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-- ' PREFACE

Section 202 (a) (3) (D) of the Clean Air Act (CAA), as amended in.
1990, requires EPA to study the practice of heavy-duty engine
(HDE) rebuildiné and the impact of rebuilding on engine
emissions. On the basis of this study and other relevant
information, EPA may prescribe requirements to control rebuild

practices.

This document,'the.first of a two parf report, summarizes EPA’S

findings concerning rebuild practices and discusses, émong other
things, specific heavy-duty engine rebuilding practices, types of
rebuilders, ffequency and number 6f rebuilds, and model years of.

engine involved in rebuilds.

The emissions impaﬁt.of rebuilding will not be determined until
later in this study.' The objective of-this.report was to gather
information to develop an emissions~§est proéram for rebuilt
engines. Since rebuild emissions data are virtuallyinonexistent,
EPA will be required to conduct testing and the decisions as to
which types of engines to test will be‘based on the findings set
out in this report. The actual emissions data generated and the
analyﬁis of the relevance of that data will be included iﬁ a |

separaﬁe report.
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Chapter 1 - EXECUTIVE SUMMARY

1.1 Executive Summary

| The Clean Air Act Amendments of 1990 required the
Environmental Protection Agency (EPA) to study heavy-duty engine
rebuilding practices and their impact on engine emissions. On
the basis of this study and other relevant information, EPA may

prescribe requirements to control rebuilding.practices.

EPA determined that there are about.350,000 heavy-duty
engines rebuilt each year representing about five percent of the
estimeted 7.5 million heavy-duty trucks in operation. Heavy
heavy-duty diesel rebuilds account for about ;50,060 of these
rebuilds. Within the heavy heavy-duty.diesel population, EPA
estimates that these 250,060 rebuilds represents 16 percent of
the fleet. Medium diesels account for approxiﬁately 70,000
rebuilds annually, or nine percent ef the medium diesel fleet.
EPA found that‘light diesels and gas engines are generally not
rebuilt unless an engine-failure has occurred early in the life
of the engine. | |

A»typicai heavy heavy-duty diesel will be rebuilt three
times Eefore retirement. Removabie cylinder liners facilitate.
‘the rebuilding process of heavy heavy-duty engines; Medium |

heavy-duty diesels are generally not sleeved and subsequently
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will usually undergo only one rebuild. Those light diesel and
gas engines tbif are rebuilt are generally rebuilt with short or

long blocks' .

EPA estimates that over 50 percent of all diesel rebuilds
are in-frame‘rebuilds, which are performed with the engine still
in the vehicle. Most of these rebuilds are performed by owners,
fleets, and shops who use primarily qriginal equipment (OE) or OE
eqﬁivélent parts. Retrofitting older engines with new parts
specifically to reduce gmissions is burréntly not performed

except on a small number of bus engines.

EPA will use the above information to design the emissions
test program that will constitute'the second phase of our study.
We‘expect, based on this information, that the test program will
be limited to large diesel engine testing as the ﬁumbef of

gasoline engine rebuilds is insignificant,

Short block is an incomplete engine assembly usually cOQ$isting of
the cylinder block,  crankshaft, pistons and rings, oil pan and

gaskets. Long blocks generally contain the same components as
short blocks with the addition of cylinder heads, camshaft and -

timing gears.

Page 2
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Chapte - RO

Section 202 (a) (3) (D) of the 1990 Clean Air Act Amendments
requires the Administrator to study heavy-duty engine rebuilding

practices.

"REBUILDING PRACTICES.- The Administrator shall study the
practice of rebuilding heavy-duty engines and the impact
rebuilding has on engine emissions. On the basis of that
study and other information available to the Administrator,
the Administrator may prescribe requirements to control
rebuilding practices, including standards applicable to
emissions from any rebuilt heavy-duty engines (whether or
not the engine is past its statutory useful life), which in
the Administrator’s judgment cause, or contribute to, air
pollution which may reasonably be anticipated to endanger
public health or welfare taking costs into account. Any
regulation shall take effect after a period the
Administrator finds necessary to permit the development and
application of the requisite control measures, giving
appropriate consideration to the cost of compliance within
the period and energy and safety factors."?

The Act does not establish statutory deadlines for EPA's
stud} and provides the Agency with no guidande5ih terms of the |
rebuilding practices EPA is requifed to study. Therefore, before
EPA could proceed with the study, it first had to determine
exactly what practices it should study. : | »

.

EPA’s. current definition of heavy-duty useful life was.

’Clean Air Act Amendments of 1990, Sect. 201; amends Sect 202 (a)
(3). :
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established in~{9833, and was based on the mileage at whiéh
different categories of heavy-duty engines were generally rebuilt
or replaced. For recall purposes, manufacturers of engines would
tﬁen be responsible for in-use emissions based on 75 percent of
the useful life. Once past this useful life,jthe manufacturer
would no lbnger be subject to in-usé compliance testing. Some
engines, particularly heavy diesels, opérate up fo mileages five
times or more their statutory useful life with-rebuilds._ These

engines could be unregulated emitters for 80 percent of tpeir'

lives.

EPA therefore dete:mined that the appropriate focus for this
stﬁdy was those practices typically performed at or near the end
of the useful life of an_engine that are intended to
‘ substantially increase the actual life of that engine. While
these practices do not include engine replacement or minor engine
repair, they do include a variety of pracgices generally known as
rebuild, remanufacture, and 6verhau1. These terms are discussed

'in Chapter 4.

2 _St e
»

There are two phases tq the requi:ed study as shown below:

3see 40 C.F.R. 86.085-2, 48 Fed. Reg. 52170 (Nov. 16, 1983).
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Phase I: Conduct a study of the current heavy-duty rebuild
garket, including identifying the key players in the rebuild
industry; the rebuild practices currently employed by
industry, and the frequency with which rebuilding occurs.

This report is a summary of the findings of Phase I.

‘Phase II: Using the results of Phase I, conduct emissions
testing of rebuilt engines. The information gathered}in
Phase I will help EPA to construct an emissions test proéraﬁ
which will allow EPA to estimate the emission impact of the
rebuilding practices occurring in in&ustry. With these
emissioﬁs data, EPA will determine the emissions impact of

rebuilding.

Vg
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Chapter 3 - DATA COLLECTION METHODS AND SOURCES
3.1 Methods

The key to meeting the broad charge that Congress gave EPA
in studying the heavy-duty rebuild industry was to gather data on
as many aspects of the industry as pfactical by involving as many
industry sources as ppssibie. EPA sought to obtain data that
. showed both general industry rebuild practices as well as the',
number of rebuilds that were being performed on a yearly basis.
Data collection involved,mény different techniques and we reached

a wide variety of sources.

The primary data collection method utilized was a Beggest

for Information Concernj Heavy-Dut Rebuild Stud
published in the April 4, 1991 Federal Register.* The Request

is provided in Appendix A. This method enabled us to reach not
only major trade associations and'engine manufacturers, but any
othér interested partiés as well. Response to thé Request was |
voluntary, but EPA provided advanced notification to those
ndustry members who had shown interest in the study or who we

believed would want to provide comments. _ »

Telephone interviews and follow-ups played an important role

‘56 Fed. Reg. 13825 (Apr. 4, 1991).
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in verifying and adding to data obtained through the Request for
Information. Telephone interviews were also utilized in
gathering data from parties that wished to provide input to ‘the
stﬁdy but did not wish to submit any formal written‘reﬁponse.
Probably the most important aépect to this technigue was that it
prqvided a means to ask respondents clarifying questions that
arose during_theAinformétion gathering procedure which were not

addressed in their response to the Request.

Facility visits were also used in our data collection.
There are three main types of rebuilders; fleets, independents,
and engine manufacturers. We visited one facility of each type.
The facilities visited were Jasper Engine and Transmission
Exchange (independent), Mack Trucks, Inc. (Mack) (engine
manufacturer), and Preston Trucking (fleet). These sites were
.chosen as typical of each type in terms of their rebuild

practices. In the case of Jasper and Mack, data gathered from

the visits supplemented their formal responses to the Request.

3.2 Res den e : s

Twenty seven parties provided written responses to the
Request for Information. These respondents, with a brief
description of their functions, are listed in Appendix B.
Responses ranged from general policx statements to detailed

answers to all fifteen questions.
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3.3 ug i a

Determining the number of rebuilds being performed in the
heavy-duty industry required data that showed the.humber of
heavy-duty trucks in use and, more. importantly, quantifying when

the engine rebuilds are occurring in the engines’ lifecycle.

EPA used heavy-duty truck population figures from a variety

of existing sources. These sources include the Bureau of the

Census Truck Inventory and Use Survey (TIUS) for 1977, 1982, and
1987, EPA’s MOBILE4.l1 Motor Fuel Consumption and Emission Factor

Model, Motor Vehicle Manufacﬁurers Association’s Facts and
Fiqures for 1985-1990, and Energy and Environmental Analysis,
Inc. (EEA’s) 1989 Motor Fuel Consumption Model (MFC). MOBiLE 4.1
data were used predominantly because it provi&ed the number of
trucks on the road by modei year and fuel type. Also, MOBILE is
EPA-generated, based on TIUS data, and has beén in use for many

years as a prediction model for emissions by the agency.

EPA relied on two main sources for data describing hoy often
or under whﬁt circumstances engines are rebujilt. Firsf, data
gathered from the Request concerning rebuild practicés frequently
addressed the'point aﬁ which heavy-duty engihes were rebuilt,

especially by each particular respondent. Second, we used data

compiled as support for the useful life regulations promulgated -
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in 19835,

5see note 3, Clean Air Docket No. A-81-11.
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Chapter 4 - BACKGROUND
4. Genera eavvy-Dut

EPA defines a heavy-duty engine as any engine which the
manufacturer could reasonably expect to be used for motive power
in a he'avy--duty'vehicle.6 Typical heavy-duty vehicles include
large pick-ups, construction vehicles, dump trucks, straight.
trucks, delivery vans, tow trucks, buses, and over-the-road
tractors (semi’s). These vehicles uSuaily range in weight from
8,501 1lbs. gross vehicle weight (GVW) to as high as 150,000 1lbs.
GVW or more and are generally powered by either gasoline or
diesel fuel. Other fuel types such as compressed natural gas
(CNG), liquid petroleum gas (LPG) and methanol are being used

experimentally in some fleets.

Gasoline heavy-duty engines were historically carburetted,
with lighter GVW vehicles using catalyst technology for emission
control. Since the implementation of the 1987 heavy-duty B
' gasoline emissions standards, many heavy gasoline engines have
utilized computer controlled fuel injection systems similar to
those found in iight duty passenger cars and trucks. In fact,
many heavy-duty gasoline trucks are indistinguishable from their

light duty counterparts except for their load-carrying

%40 C.F.R. 86.082-02 (b).
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capabilities. ‘ﬂeavyéduty gasoline engines are generally of the
V-8 block design, but are not designed to be rebuilt. In 1990,
there were no gasoline engines'produced with removéble cylinder

sleeves to facilitate rebuilding.

Heavy-duty diesel engine and fuel system advﬁnces have also
been required to meet ever tighter emissién standards. Due to
these tight standards and continuing pressure for_inéreased fuel
- economy, changes have been.implementéd in piston design, fuel 
injector design, turbo matching, aftercooling, fuel system

calibration, and now electronic controls are being used.

~ Many lighter diesels are of the V-8 design, but unlike other
heavy-duty engines, very large diesels are six cylinder in-iine
engines. Most large diesel engines have preséed-in cyliqder
sleeves designed for easy rebuild. Medium and lighter diesels

are generally not sleeved for rebuilding.

i,

Engine sse e s

There are five categories of heavy-duty engines as defined
by EPA. These categories are meanf to reflect the prima:y

intended service class of an engine.

EPA classifications of heavy~-duty engines are giveﬁ below’:

740 C.F.R. 86.085-2.
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EPA Heavy-Du ine Catego - Intended GVW Range
light heavy-duty gas (LHDG) 8,501-14,000 1lbs.
heavy heavy-duty gas (HHDG) 14,001 1lbs. énd higher
light heavy-duty diesel (LHDD) - 8,501-19,499 1bs.

medium heavy-duty diesel (MHDD)  19,500-33,000 lbs.
heavy heavy-duty diesel (HHDD) ~ 33,000 lbs. and higher

Each of these‘categories has an associated useful life as

followsd:

EPA heavy-du ine catego Useful Life
light heavy-duty gas . 8 years/110,000 miles
heavy heavy-duty gas 8 years/110,000 niles
light hea&y-duty diesel . . 8 years/110,000 miles
medium heavy-duty diesel 8 years/laﬁ,ooo.miles
heavy heavy-duty diesel 8 years/290,000 miles

Many engines, particularly heavy heavy-duty diesels, are on the

- road for periods éignificantly in excess of their statutory
useful lives, in large part because of-engine.rebuilding. As
déséribed in EPA’s 1983 rules and séctioh 2.2 of this report,
current EPA in-use enforcement programs only target engihés up to
75 percent of théir useful lives. Therefore, tﬁe emiséions frdm
‘many rebuilt engines are unknown and unregulatéd. .Potential

issues include whether or not rebuilding practices lead to excess

840 C.F.R. 86.085-2.

Page 12

P.18




emissions, whether engines are on the road so long that even
small emissions increases due to rebuilding are significant, and
whether changes in rebuilding practices could reduce the quantity

of pollutants being emitted.
4.3 onomics © eb - ebujild?

EPA found that engines are rebuilt for a number of reasons
including increased oil conéumptibn, loss of'petformance{ poor
fuel ecohomy and engine failure. However, the driving force
behind an owner’s decision to rebuild instead of choosing other |
opﬁions is economics. When the engine wears or experienées a
major failure, ownefs must decide between rebuild, repair,
purchase of a new engine, purchase of a new vehicle, or no.

action.

Diesel engines, specifically medium heavy-dutyughd‘heavy‘
heavy-duty, can be rebuilt at a cosﬁ significantly %éss than the
cost of a new engine or vehicle. Since these én@ineé are s;eeved
and designed for rebuild, parts ére feadilf available ;t' |
competitive prices. An in-frame diesel engine rebuild can be
performed for $5,000 or less, depending on which.parts are
replaced. (Cdmponent replacement will be coVered in more detail

in Chapte: 5). Out of frame rebuilds, which are generally more

extensive, can be completed for about}$3,opo - $12,000, depending

on the.engine type. In most cases, rebuilding the engine costs
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substantially less than choosing an alternative to rebuild. For
_example, one can expect to pay over $10,000 for a new heavy
heavy-duty diesel engine'and as much as $120,000 for a new over-

the-road truck.®

Medium and heﬁvy diesel tfuck bodies will generally last
much longer than the statutory useful life of the engine, meaning
owners will rebuild an engine several times before replacing the
truck. Not until the engine has significant ﬁiles and has been
rebuilt at least once will the owner face the choice of engine

replacement or vehicle trade-in versus further rebuild or repair.

Light diesel and gasoline engines present a less obvious
choice to the owner. Because these engines ‘are not sleeved,
rebuilding requires engine removal from the gruék. Removal is
time consuming and costly{ Also, unlike larger diesel truck
bodies, light diesel and gasoline truck bodies ﬁsually do not
last much more than one to two times the'ﬁseful life (110,000 -
220,000 miies)‘of thé engine. By the time the engine has enough
'miieage to warrant a rebuild,.the truck body will likely also
need to be replaced. | |

" Most light diesel and gasolihe rebuilds are pe#formed as a
result of engine faildre; Engines that expe:ienée a major

failure at low mileages will likely be repaired or rebuilt -

9The Truck Blue Book, Maclean Hunter Market Reports, Inc., ©1989.
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because the owner can still realize significant service life from
the vehicle. . If these same failures occur on a high mileage
truck, the owner may not perform rebuild or repair, but may
instead replace the entire vehicle. Rebuild éosts on these
engines range anywhere from about $1,000 for a short block up to

$5,000 for' a complete engine.
4.4 Rebuild Definitions

"Rebuild", "remanufacture", "overhaul" and "repéir" are
often used interchangeably and could all be'considered.":ebuild
practices". ine following summarize comments EPA received from
‘various in@ustry sources, and reflect the range of terminology
used by thé heavy-duty industry. EPA did not receive any
cqmments which specifically defined the componentireplacements or

combinations of component replacements that constitute a rebuild.

Rebuild: . This operation generally involves thé‘disqssembly
of the engine to a point where high‘qear compon;nts can be
cnecked and meanured against épecifications, replaced or
reconditioned as neceséary, and reassembled. Often, certain
ucomponents are replaced regardless of condition inclyding
engine bearings, piston rings and gaskets. This c;n be-done‘
with the engine still in the chgssis. Some feel that a

rebuild must be performed with the engine removed from the

chassis so that certain components and measurements can be
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checked that cannot be inspected in-frame.

Overhaul: To some, this operation is indistinguishable from
a rebuild as defined above, although an overhaul is almost
exclusively done in-chassis. On the other hand, many
consider an overhaul to be an engine disassembly to remedy'a
specific engine failure in thch only the failed part or

parts are reconditioned and/or replaced.

Remanufacture: Most'agreed that remanufacture is a
production-type’proceés in which a core engine (owner trade-
in) is completely disassembled and every part is checked
against original equipment (0.E.) specifications for |
reusability. Parts that meet specifications are theh.
inventoried and stocked in supply; parts-that are not in
specification are machined? if possible, or discarded.
Engine reassembly is based on market demand and is‘performed
using'é combination of new and old parts. Customers dsuaily
puréhase an engine of the same configuration engine they
traded in, and the "new" product is generally dynamometer
tesﬁed and warranted.
. ’ , .
In a different context, EPA proposed the following definition of

an engine rebuild for urban buses':

56 Fed. Reg. 48350 (Sept. 24, 1991).
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"Engine Rebuild" means an activity, occurring over one or
more maintenance events, involving disassembly of the engihe
including-the removal of the cylinder head(s) and.the
replacement or reconditioning of more than one major

cylinder component in more than half of the cylinders."

where

"Major Cylinder Component" means piéton, cylindéf liner,

connecting rod, or piston ring set."

Along with the definitions above, there are two other terms
often used in the industry which can be considered a subset of

rebuilding. These are:

Upratihg: This.process involves rebuilding, overhauling or
remanufacturing an engine.with parts such that the power
output of the rebuilt engine is g:eatérlthan'th;t of the
original engine. Engines are generally uprate&blo a
certi:iéd configuration with a higher horsepowef or torque
rﬁting.. | '

»
Retrqfitting: ' This involves rebuilding an engine with parts

designed to increase the emissions-perforﬁance (decrease

emissions) from those of the original engiﬁe configuration.
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Rebuilds are performed by three basic éroups within the
industry; Qriginal Equipment Manufacturers (OEM’s), independents
and fleets. OEM’s are exclusively production style
remanufacturers who sell complete and partial engine assemblies,
fuel systems, and other parts. 1In 1990 there were approximately
twenty OEM'’s involved in the production of new assembly line
engines. Although all twenty undoubtedly supply replacement
parts which are used by rebuild shops and fleets to service and
rebuild engines, EPA is aware of only six who perform orlcontract
out assembly line type remanufacturing of engines. Fleets
perform rebuiids and dVerhauls in and out-of-chassis on an.as
needed basis and may rebuild engines for other fleets. Thousands
of fleet are currently operating in the U.S. so it is impossible
for EPA to estimate the number thch may actually be involved in
engine rebuilding. EPA eypects that most large.fleet operations
" are involved in some form of engine rebuilding. ‘Independent
rebuilders can'be either production type_opérations or small
repair type faéilitieg. Some larger independént rebuiiders are
under contract with OE manufacturers to rebuild_fof them., A
‘subset of the independent rebuilder category'includes franchised
truck dealgrshipqlwhich are ihdependently owned and operated

under a franchise agreément with OE manufacturers. There are

}approximately'Z,?OO truck dealer outlets.
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Major tradg associations exist which represent each group of
. rebuilders. The'Engine Manufacturers Association (EMA)
represents OE manufaéturérs;‘the Automoti#e Enginé Rebuilders
Agsociation (AERA) represénﬁs independent rebuilders and the
American Trucking.Associations (ATA) represents fleets.

Membership is often held in more than one association.

In additioq to the three major types of engine :ebuilders,
there are,nﬁmefous ihdividual éngine cdmponent rebuiiders and
aftermarket parts producérs. The products gener;ted'by these
rebuilders'and suppliers are used extensively in the enginé

rebuild industry and are discussed in this report.
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Chapter 5 - DIESEL REBUILD PRACTICES
5,1 Int cti

There is'a marked difference between diesel and gasoline
engine rebuild practices. While diesel engines in general make-
up ohly forty perceht of the heavy-duty engine populafion, heavy
heavy-duty.diesel engines (class 6-8) outnumber‘heavy'heavy-duty
gasoline engines thrée~to one. Gasoline engines are used in more
short route applications ﬁhile diesels are used~in iong haul
jobs. The d;fferent usages often translﬁte-into different

rebuild practices.

ese bujld a e

Diesel rebuild practices can be divided into two main.
‘categories; in-frame and out-of-frame rebuiids. In-frame rebuild
practices are not as extensive as out-of-frame practices. In-
frames generally do not include any machiping of the block or
crankshaft, but do include, among other'items, replacement of the -
major stress-bearing engine parts such as‘pistons and bearings.
Out-of~frames include all the above as well'és thétaforemgntioned

machining.

In a normal sequence of engine rebuilding, an engine will

have an in-frame rebuild before it undergoes the more-involved

Page 20




out-of-frame rebuild. This in-out series will continue until the

engine is scrapped or suffers a major failure that requires it to

be removed from the chassis prematurely and receive out-of frame

service.

Engine owners look to several paraneters when deternining
when to rebuild the engine, all of which have underlying economic
reasons. The main signaling parameter used is oil consumption or
" oil analysis." The need for rebuild is indicated when an
engine is burning too much o0il or when an oil analysis shows
excessive contaminants or metal shavings in the oil. Engine
manufacturers have oil analysis guidelines that signal the need
for a rebuild.'? Increased oil consumption is a signal that the
piston rings are worn,ithe piston sleeve diameter has increased

beyond its‘tolerance, or that bearings are out of specification.

The next category is loss of performance and/or decreased:
fuel economy. These criteria typify increased engine wear.
However, decreased fuel economy does not necessarily mean that
engine internal components have worn beyond their tolerances.
Reduction in.fuel economy could also be attributed to a worn or-

maladjusted fuel injection pump. Therefore, decreased fuel

“'survey Data Research, A Study to Determine Engine Rebuild Criteria

o o s s we Ve , 1981. This study was
performed for EMA,
‘ZM_J_@MMEALMQM caterpillar,
1990.
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economy is usually accompanied by one of the internal engine wear
signals before a determination will be made to rebuild the

engine.

Failure of a major internal engine component may also lead
to rebuild if the engine is approaching rebuild mileage. The
owﬁer‘may rebuild the engine while replacing the broken part
.since the truck will be out of service for the least amount of

time.

Engine miles, hours, or years in service are‘not.generally
used to schedule :ebuilds. Fewer than oné third of all fleets
that commented stated that they used miles driven as a rebuild
criteria,'”™ and a similar fraction of the’American Truck Dealers
Division of the National Automobile'Dealers Association
(ATD/NADA) éesponden#s mentioned these as criteria used in
determining when to rebuild a HDDE.' sound rationale exists as
to why these factors are not used. Diesel engines are involved
in a wide variety of'applications and accumulate mileage and
hours at varying rates. It would not be economical to schedule
rebﬁilding at a set mileage or hour level because the engine
might not need a rebﬁild at that point. Owners do sometipes look

at mileage or hours as a criterion to determine engine condition;

Bsee note 11.

“ATD/NADA response, dated June 6, 1991, to EPA’s Request for
Information. ' ' : '
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high miles, hours, or years may alert the owner to look for other

signs of engine wear that signal the time for a rebuild.
5.2 Fleet Practjces

' Fleet heavy-duty engine rebuilding varies and is mainly
dependent on the size of the fleet. Large fleets, éuch as
lPreston or Roadway, have centralized, mosﬁly self-sufficient,
maintenance facilities that do their own rebﬁild work. These
facilities have full-time mechanics, machining equipment, and
other support required to perform rebuilds and-in'man§ cases are
authorized by OE’s to work on their engines. These fleets also
have local maintenance shops, but these shops do mainly
preventive maintenance and emergency repairs in.support of the
ldcél fleet. When it is determined that an engine needs a
rebuild,}the fleet either removes the engine from the truck and
ships it to its rebuild facility or sends the truck there. If.
the rebuild requires that the engine be removed, an engine with
.the same configquration, which was previously'rébdilt, is
installed in the truck so that if is not out of service for an
extended lengfh 6f time. The removed engine will then be-rebuilt
and put into storage until it too is needed as a repiacement

engine.

At a typical fleet rebuilding facility, engines either

receive an in- or out-of-frame rebuild. A parts depot on site
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provides mechag%cs with the proper replacement parts. In some
cases, such as starters, the facility will rebuild worn parts.
Fleets will generally replace with a new p;rt or subcontract.out
fo a specialty shop complex parts such as the fuel injection
pumps and turbochargers because iﬁ is cheaper than maintaining
the specialized personnel and eﬁuipment necessary to rebuild
these iteﬁs. Out-of-frame rebuilds are usually dynamometer
"tested to ensure that operating characteristics such as

horsepower and fuel flow are in specification before the engine

leaves the shop.

Smaller fleets generally will not have the resources
necessary to perform out-of-frame rebuilds, so when an out-of-
frame is required, these fleets will use either an independent or
OEM assembly-line rebuilder or a local rebuild Shop. In-frame
rebuilds can be performed by these smaller fleets, but.they may
also have this service performed at a dealeréhip or independent

shop.

Engine emission ahd paré number labels are generally .not
removed from fleet-rebuilt engines since the'same core is used.
However, new labels stating that the engine was rebuilt aye not
affixed to the engine.. Instead, owner records or rebuild shop

invoices must be referenced in order to determine if it has been

rebuilt.’

SATA response, dated May 8, 1991, to EPA’s Request for Information.
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Several OE'’s have their own assembly-line rebuild
facilities. When a core engine is traded-in; it is stripped down
and cleaned. At this point the engine loses its "identity"
because all labels are removed and very often .the serial number
is ground off the block. Major components are ingpected and
checked to see if they ére in specification or can be put into
spécification - otherwise they are ;crapped. For example, one
manufacturer scraps 50 percent of the crankshéfts it»receives.
Fuel injection pumps apd turbocharéérs aré disassembled and
rebuilt with new parts. Sometimes these components are returned
to their original manufacturer in an exchange program with the
rebuilder. oéher components such as pistons,_bearings, and

valves are almost always scrapped.

once disassembled and cleaned, the engine is ready to be
reassembled. Unless the block is a unique and seldbm used
design, it is usable in different engine'qonfiguratﬁOné. Very
often,.just éhanging.the fuel deliQery specifications will change
the calibration of the engine. Once it is decided what
configuration to build, the engine pFoceeds down the assembly

line with a document attached to if that tells the assembler or
machiner which specifications or parts are necessary for that
engine configuration. As a means of documenting proper

replacement of parts, mechanics are generally required to initial
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the engine build form.

When fhe engine has been completelyAreEuilt,‘a new metal
label showing the engine rebuild date along with various.engine
settings is riveted to the block. This label replaceé the
original engine specification label that was removed in the
cleaning process. The type of label and the information on it
varies among manufacturers. The engine would also get a new
serial number ground into the block at this time, if needed. The
final step before shipping the rebuild is to test it on the
dynamometer. No specific ﬁesté for eﬁissioﬁs are done. These

16

engines are warranted by the remanufacturer. This entire-

process is generally known as remanufacturing.

In-frame OE rebuilding facilities do notiexist as stand-
alone shops. They are usually associated with dealerships and/or
distributorships. These shops operate just like any car
dealership;jwith the truck owner bringing his truck to the shop

and having work performed on his truck on the premises. Rebuilt

“warranties on remanufactured engines generally run for one year -
with unlimited mileage, though some plans set the mileage limit at
100,000 miles. Some OE warranties require that OE parts be used.
Examples of these programs are the Cummins National OQverhaul
Warranty (NOW) and Caterpillar Overhaul Protection for Trucks (OPT)
plans. These two plans cover both in-frame and out-of-frame
rebuilds and let the owner receive service on his engine at any
factory authorized repair facility. Customers can also purchase
extended warranty protection plans. However, warranties are seldom
actually needed. According to AERA, only 2 percent of all rebuilt
engines are returned for in-warranty service, with 40 percent of
these repairs attributed to the customer installing the engine
incorrectly or misdiagnosing the initial failure.
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engines from these facilities are generally‘not labeled, nor are
the original l&bels removed. Therefore, it is difficult to
identify an in-frame rebuilt engine witﬂout invbices or other
records. Also, if a fleet is authorized to perform service work
on an engine by the manufacturer, then all servicing would be

done at the fleet maintenance facility."
5.2.3 Independent Rebuilders

Independent rebuild facilities exist in a variety of forms;
from large assembly-line shops to small specialty‘Shdps that only
rebuild one specific part of the engine, such as the cylinder
head or turbocharger. Assembly-line facilities operate in a
similar manner to OE assembly-line facilities. An engine owner
goes to an . distributorship where he exchan§e§ his old engine for
a rebuilt model that is in stock. In the event that the
customer' s engine is not a commonlyfrebuilt engine, the owner’s
engine is removed; shipped to the plant, rebuilt, qp§ returned. -
In this case, the owner feceives tﬁe same block théf?he turned
in. oOtherwise, core'engines are gathered from the'.
disiributorships and are shippéd to a central rebuild facility.
The.engines.are stripped, cleaned, ahd rebuilt to the reqpired.
configuration. Again, the block is not necessarily.used for the

exact same engine if it is cdmpatible with other configurations.

Labor may be warranted by the dealer who performed the rebuild
while parts are warranted by the manufacturer.
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Specialty shops often rebuild certain components or systems
in support of-iarger rebuilders. They also provide rebuilt parts
to owner-operators who choose to do their own engine work.

5.3 Diesel Com ent Re ceme

Parts replacement is the defining‘factor of a rebuild. By
looking at what parts were replaced, one'can usually tell the
degree of rebuilding an engine has undergone, either in-frame or
out-of-frame. However, a core group of componénts are replaced
during éll rebuilds. Frequently, only these parts, the main
stress bearing and lubricating components, wili be replacedl
during an in-ffame rebuild. The EMA study listed piston rings,
pistons; connecting rod bearings,vmain bearings, cylinder liners,
injector and nozzles, and cylindér head assembly as parts that
fleets replaced over 85 percenﬁ of the time during a rebuild.®
The reported numbers were similar for.owner/operators,lalthough
owners included other ancillary parts such as air .compressors and
turbochargers. This difference could be that owner/operators
generally have less structured préventative‘maintenance plans
than fleets and thérefore find the need to :eplace more engine‘

items at rebuild. , ,

Data gathered in our study supported the EMA figures.

Overnite Tfansportatioh, a large fleet, stated that pistons,

8see note 11.

Page 28




P.35

rings, liners,.bearings, and heads are ‘replaced during their in-

frame service.!

‘The majority of survey respondents reported
that six out of the seven parts are almost alwaysireplaced when
tney are rebuilding an engine.® There was a roughly even split
between "always replace" and "replace when necessary" when it
came to injectors and nozzles. 'The respondents who did not
automatically replace this part said they performed ;unctional
testing and replaced if needed. Remember . that ATD/NADA members-
are generaily'OE-authorized maintenance facilities and are |
performing_virtually all orithe in-frame work for the OE’s.
Appendix C shows reported in-frame and out-of-frame component
.servicing practices. for fleets and rebuild snops as determined by

a study of heavy-duty diesel rebuilding practices done for CARB
in 1987.%' These figures support EPA findings.

While the'seven core parts are almost always replaced duriné
an in-frame rebuild, this is not the only service work done on -
the engine at the time. Other systems and parts, such as
'turbochargers, camshafts, and connecting rods, are inspected and

repaired or replaced if needed. In some instances, even these

“n

parts are rebuilt or replaced automatically. But generally,

Phone conversation with representative of Overnite Transportation,
May 29, 1991. '

“see note 14. |
2lngurvey of Heavy-Duty Diesel Engine Rebuilding, Reconditioning,

and Remanufacturing Practices", Sierra Research, Inc, August, 1987.
Prepared for California Air Resources Board (CARB), CARB contract

#A4-152-32.
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unless the owner has complained about a specific problem that can
be traced to a'part or the rebuilder notices excessive wear or
maladjustment, these parts are not changed during an in-frame

rebuild.

Almost all engines are rebuilt to a certified configuration
regardless of the type of parts used. Some ATD/NADA respondents
stated that a small percent of their customers want their engines
upfated for mére power. Uprating does have a practical limit,
though. Coréncredit practices serve to narrow the uprating that
is economic#lly reasonable to adjustments'made to equipment
already on the engine. Requiring wholesale changes or using new
parts would_increase the rebuild cost. The resulting uprated
configuration, therefore, generally uses the same parts as the
original. However, the fpel system may be calibrated
'differently. Note that these uprated configurations are most
always a previously certified configuration and new ‘
configurations are generally not created. In theory, uprating
should have only a.ﬁarqinal'emissions impact because engines are
generaily énly'chénqéd from one enéine configuration to a
different, more poﬁerful configuration within the same engine
famiiy. The emissions certification data for a heavy-duty engine
family reflect the worst-case emissions configuration within that
family. Therefore,Ain theory, the uprated configuration would at

worst reflect the configuration used to determine certification

emissions data.
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5.3.1 Out-of-Frame Cgmgonent Replacement

Out-of-frame rebuilding lends itself to more extensive
component chénges. Since the engine is disassembled, all
components are checked and, if necessary, replaced. All
rebuilders, including in-frame rebuilders, have a parts exchange
credit pdlicy that allows them to work Qith their customers in
processing engines. Owners receive a monetary éredi; for various
parts of old engines such as the crankshaft, block, And fuel
" injection pump. This coreAcredit projram exists because for many
engine items, it would redﬁce profit or increase the price of a
rebuild if the rebuildéf had to replace all worn parts with new
ones. The credit price is set so as to encourage the customer to
include these parts with the engine. For example, Cummins
éharges S0 percent of the price of a new injeétion pump for a
remanufactured unit when the old unit is exchgngéd, but this
figuré jumps to 70-75 percent of the‘new price without an
exchange.4.Volvo charges $1,120 for a remanufactured crankshaft
with exchange of one which may be ;emanufactured wh{ie a

' remanufactured crankshaft without exchange sells for $1,620.22

A core exchange program is critical to the business,
operation of rebuilders because they need the old cores to
actually rebuild. The rebuilder must take in more cores than he

will rebuild dﬁe to the fact- that not every incoming core will be

2commercial Carrier Journal, November, 1990.
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salvageable. The exchange program will also act as a signal to
the owner when a rebuild no longer makes financial sense. The
reduction in credit due to unsalvageable parts will make the cost

of a rebuilt and new engine comparable.

These credit programs vary in scope and range from Mack's
program where they have credit prices for almost every engine
part® to one of Jasper'’s policies where the cﬁstomer receives-
full credit if the Jasper representative deterﬁinés that the corej
has not been previously disassembled, there are no visible holes
or cracks in the engine, and the crankshaft turﬁs at‘least 360

degrees in the direction of engine rotation.®

Due to the nature of assembly-~line rebuilding, all engine
parts are replaced w1th either new, remanufactured, or in-
specification used‘parts. When the parts are removed from the
engine, they are checked and either scrapped;~rebuilt, or put
into a central bin to be used in other engineé. Generally this
pragtice can be broken down into a general rule of thumb. Low-
' cost parts will be replaced whilé more expeﬁsive parts and’
systems, such as crankshafts and fuel pumps, will be rebuilt.
This is illustrated by the list of replacement parts and ,

components used by Jasper and is shown in Appendix D.

Bpata submitted to EPA. during a May 8, 1991, visit to Mack
Remanufacturing Center. , ,

%Jasper sales literature, 1991.
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New replacement parts can either be OE, aftermarket, or
rebuilt parts.” 'The type of part used in a rebuild is largely
determined by the type of rebuilder. An OE assembly-line
rebuilder is most likely to use strictly OE parts while his
independent counterpart will probably use a mixturs of OE and
aftermarket parts. The majority of ATD/NADA respondents stated
that they use OE parts. The Army uses aftermarket parts

exclusively in their overhauls.®

The choice of what kind of part fo use depends on price and
guality. Rebuilt OE or aftermarket parts can provide upito a 40
percent cost savings over a new part®, though the majority of
rebuilt parts will use OE cores.- Some rebuilders will use only

OE parts, even if the aftermarket part is exactly the same and

doe

the OE part is twice as expensive. Others feel the same way
aoout_aftermarket parts. farts availability is also a driving
factor. |

The majority of parts initially brought to market result
from OE-sponsored development or coordination with their vendors.
The aftermarket parts, usually with a small modification, are ' .
then intro&uoed into the market;' The market share botweep OE and

aftermarket parts is uncertain,rbut OE or OE-design parts

zsDepartment of the Army response, dated May 22, 1991, to EPA's
‘Request for Information.

2APRA response, dated May 13, 1991, to EPA’s Request for
Information. : ' :
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probably constitute a majority. For example, Detroit Diesel
_chéoration (Dﬁé{ estimates that its own parts command 60-70
percent of its replacement parts market?’, and an OE fuel
ihjection system supplier states that its market share for

replacement parts is roughly 75 percent.

The comments received by EPA indicate that many OE and

aftermarket parts are often very similar. In some cases, the

part manufacturer makes both types and the only difference'iS‘the».

packaging. Federal Mogul stated that their engine bearings,
pistons, arnd carburetors are the same for both OE and aftermarket
use.? .Similar comments were received from The Tucker Co., Inc.
regarding valve s_eats.29 Enginetech, Inc. went even further.

They believe that in many instances the aftermarket part is

. better than the OE part because the aftermarket part is designed
to alleviate some problem that developed with the OE engine.
This is not meant to imply that OE’s do not upgrade their parts
in a similar fashion. An example of a preduct improvement could
be a different chamfer on a piston ring while a design shortfall

upgrade could be a material replacement for a piston ring that

2’Dbc  response, dated May 20, 1991, to EPA’s Request for

Information. R

#Federal Mogul response, dated May 8, 1991, to EPA’S Request for
Informatlon.

 ®The Tucker Co., Inc. response, dated May 17, 1991, to EPA’s
Request for Information. : S

%Enginetech, Inc. response, dated May 28, 1991, to EPA’S Request
for Information. A
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aoeads

wears too quickly. The impetus for any upgrade will also depend
on the demand- for the part. In'addition, not all aftermarket.

parts are of identical quality.

Statistical process control (SPC) is being used by OE and
aftermarkeﬁ parts manufacturers. This process employs .
statistical sampling of the product to verify that manufacturing
tolerances and.désign specifications set by each parts
maﬁufécturer are being achieved. SPC has become used in the
parts industry as a means to improve qﬁality and provide
assurances to the customer about the quality of the parts. The
parts consumer, either an OE or independent rebuilder, will ask
that SPC be applied to all facets of the vehdor's process, not
just the paft the customer.is buying. Total system satisfaction
is required, meaning SPC can not be applied selectively.
COmpanies'usiﬁg SPC have reported less than one percent of their
parts are returned under warrahty,.and that a percentage of'these
returns are due.to incorrect installation and not manufacturing
errors on the part. Some rebuilders also émploy another step in
assuring themselves that the parts'they Afe installing will fit :
_their application. The rebuilders check the dimensions of the
parts to ensure a correct match.3! The motivation is to
alleviate engine feturns, which are costly to the rebuilder.

AERA promotes this as sohnd business practice to its members.

Jasper. sales literature.
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Comments received indicate that consolidated, or "will-fit",

- *

parts are not prevalent ih the heavy-duty parts replacement
industry. Generaliy, parts are application Specific, meaning
that a part is used on only one engine type of a specific
manufacturer. Replacement parts are designed to meet the
requirements for specific enéihes. At the same time,}there are
parts that can be used on several applications within a prodﬁct
line. Producing pérts in this manner reduces proliferatioh, but
is generally limited to items such as pistbn'rings, injector
nozzles, and gaskets. This proéeSs is incorporated by OE and

aftermarket vendors.

There is no consensus in the industry regarding the number
of rebuilds a typical diesel engine receives before the end of
its lifecycle. This is partly a rgsult of the varied diesel
applications. For example, the 1981 EMA study™ states that
"[T]rucks used specifically for long haul driving run their
diesel engines about 37 percent longer before reaching the first

overhaul than trucks used for other purpqses."
504 e

A light heavy-duty diesel engine would typically be

325ee note 11.
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installed in a-class 2-5 truck, which would likely be used in
local service as a short delivery or service vehicle. Mileage
accumulation on this truck will be relatively slow, will involve
many short trips, and it will take approximately eight years to
reach the engine’s useful life limit. The gradual aging of the
truck and engine means the truck body would normally deteriorate
at a point that is not significantly greaﬁer than the engine's

useful life.

Ford, GM, and Navistar engines make:up the-overwhelming
majority of the light heavy-duty diesel market. Both Ford and GM
have sfated that there is no real demand for 1ightAdiesel
rebuilds. GM has no rebuild facility for diesels, and has not
authorized any facility to perfdrn this service.® Ford has
aﬁthorized a limited number of independent businesses to be Ford
Authorized Remanufacturérs“; ﬁut it is unclea; how many of
these facilities rebuild diesel engines. Rebuild’?g:k on each -
manufacturer's_engines does occur at'ﬁhgir respect{xe

dealerships.

Most OE manufacturers commented that very little re?gildinq
that extends the useful. life of the engine occurs on«light.heavy-

duty diesels. Instead, rebuilt sections of the engine,

Bbhone conversation with GM .representative on hpril 15, 1991.

¥%Ford Motor Co. response, dated May 23; 1991, to EPA’s Request for
Informatlon.
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specifically.sﬁdrt and long blocks, are used, and this only
‘occurs when there has been a major engine failure, Therefore,
EPA believes that light heavy-duty diesel engines undergo.at most
one out-of-frame rebuild, probably around 150,000 miles.

However, the vast majority of these engines are never rebuilt, as

will be discussed in Section 7.S.
5.4.2 MHODE and HHDDE Rebuild Frequency

The vast majority of diesel enqine':ebuildinq occuré with
the class 6-8 engines. TheseAenqines typically qxperignce iong
operation times and high mileage, providing a strohg economic
incentive to havé an efficient engine. cétetpillar éstimates
thgt approximdtely 80-85 peréenﬁ of the operation and maintenance
costs associated with a 1990 3406B engine can be attributed to
fuel costs.® As discussed in Chapter 4, truck body and chassis
useful life is not the limiting factor that it is with light
~ heavy-duty diesel trucks. Médiun'and heavy—duty‘engines are used
much more freQuentiy (seven times Ss often) in long-diséance
operating models than are light-heavy enqineé.“‘ This figure N
includes both ggsoline and diesel engines. The actual sg}it‘is
higher because gasoline engines make up the majority of iighterf

class vehicles while dieseléipredominate in the heavy-duty.class.

¥see note 12.

“’r_n_:.g_m__ns_qm_xus_e_'suﬂgz._lﬂl p. US-34.
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The lengta.qf time before an engine is retired from use may
vary within the medium and.heavy diesel classes due to operator
and usage differences. The EMA' study states that class 8 trucks
operats seven percent longer before first rebuild than do class
6-7 engines. It also states that diesel engines in fleets of 50
trucks or more run more than nine percent longqr-than do siﬁilar
engines in smaller fleets. EPA has no data showindlthese
figures have changéd substantially within the past'tén-years.
However, these va:iaiions fall within the range of miles between

‘rebuilds, and therefore are not significant.

Industry éurveyé done in suppért bf EPA’S heavy-&uty useful
life regulafions provide a good start point»for determining
frequency of rebuilds for MHDDE’s and HHDDE’s. The EMA study
reported that 74 percent of all fleets and 81 percent of all
owner operators performed theif first rebuild. in-frame and these

figures hold true today.

Ten years aéo there was a definite distinction in mileage.
bétﬁeen rebuilds of medium and heavy-duty heavy diesel engines,
especially in cases where the medium-duty engine was nbt.flaeved;
only 57 percent of non-sleeved engine owners stated then that
they rebuilt their engines, and that ﬁhis sgrvice occurred at an
average of 175,000-miles;”' This does not mean that 57 percent

of MHDDE’S are rebuilt, because this figure reflected individual

Fleet Majntenance and Specifying, Vol. 7, No. 5, May 1981, p. 41.
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fleet responses-and is not adjusted to account for the number of
engines in each fleet. However, it did reflect the relative
frequency of MHDDE rebuilding. The EMA report stated the average
rebuild mileages for class 6 and 7 diesels was 203,000 and
280,000 miles respectively.3® However, this report did not make
any distinction between sleeved and non-sleeved engines, which
could account for the difference in values. It is Qiso not
unusual to find a HHDDE in a class 7 truck because the owner
might desire more power and also because there can be some
overlap between the claéses. This could account for the reported

difference in miles before rebuild.

The owner of a non-sleeved MHDDE faces a more ¢ifficu;t
decision when determining whéther to rebuild-his engine than does
a sleeved engine owner sincé rebuilding a non-sleeved engine
requires fhat it be out-of-frame. Owners will be more hesitant,
due to economic concerns, to remove the engine from the truck,
especially if the éngihe is used in low-mileage service. Without
sleeves, the cylinder must be bore& out and a new sleeve or |
oversized piston must be installed into the engine. Boring a-
cylinder can only be done a few times because removing tq? much
metal from the cylinder can weaken it and cause thé cylinder to
crack. MHDDE'’s thatAare sleeved. can easily be rebuilt in-frame
more than once, jusﬁ like HHDDE'’s. ﬁowever, sleeved medium .

diesel engines do not make up a large part of the markét. only

Bsee note 11. .
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25-30 percenthf the 1990 MY production was sleeQed} EPA
estimates that of the remaining 70 percent of the market, roughly
50 percent of these engines will be rebuilt. This figure is
supported by the Fleet Maintenance & Specifving survey stating
that only 57 percent of non-sleeved engine owners rebuild their

engiﬁes when faced with the option of rebuild or replace.

In any event, EPA expects that A MHDDE will ba';ebuilt at
most twice in its Iifetime; with a significant percentage not
rebuilt at all. The extended mileage accumulation period and
design features thatlcohplicate épgine rebuild are the basis for
this deﬁermination. The miléage at which MHDDE'’s are rebuiit is
approximately 206,000-250,000.milgs. This figure is based on our
determination that non-rebuilt enginés are driven for roughly
200,000 miles before trade-in® and eventual rebuild. The
majority of one manufacturer’s MHDDE rebuilds in 1990 were
performed on engines of the 1981/82 MY.

' B

The rebuild picture is much clearer with heavy-heavy
diesels. Since these engines are designed t6 be rebuilt, they
make up the bulk of all rebuilds. EPA baliévas thgt HHD??'S are
rebuilt on average every 300,060-400,000'm1193.' This is about -
every four years, however the interval Va:ies'beéause as the

engine gets older, it accumulates m;leage‘at‘a slower rate. The

¥Memo from Robert Johnson, SDSB, to Docket # A-81-11, "perivation
of Heavy-Duty Diesel Engine Average Usage Period", July 1, 1983.
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miles-between-rebuild interval should remain fairly constant over

the life of the engine.

These figures apply for both in-frame and out-of-frame
rebuilds ahd are based on a variety of data obtained in the
course of the study. 1In contrast, EPA primarily looked at miles
until the first major overhaul in the useful life rulemaking.
First, the EMA report gives an avefage mileage until rebuild of
280,000‘miles for class 8 engines while thenzlgg;_ngin;gngngg_g'
Specifying article gives an average of 281,006 ﬁiles'fér sleeved
engines, which were predominantly class é's in 1981. Over half
the respondents in the ATD/NADA Survey stated that mileage
between rebuilds was three to four years and 300,000 - 400,000
miles.®® It should be noted that over 72 percent of these
rebuilds are'in-frame‘rebuilds.‘ One OE manufacturer stated that
an out-of-frame remanufactured'engine runs betwéen 300,000 -
500,000 miles before it needs another rebuild while another
recommends to its owners that the engine be rebuilt at 500,000 -
~ 600,000 miles; Jasper stated thgt large éngines are rebuilt
around 300,000 - 400,000 miles and follow the in-frame, out-of-
- frame sequence. Jaspér aléo said that ﬁheoreticaliy, a.{:built
engine should last as long as.a new engine does.'! Many other

respondents throughout the industry made similar statements. -

“see note 14.

“'statement from Jasper representative on April 3, 1991, during
facility visit .in Jasper, 1IN.
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The typical HHDDE will follow the in-frame, out-of-frame
'sequence over its lifetime. It will probably only receive a
total of three rebuilds, meaning. it will get two in-frames and
one out-of-framé. This figure is based on the fact that trucks
simply will not last long enough in order to get four rebuilds.
Trucks that accumulate miieaqe quickly, such.as coast-to-coast
line haulers, will be the exception. However, offsetting these
trucks will be the engines that are involved in fleeé trade-in
pfograms with the OE’s. Some of the enqines will be traded in,
for a new or rebuilt engine, before the engine §ets,even a second
rebuild. Yellow Freight trades their over-the-road engines in to
cummins after five years and generally only one rebuild.®
.Another factor‘ihdicating that HHDDE’s will only be rebuilt three
times is that Jasper and Mack both stated that they very rarely

see any of their rebuilt engines return for a second out-of-

frame.

“2phone conversation on May 28, 1991, with representative of Yellow
Freight. :
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Chapter 6 - GASOLINE REBUILD PRACTICES
6.1 Introduction

Heavy=-duty gasoline engine'rebuildihg is performed for
different reasons than heavy-duty diesel rebuilding. Neither
LHDGE’S nor HHDGE'’s are rebuilt to increase operational life.
Instead, gasol{ne engines rebuildS'génerally §ccur when the
engine has experienced a:catastrophic failure and, in these
instances,-genefally a shbrt.or long block rebuild replacement is
used to alleviate the problem.. Vefy few complete engine rebuilds

occur in the HDGE industry.

There are 6nly three HDGE manufacturers; Fofd, GM, and
Ch?yslér. Chrysler produces a small number of engines per year
compared to thé other two and did not provide any comments. For
this study our analysis will be based on comments provided by

. Ford and GM.
EPA will treat LHDGE’S and HHDGE’S as one in this study
because there is no major difference, from a rebuild standpoint,
-

between these two classes. Any reference to HDGE, therefore'

includes both LHDG and HHDG engines.
6.2 Rebuild Practices
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There are~major differences between HDGE and HDDE
rebuilding. For example, there are novon*assembly-line type
rebuild shops for HDGE's; Instead, Ford and GM both authorize
outside facilities to perform rebuild work on their behalf.

These ouﬁside facilities include both dealerships and independent
businesses to which the manufactufer provides rebuild
specifications. Ford uses a small number of busineéges while GM
has jgst'begun a rebuild program and is curtently u&ing only one
outsidé éupplier. These independent rebuilders sell rebuilt
engines to dealerships, for eventual use by the finél purchaser.
The OE’s act as distributors and ﬁhé engines are listed with part

numbers like any other stock item.

Fleet rebuilding of gasoline engines is not nearly as
pfevalent as with heavy diesel engines. Large line haul fleets
genefally do not use gasoline engines, and those that do use them

for pick-up and delivery routes. Certain types of fleets use a

large number of gasoline engines including truck rental companies

such as Ryder, and delivery services such-gs UPS. The majority
of fleets contacted indicated that they run their gasoline
engines until there is a failure or performance has decreased.
such that a tune-up or parts replacement will not signif{éantly
improve engine performance. If this occurs at a point when the
vehicle is still in good condition, fhe engine 13.:ep1aced.with a

remanufactured short or long block while the bolt-on emissions

control components are reused. Otherwise, a new truck is
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purchased.

vHDGE»rebui;ding is‘intfequent. When performed, rebuild
practices for HDGE’s are essentially the same as those in‘thé
HDDE seqﬁent of thé industry, with a few notable differences.
First, since no HDGE'’s are sleeved, in-frame rebuilding is non-
existent. Ehgine work done in-frame on a HDGE will take the form
of a repair, such as éylinder head or fuel syéten repair, and not
a rebuild. The majority of respondents to the ATD/NADA survey
who performed HDGE rebuilds'replied‘that'these rebuilds were |
performed out-of-frame. Seéondly;'since relatively few'compiete
HDGE rebuilds are done,'dynamometér testing is not performed on
the vast majoritf ofﬁremanut&ctured gas engines. Data received

from Ford'and'Gx highlights the lack of complete engine rebuilds.

6,3 _component Replacement

Parts and components are treated basically the same way in
HDGE rebuilds as they are in HDDE rebuilds. ‘The main stress
bearing and lubrication parts, including pistons, rings, and

- bearings, are replaced when the HDGE undergoes an out-of-frame .

rebuild. But therd.arﬁ‘somi.notablg differences. Since the vast

majority of rebuilding is with short and lohg block rebuilds, the
fuel sySteﬁ (either carburetor or injection) is not included in

rebuilding. This is especially true in assembly-line rebuildinq
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where the engine owner woﬁld remove his fuel delivery systém
before rebuild and then reinstall it onto the newly rebuilt
partial engine assembly. ‘The only time the fuelksystem is |
checked is when the engine is rebuilt at a dealership or fleet
facility. 1In these cases, the fuel system is inspected and
réplaced with an OE or rebuilt OE part only if a probleﬁ is found
or the owner complained'ot a performance problem tra?eable to the
fuel system. Very few of the ATD/NADA réspondents s#ated that
they automatically rebuild or replace a carburetor when
rebuilding an engine. Upratin§ a HDGE during rebuild is
virtually non-existent because it would involve changing parts,
which would be expensive and difficult, sincd there are no easily

adjustable parts involved in a HDGE rebuild. .

Gasoline engine.rébuilds do not include-catalytic
converters. Assembly-line rebulldefs, both OE and independent, do \
'not'rebuild converters becauég they do not tecéive tﬁese items
from the owners. An owner who has had his engine rebuilt,.
whether it be.a short block or complete engine rebuild, will
simply-bolt the rebuild back into the truck without changing the’
converter. A few of the ATD/NADA respohdents said they checked
catalysts when they were performing g.rebuild; No direcé’
operational test exists for catalytic converters but an idle
éarbon‘monoxide test may point ta possible catalyst
deterioratioﬁ. Therefore, the emissions impact of HDGE rebuild
| practices are likely to be h;nimal since the catalyst, the key

4
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emission controvl component'in a gasoline engine, is generally not

.changed.

Replacenment parts are either OEM or aftermarket. As with .
heavy-duty diesels, the more complex the component, the more
likely it is going to be rebuilt rather than replaced with a new
part. The choice to use aftermarket or OE parts will be a
question of price and availability. Ford, GM, and the majority
of ATD/NADA members said that they use OE parts, but this is not
surprising given the fact that ATD members are affiliitéd-with
the OE’s and might use OE parts'in order to assure that the
warranty remaihs valid on the rebuild. One utility company, on
the other hand, éaid‘they use either type'of parts in their
rebuilds. ‘The choice as tolﬁhich type of parts to usé will be

treated by the rebuilder in the same way as it is with HDDE’Ss.
6.4 Rebuild Frequency

The overwhelming majority of HDGE rebuilding consists of
rebuilding short and long blocks. HDGE’s are generally treated -
‘the same as LDV and LDT engines, namely they are run until the
engine or truck exﬁeriénces A’major faiiure;and then; if.;ost
effective, the broken part is fixed. The deciéibn to rebuild a: -

HDGE is not automatic like it is for HHDDE’s. Frequently, the

owner decides to replace the engine. 1In a 1981 Fleet Maintenance

& Specifyving (F M & S) survey, 42% of fleets stated that they
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would replace a gasoline engine rather than perform an overhaul,
and respondents who said they would overhaul said that their

decision would be case-by-case.®

It is difficul€ to state a mileage ranée at which gas
engines will be rebuilt becauselowners do not schedule rebuilds.
' Ninety-five percent of HDGE owners perforn‘rebuildé only when
engine performance dictates.** The statutory useful iite of
these engines is 110,000 miles. The data we have concerning HDGE
rebuilding show that when it does occur, the mileage will
generaliy be near useful life mileage. The P M & S survey gaﬁe
an avéfage of 99,600 miles to overhaul. Only two ATD/NADA

.respondents specified when they rebuilt gas engines, and those

numbers were 65,000 and 100,000 miles. A poqer-company said they

rebuilt gasoline engines in their fleet at 100,000 miles.
Therefore, it is re;sonable to believe that gas engines are
rebuilt generally afound 100,000 miles. Rebuilds wi;l occur at‘
‘different ages'Becanse of the varied mileage accumui;ﬁion rates
within the HDGE class. Few, if any, of these eﬁgin;é will be
rebuilt a second time because these trﬁcks will wear out prior to

the mileage necessary for a sgcond.rebuild.

”»

“SFleet Maintenance and Survey, March, 1981.
‘4m. ‘ .
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Chapter 7 =
7 Truc 0

EPA used three sources of information to determine. the most
reliable estimate of the current heavy-duty truck fleet; MOBILE
4.1%°, 1989 Energy and Environmental.Analysis, Inc. (EEA) Motor

Fuel Consumption Model (MFC) as prepared for the Department of-

Energy“, and MVMA Egg;g_gng_ﬂh:ggg#ﬂ The vatious reports are -
not consistent in the way they group light, medium and'heavy

trucks and only MOBILE 4.1 separates data up by fuel type and

model year.

A summary of MOBILE 4.1 registration dat# for the various

classes of engines is shown in Table 7.1 below.

See Appgndix E for a model year breakdown of registrations
by fuel type and EPA classification.
Table 7.2 shows the EEA MFC estimates for heavy-duty truck

populations in 1991 and 2000.%

»»

‘SMOBILE 4.1 Motor Fuel Consumption Model.
%1989 EEA Motor Fuel Consumption Medel.
‘’MVMA Facts 'N Fiqures 1986-89.

“see note 45.. |
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light heavy diesel ...... e 1,140, 000 trucks
(8, 500 =-19,500 1bs.)

medium heavy diesel ............. 820,000 trucks
(19,501-33,000 lbs.)

heavy heavy diesel ......¢..... 1,630,000 trucks
(33,001 1bs. and higher)

light heavy-duty gas .......... 2,500,000+ trucks .o
(8,500-14,000 lbs.)

- heavy heavy-duty gas .......... 1,500,000 trucks
(14,001 1bs. and higher)

tLight gas dats are ntiu_nnd.

Table 7.1 - MOBILE 4.1 Truck Registration for 1991

2000

1991 )

light heavy diesel .....cvc00veseva. 910,000 1,675,000
(8,500-14,000 1bs.)

medium heavy diesel .....ccecevs.. 1,000,000 1,500,000
(14,000-50,000 1lbs.)

heavy heavy diesel ® & 8 ¢ 0 6 00 00 0 0 00 1 460 ooo N 1'770'000
(50,000 and higher)

1ight heaw gas ......'.'..;0.;". 4'100'0_00 . 4'450'000
(8,500-14,000 1bs.) | .

medium heaw gas b...... ® 0 00 600 0 0 00 1' 300'000 4,;,_ 860’000

. (14,000-50,000 1lbs.) , , ’ '

heaw heaw gas ® O O &6 ¢ 09 0 000 0008 00 0o 12 ooo. 1'000

(50,000 and higher)

1€EA does not group weight classifications the same es MOSBILE 4.1.

”n

Table 7.2 - EEA Hrc Diesel Registrations tqr.1991'& 2000

EPA will use the MOBILE 4.1 data to predict flaet
'cdmposition because MOBILE data can be broken down by agc‘;nd

fuel tyﬁe as shown in Appendix E. This fleet registration d;ta
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will be used in conjuhction with other data to estimate the

number of rebuilds occurring annually.

7.2 Heavy-Duty Truck Mileage Accumulation

EPA used two sources of information to determine mileage
accumulétion rates: MOBILE 4.1 and EEA'’s analysis of the 1987
Truck Inventofy and Use Survey (TIUS)“; Mileage accumulation
data is shown in Appendix’F. EEA data was only aVaiiable for
medium and heavy diesels. Note that the weight classifications

are not the same for each source.

EPA will.usé‘the EEA data when available because it is based

on the 1987 TIUS while MOBILE 4.1 is based on the 1982 TIUS. For
those categories in which EEA data is not available, EPA will use
MOBILE 4.1. This mileage accumulation data will be used in

.conjunction with other data to estimate the number of rebuilds

occurring annually.

MOBILE 4.1 vehicle miles traveled (VMI'’s) are shown in

Appendix G. The data are shown as a’peréentage contribution of
. -.‘ !

each model year within a given weight class.

‘““EEA mileage accumulation data derived from 1987 TIUS.
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7.3 Estimated Annual Rebuilds - HHDDE’g
Method 1

EPA determined that HHDDE'’sS are rebuilt ﬁpproximately every
300,000 -.400,000 miles. Using the EEA data in Appendix F,
trucks Qill typically undergo théir~first rebuild béginning at
~ age four. The secohd sét of rebuilds will generally begin when
the engine is nine years'old. The third rebuild will occur
sometime after 15 years. While some engines will acéumuléte
mileage faster and will be rebuilt more than thrée times, and
| some will bg rebuilt less, the average truck'should follow this

cycle. o

EPA recognizes that not every four, nine and 15+ year old
engine is rebuilt each year and that engines of other ages Qill
also be rebuilt. Whilé'the exact profile- of HHDDE rebuilds pér
_year is unknown, it is reasonable to believe it looks something
similar to Figure 7.1. This rigure;is intended to represent a -
general distribution of HHDbB rebuilds and is not meant to
reflect the exact shape of the curve. The exact curve is
unknown. The point demonstrated by this figure ;s‘that ﬁ;st
first rebuilds will occur at around four years old, second
rebuilds around nine'yéars old and third rebuilds after 15 years
old. Aiso, there should be a greater‘nﬁmbcr of first rebuilds |

than second rebuilds, and more second rebuilds than third
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Figure 7.1
HHDDE Rebuild Distribution

Age of Vehicle

(NOTE: This figure is intended to show a possible distributign
of rebuilds. The actual distribution is unknown.)
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rebuilds. -

Since there is no accurate ﬁethod to determine the exact
shape and values of the curve iﬁ Figure 7.1, an approximation.
will be made to estimate the actual number of rebuilds. This is
:shown as the solid line spikes in Figure 7. 1. The heighﬁ of each
spike is estimated to be the number of trucks on the road of that
particular age because, on average, the four, nine aﬁa 15+ year
old trucks are most likely to ba rebuilt. The number of truckslil
of ages 15-25+ were avefaged an& the spike located'at the
midpoint (20 years). For HHDDE, MOBILE 4.1 estimates that in
1990 there were about 120,000 HHDDB?s which were four years old,
65,oooiwhich were'nine.years old and an average per year of
30,000 which weré 15+ fears old. Thus, the total estimate of
HHDDE rebuildé per year is about 220,000. This analysis assumes
that every HDDE wili'eventually be rebuiit. Industry comments

indicate that most first and third rebuilds will be performed in-
frame by owners or fleets. In-frame rebuilds account for more

than 50 percent of all estimated HHDDE rebuilds.

etho

”»

A second way to estimate rebuilds is to apply survival

probability and mileage between rebuilds to average annual

production tigures. According to uvnA Facts and Fiqures ‘88,

there have been an average ot'135,000 HHDDE'’s produced per year
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since 1973.

'We know that, on average, the first set of rebuilds will
begin occurrlng when the engine is about four years old, the
second at nlne.years old, and the third set after 15 years old.
According to MVMA survival probabilities, 97 percent of HHDDE’s
produced in a given year will still be on the road at age four to
five years, 71 percent at age nine years, and 21 percent after
age 15 years.’® (Note: EPA chose'the midpoint probability when
a range of years was given). Applying these prébabilities.to the

135,000 per year prdduction, we see that 131,060 ara still on the |

road at the time of first rebuild, 93,000 at the time of second
rebuild and 28,500 at the time of third rebuild for a total of

253,000 rebuilds per year. The approach is illustrated in Table

7.3.
Averaqe . ‘
Engines Number of .
Produced Age at Likelihood Surviving = Rebuilds
Per Year Rebuild of sSurvivalt Engines Rexr Year
135,000 4 yrs. 97% 131,000 131,000
per year :

9 yrs. 71% 93,000 93,000

15+ yrs. 21% 28,500 28,500,

-253,000

$This tigure is the likolihood of survival of tho -1¢olnt year. For example, the midpoint of 9-15 yesrs fs
12 years. Fifty percent (50%X) is the (ikelihood of surviving 12 yeers.
Note: MVMA probsbilities are for 25,000 lbe. and higher GW.

Table 7.3 - Estimating Rebuilds Using Survival Probahilities

%see note 46.
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Both methods used to estimate HHDDE rebuilds assume these
engines will continually be-rebuilt every 300,000 - 400,000 miles
until retired from use. Although these rebuilds will occur over
15 or more years, they should average out to 220,000 - 250,000
per year. It should be noted that some engines will receive four
or more rebuilds. oOn the 6ther hand, some engines will undergo
fewer than three repuilds 6: will be exporfed or used in off-road
applications and thus lower the number of on-hiqhway rebuilds.
Based on industry supﬁlied export figures, we do nbt'feal the

nuhbers are significant enough to affect the estimate of

rebuilds.

Using the expected increase in truck registrations prédicted
by the EEA.MFC mb&el, we can make a rough estimate as to the
number of rebuilds which may occur in the year 2000. For heavy
diesels, EEA shows about a 21 percent increése.in HﬁpDB_
population by 2000. Similarly, a 21 pergent'increaég i the
number of rebuilds could be expécted;'thereby incre;sinq the
‘total to 260,000 - 300,000 fébuilds.per year. This assumes that
mileage between rebuilds as described 1n't§is report is still
valid in 2000.
Ty

Using VMT data fron Appendix G, we sea that 50 percent of

all HHDV VMT’s in 1990 were from four year old and newer trucks.

This means that the other 50 percent of HHDV VMT'’s came from

trucks whose engines have likely been rebuilt at least once.
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Similarly, 85 Percent of HHDV VMT's in 1990 were from nine year

old and newer trucks. The remaining 15 percent of VMT’s are from
trucks whose engines have likely been febuilt twice. Finally, we
see that only 3 percent of all HHDV VMT’s are froﬁ trucks whose

engines have likely been rebuilt three times (15+ year old |

trucks).

In summary, about one-half of all'HHDDE VMT'’s are from
- trucks whose engines have undergone at least one rebuild,’are
past their statutory usefﬁl lives, and whose émissiohs

characteristics are unknown.

7.4 'Estima;eg Annual Rebuilds - MHDDE’S

Estimating MHDDE rebuilds cannot be made using the same two
methods used to estimate HHDDE rebuilds because not all medium ;

diesels are continually rebuilt until retired from use.

In order to make an estimate of MHDDE febuilds, a few points
need to be reiterated. As discusséd in chapter .5, all sleeved
MHDDE' s that survive until rebuild age will be rebuilt, héwever
these engines acéount for only 30 percent of the populatfan. 'The.
other 70 percent are non-sleeved Qng#nes,ot which an estimated 50

percent will be rebuilt when worn.

EPA determined that rebuild age for MHDDE’s is about 200(000
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miles. Appendix F EEA data shows that MHDDE’s reach 200,000
miles after about nine years. MVMA data shows that only 71
percent of MHDDE's will live to be nine years old.’' Using
these percentages a;onq with average annuﬁl production figures,

an estimate of MHDDE rebﬁilds can be made.

EPA production reports show that an averagé of igs,ooo
MHDDE’s were produced per yearsz over the past three ;éars.
(MVMA data wa$ not used because no distinction~can be made.
between gas and diesel sales as could be done with HHDDE'’s) .
Each year's production introduces about 43,500 sleeved MHDDE’s
and 101,500 non-sleeved MHDDE’S into commerce. At nine year# old
(age of rebuild)} about 31,000 sleeved engines and about 72,000
" non-sleeved engines will still be on the road. As discussed in
CHapter S, most, if not all, sleeved engines will_be rebuilt and
only S0 percent of the non-sleeved engines will be rebuilt. The.
total estiﬁate for HHDDE's'rebuilds is then-si;oooquThis

approach is outlined in Table 7.4.

, Using the expected increase in population.predicted by the
EEA MFC médal, we estimate roughly a 50 percent increase. in ‘the
number of MHDDE rebuilds by the year 2000, thereby increa$ing the
total to ioo,ooo per year. This assumes that_the ratio of

sleeved vs. non-sleeved engines remains fairly constant and that

S'Se@ note 46.
2gased on 1987, 1988 and 1989 EPA heavy-duty production reports.
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mileage between rebuilds as described in this report is still

valid in 2000.

Using VMT data from Appendix G, we see that 85 percent of
all MHDV VMT’s in 1990 were from nine year old and newer- trucks.
This means that the other 15 percent of MHDV VMT’s came from

trucks whose engines may have been rebuilt at least once.

Average :

Engines Number of -
Produced Age at Likelihood Surviving Likelihood Rebuilds
Per Year Rebujld of Survivalt Engines of Rebuild Per Year

43,500 9 yrs. 71% 31,000  100% 31,000
(sleeved) : ' -

101,500 9 yrs. 71% 72,000 50% 36,000
(non=- :

sleeved)

Total - 67,000

+ WMA probabilities are for 26,000 (bs. and higher GW

"Table 7.4 - Estimating MHDDE Rebuilds

7.5 Estimate e -

According to MOBILE 4.1 (Appendix E), there were
approximately.i,14o,ooo LHDDE’s in operation in 1990. MQBILE 4.1
mileage accumulation for these engines is shown in Appendix F.

Comments were received from several OE manutacturers-regardingv..

LHDDE rebuilding.
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As discussed earlier, EPA determined that most LHDDE’s are
rebuilt becausé.of engine failure. This claim is supported by
the fact that manufacturers sgil far more short blocks than
complete engines. 1In fact, somé OE manufacturers do not sell or
authorize anyone to sell complete LHDDE’s. These OE’s feel there
is no market for complete engines. Sales figures sUpéiied by

OE's indicate that very little LHDDE rebuilding ' actually takes

place. .

One major OE did not submit any comments on tebuilding of
it's products,_howevef, it is expected that the total number of
LHEDDE rebuilds would still be very small even Qith.this

additional data.

~ Because LHDDE'’s are generally not rebuilt, it was not
possible to quantify the age or mileage at which rebuild is
likely to occur. Therefore, estimates of annual rebuilds using

the methods of the previous sections will not be made.

Due to the small number of rebuilds on LHDDE’S and the
relatively low mileage accumulation rate for these vehicles as.

shown in Appendix G, EPA feels the VMT'’s traveled by rebdilt LHDD

engineé is very small.
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7.6 Model Years of Heavy Diesels Being Rebujlt

Heavy-duty engines from the 1970‘s, 1980’s, and 1990‘s are
currently being rebuilt. Diesel engines of the early isso's are
currently the most frequently remanufactured engines while diesel
engines of the.mid-late 80’s are the most frequently rebuilt by
owners and shops. Similarly, by the year 2000, EPA expects that

engines of the early-mid 90’s will be rebuilt most frequently.

EPA regeived data from OE’s, independents, trade
associations and fleets regarding the model years of engines
currently being rebuilt. In large part, these data agreeAwiﬁh
EPA’s findings concerning the age at which the various categories

of engine are rebuilt.

- Large groupings of HHDDE rebuilds are currently being
‘performed by OE's on engines of thé éarly 1950'3 vintage which
'correspondS'to'when the first out-of-frame rebuild is likely to
‘6ccur (at around nine years old). Fleets showed a similar
pattern but with more late 1980’s ehgihes being rebuilt. This
agrees with our finding that most first rebuilds are performed on
engines which are around four years old. Independent rebfilders
showed an almost flat distribution of rebuilds'amqné model years.
It should be noted that all groups reported rebuilds of engines

" as far back as the 1960‘s and 1970s. vintages.
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For MHDDEL;, large groupings’of OE rebuilds were reported
for engines of the early 1980’s. This agrees yith EPA’ s findings
that MHDDE's are rebuilt at about nine years old. Data specific'
to MHDDE rebuilding were not provided (or at least broken down)

by other industry groups.
Z ate e - ’

We estimate, based on MOBILE 4.1, that there are
approximately 4,000,000 heavy-duty gas trucks in operation in
1990 (1iqhtpheavy-duty and heavy heavy-duty combined). The
mileage accumulation profile for HDGE’S is shown in Appendix F.
EPA received comments from major'OE's and trade associations

relating to rebuilding of heavy-duty gasoline engines.

As discussed earlier, HDGE’sS are generally rebuilt'because
of engine failure. This claim is supported by the fact that
manufacturers sell. far more. short and long blocks than complete
engines. In fact, some major OE's do not sell any complete

remanufactured gasoline engines.

AERA, as well as a major OE, stated that aside from 'the OE’s
and their authorized remanutacturers, not much HDGB rebuildinq or’

remanufacturing occurs. The majority of rebuilds are performed

by OE dealers or others using OE parts. Based on the available

data, EPA estimates only 40,000 HDGE'’s are rebuilt each year
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(about one percent of the total population of HDGE’s).

Because of the small number of rebuilds on HDGE’s and the
relatively low mileage accumulation rate for these vehiéles as
shown in Appendix G, and the lack of emis;ions critical parts
affected by rebuild, EPA feels the emissions impact of HDGE
rebﬁilding is émall, and any further study should center on

heavy-duty diesel engines.

7.8 odel Years o ea e =Du S0 es Bei

The only data EPA'received relatinq‘to.model years of ﬁDGE’s
being rébuilt was supplied by én independent remanufaéturer. The
data supports the claim that gas engines and partial blocks are
rebuilt primarily to repiace failed units, espécially when the
failed uniﬁAhas not accumulated signifiéanf mileage. The highest
number of rebuilds occur in the 1986-1990 timeframe, and

according to MOBILE 4.1, HDGE’s will only have 20,000 - 80,000

miles accumulated.
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Chapter 8 - Emissions from Rebuilt Engines

8.1 FEmissions Impacts of Rebuilt Gasoline Engines

| No emissions data relating to rebuilt gasoline engines was
provided in response to EPA’s egiste equest fo

o tion. _Héwever, EPA believes any emissions impact that may
result from rebuilding heavy-duty gasoline engines to.be very

small. This conclusion is based on two key qualitative factors.

First, very few heavy-duty gasoline engines are rebuilt.
These engines comprise the majority of the on-highway heavy-duty‘
market, yet by far account for the fewest number of rebuilds.
See Chapter 6 fof a diécussion of gasoline rebuilding pracfices.
Further, gasoline enginés accumulate mileage slowly relative to
the larger diésel'engines, SOo- any excess emissions which result
'from rebuilding would make a small annual cpntriﬁutiqp to air
pollution. EPA did not attempt to determine the vehiclé miles
traveled by rebuilt. heavy-duty gasoiine‘yehiéles; however, we

believe the mileage to be very low.

Second, the components most often replaced durihg rebuild
(short and long block) are not considgred key emissions control
components of a gasoline engine. Those components, such as
carburetors and catalysts, are usually reinstalled on the engine

during rebuild without servicing. EPA believes that -the
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emissions afﬁer-repuild should be similar to the pre-rebuild

emissions.

8.2 FEmissions Impacts of Rebuilt Diesel Engines

Only one'respondent, an OE manufacturer, supplied data
relating to emissions from rebuild heavy-duty diesel engines.
Five high milegge engines were subject to a basic engine tune-up
and baseline tested for HC, CO, NOx, and smoke emissions. The
as-received mileage on each engine rgnged from 220,000 - 570,600
miles. After the baseline‘tést, each engine was remanufactured
By the OE using new emiséions related components (fﬁel pump,
cylinder kits, turbocharger, and puff limiter) and a combination
of new and rebuilﬁ parﬁs for other engine systems.. After a 25.
hour break-in period, each engine was retested. Results varied
for each.engine and each pollutant; some engines produced less
emissions after rebuild while other produbed.more. Hdweve:;
emissions from each engine remained below the 1985 Federal
standards after rebuild. The higheét«miieaqe énqine (570,000 in-

use miles) showed the only across-the-board reduction in

emissions.

. »»

‘A basic assuﬁption within the heavy-duty industry is that a
properly rebuilt engine will have emissions similar to those of a
new engine of the same model year. This belief is widespread '

among rebuilders ahd stems from the theory that if every part of
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~an engine is brought back into specification with OE or oEf-
equivalent parts, there is no reason why the engine should not

have like-new emissions.

A 1987 CARB study on engine rebuilding also assumed "that a'
properly rebuilt engine will emit at levels close to" new engine
levels’3 and the rate of emission deterioration will be the same
for new and rebuilt engines, The>eiéeption to this éould be from
incorrect rebuilds in which the emissions immediatelf after
rebuild would be highef than those of a nei'engine and would
deterioraté at approximatély the same rate.’® 1In this case,
"incorrect rebuild" meant either incorrect part replacement (i.e.

wrong part number) or incorrect parameter settings.

The information avaiiabla to EPA suggests that incorrect
part replacement should not be a significant problem. As
discussed in Chapter S, most rebuilders build to original
.calibration using proper replacement'parts.A'AlthouqéQCARB did
"determine.rates at which certain parts are incofrectly replaced,
the rates were very low. It was determined that although
incorrect rebuild pfactices may have an impact on emissions, this

impact is not estimated to be significant.® CARB determihed

3see note 21.
56n. ‘
51d.
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that 80 percent- of HC increases and 66vpercent of Nox
increases® from rebuilds were attributable to improper
calibration of components by installers and owners and not a.
direct result of poorly manufactured parts or of the actual

rebuilding of engines.

The notion that maintenance and calibration pléyva large
role in actual engine em;ssions was also raised by AERA.
Comments received from AERA stated that high levels of emissions
can be "directly related to on-going enéine, engine ﬁanagement

and fuel system maintenance" .

The OE information and the data described in the CARB report
are useful; however EPA feels that because of the iarge number df
héavy-duty diesel rebhilds that occur and the high mileages these
vehicles accumulate, more emissions data are needed. Data which
show comparisons bétween rebuilds performed by different sectors
of the industry, as well as data which show the impact of in-
frame rebuilding practices, w111 bQ£ter serve to determine the

effect of rebuilding on engine emissions.
8.3 EPA Testing

Because of the lack of available emission data pertaining to |

Sém_
7see note 28. _
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rebuilt engine;; EPA will conduct limifed testing of these
engines. EPA testing will focus on HHDDE’s and MHDDE’s, as these
engines are rebuilt most frequently. Furthermore, rebuilt

engines within these categories account for a substantial portion

of all vehicle miles traveled by these groups.

,p
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. i Nn. 83/ Thursdav. Ap.‘:l 4. 1991 / Notices

feran RE'ﬂbil‘!r o
£HViIRONMENTAL FROTECTION Vase dor the doterinins a ae
@t ot AGENCY whether fupther aciion by T suen s
e e e regulations or guidelines. 10 wo='rol
. , FRL-3917-8] or g :
R R TR L BT RS At , ergine rebuilding practices s reeded.

STy T tesiso ToU2As o intesverne,
;0 mresverntion, requests for
aidinga procedures. and weitten
:nmments snouid oe filed with the
fiie af Fuelg Proyrams al the address
sted abnve,

[t 5 intended that a de<isional record
0 the appiication will be developed
through responses to this notice by

o mments and replies thereto.
Additonal procedures will be used as
nacessary to achieve a complets
understanding of the facts and issues. A
namty seeking intervention may request
.that additional procedures be provided,
such as additional written comments. an
oral presentation. a conference, or trial-
{vpe hearing. Any request to file
addiiional written comments should
explain why they are necessary. Ay
request for an oral presentation should
identify the substantial question of fact,
law, or policy at issue, show that it is
material and relevant to a decisioin in
the proceeding, and demonstrate why an
oral presentation is needed. Any request
for a conference should demonstrats
why the conference would materially
advance the proceeding. Any request for
a trial-type hearing must that that there
are factual issues genuinely in dispute
that are relevant and materiaitoa
decision and that a trial-type hearing is
necessary for a fuil and true disclosure
cf the facts.

{f an additional procedure is
scheduled. notice wiil be provided to all
puarties. If no party requests additional
procedures, a final opinion and order
Tay he issued based on the official
record. including the application and
responses filed by parties pursuaat to
th:9 notice. in accordance with 10 CFR
520.318.

A copy of TCGM's application is
available far inspection and copying in
the Office of Fuels Programs Docket
Room. room JF-058 at the above
address. The docket room is apen
between the hours of 8 a.m. and 4:30
p.m.. Monday through Friday. except
Faderal holidays.

" Issued in Washingtoa. DC. on Marech 28,
19m, :
ClifTord P. Tomassewshki: ,
Act:ng Deputy Assistant Secreiary for Fuels
Prugrams. Office of Fussil Energy. -
1FR Doc. 91-7943 Filed ¢-3-01; 8:43 am|
SULING COOE 4400-01-4 '

Request for information Conceming
Heavy-Outy Engine Rebulid Study

AGENCY: Environmental Protection
Agency.
acTion: Notice, request for information.

SUMMARY: A3 required by the Clean Air
Act Amendments of 1990, the Agency .
has begun a study of heavy-duty engine
rebuild practices and the impact these
practices have.on engine emissions. This
study will assist the Agency in
determining whether regulations
governing rebuilding practices are
needed. To aid the Agency in conducting
this study, EPA requests written )
submissions from all interested parties
who wish ta comment om heavy-duty
engine rebuiid practices, the impact of
these practices on engine emissions, and
any other relatad aspects of the heavy-
duty truck market.

pates: Comments from interested
parties should be receivéd no later than
May 8, 1991,

ADDARSSES: Written comments should
be sent to: Environmental Protection
Agency, Manufacturers Operations
Divison (EN=340F), At Kari Simon,

© 401 M St, SW,, Washington, DC 20400

FOR FURTHER INPORMATION COWNTACT: -
Karl Simon, at the address given above:.
telephone (202) 382-251G.
SUPPLEMENTAL INPORMATIONS

L Introduction

Section 202{a){3)(D) of the Clean Alr
Act. as revised by ths Clean Air Act
Amendments of 1990, requires EPA to
study the practics of heavy-duty engine
rebuilding and its impact oo engine
emissions. Ou the basis of such study
and any other pertinent information, the
Administratoe may prescribe any
requirements to coatrol i

. practices, including standards for

emissions from rebuiit heavy-duty

. engines which cause or coatribute to air

pollution which may be reasonably
anticipated to endanger public health or
welfare. t costs into account.

The EPA Offics of Mobile Sources:
Manufacturers Opc ;2tions Division, has
begun a study of heavy-duty engine
rebuilding practices. Foe the purpose of
this study, & heavy-duty engine is cne
used in & heavy-duty vehicle as defined
at 40 CFR 86.082-2. This definitica .
includes, in general trucks with s gross

. vehicle weight rating (GVWR) greatee.

than 8.500 pounds. The results of this
study. slong with any other available
information on this topic, will form the -

APPENDIX A-i

Among the information sought through
this request for information are data on
the nature of the heavy-duty rebuilding
industry, the volume of heavy-duty
rebuilding occurring annually, the
parties involved in rebuilding and in the
manufacturing of parts used by
rebuilders, the nature of rebuilding
practices, and the costs associated with
all aspects of this industry. EPA also
plans, as part of this study. to conduct
emissions testing of different heavy-duty
engines in various rebuilt stages. Data
generated from these tests wiil be used
to determine tha air quality impact of
rebuilt engines. .

Some of tha questions posed in this
request for informaton may ask for
information that may be considered
confidential business information by a
company wishing to respond to the EPA.
Submitting parties may assert a
business confidentiality claim covering
all or part of the information provided in
responsae to this request. To asserta
business confidentality claim regarding
any of the infarmation. you should do so
{n a manner consistent with 40 CFR
2.203(b). Information covered by such a -
claim will be disclosed by EPA only to
the extent, and by means of the
procedures sat forth in 40 CFR part 2
subpart B. If ao claim accompanies the
information when it is received by EPA.
it may be made availabls to the public
without further notice to the submitting
Questioas: _

Pleasa indicate the questions you are
responding to in your response.
Whenever possible. please break down
responses into the following twu
categories

s. Puel type

1 gan

2 diesel.

b. Vehicle/engine clase

1. Class [IB (8.500 < GVWR < 10.000

Ibe) . s .

2. Class 11 (10,000 < GVWR < 14.000
be),

3. Class [V (14,000 < GVWR < 16.000
bs) . _

4. Class V (16.000 < GVWR < 19.500
Tbsh , o

8. Clase V1 (18,500 < GVWR < 28.000
{bs

e'.'cxmvn(m < CVWR ¢ 33.000
b} - .

7. Clase VIII (GVWR > 33.000 ibs).

Interested parties are invited to
address any question of fact. law, or
policy which they feel may have &
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cer L s.dy and s aof acc-essgd wn e. Carbureror
‘=3 quesuons L“’tcbw ! "sjecticn pump Availabiiity of Testing Manuai

1. {"'ease describe your crganization * g wrankshaft Eavi '
or company and its function? i Maia bearings :\m Eavironmental Protaction

a. liow many members or employees i. Cylinder e
Jdo you have? . Catalyst AcTone Notice of Availability of

2. If you employ cr represent engine L Turbo:yn:h Document entitled "Evaluation of

. arger Dredged Material Proposed for Ocean

mechanics, what percentage are
certified by ASE or same other
association?

3. If you own or operate any beavy-
duty trucks. please describe your
geaeral feet make-up in terms of model
year, fuel type. and categories.

4. How would you define:

a. A rebuiit engine?

b. A remanufactured engine?

¢ An overbauled eagine?

5. How can one tell if an engine has
been rebuilt? For example, is it labeled
in any way?

a. Are original equipment

manufacturer labeis removed duﬂng tho ‘

rebuild process?

b. What types of warranties are
available on rebuilt engines?

8. Does your organization ar eoupuy
perform enging rebuilds? If so. please
answer the lallowing quastions:

. @& inthelast five years. how many
complste engine, long block, and chart
block retusilds did you perfarm?

b. Whst cxiteria are cesd to. determine
when & engine needs to be rebuilt?

¢c. What percentage of your rebuflding
is done in-clrassis lnd what percentage
is done out-of-chassis?

d Howmmydxmlldgaoﬂmful
systerns (not thoes already
accounted for under complete
have you rebuilt in the past five years?

e. For each of the past five years,
please list the aumber of rebuilds
performed for the foHowing modsel years:

-a. 1975 and before engines.

b. 1978-1980 enginws.

c. 1981-1988 enginres.

d. 1988-1990 engines.

{. What percentage of your rebuaild .
work is performed in-house and what
percentage is contracted out @
independent shops? Is your rebuild work
dona by {actory-sutharised or factery-
owned rebuild shops? If so, please give
the approximais number of angines sent
out to be rebuilt each year.

7. Far the following parts list, please

“list the criteria that are used to
detezmine when to repiace each part
during rebuilding, how often they ase -
replacad (if at sii), sod whether they are
replaced with original equipment, rebudit
oniginal equipment, afiermarkst, rebailt
aftermarket, or some other typc of parts
(please -vadfvi:

a. Pist

b memriul
¢. lajectars/ mozzies

|. Connecting rods

m. Connecting rod bearings

a. Camshaft

o. Camsahaft bushings

p- Cam follower

q. Cylinder head (components)

8. How many times is the average
heavy-duty engine rebuilt in its lifetime?

a. What is the approximats total

' milesge and time a rebuiit engine will be
rebuild?

rua bafore another

b. How many years and miles will 8
rebuhmhnbdmnmh
scrapped/repiaced? -

c.Whltu-mﬂlmnedbdommm
when te scrap the engine?

9. Whet s the approximate time
required (in man-hours) and the cost of &

 typlieal sebuild for:

&. A leng block?

b. A short block?

& A camplete enginel

4 A gescliow foel system?

¢. A disssl Aael sytem?d

18. X you de rebuilds for customers,
de ®ey receive the varme block beck er
do they get a itke-for-ltke ttade? Hew
aften do costemmery want a diffesent-
porwondmmlhnhn-tqhﬁ'

11. How long does it take io develop
and bring into production an angine
replacemant part and whet are the -
appeaxisa w associsted costs? This -
qQuestion spplies to both original
equinment apgreds parts and
aftenmarist parte.

um—-ﬂﬂdnup'ﬂhh
svailnhle new? i aot, is it feesikie to
develop em? ¥ so. please specily
applicable model yeare and/ce adm
lumh:um couid be

13.

dwm.mm
What parts csuld net bs wpgraded?

14. Do you have any emisgiens fest
data relating to engine rebeilding? ¥ yes,
please provide.
n&hm&‘: dh-t

will oocur. w
would you proposs as the mest fessible
and equitsbie reguiatery schane?

Dated: March 29, 195L
Michael Shagiza,
AmMAMMth
Radiatien,

(FR Doo. 83-7028 Piied ¢-3-01; 048 am) -
LMD OONE G000

ArPeRInYyY 8 33 .

Disposal-Testing Manual.”

suMmany: This action announces the
availability of the revised lestng
manual entitled “Evaluation of Dredged
Material Proposed for Ocean Disposal-
Testing Manual.” Copies of the manual-
can be requested by writing to the
address listed below under

' ADOW.

ADORESSEE: A copy of “Evaluation of
Dredged Material Proposed for Ocean
Disposal-Testing Manual” and/or the
initia} mixing model disks can be- .-
obtained by writing to Ms. Billia
Skinner, US. Aomy Corps of Engineers,
Watarways Experimeat Station. EP-D,

" 3809 Halls Ferry Road, Vicksburg,

Misaissippl 39120-8199.

David Radfard, Mail Cods WH-356F,

* Maring Pemuits and Monitoring Beanch,

UA. Envisonmental Protactian A,genq.
401 M Street SW., Washingtas, DC

2008 (phane [202) €73-7174]; or David
Mathis, Office of Eavironmental Policy,
CECW-PO, U.S. Army Corps of
Engineers, 20 Massachusetts Ave. NW.,
x“n:wm DC 209%4 (phone (207) 272-

SUPPLIMENTERY NPORMATION Proposed
operations involving the dumping of
dredged matarials into ocean waters
must be evaiuated to determine the
potential exvironmental impacts of such
activities. This is done &3 part of Ge

. permiting precess under title [ of the
Marine Pretection, Research, snd

e e
permi
autherily, with the determinatios to
{ssus a pazmait being nbh:t 0 revisw
o ':. The MPRSA previde: M the CE
]
l(lgl:.’. criferia developed by
EPAMuu:dﬁd:h: Actin
oct decisions.
mklum oty
mlmdm‘mmpﬂntedn
0 CPR parts 220-28. In order to
te and limit adverse scologics!
of dredged

un-u. tbe reguiations empbasize
valuative tachaiques such s taxicity
and bicaccumulation bicassays. which
relatively direct estimates of the
potential for environmental impact. -
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Appendix B
1. Alabama Power -- investor-owned electric utility company

2. American Trucking Assoc1ations, Inc. (ATA) -- industry
association

3. Automotive Engine Rebuilders Association (AERA) - industry
assoclatlon

4, Automotive Parts Rebuilders Association (APRA) -= industry
association

5. California Air Resources Board (CARB) -- stata requlatory
agency

6. Caterpillar, Inc.'-4‘0riqinal Equipment (OE) uanufacturer
7. Council or Fleet Specialistc (CFS) == industry association
8. CumminsAEngino Company, Inc. =-- OE manufacturer

9} Dealers Manufacturing -- independent remanufacturer

10. Department of the Army, U.S Materiel Comnand -= manages
equipment and vehicles for the Army

11. Detroit Diesel Corporation (DDC) -- OE manufacturer

12. Donaldson Company, Inc. == manufacturer of aftertreatment
devices

13. Engine Control Systems -- manufacturer ot aftertreatment
devices :

' 14. Engine Manufacturers Associaiion (EHA) -~ industry
association

15.. Enginetech, Inc., == manufacturer and distributor of engine
components .

- 16. Federal-uoqul Corporation -- manufacturer of OEM and
replacement parts

17. Ford Motor Company (Ford) -- OE nanufacturar

18. Fred Jones Hanufacturinq Company -- indopondont
remanufacturor

19. Genaral Motors Corporation (cu) -~ OB nanutacturor
20. Heavy. Duty -Manufacturers Association ~= industry association
Appendix B-i
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- , Appendix B
20. Heavy Duty Manufacturers Association -- industry association

21. Jasper Engine and Transmission Exchange (Jasper) --
independent remanufacturer

22. Mack Trucks, Inc. (Mack) -- QE manufacturer

23. Manufacturers of Emission Controls Association (MECA) --
industry association '

24. American Truck Dealers Division of the National. Automobile
Dealers Association (ATD/NADA) -=- industry association

25. National Engine Parts Manufacturers Association - industry
. association

26. National Institute for Automotive Service Excellence (ASE)=--
industry association

27. Production Engine Remanufacturers Association (PERA) ~--
industry association

'28. The Tucker Co., Inc. -- manufacturer and distributor or
engine components o : .- .

20
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TA3LE 5.6

SUMMARY OF REBUILD
CCMPONENT SERVICING FRACTICES
IN-FRAME
FLEET SURVEY (Survey #3)
(v DISTRIBUTION)

Replaced

Rocksr Arms

27

a’p

. Replaced
Original With Replaced  Vith New :
Not Part Rebuilt Wich Nev Aftermarket Sample
Serviced Rebuilt _Pagts = QEM Parta __ Paxts  Size
Piston ﬁing: -2 0 0 93 S - 42
Cyliader Liners 7 o 0 ] SRR 42
Piscons 7 2 2 83 S . 62
Cylinder Heads 0 4S 40 10 ;. .S 42
Fusl Injectors 0 43 18 16 s a2
Injection Puaps 5. 50 29 12 K 82
Governors or Fusl . '
Delay Mechanisas 9 0 28 15 3 s
Turbochargers 2 s 43 1T B S 2
Afterccolers s. 6. 26, 8 3 39
Roots Blowvers 4 50 27 15 L 26
12 39 20 2 41




Pis:on_Rings'

Cylinder Liners

Piscons

Cylinder Heads

Fuel Iﬁj;c:orl

Injoeéion Pumps

Turbochargers
Aftercoolers
Roots Blovers

Rocker Aras

Not

»

TABLE 3-7

STMMARY OF REBUILD
SERVICING- PRACTICES

OUT-OF -FRAME

FLEET SURVEY (Survey #3) .

(8 DISTRIBUTION)

Original
Part
0.
0
0
40
43
- 50
48
39
A
0

Replaced
wich Replaced
Rebuilt With New
0 95
o 95 -
2 93
43 12
43 10 _ _
36 10
38 15
26 10
' T

28

Jd

Replaced

With Nev

Aftermarket Sanmple

b

b

»

42

42

42

42

42

42
&0
39
26

P.81
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SOMMARY OF REBUILD
CCHPONENT SERVICING PRACTICES
IN- FRAME
REBUILD SHOP SURVEY (Survey &)
(v DISTRIBUTION)

Replaced - | ~ Replaced
Original With Replaced With Nev
- Not - Part- - Rebuile-- With New Aftermarket Saaple
Piston Rings 0 0 0 100 o 47
Cylinder Liners 0 0 r S 98 0 47
Pistons 0 ] 2 98 ) a7
Cylinder Heads 0 17 1] 13 - . 0 | B o7
Puel ‘Injectors 0 1n 72 - 17 0 &7
Injection Amps 18 26 s3 s 0 a8
Governors or Nuel ' . v
Delay Mechanisas 9 46 n 30 18 o . 46
Turbochargers 2 13 78 7 0 Y ¥ |
Aftercoelers 15 3 27 . n 0 .5
Roots Blovers. 2 s i -7 o 40
Rocker Arms 3 2 a 26 0 4
s
"
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-

Piscon Rings

Cylinder Liners

Pilstons
Cylinder Heads

Fuel Injectors

Injection Pumps

Turbochargers
Aftercoolars
Roots Blovers

Rocker Arms

REBUILD SHOP SURVEY (Survey »4)
(8 DISTRIBUTION)

Not

0

o O

TABLE 5-9

SUMMARY OF REBUILD BEHAVICR

CCMPONENT SERVICING

ouT-0

R
- Original -
Part
0
0
. o M

23
11°
19
38
20

F-FRAME

eplaced

L8 .

98

Vith Replaced
Rebuilt Wicth New
0 100
2 98 .

2
64 .. 17
77 18
66 11
81 9
39 20
C s 10
50 30
X C-iv

o

t

© o 8 0o © o o e o

Replaced
Wich New
-Afcermarket Sample

Serviced Rebuilt  _Parcs = OFEM Parcs __ Parts = _Size

47
47
47

07

47

47
w7
44
19

46




Sleeves
Pistons. Pins & Lock Rings
Piston Rings
Rod Bushings
Cannecting Rods
Rod Boits & Nuts
Connecting Rod Bearings
Camshatft
Camshaft Bearings
Cam Followers, Rollers, Bushings & Pms
CamThrustWashers
Crankshatft
Main Bearings
Crankshaft Thrust Washers
Valves, Springs, Seats & Guides
Rocker Arm Shafts
Blower
Turbocharger
Governor
Air Compressor*®
Injector Tubes
Fuel Supply Pump
* Fuel Injector Pump
Fuel Injectors
Fueilines
Accessory Drives
Hoses & Fittings
Lines & Belts
Water, Qil & Fuel Filters
Qil Pump
Water Pump
~ Flywheel
Gaskets & Seals
Starter Ring Gear
Vibration Damper
Thermostats:
Idler Gear Bearings

Mew
niew
Neaw

Mow

. A2mig.

New
Mew
Remfg. -
New
New
New
Remfgq.
New

New

New

" New

Remfg.
Remig.

~ Remtq.

Remfg.
New
Remfq.
Remfg., -
Remfq.
New
Remfq.
New

New

New

Remfq.

Remfg.
Remfg.

New

New ,
New or Remfg.
New

New

PRt L PP |
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LHDGE Registrations as of 7/90 (MOBILE 4.1)

thousand
trucks

123485618 91onuxquxsxunuszonzz'zaz4zs
Age of Truck

(24
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trucks

160

140

120

100

80

60

40

20

HHDGE Registrgtions as of 7/90 (MOBILE 4.l)

1 23489 678 91011121314151617 18192021 22 23 2423
Age of Truck ' '
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thousand -

trucks

180

160

140
120
100
80
60
40

20 -

0

LHDDE Registrations as of 7/90 (MOBILE 4.1)

1 23 4 s 6768 9mu121314151511101920212223uzs
Age of Truck.
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120

100

thousand
trucks 60

MHDDE Registrations as of 7/90 (MOBILE 4.1)

1 23 485 678 9101112131419516171819202122232428
Age of Truck

»>




HHDDE Registrations as of 7/90 (MOBILE 4.1)

160,000

140,000 -

120,000

100, 000

thousand
trucks 80,000

60,000 4

40,000

]
i

20,000

0 ] . ,
123495678 910111213141316171819202122232423

Age of Truck
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200,000
180,000
160,000
140,000
120,000
100,000
.80,000

60,000

40,000 -
20,000 1
0 |

- HDG Mileage Accumulation (MOBILE 4.1)

1 2 23 l' S 6 7 8 9 10 11 12 13 14 13 1€ 17 18 19 20+

Age of Vehicle (years)
B niles/year B-cummylative
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200,000
180,000
160,000
140,000

120,000 t

100,000
' 80,000
60,000

40,000 -
20,000 -

LHDD Mileage Accumulation (MOBILE 4.1)

ey

¢ 7 9 9 10 11 12 13 14.'15
Age of Vehicle (years)

B miles/year W cummulative
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500,000
450,000

. 400,000

350, 000
300, 000
250,000
200,000
150,000

100,000 -
50,000 A

MHDD Mileage Accumulation'(MOBILE 4.1,class 6,7 &
' 8a) '

P.92
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9 10 11 12 13 14° 13 16 17 18 19 20+

2 3 4 5 6 1 &8 |
Age of Vehicle (years)

B niles/year WM cCummulative
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- HHDD Mileage Accumulation (MOBILE 4.1, class 8b)

800,000

800,000

700,000
600,000

500,000.

400,000
300,000

200, 000 h
100,000 -

s - At mseatat—

. . . A\
1 2 3 ¢ % 6 71 8 9 10 11 12 13 14 sAxc
Age of Vehicle (years)

B niles/year B Cummulative
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EEA MHDD Mileage Accumulation (class 6 & 7)

350,000

300,000

250,000

200,000

150,000 -
100,000 -

50,000 -

O ] At

|
111

1 2 3 4

L

Age (years)

B cummulative B niles per year
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EEA HHDD Mileage Accumulation (class 8)

1,000,000

800,000

800,000

700,000

600,000

500,000

" 400,000
300,000 +
200,000 -
100,000 1

.01

3456 78 91011121

Age (years)

B cummulative B miles per year
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Travel STfaction (VMT) as of Jan. 1, 1990
(contridution of a given MY within each weight class)

2HDV

Model Year LHDV MHDV HHDV HDGV
90 0.00% 0.00% 0.00% | 0.00% 0.00%
89 17.10% | 19.80% 17.10% 17.20% 11.90%
88 15.20% 16.90% 15.20% |. 15.20% 11.20%
87 10.20% 10.90% 10.20% 10.20% 9.10%
86 10.00% 10.30% 10.00% 10.00%. 8.70%
85 11.20% 11.10% 11.20% 11.20% 8.70%
84 9.40% 9.00% 9.40% 9.40% 7.90%
83 5.10% 4.70% 5.10% 5.10% . 5.80%
82 4.10% 3.70% 4.10% 4.10% 4.50%
81 2.90% 2.50% 2.90% 2.90% 3.50%
80 3.20% 2.60% 3.20% 3.20% 2.80%
79 3.30% 2.60% 3.30% 3.30% 5.50%
78 2.20% 1.70% 2.20% 2.20% 4.30%
77 1.70% 1.20% 1.70% "1.70% 3.60%
76 0.70% 0.50% 0.70% 0.70% 2.60%
75 0.70% 0.50% 0.70% 0.70% 1.90%
74 0.80% 0.50% 0.80% | 0.80% 1.60%
73 0.80% 0.50% 0.80% 0.80% 1.70%
72 0.50% 0.30% 0.50% 0.50% 1.10%
71 0.30% 0.20% 0.30% 0.30% 0.80%
70 0.20% 0.10% 0.20% 0.20% 0.60%
69 0.20% 0.10% 0.20% 0.20% 0.60%
68 0.10% 0.10% 10.10% 0.10% 0.40%

- 67 0.10% 0.00% 0.10% 0.10% 0.30%.
66~ 0.20% 0.10% 0.20% 0.20% 0.70%

where:

HDGV = heavy duty gas vehicle (all classes) -
«  2HDV = class 2B HDDV : '
LHDV =-class 3 - S HDDV
MHDV = clq.ss 6 - 8a HDDV
HHDV = class 8a and above

s




