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FORWARD

This document presents completed work on one phase (out of five)
of a large contract effort characterizing diesel engine emissions. This
particular segment is, therefore, an interim report of findings by
Southwest Research Institute relative to the value of humidity cor-
rection factors needed for testing diesel-powered passenger cars for
NOK emissions.

Ambient air temperature, humidity, and barometric pressure in-
fluence the emission rates of pollutants from passenger cars. For
example, in cold weather gasoline engines are slow to warm up, carbur-
etor chokes remain closed longer, and hydrocarbon emissions are ele-
vated. The emission rate of NO from a passenger car is especially
sensitive to humidity. The reason is well known; namely, the higher
the water vapor concentration in the engine charge, the lower the ef-
fective fuel-air mixture density must be. Thus, high humidity produces
low rates of heat release, low cylinder gas temperatures, and hence
low NOx.

In emissions certification, ambient conditions can be held con-
stant and, thus, all cars:.can be tested fairly relative to one another.
However, not all manufacturers have the extremely expensive equipment
necessary to maintain humidity and temperature constant in a dynamometer
cell. Furthermore, vehicles are operated under a wide range of ambient
conditions. It is, therefore, important to predict emissions under
conditions other than the standard ones. Hence, statistical correction
factors are needed.

At the outset of this work, correction factors were available for
gasoline engine cars operated over the current Federal urban cycle and
for heavy duty diesel engines at constant speeds. However, no such
factors were available for diesel-powered passenger cars, a class of
vehicles projected to be of increasing importance as future fuel economy
goals are pursued. Consequently, the task of developing these needed
factors was contracted to Southwest Research Institute.

The authors report new values for NO -~-humidity correction factors
considerably smaller than those used for gasoline-powered cars. This
fact represents a small credit for NO_ emissions from diesel versus
gasoline engines operating in hot, humid climates. Since relatively
high-powered cars were not available for this study, there is probably a
danger inherent in projecting these factors to high-power-to-weight
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ABSTRACT

Since emission measurements from passenger cars are performed at
one standard set of ambient conditions and since emission rates.of HC,
CO, and NOx are sensitive to temperature and humidity, it is necessary
to determine the influence of ambient conditions on emissions from
major classes of vehicles. Although such information has been available
for gasoline engine powered cars for sometime, no such data were avail-
able for diesel powered passenger cars.

This report indicates that diesel HC and CO emissions are rela-
tively insensitive to ambient conditions. Diesel NO emissions, how-
ever, are sensitive to humidity but to a smaller ext®&nt than gasoline
engines. Humidity correction factors for NO emissions also appear to
vary with wvehicle power-to-weight ratios and are greater for higher
powered vehicles.

This interim report was submitted in partial fulfillment of Con-
tract No, No. 68-02-1777 by Southwest Research Institute under the
sponsorship of the U.S. Environmental Protection Agency. This report
covers a period from November 1975 to August 1976.



ratio vehicles such as the new V-8 engines due in the fall of 1977.

In fact, the authors point out that the one six-cylinder vehicle tested
was much more humidity-sensitive than the four-cylinder models, and
plausible reasons are given for this effect.

No significant temperature or humidity effects for hydrocarbon or
CO emissions were found. This is probably due to the quick warmup of
diesels relative to gasoline engines. Since the range of barometric
pressures available in San Antonio was small, the current results are
not necessarily applicable to high altitude, low station pressure areas
such as the Rocky Mountain States.

Dr. Ronald L. Bradow
Project Officer
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SECTION 1

INTRODUCTION

Light-duty, diesel-powered vehicles were included under Federal exhaust
emission standards beginning with the 1975 model year,(l) recognizing that
their U.S. sales volume was likely to become appreciable in the near future.
At that time, as is still the case today, all diesel-powered, light-duty ve-
hicles available to the consumer were either of foreign manufacture or were
equipped with engines of foreign manufacture. These vehicles have tradition-
ally been powered by relatively small engines, having displacements of 3 liters
(183 in3) or less. Emission test procedures for light-duty diesels have been
as similar as possible to those for gasoline-powered vehicles, and emission
standards for the two engine types used in light-duty vehicles have been (and
probably will remain) the same.

At this writing, it appears that the diesel-powered automobile is on
the threshold of a relative "population explosion" in the United States. Con-
cern over fuel economy is one of the driving forces behind this predicted ex-
pansion, but another is certainly a desire by auto manufacturers to secure a
competitive advantage by offering the consumer something novel. The vehicles
which will create the boom, if it comes within the next two years or so, will
be the Volkswagen and Oldsmobile diesels. Anticipating this situation, it
becomes more important to refine existing emission test procedures, providing
additional assurance that present and future emission standards will in fact
achieve air quality goals.

To date, with the exception of continuous HC sampling and integration,
calculation procedures for light-duty diesel FTP's have been the same as those
for light-duty gasoline FTP's. EPA recognized in the regulations for light-
duty diesels, (1) however, that the NOy correction factor for intake air humi-
dity (Kh) could be modified as necessary pending the availability of test data.
This report contains the information required to make decisions on factors for
correction of light-duty, diesel-powered vehicle emissions to standardized
ambient conditions. These decisions should help to place measured diesel
emissions values on a firmer base, thereby providing greater accuracy in com-
parison of environmental hazards associated with gasoline- and diesel-powered
vehicles.



SECTION 2

CONCLUSIONS

1. Combined data from the four light-duty diesel test vehicles, using
a linear model, yielded the following humidity (H) correction factor for NOy
(same for two equal slope/equal intercept variations) :

g = 1
h = 1 - 0.00217 (H-75) '

where H = humidity in grains Hy0/lby dry air. The equations on which the fac-
tor is based displayed correlation coefficients (r2) of 0.569 ("normalized"
data) and 0.566 ("standardized" data) with the combined emissions data. This
factor is very similar to_that originally used for correction of NO, emissions
from heavy-duty diesels. (3)

2. On the average, a quadratic equation in H (one containing H and H2
terms) correlated better with NOy data than did either a linear equation in
H alone or one linear in H and temperature (T). For data on individual ve-
hicles, correlation coefficients (r2) for the quadratic averaged 0.653, those
for the linear in H averaged 0.570, and those for the linear in H and T aver-
aged 0.594. The factor computed using quadratics in H (average of coefficients
for equations using both "standardized" and "normalized" data) is

4 1
Kp = 1772 0.00228 (H-75) + (1.86 x 10-5) (H-75)2 '

and the r2 of the quadratic factor is 0.616 for "normalized" data and 0.613
for "standardized" data.

3. In addition to the combinations of "independent" variables already
mentioned (H alone, H with T, and H with H2), emissions were also regressed
against: T alone; T and T2; H, T, and HT; and H, T, H2, and T2. For NOy,
correlations were either worse than for the linear and/or quadratic in H, or
else the additional complication of introducing more variables could not be
justified in terms of improved correlation. For the other emissions (HC and
CO), results were too mixed and/or correlations were too poor to justify com~
putation of correction factors from the equations.

4. Emissions of HC and CO from the International 100 pickup truck
equipped with Perkins 6.247 engine were more strongly dependent on humidity
and temperature than those from the other vehicles. No facts are available
to explain this result, but it may be related to the much lower specific
loading (kg vehicle mass per available engine kW) of the Perkins engine as



compared to the others (lower specific loading would mean lower overall F/A
ratios for this vehicle).-

5. Combination of NOy emission values for the four vehicles by "nor-
malizing” them appeared to yield good data for computation of a final correc-
tion factor. This process eliminated the effect of differing NOy emission
magnitudes among the test vehicles by transforming the data to ratios of "as
measured" values versus "best predicted” values at a standard humidity among
the four test vehicles.

6. Use of a greater number of test vehicles would be desirable for any
future research aimed at improving the statistical basis for light-duty diesel
emission correction factors.



SECTION 3

VEHICLES, FUEL, AND TEST INSTRUMENTATION

Each topic of this section is treated in a separate subsection for
clarity. Vehicle parameters and specifications are outlined first, followed
by test fuel specifications and requirements. Instrumentation used for test-
ing and analysis is discussed to conclude the section.

TEST VEHICLES

The four light-duty, diesel-powered vehicles used for test purposes
were a Datsun 220C, an International pickup with Perkins 6.247 engine, a Mer-
cedes 240D, and a Peugeot 504D. These vehicles are shown in Figures 1 through
4 for documentation, and descriptions of them are given in Table 1. It was
Planned initially to use five test vehicles, but the fifth one was not avail-
able when needed. The decision to proceed with only four vehicles, but to
conduct more tests per vehicle than had been planned, was approved by the Pro-
ject Officer. '

The particular test vehicles used reflected availability of vehicles
for EPA programs at the time testing began more strongly than they reflected
the population of diesel-powered, light-duty vehicles. The Mercedes 240 and
Peugeot 504 were the only diesel automobiles on the U.S. consumer market when
testing began, so to that extent they could be considered representative.
The other two vehicles, however, were research prototypes as far as the U.S.
market was concerned. Loaded vehicle weights ranged from about 1400 to 2000 kg,
and engine size ranged from 2.1 to 4.1 liters. All the engines were of the in-
direct injection, naturally-aspirated type, with similar injection systems
(Bosch and Bosch-liscensed) and compression ratios between 21.0 and 22.2.
Each vehicle was equipped with a 4-speed manual-shift transmission.

TEST FUEL PROPERTIES

All four vehicles were operated on Type 2-D emissions test fuel as
specified in Federal regulations.(l) Inspection results on the particular
fuel batch used, EM-238-F, are given in Table 2 along with required specifi-
cations and "national average" properties for comparison. The test fuel was
well within Federal specifications for all properties except end point, at
which it was coincident with the upper limit. As compared to a "national
average" No. 2 fuel, the test fuel contained more sulfur and somewhat more
high-boiling material. Although no hydrocarbon composition data were avail-
able in the survey data,(z) it is likely that the test fuel contained more

aromatics than an average No. 2 fuel.






TABLE 1.

DESCRIPTION OF TEST VEHICLES

Vehicle Model
Engine Model (if different)

Datsun 220C
Nissan SD22

International 100
Perkins 6.247

Mercedes 240D
OM616

Peugeot 504D
XD90

\
V.I.N.

Engine No. (if different)

Body Type.

Loaded Weight, kg (lbgy)?

Inertia Equivalent, kg (lbp)
\

Transmission

Displacement, 1 (in3)
Cylinders

Power, kW (hp) @ rpm
Injection System
Combustion Chamber
Compression Ratio

Distance on Vehicle, kmb

QL230-103467
SD22-116440

4 door sedan
1551 (3419)
1588 (3500)

4 speed manual

2.16 (132.1)

4

52.2 (70) @ 4000
Kiki

prechamber

22.0

19,861

4H1CODHB2 3906
24731042

Pickup truck
1982 (4370)
2041 (4500)

4 speed manual

4.06 (247.7)

6

91.0 (122) @ 4000
Kiki

prechamber

21.1

17,830

11511710066208
616916-10-052895

4 door sedan
1492 (3289)
1588 (3500)

4 speed manual

2.40 (146.7)

4 .

46.2 (62) @ 4350
Bosch
prechamber

21.0

4,677

504A90~-2034350
X203043508

4 door sedan
1402 (3091)
1361 (3000)

4 speed manual

2.11 (128.9)

4

48.5 (65) @ 4500
Bosch
prechamber

22.2

4,694

2 curb weight plus 136 kg (300 lbp)

b at end of tests



TABLE 2.

PROPERTIES OF TEST FUEL, FEDERAL SPECIFICATIONS, AND
"NATIONAL AVERAGES" FOR COMPARISON

Federal 2D "National Average"

Fuel Type 2D Test Fuel Specification No. 228
Fuel Code EM-238-F ————————e | e
Density, g/ml 0.845 | @ m—e—eee- -b —-b
Gravity, °API 36.0 33 - 37 35.7
Cetane (D976) 48.6 42 - 50 49.3
Viscosity, CS (D445) 2.65 2.0 - 3.2 2.71
Flash Point, °C (°F) 94. (202) 54 (130) minimum | = —=-m- b
Sulfur, wt. % (D1266) 0.35 0.2 - 0.5 0.249
FIA:

aromatics, % 29.8 27 (minimum) | = @=Z -———-- b

olefins, % l.e | = ——e———- L e — b

saturates, % 68.6 , | = ==————-- N — b
Distillation (D86):

IBP, °C (°F) 192 (378) 171-204 (340-400) 190 (374)

10% pt., °C (°F) 213 (415) 204-238 (400-460) 221 (430)

50% pt., °C (°F) 257 (495) 243-282 (470-540) 261 (502)

90% pt., °C (°F) 312 (593) 288-321 (550-610) 307 (585)

EP, °C (°F) 349 (660) 304-349 (580-660) 333 (632)
Carbon, wt. % 86.8 | @ ——e————— L b
Hydrogen, wt. % 12,9 | @ =e———— b b
Nitrogen, wt. % 0.005 | = —-——————- I b

2 average of five regional averages, 1976 ERDA Diesel Fuel Survey(z),
not sales-weighted

no specification

or no data



A Type 1-D diesel fuel is specified alongside the Type 2~D fuel in the
heavy-duty and light-duty emission regulations,(3'1) in case a given manufac-
turer requires No. 1 to be used in its engines. For the test vehicles and
for other market entries anticipated, however, No. 2 diesel fuel will prob-
ably continue to be recommended. The main reason for the more widespread
use of No. 2 fuel is economy. Its price per unit volume is equal to or lower
than No. 1 fuel, while having considerably greater density (and proportion-
ately higher energy content) per unit volume. The only foreseeable circum-
stance which would move fuel usage for diesel cars toward No. 1 fuel would
be a dramatic increase in urban diesel smoke and/or odor complaints as the
light-duty diesel population increases.

INSTRUMENTATION AND TEST EQUIPMENT

The four diesel-powered vehicles used for test purposes were operated
on a standard 2-roll chassis dynamometer, in this instance a Clayton Model
CT-200 which had been modified to EC-50 configuration. This dynamometer used
a 37.3 kW (50 hp) water brake absorber and a belt-driven variable inertia
system to simulate road operation. Inertia and power settings were based
on vehicle weight .and were set according to Federal procedure.(l) For test
purposes, the rear tires of the vehicles were inflated to 3.16 kg/cm2 (45
psig) to minimize deflection on the rolls. The Datsun 220C vehicle shown in
Figure 5 was operating on the chassis dynamometer.

Figure 5 also shows the position of the auxillary cooling fan in front
of the vehicle, producing an air flow of apprdximately 2.36 m3/sec (5000 ft3/
min). Sampling or measurement points for all the air analysis instrumentation
were located within 0.6 m (2 ft) of the inlet plane of this fan. The air in-
strumentation included two air (dry bulb) temperature thermocouples, one forced
air psychrometer, one electronic hygrometer, and a dewpoint-measuring device.
Figure 6 shows another view of the instruments and sampling/measurement points
with the psychrometer at upper left, perforated relative humidity/dry bulb
temperature sensor for the electronic hygrometer at center, bare-tip thermo-
couple at bottom center, and dewpoint instrument at bottom right. The white
object near top center is a small funnel to which the dewpoint instrument's
sample line was attached. BAnother view of the area behind the fan is given
by Figure 7.

Of the humidity- and temperature-measuring instruments noted above, only
the electronic hygrometer output and the two dry-bulb temperatures were re-
corded on a continuous basis. The other instruments were monitored manually,
and readings were taken from them at intervals of 2 to 5 minutes during each
test. Yet another source of data was the National Weather Service, from
which humidity data were obtained on an hourly basis during the days and
times when tests were being conducted. The Weather Service data were not
intended as primary information to be used in a statistical sense, but rather
as corroboration of data obtained by our direct measurements. Accuracy of
all the measurements and correlations between systems will be discussed later

in the report.

Measurement of CO, NOy, and CO, gaseous emissions was accomplished us-
ing a constant-volume sampler (CVS) and a set of low-concentration gas analyzers












SECTION 4

EXPERIMENTAL PLAN AND TEST PROGRAM DETAILS

This section deals first with the experimental plan designed to gather
meaningful data about effects of ambient conditions on light~duty diesel
emissions. The second subsection covers the details of the test Program as
it actually occurred and the effects of deviations from the original plans.
All this information constitutes the foundation on which the results and con-
clusions of the program are based.

EXPERIMENTAL PLAN

Following submittal of the Contract Work Plan early in the program, ef-
forts began to assemble the apparatus required for control of intake air tem-
perature and humidity. A problem was discovered with the planned approach,
however, because it was to control properties of the engine intake air only
rather than the ambient. The fallacy in the original line of thought was
that "ambient” data were to be taken in a controlled airstream leading to the
vehicle air intake, rather than in a totally-controlled ambient (the room).
Once this problem had been thoroughly discussed, it was decided to use nat-
urally-occurring humidity conditions with control on room temperature only.

A revised Work Plan was submitted to document this change. Original plans
also called for a five-vehicle test program, but it was later agreed to uti-
lize four vehicles (with a greater number of tests per vehicle) because the
fifth vehicle could not be supplied for the program. It was recognized that
a greater number of test vehicles would produce more representative statistics
on light-duty diesels, but other vehicles were simply not available for test

purposes.

The Contract "TEST SCHEDULE", with computational corrections as neces-
sary, is reproduced in Table 3. The specified tolerance on relative humidity
for each test was + 2 percent. It was decided that for test purposes, a
slightly different set of temperatures would be employed, namely 68, 77, and
86°F (20, 25, and 30°C). The reason for this change was that light-duty FTP
regulations call for test temperatures from 68 to 86°F (20 to 30°C). With
this minor modification, the relative humidity portion of Table 3 was recom-
puted and now appears as Table 4. These conditions in Table 4 were those
sought (or an approximation thereof) during the test program. Variables ac-
tually used to decide on the worth of running at a given set of ambient con-
ditions were (or were calculated from) original independent variables; and
they were temperature and specific humidity expressed in grains H,0/lby dry
air.

12



TABLE 3.

Note:

CONTRACT

"TEST

SCHEDULE"

Replications in parentheses

Humidity expressed as

grains Hy0O/ Relative humidity (%) at

wt. % H,O | vol. % HyO | 1lby dry air | P3/Pw 65°F 75°F 85°F
0.50 0.802 35.2 0.992 | 37.8(2) 26.9(2) | ——————-
0.75 1.201 52.9 0.988 | 56.5(2) | 40.2(3) | —-—————-
1.00 1.598 70.7 0.984 | 75.3(2) 53.5(3) 38.6(2)
1.25 1.995 88.6 0.980 | ———---—- 66.8(3) | 48.2(2)
1.50 2.390 106.6 0.976 | —————-—- 80.0(2) 57.7(2)
1.75 2.785 124.7 0.973 - | 67.2(2)
2.00 3.178 142.9 0.969 76.7(2)

TABLE 4. REVISED TEMPERATURE AND RELATIVE HUMIDITY VALUES

Humidity as

grains Hy0/1lb, dry air

Relative humidity (%) at

68°F (20°C)

77°F (25°C)

86°F (30°C)

35.2
52.9
70.7
88.6
106.6
124.7
142.9

( 5.03)2
( 7.56)

(10.1 )

(12.7
(15.2
(17.8
(20.4

N Nt Nt Nt

34.0
51.0
67.8

25.1
37.6
50.1
62.5
74.9

-———

37.4
46.6
55.9
65.1
74.3

2 values in parentheses in g H,0/kg dry air

13



. Noting the number of replications specified for each set of conditions
given in Table 3, the original test plan called for 29 FTP's per vehicle (145
FTP's total). It was also requested that the order of the tests be randomized
on a daily basis, so that the vehicles would not be tested in the same order
all the time. This request was complied with by preparing a randomized daily
sequence based on a table of random digits. It does not seem necessary to
reproduce this sequence as a separate item, since it can be deduced readily
from general data tabulations (including dates and run numbers) which are pre-
sented later in the report.

DETAILS OF THE TEST PROGRAM

The decision to use naturally-occurring humidity conditions so that room
ambients could be the variables of record resulted in a somewhat -different set
of ambient conditions for tests on each vehicle. Room temperatures were some-
times increased by adding heat, but decreases in temperatures were not attempted
due to the probability of moisture removal in the air conditioners. 1In a few
cases, tests were conducted using a steam generator in the room to maintain
humidity above ambient. Moisture addition was necessary only for some of the
higher specific humidity conditions. Both humidity and temperature remained
essentially constant during individual tests. -

Rathef than refer again to general &ata tabulations for actual teSi am-
bient conditions, these data are plotted in Figures lla through 11d as compared
to the planned set of ambient conditions. These graphs should make visuali-
zation of the comparison easier than would a simple tabulation. Although the
humidity points did not fall exactly on the planned values in most cases, the |
range and distribution of points achieved should be satisfactory from a statis-
tical standpoint. Since humidity points had to be accepted essentially as
they occurred naturally, a larger number of tests had to be performed than
was planned initially. A total of 174 valid tests were conducted on the four
vehicles, which compares to a total of 145 planned tests on five vehicles.

The tests were split quite evenly among the vehicles; with 44 being conducted
on the Datsun 220C, 45 on the International/Perkins 6.247, 43 on the Mercedes
240D, and 42 on the Peugeot 504D.

Measures used to help control data gquality throughout the test program
included CVS propane checks, dynamometer calibrations, and NO, converter checks.
Data from each day of testing were tabulated and graphed to determine whether
or not any investigation should be conducted for processing errors. The ana-
lysis instrumentation was fully calibrated on a monthly basis with gases named
by EPA's Ann Arbor laboratory or with gases traceable to them. This instru-
mentation and these gases were further used to cross-check four NO, calibration
gases sent to SwRI by the Project Officer. The results of this cross-check
are given below in Table 5; and it is apparent that agreement is quite good
in the lower concentrations, but somewhat less satisfactory as the concentra-
tions increase (disagreements up to about 4 percent). Almost all the NOy con-
centrations analyzed during this program were in the range of 30 to 50 ppm
(dilute sample bags). No reasons have been identified as yet for the apparent
calibration differences indicated in Table 5. While absolute accuracy is im-
portant for all the emissions data, it probably is just as important for the

ambient data.

14



KEY [0 planned

o 1run
150 = @n
o
= 125
g
£ a [0 [a)o
g 100 D o o
g‘ . DD 0éﬂ
.g 75— 0 u@: "lﬁ
= 0
£ s0q O = .,
E = I
25+ | o
o ﬂu a o
0 T . T

Temperature, °F

FIGURE 11a. PLANNED AND ACTUAL AMBIENT
CONDITIONS, DATSUN 220C

150 o
T @
£ 125 Gl
E -]
H . o
g 1004 . @ o
o o
§ ™ @ (Ee E
;;;E so4 O, = =0
£ ao
E O « O a
2& a 0 oa
! 1 1 |

70 75 80 85
Temperature, °F

FIGURE 11c. PLANNED AND ACTUAL AMBIENT
CONDITIONS, MERCEDES 240D

15

Humidity, grains H,O/ibyy, dry air

Humidity, grains Ho0/ibpy, dry air

® 2runs
® 3runs
150 = ﬂn
C;
[} D éu
100 . .

: 0 =
75ﬁ g 0 ué
50— 0 - el .

=2° .0 =
26 | o
o ¢ ° ®
0 T T | i

Temperature, °F

FIGURE 11b. PLANNED AND ACTUAL AMBIENT
CONDITIONS, PERKINS 6.247

150
UDOU
125 — ..é]
{s]
100 - e .
® @ o
4 a @ °n,
so{ U = O
o - @ °
254 ]
0 | T T

Temperature, °F

FIGURE 11d. PLANNED AND ACTUAL AMBIENT
CONDITIONS, PEUGEOT 504D



TABLE 5.

RESULTS OF NO, CALIBRATION GAS CROSS-~CHECK

Concentration in ppm by analyzing laboratory

Cylinder EPA-Research SWRI - SWRI - EPA-Ann
number Triangle Park first check second check Arbor
MM-2784 24.0 23.6 —— 24.07
MM-2892 89.0 87.5 —-——— 88.87
MM-2930 279.5 271. 273. 265.7
MM-2890 534. 516. 511. 505.2
a

checked against NBS calibration gases

Data on ambient conditions were recorded continuously near the inlet
of the vehicle cooling fan, which is the recommended location for such meas-
urements. YThese data (dry-bulb temperature and relative humidity) were also
integrated electronically, and they were Yead manually at intervals of approx-
imately 2 minfites. Ambient temperature and dewpoint temperature were measured
manually at somewhat longer intervals (about 5 minutes), and both wet- and dry-
bulb temperatures were recorded on a similar schedule. Relative humidity data
from the electronic hygrometer proved to be most reliable of the three humidity-
measuring measurements. This instrument was also calibrated periodically ac-
cording to ASTM redommended practice E104-51. The dewpoint instrument was used
for all tests during which it operated properly, but it had to be repaired 1
several times during the program. It was also 'discovered that data taken using
the psychrometer were inaccurate unless an inordinate amount of time was de-
voted to its care and maintenance; so it was eliminated early in the program,
and no psychrometer data appear in this report. The care necessary to obtain
accurate psychrometer data has been discussed in the literature in some detail. (4)

It has already been noted that variation in humidity during each parti-
cular run was reguested to be + 2 percent relative humidity or less, as re-
ferred to the mean. This tolerance is, therefore, a function of several vari-
ables. It ranges from + 2.1 grains Hp0/lbp dry air (+ 0.29 g H,0/kg dry air)
at 68°F (20°C) and 28.80 in Hg to + 4.0 grains Hy0/lby dry air (+ 0.57 g HR0/
kg dry air) at 86°F (30°C) and 29.78 in Hg. These acceptance bands are quite
reasonable in most cases, especially for the situation in which humidity is
being controlled. To determine the acceptance band for a given test, the mean
relative humidity was first computed from mean specific humidity, temperature,
and atmospheric pressure. Relative humidity was then permitted to vary + 2
percent, and specific humidity was calculated for the extremes. Some runs
were included in the data base which did not guite meet the + 2 percent R.H.
criterion. The additional criteria which these latter runs did meet included:

-~ relative humidity range within approximately + 5 percent of mean,

~ absence of variations which would invalidate time-averaged mean,
-~ absence of anomalous emissions data.

16



SECTION 5

RESULTS, BANALYSIS, AND CORRECTION FACTOR COMPUTATIONS

The first part of this section is devoted to presentation of the re-
sults in summary form and to statistical analysis of the emission and ambient
data. The second and last subsection covers computation of correction factors
for NOy at non-standard humidity conditions.

RESULTS AND STATISTICAL ANALYSIS

The results of this Task were those which might have been expected
after a review of previous work on studies of the relationship between emis-
sions and ambient conditions. 5,86) Some of the trends that were observed
are summarized below:

- increases in humidity were associated w1th substantlal decreases in
NO, for all four vehicles
- changes in temperature were associated with relatively minor changes
in NOy for all four vehicles
- changes in humidity and temperature were associated with relatively
minor changes in production of hydrocarbons and CO from three of the
four test vehicles.
The main objective of this task, in addition to confirming existence of the
above trends, was to compute the correction factors needed to correct measured
emission values to those that would be expected at standard ambient conditions.
All the emission correction factors which have been adopted for use in Federal
emission regulations in the past are different from one another 134 , SO it
could not be assumed, without testing, that the .light-duty diesel could legit-
imately use one of these other factors.

Emission and ambient data, contained in Appendix A, were gathered on 174
valid FTP runs. In order to determine if any linear relationships existed be-
tween the supposed "independent" variables (humidity by three methods, temper-
ature, and atmospheric pressure), correlation coefficients were calculated
for each pair of variables. It was expected that high correlations would
exist among the humidity values determined by the three methods, that temper-
ature would be only weakly dependent on atmospheric pressure and humidity,
and that humidity (regardless of method) would be essentially independent of
atmospheric pressure. The correlation coefficients (r) actually calculated
are presented in Table 6 and indicate the strengths of the relationships be-
tween the variables.
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TABLE 6. CORRELATION COEFFICIENTS (r) BETWEEN VARIABLES OF RECORD

Hygrometer Dewpoint Weather service
humidity. humidity, humidity. Temp.
Independent variables gr/lby, gr/lbpy gr/lbg °F
dewpoint humidity. |
grains Hp0/1lbp dry air 0.965 — —_— —_—
weather service humidity.
grains H0/lbp dry air 0.925 0.893 _— _—
temperature, °F 0.492 0.552 0.251 —_—
atmospheric pressure,
in Hg -0.746 -0.778 -0.710 -0.348

Although all correlations were statistically significant (p < 0.05 using
"t" statistics), those between "independent” variables were in accord with ex-
pectations except the relationships between humidity and atmospheric pressure.
All three humidity values correlated more strongly with atmospheric pressure
than expected. This result was created by a local situation, namely that de-
creased in atmospheric pressure are frequently followed by southerly winds
carrying humid air from the Gulf of Mexico. Djfferent correlations probably
exist in.other areas due to differences' in topography, latitude, and proximity
to large bodies of water.

Since all the humidity values were highly correlated (r > 0.89) and
since humldlty as measured with the electronic hygrometer was the most reli-
able result from the methods employed, the hygrometer values alone were used
in the statistical analysis. Temperature was the second variable chosen due
to its weak relationship with humidity and atmospheric pressure. Finally,
atmospheric pressure was not considered as an important ambient variable due
to its high correlation (r < -0.71) with humidity and the expected overlap of
information that would result if both these variables were included. Thus,
only temperature and hygrometer humidity were chosen to be used as the inde-
pendent variables in the analyses described below.

Generalized linear equations were determined utilizing emissions (HC,
CO, or NOy) as the dependent variable and humidity (H) and temperature (T)
as the independent variables. Linear as well as polynomial regressions were
calculated for each vehicle and each pollutant. The equations were of the

following forms:

(1) E

)

b°+b1x

by + by X + by1 X2

B>
0

and (2)

where E emission value predicted by the regression equation

i

bg constant term
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= regression coefficient for linear effect of variable X

(o2
=
|

bj] = regression coefficient for quadratic effect of variable X

X

independent variable (humidity or temperature).

The coefficients obtained using equations (1) and (2) with humidity and tem-
perature as the independent variables are contained in Appendix B. Appendix
C contains computer printouts of stepwise multiple regressions conducted on
individual vehicles, including analysis of variance and summary tables.

Table 7 consists of correlation comparisons between the linear and qua-
dratic fits of humidity to emissions. Using the coefficients of determination
(r2) as a criterion, the best fits are between NO, and humidity (average r2 =
0.653 for quadratic fit), although all emissions are strongly associated with
humidity for the International-Perkins.

TABLE 7. CORRELATION COMPARISON FOR HUMIDITY

Coefficients of determination (r2)by vehicle

Dependent | Independent Int'l.
Variable | Variable (s) Datsun } Perkins Mercedes Peugeot Average
HC H 0.020 0.576 0.000 0.078 0.168
H, H2 0.085 | 0.584 0.012 0.127 0,202
¥ Improvement 0.065 0.008 0.012 0.049 0.034
o H 0.050 0.697 0.002 0.000 0.187
H, HZ 0.051 | 0.724 0.054 0.002 0.208
Improvement| 0.001' 0.0272 0.052 0.002 0.021
NO H 0.572 0.486 0.609 0.612 0.570
x H, H2 0.772 0.568 0.658 0.615 0.653
Improvement 0.2002 | 0.0822a 0.0492 0.003 0.083

a

indicates improvement was significant at the 0.05 level

Temperature was not as strongly correlated with emissions as humidity,
and this weaker correlation is indicated by the coefficients of determination
in Table 8. Temperature had higher correlations with CO and HC than with NO,,
particularly for the International-Perkins. Utilizing a quadratic fit, the
average r2 was 0.224 for CO, 0.176 for HC and 0.075 for NO,. The addition of
the T2 term to the linear fit of T resulted in an average increase in r2 of
'0.074 for HC, but only 0.018 for CO and 0.015 for NO,. Significant increases
{p < 0.05) in r2 occurred only when adding the 72 term to the linear fit of
T to HC for the Datsun and Mercedes.

"Additional regression equations were generated to determine whether or
not humidity and temperature (together) predicted emissions better than these
same independent variables fit separately, as in Tables 7 and 8. Linear as
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well as stepwise polynomial regressions were calculated for each vehicle and

each pollutant. The forms of generalized equations utilized are given as
follows:

(3) E = by + byH + byT

t>

(4) = bO + blH + b2T + bleT

>

and  (5) E = by + byH + byT + by1H2 + by,T2

~N

where E, by, by, and by; are as defined in equations (1) and (2) and
by = regression coefficient for linear effect of T
bj2 = regression coefficient for the interaction effect of H and T
bps = regression coefficient for quadratic effect of T
H = humidity (independent) variable .

and T = Eemperature (independent) variable.

The coefficients obtained in using equations (3), (4), and (5) with H and T
are contained in Appendix B. Note that equations (4) and (5) were formed
from a stepwise regression procedure in which H and T were forced into the
equation. Consequently, at times only one of'the quadratic terms (HZ2 or T2)
entered the equation (with H and T) due to a low tolexance level on the other
quadratic term.

TABLE 8. CORRELATION COMPARISON FOR TEMPERATURE

Coefficients of determination (r2) by vehicle
Dependent | Independent Int'l.

Variable | Variable (s) Datsun | Perkins Mercedes Peugeot Average
HC T 0.046 0.235 0.012 0.113 0.102
T, T2 0.131 | 0.295 0.115 0.165 0.176

Improvement | 0.085% | 0.060 0.103 0.052 0.074

T 0.003 0.424 0.128 0.267 0.206

co T, T2 0.024 | 0.471 0.131 0.268 0.224
Improvement 0.021 0.047 0.003 0.001 0.018

NO T 0.055 | 0.037 0.077 0.069 0.060
x T, T2 0.070 0.051 0.099 0.079 0.075
Improvement 0.015 0.014 0.022 0.010 0.015

a jpdicates improvement was significant at the 0.05 level
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Table 9 contains the correlation comparisons for equation (3) with
equations (1) and (2), and for equations (4) and (5) with equation (3). Coef-
ficients of determination (r2) are again used as the criterion for determining
the best fits. The average r2 values for a fit linear in H and T were 0.194
for HC, 0.342 for CO, and 0.594 for NO,. For a fit including the cross product
term (HT), the average r2 values were 0.254 for HC, 0.365 for CcO, and 0.671 for
NOy. For the quadratic fit, they were 0.272 for HC, 0.378 for CO, and 0.673
for NOy. Except for CO, the linear fit in H and T showed no significant im-
pProvement over the linear fit in H. This same fit was significantly (p < 0.05)
better than the linear fit in T for NOy on all four vehicles; for CO on the
Peugeot; and for CO and HC on the International-Perkins. The results thus
indicate the strong relationship that exists between NOy, and humidity for all

vehicles and between all emissions and ambient data for the International-
Perkins.

TABLE 9. CORRELATION COMPARISON FOR HUMIDITY AND TEMPERATURE

Coefficient of determination (r2) by vehicle
Dependent Independent Int'l Average
Variable Variable Datsun Perkins Mercedes Peugeot r
HC H,T 0.047 0.588 0.013 0.128 0.194
Improv. over H 0.027 0.012 0.013 0.050 0.026
Improv. over T 0.001 0.3532 0.001 0.015 0.093
P o <
co H,T 0.090 0.764 0.144 0.372 0.342
Improv. over H 0.040 0.0672 0.142% 0.3722 0.155
Improv. over T 0.066 0.340% 0.016 0.1052 0.132
NO, H,T 0.601 0.523 0.614 0.638 0.594
Improv. over H 0.029 0.037 0.005 0.026 0.024
Improv. over T 0.546% | 0.4862 0.5374 0.5692 0.535
HC H,T, HT 0.063 0.591 0.031 0.330 0.254
Improv. over H,T |0.016 0.003 0.018 0.201 0.060
co H,T, HT 0.095 | 0.781 0.207 0.378 0.365
Improv. over H,T |0.005 0.017 0.063 0.006 0.023
NO, H,T HT 0.717 0.601 0.713 0.654 0.671
Improv. over H,T |0.116 0.078 0.099 0.016 0.077
HC H,T,H2,72P 0.153 0.621 0.119 0.194 0.272
Improv. over H,T |0.1062 | 0.033 0.1062 0.066 0.078
co H,T,H2, %P 0.102 0.793 0.242 0.376 0.378
Improv. over H,T |0.012 0.029% 0.0982 0.004 0.036
NO,, H,T,H2,72b 0.787 0.604 0.659 0.643 0.673
Improv. over H,T |0.1862 | 0.081% 0.0452 0.005 0.079
a

indicates significant improvement at 0.05 level
b y and T forced into equation, others entered by significance
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_ Including the interaction term (HT) with the linear fit in H and T
yielded an average increase in r2 of 0.060 for HC, 0.023 for CO, and 0.077
for NOy. These increases were significant (p < 0.05) for HC from the Peugeot
and for NO, from the other three vehicles.

' The use of a quadratic equation in H and T instead of a linear fit
yielded an average increase in r2 of 0.078 for HC, 0.036 for CO, and 0.079
for NO,. These increases were significant (p < 0.05) for all emissions from
the Mercedes, for CO and NOx from the International-Perkins, and for HC and
NO, from the Datsun. For the NO, emissions, the H2 term was the main vari-
able influencing the significant increases.

With the exception of results for the International-Perkins, low cor-
relations existed between CO or HC and each of the independent variables in
Tables 7, 8, and 9. Both CO and HC emissions from the International-Perkins
were much more sensitive to humidity and temperature than expected, and no
reason is known for this anomaly. In terms of engine design, the Perkins is
not considered to be so grossly different than the others as to cause such
results. One statistic which does set the International-Perkins apart from
the other vehicles, however, is its weight-to-power ratio (all vehicles as-
sumed loaded as light-duty vehicles). This value, in kg/kW, is 21.8 for the
International-Perkins, 29.7 for the Datsun, 32.3 for the Mercedes, and 28.9
for the Peugeot. It is not known if the weight/power statistic is related to
the anomaly noted above, but it does indicate that the Perkins engine was prob-
ably operating at a lower fraction of available power than the other engines
(i.e., at lower F/A). In summary, due to the overall relatively low corre-
lations associated with HC or CO and the ambient data, and because of the
unusual results of these emissions in the International-Perkins vehicle, HC
and CO corrections will not be discussed further in the text. The overall
results from Tables 7. 8, and 9 confirm the existence of strong and consistent
associations between NO, and humidity for all four vehicles, and it is this
relationship that will be explored. Equations with H2 and T2 terms have also
been compared to those with an HT interaction term, indicating that the qua-
dratic form is a better predictor.

To examine the Nox—humidity relationships in more detail, scatter plots
have been constructed for each vehicle and are presented as Figures 12 through
15. The linear and gquadratic equations in H have been plotted for each vehicle,
and the coefficients of these equations are contained in Table 10. On the
average, addition of the H2 term increased r2 from 0.570 to 0.653, which is
a substantial improvement. Most of this improvement was made in fitting the
curve for the Datsun 220C, which seemed to have a strong tendency toward
"leveling off" of NOy, emissions as humidity increased above about 120 grains
Hy0/1by dry air. Emissions of NOy from the Datsun, International-Perkins, and
Mercedes all tended to become less sensitive to humidity above some humidity
level. Taking all four vehicles together, however, can still result in com-
putation of a relationship which is useful for most ambient humidity values.

COMPUTATION OF CORRECTION FACTORS

The regression equations generated in the previous subsection (RESULTS
AND STATISTICAL ANALYSIS) were restricted to data on the individual vehicles,
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but the desired end result of this project is to obtain a single humidity
correction factor for NOy applicable to the whole class of light-duty, diesel-
powered vehicles. :

TABLE 10. COEFFICIENTS OF NOyx VERSUS HUMIDITY EQUATIONS

Equation (bg) (b3) (by3)
type? . Vehicle Constant H coefficient H2 coefficient r?

Linear Datsun 1.039 -0.00195 | memcme—e———- 0.572
IH-Perkins 1.057 -0.00173 | emmemmeeeee 0.486
Mercedes 0.983 -0.00199 | ~emmm—eme——- 0.609
Peugeot 0.848 -0.00165 | —m—m——————- 0.612

Quadratic Datsun 1.161 -0.00643 2.92 x 1073 0.772
IH-Perkins 1.126 -0.00428 1.68 x 107> 0.568
Mercedes 1.044 -0.00423 1.46 x 1072 0.658
Peugeot 0.859 -0.00208 2.86 x 1076 0.615

2 jinear form NOy, = by + by H, Quadratic form NOx = by + by H + byj H2

This factor would have the form

75

_ predicted NOy value at H
predicted NO, value at H

K

where
linear case: predicted NOy = by + by H = (by + 75b3) + by (B-75)
and

bo + by H+ b3 H2

quadratic case: predicted NOy

(b, + 75by + 752 b11) + (b3 + 150bj1) (H-75)
+ byp (H-75)2.

Therefore, for the linear case,

1
1+ L (H-75)

Kh=

where L = bj ;
by + 75b1

and for the quadratic case,

1
Knh = 1 ¥ L(H-75) + Q(H-75)2
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where I = by + 2bj1 (75)
bo + by (75) + b1y (75)2

and _ bo
Q= b5+ by (75) + b1y (75)2 -

Several methods were considered for combining data from the four vehicles to
obtain the correction factors, including:

1. Obtaining a humidity correction factor for each vehicle separately
and then averaging the results, i.e., the regression equations for the four
vehicles would have different intercepts and difference slopes.

2. Establishing statistically a commonality of "H" coefficients in the
linear NO,-humidity equations, i.e., determining a common-slope, different-
intercept model for the combined four vehicles.

3. Treating all data as if it were for a single vehicle, i.e., ignoring
any vehicle-to-vehicle differences in magnitude of NO, emissions and generating
a common slope and common intercept.model.

The first method, unequal slopes and intercepts, yielded four regression
equations relating NO, to H with an average r2 of 0.570, and four equations
relating NO, to H and H2 with an average.r2 of 0.653. The resulting coeffi-
cients were presented in Table 10. Notice from Table 7 that for three of the
four vehicles the quadratic fit in H is significantly better than the linear
fit. Humidity correction factors for NO, were calculated for each vehicle
for both the linear and quadratic equations. The results are given in Table 11
along with the average values of L. and Q that would be utilized in establishing
an overall humidity correction factor.

TABLE 11. SEPARATE VEHICLE CORRECTION FACTORS?

Equation Type
and coefficient(s) | Datsun IH-Perkins | Mercedes Peugeot Average
Linear

L -0.00218 ~-0.00187 -0.00239 -0.00228 -0.00218
Quadratic

L -0.00244 -0.00197 -0.00251 -0.00230 -0.00230

0 3.46 x 10™5] 1.87 x 10-5| 1.81 x 1072 0.40 x 107%|1.88 x 1072
a 1 '

Kp = 1 ¥ L (75) in linear case

*n = 1+L (H-75} + Q (H-75)<4 in quadratic case
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The second method, common slope and unegual intercepts, produces some
useful results. It is better than the first method in that it requires only
one regression equation, but it also necessitates the separate computation
of four correction factors. The common slope, unegual intercept method shows
that the slopes of the NOy-humidity equations for the four vehicles are close
enough together to be considered equivalent statistically. The hypothesis
that the four slopes are unequal was tested by comparing the mean squared
errors of the regression equations calculated with and without a parallel
line assumption. The resultant F statistic was not significant at the 0.05
level, so the common slope model was not rejected. The combined regression
equation, which had an r“ of 0.722, is given after Table 12.

TABLE 12. COMMON SLOPE EQUATION COEFFICIENTS AND VALUES OF L

Vehicle Intercept Slope L
Datsun 1.029 0.00183 -0.00205
Int'l.—Perkins 1.064 0.00183 -0.00197
Mercedes 0.972 0.00183 -0.00219
Peugeot 0.862 0.00183 -0.00252
Average -0.00218

Equation: NOx = by + bjX; + by H, i=2, 3, 4

where X: = 0 if "i th" vehicle data not used
1 1 if "i th" vehicle date used
Note: The intercept of the Datsun was by; for the IH-Perkins,
by + by for the Mercedes, b, + b3; and for the Peugeot, b, + by.

Since each equation has a different intercept, the values of L in the
linear Ky factors are different for each vehicle. The average value, -0.00218,
is the same as the average value obtained from Method 1. Due to the difficulty
in employing this method on quadratics, quadratic factors were not obtained.

The third method, common slopes and common intercepts, consisted of a
simple combination of all 174 data points into a single regression equation
relating NO, to humidity. This approach was rejected due to the scatter and
poor correlations resulting from combination of all the raw data. Two varia-
tions on this technique were then tried in an attempt to eliminate the adverse
effects of differing NOy magnitudes among the test vehicles.

The first variation consisted of standardizing the observed NO, values
from each vehicle by subtracting the vehicle mean NO, and dividing by the
vehicle NOy, standard deviation as follows:
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observed NO, — mean NO,
‘standard deviation NOyx

standardized NO, =

The standardized values for all four vehicles were then combined and fit to
humidity in a single regression equation. The results for the linear and
quadratic fits are given below:

standardized NO, = 1.362 - 0.01794 H, r2 = 0.566

standardized NO, = 1.976 ~ 0.04080 H + 0.000150 H2, r2 = 0.631.
There was a significant increase (p < 0.000l1) in the goodness of fit utilizing
the quadratic equation in H as compared to the linear model.

To obtain the humidity correction factors for NOy (unstandardized), the
values of L and Q were calculated, adjusting for the different means and
standard deviations of each vehicle's data. These values are given in Table
13 along with their averages. The average results are again in good agree-
ment with Methods 1 and 2.

TABLE 13. STANDARDIZED NOy CORRECTION FACTORS

Equation Type Datsun IH~-Perkins Mercedes Peugeot Average
Linear

L -0.00218 ~0.00200 -0.00226 ~0.00223 -0.00217
Quadratic

L -0.00229 -0.00210 -0.00239 -0.00235 -0.00228

Q 1.88 x 1075 ]1.72 x 1072 }1.95 x 10-5]1.92 x 10-5] 1.87 x 1072

The second variation on Method 3 consisted of computing the ratios of
the observed NO, emissions data to the predicted NO, values at an arbitrary
humidity point for each vehicle. These "normalized” data were then combined
to derive a common regression equation. The eguations given in Table 10,
both linear and quadratic, were used to compute a predicted value for NO, at
H = 75 for each vehicle. Normalized NO, values were then obtained (separately
for quadratic and linear models) using the following definition:

. measured NOx
normalized NOx = pregicted NOy at H = 75

Combined equations relating normalized NOy to humidity were then gener-
ated, and the resulting coefficients are given in Table 14. The quadratic
fit yielded a significant (p < 0.001) improvement in correlation over th
linear equation, supporting similar findings from the other methods ?tlllzed
in this project. The definition of normalized NO, forces the normalized NOy
values calculated by both the linear and quadratic equations to be 1.0 at the
value H = 75. This second variation, using normalized NO, values, is the
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only method evaluated which yields a single factor for correction of NOy with-

out averaging values of L and Q. The computed coefficients for the two cases
are

t
I

-0.00217 for the linear case,

and L

-0.00228, Q = 1.85 x 10~> for the quadratic case.

TABLE 14, COEFFICIENTS OF NORMALIZED NOy VERSUS HUMIDITY EQUATIONS,
ALL VEHICLES COMBINED

Equation type? |(by) constant (b1) H coefficient (bll)H2 coefficient r2
Linear 1.163 -0.00217 | @ =me—m—————m—— 0.569
Quadratic 1.274 -0.00504 1.84 x 107 0.616

@ linear form, normalized NOy =Dbo + bjH;
quadratic form, normalized NOx =po + by H + b11H2

These results are very similar to those obtained using the other methods, as
shown in Table 15.
TABLE 15. SUMMARY OF HUMIDITY CORRECTION FACTOR RESULTS2
Linear Case Quadratic Case
Average Average Average Average Average
Method r2 L r2 L Q

Unequal slopes

and unequal

intercepts 0.570 -0.00218 0.653 -0.00230 1.88 x 107>

Equal slopes

but unequal

intercepts 0.722 -0.00218 ———— et R

Equal slopes

and equal

intercepts
a) Std. NOy 0.566 ~0.00217 0.631 ~0.00228 | 1.87 x 107>
b) Nor. NO, 0.569 -0.00217 0.616 -0.00228 1.85 x 10~>

a 1

linear case Ky = 1 + L (H-75)

1
1+ L (H-75) + Q (H-75)2

quadratic case K, =

Correction factors representing the averages of the linear and quadratic re-
sults given in Table 15 are shown in Figure 16.
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SECTION 6

COMPARISON WITH OTHER CORRECTION FACTORS

Studies were conducted in the past on other classes of vehicles and en-
gines with the aim of determining applicable factors for the correction of
measured emissions to “"standard" ambient conditions. The classes studied
were light-duty, gasoline-fueled vehicles(5); heavy-duty diesel engines(6);
and heavy-duty, gasoline-fueled vehicles. The results of these studies have
appeared in corresponding Federal Emission RegulatJ.Ons(l 3,7:8) a5 correction
factors for NO, em1551ons, other ambient effects having been considered negli-
glble by EPA.

The existing correction factors for NOy, are:

1
‘1 - 0.0047 (H-75)

light-du%y gasoline; Ky =

1
1+(0.044 F/A-0.0038) (H-75)+(~-0.116 F/A+0.0053) (T-85)

heavy-duty diesel; Ky =

heavy-duty gasoline; Ky, = 0.634 + 0.00654H - 0.0000222H2.

In addition, a 51mp1er correction factor was used for heavy-duty diesels
through about m1d—l974, and it was

Ky, = 1
h = 3 -70.0025 (H-75)

bl ~a
These factors can be compared to those generated by this project (results of
equal slope/intercept-normalized NO, method shown for example), which are:

1
1 - 0.00217 (H-75)

based on linear equation; Ky =

1

based on quadratic equation; Ky = 1 = 0.00238 (E-75) + (1.85 x 10-5) (8=75)2 °

The most striking comparison which can be made, of course, is that the
light-duty diesel factor based on a linear NO,-humidity relationship is very
similar to the original (and since replaced) factor for heavy-duty diesels.

This light-duty diesel factor shows less sensitivity to humidity than the
light-duty gasoline factor. These relationships are given in tabular form

in Table 11 and in graphical form in Figure 17. The range shown in Figure 17
for the current heavy-duty diesel factor incorporates all the expected variation
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in both test temperature (70°F to 100°F) and F/A ratio (0.005 to 0.07). This
factor, by using F/A as a variable, is restricted to modal steady-state engine
operation.

The heavy-duty gasoline factor and the gquadratic-based light-duty diesel
factor are gualitatively similar, with the gasoline factor being a stronger
function of humidity. Application of either the linear-based or the qua-
dratic-based factor computed from data acquired in this task would be a rel-
atively simple matter, and it remains for the sponsor to decide whether or not
the significantly better fit of the gquadratic form is sufficient reason to
deviate from the customary linear-based form for the light-duty diesel. Rea-
sons for the differences between correction factors discussed here include
not only type and size of engine, but also the differing duty cycles required
to perform the various test procedures (e.g., difference between heavy- and
light-duty gasoline correction factors).

TABLE 16. HUMIDITY CORRECTION FACTORS FOR NO, IN TABULAR FORM

imidity (H),
jrains H20/ Light-duty diesel Heavy-duty diesel(3,8) Light-duty Heavy-duty
lbp/dry air |Linear | Quadratic |Current, range | Original| gasoline(1l) | gascline(7)
0 0.860 0.785 0.738 to 0.825 0.842 0.739 0.634
20 0.893 0.847 0.782 to 0.880 0.879 0.795 0.756
40 0.929 0.907 0.831 to 0.942 0.920 0.859 0.860
60 0.968 0.963 0.887 to 1.014 0.964 0.934 0.946
80 1.011 1.011 0.951 to 1.099 1.013 1.024 1.015
100 1.057 1.048 1.024 to 1.198 1.067 1.133 1.066
120 1.108 1.070 1.110 to 1.317 1.127 1.268 1.099
140 1.164 1.076 1.212 to 1.463 1.194 1.440 1.114
160 1.226 1.065 1.334 to 1.645 1.270 1.665 1.112
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TABLE A-1. TABULAR DATA BY RUN
Run Emissions, grams/km Fuel,|gr H,0/ | Temp., pa,
No. Date Vehicle HC COo NOy, CO2 km/§, |1by, air °F in Hg
1 |12/12/75|1.H.-Perkins | 0.47 1.95 0.90 | 244.86| 10.8 72.4 76.3 29.18
2 112/12/75]|Mercedes 0.18 0.63 0.77 | 238.15] 11.2 74.1 77.6 29.08
3 j12/12/75|Datsun 0.17 0.80 0.81 | 222.85] 12.0 74.9 78.4 29.08
4 112/15/75|Mercedes 0.13 0.63 0.90 | 248.44| 10.8 50.4 73.1 29.28
5 }12/15/75} Datsun 0.16 0.75 0.9 | 231.17§ 11.5 44.6 72.5 29.37
6 }12/15/75| Peugeot 0.34 1.01 0.70 | 229.47| 11.6 40.9 71.2 29.37
7 {12/15/75|1.H.-Perkins | 0.62 1.46 0.91 | 232.97} 11.3 41 .6 70.3 29.35
8 |12/16/75]|Mercedes 0.14 0.65 0.99 I 261.35] 10.2 35.8 75.8 29.28
9 |12/16/75|Datsun 0.12 0.76 0.96 | 231.24] 11.5 34.3 75.2 29.28
10 |12/16/75]|Peugeot 0.44 1.03 0.72 } 234.61| 11.3 35.2 77.8 29.27
11 |12/16/75|1.H.-Perkins | 0.59 2.01 0.96 | 247.37} 10.7 34.3 77.1 29.24
12 |12/17/75|Mercedes 0.11 0.61 0.85 | 235.48]| 11.4 45.9 70.2 29,28
13 |12/17/75|Datsun 0.08 0.77 0.94 }1228.91}) 11.7 42 .4 67.3 29.29
14 |12/17/75|Peugeot 0.42 1.09 0.71 | 232.56| 11.4 41.3 68.0 29.30
15 |12/17/75|1.H.-Perkins | 0.63 1.75 0.89 | 219.50]| 12.0 35.1 68.0 29.27
16 [12/18/75|Mercedes 0.15 0.61 0.90 |1 242.40| 11.0 11.6 76.9 29.78
17 }12/18/75{Datsun 0.14 0.69 0.99 }218.01} 12.2 10.1 76.4 29.78
18 [|12/18/75|Peugeot 0.37 0.95 0.84 | 230.91] 11.5 10.4 76.0 29.78
19 |12/18/75|I.H.-Perkins | 0.58 1.71 1.00 | 232.55} 11.3 10.7 79.0 29.78
20 |1/7/76 Mercedes 0.10 0.69 0.99 ] 255.01] 10.5 15.0 67.1 29.40
21 |1/7/76 Datsun 0.15 0.74 1.11 | 250.821 10.6 13.2 67.1 29.40
22 |1/7/76 Peugeot 0.39 1.01 0.85 | 255.42] 10.4 13.0 67.2 29.39
23 |1/7/76 I.H.-Perkins | 0.54 1.91 1.10 | 258.16} 10.2 12.9 67.4 29.39
24 |1/8/76 I.H.-Perkins | 0.54 1.96 1.15 | 258.77| 10.2 8.3 66.8 29.69
25 |1/8/76 Peugeot 0.34 1.10 0.87 | 257.67] 10.3 9.1 67.4 29.69
26 |1/8/76 Datsun — Data Discarded
27 |1/8/76 Mercedes 0.15 0.67 | 1.04 |237.25 11.3 9.8 68.4 29.60
28 |1/9/7e6 Mercedes — Data Discarded
29 11/9/76 Datsun 0.19 0.83 1.09 }233.43} 11.4 17.1 77.8 29.51
30 11/9/76 I.H.-Perkins | 0.49 1.87 1.03 }245.01] 10.8 20.1 76.9 29.48
31 |1/9/76 Peugeot - Data Discarded
32 |1/13/76 |1.H.-Perkins | 0.59 2.12 0.77 {246.72| 10.7 72.2 77.7 29.09
33 |1/13/76 |}Datsun 0.18 0.84 0.77 }239.08| 11.2 73.7 77.4 29.14
34 |1/13/76 }|Peugeot 0.51 1.00 0.67 ] 240.72{ 11.0 70.8 77.2 29.12
35 |11/13/76 |Mercedes 0.23 0.70 0.91 |256.44| 10.4 63.9 77.2 29.09
36 }1/14/76 |Mercedes 0.17 0.69 0.93 | 256.81] 10.4 24.6 68.1 29.60
37 11/14/76 |I.H.-Perkins | 0.55 1.94 1.07 | 259.60} 10.2 24.0 67.7 29.60
38 |1/14/76 |Peugeot 0.39 1.03 0.76 }235.07{ 11.3 21.8 68.0 29.60
39 |1/14/76 |Datsun 0.15 0.86 1.01 }242.44} 11.0 21.5 67.6 29.50
40 11/16/76 |Datsun 0.07 0.81 1.03 }241.13] 11.1 33.9 77.2 29.36
(continued)
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TABLE A-1 (continued)

Run

Emissions

, grams/km

Fuel, jgr H50/ | Temp., pa.,

No. Date Vehicle HC CcO NO, CO2 . | kmA lbp, air °F in Hg
41 |1/16/76 | Mercedes 0.13 0.69 1.02 4} 261.14| 10.2 26.3 77.2 29.38
42 11/16/76 | I.H.-Perkins | 0.50 2.04 1.07 { 252.37{ 10.5 23.2 76.8 29.38
43 11/16/76 | Peugeot 0.42 0.99 0.86 ] 237.09} 11.2 21.6 77.6 29.38
44 |1/19/76 | Datsun 0.14 0.83 0.96 | 250.13{ 10.7 47.8 86.6 29.35
45 {1/19/76 | I.H.-Perkins | 0.50 2.13 0.94 ] 260.42] 10.1 47.4 86.6 29.35
46 [1/19/76 | Mercedes 0.15 0.66 0.94 | 266.22| 10.0 44 .5 86.7 29.35
47 {11/19/76 | Peugeot 0.39 1.04 0.77 1 249.75} 10.6 44.1 86.2 29.34
48 |1/20/76 | I.H.-Perkins | 0.52 1.99 1.10} 273.05 9.7 31.5 76.9 29.63
49 {1/20/76 | Mercedes 0.12 0.66 0.97 ] 257.48] 10.4 29.1 77.7 29.65
50 |11/20/76 | Datsun 0.12 0.82 1.12 1 252.65| 10.6 21.9 78.1 29.63
51 }1/20/76 | Peugeot 0.40 1.07 0.93{ 257.28}1 10.3 19.2 76.9 29.59
52 |1/21/76 | batsun 0.16 0.80 1.01]) 228.68} 11.7 13.1 86.5 29.65
53 |1/21/76 | Peugeot 0.43 0.95 0.79 ) 233.46}) 11.4 11.3 86.7 29.60
54 |1/21/76 | I1.H.~Perkins | 0.51 1.98 1.10] 259.26] 10.2 10.6 86.3 29.56
55 [1/21/76 | Mercedes —Data Discarded

56 }1/22/76 | Peugeot 0.48 0.88 0.81} 227.68| 11.7 11.6 87.7 29.53
57 11/22/76 | batsun 0.07 0.77 1.10] 229.04§ 11.7 11.1 88.1 29.65
58 {1/22/76 { I.H.-Perkins | 0.59 1.93 1.10| 266.63 9.9 11.2 86.0 29.48
59 11/22/76 | Mercedes 0.12 0.61 0.95}| 238.41{ 11.2 10.9 87.6 29.41
60 |1/23/76 | Mercedes 0.13 0.59 0.95| 247.04| 10.8 22.3 87.3 29.20
61 |2/11/76 { Peugeot 0.44 1.06 0.67 ] 251.86} 10.5 89.6 77.3 29.44
62 |2/11/76 | batsun 0.15. | 0.83 0.86 | 259.23] 10.3 78.4 78.1 29.43
63 |2/11/76 | I.H.-Perkins | 0.60 2.11 0.911 267.66 9.9 73.3 76.3 29.40
64 12/11/76 | Mercedes 0.15 0.69 0.84 | 256.56| 10.4 74.8 78.3 29.38
65 12/13/76 | Peugeot 0.48 1.04 0.71 | 244.35} 10.9 62.8 68.9 29.27
66 [2/13/76 | I.H.-Perkins | 0.60 2.13 0.874§ 264.66f 10.0 75.4 77.9 29.28
67 12/13/76 | Datsun 0.13 0.79 0.85) 235.51} 11.3 69.1 76.7 29.28
68 12/13/76 | Mercedes 0.14 0.64 0.82 | 250.85] 10.7 68.4 78.2 29.28
69 }(2/16/76 | Datsun 0.12 0.76 0.70} 236.62] 11.3 96.5 78.7 29.08
70 {2/16/76 | Mercedes l— Data Discarded

71 |2/16/76 | I.H.~-Perkins | 0.63 2.20 0.781 260.02| 10.1 96.6 78.7 29.29
72 12/16/76 | Peugeot 0.42 1.02 0.631] 232.271 11.4 98.1 78.7 29.25
73 |2/17/76 | Datsun 0.16 0.92 0.79] 253.55} 10.5} 108.7 87.9 28.98
74 12/17/76 | I.H.-Perkins { 0.75 2.79 0.82} 279.71 9.4} 107.4 86.8 29.03
75 |2/17/76 | Peugeot 0.35 1.04 0.791 247.52] 10.7 63.1 85.3 28.94
76 }2/17/76 | Mercedes 0.10 0.67 0.95] 265.76] 10.1 41.1 87.2 28.88
77 12/26/76 | 1.H.~Perkins | 0.58 2.16 0.95] 265.50 9.9 54.9 70.9 29.37
78 12/26/76 | Mercedes 0.08 0.68 0.981] 246.98} 10.8 57.7 69.0 29.35
79 |2/26/76 | Datsun }l—— Data Discarded

80 |2/26/76 1 Peugeot -———————-DatéﬁDisc%rded

(continued)
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TABLE A-1l (continued)

Run

Emissions, grams/km

Fuel, |gr HyO/ | Temp., ra,
No. Date Vehicle HC co NOx CO2p km/% {lby air °F in Hg
81 )2/27/76 | I.H.-Perkins | 0.65 1.97 0.96 ] 256.82| 10.3 58.2 68.9 29.35
82 [2/27/76 §j Mercedes Data Discarded
83 [2/27/76 | patsun 0.20 | 0.87 | 0.95| 236.82) 11.3 | 61.4 | 68.3 | 29.35
84 12/27/76 } Peugeot Data Discarded
85 }13/1/76 Mercedes 0.14 0.64 0.78 | 238.18] 11.2 92.0 71.1 29.03
86 [|3/1/76 Datsun 0.13 0.92 0.851 229.33}1 11.6 91.3 70.6 29.03
87 [3/1/76 I.H.-Perkins | 0.71 2.52 0.87 | 251.94} 10.4 90.3 70.1 29.02
88 |3/1/76 Peugeot 0.49 1.19 0.66 | 241.70] 11.0 92.0 70.9 29.01
89 |3/2/76 Datsun 0.14 0.83 0.79 | 231.78] 11.5 96.8 71.0 29.05
90 3/2/76 Peugeot 0.41 1.09 0.63 | 238.19| 11.1 95.7 70.7 29.07
91 j3/2/76 I.H.-Perkins { 0.68 2.29 0.84 } 254.02§ 10.3 95.0 70.2 29.05
92 {3/2/76. | Mercedes 0.11 0.61 0.64 | 212.53] 12.6 97.6 70.6 29.04
93 |3/3/76 Peugeot 0.47 1.03 0.64 ] 231.95{ 11.4 98.3 76.5 29.06
94 |3/3/76 Datsun 0.15 0.79 0.77 |} 228.34] 11.7 95.9 76.1 29.04
95 |3/3/76 I.H.-Perkins ]| 0.67 2.07 0.77 | 252.52] 10.4 94.6 76.3 29.04
96 |3/3/76 Mercedes 0.08 0.62 0.64 | 233.37] 11.5 96.0 76.7 29.02
97 |3/4/76 Mercedes 0.11 0.64 0.62 | 225.43] 11.9 95.0 76.8 28.94
98 |3/4/76 Peugeot 0.44 1.06 0.61 | 251.63} 10.6 88.6 79.1 28.80
99 |3/4/76 Datsun 0.20 0.84 0.76 | 236.91f 11.3 83.6 78.3 28.87
100 |3/4/76 I.H.-Perkins | 0.72 1.97 0.83 ] 273.91 9.6 74.5 77.3 28.83
101 {3/8/76 Datsun 0.15 0.86 0.79 | 230.62f 11.6 75.9 69.4 29.07
102 |3/11/76 | I1.H.-Perkins | 0.64 1.82 0.851}] 236.79} 11.1 69.4 68.4 29.14
103 }3/11/76 | Mercedes 0.12 0.67 0.85 | 259.20} 10.3 73.3 68.3 29.13
104 |3/11/76 | Peugeot 0.40 1.03 0.70 | 238.32f 11.1 75.4 68.0 29.09
105 {3/12/76 | Peugeot 0.49 1.03 0.631} 230.91} 11.5 |100.8 77.1 28.96
106 |3/12/76 | Mercedes 0.39 0.66 0.79] 251.34| 10.6 |104.7 77.8 28.99
107 |3/12/76 | I.H.-Perkins | 0.77 2.27 0.86 | 255.72] 10.3 |105.9 75.1 28.98
108 |3/12/76 | batsun 0.18 0.71 0.77 | 224.62f 11.9 |108.7 75.4 28.99
109 |3/19/76 | Datsun 0.21 0.80 0.82] 246.41] 10.8 78.6 85.7 29.02
110 §{3/19/76 } Peugeot 0.30 0.94 0.79 ] 247.13} 10.8 75.1 85.2 29.02
111 |3/19/76 | I.H.-Perkins | 0.71 2.12 0.831] 238.37{ 11.0 71.2 85.8 29.02
112 13/19/76 | Mercedes 0.13 0.60 0.74 | 238.35] 11.2 70.1 86.1 28.96
113 }3/22/76 | Peugeot 0.36 0.92 0.83] 229.84| 11.6 34.7 76.8 29.41
114 |3/22/76 | Datsun 0.19 0.77 1.01 | 238.24} 11.2 33.9 77.3 29.43
115 |3/22/76 | Mercedes 0.12 0.59 0.90 | 236.94} 11.3 36.4 86.5 29.41
116 }3/22/76 | I.H.-Perkins } 0.75 2.14 1.01 ) 253.96] 10.4 36.3 87.3 29.37
117 [3/23/76 | Mexrcedes 0.12 0.59 0.81 § 227.24} 11.8 50.2 75.4 29.44
118 }3/23/76 | Peugeot 0.29 0.83 0.83 | 238.23} 11.2 50.6 75.8 29.42
119 }3/23/76 }{ I.H.~Perkins } 0.65 2.15 1.00 | 258.82} 10.2 52.7 77.7 29.43
120 }3/23/76 } Datsun 0.29 0.79 0.94 § 235.13} 11.3 49.2 77.3 29.43
(continued)
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TABLE A-1 (continued)

Run Emissions, grams/km Fuel, |{gr Hy0/ |Temp.,| pa,

No. Date Vehicle HC Cco NOx C02' km/¢ |lbp air °F in Hg
121 | 3/24/76 | Peugeot 0.38 0.86 0.75 | 240.96} 11.0 69.9 87.1 29.19
122 | 3/24/76 | Mercedes 0.15 0.63 0.81 | 252.13; 10.6 76.3 86.9 29.22
123 | 3/24/76 | I.B.~-Perkins | 0.75 2.49 0.85) 254.38{ 10.3 78.7 86.8 29.09
124 | 3/24/76 | Datsun 0.14 0.81 0.86 | 242.65( 11.0 75.7 86.4 29.06
125 | 3/29/76 | Datsun 0.16 0.80 0.79 | 246.31| 10.8| 128.8 86.8 28.96
126 | 3/29/76 | Peugeot 0.40 0.97 0.69 | 233.01) 11.4 94.3 87.0 28.94
127 | 3/29/76 | Mercedes 0.11 0.62 0.89 ] 249.12{ 10.7 21.1 86.9 28.85
128 | 4/6/76 I.H.-Perkins | 0.67 2.27 0.98 | 263.84] 10.0 83.1 87.8 29.12
129 | 4/6/76 Datsun 0.11 0.65 0.81 | 226.82] 11.8 82.4 87.1 29.12
130 | 4/6/76 Peugeot 0.34 0.95 0.77 { 239.27| 11l.1 80.8 85.8 29.10
131 | 4/6/76 Mercedes 0.15 0.50 0.78 | 227.21} 11.8 81.3 87.4 29.08
132 | 4/14/76 } I.H.~-Perkins | 0.66 2.59 0.97 1} 278.80 9.4 120.7 86.8 29.15
133 | 4/14/76 | Mexcedes 0.13 0.59 0.78 | 253.08} 10.6| 122.7 86.7 29.15
134 | 4/14/76 | Datsun 0.12 0.80 0.87 ] 256.75} 10.4}| 122.6 86.2 29.15
135 { 4/14/76 | Peugeot 0.30 1.00 0.65j 226.82| 11.7]) 121.1 86.4 29.14
136 |} 5/5/76 I.H.-Perkins | 0.69 2.41 1.01 | 274.62 9.6} 118.1 86.4 29.08
137 | 5/5/76 Mercedes 0.14 0.63 0.84 | 270.13 9.91 120.6 87.1 29.09
138 | 5/5/76 Datsun 0.04 0.79 0.86 | 250.30l 10.7{ 124.7 87.2 29.09
139 | 5/5/76 Peugeot 0.31 0.92 0.70 } 235.26) 11.3]| 127.4 86.0 29.04
140 { 5/6/76 Mercedes 0.13 0.61 0.80{ 268.73[ 10.0} 119.7 87.3 29.08
141 | 5/6/76 Datsun 0.09 0.77 0.82 | 253.11| 10.6} 120.0 87.5 29.09
142 | 5/6/76 Peugeot 0.34 0.94 0.72 | 238.22) 11.2} 115.7 86.3 29.11
143 | 5/6/76 I.H.-Perkins | 0.76 2.55 0.92 | 270.55 9.7] 114.6 86.8 29.12
144 | 5/25/76 | Datsun 0.15 0.86 0.91 ] 272.27 9.8] 139.5 87.7 28.99
145 | 5/25/76 | Mercedes 0.10 0.71 0.80 | 268.54| 10.0| 139.6 88.0 28.97
146 | 5/25/76 { I.H.-Perkins | 0.83 2.83 0.96 | 286.52 9.2 135.2 87.0 28.95
147 | 5/25/76 | Peugeot 0.26 0.98 0.69 | 246.39] 10.8| 135.4 88.1 28.91
148 | 5/27/76 | Datsun 0.17 0.76 0.89 ] 248.63| 10.7] 105.4 86.1 29.21
149 | 5/27/76 | I.H.-Perkins | 0.76 2.40 0.93 1} 271.77 9.7} 106.8 86.9 29.21
150 | 5/27/76 | Mercedes 0.11 0.6l 0.78 | 267.83] 10.0} 108.5 87.4 29.21
151 } 5/27/76 | Peugeot 0.25 0.91 0.65 ] 225.99| 11.8} 105.1 86.6 29.23
152 | 5/28/76 | I.H.-Perkins | 0.62 2.31 0.97 | 260.27] 10.1 90.3 84.8 29.17
153 | 5/28/76 | Mercedes 0.13 0.62 0.81 | 248.16} 10.8 92.1 87.4 29.18
154 | 5/28/76 | Datsun 0.06 0.74 0.87 | 240.38} 11.1 90.7 87.0 29.16
155 | 5/28/76 | Peugeot 0.33 0.94 0.71 | 235.80| 11.3 95.2 88.2 29.14
156 | 5/31/76 | Datsun 0.09 0.80 0.851243.03] 11.0§ 142.2 87.1 28.99
157 | 5/31/76 | Peugeot 0.09 1.00 0.63 | 243.00] 11.0| 145.8 87.1 28.97
158 | 5/31/76 | I.H.-Perkins [ 0.64 2.60 0.78 | 254.23]1 10.3} 147,2 88.6 28.95
159 | 5/31/76 | Mercedes 0.05 0.63 0.72 } 253.24) 10.6) 132.8 87.3 28.94
160 | 6/1/76 Peugeot 0.28 0.98 0.65 ] 237.69} 11.2| 139.3 85.7 29.00

(continued)
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TABLE A-1 (continued)

Emissions, grams/km Fuel, |gxr H20/ Temp. , pa,
No. Date Vehicle HC co NOx COy km/% |1by air °F in Hg
lel | 6/1/76 Datsun 0.12 0.83 0.85| 248.71| 10.7} 136.5 85.0 29.09
162 | 6/1/76 I.H.-Perkins {0.79 2.77 0.82 | 269.05 9.7} 137.6 86.1 29.16
163 | 6/1/76 Mercedes 0.14 0.61 0.69 | 252.23| 10.6{ 140.0 86.6 29.15
164 {6/2/76 Peugeot 0.47 1.01 0.56 | 252.85] 10.5} 146.5 87.8 29.14
165 | 6/2/76 Datsun 0.12 0.83 0.70} 262.95] 10.2{ 138.9 85.9 29.16
le66 | 6/2/76 I.H.-Perkins [1.00 3.03 0.76 | 270.22 9.7] 134.9 86.4 29.16
167 | 6/2/76 Mercedes 0.10 0.67 0.70 | 268.86 9.91 137.9 86.5 29.16
168 | 6/3/76 Peugeot 0.35 1.00 0.67] 240.36( 11.1 95.9 87.4 29.15
169 | 6/3/76 I.H.-Perkins {0.80 2.54 0.86] 264.11 9.9 90.4 87.4 29.15
170 {6/3/76 Datsun 0.16 0.78 0.82 | 245.21}| 10.9 89.7 86.7 29.15
171 {6/3/76 Mercedes 0.08 § 0.61 0.78 | 259.77} 10.3 86.7 86.3 29.15
172 }6/4/76- |Datsun 0.18 0.83 0.84 | 248.57| 10.7 92.6 85.3 29.18
173 | 6/4/76 Mercedes 0.12 0.60 0.80 ] 257.21| 10.4 94.2 87.7 29.12
174 | 6/4/76 I.H.-Perkins |0.78 2.68 0.94 | 263.48} 10.0 88.7 87.4 29.13
175 {6/4/76 Peugeot 0.41 0.96 0.71} 241.12} 11.0 77.3 85.1 29.13
176 | 6/4/76 Datsun 0.13 0.83 0.84 | 258.02] 10.4| 147.6 87.3 29.10
177 | 6/14/76 |I.H.-Perkins |0.90 2.93 0.86 | 278.67 9.4 140.5 87.5 29.07
178 | 6/14/76 |Peugeot 0.40 1.03 0.63 | 246.72{ 10.8§ 130.7 85.8 29.07
179 | 6/14/76 |Mercedes 0.10 0.66 0.75} 271.50 9.91 136.1 88.3 29.05
180 | 6/15/76 |I.H.-Pexkins |0.91 2.77 0.81 ] 276.41 9.5} 158.1 87.0 29.06
181 | 6/15/76 |Mercedes 0.17 0.67 0.76 ] 281.50 9.5} 150.9 88.2 29.06
182 { 6/15/76 |batsun 0.15 0.85 0.85] 268.25} 10.0} 141.4 86.3 29.06
183 { 6/15/76 |Peugeot 0.43 0.56 0.56 | 245.40{ 10.8] 147.5 87.1 29.07
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147

TABLE B-1.

COEFFICIENTS OF HYDROCARBON (HC) EQUATIONS

"Independent" Coefficient by "independent" variable
variable (s) Vehicle Constant H T H2 T2 HT r2
H Datsun 0.155 ~1.53E~<4 | -=——- - - -] m————— .0.020
I.H.-Perkins 0.503 2.16E-3 | ~=—=mm—m= | —=memmeme | mmemmmee | e 0.576
Mercedes 0.132 =1.46E~5 | ——w=mmmew | mmmmmeem e | e 0.000
Peugeot 0.421 ~5.26E-4 | ——-- - | —————— 0.078
T Datsun 0.255 | ———cmemme =1.39E-3 | ======== - - --=1 0.046
I.H.-Perkins 0.037 | =m—=vewee 7.86E-3 | =———=—m== | mmmmmeen | e 0.235
Mercedes 0.193 | ==—mme—e -7.51E-4 | -- - —_—— | m—————— 0.012
Peugeot 0.679 | —===——mm -3.71E-3 | ———==—== | —==—mmem | —rm—mmm 0.113
H,H2 Datsun 0.126 9.14E-4 | ———————- -1} S IR — 0.085
I.H.~-Perkins 0.529 1.21E-3 | ===—==== 6.22E-6 | ——==———= | m——————— 0.584
Mercedes 0.120 5.10E-4 | ===—e=—m=m -3.43E-6 | ==~ - - --] 0.012
Peugeot 0.381 1.02E-3 | ===m=—u= -1.03E-5 | =———==em | mmmmeem 0.127
T, 72 Datsun -1.821 | ==mmmmm- 5.18E-2 | ==-—==mn ~3.38E-4 | =mmmmmmm 0.031
I.H.-Perkins 4.537 | m——e———— -1.08E~1l | ==—====~ 7.39E-4 | =====—=-=1] 0.295
Mercedes =2.505 | ==——mea——— 6.82E-2 | ==m=mm—m =4.37E-4 | —==—m———— 0.115
Peugeot -2.219 | m===—==- 7.09E-2 | ==—====—= -4.76E-4 | ———-——- 0.165
H,T Datsun 0.246 =4.97E=-5] =1.24E-3 | =—==meem | mmmmeene | e 0.047
I.H.-Perkins 0.351 1.97E-3 2.09E~3 | ===~ - ----1 0.588
Mercedes 0.200 5.36E-5| -8.85E-4 | ======—= | mmmmmmem | mmmmmm e 0.013
Peugeot 0.634 -2.73E-4 | -2.89E-3 | -~ | === | ———————= 0.128
H,HZ,T,T2 Datsun -1.577 6.37E-4 4 .48E-2 | ~4.40E-6 | =2.91E-4 | ~====~—- 0.153
I.H.-Perkins 3.570 1.71E-3 ] -8.06E-2 1.29E-6 5.28E-4 | =—=m———~ 0.621
Mercedes -2.569 | ===———= a 7.00E-2 5.51E-7 | ~4.50E~4 | =—====== 0.119
Peugeot -1.711 6.93E-4 5.66E-2 | -6.39E-6 | -3.79E-4 | —~——=———- 0.194
H,T, HT Datsun 0.124 1.85E-3 2.76E-4 | =——=——=m= | m—————e -2.31E-5] 0.063
I.H.-Perkins 0.466 4,57E-5 6.66E-4 | ~===t—eu | ~—meme——e 2.33E-5] 0.591
Mercedes 0.074 2.20E-3 6.53E~4 | —====uue ——————=-= 1 -2.57E-5] 0.031
Peugeot -0.022 1.08E-2 5.27E-3 | ===~ ]| —~=—m—mu -1.34E-4] 0.330

2 p-level (significance) insufficient for inclusion
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TABLE B-2.

COEFFICIENTS OF CARBON MONOXIDE (CO) EQUATIONS

"Independent"

Coefficient by "independent" variable

variable (s) Vehicle Constant H T 12 T2 HT r2
*
H Datsun 0.779 2.84E-4 | m==——== | mmmmmmmm | mmmem e | e 0.050
I.H.~Perkins 1.708 7.08E=3 | ====—mm= | m——mmmem | mmrmmme | e 0.697
Mercedes 0.639 | =4.23E-5 | mm—mmmmm | e | e | e 0.002
Peugeot 0.996 2.20E-5 | === | ==—=—mmm | mmmmmeem | e 0.000
T Datsun 0.838 | ~==mmmmm -4 .47E~4 | m———mmee | mmmmmme e | s 0.003
I.H.-Perkins -0.281 | -—=—-—-- 3.15E~2 | —==emm—m | memme e 0.424
Mercedes 0.795 | =-——==——= -1.97E-3 | - —-— ——— | ——————— 0.128
Peugeot 1.385 | —=====—= -4 .B4E-3 | -———-=== | ===} mmemnee 0.267
H,H2 Datsun 0.777 3.71E-4 | ~————=—- -5.66E~7 | ———————= | —===———- 0.051
I.H.-Perkins 1.843 2.07E=3 | ====m=== 3.29E-5 | m=m=mmmmm | o 0.724
Mercedes 0.663 -9.15E-4 | ===-==~~ 5.70E-6 | =—====== | m~=————e- 0.054
Peugeot 0.990 2.64E-4 | ~—~=———=- -1.61k-6 | ~—=—==== | =———— 0.002
T,T2 Datsun 2.029 | ——=—mmm- -3.10E-2 | —=~===—= 1.94E-4 | ——=m-m=- 0.024
I.H.-Perkins 11.693 | =~—=m=—= -2.77E-1 | ——===——- 1.97E-3 | ——===um 0.471
Mercedes 1.132 | —====——- ~1.06E-2 | ————=——- 5.46E-5 | ——=—==-- 0.131
Peugeot 1.775 | ~——=——-- -1.49E-2 | ~~=—~~—= 6.41E-5 | -=———-—- 0.268
H,T Datsun 0.910 4.32E-4 | ~1.77E-3 | ===—=m== | mmmmmmmm | mmmmmeem 0.090
I.H.~Perkins 0.638 5.77E-3 1.46E-2 | ———==-—= | =——————— | == 0.764
Mercedes 0.812 1.36E~4 | -2.31E-3 | —~—===—= | =————=—~ | === —-——— 0.144
Peugeot 1.485 6.03E-4 | -6.65E-3 | —~———=-— | ———emmm | mommmme e 0.372
H,H2,T,72 | Datsun 1.815 | 4.12E-4 | -2.50E-2 | —~~==-- a| 1.48E-4 | ~———e—uu 0.102
I.H.-Perkins 7.954 3.34E-3 | -1.71E-1 1.55E-5 1.18E-3 | ======w~m 0.793
Mercedes 0.876 ~1.05E-3 | -2.71E-3 7.97E-6 | -————-- Sl 0.242
Peugeot 1.501 2.77E-4 | -6.75E-3 | 2.22E-6 | -———-~- il R e 0.376
H,T, HT Datsun 0.828 1.70E-3 | -7.60E~4 | —~=—==—== | ——=====—= -1.53E-5 ]0.095
I.H.-Perkins 1.506 -8.74E-3 3.86E-3 | ===~ | mm—————— 1.76E-4 0.781
Mercedes 1.000 -3.05E-3 | -4.59E-3 | —~==~——- ———————— 3.82E~5 10.207
Peugeot 1.391 2.18E~-3 | -5.48E-3 | ~————=~= | mmm—m——- -1.92E-5 {0.378

4 p_level (significance) insufficient

for inclusion



9%

TABLE B-3,

COEFFICIENTS OF NITROGEN OXIDES (NOy) EQUATIONS

"Independent" Coefficient by "independent" variable
variable (s) Vehicle Constant H T H2 T2 HT r?
H Datsun 1.039 [ -1.95E-3 | commmmmm | o | e | e 0.572
I.H.-Perkins 1.057 | -1.73E-3 | —=———m— | mm—mmmmm | e [ mem e 0.486
Mercedes 0.983 | =1.99E-3 | m—~——mom | mmmmmmme | mmmee e | e 0.609
Peugeot 0.848 | =1.65E=3 | —=——=m=m== | mmm—m—== | mmmmmmee | oo 0.612
T Datsun 1.180 | —=—mene ~3.68E-3 | mm==—=== | ~—mmmmmmm | mm— 0.055
I.H.~-Perkins 1.145 | ———ccs -2.72E-3 | m===——=m | mmmmmeee | e 0.037
Mercedes 1.160 | —==—m——x -4 .01lE-3 | ===—mmm= | mmmmmeee | —mm e 0.077
Peugeot 0.982 | ——mmmmm =3.24E-3 | mmmmmmm | mmmmme | - 0.069
H, H2 Datsun 1.161 |-6.43E-3 | ——————-- 2.92E-5 | ————mmem | mmmmmmm 0.772
I.H.-Perkins 1.126 | -4.28E-3 | —————=- 1.68E-5 | ~—m—meen | mmmmee 0.568
Mcrcedes 1.044 |-4.23E-3 | —--———-- 1.46E-5 | =—===—nu | ==———=—= 0.658
Peugeot 0.859 | ~-2.08E-3 | ——=————- 2.86E=6 | ——=—~mm= | —mmm e 0.615
T,Tz Datsun 3.247 | --—=—-- = | -5.67E=2 | =====m=m 3.37E-4 | ~—=~——-- 0.070
I.H.-Perkins 3.078 | —=—=m——- -5.25E-2 | ~====-== 3.17E-4 | ~———-——= 0.051
Mercedes 3.797 | ———-—~—- -7.14E-2 | =====%~~| 4.27E-4 | -—==——=" 0.099
Peugeot -0.457 | ==m————- 3.38E-2 | ~~==———- ~2.37E-4 | -=——=~-= 0.079
H,T Datsun 0.812 {=-2.21E-3 | 3.08E-3 | ——=———o= | =m—mmmmm | mmm 0.601
I.H.-Perkins 0.824 |-2.01E-3 | 3.19E-3 | —==m—m== | m=mmmmme | mmmmm e 0.523
Mercedes 0.895 |-2.08E-3 | 1.18E-3 | =====—== | m=——mm—m | === ==~ 0.614
Peugeot 0.676 | =~1.85E-3 | 2.34E-3 | mm—=mmme | mmmmmme | = 0.638
H,HZ,T,T? Datsun 2.998 |-6.12E-3 | -4.84E-2 | 2.62E-5 | 3.16E-4 |~—-—-—-= 0.787
I.H.-Perkins 3.065 -3.93E-3 | -5.26E-2 1.27E-5 3.52E-4 | ——=—m—== 0.604
Mercedes 1.023 ~4,20E-3 | =——=——= a 1.42E-5 3.41E-6 | —————=== 0.659
Peugeot -0.233 -2.22E-3 2.61E-2 2.57E-6 | -1.53E-4 | -——=~——~ 0.643
H,T, HT Datsun 1.612 | -1.46E-2 | -6.82E-3 | ——=—==-= | == ————— 1.50E-4 | 0.717
I.H.-Perkins 1.364 |-1.10E-2 | =3.52E=-3 | ——=——=—= | === 1.09E-4 | 0.601
Mercedes 1.512 |} -1.26E-2 | -6.35E-3 | ——=—-=om | ~mmmoen 1.26E-4 | 0.713
Peugeot 0.885 -3.38E~3 | -2.64E-4 | ——~—————— | ===~ ——~—~ 4.28E-5 ] 0.654

a

F-level (significance) insufficient for inclusion
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FILE
SUBFILFE

HARE
DATSUN

L2 B R Y B R I T T T

DEPEMNDFNT VAR{ABLE..,

VARTAHLE(S) ENTERED UN

MULTIPLE R

C(CREATION DATE =

th/N2/7907

LR S I T T O B I

HC

STEP NUMBER 3.,

)

e ML TIFLE

Hsq

76/02/°7, PAGE 2

REGRES ST ON # & & & & & & & & & 4 & & 2 & % & & & & % 4 @

33l 7n ANALYSIS OF VARIANCE DF SUM OF SUUARES MEAN SQUARE F SIGNIFICANCE
R SQUARE «15343 RFERFSSION v, 01334 00333 1.7202pe 158
STD DEVIATINN 04344 RESTDIAL LS .0?735R .001 4849
wemcrmcnmwmnecwnen=~e VARTARLES [N THE EQMATION «~cvcwcrammeccecncecnnaa eevemw==a- YARIAHLES NDT IN THE EQUATI(N =emecceraaws
VARIAHLE [} STD ERPOR A ¥ HETA VARIABLE PANTIAL TULERANCE F
SIGNIF ICANCE ELASTICITY . SIGNIFICANLE

TEMP L4427887hk-0) .27021S3I9E =01 ?.5905144 6,ASA% 251

LAk 25.1%272
GEH ,b3212549SE=-03 +h5685430F~0N3 L84N83143 .59n4%067

«J3IR .36113
T80 =.2911b120E=N3 «17761386E=-03 2.hB22R2S -?.02172°Y

. 1049 ~13.2166)
HSQ =.93973713E=-05 W43INA?275LE~0S 1,0%10828 =, b4550b1

LI -.24311
(CONSTANT) =-1.572378h 1.U8035720 2.131758)

.152

ALL VARIABLES ARE IN THE EQUATION.

VARTANCE/COVARIANCE MATRIX OF THE UNNORMALIZED REGRESSION COEFFICIENTS,

TEMP 00727
GEH -, 00000
T30 -.N0000
HSO .00000
TENP

00000

«00000 .Nooao
=.,noonuo ~-.00000
GEH 7948

Lnnog

H3A
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/077272, PAGE 29
FILE HARE (CREATION DATE 3 ?b/G2/27.)
SUBFILE DATSUN
A W & & W N NNk kN R kA A AN RN R kA% MULTIPFPLE REGRES § I ON % = n & & LA L B L B
DEPENDENT VARIABLE.. HC -
B8 UMMARY TABLE
STEP VARIABLE F 1O SIGNIFICANCE MULTIPLE R R SQUARE R SQUARE SIMPLE R OVERALL F
ENTERED REMOVED ENYER OR REMOVE CHANGE
1 TEMP 1.182311 .288 ~21330 «04550 +0%550 -.21330 1,0127%
GEH .o06802 + 790 +21b97 «0%708 .00158 =.1%207
H T84 3,85%29 .087 +3bl70 «13083 .DB37?8 -.223b3 2,00b9%
3 HSG 1.00106 I +39170 «153%3 02260 =,20101 l1,767202

L I BN BN BN BEE BN BN R

SIGNIFICANCE

378

.128
158



0S

FILE HARE
SUBFILE DATSUN

(CREAYION DATE = 2b/07/27.)

®h R R Ak Ak AR KR R A A A A A MU LTI FLE
DEPENDENT VARIABLE,, co

VARTAHLE(S) ENTERED ON STEP NUMHER daea T80

MULTIPLE R «3191h

76/072/27. PAGE 31

REGHESS]QNt-aatatt.aatttta.aiatnt

ANALYSIS OF VARIANCE DF SUM OF SUUARES MEAN SQUARE F SIGNIFICANCE
R SOUARE +1U1RAK REGRESSION 3. .N1217? LOU% DL 1.51214 «?Cb
S1D DFVIATIUN L5170 RESIOUAL \a, .10729 RUTELY:S
R e EEL ~=== VARIABLFS IN THE EQUATION -e-voomocrcenncarcacen aecavea=== VARTABLES NOT IN THE EQUATION ---~-- m——ee-
VARTAALE B 8TV EHRUR A F BETA VARIABLE PARTIAL TOLERANCE F
SIGNIF ICANCE ELASTICITY SIGNIFICANCE
TEMP -,243363b3E-0 1 «I2ZIbRSSIE=NY 1373665 -3,2R5717b HSQ . 0020% ~LAS%07? .31858021&E~-0¢
442 -2,5U2¢9 «a%5
GEH .41239522E-0) L221272h1F=-03  3,473537p . 3254774
U070 Q4052
15Q +14R0DDIE=ND LY 72293F~03 52234702 3.,0%9453b3
‘ R 1.1927h
(CONSTANT) 1.A153172 1.257023? 2.0853721
«157?

F-LEVEL OR TDLERANCE=LEVEL INSUFFICIENT FOR FURTHER COMPUTATION,

VARIANCE/CUVARIANCE MATRIX OF THE UNNORMALIZED REGRESSIUON COEFFICIENTS,

TEHP 00103
GEH .00000 .angon
138G =-.00001 =, 00000 <O00V00

TEMP GER 799



?6/70?2/727. PAGE 32

FILE HARE (CREATION DATE = ?&/02/27.)
SUBFILE DATSUN

X R A A & E F R A A Rk kX Aoa Ak ko xx s MULTIPLE REGRE S ST ON * % & & & & & & & & A % & & & & & & & & & * &

DEPENDENT VARIABLE.. co

S UMMARY TABLE

STEP VARIABLE F Y0 SIGNIFICANCE MULTIPLE R R SQUARE R SUUARE SIMPLE R OVERALL F SIGNIFICANCE
ENTERED  REMOVED ENTER DR REMOVE CHANGE
1 TEMP 1,?8832 .189 «058%b 003%2 .003%2 = _pSBYb 2.0307? Lt
GEH 3,90755 . 055 30022 .09013 086722 22460
2 180 .52235 o424 231%b .l0186 011?73 - psS330 1.51219 .22b

1S



24

FILE HARE
SUAF ILF DATSUN

(CREATIUN DATF = 7h/02/22

LIS T BT T R O I AL I TN O DR ST BN N B D B R TN NN S

DEPENDENT VARIABLE.. N X

VARTABLE(S) ENTEHED UN STEP NUMHER 3..

HULTIPLE R

.}

MULTIL1PLE

180

Th/0?2727, PAGE EL)

REGRESS T ON 1 8 % 4 & & & & % 2 & % & & 2 8 K 2 % & & » &

.AR210 ANALYSIS OF VARIANCE OF gUM 0F SHUARES MEAN SWQUARE F SIGNIFICANCE
R SQUARE LIl REGRESSION [ <34119 L0478 36012729 npu
S1D PEVIATION .05211 RESIOHAL 39, 10641 .nue?e
erevmrmrcseaeencacese VARTARLES IN THE EQUATION cr=coceccccccnomonmaan emcea-==w= VARIABLES NOT IN THE EQUATION =e=cnccecw-
VARIANE [} ST ERRNR B 3 BETA VARTABLE PARTIAL TULEHANCE F
SIGNIFICANCE ELASTICLTY SIGNIFICANCE
TEMP -, 48%48227E-01 .3337R523E~01 2,10b83449 -3,11128697
.155 -4,39%415
GEH -.h1215130E~02 .788052°4€-a3 ta,3%03%049 -2.,3719848
o -, 54445
Hsa «2R2IZOYHE~OY .51705962E=05 25.73R487 1.b12647?24
i) 23426
150 +.31b610DD19E~N] .213083R7E-13 2,3005128R 3.1875415
146 2.31272s8
(CONSTANT) 2.9975814 1.,2962%%D Y, 3485428
N2k

ALL VARTABLES ARt IN [HE EQUATION,

VARIANCE/COVARIANCE MATRIX gF THE UNNORMALIZED REGRESSIgN COEFFICIENTS.

TEMP .0011)

GEMH -.00001 .00000

180 =.00001 .goono .00000
HSR »0000D =.uonoo =-.Ngono

TEMP GEH T80

JAnnopn

H30



£S5

?b/072/27.

FILE HARE (CREATION DATE = ?2b/07/27.)
SUBFILE DATSUN

2K 2 T TR T TR 2NE T B NS BN N NEE D BNEGEE TR BN SR R MULTIPLE REGRESSITON * % % & & % & % & & »

DEPENDENT VARIABLE,, NOX

SUMPIARY TABLE

3TEP VARIAHLE F YO SJGNIFICANCE MULTIPLE R R SJUARE R SQUARE
ENTERED REMOVED ENTER OR REMOVE CHANGE

1 TEMP 2,97058 092 «23553 «055%? 205547
GEH Sb, 12861 0 77543 «b0130 «54582

e HS@Q 30,856 7?b .000 +88030 L 77%92 «173b3

3 T84 2.,2008) 186 .88710 +78b1%% .01202

SIMPLE R

-,23553
-,75b58
-.62138
-,23102

3b

X & kA A A kAN AR

OVERALL F

30,916%9

%5,90579
Ib, 01274

SIGNIFICANCE

Gag

.000
000



174

/02727, PAGE 40

FILE HARE. (CREATION DATE = ?26/02/72,)

SUHFILE PERKINS

A & A AR R A AR A AR AR AR A AR M UL TIFLE REGRE SSTIUUN LK TN 2 R N O 2N K AT 2R Y DA I D TR L A A 2
DEPENDFNT VARIABLE., HC

VARIABLE®S) ENTERED ON STEP NUMHER 3,. Hau

HULTIPLE R .?2R280 ANALYSIS OF VARJANCE DF SUM OF SWUARES MEAN SQUARE F SIGNIFICANCE
R SNUARE «b20b3 REGRESSION 4. <3RSY? L9637 1b.359064 .Aun
STD DFVIATION «N?26725 RESIDYAL 40, «235h2 .uousea
smwsermesrecccccccsewae VARIABLES IN THE EQUATION =--e-cccccnnaacccanacn wwmeee=ece VARIABLES NOT IN THE EQUATION =r=vec-cew=
VARIAHLE 8 STv ERROR 8 F BETA VARIABLE PARTIAL TOLERANCE F
SIGNIFICANCE ELASTICITY SIGNIFICANCE

TEMP -.RO0b4220KFE=0)1 JYRBHSNN?E=N] 2.7459¢%11 -4,9721568

. 105 ~9,68929
GEH .1?212%652€E~-02 .107212326E-02 2,55311b% .bN2g?278

.118 19222 R
T80 .5283?2929E-03 .311580K2E=-03 2.,RA?574b2 S.,1114%408

.09R 5.10836
HSO .12911256E=~-05 L hABNY2E=N5 +J4¥N42191€E=-01 »071954S

.855 «0l%1l%
(CONSTANT) 3.5h9881R 1.8RA04978 3.b6030109

.0b6S

ALL VARIARLES ARE IN THE EUUATION,

VARIANCE/COVARIANCE MATRIX OF THE UNNORMALIZED REGRESSION CNEFFICIENTS,

TEMP .0023?2

GEH -.00001 .ouoon

TS0 -.,00002 .00000 .00000

LEL .noooo =-.nooon =-,00000 .nanno

TEMP GEH T84 HSQ



Ss

FILE

A Rk kK Rk KA A A Kk kR N KA A Ak kRN RN A

HARE (CREATION DATE = ?b/07?/27.)
SUBFILE PERKINS

DEPENDENT VARIABLE..

STEP

w

VARIABLE
ENTERED REMOVED
TENP
GEH
T84
HSQ

F 10
ENTER OR REMOVE

1.2497)
3b,01%96
3.48362
L03%04

h ®

MULTIPLE

SUMNMARY

REGRESSTION

SIGNIFICANCE MULTIPLE R

.270
_ .000
.069
.855

TABLE
R SQUARE
48456 234060
«?7bbRY «508805
78760 .b2031
. 78780 .b20b3

76/07/27, PAGE %1

R SQUARE
CHANGE

23480
+35328
03226
.00032

A N ARk RN R kKRR R AR A AR Kk P AR AR

SIMPLE R OVERALL F SIGNIFICANCE

48456 29,97bHS .000
« 75881

JHa2b% e2,327?5% 0
+ 755895 16,359b% 000



FILE
SUBFILE

HARE
PERKINS

LA I I SN L O B N BN SR N ER TR T SR T B N T S T

DEPENDENT VARIABLE., Co

(CREATION DATE =

VARIABLE(S) ENTERED ON STEP NUMBER 3..

MULTIPLE R .BA0hKS
R SQUARE 079328
STL DEVIATION 16925

ANALYSIS OF VARIANCE DF

s/02/27,

)

« MULTIPLE

HSU

REGRESSION Y.
RESIDUAL 40.

~e=msecesmccmccccccoe VARIABLES IN THE EQUATIUN =-se-cacceoccccsmcon-n

VARIABLE ]
TEMP -, 17145%5¢
GEH .33359139€=-02

T84Q «118%0852E-02
H3@ «15504b3%E=-DY
(CONSTANT) ?.954%2854%

STD ERRQR B

.10731815
L2363430YE-N2,
.58711097E-03
L154323A1E=0Y

4%,.1469539

ALL VARIABLES ARE IN THE EGUATION,

VARTANCE/CQVARIANCE MATRIX pF THE UNNQRMALIZED REGRESSIQN CQEFFICIENTS,

F BETA

SIGNIFICANCE | ELASTICITY

2,5524%47S =3,5389190
.118 =b,11899
1,9922509 .393150?
+1bb «11125%
2,9696998 3,8345758
.093 3.40030
1,0093858 2892484
321 «0504%2
3,6791198
«0b2

.00100 1

TEMP 01152
GEH ~.0000? .00001
T80 -, 00007 .gooo0 .00000
HS@Q .00000 =-,00000 =.00000
TEMP 1780 LET]

GEH

REGRESSION

SUM OF SQUARES

b/07/27. PAGE LA

L SN TN NN BN R BEE NN DN IR DN NN NN D DR NN DL BN R NN BN BN B

MEAN SRUARE F SIGNIF ICANCE
%.39639 1.09310 38.367%47 000
L.145R6 «02865

ewmmeeeee= VARTABLES NOT IN THE EQUATION =emcamv—ee=

VARIABLE PARTIAL TOLERANCE F

SIGNIFICANCE



76/07/27. PAGE 45

FILE HARE (CREATION DATE = ?b/07/27.)
SUBFILE PERKINS

w kA kK Ak Rk kA kA A &k A & A AKX A kK AR MULTIPLE REGRESSION X & A A k KA A %X W & kK K X A kX k K A kK %k %k k W

DEPENDENT VARIABLE.. co

S UHMARY T ABLE

STEP VARIABLE F 70 SIGNIFICANCE MULTIPLE R R SQUARE R SQUARE SIMPLE R OVERALL F SIGNIFICANCE
ENTERED REMOVED ENTER OR REMOVE CHANGE
1 TEMP 11,9748% 001 «b5109 42392 42392 «65109 bB,10915 .000
GEH 60,6b867 »000 +87%26 e 76433 «34%04%2 «83445
2 T8Q 4%,58385 .038 «88771 .78803 .02370 «bSHLS S0.8085% 1]
3 HSQ 1,00939 .321 +89065 » 79325 .00522 .B48%1 38,3674? 000

LS



89

FILE  HARE
SUBFILF

(CHEATION DATE =

6/02/272.)
PERKINS B

A R A Ak A A AR R R R AR R A AR x kAt MULTIFLE
DEPENDENT VARIABLE.. NOX

VARTAULE(S) ENTERED ON STEP NUMBER 3.. 180

MULTIPLE R ,72710 ANALYSIS OF VARIANCE DF SuM of
R 3QUARE b0 389 REGRESSIUN $.
STD DEVEATION 06841 RESIDIUAL Yo,

cesseccmeccasescecace VARIABLES IN THE EQUATIUN =e-ecceeccmcceccceocax

VARIABLE 8 37D ERROR B F HETA
SIGNIF ICANCE ELASTICITY
TEMP =.52b12793E~-01 .43373539€-01 1.471%0%9 ~3,7191%b?
.232 ~%,52%bb
GEH =-.39¢92019E~-02 .95520042E~03 16,920753 -1.585892119
o0 -.3157%
HSAQ .1268380BE~-04 «b2371274%E~NS 4$.135519%6 .81038b8
.N%9 .09939
8@ «352272bbE~03 «27770172€E~03 1,6U91656 3,9070267
212 c.,437720
(CONSTANT) 3.065%829 1.672602kb 3,3%53072
.075

ALL VARIAALES ARE IN THE EQUATION,

VARTANCE/CQVARIANCE MATRIX OF THE UNNQRMALTZED REGRESSION COEFFICIENTS,

TEMP .00188

GEH -, 0ugolL .N0000

780 -.00001 «00000 .00000

HSY .00000 -,Q0000 -.00000 .0000U0

TEMP GEH 180 H3@

REGRESST]I OGN

?6/D?/27. PAGE L1

X A A A A & kR ok kR AR AR AR K AR AN

3QUARES MEAN SGQUARE F SIGNIFICANCE
«2H53% L0713 165,245%7 QU
18717 .00%b4H
cweenewm=e VARIABLES NOT IN THE EQUATIUN ~-cemcecewa-
VARIABLE PARTIAL TOLERANCE f

SIGNIF JLANCE



69

?6/7072/727. PAGE +q

FILE HARE (CREATION DATE = 2?b/07/27.)
SUBFILE PERKJINS
N R A A A RN R kAR A kxRt MULTIPLE REGHE S ST ON # & & % & & & & % & & & & & & & & & & & & 4

DEPENDENT VARIABLE.. NOX

SUMHMARY TABLE

STEP VARIABLE F 10 SIGNIFICANCE HULTIPLE R R SQUARE R SQUARE SIMPLE R OVERALL F SIGNIFICANCE
ENTERED REMOVED ENTER OR REHWOVE CHANGE
1 TEMP 3,29%49 02?7 «191495 «03b8Y .03b8% ~.19185 €3,0587¢% .000
GEH v2,872088 .000 o 22344 «5233% 48652 =.b827212
2 HSQ b,%2699 .018 . ?6b78 «58745 «Db459 -.59%96 19,50117 0
3 T80 1,60917? 212 .72710 «60389 <0159 -, 18772 15,2454? .000



09

o/07/27, PAGE 1?7

FILE HARE (CREATLUN DATE = 7h/07/27.f

SUBFILF MERCEDES

Rk A A Ak kA Ak R Ak kNN AR xR x AR MUDLIYTIFLE REGHE S S T ON & & 2 &2 & « & & & 4 & % & & & 2 & & & & & & &
DEPENDFNT VARIABLE., HC

VARTABLE(S) ENTFRED UN SIEP NUMBER 3, . HSQ

MULTIPLE R L 34525 ANALYS1S OF VAKIANCE DF SUM (F SQUARES MEAN SGUARE F SIGNIF1CANCE
R SQUARE .11920 HEGRESSION v, L0122 NLEYL] 1.2H5k3 LF
STD DEVIAYION Jyarz? RESIDUAL I8. .09%113 .00PY4R
----- ceceecenseencces VARLIABLES IN THE EQUATION se-ceccrcmcccccmccncnann —-wmecemac VARTABKLES NUT IN THE EQUATION ==w-ccecwca
VARTABLE ) STD EWKNR B R BETA VARIABLE PARTIAL TOLERANCE F
SIGNIFICANCE  ELARTICITY SIGNIF ICANCE

TEMP L0922 1YE~D1 LIYHIINRE-L Y,1459)4R L0, 2YHY60Y

MULA ] $3.NAHY)
GEH - bS2hSNARE-DY LRI11922R2E=03 .hb236%20E=07  =-,053H89%

.36 -~.0363?
TSu -~ 455h51%2E=0n3 L.22132231E-03  4,2383373 ~10.34759%?

0%h -22.5n923
HSNO .95139380E~nk .S2191902E~05 .33930900E=n1 .12449332

.865 «N51R3I
(CONSTANT) =2.b02051A 1.353A%qR 3.693949]

.0b¢

ALL VARIABLES ARE IN THE EQUATION,

VARIANCE/COVARIANCE MATRIX OF THE UNNORMALIZED REGRESSION COEFFICIENTS.

TEMP 00124

GEH =.00n01 .00n00

138Q@ -.0n001 .nnoo9 <0nang

HSQ .00000 ~,0n000 -, 0nnao .o0nno

TEMP GEH TS0 HSWQ



19

FILE HARE
SUBFILE MERCEDES

[N TNE 2N NN TEE JNE BNE JNE SR BNE DR SNE BN BN NN IS |

DEPENDENT VARIABLE., HC

STEP VARIABLE
ENTEKED REMOVED
i TEMP
GEH
2 T80
3 H3a

(CREATION DATE = 26/07/22.)

F 70
ENTER OR REMOVE

«53481
.06368
Y,64834
«03343

A A N Ak Kk %

MULTIFLE

SUMMARY

REGRESS8TION

TABLE

SIGNJFICANCE HMULTIPLE R R 3SQUARE

L4069
.302
L,037
.958

+108%7
«115%9
FELADSY
034525

«01172
«01334%
118%1
vl1920

/02727,

R SQUARE
CHANGE

,01177
00152
,10507
.00079

SIMPLE R

-.1084%?
-.0120%
-,11878
-,0383b

18

OVERALL F

«2703%

1,?%b11
1,28563

* Rk A A ok A k N A Xk %k A A K k A A Kk k N kR ok *

SIGNIFICANCE

«?b%

.12?3
«293



[2))
N

67072727, PAGE 20

FILE  HARE (CREATION DATE &  76/09/27.)
SUBFILE  MERCEDES

P hh e s s ettt a e e arad HULTEIPLE REGRESSION &6 & 6 a8 fasaasdentsstdansns

DEPENDENT VARIABLE..  CO

VARIARLE(S) ENTERED ON STEP NUMBER 2. H30

MULTIPLE R ,49193 ANALYSIS UF VARIANCE DF SUM OF SGUARES MEAN SQUARE F SIGNIFICANCE
R SQUARE . 24200 REGRESSION 3. J01b31) L005%Y ¥.15033 «012
8TD DEVIATION .03h19 RESIOUAL 34, +05109 0013}
L T T e L L LT VARIABLES ]N THF. E“U"ION P P T Y P Y P T Y T cTeeseonessn VARIABLES NO' IN ]HE EOUATIUN cowsomn -
VARIAHLE ] S8TD ERROR ® F BETA VARIABLE PARTIAL TOLERANCE F
SIGNIFICANCE  ELASTICITY SIGNIFICANCE
'TEMP ~.27097443E-02  .B714829bE-03  9,bhB0YEY « 4930097 180 -,08060 .00091 .248%5263
, 03 -, 34358 .b2l
GEH ~.1053b%53E-p2 +551%4%391E-03 3,b507844 -l,091377%
_ o063 ~,12255
HS6 .?796R2937E=nS  ,35550883E-05 5,NP32772 1,303817)
5 031 R:LTY
(CONSTANT) .8758129% .70822536E=D1  152,.42545
(]

F=LEVEL OR TOLERANCE-LEVEL INSUFFICIENT FDR FURTHER CUMPUTATION,

"VARIANCE/CUVARIANCE MATRIX OF THE UNNORMALIZED REGRESSION COEFFICIENtS,

TENP .00000
GEH «90000 .00000 -
HSQ ~.00000 =-,00000 .00000

TEHP GEH H3Q



£9

FILE

* & & &k & A A Kk &k & K Rk N kK Kk %k kK kK k& kX X ¥ %

HARE (CREATION DATE = ?7u/072/27.)
SUBFILE MERCEDES

DEPENDENT VARIABLE.,

STEP

VARIABLE
ENTERED REMOVED
TEMP
GEH
HS0

F 10
ENTER OR REMOVE

b,bS58bY
74718
$.02378

MULTIFLE

SUMMARY

SIGNIFICANCE

L01%
.393
,031

REGRESSTION

TABLE

MULTIPLE R R SQUARE

.35829
«3799%
49143

«12837
«1%43S
«2%200

6/07?/27. PAGE 21

R SQUARE
CHANGE

.12832
.01598
,0976%

L N BN BN N BN JNE BNN BNE JNE 2NN SN NN NN BN BN BN N BN IR R BE

SIMPLE R i OVERALL F SIGNIFICANCE
=-.35829 3,37%18 S04
=,04379

«013%7 $.15033 .012



79

FILE HARE (CREATION DATE = 3b/07/27,)
SUBFILF MERCEDES

AW A h A b A Ak A NN s e MULTIPLE REGRE
DEPENOFNT VARIABLE., NOX
VARIABLE(S) ENTERED NN STEP NUMBER Cae HSQ

MULTIPLE R «H119]) ANALYSIS UF VARIANCE DF SUM UF
R SQUARE «b5920 REGRESSION 3.
STD DEVIATION 06400 RESIDUAL 9.

cecevsemmmcmmecancae= VARIABLES IN THE EQUATION =ee-eveeccscmcancacma-

VARTABLE B STD ERROR B F BETA

SIGNIFICANCE ELASTICITY

TEMP Hbh71KS0E-0I  ,15%10472E=02  ,WL7L9RLFE-m) «032i9726
«7bY 04502
GEH -, 420h2RbLE-02  ,97513335€~03 1B,h0b?}) ~1.b520b49%
N1 -, 37224
HSQ «L¥256779E-0% <h2RbSSLIE~US 5.1430081 «BBYSYE?
Jo2d l2eoy
(CUNSTANT) 1.N078607 .12523743 b4, 763807
0

F-LEVEL OR TDLERANCE~LEVEL INSUFFICIENT FOR FURTHER COMPUTATION,

VARIANCE/COVARIANCE MATRIX OF THE UNNORMALLZED REGRESSIUN COEFFICIENTS,

TEMP .00V00
GEH .00000 .N0000
HSQ -.00000 =,.00000 .00000

TEMP GEM HS@

76702727, PAGE 23

S S T ON % % & & & & & & & & & & A & & & & & & & & & &

SQUARES MEAN SQUARE F SIGNIF ICANCE
«309nY +10301 25.,1%b01 0
.15927 <H0%10

ewsceo=we=e VARIARLES NUT IN THE EQUATION ==secce-cce-

VARIABLE PARTIAL TOLERANCF F
SIGNJF ICANCE
T8@Q 71180 «00041 1.784%7b01

«190



FILE

* A kx k X A A Kk K %k Xk * & & ¥ Kk *k Xk *x X & % K

DEPENDENT VARIABLE.,

STEP

S9

. HARE
SUBFILE

(CREATION DATE =
MERCEDES

?6702/272.)

NOX

SUMMKMARY

VARIABLE F T0 SIGNIFICANCE
ENTERED  REMOVED ENTER OR REMOVE
TEMP ’ .5580b .459
GEH 55, 75084 .000
HS0Q 5.1%301 029

MULTIPLE

REGRESSION

TABLE
MULTIPLE K R SQUARE
«27683 «0?bb3
+ 78375 «bl4eh
81191 «b65920

b/7a?/27,

R SOQUARE
CHANGE

L076b3
.53763
MLARL)

PAGE 2%

X k k A& Kk A ® Kk A Kk Kk Kk Kk kK N kX kX kX N kX X A &

SIMPLE R

OVERALL F SIGNIFICANCE
-,27b83 Jl,.04%87b 000
-,78031
-, 70206 25,1%601 0



99

FILE
SUBFILE

HARE
PEUGEDT

kA & Kk & A A A A R K FRA AR AN RN AR N

OEPENDENT VARIABLE., HC .

VARIABLE(S) ENTERED ON STEF NUMBER

MULTIPLE R L4%0068
R SQUARE . 19%20
STD DEVIATION Q7582

(CREATIUN DATE =

26/02/27

..

o)

MULTI1IPLE

HSQ

ANALY3IS OF VARIANCE DF
REGHESSION Y.
RESIDUAL 3?.

cermecemeeracewcecea= VARIABLES IN THE EQUATIUN =mcccaccmacerecocoaeaa

VARIARLE B

TEMP .5bb¥N379E =}
GEH .69271042E-03
180 -.37868483€-03
Hsa =.h3935512E-05
(CONSTANT) =1.710998b

ST0 ERROR B

.5027330%E~D1
.1intses?E=-02
«32164920€~-03
. 72342237E-05

1.9%435981

ALL VARIABLES ARE IN THE EQUATION,

VARIANCE/COVARIANCE MATRIX OF THE UNNURMAL1ZED REGRESSION

TEMP .00253

GEH -.00001 .00000

TsQ -.q0002 .00000 .00000

HSQ «00000 -. 00000 =.00000
TEMP GEMN T8@

F BETA
SIGNIFICANCE  ELASTICITY
1.26933RS §,1217971

267 11.91622
.39331168 .3b7b753

XL .13867

1.3860882 -5,3h834950

247 “b.43520
.?76810088% -.529h585

.383 -.12732
.7949726b

. 3R%

COEFFICIENTS,

.0nguo

HSQ

REGRESS]ION

SUM OF

76/7072/27, PAGE S

L I 2N BN BEC R B R UK BN 2N 2NN NN RN DR DR BN BEE BN B BN

SUUARES MEAN SQUARE F JIGNIF ICANCE
«0512b .01282 2.2292% .088
.21270 80525

eemccecmco VARIABLES NUT IN THE EQUATIUN ===--ccae--

VARIAHBLE PARTIAL TOLERANCE F

YIGNIFICANCE



L9

FILE

L IR BEF IR BN DN BN K DNE NN DR BNE BN BN BEE DNR NN BNE BNE BN BNE N

HARE (CREATION DATE = 7b6/07/27.)
SUBFILE PEUGEOT

DEPENDENT VARIABLE.,

STEP

VARIABLE
ENTERED REMOVED
TEMP
GEH
TI0L
HSO

.. F 10
ENTER UR REMOVE

2,25b8b
«bAl72
2,258%2
78109

MULTIPLE

SUMMARY

SIGNIFICANCE

141
1)
L2
.363

REGRESSION

TABLE
MULTIPLE R R SQUARE
»33589 11282
235817 12824
L2094 w1?7219
+H40b8 ,19%20

/02727,

R SGUARE
CHANGE

L1l282
«OJ15%b
.0%890
01701

SIHWPLE R

-, 33589
~-,2?7400
-, 3% 3%b
~.32723

OVERALL F

2,86970

2,72?b7?
a,d292%

W ok x W ok k Ak Kk Kk Kk N Rk N A k * & N 4 k & Kk &

S1GNIFICANCE

J0bY

,057?
.085



)
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6707727, PAGE L)

FILE HARE (CREATION DAYE = 76/07/27,)
SURFILE PEUGEDTY

AR A AR A AR R AN Ak dh ok a hdhhd MULTIPLE REGRE SIS ION * s & & & & % & & & & & & & & & & & & 4 & & &
DEPENDENT VARIABLE,, co

VARIABLE(S) ENTERED ON STEP NUMBER 2.. Hsae

MULTIPLE R .b12R8 ANALYSIS OF VARIANCE DF SUM OF SQUARES MEAN SGUARE F SIGNIFICANCE
R SQUARE «375b3 REGRESSION 3. .0710% 2360 7.6203}) .ngo
ST0 DEVIATION «05575 . RESIDUAL e, .11811 .00311
smsmesscsesacccsccece VARIABLES IN THE EQUATIUN =-=se=csccacamcocamacs wweemmmsee VARIARLES NOT IN THE EQUATIUN ~=esecwenes
VARIABLE 8 $TD ERROR B F BETA VARIABLE PARTIAL TOLERANCE F
SIGNIFICANCE  ELASTICITY SIUNIFICANCE
TEMP -.b7511511E=02 ,1%1551R3E-02 22,747028 -,7211537? T8Q -,00200 00105 14762319E=03
,000 -, 59233 490
GEH «27b87967€-03  ,7B451551E=03 .1245b01¢% 1736031
726 02117
HSQ .22228%80E=05S .50801763E~05 .190701%p 2175291
«bhS «Nib90
(CONSTANT) 1.50067%0 .11037313 1A%.8b129
BT 0

F=LEVEL OR TOLERANCE-LEVEL INSUFFICIENT FOR FURTHER COMPUTATIGON,

VARTANCE/CUVARIANCE MATRIX QF THE UNNORMALIZED REGRESSION CUEFFICIENTgl

TEMP .00000
GEH =.00000 00000
H9Q =~.00000 -,00000 «00000

TEMP GEH H3Q



69

?6/02/27. PAGE 9

FILE HARE (CREATION DATE = ?k/07/27.)

SUBFILE PEUGEOT

A & kK & A X & & A & K & kR &k k % A *x A x x &« 2 MULTTIFLE REGRE S ST ON % & % & & & % & & % kK %X & % & & & % &% & % & &
DEPENDENT VARIABLE.. co

SUMMARY T ABLE

STEP VARIABLE F 10 SIGNIFICANCE MULTIPLE R R SQUARE K SOUARE SIHPLE R OVERALL ¥ SIGNIFICANCE
ENTERED  REMOVED ENTER OR REMOVE CHANGE
1 TEWP 23.13880 .000 .51b7§ .26703 .26703  =.S1h?§ 11,57532 Luuu
GEH b.55%%6 .01% Lb1032 ,37249 L1054 .01380
2 Hso .19070 .bb5 .bi288 .37563 .00313 .00264 7.62031 000



oL

F1LE HARE

SUBFILE PEUGEOT

(CREATION DATE =

I I I I I I I I R R O I I R

DEPENDENT VARIABLF.,

NOX

VARTABLE(S) ENTERED ON STEP NUMBER 3..

MULTIPLE R
R SQUARE
STD DEVIAYION

76/02/27,)

*+ MULTIFLE

HSAQ

swescmcecmssceconceas VARIABLES IN THE EQUATION =meemeccmccmemccaarcn=

VARIABLE B STD ERROR B
TENMP .2b146703E-01 «37486275E=-01
GEH -.22215275E~02 +»823bN3IYYE~D3
136 =.15287b58E-03 +23983763E~03
HSO +25697357€~05 «53941968E~05
(CONSTANT) =,23339793 1. %49243%

ALL VARIABLES ARE IN THE EQUATION,

VARIANCE/CUVARIANCE MATRIX OF THE UNNORMALTIZED REGRESSION COEFFICIENTS,

TEMP «001%)
GEH -.000a01
180 =.00001
HSQ « 00000
TEMP

»a0000
«N00Uo . 00000
=-.00000 =-.00000
GEH 180

F BETA
SIGNIF ICANCE ELASTICITY
.48650722 2.1lingane

440 2,90066
?.,2755710 =1,0527248

.010 =.23%53
240630040 =1.93%8974

.528 =1.,37003
22694642 «1900608

+637 .02629
.25936498E-01

»873

.0000D

1450

REGRESSTON

/07727, PAGE 12

® K A & K F & & & & A A & & & & & & K F N b

.80181 ANALYSIS OF VARIANCE DF SUM OF SUUARES MEAN SRUARE F SIGNIFICANCE
.b4289 REGRESSION . 22290 .05323 16.6525% .N00
«O565% RESIDUAL 372, .11826 .10320

ewem-emvee VARTABLES NOT IN THE EQUATION =e-c=s<sec=

VARIABLE PARTIAL TUOLERANCE 13

SIGNIFICANCE
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?b/072/272, PAGE 13

FILE  HARE (CHEATION DATE = 76/072/27.)
SUBFILE PEUGEOT

A R A X R R R K R R A KR AN Ak ko A MULTIFLE REGRE S ST ON * x % % & & % & % & & % & k & & % & & % & & &

DEPENDENT VARIABLE.. NOX

SUMMARY TABLE

STEP VARIABLE F 10 SIGNIFICANCE MULTIPLE R R SQUARE R SWUARE SIMPLE R OVERALL F
ENTERED HEMOVED ENTER OR REMUOVE CHANGE
1 TEMP 2,831%2 .l00 .2b145 .0blb2 .0bBb2  ~-,26195 34,3787272
GEH b1,3634%3 0 . 79880 .b3808 56946  -,?78218
e TI82 227268 b0l . B00%Y 64070 .00263  ~,2652% €2,5422b
3 HSQ .22b9s .637 .80181 «b4289 00219 =.7%07?% 16,6525

SIGNIFICANCE

~uuo

. 000
000
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FILE
SURFILF

HARE
" PATSUN

(CREATION DATE = 7272/03/@4.,)

!.n*oanaaaa..a.n-a.anaaa MULTIPLE REGRRESBION

DEPFNDFNT VARTABLE,. HC

| VAHTAHLF(Q) FNTERED ON STFP NUMAER Peoe HT

' MIULTIPLE R

R SAUARF
l ADJUSTFD R SQUARE
| ST0 DEVIATINN

250280
0b2bd
-, 0076k
«N4513

ANALYSTS OF VARIANCE
REGRF 38 10N

RESTNHAL

COEFF OF VARIARILITY

nF 8UM OF SQUARES
.3 - 500544
“, $081%?

3l.6 PCT

| -mmsemmoemosmecsemcco VARTABLES IN THE EQUATION commmcscemcocmmomecooe oo

BETA. - -

870 ERROR B F R

| VARIABLE -]

- - . STGNIFICANCE —--ELASTICITY - - e

,I1BSAYNYQE=n2 - ;23420N098BE-N? .b25h2311 SRR XS LLLL I RIS

72/03/2%,

PAGE

LR R N B R N B T I ]

MEAN SAUARE
«NN1A1
.N020%

weevomence--YARTABLES -NOT IN THE EGUATION =cceacemae-

cmm e - YARTABLE- — ==~ PARTIAL -~ - -TOLERANCE F

[

LR B B S 2R B I S I

F SIGNTF [CANCE }
L0410 L45% |

SIGNIFJCANCE |

R ELE cocl.aenee s -

TEMP v275bU7RBE=N3 - _2191h19KE=N2- ,1SBL4¥NPE=01 -— sN422178 -~ m o - - = - \

. S T e S T - |
L A e T T Thene T LTI
r:"(c9ffF‘N') — 21239%865 .- . ~—1173?q105 s 651?3?:;:'“ft”ti:“:‘::‘“:‘—- oo T T e - ; o T i

. l; -AL—L-VARI.ABLES ARE -I‘P‘J-fHE:FO.l-IAiI"-I'({N.- .»,T:.:l--:-‘--:._ e = e -: _—_‘,._ . “_‘ - ~ ;; - u... : IO ]]
L L LT T e T T T T T T T T I ~ C]
s e e T T - T T T
c..— 0 e T ooy e o o |
- ) T ITIIT T T T ST T T
[ T e e - e e e e = - T o i e e s
o - - “ e m e m e e e T e m s Smin o e e

N D T T T om0
[ e e s - . - © e e e —— - - S s e )
[T T e e e s — R - S ey
(o = . i ’ ) ’ o ST
- o T I T . e oL T Tl
[ - . I - . . C s e s e s e e

/
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27/03/2%, PAGE es
FILE HARE (CREATION DATE = 23/03/24.)
L' SUBFILF- DATSUN

["iitit'tititttttlﬁtﬁitttt MULTIPLE RE GRE S S [ ON » & x % % & & & 2 % & % 2 h % % & A & & w &

["‘ DEPENDENT VARIABLE.. - HC

I - SUMMAKTY -TABLE - -
I STEP VARIABLE F TO SIGNIFICANCE MULTIPLE R K SQUARE R SQUARF SIMPLE R OVERALL F STGNIFICANCE
: ENTEKED REMOVED ENTER OR REMOVE CHANGE
1- GEH .068n2 .79 %2072 n2nig .02ntd -.14207? 1.012% L3722
: © TEMP C 1.157)) .288 216972 L4208 .02689 - =,2133p .-
-2 Hi - .bb%09 420 .25n28 .ub2bY4 .0155b -, 1bbS? L9101 454

l
l
I
!
(
-
!
I
l
I
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??7/03/24, PAGE e?

FILE HARE (CREATION DATE = 22/n3/24%.)
SUUFILF DATSUHN - o Come - ST - ]

l'll'tll't"...ltt'ltt!t' MULTIPLE REGRES#IQN PR ER R SRR S TR T T A A K 2 25 2R TR 2R R B 1 |

DEPFNDENT VARIABLE,, co : - - _—— _— . |

VARIAHLE(S) FNTERED ON STFP NUMHER 2,. HT T - - e - |

MULTIPLE R .20R%3 ANALYSTS OF VARIANCE nF SUM OF SGUARES. MEAN SRUARE F SIGNIF ICANCE

R SAUARE 109513 REGRESSION 3. - ©vo.et13s - ,n0379 - 1.40175 SRELL |
ADJUSTFD H SQUARE ERED RESINIAL ¥n; ;10809 00270 :
STD PEVIATION 05198 COFFF OF VARIARILITY' -  h.S PCT - TR - |

! i
(

dibrmdemdanntinancuscns VARIABLES IN THE EQUATION corccicswiabatcasadans™ ==~ = -sesssewass VARIARLFS NNT IN THE EQUATION ~tccccoacas '
VARIARLE B : - 8TD ERRNR § F v BETAC 0 vt o0 o =VARIARLE— — ~PARTTAL - -TOLERANCE -~ - F : I

I
[ : © SIGNIFICANCE -~ ELASTICITY - : e e e SIGNIFICANCE o
[

- GEH - .16952829€sqp2 L8 7HtknE=n2 B Lk LY B B L1 I'E k1 R - )
.533 : LIBBSE ot e = e S
[ “TEMP =, ?7S9592RBE~n3 - ,252439nREenp  ;90541BA2E=Ql - -=,n99338p - — .
’ «?b5 - T =.n7any
[ HT c - =,1831%0%SE~N% - - I2SBSASIE«NY ", 2208888b " e, Q?3BHSY - - i
2h4l s.123%9 PR R - e e e e e

s e e

[~ (CONSTANT)  .R28a%s07?  -— ~;19983360- 17.178878 —- e e el e
. . . T S e e i e e o
[ e i e o - |

[TTALL VARIABLES ARE TN - THE EQUATIONG T 1 © oo o o o s e i S o o S i S oo S T S

- e mmmmms i ol e enn L e e e e - s
[ e e m e e e
[Tmmm e e mem o e el e i s oo i e
o T T o - . T T L T T T
(T N ) i o T T T T
o 7 ST T L T T LT S T T
Lo ) - - ) o e o T T
- ) oo ’ ’ ) o - oo e Tl
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27/03/2%,

FILE HARE (CREATVION DATE = 72/D3/27%.)
! SUBFILE DATSUN e .

[ ®x h h ox & R & kR ok kR Ak * N Ak x & nox x MULTTIFLE REGRE S I I ON * & & # % & % % & & % N & & & % x « & % * % w

r' DEPENDENT VARIABLE.. ca

I - : - - "8 UMMARY -T A8 F c - -
l~~‘s'lEP VARTABLE F TO SIGNIFICANCE MULTIPLE R - R SUUARE: R SQUARE SIMPLE R
[ FENTERED REMOVED ENTER OR REMOVE - : CHANGE
l 1 GEH 3.9n7?%8 .058 .22%b0N - .NSOY%4S LUS04%5 22%b0
- TEMP 1.78832 ,184 --- - .30022 -~ -.040L3 -~ ,034b619 -.N5H%b--
| 2 - HT . - ,2enes bl - S.INBY3 - L.08513 - - _apsan NREMEE
{ _ . . ] . ] —
[ N _ B L

. . I

[ ; . L

(.

L

|

|

!

|

{

PAGE

ca

UVERALL F

2.a3n??

1.%017?S

SIGNTFICARCK

ol

.2586
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72/03/24. PAGE 31

FILFE HARE (CREATION DATF =  723/n3/24.)
: SUBFILF NATSUN

| R Rk kA kR Rk ok + ok kR k w ok whx MULTIPLE REGRE S ST ON * & & % % #- % % % & & & & & & & € & % € & % *
| DEPENDENT VARTARLE..  NOX

l VARTARLE(S) ENTFRED ON STEP NUMBFR 2.. HY

| HULTTPLE R «RB%LA0 ANALYSIS OF VARIANCE DF SUM nF SQRUARES MEAN SQUARE F SIGNIFICANCE ’
[ R SRUARFE J7172% REGRESSION 3. T . A56SY " " +1108§ . 33.8P0h8 .N00 I

ADJUSTFD R SQUARE .69h03 RESIDUAL %0, - 14056 T .n03s)
| STD DEVIATION .Nsagg COEFF OF VARIARILITY s.? PCT - -

l R : ..‘.‘..v ...,.. - . ._A»...I..‘.... —— e - ..: - l
l mresrcsrvunanawesssae VARIABLES IN THE EQUATION sccsccvccssaccccsswnuan - - - gaunssseua VARTABLFY ‘NOT IN -THE EQUATIDN ecdecccemse-e l

~ VARTAHLE ) 870 ERROR 8 F © BETA < omm - - VEARIABLE -~ --~—PARTIAL~ -~ TOLERANCE - -~  F : i

SIGNIFICANCE ELASTICITY I .- - R 9IGNIF [CANCE |

- GEH - =, 14625953€=nt  ,3IN7hP230Eanp - 22.bO5YRR B BBPARKG ¢ e e e e L

I
|
l PR TeRRINRGS . oo T |
| - TEMP -.68226NNNE=02 - ;2APALASAE=02 -~ 5.hL7NBRS ~~ - - < 43KA4GI—--- -~ - e T N
[
[

) CDPD t ML RLRPA s e e e s mm e e e e B
SWHT o¢ - [ 150%9097E=03 - .1, 3P15934BE=N% LR HOLIGHY <o - G §717BE7— S SR
: : .- : L0000 -t -1in9aY)
~ (CONSTANT) 136119419 - -----, 22788000 - - -850, NIBYIR - ormn o —-
. ; - . U o —-— - .

[~ALL: VAPTABLES ARE-IN THE- EQUATION; = - = - oo o o mm e oo o s

(oo T T T

[ e e emem e e o L e e e

o s oD T T

[ e e e e nn e el i e L i e ey
[ me : e e e s e e
[ e e . . : i . -

o C e e
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272/703/72%., PAGE 31

FILE HARE (CREATION DATE = ?2?2/03/24%.)
[" SUBFILFE DATSUN - - R - - - . v

L""t‘t"t"’i‘tii!’t"tlltt!it*tﬁl MUuULTIPLE RE G RE S S I ON * % % % % %" "% % % % % %X ¥ &# ¥ * & A X * XA~ Kk ~—~— ==

[‘;DEPENDFNT"VARIABLE.‘. - NOX - - : I R - e e . . .

L___. s — = .- - e [ - S-S UMMARY T ﬂ'ﬂ'L"E"""""_""" e e e e o = aen—e oo

I gree - VARIABLE F T0 SIGNIFICANCE MULTIPLE ‘R - R SOUARE R SQUARE - SIRPLE R-- OVERALL F  SIGNIFICANCE
- - ENTERED  REMOVED ENTER OR REMOVE R CHANGE - - ~

1 GEH . Sb.le8bl u «?5h58 «5724%1 .5%2%1 - ~,?5458 3n,91649 ]
T T TEmMP - 2.97058 .n92 - .7784%3 -~ ,60130 ~u2RH9: =-.235853 - -
-2 ot HY . - 1b, 4OLSY .0nD .B8%b90 717224 - ,1159% =-.71n28 33,.M20bS L0N0

-
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??2/03/2%. PAGE kR

FILE HARE (CREATION DATE = 7?27/03/2%.)
-SUBFTLF —. PERKINS U

oKk kR A A .m R N Rk A W kN A

~Rk Rk k- kk ok kK .k ok kA omx kA A Ak kAR .MULTI.P.LE —REGRESSION-*"-'-'*'*

-DEPENDENT .VARIABLE., HG - - . FR R —— e e e o R -

VARIABLE(S) ENTERED ON STEP NUMBER Ras HT U e e e e I

-MULTIPLE R +?6R59 ANALYSTS OF VARIANCE - DF alm nF anARES - MEAN SQUARE F SIGNIFICANCE
‘R -SAUARE -~ - - - «59n23 - - REGRESSION - cm e Ry s e o g FhGAD e -m—,iapau- - 19.72h3b - 0
ADJUSTFD R SAUARE +56Nn79 - RESTOUAL . S WYa- e e- - - ,D5%19 - e - anOB20O .. R

STD DEVIATION - 07874 COEFF OF vmnsu_nv 1149 PET - o e oo o o e o .

---------------------—VARIABLES 1N THE EnUATmN - 20 e o - X

wemmceemee VARTABLES -NOT- IN--THE EnUATwN e ————

-VARIARLE e e B e 87D ERRoa B © R e BEH——-—-—--——- - vARquc--.»a——nnrut~_—r.m:an;mcr ek
e S - - - SlGNlFICANGE eusncnv e SIGNIFICANCE
GEH_._.____,,-ost-sqqaqE-nw 37>nnaw= na—- .1=nﬂsn21E-n3 .0150853 ----- -

e e e -~ . .99  -e- - L00513 -

FEMP - —.-.55572%15-03 -—;333b7271F ue .-nanass3E-m~———<-.-ono%t1-——-

e e - Ce o iBY I s e - 507999 —

HY—~— - xaaaeaan'&E-nw— —-~\b‘mqbb3bF-m - 268943k - — 274363 —

Tt mme e - ~ = - - - 607 m— e g2 L0

(CON&MM)—— »r%ssaqql - .—abeaaale w3 71991181

-—— s S - - —— . . . ;nna e me e e ———

-&l’.k VARIM‘LES ARE IN THE EQUATION——

!
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HARE (CREATION DATE =
PERKINS

FILE
SUBFILF

??/03/24.)

?22/03/2%,

PAGE 35

M AR R R EE R R AN E R kA rn o HULTIPLE R'E G NES I [TON ® & 2 & 7 % B9 &% & & A & WR A AR X W N~ A

HC

-DEPENDENT VARIAALE..

VARIABLE

SYEP
: ENTERED REMOVED

1 GEH
T TEMp
2 HT

F TO

7 ENTER OR REMDVE

36,0149
1,2%974
26894

STIGNIFICANCE MULYIPLE R~ R-3QUARE-

TS UHMHMARY T“TABLE T T

C .20 ¢

607"

.?5881° T .S?8?79°
<6684 = 68805 —
T L,?h859 " ,.59n73

SQUARE

CHANGE

«575724

0122 -

“.o0n2bd

SIMPLE R = -QVEHALL F - 3IGNIFICANCE

Touny o

75881 ¢9,97h88 - -
LEBY G i = e e ———
19,7263 " N

SRS I3 LTI



?23/03/24. PAGE 37

FILE  HARE (CREATION DATE = ?27/03/2%.)
SUBFILE- -~ PERKING- —— ————————= - oo - T e

MR- RA~"RHR"A"R R KR AN R R R RXRE R RRER HUL*T'IPL"E’REGRESSIoN IR Bt BE.EE SR EE AR A B B TE T T 2R IR I IR T B
'OEPENDEN’I VARIAGLE..’ “"'CO e coC - e i b atnseniabe e deid et RS St -
‘YiRIABLE(S) ENTERED ON STEP NUHBER' - P HT i . e i - - T

"MULTIPLE R 88902 "7 ANALYSIS OF VARIANCE ~~ OF - SUM-OF SQUARES- - - - MEAN SQUARE - Foo- SIGN]FICANCE
R-SQUARE-" ~——-——-—= 7§49 === - REGRESSION ~ —-- et L L Pv-L e TLLE L) R RLELEES Lb
ADJUSTED R SOUARE ° .?6550°  ~ ~ RESIDUAL S S T e T ST R 10295y

STO-PEVIATION——= -~~~ 12187—~~ -~~~ COEFF OF VARIARILITY “--=7.7 ‘PCY — e T e s e

TERSTASAUCTTUAAES YRS VARIABLES IN THE EQUATION =s--comssssnimnassmmea———— —saxusesew=-VARTABLES NOT IN IHE EQUATION ==mumavuam=

NARTABLE— ——— B =~~~ 8TD-ERROR B~~~ R “BETA— ‘*——"'—’-"—VARhBLE"“_’PAHHAL - —TOLERANCE - CF e

bbbt et - * it e ReralEwANE C EReereRamdeE e T - e G Tmemster st —ss o BSAESsASeeeS
T oo e - SIGNIFICANCE S EEASTICITY oo cmm o — SIGNIFICANCE

-ceu——-—---~-—n7wossvst-n ——-uuqaoqae-ua TTLL1SB2415  ——e1.0309093 —————-——
e e CLPRE T A 2qLyqm e
TTEMP————— —T3RB14717E=02 - (72B31%48E=02 < - ,2AL10437 - ——— 50797025 —————
s - 1§99 T~ Tt 71371
HI—————= --175B0826E=03- ~ ,979968H3E~0% - 3,2185050 "~~~ 1;BIRIbHO— —

e - e : L A80 T T T o N BOO0
CCONSTANT) =1 iS0BY¥EER -~ A72BND1G -~ 639214563~ —————

o e - Ceeznye ce = meem e

tL‘t““R‘lABtES‘-ARE‘ In ’TNE—!GUATION’—'”"" -




2?/03/24, PAGE 34

FILE HARE (CREATION DAYE = ?22/n3/2%.)
SUBFILE RERKINS

ke Nk R R Wk ok ok ok kR kR F ok kA ox ko x MULTIPLE REGRE S I I ON % % & hA & & « % k k kK % kK % % k & k % & X % %

DEPENDFNT VARTABLE.. co

- SUMMARY TABLE

8TEP VARTABLE - ‘F TO SIGNIFICANCE MULTIPLE R KW SQGUARE R SQUARE SIMPLE R OVERALL F SIGNIFICANCF
ENTERED  REMOVED ENTER OR REMOVE CHANGE
1 GEH b0.hkRG? 2000 .83485 b9714 .69214 LA344s b8, 10915 S
TEMP 11.9748% .0UL .8742h- .?h433 .06719 - ,65109 -
2 HT 3,2188n L0890 .AB4qe2 .78149 01718 L8b45Y 48, 8773Y u



FILE
SUKRFILF

HARF (CREATION DATE =
PERKINS

2?72/03/2%,)

' LA L L I B B 2 2 B B T T IR 2N 2R T |

i DFFENDFNT VARTIARLE.. NOX

H [y

[ VARTARY E(S) ENTERED ON STEP NUMHER Pas

b wuLnieie w

| R SNUARE

" ADJUSTFD R SQUARE
| STD DEVIATION

s 77645
hN132
.5721%
6?78

VARIARBLE A STD ERROR R

- GEH = 110455 7hE=nil - ,32N246A%4F=np

- YEMP .351838b9E=n2 .2R7224R7RE=qnp

HT <109%3738E=n3 <AARSOLAQF =04 -

(CONSTANT) 1;,93b43542 .228894p7 -

* * &k * K

HT

ANALYSTS OF VARIANCE
REGRFISTON 3.
RERTDIAL

COFFF OF VARIABILITY

Tecnecocsenumncnmene=' VARTABLFS IN THE EQUATION socvcccvavunscinvasnnaa - -

7/Nn3/7°2%, PARGE L1

MULTTPLE REGRE S N % % % % % & & & & & % % % & & % & *» % «

L . ox o |

DF SQUARE F
L2RY LY .09%7) 0-61335
1. .18R3R .00n43%9

7.3 PCT |

SIGNIFICANCE
] i

SUM OF SNQIIARES MEAN

sosvasunas- - VARTARLES -NOT IN THE EQUATIUN cecmacence~ I

F BETA

EE T T TT T Y

ELASTICITY - :

"VARIABLE - - PARTIAL - TOLERANCE F ]

- - - o o -

SIGNIFICANCE SIGMNIF ICANCF |
A BEAPBY T - e e e - - -
.N01 T E,887263 ’ T T v T ’ T T
1.5NN2748 STE487115 e e e e :
LEBB T S,IMRRPC C o e e
8.01731149 2;9200009 - oo mee—e -
.007? .72000 . - - = S IR
IH.49R332 - - e e e v e e e . . e e

11.,99h159

! T T T .oy e e e oo T
[+ ALL VARIARLES ARE IN THe EoUATIONS -~ - s es s s e o 1
[ o ST TS s e ST e
[T s s e ST T TS S mnioimes s s s s :n
RS P
o o )

e . -
[



?2?/03/24%, PAGE 41

FILE HARE (CREATION DATE = ?272/03/2%.)
["'SUBFILE " PEKRKINS - - - N :

L‘_“t"*i‘i"r‘**‘t'ttitt'i'%‘ti'ttltt* MULTIPLE REGHESSTION # % %k & &% % & % x & & % & F # x % % % F % & g-"°

e e e T

[""DEPE’NDENT'VARIABLE'.. TNOXT T ]

o T U LITIII e s Ry T e T oo

OVERALL™F  SIGNIFICANCE 1
[ 1 mEH v 42.87068 .ang T L69712 ©C UYHS98 - 48598 =, 49712 - 23.0587% .ana |

- TEMP - Tttt 3,.29449 .0?7 - L?23%% 8233677 ° ,03739° -,19]195 T
[T & M1 C coT - 8,0173) 00?7 "~ .?7546 -~ .bgl32° 7" ,0279% -,b51b2

! "~ STEP VARIABLE - ) F T0 - SIGNIFICANCE MULTIPLF R R"SQUARE R SGUARE SI1IMPLE-R
[ © - "ENTERED REMOVED ’ ENTER OR HEMOVE T oo T - ‘QHANGE .

- 20.b193S 4] I

o 00 T L L S T T L e R

w
[
|
(
!
l
(
¢ A
!
[
(. ) : S o |
|
l
I
f
!
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?272/03/24%., PAGE 1%

FILE HARE (CREATION DATE = 2?272/013/24%.)

SUBFILF -- MERCFDES - - - - - . S

h ok ok ok kX kKX kR R K K wo® X ok k ok * & & MULT-1PLE REGRE S ST ON * % -%x % & % n-%-* & & & & & % & % & & & & & &
DEPENDFNT VARIABLE.. HC - - -

VARIABY E(S8) ENTERED ON BTEP NUMBER Caoe HT D - - -

MULTIPLE R «172704 ANALYSTS OF VARIANCE DOF SUM nF SQUARES MEAN SQUARE F SIGNIFICANCE
-R -SQUARE--- - - - - «03135 - - REGRESSION - - - - PR ©o-—-—-300335 - —-- - - ;0DVYR -~ - 92074 .739
ADJUSTFD R SAUARE -:0%31b RESTDUAL - 39, s1n3sy R :NUPLS

STD DEVIATION e «05152 COFFF OF VARIABILITY - g, A PCT -- B - : :

---------------------—VARIABLES IN THE EQUATION wecewmeccemccccmmmo—cer - - co—ne — ---------ﬁvmum_ss NOT TN THE EOUATION S —

VARTABLE -- - B - STD- ERRNA 8 F v = cHETA-emee- ——-—-‘—-vmum.e- - p,mnu_ - - TOLERANCE -- SR
meme— e e Ceee e : SIGNIFchNce——'ELASTlclTY SIGNIFICANCE
GEH-—-— - < — 421986035E~n2 -- .EGE?"E‘I?F na .755591?1-—»-«»—--1 ﬂnsbws ——e e
: . . ;390 - - -—- -1,22533-
JEMP .. . .. . h5R934i5E=n3 »-13175573& 02 - 9NAY 245 IE=DL-——-3 0943448 - -
o - - - S uPbb o oo 530K 7
“HV—-m oo = @571 3IRVIE=0Y. - ---.anmuat.ns 04%- 72524697 —— —=1,B775986—
- = L YU S - -l:18123
~CCONSTANT) — . 74?&047%' nl- .1743‘0‘13-0#‘-‘ B - F B L R
—— - e -_— - - - - — - ;b73 e e s

—ALL -VARIABLFS ARE IN THE FOUATION‘
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/03724, PAGE 15

FILE HARE (CREATION DATYE = 72/03/24%.)
[" SUHFTLF MERCEDES -
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