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PrefAce
Professional Technician series  Part of 

Pearson Automotive’s Professional Technician Series, the 

fifth edition of Automotive Engine Performance represents 

the future of automotive textbooks. The series is a full-color, 

media-integrated solution for today’s students and instructors. 

The series includes textbooks that cover all eight areas of ASE 

certification, plus additional titles covering common courses.

The series is also peer reviewed for technical accuracy.

UPdaTes To The fifTh ediTion Text was updated 

with the following features:

■■ Many new full color line drawings and photos were added 

to this edition to help bring the subject to life.

■■ Updated throughout and correlated to the latest ASE/

NATEF tasks.

■■ New Case Studies included in this edition that includes 

the “three Cs” (Complaint, cause and correction).

■■ New OSHA hazardous chemical labeling requirements 

added to Chapter 2.

■■ Atkinson Cycle engine design added to Chapter 3.

■■ Scope testing of MAF sensors added to Chapter 23.

■■ Additional content on gasoline direct injection (GDI) 

added to Chapter 28.

■■ Fiat Chrysler Multiair System information added to 

Chapter 30.

■■ Tier 3 Emission Standards added to Chapter 31.

■■ Unlike other textbooks, this book is written so that the 

theory, construction, diagnosis, and service of a particu-

lar component or system are presented in one location. 

There is no need to search through the entire book for 

other references to the same topic.

ase and naTef correlaTed NATEF-certified 

programs need to demonstrate that they use course material 

that covers NATEF and ASE tasks. All Professional Technician 

textbooks have been correlated to the appropriate ASE and 

NATEF task lists. These correlations can be found in two 

locations:

■■ As an appendix to each book.

■■ At the beginning of each chapter in the Instructor’s 

Manual.

a comPleTe insTrUcTor and sTUdenT 
sUPPlemenTs Package All Professional Technician 

textbooks are accompanied by a full set of instructor and 

student supplements. Please see page vi for a detailed list of 

supplements.

a focUs on diagnosis and Problem solving  

The Professional Technician Series has been developed to 

satisfy the need for a greater emphasis on problem diagnosis. 

Automotive instructors and service managers agree that 

 students and beginning technicians need more training in 

 diagnostic procedures and skill development. To meet this 

need and demonstrate how real-world problems are solved, 

“Real World Fix” features are included throughout and highlight 

how real-life problems are diagnosed and repaired.

The following pages highlight the unique core features 

that set the Professional Technician Series book apart from 

other automotive textbooks.
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iv  IN-TExT FEATURES

Tech TiPs feature real-world advice and “tricks of the 

trade” from ASE-certified master technicians.

learning objecTives and key Terms appear at 

the beginning of each chapter to help students and instructors 

focus on the most important material in each chapter. The 

chapter objectives are based on specific ASE and NATEF tasks.

in-TexT feaTUres

It Just Takes a Second

Whenever removing any automotive component, it is 

wise to screw the bolts back into the holes a couple 

of threads by hand. This ensures that the right bolt will 

be used in its original location when the component 

or part is put back on the vehicle.

TECh TIP 

Shop Cloth Disposal

Always dispose of oily shop cloths in an enclosed 

container to prevent a fire. ● SEE FIgurE 1–69. 

Whenever oily cloths are thrown together on the floor 

or workbench, a chemical reaction can occur, which 

can ignite the cloth even without an open flame. This 

process of ignition without an open flame is called 

spontaneous combustion.

SAFETy TIP 

safeTy TiPs alert students to possible hazards on the 

job and how to avoid them.

There Is No Substitute for a Thorough  

Visual Inspection

An intermittent “check engine” light and a random-

misfire diagnostic trouble code (DTC) P0300 was being 

diagnosed. A scan tool did not provide any help be-

cause all systems seemed to be functioning normally. 

Finally, the technician removed the engine cover and 

discovered a mouse nest. ● SEE FIgurE 30-24.

Summary:
•	  Complaint—Customer stated that the “Check 

Engine” light was on.

•	  Cause—A stored P0300 DTC was stored indicating a 

random misfire had been detected caused by an ani-

mal that had partially eaten some fuel injector wires. 

•	  Correction—The mouse nest was removed and 

the wiring was repaired.

CASE STuDy 

case sTUdy present students with actual automotive 
scenarios and show how these common (and sometimes 
uncommon) problems were diagnosed and repaired.

How Many Types of Screw Heads Are Used in 

Automotive Applications?

There are many, including Torx, hex (also called 

Allen), plus many others used in custom vans and 

motor homes. ● SEE FIgurE 1–9.

? FrEquEnTLy ASkED quESTIon 

freqUenTly asked qUesTions are based on the 
author’s own experience and provide answers to many of the 
most common questions asked by students and beginning 
service technicians.
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IN-TExT FEATURES v

NoTe: Most of these “locking nuts” are grouped together 

and are commonly referred to as prevailing torque nuts. 

This means that the nut will hold its tightness or torque 

and not loosen with movement or vibration.

noTes  provide students with additional technical 

information to give them a greater understanding of a specific 

task or procedure.

CAUTIoN: Never use hardware store (nongraded) 

bolts, studs, or nuts on any vehicle steering, suspen-

sion, or brake component. Always use the exact size 

and grade of hardware that is specified and used by the 

vehicle manufacturer.

caUTions alert students about potential damage to the 

vehicle that can occur during a specific task or service procedure.

do not use incandescent trouble lights around 

gasoline or other flammable liquids. the liquids 

can cause the bulb to break and the hot filament 

can ignite the flammable liquid, which can cause 

personal injury or even death.

WArnIng 

Warnings alert students to potential dangers to 

themselves during a specific task or service procedure.

sTeP-by-sTeP photo sequences show in 

detail the steps involved in performing a specific 

task or service procedure.

The sUmmary, revieW qUesTions, and chaPTer 
qUiz at the end of each chapter help students review the 

material presented in the chapter and test themselves to see 

how much they’ve learned.
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vi SUPPLEMENTS

sUPPlemenTs

ReSoURCeS IN PRINT AND oNlINe
Automotive Engine Performance

nAme of SuPPLement Print onLine AuDience DeScriPtion

Instructor  
resource Manual 
0134067002

✔ Instructors NEW! The Ultimate teaching aid:  
Chapter  summaries, key terms, chapter 
learning objectives, lecture resources, 
discuss/demonstrate classroom activities,  
and answers to the in text review and  
quiz questions.

Testgen 
0134067053

✔ Instructors Test generation software and test bank for 
the text.

PowerPoint 
Presentation 
0134067045

✔ Instructors Slides include chapter learning objectives, 
lecture outline of the test, and graphics 
from the book.

Image Bank 
0134067010

✔ Instructors All of the images and graphs from the text-
book to create customized lecture slides.

nATEF Correlated  
Task Sheets - For  
Instructors 
0134066960

✔ Instructors Downloadable NATEF task sheets for easy 
customization and development of unique 
task sheets.

nATEF Correlated 
Task Sheets - For 
Students 
0134067061

✔ Students Study activity manual that correlates 
NATEF Automobile Standards to chapters 
and pages numbers in the text. Available 
to students at a discounted price when 
 packaged with the text.

CourseSmart eText 
0134067037

✔ Students An alternative to purchasing the print text-
book, students can subscribe to the same 
content online and save up to 50% off the 
suggested list price of the print text. Visit 
www.coursesmart.com

All online resources can be downloaded from the Instructor’s Resource Center: www.pearsonighered.com/irc
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(GDI) 436
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Spark ignition direct 
injection (SIDI) 436

Stratified mode 438

chapter 28 

Gasoline  
Direct-injection 
systems

After studying this chapter, the reader will be 

able to:

1. Discuss how to troubleshoot a gasoline direct-

injection system.

2. Explain how a gasoline direct-injection system 

works.

3. Describe the differences between port fuel-

injection and gasoline direct-injection systems.

4. List the various modes of operation of a 

 gasoline direct-injection system.

This chapter will help you prepare for Engine Repair 

(A8) ASE certification test content area “C” (Fuel, 

Air Induction, and Exhaust Systems Diagnosis and 

Repair).

Learning Objectives Key terms 

435
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436 CHApTER 28 

■■ Allows a higher compression ratio for higher engine 

efficiency

■■ Allows the use of lower-octane gasoline

■■ The volumetric efficiency is higher

■■ Less need for extra fuel for acceleration

■■ Improved cold starting and throttle response

■■ Allows the use of greater percentage of EGR to reduce 

exhaust emissions

■■ Up to 25% improvement in fuel economy

■■ 12% to 15% reduction in exhaust emissions

DisaDvantages of gasoline Direct injection
■■ Higher cost due to high-pressure pump and injectors

■■ More components compared with port fuel injection

■■ Due to the high compression, a NOx storage catalyst is 

sometimes required to meet emission standards, espe-

cially in Europe. (● see Figure 28–2.)

■■ Uses up to six operating modes depending on engine 

load and speed, which requires more calculations to be 

performed by the powertrain Control Module (pCM).

Several vehicle manufacturers such as Audi, Mitsubishi, 

Mercedes, BMW, Toyota/Lexus, Mazda, Ford, and General 

Motors are using gasoline direct injection (gDi) systems, 

which General Motors refers to as a spark ignition direct 

 injection (siDi) system. A direct-injection system sprays high-

pressure fuel, up to 2,900 pSI, into the combustion chamber 

as  the piston approaches the top of the compression stroke. 

With the combination of high-pressure swirl injectors and mod-

ified combustion chamber, almost instantaneous vaporization 

occurs. This combined with a higher compression ratio allows 

a direct-injected engine to operate using a leaner-than-normal 

air–fuel ratio, which results in improved fuel economy with 

higher power output and reduced exhaust emissions. ● see 

Figure 28–1.

aDvantages of gasoline Direct injection The 

use of direct injection compared with port fuel injection has 

many advantages including:

■■ Improved fuel economy due to reduced pumping losses 

and heat loss

Direct fuel injection

Figure 28–1 A gasoline direct-injection 
system injects fuel under high pressure 
directly into the combustion chamber.

HIGH-
PRESSURE
SENSOR

PCM

B+

IC IC 12 V
FUEL PUMP
SPEED MODULE

LOW-
PRESSURE
SENSOR

FUEL TANK

FUEL 
PUMP

HIGH-PRESSURE
PUMP

GDI INJECTORS

FUEL
RAIL

Figure 28–2 A GDI system uses a low-pressure pump in the gas tank similar to other types 
of fuel-injection systems. The pCM controls the pressure of the high-pressure pump using 
sensor inputs.
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GASOLINE DIRECT-INjECTION SySTEMS  437

fuel Pressure regulator An electric pressure-

control valve is installed between the pump inlet and outlet 

valves. The fuel rail pressure sensor connects to the pCM with 

three wires:

■■ 5 volt reference

■■ ground

■■ signal

The sensor signal provides an analog signal to the pCM 

that varies in voltage as fuel rail pressure changes. Low pres-

sure results in a low-voltage signal and high pressure results in 

a high-voltage signal.

low-Pressure suPPly PumP The fuel pump in the fuel 

tank supplies fuel to the high-pressure fuel pump at a pres sure 

of approximately 60 pSI. The fuel filter is located in the fuel tank 

and is part of the fuel pump assembly. It is not usu ally serviceable 

as a separate component; the engine control module (ECM) 

controls the output of the high-pressure pump, which has  

a range between 500 pSI (3,440 kpa) and 2,900 pSI (15,200 kpa) 

during engine operation. ● see Figures 28–2 anD 28–3.

HigH-Pressure PumP In a General Motors system, 

the engine control module (ECM) controls the output of the  

 high-pressure pump, which has a range between 500 pSI 

(3,440 kpa) and 2,900 pSI (15,200 kpa) during engine opera-

tion. The high-pressure fuel pump connects to the pump in the 

fuel tank through the low-pressure fuel line. The pump consists 

of a single-barrel piston pump, which is driven by the engine 

camshaft. The pump plunger rides on a three-lobed cam on the 

camshaft. The high-pressure pump is cooled and lubricated by 

the fuel itself. ● see Figure 28–4.

fuel rail The fuel rail stores the fuel from the high-

pressure pump and stores high-pressure fuel for use to each 

injector. All injectors get the same pressure fuel from the fuel rail.

Direct-injection fuel 
Delivery system

Figure 28–3 A typical direct- 
injection system uses two 
pumps—one low-pressure elec-
tric pump in the fuel tank and the  
other a high-pressure pump driven  
by the camshaft. The high pres-
sure fuel system operates at a 
pressure as low as 500 pSI during 
light load conditions and as high 
as 2,900 pSI under heavy loads.

COMMON
RAIL

INJECTOR

PRESSURE
REGULATOR

FUEL TANK

LOW-PRESSURE
FUEL PUMP

HIGH-PRESSURE
FUEL PUMP

THE HIGH-PRESSURE PUMP
DRIVE LOBE IS LOCATED
ON THE ENGINE CAMSHAFT

CAMSHAFTPISTON

SPRING

PRESSURE
REGULATOR

CHECK
BALL

Figure 28–4 A typical camshaft-driven high-pressure pump 
used to increase fuel pressure to 2,000 pSI or higher.
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438 CHApTER 28 

The pCM uses internal drivers to control the power feed 

and ground for the pressure control valve. When both pCM 

drivers are deactivated, the inlet valve is held open by spring 

pressure. This causes the high pressure fuel pump to default to 

low-pressure mode. The fuel from the high-pressure fuel pump  

flows through a line to the fuel rail and injectors. The actual 

 operating pressure can vary from as low as 500 pSI (3,440 

kpa) at idle to over 2,000 pSI (13,800 kpa) during high speed or 

heavy load conditions. ● see Figure 28–5.

Note: Unlike a port fuel-injection system, a gasoline dir-
ect injection system varies the fuel pressure to achieve 
greater fuel delivery using a very short pulse time, which 
is usually less than one millisecond. to summarize:

•	Port Fuel Injection ∙ constant fuel pressure but 

variable injector pulse-width.

•	GDI ∙ almost constant injector pulse-width  

with varying fuel pressure.

Chart 28–1 

A comparison chart showing the major differences between a  
port fuel-injection system and a gasoline direct-injection system.

Port FUel-INjectIoN SyStem comPAreD  
WIth GDI SyStem

Port FUel 
injection

Gasoline Direct 
injection

Fuel pressure 35–60 PSI Lift pump—50 to 60 PSI
High-pressure pump— 
500 to 2,900 PSI

injection pulse 
width at idle

1.5–3.5 ms About 0.4 ms (400 μs)

injector resistance 12–16 ohms 1–3 ohms

injector voltage 6 V for low- 
resistance 
 injectors, 12 V for 
most injectors

50–90 V

number of injec-
tions per event

One 1–3

engine  
compression ratio

8:1–11:1 11:1–13:1

The two basic modes of operation include:

1. stratified mode. In this mode of operation, the air–fuel 

mixture is richer around the spark plug than it is in the rest 

of the cylinder.

2. Homogeneous mode. In this mode of operation, the air–

fuel mixture is the same throughout the cylinder.

There are variations of these modes that can be used to 

fine-tune the air–fuel mixture inside the cylinder. For example, 

Bosch, a supplier to many vehicle manufacturers, uses the 

 following six modes of operation:

■■ Homogeneous mode. In this mode, the injector is pulsed 

one time to create an even air–fuel mixture in the cylinder. 

The injection occurs during the intake stroke. This mode 

is used during high-speed and/or high-torque conditions.

■■ Homogeneous lean mode. Similar to the homogeneous 

mode except that the overall air–fuel mixture is slightly 

lean for better fuel economy. The injection occurs during 

the intake stroke. This mode is used under steady, light-

load conditions.

■■ stratified mode. In this mode of operation, the injection 

occurs just before the spark occurs resulting in lean com-

bustion, reducing fuel consumption.

■■ Homogeneous stratified mode. In this mode, there are 

two injections of fuel:

moDes of oPeration

HIGH-PRESSURE
FUEL PUMP

FUEL PRESSURE 
SENSOR

ELECTRIC PRESSURE
CONTROL VALVE FUEL 

INJECTOR

FUEL RAIL

Figure 28–5 A gasoline direct-injection (GDI) fuel rail and 
pump assembly with the electric pressure control valve.

Each high-pressure fuel injector assembly is an electrically 

magnetic injector mounted in the cylinder head. In the GDI sys-

tem, the pCM controls each fuel injector with 50 to 90 volts 

(usually 60 to 70 volts), depending on the system, which is cre-

ated by a boost capacitor in the pCM. During the high-voltage 

boost phase, the capacitor is discharged through an injector, 

allowing for initial injector opening. The injector is then held 

open with 12 volts. The high-pressure fuel injector has a small 

slit or six precision-machined holes that generate the desired 

spray pattern. The injector also has an extended tip to allow for 

cooling from a water jacket in the cylinder head.
● see cHart 28–1 for an overview of the differences 

between a port fuel-injection system and a gasoline direct- 

injection system.

gasoline Direct- 
injection fuel injectors
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GASOLINE DIRECT-INjECTION SySTEMS  439

■■ The first injection is during the intake stroke.

■■ The second injection is during the compression stroke.

As a result of these double injections, the rich air–fuel 

mixture around the spark plug is ignited first. Then, the 

rich mixture ignites the leaner mixture. The advantages 

of this mode include lower exhaust emissions than the 

stratified mode and less fuel consumption than the 

 homogeneous lean mode.

■■ Homogeneous knock protection mode. The purpose of 

this mode is to reduce the possibility of spark knock from 

occurring under heavy loads at low engine speeds. There 

are two injections of fuel:

■■ The first injection occurs on the intake stroke.

■■ The second injection occurs during the compression 

stroke with the overall mixture being stoichiometric.

As a result of this mode, the pCM does not need to 

 retard ignition timing as much to operate knock-free.

■■ stratified catalyst heating mode. In this mode, there are 

two injections:

■■ The first injection is on the compression stroke just be-

fore combustion.

■■ The second injection is after combustion occurs to 

heat the exhaust. This mode is used to quickly warm 

the catalytic converter and to burn the sulfur from the 

NOx catalyst.

Figure 28–7 
The side injector 
combines with 
the shape of the 
piston to create 
a swirl as the 
piston moves 
up on the 
compression 
stroke.

Figure 28–8 
The piston 
creates a 
tumbling force 
as it moves 
upward.

Gasoline direct-injection (GDI) systems use a variety of shapes 

of piston and injector locations depending on make and model 

of engine. Three of the most commonly used designs include:

■■ spray-guided combustion. In this design, the injector 

is placed in the center of the combustion chamber and 

injects fuel into the dished-out portion of the piston. The 

shape of the piston helps guide and direct the mist of fuel 

in the combustion chamber. ● see Figure 28–6.

■■ swirl combustion. This design uses the shape of the 

piston and the position of the injector at the side of the 

combustion chamber to create turbulence and swirl of 

the air–fuel mixture. ● see Figure 28–7.

■■ tumble combustion. Depending on when the fuel is injec-

ted into the combustion chamber helps determine how the  

air–fuel mixture is moved or tumbled. ● see Figure 28–8.

Piston toP Designs

INJECTOR

SPRAY-GUIDED COMBUSTION

SPARK
PLUG

Figure 28–6 In this design, the fuel injector is at the top of 
the cylinder and sprays fuel into the cavity of the piston.

INJECTOR

WALL-GUIDED (SWIRL) COMBUSTION

SPARK PLUG

INJECTOR

WALL-GUIDED (TUMBLE) COMBUSTION

SPARK PLUG
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An engine equipped with gasoline direct injection could use 

the system to start the engine. This is most useful during idle 

stop mode when the engine is stopped while the vehicle is at 

a traffic light to save fuel. The steps used in the Mazda start-

stop system, called the smart idle stop system (SISS), allow the 

engine to be started without a starter motor and include the 

following steps:

steP 1 The engine is stopped. The normal stopping posi-

tion of an engine when it stops is 70 degrees before 

top dead center, plus or minus 20 degrees. This is 

because the engine stops with one cylinder on the 

compression stroke and the pCM can determine the 

cylinder position, using the crankshaft and camshaft 

position sensors.

steP 2 When a command is made to start the engine by the 

pCM, fuel is injected into the cylinder that is on the 

compression stroke and ignited by the spark plug.

steP 3 The piston on the compression stroke is forced down-

ward forcing the crankshaft to rotate counterclockwise 

or in the opposite direction to normal operation.

steP 4 The rotation of the crankshaft then forces the com-

panion cylinder toward the top of the cylinder.

steP 5 Fuel is injected and the spark plug is fired, forcing 

the piston down, causing the crankshaft to rotate in 

the normal (clockwise) direction. Normal combustion 

events continue allowing the engine to keep running.

engine start system

overview Many Lexus vehicles use gasoline direct 

injection and in some engines they also use a conventional port 

fuel-injection system. The Lexus D-4S system combines direct-

injection injectors located in the combustion chamber with port 

fuel-injectors in the intake manifold near the intake valve. The 

two injection systems work together to supply the fuel needed 

by the engine. ● see Figure 28–9 for how the two systems 

are used throughout the various stages of engine operation.

colD-start warm-uP To help reduce exhaust emis-

sions after a cold start, the fuel system uses a stratified change 

mode. This results in a richer air–fuel mixture near the spark 

plug and allows for the spark to be retarded to increase the 

temperature of the exhaust. As a result of the increased exhaust 

temperature, the catalytic converter rapidly reaches operating 

temperature, which reduces exhaust emissions.

lexus Port- anD Direct-
injection systems

TORQUE

ENGINE SPEED (RPM) HIGH

HIGH

DIRECT INJECTION ONLY

DIRECT INJECTION 
            AND 
PORT INJECTION

Figure 28–9 Notice that there are conditions when the port 
fuel-injector, located in the intake manifold, and the gasoline 
direct injector, located in the cylinder, both operate to provide 
the proper air–fuel mixture.
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GASOLINE DIRECT-INjECTION SySTEMS  441

that the engine will start and idle, but lack power to accel-

erate the vehicle. The carbon deposits restrict the airflow 

into the cylinder enough to decrease engine power.

Note: lexus engines that use both port and gaso-

line direct-injection injectors do not show intake valve 

deposits. It is thought that the fuel being sprayed onto 

the intake valve from the port injector helps keep the 

intake valve clean.

carbon cleaninG. Most experts recommend the use of 

Techron®, a fuel system dispersant, to help keep carbon 

from accumulating. The use of a dispersant every six months 

or every 6,000 miles has proven to help prevent injector and 

intake valve deposits.

If the lack of power is discovered and there are no stored 

diagnostic trouble codes, a conventional carbon cleaning pro-

cedure will likely restore power if the intake valves are coated.

noise issues Gasoline direct-injection systems operate 

at high pressure and the injectors can often be heard with the 

engine running and the hood open. This noise can be a customer 

concern because the clicking sound is similar to noisy valves. If 

a noise issue is the customer concern, check the following:

■■ Check a similar vehicle to determine if the sound is louder 

or more noticeable than normal.

■■ Check that nothing under the hood is touching the fuel rail. 

If another line or hose is in contact with the fuel rail, the 

sound of the injectors clicking can be transmitted through-

out the engine, making the sound more noticeable.

■■ Check for any technical service bulletins (TSBs) that 

may include new clips or sound insulators to help reduce 

the noise.

carbon issues Carbon is often an issue in engines 

equipped with gasoline direct-injection systems. Carbon can 

affect engine operation by accumulating in two places:

■■ On the injector itself. Because the injector tip is in the 

combustion chamber, fuel residue can accumulate on 

the injector, reducing its ability to provide the proper 

spray pattern and amount of fuel. Some injector designs 

are more likely to be affected by carbon than others. For 

example, if the injector uses small holes, these tend to 

become clogged more than an injector that uses a single 

slit opening where the fuel being sprayed out tends to 

blast away any carbon. ● see Figure 28–10.

■■ the backside of the intake valve. This is a common 

place for fuel residue and carbon to accumulate on en-

gines equipped with gasoline direct injection. The accumu-

lation of carbon on the intake valve can become so severe 

gasoline Direct- 
injection service

3. Some of the disadvantages of gasoline direct-injection 
systems compared with a port fuel-injection system 
include:
•	 Higher cost
•	 The need for NOx storage catalyst in some applications
•	 More components

4. The operating pressure can vary from as low as 500 pSI dur-
ing some low-demand conditions to as high as 2,900 pSI.

1. A gasoline direct-injection system uses a fuel injector that 
delivers a short squirt of fuel directly into the combustion 
chamber rather than in the intake manifold, near the intake 
valve on a port fuel-injection system.

2. The advantages of using gasoline direct injection instead 
of port fuel injection include:
•	 Improved fuel economy
•	 Reduced exhaust emissions
•	 Greater engine power

summary 

FUEL INJECTOR

EXHAUST VALVES

INTAKE
VALVES

SPARK PLUG

Figure 28–10 There may become a driveability issue 
because the gasoline direct-injection injector is exposed to 
combustion carbon and fuel residue.
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6. The fuel injectors used on a gasoline direct-injection 
 system are pulsed on using what voltage?
a. 12 to 14 volt
b. 50 to 90 volt

c. 100 to 110 volt
d. 200 to 220 volt

7. Which mode of operation results in a richer air–fuel 
 mixture near the spark plug?
a. Stoichiometric
b. Homogeneous

c. Stratified
d. Knock protection

8. Some engines that use a gasoline direct-injection system 
also have port injection.
a. True b. False

9. A gasoline direct-injection system can be used to start an 
engine without the need for a starter.
a. True b. False

10. A lack of power from an engine equipped with gasoline 
direct injection could be due to                 .
a. Noisy injectors
b. Carbon on the injectors
c. Carbon on the intake valves
d. Both b and c

1. Where is the fuel injected in an engine equipped with gas-
oline direct injection?
a. Into the intake manifold near the intake valve
b. Directly into the combustion chamber
c. Above the intake port
d. In the exhaust port

2. The fuel pump inside the fuel tank on a vehicle equipped 
with gasoline direct injection produces about what fuel 
pressure?
a. 5 to 10 pSI
b. 10 to 20 pSI

c. 20 to 40 pSI
d. 50 to 60 pSI

3. The high-pressure fuel pumps used in gasoline direct- 
injection (GDI) systems are powered by                .
a. Electricity (DC motor)
b. Electricity (AC motor)
c. The camshaft
d. The crankshaft

4. The high-pressure fuel pump pressure is regulated by using  
               .
a. An electric pressure-control valve
b. A vacuum-biased regulator
c. A mechanical regulator at the inlet to the fuel rail
d. A non-vacuum biased regulator

5. The fuel injectors operate under a fuel pressure of about  
               .
a. 35 to 45 pSI
b. 90 to 150 pSI

c. 500 to 2,900 pSI
d. 2,000 to 5,000 pSI

cHaPter Quiz 

3. How is the fuel delivery system different from a port fuel-
injection system?

4. What are the basic modes of operation of a GDI system?

1. What are two advantages of gasoline direct injection com-
pared with port fuel injection?

2. What are two disadvantages of gasoline direct injection 
compared with port fuel injection?

review Questions 

5. The fuel injectors are open for a very short period of time 
and are pulsed using a 50 to 90 volt pulse from a  capacitor 
circuit.

6. GDI systems can operate in many modes, which are sepa-
rated into the two basic modes:
•	 Stratified mode
•	 Homogeneous mode

7. GDI can be used to start an engine without the use of a 
starter motor for idle-stop functions.

8. GDI does create a louder clicking noise from the fuel injec-
tors than port fuel-injection injectors.

9. Carbon deposits on the injector and the backside of 
the  intake valve are a common problem with engines 
equipped with gasoline direct-injection systems.
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