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CHAPTER 7

After reading this chapter, you will be able to:
1. Identify and describe the categories of noxious emissions from diesel engines. (pp. 103—106)
2. Describe the mechanisms that form noxious emissions.in diesel engines. (pp. 106—112)
3. Explain common strategies used to reduce noxious emissions from diesel engines. (pp. 106—112)
4. Describe emissions standards for diesel engines. (pp. | 12-118)
5. Identify and describe the major emission:monitoring and control systems used to reduce noxious emissions
from diesel engines. (pp. 1.18-120)
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102 SECTION Il DIESEL ENGINE FUNDAMENTALS

b Introduction

Technological innovations in today’s diesel are driven by
emissions legislation. These legal standards aim to reduce
and eliminate the production of noxious substances
from all internal combustion engines, including diesel-
powered vehicles GISLIIAD. Technological advances
made to meet these standards have not sidelined diesels
but instead have produced cleaner engines that are more
efficient and powerful. Today’s engines also have greater
driving refinement and noise reduction than any previous
generation of engines.

Emissions reduction is a crucial part of engine tech-
nology. Identifying the emissions unique to diesels, and
how those emissions are formed, enables technicians to
better understand engine and emission system operation.
Emissions standards also have implications for service
practices and procedures because technicians are required
to maintain vehicles in compliance with emissions stan-
dards. Familiarity with emissions legislation that outlines
standards for engine durability, service tool capabilities,
on-board communication between electronic control
modules, and self-diagnostic capabilities of emission
control system operation is also helpful to technicians.

Is Diesel Dirty?

The public perception of dirty diesel is not without
foundation (GISLIEEY. Emissions legislation for die-
sel engines has lagged behind legislation for gasoline
engines. Although passenger vehicles. were equipped
with emissions controls beginning in the late'1950s, the
first emissions standards for heavy-duty diesels were not

. You Are the Truck Technician

and power complaints?

A 2005 truck arrives at your shop with the complaint that the exhaust is blowing excessive black smoke and the engine
has.low power. The driver has also received a fine for the excessive emissions and has an order to have the vehicle’s
emission-related.defects repaired. You begin to prepare a repair estimate by identifying and diagnosing the possible
causes of the power loss and black smoke. One concern you have is whether the engine is too worn out to repair and
needs rebuilding. You investigate this possibility by performing a crankcase pressure test according to the manufacturer’s
recommendations. It turns out that the engine does have excessive crankcase blow-by and the engine is likely too worn
to perform any repairs that would reduce the emission- and power-related problems.

1. What parts would you replace during an engine overhaul to minimize blow-by emissions from the crankcase?
2. What other parts would you recommend replacing or testing that may also impact the emissions

3. How are the emissions-related problems possibly related to the reduced power output from the engine?

On & Off Highway
Vehicle Emissions
1970
13% Air Emission
Other Inventory

On & Off Highway

Vehicle Emissions
2010

58% Air Emission
Inventory

=~

GELEED Technological innovations that reduce and
eliminate emissions-have led to a substantial drop in pollution
from motor vehicles.

established until the 1970s. One reason for lagging emis-
sion standards is that the number of diesel engines in use
is small compared to the number of gasoline engines in
use. In fact, diesel engines are used primarily in heavy-
duty buses and trucks and make up approximately 5% of
the vehicle registrations in North America. Emission stan-
dards for diesel engines began to become more noticeable
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IGURE g3 Diesel engines have long been associated with
black soot or “rolling coal” emissions from exhaust stacks.

as emissions from gasoline-fueled vehicles dropped which
made the proportion of emissions produced by diesels
rise. Data estimates from the 1980s and 1990s show
that diesel contributed more than 50% of the emissions
in overall emissions inventories—a disproportionate
amount when you consider that diesels are only 5% of
the vehicles on the road.

These numbers do not paint the whole picture, how-
ever. Actual measurements showed that diesel exhaust
made up only 24% of overall air emissions, far lower
than estimates predicted by EPA models. Longer dis-
tances are traveled by heavy-duty diesels; 40%. of total
accumulated trip distances are made by diesel-powered
commercial vehicles such as buses, heavy trucks, and
delivery vehicles. Also, diesel-powered vehicles earry
much heavier loads than gasoline-fueled vehicles: And,
since 2005, there has been a dramatic incréase in the
use of diesel-fueled vehicles used for transportation.
For instance, according to statistical data, in the US in
2011, 23% of the vehicles used for transportation were
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* TECHNICIAN TIP —

Diesel engines built after 2010 are approaching near
zero emissions in real-world measurements. More
particulate is left on the road by a truck’s tires than
is emitted from its exhaust. One study of late-model
diesel engine emissions found that the number of
particles in the air of the average living room is higher
than in late-model diesel exhaust. A recent study
completed by the University of California found that
more particulate is produced by charbroiling a single
hamburger patty than by driving a MY2007-2010 diesel
truck. The study noted that a fully loaded |8-wheeler
diesel-engine truck would have to drive 143 miles (230
km) at highway speed to produce a mass of particulate
equivalent to that produced by cooking a single
charbroiled hamburger: patty.

-

diesel powered: When all of these factors are brought
together, the full picture shows that diesels travel much
farther, carrying heavier loads, while using less fuel. A
diesel-powered. vehicle will produce lower emissions
than gasoline-powered vehicles for every ton of weight
transported per mile. Today’s diesels are in fact as clean
as, if not cleaner than, gasoline engines. In fact, modern
diesels-emit close to zero emissions; sensitive, research-
grade-instruments are now required to even measure
emissions emitted from today’s diesel vehicles.

b Classification of Emissions

All internal combustion engines produce emis-
sions, which are by-products of the combustion of fuel
IS Close to 2,000 substances are identified as

[
(.  Air
Oxygen 22%
.. Nitrogen 76%
Emissions <« Other 2%
Carbon Dioxide +
Water Humidity
Oxides of Nitrogen
Hydrocarbons
Carbon Dioxide
Sulfur Dioxide
Particulates
WD ED Hydrocarbons, carbon monoxide, oxides of nitrogen, particulate matter, and carbon dioxide are regulated emissions from

{ diesel engines.
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104 SECTION Il DIESEL ENGINE FUNDAMENTALS

engine emissions. Not all of these emissions are harmful
to humans or plant life. Emissions that are hazardous to
human or plant life are identified as noxious and classified
into four main categories: hydrocarbons (HCs), carbon
monoxide (CO), oxides of nitrogen (NO,), and particu-
late matter (PM). These categories of noxious emissions
are referred to as regulated emissions because legislation
limits their production from motor vehicles and equip-
ment. Other emissions are not referred to as noxious,
but some do fall into the category of greenhouse gases
(GHG). GHGs are believed to trap heat in the atmosphere
which contributes to global warming (GIVLEEZD.

Carbon Dioxide

An additional emission, carbon dioxide (CO,), has also
been garnering attention recently.

Until 2009, carbon dioxide (CO,), a by-product
of normal combustion, was not a regulated emission
because it was not considered toxic to animal or plant
life. However, much attention has been given to its role
asa GHG, so much so that public interest in reducing the
production of CO, has turned to regulating CO, emis-
sions. Beginning in the US in January 2009, legislation
passed imposing mandatory limits on carbon emissions

from all motor vehicles @LEINRAD and @LETHED. The

European Union’s EURO standards have had direct limits
on carbon dioxide since 2007 but only for passenger
vehicles and not trucks. In North America, however,
carbon dioxide limits are indirectly regulated by fuel-
economy standards. Because carbon dioxide is a normal
by-product of combusting carbon-based fuels, reducing
fuel consumption will in turn lower CO, output.

Hydrocarbons

Hydrocarbon emissions are formed from unburned fuel.
Fuels are classified as hydrocarbons because they are made
of mostly hydrogen and carbon atoms. Hydrocarbons in
the atmosphere will react with NO,, an oxide of nitrogen,
in the presence of sunlight to form photochemical smog,
which is a form of air pollution resembling a hazy brown
or reddish fog in the atmosphere. Exposure to hydro-
carbons is also associated with human health problems,
including cancer.

Carbon Monoxide

Carbon monoxideisa colorless, odorless, and tasteless
gas that is poisonousin concentrations of as little as 0.3%.
Carbon monoxide is created as a result of incomplete
combustion of carbon-based fuels. This gas was once

Some radiation is reflected by
the atmosphere and the earth

Some of the infrared radiation
escapes through the atmosphere,
the rest is absorbed and reemitted
by the greenhouse gasses. This
causes the lower atmosphere and

Earth's surface to gradually heat up. Atmosphere

R
R

N

Solar radiation
passes through
the atmosphere

The cause of global warming is attributed to large amounts of CO, emissions produced by burning fossil fuels.
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TABLE 7-1: GHG Standard for Carbon Dioxide Emissions from On-Highway Diesel-Powered Vehicles

Category EPA CO, Emissions
(grams/ton/mile)
Medium-Duty 2014 502
Medium-Duty 2017 487
Heavy-Duty 2014 475
Heavy-Duty 2017 460

National Highway Traffic and
Safety Administration (NHTSA)

Gallons/1,000 miles/ton
4.93
4.78
4.67
4.52

I ——

Diesel-Powered Vehicles

Light Heavy-Duty
Classes 2-5

Medium Heavy-Duty
Classes 6-7

Heavy Heavy-Duty
Class 8

TABLE 7-2: 2007 GHG Standard for Carbon Dioxide Emissions from Vocational Applications of

EPA CO, Emissions

(grams/ton/mile)

373

225

222

NHTSA CO, Emissions
Gallons/1,000 miles/ton

36.7
22.1

21.8

prevalent in vehicle exhaust gas, in particular when lead
was used as a fuel additive. Contrary to common belief
modern gasoline-powered vehicles still produce carbon
monoxide (even those using.electronically. controlled
combustion systems and catalytic converters)-and can
still cause severe poisoning and even death if a person
is exposed to exhaust gases in confined spaces where the
exhaust gases cannot escape freely into the atmosphere.
Higher eompression pressures and excess air used in
diesel combustion limits.carbon monoxide formation in
diesels. Under most conditions, fuel is able to find enough
oxygen molecules toreact with, and higher compression
pressures push molecules more closely together which
increases the likelihood of chemical reactions.

Oxides of Nitrogen

Oxides of nitrogen and NO, are terms for the same
category of emissions formed from combining nitro-
gen with oxygen. There are several different oxides of
nitrogen, which the x in NO, designates, but two are
most commonly found in engine emissions. The first is
nitric oxide (NO), a colorless, odorless, and tasteless gas
that quickly converts to nitrogen dioxide (NO,) in the
presence of oxygen. NO, is a reddish-brown, poisonous
gas, and it is a major contributor to smog. These gases

should not be confused with nitrous oxide (N,O)—also
known as laughing gas—which is used as an anesthetic.
Nitrous oxide is also used to boost engine performance
when delivered to the combustion chamber through the
intake manifold.

NO, and Smog

Oxides of nitrogen are particularly harmful engine emis-
sions for a couple of reasons. First, NOj is an essential
ingredient to the formation of smog. On warm days in
the presence of sunlight, volatile organic compounds
(VOCs), which are chemically reactive molecules con-
taining carbon, cause NOy to break down and form
ground-level ozone (O,), a noxious gas molecule. Like
NO,, ozone can damage lung tissue, sting eyes, irritate
the nose, and aggravate respiratory problems such as
asthma and bronchitis. In addition, NO, emissions can
also form nitric acid, contributing to acid rain. Without
NO, emissions from the engine, photochemical smog
would simply not form.

Particulate Matter

As the name suggests, particulate matter refers to the
combination of liquids and solid particles emitted from the
exhaust pipe and crankcase of a diesel engine. Particulate
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106 SECTION Il DIESEL ENGINE FUNDAMENTALS

matter originating from the exhaust is observed as soot
particles emitted during engine acceleration (EIVLIRATY.
Black carbon mostly makes up this emission. In newer
diesel-powered vehicles, particulate emissions are almost
undetectable (GISILERATDY. Though less visible, liquids in
the exhaust, such as oil droplets and sulfate compounds,
are also considered to be particulate matter. Oil droplets
make up the bulk of particulate matter originating from
the engine crankcase.

Particulate matter is regulated and classified by particle
size QAldUNIWAY. Four categories exist: PM-50, PM-10,
PM-2.5, and ultrafine PM. PM-50, which is particulate
matter smaller than 50 microns in diameter, is the only
particulate matter visible to the naked eye, and it falls
quickly to the ground. PM-10 is particulate matter smaller
than 10 microns in diameter, and PM-2.5 is particulate
matter smaller than 2.5 microns in diameter. PM-2.5
is a subset of PM-10, but it is categorized separately
because it is considered more hazardous and requires
separate accounting. Ultrafine, or nano, particles are
those between 5 and 50 nanometers (nm) in diameter.
While ultrafine PM accounts for 50-90% of the number
of particles in diesel exhaust, it is only 1-20% of the
total particulate mass. Fine particles (PM-10 or smaller)
remain airborne for days or even months.

Airborne particulate matter has many sources; itfs esti-
mated that transportation produces nearly a third of total
particulate matter. Particulate matter in the atmosphere is
responsible for the hazy appearance of the sky on smoggy
days. However, the largest proportion.ef exhaust, ultrafine
PM and PM-2.5, is not even visible to.the eye because it
is microscopic. The small size'of these particles is'what
makes diesel particulate hazardous.

© 2016 Jones & Bartlett Learning, Sample Purposes Only

@ A. Particulate emissions appear as black soot emitted from the exhaust of older or malfunctioning diesel engines.
B. Emissions produced by the diesel engine in this 2010 bus are nearly undetectable.

Safety

Exhaust particles smaller than |0 microns are especially
dangerous because they remain airborne for a long
time and can penetrate into the deepest parts of the
lung when breathed in. These small particles within the
lungs aggravate respiratory conditions such as asthma
and bronchitis. Particulate matter is also believed to
carry other toxic, combustion-formed compounds with
it into the lungs and bloodstream. Compounds found in
soot such as polycyclic aromatic hydrocarbons (PAHSs)
are carcinogenic; in fact, diesel soot itself is classified
by many government agencies as either a probable or
known cancer-causing agent. According to reports by
the California Air Resources Board (CARB) diesel soot
has been responsible for a significantly high level of risk
of cancer caused by air pollution:

Sulfates

When diesel fuel is refined from petroleum oil that is
pumped frem-the ground,; varying quantities of sulfur
naturally combine with oil. Burning sulfur contained in
fuel produces sulfate (SO, ) emissions, which can con-
tribute to air pollution and acid rain. The biggest hazard
of burning fuel containing sulfur is that it reacts with
other combustion by-products to increase the formation
of particulate matter.

b Formation of Emissions

Understanding where and how emissions are formed
provides helpful insight into the design and operation of
various engine systems and strategies that manufacturers




Ultrafine PM

0.1 microns

PM 2.5

2.5 microns

PM 10

10 microns

Human Hair Width

60 microns
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e Ultrafine PM
0.1 microns
PM 2.5
2.5 microns
PM 10
10 microns

Relative Particle Sizes

Particulate matter is categorized by its size.

have developed to reduce and eliminate emissions from
diesel engines. Manufacturers attempt to either prevent
the formation of emissions by altering combustion condi-
tions that lead to the production of emissions, or clean
up emissions after they are produced. Crankease controls
and exhaust aftertreatment systemsare examples of sys-
tems used to prevent noxious emissions from entering
the atmosphere after they are formed. Most other engine
and fuel system technologies are designed to target in-
cylinder formation of emissions.

Emission Sources

Diesel vehicles produce emissions from two sources: the
exhaust system and the crankcase. Regulatory attention
until recently has been given only to exhaust emissions.

4

There are.no regulations for evaporative emissions from
diesels.-because negligible emissions are produced from
the evaporation of diesel fuel. Crankcase emissions from
diesels were regulated beginning under EURO 5 and
EPA 07 emission standards, about 40 years after simi-
lar regulations began for gasoline engines. This delay in
regulations was because emissions from this area of the
engine are different and have a smaller environmental
impact compared to gasoline engines.

Exhaust Emissions

Exhaust emissions, also occasionally referred to as tailpipe
emissions, consist of waste combustion gases LD,
Water, carbon dioxide, and nitrogen make up the bulk
of the exhaust content, but harmful carbon monoxide,

Perfect Combustion

Noxious Emissions

Ignition Source

Z P

Water

o 10P+63

Nitrogen Oxygen  Hydrocarbon

+

+ 0

Carbon Monoxide

Particulate

Nitrogen Dioxide

Perfect combustion compared to imperfect combustion. Imperfect combustion produces harmful emissions.
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hydrocarbons, oxides of nitrogen, and particulates
accompany the relatively harmless substances. Noxious
emissions from diesel exhaust make up 0.2-0.3% of
all combustion by-products. In comparison, untreated
emissions from spark-ignition engines burning gasoline
comprise 1-3%. Exhaust emissions are formed during
the combustion process. Injector spray characteristics
have a major influence on combustion quality, which
in turn influences the types and quantities of emissions
produced (GISLEFEE). Diesel-engine exhaust emissions
are unique due to the higher combustion temperatures
and pressures produced through turbocharging and high
compression ratios. Diesel fuel properties and the nature
of compression ignition operation also change the type
of emissions formed and the processes forming them.

Piston Ring

Crankcase Emissions

Crankcase emissions are mainly composed of cylinder
blow-by gas and oil droplets GILFEED). Blow-by is the Crankcase Ol
leakage of air past the piston rings into the crankcase. In
any engine, blow-by occurs mostly during the compres-

sion stroke. This happens becausg the piston rings cannot Blow by frof diesel engines consists mostly of
form a perfect gas-tight seal, which permits some air to aif leaking past'the piston rings and mixing with fine oil droplets
leak past the rings. In diesels, only air is present in the picked up from the crankcase.

cylinder during the compression stroke. This means most

Spray Formation —>[ Vaporization |—>|Mixture Formation|—> Combustion and

primary |secondary Emission
breakup | breakup Formation

&
)
T

Air Turbulence -

GILEEED) Formation of gaseous emissions takes place in the combustion chamber.
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blow-by consists of air. During the power stroke when
cylinder pressure is highest, little blow-by takes place
because the compression rings are tightly sealed. Almost
no blow-by takes place during the exhaust and intake
strokes. While some blow-by is normal, the volume of
blow-by will increase as cylinder walls and piston rings
wear GISLIRAD. In fact, measuring crankcase pressure
to evaluate the volume of blow-by is one of the best
measurements of engine wear. Engines with excessively
high crankcase pressure typically have a poor piston ring-
to-cylinder wall seal, which in turn increases blow-by.

Unless vented to the atmosphere, blow-by gases built
up in the crankcase would cause seals and gaskets to leak
oil from the engine. Blow-by only becomes a problem
when it travels through the crankcase to the atmosphere
and picks up droplets of oil thrown from the crankshaft
and piston cooling jets. Blow-by containing liquid oil
droplets is categorized as a particulate emission. Until
2006, diesel engines could vent crankcase blow-by
directly to the atmosphere (GEISLIRAR. Today, diesels
are equipped with crankcase controls (GISLIERERE).
Crankcase controls are covered in more detail later in
the book.

Hydrocarbon Production

Hydrocarbon emissions are composed of unburned fuel
and are produced from the evaporation-ef fuel'or from
incomplete combustion. Diesel engines produce com-
paratively little hydrocarbon emissions in contrast to
gasoline-fueled engines. With almost no evaporative fuel
vapors, hydrocarbon emissions due to fuel evaporation
are drastically lower from diesels than'from gasoline-
fueled vehicles. Diesel cold-start emissions are also neg-
ligible in comparison to gasoline engines. Excess air and

This 7.3L turbocharged DI diesel engine has
excessive blow-by due to cylinder wear.
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[ A. An open crankcase ventilation system used
by a 3126B Caterpillar engine. B. This Cummins “C"—series
engine uses a crankcase ventilation system that separates oil
from air using a coalescing filter located inside the housing over
the valve cover.

higher combustion temperatures and pressures ensure
more complete combustion of fuel in a diesel.

Evaporative Emissions

Fuel evaporation, such as from a fuel tank, can be a
major source of hydrocarbon emissions from gasoline
vehicles. However, diesel fuel vaporizes at a higher tem-
perature than gasoline. Diesel fuel’s low volatility means
little evaporation of fuel takes place from diesel fuel tanks
GILEEEP). When diesel fuel does evaporate, it exerts
very little pressure in comparison to gasoline. For these
reasons, there is no requirement for evaporative emis-
sions controls on diesel engines. Diesel fuel does not
easily vaporize. This tendency can be easily observed at
fuel-pump islands where spilled fuel lingers for days and
weeks before disappearing. Lighter, more volatile frac-
tions of the fuel evaporate more quickly. Heavier, more
viscous fuel molecules linger on pumps and concrete
surfaces longer than spilled gasoline molecules do.
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2-Day Measurement of Evaporative Emissions
1.2

1.0

0.8

0.6

0.4

SHED Test - Grams/Test

0.2

0.0

Federal Standard  Diesel Estimate

Gasoline

GLOLERAPD Levels of evaporative emissions in gasoline
versus diesel engines.

Incomplete Combustion

Incomplete combustion is responsible for the;majority of
hydrocarbon emissions from diesels. The-most common
causes for incomplete combustion are;

® Inadequate combustion time

® Improperly mixed air.and fuel

® Coarse spray droplets

® Insufficient combustion heat and. pressure

Fuel can also sometimes avoid combustion in certain
areas around the‘combustion chamber. One major area
where hydrocarbons and carbon monoxide form is above
the top.compressionting between the piston crown and
the cylinder wall'in an area called the crevice volume
GIILEEEE). \anufacturers’ research has discovered
that close t0'50% of hydrocarbon emissions from diesels
originate from fuel trapped in this region. This region
prevents proper heating and mixing of fuel with air. The
gap between the cylinder head gasket, block deck, and
cylinder head is another region contributing to hydro-
carbon emissions. In today’s diesels, manufacturers have
moved the top compression ring closer to the piston
crown, and made other modifications to piston design,
to minimize crevice volume. The fire ring of the head
gasket has also been moved closer to the cylinder in
modern engines.

© 2016 Jones & Bartlett Learning, Sample Purposes Only

Crevice Volume

NG RAED  Crevice volume.

Difficult-to-burn fuel molecules called aromatic mol-
ecules cause a characteristic smell from diesel exhaust at
idle and low speed. These molecules are complex hydro-
carbons which are unusually shaped and sometimes not
completely combusted, especially during low speed and
load conditions when cylinder pressure and temperatures
are reduced GILTRADY. Diesel fuel aromatic content is
limited by legislation to reduce hydrocarbon emissions
and carbon monoxide production.

* TECHNICIAN TIP

Oxidation catalysts help reduce and eliminate diesel
exhaust smell. Damaged, missing, or cold catalytic
converters are common causes for the strong odor
from exhaust and fuel with high aromatic content.

Carbon Monoxide Production

Carbon monoxide is formed when fuel has only partially
reacted with oxygen. With adequate heat, pressure, and
combustion time, carbon monoxide would change into
carbon dioxide. Low combustion temperatures and pres-
sure, lack of oxygen, or insufficient burn time typically
contribute to increased carbon monoxide production
from an engine.



H
]
H—C’ \C—H
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Hem \c/
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Aromatic Conventional
Hydrocarbon  Hydrocarbon
A B

LAV AEY A. Aromatic hydrocarbon molecule.

B. Conventional hydrocarbon molecule.

Diesel engines produce only very small amounts of
carbon monoxide compared to gasoline-fueled engines.
Unlike gasoline-fueled engines, diesel-fueled engines do
not operate near stoichiometric air-fuel ratios. Generally,
diesel combustion uses excess air, which means a greater
likelihood of complete reactions between fuel and oxygen;
this limits carbon monoxide production. High compres-
sion ratios and turbocharging, which increase combustion
pressure and push molecules closer together in the diesel
combustion chamber, also enable greater likelihood. of
chemical reactions between oxygen and fuel:

Oxides of Nitrogen Production.

Nitrogen is a relatively inert gas and has many industrial
applications where that property-is useful (e.g:, shock
absorbers, welding shielding gas, AC leak detection).
In engines, however, ‘high combustion. temperatures
and pressures eventually cause reactions-between nitro-
gen and oxygen (GISLERAD . Because nitrogen makes

Ll YN/

CHAPTER 7 Diesel Engine Emissions Il

up 78% of air, its sheer volume means a great poten-
tial exists to enter combustion reactions. Even though
diesel engines produce relatively low levels of HCs and
CO emissions, diesel engines have a natural capability
to produce far more NO, than gasoline-fueled engines.
Combustion temperatures above 2,500°F (1370°C) con-
tribute to NO, formation. Because diesel fuel burns at
close to 4,000°F (2200°C), increases in temperatures
above 2,500°F (1370°C) are easily achieved. Combustion
temperature increases above 2,500°F (1370°C) also cause
NO, production to increase exponentially. The three main
reasons that diesel engines produce higher levels of NO,
are their higher compression ratios, cylinder pressures,
and temperatures which accelerate the speed of chemi-
cal reactions.

Particulate Matter Production

Particulate matter.is formed in the diesel combustion
chamber from'the tiny drops of fuel sprayed into the
chamber near the end of the compression stroke. It's
important to remember that these are liquids and not
vapors. Vapers—not liquids—burn. Time and heat are
needed to convert diesel fuel into vapor. The low volatility
of diesel fuel promotes poor vaporization, but vaporiza-
tion isneeded for complete combustion. In diesel com-
bustion there is a limited amount of time for vaporization
totake place because fuel is injected near the end of the
compression stroke. Because diesel fuel vaporization is
poor, liquid fuel burns from the outside in (GIILERALD.
Burning fuel from the outside in, with limited time, heat,
and air, will produce a small carbon nucleus; this is the
primary component of particulate.

Diesel fuel chemistry also contributes to particulate
formation. Carbon, rather than hydrogen, tends to be

Oxygen Nitrogen Pressure

Temperature

”J’*@%*\ﬁ - Pl

Z

Nitric Oxide Nitrogen Dioxide

-

B

oxides of nitrogen collectively referred to as NO,,.

Under the high pressure and temperature in the combustion chamber, nitrogen will react with air to produce various

© 2016 Jones & Bartlett Learning, Sample Purposes Only



112 SECTION Il DIESEL ENGINE FUNDAMENTALS

Fuel Heat
Vapor &

Oxygen Rich Region

N
A4
Baked - Not Burnt Fuel
Oxygen —> -« — > — Hydrogen All Gone
7 N \\
Outside to Inside Burn Oxygen Depleted Zone

Magnified Carbon Particle

incompletely.

left over after combustion because it reacts more slowly
with oxygen due to the greater number of bonds in a
carbon atom. Four bonds are formed by carbon atoms
in comparison to a single bond formed by hydrogen. The
carbon-to-carbon bonds are especially strong and difficult
to break. When carbon-to-carbon bonds are unbroken,
black carbon will agglomerate, or chain together, to form
black sooty particulate.

The short amount of time to inject, vaporize, distribute,
mix, and burn the fuel at the end of diesel’s compres-
sion stroke means particulate matter production is higher
from a diesel engine than in a gasoline engine. Gasoline
will vaporize and mix with air quickly during the intake
and compression strokes, which also permits more time
for improved mixture preparation. A common strategy
to reduce particulate formation is to make fuel droplets
smaller by using finer atomization. This is done by using
higher pressurization of fuel through an injector with
smaller, more numerous spray holes. Particulate matter
production can also be reduced by using higher combus-
tion pressures and temperatures to accelerate the burn
rate, which causes more complete oxidation of the carbon
content of diesel fuel.

Sulfate Production

When diesel fuel is refined from petroleum that is
pumped from the ground (mineral petroleum), varying
quantities of sulfur naturally combine with the oil. When
sulfur burns in the combustion chamber, sulfate (SO,)
emissions are formed. Since the mid-1990s, in North
America and around the world, sulfur content has been
progressively reduced to minimize SO, production. In
2007, sulfur content in North America dropped from a
high of 500 parts per million (ppm) to a low of 15 ppm.
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The lack of oxygen surrounding the fuel droplet after the air around the droplet is used up causes the droplet to burn

This change followed the use of ultra-low-sulfur fuel
used for many years in Europe. Further reductions are
scheduled for 2015. No exhaust emission standard cur-
rently exists for sulfur compounds alone. Instead, sulfur
content in fuel is limited. Regulating sulfur content out
of fuel enables the use of sophisticated exhaust emissions
aftertreatment systems such as particulate filters, selective
catalyst reduction, and NO, adsorbers. High fuel-sulfur
content destroys the ability of these devices to convert
noxious emissions into other harmless combustion by

products GIELINAR).

Particulate Emissions and Engine Speed

Maximum engine speed is part of the emissions informa-
tion on diesel engines. Tachometers in diesel-powered
vehicles have a lower maximum engine speed limit than
gasoline-fueled engines. Diesel engines cannot turn as
fast as gasoline engines because they will not completely
burn fuel at high speed. The pre-combustion processes

Unknown

Composition of a typical particle of soot found
in diesel exhaust prior to 2007.



of atomizing, distributing, vaporizing, and mixing fuel
with air in the few degrees of engine rotation near the end
of the compression stroke requires time. If an engine’s
piston is rotated too fast through the cylinders top dead
center (TDC), not enough time is available to properly
complete the pre-combustion mixture preparation stages.
In that situation, the engine simply runs out of time
to properly prepare and burn the fuel air mixture. If
the maximum engine speed limits are exceeded, diesel
engines will produce excessive noxious exhaust emissions
GIELEED. This is why diesel emission decals have a
maximum rated speed and the fuel system governor must
limit top engine speed.

> TECHNICIAN TIP

The maximum engine speed listed on the emission
decal is part of the regulatory emission certification for
an engine family. Technicians are required to ensure
that engine speeds cannot be exceeded through any
fuel system malfunction, tampering, service practices,
or procedures.

Carbon Dioxide Production

As with all exhaust emissions that can damage the
atmosphere and the environment, carbon dioxide is
best known as a greenhouse gas. Internationally, legisla-
tion requires vehicle manufacturers to limit CO, emis-
Carbon dioxide is a normal

sions from their vehicles.
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byproduct of combustion of carbon-based fuels. Diesel
engines offer a good solution to meet both fuel mileage
standards and reduce overall CO, emissions. Typically,
CO, emissions from diesels are 30-40% lower than an
equivalently powered gasoline-fueled engine. Factoring
in the use of biodiesel, a 100%-renewable fuel source,
the environmental footprint of the diesel engine can be
even smaller.

b Emissions Standards

Around the world, concerns about the negative envi-
ronmental and health impacts of vehicle emissions have
produced legislated standards for noxious emissions.
The European Union (EU) and the United States have
developed two emission standards adopted by most other
countries in the world. The greatest number of coun-
tries use emission legislation made law by the European
Parliament which was phased in between 1993 and 2014.
In the EU, there are six progressive stages for reducing
emissions beginning with EURO 1 until the most cur-
rent EURO 6 from 2014. In the US, the Environmental
Protection Agency (EPA) has developed emission stan-
dards. The US and Canada use US EPA standards. China
has developed its own standards that closely approxi-
mate EURO standards. Japan follows Japanese Ministry
of Land, Infrastructure and Transportation (JMLIT) stan-
dards GIILERED.

Both EPA and EURO standards regulate nearly the
same noxious emissions; the only difference is the clas-
sification of hydrocarbons into several different subcat-
egories. GHG emissions, which are vehicle emissions
believed to contribute to global warming, are a recent EPA

-

Two major emission legislation standards are
the EPA and EURO.
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regulation. The EPA has set fuel economy standards for
heavy-duty vehicles to reduce carbon dioxide emissions,
a major GHG gas, while the EURO standard currently
limits carbon dioxide only in light-duty vehicles. While
both standards vary in the regulation of light-, medium-,
and heavy-duty vehicles, the EPA and EURO emission
standards for off-road engines are harmonized with iden-
tical standards applying to engines used in heavy equip-
ment, mining, locomotives, and other no-road vehicle
applications.

Emission limits and testing procedures are the sig-
nificant differences between EURO and EPA standards.
For heavy-duty engines, EURO and EPA emissions are
measured on a dynamometer, which runs the engine only
through a precise sequence of changing speed and load
conditions to simulate driving in urban and on-highway
conditions. Heavy-duty emissions are measured in grams
per horsepower per hour, while light-duty emissions are
measured in grams per mile or kilometer. Engine testing
only, rather than testing the entire vehicle, is necessary
because a heavy-duty engine may go into a wide variety
of chassis, such as a truck or bus. A more comprehen-
sive and rigorous test procedure performed by the EPA
measures emissions under a wider variety of operating
conditions with slightly lower maximum emission thresh=
old than the EURO standards.

Sometimes, within an individual country, multiple
emissions standards are in force. For example, two sets
of emissions standards are used in the United States—+a
federal standard and a state standard (California). Federal
standards are set by the EPA; Californiastandards ate set
by the California Air Resources Board (CARB). California
standards are stricter than federal standards; this is due
in part to high population”density. and geographical
factors that contribute to poor.air quality in California.
California is thewonly US state permitted by federal law
to enact vehicle emissions standards stricter than those
set by-the federal government. Other states can choose to
adopt Californias'standards, but only California can be
the first to surpass standards set by the federal govern-
ment. Thefollowing sections will detail the development
of North American emissions standards, applied to diesel
vehicles sold there (such as emissions decals and useful
life requirements), and specialized standards for different
types of diesel-fueled vehicles.

Standards Development

Emissions standards for diesel-fueled vehicles are con-
stantly evolving with emission reductions required by
each new standard, causing the development of new tech-
nology to reduce emissions. The first emissions standards
for diesels were not established until 1970. These first
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standards limited peak smoke opacity for heavy-duty
diesels. A diesel emissions standard for oxides of nitrogen
followed in 1984, and a particulate matter standard was
first established in 1988.

In 1993, a new standard required that diesel fuels
typical 5—7% sulfur content be reduced to less than 1%.
Reducing fuel’s sulfur content helped reduce particulates
and minimize corrosion and deposit formation in fuel
system components. Maximum aromatic content was
limited simultaneously in 1993. European manufactur-
ers reduced sulfur content much earlier and introduced
selective catalytic reduction (SCR) systems. SCR
allowed optimization of engine power output while
reducing particulate emissions close to North American
standards without a fuel penalty. Because sulfur content
in fuels can poison the most recent.converter substrates,
ultra-low-sulfur fuel was.introduced for the 2007 emis-
sion systems; this dropped sulfur content. European
manufacturers reduced sulfur content much earlier and
introduced selective catalyst reduction (SCR) systems, an
exhaust aftertreatment system for removing NO, emis-
sions, before using particulate filters. SCR allowed optimi-
zation of engine power output while reducing particulate
emissions to levels close to North American standards
withoutthe fuel penalty in this market which is sensitive
to higher fuel prices.

Minimizing the production of emissions produced in
the cylinders, rather than exhaust-based reduction, was
the traditional control strategy until 2007. Until that point,
the problem of diesel exhausts relatively cool temperatures
and air-rich output prevented the use of conventional
catalytic converter technology, which is used in automo-
biles. However, when diesel particulate filters (DPFs),
another exhaust aftertreatment system designed to filter
soot particles from the exhaust, were introduced for all
on-highway heavy-duty diesels, exhaust-based reduction
became a major strategy for reducing diesel emissions.

Until 2009, carbon dioxide (CO,), a by-product of
normal combustion, was not a regulated emission because
it is was not considered toxic to animal or plant life.
However, because of its role as a GHG, public interest in
reducing the production of CO, has turned to regulat-
ing CO, emissions. Rather than regulate CO, standards
directly, which the EURO standard does only on light-
duty vehicles, fuel economy standards are established to
indirectly limit CO, production. The reasoning is that
with reduced fuel consumption, less CO, is produced.

Fuel economy standards targeting CO, for 2014-2017
are the most recently scheduled emission standards. For
tractor-trailer combinations, vehicle emissions standards
for 2014-2017 target 7-20% reduction in CO, emissions
over the 2010 baselines. Vocational vehicles, heavy-duty
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pickup trucks, and vans must achieve at least a 10%
reduction in CO,.

To meet the 90% reduction in NO, output for 2010,
several SCRs were introduced (GISLEEZD. The most
common SCR systems on heavy-duty trucks and buses
is liquid SCR. This system uses a urea molecule dissolved
in water to break down NOj. A few light- and medium-
duty vehicles manufacture urea molecules in a uniquely
designed catalyst.

Emissions Decals

One way that countries ensure compliance to emissions
standards is by issuing decals. For example, vehicles
and equipment sold for on- or off-highway use in North
America must have an emissions decal affixed to the
vehicle or engine GILEEED: The decal contains emis-
sions information indicating to what standard the vehicle
or engine is certified: The decal also includes important
information-for the technician about part replacement
and adjustment procedures, software calibration files,
and othertelevant datathat could affect emissions pro-
duction. For example, on a diesel engine, the decal will
contain information about valve lash settings, injection
timing, fuel rates, and the presence of emissions system

NGIN_E_ £ TYPE HP
ERTISED P! OWER
“THIS NGINE CONFORMST
CALIFORNIA REGULATIONS
QFF-RCAD uOMPF‘ ESSION

P& AUTHOR|§E § L
£ &11797/68"Ks

{ "FIGURE 7-21 ) A. An emission decal from a heavy-duty diesel engine. B. An emission decal from an off-road diesel engine.
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components. Because heavy-duty engines are certified for
emissions output in grams per horsepower-hour, decals
are affixed to the engine. These engines are used in a
variety of chassis configurations, so measuring emissions
for distance traveled is impractical. Light-duty vehicle
emissions are certified by vehicle type, and emissions are
measured in mass units for every mile or kilometer trav-
eled. Emissions decals for light-duty vehicles are placed
on the chassis in the vicinity of the engine compartment.

Useful Life Requirement

Starting in 2004, diesel engines must meet emissions
standards over what is termed the “useful life” of the
engine. The definition of “useful life” depends on the type
of engine. In 2004, useful life was defined as:

® Light-Duty: 110,000 miles (177,000 km) or
10 years

® Medium-Duty: 185,000 miles (297,728 km)
or 10 years

B Heavy-Duty: 435,000 miles (700,065 km) or
10 years

Useful life now includes not only regulated emissions,
but CO, as well, so engines must be built more durably
to meet these standards. Adaptive strategies must be used
to compensate for deterioration factors which could push
an engine out of compliance.

Heavy-Duty Standards

Emissions milestones for heavy-duty diesels  were
updated beginning in 1991 throughto 1994; they. were
also updated in 1998, 2002, 2007, and 2010. This
series of updates led-to dramatic drops in’emissions,
with particulate emissions dropping 90% from 2004 to
2007 and both-NO, and particulate dropping 90% from
2007 to 2010 GISILIEED For example, engine manu-
facturer diagnostics. (EMD) apply to all MY2007 and
newer heavy-duty.enginesused in vehicles over 14,000-
b grossvehicle.weight rating (GVWR). Also starting in
MY2007, crankease emission controls were required. On
turbocharged engines, the crankcase could be vented to
the atmosphere, but the weight of crankcase emissions
was totaled with exhaust emissions. However, crankcase
controls are more practical for heavy-duty diesels because
deterioration of crankcase emissions with engine wear
was added to the exhaust deterioration factors. Emission
standards for 2010, EPA 10, heavy-duty diesels were:

® Particulate matter: 0.01 g/bhp-hr
® Oxides of nitrogen: 0.20 g/bhp-hr

® Non-Methane Hydrocarbon (NMHC): 0.14 g/
bhp-hr
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which could lead to excessive emissions GIULEEEZE).
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Off-Road Standards

Standards for off-road equipment are different than
those for on-highway equipment GIITEED. These
standards are referred to as Tier 1, 2, 3, and 4 emis-
sion standards and are harmonized worldwide with
European standards. Tier 1, established in 1994 and
phased in between 1996 and 2000, represents the earli-
est phase in increasingly stricter emission limits, with
Tier 4 being the final, cleanest, standard of the four
phases. These standards are based on horsepower rat-
ings, with larger horsepower engines taking longer to
implement emissions standards. Off-road diesels have
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emission standards applied depending on the power
and year the engine is produced. Emission standards lag
on-highway engines but approach the same levels by the
2015-2020 phase-in period. Tier 1 standards remained
in effect until the Tier 2 and/or Tier 3 standards took
effect. Tier 2 and Tier 3 standards were established in
1998 to be phased-in for various horsepower ratings
between 2001 and 2008. An interim Tier 4 standards
phase-in began in 2011, and a final standard began being
implemented in 2013. Emission standards for off-road
equipment lag on-highway engines but will eventually
approach the same levels (GIILERED.

U.S. EPA On-Highway Standards
2004 - 2006

2007 - 2009

>33,000 Ib. GVWR US '04

19,500 to 33,000 Ib. GVWR

8500 to <19,500 Ib. GVWR*

Light Duty** Tier 2 (phase-in 2004 - 2009)

* Note: Heavy duty vehicles between 8500 - 14,000 Ib. GVW have the option of certii
*Note: Medium duty passenger vehicles in the 8500 - 14,000 Ib. GVW are included il

U.S. EPA Off-Highway Standards

2006 2007 2008

175 + hp

100 to 175 hp
75 to 100 hp
<75 hp

fying engine ordoing a whole certification using a chassis dynamometer (starting 2008).
in the Tier 2 arrangements.

2009 2010 2011 2012 2013 2014 2015

Tier standards for off-highway and on-highway engines.

EPA and EU non-road emission regulations: 50 — 750hp (37 — 560 kW)

=

T 1 T 1
2 4 6 810

Tier 2 / Stage Il

1 T T 1
2 4 6 810

Tier 3/ Stage llIA
2006 — 2008

0 0

0 24 6 810
Final Tier 4 / Stage IV

2012 -2015

0 246 810
Interim Tier 4 / Stage IIIB

0 24 6 810
Tier 1/ Stage |

1996 — 1999 2001 - 2004 2008 - 2013

I 50-74hp 37-56 kw) ] 100173 hp (75129 kW)
I 75-99 hp (57-74 kW) || 174-750 hp (130 - 560 kW)

GLLEEEE) Emission standards for off-road diesels lag on highway standards but reduce exhaust emissions to almost insignificant levels
like on-highway vehicles. Standards are based on power output and year of manufacture.
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Testing Emissions

EURO and EPA emission standards measure emission out-
puts recorded when a dynamometer is placed on either
an engine or chassis (GISLEZN. Chassis dynamometers
measure emissions based on distance travelled by the
complete vehicle. Before a vehicle or engine can be certi-
fied for use on or off highway, the test protocol, which is
a precise schedule of varying speed and load conditions,
must be completed to determine whether the vehicle
or engine emissions remain below the maximum limits
through the test cycle. The mass of emissions produced
by the engine or vehicle is collected and measured dur-
ing the driving cycle.

Opacity Testing

Opacity testing is the common measurement for evalu-
ating smoke density from diesel engines. This is based
on the principle of light extinction by exhaust smoke.
A beam of light of a particular wavelength is passed
through a sample of smoke (GISIFET). Opacity, the
measure of smoke density, is based on the percentage
of light blocked. The darker the smoke, the higher the
percentage of opacity. A measure of 75% opacity means
75% of the light is blocked, while 25% is transmitted.
The procedure used by law enforcement agencies tomea-
sure smoke emissions is based on the SAE J1667 Snap
Acceleration Test. This is a non-moving vehicle test which
can be conducted along the roadside, in a truck stop,

100% Opacity

40% Opacity

10% Opacity

: ~— §
QLU WPFD Dicsel emissions are measured by law

enforcement agencies.using a variety of opacity tests. Opacity is
ameasure of smoke density.

atavehicle repair facility, or at inspection maintenance
test facilities. The Snap Acceleration Test is intended to
be used on heavy-duty trucks and buses powered by
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GIELERET) Heavy-duty diesel emissions are measured on a dynamometer in a test cell.



diesel engines. The procedure is intended to provide an
indication of the state of maintenance and/or tampering
of the engine and fuel system relative to the factors that
affect exhaust smoke.

Emission Control and
Monitoring Systems

Emissions standards require that manufacturers moni-
tor and control diesel engine emissions. While certain
monitoring systems are required for diesel engines, manu-
facturers are relatively free to determine how they will
control emissions to meet standards, as long as they do
meet the standards. They design systems and processes
that will effectively and cost-efficiently meet the stan-
dards. This section will detail several common emission
monitoring and control systems.

Diesel Engine Emission Controls

Diesel emissions can be controlled in a variety of ways.
Common emissions controls will be discussed in detail in
other chapters in this volume. Some examples of engine
technology required to meet the 2007-2010 Engine
Manufacturers Diagnostics or EPA-07 standards include:

® Common rail injection with injection rate
shaping

® Unit injection with injection rate shaping
capabilities

® Low- and high-pressure copoled.exhaust.gas recir-

culation (EGR)

Variable geometry. turbochargers (VGT5)

Charge air cooling (CAC)

Two-way oxidation converters (DOCs)

Diesel particulate filters (PTOx Particulate Trap
Oxidizing Converter)

Selective catalyst reduction (SCR)
® NO, trapsand NO, adsorbers

® Exhaust gas sensors—wide range oxygen and NO,

Diesel Engine Emission Monitors

Major engine systems which influence the production
of emissions are monitored by the EMD or HD-OBD
systems. These monitors are essentially diagnostic strate-
gies used to determine if an emission system is function-
ing correctly. As detailed earlier, EMD, a pre HD-OBD
emission monitoring system, and HD-OBD are used on
heavy-duty diesels.
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Engine Manufacturer Diagnostics

EMD systems are required in all MY2007 and newer
heavy-duty engines used in vehicles over 14,000-lb
GVWR. EMD systems check the functioning of the fuel
delivery system, exhaust gas recirculation system, par-
ticulate filter, and emissions-related circuit continuity and
rationality for the engine control module (ECM) inputs
and outputs. To detect emission system malfunctions,
the diagnostic manager, a piece of software installed in
the ECM, checks to detect any condition which could
potentially cause emissions to exceed maximum threshold
limits. Major emission monitors in EMD systems are
listed in @EERED.

A diagnostic data link connector located below the
dash and to the left of the steering column has six or
nine pins and is used to access SAE fault codes from

TABLE 7-3: Engine Manufacturer Diagnostics

Engine System System Analysis

Fuel system ¢ Fuel pressure

¢ Fuel-injection quantity

¢ Multiple fuel-injection event
performance

¢ Fuel-injection timing

L ¢ Exhaust gas sensor monitoring

(NOy and O, only)

Misfire monitoring * Must detect misfire occurring

continuously in one or more
cylinders during idle.

* EGR flow rate

* EGR response rate

* EGR cooling system

¢ Mass air flow rate

EGR system

* Under- and over-boost
malfunctions

* Wastegate operation
* Slow turbocharger response

Boost-pressure
control systems

* Charge air cooler efficiency

¢ On-time
¢ Glow plugs enabled
¢ Intake heater operation

Glow plugs

Diesel exhaust
aftertreatment
systems (Monitor
requires potential
faults to be detected
before emissions
exceed standards for
any of the following
systems)

* Oxidation catalyst
* Lean NO, catalyst
* SCR catalyst

* NO, trap

* PM trap
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on-highway trucks and buses. The fastest and most mod-
ern communication protocol between service tools and
vehicle networks is J-1939. Data is transmitted in both
directions between the vehicle and service tool using a
nine-pin data link connector.

Heavy-Duty On-Board Diagnostics

HD-OBD emissions standards for heavy-duty diesel-
fueled engines began in 2010. HD-OBD has many spe-
cific standards governing everything from the style, type,
and location of electrical and diagnostic connections, to
communication standards, emissions thresholds, fault
code structure and emission monitoring strategies.
The malfunction indicator lamp (MIL) joined other
lamps on the instrument panels of heavy-duty vehicles to
meet HD-OBD requirements GIEED) Whenever an

TheMIL, a requirement under HD-OBD,
switches on to alert the driver of a potential fault.
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emission-related fault exceeds a threshold level, the MIL
is required to switch on to alert the driver of a potential
fault (GILEEEE). More about HD-OBD system opera-
tion is found in other chapters in this volume. HD-OBD
monitors include the features listed in @EERZD.

Comprehensive Component Monitoring (CCM)

The CCM is part of the HD-OBD system. Its function
is to monitor electrical circuits operating powertrain
components that:

® Can cause a measurable emissions increase
during any reasonable driving conditions

® Are used for other OBD monitors
® Are required to monitor input components for
circuit and rationality faults

® Are required to monitor output components for
functional faults

The CCM is not tied to emission thresholds. Any
electrical problem related-to emission systems will cause
the MIL to illuminate.

LAV EY On-board diagnostic systems provide a
wealth of information to technicians, which is used to diagnose

emission-related faults.
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TABLE 7-4: On-Board Diagnostics (OBD)

Engine System System Analysis Engine System System Analysis

NMHC

Catalyst conversion
monitors

NO, converting
catalyst monitoring

Misfire monitor

Fuel system monitor

Exhaust gas sensor
monitor

EGR system monitor

* Diesel oxidation catalyst

* Diesel oxidation catalyst efficiency
monitor

* DPF regeneration assistance
monitor

* Diesel oxidation catalyst SCR
assistance monitor

¢ Selective catalyst reduction catalyst

¢ Efficiency monitor

¢ Selective catalyst reduction feedback
* Control monitors

* Selective catalyst reduction tank
level

e Similar in function to EMD but does
not set the MIL

* Fuel rail pressure sensor circuit
* Fuel rail pressure sensor range
* Injector code missing or invalid

* Fuel system injection pressure
control

* Fuel rail pressure monitors
* Injection timing

* Injection quantity

* Zero fuel calibration

* Feedback controls

¢ Air-fuel ratio sensors: tailpipe NO,
¢ O, sensor control module

* EGR rate system monitor

* EGR cooler/EGR cooler bypass
monitor

* EGR system slow response

* EGR closed-loop control limits
monitor

* Mass airflow closed-loop control
limits monitor

Boost-pressure control
system monitor

Particulate filter
monitor

Crankcase ventilation
pressure

Cold start and warm-
up monitoring

Glow plug resistance
monitor

Comprehensive
component monitor
(CCM)

* Intrusive turbo position and
response monitoring

¢ Intrusive wastegate monitoring

* Functional overboost monitoring
* Functional underboost monitoring
* Threshold underboost monitoring
* Charge air cooler monitoring

* DPF filter efficiency and missing
substrate monitors

* DPF frequent regeneration monitor

* DPF incomplete regeneration
monitor

* DPFfeedback control monitors
* DPF restriction monitor

¢ Crankcase pressure is monitored
but faults do not set the MIL.

* Glow plugs enabled
* Glow plug resistance
¢ Intake heater operation

* All circuit monitoring for
components supporting other
monitors and powertrain control
operation are the same as EMD.
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Ready for Review

»

Emissions legislation requiring reduction of
vehicle emissions drives most changes in engine
technology.

Emissions from modern diesel engines are so
low that only test instruments with the highest
sensitivity can measure their exhaust emissions.

Diesel engines produce lower emissions per ton of
weight carried than gasoline engines.

Noxious emissions from diesels comprise 0.2—
0.3% of untreated exhaust compared to as much
as 3% from spark-ignition, gasoline-fueled engines.

Diesel-powered vehicles travel farther carrying
heavier loads while using less fuel than spark-
ignition engines.
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If motor vehicles produced no NOy emissions,
photochemical smog would not exist.

Diesel engines produce more NO, and particulate
emissions than spark-ignition engines, but they
produce lower levels of hydrocarbons and carbon
monoxide emissions.

Most diesel exhaust particulate emissions is
composed of black carbon or soot.

NO, formation isamajor emission problem plaguing
diesel engines due to their higher compression
ratios, cylinder pressures, and temperatures.

Diesel fuel does not produce significant evaporative
emissions, and diesel fuel systems are not regulated
for evaporative emissions.

Crankcase emissions are classified as particulates
because they contain-oil droplets.



Excess air, higher combustion temperatures, and
pressure in diesel engines means lower amounts of
hydrocarbons and carbon monoxide emissions are

produced.

Diesel fuel properties and the short time fuel has to
mix with air and burn contribute to higher amounts
of particulate formed in engine cylinders.

Hard-to-burn fuel molecules called aromatic
molecules produce the distinctive odor of diesel
exhaust.

Reducing sulfur content in fuel reduces particulate
formation.

Finer atomization of fuel reduces particulate
formation.

Carbon dioxide emissions constitute a greenhouse
gas (GHG) and as such are regulated indirectly
through fuel economy standards.

The Environmental Protection Agency (EPA) and
the EURO 1-6 set the emission standards for most
of the world.
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The use of ultra-low-sulfur diesel fuel has enabled
the use of exhaust aftertreatment systems such
as Selective Catalyst Reduction (SR) systems and
particulate filters.

Emission decals indicating compliance with
emission standards are required by all on- and off-
road diesel engines.

Heavy-duty diesels have a durability requirement
to remain emission compliant and not exceed
certification limits for 10 years or 435,000 miles
(700,065 km).

EPA and EURO (EEA) emission standards are
harmonized for off-road diesel engines.

Exhaust opacity is a measurement of exhaust smoke
density. Higher opacity. means the smoke is darker.
On-board diaghostic system monitor the engine
operation to detect the presence of any fault which
could potentially cause increased emissions.

The malfunction indicator lamp (MIL) illuminates
whenever an _emission-related fault is detected by
the on-board diagnostic system.
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Vocabulary Builder

blow-by The leakage of air past the piston rings into
the crankcase.

carbon dioxide (CO,) A harmless, colorless, odorless
gas which is a by-product of combustion. It is also clas-
sified as a greenhouse gas (GHG).

carbon monoxide (CO) A regulated poisonous gas
emission which is odorless, colorless, and tasteless. It is
a by-product of incomplete combustion.

crevice volume The area above the top compression
ring between the piston crown and the cylinder wall.

diesel particulate filter (DPF) A device installed in
the exhaust system to filter out black carbon soot and
other particulate from the exhaust stream.

emission monitor A diagnostic strategy used by the
engine control module to evaluate whether emission-
related systems are functioning correctly.

engine manufacturer diagnostics (EMD) A pre HD-

OBD standard for an on-board diagnostic system used
to detect emission related faults.

greenhouse gas (GHG) A gas classified as contribut-
ing to global warming because it traps heat in the at-
mosphere.

heavy-duty on-board diagnostics (HD-OBD)/The
most recent EPA standard for detecting emission-related
faults in heavy-duty vehicles.
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hydrocarbon (HC) A molecule, often a fuel, composed
of hydrogen and carbon atoms.

malfunction indicator lamp (MIL) A dash-mounted

warning light used to alert the driver when an emis-
sion-related fault is detected by the on-board diagnostic
system.

opacity A measure of the percentage of light blocked
by exhaust smoke which is used to evaluate exhaust gas
density.

oxides of nitrogen (NO,) A category of noxious emis-
sions made up of oxygen and nitrogen.

ozone A noxious gas molecule composed of three oxy-
gen molecules.

particulate matter (PM) A category of noxious emis-
sions composed of a combination of very small solid or
liquid particles.

photochemical smeg. A type of air pollution that gives
the atmosphere a hazy, reddish-brown color.

selective ecatalyst reduction (SCR) An exhaust after-
treatment system designed to break down NO, gases in
the exhaust systeminto harmless substances.

Tier 1. 2. 3. and 4 emission standards Consecutive

phases of increasingly cleaner off-road emission stan-
dards.

volatile organic compound (VOC) Any carbon-con-

taining molecule that is highly reactive.




Review Questions

1. Categories of noxious emissions are referred to as

regulated emissions because they:

a. are greenhouse gases.

b. fail an Ames test.

c. are regulated by a legislative standard.

d. each have an emission monitor to detect the
production of a noxious gas.

. Ultra-low-sulfur fuel has been used since 2007

because:

a. it produces fewer emissions.

b. high-sulfur diesel is more costly and difficult to
produce.

c. it provides increased power and improves fuel
economy.

d. it enables the use of diesel catalyst in the
exhaust system.

. The highest NO, levels are produced during which
of the following conditions?
a. High combustion temperatures,
low compression ratios
b. Low combustion temperatures,
high compression ratios
c. High combustion temperatures,
high compression ratios
d. Low combustion temperatures,
low compression ratios

. In which of the following categories of emissions do
crankcase emissions belong?

a. Hydrocarbons

b. NOy

c. Particulates

d. Carbon monoxide
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5. Ultrafine particulate is the most hazardous emission

because it:

a. makes up the greatest mass of all particulate
categories.

b. quickly settles and falls to ground level.

c. penetrates lung tissue very deeply.

d. is a visibility hazard.

. The useful life requirement for a heavy-duty diesel is:

a. 110,000 miles (177,000 km) 10 years.

b. 185,000 miles (297,728 km) or 10 years.
c. 435,000 miles (700,065 km) or 10 years.
d. 100,000 miles (160,000 km) or 5 years.

. The 2007 emission-monitoring system responsible

for detecting potential faults which could cause
heavy-duty diesel. emissions to rise above maxi-
mum legislated levels is known as:

a. engine manufacturer diagnostics (EMD).

b. heayy-duty on-board diagnostics (HD-OBD).
c:.comprehensive component monitor (CCM).

d. engine control module (ECM).

. Diesel.engines do not use evaporative emissions

controls because:

a. fuel'tanks are sealed and not vented to the
atmosphere.

b. vapors from diesel fuel are not toxic.

c. diesel fuel has low volatility and exerts very low
vapor pressure.

d. there are fewer diesel-powered vehicles on the
road and emissions are of little consequence.
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