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PREFACE

~ This report presents a study of test procedure driving
schedules used in determining a motor vehicle's fuel economy, and
identifies, analyzes, and evaluates the characteristics of the
schedules. The study was conducted as part of the Test and Evalua-
tion Subproject of the Automotive Energy Efficiency Project
(0S 514) at the Transportation Systems Center and sponsored by the
Office of the Secretary of Transportation.

This report discusses the salient characteristics of driving
schedules which are currently being used to determine automotive
fuel economy, exhaust emissions, and component characteristics.

The analyses discussed and the results reported highlight the

major features of the various driving schedules and serve as a
basis for future discussion and development of improved or alterna-
tive driving schedules.
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1. SUMMARY

The driving cycle and the driving schedule are essential
elements of every automotive test procedure. The relationship
of the driving cycle and schedule to actual vehicle operation
conditions is a major prerequisite of any automobile fuel economy
test procedure.

Twenty-one automobile test procedure driving schedules were
obtained and analyzed. Specifically, schedule distance, time,
mean speed,'maximum speed, number of idles, number of stops, stops per
mile, and percent time and distance in cruise, acceleration,
deceleration, and idle were calculated and tabulated. Table 1-1
includes a summary of these driving schedules and is intended to
serve as a quick reference of the features and characteristics of
the driving schedules discussed in this report.

The driving schedules are categorized according to the
driving conditions or patterns that they represent.

Three major groups of driving schedules were analyzed:
urban, suburban, and highway/interstate. These groups are based
on a mixture of demographic location and road type, with suburban
being an undefined term.

From the completed analyses, no one particular parametric
.evaluator appears to adequately describe the driving schedule.
Thus, any future effort in driving schedule development must des-
cribe vehicle operation in terms of mean speed, maximum speed,
schedule length, percent time and distance in mode, etc.
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2. BACKGROUND

2.1 GENERAL

Recent events have focused national attention on the amount
of resources consumed in the United States every year. Historical-
ly, this statistic has had minor impact upon national policy de-
cisions due to the philosophical viewpoint that the U.S. possessed
unlimited résources. However, this viewpoint is changing. Because
of the intensification of interest regarding our depleting limited
resources, the need has arisen to analyze the amount of resources
available, their allocation, and their utilization.

One major oﬁtgrowth of this increased interest is greater at-
tention to our petroleum resources, particularly those resources
directed into automotive-related activities, The amount of energy
consumed by motor vehicles each year in the U.S. has grown from
aboﬁt'13 percent in 1950 to nearly 20 percent in 1972.1’2 Figure
2-1 shows motor vehicle energy consumption for passenger cars,

1950 1972
ALL
TRUCKS ALL
AUTOS 9% 3.0% : TRUCKS
) 5.8%

.3% BUSES
.2% BUSES

ALL OTHER
U.S. ENERGY

CONSUMPTION
86.8%

ALL OTHER
U.S. ENERGY

CONSUMPTION
80.4%

TOTAL ENERGY CONSUMPTION, ALL USES: . TOTAL ENERGY CONSUMPTION, ALL USES:
34 X 1015 (QUADRILLION) BTU'S 72 X 1015 (QUADRILLION} BTU'S

Source: Reference 2

Figure 2-1 Share of U.S. Energy Consumed by
Motor Vehicles in 1950 and 1972
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buses, and trucks, and indicates that the total use has more than
tripled since 1950. ° (Motor vehicle consumption in 1972 was 14.1
X 1015 BTU's, while in 1950 it was 4.5 x 1015 BTU's. )

Automotive fuel use is important for a variety of reasons:
1) World oil reserves are limited. One estimatc shows that 90%
of the world oil supply will have been consumed by about 2025.
2) Imports account for a substantial - and rising - share of the
U.S. petroleum budget. In 1972, imports acounted for 29 percent of
domestic oil use, compared with less than 18 percent in 1960. De-
pendence on foreign o0il raises serious national security, foreign
relations, and balance-of-payments problems. 3) Exploration, pro-
duction, transportation, refining, and use of petroleum present
serious environmental problems.1

The combined effects of these and other factors will apply
increasing pressure on the market structure for gasoline and auto-
mobiles. Thus, private economics, plus resource scarcities, en-
vironmental concerns, and foreign relations suggest the need to
maintain personal mobility while decreasing the consumption of

petroleum products.

2.2 AUTOMOBILE TRANSPORTATION SYSTEM

The development of a successful automobile fuel economy test
procedure is dependent upon the identification of the major fac-
tors affecting a vehicle's fuel economy and the proper integration
of these factors into a test procedure. Likewise, the test pro-
cedure must produce values that have direct relationships to the
actual use of automobiles. The fuel economy associated with the
operation of an automobile depends on several complex, interre-
lated variables including the vehicle itself, the driver, the road
on which the vehicle is driven, the meteorology, and the traffic.

These variables are discussed below.

2.2.1 Vehicle

The basic vehicle design determines the range of potential
fuel economy. The design engineer, with consideration for the
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consumer preference, selects the engine size and type, the trans-
mission type, differential ratio, accessories (e.g., air condition-
ing, power steering, etc.), and the size and shape of the body.
These decisions determine the vehicle weight and internal and ex-
ternal energy consumption, and thus influence vehicle fuel economy.
The type of tires and their inflation pressure, coupled with the
weight of the vehicle, are the principal determinants of vehicle
rolling resistance. The state of the engine tune affects fuel
economy and emissions.

2.2.2 Driver

The vehicle driver influences fuel economy and exhaust emis-
sions by the manner in which he operates the vehicle and by the
route which he selects for a particular trip (i.e., the path from
origin to destination). Vehicle operation is reflected by the
speeds, accelerations, decelerations and the percentage of time
and distance in hode (i.e., idle, cruise, acceleration, and de-
celeration). The time interval between trips determines if the
engine starts hot or cold.

2.2.3 Road

For a particular trip, the roads that compose the route
{rom origin.to destination are fundamental in influencing driver
behavior. By the physical design and condition, a road may be
the constraining factor on speed and speed change. For example,
central business district streets limit speed by their design and
traffic control systems, whereas, interstate roads are specifical-
ly designed not to be a controlling factor. The road surface and
condition impacts vehicle rolling resistance and thus fuel econ-

omy and exhaust emissions.3

2.2.4 Mcteorology/Topography

he ambient metcorological conditions influence vehicle fuel
cconomy. Ambient temperature affects the viscosity of lubricating
(luids and thus internal frictional losses. Ambient temperature
also motivates the driver to utilize certain accessories (e.g.,
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air conditioners). Ambient pressure and temperature determine
the air density which influences aerodynamic drag and the air to
fuel ratio to the engine. Wind is also a factor in determining
aerodynamic drag. Snow, ice, and rain affect rolling resistance,
and at times can dramatically influence driver behavior.

The topography and regional location determine elevation
and thus the average barometric pressure. Likewise, regional
topography (e.g., level, hilly, or mountainous) and population
interact to determine the ratios of the various road types and
the road grades encountered.

2.2.5 Traffic

Of the factors affecting fuel economy, traffic conditions
can be the most dynamic with time. For the urban enviromment,
traffic congestion has achieved a certain level of '"acceptance"
and is readily identified as to location, time of day, and day of
week. Peak hour congestion is usually associated with the morning
home -to-work trip and the afternoon work-to-home trip. As traffic
volumes increase significantly, congestion increases producing
longer travel times, reduced peak and average speeds, and increased
idle times. Fuel economy is a nonlinear function with speed;4
thus, the impact on traffic on fuel economy is dependent upon the
individual magnitudes of each factor in the aggregate.

2.3 AUTOMOBILE TRAVEL

2.3.1 Trips

Automobile use is composed of individual discrete events
called trips. Each trip is undertaken for a specific purpose and
has associated with it, a specific origin-destination and travel
route. Every time we enter our automobile and begin a trip, we
have made a number of conscious and unconscious decisions per-
taining to trip purpose, starting time, travel route, and destina-
tion. (Obviously, all trip origins have been previous trip desti-
nations.) Major trip purposes commonly used in transportation
studies include: 1) Earning a living, 2) Family business,
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3) Educational, civic, and religious, and 4) Social and recrea-
tional.’ Trip length, origin, destination, time of day, day of
week, season of year, etc., are all associated with trip purpose.

A specific trip profile is associated with each trip. This
profile is a function of the vehicle, the driver, the roadways,
ambient conditions of weather and traffic and other traffic. The
trip profile is characterized by the starting temperature of the
engine, the ‘amount of engine idle, cruise times, cruise speed,
acceleration and deceleration magnitudes and durations, travel
time, and travel distance. These factors determine the fuel con-

sumed by the vehicle during a trip and the fuel economy of the
Distance Traveled

vehicle; i.e., Gallons Consumed.

A driving pattern develops when a sufficient number of in-
dividuals have similar vehicle usage (i.e., trips). A driving
pattern is described in terms of a day's sequence of trips all
starting approximately the same time of day and having the same
trip segment string (i.e., have identical roadway class usage).

The sequence of trips is described by a scenario of driver be-
havior.® Familiar driving patterns are associated with the urban
work trip and occur five days a week in the morning and late after-
noon. Other urban driving patterns are associated with various
urban trip purposes: business, shopping, social/recreation, etc.

A traffic pattern is distinguished from a driving pattern
in that a traffic pattern is associated with a functional roadway
class, and possibly in a specific location and time of day.
Traf{ic patterns are readily recognizable for high-speed highways
and interstates, residential streets, and central business dis-
trict streets.

2.3.2 Trip Aggregations

Automobile use is described by two general characteristics:
travel and trips. Travel is generally considered as an aggregate
descriptor of vehicle use: e.g., total annual nationwide vehicle-
miles traveled (VMT), fuel consumed, number of motor vehicles
registered, etc.



The U.S. DOT/Federal Highway Administration (FHWA) is the
principal highway agency of the Federal Government; as such, it
is the principal agency for colllecting, tabulating and analyzing
highway related travel statistics. The Highway Statistics series
has been published annually since 1945 with the most recent issue
being the 1972 Highway Statistics.7 This publication is prepared
by the Highway Statistics Division, Office of Highway Planning,
Federal Highway Administration, relating to three major areas of -
highway transportation: (1) highway use - the ownership and oper-
ation of motor vehicles; (2) highway finance - the receipts and
expenditures for highways by public agencies; and (3) the highway
plant - the extent and changing characteristics of the mileage of
public highways, roads, and streets in the nation.

The FHWA estimates roadway usage as vehicle-miles traveled
by state, region, and nationwide. Table 2-1'is a presentation of
VMT by demographic location (i.e., urban and rural), functional,
and Federal funding classifications. It should be noted that the
relationships between functional classification and Federal fund-
ing classifications in Table 2-1 are based upon the author's
judgement. Urban VMT has increased at a more rapid rate that
rural VMT since 1970 as shown in Table 2-2. Automobiles are .
approximately 82% of all registered motor vehicles in  this country
and are responsible for about 80% of total VMT. Total highway
fuel consumption in 1972 was estimated to be 105,062 million gal-
lons by 118,505,863 motor vehicles.

The fuel economy value obtained from a test must bear some
relationship to the actual vehicle fuel economy experienced in
"normal" driving. The formulation of a fuel economy test pro-
cedure for an automobile that bears some relationship to actual
vehicle use is the task presented. This task reduces to a problem
of aggregation and disaggregation descriptions of vehicle use.
Characteristics of discrete trips must be aggregated to a level
that is meaningful and manageable; vehicle travel statistics must
be disaggregated to a comparable level.
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TABLE 2-2 URBAN AND RURAL VEHICLE MILES TRAVELED (1967-1972)
FHWA HIGHWAY STATISTICS 1967-1974
ALL VEHICLES

VMT (millions) % VMT
YEAR URBAN : RURAL TOTAL URBAN RURAL
1967 485,493 476,060 961,553 50.5 49.5
1968 513,289 502,360 1,015,649 50.5 49,5
1969 544,547 526,028 1,070,575 50.9 49.0.
1970 557,373 543,332 1,100,705 51.5 48.5
1971 612,975 573,314 1,186,289 51.6 | 48.4
1972 678,115 590,227 1,268,342 53.3 46.7

Source: References 7 and 8.
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3. FUEL ECONOMY TEST PROCEDURES

3.1 AUTOMOTIVE FUEL ECONOMY TEST

Automotive fuel economy tests may be performed to satisfy
a variety of needs, such as basic research and development,
consumer information, or governmental regulation. An automotive
fuel economy test is structured similar to any engineering test,
as illustrated in Figure 3-1. The Test Requirement is a statement
of general need and/or policy;e.g., provide consumer information.
The Test Specification states the specific objective of the test,
e.g., provide consumer information in the form of a vehicle fuel
economy label (window sticker); it also specifies the format,
accuracy, and precision of the measurement, and possibly the
approach in selecting the vehicles for test. The Test Procedure
accordingly specifies the laboratory test conditions and procedures,
test equipment, data reduction, and data presentation: A major
part of the Test Procedure is the vehicle's driving cycle and
driving schedule.

3.2 TEST PROCEDURE DRIVING CYCLE

The test procedure driving cycle is a specification of values
for pertinent parameters of the test procedure. These parameters
include: the physical environment of the test (e.g., ambient
'temperature, pressure, humidity); the preparation of the vehicle;
~mileage accumulation, state of engine tune, and temperature (hot
or cold start condition); and the test procedure driving schedule-
(the speed-time sequence that exercises the vehicle during the
test). The values for these factors are determined from the trip
- and travel statistics addressed in Section 2.3 and are the major
factors in determining a vehicle's relative fuel economy (relative
to "best" and "worst" possible fuel economy).

3.3 TEST PROCEDURE DRIVING SCHEDULE

An essential element of any vehicle test procedure is the
driving schedule. The driving schedule is a series of excerises
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General Outline ' Example

TEST PROGRAM AUTOMOTIVE FUEL
ECONOMY TEST

TEST Ai::> DETERMINE VEHICLE
FUEL ECONOMY FOR
REQUIFEMENT CONSUMER INFORMATION

TEST SPECIFIC GOAL: VEHICLE LABELING
SPECIFI- | *::> INCLUDES: VEHICLE SELECTION,
CATION DATA FORMAT, ACCURACY

AND PRECISION, ETC.

INCLUDES: TEST METHODOLOGY

TEST AND PROCEDURE, EQUIPMENT,
PROCEDURE DRIVING CYCLE, AND

DRIVING SCHEDULE

Figure 3-1 Structure of an Automotive Fuel Economy Test
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to be performed by the vehicle during the test (e.g., idles, ac-
celeration, cruises, and decelerations). In this report, driving
schedules have been classified according to their structure:

1) those that specify the vehicle speed on a second-by-second
basis referred to as nonstylized (EPA Type); and 2) those that
specify maneuvers at a certain distance or time referred to

as stylized (SAE Type). Several of the driving schedules

which were reviewed based their simulation on driving condi-
tions encountered in a specific demographic location; e.g.,
urban, suburban, or central business district. Other driving
schedules which were reviewed attempted to simulate the condi-
tions encountered while driving on a specific road type; e.g.,
rural highways or interstates. The central business district
driving schedules display low speeds, many stops, and substan-
tial periods of engine idle. Urban driving schedules general-
1y have lower speed than rural driving schedules, with less
time and distance in the cruise mode and more in the accelera-
tion, deceleration, and idle modes.

Actual driving exhibits a continued variation in vehicle
speed with time.9 The auto industry has found that by straight-
lining certain portions of the driving schedule (stylizing) the tests
tests can be conducted on a test track rather than in a laboratory.
The speed time profile of stylized driving schedule is broken into
segments according to the mode of vehicle operation (i.e., acceler-
ation, deceleration, cruise or idle). The result is a number of
straight lines for the speed-time profile approximating the con-
tinuously changing '"real life" speed-time trace.

A'significant difference in fuel economy exists between a
steady or constant-speed fuel economy and.the fuel economy
experience by a vehicle performing a driving schedule with the
same average speed. Figure 3-2 is an illustration of this dif-
ference obtained by the General Motors Corp. on a 1973 full size
car. (The Central Business District, City, Highway and Interstate
driving schedules are discussed in Section 4.) Not only is the
fuel economy over the various driving schedules different, in-
dividual vehicles have unique speed-fuel economy relationships.
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Figure 3-3 presents constant speed fuel economy for six different
vehicles and illustrates the variability of constant speed fuel
economy between various vehicles.

20 -
St N ©_ CONSTANT SPEED

18 - / -\/
< / ¢
= 16 / Ne
< / HIGHWAY <
< 14 | ; -
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4, DRIVING SCHEDULE ANALYSIS

4.1 ANALYSIS APPROACH AND PARAMETER EVALUATORS

The analysis of automotive test procedure driving schedules
was initiated by identifving known test procedures and obtaining
copies of the relevant portions. Upon visual inspection of the
driving schedules obtained, two distinct schedule types were
evident: 1) a nonstylized second-by-second specification of
vehicle speedy e.g., EPA Federal Test Procedure (FTP); and 2)

‘a stylized specification of maneuver of time-speed variations,
as typified by the Society of Automotive Engineers (SAE) driving
schedules. Figures 4-1 and 4-2 illustrate nonstylized and
stylized driving schedules. Appropriate computer software was
written to permit computer simulation of the drive schedules
with analysis and plotting subroutines. Specific parametric
evaluators include:

1. Distance - Total schedule distance in miles.
2. Time - Overall elapsed time in seconds of the schedule.

3. Mean Speed - Speed obtained by dividing the total
schedule distance by the total elapsed time.

4., Maximum Speed - Maximum speed specified during the
schedule.

5. Number of Stops - Total number of times the vehicle comes
to rest (0 MPH) from a speed greater than zero: (0 MPH).

6. Stops/Miles - Average number of times a vehicle comes to
a rest in traveling one mile. (Total number of stops
divided by total schedule distance).

7. Number of Idles - Total number of times the vehicle
remains at rest (0 MPH) for more than one second.

8. Mode - Vehicle kinematié condition; acceleration, decel-
eration, cruise, and idle.
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9. Percent Time - Ratio of the amount of time the vehicle

spends while in a specific mode to the total elapsed time
of the schedule. The ratio is multiplied by 100 to give
the percentage,.

10. Percent Distance Traveled - Ratio of the amount of dis-

tance the vehicle travels while in a specific mode to
the total distance. The ratio is multiplied by 100 to
give a percentage figure.

Seven different plots of each driving schedule were obtained
(see the appendixes): 1) vehicle speed versus time, 2) vehicle
~acceleration versus time, 3) vehicle speed versus accumulated
distance, 4) vehicle various speed intervals, 5) percent dis-
tance in various speed intervals, and 6) vehicle acceleration
versus instantaneous vehicle speed.

The values and plots obtained for the various parameters de-
scribe the aspects of vehicle operation on the driving schedule
but give little hint as to the energy expended or fuel used by a
vehicle executing the schedule. To obtain information of this
type, a vehicle simulation model must be employed. Al though
these vehicle simulation models may be a worthy endeavor, it is
beyond the scope of this work to evaluate the expected fuel con-
sumption of a vehicle driving these various schedules.

4.2 ANALYSES RESULTS

The driving schedules obtained and analyzed in this work
are divided into four categories by travel or schedule character-
istics:

1. Urban

2. Suburban

3. Highway/Interstate
4. Other,



4.2.1 Urban Driving Schedules

An urban driving schedule attempts to simulate driviﬁg con-
ditions encountered by trip in an urban or metropolitan area. The
Federal Government employs the term '"urban' for cities whose
population exceeds 5,000 and urbanized for cities with population
gréater than 50,000.11 Within a city, especially our larger met-
ropolitan centers, several distinct areas can be readily identified
and defined. The Central Business District (CBD) is defined as the
high-density commercial and business core of the city, and the
Central City (CC) is the area within the incorporated limits of
the city other than the CBD.12 Urban driving is generally char-
acterized by short trip length and low average speeds with fre-
quent stops and substantial periods of engine idle. Urban driv-
ing represents the most dynamic change in travel characteristics
relative to the time of day (peak period versus off-peak period).
Urban interstate driving may be free-flowing in off-peak hours,

but approach CBD street characteristics as roadways become con-
gested in peak period.

geven urban driving schedules were analyzed; six are stylized
maneuver-by-maneuver driving schedules, and one, the EPA-FTP is a
continuous, second-by-second speed-time sequence. Table 4-1 is a
summary of characteristics of these driving schedules.

As shown in Table 4-1, the average schedule distance is
3.5 miles with a range from 0.8 miles to 7.5 miles for the urban
driving schedules. The mean speed range is from 15.6 to 21.2 MPH
with a mean of means equal to 17.3 MPH. The stops per mile range
from 1.2 to 5.5 with a mean of 3.9. These values represent, in a
general sense, the description of urban travel; namely, low average
speed with several stops, substantial periods of engine idle, and
short trip distances.

Four of the driving schedules in Table 4-1 are taken from
the test procedures of the major U.S. auto manufacturers. These
test procedures are utilized in vehicle tests conducted by the
manufacturers. The Society of Automotive Engineers (SAE) formu-
lated their test procedure (J1082) specifically for fuel economy

4-4
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tests based upon the "best" technical judgment of the industry.
The EPA-Federal Test Procedure (FTP) driving schedule is used in
the exhaust emission certification of new motor vehicles and is
based upon field work performed in Los Angeles.9 Recently,

(1974 and 1975 model years) EPA has used the FTP driving schedule
in determining the fuel economy of vehicles undergoing emission
certification.  Appendix A presents a detailed discussion of

each urban driving schedule.

4.2.2 Suburban Driving Schedules

A suburban driving schedule attempts to simulate driving con-
ditions encountered in a trip in a ''suburban" environment. A
difficulty arises from the fact that the Federal Government does
not recongnize the term suburban, and hence does not obtain or
tabulate any information on locations defined as suburban. A sub-
urban driving schedule has been described as a particular form of
drive schedule having a prescribed set of stops, starts, accelera-
tions, and decelerations used in the automotive testing practice

13 syburban driving schedules appear to

and not explicitly defined,
be an intermediary step between urban schedules (characterized by
low speed, many stops per mile) and highway/interstate schedules
(characterized by high speed, few if any stops per mile). Table
4-2 is a summary presentation of the characteristics of the four

suburban drive schedules analyzed.

The SAE, Ford, and AMC suburban driving schedules are similar.
The GM suburban driving schedule has an average speed of about
18 MPH less than the others (42 MPH versus 24 MPH) and a stop per
mile figure of 1.6 versus approximately 0.5. Appendix B presents
a complete discussion on each of the suburban driving schedules.

4.2.3 Highway/Interstate Driving Schedule

A highway/interstate driving schedule attempts to approximate
the conditions encountered in driving on a highway. It is import-

ant to note that this category of driving schedule is defined for
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a specific type of roadway, whereas urban and suburban are defined
by demographic location. A highway is defined as a public way
whose purpose is vehicular travel connecting major population
centers and/or traffic generators.14 An interstate roadway has

a similar definition, but is considered to be the highest function-
al class of roadway with full access control in both the rural |
and urban locations. . '

Driving on a highway or interstate is characterized by mod-
erate to high speed, little or no idling, and few, if any, stbps. _
Usually most of the driving is for intercity trip purposes, and -
the objective is to cover the given distance in the shortest time
period feasible.

The six highway/interstate driving schedules analyzed can
be classified into two distinct sub-categories: those with an
average speed of about 50 MPH and those with an average speed of
70 mph. Table 4-3 is a summary presentation of the characteristics
of the highway/interstate driving schedules. The mean speed
range is from 48 MPH to 70 MPH with a mean of means equal to
58 MPH. The stops per mile range from 0.0 to 0.3 with a mean of
0.1 stops per mile. The percent time in cruise for the stylized
drive schedules ranges from 51.5 to 83.1 percent, whereas
with the nonstylized drive schedule (EPA Highway),-16.6 percent of
the time is in a cruise mode. Appendix C presents a complete dis-
cussion of the highway/interstate driving schedules. It should be
noted that the EPA Highway Schedule and the SAE Interstate 55 MPH
Schedule were devised in response to the imposition of the nation-
wide 55 MPH maximum speed 1limit in the winter of 1974,

4.2.4 Other Driving Schedules

Four additional driving schedules could not be categorized
with any of the previous schedules. These driving schedules
maintain a specific uniqueness that requires a separate category.
This category termed '"other'" includes the following:

1. Chrysler Constant Speed/Road Load Driving Schedule
2. EPA 25 MPH Average Speed Driving Schedule

4-8
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3. EPA 35 MPH Average Speed Driving Schedule
4. EPA 45 MPH Average Speed Driving Schedule

The Chrysler Constant Speed driving schedule is a cruise mode
driving schedule used for measuring fuel economy at various cruise
speeds. The fuel consumed for each cruise speed from 20 MPH to

80 MPH is recorded. Further investigation is required to deter-
mine the usefulness of using a variety of cruise speeds in con-
junction with weighting factors to depict the fuel economy of a
vehicle under any driving condition.

The remaining three schedules are semistylized driving
schedules developed for the EPA by Scott Research Laboratories.15
The intent of the work was to update curves that are used to
estimate the changes in emissions for light-duty vehicles as the
average route speeds vary. Appendix D presents further informa-
tion concerning these driving schedules. Table 4-4 is a summary
presentation of the characteristics of the "other" driving
schedules.
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5, CONCLUSIONS AND RECOMMENDATIONS

5.1 CONCLUSIONS

Essential elements of any automotive test procedure are the
driving cycle and the driving schedule. A major prerequisite of
any automobile fuel economy test procedure is the relationship
which the driving cycle and driving schedule have to actual condi-
tions and operations in normal or typical vehicle use and opera-
tions. Individual, discrete trips and aggregate travel statistics
are a measure of vehicle use that can be utilized in driving cycle
and driving schedule evaluation and development. The three major
groupings of driving schedules which were evaluated, urban,
suburban, and highway/interstate, are based on demographic loca-
tion and road type; with suburban being an undefined term.

The major difference between a stylized and a nonstylized driving
schedule appears to be in the test procedure itself, whether it

is a track test or a dynamometer test. The nonstylized driving
schedule is extremely difficult to perform on a track, whereas

the stylized driving schedule may be utilized in either test.

From the evaluation completed, no single parametric evaluator
appears to describe adequately the entire driving schedule. Thus,
any future driving schedule development will be required to use
multiple descriptors of actual vehicle operation. It is concluded
that most of the driving schedules analyzed had little or no direct
correlation with field data of vehicle operation. The exceptions
are the EPA-FTP and Highway Schedules, which do have supporting
material available in the open literature.* The driving schedules
used by the auto manufactures seem to be based on engineering
judgment since no supporting documentation could be identified.
This aspect does not necessarily reduce the usefulness of these
driving schedules for individual vehicle test that the manufactures
perform, but this fact does severly limit the applicability of
these test results to national scale policy decision.

*¥Since the time of this work, the General Motors Corporation has
published the results of their field study on vehicle use and
operation.l
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5.2 RECOMMENDATIONS

The principal recommendation is that driving schedules
that may be developed in the future be directly correlated to
actual vehicle operation and use. If the results of individual
vehicle tests are to be of significance on a national scale, this
correlation is mandatory. It is recommended that driving
schedules be based on: 1) a total trip concept; e.g., typical
urban trip, or 2) specific road type; e.g., rural interstates.
It is recommended that 'Suburban'" driving schedules not
be used.

For the development of advanced automobile test procedures,
it is clearly evident that a concerted effort must be undertaken
to better define vehicle use and operation in the United States.
This can be approached by aggregating information on individual,
discrete trips to a level where specific trip characteristics
are readily discernable. Likewise, nationwide aggregate travel
statistics must be disaggregated to a level compatible with the
trip statistics. These two tasks are closely related and must be
undertaken simultaneously. The goal of this effort would be the
"fleshing out'" of the driving schedule tree shown in Figure 5-1.
Test procedures require, at a minimum, driving schedules for the
urban trip, rural trip, and, possibly, specific road types. Since
traffic conditions and vehicle design attributes are long-term
dynamic entities, occasional updating of driving schedule data
bases must occur.
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APPENDIX A
URBAN DRIVING SCHEDULES

An urban driving schedule attempts to approximate the driv-
ing condition within a large city. The DOT/FHWA studyll defines
an urban environment based on population level (as compared to
density level). FHWA maintains that an urban environment exists
if the population level exceeds 5000.

The driving schedule for an urban area is characterized by
low average speeds, frequent stops, and several idling periods
(see Table A-1). There is little, if any, highway type driving
associated with the urban driving schedule, and the maximum speed
that the vehicle attains is low, in most cases less than 35 MPH.
The driving schedule can be either a continuous speed-time trace
or a stylized schedule. 1In either case, the vehicle changes speed
frequently.

The urban driving schedules analyzed are summarized in
Table A-1 and include the following:

1. Environmental Protection Agency's FTP Urban Driving
Schedule.

2. Society of Automotive Engineers Urban Driving Schedule -
J1082.

3. General Motors Corporation's Central Business District
Driving Schedule.

4., Ford Motor Company's Ford City Economy Driving Schedule.
5. Chrysler Corporations' Urban/Hot Start Driving Schedule.
6. Amcrican Motors Corporation City Driving Schedule.

7. California ARB 7-Mode Driving Schedule.
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Characteristics of each schedule are displayed by seven
plots: Speed versus Time, Acceleration versus Time, Speed versus
Distance, Acceleration versus Distance, Percent Time by Speed
Interval, Percent Distance by Speed Interval, and Acceleration
versus Instantaneous Speed.



A.1 ENVIRONMENTAL PROTECTION AGENCY URBAN (FTP) DRIVING
SCHEDULE

A.1.1 Description

The EPA urban driving schedule was developed from the accu-
mulated field data obtained within a 12-mile radius of downtown
Los Angeles. It is the result of more than 15 years of effort by
various groups to translate the Los Angeles driving patterns to a
driving schedule for vehicle dynamometer tests. The objective of
these studies was to produce a driving schedule (representative
of Los Angeles driving conditons) to evaluate motor vehicle ex-
haust emissions. The schedule consists of 1372 data points,
plotted to give a continuous, speed-time profile. This nonstylized
drive schedule is intended to be run with vehicles in a cold-start
as well in a hot-start condition. Also, this schedule is used in
the Federal Test Procedure (FTP) for certification of all new cars fo1
exhaust emissions.17

The initial development of this schedule began with a 1956-1957

AMA-California traffic survey to determine how vehicles were driven
in the greater Los Angeles area. There was a parallel study to deter
mine baseline emissions and the amount of exhaust gas generated in
each of the operating modes for each vehicle in service. The traf-
fic survey established the 11 most important driving modes for ex-
haust emissions. The field survey determined the engine air consump-
tion (exhaust flow) in each mode, and baseline vehicle emissions.18

The results of this work were calculated composite average
emissions for highway vehicles in Los Angeles. The contributions
from all modes were added to give the final number, and the con-
tribution from each mode was equal to the measured concentration
multiplied by a correction factor. The resultant quantity of
emissions was then multiplied by a weighting factor representa-
tive of the percent of exhaust gas generated in that mode during

-



normal driving. The correction factor related the unburned hydro -
carbons or carbon monoxide concentration to the carbon concentra-
tion in the exhaust gases. At a fixed flow rate, the concentra-
tion of emissions represents the quantity of emissions per unit
time; the total carbon represents the rate of fuel use per unit
time.

In February of 1964, the 11-mode schedule was simplified to
the 7-mode schedule in order to establish a test schedule with
‘more normal vehicle average speeds to provide for more normal
thermal loading on exhaust treating systems.

Because the 7-mode driving schedule was not a schedule that
an average driver ever used on the streets, a new test driving
schedule was developed for use starting with the 1972 model year.
This new test procedure involved not only a change in driving
-schedule, but also a change in measurement procedure from exhaust
concentration to constant volume sampling measurement of true ex -
haust mass. The new driving schedule for constant volume sampling
(CVS) was generated from the LA-4 route (see Figure A-1) put to-
gether from the A% County Highway Department traffic count sur-
vey of 1962-63.
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Figure A-1 Description of LA-4 Road Route
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The LA-4 route with which EPA started was only a speed/
time trace, so it was not possible to determine engine loads,
grades, braking, etc., from the trace. The original route of
about 12 miles was proportionately shortened to 7.5 miles (1,372
seconds) with some accelerations and decelerations modified in
order to be within the capabilities of the Clayton Dynamometers
being used for emissions testing. Although this schedule contains
idle, freeway, arterial, and central business district driving, it
is heavily weighted towards peak-period or rush hour driving,
where admittedly emissions problems are greatest.

The FTP schedule has an average speed of 19.5 MPH, with a
maximum speed of 56.7 MPH. The route is 7.5 miles long and takes
1372 seconds to complete. It has 16 idles and 17 stops, giving
a figure of 2.3 stops per mile. The percent time and distance
modes are shown in Table A-2.

TABLE A-2 PERCENT TIME AND DISTANCE OF INDIVIDUAL MODES FOR
THE EPA URBAN (FTP) DRIVING SCHEDULE

Idle Cruise Acceleration Deceleration
% Time 17.9 7.9 39.5 34.7
% Distance - 11.9 46.6 41.5

The cruise mode of this schedule accounts for approximately
10% of the total time and distance. Because of the continuously
varying speeds, a breakdown of the speeds for each cruise maneuver
is not presented.

The acceleration mode accounts for approximately 40% of the

time and distance of the schedule. The acceleration mode for this -

analysis was defined as any positive change in the speed of the
vehi¢le. Likewise, the deceleration mode, was defined as any
negative change in the speed of the vehicle.
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A.1.2 Discussion

The EPA driving schedule was compiled from field data and
is representative of rush hour conditions within the Los Angeles
urbanized area for the route and period data were collected. The
main aspect of the schedule is the speed variability. However,
because of its constantly changing speed, it is thought to be
only a useful schedule for dynamometer testing, With the dyna-
mometer, a driver's aid is required for successful completion of
the schedule. A modified schedule could be incorporated into a
track test procedure. Modification, such as stylizing by straight-
line curve fitting, may make the schedule usable in a track pro-
cedure. However, further sensitivity analyses are needed before
any conclusions can be drawn.

A.1.3 EPA-FTP Urban Driving Schedule Instructions17

The instructions for the EPA-FTP Urban Driving Schedule are
listed in Table A-3, and corresponding characteristics and pro-
files are shown in Figures A-2 through A-8.
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A2 SOCIH{& OF AUTOMOTIVE ENGINEERS' URBAN DRIVING SCHEDULE -
J1082

A.2.1 Description

The SAE Urban Driving Schedule (J-1082) was developed by
engineers and scientists associated with SAE who were concerned
with formulating test procedures for determining automotive fuel
economy. The objective was to develop a test procedure, including
the driving schedule, which would relate to typical conditons en-
countered in urban driving and could be used as a standard through-
out industry for measuring wehicle fuel economy. The schedule
adopted by the SAE Fuel Economy Task Force is a stylized driving
schedule to be executed on a test track. The vehicle's fuel econ-
ony is determined with the vehicle in a fully warmed up condition.

The driving schedule was evaluated by computer simulation
of the maneuvers. Table A-4 lists the evaluated driving schedule
parameters. The schedule has an average speed of 15.6 MPH, and
reaches a maximum speed of 30.0 MPH. It is 2.0 miles long, has
an elapsed time of 462 seconds, and contains 4 idles and 8 stops
per mile.

TABLE A-4 PERCENT TIME AND DISTANCE OF INDIVIDUAL MODES
FOR THE SAE URBAN DRIVING SCHEDULE (J1082)

Idle Cruisec ‘Acceleration Deceleration
% Time 13.0 58.2 11.4 17.4
% Distance ) 75.2 10.2 14.5

As shown in Table A-4, greater than 50% of the time and
greater than 75% of the distance are spent in the cruise mode.
Cruises are . performed at speeds of 15 MPH, 20 MPH, 25 MPH, and
30 MPH. There are three cruises performed at each of the repec-
tive speeds. The acceleration mode has seven accelerations at a
rate of +5.0 ft/sec2

sccz. The deceleration mode has 12 decelerations, all performed

and nine accelerations at a rate of +7.0 ft/
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at a rate of -4 ft/secz. The idle mode accounts for 13% of the

schedule's time. The schedule incorporates four 15-second idle
periods.

A.2.2 Discussion

The driver of a test vehicle performing this schedule would
find the instructions readable, but some confusion may arise on
the last maneuver. The last instruction is vague as to where to
begin braking. Without some driver aid such as a marker to show
the location where brake application is to begin, there is some
probability for error. Also, the instructions for the locations
of a stop should be included in the previous instruction. This

would allow for better continuity of information flow.

The deceleration rate is the same throughout the schedule.
The sensitivity of the fuel economy of a vehicle to the decelera-
tion rate has not yet been determined and further investigation
of this parameter is required. The statistical correlation of
this stylized schedule to a typical drive in an urban reas has not
been determined.

A.2.3 SAE Urban Driving Schedule Instructions19

The instructions for the SAE Urban Driving Schedule - J1082
are listed in Table A-5 and correspond to Figures A-9
through A-15.

TABLE A-5 SAE URBAN DRIVING SCHEDULE INSTRUCTIONS

Distance

Miles (km) Operation

0.0 (0.0) Start fuel meter and timing device, idle 15 seconds,
accelerate to 15 MPH (24.1 km/h) at 7 ft/s2 (2.1
m/sz). Proceed at 15 MPH (24.1 km/h to the 0.2
miles (0.32 km) marker.

0.2 (0.32) Stop at 4 ft/s® (1.2 m/s%), accelerate to 15 MPH
(24.1 km/h) at 7 ft/s2 (2.1 m/sz). Proceed at 15
MPH (2¢.1 km/h) to the 0.3 mile (0,48 km) marker.
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TABLE A-5

SAE URBAN DRIVING SCHEDULE INSTRUCTIONS (CONTINUED)

Distance
Miles (km)

Operation

0.3 (0.

489

.80)

.13)

.29) .

.61)

.93)

.09)

Decelerate to 5 MPH (8.0 km/h) at 4 ft/s2 (1.2
m/sz), accelerate to 15 MPH (24.1 km/h) at 7 ft/s2
(2.1 m/s?). Proceed at 15 MPH (24.1 km/h) to the
0.5 mile (0.80 km) marker.

Stop at 4 ft/s2 (1.2 m/sz), idle 15 seconds,
accelerate to 20 MPH (32.2 lm/h) at 7 ft/s® (2.1
m/s2). Proceed at 20 MPH (32.2 km/h) to the 0.7
mile (1.13 km) marker.

Stop at 4 ft/s2 (1.2 m/sz), accelerate to 20 MPH
(32.2 km/h) at 7 ft/sz (2.1 m/sz). Proceed at
20 MPH (32.2 km/h) to the 0.8 mile (1.29 km)
marker.

Decelerate to 10 MPH (16.1 km/h) at 4 ft/s® (1.2
m/SZ), accelerate to 20 MPH (32.2 km/h) at 5 ft/sZ
(1.5 m/s?). Proceed at 20 MPH (32.2 km/h) to the
1.0 mile (1.61 Im) marker.

Stop at 4 ft/s2 (1.2 m/sz), jdle 15 seconds,
accelerate to 15 MPH (24.1 km/h) at 7 ft/s? (2.1
m/s2), then to 25 MPH (40.2 km/h) at 5 ft/s’ (1.5
m/s?). Proceed at 25 MPH (40.2 km/h) to the 1.2
mile (1.93 km) marker.

Stop at 4 ft/sz,(l.z m/sz), accelerate to 15 MPH
(24.1 km/h) at 7 £t/s> (2.1 m/s?), then to 24 MPH
(40.2 km/h) at § ft/s® (1.5 m/s%). Proceed at

25 MPH (40.2 km/h) to the 1.3 mile (2.09 km)
marker.

Decelerate to 15 MPH (24.1 km/h) at 4 ft/s® (1.2
m/sz), accelerate to 25 MPH (40.2 km/h) at § £t/s?
(1.5 m/sz). Proceed at 24 MPH (40.2 km/h) to the
1.5 mile (2.41 km) marker.
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TABLE A-5 SAE URBAN DRIVING SCHEDULE INSTRUCTIONS (CONTINUED)
Distance
Miles (km) Operation
1.5 (2.41) Stop at 4 €t/s? (1.2 m/s%), idle 15 seconds,
accelerate to 15 MPH (24.1 km/h) at 7 Ft/sz),
then to 30 MPH (48.3 lm/h) at 5 ft/s® (1.5 m/s?).
Proceed at 30 MPH (48.3 km/h) to the 1.7 mile
(2.74 kn) marker.
1.7 (2.74) Stop at 4 ft/s2 (1.2 m/sz), accelerate to 15 MPH
(24.1 km/h) at 7 ft/s2 (2.1 m/sz) and then to
30 MPH (48.3 km/h) at 5 ft/s® (1.5 m/s%). Pro-
ceed at 30 MPH (48.3 km/h) to the 1.8 mile (2.90
k) marker.‘
1.8 (2.90) Decelerate to 20 MPH (32.2 km/h) at 4 f_t/s2 (1.2
m/sz), accelerate to 30 MPH (48.3 km/h) at 5 ft/s2
(1.5 m/s%). Proceed at 30 MPH (48.3 km/h).
2.0 (3.22) Begin braking at 4 ft/s2 (1.2 m/sz) to arrive at

stop at 2.0 mile (3.22 km) marker. Stop fuel
meter and timing device at stop, record fuel con-
sumed, elapsed time and fuel temperature.
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A.3 GENERAL MOTORS CENTRAL BUSINESS DISTRICT DRIVING SCHEDULE

A.3.1 Description

General Motors Corporation conducts extensive testing of
their vehicles. One such test, developed by their engineers, is
a'fuel economy test simulating a drive through a central business
district (CBD) of a city. The fuel economy test is performed
on a test track, and incorporates a stylized driving schedule. The
test evaluates the fuel economy of the vehicle under steady-state
warmed-up conditions.

The driving schedule was analyzed by computer simulation of
the maneuvers, and parameters were evaluated. The schedule has
an average speed of 16.1 MPH, and reaches a maximum speed of 30.0
MPH. It is 2.0 miles long, has an elapsed time of 452 seconds;
and contains 4 idles -and 8 stops. The schedule incorporates 3.9
stops per mile. The percent time and distance modes are shown in
Table A-6.

TABLE A-6 PERCENT TIME AND DISTANCE OF INDIVIDUAL MODES FOR
THE GM CENTRAL BUSINESS DISTRICT DRIVING SCHEDULE

Idle Cruise Acceleration Deceleration
% Time 13.3 63.8 - 10.6 12.3
* Distance 81.5 8.5 10.0

The cruise mode accounts for greater than 60 percent of the
time and greater than 80% of the distance traveled. The speeds
of the cruises arec 15 MPH, 20 MPH, 25 MPH, and 30 MPH. There are
three cruisces performed at each of the respective speeds. The
acceleration mode has twelve accelerations; six at a rate of § ft/
socz and six at a rate of 8 ft/sccz. There are 12 decelerations;
cight decelerations occuring at a rate of -6.0 ft/sec2 and four
2. The idle mode uses 13.3%
of the schedule's time. There are four 15-second idle periods.

decelerations at a rate of -5.0 {t/sec
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A.3.2 Discussion

The instructions to the GM driving schedule are clear, and
the test driver should not find any difficulty in performing the
necessary maneuvers. A problem area that might arise with some
test vehicles is the 8 ft/sec2 acceleration rate. This accelera-
tion rate may be beyond the capability of certain vehicles.

Another point of interest is that this driving schedule was
the main source reference used for the development of the SAE urban
driving schedule. They are similar, as noted by the values of

their respective parameters and their accompanying plots.

A.3.3 General Motors Central Business District Driving Schedule
Tnstructions .

Instructions for fhe General Motors Central Business District
Driving Schedule are listed in Table A-7, and corresponding pro-
files are shown in Figures A-16 through A-22.

TABLE A-7 GENERAL MOTORS CENTRAL BUSINESS DISTRICT
DRIVING SCHEDULE INSTRUCTIONS

Distance

Miles (km) Operation

0.0 (0.0) Start fuel meter, idle 15 sec., accel. to 15 MPH
(24.1) at 5 fps® (1.52) '

0.2 (0.32) Stop at 6 fps2 (1.83), accel. to 15 MPH (24.1)
at 5 £ps? (1.52) '

0.3 (0.48) Decel. to 5 MPH (8.0) at S fps2 (1.42), accel. to
15 MPH (24.1) at 5 £ps® (1.52)

0.5 (0.80) Stop at 6 fps’ (1.83), idle 15 sec., accel. to
20 MPH (32.2) at 8 £ps’ (2.44)

0.7 (1.13) Stop at 6 fps2 (1.83), accel. to 20 MPH (32.2) at
8 fps’ (2.44)

0.8 (1.29) Decel. to 10 MPH (16.1) at 5 fps2 (1.52), accel.
to 20 MPH (32.2) at 5 fps® (1.52)
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TABLE A-7

GENERAL MOTORS CENTRAL BUSINESS DISTRICT DRIVING
SCHEDULE INSTRUCTIONS (CONTINUED)

Distance

Miles (km) Operation

1.0 (1.61) Stop at 6 fps2 (1.83), idle 15 sec., accel. to
25 MPH (40.2) at 8 fps® (2.44)

1.2 (1.93) Stop at 6 £ps'(1.83), accel. to 25 MPH (40.2)
at 8 £ps? (2.44)

1.3 (2.09) Decel. to 15 MPH (24.1) at 5 fps® (1.52), accel.
to 25 MPH (40.2) at 5 fps? (1.52)

‘1.5 (2.41) Stop at 6 fps2 (1.83), idle 15 sec., accel. to
30 MPH (48.3) at 8 fps® (2.44)

1.7 (2.74) Stop at 6 fps2 (1.83), accel. to 30 MPH (48.3)
at 8 fps® (2.44) '

1.8 (2.90) Decel. to 20 MPH (32.2) 'at 5 fps? (1.52), accel.
to 30 MPH (48.3) at 5 fps? (1.52)

2.0 (3.22) Stop at fps2 (1.83) and stop fuel meter, record
fuel consumed, elapsed time and fuel temperature

0.0 (0.0)' Run recheck cycle
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A.4 FORD CITY ECONOMY DRIVING SCHEDULE

A.4.1 Description

Ford Motor Company has developed test procedures descriptive
of city-type driving. This procedure describes a method for ob-
taining fuel economy data on passenger cars under, cond1t1ons wh1ch
are typical of congested metropolitan areas. The test is con-
ducted on a hard surface road without significant gradient and
where traffic will not interfere with the speed, accélerations,
or stops—-preferably a test track. The test procedure utilizes a
stylized driving schedule for evaluating vehicle fuel economy
after the vehicle is fully warmed up.

Analysis of the driving schedule gave the following results.
The schedule has an average speed of 16.3 MPH. There are 20 stops
in the 3.6 mile route, with an average of 5.5 stops per mile. The
The maximum speed attained is 30.0 MPH. The elapsed time is
798.8 seconds, and contains 6 idle periods, each of 25 seconds

duration. The percent time and distance modes are shown in Table
A-8.

TABLE A-8 PERCENT TIME AND DISTANCE OF INDIVIDUAL MODES
FOR THE FORD CITY ECONOMY DRIVING SCHEDULE

Idle’ Cruise Acceleration _ Deceleration
$ Time 18.8 50.1 18.8 ; 12.3
% Distance 76.3 13.7 10.0

The cruise mode utilizes greater than 50% of the schedule's
time and greater than 75% of the distance traveled. There are a
total of 20 cruises: 4 cruises performed at a speed of 6.99 MPH,*
8 cruises at 25 MPH, and eight cruises at 30 MPH. The

*The 6.99 MPH cruise is an assumed value necessary to analyze
the schedule.
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acceleration mode uses slightly greater than 18% and 13% of the
schedule's time and distance, respectively. The schedule contains
36 accelerations: 4 at a rate of +0.99 ft/secz,** 16 accelera-

2 rate, and 16 at a +7 ft/sec? acceleration

tions at a +5 ft/sec
rate. The deceleration mode, accounting for about 10% of the sche-
dule's time and its distance has only one deceleration rate, -7 ft/
sec®. There is a total of 20 decelerations performed during this

schedule.

A.4.2 Discussion

The instructions to this schedule were unclear, lacking de-
tail, and containing ambiguity. One such example 1nvolves the U-
turn maneuvers. No acceleration rate was given: the only instruc-
tion was that the turn was to be completed in 25 seconds. There
is difficulty in interpreting whether the mileage accumulated dur-
ing the turn was 0.05 miles, or some fraction thereof.

Since the schedule had the time limitation requirement of
820-826 seéonds, it was impossible to meet the 25 second elapsed
time requirement during the U-turn maneuver. The assumed acceler-
ation rdte during this segment of the maneuver was +0.99 ft/secz,
with a maximum assumed speed of 6.99 MPH. The simulation then

- assumed a cruise at 6.99 MPH to the location where brake applica-
tion was initiated. The instructions then regained clarity. The
vehicle was to stop at the 0.05 mile marker at a rate of -7 ft/secz,

thus cbmpleting the maneuver.

Another difficulty found was in the presentation of informa-
tion. The instructions do not allow for continuous information
flow. The vehicle is to come to rest at the mileage marker. How-
ever, the instructions to perform this maneuver were not included
in the previous statement. The driver on an actual test would not
know to stop the vehicle at a particular marker until he reads the
instructions for that marker. Performing in this fashion, he
would reach the marker at a certain speed, read the next instruc-
tion to be performed between this new marker and the proceeding

**The acceleration rate of 0.99 ft/sec2 is an assumed value neces-
sary to analyze the schedule.
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one, and find out that he should be at a stop. This could become
a source of error.

The nonvarying deceleration rate incorporated within this
driving schedule is a limitation. Whether this is a good approxi-
mation of typical urban driving or whether it significantly affects
fuel economy measurements has not been ascertained.

A unique feature of this schedule is the U-turn. Since no
field data are yet available, it is impossible to predict the
effect this maneuver has on fuel consumption. Future investiga-
tions into this area may prove to be fruitful. |

A.4.3 Ford City Economy Driving Schedule Instructions

Instructions for the Ford City Economy Driving Schedule are
listed in Table A-9, and corresponding profiles are shown in
Figures A-23 through A-29.

TABLE A-9 FORD CITY ECONOMY DRIVING SCHEDULE INSTRUCTIONS

Step | Miles Operation

(a) Warm up vehicle by operating 1.80 miles in
accordance with the route in steps (b) through
(k). Do not use fuel burette during warm-up.

(b) .00 Start a U-turn from the first marker. Simultan-
eously start fuel burette and stop watch. Com-
plete turn in 25 seconds.

(c) .05 Stop at second marker at 7 ft/sec/sec. Acceler-
ate from 0 to 15 MPH at 7 ft/sec/sec; continue
accelerating to 30 MPH at 5 ft/sec/sec. Proceed
to third marker at 30 MPH. ‘

(d) .31 Stop at third marker at 7 ft/sec/sec. Idle engine
for 25 seconds. Accelerate from 0 to 15 MPH at
7 ft/sec/sec; continue accelerating to 30 MPH at
5 ft/sec/sec. Proceed to fourth marker at 30 MPH.
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TABLE A-9 FORD CITY ECONOMY DRIVING SCHEDULE

INSTRUCTIONS (CONTINUED)

Step

Miles

Operation

(e)

(£)

(g)

(h)

(1)

(j)

(k)

(1)

‘49

.68

.90

.95

1.80

Stop at fourth marker at 7 ft/sec/sec. Acceler-
ate from 0 to 15 MPH at 7 ft/sec/sec; continue
accelerating to 30 MPH at S ft/sec/sec. Proceed
to fifth marker at 30 MPH.

Stop at fifth marker at 7 ft/sec/sec. 1Idle engine
for 25 seconds. Accelerate from 0 to 15 MPH at

7 ft/sec/sec; continue accelerating to 30 MPH at

5 ft/sec/sec. Proceed to sixth marker at 30 MPH.

Stop at sixth marker at 7 ft/sec/sec. Make a
U-turn (opposite directions to first turn);
elapsed time to turn, 25 seconds.

Stop at seventh marker at 7 ft/sec/sec. Acceler-
ate from 0 to 15 MPH at 7 ft/sec/sec; continue
accelerating to 30 MPH at 5 ft/sec/sec. Proceed
to eighth marker at 30 MPH.

Stop at eighth marker at 7 ft/sec/sec. Acceler-
ate from 0 to 15 MPH at 7 ft/sec/sec; continue
accelerating to 30 MPH at 5 ft/sec/sec. Proceed
to ninth marker at 30 MPH.

Stop at ninth marker at 7 ft/sec/sec. Idle for

25 seconds. Accelerate from 0 to 15 MPH at 7 ff/
sec/sec; continue accelerating to 30 MPH at 5 ft/
sec/sec. Proceed to tenth marker at 30 MPH.

Stop at tenth marker at 7 ft/sec/sec. Accelerate
from 0 to 15 MPH at 7 ft/sec/sec; continue accel-

erating to 30 MPH at 5 ft/sec/sec. Proceed to

11th marker at 30 MPH.

Stop at 11th marker at 7 ft/sec/sec. Make a U-
turn (same as first turn); elapsed. time for turn,
25 seconds.
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TABLE A-9 FORD CITY ECONOMY DRIVING SCHEDULE

INSTRUCTIONS (CONTINUED)

Step

Miles

Operation

(m)

(n)

(o)

(p)

(q)

(r)

(s)

(t)

1.85

Stop at 12th marker at 7 ft/sec/sec. Accelerate
from 0 to 15 MPH at 7 ft/sec/sec; continue accecl-
erating to 25 MPH at 5 ft/sec/sec. Proceed to
13th marker at 25 MPH. '

Stop at 13th marker at 7 ft/sec/sec. Idle for
25 seconds. Accelerate from 0 to 15 MPH at 7
ft/sec/sec; continue accelerating to 25 MPH at
5 ft/sec/sec. Proceed to 14th marker.

Stop at 14th marker 7 ft/sec/sec. Accelerate from
0 to 15 MPH at 7 ft/sec/sec; continue accelerating
to 25 MPH at 5 ft/sec/sec.

Stop at 15th marker at 7 ft/sec/sec. Idle for
25 seconds. Accelerate from 0 to 15 MPH at 7
ft/sec/sec; continue accelerating to 25 MPH at

5 ft/sec/sec. Proceed to 16th marker at 25 MPH.

Stop at 16th marker at 7 ft/sec/sec. Make a
U-turn (opposite to first turn); elapsed time for
turn, 25 seconds.

Stop at 17th marker at 7 ft/sec/sec. Accelerate
from 0 to 15 MPH at 7 ft/sec/sec; continue accel-
erating to 25 MPH at § ft/sec/sec. Proceed to
18th marker at 25 MPH.

Stop at 18th marker at 7 ft/sec/sec. Accelerate
from 0 to 15 MPH at 7 ft/sec/sec; continue accel?
erating to 25 MPH at 5 ft/sec/sec. Proceed to
19th marker at 25 MPH. '

Stop at 19th marker at 7 ft/sec/sec. Idle engine
for 25 seconds. Accelerate from 0 to 15 MPH at
7 ft/sec/sec; continue accelerating to 25 MPH at
5 ft/sec/sec. Proceed to 20th marker at 25 MPH.
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TABLE A-9 FORD CITY ECONOMY DRIVING SCHEDULE

INSTRUCTIONS (CONTINUED)

Operation

Step | Miles
(u) 3.34
(v) 3.60
(w)

Stop at 20th marker at 7 ft/sec/sec. Accelerate
from 0 to 15 MPH at 7 ft/sec/sec; continue accel-
erating to 25 MPH at 5 ft/sec/sec. Proceed to
21st marker at 25 MPH.

Stop at 21st marker at 7 ft/sec/sec. Shut off
fuel burette and stop watch, and record elapsed
time, fuel consumed, and operating temperature.

Immediately repeat above steps from (b) through
(v).

Source: Reference 21.
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A.5 CHRYSLER URBAN/HOT START DRIVING SCHEDULE

A.5.1 Description

Chrysler Corporation performs a number of tests on their
production vehicles, one of which determines fuel economy. This
stylized driving schedule, which simulates city traffic conditions,
is driven on a test track. The test procedure allows fuel economy
measurements for cold-starting as well as hot-starting vehicles;
however, the driving schedule remains unchanged.

The results from an analysis of the driving schedule show
an average speed of 16.2 MPH and a maximum speed of 35 MPH. The
route is 4.6 miles long. and takes 1027 seconds to complete. The
schedule incorporates 24 7-second idle periods and 24 stops, with
an average of 5.2 stops per mile. The percent time and distance
modes are shown in Table A-10.

TABLE A-10 PERCENT TIME AND DISTANCE OF INDIVIDUAL MODES FOR
THE CHRYSLER URBAN/HOT START DRIVING SCHEDULE

Idle Cruise Acceleration - Deceleration
% Time 16.4 34.8 30.5 ) 18.3
% Distance 59.3 25.5 - 15.3

i

As is shown in Table A-10 greater than 30% of the elapsed
time and greater than 55% of the total distance traveled is in the
cruise mode. There are 24 cruise maneuvers performed during this
schedule; 22 cruises at 26 MPH and two cruises at 35 MPH. The

acceleration mode has one acceleration rate, +3 ft/secz.

This is
performed 24 times and accounts for slightly greater than 30% and
25% of the schedule's time and distance, respectively. The de-
celeration mode also has only one rate, -5 ft/secz. This maneuver
is performed 24 times and and accounts for 18.3% of the schedule's

time and 15.3% of the schedule's distance.
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A.5.2 Discussion

The instructions to this schedule are clear, except for the
points where the deceleration maneuvers are initiated. The loca-
tion where braking is first applied should either be computed before-
hand, or clearly marked on the test track as a driver aid.

Certain maneuvers are repeated 21 times. Unless a check-

list is employed by test personnel, the repetition may become a
source of error.

Since the schedule has nonvarying acceleration and decelera-
tion rates, use of it as a simulation of typical urban driving
conditions is questioned. Also, two cruise speeds are utilized dur-
ing the schedule, 26 and 35 MPH; whether this fact is important to
fuel economy measurement is undetermined at this time.

A.5.3 Chrysler Urban/Hot Start Driving Schedule Instructions

Instructions for the Chrysler Urban/Hot Start Driving Sche-
dule”” are indicated in Table A-11, and corresponding profiles are
shown in Figures A-30 through A-36.

22

TABLE A-11 CHRYSLER URBAN/HOT START DRIVING SCHEDULE
INSTRUCTIONS

Step | Operation

a. Accelerate at 3 ft/sec/sec. to 26 MPH.

b. Upoﬁ attaining 26 MPH, continue at road load (at that speed).
Limit distance traveled (from start of acceleration to stop)
to about 0.17 mile. Begin stopping at the paint stripe on
track, and brake car at a deceleration rate of 5 ft/sec/sec.

c. Idle engine normally for 7 seconds (in gear).

d. Accelerate at 3 ft/sec/sec. to 35 MPH.
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TABLE A-11 CHRYSLER URBAN/HOT START DRIVING SCHEDULE
INSTRUCTIONS (CONTINUED)

Step Operation

e. Upon attaining 35 MPH, continue at road load (at that speed).
Limit distance traveled (from start of acceleration to stop)
to about 0.46 mile. Begin stopping at paint stripe on the
track, and brake car at a deceleration rate of 5 ft/sec/sec.

f. Idle engine normally for 7 seconds (in gear).

g. Repeat steps 1-3 21 more times limiting distance
traveled (from start of acceleration to stop) to .17 mile.

h. Complete one lap by repeating steps 4-6llimiting distance

traveled (from start of acceleration to stop) tq'.42 miles.

- Laps should end at Pritchard Road. There will be a total

of 24 stops per lap with the second and last ones being from
35 MPH, andall others from 26 MPH. '

Source: Reference 22.
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A.6 AMERICAN MOTORS CORPORATION CITY DRIVING SCHEDULE

A.6.1 Description

American Motors Corporation conducts numerous tests on their
vehicles. One such test, which simulates a city traffic route, is
used as a method for obtaining vehicle fuel economy. The test,
which is conducted on a track, measures the fuel economy of the
vehicle when it is thoroughly warmed up. The driving schedule
is a stylized version of urban driving conditions.

The results obtained from the computer simulation indicated
that the driving schedule has an average speed of 16.4 MPH. and
a maximum speed of 35 MPH. The 4.6 mile route requires 1019
seconds to complete. The schedule also incorporates 23 7-second
idle periods and 24 stops, giving a figure of 5.2 stops per mile
The percent time and distance modes are shown in Table A-12,

TABLE A-12 PERCENT TIME AND DISTANCE OF INDIVIDUAL MODES FOR THE
AMC CITY DRIVING SCHEDULE ’

Idle Cruise Acceleration Deceleration
% Time 15.8 34,2 31.2 18.7
% Distance 58.1 26.2 15.7

The schedule has 24 cruises accounting for approximately
34% of the time and 58% of the distance. There are 21
. Crusises at 26.0 MPH and three at 35 MPH. The acceleration mode
has only one rate, +3 ft/secz. There are 24 times when this
mode is used, accounting for approximately 31% of the schedule's
time and about 26% of its distance. The deceleration mode
accounts for nearly 19% and 16% of the schedule's time and
distance, fespectively. There is only 1 rate of deceleration,
-5 ft/secz, and it is used 24 times throughout the schedule.
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A.6.2 Discussion

The major criticism of the schedule is the lack of contin-
uous information flow. The instructions for deceleration to a
stop are given in the statement where the vehicle is to have
stopped. If the statement preceeded the marker location
where the stop is to be performed, the probability for error would
be reduced. Also, the location for application of the braking
maneuver is not given and must be either computed beforehand
or marked on the test track as a driver aid.

The schedule also lacks variable acceleration and deceleration
rates, and is limited to two cruise speeds. Additional data are
required to understand the significance of these factors on
fuel economy. '

This schedule is based upon the Chrysler Urban/Hot Start
Driving Schedule. They both contain many similarities, as
noted by the analysis of their respective parameters and their
accompanying plots.

A.6.3 American Motors Corporation City Driving Schedule
Instructions

Instructions for the American Motors Corporation City
pDriving Schedule are indicated in Table A-13, and corresponding
profiles are shown in Figure A-37 through A-43.

TABLE A-13 AMC CITY DRIVING SCHEDULE INSTRUCTIONS

Distance
Miles (ft.) Operation
0.0 (00.0) Start fuel meter and stopwatch, accelerate to
26 MPH at 3 fpsz.
.17 (898) Stop at 5 fps idle 7 seconds (in gear), then
accelerate to 26 MPH at 3 fps
.34 (1795.2) Stop at 5 fps2 idle 7 seconds (in gear), then
accelerate to 26 MPH at 3 fps
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TABLE A-13 AMC CITY DRIVING SCHEDULE INSTRUCTIONS (CONTINUED)

Distance

Mile (ft.)

Operation

1

1

1

1

1

.51 (2692.8)
.68 (3590)
85 (4488)

.02 (5386)

.19 (6283)
.36 (7181)
.53 (8078)

.97 (10,402)

(1 1ap)

2

2

2.

2

2.

.15 (11,326)
.32 (1z,250)
.66

(14,045)

83 (14,942)

49 (13,147)

Stop at § fpsz, idle
accelerate to 26 MPH
Stop at 5 fpsz, idle
accelerate to 26 MPH

~Stop at 5 fpsz, idle

accelerate to 26 MPH
Stop at § fpsz, idle
accelerate to 26 MPH

Stop at 5 fpsz, idle
accelerate to 26 MPH

Stop at 5 fpsz, idle

accelerate to 26 MPH

Stop at 5 fpsz, idle
accelerate to 35 MPH

Stop at 5 fpsz, idle
accelerate to 35 MPH

Stop at § fpsz, idle
accelerate to 26 MPH

Stop at 5 fps’, idle

accelerate to 26 MPH

Stop at 5 fpsz, idle

accelerate to 26 MPH
Stop.at 5 fpsz, idle
accelerate to 26 MPH
Stop at 5 fpsz, idle
accelerate to 26 MPH

7 seconds (in gear),

at 3 fpsz.

7 seconds (in-gear),
at 3 fpsz.

7 seconds (in gear),

at 3 fpsz.

7 secinds (in gear),
at 3 fpsz.
7 seconds (in gear),
at 3 fpsz.

7 seconds (in gear),

at 3 fpsz.

7 seconds (in gear),

at 3 fpsz.

7 seconds (in gear),
at 3 fpsz.
7 seconds (in gear),
at 3 fpsz.
7 seconds (in gear),
at 3 fpsz.

7 seconds (in gear),

at 3 fpsz.

7 seconds (in gear),
at 3 fpsz.

7 seconds (in gear),
at 3 fpsz..

then

then

then

then

then

then

then

then

then

then

then

then

then
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TABLE A-13 AMC CITY DRIVING SCHEDULE INSTRUCTIONS (CONTINUED) -

Distance
Miles (ft.)

‘Operation

3.0 (15,840)
3.17 (16,738)
3.34 (17, 635)
3.51 (18,533)
3.95 (20,856)
( 2 laps)

4,12 (21, 754)
4.29 (22,651)

4.46 (23,549)

4.63 (24,446)

Stop at 5 fpsz, idle

accelerate to 26 MPH

Stop at § fpsz, idle
accelerate to 26 MPH

Stop at § fpsz, idle
accelerate to 26 MPH

Stop at 5 fpsz, idle
accelerate to 35 MPH

Stop at 5 fps?, idle
accelerate to 26 MPH

Stop at 5 fpsz, idle
accelerate to 26 MPH

Stop at 5 fpsz, idle

accelerate to 26 MPH
Stop at 5 fpsz, idle
accelerate to 26 MPH
Stop at 5 fpsz, stop
consumed and elapsed

7 seconds (in

at 3 fps

7 seconds (in
at 3 fps2

7 seconds (in

at 3 fps

7 seconds (in

at 3 fps

7 seconds (in

at 3 fps

7 seconds (in

at 3 fps

7 seconds (in

at 3 fps

2

2

7 seconds (in
at 3 fps2

2

2

2

2

gear), then
gear), then
gear), then
gear), then
gear), then
gear), then
gear), then

gear), then

fuel meter, record fuel .

time.

Source: Reference 22.
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A-7 CALIFORNIA RESOURCES BOARD (ARB) 7 MODE DRIVING SCHEDULE

A.7.1 Description

The California Air Resources Board (ARB) 7 mode driving
schedule originated from a 1956-1957 AMA-California traffic

surveyl823:24,

The traffic survey was initiated to identify
how vehicles were driven (i.e., the vehicle driving patterns) in
the region within a 12-mile radius of downtown Los Angles. The
survey results indicated an average trip length of 7 miles,
requiring 20.3 minutes to complete. In addition, the average
route speed was determined to be 21 MPH. The survey also
identified the 11 most important operating modes for

determining compliance to exhaust standards and the percent time
in each mode.

Complimenting this study was a field survey. This survey deter-
mined the amount of exhaust gas generated in each of the operating
modes established by the traffic survey. In addition, the field
survey determined the baseline emission measurements on vehicles
in service.

The results reported were the calculated composite average
emissions. The contributions from all modes were added to give
the final number, and the contribution from each mode equal to
the measured concentration multiplied by a correction factor.
The resultant quantity of emissions was then multiplied by a weighting
factor representative of the percent of exhaust gas generated in '
that mode during normal driving. The correction factor related
the unburned hydrocarbons or carbon monoxide concentration to the
carbon concentration in the exhaust gases. At a fixed flow rate,
the concentration of emissions represents quantity of emissions
per unit time, the total carbon represents rate of fuel use per
unit time.

In February 1964, the 11-mode schedule was simplified to
the present 7-mode schedule in order to establish a test schedule
with more normal vehicle average speed to provide for more normal
thermal loading on exhaust treating system.
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The 7-mode schedule is used for emission measurements.
It is a stylized driving schedule, and can be performed on a test
track or dynamometer. It also measures the emissions of a
vehicle when it is either in a cold-start or hot start condition.
The schedule has an average speed of 21.2 MPH. and a maximum
speed of 50.0 MPH, It is .81 miles long * and has an elapsed
time of 137 seconds. It incorporates one 20-second idle and
one stop, giving a stops per mile figure of 1.2Z. The percent
time and distance modes are shown in Table A-14. '

TABLE A-14 PERCENT TIME AND DISTANCE OF INDIVIDUAL MODES FOR
THE CALIFORNIA ARB 7-MODE DRIVING SCHEDULE

Idle Cruise Acceleration Deceleration
$ Time 14.6 22.3 31.1 32.1
$ Distance 23.6 39.5 36.9

The schedule has two cruises; one at 15 MPH and one at 30
MPH, accounting for slightly greater than 20% of the schedule's
time and distance. Slightly greater than 30% of the schedule's
time and almost 40% of the distance travled is performed in the
acceleration mode. There is a total of two accelerations, one at
3.23 ft/sec2 and one at 1.76 ft/secz. The deceleration mode
accounts for 32.3% of the time and 37% of the distance traveled

throughout the schedule. The schedule has two deceleration

2 2

maneuvers; one at a rate of -2.05 ft/sec and one at -2.20 ft/sec”.

A.7.2 Discussion

The California ARB 7-Mode driving schedule was developed to
evaluate auto emissions, not vehicle fuel economy. It has re-
ceived general acceptance as a driving schedule, and was utilized

%#There is a discrepancy with this figure. The computer simulation
gave .81 miles distance, but the ARB gives a value-of .86 miles
distance.
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.in the development of the Environmental Protection Agency's Federal
Test Procedure driving schedule (see Section A.1).

The information is easily interpreted and should not be a
source for any errors. One main problem that could be a source
of error is the brevity of the schedule. The schedule distance is
so short that even small deviations from the schedule's maneuvers
may result in large errors. Modification of the schedule to extend
the distance traveled and the cumulative time would help alleviate
this problem.

A.7.3 California ARB 7-Mode Driving Schedule Instructions

Instructions for the California ARB 7-Mode Driving Schedule are
indicated in Table A-15, and corresponding profiles are shown in
Figures A-44 through A-50.

TABLE A-15 CALIFORNIA ARB 7-MODE DRIVING SCHEDULE INSTRUCTIONS

Cumulative
Sequence Mode Acceleration Elapsed Time Time
No. . MPH MPH in Secs. Seconds Seconds
1. Idle - 20 20
2 0 to 30 2.2 14 34
3 30 - ; 15 49
4 30 to 15 -1.4 11 60
5 15 - 15 75
6 15 to 50 1.2 29 104
7 50 to O -1.5 33 137
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APPENDIX B
SUBURBAN DRIVING SCHEDULES

A suburban driving schedule attempts to approximate those
conditions that would be encountered while driving through a
suburban area. The difficulty arises from the fact that no clear
defiﬁition of "suburban' exists. Hence, the driving schedules
classified as suburban schedules are actually intermediate schedules
betwcen the low speed urban driving schedules and the high speed
highway/interstate driving schedules.

Some generalizations have been made. The suburban
driving schedule incorporates some stops and some -idling
periods as indicated in Table B-1. The schedule has low
to moderate speeds, and usually incorporates a segment
of highway type driving. The maximum speed attained during
the schedule is usually high (around 60 MPH).

The suburban driving schedule can be either continuous
sﬁccd-time trace or a stylized schedule. However, all the schedules
analyzed within this section are stylized driving schedules. Those
analyzed include the following:

1) SAE Suburban Driving Schedule - J-1082
2) TFord Suburban Driving Schedule

3) AMC Suburban Driving Schedule

4) General Motors Suburban Driving Schedule

The seven characteristic plots of each schedule are included.
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B.1 SOCIETY OF AUTOMOTIVE ENGINEERS SUBURBAN DRIVING SCHEDULEL -
J-1082 '

B.1.1 Description

The SAE Economy Task Force developed fuel economy test
procedures from conditions other than urban driving. One test
procedure simulates suburban driving. This procedure
utilizes a stylized driving schedule with the test conducted on a
test track. The vehicle's fuel economy is determined after it
attains a steady-state warmed-up operating condition. This is to
reduce the number of variables associated with cold start tests.
The purpose for the development of this schedule, as with their
other schedules, was to standardize a test procedure for measuring
fuel economy of vehicles operating under conditions typical of
suburban driving.

The results of the computer simulation showed an average
.speed of 41.2 MPH, and a maximum speed of 60.0 MPH. The route is
5.2 miles long, taking 455 seconds to complete. The schedule
incorporates two idle periods and two stops, and therefore has
0.38 stops per mile. The percent time and distance modes are shown
~in Table B-2.

TABLE B-2 PERCENT TIME AND DISTANCE OF INDIVIDUAL MODES FOR THE
SAE SUBURBAN DRIVING SCHEDULE J1082

Idle _ Cruise Acceleration Deceleration
% Time 3.1 75.2 11.3 10.5
% Distance| - 83.2 9.3 7.5




As shown in Table B-2, more than 75% of the time and 80%"
of the distance is spent in the cruise mode. There is a total.
of five cruise maneuvers: two at 40 MPH, two. at 50 MPH, and one
at 60 MPH. The acceleration mode accounts for approximately
10% of the schedule's time and distance traveled, respectively.
There are five accelerations at a rate of +3.0-ft/sec2; two
accelerations at a rate of +5.0 ft/secz, and two accelerations at
+7.0 ft/sec2 rate. The deceleration mode also accounts for approxi-
mately 10% of the schedule's time and distance traveled. There
are three decleration maneuvers performed during the schedule,
each at a rate of -4 ft/secz. The remaining 3% of the schedule's

time is spent in the idle mode.

B.1.2 Discussion

The driving cycle is clear, and the test driver should have
no difficulty in following'it on the test track. The computer
simulation, however, does deviate on some values from statistics
published by the SAE. The SAE evaluation gives a 41.9 MPH average
speed with a running time of 447 seconds. The difference between
the two evaluations is 1.6% on the running time and 1.7% on the
average speed. '

The deceleration mode lacks variability, having only one rate
of deceleration. As stated by the SAE Task Force further'analysis
is needed to compare the sensitivity of vehicle fuel economy to
nonuniform deceleration rates. Also it must be determined,
through further investigation, if the average route speed is toc
high to be representative of suburban driving.

B.1.3 SAE Suburban Driving Schedule Instructions (19)

The instructions for the SAE Suburban Driving Schedule are
listed in Table B-3, and the corresponding profiles are shown in
Figures B-1 through B-3.



TABLE B-3 SAE SUBURBAN DRIVING SCHEDULE INSTRUCTIONS J1082

Distance

Miles (km) Operation

0.0 (0.0) Approach starting line at 40 MPH (64.4 km/h). At
line, start fuel measuring and timing devices, acceler
ate to 60 MPH (96.5 km/h) at 3 ft/s2 (0.9 m/sz).
Proceed at 60 MPH (96.5 km/h) to the 0.7 mile
(1.13 km) marker.

0.7 (1.13) Decelerate to 30 MPH (48.3 km/h) at 4 ft/s? (1.2

m/sz). Accelerate to 50 MPH (80.5 km/h) at 3 ft/s2
(0.9 m/sz). Proceed at 50 MPH (80.5 km/h) to the
2.0 mile (3.22 km) marker.

2,00 (3.22) Stop at 4 ft/s2 (1.2 m/sz), idle 7 seconds, acceler-
ate to 15 MPH (24.1 km/h) at 7 ft/sZ (2.1 m/sz).
Continue accelerating to 25 MPH (40.2 km/h) at

5 ft/s2 (1.5 m/sz). Continue accelerating to 40
MPH (64.4 km/h) at 3 ft/s2 (0.9 m/sz). Proceed at
40 MPH (64.4 km/h) to the 2.6 mile (4.18 km) marker.

2.60 (4.18) | Accelerate to 50 MPH (80.5 km/h) at 3 ft/s® (0.9
m/sz). Proceed at 50 MPH (80.5 km/h) to the 3.3
(5.31 km) marker. '

3.30 (5.31) Stop at 4ft/s2 (1.2 m/sz), idle 7 seconds, acceler-
ate to 15 MPH (24.1 km/h) at 7 ft/s® (2.1 m/s?).
Continue accelerating to 25 MPH (40.2 km/h) at

5 ft/s2 (1.5 m/sz). Continue accelerating to 40

MPH (64.4 km/h) at 3 ft/s2 (0.9 m/sz). Proceed at

40 MPH (64.4 km/h) to the 5.2 mile (8.37 km).

Record fuel consumed, elapsed time, and fuel tempecra-
ture.

0.0 (0.0) Run recheck cycle.

Source: Reference 19.
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B.2 FORD SUBURBAN ECONOMY DRIVING SCHEDULE

B.2.1 Description

The Ford Motor Company also determines vehicle fuel cconomy
under conditions of suburban driving. The test is conducted on a
test track and utilizes a stylized driving schedule. The
vehicle is to be in a warmed-up, operating condition.

During the test the vehicle travels a distance of 5.2 miles
in 438 seconds at an average speed of 42.7 MPH. The schedule
incorporates two idle periods and two stops, giving an average
figure of 0.38 stops per mile. Table B-4 shows the mode breakdown’
with respect to time and distance traveled. |

TABLE B-4 PERCENT TIME AND DISTANCE OF INDIVIDUAL MODES FOR THE
FORD SUBURBAN ECONOMY DRIVING SCHEDULE

Idle Cruise Acceleration Deceleration
% Time 1.4 81.6 11.7 ; 5.4
° Distance - 86.6 9.3 4.1

The cruise mode accounts for the majority of the schedule's
time and distance, 81.6% and 86.6% repectively. The five cruise
maneuvers incorporated within the schedule are further subdivided
into: twe cruises at 40 MPH, two cruises at 50 MPH, and one cruise
at 60 MPH. The acceleration mode has five accelerations performed
at a +3.0 ft/sec2 rate, two accelerations at +5.0 ft/secz, and two
accelerations at a rate of +7.0 ft/secz, totaling nine acceleration
mancuvers. Theée accelerations use 11.7% of the schedule's time
and 9.3% of its distance. The idle periods make up 1.4% of the
time. The remaining time and distance are used in the deceleration
mode (5.4% of the time and 4.1% of the distance). The one decelera-

tion maneuver occurs at a rate of -5 ft/secz, and two deceleration

maneuvers occur at a rate of -10 ft/secz.
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B.2.2 Discussion

The presentation of the instructions for this driving
schedule could be a source of probable error. The instructions
. for a decceleration and stop maneuvers arc given in the section where
the vehicle should already be stopped. The instruction should
be given in the preceeding step to enhance continuous information
flow. Also the location where this maneuver is to begin is not
giveh and should be indicated by either a driver aid such as a
‘location marker or computation beforehand, so that the test can be
 performed. accurately.

Comparison of parameters between the computer simulation and
Ford show good agreement for the running time. Ford's requirement
that the schedule run between 441 and 445 seconds (computer
simulation ran 438 seconds) could not be reproduced.

Another point of interest is that this schedule was the prin-
cipal reference for the development of the SAE urban drive schedule.
They both contain many similarities, as noted by analysis of their
respective parameters and their accompanying plots.

B.2.3 Ford Suburban Economy Driving Schedule Instructions (21)

Instructions for the Ford Suburban Economy Driving Schedule
are indicated in Table B-5, and corresponding profiles are
“shown in Figures B-8 through B-14.

TABLE B-5 FORD SUBURBAN ECONOMY DRIVING SCHEDULE INSTRUCTIONS

Miles Operation

(a) Warm up vehicle by operating a distance of ap-
proximately 10 miles at 60 MPH; include 2 brake
stops at 10 ft/sec/sec during the last 5 miles.
Approach starting (first) marker at 40 MPH.

(b) .00 | Start burette and stop watch when passing the
starting marker. Accelerate from 40 to 60 MPH
at 3 ft/sec/sec. '
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TABLE B-5

FORD SUBURBAN ECONOMY SCHEDULE INSTRUCTIONS (CONTINUED)

Miles

Operation

(c)

(d)

(e)

(£)

(g)

(h)

(1)

.70

2.00

2.60

3.30

5.20

At second marker decelerate from 60 to 30 MPH at S ft/
sec/sec and then accelerate from 30 to 50 MPH at 3 ft/
sec/sec. Preceed to third marker at 50 MPH.

Stop at.10 ft/sec/sec at third marker. Idle for 3 sec-
onds. Accelerate from a standing start to 15 MPH at

7 ft/sec/sec; continue accelerating at 5 ft/sec/sec"
from 15 to 25 MPH, and at 3 ft/sec/sec from 25 to

40 MPH.

At fourth marker accelerate from 40 to 50 MPH at 3 ft/
sec/sec. Proceed to next marker at 50 MPH.

Stop at 10 ft/sec/sec at fifth marker. Idle for

3 seconds. Accelerate from a standing start to 15 MPH
at 7 ft/sec/sec; continue accelerating at 5 ft/sec/sec
from 15 to 25 MPH, and at 3 ft/sec/sec from 25 to 40
MPH. Proceed to sixth marker at 40 MPH.

Stop the burette and stopwatch when passing the sixth
marker. Stop and record fuel consumed, elapsed time,

and operating temperature.

Restablize vehicle warmup by operating a distance of
approximately 5 miles at 60 MPH; include 2 brake stops
at 10 ft/sec/sec. Approach starting (first) marker at
40 MPH.

Repeat above steps (b) through (g).

Source:

Reference 21.
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B.3 AMERICAN MOTORS CORPORATION SUBURBAN DRIVING SCHEDULE

B 3.1 Description

Another test procedure employed by the AMC simulates
suburban driving. The test procedure is used as a method for
obtaining vehicle fuel economy. The test is conducted on a test
track with the vehicle following a stylized driving schedule.
The data obtained represent the fuel economy of a vehicle after
it attains a steady-state warmed-up mode of operation.

The results of a computer simulation show that the vehicle
travels at an average speed of 42.4 MPH. The maximum speed
obtained throughout the 5.23 mile long route is 60 MPH. The
overall time required to perform this test is 444 seconds. The
schedule incorporates two idles, three stops, and has a stops
per mile figure of 0.57. Table B-6 shows the mode breakdown
with respect to time and distance.

TABLE B-6 PERCENT TIME AND DISTANCE OF INDIVIDUAL MODES FOR THE
AMC SUBURBAN DRIVING SCHEDULE

Idle Cruise Acceleration Deceleration
% Time 1.4 80.5 11.5 6.6
% Distance - 86.1 9.2 4.7

As shown in Table B-6, greater than 80% of the time and
distance of this schedule is spent in the cruise mode. There are
five cruises performed; two cruises at 40 MPH, two at 50 MPH, and
one at 60 MPH. The acceleration mode accounts for approximately
10% of the schedule's time and distance traveled. There are five
accelerations.at +3.0 ft/secz, two accelerations at +5.0 ft/secz,
and two at a rate of +7.0 ft/secz. There are four decelerations.
One maneuver is performed at -5 ft/secz; - the remaining three
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are performed at -10 ft/secz. The idle mode utilizes alsmall

percentage of the schedule's time, 1.4%.

B.3.2 Discussion

The instructions are simple and clear, leaving the test
driver with more time to concentrate on accurately reproducing
the schedule on the test track. A possible area for further
investigation is the idle periods. There are two within this
schedule, each one of three seconds duration. Whether it
accurately depicts typical suburban driving conditions and its

impact on fuel economy has not been determined.

Another point of interest is that this schedule is similar
to the Ford Suburban Driving Schedule. They both contain many
similarities, as noted by the analysis of their respective
parameters and their accompanying plots. This leads to the
conclusion that the schedules are interrelated; i.e. one is based

upon the other.

B.3.3 American Motors Corporation Suburban Driving Schedule

Instructions (22)

Instructions for the American Motors Corporation Suburban
Driving Schedule are listed in Table B-7, and corresponding
profiles are shown in Figure B-15 through B-21. '



TABLE B-7 AMC SUBURBAN DRIVING SCHEDULE INSTRUCTIONS
(Note: Approach starting point at 40 MPH.)

Distdnce

Miles (ft.) Operation

0.00 (00.0) Start burette and stopwatch when
passing starting point. Accelerate
from 40-60 MPH at 3 fpsz.

0.7 (3696). Decelerate from 60 to 30 MPH at 5 fps2

2.0 (10,560)

2.6 (13,728)
3.3 (17,424)

5.2 (27,456)

than accelerate to 50 MPH at 3 fpsz.
Stop at 10 fpsz, jdle for 3 seconds,
accelerate to 15 MPH at 7 fpsz, then
to 25 MPH at 5 fps’, then to 40 MPH at
2
3 fps .
Accelerate to 50 MPH at 3 fpsz.
Stop at 10 fpsz, jdle 3 seconds,
accelerate to 15 MPH at 7 fpsz, then

to 25 MPH at 5 fps’, then to 40 MPH at
3 fpsz.

Stop at 10 fpsz, stop fuel meter,
record fucl consumed and elapsed time.

Source: Reference 22.
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B.4 GENERAL MOTORS SUBURBAN DRIVING SCHEDULE

B.4.1 Description

General Motors Cofporation determines vehicle fuel economy
associated with suburban driving. The test procedure incorporates
a stylized driving schedule, and is performed on a test track. The
vehicle is operated in a fully warmed-up condifion.

After the vehicle is preconditioned and warmed up, the
driver begins the 3.74 mile test. The vehicle is driven at
an average speed of 23.9 MPH, and attains a maximum speed of
40.0 MPH. The test is completed in 564 seconds, incorporating
three 25-second idle periods within this time frame. The
schedule also contains six stops, and has an average of 1.6 stops
every mile. The percent and distance mode breakdown is given in
‘Table B-8.

TABLE B-8 PERCENT TIME AND DISTANCE OF INDIVIDUAL MODES FOR
THE GM SUBURBAN DRIVING SCHEDULE

Idle Cruise Acceleration '~ Deceleration
% Time 13.3 59.9 10.6 16.2
% Distance - 77.9 8.1 14.1

As is shown in Table B-8 59.9% of the time and about
78% of the distance traveled is spent in the cruise mode. There
are a total of eleven cruise maneuvers performed in this schedule.
The acceleration mode has 11 accelerations, accounting for about
8% of the schedule's distance and about 11% of its time. There are
three acceleration rates of +3.0 ft/secz, one at 8.20 ft/secz*, six
accelerations at +6.0 ft/secz, and one acceleration at a rate of

+8.0 ft/secz.

*This 1s an assumed value for wide-open throttle (WOT).
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The 10 deceleration manuevers account for 16.2% of the schedule's
time and 14.1% of the distance traveled. The rates are as

*
follows: Two decelerations occur at a rate of -0.69 ft/sec2

H
two decelerations at -4.0 ft/secz, and six decelerations at a

rate of -6.9 ft/secz. The idle mode accounts for 13.3% of the time.

B.4.2 Discussion

The instructions are clear and the driver performing this
test should have no difficulty in interpreting the maneuvers.
However, there are two areas that are not rigorously (numerically)
defined. These involve decelerating at closed throttle and
accelerating at wide-open throttle. Although a test driver can
perform these maneuvers, the analyst would not be able to interpret
what values actually occurred during a test. The only alternatives
are either to assume specific values (for a typical vehicle) or
specify for each vehicle a particular value. For the computer
simulation acceleration values of -0.69 ft/sec2 and 8.20 ft/sec2
were assumed for closed throttle and wide-open throttle, respectively.

B.4.3 General Motors Suburban Driving Schedule Instructions (20)

Instructions for the General Motor Suburban Driving
. Schedule are listed in Table B-9, and corresponding profiles
are shown in Figures B-22 through B-28. '

TABLE B-9 GM SUBURBAN DRIVING SCHEDULE INSTRUCTIONS

Distance, : Fuel

. Miles (km) Operation Temp

0.0 (0.0) Start fuel meter, accel. to 20 MPH (32.2) at
6 fps’ (1.83)

2 (0.91)

0.1 (0.16) | Accel. to 25 MPH (40.2) at 3 fps

AThis is an assumed value for closed throttle (CT).
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TABLE B-9

GM SUBURBAN DRIVING SCHEDULE INSTRUCTIONS (CONTINULD)

Distance,

Fuel

Mile (km) Operation Temp
0.3 (0.48)| Stop at 6 fps2 (1.83), accel. to 25 MPH (40.2)
at 6 fps® (1.83)
0.5 (0.80) | Decel. to 10 MPH (16.1) at 4 fps® (1.22),
accel. to 30 MPH (48.3) at 6 fps® (1.83)
1.3 (2.09)| Stop at 6 fps2 (1.83), idle 25 sec., accel.
to 30 MPH (48.3) at 6 fps’ (1.83) (1)
1.5 (2.41)| Decel. to 25 MPH (40.2) at closed throttle,
accel. to 35 MPH (56.3) at 3 fps® (0.91)
2.0 (3.22)| Stop at 6 £ps” (1.83), accel. to 40 MPH
(64.4) at W.0.T.
2.8 (4.51) | Stop at 6 fps® (1.83), idle 25 sec., accel.
to 25 MPH (40.2) at 6 fps’ (1.83) (2)
3.0 (4.83)| Decel. to 5 MPH (8.0) at 4 £ps® (1.22),
accel. to 25 MPH (40.2) at 6 fps® (1.83)
3.2 (5.15) | Stop at 6 fps® (1.83), idle 25 sec., accel. '
to 35 MPH (56.3) at 8 fps® (2.44) (3)
3.4 (5.47)| Decel. to 25 MPH (40.2) at closed throttle,
accel. to 35 MPH (56.3) at 3 fps® (0.91)
3.7 (5.95) | Stop at 6 fps2 and stop fuel meter, record
fuel consumed, elapsed time and fuel (4)
temperature
0.0 (0.0) Run recheck cycle
Source: Reference 20.
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APPENDIX C
HXGHWAY/INTERSTATE DRIVING SCHEDULES

A Highway/Interstate driving schedule approximates the con-
ditions one would encounter while driving on the open road at
nearly constant-speed cruise conditions. A highway, as defined by
the Highway Capacity Manual,14 denotes a public way whose purpose
is vehicular travel, and includes the entire area within the right-
of-way or in rural areas. In urban areas where there is compara-
tively little. access and egress, a highWay connects major population
centers and/or traffic generators. An interestate highway-is the
highest functional class of roadway. It is a nationwide system re-
ceiving Federal/State funding allotment on a 90/10 ratio basis.
Interstate roadways generally connect major centers of popluation
- density and have become a major transportation network for automotive
and truck use. '

The highway/interstate driving patterns are the easiest to
reproduce under  simulation, because they are not dependent on re-
gion or trip purpose as are suburban schedules. This is partially
due to the fact that the definition is based upon functional classi-
fication and therefore leads to a stricter definition.

The driving schedule for a highwa?/interstate system is char-
characterized by moderate to high average speeds, little or no
idling, and few, if any stops. Usually most of the driving is
done at high speeds, at times exceeding 70 MPH. The driving sche-
dules analyzed were both stylized and nonstylized, and are sum-
marized in Table C-1.

From the highway/interstate schedules analyzed, it was found
that they can be classified into two categories:

1) Those schedules have an averagé speed of about 50 MPH.
‘These include:

a) SAE Interstate 55 MPH Driving Schedule - J-1082

b) General Motors Highway Driving Schedule
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"¢) Chrysler Interstate Driving Schedule
d) EPA Highway Driving Schedule

2) Those schedules having an average speed of about 70 MPH.
These include:

a)  SAE Interstate 70 MPH Driving Schedule - J-1082.
b) General Motors Interstate Driving Schedule

The EPA Highway Driving Schedule contains a nonstylized speed-
time profile, and the remaining five schedules have stylized spedd-
time traces.



C.1 ENVIRONMENTAL PROTECTION AGENCY'S HIGHWAY DRIVING SCHEDULE

c.1.1 DescriEtion

The EPA Highway driving schedule was developed from measure-
ments of "road speed versus time profiles of vehicle operation'on
all types of highways and non-urban roads.'" These profiles were
then reduced to characteristic parameters which were used to de-
velop a composite driving schedule. The objective of this study
"was to produce a driving schedule which could be used to measure
vehicle fuel economy under typical highway operation as simulated
on a chassis dynamometer."25 This nonstylized schedule can be
used to measure the fuel economy of a vehicle while in either a
cold-start or hot-start condition.

The EPA highway driving schedule development was initiated
after a road classification scheme was calculated, breaking down
roads by function and percent usage as shown in Table C-2.

TABLE C-2 PERCENT TOTAL HIGHWAY VEHICLE MILES TRAVELED
FOR A RURAL SYSTEMS ROAD CLASSIFICATION

Percent of Highway Vehicle
Type of Highway Miles Traveled
A. Principal Arterials 39.5,
B. Minor Arterials 22.4
C. Collectors 23.9
D. Locals 14.2
100.0%

Source: Reference 25.

Since highway operation represents 40 to 50% of total vehi-
cle miles traveled, a value which continually decreases as urban -
ization increases, the above percentages became the basis for the
construction of a composite highway driving schedule to simulate
all types of highway operation.
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For the study, five routes were selected, incorporating each
road type to be traveled during the characterization. The first
route that was driven was primarily a type B (minor arterial) route
with 61% type B roads, 28% type A (major arterial) roads, and 11%
type C (collector) roads. The second route was a type A route

with 100% type A roads. The third route incorporated 44% type C
' roads, 22% type D (local) roads, 17% type A roads, and 17% type B
roads. The fourth route consisted of 47% type D roads, 43% type
C roads, and 10% of type A roads. The fifth route, an Ohio Free-
way subject to a 55 MPH speed limit, consisted of 100% type A
roads. The data collection consisted of a driver operating the
vehicle in a normal manner over a route. The drivers were told to
stay within posted speed limits and drive the vehicle as they nor-
mally would. Also they were told to pass as many cars that pass
the instrumented test car. The data collection represented an
accumulation of 1050 miles of roads over 23 hours duration. Dur-
ing all .travel, an observer accompanies the driver to make notes
about the trip and to log pertinent data.

The 460 feet of recorder chart gathered during the experi-
ment were reviewed and identified as to route segments (according
to type of road, A thréugh D). Segments which represented urban
(population greater than 5,000) driving were deleted. Data re- '
duction concisted of tabulating route speeds at 15 second intervals
to determine the maximum, minimum and average segment speeds.
Total segment time, distance, number of stops, and number of major
speed deviations per mile for each segment were calculated. A
speed deviation was defined as an excursion greater than + 5 MPH
from a line connecting end-point velocities on 1.5 minutes of the :
entire segment.

The data were compiled from all the charts for each road
type, the average characteristics were determined for each road
type, and the composite highway trip characteristics were deter-
mined. A driving schedule committee reviewed the data, decided
that a nominal 10 mile highway route would be optimum for labor -
atory testing, and agreed on a method for obtaining the route.

The committee analyzed the information and constructed a composite
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route that was thought to represent an accurate approximation of
real world conditions.

During the construction of this schedule, the committece de-
cided to use actual on-road traces to represent each segment. This
decision placed two restrictions on the end-points of the seghents;
the slopes and speeds had to be continuous at the segment junctions.
Furthermore, the committee thought the most realistic sequence of -
road segments would be DCAB. The schedule would start from an
idle, contain four speed deviations (one each in B and D, two in
C) and end with a deceleration to a stop and idle.

The average speed of the schedule is 48.6 MPH. with a max imum
speed attained of 59.9 MPH. The time to travel the 10.25 miles
distance is 765 seconds. There is one stop ‘incorporated in the
schedule, giving a figure of 0.1 stops per mile.  The percent time .
and distance modes of the schedule are shown in Table C-3.

TABLE C-3 PERCENT TIME AND DISTANCE OF INDIVIDUAL MODES
FOR EPA HIGHWAY DRIVING SCHEDULE

Idle Cruise Acceleration Deceleration
% Time 0.1 16.6 44.3 39.0
$ Distance - 18.0 43,2 38.8

The majority of time and distance of this schedule is spent
in the acceleration mode, 44.3% and 43.2%, respectively. The
next major usage of the schedule's time and distance is in the
deceleration mode. It accounts for almost 40% of the time and
distance, respectively. The cruise mode accounts for 16.6% of

the schedule's time and 18% of the schedule's distance.

C.1.2 Discussion

One consideration of this schedule is that, at this time,
it is necessary to run the schedule on the dynamometer. It appears
that, as with the EPA-FTP driving schedule, it would be difficult
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to adopt these schedules to a track test. The probability of a
source or error occurring under test track conditions becomes large
unless driver aides are provided.

The data represent highway driving patterns, with variable
speeds, accelerations, and decelerations occuring at one second
intervals. The deceleration mode (for purposes of computer analy-
sis) was defined in a literal sense. That is, any negative de-
crease in the speed over a one-second time interval was considered
a deceleration. Likewise, any positive increment in the speed
over that same time period was considered an acceleration.

C.1.3 EPA Highway Driving Schedule Instructions’”

The instructions for the EPA Highway Driving Schedule are
indicated in Table C-4, and corresponding profiles are shown in
Figure C-1 through C-7.
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C.2 SOCIETY OF AUTOMOTIVE ENGINEERS INTERSTATE DRIVING SCHEDULES
(55 MPH AND 70 MPH) - J108219

€C.2.1 General Description

The SAE Fuel Economy Task Force formulated test,procedures-
relating to highway/interstate driving conditions. They first
examined published road test procedures to determine if they con-
tained any commonality. They found that the procedures differed

in detail, but contained common aspects.26

Upon completion of the literature search, they decided to
formulate their own schedules. Fifty-five MPH and 70 MPH Interstate
driving schedules were developed from this work. The 55 MPH Inter-
state driving schedule was chosen to represent the speed limit
that was instituted during the recent energy shortage in the spring
of 1974. The 70 MPH Interstate driving schedule was chosen to
represent the previous speed limit for interstate roadways. The
philosophy behind using this second schedule is the finite proba-
bility that the recently imposed 55 MPH speed limit may be changed
back to the original 70 MPH speed limit. The main difference be-
tween the two schedules is the average speeds. They were developed
to be used in determining a vehicle's fuel economy experienced in
typical highway driving. Both schedules are conducted on a test
track, with each following a stylized speed-time trace. The vehi-
cle's fuel economy is measured after it attains a steady-state
warmed-up condition; this is to reduce the variables that are
associated with cold-starting conditons.

C.2.2 SAE Interstate (55 MPH) Driving Schedule

C.2.2.1 Description - In this driving schedule, the vehicle
travels at an average speed of 55 MPH, reaching a maximum speed
of 60 MPH. The schedule requires 308 seconds to complete. There
are no stops or idle periods incorporated within the schedule.
The percent time and distance modes are shown in Table C-5.




TABLE C-5  PERCENT TIME AND DISTANCE OF INDIVIDUAL MODES FOR THE
SAE 55 MPH INTERSTATE DRIVING SCHEDULE J1082

Idle Cruise Acceleration Deceleration
% Time 0 61.9 ) 19.1 19.1
% Distance - 61.9 19.1 19.1

Tﬁe fable shows that more than 60% of the time and distance
traveled, respectively, is done in the cruise mode. There are
five cruise maneuvers performed during the schedule, each at a
speed of 55 MPH. The acceleration mode has eight maneuvers per-
formed at a rate of +1.0 ft/secz. These maneuvers take almost 20%
of the schedule's time and distance, respectively. The decelera-
tion mode also utilizes 20% of the schedule's time and distance.
Theré are four deceleration maneuvers performed, each at a rate
of -1.0 ft/secz.

C.2.2.2 Discussion - The test driver of a vehicle performing this
test should find the instructions clear; however, the presentation
could be improved by a change in the format. The wording should
be changed from "repeat accelerations and decelerations as at 0.20
miles" to specifica;ly wording the maneuvers.

The rate of the accelerations and decelerations. does not
vary. Whether this is a significant factor in affecting the vehi-
cles fuel economy is unknown at this time.

C.2.2.3 SAE Interstate (55 MPH) Driving Schedule Instructions19 -
Instructions for the SAE Interstate (55 MPH) Driving Schedule are
indicated in Table €-6, and corresponding profiles are shown in
Figures C-8 through C-14.
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TABLE C-6 SAE INTERSTATE (55 MPH) DRIVING SCHEDULE INSTRUCT IONS

Distance
Miles (km) Operation
0.0 (0.0) Approach the starting line at 55 MPH (88.5 km/h).

0.20 (0.32)

1.2 (1.93)

2.2 (3.54)

3.2 (5.15)

4.7 (7.56)

0.0 (0.0)

At line, start fuel measuring and timing devices.
Proceed at 55 MPH (88.5 km/h) to the 0.2 mile (0.32
km) marker. '

Accelerate to 60 MPH (96.6 km/h) at 1 ft/s2 (0.3
m/sz). Immediately decelerate to 50 MPH (80.5 km/h)
at 1 ft/s2 (0.3 m/sz). Immediately accelerate to

55 MPH (88.5 km/h) at 1 ft/s’ (0.3 m/s?). Proceed
at 55 MPH (88.5 km/h) to the 1.2 mile (1.93 km)
marker.

Repeat accelerations and decelerations as at 0.20
miles' (0.32 km). Proceed to the 2.2 mile (3.54 km)
marker. '

Repeat accelerations and decelerations as at 0.20
miles (0.32 km). Proceed to the 3.2 mile (5.15 km)
marker.

Repeat accelerations and decelerations as at 0.20
miles (0.32 km). Proceed to the 4.7 mile (7.56 km)
marker.

Stop fuel measuring and timing device while driving
at 55 MPH (88.5 km/h) at 4.7 miles (7.56 km).
Record fuel consumed, elapsed time, and operating
temperature.

Run recheck cycle.

Source: Reference 19.
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C.2.3 SAE Interstate (70 MPH) Driving Schedule - J1o8219

C.2.3.1 Description - This driving schedule has an average speed
of 70 MPH and a maximum speed of 75 MPH. The 4.7 mile route is
traveled in 242 seconds. The schedule does not include any idle
periods or stops. The percent time and distance modes are shown
in Table C-7.

TABLE C-7 PERCENT TIME AND DISTANCE OF INDIVIDUAL MODES FOR THE
SAE 70 MPH INTERSTATE DRIVING SCHEDULE J1082

Idle Cruise Acceleration Deceleration
% Time 0 51.5 24,3 24.3
% Distance 0 51.5 24.3 24.3

Table C-7 presents results attained from a simulation of
this schedule. -As seen, the cruise mode accounts for more than
half of the travel time and distance. This mode is composed of
five cruise Mmaneuvers, each at 70 MPH. The acceleration mode
which accounts for almost a8 quarter of the schedule's time and
travel distance is a composed of eight maneuvers, each at an accel-
eration rate of +1.0 ft/secz. The deceleration mode which also
utilizes almost a quarter of time and distance is composed of four
maneuvers each at a rate of -1.0 ft/secz.

 C.2.3.2 Discussion - The instructions are written without am-
biguity, and the test driver should not have any problems in in-
terpreting the maneuvers. As with the SAE schedule in Section
C.2.2, the presentation could be better written if specific ter-
minology for each maneuver is spelled out instead of "repeat man-
euvers as at 0.20 miles," Again the acceleration and deceleration
rates are nonvarying,
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C.2.3.3 SAE Interstate (70 MPH) Driving Schedule. Instructions -
Instructions for the SAE Interstate (70 MPH) Driving Schedule are
indicated in Table C-8, and corresponding profiles are shown in
Figures C-15 through C-21.

TABLE C-8 SAE INTERSTATE (70 MPH) DRIVING SCHEDULE INSTRUCT IONS

Distance
Miles (km) Operation

0.0 (0.0) Approach the starting line at 70 MPH (112.6 km/h).
At line, start fuel measuring and timing devices.
Proceed at 70 MPH (112.6 km/h) to the 0.2 mile
(0.32 km) marker.

0.20 (0.32) Accelerate to 75 MPH (120.7 km/h) at 1 ft/s2

(0.3 m/sz). Immediately decelerate to 65 MPH
(104.6 km/h) at 1 ft/sz). Immediately accelerate
to 70 MPH (112.6 km/h) at 1 ft/s%). Proceed at -
70 MPH (112.6 km/h) to the 1.2 mile (1.93 km)
marker.

1.2 (1.93) Repeat accelerations and decelerations as at 0.20
miles (0.32 km). Proceed to the 2.2 mile (3.54 km)
marker. o

2.2 (3.54) Repeat accelerations and decelerations as at 0.20
miles (0.32 km). Proceed to the 3.2 mile (5.15
km) marker. '

3.2 (5.15) Repeat accelerations and decelerations as at 0.20
miles (0.32 km). Proceed to the 4.7 mile (7.56. km)
marker.

4.7 (7.56) Stop fuel measuring and timing device while driv-
ing at 70 MPH (112.6 km/h) at 4.7 miles (7.56 km).
Record fuel consumed, elapsed time, and operating
temperature.

0.0 (0.0) Run recheck cycle.

Source: Reference 19.
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C.3 GENERAL MOTORS HIGHWAY AND INTERSTATE DRIVING SCHEDULES

C.3.1 General Description

dules simulating travel on highway and interstate roadways for
measuring vehicle fue] economy. The GM highway driving schedule,
attempts to simulate those conditions typical of highway driving
and includesvehiclestops and idles, and therefore simulates a
roadway with partial access control. The GM interstate driving
schedule attempts to simulate driving conditions on a limited
access roadway, i.e., an interstate. Both schedules are used to
measure vehicle fuel economy for a warmed -up operating condition
and are performed on a test track.

C.3.2 oM Highway Driving Schedule

C.3.2.1 DescriEtion - The schedule distance is 15.0 miles at an
everage speed of 48.6 MPH, attaining a maximum speed of 70 MPH.
The schedule takes 1108 seconds to complete, incorporating three
idle periods within this time frame. 1In addition, the schedule
has four stops, giving an average of (.27 stops per mile. The
percent time and distance modes are shown in Table C-9.

TABLE C-9 PERCENT TIME AND DISTANCE OF INDIVIDUAL MODES FOR THE
GM HIGHWAY DRIVING SCHEDULE

Idle Cruise Acceleration Deceleration
% Time 2.7 58.1 19.0 20.2
% Distance 68.4 14.6 17.1

The cruise mode uses almost 60% of the schedule's time and
almost 70% of its distance. There are eleven cruises throughout
the schedule,. Three cruises at 30 MPH, two at 50 MPH, two at 55
MPH, two at 60 MPH, and two at 70 MPH, The acceleration mode
composes almost 20% of the time and almost 15% of the distance
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traveled in the schedule. There are 12 maneuvers associated with
this mode. Seven accelerations are performed at a rate of +2.0
ft/secz, four at a +5.0 ft/sec2 rate, and one at a rate of 3.90
ft/secz.* The deceleration mode, which accounts for nearly 20% of
the schedule's time and nearly 17% of its traveled distance, has
11 maneuvers associated with it. Six maneuvers are performed at
an assumed rate,** one at a rate of -4.0 ft/secz, and four at a

-6.0 ft/sec2 rate.

C.3.2.2 Discussion - The test driver of the vehicle should have
no trouble in adhering to the requirements of this schedule, since
the instructions are clearly presented. The maneuvers to decel-
erate at closed throttle (CT) or accelerate at wide-open-throttle
(WOT) should be easy to perform. The difficulty arises in inter-
preting the CT and WOT values. Values for CT and WOT conditions
of a full size vehicle were assumed for the computer simulation.:
Since individual vehicles differ with respect to these two condi-

tions, no set value can be applied.

C.3.2.3 General Motors Highway Driving Schedule instructions20 -
Instructions for the GM Highway Driving Schedules are indicated in
Table C-10, and corresponding profiles are shown in Figures C-22
through C-28.

*An assumed value for wide-open throttle from 45 MPH to 70 MPH.

**Assumed values for closed throttlec; 0.87 ft/sec2 from 55 MPH to
30 MPH, 1.06 ft/scc? from 55 MPH to 45 MPH, 1.10 ft/sec? from
60 MPH to 30 MPH, and 1.27 ft/sec? from 60 MPH to 42 MPH.

C-28



TABLE C-10 GM HIGHWAY DRIVING SCHEDULE INSTRUCTIONS

Distance ' Fuel
Miles (km) Operation Temp
0.0 (0.0) Start fuel meter, accel. to 15 MPH

(24.1) at 5 fps (1.52), then to 50 MPH
*80.4) at 2 fps? (0.61)

1.5 (2.41) Decl. to 30 MPH (48.3) at CT*
2.0 (3.22) Accel. to 50 MPH (80.4) at 2 fps2 (0.61)
3.5 (5.63) Decel. at CT
3.7 (5.95) Stop at 6 fps? (1.83), idle sec., )
accel. to 15 MPH (24.,1) at 5 fps#4
(1 52%, then to 55 MPH (88.5) at ‘
2 fpsé (0.61)
5.3 (8.53) Decel, to 30 MPH (48.3) at CT
5.8 (9.33) Accel. to 55 MPH (88.5) at 2 fps? (0.61)
7.3 (11.75) Decel. at CT
7.5 (12.07) Stop at 6 fps2 (1.83), idle 10 ssc., (2)
accel. to 15 MPH (24.1) at 5 fps
(1.52}, then to 60 MPH (96.5) at
_ 2 fps¢ (0.61)
9.0 (14.48) Decel. to 30 MPH (48.3) at CT
9.5 (15.29) Accel. to 60 MPH (96.5) 2 fps’ (0.61)
11.0 (17.70) Decel.. at CT :
11.3 (18.18) Stop at 6 fps? (1.83), idle 10 sec., . (3)

stop fuel meter and record fuel
consumed, elapsed time and fuel tem-
perature, start fuel meter and accel.
to 15 MPH (24.1) at 5 fps¢ (1.52),
-then to 70 MPH (112.6) at 2 fps (0.61)

12.8 (20.60) Decel. to 45 MPH (72.4) at fps2 (1.22),

accel. to 70 MPH (112.6) at WOT.**
14.8 (23.81) Stop at 6 fps2 (1.83) and stop fuel 4)

meter, record fuel consumed, elapsed
time, and fuel temperature.

11.3 (18.18) Run recheck lap

Source: Reference 20.

*Closed Throttle
**Wide-open Throttle
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C.3.3 GM Interstate Driving Schedule

C.3.3.1 Description - The GM Interstate driving schedule has a

higher average speed (70.5 MPH) than the GM highway driving sche-
dule (48.6 MPH). The maximum speed that the vehicle attains for
this schedule is 75 MPH. The test route is 15.0 miles 1ong,'and
is driven in 767 seconds. The schedule contains no idle periods

and only one stop, giving an average figure of 0.067 stops per
mile. The percent time and distance modes are shown in table C-11.

TABLE C-11 PERCENT TIME AND DISTANCE OF INDIVIDUAL MODES. FOR THE
GM INTERSTATE DRIVING SCHEDULE

Idle Cruise Acceleration Deceleration
% Time 0 83.1 6.4 10.6
% Distance - 85.8 5.0 9.2

More than 80% of the time and distance of the schedule is
performed in the cruise mode. The mode is broken into 11 cruise
maneuvers, 2 of which are performed at 60 MPH, 4 at 70 MPH and
5 at 75 MPH. The acceleration mode accounts for about 5% of the
schedule's time and travel distance. There are six acceleration

maneuvers; two at a rate of +2.0 ft/secz, three at a +3.0 ft/sec2

rate, and one at a rate of +6.0 ft/secz. The time and distance
traveled, with figures about 10%. There are eight deceleration
maneuvers, seven of which are performed at a closed throttle* (CT)

rate and one at a rate of -6.00 ft/secz.

C.3.3.2 Discussion - The test driver should have no difficulty in
maneuvering the vehicle to adhere to the instructions. The presenta-
tion of the instructions is orderly, resulting in a continous flow
of information. The main difficulty in this schedule is the de-
celeration maneuvers that are performed at closed throttle. A
value of -1.27 ft/sec2 was assumed for this maneuver. The diffi-
culty would arise only in the analysis, since no specific figure

is given.

*Values for closed throttle were assumed to be -1.27 ft/secz.
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TABLE C-12

GM INTERSTATE DRIVING SCHEDULE INSTRUCTIONS

Distance Fuel
Miles (km) Operation Temp
0.0 (0.0) Record fuel temperature, start fuel (1)
meter, accel. to 40 MPH (64.4) at
6 fps’ (1.83), then to 75 MPH (120.7)
at 3 fps2 (.9%1).
2.0 (3.22) Decel. to 70 MPH (112.6) at CT
3.0 (4.83) Accel. to 75 MPH (120.7) at 2 fps? (.61)
5.0 (R.04) Decel. to 70 MPH (112.6) at CT (2)
6.0 (9.65) Decel. to 60 MPH (96.5) at CT
6.5 (10.46) Accel. to 75 MPH (120.7) at 3 fps> (.91)
9.0 (14.48) Decel. to 70 MPH (112.6) at CT
10.0 (16.09) Accel. to 75 MPH (120.7) at 2 fps? (.61) | (3)
12.0 (19.31) Decel. to 70 MPH (112.6) at CT
13.0 (20.92) Decel. to 60 MPH (96.5) at CT
13.5 (21.72) Accel. to 75 MPH (120.7) at 3 fps? (.91)
14.5 (23.33) Decel., at CT
14.9 (23.97) Stop at .6 f£ps? (1.83), record fuel (4)
consumed, elapsed time and fuel

0.0 (0.0)

temperature

" Run recheck cycle

Source: Reference 20,
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C.4 CHRYSLER CORPORATION INTERSTATE DRIVING SCHEDULE

C.4.1 Description

Chrysler Corporation engineers also determine the fuel con-
sumed by a motor vehicle when it is driven under conditions approxi-
mating those of an interstate roadway. Instead of having two
schedules, a low speed highway schedule and a high speed inter-
state schedule, Chrysler simulates an interstate drive schedule
by combining the two schedules. The fuel measurement represents
the vehicle fuel economy under a warmed-up operating condition.

The test incorporates a stylized speed-time driving schedule and
is run on a test track.

The route is 18.7 miles long. The schedule has an average
speed of 58.3 MPH, and a maximum speed of 75 MPH. The time to
complete this route is 1154 seconds. There are no idle periods
or stops within this time frame. The percent time and distance
modes are shown in Table C-13.

TABLE C-13 PERCENT TIME AND DISTANCE OF INDIVIDUAL MODES FOR THE
CHRYSLER INTERSTATE DRIVING SCHEDULE

Idle Cruise Acceleration .Deceleration
% Time 0 59.3 20.3 20.3
% Distance - 58.2 20.9 20.9

Table C-13 shows that almost 60% of the driving schedule time
and distance is in the cruise mode. There are eight cruise man-
euvers incorporated within this schedule; four at a speed of 50 MPH
and four at 70 MPH. The deceleration and acceleration modes each
require approximately 20% for the time and distance modes. There
are 16 acceleration maneuvers performed, each at the same rate

of +1.0 ft/secz. The deceleration mode has 8 maneuvers, each at

a rate of -1.0 ft/secz.
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C.4.2 Discussion

The instructions for this schedule require driver aides
(markers) to be placed on the test track. The schedule is spe-
cifically designed for the Chrysler Test Track, see Figure C-36.
The maneuvers are understandable to the test driver, but may pre-
sent difficulty to anyone attempting to analyze the test. The
test procedures could be more descriptive by noting the distance
between the markers as well as the distance for each lane used.
Greater detail should be noted between the two test segments (the
only data given is that one lap should be run at 50 ‘MPH average
speed and one lap at a 70 MPH average speed.) Also, the presenta-
tion would be less subject to error if :a point-by-point descrip-
tion for each maneuver were incorporated in the test instead of
"repeat the above." '

C.4.3 Chrysler Corporation Interstate Driving Schedule
Instructions

Instructions for the Chrysler Corporation Interstate Driving
Schedule are included in Table C-14 and are referenced to Figure
C-36. Corresponding profiles are shown in Figures C-37 to C-43.

TABLE C-14 .CHRYSLER CORPORATION INTERSTATE DRIVING SCHEDULE

INSTRUCTIONS
Step ' . Operation
A, Run 2 laps at each speed noting fuel counts and time
per lap.

1. 50 MPH average speed (50-55-45-50) in Lane 3.
2. 70 MPH average speed (70-75-65-70) in Lane 4.

py Run as follows, using the AMA cycle reflector marks
" on the oval (red or blue) as noted in Figure C-36.

C. The test is tobbe run as follows:
Road Load to marker (:)

Start instrumentation
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TABLE C-14 CHRYSLER CORPORATION INTERSTATE DRIVING SCHEDULE
INSTRUCTIONS (CONTINUED)

Step Opcration
C. Accelerate at 1 ft/sec2 to road load speed plus 5 MPH
cont.

Decelerate at 1 ft/sec2 to road load speed.minus 5 MPH
Accelerate at 1 ft/sec2 to road load speed

Hold road load till marker (:)

At marker (:) repeat accel.-decel.-accel.-R.L.

Repeat at markers (:) and (:)

Shut off instrumentation at marker (:)

D. When two or more test conditions are requested they
should run back to back at the low speed before pro-
ceeding to the high speed portion of the test.

Source: Reference 22
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APPENDIX D
"OTHER" DRIVING SCHEDULES

The driving schedules analyzed herein could not be placed
into the urban, suburban or highway/interstate catergories.
These driving schedules maintain a specific uniqueness that
requires that they be treated separately. The schedules herein

described include the following:

Chrysler Constant Speed/Road Load Driving Schedule
EPA 25 MPH Average Seep Driving Schedule
EPA 35 MPH Average Speed Driving Schedule
EPA 45 MPH Average Speed Driving Schedule

LT 7 T S R

Table.D-1 is a Presentation of the characteristics of the "Other"
Driving Schedules,

TABLE D-1 CHARACTERISTICS OF VARIOUS "OTHER" SCHEDULES

Schedule
Parameter Chrysler EPA EPA EPA
Constant Speed 25 MPH 35 MPH 45 MPH
Distance (mile) ) 32.7 9.3 15.2 19.9
Time (sec) 2884 1377 1572 1589
Mean Speed (MPH) 40.8 24.4 34.9 45.1
| Max. Speed (MpH) | 80.0 60.0 60.0 60.0
Number of:
Idles 0 15
Stops 0 14 .
Stops/Mile 0.0 1.5 0.5 0.3
Percent Time in: -
Idle . 0.0 15.8 7.4 3.7
Cruise 100.0 37.8. 54,4 67.8
Acceleration 0.0 26.6 21.9 15.3
Deceleration ’ 0.0 20.7 16.8 13.5
Percent Distance
in: : .
Cruise 100.0 56.7 70.8 77.3
Acceleration 0.0 24.7 16.4 11.9
Deceleration 0.0 18.6 12.8 10.8




D-1 CHRYSLER CORPORATION CONSTANT SPEED/ROAD LOAD DRIVING SCHEDULE

D.1.1 Description

Chrysler Corporation, in addition to the test procedures for
urban and interstate type driving, has developed test procedures
for other types of driving conditions. This test attempts to
determine the fuel economy of a vehicle under constant road load
conditions. The test determines the fuel economy when the vehicle
is traveling at speeds from 20 MPH to 80 MPH. The fuel economy
figures represent those obtained when a vehicle is in a warmed-up
operating condition. The schedule is run on a test track and has
a stylized speed-time trace.

The driving schedule takes 2884 seconds to compltete on a
route that is 32.7 miles long. In a general sense the schedule
has an average speed of 40.8 MPH and a maximum speed of 80 MPH.
The schedule has no idles or stops, and incorporates cruise
maneuvers exclusively. The cruise speeds aie as follows:

a. 1 lap at 20 MPH e. 1 lap at 60 MPH
b. 1 lap at 30 MPH f. 1 lap at 70 MPH
c. 1 lap at 40 MPH g. 1 lap at 80 MPH
d. 1 lap at 50 MPH

Since the vehicles are tested at Chrysler Oval Test Track,
the test procedure instructions use lane designations. Lane one
was used for cruises of 20 and 30 MPH; lane two for the 40 MPH cruise;
lane three for the 50 MPH cruise; lane 4 for the 60 and 70 MPH
cruises; and lane 5 for the 80 MPH cruise.

D.1.2 Discussion

The manner in which the instructions are presented is such
that the test driver could only perform this schedule at the
Chrysler Oval Test Track. The distance for each lane were not
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given in this particular driving schedule, nor were the elapsed
times for each speed. Further, they assumed no accelerations.
Instead the test driver was allowed to segment the test, attaining
the next desired cruise speed by including an unrecorded lap. This
schedule therefore assumes a step increase in speed.

The schedule cannot be viewed as typical of any driving
patterns per'se. It is basically a series of cruises at different
speeds. The average speed was only computed to show a mean cruise
speed. '

D.1.3 Chrysler Constant Speed/Road Load Driving Schedule Instructions

Instructions for the Chrysler Constant Speed/Road Load Driving
Schedule are indicated in Table D-2. No driving schedule profiles
are included.

TABLE D-2 CHRYSLER CONSTANT SPEED/ROAD LOAD DRIVING SCHEDULE

INSTRUCTIONS
Step Operation
A, Operate vehicle at constant speed.
B. Start at the lowest test speed and run the highest speed
last.
C. . Record fuel used in thousandths of a gallon and lap times

for the warm-up and one additional lap at each test
speed requested. Do not run a third lap unless the
economy difference between the warm-up lap and warmed-
up lap exceeds 0.003 of a gallon. Run each speed in
designated lane as follows:

MPH 20 30 40 50 60 70 80
Line - 1 1 2 3 4 4 5 -
D, = Stabilize at the next speed for a minimum of 1/2 1lap.
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TABLE D-2 CHRYSLER CONSTANT SPEED/ROAD LOAD DRIVING SCHEDULE
INSTRUCTTONS (CONTINUED) '

Stop Operation

E. Observe and record the following items on Form No. 800-140
for 20, 30, 40, 50, 60, 70 and 80 MPH speeds. '
1. Fuel economy ' .
2. Manifold vacuum in north and south straightaways
3. Distributor vacuum in north and south straightaways
4. Driveability
5. Ambient air temperature
6. Lap time

F. Observe and record air temperature, barometer, humidity .
(except below 20°F) and wind at the beginning and end of
test.

Source: Reference 22.




D.2 ENVIRONMENTAL PROTECTION AGENCY 25 MPH, 35 MPH, AND 45 MPH
AVERAGE DRIVING SCHEDULES

D.2.1 General Description

Scott Research Laboratories, under contract to EPA, performed
a study for the purpose of updating curves used to estimate the
changes in emissions for light-duty vehicles as the average vehicle
speed changes.15 The program objective was accomplished by
performing four major tasks as follows: '

1. Urban driving pattern data collected during the CAPE-10
Vehicle Operations Survey, conducted in 1971 under the
joint sponsorship of EPA and CRC, were processed by city
and time of day into freeway, nonfreeway, and composite
speed-mode matrices.

2. Weighted combinations of freeway and nonfreeway matrices ,
representing average route speeds ranging from about 21
to 47 MPH, were then used to generate representative
driving patterns at speeds ranging from approximately 15
to 45 MPH. Eighty-eight driving patterns were selected
as most representative out of a total sample of about
150,000 computer-generated driving patterns.

3. Second-by-second schedules of the 88 driving patterns
were then input to an EPA-supplied computer program for
the estimation of HC, CO, and NOx emissions over each
driving pattern for each 11 vehicle groups defined by
model year and altitude (low altitude vs. high altitude).
The EPA-supplied computer program is based on the results
of several emissions testing programs conducted by the
EPA.

4. A regression analysis was then conducted to relate esti-
mated emissions to average route speed for each of the 11
vehicle groups.



As stated, the data used as input to this study were
obtained from the CRC/APRAC-CAPE-10-68 program conducted by Scott
and referred to as the Vehicle Operations Survey (VOS) program.
The primary objective of the VOS program was to. collect and evalu-
ate information on urban driving patterns as characterized by de-
tailed vehicle modal operating characteristics. A complete
description of the VOS is found in reference 27. Likewise,
reference 15 describes the techniques of driving schedule generations.
From this work came the development of 88 selected patterné, of
which three were selected for presentation here. These are the
25 MPH, 35 MPH, and 45 MPH average speed driving schedules
obtained form EPA-Ann Arbor.

D.2.2 The EPA 25 MPH Average Speed Driving Schedule

D.2.2.1 Description - The EPA 25 MPH driving schedule is a

semistylized drive schedule that can be used for dynamometer

testing. It is used on vehicles that are tested from a cold-start
as well as a hot-start operating condition.

The schedule has an average of 24.4 MPH and attains a
maximum speed of 60.0 MPH. It is 9.3 miles long and has an
elapsed time of 1377 seconds. There are 14 stops and 15 idle
periods. It incorporates 1.5 stops per mile. The percent time
and distance modes are shown in Table D-3.

TABLE D-3 PERCENT TIME AND DISTANCE OF INDIVIDUAL MODES FOR THE EPA
25 MPH AVERAGE DRIVING SCHEDULE

Idle Cruise Acceleration Deceleration
% Time 14.9 37.8 26.6 . 20.7
% Distance - 56.7 24.7 18.6
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D.2.2.2 Discussion - This schedule incorporates a semistylized
speed-time trace. The manner of presentation is similar to the EPA
urban and highway driving schedules. That is, for each time interval
there is a corresponding speed. This presentation therefore

leads to better reproducibility on the dynamometer as opposed to
track testing. However, the probability of error (if track testéd)
‘would be less than the continuously-varying, speed profiles of the
EPA urban or highway schedules. Characteristic profiles for the

EPA 25 MPH average Speed Driving Schedule are shown in Figures

D-1 through D-7.

D.2.3 The EPA 35 MPH Average Driving Schedule

D.2.3.1 Description - The EPA 35 MPH average driving schedule is

also a semistylized drive schedule that can be used for testing
a vehicle on a dynamometer. It is used on vehicles that are tested
for a cold-start condition as well as a hot-start condition.

The schedule has an average speed of 34.9 MPH and a maximum
speed of 60.0 MPH. It has an elapsed time of 1574 seconds with
the vehicle traveling a distance of 15.2 miles. It has a total
of eight idle periods and eight stops, with 0.5 stops per mile.
The percent time and distance modes are presented in Table n-4,

TABLE D-4 PERCENT TIME AND DISTANCE OF INDIVIDUAL MODES FOR
THE EPA 35 MPH AVERAGE SPEED DRIVING SCHEDULE ,

Idle Cruise Acceleratibn Deceleration

% Time . 6.9 54.4 21.9 . 16.8
% Distance 70.8 16.4 12.8

D.2.3.2 Discussion - As with the schedule discussed in Section
D.2.2, this driving schedule also approximates a suburban drive
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schedule. Characteristic profiles for the EPA 35 MPH Avérage
Speed Driving Schedules are shown in Figures D-8 through D-14,

D.2.4 The EPA 45 MPH Average Speed Driving Schedule

D.2.4.1 Description - The EPA 45 MPH average speed driving
schedule is a semistylized schedule that can be for testing a
vehicle on a dynamometer. It is used on vehicles that are

tested from a cold-start as well as a hot-start operating condition.

The schedule has an average speed of 45.1 MPH and attains a
maximum speed of 60.0 MPH. It has an elapsed time of 1589 seconds,
with a total travel distance of 19.9 miles. The schedule incor-
porates six idle periods and five stops. The number of stops per
mile is 0.3. The percent time and distance modes are shown
in Table D-5.

TABLE D-5 PERCENT TIME AND DISTANCE OF INDIVIDUAL MODES FOR
THE EPA 45 MPH AVERAGE SPEED DRIVING SCHEDULE

Idle Cruise Acceleration Deceleration
% Time 3.4 67.8 15.3 13.5
% Distance 77.9 11.9 10.8

D.2.4.2 Discussion - This schedule is between a suburban and a
highway/interstate driving schedule. It was not determined
whether this schedule is representative of an identifiable
driving pattern. Characteristic profiles for this schedule are
shown in Figures D-15 through D-21,
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