
Larger circles increase radius.
c.
Every revolution equals a distance of 6.28 radians.
5.
Converting torque ft-lb to work ft-lb requires movement.
a.
Multiply the rpm and use the ft-lb factor or divide ft-lb by distance around circle.
G.
Torque Versus Horsepower

1.
Torque = twisting or turning force; horsepower = rate at which force is produced.
a.
Torque does not mean work is produced.
b.
Movement and time are required to accomplish work in time.
c.
Engine must be running to produce torque.
d.
Rotation of crankshaft = work and power are occurring.
e.
Torque × rpm = power. 

f.
Engine will put out varying amounts of torque and power during operation. 

g.
Torque output is affected by volumetric efficiency and parasitic losses.
h.
Torque peaks at the rpm where engine’s cylinders fill with the most air.
i.
Torque drops as engine speed increases past peak torque rpm.
2.
Naturally aspirated engines: air never completely fills the combustion chamber when engine is running.
a.
Peak engine torque rpm occurs at peak volumetric efficiency.
b.
Peak torque occurs at low- to mid-rpm engine speed.
i.
Depends on bore and stroke of engine

ii.
Intake and exhaust port size and valve timing

3.
Engine rpm rises faster than torque falls off. 

a.
Engine’s max hp occurs at a higher rpm than peak torque rpm. 

b.
Torque on crankshaft drops low enough that crankshaft can no longer do additional work and hp decreases.
c.
Horsepower does the work and torque makes it happen.
d.
Engine torque increases can be achieved through engine modifications that improve volumetric efficiency.
e.
Turbocharge or supercharger will increase engine’s volumetric efficiency above 100%.
H.
Engine Load Factor

1.
Used in regard to diesel engines and describes how long an engine can produce its maximum power output

a.
Powerful engines may not be designed to produce maximum power over long periods.
b.
Gas engines can overheat or fail if operated at max speed and power for too long.
c.
Heavy-duty diesel engines are designed to operate at max speed and load for long periods without damage.
2.
Load factor of engines gives power as an average over a certain period. 

a.
Stated as a percentage

b.
Called load factor

c.
Most car engines operate at about 20% to 30%.
d.
Drive cycle is operating range of an engine from start-up until shutdown.
IV. Four-Stroke Spark-Ignition Engines

A.
SI engines operate on the four-stroke principle. 

1.
Takes four strokes of the piston to complete one cycle

a.
Top dead center (TDC): piston in cylinder is furthest from crankshaft

b.
Bottom dead center (BDC): piston in cylinder is closest to the crankshaft

c.
Stroke: when piston moves from TDC to BDC or reverse

d.
Two more strokes: reciprocating motion

2.
Piston engines can be simple or complicated

a.
Single-piston: lawn mowers

b.
Multipiston: autos, trucks

c.
Multicylinder engines can be various cylinder arrangements.
d.
Some cylinders are arranged in a line, horizontally, or in a V configuration. 

B.
Basic Four-Stroke Operation 

1.
Only one stroke out of four delivers energy to the crankshaft.
2.
Four strokes must include five components.
a.
Intake

b.
Compression

c.
Ignition

d.
Power

e.
Exhaust

3.
Intake stroke: exhaust valve closed, intake valves opening, piston moving from TDC to BDC

a.
Piston moving down increases volume above piston.
b.
Lowers pressure inside cylinder 

c.
Higher outside pressure forces air into the cylinder.
d.
Piston reaches BDC, closes intake valve, and stroke ends.
4.
Compression stroke

a.
Starts near BDC when intake valve closes

b.
Piston moves from BDC to TDC.
c.
Air–fuel mixture compressed into smaller volume.
d.
Compression increases temperature. 

e.
Makes ignition easier and completes ignition

5.
Ignition occurs as piston reaches TDC of compression stroke.
a.
Air/fuel mixture is ignited and burns rapidly.
b.
Heat causes gases to expand.
c.
Pressure is applied to top of piston.
6.
Power stroke: forces move piston from TDC to BDC with valves closed

a.
Valves open near TDC.
7.
Exhaust stroke: end of power stroke 

a.
Piston moves from BDC to TDC.
b.
Pushes burned gases out of the cylinder through exhaust valves

c.
Piston nears TDC, exhaust valve opens, and cylinders start.
d.
Crankshaft has completed two full rotations. 

8.
Four strokes make one cycle.
C.
Engine Measurement—Size

1.
ICEs are designated by volume pistons displace.
a.
Listed in cubic centimeters, liters, cubic inches

b.
Determining displacement requires bore, stroke, number of cylinders.
2.
Cylinder bore: diameter of engine cylinder

a.
Bore is measured across cylinder parallel to block deck.
i.
Block deck: machined surface of the block from crankshaft

b.
Auto bores can vary in size.
3.
Piston stroke: distance piston travels from TDC to BDC or vice versa

a.
Determined by the offset portion of the crankshaft: throw

b.
Piston stroke varies. 

c.
Longer strokes = greater engine torque.
d.
Shorter stroke = engine can run at higher rpm, increasing horsepower.
e.
Engines list bore size first, stroke length second.
4.
Piston displacement: volume piston displaces from BDC to TDC

a.
Increasing diameter of bore or length of stroke = increased piston displacement.
b.
Cylinder bore squared × 0.785 × piston stroke

c.
Calculates both standard or metric displacement

5.
Engine displacement: piston displacement × number of cylinders

a.
Displacement can be altered by changing cylinder bore, piston stroke length, or number of cylinders.
6.
Compression ratio compares cylinder volumes with piston at BDC and TDC.
a.
Max volume is at BDC.
b.
Min volume is at TDC.
c.
Ratio is given as two numbers.
d.
Affected by changing size of combustion chambers or altering valve timing

e.
Higher compression ratios = higher compression pressures and thermal expansion.
f.
Too high compressions cause early ignition.
i.
Causes damage to engine bearings and piston

g.
Manufacturers design engines with optimum compression ratio.
D.
Atkinson and Miller Cycle Engines

1.
Variations on four-stroke engine

a.
Operate more efficiently

b.
Produce lower outputs for same displacement

c.
Raise compression ratio

d.
Raising too much = early ignition

e.
Use valve timing variations

f.
Compression stroke is shorter than expansion stroke.
g.
Compression stroke is shortened by delaying closing of intake valve.
h.
Shortens distance piston has to compress the air–fuel mixture

i.
Combustion chamber is smaller. 

j.
Compression pressure at ignition is same as four-stroke engine.
k.
Expansion stroke is lengthened, delaying opening of exhaust valve close to BDC.
l.
Pressure from burning gases acts on piston longer.
m.
Applies pressure to crankshaft for longer time

n.
Increases efficiency

2.
Use larger throttle opening for power 

a.
Lower manifold vacuum, reduce pumping losses, increase fuel efficiency

b.
Increase volumetric efficiency and boost power output

c.
Engine operates at lower load and speed.
d.
Clutch disengages drive, decreasing engine drag.
e.
If more power needed, clutch is engaged.
3.
Efficient within specific range

a.
Between 2000 and 4500 rpm

b.
Lower than conventional ICE

c.
Less useful as primary source

d.
Ideal in series-parallel hybrid vehicle

e.
Works in tandem with battery-driven electric motor

f.
Charges high-voltage battery 

4.
Lower maximum operating rpm

a.
Lightweight engine components

b.
Reduce friction 

c.
Increase engine efficiency

5.
Crankshaft is mounted off-center from cylinder bores.
a.
Reduces thrust load on piston

b.
Reduces power loss from friction 

E.
Scavenging

1.
Uses column of moving air to create low-pressure area

a.
Removes burned gases from combustion chamber

b.
Replaces gases with new charge

2.
Both valves are open.
a.
Called valve overlap

3.
Exhaust gases leave combustion chamber and flow continues.
4.
Creates low pressure behind it, drawing in intake air and fuel charge

5.
Flow of air pushes out remaining gases.
6.
Valve overlap is effective during high power/high rpm.
a.
Produces rougher idle

b.
Achieved by smoothing intake and exhaust passages

V. Components of the Spark-Ignition Engine

A.
SI engine is widely used to power passenger vehicles in US.
1.
It is vehicle’s main power plant.
a.
Produces power to drive vehicle down road and operate accessories

2.
Fundamentals

a.
Air–fuel mixture is brought into cylinder.
b.
Compressed to increase energy

c.
Ignited by high-voltage spark 

d.
Thermal expansion pushes piston down.
e.
Exhaust gases pushed out of cylinder

3.
Manufacturers have gains in manufacture.
a.
New technologies

b.
Composed of lightweight aluminum, plastic, alloys, powdered metals

4.
Engine divided into two assemblies

a.
Bottom end

i.
Crankcase

ii.
Rotating assembly

b.
Top end 

i.
Holds cylinder heads and combustion chambers

5.
Engine block

a.
Connecting rods, crankshaft, flywheel, camshaft

B.
Short Block and Long Block

1.
Engine subassembly may be used if rebuild needed.
2.
Short block contains engine block below head gasket to above oil pan.
3.
Cam-in-block has camshaft and timing gears.
4.
Overhead-cam short block does not have camshaft or timing gears.
5.
Long block includes short block, cylinder heads, valve train, camshaft and timing chain, gears.
a.
Requires swapping parts from original engine

C.
Cylinder Block, Crankshaft, and Flywheel

1.
Cylinder block is largest part of engine.
a.
Composed of cast iron or aluminum

b.
Includes cylinder bore openings

2.
Block deck is machined flat.
a.
Cylinder head bolts to the block deck.
b.
Passages for coolant and lubrication are machine cast into block.
3.
Main bearing bores have removable main caps.
a.
Hold crankshaft in place

b.
Caps held in place by two or more bolts

4.
Lowest portion of block is crankcase.
5.
Oil pan completes crankcase.
6.
Main bearing caps part of engine girdle/bed plate

a.
Provides stronger design 

7.
Crankshaft is composed of cast iron or forged steel. 

a.
Converts reciprocating motion of pistons into rotary motion at crankshaft

b.
Transferred to engine flywheel and transmission to drive wheels

c.
Machined for main bearing support and connecting rods

d.
Supported by Babbit-lined bearing inserts

e.
Movement limited by thrust bearing at one end of the main bearings.
8.
Crankshaft has main journals in the block’s main bearings.
a.
Rod journals are levers of crankshaft.
b.
Longer piston strokes = increased engine torque.
c.
Rod journals are machined and polished.
d.
Rod journals circle around centerline of crankshaft.
e.
Counterweights are formed on crankshaft.
i.
Balance piston assembly, connecting rods, and rod journals

f.
Snout provides mount for vibration damper, drive gears, sprockets/pulleys.
g.
Back has flange wheel to connect flywheel.
h.
Flywheel is a weighted assembly that stores kinetic energy from power stroke.
i.
Manual transmissions have clutch assembly.
D.
Connecting Rod and Piston

1.
Composed of cast iron, steel, aluminum, or titanium

2.
Rod connects piston to crankshaft.
a.
Transfers piston movement and combustion pressure to crankshaft rod journals

3.
Piston end follows reciprocal movement of piston 

a.
Pivots on piston pin/wrist pin

i.
Attaches piston to connecting rod

ii.
Fits into a one-piece bushing in rod

4.
Large end of connecting rod attaches to crankshaft throw or rod journal.
a.
Machined

5.
Connecting rod causes piston movement during intake, compression, exhaust strokes.
a.
Must be strong for its size

b.
I-beam shape provides for high strength and light weight.
c.
Gets lubrication oil from crankshaft to lubricate wrist pin

6.
Piston is composed of lightweight aluminum, synthetic material.
a.
Transfers combustion pressure to crankshaft through connecting rod

b.
Changes directions multiple times per second

7.
Piston head is exposed to extremes of heat and pressure.
8.
Grooves hold piston sealing rings.
a.
Seals between outside of piston and inside of cylinder wall

b.
Three rings are used.
i.
Two rings are compression rings.

(a)
Prevent combustion pressure: blowby gas

ii.
Lower piston ring is oil control ring.
(a)
Two thin rings with an expander

(b)
Lower ring has holes for oil flow.
9.
Ring lands: area between ring grooves

a.
Support rings as piston moves

10.
Piston skirt prevents piston from rocking and jamming.
11.
Piston pin boss: pinhole in reinforced area of piston body

12.
Piston clearance: space between sides of piston and cylinder wall

13.
Pistons are composed of aluminum alloy.
a.
Alloy: combination of materials with different properties than original metals

b.
Aluminum alloys are lightweight and strong.
14.
Pistons come in many styles of crowns.
a.
Dished, domed, flat top

b.
Ceramic coatings on piston improve lubrication and reduce heat absorption.
E.
The Oil Pan

1.
Seals off bottom of crankcase and holds oil for the engine

2.
Radiates oil heat to air

a.
May have cooling fins to transfer heat 

3.
Bolts to bottom of engine block

4.
Updated since first design 

5.
Composed of aluminum or thermoplastic

6.
Reinforces engine block

7.
Oil pan houses oil pump.
a.
Supplies lubrication and cooling for internal moving parts of engine

b.
Located on front of block surrounding crankshaft

c.
Driven by crankshaft or camshaft

d.
Supplies oil to engine while running

e.
Screened oil pump pickup near bottom of oil pan

i.
Screens out particles

F.
The Cylinder Head

1.
Constructed of cast iron or aluminum

2.
Uses aluminum cylinder head

3.
Contains valves and valve train

4.
Includes intake and exhaust ports and manifolds

5.
Head forms top of cylinder.
6.
Sealed in place with head gasket

7.
Has combustion chamber cast or machined onto it

8.
Combustion chambers come in different designs

G.
Engine Cam and Camshaft

1.
ICE uses poppet valves.
a.
Mushroom-shaped parts that slide up and down in valve guides 

b.
Rest on seat of hardened material

c.
A system is needed to open and close valves.
d.
Control is accomplished with cams.
e.
Shape of cam lifts, holds, and lets valve close.
f.
Camshaft is timed to rotation of crankshaft.
g.
Timing is critical. 

h.
Camshaft is turned by gears, toothed belt, or chain.
2.
Flathead engines had valves installed in the engine block.
a.
Valves are installed in cylinder head. 

b.
Cam-in-block engines use push rods.
c.
Rocker arms are on cylinder heads.
d.
Tappets/lifters ride on camshaft lobes.
3.
Camshaft is mounted on top of cylinder head.
a.
Overhead cam (OHC) engines

b.
Intake and exhaust valves are actuated by single or double camshaft.
i.
Dual overhead cam (DOHC) engines

c.
Separate intake and exhaust valves do not need rocker valves.
d.
Manufacturers use bucket lifter to actuate valve.
4.
Camshaft lobes open valve, hold it, and allow it to close.
a.
Critical to engine operation 

b.
Designed to provide balance to all requirements

H.
Camshaft Specifications

1.
Base circle of cam: rounded bottom part of egg shape

a.
Lifters rest here when valves are closed.
b.
Shape affects power range of engine.
2.
Lift: amount valve train moves with cam 

a.
Lifting off seat = more air entering engine.
b.
Increased lift creates pressure on valve train.
c.
Too much lift creates coil bind

d.
Coil bind occurs when coils touch each other

i.
Causes spring or camshaft and lifter to wear

e.
Too much valve lift = too little valve-to-piston clearance.
f.
Too much lift causes valve to hit piston and ruin engine.
3.
Valve duration is used when designing a cam lobe.
a.
Duration: amount of time valve stays open

b.
Open valves increase air movement in engine.
c.
Cam lobe centerline: cam lobe location in relation to TDC of engine in degrees

i.
Mechanical timing can alter 

d.
Centerline and duration determines when valves will open.
e.
Cam lobe separation: number of degrees between centerline of intake lobe and centerline of exhaust lobe

i.
Determines amount of valve overlap

ii.
Smaller number of degrees = more valve overlap

f.
Valve overlap: intake and exhaust valves open simultaneously

g.
Cam lobe ramp: rise of cam lobe starts from base circle to top of lobe

i.
Ramp: valve starts to lift 

ii.
Degree of rotation measured in camshaft degrees

4.
Valve lift, duration, overlap: features determined by grind of camshaft

5.
High-performance engines have more overlap.
a.
Have longer cam duration

b.
Column inertia

c.
Reduce low-speed power and idle quality

6.
Specs are not given in DOHC engines.
7.
Other engines are tailored.
8.
Too much lift or duration may not be beneficial.
9.
Two listings for cam specifications

a.
Advertised specifications

i.
Measured duration from where valve first opens

ii.
Better indicator of camshaft’s profile

b.
Specs at 0.050ʺ lift

i.
Measured duration starting when valve hits 0.050ʺ
VI. Valves

A.
A valve is used to open and close a port in a cylinder head.
1.
Intake controls flow of air/fuel in combustion chamber.
2.
Exhaust valve controls flow of exhaust gases out of combustion chamber and cylinder.
3.
Exposed intake port area must be larger. 

4.
Engine vacuum created by piston is not as effective.
5.
Exposed port can be increased.
6.
Valve head is disc shaped.
7.
Top of valve faces combustion chamber.
8.
Valve face: machined surface on back of valve head

a.
Seals hardened valve seat in cylinder head.
9.
Valve margin: flat surface on outer edge of valve head

10.
Valve stem: shaft attached to valve head

11.
Valve guide: where the stem operates

a.
Maintains valve alignment

12.
Keepers: machined grooves in the stem

13.
Engines may have two to five valves per cylinder.
B.
Intake and Exhaust Valves

1.
Intake and exhaust valves, in conjunction with the camshaft(s), are the controlling mechanism of the ICE.
2.
If they don't work, combustion will be irregular, weak, or nonexistent.
3.
Important to four-stroke ICE

4.
Intake valves run cooler than exhaust.
5.
Exhaust valve runs hot.
6.
Some exhaust valves are sodium-filled.
7.
Valve face may be coated in Stellitte.
C.
Valve Arrangement

1.
Arranged in one of two methods

a.
L-head

i.
Have not been used for many years

ii.
Inefficient 

iii.
Exhaust emissions

iv.
Used on autos through the 1950s

v.
Older lawn and garden equipment

vi.
Called flathead

b.
I-head

i.
Valves placed in cylinder head above piston

ii.
Allows for better porting arrangement

iii.
Better power

iv.
Improved fuel efficiency

v.
Found in all auto engines

D.
Mechanical and Hydraulic Valve Train

1.
Combination of parts that open and close engine valves

2.
Operates off the camshaft 

3.
Valve lifter: part that rides against cam lobe

a.
Transfers motion from cam to valve and spring

b.
Mechanical spacer

c.
Mechanical valve train engine

d.
Hydraulic plunger = hydraulic valve train

i.
Allows for expansion and contraction of components

4.
Valve adjustments are made by hydraulic lifter.
a.
Takes up clearance 

b.
Valve adjustments are necessary for mechanical valve train.
E.
Roller Rockers and Lifters

1.
Used on new engines to reduce friction and increase engine efficiency

a.
Replace cast or stamped steel rocker arms

2.
Rocker arms have fulcrum.
a.
Half-round bearing

b.
Shaft that rocker moves on

c.
One end touches valve stem.
i.
One end slides across valve pushing it open and close.
ii.
Other end connects with pushrod.
d.
Sliding motion results in friction.
e.
Friction creates loss of power and wear.
f.
Needle bearings and roller reduce friction.
3.
Rocker arms increase lift into cam lobe.
a.
Work as off-center lever

b.
Pivot on pushrod end 

c.
Valve end of rocker moves more than pushrod.
d.
1.5:1 lift ratio

4.
Friction loss also occurs at lifter as it rides up on cam lobe.
a.
Rollers with needle bearings added to base of lifter

b.
Lifter rolls on cam lobe profile rather than sliding

c.
Reduces friction in valve train

d.
More power delivered to engine flywheel

e.
Rollers allow more aggressive cam lift profiles.
f.
Camshafts and tappets should never be interchanged.
g.
Roller lifter must be held in position by retainer.
F.
Valve Clearance

1.
Amount of slack between the rocker arm or cam follower and valve stem or cam and lifter in bucket-style OHC engine

a.
Too large: valves tick and make noise

b.
Too small: held open longer than should be and burned valves

2.
Some valves are adjustable.
3.
Bucket lifters have solid metal discs of different thicknesses.
4.
Ensure proper valve clearance during cylinder head assembly or tune-up.
G.
Valve Timing

1.
Critical to the proper operation of ICE

a.
Performance gains

2.
Depends on range of desired rpm

3.
Mechanical setting

4.
Physically changed by altering timing components

5.
Technician sets components to factory setting.
6.
Camshaft is driven by chain, gears, or timing belt.
7.
Chain lasts life of engine.
8.
Timing belt requires maintenance.
a.
Take care when reinstalling belt or chain

9.
Intake and exhaust valves must open at correct point.
H.
Theoretical Four-Stroke Cycle Engine Valve Timing

1.
Piston at TDC intake valve opens and draws in air with fuel.
2.
Intake valve closes at BDC and air/fuel is compressed.
3.
Piston moves back up to TDC at ignition point.
4.
Fuel ignites.
5.
Piston is driven back down to BDC where exhaust valve opens.
6.
Piston moves back to TDC.
7.
Pushes exhaust out of cylinder

8.
Valves actually open and close sooner or later than described above.
a.
Inertia 

b.
Valves need time to open and allow gases to flow in and out.
c.
Intake stroke opens the intake valve as soon as piston is moving up and exhaust valve is open but closing.
9.
Air flowing into cylinder gains velocity.
a.
Creates column of air with inertia

b.
Keeps airflow moving into cylinder

c.
Column inertia

10.
Cam allows valve spring to close intake valve. 

11.
Piston moves toward TDC.
a.
Squeezes air and fuel into small package

12.
Spark plug ignites fuel and air producing power. 

a.
Before top dead center (BTDC)

b.
After top dead center (ATDC)

13.
Burning air/fuel heats and expands air.
a.
Pushes piston down

14.
Exhaust valve opens before piston reaches BDC.
a.
Allows pressure in cylinder to escape

b.
Opens exhaust valve to evacuate cylinder

15.
Piston traveling toward TDC opens intake valve. 

16.
Exhaust valve hangs open to allow max scavenging effect.
a.
Airflow helped by inertia

17.
Standard camshaft grinds have some degree of overlap at BDC and TDC.
a.
Design and timing are a compromise for street use.
b.
Racing engines are designed with greater valve lift.
18.
Not much inertia at cranking speeds

a.
Open valves reduce engine intake vacuum and difficulty starting.
b.
Open valves lower engine compression. 

19.
Large overlap at cranking speeds allows exhaust gases to work their way into the intake valve and create backfire.
a.
Starting engine increases column inertia.
20.
Timing of valve train is controlled by cam lobes.
a.
Can make events happen sooner or later

b.
Should not be confused with ignition timing

c.
Can be controlled by installing different gears and chain or belt

21.
Cam gears can be manufactured to advance or reduce power.
a.
Advancing closes intake valve sooner.
i.
Increased torque and power in low rpm

b.
Retarding timing closes intake valve later.
i.
Increased torque and power at high rpm

c.
Cam duration is built into cam lobe profile.
d.
Duration determines length of opening and closing.
e.
Opening and closing can be designed for distinct engine purpose.
f.
Valve overlap is not used on turbo or supercharger.
I.
Variable Valve Timing

1.
The advancing or retarding of the cam timing is a benefit to engine performance.
a.
Retarding increases engine efficiency.
b.
Advanced timing gives higher torque during low rpm.
2.
Electronic modules manage optimum valve timing.
a.
Use electronically controlled, hydraulically assisted variable valve timing

b.
Cam phasers or actuators 

c.
Phaser: takes place of standard cam gear/pulley

d.
Power train control module (PCM): controls camshaft 

e.
Actuators at rest can be retarded or advanced.
3.
Vane-type phaser 

a.
Similar to vane-type oil pump

b.
Oil pressure moves into phaser. 

c.
Pushes on one side of vane to advance cam timing

d.
Oil pressure on other side of vane retards camshaft.
e.
Uses mechanical stop to limit max valve timing advance or retard

4.
Cam phasers can be used on any camshaft arrangement. 

a.
Single cam: intake and exhaust affected

b.
DOHC: exhaust camshaft only to increase exhaust gas recirculation

c.
Exhaust valve can be held open later.
5.
Insert gas does not react chemically.
a.
Cools combustion chamber

b.
Reduces oxides of nitrogen

c.
Allows elimination of exhaust gas recirculation (EGR)

d.
Can increase engine power 

e.
Can be installed on both intake and exhaust camshafts

f.
Relies on electric motor-driven phaser to vary cam timing

6.
Variable cam timing is controlled by PCM.
a.
Inputs ensure ECM is controlling timing accurately.
b.
Same inputs are used by PCM to control fuel delivery and ignition system timing.
c.
Must know oil temperature 

d.
Enables or disables variable valve timing

e.
Must know amount of engine load

f.
Calculate engine load using:

i.
Mass airflow sensor or manifold absolute pressure sensor

ii.
Throttle position sensor

iii.
Intake air temperature sensor

iv.
Engine coolant temperature sensor

v.
Crankshaft position sensor

g.
Relies on feedback to ensure cams are rotating via cam position senor (CMP)

h.
Output of PCM is delivered to cam timing solenoid.
i.
Solenoid is turned on and off with pulse-width modulation (PWM) signal.
i.
Variable rapid time based on/off switching of DC signal

ii.
Longer off: less opens

iii.
Longer on: more opens

iv.
Regulates amount and direction of oil flow to cam phaser

J.
Valve Train Drives

1.
Driven by camshaft, which is driven by chain or belt, which is driven by crankshaft 
a.
Gear-to-gear: noisy older design 

b.
Four-cycle engines: camshaft must rotate at half crankshaft speed

i.
Use camshaft gear or pulley

ii.
Ratio of crank to cam gear is 2:1.
2.
Timing chains are louder than belts.
a.
Timing chains outlast belts.
b.
Belts wear when exposed to fluids or dirt.
c.
Chain must have supply of oil to prevent wear.
d.
Jumping time or breakage = serious engine damage.
3.
Freewheeling engine

a.
Has clearance between pistons and valves 

b.
Broken timing belt = no engine damage.
c.
Interference engine has minimal clearance.
d.
Broken timing belt = huge engine repair expense.
4.
Timing chain camshaft in cam-in-block engine is different from that in OHC engine.
a.
Pushrod uses a chain behind a timing chain cover.
b.
Timing chain is short. 

c.
Some use a timing chain tensioner to apply pressure against the chain.
d.
Stretching the chain retards the cam timing and engine performance problems.
5.
OHC engines require longer timing chains.
a.
One or more tensioners are required.
b.
Typically hard plastic-type guides for chain 

c.
Must run on oil

6.
Belts use a toothed or cogged belt to turn the camshaft.
a.
Maintenance replacement item

K.
Intake Manifold

1.
Part of air intake/induction system of the engine

2.
Sits between throttle body and cylinder heads

3.
V-type: located between cylinder heads

4.
Inline: bolts to side of head

5.
Delivers air to cylinder head

6.
Has seen many changes since first engines

a.
Sleek shape

b.
Composed of thermoplastic

c.
Lighter material = better fuel economy

d.
Smoothness, diameter, length affect engine performance.
e.
Manifold design can affect engine performance.
L.
Exhaust Manifold

1.
Output side of engine’s breathing apparatus

2.
Crossflow head

3.
Bolts to cylinder head across from intake manifold

4.
Carries exhaust gases out of engine

5.
Impacts performance of engine due to scavenging

VII. Two-Stroke Spark-Ignition Engines

A.
These engines are notable in their ability to produce a large power to weight ratio.
1.
Every other stroke is a power stroke.
2.
High-emissions engine

3.
Manufacturers have moved away from two-stroke production.
B.
Basic Two-Stroke Cycle Engine Principles

1.
Two-stroke differs from four-stroke SI engine.
a.
Two-stroke: inlet and exhaust ports opened and closed by movement of piston.
b.
No poppet valves are used in the four-stroke engine.
c.
Two-stroke is still an ICE.
d.
Shares the five events common to all SI engines

e.
Method of air induction and scavenging differs:

i.
Intake occurs in two parts.
ii.
Compression

iii.
Ignition

iv.
Power stroke

v.
Exhaust

f.
Expanding gases drive the piston down, turn crankshaft and flywheel, push piston up to the TDC in the cylinder.
2.
Crankshaft makes one revolution for every complete cycle in a two-stroke engine.
a.
Two strokes: one up, one down

b.
Downward stroke is power stroke.
3.
Upward piston movement creates suction in the crankcase.
a.
Pulls air–fuel mix 

4.
Air and fuel sit in crankcase until piston moves.
a.
Crankcase compression 

5.
Piston moves downward with power stroke.
a.
Uncovers transfer port

6.
Fuel and air rush into cylinder.
7.
Piston moves up toward TDC and draws more air and fuel.
8.
Air and fuel get squeezed.
9.
Spark plug ignites mix.
10.
Piston uncovers exhaust port.
11.
Exhaust gases exit the exhaust system.
12.
Crankcase compression pushes air and fuel into cylinder.
13.
Summary

a.
With upward movement of the piston, compression of the air–fuel mix happens in the cylinder above piston.
b.
Intake of new air and fuel happens in the crankcase below piston.
c.
Piston moves down.
d.
Power applied to crankshaft

e.
Exhaust happens.
f.
Crankcase compression builds to push air and fuel through transfer port into cylinder.
g.
Placement of ports makes process possible and eliminates use of valves.
C.
Two-Stroke Intake System

1.
Called piston port system

2.
Piston acts as valve to cover and uncover ports.
a.
Allows flow in and out of cylinder

3.
Crankcase alternates between vacuum and pressure.
a.
Requires a valve between crankcase and carburetor

i.
Reed or rotary valve

4.
Reed valve 

a.
Small, flexible metal plate covering the inlet port

b.
Composed of spring metal 

c.
Attached to crankcase or inlet port

d.
Acts as one-way check valve 

e.
Opens and closes automatically by pressure 

f.
Performance dictates type of reed valve 

5.
Some two-stroke intake systems use a rotary valve 

a.
Crankcase port open to carburetor

b.
Rotary valve covers and uncovers port.
c.
Mounted on crankshaft

d.
Rotary valve rotates with crankshaft.
e.
Opens and closes inlet port

f.
Pressure does not push back onto the carburetor.
D.
Four- and Two-Stroke Engine Differences

1.
Two-stroke gas engine: lubrication performed by mixing oil with gas

a.
Oil lubricates moving parts.
b.
Burns in combustion chamber

c.
Smoke emissions

d.
Dropped for auto use

2.
Two-stroke engines have benefits.
a.
Lightweight, compact, powerful

b.
Used in handheld equipment

c.
Run in any position 

d.
Simple and use fewer parts

e.
Easier and less expensive to build

f.
Do not need pressurized oil and oil passages

g.
Use roller bearings on crankcase

h.
Air cooled

i.
No oil pan

j.
Do not use valve train components

3.
Two-stroke engine downfalls

a.
Pollution

b.
Wasted energy

VIII. Rotary Combustion Spark-Ignition Engines

A.
Fewer parts used results in increased power and smaller engine.
1.
Rotary combustion (RC) engine is used in many applications.
a.
Varied displacement

2.
Rotary engine called Winkle engine.
a.
Improved by Felix Winkle in 1940s

b.
Commercially released in 1964

B.
Basic Principles of the Rotary Engine

1.
Not as common as four-stroke of two-stroke engines

a.
Basic principle accepted

b.
Layout differs from reciprocating engine.
2.
Does not use a reciprocating piston

3.
Process

a.
Rotor rotates 
b.
Rotor functions as piston in engine.
c.
Piston must stop at BDC and move back up to TDC.
d.
Pressure on connecting rod and rod bolts

e.
Inertia tries to move piston out of the top cylinder bore and into oil pan.
f.
Does not have a stop-start piston

g.
Rotor is triangular in shape, turning inside housing.
h.
Housing works on epitrochoid curve.
i.
Rotor moves in unique pattern.
4.
Engine operation is smooth and vibration free. 

a.
Akin to three-cylinder two-stroke engine

5.
Rotor has three working chambers.
6.
Low-end torque is improved.
7.
Can be made with one or more rotor housings stacked side to side

8.
Basic principles of rotary engine

a.
An ICE

b.
Five common events

9.
Intake cycle

a.
Occurs when one face passes the intake port

b.
Draws air/fuel mix into working chamber through inlet port

10.
Turning rotor carries around to spark plugs.
11.
Volume of working chamber decreases and compresses mixture.
12.
Mix is ignited and combustion occurs.
13.
Expanding gases produce power pulse. 

a.
Drives router further around

b.
Uncovers exhaust port

14.
Each face of rotor is separate working chamber.
15.
Three combustion events occur for every revolution of rotor.
C.
Basic Components of the Rotary Engine

1.
Mounted in oval-shaped housing

a.
Housing is made of aluminum alloy.
b.
Curved interior is chromium plated.
c.
Cooling passages are machined into housing.
2.
Two spark plugs in housing enable combustion.
a.
Leading and trailing spark plugs

b.
Combustion chamber is a long trough.
i.
Contributes to incomplete combustion

c.
Plugs increase efficiency of combustion process.
d.
Housing has intake port.
3.
Rotor has three apexes.
a.
Have seals between rotor and housing

b.
Work like piston rings

c.
Side and corner seals between rotor and side housing

d.
Rotor has oil seals.
4.
Combustion chamber of rotary engine is formed by hollows in flanks of rotor.
a.
Called bathtubs

5.
Front and rear housings are bolted to each side of rotor housing.
6.
Internal gear meshes with corresponding stationary gear. 

7.
Combustion meshes teeth of the rotor to walk around the stationary gear 

a.
Makes rotor follow curved surface of housing giving planetary motion

b.
Rotor attached to eccentric shaft at rotor journals

c.
Shaft is like crankshaft in piston engine.
d.
Rotor is off-center.
e.
Shaft is supported by main journals.
D.
Engine Power Pulses 

1.
A single-rotary engine produces three power pulses per rotation. 

2.
Four-stroke: one power pulse per cylinder for every two crankshaft revolutions
3.
Two-stroke: one power pulse per cylinder for each crankshaft revolutions
4.
Eccentric shaft makes one revolution per power phase

a.
Shaft turns at three times speed of rotor

5.
Standard engine has two rotors

E.
Renesis Rotary Engine

1.
Operates same as conventional engine, but with design changes

a.
Improved fuel economy

b.
Complies with emission regulations

2.
Low-output version available

a.
Two intake ports

b.
Ports enlarged and moved to side of housing

3.
Intake manifold has primary, secondary, and auxiliary ducts.
a.
Primary: no control valve 

b.
Secondary and auxiliary: controlled by butterfly valves

c.
Low engine speeds: air flows into engine through primary intake

d.
Medium speeds: opens secondary intake ducts

e.
Intake manifolds use similar system: intake manifold runner control 

f.
Opens extra air duct on air cleaner at high speeds

4.
High-output engine has three intake ports.
a.
Primary, secondary, auxiliary

b.
High speeds open auxiliary duct

c.
Butterfly valve is used at speeds above 7000 rpm.
5.
Low-output engines have two fuel injectors per rotor.
a.
Primary and secondary

b.
Primary operates at all times.
c.
Secondary operates at speeds over 3700 rpm.
d.
High-output has additional primary injectors.
e.
Exhaust ports enlarged and moved to side of combustion chamber housing

IX. Summary
A.
Most modern vehicles use internal combustion engines. 
B.
Internal combustion engines are typically either piston (spark ignition, using reciprocating motion of pistons) or rotary (spark ignition, using planetary motion). 
C.
Piston engines can be spark ignition (passenger vehicles; uses a spark plug) or compression ignition (diesel vehicles; no spark plug). 
D.
Pressure and temperature have a direct relationship in that when pressure rises so does temperature, and vice versa. 
E.
Internal combustion engines work by heating a gas, which increases pressure (thermal expansion), creating force to push the piston down the cylinder. 
F.
Pressure and volume have an inverse relationship: When one increases, the other decreases. 
G.
Force (effort) tends to cause movement, which creates work; the speed at which this happens is known as power. 
H.
Work = distance moved × force applied. 
I.
Power = distance × force / time in minutes. 
J.
Engine power is measured by the amount of torque (turning effort) applied to the crankshaft, times the rpm at which it is turning divided by 5252. 
K.
Torque and power produced by an engine are called engine output. 
L.
Horsepower refers to the speed at which torque is produced. 
M.
Load factor refers to the period of time a vehicle can operate at maximum speed and power. 
N.
Piston stroke refers to the distance traveled from top dead center (TDC) to bottom dead center (BDC) (or BDC to TDC). 
O.
Internal combustion engines have either a two-stroke or four-stroke cycle. 
P.
In a four-stroke cycle, five events must occur: intake, compression, ignition, power, and exhaust. 
Q.
The compression ratio of an engine is based on cylinder volume at BDC compared to cylinder volume at TDC, and can be affected by changes in piston stroke, piston head shape, head gasket thickness, and combustion chamber size. 
R.
Piston displacement (the volume of movement from BDC to TDC) is calculated as: bore squared × 3.14 × stroke / 4. 
S.
Engine displacement is calculated as piston displacement × number of engine cylinders. 

T.
Two variations on the typical four-stroke spark ignition engine are the Miller cycle engine and the Atkinson cycle engine, both of which use valve timing variations to create unequal compression and expansion strokes. 
U.
The Miller cycle engine has an engine-driven compressor that functions at high load and speed to boost power output. 
V.
The Atkinson cycle engine is ideal for hybrid vehicles, as it has a lower power output and torque than conventional engines. 
W.
Valve overlap refers to the short time that both intake and exhaust valves are open, allowing more air and fuel into the engine during high power high rpm. 
X.
Major components of an internal combustion engine include: cylinder block, crankshaft, flywheel, connecting rod and piston, intake manifold, oil pan, oil pump, exhaust manifold, cylinder head, valve train, and engine camshaft. 
Y.
The cylinder block, the largest engine component, includes cylinder bores, coolant and lubrication passages, and the crankcase. 
Z.
The function of the crankshaft is to convert the piston’s reciprocating motion into rotary (turning) motion. 
AA.
The flywheel stores energy from each piston’s power stroke to smooth out the power strokes. 
BB.
The connecting rod connects the piston to the crankshaft and causes piston movement (via the crankshaft) during non-power strokes. 
CC.
Components that make up and support the piston are: piston head, piston rings (compression and oil control), ring grooves, ring lands, piston skirt, pin hole, and pin boss. 
DD.
Compression and combustion gases can leak past piston rings and enter the crankcase; this is known as blowby. 
EE.
The purpose of an intake manifold is to deliver air or air and fuel to the cylinder head. 
FF.
Oil for the engine lubrication system is stored in the oil pan. 
GG.
The camshaft opens the valves and allows them to close at the right time, which ensures correct engine operation. 
HH.
Parts of the camshaft lobe include: base circle, nose, cam lobe centerline, and cam lobe ramps. 
II.
Engineers designing camshaft lobes must consider the issues of lift and duration, as well as the cam centerline and separation. 

JJ.
Parts of an intake valve include: head, face, margin, and stem.

KK.
The intake valve is typically larger and tends to run cooler than the exhaust valve.

LL.
Exhaust valves are typically smaller, allow exhaust to exit the cylinder, and tends to be run hotter than intake valves.

MM.
Modern automotive engines have valves arranged in the cylinder head above the piston, known as an I-head arrangement.

NN.
The valve lifter can be hydraulic or mechanical and transfers motion from the cam lobe to the valve train or directly to the valve.

OO.
Roller rocker arms act as levers to increase the camshaft’s lift of the valve.

PP.
Valve clearance must be accurate, so as not to create noise (meaning clearance is too high) or a loss of compression past the valve (clearance is too low).

QQ.
Timing of when valves open and close is vital to proper engine function; timing belts will need periodic replacement and must be aligned with engine timing marks.

RR.
Valve timing can be modified during engine design by advancing or retarding cam timing, which gives the effect of more torque and power at a lower rpm or higher rpm range, respectively.

SS.
Variable valve timing allows cam timing to be adjusted during engine operation.

TT.
Cam actuators can be a twisted gear arrangement or a vane-type phaser.

UU.
The engine control module (ECM) controls variable cam timing using the following inputs: mass airflow sensor or manifold absolute pressure sensor, throttle position sensor, intake air temperature sensor, engine coolant temperature sensor, and crankshaft position sensor.

VV.
Using a pulse width modulation signal, the cam solenoid regulates amount and direction of oil flow to the cam phaser.

WW.
Engine design—freewheeling or interference—determines the amount of damage that will result if the timing belt breaks.

XX.
Two-stroke engines use the piston to open and close intake and exhaust ports allowing air–fuel to enter the cylinder.

YY.
All events of an internal combustion engine are accomplished by a two-stroke engine within one up and one down stroke of the piston.

ZZ.
Two-stroke engines use either a reed valve or rotary valve to allow air and fuel into the crankcase.

AAA.
Two-stroke engines eliminate the camshaft and valve train, making them lighter than four-stroke engines.

BBB.
Four-stroke engines release fewer hydrocarbons into the atmosphere and are more likely to meet EPA regulations.

CCC.
Rotary, or Wankel, engines use a rotor in place of a piston and move it in an epitrochoid curve to create a nearly vibration-free engine operation.

DDD.
Rotary engines have two spark plugs—leading and trailing—per rotor to enable complete combustion.

EEE.
The rotor moves along the curved surface of its housing and pushes on an eccentric shaft to produce power.

FFF.
A rotary engine cycle has four phases: intake, compression, power, and exhaust.

GGG.
Each of the three faces of the rotor act as a combustion chamber, and have a power pulse every revolution of the rotor.

HHH.
The Renesis rotary engine is designed with improved fuel economy via modified intake and exhaust ports.

III.
A Renesis engine can be low output (for automatic transmissions) or high output (for manual transmissions)
Post-Lecture 
This section contains various student-centered end-of-chapter activities designed as enhancements to the instructor’s presentation. As time permits, these activities may be presented in class. They are also designed to be used as homework activities.
ASE-Type Questions
This activity is designed to assist the student in gaining a further understanding of and familiarity with ASE-type questions.
Instructor Directions
1.
Direct students to read and individually answer the “ASE-Type Questions” located in the Wrap-up section at the end of Chapter 44. Allow approximately 10 minutes for this part of the activity.
2.
Facilitate a class review and dialogue of the answers, allowing students to correct responses as may be needed. Use the quiz question answers noted below to assist in building this review. 
3.
You may wish to ask students to complete the activity on their own and turn in their answers on a separate piece of paper.
Answers to ASE-Type Questions
1. Tech A says that engines using compression ignition control timing by regulating when fuel is injected into the cylinder. Tech B says that engines using spark ignition control timing by regulating when fuel is injected into the cylinder. Who is correct?

a. Tech A

b. Tech B

c. Both A and B

d. Neither A nor B

Answer: a
2. Tech B says that horsepower is a measurement of the amount of work being performed. Tech B says that horsepower can be calculated by multiplying torque by rpm and dividing by 5252. Who is correct?

a. Tech A

b. Tech B

c. Both A and B

d. Neither A nor B

Answer: b
3. Tech B says that in a four-stroke engine, the piston is at TDC four times to complete the cycle. Tech B says that the air/fuel mixture is ignited once every two strokes. Who is correct?

a. Tech A

b. Tech B

c. Both A and B

d. Neither A nor B

Answer: d
4. Tech A says that spark ignition typically occurs before TDC. Tech B says that spark ignition typically occurs after TDC. Who is correct?

a. Tech A

b. Tech B

c. Both A and B

d. Neither A nor B

Answer: a
5. Tech A says that valve overlap occurs between the exhaust stroke and the intake stroke. Tech B says that valve overlap occurs to assist in scavenging the cylinder. Who is correct?

a. Tech A

b. Tech B

c. Both A and B

d. Neither A nor B

Answer: c
6. Tech A says that compression ratio is the comparison of the volume above the piston at BDC to the volume above the piston at TDC. Tech B says that scavenging of the exhaust gases occurs once the exhaust valve closes. Who is correct?

a. Tech A

b. Tech B

c. Both A and B

d. Neither A nor B

Answer: a
7. Tech A says that the weight of the flywheel smooths out the engine’s power pulses. Tech B says that the flex plate and torque converter perform the same function as the flywheel. Who is correct?

a. Tech A

b. Tech B

c. Both A and B

d. Neither A nor B

Answer: c
8. Tech A says that an interference engine is designed so that the pistons can hit the valves if the timing belt breaks. Tech B says that the shape of the cam lobe determines how long and far the valves are held open. Who is correct?

a. Tech A

b. Tech B

c. Both A and B

d. Neither A nor B

Answer: c
9. Tech A says that blowby gases occur when compression and combustion gases leak past the piston rings. Tech B says that a rotary engine uses reed valves to control air flow into the cylinder on intake. Who is correct?

a. Tech A

b. Tech B

c. Both A and B

d. Neither A nor B

Answer: a
10. Tech A says that the principle of thermal expansion is what pushes the piston down the cylinder on the power stroke. Tech B says that the piston is pulled down the cylinder on the intake stroke. Who is correct?

a. Tech A

b. Tech B

c. Both A and B

d. Neither A nor B

Answer: a
Assignments 

A.
Review all materials from this lesson and be prepared for a lesson quiz to be administered (date to be determined by instructor).

B.
Direct students to read the next chapter in Fundamentals of Automotive Technology: Principles and Practice as listed on your syllabus to prepare for the next class session. 
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