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Foreward
Zoreware

Olson Laboratories, EPA's heavy-duty (HD) cycle development
contractor, has generated various nominal 5-minute chassis and
engine cycles from the CAPE-2]1 data basg.* The Emission Control
Technology Division (ECTD) of EPA has in turn, selected the best
cycle in each category for which cycles were generated (both
chassis and engine cycles).¥* The final step in' ECTD's HD tran-
sient cycle development effort is the arrangement of these five
minute cycles into one cycle which exhibits the proper trip charac-
teristics as determined from the CAPE-21 survey data.

The purpose of this report is to identify the cycle arrange-
ment that has the proper trip characteristics and which also meets
certain practical requirements. Chassis and engine cycle arrange-
ments for both HD gasoline and diesel vehicles are developed. The
equations necessary for exhaust emission ‘calculations are ‘also¢
presented., '

* "Heavy-Duty Vehicle Cycle Development,' EPA Draft Final Report,
July 1978 (to be released about September 1978).

*% "Selection of Transient Cycle for Heavy-Duty Engines,'" EPA
Technical Report HDV 77-01, by T. Wysor and C. France, November
1977 and "Selection of Transient Cycles for Heavy-Duty Vehicles,"
EPA Techica} Report HDV 78-02, by T. Wysor and C. France, June
1978.



I. Summary
Objective

The objective of this report is to develop a cycle arrange-
ment that has the proper trip characteristics (e.g., non-freeway/
freeway weighting; city weighting; hot operation/cold operation
weighting; and trip length) and also meets requirements dictated by
program needs and practical considerations. Chassis and engine
cycle arrangements including corresponding emission calculation
equations for both heavy-duty gasoline and diesel vehicles will
also be derived.

Results

Various nominal 5-minute chassis and engine cycles (developed
by EPA's cycle development contractor, Olson Laboratories) were
arranged into one cycle (one for chassis and one for engine) that
exhibited the proper heavy-duty trip characteristics. The trip
characteristics were determined from the CAPE-21 survey data.

Several other practical constraints (summarized in section ITI(A)
"Practical Requirements Governing Cycle Arrangement') also influ-
ence the arrangement of the finalized cycles.

The finalized engine and chassis cycle arrangements are shown
below.

Finalized Engine Cycles’

Segment No: 1 2 3 4
New York Los Angeles Los Angeles New York
Non-freeway Non-freeway Freeway Non-freeway
Gasoline: 272 sec. " 307 sec. 316 sec. 272 sec.
Diesel: 297 sec. 300 sec. 305 sec. 297 sec.

20 minute nominal trip length
(actual trip length = 19.45 min. for gasoline
and 19.98 min. for diesel)

Finalized Chassis Cycle
(Gasoline and Diesel)

Segment No: 1 2 3 4

New York Los Angeles Los Angeles New York
Non-freeway Non-freeway Freeway Non-freeway
254 sec. 285 sec. 267 sec. 254 sec.

20 minute nominal trip length
(actual trip length = 17.67 min.)
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A complete emission test would consist of a cold start and a hot
start cycle run. (The second-by-second listings for these cycles
can be found in Appendices II and III.)

The corresponding equations for emission calculation are:

1) engine cycle:

A - UGgy) + 6/7(gy)

v 1/7(BHP-Hr ) + 6/7(BHP-Hr, )
Where:
A = Weighted mass emission level (HC, CO, CO,, or NOx)
wm ; 2
in grams per brake horsepower-hour.
g, = Mdss- emission' level in grams, measured during the
cold start test.
gy, = Mass emission level in grams, measured during the
o hot start test. :
BHP-Hr = Total brake horsepower~hour (brake horsepower’
¢ integrated with respect to time) for the cold start
test.
BHP—Hrh = Total brake horsepower—hour (brake horsepower
integrated with respect to time) for the hot start
test.
and

2) chassis cycle: .

A = 1/7(gc) + 6/7(gh)
5.55

wm Weighted mass emission level (HC, CO, CO,, or NOx)
in grams per vehicle mile.

g, = Mass emission level in grams, measured during the
cold start test.

8, = Mass emission level in grams, measured during the
hot start test. ’



Conclusions

The cycle arrangement above was fundamentally based on the
CAPE-21 data base and the cycles generated from it. In some
cases engineering -judgement was relied upon. The finalized
composite cycles exhibit trip characteristics supported by the
CAPE-21 data base and can be considered representative of an
urban trip for a HD truck.

II. Introduction and Background

The initial step in ECTD's cycle development effort was the
collection of urban truck operational data. The CAPE-21 project*
accomplished this task. In the CAPE-21 survey forty-four (44)
trucks and three (3) buses were surveyed in Los Angeles (LA), and
forty-four (44) trucks and four (4) buses were surveyed in New York
City (NY). Speed (mph), engine rpm, engine power, engine temper-
ature, and various road and traffic descriptions were recorded on
tape at approximately one second intervals. The vehicles performed
their normal daily functions while these data were collected.

From this data base, Olson Laboratories generated numerous
5-minute (approximate) long transient cycles using the Monte Carlo
technique.** ECTD selected, from the cycles delivered, the best
cycle in each category. The selected cycles and their identifica-
tion numbers are listed below.

Engine Cycles Selected

Identification Number Cycle Description

203887989 LA Non~Freeway, Gasoline
296644805 LA Freeway, Gasoline
8410263 NY Non-~Freeway, Gasoline
792043535 NY Freeway, Gasoline
2110248101 LA Non-Freeway, Diesel
1599345415 LA Freeway, Diesel .
2114147447 NY Non-Freeway, Diesel
104099549 NY Freeway, Diesel

*"Truck Driving Pattern and Use Survey, Phase II - Part I," Final
Report, EPA Report No. EPA-460/3-77-009, June 1977 and "Truck
Driving Pattern and Use Survey, Phasell - Part II," EPA Technical
Report HDV 78-03, by Leroy Higdon, May 1978,

*% "Heavy-Duty Vehicle Cycle Development," EPA Draft Final Report,
July 1978 (to be released about September 1978).
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Chassis Cycles Selected

Identification Number Cycle Description
2106204593 LA Non-Freeway, Gasoline and Diesel
15%9135071 LA Freeway, Gasoline and Diesel
2120127413 NY Non-Freeway, Gasoline and Diesel
2037082365 - NY Freeway, Gasoline and Diesel

The procedures used to select these cycles are described in
the EPA reports "Selection of Transient Cycles for Heavy-Duty
Engines," (HDV 77-01) by T. Wysor and C. France, November 1977, and
"Selection of Transient Cycles for Heavy-Duty Vehicles," (HDV

78-02) by T. Wysor and C. France, June 1978.

The remaining task in the HD cycle development effort is the
logical arrangement of the above cycles into one cycle for chassis
testing and one for engine testing. The following text will
address this topic. The discussion is structured into four major
sections. They are: A) practical requirements governing cycle
arrangement, B) pertinent cycle characteristics, C) finalized
cycles and corresponding emission calculation equations, ‘and D)
conclusions.

III. Discussion

A. Practical Requirements Governing Cycle Arrangement

Below are listed several requirements dictated by program
needs and practical considerations to which the test cycles should
conform.

1) Nominal length (time) of the engine cycle and chassis
cycle should be the same. The cycle length for both types of
cycles logically should be the same since they were generated
from the same data base.

2) New York and Los Angeles operation should be given equal
weighting in the finalized cycles, ECTD presently does not
have any information or data -that indicates whether New York
or Los Angeles operation is more typical of HD urban opera-
tion. Fifty-fifty weighting of each city is the only alterna-
tive at this time.

3) The non-freeway and freeway operation should receive the
same proportional weighting as in the CAPE-21 data base.

4) The chassis cycle used for HD evaporative emission
testing should be the same as that used for exhaust emission
testing.
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It should be pointed out that the reason there are such large
differences between the means and médians is that the density func-
tions are not normally distributed (see Figures 1 and 2). Instead
the density functions follow a Weibull density function or even an
exponential density function quite well. This fact supports the
use of the median as a measure of central tendency. The means
would be abnormally weighted by the extreme values and therefore
misleading.

Using a purely statistical approach the following wmedian trip
lengths are appropriate.

' Median
Category ’ ' - Trip Length
LA Gas 12 minutes
NY Gas ' 8 '
LA Diesel 27
NY Diesel 26

However, considering the range of the trip lengths and noting
the shape of the distribution functions (see Figures 1 and 2) any
trip length from about 10 to 25 minutes for gasoline vehicles and
20 to 50 minutes for diesel vehicles appears reasonable. The large
standard deviations (21 to 80 minutes) also demonstrate that the
trip statistics above are imprecise.

" A twenty minute trip seems very appropriate for gasoline
engines. This would be a '"nominal" trip length. The actual trip
length would be a function of which set of cycle segments (e.g., NY
non-freeway, LA non-freeway, etc.) are ultimately selected and may
differ slightly for engine and chassis cycles. In any case the
actual cycle time will be approximately 20 minutes.

A twenty minute trip length was also selected for diesel
engines even though it is a little short. The consequence of such
a short cycle is that cold start emissions will be overweighted.
It is anticipated at this time that this will not pose a problem.
The relative difference between cold and stabilized emissions from
diesel engines should not be great enough for this overweighting
to be critical. If this judgment proves to be incorrect, two
options will be available. One would be to run the twenty minute
cycle twice, back to back, to obtain a 40 minute cycle. The
practical aspects of doubling the test time (cost, instrument
durability, increased probability of void tests, etc.) would be
more detrimental than the advantages that might be gained. The
other option would be to compensate by an appropriate adjustment to
the cold trip and hot trip weighting factors.
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5) The same test cycle should be used for diesel particulate
testing and diesel gaseous emission testing.

6) The diesel particulate test cycle must be inherently
weighted. The diesel particulate test requires a long sample
period (greater than 15 minutes) to insure accurate results.
This requirement dictates a cycle that inherently weights the
freeway and non-freeway operation, and city weighting. If
this was not the case, emissions measured over a cycle segment
(e.g. LA non-freeway) would have to be weighted properly and
then summed with the other cycle segment results. However, 5
minutes (the typical segment length) is insufficient measurer
ment time for particulate testing.

7) The emission test cycle should include both cold and hot
start cycles. This requirement insures an accurate assessment
of cold start emissions. This is particularly important
should HD gasoline engines be equipped with catalyst emission
control systems. '

B. Pertinent Cycle Characteristics

1) Trip Length.

The major concern of trip length is its influence on hot
versus cold emissions. As a trip becomes longer, there is less
influence on average emissions by the cold start portion of the
trip. This is of more concern for gasoline engines than for diesel
engines, and becomes very important if catalyst control systems are
used. The following discussion addresses the issue of trip length.

Table 1 lists the trip summary data from the CAPE-21 survey.

Table 1

Time per Trip¥*
(in minutes)

Total No. Standard
Category of Trips Mean Median Deviation Range
LA Gas 931 19.31 12.22 21.17 0-180
NY Gas 995 19.30 7.97 38.39 0-440
LA Diesel 313 38.82 27.40 45.06 0-330
NY Diesel 234 55.23 25.50 79.88 0-460

* A trip is defined as engine-on to engine-off.
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Table 2

Initial Tdle Time
(in minutes)

(An asterisk indicates a frequency of one or less)

Trip Type -—
Cold Start N Warm Start N Normal Start N Hot Start
Mean  Median Std. Dev. Mean  Median Std. Dev. Mean Median Std. Dev. Mean Median Std. Dev.
LA GAS: 1.56  0.43 2.44 17 0.56  0.37 0.71 11 0.34 0.10 0.63 39 0.18 0.10 0.27 88
NY GAS: 1.78 0.23 2.69 10 0.86 0.35 1.23 4 1.25 0.20 3.00 22 0.44 0.10 1.20 62
LA DIESEL: 2,85 0,67 4.19 15 0.40 0.10 0.57 19 0.26 0.13  0.32 26 * * * 0
NY DIESEL: 0.05 0.02 0.08 6 0.20 0.10 0.23 3 0.34 0.13  0.33 9 * * * 1
All LA Trucks: 2,17  0.47 3.38 32 0.46  0.25 0.62 30 0.31 0.10 0.53 65 0.18 0.10 0.27 88
All NY Trucks: 1.13  0.03 2.25 16 0.58 0.27 0.95 7 0.98 0.20  2.55 31 0.43 0.10 1.19 63
All GAS: 1.64 0,40 2.48 27 0.64  0.37 0.84 15 0.67 0.17 1.90 61 0.28 0.10 0.80 150
All DIESEL: 2.05 0.20 3.74 21 0.37 0.10 0.53 22 0.28 0.13  0.32 35 * * * 1
All Trucks: 1.82 0.30 3.07 48 0.48 0.27 0.68 37 0.53 0.15 1.53 96 0.28 0.10 0.80 151
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As will be seen later, the number of trips per day of gasoline
vehicles versus diesel vehicles also effects cold start weighting.
The hot/cold trip weighting factors seleted under section B(3)
underweight the cold start emissions for diesels. This under-
weighting will tend to offset the overweighting resulting from a
20 minute trip length.

2) Selection of Cold Start Segment

Based on a hot/cold analysis* of the CAPE-21 data it was
concluded that there was not a significant difference in hot versus
cold truck operation from a practical viewpoint. Therefore, a
separate cold start cycle was not generated from the CAPE-21 data
base. The analysis does show that a cold start was characterized
by a longer than normal initial idle period. Table 2 summarizes
the initial idle time following cold, warm, normal, and hot starts.

Table 2 suggests a median initial idle time of 24 seconds for
gasoline trucks (LA and NY). Table 2 also indicates that diesel
trucks have a typical initial idle period of 12 seconds (median
value). It should be noticed that there is a drastic difference
between the median values for LA diesels and NY diesels (.67 min.
versus .02 min.). Because the initial idle is extremely short for
NY diesels when compared to the other categories, the NY diesel
truck data are suspicious. The initial idle time summary statis-
tics may not be that reliable for the NY diesel due to the limited
number of trucks that were used in the hot/cold analysis from which
Table 2 was derived. The initial idle period for the LA diesels
are of the same order of magnitude as the LA and NY gas trucks and
does appear to be reasonable.

The practicalities of running the transient test procedure
prevent the initial idle period following a cold start from getting
much shorter than 24 seconds. Sufficient idle time is necessary to
allow the engine to stabilize with the proper choke setting (after
starting) and to enable the engine dynamometer to be placed in the
transient control mode. Since the initial idle period for the NY
diesels is somewhat suspicious and because diesels are less sensi-
tive to cold start characteristics than gasoline engines the
initial idle for gasoline engines will also be used for diesel
engines.

It should be emphasized that the initial idle summary statis-—
tics (presented in Table 2) are highly variable. Large differences
exist between the medians and means due to the skewed distributions.
The extreme values (long idle periods) for some trucks excessively
weight the means. This fact also contributes to the large standard .

*"Analysis of Hot/Cold Cycle Requirements for Heavy-Duty Vehicles,"
EPA Technical Report HDV 78-05, by Chester France, June 1978.



Trips per Day

Truck Sample Standard
Category Size Mean Median Deviation
LA 2-axle GAS 71 10.28 8.10 6.03
LA 3-axle GAS 4 11.75 12.00 2.28
LA TT GAS 18 . 8.56 5.83 5.19
LA 2-axle DSL 2 14.50 11.00 3.50
LA 3-axle DSL 19 6.84 5.83 3.41
LA TT DSL 24 6.42 5.75 2,58
LA all GAS 93 10.01 7.83 5.82
LA all DSL 45 6.96 5.93 3.42
LA All Trucks 138 9.01 7.17 5.35
LA Buses 7 7.43 5.88 1.84
NY 2-axle GAS 76 12.14 11.00 8.62
NY 3-axle GAS 2 6.50 1.00 5.50
NY TT GAS 9 6.56 4,50 5.23
NY 2-axle DSL 5 2.80 2.25 0.75
NY 3-axle DSL 16 3.44 1.86 3.10
NY TT DSL 24 6.88 5.00 5.09
NY all GAS 87 11.44 10.38 8.48
NY all DSL 45 5.20 2.92 4.53
NY All Trucks 132 9.31 7.00 7.95
NY Buses 13 11.62 9.50 7.12

Table 4
Time Between Trips
(in minutes)
Sample Standard
All Days: Size Mean Median Deviation
LA 2-axle GAS 659 21.24 12.54 25,88
LA 3-axle GAS 43 20.98 14.25 20.95
LA TT GAS 136 35.34 23.50 42,20
LA 2-axle DSL 27 21.15 "12.00 26.30
LA 3-axle DSL 111 33.86 22.85 37.98
LA TT DSL 130 28.56 21.83 27.42
LA all GAS 838 23.51 14.18 29.42
LA all DSL 268 30.01 19.50 32.35
LA All Trucks 1106 25.09 15.53 30.28
LA Buses 45 19.87 14.00 15.81
NY 2-axle GAS 847 17.65 10.17 27.76
NY 3-axle GAS 11 21.18 18.00 13.77
NY TT GAS 50 25.56 20.50 24,39
NY 2-axle DSL 9 17.00 14.75 6.04
NY 3-axle DSL 39 43.24 15.25 63.42
NY TT DSL 141 25.99 17.60 31.78
NY all GAS 908 18.13 10.48 27.52
NY all DSL 189 29.12 16.86 40,51
NY All Trucks 1097 20.02 11.07 30.44
NY Buses 138 10.19 5.55 19.28
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deviations. Even among the statistics (e.g., medians) there are
wide ranges of values (1 to 40 seconds for medians) among the
various truck categories. The median was used to eliminate exces-
sive weighting by extremely long initial idle periods. It was also
thought to best represent the most typical initial idle time for
the CAPE-21 trucks, moreso than the means. Arguments could be
constructed for longer initial idle periods than the one selected
above, however any idle time less than the one selected would be
difficult to justify (at least for gasoline vehicles).

In summation, a 24 second initial idle time was selected for
both gasoline and diesel engine cycles. The same 24 second initial
idle time was also placed at the beginning of the opening segment
of the chassis cycle.

Only one cycle segment is really a logical choice for the
opening segment. The segment is New York, non-freeway. The
reasons for this are: (1) this segment, by far, contains the most
idle (greater than 40%) and (2) its statistics (mean mph, mean %
power, mean % rpm, and % idle) are more characteristic of cold
operation than those of the other cycle segments.*

To simply add the required idle to the front of the New York
cycle would artificially inflate the total cycle's percent idle. A
much better approach would be to reorder the idle in the New York
non-freeway segment. Reordering the idle does not alter the
representativeness of the cycle and is a statistically valid
maneuver.,

The reordered New York non-freeway segments can be found in
Appendix I. (The unmodified versions can be found in EPA Technical
reports HDV 77-01 and HDV 78-02.) Both the engine (gasoline and
diesel) and chassis cycles are listed.

3) Hot/Cold Weighting Factors

One of the requirements (listed earlier) governing the cycle
arrangement is a cold and hot start test. Because of this require-
ment the appropriate hot/cold weighting factors need determination.
The number of trips per day and the number of cold starts per day
for LA and NY trucks are necessary information for calculation of
the weighting factors.

Table 3 summarizes the trips per day for various CAPE-21 truck
categories. The only categories of real interest in this table are
LA trucks (gas and diesel) and NY trucks (gas and diesel). As
before, the median values are more appropriate because of non-nor-
malities. The median trips per day for both the LA and NY trucks
is seven (7).

*TAnalysis of Hot/Cold Cycle Requirements for Heavy~Duty Vehicles,"
EPA Technical Report HDV 78-05, by Chester France, June 1978.
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Table 5

CAPE-2]1 Non-Freeway and Freeway Weighting

Category Non-Freeway Freeway
LA Gas .30 .20
NY Gas 44 © .06
LA Diesel 24 .26
NY Diesel .41 .10

A complicating factor in trying to duplicate the weightings
above, is that all cycles (engine and chassis) generated are a
nominal five minutes in length. It is impossible using the five
minute cycles, the 20 minute trip length, and a 50/50 city weigh~
ting, to exactly match the N-F/F weighting in Table 5.

The best compromise is to simply delete the New York freeway
cycle. This cycle only represents 6% of the data for gasoline and
10%Z of the data for diesel. Also, the New York freeway cycle for
gasoline engines was tainted by questionable RPM data from New York
gas truck 09.* Consequently, the cycle's representativeness 1is
debatable. The New York non-freeway gasoline engine cycle was
influenced substantially less by truck 09 and it is felt that the
cycle remains reasonably representative. The deletion of the New
York freeway cycle eliminates most of the potential influence of
truck 09 on the finalized gasoline engine cycle. To maintain the
proper city weighting the NY N~F cycle could be run twice. The
resulting cycle would look like this:

Figure 3

Finalized Engine Cycle

Segment No: 1 2 3 4
NY N-F LA N-F LA F NY N-F
Gas: 272 sec. 307 sec. 316 sec. 272 sec.

Diesel: 297 sec. 300 sec. 305 sec. 297 sec.
20 minutes nominal trip length
(actual trip length = 1167 (19.45 min.) for gas
and 1199 sec (19.9 min.) for diesel.)

This cycle has the following city and N-F/F weighting.

*This problem is more fully discussed in the Addendum to the EPA
Technical Report '"Selection of Transient Cycles for Heavy-Duty
Engines," (HDV 77-01) by T. Wysor and C. France, November 1977.
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To determine the number of cold start trips per day refer to
Table 4., This table lists the time between trips for various
CAPE-21 truck categories. The times between trips listed are the
engine-off times between trips. The engine-off time preced-
ing the first start of the day was not included in the calculation
of these summary statistics. The median values (and mean values
for that matter) clearly demonstrate that only the first start of
the day can be considered cold. Therefore, the remaining trips can
be considered hot starts.,

Based on the above information the appropriate hot and cold
weighting factors are shown below.

Number of Cold Start Trips per Day _ 1

Cold Start Weighting Factor = .
Total Number of Trips per Day 7

Hot Start Weighting Factor = Number of Cold Start Trips per Day _ 6

Total Number of Trips per Day 7

4) Hot Soak Time

Again because of a cold start and hot start test requirement,
the proper hot soak time has to be assessed. Table 4 will provide
the necessary information.

The summary statistics in Table 4 exhibit the same degree of
variability as the time per trip data listed earlier. The density
functions are not normal and the standard deviations are huge.
Noting this large amount of variation among the trucks, a 20 minute
hot soak time seems entirely reasonable. The actual median values
do indicate a hot soak time of eleven (11) to sixteen (16) minutes.
A hot soak time of 20 minutes is close to these values when com-
pared to the wide range of values. Also, practical considerations
of running the test (e.g., sampling bag evacuation, dynamometer and
computer pre-test preparation, etc.) discourage the use of a
shorter soak time,

C. Finalized Cycles and Corresponding Emission Calculations

1) Finalized Engine Cycles

There is no strong basis for ordering the remainder of the
segments after the cold start segment. The only related constraint
is the proper non-freeway (N-F) and freeway (F) weighting. The

N-F/F weighting factors for the CAPE-21 data base are shown below.
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Figure 4

Finalized Chassis Cycle
(Gasoline and Diesel)

Segment No: 1 2 3 4
NY N-F LA N-F LA F NY N-F
254 sec. 285 sec. 267 sec. 254 sec.

20 minute nominal trip length
(actual trip length = 1060 sec., 17.67 min.)

The summary statistics for this chassis cycle are shown in
Table 8. The chassis cycle segment weighting parallels the engine
cycles' weighting very closely. Also, the chassis cycle's summary
statistics are comparable to those of CAPE-21. A listing of the
finalized chassis cycle is located in Appendix III.

3) Exhaust Emission Calculation Equations
a) Engine Cycles

For engine emission testing, emission levels are usually
presented in terms of grams of pollutant per brake horsepower-hour.
This method of expressing emission levels removes inequities
between small and large engines, and places both on the same
comparative scale. With respect to HD transient emission testing,
it would be desirous to obtain total grams of pollutant per brake
horsepower-hour for an average trip weighted appropriately for hot
and cold trips. The following equation enables calculation of
emission levels, in grams per brake horsepower-hour, for the engine
emission cycle shown in Figure 3,

Equation (1) A = 1/7(g ) + 6/7(g)
wm I77CBHP=Ht ) + 6/7(BHP-Hr, )
Where:
A, = Weighted mass emission level (#c, co, CO,, or NOx)
in grams per brake horsepower-hour.
8, = Mass emission level in grams, measured during the

cold start test.

8, = Mass emission level in grams, measured during the
hot start test.
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Table 6
City and Non-Freeway/Freeway Weighting

City Weighting Non-Freeway Weighting Freeway Weighting

Category Desired Actual Desired Actual Desired Actual
LA Gas <50 47 .30 .26 .20 .27
NY Gas .50 .53 A4 47 .06 0
LA Diesel .50 .50 24 «25 .26 «25
NY Diesel .50 .50 4l .50 .09 0

The opening segment for the cycle above was justified earlier.
The second New York segment was not chosen for the second segment
because emissions under New York driving conditions would be
measured while the engine was either cold or partilly warm (at
least for the cold start test). No stabilized emission results
from New York type operation would be available. Instead, the LA
N-F cycle was selected for the second segment. This cycle was
chosen so as not to demand high power and speed from the engine (as
would be required by the LA F cycle) before it was fully warmed-up.
The LA F cycle was selected for the third segment and the NY N-F
cycle concludes the composite cycle. This composite cycle would be
run for both hot and cold start tests.

Finally, Table 7 compares the average between Z RPM, average %
power, and the % idle for the composite cycle and the CAPE-21 data
base. Table 7 clearly illustrates that the proposed cycle approxi-
mates the CAPE-21 % RPM, 7% power and % Idle quite closely.

Table 7
Average % RPM Average 7 POWER %Z Idle
Engine Cycle Desired Actual Desired Actual Desired Actual
Gasoline 29 30 33 36 26 27
Diesel 46 42 30 28 32 36

A complete listing of the gasoline and diesel engine cycles
can be found in Appendix II.

2) Finalized Chassis Cycles
The finalized chassis cycle was arranged in the same manner as

the engine cycles and the same logic was used. The resulting
composite cycle for chassis testing is shown below.
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BHP-HrC Total brake horsepower-hour (brake horsepower inte-
grated with respect to time) for the cold start

test.

BHP-Hr, = Total brake horsepower-hour (brake horsepower inte-
grated with respect to time) for the hot start

test.

The numerator in Equation (1) would equal the total grams of
pollutant measured during an average trip (as derived from the
CAPE-2]1 data base). This gram value is weighted appropriately for
the typical number of cold and hot trips occuring in a truck's
daily operation. Similarly, the denominator represents the total
hot/cold weighted, brake horsepower-hour (work) output during the
trip.

b) Chassis Cycle

Emission levels for chassis emission testing are presented in
terms of grams of pollutant per mile traveled. The following
equation produces hot/cold weighted mass emissions per vehicle mile
for the HD chassis cycle in Figure 4.

1/7(g ) + 6/7(gy)

Equation (2) . A= 5755

Where:
A = Weighted mass emission level (HC, CO, CO,, or NOx)
v in grams per vehicle mile. 2’
g, = Mass emission level in grams, measured during the

cold start test.

= Mass emission level in grams, measured during the

N
hot start test.

The numerator produces the hot/cold weighted mass of pollutant
measured during the cycle (same as for engine cycles). The numer-
‘ical value which is in the denominator equals the total number of
miles traveled during the cycle.

D. Conclusions
Figures 3 and 4 present cycle segment arrangements for tran-

sient engine and transient chassis emission testing respectively.
(Listings of all cycles are located in Appendix II and II.) A
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Table 8

Chassis Cycle Summary Statistics

Non-Freeway Freeway 3 Average Speed (mph)
City Weighting Weighting Weighting Miles per Trip per Trip
Category Desired Actual Desired Actual Desired Actual Desired Actual Desired Actual
LA Gas 50 52 .28 .27 .22 «25
and Diesel 4.59  5.55 15.991  18.86
: (5.73) (19.45)2
NY GaS N 050 048 .43 148 o07 0

and Diesel

This value was derived from the means of the trip values. Each trip is weighted equally regardless
of trip length. :

The average speed for each truck category was used to calculate this value. The calculation
technique is shown below.

Average speed per trip = (Avg. speed, LA Non-Freeway) .28 + (Avg. speed, LA Freeway) .22 +
(Avg. speed, NY Non-Freeway) .43 + (Avg. speed, NY Freeway) .07

and
Average Speed (MPH)
Non-Freeway Freeway
LA Gas & Diesel 15.10 45 .54
NY Gas & Diesel 7.80 26.39
therefore

Avg. speed per trip = (15.10) .28 + (45.54) .22 + (7.80) .43 + (26.39) .07 = 19.45 MPH

Miles per trip = (Average speed per trip)(Trip cycle duration)
= (Average speed per trip)(_lz.0:67)
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complete emission test would consist of a cold start and a hot
start cycle run. Equation (1) provides the means of calculating
emission levels for engine testing. The calculated emission levels
will be in grams per brake horsepower-hour. Similarly, for chassis
testing Equation (2) is used to calculate weighted grams of pollu-
tant per vehicle mile.

The cycle arrangements derived in this report are fundamen—
tally based on the CAPE-21 data base and the cycles generated from
it, In some instances more than one choice or approach was-avail-
able. In these cases practical consideration and engineering
judgment were used to aid in the selection of the finalized cycle.
The finalized composite cycle exhibits trip characteristics sup-
ported by the CAPE-21 data base and can be considered a typical
urban trip for a HD truck.
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APPENDIX 1
Reordered New York Non-Freeway Segments

(Engine and Chassis)
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Reordered New York Non-Freeway Gasoline Engine Cycle

RECORD RECORD
(SEC) BRP™M SPOWER (SEC) ¥RPM *POWER
200. 0.0 0.0 250. 0.0 V.0
201. 0.0 0.0 251. 0.0 0.0
202. 0.0 000 252. 0.0 0.0
203, 0.0 0.0 253, 0.0 0,0
204, ~2.52 .30 254, 0.0 0.0
20S. "“02? 15.2R 255. 0.0 0.0
206. 0.0 10,00 256. 0.0 0,0
207, 0.0 10.00 257. 0.0 0.0
208. 0.0 10.00 258. 0.0 0.0
209, 0.0 75.93 259. 0.0 0.0
210. 0.0 32.22 260. 0.0 V.0
211, 1.67 35.00 261. 0.0 0,0
212. 15.48 29.82 262 0.0 0.0
213. 25.46 MOTORING 263, 0.0 0.0
2la. 24.22 MOTORING 264, 0.0 0.0
215. 23.44  MOTORING 265, 0.0 0.0
216. 12,41 80.90 266, 0.0 0.0
217. R.94 83.61 267, 0.0 0.0
218. 7?5 84,82 268, 0.0 0.0
219. 16470 80.00 269, 0.0 0,0
220. 2u,.67 63.33 270, 0.0 0.0
221. Ne2= 79.81 271. 0.0 0.0
222. 0.0 8.52 272, 0.0 0.0
223. 0.0 0.0
224, 0.0 0.0
225. 0.0 0.0
226, 0.0 0.0
227, 0.9 0.0
228, 0e0 0.0
229. 0.0 0.0
230. 0.0 0.0
231. 0.0 0.0
232. 0.0 0.0
233, O.U 17.59
234, 0.0 19.63
235. 0.0 10.00
236, 0.0 10.00
237. 0.0 10.00
238, 0.0 3.34
239. 0.0 N.0
240, 0.0 N.0
241, 0.0 0.0
242, OV 0.0
243, 0.0 0.0
244, 0.u 0.0
24S. 0.0 0.0
246. 0.0 0.0
247. 0.0 0.0
248, 0.0 0.0
249, 0.0 0.0
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Reordered New York Non-Freeway Gasoline Engine Cycle

RECORD RECORD RECORD RECORD
(SEC) *RPM SPOWER (SEC) FRPM BPOWER (SEC) BRPM BPOWER (SEC) ®BRPM SPOWER
0. 0.0 0.0 50. 0.0 0,0 100. 63,66 23.42 150. 0.0 2416
1, 0.0 0.0 S1. 0.0 10,11 101. 64,14 17.84 151. 0.0 0.0
2. Y 0.0 52. 4.37 46,40 102. . 59,548 3.76 152. 0.0 0.0
3. 0oy 0.0 53. 8.9n0 45,17 103. 38,00 42.26 153. 0.0 0.0
4. (U 0.0 5S4, 1.95 50,00 104, 39.09 30.00 154, G683 MUTURING
Se 0.0 0.0 SSe. 3.3 4l.68 105. 40.00 30.00 155. 2.00 MOTORING
6. 0.0 0.0 S6. 4.00 89,46 106. 34,85 47.18 156. eSS4 MOUTORING
7. 0.t 0.0 57. 13,76 35.60 107. 32.03 10.33 157. 0.0 MOTOKING
8, 0ay 0,0 58. 26.43 26,96 108, 34,00 33.48 1548, 00 MOTORING
9. Net! 0.0 S9. 33.85 6,16 109, 34.00 S5C.00 159. Ce0 MOTORING
10. 0.9 0.0 60, 36,00 MOTURING 110. 33.0¢ 20.69 160G 0.0 MOTORING
11, 0.0 0.0 61. 34445 MOTURING 111. 25,54 MOTORING 161. He0 0.0
12. Ne0 0.0 62. 34.00 MOTURING 112. 15.57 MOTORING 162. 0.0 0.0
13. Nel 0.0 63. 35.64 MOTURING 113. 14.00 MOTORING 163. 0+0 0.0
14. 0.0 0.0 ba, 32.99 27.39 116, 14047 27.64 164, 0.0 0.0
15, 0.0 0.0 65. 36.00 30400 115. 18,00 4449 165. 0.0 0.0
16, 0.0 0.0 66. 4l.63 Ta 37 116 17.13 MOTORING 1646, 0e0 MOTORING
17, 0.0 0.0 67, 60.4]) 2o, 76 117, 16,00 MOTORING 167. Va0 224,01
18, 0.0 0.0 58, 48,44 MOTORING 118, 10.02 MOTORING 168. 123 72.29
19. 040 0.0 69. 43.8+ MOTURING 119. Y9.81 MOTORING 169, €e63 B0.00
20. 0.0 0.0 70. 40,39 MOTURING 120. S.8¢ MOTORING 170. 17.29 89,29
2l. a9 N0 71. 38.5n 4.0l 121. 4s00 MOTORING 171. 22.17 90.00
22. VPRV 0.0 72. 35.0% 30.00 122. 4400 MOTORING 172. 24400 82.70
23. 0.0 0.0 73, 40.64 16.70 123, 2.93 MOTORING 173. 24.00 31.96
24, (L] 0,0 74, 43,64 26,45 124, 0.t MOTORING 174. 24400 MOTORING
25. -1l.74 44 .40 75. 45.96 MOTORING 125. 0.0 MOTORING 175. 22457 MOTORING
26, 0.0 85,35 76 47.1n MOTORTING 126. 0.0 MOTORING 176 27200 MOTORING
27. 405 100.00 77. 49,29 MOTORING 127, 0.0 MOTORING 177. 13.88 MOTORING
28, 27.07 100.00 78. 37.10 MOTORING 128, 0.0 MOTORING 176 104C0 MCTORING
29. 42,96k 100.00 79. 36.00 MOTUKING 129. 0.0 MOTORING 179. $+31 MOTORING
30. 4S5.7Y 100.00 80. 34.67 MOUTURING 130. 0.0 10.00 180, 3.93 MUTORING
31. 48,11 99,46 81, 32.15 MOTORING 131, 0.0 10.00 181. 0e0 0.0
32. 50,42 90.00 82. 31.67 MOTORING 132. 0.0 29.02 182. 040 0,0
33. S2.74 75.23 83, 28,48 13,89 133, 0.0 2T.83 183. Ne0 0.0
34, 54,00 50.00 84, 32.38 40,00 134, 0.0 7430 184, Ga0 0.0
35, 44,47 8.96 85, 36.00 90.00 135, 0.0 0.0 185. Vel 040
36, 45,95 MOTORING 86. «1.69 90,00 136. 0.0 0.0 18¢. 0.0 0.0
37. 46,00 9,99 87. 45.74 40,00 137. 0.0 0.0 187. 0.0 0.0
38, 37.69 MOTORING 88, 49,95 50,00 138. 0.0 0.0 188. D.0 0.0
39. 31.61 S.68 84q, “9.1n 40,00 139. 0.0 0.0 189. 0.0 0.0
40, 22494 35.29 90, 50.59 62,97 140 .0 0.0 190. 60 0.0
“4l. 244,00 4.87 91. 45.99 34,98 14]. 0.0 0.0 191. 0.0 0.0
42, 20,86 MOTORING 92. “2.74" 7.23 142, 0.0 0.0 19¢. 0.0 0.0
43, 12.45% MOTORING 93, 35.12 MOTURING 143, 0.0 0.0 193. 0e0 0.0
44, 5401  MOTORING S4, 32.0A 67,92 144, 0.0 0.0 194. Ne0 0.0
45, heSz  MOTORING 95. 35.53 62,55 l4S, 0.0 0.0 195. 0.0 0.0
46, 7,17 MOTORIMG 6. 46,57 58,60 leb, 2.00 0.0 196, 0.0 0.0
“7. 2.5 MOTORING 97. +9.77 48.65 147, 1.38 0.0 197. 0.0 0.0
«8, Nel 0.0 98, 52.0n0 60,00 148. 0.0 0.0 198. He0 0.0
49, 0e0 0.0 99, 58006 60.00 149, - Oe0 6027 199. 0.0 0.0
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Reordered New York Non-Freeway Diesel Engine Cycle

RECORD RECORD

(SEC) FRPM ¥POWER (SEC) BRPM %POWER
200, 0.0 0.0 250. 23.05% 60,97
201, 0,0 0.0 251. 18.20 27,34
202. 0.0 0.0 252. 12.84 43,71
203. 0.0 0.0 253. 10.10 64,65
204, 0.0 0.0 254, 3.79 68,95
205, 0.0 0.0 255. l.4R “46,28
206. 0.0 0.0 256, 0.0 0.0
207. 0.0 0.0 257. 0.0 0.0
2u8. 0.0 0.0 258, 0.0 0.0
209, 0.0 0.0 259. 0.0 0.0
210. 0.0 0.0 8600 0.0 0-0
211, 0.0 0.0 261. 0.0 0.0
2le. 0V 0.0 262. 0.0 0.0
213. 0.0 0.0 263, 0.0 24,97
2la, 0.0 713.41 264, 0.0 ‘7t16
215, 0.0 90.00 265, 0.0 6.20
216, 315V 81.30 266, 0.0 10.00
217, 41.1% 90.00 267. 0.0 10.00
218, 44,00 90.00 268, 0.0 0.0
219. w6.61 90.00 269. 0.0 0.0
220. 51.04 82.41 270, 0.0 0.0
221. 66,65 80.00 271, 6.0 0.0
222. 75.03 30.00 272. 0.0 0.0
223. 89,45 90.00 273, 0.0 0.0
224, 9k, T4 93.83 274, 0.0 0.0
225. 96,91 SN.9% 275. 0.0 0.0
226. Y4,00 17.02 276. 0.0 0,0
22T, 99,10 28.60 277. 0.0 0.0
228. 100,00 39.R3 278, 0.0 0.0
229. 100,00 30.00 279, 0.0 0.0
230. 100.0v 26.69 28B0. 0.0 0.0
231. 100,94 20.00 28l 0.0 0.0
232, 100.71 20.00 282, 0.0 0.0
234, 96.16 40,00 -284., 0.0 0.0
235, 95.77 30.00 . 285. 0.0 0.0
236, 94.5% 32.75 —~286, 0.0 0.0
231, 96,86 35.68 287. 0.0 O.0
238, 99,148 30.00 288, 0.0 0.0
239. 100.00 44,93 289. 0.0 0.0
240. 101.81 50.N0 290. 0.0 0.0
241, 85,54 MOTORING 291. 0.0 0.0
242, 63,55 MOTORING 292, 0.0 0.0
243, 56,00 MOTORING 293. 0.0 0.0
246, 46,00 MOTORING 294, 0.0 0.0
245, 41.86 45.18 295, 0.0 0.0
266, 38,21 18,67 296, 0.0 0.0
247. 35.98 80,00 297. 0.0 0.0
248, 31.03 80.00

249. 25.36 80.00
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Reordered New York Non-Freeway Diesel Engine Cycle

RECORUD RECORD RECORD RECORD
(SEC) FRPM $POWFR (seC) FRPM %POwER (SEC) FRPM %POWFR (SEC) HRPM »POWEK
0. 0.0 0.0 50. 54.03 79,92 100. 0.0 0.0 150, 0.0 0.0
1. 0.0 0.0 51, 58,00 65,03 101. 0.0 0.0 151 0.0 0.0
2. 0.0 0.0 52. 58,65 «3.23 102. 0.0 0.0 15¢. 0.0 0.0
3. 0.0 0.0 S3. 62.84a 50.00 103. 0.0 0.0C 153. 00 0.0
. 0.0 0.0 54, 69.83 50.00 104. 0.0 0.0 154. 0.0 0.0
S. 0.0 0.0 55. - 72.00 42,05 105, 0.0 0.0 15%5. Vel 0.0
6. 0.0 0.0 56, 75.81 0,00 106, 0.0 0.0 156. 0.0 0.0
7. 0.0 0.0 S57. 84,22 «2.20 107. 0.0 0.0 157. 0.0 0.0
8. 0.9 0.0 58. 83.86 «1,28 108. 0.0 0.0 158, Ue0 0.21
9. 0.0 0.0 59. 80.55 MOTURING 109. 0.0 0.0 159. Ue0 30.00
10, 0.0 0.0 60, 80.51 MOTURING 110. 0.0 0.0 16C. 0e0 26,78
11. 0.0 0.0 61.. 78.00 MOTORING 111. 0.0 0.0 161. 0.0 2000
12. 0.0 0.0 62 79,72 MOTORING 112 0.0 0.0 162« 0«0 20.00
13. 0.0 0.0 63, - 80433 30,54 113. 0.0 0.0 163. 0.0 4.12
la, 0.0 0.0 64, 85.518 «2,12 114. 0.0 0.0 164. 0.0 0.0
150 0.0 0.0 b‘-:'. 81'7R 50.00 115. OCO 0.0 1650 000 0.0
16. 0.0 0.0 66 78.00 520,00 116. 0.0 0.0 166. 0.0 0.0
17, 0.0 0.0 67. 80.74 43,16 117. 0.0 0.0 167. 0.0 0.0
18, 049 0.0 b8 92.1n 73,65 11R. 0.0 0.0 168. 0.0 0.0
19. Dot 0.0 69. 88.01 MOTORING 119. 0.0 0.0 169, 0e0 0.0
é0.. 0.0 0.0 70. 84,00 MOTURING 120. 0.0 0.0 17C. Ve0 0.0
2l. (VY] 0.0 71. 84,00 MOTIORING 121. 0.0 0.0 171. Uel 0.0
22. 0.0 0.0 72. 8l1.17 MOTORTNG 122. 0.0 0.0 17¢. D0 0.0
23. 0e0 0,0 73. 7045 MOTURING 123. 0.0 0.0 173, 0.0 0.0
26, 0.0 0.0 T4 6600 13,57 124. 0.0 0.0 174, 00 0.0
25. 0.0 3.67 75. 62.23 2Y9.43 125. 0.0 0.0 175, 0.0 0.0
26, 0.0 47,69 76, 64,00 20,00 126. 0.0 0.0 176, Vel 0.0
27, 3.11 59.41 77. 63.48 17,42 127. 0.0 0.0 177. 040 040
28, 9,09 84.54 TR, 60.34 10,00 128. 0.0 0.0 178. UeO 0.0
259, 15,62 80,00 79.. 56,85 10.00 129. 1.77 MOTORING 179. 0.0 0.0
30. 33,49 80.00 80 56,00 MOTURING 130. 1.60 MOTORING 180. 0.0 0.0
1. 37.93 79.29 8Bl 52.645 MOTURING 131. 0.0 MOTORING 181, 0e0 0.0
320 31.(‘) 3802"—) 820 39-91 10000 132. 0.0 0.0 182. 0.0 0.0
33. 21.99 26.67 83. 36438 10.00 133. Z.l6 9.28 183. 00 0.0
34. 30.00 15.10 84, 30.00 10.00 134, 3.08 0.0 184, 040 2000
35, 22.23 16.47 85. 27.93 10.00 135. 0.0 0.0 185. 0.0 2000
36. 19,61 28.05 86, 26.00 16,74 136, 0.0 0.0 180, UeO 11.73
37. 20409 20.38 87, 27.66 3.36 137, 0.0 0.0 1875 0+0 0.0
38. 1R.33 MOTORING 88, 28.00 MOTURING 138R. 0.0 0.0 188. 0.0 0.0
39. 6.55 MOTORING A9, - 27.41 MOTURTING 139. 0.0 0.0 189. 0.0 0.0
40, 15.82 M™MOTORING 90, 20496 MUTURING 140, 0.0 0.0 190. Ve0 0.0
41, 23.03. MOTORING 91. 12.15 MOTURING 141 0.0 0.0 191. 0.0 0.0
42. 17.51 MOTORING 92. 3.81 MOTURING 142. 0.0 0.0 192. 0.0 0.0
43, 14,19 62.52 93. 0.0 MOTURING 143, 0.0 0.0 193. 0.0 0.0
44, 16,64 69,36 94, 0.0 MOTURING 144, 0.0 0.0 194, e 0.0
65, 27.77 60.00 95, 0.0 0.91 145, 0.0 0.0 195. 00 0.0
46. 37.03 63.79 96. 0.0 7.52 146. 0.0 0.0 196. 0.0 0.0
a7, 47,36 75.36 97. 0.0 0.0 147, 0.0 5.51 197. 0s0 0.0
8, Sa,77 80,00 9H ., 0.0 0.0 148, 0.0 11.34 19%. 0.0 0.0
49, 57.7% B80.00 96, 0.0 0.0 149, 0.0 00 199. 0e0 0.0
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APPENDIX II
Finalized Transient Engine Cycles

(Gasoline and Diesel)
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Reordered New York Non~Freeway Chassis Cycle (Gasoline and Diesel)

RECORD SPEED RECORD SPEED RECORN SPEED RECORD SPEED RECURD SPEED RECORD SPEED
(SEC) (MPH)  (SFC) (MPH) (SEC) (MPH) (SEC) (MPH) (SEC) (MPH) (SEC) (MPH)
0. 0.0 S0. 12.26 100, 31.01 150. 0.0 200, 0.0 250, 0.0

1« 0.0 Sle 14429 101, 31.00 151e 0.0 20l., 0,0 251. 0.0
2. 0.0 52+ 14456 102, 31.62 152. 0.0 202, 0.0 252, 0.0
3. 040 53. 15.20 103, 33.00 153, 0.0 203, 4.15 253. 0.0
4. 0.0 S4e 16,76 104, 32.37 154, 0.0 204, 6,00 254, 0,0
Se 0.0 55. 17.00 105, 30.43 155. 0.0 2uS. 6,00
6 0.0 56. 17.00 106, 30.00 156, 0.0 206, 6.00
7. 0.0 S7T. 17.23. 107, 30,00 157, 0.0 207, S5.30
8. 0.0 58. 18-77 ) 108. 30051 lsno 0.0 608. “.1‘0
9. 0'0 590 20051‘ 109. 32'“1 1590 000 2()90 1096
10 0.0 60. 19.60 110, 33.00 160, 0.0 210, 0.0
11. 0.0 61. 18.14 111, 32.27 161 0.0 211, 0.0
12 0.0 62. 17,98 112, 32.00 162. 0.0 2le, 0,0
13. 0.0 3. 17.00 113, 31,04 13, 0.0 213, 0.0
ias 0.0 64, 16434 114, 32.20 164, 0.0 2iae, 0.0
15« 0.0 65. 15.00 115. 33.36 165, 0.0 215, 0.0
16. 0.0 66. 15,00 116, 34,00 166, 0.0 2lé, 0,0
17. 0.0 67. 15.00 117, 34.00 167. 0.0 217, 0.0
18, 0.0 68. 15.96 118, 34,00 168, 0en 218, 0,0
19 0.0 69, 12.35 119, 33.01 169, 0.0 219, 0.0
20. 0.0 70. 15.28 120, 31.86 170 0en ‘220, 0.0
2l. 0.0 71. 14,27 121, 30.10 171 0.0 221, 0,0
?2. 0.0 72. 12.59 122, 26,17 172. 0.0 222, 0,0
23. 0.0 73. 12.25 123, 23.39 173. 0en 223, 0.0
26, 0.0 T4, 9.28 126, 21.46 174, 0.51 224, 0,0
25. 0.19 75. 8,00 125, 17,28 175, 0,33 225, 0.0
26 1.00 76. 8.00 126, 15.83 176 0.0 226, 0.0
27. 1.51 77. 8.38 127, 13.76 177. 0.0 227, 0,0
28, 2.66 78, 9.53 128, 12.60 17, 0.0 228, 0,0
29. G.66 79. 10.69 129, 10.33 179, 0.0 229, 0,0
30, 6,96 A0, 11.00 130, 8.28 180, 0.0 230, 0.0
31. 8.B6 8le 9.00 131, 5.38 181e 0.0 231, 0.48
32. 7.71 Hee 9,00 132. Ce91 182, 0.0 232, 1.64
33. 7.45 A3, 9.32 133, 0.0 183, 0.0 243, 0,41
34, 9.2?7 R4. 10.00 134, 0.0 184, 0.0 234, 0.0
35. 10.00 85. 9.36 135, 0.0 185, 0.0 235, 0,0
36. 9.08 86. 5.00 136, 040 186 0.0 236, 0,0
37. 10.08 B7. 9,95 137, 0.0 187.,. 0.0 237. 0,0
38. ll.24 B8. 14,33 138, 0.0 1RR, 0.0 238, 0,0
39, 12.79 B9. 17.53 139, 0.0 189, 0.0 239, 0,0
40. 14,00 90. 13.42 140, 0.0 190, 0.0 7240, 0,0
4l. 12.58 91. 20.00 141, 0.0 191. 0.0 241, 0,0
42. 12.87 92. 2074 142, 0.0 192, 0.n 242, 0.0
3. 13.00 93, 21.00 143, 0.0 193. 0.0 243, 0.0
44e 13.00 94. 21.11 las, 0.0 194, 0.0 244, 0,0
45, 13.68 95. 23.84 145, 0.0 195, 0.9 2645, 0.0
46. 15.00 36. 27.00 146, 0.0 196 00 246. 0,0
47+ 15.00 97. 27.00 147, 040 197. 0.13 247, 0,0
8. 13,37 98. 29,05 148, 0.0 198, 0471 24, 0.0
49, 12,03 99. 32.52 149, 0.0 199, 0.0 249, 0,0
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Gasoline Engine Cycle

RECUR) ECORD Ke CORD RECOMLY

(SEC) LRP %POWF W (SER) HRP4 LIS R (SEC) BHRE A »FPOWER (SEC) ARPM FPOWER
200. 041l (1] P, 0.0 Vel 300. ({0} 4407 35u. Liie 22 5000
201. 04 NaN 251, 0.0 Ueti 301. 0.0 10.00 351 o9.21 58,69
202. Gen Nen P92 0.0 Ueu 3n2. 0.0 17.22 35¢. 67.1H8 70,00
203, 0,0 N.0 253, 0ol 0,0 301, 0.0 20.00 353. 71.00 70.00
204 . =727 6.30 254. 09 0,10 304, 0.0 20437 354, 7¢400 7000
205, ~lbec” 15,28 255, 0.0 Vel 300G, Ce33 31494 355. Tceln 6£8.08
206, n,n 1In.ny 25%5. 0.0 0.0 U6, 16.2¢ 36,48 356, T4 .84 28494
207, Neu 1a,00 5T, 0.0 L, 0 307, 24,00 264,91 357, HHea%]1 MOTORING
208, 0ot 10,00 af, 0.0 0.0 308, 244,00 13.34 35h. 4947)] MOTORING
209, N, 75.93 759, 0e0 Vo 309. 19.06 10.00 359. 4] B4 MOTORING
210. a0 32.7? 2hn, 0.0 (VY] 3l0. 18,00 MOTORING 364, 3+ a3C MOTORINI
cll. 1et 7 35.00 261. 0.0 [U] 311. 17.17 MOTORING 3ol. 35.93 MOTORINGL
212.. 1Sau> 29.R2 Ph7. 0ot (VI 3i2. Y.0e MUOTORING 362. 2te00 MOTORING
213. 25,40 MOTORING 263, 0.0 u,0 313. l1.0% MOTORING 363, 3.4~ MOTOKRING
214, ¢ue2r  MOTORING 2646, 0.0 0.0 REET 0ot Ne0 364, 10«16 MOTORING
215. 2¥.nu MOTORING 265, 0.0 0.0 315. Uell 0.0 365. “e72 MOTORING
216, 12,01 80,00 26h, 0.0 TIY) I1A, 0.0 0.0 366, }eB2 5.90
°i7. Rou 83.A1 267, 0.0 el 317. 0N 00 367, ~94534 1953
218, T.25 Ba,A2 ?hk. 0.0 Vel 3l4. 0.u 0.0 36¢d. Ze2N 4S.60U
?19- 1"0"' 80.00 2h9, 0.0 Ueu 3190 (V1] 0.0 369, 2(7‘053 7..}3
229. 24.n7 63.133 270, 0.0 Oenl 320. Oou 00 370, 2leli- 0.0

221. N 79,41 rAANS Net) Va0 321, 0.0 0.0 371 17.67 MOTORING
222, et A&7 217, 0.0 UeN 322. 0.0 0.0 372. 13.0% MOTORING
2?3. 0ot Oel) 273, De9 0e.0 323. 0.0 0.He 374, Hel] T79.70
224, A0 Nel 2la,. 0.0 Ul 324, 037 41408 374 1lue33 100.00
225. 040 0.0 215, De0 Veu 325. 2e.60 9000 375, 17.27 100400
226, 0.0 n,0 2Th,. 0.0 u.,n RY-L 6ouil 94,99 3/6. 22400 100,00
227, et 0,0 °r7. 0.0 0.0 327, 11.9« 10000 377. 25l 100.00
228. T n.0 278, Vel Ueld 328, 15.63 100.00 37k, 29437 100.00
229. )t N.0 274, 040 0.0 329, 4l,.26 90.28 37v. e, 73 66.35
230. Ny NN 2kl e Oe0) (VP 330. 46,26 90.00 380, 4000 MOTORTNG
°31. (LI | Na.0 14308 00 4,17 331. 44456 67.08 381 2350 MOTORING
232. 0,0 N0 2. l.i5 1,00 332. 36,00 1.12 KY- VN 9,37 MOTORING
233, N, 17.59 283, 2e0in ISV 333, 2750 50.12 383 ne00 MOTORING
236, 0 19.63 PHu. Vel? 1,00 334, 23.3¢ 90.00 384, nela  MUTURING
235, Det 19,100 2R5., 0.0 et 335, 24,00 90,00 385. 2ot MOTORING
236, Nels 10.70 2Hb6, Ne) Ueh 336, 26424 70.00 386, ell MOTORING
237. Ney 10.00 2A37. 0.0 T 337. 30.0u 65438 387. Hel MOTORINOG
238, 0.0 3.34 PRR, 0.0 B U] ERL 30.00 36,47 388 . Uel 0.0

239, 0.4 nN.0 2H9, 0.0 [Ty 339, 30,00 10.00 3dY. (el 0.0

240, 0,4 Neh 290, 0.0 0,1 340, 30.00 10.00 390 Vel 0.0

241. et 0.0 P U 0.9 (LY} s34l 30,00 10.00 391, )e0 0.0

262, 0.0 0.0 292 09 el 34?2, .l 60.00 392 0.0 0.0

243, 0.0 0.0 293, Nel v.0 3a3, 40.0Nv 58.25 395 el 0e0

2446, N4 o N PG, 00 U, 344, 40617, 50.00 394, a0 0.0

245, Dot Noli 295, D) (] 345, 41 .47 50,00 395. 0e0 0.0

246, Nat 0,0 2Rk, 0.0 0.0 a6, 4U.0u 50,00 396 e 0 0.0

2uT. Nov N0 Y7, Dol Uati 347, 4]l.A1 50.00 397, 10 Vo0

2468, N Nol FEIS 0,0 i) ol sGR, 42N 50,00 398, Vel 000

249, Ne? DN /49, 0.9 ol 349, 46,00 50,00 399, JaV 0.0



20.

22.
23.
26 .
25,
26,
.
2R,
29.
30.
3.
32.
3.
34,
35,
i6.
37.
34,
39,
(s
41.
42.
“3.
44,
45,
ab,
47.
48,
L9,

”.\l

APOEF R
040

DD Do

=

ODDODODDDOT DODOIDID DD

DD DD

100400
99,46
90.00
79723
50,90

He95
MOTOR 15
9.9y
MOTORING
Sett
35,79
[
MOTOR NG
MOTORING
MOTORIMG
MOTORING
MOTUR T
MOTOR

DN

ol

<ECORD
(SEC)
S0.
Sl
Sce
53.
S4,
55.
S56.
57.
SH.
59,
a0,
hle
620
b3,
[T
65.
66,
67
6P,
hY,
0.
71.
72.
73.
T4,
1S
TR,
7.
e,
79.
B0
61.
Bee
83.
Ao
-'%(Dn
36.
87,
5B
19,
qo.
Yl
9?.
943,
DT
It
Yk,
ENAN
o e
99,

B P
e
0eN
73 o]
e
1.9%
343
4400
13.74
el
33.35
600
34,460
34,00
35.64
3299
36400
416001
6044
CY RSN
43,84
40433
38,50
35.0¢
G0 ehn
43.hH4
45, GA
“T7,.1n
49470
710
3A,00
34,47
32.15%
-51-’07
CHL G H
2.3
3hH 01N
4] 460
45,74
49,945
49,1n
H0e53
4549y
YN
1541
JZ.UA
35,51
46607
“I3.77
52401
Y. VA

Gasoline Engine Cycle

A0 FKR
Ue,u
ta,11
+60, 40
"50 1 7
50410
“]l, k6
Y66
25,60
£beY6
5.16
MATURT NG
VT arRTNG
HOTORTNG
COTURING
¢le39
=,90
Ta,37
Zbe 16
MO TR NG
MOTOP TG
MOT IR TG
«, 01
s34 0N0
16.70
0.4
9T RING
HOTORTHG
MOT R ]G
LARR RV S RS¢
AOTOR TG
MUT IRING
TR T NG
MO T TNG
13.+%9
“Ue00
41, N0
AT RS
U, 0H0
40,00
20,00
~2 W97
14,98
1./3
MO T IRING
Hla92
92,95
a8 et.
s o M5
.0
H0.40

-27-

R CORD
(seC)
100.
101,
102
103.
104,
10S.
106,
107.
108.
109.
110.
111
112
113,
ll“.
115,
116,
117.
115,
119.
120,
171,
172
1273,
124,
125
12he.
127,
1°K.
129,
130,
131,
132.
133,
l-‘“.
135,
136,
137.
138,
139.
140,
161
1472,
143,
l44.
145,
11‘(\.
la7.
lar,
149,

HRPM
63466
b“.l“
59,50
38,00
39.09
4(e 0
34,05
32.03
34.00
34,00
33.0c
25.54
1597
14,00
1“'“(
18.0¢0
17.143
16,00
10.0¢
9.“‘]
Setien
t‘c()‘l
CXNIC
2eds
Neboc

s o o
fay i )

o o o s o o

T oDCcoco s

COCOTOC OO C OO
<

.
z

00
0.0
0ol
el
V0
Uali
Q.0
20t
le3n
0.0
U.n

FPOWFR
23.42
17.84

3.76
42,26
30.00
30.00
47.18
10,33
33.48
50.00
20.609
MOTORING
MOTORING
MOTORING
27«64
4ol
MOTORING
MOTORING
MOTORING
MOTOPRING
MOTORING
MOTORING
MOTORTNG
MOTORING
MOTORING
MOTORING
MOTORING
MOTORING
MOTORING
MOTORING
10.00
10.00
29.02
27.83
7.34

ITFTOOoOOoODDODOODOOOC OO0
* ¢ 5 o o @
e R S =

.
N
-~

RECURD
(SEC)
150.
151.
152.
153.
1c«.
155.
156.
157.
15R.
159,
16U,
161.
lbd.
lb-’.
lb“.
165.
166.
167.
lok.
16Y.
170,
171,
17¢
173.
174,
175.
176
177.
17+,
179,
180
]Bl.
18¢.
183.
lB“.
185,
lbb.
187.
18b.
189
19¢.
191‘
192,
193.
194,
19").
196,
197,
195,
]99.

aRPM
0.0
el
He0
(’00
[(UrY-R)
.00
0e54
a0
00
Ue0
el
Ge0
()00
00
0.0
a0
Vel
f?.O
le22
6463
17429
2ce17
24400
26.00
Z2ue00
27257
22.00
13.8F
1').00
Ge31
3.99
0.0
Je0
el
el
".0
Vel
(el

De0
e 0
(taQ
a0

Jel)
el
{).0
el
-,‘.0
‘)OU

#POWE R
2e.106

00

0.0

0.0
MOTORING
MOTORING
MOTORING
MOTORING
MOTORINGL
MOTGORING
MOTORING
0.0

0.0

0.0
0.0

0.0
MUTORING
22401
72429
A0.00

MY 42y
90.00
#2470
31494
MOTNRING
MOTORING
MOTOR N,
MOTORING
MOTOR [Nt
MOTOR NG
MUTORING
0.0

2 »
oo

» s 2 o 2 0 o s @

ccoocccooooo
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Gasoline Engine Cycle

RECORY) HECURD RE CORD RECOKRUD
(StC) 7R 4 %POwER (SEC) BRP Ot R (SEC) ERF M HPOWER (SEC) HRPM HPOWE R
600. 4n.6hl 100400 650, 54,00 20.00 700 7209 100.00 750 104.00 ?5.90
601. G424 100.00) 651 54.0n “1),00 701 73.60 100.00 751« Ju3d.?] 2000
602, 4,00 100,00 hS52. Sa.0n 79,10 702. 72400 100.00 752 IYe b4 20400
€03, 42,90 100.00 553, 55,249 3453 703, 72.0u0 100.00 753, 958,00 20,00
604, 42N 100.00 5L, 56.0n fu,00 Tub. 724900 100.00 754« 99.09 2564
60S. 42eun 100.00 655, S6.0n 10400 70%. 7200 100.00 755. 9460 65.04
606, 42,5, 97.50 hG6, 56,00 b N0 706, Teo0u 100.00 756 19} R0.00
607, 43,19 85,93 657, S6.0n0 571,23 707. 72.2Y 100.00 757, 100401 80,00
608, 63,101 35,65 65K, 56,09 25470 TR, 73.39 100.00 754, 10c¢.3% 80400
609. Ga g ) 30.00 50, 56,00 8,17 0Ny, 12.9¢ 100.00 759 10«.00 73438
610, 44,0, 90.00 AR, 56,00 50400 710, T4.00 100400 760« 104400 55.11
611. G4t 80,00 thle 56,00 10,00 711. T4.00 100.00 761. 101.62 30.6¢
K12, 4440 80.00 h627. Q4,00 19,36 712. 77.73 100.00 762, K34 11.97
~13. G4, T Bn.0N b6H3, Sa,0n clel9 713. 18.00 100.00 763 57e6% MOTQRING
614, 4ha00 Tas9l 664, S4.00 20,00 T14. 77.5u 100.00 764, Ste00 MOTORINOG
£15. PR 63,3 6h5, S54.00 c) 10 715. 76400 100.00 765, 57.45 MOTORING
616, LR 60,00 ARk, Shabn 2u.00 716. Toa0u 100.00 766 55400 MOTORING
AL T, Lhgd 6N.NQ 667 S4.0n 11,49 717. T6.0u 100.00 767 55.00 MOTORING
618, G4 0 1n.00 Abf, Y ININ DNk 718. 7¢ st 100.00 Tobhe H56.00 2T.39
~19. YRR 10.20 Ah9, Sa,0n 13.3 719. 71.79 100.00 769, 56400 4000
€2n, PR 1n.09 70, D4, 00 3,00 720 6l.l0 100.00 770 SHe 0N 50,00
621, GP gt In.00 hTl. S4, 34 tW.00 7cl. T2.74 100.00 771 36400 45,60
h22 . L g 1000 (T2 S7.2» 3UL00 722« 75.0¢ 100.00 172 S5he00 33.77
623. [P 19.7n hT73. 56,41 30400 7¢23. 7343 100.00 773. She00 40,00
626 . Shhets 30,00 676 57.91 30,00 124 73.64 91.73 774, bire ]t Sele!
625. 50 etse 9400 AT SHRG2P D60 7¢Se TaaQu 31.21 775 600 MOTORING
626, S0,u00 9n . nG tTA. H0. 0N +0,u0 126, 78427 28.63 776, 6700 MOTORING
627. S0eun 9n.Nn ~17, 0. 0N w6, 10 127 BUOL00 17.05 177, b0 4] ebb
628 . S0 S0.00 TR, 0090 IN.AP 728, BO00 Se4H T7m. 6400 59,65
629, LHoarr 9n.00 ATY, 90.00 I o0 726. B0.00 MUTORING 779, 200 75621
630. 3 VIR 89,173 R0, AN NN 20400 730, BO0U  MOTURING 780G 62400 76..36
631, Gy 3/ 80.00 el K. 00 ML 00 731. 80,00 63.93 781. 62.00 40.00
632, 49, s 40,00 [ Y- T-38 S0 .40 10, U0 732, Be 4 0Qu 80,00 782 62400 40,00
633, L3 gl Hha00) Gl 2.8 21U, U0 733. BS.473 R?.39 783. 62.00 K000
634. GH B0.00 hHb . 55,94 +H.i00 734, BTene 93.96 THa e 6200 %0400
/35, G AN D HHS, obheNn s3.16 7359, 84,09 10000 785. 6lelr 40.00
q36, Lit gty T0 .94 ARE, P }.5Y9 736. 84,00 100.00 786 61)«0N H0.00
637, Gt 70,00 BT 660N 0,00 7437, Ba,00 91.32 787, 51400 47,38
638, “RL0u 70,00 oY To 06,04 u,.00 7313, H6,0U 100.00 T8k . 6000 90,00
639, 4,y T4,64 AEG, 66,00 3. 16 739, 86473 100.N0 789. 66400 90.00
6ah, G, 61 .50 490 h6e U 90,00 Tan. 90.07) 9659 799G 61,00 90.00
ba4l, Ga0” 50,00 AY]. 56400 IR Tala. 9] .99 30.00 791 6000 90.00
h4?, ) euh 50,00 92, 260N 10440 742, 94,00 90.00 792 buUON G0.00
643, 50,04 40.nQ 93, Hyeflin 00 743 95.63 Bl.R7 793. 6000 H3.17
bt SYURUN 44,¢2 €94, L PP i ie 00 766, 96,00 89.70 794 ¢ H0e00 H0e 00
645, 5347 60N h9h, f0.0n 1000 745, 100,00 96,72 T79%. 03400 K997
ALb, 52410 49,09 ST T0oun 1uu.00 Tabo 100,57 78.60 79n. 57«31 “0.0u
a7, H2. 00 a4l Ny LR NS 70t 19000 747, 102.H44 5000 7917 64400 HbH LB
ALR, oLt 4 e N Ht . T4, 32 1vn.00 Tad, 104,0u 73.99 790 e 00 RO.00N

649, S2eun 4N, A HYl, T6oh . 1000 743, 104.00 90.00 799 nue00 HO.00
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Gasoline Engine Cycle

RECOR xt CORD i CORD RECOKU

(SEC) £RV HPOWF (SEC) GRP =Rk R (SEC) B M KPOWER (SEC) ZHPM FPOWER
40, I 0.0 450, 3737 taburlHG 500 2311 91.15 550 30.00 3740
401, N, N.0 651, 35,30 MOTORTNG SuUl. 2E. ¢ 90.00 551. 36.00 40400
a02. N, ! n,0 +57, 4060 MOT IRING 502 30.00 86.01 552, 34,00 40,00
403, 0. N.0 453, 27.02 +#0TuwInG 503. KY-2% 3] 80.70 553. Jal.00 40,00
uNG, 0.0 0.0 LS4, 2600 MaTuxING 504 3245t 100.00 554, 34.00 36425
4usS. Deb D0 “55, cb. 0 MOTORING 505, 33437 100.00 555. M0 25 2b.68
a6, Nenr n,n 456, P0els  ~OTIRTING SUb. 36,00 100,00 550 43,3 hle3F
4y, Ne? 0.0 u57. la.n NMOTURING 507 Sle77 10000 557. St.7F 46,12
408. N, n.n 45K, 13.45 ts.27 50K, 60.57 95,72 Shu. 52.00 19.92
409, Nen N.0 uby, Gebn 0,499 509, 66,00 70,00 55G. S e3? 0.0

410, 0 0.0 Lol 10472 nl.bl 510, 64.91 7000 56U 52409 3.19
4ll. Qe N Gh] . 15.5n 17,48 S1l. 75.H3 7000 561. 4%.00 10.00
“12. Nt Nel 462 19.62 10,00 512 B2 00 70.00 S56c. 4400 10.00
413. Nell Nael 4673, 2025 1,0.00 5173. 8S.7¢ 51.42 563. 41,00 10.00
4l Nev 0.0 4ha, 25.7h 10,00 5la, 86,17 49,14 564, 30494 19.4%
%15, 0.0 0.0 LAG, 35.02 1v0.90 515, - 88,49 35.13 565. 21400 20,00
alb. Nel NeN Gbh, “2sla G 65 S16. 90400 15.99 566 28400 2000
417, Nl Nall N Y Gua 00 10.u0 517 Jlele 2heT4 567. 2800 15.81
41R. Naets 0.0 LR, 45,70 0.00 514. 92400 32 .85 56b. 2be00 10.00
419, 2.c! 20,09 L6, 51 .39 2000 519. 93,74 30.00 56Y. 26453 10,00
420. 2.n? 144,11 wllre 0.0 “{.00 520, 89,29 MOTORING 570 26,00 10.00
LY Nen et 471 S5le2u 93.22 521 bbe0U w]ll.87 571 23¢71 MOTORING
422, 0., N.0 alze B4 .94 19,00 522 07«30 S56.48 572 17«5 MOTORIN
4’3, 0. 0.0 al3. D66 00 v 00 5¢3. 50607 54,96 5735 11e6% MOTORING
L26, Mo N0 wT4, R IN 364¢5 524, 93,95 66434 57w le92 MOTORING
425, ) g N.0 415, 7145 RIVIATI] 5¢5. 97 .56 A3.69 575, Vel 0.0

u2h, 0en NeN atle. 16422 S0.10 S2h. 94,411 AQ.00 576. e 0.0

427, 0,0 0.0 L7 78.00 2u 00 S2T. #5.60 MOTORING 571/ Je0 0.0

az8., Nev NeN aTr, 73.00n ]l 93 SPR, 70.06  MOTORING 570 el 0.0

429, gl N.0 479, 55.9% 1.5 529, 6Y.11 MOTORING 57%. e 0 0.0

4130, Qont 0.0 LHO, 3R.92 (ots 530. 6h B MUTORING 580 Va0 0.0

6431, el Ne73 abl. 34,62 1,65 531. 66,00 MOTORING 581 . Hel 0.0

432, 15,54 31.83 L3P o 36,11 (9,67 537 53.0u 44,98 5Hc. el 0.0

433. us 3 29,78 ani, 39. 34 7,430 533, 5¢.73 49,27 S583. | el 519
434, 6,000 1n.0n wrG, 42474 nid 00 K34, 60t 40.00 544, hel? aT.87
4135, 4 60> 10.00 GRA, a4, 0n RO AS B35, 62401 43,88 585. 13.67 49 .56
436, 35.1¢ 10,00 GHA, 49 44 h 16 35 S3h, bu.ln 44 485 Sdb. lhectt R0. 00
437, 281" 19.70 urT. 52.00 S0.D0 “37, 53, 36 4,88 587 18452 ADe0U
43R, cHaecn 47,4645 Lrf, 4206 MaTak 146 S 3K, 4beln 15.79 SHt. 2583 7543
439, KL 30,00 GHY, 2550 RS I 539, 46,40 19.83 S5HY. 351 7000
440, 30,90 3,00 a9, 24,00 6,0 Sa, 45 kY 10.00 590 38.93 77.31
441, 300 3n.no Wil e 2.0 Mol k]G Sal. 45,494 10.00 591. 4leTn 50.00
442, KT 3In.nn 4wYz, 020 Ml urTLG LYV N G480 10.00 597« 4,600 10.00
443, 3h.) 1 3In.nn 4493, 10helm Nnen 3 543, G4bu. ] 354 594, 460D 2018
L4ub, 3 eu d 3ite G0 P 179N Helln VIR o] Sas, qu ks MOTORING 594, wile Q0 2. 78
445, Q43,00 304060 [P 10.2% R Sab, 51 .97 66,82 : 595, 440,00 34,87
G446, 506000 30.00 L9h, 13.9: e ul Sab, 47,5+ "MOTORING 566 . a(:e0QN 30.00
N N 51041 26 .5A w97, leain 14,13 Sfule - 36,31 Q.73 5917, 4N,0Nn 38.33
Gab, S0, 20.00) LN, el 10,00 S48, 174173 55.6H4 Syr. 4. 00 10,09

“ad. 50,00 HOTOR T w94, c2umn L0.60 haa, 29w 3822 599. 3ee30 100.00



RECURD
(SEC)
1000.
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901
902
SR
ELTT
90‘:7.
906
G07.
908
909,
Qon
(‘)110
912.
913.
914,
915.
qlﬁ.
Ql17.
918,
919,
270
621l
922,
923,
924,
975,
9264
927
924 .
29,
93u.
931,
932
933,
934,
935'
936,
937,
G934,
939,
Gal,
Yol
942,
43,
Qu4,
"‘L.LSO
Quh,
347,
Y4ur,
949,

RECORL
BHPM FPOWER (SEC)
Oev 0.0~ 950,
Oef Nl 951.
U0 0.0 952,
Ueu 0.0 953,
0.0 0.0 954,
Oeu Ge0 955,
0e0 0.0 956,
0.0 0.0 957.
0.0 0.0 954
0.0 0.0 954,
O.U 0.0 96(}.
0.0 Qe 961.
0.(’ 0.0 96(.
a0 0.0 963,
0.0 0.0 364.
Vel 00 965.
0e0 Qe0 966.
Det) 0«0 96 7.
Ue0 0.0 96H.
0u0 0.0 969,
0.0 0.0 970.
0s0 0.0 971.
0.0 NeN 972.
0.0 NeD 973.
0.0 0.0 T4
020 0.0 975.
0.0 0.0 976
Oel 3.67 977
Va0 47 .69 9706,
3.11 59,41 976,
9-03 H4 .54 980
15ehc 80.00 S8l.
33.49 B0.00 98«
37.93 719,29 9H83.
31.20 38,25 . 984,
21 9% 2667 985,
30.00 15.10 P2-1-1
22.23 16.47 947,
19.61 28.05 98Y .
20.0\' (0.38 98Y.
18433 MUTORING 390 .
6455 MOTORING 991.
15.8¢ MOTORING 992.
23.63 MOTORING 993,
17.51 MOTORING 994,
laslv h2+52 995,
16ets 69,36 YY6e
2lel7 60.00 997.
37.03 63.79 995 .
47,36 75.36 994,

HRP A
S4eT7
57+70
54407

58.6%
67.88
59,87
1ze 00
75481
B4e22
d3.85
31}« 55
BieS1
75400
719,70
H41'e33
B5ebn
78s00
BUaT4
9c.l0
8401
bas00
84400
Hla.l7
Tyets
bb.oo
62423
64400
03404
i34
SheBs
H5t,00
D72 e05
39.91
30.3“
30400
27493
db.UO
2l.6k
2rielN
2Tt}
20«9
1261
381
“-0
Vel
'} 0
el
el

HPOWER
B80.00
50600
79492
65.03
43423
S0.00
5000
42405
40,00
42.24
41e28

MOTORING
MUTORING
MOTORING
MOTORING .
30454«
42el2
5000
%0600
43.16
73.65
MOTORING
MOTORING
MOTORING
MOTORING
MOTORING
13.57
?9“.3
0600
17.42
10,00
10.00
MOTORING
MOTORING
1000
10.00
lOQOU
10.00
16.74
3.36
MOTORING
MOTOURING
MOTORING
MOTORING
MUTORING
MOTORING
MUTORING
0.91
Te52

0.0




APPENDIX III

Finalized Transient Chassis Cycle
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Chassis Cycle (Gasoline and Diesel)

RECNRD SPEEL RECHRIY SPEED RECHKN SPEED RFCORD SPEFD FECORD SPEED <ECORD SPEED WECORD SPEFD HECORD SPEED RECOKD SPEED RECOXD SPEED
(SEC) (MPH) (SEC)  (PH) (SEC)Y (MPH) (SEC) (MR (55C)  (MPH) (SEC) (MPH) (SEC) (MPH) (SEC) (MPH) (SEC) (MPH) (SEC) (MPH)

0. 0.0 3N. 12,26 100, 31401 159, 0.0 2ule 0,0 250, 0.0 300, 0.24 350. lcen 400, 19,00 450, 32,85
1. 0.0 5le 14,29 1nl. 31.00 151 0Uen 2ul, 0.u 251, 0.0 30l. 0460 351. 11.73 40)l., 18486 453, 33,01
Z2e 040 52. 14,56 102, 31.62 152« 0.n “2, 0.0 252. 0.0 30z. 0.0 352. 1100 402. 18.29 452, 34,00
3. 0.0 53. 13,20 103, 33.00 153, 0en i3, 4,15 253, 0,0 303. 1l.42 353. 11.00 403, 19.00 453, 33,68
Ga 0.0 S4. 15,76 104, 32.37 1. 0.0 206, 5,00 254, 0.0 306. 2400 354¢ 1100 w4, 19461 654, 32.52
S 0.0 S5. 17,00 105, 30.43 155, Qa0 2iud,  b,00 255, 0.0 305, 3.08 355. 1190 «05, 20,00 455, 32.00
6e 0.0 56, 17,00 106, 30.00 156, 0.0 24b, 6,00 256, 0.0 306, 5,63 356, 1ceAd9 406, 20,00 4Sk, 32.00
T« 0.0 57. 17,23 107, 30400 157« 0Qan 297« 5.30 ¢57. 0.0 307. 4.00 357 lUe 30 407, 20400 457. 32.95
B. 0.0 “d. 1H,T7 1o, 30,51 183, 0.0 2ik, G,14 258, 0,0 38, 4,00 358, T.26 408, 20,00 452, 33.00
S. 0.0 59, 720,54 109, 3¢.61 159, 0.0 209, 1,96 259, 0,0 309, 3.34 359, 4495 «09, 20,00 459, 33,00
10. 0.0 “0e 19460 110, 33.00 160 0en 210s 0OaU c60. 0.0 310 1.37 360« GobB 410, 194065 460. 33,42
11. 0.0 Ale 18,16 111, 32.27 151 0.0 211, 0,0 261, 0,0 311, 11.00 36ls bGohB 411, 20,42 461, 34,00
12. 0.0 AP. 17,98 112, 32.00 192, 0,0 2le, 0,0 2h2., 0,0 312. 0.0 362. B.00 4l2, cl.87 4b2, 34,74
13 0.0 A3e 17,00 113. 3l.006 1,3, 0Oen 213, 0.0 263 0.0 313. 0.0 363s TeB4 413, 097 463, 35.00
16 0.0 hae 16,36 114, 32.20 1h46e N4 2le, 0.0 264. 0.0 314 000 364e 7400 4la, ¢0437 464, 35.00
15, 0.0 65, 18,00 115, 33.36 1A, N.n 219,. 0,V 265, 0,0 315, 0.0 365, 6,53 415, 22.00 465, 35,00
16. 0.0 fhe 17,00 116, 34,00 166. 0.0 2ln, 0.u 266, 0,0 316, 0.0 366. 7439 416, 22,00 «66, 35,00
17 0.0 A7. 15.00 117, 36400 167 0.0 2ll, 0.0 267, 0.0 317, 0.0 367« 1057 417. 22466 467, 35.00
18 0,0 brs 1-,96 118, 34,00 16”2, 0N.n 2lv. 0,0 26R, 0,0 3lgd. 0.0 368. 1lle00 418. ¢3.00 68, 35,00
19. 0.0 ~A9, 12,35 119, 33.01 1A9, 0.0 219, 0,0 269, 0,0 319, 0.23 369. 10410 «19, 23,97 469, 35,84
20. 0.0 The 15,23 17U, 3l.86 170s Qe ¢20, 0,0 270, 0.0 320, 139 370e lUe74 420, 25.5) 47de 37.99
2le 0.0 T1e 1w,27 121, 30.10 171 0en 2¢l, 0O, 271. 0.0 3¢l, 2.00 371e 10642 4ll, 29.0n 471, 38,00
?2. 0.0 .,?- 1).-‘59 122. 86.17 17?o Oon HCZ. O.U 272. 0.0 Jddo ‘0011 37201]000 "22. (9.00 “7;0 37.69
?3. 0.0 73, 12.725 123, 23.39 173, 0.n 223, 0.v 273. 0.0 323, S.00 373 12446 423, 29.00 473, 38.41
24, 0.0 Ta, 9Y,2¥F 124, 21.46 174, 0,51 c¢ct, 0,0 274, 0,0 324, 6.02 3746 14477 624, 30.5] 474, 39,37
2% 019 75« H.,00 125. 17.2F 175« 0.3 2éb. 0.0 275. 0.0 32%. 7.18 375. l4ey9 425, 3100 475, 39,00
. l.00 The H 00 125, 15483 17/ 0.9 2cb, 0,0 276 0.0 326, 7.33 376. 16020 4’26, 30,00 476, 39.00
27. 1.51 71, A.3& 1277, 13.76 177. 0.0 227, 0.0 277. 0.0 327. 6449 377. 17.00 «27, 30,00 77, 38,10
28e 2.6h 758« Y.53 128, 12+60 178, 00 ced. (40 278. 0.0 328 T.00 378e 17400 428, 30.00 478, 39.00
79, 4.64 19. 10,69 179, 10633 179, 0.0 2’9, 0,0 279. 0.0 329, 7400 379¢ 17600 429, 30.5¢4 479, 39.4l
30, 6,96 . 11,00 140, dB.2R8 190, 049 30, 0,0 280, 0,0 330, 7.00 380. 17,00 «30, 3l.00 480, 4U.57
31s B.R& Ale 9,00 131, Se34 121« 0en ¢3le 0Oo.u8 281, 0.0 331 7400 381. 15412 431, 3leB6 4Bl, 41.73
2. T.71 32, 9Y9.00 132 2491 [R2. 0.0 23l 1.64 282. 0.0 33z. 7.00 3824 15671 432, 3l.00 487, 42,00
33, T.09 43, 9,32 133, 0.0 183, 0,.n 233, 0,41 283, 0,0 333, 7.43 383, 14,00 «33, 41,17 483, 41,92
£ 9-2’3 Hl"\ lua0OU 134, Ueld 144, 0en 234, 0.0 284, Ue0 334, B400 384 l%4e92 434, 52033 4844 40.00
35. 10,04 AS. 4,36 135, a.0 IRG, U." css, O.u 2HS. 0.0 335. 8.00 3856 15438 435, 33.00 485, 40,00
6. 9.07 Khe 9,00 136, 0.0 184, 0.9 ¢3n, 0.0 286, 0,0 336, 7.09 386, 15.78 «36, 33,00 486, 39,49
37. 10.04 Q7 3495 117. el 137, Qen 237, O.u 237, 0.0 337. 11.06 387« 16600 637 31381 487, 37.606 .
38. 11.724 149, la,33 138, Ga0 1R3a, 0.0 2sn, 0,0 288, 0.0 336, 12.R9 388« lteN0 434, 34,00 4H8de 37.00
39, 12.7Y K9, 17,53 139, G40 146G 0.0 239, 0,0 289, 0.0 339, 14,49 389. 16425 439, 15,12 489, 36.01
406 16,01 M. 19.u2 labe 040 190, 0Q.n 240. 0o0 290, 0.0 340, 1146 390. 174401 440, 36400 49n, 34,86
41. 12.54 d9le 20,00 lal, 0.0 [91e 0Oon ca4l, 0.0 791l. 0.0 341, 13.08 391. 18450 441, 16,00 491, 33.70
42. 12.87 P Vel a2, 0.0 1972, 0.0 2=2, 0.0 292, 0,0 342, 16.55 392. 17.00 442, 34.87 492, 32,5«
43. 13.06 ¥3e 21400 143, N0 193, 0.n 243, 0,0 293. 0.0 343, 16.00 393. 19.48 443, 33.25 493, 29.54%
46, 13,00 e Plell labd, G40 194, (Qon Aea, 0.0 294, 0.0 344, 15,36 394s 21e00 444, 32.09 494, 26,46
45, 13,6~ I5e P38 Tab, 040 196, 0,r é=s5, 0,0 29S, 0,0 345, 12,32 395, 21400 445, 12,00 493, 22.28
46, 15,040 K. PT7.00 laéh, 0.0 1944 04N 2+6, 0,0 296. 0.0 346. 13.00 396+ cledV “4b. 32400 496, 19,91
47. 1540 17, 27.00 1a?, 0.0 147 0413 c+l, 0.0 297. 0.0 347. 13400 397 clety «4?, 32.00 497, 18,76
4B, 13.37 IHe P 1405 lJab, (.0 199, 0.71 c+n, 0,0 298, 0.0 34b. 13.00 398e U0 GaB, 32400 493, 17.60
49, 12.0 99. 32,52 149, 0.0 199, 0.0 u9, 0,0 299, 0.0 349, 15.86 399. 19.18 449, 32.00 «99, 16,44



RFCORD
(SFEC)
5{)0.
5n1.
SHee
5030
Sn4,
505.
506,
507.
5nR,
509.
S510.
511.
512.
513.
Sla.
S16.
Sl6'
517.
518,
519.
520.
521.
522.
5”3.
524,
525.
526
527.
Sek.
S29.
5130.
S3l.
532,
533.
534,
535.
536,
537.
53k.
539.
540,
S4l.
51‘2.
S43.
51‘4.
Sa%,
Yu6,.
-Sa7,
Saf,
CSQ().

SPEEY) RECHRD

(MPH)
l4.57
13.13
11.97
10.81
9.31
7.5
6,34

e« o e

DD DOODDON

==

DO DD IDIDDIDDODIT D20 D02

4 8 % 6 & & & & @& e & & 4 & T 2 8 " s & 3 % e s % s =

>

DOO0ODODOCIODDOOCOT DD O0OO0ODODIDIOODIDO DO
.
<

0
0.0
0.0
236
de96
Sl
Helk
Qeud

11.1%

(SFC)
545N,
551
582.
9553,
554,
555,
564,
557.
554,
Q8G.
Shn .
S561.
562.
gﬁ].
SAhue
566'
566,
567.
SRR,
SAY,
70,
571.
572.
573,
S74,
575.
57h,
877,
578,
579,
b’{n L)
531 .
SH2.
53,
Seth .
LY
bﬂﬁ.
547,
544,
549,
530,
Y91,
5392,
qa3,
Svyb,.
59,
S 4h,
597,
DG,
549G,

SKFEDN RECHKD

(“PH)
17.73
Yo ,78
1h 0S5
17.41
19.72
21.52
73.35
PheB3
29,99
21.15
2R, 31
29,46
30462
31.78
3(.¢Q“
34,18
16,25
37.61
34,56
9,72
49400
49,00
af,00
49,00
414,090
49,00
4,82
“]la00
a]4,00
“14390
424,00
42,00
47,00
42,93
43,00
43,00
43,00
41,560
Ly ,7])
ub5,00
aa 97
LG gl H
44,06
tu o0
PN
Ly K]
49 (1)
5,00
45,00
45,44

(Se£C)
60U,
~hil,
602,
an3,
Y1
60S.
606,
&nt.,
508,
6'J90
ﬁlu.
all,
612,
13,
Ala,
615.
"100
617,
6hla,
hlY,
620,
621,
a22.
hed.,
"PQO
AR5,
ﬁeb.
w21,
625,
6o,
HJU.
631,
532,
633,
A36,
635,
A6,
~37,
638,
619,
L0,
qal,
hyld,
had,
hab,
LS,
Cub,
ﬁﬂ/.
Aur,
hay,

SPEED RECORD

{(MPH)
46000
46,00
46692
47,00
47,00
47400
47,00
47.00
47.00
Gla0a
49,00
49,33
49451
"“,.00
49400
49,00
49,00
4fl.72
GH AT
50.00
50600
50400
50600
49,78
49,00
45,00
44,09
S0.00
50400
S50eNi)
45 4 hHk
49,00
46,00
4b a2V
CY-FNLN)]
G4k enn
4. 27
49,00
4Y945H
50.00
50.00
20400
50400
50,00
S0« 00
L’UDOU
SN 00
50600
SO0
Sheit

(SFT)
65N,
651.
652,
657,
654,
655,
654,
657,
659,
659,
660,
hEl.
6h?,
6613,
6h4.
665,
66A,
6h7.
664,
663,
670,
671.
6572,
673,
671‘-
675,
6lh,
677,
671,
YA
hRNO,
641 .
582,
AAR3,
684,
615,
bRA.
ART7,
&RA,
639,
690,
691,
692,
693,
694,
648,
6A,
A7,
a3 Ao NN
699,

SPEFN KECURD SPEEU YECORD

(MP~)
S0.47
51.00
S5len0
Sl.nn
Sl-m)
5100
S51.4°
S52.00
52.n0
S2.n0
S52.00
52.2n
530(‘(}
S53.n0
5'!.(\0
53.00
S3.00
53.n0
53.00
SBQﬂ{)
524+
5200
524233
52.4]
52475
53,qnc
53.0nN
S3.0n0
53.n0
53.00
53.n¢0
S3.n0
53.n0
S53.n0
S3.00
S53.uA
55.n0
SSenD
55400
59.01
55,0
55.an
5% 0L
55.10
SS."[E
55.0n0
55.nt.
55.0
55.010
55401
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Chassis Cycle (Gasoline and Diesel)

(SeCh
700,
Tul,
e,
T3,
IU“O
7«'5.
716,
TuTe.
78,
719,
710,
711,
e,
713,
Tia,
715,
716,
717
g,
719,
Tcu,
721,
el
7¢3.
¢4,
7'{50
o,
127,
28,
129,
7350,
T41,
742,
(33,
734,
135,
{36,
137,
i,
749,
T4+3,
Tal.
Tue,
T+3,
Taw,
7135,
Tab,
747,
Tadg,
Tas,

(MpH)
SSQUO
54,50
84,66
55,00
564,03
564,00
S54,00
S6,00
56,00
56,00
54,00
S4.90
564,00
56,17
56,100
56,00
56,00
56.02
57,00
56,67
56,00
56.00
56,00
56,00
56,00
56,00
56,94
56,00
56,00
56,61
57.00
S7,00
S7.0V
57.00
S7T.00
57,49
54,00
58,60
SB.90
Sx,00
S8.,00
Se.00
58,00
58,00
SR, N
57.1o
56,00
56,00
56,90
Sh U0

(SEC)
750.
751,
752
153,
754,
75%.
756,
757.
758,
759,
760,
7bli
762,
763,
764,
765,
766,
767,
768,
7649,
770,
771.
772.
773,
174,
7178,
776,
177,
778,
179,
780.
781,
732.
743,
784,
785,
786,
747,
788,
789,
790.
791.
792,
793.
794,
795,
796,
797,
798,
799,

SPEED RECORD

(MPH)
56.00
55.63
55.00
55.00
55.00
55.00
59.00
55.00
55.00
55.00
S4,.,22
54,00
54,00
54,00
54,00
54,00
54,00
54,00
S4,00
54,00
54,00
54.00
54,00
54,00
53,01
50,86
49,70
414,54
47,39
46,23
45,07
43,91
42.51
40,60
39,44
38,28
37.13
35.594
33.81
32.66
30.50
28.36
26,37
25.03
21.87
19.85
16.56
15.40
14.24
1c.17

(SEC)
A00.
801,
BOca
BO3.
804,
”05.
306.
807.
308,
809,
810,
8ll.,
BlZ.
813,
Blé.
81%,
Sle,
8l7a
318,
al9,
B0
821.
822.
Bes3,
824,
825,
Albh,
327.
828,
529-
830.
831,
832.
833,
834,
8’35,
836,
837.
83K,
H39,.
840,
Bal,
842,
843,
344,
845,
B46,
847,
Has,
Hay,

SPEED ~tCORD

(MPH)
10.71
6.08
261
1.45

771

12.87
13.00

(SEC)
850.
851.
852,
853.
854.
855.
856
857.
858 .
A59.
860
861.
862
863,
B64ue
865.
866
B67.
868.
869.
B70e
€71,
B72.
B73.
B74.
875
876.
877.
878.
879.
880
881
882.
883.
884 .
885.
886,
887
88«
A89.
890,
891,
892
893,
8G4.
895,
596
897.
894.
894G,

SPEED RECURD

(MPH)
13.00
13.68
1500
15.00
13037
lce03
1c+26
1“./,9
14.56
19+¢0
l6e 76
17,00
17400
17.23
18.77
Vo5
1960
18e16
17498
1700
16634
1900
15.00
15400
15.%0
12435
15.28
1427
1¢.5Y
1225
HerH
Be0N
800
to 38
953
1t ehY
1le00
900
Y00
Ye32
10,00
Yo ib
Y9400
9495
14433
17653
19642
20400
2lel4
cleU

(SEC)
900,
Y01.
902.
$03,
Yu4,
905,
906.
907,
9086,
909.
v10,
91l,.
912.
913.
9l4.
915,
Vl6.
917.
9180
919,
920.
921.
922.
923,
Y24,
ET-A
926.
927,
928,
Y29.
430,
931.
Y32,
933,
934,
’Jbl
936,
$37.
934,
939,
Y40,
941,
942,
943,
944,
945,
Y46,
wa7,
S4B,
949,

SPEED RECOwD

(MPH)
Zle1]
23.8“
27.00
27400
29.0%
JZ.S?
31.01

11.00
3le62
33400
32437
30443
30.00
~q0.0(1
30.5]
32.61
33.00
3227
32400
3l.06
42.20
33.36
36,00
34400
34.00
33401
3l.86
3j0.10
26417
7339
2l.46
17e24
15.843
13.76
12.60
1033

B,28
Se3n

COO0COCOOCOoOOOOCN
OO0 OOVU
—

(SEC)
950.
95] L]
¥52,
993,
Y54,
¥bs5.
95h,
957,
¥513,
95y,
960,
961,
962,
9613,
Sba,
965,
966,
967.
964,
9673,
970,
")71 3
97&.
$73.
G74,
975,
9750
977,
9TH,
979,
w80,
981 .
982,
983,
944,
98%.
986,
587.
983,
9By,
’90.
991.
992,
993,
994,
99‘5.
996.
997.
IR,
999,

SPEFD
(MPH)

OO ODCOO0OODOOOCCOITCOIODOOCDIOOOODOCOODOOODOOCOOoO0OODO0OLDOODODCCODCOO
{a) =—

® © ® & 6 o 8 0 & O ® 0 ¢ & 0 € 4 6 8 06 0 6 8 % G O 0 2 B s 0 % e 8 O O s 0 0 6 P ° e 0 0 8 0

OO0 OCO0OLCCLLOWINOODTOCTCOODOO0OOOO0 0O TODOO
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Chassis Cycle (Gasoline and Diesel)

RECHRD SPEFY RECIRD SPFED
(SEC) (MPH) (SEC) (MPH)

10n0. 0.0 1050, n.0
1001. 0.0 1051. n,0
1002. 0.0 1052, 0.0
1003. 0.13 1053. n,0
1004 0.71 10356. 0.0
1005 0.0 1055. 0.0
1006, 0.0 1056. 0.0
1007. 0.0 1057. 0,0
100R. 0.0 1053, 0.0
1009, 4415 10%9. 0.0
1010 6.00 10A0. 0.0
1011. 6.00

1012. 6.04

1013.  S5.3u

1014 Gola
1015, 1.9~
1016,
1017,
1018.
1019,
1020.
1021,
1022.
1023.
1024,
1025.
1026,
1027.
1028.
1026,
1030,
1031.
1032.
1033.
1034,
1035.
1036.
1037,
103R.
1039.
1040.
1041,
1047,
1063,
1044.
1045,
1066
1047.
1048,
1049,

DO DIODDITTDOODDTOD

o o & o
2D C

SO T EHEDODDD DD
- 2z

e % o & & ® e & o e o s o ¢ »

OO DODODOOOII— DT O0OO0OIDOO0QCQOODDIDODOIIOO0ODODDCO
-~



