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ABSTRACT

The overall objective of this experimental program was to obtain
quantitative comparisons between leaded and nonleaded gasolines as used
in a variety of Iowa State Highway Commission vehicles. These quanti-
tative comparisons were to be made in terms éf exhaust emissions, main-
tenance costs and fuel economy,

A 52-vehicle test fleet was selected for this study. This test
fleet included tractors, pickup trucks, light-duty trucks, heavyjduty
_ trudks and a few miscellaneous vehicles. Twenty-two vehicles were op-
erated on nonleaded regular-grade gasoline and 30 vehicles were operated
on leaded regular-grade gasoline.

Each month from August 1971 through May 1972, measurements of tem-
perature, humidity, mileage, air-fuel ratio and emissions of total hy-
drocarbons and carbon monoxide were recorded for each vehicle under no-
load conditions at idle and at 2500 rpm.

Ten pairs of vehicles Were selected from the test fleet. Each pair
was matched according to type, make and mileage as closely as possible.
The major difference in each pair was fuel: omne vehicle used leaded
fuel, the other used nonléaded fuel. The 10 matched pairs were 4 pairs
of pickups, 4 pairs of light;duty trucks and 2 pairs of heavy-duty
trucks.

These vehicles were tested under load conditions with a chassis
dynamometer located at the Des Moines Area Community College. The loads
for which emission data were obtained included full, 2/3 nominal, 1/3
nominal and minimumA(except for pickups), all at 2500’r§m. Measurements

were recorded for load, air-fuel ratio, intake manifold vacuum, tempera-
|
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ture, humidity and both total hydrocarbon (HC) and carbon monoxide (CO) emissiors,

Exhaust emission samples were collected in Tedlar bags from the
matched pair vehicles during both dynamometer tests (January -and April)
and also from the test fleet vehicles during March and May. These bag
samples allowed oxides of nitrogen to be determined as well as paraf-
finic, olefinic and afomatic portions of unburned hydrocarbons.

Emission measurements yielded statistically significant (95% con-
fidence level) differences between leaded and nonleaded gasoline. Lower
HC and CO emissions existed for leaded gasoline wher fleet vehicles were
tested under no-load conditions. Air-fuel ratio caused larger differ-
ences in measured emissions than differences in type of gasoline.

When the matched pairs were tested under load, the leaded fuel yielded
significantly higher HC emissions for pickups and heavy-duty trucks as
well as higher CO emissions with light-duty trucks. However, this was mainly true
at full load at which the vehicles would rarely operate.

Engine adjustment was found to be considerably more imﬁortant in
controlling exhaust emissions than was the type of fuel used.

No significant differences due to gasoline were observed in either
maintenance costs, fuel consumption, or residue in oil during the course
of this study.

Recommendations from this study are: (1) continue use of leaded
fuel in all vehicles for which the test fleet is indiéative; (2) esta-
blish regular tune-up schedules using exhaust emission equipment; (3)
initiate an easily accessible record keeping system for consumption and
maintenance items; (4) use certified reference gases to calibrate all

emission measuring equipment; (5) extend the study for the lifetime
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of the vehicles under test so that effective comparisons can be made on
maintenan:e items and fuel and o0il consumption; and (6) prevent over
specificaion of engine size actually needed when purchasing new

vehicles,
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I. INTRODUCTION

Duriag the fall of 1970, a proposal was made by the Director of
Highways, J. R; Coupal, Jr., to the Highway Commissioners, to test
leaded and nonleaded gasoline in actual use with the fleet of wehicles
operatedlby the Towa State Highway Commission., This study was to com-
pare leaded and nonleaded reguiar-grade gasolines in terms of exhaust
emissions, operating chafacteristics (i.e., vehicle type, éngine'speed,
engine.load and duty cycle), minor maintenance costs, and fuel economy.
Of special interest to the Highway Commission was the cost of switching
to nonleaded gasolines. Currently, the price of nonleaded gasoline is
two cents pef gallon more than the leaded varities and to use it in
Highway Commission vehicles would cost the state of Iowa about $150,000

more per vear.

A. Emission Measurements

Emission measurements include unburned hydrocarbons or waste gaso-
line, carbon moﬁoxide (caused by incomplete combustion), and oxides of
nitrogen (formed from the combustion of gasoline using air as-én oxi-
dant). Thése emissions are important because they produce, in a variety
of'ways; three noxious compounds. One of these is peréxyacetal nitrate
(smog) which is formed from oxides of nitrogen reacting due to energy
from sunlight with unburnéd hydrocarbons. This pbllutant»ixritates
eyes and Lissue in tﬂe nose, throat and lungs, Another toxic pollutant
is nitrqg:n dioxide which destroys lung cells and is toxic to plénts as

well as h.imans. It has been shown to cause transient pulmonary-function




changes i the lungs of animals. The third toxic pollutant is carbon

monoxide 7ith which we are most familiar in terms of its dangerous na-
ture. Th: fact that this gas is colorless and oderless increases its
potential danger. All of these cdmpounds are potentially far mofe
harmful than lead because of the ease with which they can be ingested
'into the human body.

In the manufacture.of some nonleaded gasolines, additives must be
put into the mixture to réplace the lead which-acted primarily as an
anti-knock agent and .secondarily as a lubricant. These additives'in-
clude small amouﬁts of phosphorus for lubricating purposes which could
result in emissions of phosphorus compounds that are potentially harm-

ful to health,

B. Advantages vs Disadvantages of Fuels

To further complicate the situation there are some éonflicting re-
ports concefning.the'advantages and disadvantages of using nonleaded
fuel. Thaore has been poor statistical analysis and presentation of re-
sults; thus, one cannot ascertain whether differences reported aré sig-
nificant or nof. Much of the existing data is for passenger cars Or
fleets of automobiles. Very little information is available for trucks
and none to ourlknowledge concerning a large fleet of vehicles such as
the.Iowa State Highway Commission's which includes tractors, pickup

trucks, light- and heavy-duty trucks as well as passenger cars.



C. Research Contract

- Test: were started by Commission personnel during May, 1971 and a
research :dntract was made with Iowa State University on July 7, 1971
for a one year research effort to perforﬁ the desired comparisons. A
prelimina 'v report was réquired by March 1, 1972 to assist in determin-
ing the t pe of gésoline the Highway Commission should use in its fleet
beginning May 1, 1972 when new fuel contracts became effective. The
preliminary report was‘preSented Tuesday, February 29, 1972.to the Com-
missioner: recommending that coﬁtrécts for one additional year be signed
for use of leaded gasoline at ali test sites except Grundy Center and
Sac City. Tﬁese two test sites were to continue ﬁse of nonleaded fuel
for one additional year to allow additional data to be obtaineé.

The detailed results herein cénstitute the final report. on project.
HR-1002 for the period July 7, 1971 to July 6, 1972.

The opinions, findings, and conclusions expressed in this publica-
tion aré those of the authors and not necessarily those of the Iowa

State Highway Commission.

II., OBJECTIVES

The overall objective of this experimental prograﬁ was to obtain a
quantitative comparison between leaded and nonleaded gasolines as used
in a variety of Iowa State Highway Commission vehicles. _This quantita-
tive compsrison was to be made in'terms‘qf exhaust emiésions of unburned
hydrocarb.ms. (HC), carbon monoxide (CO).and oxides of'nitrogen (NOX),

" maintenan e costs and fuel economy.




Other objectives of.this experimental program were to: (1) esta-
blish a mathod of calibrating the instrumentation used in the exhaust
emission measurements; (2) determine the effects of the presence of
water vapor and of;gasfsample temperature on the calibration technique;
" and’ (3) establish apﬁropriate statistical methods of recording and anal-

vzing the data pertaihing to the overall objective.




ITT. DESIGN OF THE EXPERIMENT

A, Test Fleet Véhicles

A 52-vehicle test fleet was selected for this study. This test
fleet included tractors, pickup trucks, light-duty trucks, heavy-duty
trucks and a few miscellaneous vehicles. From the test fleet, 22 ve-
hicles operating on nonleaded gasoline and 25 vehicles operating on
leaded gasoline were available for testing on a regular monthly basis.
Five miscellaneous vehicles from the Ames motor pool operating on leaded
gasoline were available on an irregular basis.

Both the leaded and nonleaded fuels were regular grade gasoline
furnished'by the American 0il Company under their regular contract with
the IowaAState Highway Commission. The typical research octane numbers
for the lzaded and nonleaded types were 94 and 90, respectively.

A few of the vehicles from the original test fleet were transferred
and/or sold during the test.period for reasons beyond our control. Data
for these wvehicles and their replacements are included in the data tabu-
lations in the appendices. However, data for these few vehicles were

not analyzed because of its incompleteness.

1. Testing Scheme

Each month from August 1971 through May 1972, measurements of fem—
perature, humidity, mileage, air-fuel ratio and emissions of total hy-
drocarbons and carbon monoxide were recorded for each vehicle under no-
load conéition at idle and at 2500.rpm,

Temp :rature and humidity were measured using a sling psychrometer,




air-fuel ratio was measured using a Sun 1120 Electronic Engine Tester
and the total hydrocarbons (AC) and carbon monoxide (CO) were measured
using a Sun Exhaust Emission Tester 910 (EET 910). Measurements of CO
and HC with the EET 910 were obtained by nondispersive infrared detec-
tion. (NDIR).

On several occasions, exhaust gas samples were collected in Tedlar
bags for laboratory analyéis to determine oxides of mitrogen, total un-
burned hydrocarbons, types (paraffins, olefins and aromatics) of hydro-
carbons, and to obtain checks on air-fuel ratio and carbon monéxide
emissions.

Bags constructed of Tedlar were selected based on the results of
work done by Papa et al. (1). They investigated the effect of bag ma-
terial to determine the best for exhaust-gas collection. They construc-
ted decay curves for several hydrocarbons in bags made from various ma-
terials and determined that bags of Teflon and Tedlar had essentially
no effect on the composition of the exhaust-gas sample over a period of
three hours. Based oﬁ their experience, bags constructed of Tedlar‘were
deemed necessary for these expériments and were the type used.

The cxides of nitrogen were determined in accordance with ASTM

Designation D1608-67. This is the phenol-disulfonic acid'procgdure fdr
measuring the concentration of total oxides of nitrogen (except N20)
expressed as nifrogen-dioxidé (N02) in parts per miliion (ppm) by volumé.

Total unburned hydrocarbonsland types of hydrocarbons were deter-
mined by ihe technique of Soulages and Brieva (2). This method uses a
gas chromatograph. The arométic and olefinic hydrocarbons are selec-

tively re:ained by two chemical absorbents while the saturates (paraffins) pass un-



altered through the gas chromatograph. The measurements were determined
by flame jonization detection (FID).

The reason for determining the fraction of total unburned hydrocar-
bons that are of each type (paraffins, aromatics, and olefins) is because
other investigators such as Jackson (3) have found the smog-forming po-
tential o:/ an exhaust hydrocarbon mixture to depend upon the composition
of the mi:iture. Jackson points out that, with reactivity differences
among exhaust hydrocarbons greater than 6000 to 1, an increase, decrease
or no change in smog-forming potential is conceivable, even though the
total hydrocarbon concentration may be decreased.

Jackson lists relative reactivities for a large number of hydrocar-
bons., The paraffin group ranges from 0.0 to 1.86 with an average rela-
tive reactivity for this group of hydrocarbons around 1.5.

The aromatics range f;om 0.56 to 8.64 with an average value for the
aromatics listed by Jackson of 3.5.

The olefins have relative reactivities ranging from 2.50 to 52.9
with an average value for the olefins listéd by Jackson of 9.7.

Amounts of the various types of hydrocarbons in the exhaust gases
as.well as total amount of unburned hydrocarbons are important in detef-
mining the harmful aspects of this air pollutant.

The check on air-fuel ratio and carbon monoxide emissions was done
by using an Orsat analyzer and assuming a hydrocarbon fuel.

Before any emission measurements were made, the air-fuel ratio at
idle on e:i:ch vehicle was adjusted to a reference value. This reference
value was the air-fuel ratio obtained when the vehicle had last been ad-

justed (tuned-up) to -the manufacturer's recommendations.



During the times when field testing was béing performed, not all
vehicles were readily available because of the particular job assign-
ments wheire the vehicle was being used. Consequently, during some
months certain vehicles were missed during the testing periods. 1In
the éase of tractors, some measurements were omittéd during the winter
months because a few of these vehicles were not used between emission
testing periods.

In order to accomplish the statistical analysis, it was necessary
to estimate the missing or incomplete information. The estimations
were performed in two ways. If the vehicle had been used and was mis-
sed during the regular emission testing period, the emission readings
for the two months adjacent to the missing month were averaged and used
for the missing month data. If the vehicle had not been used, the mié-
sing data was esfimated by using the previous months data. Since the
vehicle was nof bperated there should be no difference in emissions.
Estimated data obtained by either of these two methods is identified
by an asterisk in the tabulations of the Appendices.

Data obtained from the test fleet measurements are tabulated in
Appendicesz A and B. Appendix A tabulates data fqr the Test'Fleet at
idle and 2500 rpm, no load, for the ten months of testing. Appendix
B tabulates data for the test fleet for March and May when bag samples
were returned to the laboratory for oxides of nitrogen, total hydro-

carbons and types of hydrocarbons determination.




B. Matched Pair Vehicles

Ten pairs of vehicles were selected from the initial test fleet.
Each pair was matched according to type, make and mileage as closely
as possible. The major difference in each pair was fuel. One vehicle
of the pair used leaded fuel, while the other used nonleaded
fuel. The 10 matched pairs included 4 pairs of pickups, 4 pairs of

light-duty trucks and 2 pairs of heavy-duty trucks,

1. Testing Scheme

These vehicles were tested under load conditions on a chassis dy-
namomefer at the Des Moines Area Community College. The loads for which
emission data were obtained included full, 2/3 nominal, 1/3 nominal, all
at 2500 rpm. Data for minimum load (typically 15 to 20% of full load)
at 2500 rpm were also obtained for all vehicles except the pickups.
Measurements recorded included load, air-fuel ratio, intake manifold
vacuum, temperature, humidity, and both total hydrocarbon (HC) and car-
bon monoxide (CO) emissions. In addition, exhaust-gas samples were col-
lected in Tedlar bags for laboratory analysis of total oxides of nitro-
gen, total hydrocarbons(FID), types of hydrocarbons and carbon monoxide.

Before any measurements were made, the air-fuel ratio at idle on
each vehicle was adjusted to a reference value. This reference value
was the air-fuel ratio obtained when the vehicle had last been adjusted
(tunéd-up) to the manufacturer's recommendations.

The testiﬁg procedure was the same as that used and previously de-
scribed for the Test Fleet.

Data from these measurements is tabulated in Appendices C, D and E.



Appendix C tabulates the data for tests performed on the Matched Pairs

during Jaruary 1972, Appendix D tabulates data for tests performed on
;he Matched Pairs during April 1972 and Appendix E contains data on the
Matched Pairs for April 1972, wheﬁ bag samples were returned to the la-
boratory snd analyzed for oxides of nitrogen, total hydrocarbons and

types of hydrocarbons both by the gas chromatograph.

C. Fuel Economy and Maintenance Costs

Operating data from selected vehicles in the Test Fleet were re-
corded and analyzed to determine any variation in fuel ecoﬁomy and main-
tenance costs which resulted from the type of gasoline used. These data
are tabulated in Appendices F and G. Appendix F tabulates maintenance

costs, Appendix G fuel and oil consumption data.

D. Miscellaneous Tests

Several miscellaneous tests were included to support‘and fulfill
the primary objective of this experiment. Included in these miscel-
laneous tests were gasoline samples taken at each location and oil sam-
ples taken when the vehicle oil was changed.

The gaoline samples were analyzedlby running a gasoiine distilla-
tion test on each sample in accordance with ASTM Designation D86-61,
determining the Reid vapor pressure in accordance with ASTM Designation.
D323-58 snd determining the APIVgravity of the gasoline. 1In additionm,
each gascline sample was analyzed for the fraction of each type (sat-

urates, ¢lefins and aromatics) of hydrocarbon that was in the gasoline.
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This test was performed using the gas chromatograph method which was pre-
viously described under the Test Fleet testing scheme.

The oil sémples were filtered to determine the amount of particﬁlate
matter in the sample in accordance with ASTM Designation F313-70. This
standard vias modified (size of sample used was reduced) to accomodate the
difference in the amount of particulate matter contained in used crank-

case 0il and hydraulic oils for which this standard applies.

IV, RESULTS

A, Calibration Procedure for Sun Exhaust Emission Tester 910

All analytical methods must be calibrated‘at regular intervals.

This can be a dynamic or static calibration, and can involve use of cal-
ibrating gases or comparison against another instrument which has been
calibrated.

The Sun EET 910 which measures unburned hydrocarbons (HC) and car-
bon monoxide (CO) is equipped with an internal calibration system con-
sisting of a mechanically driven chopper which prevents a known fraction
of the infrared radiation from reaching the detector, thereby siﬁulating
the known absorption of HC and CO gases. Calibration is achieved by ad-
justing the span set control until the indicating pointers are coincident
with the span set control lines on the HC and CO meters; This is done
after complete warm-up and after the meters have been set to zero with
no exhaust gas flowing through the tester. It was decided to check the ac-
curacy amd repeétability of the self-contained calibration system by pro-

curing calibration HC and CO gases of certified composition. After con-




siderable experimentation, the following observatioms were made,.

a. #Hince there is considerable variation between the HC and CO
éertified calibration gas concentrations and the results ob-
tained by the EET 910 using the internal span set method, it
"8 necessary to adjust the span set control by passing cali-
hration gas through the machine and by then adjusting the
span set control until the meters indicate the actual gas

~:omposition. The meter span reading is recorded for future
referénce.

b. 'The span set femains fairly stable when adjusted as specified
above. Even if thé.meter réading should change when'the span
getting check switch is engaged, réadjusting the span set con-
trol to restore the original setting will result in restoring
the correct calibration. The span set should be checked each
30 minutes or after each two or three vehicles are checked,
and readjusted if necessary.

c. The zero drift-of the machine is aﬁpreciable and is, therefore,
& matter of concern. To prevenﬁ errors in measurement due to
zero shift, the set line controls must be adjusted.to bring
the HC and CO meters to zero immediately precediﬁg eaéh mea-
surement.

d. The EET 910 should be recalibrated (at least at the beginning
of each hﬁif day of testing) by passing certified calibratian
gés through it and adjusting thé span set coﬁtrols until the

. neters indicate correctly.. This should be done more frequently

if an unusually large number of vehicles are checked; if there
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are any marked changes in atmospheric conditions, if there are
any large changes in the meter readings when the span check
switch is actuated, or if the operator has reason to question
the readings obtained from the tester. Correct calibration
can be maintained between certified gas calibrations by actuat-
ing the span check switch and vérifying that the meter span
readings are the same as when the calibrating gas was used, re-
adjusting the span set control to restore the readings if ne-
cessary. A detailed procedure is included in Appendix H,

e. -The uncertainly of this tester using calibrating gases is es-
timated to be + 20 ppm for HC measurements. Thus, the relative
errof in HC measurements is much higher at the lower levels of
HC emissions. For example, the uncertainty is greater than + 10%
when emissions are below 200 ppm while the uncertainly is + 2%

at an emission level of 1000 ppm.

1. Pressure, Temperature and Humidity Effects

The calibration of the Sun EET 910 possibly could be affected by
atmospheric pressure, temperature, and humidity of the ambient atmos—.
phere and by the same properties of the exhaust gas passing through the
test cells of the tester. The manufacturer gives pressure (altitude)
correction factors to apply to the span setting when the internal cali-
bration system is used. However, since it was decided to usé calibrat-
ing gaseé which will compensate for all nonstandard conditions at the

time of calibration, these types of corrections are not necessary.




14

It was decided to invesfigate the effect of temperature and humid-
ity wvariation of the eéhaust gas. The EET 910 was calibrated with dry
calibrating gas and then water-saturated calibrating‘gas was immediately
run through the tester. The resulting readings for HC and CO agreed
with the calibrating gas composition adjusted for the calculated dilution
by water vapor within 10 ppm HC and 0,05% CO, which is less than the
expecfed rieasurement error of the machine. The conclusion was therefore
made that calibrating with a dry calibrating gas and measuring a par-
tially saturated exhaust gas would introduce no appreciable errors. A
similar test was run on the EET 910 except that the temperature of the
calibrating gas (also room temperature) was allowed to vary. Since no
artificia’ means of changing the laboratory temperature was available,
about 24 hours elapsed between the original calibration and the recheck.
The pressure and span settings as well as the ambient temperature had
changed. Thus, no definite conclusions could be drawn about the exact
effect of the exhaust gas temperature variation due to variations in
all factors and their possible interactions. Frequent'recalibration
with certified calibration gaswasreliedupontonﬁnimiéeeffectsdueto

changes in atmospheric pressure and temperature.

2. Hydrocarbon Comparison

An alternate determination of the unburned HC in the exhaust gas
was used to provide a check on the EET 910 as well as to provide addi-
tional dafa about the types of hydrocarbons in the exhaust gas samples.
The technique used was a subtractive absorption gas chromatograph column
using a fiame ionization detector (FID). This technique was used by

Soulages and Brieva (2).
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The column splits the flow into three branches. One branch con-
tains a mercuric perchlorate - percholoric acid (MP-PA) absorbent which
absorbs the olefinic and aromatic hydrocarbons and does not react with
the paraffinic (saturates) hydrocarbons. A second branch contains a
mercuric sulphate - sulfuric acid (MS-SA) absorbent which retains all
olefins with 3 or more carbon atoms and does not react with aromatics
and saturates. The third branch has no absorbent and therefore passes
all of the hydrocarbons. Another way of saying this is that the three
branches pass saturates, saturates plus aromatics, and total hydrocar-
bons, respectively. This permits the determination of total HC as well
as the relative breakdown into the saturated, aromatic and olefinic
species. The HC determination is germane to this experiment in that
it gives a method of checking the calibration of the EET 910,

The EET 910 is an infrared absorption instrument having an infra-
red source emitting in the wavelength band of 3.4 fo 3.5 microns. This

is near the peak of the absorption band of hexane which was used as the

‘calibrating gas. The hexane in nitrogen calibrating gas concentration

was certified by Air Product, Inc., supplier of this mixture.

The indicated concentration from the EET 910 is in hexane equiva-
lent on an infrared absorption basis. Other hydrocarbons overlaf this
absorption band but have varying absorptivities which means a varying
response by the instrument to them.

The flame ionization detector (FID) responds essentially to the
carbon content of the hydrocarbon gases and thus responds equally well
(on a mass basis) to all kinds of hydrocarbons.

Since the two measurement methods employ different detection tech-
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niques, a difference between the EET 910 and the gas chromatograph was
expected even when analyzing samples that were taken simultaneously in
sample Bags and returned to the laboratory. A review of current litera-
ture indicated that total HC determined by FID will be greater than HC
determined by NDIR,

Different investigators report variable values for the ratio
FID/NDIR with typical values in the range of 1.8 ~ 2.8 depending on
the type of fuel and engine operating parameters. For example, Krause
(4) reported an average vélue of FID/NDIR of 2.3, The ratio of 1,8 is
récognized by the Environmental Protection Agency in the Federal Regis-
ter (5) as the standard procedure for computing exhaust dilution factors.

All samples for analysis on the gas chromatograph were collected
in Tedlar bags which were filled directly from the discharge of the Sun
EET 910 analyzer,

The flow split of the three branches of the column and calibration
of the output of the gas chrqmatograpﬁ was accomplished by using hexane
(910 ppm) calibration gas which had been anal&zed and certified by Air
Products, Inc. This gas came from the same laboratory as that used to
calibrate the EET 910. Therefore, all readings from the gas chromato-
graph were hexane equivalent.

Pericdically, l-pentene and benzene were used as test gases to

verify that the absorbents were still functioning properly.




17

Table 1. Total hydrocarbons (ppm hexane equivalent) for Matched Vehicles
(April Data).

.

! v ,
Nonleaded fuel Leaded fuel

Vehicle type | FID (GC) NDIR (Sun) FID/NDIR| FID (GC) NDIR (Sun) FID/NDIR

Pickup 194.3 73.8 2,63 276.8 101.2 o 2.74 7
Light duty 164.9 64.1 2.57 176.8 69.7 2.54
Heavy duty 194.6 80.6 2.41 226.2 95.0 2.38

Table 1 lists total hydrocarbons measured by the EET 910 (NDIR),
the gas chromatograph (FID) and the ratio of gas ch*omatograph to EET
910 -for the Ap?il tests of the Matched Pairs. The table shows that the
ratio of the total hydroéarbons measured by the two techniques isAap-
proximately 2.5, Examination of the data in‘Appendix>E indicates that
there is considerable variation around this 2.5‘va1ue, especially when
the value read on the EET 910 is less than 100 ppm. This is a range on
the machine which is less than 5% of full scale énd where a considerable
error in reading can be obtained if the zéro adjustment is off slightly.
Also, it took approximately 10 seconds to fill the bags - the.gas chrom-
étograph will indicate an average for this period of time while the EET

910 is an instantaneous reading.




Table 2.

Total hydrocarbons (ppm hexane equivalent) for Fleet Vehicles
(effect of fuel on emissions).

Vehicle type

. Nonleaded fuel

Leaded fuel

FID (GC) NDIR (Sun) FID/NDIR

FID (GC) NDIR (Sun) FID/NDIR

Pickup

2.43

121.3 50.0 174.9 109.5 1.60

Light duty 260.0 156.7 1.66 166.7 82.9 2.01
Heavy duty 355.0 138.8 2.56 361.6 165.2 2.19
Tractor 346.8 202.5 1.71 322.1° 142.5 2.26
Table 3. Total hydrocarbons (ppm hexane equlvalent) for Fleet Vehicles

(effect of engine speed on emissions).

Tractor

Nonleaded fuel Leaded fuel
Vehicle type | FID (GC) NDIR (Sun) FID/NDIR | FID (GC) NDIR (Sun) FID/NDIR.
Pickup 211.1 114.4 1.85 '98.6 60,0 1.64
Light duty 202.2 163.7 1.78 112.2 58.3 1.92
Heavy &uty 475.2  223.2 2.13 243.6 89.5 2.72
414.0. 255.6 1.62 | 263.1 . 109.4 2,40

Tables 2 and43 tabulate the same type of information for the Test

Fleet for the months of March and May.

For the Test Fleet data, the

ratio of total hydrocarbons By FID to NDIR varies considerably, ranging

from 1.6 o 2.7.

thisvratio.

No explanation can be given for the wide variation in




19

3. Carbon Monoxide Comparison

Calihration gas was used to check and adjust the span setting on
the Sun EFT 910 instrument before taking field measurements of carbon
monoxide (CO). It was deemed necessary to check the Sun EET 910 car-
bon monoxide readings by a second technique. This was accomplished in
two ways.

a, (arbon monoxide values obtained by the Sun EET 910 instrument

were compared with carbon monoxide values obtained using an

(irsat analyzer., The samples were obtained from the exhaust

g;ases from a Kohler engine located in the Mechanical Engi-

rieering Laboratory at Towa State University. Care was taken
/

to be certain samples were taken simultaneously. Values for

five different runs are shown in Table 4.

Table 4. Comparison of carbon monoxide values obtained by
two different techniques.

Sun EET 910 Orsat analyzer
Run values (%) ~values (%)
1 1.5 1.4
2 1.9 1.8
3 6.1 6.4
4 - 4.6 ' 3.6
5 | 0.5 0.6

Tt should be noted that the minimum readable division (sensitivity)
on the Orsat analyzer is + 0.1%. A very favorable comparison

was obtained in all cases except one.
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b. Vhen bag samples were obtained in the field, they were brought
to the Mechanical Engineering Laboratory at Jowa State Univer-
sity and analyzed for carbon monoxide using an Orsat analyzer.
Carbon monoxide values obtained using the Orsat analyzer were
compared with carbon monoxide values obtained for the same run
using the Sun EET 910 tester. It was found that most values
were within 0.2%. This is considered excellent agreement when
it is noted that the minimum readable division on the Orsat
analyzer is 0.1% and that the bag samples were obtained over
a period of time (about 10 seconds) and will be an average for

- that period while the Sun EET 910 is by comparison an instan-
taneous reading.

Based on the above two calibration checks, it was concluded that highly

accurate carbon monoxide values are obtained from the Sun EET 910 tester

if the calibrating gas is used to set the span setting before starting a

field test. 1In the field, the span setting is also checked periodically

during the test period to maintain the desired calibration.

B. Calibration Procedure for Sun 1120 Electronic Engine Tester

The Sun 1120 Electronic Engine Tester was used for measuring the
air-fuel ratio. An attempt was made to verify the accuracy of this mea-
surement by comparing the readings obtained from the Sun 1120 with values
obtained by measuring the products of combustion using an Orsat analyzer
aﬁd by mezsuring the air flow and fuel flow supplied to a small internal
combustior. negine.

‘These tests were conducted in the Mechanical Engineering Laboratory
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using a Kohler engine. Care was taken to be certain that the gas sam-
ples used in obtaining values from the three different techniques were

taken simultaneously,

'

Table 5. Comparison of air-fuel ratio values obtained by three differ-
ent techniques. '

Sun 1120' '~ Orsat Measured air-fe;]
Run
values values _ values
1 14.0 15.4 ~ 12.7
2 13.8 - 14,6 12.6
3 12.8 12,8 10.7
4 13,3 14.4 11.4
5 14.1 15.3 12.8

"Air-fuel ratio values for five different runs using these three
techniques are shown in Table 5. For the five runs, the values obtained
by the three different techniques varied considerably. The same trends
did exist in the air-fuei ratio values obtained by the three diffefent
techniques, indicating a possible fixed error existing in one bf more
of the measuring techniqﬁes.

Examination of the NOx emiss;oﬁ results ineiceted a maximum NOx
emissioﬁ occurring at an air-fuel ratio of approximately 14 as measured
by the Suq 1120. The commonly accepted: air-fuel ratio.for maximum NO%'
emission is approximately 15. Based on this acceptable agreement be-
tween.meawured and theoretical air-fuel ratio for maximem_NOx emissions
and the need to cqncentrate‘on other parts of the study, it was decided

to use the air-fuel ratios as measured by the Sun 1120 as valid. For




this study, there was no other instrument available for conveniently
measuring air-fuel ratio in the field tests. -Furthermore, since the
machine had already been purchased and placed in use for approximately
four months before the above described calibration was carried out, it
was felt that changing the instrument would introduce more discrepan-

cies than continuing with the Sun 1120.

C. Oxides of Nitrogen

The main deviation from the test procedure stated in ASTM Designa-
tion D-1608 was that samples were collected in Tedlar bags in the field.
These samples were then returned to the Mechanical Engineering Depart-
meﬁt laboratory for analysis. The exhaust gas samples were then trans-
ferred froem the Tedlar bags to an evacuated flask for the analysis de-
scribed ir. ASTM D-1608.

On several occasions, duplicate runs were made to check on our pro-
cedure. On almost all of these duplicate runs, the second run was within
5% of the first, which was the expected repeatibility using this procedure

as applied to exhaust gases from automotive engines,

D. FEmission Results from the Test Fleet Vehicles

Statistical analysis of unburned hydrocarbons, carbon monoxide and
air-fuel ratio as obtained from the Sun emission testing apparatus was
performed by standard analysis of variance techniques (6-8). fhis
analysis included all test fleet data obtained between August 1971 and
June 1972, hereafter referred to as Test Fleet data.

Data before August was not used because the calibration procedure
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for the Sun emission tester was such that large fixed errors could and
likely did occur in the HC and CO measurements. Modification of the
calibration procedure in August to use reference gases minimized the
possibility of fixed error in the measurements, In addition, during
the months of March and May 1972, emission samples from the Test Fleet
were collacted in Tedlar bags for laboratory determination of hydro-
carbons and oxides of nitrogen by techniques previously described.
These data are hereafter referred to as Special Test Fleet data. Anal-
yvsis of variance was also performed on these data.

Initially, the Test Fleet data were analyzed according to the fol-

lowing statistical model:

Y3 iK1 =p+E o+ Sj + T, + (Fs)ij + (F’I)ik + (ST)jk
+ (FST)ijk + € fk1 1)
where
Vi1 = measured variable (HC, CO or A/F),
" ='£rue value of the variable being measured with no effect
due to any of the following treatments,
Fi = effect or treatment caused by the fuel,
Sj = effect or treatment caused by.the speed,
Tk = effect or treatment caused by the type of wvehicle,
(Fs)ij = interaction effecf of fuel and speed,
(FT)ik = interaction effect of fuel and type,
(S'.'_‘)jk = interaction effect of speed and type,
(FST]ijk = interaction effect.of fuel, speed and type,
Eijkl = measurement error and effect for which one cannot account

with the statistical model chosen.
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Results of this analysis are tabulated in the "analysis of variance"
table in the Appendix I.
Conc’lusions from Appendix I data are made by comparing the calcu-
lated F values to the critical F values. If F calculated is larger than
F critical, the effect is significant. The critical F values are obtained
from an F table at thebdesired confidence level. A 95% confidence level
was selected for these experiments in view of the number of data and the
.magnituae of the measurement error. A 957 confidence level means that
one would be stating conclusions with 957 probability or 20:1 odds of
having the correct conclusion., .Pertinent conclusions at the 95%rconfi-
dence level are:
1, Sﬁeed, type and fuel (in order of importance) all havg signifi- .
canf effects on both HC and CO emissions.
2, Speed and type are the only significant varizble affecting air-
fuel ratio (This agrees with what we know to be physically true).
3. There are significant speed-type and fuel-type interactions on

HC, CO and A/F.

i Since type is the one variable common to all main and interaction
effects, it is evident the data should be divided by type of vehicle to
avoid most of the interactions noted. Consequently, the data for each
vehicle type was separately analyzed according to the following stati-

stical model:

Vi = F3 F sj + (Fs)ij + €. (2)

ijk ijk’

The terms in this equation have the same meaning as previously described

for Eq. (L).
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The analyéis of variance tables for each vehicle type are included
in Appendix J. A summary of conclusions from these analysis of vari-
ances tables is included in Table 6 on the following page. Several "An-
alysis of covariance“ results are also included in this table.

The analysis of éovariance is an attempt to correct ;he measured
data or. to ascertain the effects of uncontrolled wvariables on the mea-
sured data. Such uncontrolled variables affecting the fleet data include
temperature, humidity, mileage (or aging of the vehicle), and air-fuel
ratio. Hours of engine operation were used instead of mileage for the
aging effect on tractors. Thesé variables used for fhe correction are
called covariant factors and the resulting analysis is called analysis

of covariance. 1In this case, the statistical model changes to

Yijkl = (analysis of variance terms previously listed) + Z8 X m
whéré the y's are the covariant factors and the B's are correction coef-
ficients.determined in the analysis of covariance procedure.

In Teble 6 each factor significantly affecting a measured variable
is listed in order of importance. Factors not significant at the 95%
confidence level are not listed. Included with each factor of imporfance
is a number signifying its relétive import;nce. This.number is the ratio
of f calculated to F critical, TIf this number is unity, it means the
faétor is signifiéant with 95% confidence (95% probability). Numbers
above unity correspond to confidence or significance above the 95% pro-
baBility. The relative effect’of'a covariant factor can be ascertained
by comparing these numbers between the analysis of variancé (ANOV) and

the analysis of covariance (ANCOV) tabulations.




of analysis of variance

Table 6. Summary and analysis of covariance for the Test Fleet vehicles.
Vehicle  Meésured ANOV ANCOV ANCOV ANCOV
type - | ‘variables (AJF, T, H, M) (T, H, M) (T, H)
All
vehicles . ' _ _
combined HC (NDIR) | S(36.3)»T(14.4)>F(2.1)
: SxT(4.9),FxT(2,5)
co T(42.2),8(17,0)F(2.3)
SxT(10,0)-FxT (g, 0)
(2.2)
A/F §(35.7):T(30.2)
SXT(9.8)’£XT(6.0)
Pickup HC (NDIR) |51 7y:FXS ¢ 4) 5(1.2)°T58.2) $2.3y°F(1.2)° 89,0y | 5 (2.2)° T (8.5)
co S48.2°F(1.6)°F8(1.7) | S(a1.6) 5(55.4) 18¢8.0y°F1.5)
A/F F(s5.3)°5(4.6) Not applicable F14.5)°5¢6.1) F(5.9)75(4.9)
Light duty| HC (NDIR) | 8 ), 2y:F (5 9y T8 1 3y | 3.7y F(1.0)"5(1.8) | S(15.0)" 518 S16.4)" % 6.8y’ T (1.3)
co $34.8)°F(5.9°™1.1) | S2.2) ' 5(38.8)" 7% (1.9) $34.6) F(8.6)" ™5 (1.0)
AlF S(61.8)’F(3.1) Not applicable 3(74.4) 5(68-1),3‘(3.0)
Heavy duty I'{C (NDIR) S(8.4) S(7.9) S(9,0) S(9.0)
o $i.2)°Fe2.7) Fa.5) Fis.4)°5(3.6) $3.2)’F(2.6)
A/F s(6_2),F(2.6«) Not applicable S(6.2),F(3.3) S(6.1),F(2'5)
Tractor | HC (NDIR) | 8 59 5):F (5 oy $(29.8)’F(4.5) 531.0)°(6.6) ‘
€0 Flo.2)°5¢1.1) - F6.8°5(5.3) ™% (2.0) |Fe9.2)°%1.2)' ™ (1.0)
A/F F(2.3) Not applicable F(2.6)’S(1;1)

9¢
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The corrections applied in the analysis of covariance technique
were generally not effective in reducing the error term an order of
magnitude relative to the data variation caused by other factors. Thus,
£he analysis of covariance tables are not presented in this report.
However, the results from these analysis of covariance tables are sum-
marized in Table 6 along with the analysis of variance for the compari-
son desired. Most conclusions are based on the analysis of wvariance
results since that analysis dealt with the actual measurements '‘as ob-
tained without corrections and is indicative of how the vehicles were
actually operating at ambient.conditions. The analysis of covariance
is useful in ascertaining the effects of items such as air-fuel ratio.

Conclusions from analysis of variance tabulations in Table 6 are:

1. Engine speed is the most important factor affecting HC, CO

and A/F measurements on all vehicles.

2. Type of fuel is significant for HC, CO and A/F on light-

dﬁty trucké and tractors.

3. Iype of fuel is significant for CO and A/F on pickups

snd heavy-duty trucks.

4. Tuel-speed interactions are significant in affecting HC

and CO on pickups and light-duty trucks.

The following-general items are noted by a comparison of analysis
of variance with analysis of covariance in Table 6.
1. 4Analysis using all covariant factors of éir-fuel ratio, temper-
axture, humidity and mileage yields essentially the same results
as the analysis of variance.

2. (ovarient analysis using temperature and humidity for the trac-
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tors could not be performed as these covariants didn't seem to
be statistically independent.
3. 7he covariant analysis using air-fuel ratio as a covariant fac-

tor decreases the effect of the differences in gasolines.

The specific differences in HC, CO, and A/F measurements and how
they are affected by speed and type of fuel are given by the average
values of data obtained during the course of this investigation. These
averages are listed in Tables 7, 8, and 9. The tabulation of Table 9
shows the emission of HC and CO to be generally lower at 2500 than at
idle regardless of the fuel type. From Tables 7 and 8 it is also appar-
enf that the effect of speed on emissions of HC and CO is more signifi-
cant than effects of fuel type.

Table 7. Fleet Vehicle averages of effect of fuel on emissions for both
idle and 2500 rpm. HC and CO by NDIR.

. No lead Lead
Vehicle type| HC (ppm) CO (%) A/F |HC (ppm) CO (%) A/F

Pickup 54,3 0.9 14.1 60.1 0.7 13.9
Light duty 147.8 2.1 13.8 78.1 1.4 14.0
Heavy Duty 161.8 1.6 13.9 | 184.6 2.5 13.6

Tractor 220.4 3.6 13.4 152.6 2.5 13,6
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for both leaded and nonleaded gasoline.

Idle 2500 RPM
Vehicle type | HC (ppm) CO (%) A/F HC {ppm) CO (%) A/F
Pickup 61.1 1.3 13.9 54.2 0.3 14.1
Light duty 158.7 2.4 13.6 56.2 0.9 14,2
Heavy duty 273.2° 2.8 13.5 80.8 1.8 13.9
Tractor 276.4 3.1 13.5 119.1 3.4 13.6
Table 9, Fleet Vehicle averages of effect of engine speed on emissions

for each fuel.

HC and CO by NDIR.

Table 8. Fleet Vehicle averages of effect of engine speed on emissions
HC and CO by NDIR.

Nonleaded fuel

Leaded fuel

: Idle 2500 rpm’ Idle _ 2500 rpm"
Vehicle HC CO A/F HC CoO A/F HC CO A/F HC co0O A/F

type (ppm) (%) (ppm) (%) (ppm) (%) (ppm) (%)
Pickup 68.5 1.3 14.0 40.2 0.4 14.2 55.5 1.2 13.9 64.7 0.2 14.0
Light duty 218.1 2.6 13.6 77.4 1.5 14,1 115,5 2.2 13.6 40.7 0.6 14.3
Heavy duty 243.6 2.2 13.6 80.0 1.0 14.1 :288.0 3.0 13.5 81.3 2.1 13.8
Tractor 306.6 3.6 13.4 134.1 3.6 13.5 216.1 2.1 13.6 89.1 2.8 13.7

Conclusions for the Test Fleet data where all vehicles are tested

at no load conditions are:

nifieantly lower for leaded gasoline than for nonleaded gasoline; (2)

(1) HC and CO emissions are in general sig-

air-fuel rtatio is highly important in affecting all emissions measured;

and (3) differences in air-fuel ratio among vehicles causes larger dif-
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ferences in measured emissions than differences in gasoline. Consequent-
1y, engine tune-up is probably the most important factor affecting emis-~
sioﬁs.

Data from Special Test Fleet are tabulated in Appendix K. The sum-
 mary of AIbV and ANCOV for this data which included 6xides of nitrogen
as NO2 and gas chromatograph énalysis of the hydrocarbon types in the
unburned tydrocarbons are included as Table 10. The tabulations of av-
erage valies from the measurements are in Tables 11 through 16, 1In these
tables HCI, HC2, HC3 and HCT represents, respectively, the fractions of
paraffins. aromatics and olefins and total unburned hydrocarbons obtained
from gas chr§matograph analysis of exhaust samples. The variables HC,

€O, NO, and A/F are the same as previously described.

2

Conclusions from the analysis of variance are:

1. HC3 portion of HCT depends on type of gasoline.

2. HC2 portion of HCT depends mainly on type of gasoline and
secondarily on engine speed (RPM).

3. HC1 portion of HCT depends mainly'on engine speed and se-
condarily on type of gasoline.

4, HCT depends primarily on engine speed for all wvehicles ex-

cept pickups and secondarily on fuel only in light duty

trucks.

5. Hmissions of HC, CO and NO,_ depend mainly on engine speed

2
for all vehicles.
6. 4/F is significantly affected by engine speed for all ve-

ticles, This item should show up statistically since it

;s physically true.




"Table 10. Summary of analysis of variance and analysis of covariance for the Special Test Fleet,

Measured ANCOV ANCOV ANCOV
Vehicle type | Variable ANOV (A/F, T, H, M) (T, H, M) (T, H)
All HCl 5(17.0)>F(6.3)>FxT(2,3) | = - -
hroh{rloe HC2 F(31.5)’s(8_1) . - - -
combined HC3 F(11.9):FXI(2,0) - - -
HCT(HD) S(12.1))T(4-2) ’ - - -
HC(NDIR) | S(10,8)T(1.7)>FXT(L.2)]| - - -
co 5(10.7)>T(7.4):FxXT(2,1) | - - -
NO2 5(19.8):T(2,5) - - -
A/F 5(16.0)2T¢4.8)>FxXT(1.8) | - - '
Pickup HC1 F(8.3) - - F(6.5)
HC2 F(4.7) - - F4.2):5(1.4)
HC3 - F(1,2)-FxS(1,2) F1.7)°Fx8(1.4) -
_HCT(FID) | - F(1,4),FXS(1.7% F(z.o),FXS(l.g% -
HC(NDIR) | - 8(5.3):F(2,0)>Fx8(1.3) | $(5.7)°F(2.2):F¥8(1.3) |~
Co - 5(5.7) S(21.8) S(21.7) S(5.3)
NOo 8(25.1) S§1.5) S(1.7) S(25.4)
" A/F S(z_o) Not applica})le - S(2_0)
Light duty HC1 5(5.6):F(2.9) 5(2.0) 8(1.7) 5(5.8)F(4.0)
: HC2 F(9.3):5(4.6) $(1.9) S(1.7) $(7.4):F4.8)
HC3 F(1.9§ F(3.1)>5(3.1) 5¢3.1):F(3.1) -
HCT(FID) | S(6.1),F(1.4) F(2.6)5(1.4 F(2.5):5(1.4) $6.6)'F(3.0)
HC(NDIR) | S5(3.8),F(1,7) $(9.6) . 5(9.7) S¢3.8):F(2.2)
co 8(9.4),F(2.5) §(12.0) 5(12.0) $(9.9)F(3.7)
NO2 5(16.9) S(11.7) : §(11.8) 5(16.6)
A/F S(13.0),F(2.1) Not applicable - 3(12.9)’F(1.7)
Heavy duty HC1 5(14.5) Fe3.1) F(1.2) 5(14.5)
HC2 F(4.0) F(3.0) F(1.2) F(4.8)
HC3 F(4.6) - - F6.6)
HCT(FID) | S(1.9) - - 5(2.1)
HC(NDIR) | S¢2.5) - - 5(2.3)
co - _ $(2.3):F(2.4):Fx8(2.7) |F(4.2):5¢2.6),Fx8(2.9) |-
NO2 §(9.0):F(3.4):Fx8(2.6) | . - F(9.1):5(2.5),FxS(2,7)
A/F $(1.8),F(1.8)-FxS(1.0) |Not applicable F(2.4) F(1.7):5(1.6)
Tractor HC1 5¢(7.0) F(5.7) Fe6.7) -
HC2 Fe11.2)-8(1.4) Fes.n F(6.7) -
HC3 F(9,2) 5(1.2) S¢1.0) -
_HCT(FID) | S¢4,3) $(3.4)>F(1.6) §(2.7),F(2.6) -
HC(NDIR) {5(10.9)>F(1.9) - - -
co Fr1.2) 5(¢2.5) 5¢2.6) -
NOZ 5(4_3) - - -
A/F $¢1.5) Not applicable - -

1€
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From the average values of test results in Tables 11 through 16,

the following items are apparent:

1'

£.Cl portion of HCT is lower at 2500 rpm than at idle regardless
of gasoline. HCl is higher for leaded gasoline than nonleaded
gasoline.

HC2 portion of HCT is higher at 2500 rpm than at idle regérd—
less of gasoline. HC2 is lower for leaded gasoline than non-
leaded gasoline. Thus, HC2 is opposite to the variation of
#Cl.

1iC3 portion of HCT is virtually no different at 2500 rpm than
nzt idle. HC3 is higher for‘leaded gasoline than nonleaded
gasoline.

HCT is higher at idle than at 2500 rpm regardless of fuel type.
No consistent difference exists in favor of leaded or nonleaded
gasoline,

Fmissions of ﬁC and CO are higher at idle fhan at 2500 rpm
while NO2 emission is lower at idle than at 2500 rpm. No con-
sistent differences exist in favor of leaded or nonleaded gas-

oline.




Table 11. Special Fleet Vehicles averages of effect of engine speed on emissions for each fuel.
! Nonleaded fuel Leaded fuel l
idle 2500 rpm Idle 2500 rpm
Vehicle type [HC1% HC2% HC3% HCT(ppm) HC1% HC2% HC3% HCT(ppm) | HC1% HC2% HC3% HCT(ppm) HCl% HC2% HC3% HCT(ppm)
Pickup 33.3 34.9 31.7 157.8 25.2 44.3 -30.5 84.8 42.9 22.3 34.8 243.1 43.5 24,3 32.1 106.8
Light duty 34,6 36.2 29.1 381.3 26.7 43.2 30.1 138.6 40,1 23.4 36.5 237.4 32.4 32.9 34.7 96.0
Heavy duty 40,6 33.1 26.4 533.5 28.0 43,1 28.8 176.5 41.5 17.9 40.5 446.0 29.9 21.9 48,1 277.1
Tractor 35.9 36.9 27.2 413.4 27.8 44,0 28.2 280,2 39.2 21.8 39.0 415.2 27.2 26,5 46.3 229.0
_ .
March and May data,
**uC1, HC2, HC3 and HCT by FID.
% v : :
Table 12. Special Fleet Vehicle averages of effect of engine speed on emissions for each fuel.
Nonleaded fuel Leaded fuel
Idle 2500 rpm Idle 2500 rpm
HC™™ CO(%) NO, A/F  HC** (CO(%) NO2 A/F | HC™ CO(%) NOoz A/F HC** CO(%) NO2 A/F
Vehicle type | (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
Pickup 63.3 1.7 28.5 13.9 36.7 0.5 117.7 14.1]| 145.0 1.8 22.5 13.8 74.0 0.2 144.2 14.1
Light duty 224.4 3.2 24.4 13.6 89.1 1.8 123.9 14.0] 126.3 2.6 18.0 13.7 39.4 0.7 104.1 14.4
Heavy duty 191.2 2.8 16.5 13.5 86.2 1.3 163.5 14.1] 239.,2 3.7 10.0 13.4 91.1 3.3 53.5 13.5
Tractor 276.6 3.8 36.9 13.5 128.4 3.4 232.5 13.6( 213.7 2,9 38,5 13.5 71.2 2.6 255.6 13.8

*
March and May data.

**HC by NDIR.

€€
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Table 13. Fle :t* Vehicle averages** effect of fuel on emissions for both idle
and 2500 rpm.

) Nonleaded fuel Leaded fuel
Vehicle typej :C1(%) HC2(%) HC3(%) HCT(ppm) HC1(%) HC2(%) HC3(%) HCT(ppm)

‘ Pickup 29.2 39.6 31.1 121.3 43,2 23.3 33.4 174.9
Light duty 30.7 39.7 29.6 260.0 36.3 28,1 35.6  166.7
Heavy duty 34.3 38.1 27.6 355.0 35.7 19.9 44,3 361.6
Tractor 31.8 40.4 27.7 346.8 33.2 24,2 42,6 322.1

*
March and Mav Data.

Tk
"™HCl, HC2, HCS and HCT by FID.

%* F%
Table 14, Fle:t Vehicle averages effect of engine speed on emissions for both
lea led and nonleaded gasoline.

Idle 2500 rpm-,
Vehicle type| [Cl(%) HC2(%) HC3(%) HCT(ppm) HC1(%) HC2(%) HC3(%) HCT(ppm

Pickup 39.3 27.0 33.6 211.1 36.7 31.8 31.5 98.6

Light duty 38.0  28.3  33.7  292.2 30.2  36.8  33.0  112,2
Heavy duty 41.2  22.9  35.8  475.2 29.3  29.0  41.7  243.6
Tractor | 37.0  31.9  31.1  414.0 27.6  38.1  34.3  263.1

*
March and May data.

ek
HC1l, HC2, HC3 and HCT by FID.
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%
Fle-t Vehicle averages of effect of fuel on emissions for both

id1l. and 2500 rpm.
) Nonleéded fuel Leaded fuel
Vehicle type| 4C™ (ppm) CO(%) N02(ppm) A/F HC™” (ppm) CO(%) NOz(ppm) A/F
Pickup 50,0 1.1 73.1 14.0 109.5 1.0 83.3 13.9
Light duty 156.7 2.5 74.2 13.8 82.9 1.6 61.0 14.0
Heavy duty 138.8 2.1 90.0 13.8 165.2 3.5 31.7 13.5
Tractor 202.5 3.6 134.7 13.6 142.5 2.7 147.1 13.7

KMarch and May data.

3
HC by NDIR.

Table 16.

both leaded and nonleaded gasoline.

Fleet Vehicle averages of effect of engine speed on emissions for

255.6

3.1

Idle 2500 rpm
Vehicle type| FC™*(ppm) CO(%) NO,, (ppm) A/F HC™™ (ppm) CO(%) NOz(ppm) A/F
Pickup 114.4 1.7 24,7 13.9 60.0 0.4 134.2 14.1
Light duty 163.7 2.8 20.4 13.7 58.3 1.1 111.7 14.2
Heavy duty 223.2 3.4 12,2 13.4 89.5 2.6 -90,2 13.7
Tractor 3.5 37, 13.5 |  109.4 260.2  13.7

*
March and May data.

£33
HC by NDIR.




', Fmission Results from the Matched Pair Vehicles

For “he matched pairs, each vehicle type was analyzed both by anal-
ysis of variance (ANOV) and analysis of covariance (ANCOV). In this
case the measured variables were unburned hydrocarbons (HC), carbon mon-
)oxide (CO) and oxides of nitrogen measured as NOZ' The éovariant factors
used were temperature, humidity, barometric pressure and éir-fuel ratio.
Mileage was not used as a covariant factor since the vehicles were mat-
ched both on the basis of make (Dodge, Chevrolet, etc.) and mileage (age).

The ANOV :nd ANCOV models are respectively given as:

: yijkl = @+ Pi + Fj + Lk + (FL)J.k + eijkl &)
Yiger = BT P+ E - L + (FL g + 28X + & 411 )
where
yijkl = meééured variable (HC, CO or N02, for ex;mple)
w = true value of the variable being measured with no effect
due to any of the following factors
Pi = effect caused by differences in vehicle pairs
Fj ; effect caused by differgnces in fuels
Lk = effect caused by differences in loads
(FL)jk.= interaction effect of fuel and load
Xn; = covarienat féctors (Temperature, humidity, barometer and
air-fuel ratio)
Sm = correction coefficient_determined by analysis of co-
variant procedure.
€, = measurement error and effect for which one cannot gccount

with. the statistical model
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Anal rsis of variance tables for the matched pair vehicles are in-

cluded in Appendix L. From this appendix tabulations of factors causing

significant variation in the measured data are presented in Table 17,

Both the ANOV and ANCOV results are summarized for comparison purposes

in the tatle. This table is arranged in the same manner as previously

described in the section involving Test Fleet Vehicles. Conclusions

from the

1.

enalysis of variance are:

Load is the most important factor affecting HC, CO and NO2
smissions measured on the matched pair vehicles.

‘or a given type of vehicle (pickup, light duty, or heavy
uty), the differences among pairs (Dodge, Chevrolet, etc.)
ire important but less significant than load in affecting
HC and CO emissions.

Lifferences in pairs was only signifiqant in affecting NO2
emissions on the light-duty vehicles.

Differences between leaded and nonleaded gasoline were sig-

a1ificant in affecting HC emissions from pickups and heavy-

luty trucks and CO emission from light-duty trucks.



Table 17. Summary of analysis of variance and analysis of covariance for the matched pair vehicles.

ANCOV

Measured ANOV ANCOV ANCOV ANCOV ANCOV
Vehicle type | variable ' (A/F, T, H, M) | (A/F, T, H) (T, H) (A/F, T) (A/F)
Pickup HC(NDIR) | Lg 5ysF (1, 9y Pyl | Ba.n L6.6)'F(1.0) Pa.4) Fa.6)

co L20.2)°F(1.3) L(1.8) Loy L20.5)°F(1.4) L(1.9) La.6)

N0 ey P2.1) P1.2) Le3.9) - -
Light duty | HCQNDIR) | P g 5ysL(g 4y Panayte.n | T2 ka3 | Y9.7)°F .9 (5.6) Pes.7)

co L10.7)°F3.6)°F(1.6) | F(2.4) F(1.9) Lao.ey' 2.1y F.s) | Fe2.0) L(1.2)

No, Le2.7y°F(1.8) L2.9y'P2.4) |T3.2)'F2.8) |Lw.1)°F.8) Po.1y°ri3.3) | 5.9t iG.n
Heavy duty | HC(NDIR) | L (19 3):F(1,9)°F(1.6) | (3.6) L3.9)°F2.3) | Lao.2)' P9y Fan [Lw.0Fa.2) | X2 F L)

co Ls.5)°F 1. L3.1) L34y P21 [ L9.4)°F(1.9) Ls.a) L4.6)°%(1.6)

N0, - P1.3) La.2yPa.n |- - -

8¢
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The specific differences in HC, CO and NO2 measurements and how
they are zffected by load, vehicle type, and fuel are given by average
values lizted in Tables 18 through 23. The tabulations of Tables 18
and 19 show that HC and CO emissions are affected by load for all ve-
hicle typrs for both fuels. HC and CO first decrease‘consiétently from
full load to about 1/3 load, then increase from 1/3 load to minimum
load. Th. NO2 emissions are reversed from this; that is, the NO

sions inc "ease from full load to about 1/3 load, then decrease from 1/3

2.emis-

to minimu: load.



Table 18, Matched Vehicle averages of effect of load on emissions for nonleaded fuel at 2500 rpm,

Vehicle type

Nonleaded fuel

Tull load

2/3 Load

1/3 Load

Minimum load

HC™ (ppm) CO(%) NO,, (ppm)

HC* (ppm) CO(%) NO, (ppm)

HC* (ppm) CO(%) NO,, (ppm)

HC™ (ppm)  CO(%) NO,, (ppm)

|
|
|
Pickup

102.5 5.4 806.5 56.9 1.7 1499.6 31.9 0.9 1369.1 - - -
Light duty 91.2 5.0 726.8 51.9 1.5 1336.5 43.8 1.7 930.1 53.1 2.4 415.9
Heavy duty 125.0 5.8 680.8 57.5 1.1 1704.5 51.3 . 1.1 1663.3 62.5 1.3 1169.5
L
} "HC by NDIR.
Table 19. Matched Vehicle averages of effort of load on emissions for leaded fuel at 2500 rpm. PN

Leaded fuel

Full load 2/3 Load 1/3 Load Minimum load
Vehicle type [HC”™(ppm) CO(%) NOz(ppm) HC* (ppm) CO(%) N02(ppm) HC* (ppm) CO(%) NOz(ppm) HC*(ppm) CO(%) NOz(ppm)
Pickup 133.8 6.3 392.6 76.2 1.7 1155.6 52.5 0.9 1716.0 - - -
Light duty 103.8 4.7 731.4 46.9 0.7 1412.,1 45.0 0.8 916.0 50,6 1.0 648.9
Heavy duty 160.0 4.4 816.3 60.0 2.0 1460.,0 71.3 1.3 2006.,0 85,0 2.0 1529.5

" “HC by WDIR.
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Table 20, Matched Vehicle averages of effect of fuel on emissions for
all loads (January and April data combined).

Nonleaded fuel Leaded fuel
Vehicle type HC(ppm) Cco(%) NOz(ppm) HC (ppm) CO(%) N02(ppm)
Pickup 63.8 2.66 1225.1 87.5 2.94 1088.1
Light~duty: 60,0 2,63 852.3 61.6 1.80 927.1
Heavy duty 74.1 2.30 1304.5 94.1 2.42 1452.9

Table 21. Matched Vehicle averages of effect of fuel on emissions for
all loads (January data).

: Nonleaded fuel Leaded fuel
Vehicle type HC (ppm) CO(%) NOz(ppm) HC (ppm) CO(%) NOz(ppm)
Pickup 53.8 2.42 1043.0 73.8 2,73 876.1
Light dﬁty 55.9 2.39 1142.,7 53,4 1.76 1198.1
Heavy duty 67.5 2,38 1261.8 93.1 2.65 ~1487.8
. : * A
‘Table 22. Matched Vehicle averages of effect of fuel on emissions for
all loads (April data). '
: , Nonleaded fuel Leaded fuel
Vehicle type HC(ppm) Cco(%) N02(ppm) HC(ppm) Co(%) NOé(ppm)
Pickup ° 2 73.8 2.91 1407.2 101.2 3.14 '1216.8
Light duty 64,1 2.88 561.9 69.7 1.84 656.1
Heavy duty 80.6 - 2.22° 1347.2 95,0 2.19 1418.1

* : ~ :
Matched vehic e averages in the above tables are for loads of full, 2/3, 1/3 and
minimum (exce »t for pickups) at 2500 rpm HCT by FID, HC by NDIR. '




Table 23.

Y.

Matched Vehicle averages

42

of effect of fuel on types of hy-

drocarbons in unburned hydrocarbon at all loads (gas chroma-
tograph analysis of unburned hydrocarbons for April data).

Nonleaded fuel Leaded fuel
Vehicle type | HC1(%) HC2(%) HC3(%) HCT(ppm) | HC1(%) HC2(%) HC3(%) HCT(ppm)
Pickup 26.1 29.3 44,6 194.3 30.0 25.7 44.3 276.8
Light duty 29.7 43.8 26.9 164.9 28.1 42.1 29,8 176.8
Heavy duty 26.0 19.3 54.7 194.6 29.9 15.0 55.1 226.2

*
Matched vehic.e averages in the above tables are

for loads of full, 2/3, 1

minimum (except for pickups) at 2500 rpm, HCT by FID, HC by NDIR.

/3 and




43

The ¢ffect of fuel yields significantly higher HC emissions with
leaded fucl for pickups and heavy-duty trucks as well as higher CO em-
issions for light-duty trucks. There is no significant effect of fuél
on HC emissions from light-duty trucks, and no significant effect of
fuel on CO emissions from piékups and heavy-duty trucks. The oxides

of nitrogen expressed as NO, are not affected by fuel.

2

Note from Table 17 that analysis of covariance yields no signifi-
cant effects due to differences in fuel when air-fuel ratio is included
as one of the covariant factors. This'result seems to indicate that if
all vehicle engines could be operated at an identical air-fuel ratio,
the gasoline type would have no effect on any of the measured emissionms.
However, differences in load, (Full, 2/3, 1/3) and matched pairs (Dodge,
Chevrolet, etc.) woﬁld still significantly affect the HC, CO and NO2
emissions.

During the month of April additional testing and analysis was per- .
formed on the matched pair vehicles such that hydrocarbon type in the
unburned hydrocarbons could be asqertained. The analysis of wvariance
table for this data is included as Appendix M and the ANOV and ANCOV
results are given in Table 24. Conclusions from this table are:

1. HCl portions of HCT is significantly affeéted primarily

by changes in load and secondarily by differences among
matched pairs of véhicles.

2. HC2 portion of HCT is mainly gffected by differences among

matéhed pairs of vehicles and secondarily by load. Fuel
+s of importance only for pickups. Recall that fuel sig-

nificantly affected this portion of HCT in the Test Fleet

“Jehicles.
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3. 7C3 portion of HCT is mainly affected by differences among
matched pairs of vehicles and secondarily by load.
4. ECT is mainly affected by load and secondarily by differ-
ences in matched pairs of vehicles.
5. HBC and CO are mainly affected by load. Differences in
? matched pairs are importaﬁt only for light-duty trucks.
‘ ifferences caused by fuel are not significant.
6. .40, is mainly affected by differences in matched pairs

2

.nd secondarily by load.



Tatle 24, Summary of analysis of variances and analysis of covariance from the matched pair data
: : for April.
Measured . ANOV l ANCOV ANCOV ANCOV ANCOV l
venlcie vype | variable i (A/F, T, H) (A/F, T) (I, i) \A/F)
Pickup HC1 2.7 Pea.5 - - L2.3) Pa.3)
He2 Pe19.5y Fe1.6)L(1.4)| F(19.7) P 20.5) Pa6.5°L1.3) P23.3)F(1.3)
He3 Fiar.2y’ka.e) F23.1) P(23.6) P(a4.8)" (1.5) ?(29.0)
HCT(FID)|L 5 o ' P44y F(1.7) 2.5 F6.1) | 4.2y’ (2.4) P(1.6)
HC(NDIR) Loy "o P 3.3y F2.1) Py T | tean feay Tae | Py
o Les. 5y - - L 4.6y -
N0, 1.9y k(1.4 i - L1y Pla.1)
Lighc duty | HCl L(3.1)°(1.1) - - Lis.8) -
HC2 L2.3)y'F(1.9) Fa.9y°F1.7) F1.3yFa.0) [ L2.4) Fip
HC3 - - : Fa.9Pa.y [Py Fa.s)
HCT(FID) P g 9y115.7) P19.5y° Fas.sy L7y ey | Bs.9°F(.3) | L2.8)'F2.6) P5.00°F(1.2)
HC(DIRY 1157y 2(7.0) |F2.9°F 0.1 ™ (1.5) .6 @) | Y68 0.4 .0 | FE0 e
co L2.8)°F (2.0 - - LaayFe.nFa.e |-
O, 4.9y (1.4) L. P3.2)’L1.0) | L1.5) Ps.3)°E1.1)
Heawv duty HC1 L(3.2)’P(2.4)’F(1.6) FXL(1'3) - L(2.7) P(1-6)
HC2 - - - - -
HC3 P(6.9)" (2.1) - P1.6) L3.2) P6.5)
HCT(FID) |L 4 3y La.gy Ly Fale) |- Loy
HC(NDIR) L, gy PanyTaayta.y™an |- - -
co Ly 2y - . - -
NO, - - . - .

oY



From Table 23, no consistent numerical differences in HC1, HC2,

HC3, HCT o»r NO, are observed to be caused by differences in gasoline.

2
However, {C is higher under load for the leaded gasoline as compared
to nonleaded gasoline. Tables 18 and 19 reveal this effect to occur
mainly unéer full load condition. At lower loads HC emissions are
lower and the differences between leaded and nonleaded gasoline are
much smaller. No consistent trend was poted for CO emission in terms -
of gasolire differences. However, it must be noted that even with
these differences in averages of the measured emissions, they

are not statistically significant at the 957 confidence level.

Thus, difference in gasoline is not generally important in causing the
differences in measured emissions, Items such as differences in air-

fuel ratio and, therefore, engine tune-up are far more effective than

gasoline in causing significantly different emissions among wvehicles.

F. Miscellaneous Results

1. Gasoline Analysis

Resuits of gasoline distillation tests on both leaded and nonleaded
gasoline samples are shown in Table 25. The values tabulated for a giv-
en month are averages from several samples taken during the month and
include several locations. Also shown in this table are API gravity
values.,

Tablg 26 tabulates typical API gravity values and gasoline disfil-

lation ds:a for gasoline shipped to Des Moines, Iowa, the source of the

gasoline for the test locations.
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Table 25. Average distillation data from fuel samples provided by the
Iowa State Highway Commission.
D-86 - Distillation - % Evaporated

Leaded fuel® Nonleaded fuel™™

Date API Grav IBP 10 50 90 EP API Grav IBP 10 50 90 EP.
at 60 O°F (Values in °F) at 60 OF (Values in OF)

Nov. 1971 63;1 94 122 196 309 359 57.9 102 128 215 316 365
Jan., 1972 61,8 103 123 205 327 373 60.0 97 120 213 321 364
Mar, 1972 6.3 98 122 199 314 362 60.6 96 124 211 316 359

*
Des Moines, Boone, and Marshalltown locations.

R .

*k
Grundy Center and Sac City locatioms.

Table 26. Typical inspection of gasoline shipped to Des Moines; data
' furnished by American 0il Co.
D-86 ~ Distillation - % Evaporated
Leaded gasoline samples (Am. Reg.) Nonleaded Gas samples (AMOCO-R)
Date APT Grav IBP 10 50 90 EP API Grav 1IBP 10 50 90 EP
at 0 O9F (Values in OF) at 60 °F (Values in °F)
|July 1971 59,8 97 124 207 316 378 57.5 92 126 219 315 385
Aug. 1971 59.9 96 125 209 327 393 57.1 98 124 218 321 396
Sep. 1971 | 59.2 93 120 218 334 391 - - - - -
Oct. 1971 | 64.8 94 113 198 305 368 - - - - -
Nov. 1971 62.8 - - - - - 60.9 83 102 212 318 380
Dec. 1971 | 62.0  83% 114% 206 309% 380" 60.3 90 119% 209" 307* 387%
Jan. 1972 6.8 - - - - - 60.6 - - - - -
Feb., 1972 | 62.0  93% 122% 197% 201% 373 60.6  86* 119% 207" 301* 378%
Mar. 1972 6::.9 - - - - - 63.1 - - - - -

*

Averages for :hree months.
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Exam:nation of Tables 25 and 26 shows only minor differences be-

 tween dat.. from field samples and data furnished by American 0il Com-

pany. The main difference is that the field samples had a higher ini-
tial boiling point (IBP) temperature.

Results from gasoline samples analyzed on the gas chromatograph
for fraction of saturates, aromatics and olefins are shown in Table
27. These tabulated results are from samples taken at the various test
locations, and are selected to cover as long a period of time as pos-
sible. Reid vapor pressure and API gravity-values are also shown.

A typical analysis of gasoline shipped to Des Moines, Iowa, is
shown in Table 28.

The following conclusions are based on the data tabulated in Tables
27 and 28;

1. The percentage of aromatics in the nonleaded gasoline sam-
ples is considerably above that for leaded samples. The
ratio of aromatics in nonleaded to leaded is 1.45 for the
Zield samples and 1.2 for values supplied by an American
()11 Company representative,

2, Field sample results for both leaded and nonleaded gaso-
line samples appear to be reversed from that suppliéd by
American Oil Company. No apparent reason exists for thié‘

result,

3. TReid vapor pressures for the leaded field samples were
slightly below those supplied by the American 0il Company
:epresentative (possibly some of the light constitutents

were lost prior to our tests). The Reid vapor pressures




for the nonleaded field samples lagged the montﬁly values
supplied by American 0Oil Company by several months. Field
ralues remained below 10 through November while the sup-
plied values were on the order of 12.5 after October. This
indicates a lag between winter gasoline being delivered to
Jes Moines and when it actually reaches the field pointé,

-hereby leading to hard starting during the winter.
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Table 27. Average hydrocarbon type, Reid vapor pressure and API values
from fuel samples provided by the Iowa State Highway Commis-
sion.

Hydrocarbon Type Reid wvapor
Location Date of Percent  Percent  Percent pressure API
sample paraffins olefins aromaties (psi) at 60 °f
Leaded gasoline samples
Des Moines 11-4-71 66.0 26,5 7.5 10.00 64.0
Ames (Williams) 11-17-71 65.8 24.6 9.6 10.55 63.6
Des Moines 11-30-71 62.7 20.0 17.3 11.25 62.2
Ames (Williams) 12-30-71 63.9 21.3 14.9 11.90 62.5
Des Moines 1-11-72 64.9 20.3 14.8 11.95 62.9
Boone 1-20-72 63.1 22.4 14.5 9.70 60.8
Des Moines 2-14-72 66.1 19.2 14.6 11.60 62.4
Des Moines 3-6-72 67.1 20.2 12,7 11.35 63.2
Boone - 3-16-72 66.6 20.3 13.1 10.70 61.6
Des Moines 4-5-72 68.0 19.8 12,2 11,10 64.2
Boone 4-25-72 66.5 20.3 13,2 10.20 61.6
Des Moines 5-8-72 69.4 19.1 11.5 11.55 64.3
Average of all samples _65.85 21.17 12.99
Nonleaded gasoline samples
Sac City 10-22-71 51.0 30.9 18.1 7.35 58.3
Grundy Center 11-9-71 53.9 23.3 22.8 8.90 58.1
Grundy Center 11-30-71 56.5 23.9 19.6 8.80 57.7
Grundy Center 12-27-71 59.1 21.9 19.0 10.70 59.5
Grundy Center 1-2-72 60,0 22.0 17.9 . ‘11,45 60.2
Sac City 1-31-72 58.2 22.9 18.9 11.15 60.0
Grundy Center 2-23-72 59.3 22.4 18.3 11.30 60.4
Grundy Center 3-1-72 59.6 22.5 17.9 12,60 60.4
Grundy Center 3-22-72 63.1 20.8 16.1 11.90 60.8
Grundy Center 4-24-72 58.0 22.1 19.9 11.35 60.7
57.87 23.27 18.35

Average o: all samples




Table 28,

Typical hydrocarbon type, Reid vapor pressure and API gravity
values of gasoline shipped to Des Moines; data furnished by

American

0il Company.

i

Hydrocarbon type

Reid wvapor

Date Percent Percent Percent pressure APT
saturates olefins aromatics (psi) at 60 O
Leaded Gasoline Samples (American Regular)
July 1971 56 16 28 9.2 59.8
Aug. 1971 56 18 26 9.3 59.9
Sep. 1971 54 16 26 9.8 59.2
Oct. 1971 64 22 14 10.6 64.8
Nov. 1971 64 17 19 11.9 62.8
Dec. 1971 64 15 21 12.7 62.0
Jan, 1972 65 15 20 12.9 62.8
Feb. 1972 64 14 22 11.8 62.0
Mar. 1972 67 12 21 11.1 62.9
Nonleaded gasoline samples (AMOCO-R)

July 1971 42 24 34 9.1 57.5
Aug. 1971 46 20 34 9.4 57.1
Sep. 1971 - - - - -
Oct., 1971 - - - - -
Nov. 1971 53 21 26 12.5 60.9
Dec. 1971 53 21 26 12.4 60.3
Jan. 1972 537 21% 26 12,2 60.6
Feb. 1972 53" 21% 26™ 10.5 60.6
Mar. 1972 53% 21% 26™ 10.5 63.1
"Estimated

109A STATE H:GHWAY COMAISSIN

LIBRARY
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2. Vehicle Maintenance

Main :enance data supplied by Iowa State Highway Commission for the
vehicles involved in this experiment are shown in Appendix F.

At the outset of this study, it was recognized that a period of one
year would be insufficient time for any statistically significant differ-
ences in maintenance costs to be detected. Thus, the mechanical condi-
tion of the engines was not established by an engine disassembly either
at the beginning or end of the test period due to the prohibitive time
and labor requirement for the large number of vehicles involved. Fur-
thermore, the completeness of the data is questionable since the main-

. tenance records for some vehicles indicate no routine maintenance items
such as changes of spark plugs, ete. After considering the foregoing
facts it was decided that any attempt to quantify any differences be-
tween lead and nonlead fueled vehicles on a cost basis would be incon-
clusive and possibly misleading.

Tabl:: 29 summarizes the comparative incidence of some maintenance
items which are possibly fuel related. No significant differences ap-
pear excent in the number of carburetor replacements and engine replace-
ments of the nonleaded light-duty vehicles. Caution should be exercised
in readins; too much into this information dut to the previously discussed

factors.




Table 29. Summary of maintenance performed on test fleet vehicles.

Mainienance items
that are possibly

fuel related Pickup Light duty Heavy duty
3

NL L NL L NL L
Tuneups (replace '
sparl: plugs, etc.) 5 8 10 26 2 5
Valves ground 1 0 0 0 0 0
Carb, replaced or
cleaned 1 0 5 1 2 2
Engine replaced 0 O 5 0 0 1

*NL = nonleaded and L = leaded,

The replacement of engines in the nonleaded, light-duty vehicles
is not deemed to be attributable to the fuel. Other factors such as
engine mileage are thought to be‘the major factors. Examination of thé
engines which were replaced did not reveal any evidence of the primary

cause of failure to be fuel related.

3. Fuel Economy

Fuel and 0oil consumption data furnished by Iowa State Highway Com-
mission i3 tabulated in Appendix G. This data has been separated by
fuel type (leaded and nonleaded) and by vehicle type (pickup, light-duty,
etc.). Kiown data on individual vehicles are tabulated along with an
average vilue for all vehicles of a certain type and fuel. As can be
seen by e:amination of the data inVAppendix G, considerable data ﬁgs
not avail ible, especially on leaded vehicies.

Tabl : 30 summarizes the fuel consumption for the Test Fleet vehi-

cles. Nc significant difference is apparant.



Table 30. Comparison of fuel consumption for Test Fleet vehicles.

Vehicle type Nonleaded Leaded
Pickup (miles/gallon) 11.43 11.11
Light duty (miles/gallon) 5.85 5.93
Heavy duty (miles/gallon) 2.69 2.98
Tractor (hours/gallon) 0.64 0.69

An irregularity was noticed on the records in that unusually large
quantities of gasoline where added to some of the vehicles on December
31, 1971, when said vehicles were not being used and personnel were on

vacation.

4L, TFiltration of Crankcase 0il

Testing for contamination of used crankcase oil was performed in
accordance with "The Standard Method of Test for Insoluble Contamination
of Hydraulic Fluids by Gravimetric Analysis," ASTM Designation F313-70.

Becau se of the similarities between crankcase oil and hydraulic
fluids, ttis test specification was applicable‘for dtermining contami-:‘
nants in vsed crankcase oil.

Accoxﬂing to ASTM Designation F313-70, the insoluble contamination
is deterﬁi1ed by passing a given quantity of a fluid sample through a
membrane filter disk of 0.4 to 0.8 micron pore size and measuring the

resultant increase in the weight of the filter. The fluid sample is

.drawn thrcagh the filter by a vacuum and the insoluble contamination
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is collect:.d on the surface of the filter. 1In addition, the filter is
microscopi: ally scanned fér excessively large particles, fibers or other
unusual co ditions.

It wa . discovered that there were distinct differences between the
physical p ‘operties of used crankcase o0il and hydraulic fluids. First,
there is a fraction of used crankcase oil that consists of water. The
actual volumetric per cent composed of water depends upon operating con-
ditions to which the crankcase o0il has been subjected as well as the
type of crankcase oil. For example, detergent oil has a much higher af-
finity for water than nondetergent oil. Thus, used crankcase detergent
0il would be expected to have a higher volumetric per cent water than
the-used crankcase nondetergent oil.

Filtration of used crankcase oil containing water is very difficult
because the electrokinetic flow-restriction phenomenon occurs with any
polar molecule such as the water molecﬁle. Thus, water must be removed
if filtering is to be accomplished. It was removed from each sample
tested by heating used crankcase oil above the boiling temperature of
water for a period of time sufficient to allow vaporization of nearly
all the water.

The second problem is the difference between volumetric per cent
of the particulate matter in used crankcase oil compared to hydraulic
fluids. The ASTM Test F313-70 suggests a test sample size of 100 ml
of hydraulic fluid to insure measureable results. In test samples it
was discov:red that one-to-ten milliliters of used crankcase 0il con-
tained sui ficient contaminant to.clog the pores of the membrane filter.

Dilutions 2f used crankcase o0il with commercial hexane, commercial ben-
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zane, acetone, isopropyl alcohol and gasoline in ratios up to 15 parts
solvent to 1 part crankcase oil were attempted. The optimal mixture
was determined to be about 10 parts commercial hexane to 1 part crank-
case oil. Agitating the mixture of hexane and oil during filtration
yvielded a slow but workable process.

Data from the o0il residue tests are shown in Appendix M. Table 31
summarizes a comparison between average crankcase oil residue for vehi-
cles operating on leaded and nonleaded gasoline. Table 32 tabulates
the analysis of variance values for this data. Based on the results
tabulated in Tables 31 and 32, the type of gasoline.had no statistically
significant effect on the amount of residue in the crankcase oil. Al-
though considerable differences in the mean values did exist, large var-
iations ir the data for each vehicle type, regardless of gasoline, ren-
dered these differences in mean values to be unimportant. Also, in.some
cases, as noted by an asterisk on items in Appendix M, it ﬁas necessary
to estimate mileage between oil changes before the amount of particulate

in the o0il could be compared on a consistent (milligrams per mile) basis.




Table 31.

Average crankcase 0il residue per vehicle type (values in mil- .
ligrams per mile). !

Vehicle type Nonleaded fuel leaded fuel]

Pickup 8.10 "5.46 ,
Light duty 12.83 16.00
Heavy duty ' 7.25 10.67

Table 32. Analysis of variance table™ for crénkcase 0oil residues.
Vehicle type Source of{ Sum of |Degrees of F - F
variation} squares freedom calculated critical i
: (95% confidence level |
|
Pickup Pairs 2.451E 1 3 1.95 9.28 i
Fuel 1.397E 1 1 3.32 10.13 !
Error. 1.261E 1 3 - - ‘
Light .duty Pairs 1.374E 3 7 0.75 3.79 J
Fuel 4.017E 1 1 0.15 5.59
Error 1.888E 3 7 - -
Heavy duty Pairs 3,838 1 1 19.44 161.45 1
Fuel 1.166E 1 1 5.91 161.45
Error 1.974E O I - -

wte

“Statistical model: Y = P(I) + F(J) + E(IJ). :
Y = Residue in mg per mile. E
P(I) = effect due to differences in ﬁairs of vehicles. |
F(J) = effect due to differences in fuel.
E(1J) = measurement error and additional effect for

Note:

which the statistical model does not account.

the nuners above, e.g., 2.451E 1, represent 2.451 X 107,

1
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V., CONCLUSIONS AND RECOMMENDATIONS

A. Conclusions

The following conclusions are bgsed on the objectives of this study
and in direct relation to the detailed results presented in the previous
sectionm,

1. Some statistically significant differences between leaded

and nonleaded gasoline were apparent:
a. Conclusions for the Test Fleet data where all vehicles
are tested at no-load conditions are:
i, HC and CO emissions are in general significantly
lower for leaded gasoline than nonleaded gasoline.
ii. Air-fuel ratio is highly important in affecting
all emissions measured.

iii. Differences in air-fuel ratio among vehicles
causes larger differences in measured emissions
than differences.in gasoline. Consequently, en-
gine adjustment (tune-up) is probably the most
importanf factor affecting emissions.

b. Conclusions for the Matched Pair data where the ve-
hicles were tested on a chassis dynameter are:
i. The effect of fuel yiélds significantly higher
HC emissions with leaded fuel for pickups and
heavy-duty trucks as well as higher CO émissibns
with light-duty trucks.

ii;‘:There is no significant effect of fuel on HC em-




issions from light-duty trucks and no significant

effect of fuel on CO emissions from pickups and

heavy-duty trucks.

[
pein
He

Oxides of nitrogen expressed as NO2 are not af-
fected by fuel.

iv. The fuel effect on Matched Pair emissions was
greatest at full load with the emissions than de-
creasing both in magnitude and difference due to
fuel as load is reduced.

No significant differences weré observed in either main-
tenance costs or fuel consumption during the course of
this study. Furthermore, there were no differences that
wa2re statistically significant on the oil residue compari-
£on.

(alibration of the Sun EET 910 with certified gases was
found to be essential before valid measurements could be
accomplished. It was determined that the uncertainty of
the HC emission measurements was at least + 10% when emis-
sions were below 200 ppm.

The effects of humidity or temperature on the measurements

were less than the uncertainty of the Sun EET 910.

Fecord keeping was incomplete on maintenance items, and

. {1el and oil consumption data. Even though additional

cata was requested several times. it was never supplied.

T1is made it necessary to draw conclusions relative to

{f1e above topics with a smaller amount of data than de-




Based

previous s:

1.

o}

Ve

a

A

F
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:red. However, the authors believe the conclusions drawn

om the abbreviated data are valid.

B. Recommendations

on the objectives of this study and the conclusions of the
ction the following recoﬁmendations are made:
ntinue use of.leaded fuel in vehicles for which our test
hicles are representative because:
No significant reduction in emissions would occur with
use of nonleaded gasoline in view of the duty cycle
of the vehicles.
No emission control equipment exists on the test ve-
hicles which the lead in the gasoline would render
inoperative.
No differences in short term maintenance costs or fuel
consumption were apparent. No long range maintenance
costs or fuel consumption trends could be established.
The cost of nonleaded gasoline is about 2¢/gallon
higher than leaded gasoline. The cost benefit to- the
Iowa State Highway Commission would be approximately
$150,000 per vear.
reassessment of type of gasoline toibe used is recommend-
when it is known what emission control devices will be
ed to meet the more stringent 1975 federal standards.

r example, if the catalytic converter is used, nonleaded

. soline must be used.
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Tz is recommended that a systematic program for performing
€ 1gine tune-ups with exhaust emission testing equipment

L2 undertaken in order to minimize emissions and operating
costs. This is deemed essential because engine operating
conditions had a greater influence on emissions than did
fuel type.

Initiate a record keeping system that will allow easy ac-
cess and reliable data on vehicle maintenance and fuel
consumption. This data can then be used to.conduct a long
term study on maintenance costs and fuel consumption.

Use the procedure described in Appendix H for calibrating
the Sun EET 910 with certified reference gases.

Because of the large relative error in this tester at low
levels of HC, it is recommended that the manufacturer of
this instrument be consulted concerning its modification
for measurements in the fange 200 ppm or less.

Extend the study for the lifetime of the vehicles under
test so that effective comparisons can be made on mainte-
nance items. and fuel and oil consumption.

In purchasing new Vehicles do not overspecify the size of
engine reqﬁired as the total amount of pollutants depends

on amount of gasoline consumed as discussed by Conta (9)..
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APPENDIX A

TEST FLEET DATA

|
Nomenclature

SPEED
1 - Idle
2 - 2500 rpm.
MILES —» Miles (or hours for tractors) on odometer at time of test
HC - Unburned hydrocarbons in parts per million by nondispersive in-
frared (NDIR) measurement
CO - Carbon monoxide in % by NDIR
A/F - Air-fuel ratio
TEMP — Ambient temperature in degrees Rankine
HUMID - Specific humidity in grains water per pounds dry air

* . . . .
- Dafta was not available; this point was estimated
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A—13857 UNLEALCED

NN NN NN NN NN bt bt ot oot ot ot sl ot ot ot

35488
35876
0605¢

Q0611S

0&355
06677
07549
09212
0sS717
10170
0548§
05876
06056
0€Ll19
0€355
06677
07549
09212
Cs717
10170

10159
10232
10451
10507
1C940
11831
12784
13298
13465
13585
10159
10232
10451
1C507
10940
11831
12784
13298
13465
13585

A-2

FLEET DATA
HC Cco A/F Y EMP HUMID
:2 UNLEADED FORD H-DUTY GRUNDY CENTER

0510 1.5 1565 530 62
0200 3.5 13.2 536 87
0400 3.7 13.4 536 85
0280 4.0 13,5 517 42
0050 0.7 13.5 475 10
3050 0.7 13.5 462 05
0138 2.4 13.5 486 00
0200 244 13.5 466 00
0200 2.5 13.4 529 31
0200 400 13,5 510 40
0430 0.8 15.8 530 62
0070 1.4 13.6 536 87
0095 246 13.7 536 85
0100 1.8 13.6 517 42
0040 Oe4 13.6 475 10
0040 Ot 13.6 462 05
0040 1.3 14,1 486 00
0040 1.3 13.9 466 00
0040 1.3 14.0 529 31
0175 2okt 14.0 510 40
INT*'L H-DUTY SAC CITY

0200 -0e6 14.1 530 15
0070 O.4 13.8 544 93
01340 0.8 13,8 522 42
0380 1.9 13,5 522 38
0300 2.0 13.5 49) 26
0325 2.0 13,5 496 20
0375 260 13¢5 451 00
0325 2.5 13.5 504 21
0500 3,8 13.5 535 76
0040 25 13.5 510 36
0054¢ 1.2 14.1 530 75
0050 1.7 14.0 544 93
0030 0e6 13.5 522 42
0050 Oe.4 13.5 522 38
0040 0.2 14.6 491 26
0050 O.4 l4.4 496 20
0040 0.3 1446 451 00
0040 0.5 1401 504 21
0090 1.0 14,5 535 16
0090 1.0 14.5 510 36



A-3

y FLEET DATA

SPEED 94ILES HC co A/F TEMP ‘HUMID

A-14670 LEADEC FORD H-DUTY DES MOINES

NN NN NN DN NN N e et pod pd ot ot ot ot s fod

NINNNDNNNNNDN P e b ol e ol pd o

04500 1575 3.8 13.4 532 72
04572 0775 2.8 13.0 539 01
05000% 0500% 2.9% 13.2 * 523 48
05467 0220 3.0 13.4 508 44
2€150 0088 lo4 13.0 496 . 28
6976 0263 6.8 13.0 492 24
37708 0238 545 13.0 455 00
36340 0150 3,3 13.0 496 15
)9500 0200 2.1 13.0 529 30
1S800 0400 5¢5 13.0 S14 47
34500 0215 242 13.6 532 72
04572 0125 2.2 13.5 539 01
£5000% 0090% le7% 13.7% 523 48
05467 0060 1.2 13.8 508 44
56150 005¢ 0.8 13.6 . 496 28
06976 0065 3.7 13,6 492 24
07708 0090 2.5 13.6 455 00
05340 0050 2.0 13.6 496 15
£S500 0090 1.7 13.8 529 30
£$800 0100 2.6 13.6 514 47
A-14648 LEADEC FORD H-DUTY DES MOINES
‘ 25552 0575 3.1 13.6 527 76
36211 0350 le6 13.6 540 00
36992 0345 3.6 13.5 523 48
27474 0187 2.0 13.5 510 21
38457 0060 0.5 13.7 490 20
29351 0225 3.7 13.6 492 22
1¢580 0238 3.7 13.6 455 00
11950 0250 2.5 13.6 496 16
1217¢C 0363 4,5 13.6 504 30
12208 0275 540 13,5 514 47
05552 0050 1.1 l4.5 527 76
06211 0050 lo4 13.6 540 00
06992 0050 1.5 13.9 523 48
07474 0040 0.6 13.9 - 510 21
CE4517 0020 " 0.3 14.4 490 20
09351 0030 le2 l4e1 492 22
10580 0080 2.4 13,9 455 00
11950 0120 4.0 13.0 496 16
12170 0188 7.0 13.0 504 - 30
12208 0130 40 13.3 514 47




A-4

J7051

FLEET DATA

SPEED MILES HC co A/F

A-14647 LEADEC FORC H-DUTY DES MOINES

1 04597 0388 4,0 13.6

1 05157 0350 242 13.9

1 851177 03175 3.9 13.5

1 05336 0175 2.4 13.5

1 05783 0150 1.0 13.8

1 0¢€é396 0413 4.3 13.6

1 06844 0213 4.0 13.6

1 C7000% 0244%* 4e5% 13.6 %

1 07522 02175 5.0 13.6

1 €71590 0375 5.0 13.5

2 04597 gore 1.2 13.9

2 05157 0050 le4 13.5

2 05177 0155 lo4a 14.0

2 08336 0045 0.6 14.0

2 05783 0225 0.4 14.5

2 0€356 0123 55 13.4

2 06844 0115 5.0 13.5°

2 CT000% 0124%* 5.3% 13.5*%*

2 Q1522 0128 5.6 13.4

2 07590 0140 6.8 13,0

A—14634 LEADED FORD H-DUTY AMES

1 2624 0300 0.4 14.1

1 13541 0150 2.0 13,5
1 C36CC* oL00%* le6 * 13.5%

1 03706 0050 l.1 13.5 514 33
1 04041 0045 1.0 13.5 496 21
1 04€56 0138 3.4 13.5 482 16
1 05925 0158 3.1 13.6 463 00
1 J668C* 0140% 2.3% 13.6 * 503 30
1 2€726 0125 l.4 13.6 508 43
1 Q7051 0080 les: 13.5 520 49
2 02624 0035 0.6 14.0 541 72
2 03541 0050 0.6 14.0 536 20
2 £0360C* 0045% O.6% 14.0% 529 38
2 L3706 0040 0.5 - 14.0 514 33
2 04041 0020 Oe4 14,0 496 21
2 04€56 0050 1.2 14.1 482 16
2 05925 0045 0.9 14,0 463 00
2 - 06680%* 0035%* - 0.8% 14.0% 503 30
2 6726 0025 0.6 14.0 . 508 43
2 003¢ 0.7 14,0 520 49




FLEET DATA

N RN NN NN NN o bl ot s ot e ot et s (b

A-13870 UNLEACED

NA N N AN N N N N bt bt pd et Pt ot P b et s

A—-13093 UNLEACED CHEVY L-DU

0095
0090
0340
0120
0050
0130
0125
0175
0125
0125
0190
0220
0230
0050
0040
0040
0100
0140
G0S5C
0200

FORD
0450
1300
1500
1500
040C
0400
04090
8350
0300
1200
0030
0250
020C
0200
0150
01540
01175
0150
0050
0300

OVUVUNLVNO~NWUORNWNO WM W=

GRUNDY

e O COONFLOVWLWSELFRFNWOLPHPO-

L ] L ] -] [ ® [ ] » L ] L] ® L] [ ] L ] [ ] ® L] ° L] L [ ) -<

Vet D OHP VOOV POONO~NDOCOHO

A/F

GRUNDY CENTER

13.5
13.5
13,1
13.4
13.4
13.5
13.5
13.3
13.3
13.3
13.6
13.4
14.1
l4e4
14.4
l4.4
1404
13,0
13.1
13.0

13.0
12.8
14.3
13.0
13.6
13.4
13.4
13.4
13.4
13.4
14.0
13,1
l4.1
14.0
14.0
13.5
l4.4
14.3
14.5
1405

CENTER

TEMP

530
533
536
517
475
466
476
466
494
512
530
533
536
517
475
466
476
466
494
512

529
541
536
511
475
463
4T4
464
495
510
529
541
536
511
475
463
474
464
495
510

HUMID

62
90
65
42
10
05
00
00
00
43
62
90
65
42
10
05
00
00
00
43

58
92
85
35
10
05
00
00
00
43
58
92
85
35
10
05
00
00
00
43
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FLEET DATA

SPEED YILES HC CO A/F TEMP

HUMID

A-14576& UNLEADED CHEVY L-DUTY GRUNDY CENTER

NR NN NN N DD N N b et pod b ot oot o ol (st e

22548 0050 04 13.9 529
23C89 0045 1.2 13.9 536
2376C 0060 lo2 14,1 536
24401 006C 1.3 13.9 511
25610 0040 0.5 13.6 475
27419 00S¢C lel 13.7 466
29318 0055 1.3 13.7 479
32027 0050 lo4 13.7 464
34814 0080 2.1 13.7 488
35734 0050 1.6 13,7 510
22548 0020 0.3 14.4 529
23085 0020 0.3 1442 536
23760 0040 Oet 14.3 536
24407 0040 0.3 la.1 511
25€1C 0020 0.3 13.9 475
27419 0030 0.2 14,1 466
26318 0035 0.3 14.1 479
32027 0040 0.3 14.0 464
34814 0020 Ot 14.2 480
35734 003¢C 0.4 14.5 510
/ .
A-15369 UNLEACED INT'L L-DUTY GRUNDY CENTER
1 - 152117 0095 0.7 14.6 530
1 15711 009¢C 1.0 14.1 541
1 16324 0130 1.3 14.0 536
1 17C95 025C 2.0 13.8 511
1 18424 0040 1.0 13,8 475
1 201665 0400 le4 " 13.8 468
1 21498 0100 3,0 13.8 471
1 24301 0150 1.8 13.8 . 467
1 26581 0275 3.0 13.8 535
1 27486 0275 3.2 13.8 510
2 15217 0030 0.6 14.6 530
2 15711 004G 0.8 143 541
2 16324 0070 1.0 14.6 536
2 17C95 0070 0.8 1446 511
2 18424 0050 0.2 14.6 475
2 20169 0030 0.5 14.6 468
2 21498 0040 o4 l4.4 471
2 24301 0035 0.8 14.2 467
2 26587 0060 3.5 13.6 535
2 27486 0080 3.5 13.8 510

63
90
85
35
10
05
00
00
00
40
63
90
85
35
10
05
00
00
00
40

62
92
90
35
10
05
00
00
58
40
62
92
90
35
10
05
00
00
58
40




SPEED

A-7

NN NN NP N RN B et (ot o fout pad fund fad fod et

FLEET DATA
“EILES HC Co A/fF TEMP HUMID
A-13585 UNLEACED CHEVY L-DUTY SAC CITY
57585 0200 2.3 13.6 528 T4
5676¢ 017cC 4.0 13.2 539 85
60435 0180 4.9 13.0 522 42
60665 0150 4.2 13,0 513 35
€2131 0050 0.9 13.6 591 15
£4293 0160 3.8 13,6 589 18
56889 0190 3.3 13.6 453 gc
59132 0125 4.0 13,6 504 27
1064C 0200 3.1 13.6 502 27
717195 0150 3.4 13.6 504 30
515€5 0250 765 11.8 528 T4
58766 0160 2.8 13.7 539 85
5C435 0090 2.8 13.7 522 42
&CE65 008¢C 267 13.8 513 35
52131 005¢C 1.0 14.3 591 15
£4293 0050 l.8 14.3 589 18
£€88S 0150 263 14.0 453 00
69132 0100 0.6 14.4 504 27
7C640 0150 2.6 13.8 502 27
71719 008cC 2.0 13.9 504 30
A-142¢&4 UNLEADED CHEVY L-DUTY SAC CITY
28130 0140 2.1 13.9 536 56
29242 0150 lel 13.8 536 85
30961 0160 3.6 13,1 522 46
31869 0150 3.4 13.1 518 34
3371¢C 0L00C 34 13.1 492 14
3581¢ 0120 3.0 13.8 489 24
37842 0110 2.6 13.8 457 00
39495 0120 3.5 13.8 504 21
2400GC* 0135% 2% 13.8% 535 76
%0475 0150 1.3 13.8 510 36
28130 0ce0 1.8 14.0 536 56
29242 0060 246 13,8 536 85
3C<c6} 0040 3.1 13.7 522 46
21869 0050 2.0 13.7 518 34
33710 0040 le4 13.7 492 14
35876 0040 1.9 14.0 489 24
37842 0050 1.8 14.1 457 00
35455 0040 3.0 13.7 504 21
24000%* 004 5% 2.0 14,0% 535 76
104175 0050 069 14,2 510 36

NN N RN RN N RN RN N e et pod ud s ot et ot ot




N NN NN NN RN P e e e ot b o pod et st

NN NN RO R RO N A N pd et b ot ot ot et ot s et

MILES

08989
06492
10594
11101
122217
13445
01550
17836
18282
1€675
€8989
05492
1C594
11101
12227
13445
01550
17539
18282
18075

A-14680 UNLEACED

2159¢C
23238
25530
2£€96°%
269110
31326
3345C
35325
37222
38C67
21590
23238
25530
26965
29110
31326
33450
3532¢
37222
3ECHT

e e e | —————————  — A ——

A-1%£317 UNLEACED INT'L L-DUTY

0300
0160
025¢C
0150
0130
0150
0200
0225
0225
0225
006C
0050
0040
0040
0040
0035
0040
0050
0050
0040

GMC

0190
olio0
0110
0060
006G
0080
0080
0100
0095
0120

0060

0100
0020
0020
0020
0020
0030
0040
0040
0050

FLEET DATA

COCOOOONOOWWWWMNNINN M =
® @& & @8 © 9o © o s 4 © » © o & S o " 0*
ON~NDPWPOONFDPOODPWOOO

HOOOQOOOFKHOWWWWNF M WR M -
8 o & 0 ¢ & » ® o & & & 0 b b 8 0 9 0 o <L
OCVOUVNOCOEFENOVOONODYWER®®N LW

SAC CITY

13.8
13.6
13.6
13.6
13.6
13.6
13.6
13.6
13.6
13.6
l4.4
14.4
13.7
l4.4
14.4
14.5
14.6
14.4
14'6
l4.4

SAC CITY

13.9
13.5
13.6
13.6
13,6
13.6
13.6
13.6
13.6
13,6

l4e4
14.1

14.5
14.5

. 1405

14.5
14.5
14.5
14.5
14.0

T EMP HUMID
536 58
538 82
522 46
522 38
491 23
492 16
504 24
504 24
515 49
505 28
536 58
538 82
522 46
522 38
491 23
492 16
504 24
504 24
515 49
505 28
533 70
539 75
522 42
515 32
491 15
489 18
453 00
498 20
530 50
510, 36
533 70
539 75
522 42
515 32
491 15
489 18
453 00
498 20
530 50
510 36



A-9

FLEET DATA
SPEED vILES HC co A/F TEMP HUMID
A-146%2 LEADEC GMC L-DUTY DES MOINES
1 : 13033 0180 1.8 13.8 536 62
1 1354¢ 010C 1.5 13.7 540 00
1 15025 0260 5.4 13.4 526 51
1 15174 0060 14 13.4 511 22
1 1€€2¢€ 00440 0.7 13.7 488 20
1 17944 0050 1.5 13.7 490 20
1 1£606 010G 3.4 13.7 451 00
1 214671 0050 2.3 13.7 496 16
1 2201C 0125 3.5 13.7 506 30
1 22842 oo7C 1.8 13.7 514 47
2 13033 0060 0.6 14.3 536 62
2 13542 0080 0.8 14.2 540 00
Z 15025 0040 0.8 l4.4 526 51
2 15774 - 0040 0.5 14.2 511 22
2 1€€2¢€ 00lQ 0.3 l4.4 488 20
2 17944 0040 0.3 14.2 490 20
2 18605 0035 0.3 14,1 451 00
2 214671 003G 0.3 - 14.0 496 16
2 22010 0030 0.3 14.2 506 30
2 22842 0030 0.3 l4.1 514 47
A-146¢3 LEADECL GMC  L-DUTY DES MOINES

11541 0100 1.7 13.8 531 13

12265 0060 1.2 13.6 539 01

13095 0080 1.0 13.6 525 56

138117 €040 0.6 13.8 511 22

14563 0040 0.8 13.8 488 20

16179 0050 0.6 13.8 490 20

171537 008¢C 3.0 13.8 451 00

- 18700 0040 l.6 13.8 495 15

1€S679 0060 1.9 13.8 506 30

- 1969C 0080 25 13.8 514 47

11541 0040 O.4 14,1 531 .13

12265 0040 O.4 14.0 539 01

13095 0040 0.3 14.0 525 56

13817 0030 0.3 . 1440 511 22

14963 0030 0.3 14.0 488 20

16179 0040 0.4 14.1 490 20

17531 0030 - 04 14,2 451 00

1870C - 0030 0e3 14.0 495 15

18979 0030 Oe4 14.1 506 30

16690 0040 O0s4 14.3 514 47

NN NRNNNDNDN NN S e st pad oo i ot ot




SPEED

NN N NN NN RN NN e 0 e pod ot ot (et pod ot fd

FLEET DATA

tILES HC Cc A/F TEMP HUMID
A-14698 LEADEC GMC L-DUTY MARSHALLTOWN
21843 0080 1.7 13.7 538 03
£3148 004C 0.6 13.9 543 95
24721 0050 1.2 13.6 524 40
26(88 0040 0.7 13.8 508 44
28264 0050 0.5 13.6 496 28
26923 0125 3.0 13.6 448 00
32220 0040 le4 13.6 482 16
35022 0040 0.8 13.6 506 30
BE247 0040 1.3 13,6 489 21
37334 0100 3.0 13.6 511 47
21843 0030 Oe4 14.2 538 03
23148 0025 0.3 14.2 543 95
24721 0040 003 14.2 524 40
26C88 0030 0.3 14.2 508 44
28264 004C 0.3 14.2 496 28
29923 004G 0.3 1442 448 00
32220 0050 0.4 ld.4s 482 16
35022 0050 0,4 13.9 506 30
3€247 0030 O.4 l14.4 489 21
37334 0030 0.3 14.3 511 47
A—-14691 LEADEC GMC L-DUTY MARSHALLTOWN
14124 0110 2.1 14.1 538 03
14740 €040 0.3 13.8 543 95
1€254 0050 260 13,6 525 40
1706¢ 0050 Oe8 13.8 508 44
LESS54 0040 0.7 13.9 496 28
20839 0110 2.2 13.9 448 00
2290C gl00 1.2 13,9 483 16
253853 0100 1.5 13.9 4936 23
26611 0040 l.1 13.9 488 21
27339 0060Q 2+% 13,9 511 47
14124 608¢C 0.5 14.1 5383 03
14740 0025 1.3 14.2 543 95
16254 0030 0.3 14.2 525 49
17066 0035 O.4 14.4 508 44
1E954 0040 0.3 14.2 496 28
2€839 004Q 0.3 14,2 448 00
22900 0050 0.3 14,2 483 16
25353 0040 0.5 1462 496 23
26€11 0025 0.2 1462 488 21
’1339 0030 0.3 14.3 511 47

MR AN NN N N NN e od ot ot st ot ot d fd




A-11

FLEET DATA
SPEED MILES HC co A/F T EMP HUMID
A-15278 LEADEC INT'L L-DUTY AMES .
1 12452 0300 2.2 13,9 536 00
1 13343 0100 0.9 13.7 552 86
1 14965 0125 2.7 13.8 517 27
1 1€292 0050 1.0 13.4 498 12
1 17642 0100 1.8 13.4 498 34
1 19021 0225 4.5 13¢4 482 16
1 2C781 0280 4,5 13.4 463 00
1 22001 0225 3.8 13.4 506 30
1 22766 0175 4,0 13.4 508 43
1 23685 0140 4,5 13.4 511 54
2 12452 0045 0.8 14.8 536 00
2 13343 0045 0.5 14,2 552 86
2 14565 0040 0.7 14.0 517 27
2 16392 0040 0.3 l4.6 498 12
2 17642 0040 0.3 14.6 498 34
2 16021 004C O 14.7 482 16
2 2c781 0100 Oe4 15.0 463 00
2 22001 0045 0.8 14.6 . 506 30
Z 22166 0050 0.6 14.7 508 43
2 23685 0050 lo4 14.7 511 54
A-15279 LEADED INT'L L-DUTY AMES
. 09466 0280 3.4 13.3 538 98
10000% 0228%* 3.,2% 13.4 % 536 90
11769 0175 3.0 13.5 529 34
12696 0080 lel 13.5 498 14
13837 0060 1.9 13.5 494 28
15447 0225 - 4.3 13.5 481 13
15800 0180 545 13.5 469 05
16481 0225 4,0 13.5 504 30
20622 0180 3.0 13.5 514 47
21409 0185 443 13.6 519 58
CS466 0060 0.9 l4.4 538 98
1CC00%* 0050* 0.8% l4ob * 536 90
11769 0040 046 14.4 529 34
12666 0040 0.3 l4e4 498 14
13837 003¢C 0.2 14.6 494 28
15447 0045 1.0 1449 481 13
15800 001¢C 0.6 14.8 469 05
16481 0040 0.8 14.7 504 30
2C¢€22 0050 0.9 14.4 514 47
21409 0020 0.9 14.5 519 58

NN NN N R e e e




SPEED

——— L T ————————— > ——— o —

A—-14575 LEADEC

NN NN N A A N N N ot b (o ot ol foed et ot (s e

A-15414 LEADECLC

NN N NN N RN RN N b et et o pod (et ot ot ot s

AILES

21350
2289C
24618
26472
28572
31010
33344
3€235
382006
38954
21350
22830
24€18
2€472
2E572
31010
33344
36235
3820C
38954

10320C
05101
(€S81
07246
(8990
1189¢
15126
18184
19018
1996¢
(03200
05101
(6581
0724¢€
(8990
11856
1€126
18184
16Cl8
6666

HC

CHEVY L-DUT

0050
0050
0040
0040
004G
0050
0020
0050
0040
0100
0035
0040
002¢C
0020
0020
0020
0020
0035
0025
0025

FLEET DATA

co

A/F

OO O0OO0OOCOOOOONONEFEFNOO=O -
e © 5 2 € ® o 0 O 0 © @ ® 9 o O 8 © ® & £
WWRORNNNNOWWONOYO—~O~N~N®O®OW

INT*L L-DUTY AMES

0210
0100
0180
co84Q
00840
020¢C
0260
020¢C
0200
0200
0040
0030
0040
0040
0020
0040
0060
0050
0040
0050

2 & 6 8 6 8 © & © 6 6 0 o & 6 5 O O o ¢
O~NVOUWNWONOOWVMO oWWWwWU

QOO0 O0COOO0OO0OOWUWNHWEFNKRO

AMES

13.8
13,5
13.9
13.9

13.9 |

13,9
13.9
13.9
13.9
13.9
14,0
13.9
14.4
14.2
14.3
l4.6
14.4
1463
14,2
14.1

14,1
13.8
13.5
13.5
13.5
13.5
13.5
13.5
13.5
13.5
14.2
l4.4
14.3
14.3
14.3
14.4
14.9
14,7
14.8
14.7

TEMP

HUMID

542
541
529
513
496
448
463
503
515
520
542
541
529
513
496
448
463
503
515
520

547
533
529
498
500
480
470
504
513
518
547
533
529
498
500
480
470
504
513
518

80
98
38
22
21
00
00
30
47
58
80
98
38
22
21
00
00
30
47
58

00
90
38
25
33
10
05
29
47
52
00
90
38
25
33
10
05
29
47
52




A-13
FLEET DATA
SPEED MILES HC Co A/F
A—-15454 LEADEC INT'L L-DUTY AMES
1 02454 0220 206 13.6
1 04932 020¢C lo4 13.8
1 CeT25 0200 3.0 13.5
1 C1440 a080 1.0 13.2
1 C&s561 0100 25 13,2
1 10871 0275 2.8 13.2
1 13137 030¢C 6.0 13.2
1 1488¢ 0200 3.0 13.2
1 15068 0260 5.0 13.2
1 1557S 0240 5.4 13,2
2 02454 00840 1.0 14,0
2 04932 0080 1.0 14.0
2 0€725 0060 0.8 13.6
2 07440 0040 0.3 14.4
2 CES561 003¢ 0.2 14.8
2 1¢871 005¢C 0.6 14.5
2 13137 0080 0.5 14,9
2 1488¢ 0050 0.6 14.5
2 15098 0c8a 0.8 14.6
2 15879 0050 0.7 14.8
A-14269 LEADEC CHEVY L-DUTY AMES
1 14260 014Q 0.7 14.4
1 14841 0050 l.6 13.6
1 15639 0190 3.0 13.6
1 1€261 0050 2ok 13.6
1 11500 0050 0.8 13.6
1 18869 0150 3.8 13.6
1 1543C 0100 34 13.7
1 21434 0190 3.4 13.6
1 21723 0110 25 13.6
1 22480 0140 3.0 13.6
2 142690 - 0040 1.0 14.3
2 14847 0040 1.8 14.1
2 15639 00175 0.9 14.2
2 16261 0040 07 14,2
2 17500 0020 0.7 14.4
2 18866 0040 l.8 14,2
2 19430 00175 0.8 12.0
2 21434 004C 2.0 14.0
2 <1723 0045 2e6 13.9
2 22480 0045 202 14.0




A-14

FLEET DATA

SPEED WMILES HC ca A/F TEMP - HUMID

—— e ] —————— —— - — ——— — —-—— — ——

A-14602 LEADEC CHEVY L-DUTY AMES

1 05000 0100 0.5 13.8 549 96
1 c7201 005¢C 0+6 13.8 544 10
1 C122¢ 0050 1.5 '13.8 528 32
1 07235% - 0045% 1.0% 13.8% 486 25
1 07282 0040 0e6 13.8 494 26
1 07361 0045 3.0 13.8 482 10
1 07372 © Q110 245 13.8 478 13
1 07422 010¢C 1.5 13.8 505 28
1 07433 0100 le7 13.8 515 53
1 01446 0080 2.1 13.8 511 52
2 C5000 0040 0.2 14,1 549 96
2 $7201 0040 0.3 14.0 544 10
2 £1226 004C 0.5 14.2 528 32
2 07235% 003 5% Oe4* 14.2% 486 25
2 07282 0030 0.3 14.4 494 26
2 073¢1 0030 0.3 14.3 482 10
2 $73173 0030 P 14.3 478 13
2 07422 0035 O 14.3 505 28
2 07433 0040 - 0.4 1440 515 53
2 07446 0040 Ok l4.4 511 52
A—14342 UNLEADED CHEVY PICKUP GRUNDY CENTER

28245 - 0060 0.7 15.2 531 60

25088 0070 1.3 13.9 535 86
30109 0100 l.3 13.8 536 85
30€45 0100 1.3 13.8 517 42
21939 0050 0.8 13.8 475 10
32776 0050 0.5 13.8 462 05
34235 0060 l.1 13.8 484 00
34837 0050 1.8 13.8 464 00
35786 0080 2.0 13.8 485 00
36705 0050 2.0 13.8 510 40
28245 0060 0.3 15.1 531 60
2SC8¢ 0045 0.5 l4.1 535 86
30109 . 0040 0.3 14,0 536 85
30845 0040 062 14.0 517 42
31939 0040 0.2 14.0 475 10
3277¢ 0040 1.5 14.0 462 05
34235 0040 0.2 14.1 484 00
34837 . 0030 002 14.0 464 00
35786 0030 0.3 13.8 485 00
36705 0020 Oe4 14.1 510 40

N N U N O O N S




FLEET DATA

MILES HC Cco A/F TEMP HUMID
A-14343 UNLEACED CHEVY PICKUP GRUNDY CENTER

1 46138 0g¢8ag 1.4 l4.6 530 62
1 5060¢ 0080 1.7 13.8 532 86
1 52182 0110 2:4 13.6 536 90
1 53161 0G840 2.2 13.6 517 T 42
1 54400 004C 1.5 13.6 475 10
1 S€E05¢E 0050 1.6 13,7 463 05
1 571434 co8a 2.6 13.7 486 00
i 58671 0050 2.0 13.7 464 00
1 €0508 0075 1.6 13.7 485 00
1 61300 0080 2.0 13,7 512 43
2 49138 0050 0.3 15.2 530 62
2 506C6 0050 0.6 14,2 532 86
2 52182 0060 O.4 14.0 536 90
2 £3167 0060 Q.4 14,0 517 42
2 5440C 0060 Oe4 14.0 475 10
2 56058 0060 0.3 14,0 463 05
2 51434 0040 0.4 14.1 486 00
2 56677 006C 0.3 14.0 464 00
2 6C508 0060 0.4 13.8 485 00
2 €130¢C 005¢ 0.4 14.1 512 43

€ UNLEACED DODGE PICKU SAC CITY
1 C2748 008¢C 0.2 1465 537 59
1 0391¢ 005¢ 0.1 14.4 547 94
1 050232 0040 0.6 13.6 522 46
1 0€157 0060 0.8 1403 522 58
1 071776 0040 0.8 14.3 492 14
1 £s829 0060 Ot 14.3 496 20
1 11450 0080 l.5 14.3 451 00
1 12996 0090 le4 14.3 504. 26
1 15187 010C 1.2 14.3 530 36
1 16113 0060 0.9 14.3 504 27
2 02748 00790 C.2 14,6 537 59
2 03618 005¢C 0.2 14.5 547 94
2 05023 0010 0.2 14.8 522 46
2 06157 0010 O.1 l4.6 522 58
2 277176 oo1lc¢ D.2 14,8 492 14
2 $6829 0010 1.5 14.3 496 20
2 11450 coz2c¢ 0.5 14.3 451 00
2 12999 0020 0.2 14.6 504 26
2 15187 0030 0.2 14.5 530 36
2 16113 0040 1.8 14.0 504 27




A-16

FLEET DATA

SPEED MILES HC co A/F TEMP HUMID

A—14370 LEADEC CHEVY PICKUP AMES x

1 11441 - 0090 le4 13.7 548 98
1 13138 0C60 lol ©13.8 552 86
1 15040 0080 1.0 13.9 518 41
1 15887 0050 0.6 13.9 511 32
1 16298 0030 0.7 13.9 497 ¢+ 30
1 16400 0040 1.1 13.9 480 10
1 16880 0020 1.3 14.0 470 00
1 16924 0020 1.0 14,0 504 29
1 16925 0045 l.1 13.9 513 47
1 17103 0045 1.2 13.9 518 52
2 11441 0160 0.2 13.8 . 548 98
2 13138 0100 0.3 13.9 552 86
2 15040 0090 0.2 14.0 518 41
2 15887 008G 0.2 14.0 511 32
2 16298 0050 0.3 14.0 497 30
2 16400 0050 0.3 13.9 480 10
2 16880 0040 0.3 14.0 470 00
2 16924 0040 0.3 14.0 504 29
2 16925 0050 0.3 13.9 513 47
2 17103 004G 0.3 14.0 518 52
A—14368 LEADEC  CHEVY PICKUP AMES
1 12945 009C 1.2 13.9 536 00
1 15061 009C 1.4 13.8 537 83
1 1738¢C 0070 1.8 13.8 513 40
1 153C8 0040 " De4 13.9 508 33
1 20527 0040 0.9 13.9 498 34
1 206C6 0080 0.9 13.9 482 13
1 20667 004C l.1 13.9 463 00
1 20733 0050 0.9 13.9 504 40
1 21758 0075 1.0 13.9 513 - 50
1 22472 0050 1.2 13.9 518 52
2 12945 0080 0.2 13.9 536 00
2 15C61 0080 0.3 14.0 537 83
2 17380 0050 0.2 14,2 513 40
2 15308 0060 0.2 14.0 508 33
2 208217 .005¢C 0.2 14.3 498 - 34
2 20606 0050 . 0.2 13.9 482 13
2 20607 . 0060 0.2 14.2 463 00
2 20732 006C / 0.2 14,1 504 40
2 21758 0050 " 0.2 ' 13.9 513 50
2 0.2 14.0 518 52

. 22472 0100



A-17

FLEET DATA
SPEED MILES HC Co. - A/F TEMP HUMID
A-14367 LEAGEC. CHEVY PICKUP AMES
1 16368 0090 1.6 13.8 549 98
1 17386 0080 1.1 13.7 537 83
1 19244 0050 - 1.2 13.9 528 32
1 20811 0040 0.9 13.9 514 33
1 21949 0040 0.9 13.9 495 27
1 22305 0045 1e4 13.9 482 .08
1 22306 0050 1.5 13.9 482 13
1 22318 0045 le2 13.7 503 32
1 22411 0085 14 13.9 535 50
1- 22601 0050 1.6 13.9 520 60
2 16368 0090 0.2 13.8 549 98
2 1738¢ 0060 0.2 14.0 537 83
z 15244 0040 0e2 14.0 528 32
2 20811 006C 002 1440 514 33
2 21945 0045 0.2 14.0 495 . 27
2 22305 0045 0.2 14.0 482 08
2 22306 0045 0.2 14.0 482 13
2 22318 005¢ 0.2 14.0 503 32
2 224711 0045 0.2 - 13.9 535 50
2 22601 0050 0.2 13.9 520 60
A-143¢9 LEADEC  CHEVY PICKUP AMES
16819 0080 1.6 13.8 540 00
17954 0080 1.5 13.7 540 94
16826 0060 1.8 13.5 528 40
15671 0050 0.9 13.9 508 33
20374 002¢ 0.8 13.9 ' 494 28
20717 0040 1.3 13.9 483 12
21108 0040 1.3 14,0 463 00
21692 0040 . 1.3 13.9 503 29
21693 0080 1.8 13.9 513 47
22953 0050 1.5 13.9 518 52
16819 0120 0.2 13.9 540 00
. 17954 0106 0.3 13.8 540 94
18826 0040 0.2 14.0 528 40
15671 005¢C 0.2 14.0 - 508 33
20374 0040 0.2 14.0 | 494 28
2C717- 0070 0.2 13.9 483 12
21108 0080 0.1 14,0 463 00
21692 0090 0.2 13.9 503 29
21693 . 0090 0.3 14.0 . 513 47
042 14.1 518 52

PO AN N AR NI N N Nt pood bt ot ot st ot ot o ot

22953 004G




SPEED MILES

- . s — —— - -

NN AN AN RN RN RN P o o et s oot s oot pmd ot

NN RN NN RN NN o e s b ot pt s s

HC

A—11504 UNLEACED CASE

0C054
0G059
0C96
00126
00160
0C169
0220
00245
00266
00312
00054
00059
00696
9C126
0C16G
00169
00220
00245
0C266
00312

A-13634 UNLEADED

00437
CC450%
004175
0C480%
co480%
00487
00491
20492
20495
2050C
00437
0C450%
NC475
GC480%
0048C*
0C487
3C491
DC492
1C495
3C500

0210
0140
0240
0240
0200
0200
0300
0225
0300
0175
0105
0030
0180
0140
0075
0090
0150

. 0160

0175
0050

J.D.
0190
0195%*
0200
0180*
0180%
0160
0190
0160
0175
0140
0175
0100%*
0120
0115%
0115%
0110
0175
0140
0130
0140

A-18

FLEET DATA
co A/F TEMP HUMID
TRACTOR GRUNDY CENTER
3.2 13.7 532 62
1.1 13.9 537 ' 88
440 13.5 536 65
2.7 13.5 517 42
2.3 13.5 475 10
3.4 13.5 467 05
540 13.5 480 00
5.9 13.5 466 00
3.8 13.5 494 00
3.5 13.8 510 40
3.0 13.7 532 62
0.2 13.6 537 88
4.8 13.3 536 65
3.0 13.3 517 42
2.8 13,3 475 10
2.9 13.3 467 05
4.5 13.5 488 00
4,5 13.1 466 00
5.0 13.1 494 00
2.4 14.0 510 40
TRACTOR GRUNDY CENTER
' 2.5 13.8 532 . 58
2.8% 13.7% 536 87
3.0 13.6 537 88
C2.T% 13.6% 517 42
2.7% 13.6% 475 10
2.3 13.6 466 05
3.0 13.6 488 00
3.3 13.6 466 00
3.4 13.6 490 00
3.2 13.6 512 43
5.6 12.9 532 58
4.8% 13.2% 536 87
4,0 13.5 537 88
4.4% 13.5% 517 42
4,4% 13.5% 475 10
4.8 13.5 466 05
4,3 13.4 488 00
4,0 13.3 466 00
44 13.4 490 00
440 13.7 512 43




FLEET DATA

PR R NN R NN R N o o ot ot b ot ot ot ot

SPEED MILES . ~ HC cOo A/F TEMP HUMID
A—13662 UNLEADED INT*L TRACTOR GRUNDY CENTER
1 0C579 0380 3.2 13.3 532 58
1 £Ccs80% 0440% 3.6% 13.,3% 536 87
1 00592 050C 440 13,3 537 88
i 00595* 0365* 3.8% 13.5% 517 42
1 8C595% 0365% 3.8% 13.5% 475 10
1 0C60¢ 0225 3.5 13.8 467 05
1 $0603 0250 1.6 13.8 488 (020]
1 Q0603 0250 l.2 13.8 467 00
1 00605 0225 le4 13.8 493 00
1 £o6l1 0250 1.5 13.8 512 43
2 QC579 0l1lc 4.6 13,3 532 58
2 0C580%* 0135* 4,6% 13.3% 536 87
2 0592 0le0 " 4e6 13.3 537 88
2 0C595%* 0125% 3.4% 13.4% - 517 42
2 0C595% 0125% 3.4% 13.4% 475 10
2 00600 0a9¢ 262 13.4 467 05
2 00603 0125 34 13.7 488 00
2 00603 010¢ 267 13.6 467 00
2 0C605 glocC 3.5 13.7 493 00
2 0Cell 0125 3.8 13.7 512 43
A-155%55 UNLEACED J.D. TRACTOR GRUNCY CENTER
30282 0180 4e5 13.3 - 532 63
J0320%* 0190%* 4o5% 13.4% 536 87
AC361 0200 4.5 13.5 536 85
J0370% 0175%* 403% 13.5% 517 42
20315% 0175%* 4o3% 13.5% 475 10
JC380% 01175% 4e3% 13.,5% 462 05
96385 0150 4.0 13.5 486 00
3C€386 0175 4.8 13.5 466 00
Q€387 0175 3¢5 13.5 490 00
30404 0140 3.8 13.6 512 43
0C282 0140 5.8 12.9 532 63
06320% 0140%* 5.5% 13.,2% 536 817
00367 0140 5.1 13.3 536 85
0C370* 0158%* 4,0% 13.4% - 517 42
00375% ¢ 0158% - 4 e0% 13,.4% 475 10
C380* 015 8%# 4.0% 13.4% 462 05
3C385 01175 3.0 13.5 486 00
20386 0100 3.4 1346 466 00
3C387 : 0075 1.8 14,1 490 00
0404 0080 2.9 14.1 512 43




A-20

.FLEET DATA
SPEEC - MILES ' HC co- A/F TEMP  HUMID
A—12732 UNLEACED FORC. = TRACTOR GRUNDY CENTER

. 0C74C 0500 4,0 13.4 532 63
CCT165% 0560* b444% 13.3% - 536 87
€C793 0620 4.8 13.2 537 88
€C806 0260 3.2 13.2 517 42
0C815% 0317 3,5% 13.2% . 475 10
0C825 - 0375 3.8 13.1 467 05
€0830 0325 3.5 13,1 488 00
00831 0320 3.7 13,1 466 00
cca3g 0330 4,0 13.1 490 00
0C853 0400 55 13.1 512 43
£C740 0175 3.6 13.5 532 63
CC165% 0162% 3,9% 13.4% 536 87
0C793 0150 4,2 13,2 537 88
00806 ~ 0160 2.7 13.5 517 42
QCE15% 0140% 242% 13.7% 475 10
$C825 0120 1.7 13.9 467 05
cce3e " 0140 3.3 . 13,8 488 00
3€831 0145 2.7 13.7 466 00
0C834 0200 3.2 13.6 " 490 00
CCES53 0150 3.8 13.6 - 512 43

NN NRNNNNDN b Pt s e e o e pes pt

A-126S$8 UNLEADED MAS FERG TRACTOR SAC CITY

1 00315 0800 4.0 13.0 537" . 59
1 00215% 077 5% bobk 13.1% 544 93
1 00315 0750 4.8 13.2 525 44
1 50218 " 0380 4.5 13.2 510 33
1 00318% 042 5% 4 o4% 13,2% 491 26
1 00316 0475 4,2 13.2 490 17

1 00320 0350 2.7 13.2 455 - 00
1 00321 . 0450 4.5 13,2 505 23
1 £00323 0350 4,5 13.2 502 27
1 $0325% 0350% 445% 13,2% 510 T 36
2 30315 018G 442 13.0 537 59
2 00315% 0l45*% - 3.8% 13,3% . 544 93
2 00315 0110 3.3 13.6 525 44
2 0031¢€ . 0060 1.8 13.8 510 33
2 $G318* CO70* 245% 13.8% 491 26
2 00319 0080 3.2 13.7 490 17
2 . 20320 0050 1.5, 13.9 455 00
2 00321 0090 3.0 13.7 505 23
2 00323 0090 2.3 13.8 502 27
2 10325% 009 0* 243%

13.8% 510 36



A-21

FLEET DATA
SPEED YILES ‘ HC _ cao A/F
A—11023 UNLEACED INTUL TRACTOR SAC CITY
1 01056 0320 1.9 13.3
1 01061 0160 1.0 13.4
1 01056 0500 6.5 13,3
1 01101 03040 3.0 13.4
1 £1101* . 0285% 3.5% 13.4%
1 21102 0270 40 13.4
1 J1102 0125 l.4 13.4
1 J1105 0300 25 13.4
1 J1107 030¢C 3.1 13.4
1 J1108 030490 55 13.3
2 J1C56 0130 5.4 13.0
2 J1061 0140 4e5 12.9
2 21096 0180 Te5 12.9
2l 01101 0180 6.0 13.0
2 01101%* 0170%* 5.8% 13.2%*
2 01102 0160 545 13.3
2 21102 0100 24 13.3
2 01105 0180 565 13.3
2 D11C7 017¢ 5.3 13.2
2 01108 0180 5.0 13.1
A—155€64% UNLEADED INT'L TRACTOR SAC CITY
1 30380 025¢C 0.5 14,0
1 jc389 0220 l.6 13.5
1 J04SS 035¢C 7.5 /1245
1 ;0509 0440 6.6 " 13.2
1 JC527 0200 4.0 12.6
1 36570 0450 3.8 13.4
1 J0601 0425 4.3 13.4
1 0606 045C 3.5 13.4
1 J0613 0450 4,8 13.4
1 -CEe3C 0340 3.3 13.4
2 2038¢C 017¢% 2.5 13.6
2 €389 0150 - 28 13.6
2 5C46s 016C 7.6 13.7
2 JC509 016C 2e1 13.6
2 N0s27 0080 0.7 13.8
2 30570 . 0180 246 14,0
2 20601 - 0195 2.0 14.1
2 1C606 0200 2.0 14.1
2 J0o613 0150 1.6 14,3
2 30630 0125 1.8 14.0

TEMP

HUMID

533
545
522
517
491
490
454
504
502
505
533
545
522
517
491
490
454
504
502
505

534
540
525
515
491
489
455
506
502
510
534
540
525
515
491
489
455
506
502
510

70
86
46
32
26
17
00
24
27
28
70
86
46
32
26
17
00
24
27
28

73
89
45
32
26
24
00
27
21
36
73
89
45
32
26
24
00
27
27
36



A-22

FLEET DATA

SPEED VILES HC co A/F TEMP HUMID

A—136G3 LEADEC ~J DEERE TRACTOR MARSHALLTOWN

- gcs88 0220 leo4 13.6 539 01
20614 - 0200 1.5 13.8 538 92
0062¢ 020G l.6 13.8 525 41
0CE€34 . 0060 0.5 13.8 508 44
J0€36 Co75 0.6 13.8 496 28
20637 0225 1.0 13.8 448 00
J0€52 0220 1.5 13.8 482 15
10661 020C 2.4 13.8 496 24
0C667 0175 3.1 13.8 488 21
NCo66S 0160 1.8 13.8 511 _ 47
00588 0084 l.7 13.8 539 01
0CEl4 0100 l.7 14.1 538 92
00626 0125 3.0 13.9 525 41
$0634 0060 l.4 13.9 508 44
S ET 0050 1.0 13.9 496 28
0C€37 Q075 1.1 l4.5 448 00
00652 0060 "le2 1446 482 15
NCes1] 005¢ l.4 14.5 496 24
0C667 007¢ 1.8 l4.4 488 21
2669 0090 1.9 l14.2 511 47

PR RN N RN R NN b b i et b s 1 1t s et

A—-136&8 LEADEC INT 'L TRACTOR AMES

Jo135 c700 2.5 13.1 542 02
00136%* 0412% 2.0% 13.1% 536 90
00137% 0412% 2,0% 13,1 % 529 38
DO138% 041L2% 2.0% 13,1 % 514 33
pDo138 0125 le4 13.1 497 30
00141 025¢C 3.4 13,1 480 13
00141 0250 445 13,1 482 16

© D0l43 0325 4.5 13.1 502 31
0014% 030C 5.0 13.1 513 49
00146 0300 5.0 13.1 518 52
00135 0150 4,9 12.7 542 .02
"00136* 0125% 44 % 12,7 % 536 90
00137* 0125% 4.4% 12.7% 529 - 38
NC138* " Ql25% 44 % 12.7% 514 33
20138 0100 3.8 12.7 497 30
D014l 0150 5¢5 13.1 480 13
00141 0150 640 13.0 482 16
20143 0105 445 13.0 - 502 31
00145 0110 545 13.0 513 49

44,3 13.3 518 - 52

NNN'\\!NI\)NNNNP‘WP‘P‘HPHHF‘H

J014¢ 0080



FLEET DATA

PR R RI A NI R R R RD bt b et Bt ot ot bt i o et

N N N N N O N O e e N N S

MILES HC A/F TEMP HUMID
A-13669 LEADEC INT'L TRACTOR AMES
00317 0340 14.0 541 04
00320* - 0320% 13.9% 536 90
00323 03090 243 13,7 529 36
00330%* 0175% 2.0% 13, 7% 514 33
€0337 0050 0.6 13.7 497 30
00338 Cl75 3,0 13.7 480 13
006339 0225 3.5 13.7 482 15
0C348 0175 265 13.4 502 - 36
00350 0225 3.7 13.4 513 49
00351 0225 2.2 13.4 536 75
0C317 0090 206 13.5 541 04
00320% 009 5% 3.3% 13.5% 536 90
0C323 Q100 4.0 13.5 529 36
CC330*% 0075* 245% 13.8% 514 33
0Q337 00440 1.0 - 14.0 497 30
0C338 0080 3.0 13.9 480 13
0G339 0100 2,0 14.3 482 15
0G348 0080 2.3 13.6 502 36
00350 0150 3.8 13.5 513 49
00351 0050 2.0 13.9 536 15
4-13656 LEADEC -~ MAS FERG TRACTOR AMES
01112 0125 ‘ ‘ 14.0 547 06
0117C 0125 0.5 13.4 533 90
01255 0200 Oc4 13.5 521 40
01258 0050 0.8 13.5 504 30
01259 005¢ 1.3 13.5 496 28
01260 0050 * 1.3% 13,5% 482 " 16
01265 0112 * 1.8% 13,.,9% 463 00
01270 0175 * 24 2% 13.8% 503 30
01276 0175 2.2 13.8 508 43
01217 0150 246 13.8 520 49
01112 0106 3.5. 13.0 547 06
- €117¢C 0100 3.5 13.6 533 90
01255 - Q125 4.0 13.7 521 40
01258 0060 1.9 13.7 - 504 30
01259 0060 le4 13.7 496 28
01260 0055 * le4* 13.7% 482 16
01265 0055 * 1.6% 14,0% 463 00
01270 * 0055 # 1.8% l4.4% 503 30
0127¢ 0050 1.8 l4.4 508 43
01277 0060 2.3 13.9 520° 49



NN NN NN NN A 0 et tad et ot pod fodd ot b b

SPEED

A-24

NRONNNRNRNN NN e b e e s

FLEET DATA
MILES HC . COo A/F TEMP HUMID
A-15098 LEACEL CHEVY WAGON AMES
16925 0100 0.4 14.6 538 98
17724 0080 0.2 14.5 543 06
16418 0200 2.0 14.2 518 34
20141 . 0080 0.9 14.0 515 22
22384 0050 1.0 14.0 496 21
24000% 007 0% 1e5% 14.0% 482 16
2€512 0090 2.0 14,0 480 16
28438 0080 1.5 14.0 503 32
28736 009¢C 1.8 14.0 520 56
29737 0110 2.8 14.0 511 56
16925 08¢ 2.8 13.6 538 98
17724 008¢C 3.0 13.5 543 06
19418 0175 3.0 13,7 518 34
20141 0040 1.0 13.8 515 22
22384 004C 1e2 14,6 496 21
24000% 0040% 1.8% 14.3% 482 16
2€512 004C 2.5 13.9 480 16
28438 0050 2.8 1442 503 32
2813¢ 0050 2.8 13.8 520 56
26731 0050 2.8 13.8 511 56
A—14910 LEADED PLYMOUTH PASS CAR AMES

33000%* 005G%* De3% 14,4 % 538 98
35C00% 0100x* 2.2% lébx S44 06
37618 0080 le l4.4 518 40
4038¢& 0080 0.2 l4.4 498 20
4200C* 0080x% 1e3% 144 * 482 16
45000% 0080% 1e3% lée4* 480 16
46171 0080 1.3 14.4 471 00
48376 0100 1.3 l4.4 503 32
51550 o110 1.2 144 507 44
53724 0200 1.3 1444 511 52
3300Cx* 0050% Oe4* X/ 538 98
35000% 004Cx* 0.3% 147 % 544 06
37618 0020 0.3 14.9 518 40
4C38¢ 0060 0.1 " l4.4 498 20
42C0C* 0050% Qe2 % 14,6 % 482 16
45000 % 005 0% 0e2% l4.6 % 480 16
4€171 004C 0.2 14¢7 471 00
48376 . 0040 0.2 14.6 503 32
51550 0020 0.2 14.7 507 44
53724 0040 0.3 14.8 511 52




SPEED MILES

MNNNI RTN N R b bt bt e et s b

A—14543 LEADEC

NN NN R R N R N N et bt et Bt e =t b o et et

A—1588

1c717
12223
13503
1364¢€

1880C

10777

12223

1135032

13646

18800C

0 LEADEC’
08043

1CS65
12480
15068
17601
18912 .
20381

- 08043

1C965
12480
15068
17601

- 18912

20381

A-25

FLEET DATA

HC co A/F TEMP “HUMID
CHEVY L-DUTY AMES

0100 1.5 © 13.8 544 50
0ecso 0.7 13.9 532 91
0050 1.2 13.5 528 30
0050 1.2 13.7 498 28
0040 L.4 13.7 517 53
0025 0.3 14,2 544 50
0025 0.3 14.2 532 91
0040 0.5 13.6 528 30
0020 0.3 14.2 498 28
0020 0.3 14.3 517 53
DODGE PICKUP DES MOINES

0040 0.2 . l4.8 510 21
0030 O.4 14.8 488 20
0040 0.7 14.8 491 18
0040 0.7 14.8 - 450 00
0060 0.8 14.8 493 15
0C70 0.2 14.8 530 36
0060 0.2 14.8 508 40
10030 0.2 14.6 510 21
0020 0.2 l4.6 488 20
0030 Ou4 14.6 491 18
0030 - 0.3 14.9 450 00
0030 0.3 14.6 493 15
0030 0.3 14.5 530 36
0030 0.3 14.8 508 40




A-26

HUMID

FLEET DATA

" SPEED MILES HC co ' A/F TEMP

A-12232 UNLEADED FORD PICKUP SAC CITY

1 55397 0140 242 00.2 527
1 5675C 0130 2.6 13.2 545
1 58205 0150 3.7 13.7 522
1 59394 . 015¢C 242 13,7 517
1 60155 0075 3.7 13.7 491
2 55397 0120 3.6 13.6 527
2 5675¢C 0130 3.0 13.4 545
2 58205 0150 4,1 13.6 522
2 . 56394 0110 25 13.6 517
2 £0155 012¢ 1.8 13.4 491

A-15943 UNLEADED DODGE PICKUP SAC CITY

1 00305 0050 0.7 14,1 493
1 01464 0090 1.5 ° 14.1 455
1 0z214 otoc 146 l14.1 504
1 03402 0200 2.0 14,1 541
1 04266 0180 2.0 14.0 512
2 00305 0020 0.2 14,5 493
2 01464 0030 0.2 14.6 455
2 02214 002¢C l.5 14.6 " 504
2 03402 0020 02 1446 541
2 4266 0040 0.2 14.8 512

62
92
42
32
13
62
92
42
32
13

17
00
21
62
44
17
00
21
62
44




SPEED MILES

FLEET DATA .

HC co A/F TEMP HUMID
A-1454) LEADECLC PLYMCUTH PASS CAR AMES
1 2€588 0040 - 0.2 l4.4 507 19
1 32021 0050 0.9 - l4.4 496 - 31
1 35967 0040 0.3 1l4.4 469 - 00
1 38712 0060 0.8 14,7 480 15
1 40910 0050 1.0 145 - 503 32
1 43701 o11¢ 0.7 14.5 525 78
1 45196 0080 0.6 14,5 539 36
2 25588 0050 0.2 14.8 507 19
2 32021 0050 0.2 14.8 496 31
2 355617 001C 0.2 14.8 469 00
2 CeT12 0010 0.3 14,7 480 15
2 40910 0020 0.3 147 503 32
2 43701 004C 0603 14,6 525 78
2 45196 006¢C 0.3 14.6 539 36
A—15192 LEADED FORD - PICKUP AMES :

1 341715 - 0100 1.l 13L.5 495 27
1 3€00C* 0350+ 2.8% 13.5% - 482 16
1 © 28543 060¢C 4.5 13.5 478 13
1 41278 0400 442 13.5 506 30
1 4306¢ 0800 4.0 " 13.5 517 57
1 43900 0700 3.8 13.5 511 56
2 34715 0040 0.3 14.8 495 27
2 2600C* - 0l0¢C* 0.4% 14.7% 482 16
2 38543 - 1300 0.4 . 14.6 478 13
2 41278 0180 0.4 - 14.2 506 30
2 43066 0Gé0 0.4 14.4 517 57
2 43900 0090 0.3 . 1446 511 .56



A-28

FLEET DATA

SPEED MILES = -HC . co . A/F TEMP HUMID

o —— —— e e

A—1%5415 UNLEADED INT'L L-DUTY GRUNDY CENTER :
13.6 500 30

1 12059 0060 0.4
1 -1357¢ 0200 3.0 13.6 480 13
1 15001 0200 3.5 13.6 471 05
1 16407 0200 2.4 13.6 505 28
1 17012 0120 2.8 13.6 540 64

1 17657 0150 3.2 13.6 515 56
2 12059 0020 0.2 1404 500 30
2 13576 0040 1.3 14.3 480 13
2 15001 004¢ 1.3 14,3 471 05
2 16407 0060 1.8 14.3 505 28
2 17012 0045 0.9 1442 540 64
2 1.7

17857 005¢C 14.5 515 56




SPEED

1

2

HC1l

HC2
HC3

HCT
HC

co
NO
X
A/F
TEMP

HUMID

B-1

APPENDIX B

SPECIAL FLEET DATA

Nomenclature

-~ Idle

~ 2500 rpm

~ Paraffin fractioﬁ of HCT
- Aromatic fraction of HCT

- 0lefin fraction of HCT

- Tot:al unburned hydrocarbon in parts per million by flame ioniza-~
zat ion detector (FID)’

- Unbirned hydrocarbon in parts per million by nondispersive in-
fraced (NDIR) measurement '

- Caroon monoxide in %‘by NDIR

- Tot:al oxides'of nitrogen in parts per million
- Air fuel ratio

- Ambientvtemperature ip degrees Rankine

- Specific humidity'invgrains water per pounds dry air

* : . . . : .
- Dal 3 was not available; this point was estimated




SPECIAL FLEET DATA

SPEED HC1 HC 2 - HC3 HCT HC co NO X A/F TEMP HUMID

=

A—14652 UNLEACED FORL H-DUTY GRUNLCY CENTER

1 0.375% 0.333% 0,295 % 500% 200 2.4 020 % 13.5 466 00
2 0.2€1 Co%38 0.300 073 040 1.3 223 13,9 466 Jga
1 0.3175 0.330 0,295 502 200 4.0 016 13.5 510 40
2 0.317 Ce384 0.300 325 175 24 205 14.0 510 40
‘A—-13857 UNLEALCED INT'L H-DUTY SAC CITY : )
1 0.382 6.382 = 0.236 408 325 2.5 0le 13.5 - 504 21
2 0.268 C.523 0.2C5S 035 040 045 188 l4.1 504 21
1 0.493 C.278 0.229 124 040 2.5 0l1 13.5 510 36
2 0.215 Ce379 0345 213 0390 l.0 038 14.5 510 36
A-1467C LEACEC FORC H-OUTY DES MOINES . :
1 0.391 0.343 0.266 141 150 3.3 910 13.0 496 15
2 0.251 Ce 466 0.283 118 050 2.0 040 13.6 496 15
1 0.423 Oe127 0.449 125 400 55 007 13.0 - 514 47
b4 0. 261 C.129 0.580 330 100 2.6 082 13.6 514 47
A-14€48 LEACEL FORE H-DUTY DES MOINES
1 0.3¢€9 U.290 De340 252 250 245 006 13.6 496 16
2 0.299 0.397 0.304 248 120 4e0 019 13,0 496 16
1 0.372 = 0.156 Deall 553 275 540 014 13.5 514 47
2 0.281 0.129 0.590 477 130 4o 977 13.3 514 47
A-14647 LEACEL FORD H-DUTY DES MOINES
1 0.453%  0.087x% 0.460 * 550% 244 % 4.5« 006 % 13.6% 496 16
2 0.231% O.145% 0.523% 410% 124 * 5.3% 040 * 13.5% 496 16
1 0.453 0.087 0.460 920 375 5.0 011 13,5 518 48
2 6.8 059 13,0 518 48

033 0.145 0.523 457 140

(A



SFEEC rC1 HC2 HC3 HCT HC CO NCX A/F "TEMP HUMID

A-14634 LEACECL. FORC H-DUTY AMES

1 UetsL® Lol 70O Je399 = £ iU L4u * Ze3% 607 ¥ 13.6% 533 33
2 Co3C6* 0.172%  D.522%  095%  035%*% 0.86% 060% 14.0% 503 30
1 0.431 Cel7V Je399 123 080 l.4 019 13.5 520 49
2 0.306 Jell2 Je i i 032 030 0.7 051 14.0 . 520 49

A-13063 UNLESACED CHEVY L-DUTY SRUNDY CENTER

i Ca3d23 Qe 317 06299 215 175 Go2 024 13.3 466 00
z. U.3CE  Ca430 De2€4 212 140 545 059 - 1340 466 00

1 C.296 De348 0e350 337 125 445 039 13.3 . 512 43

2 C.3C0% C.430% Je2ua® 300% 200 5.8 o8B * 13.0 512 43

A-1287¢ UNLEALES FORC  L-DuTy GRUNDY CENTER

1 Da396 Ses93 Je291 486 3590 442 006 13.4 464 00

2 CodC9 Ce5.lo Ve 215 083 150 0.9 223 . 14,3 464 00

1 J.462 Ce263 o245 1595 1200 5.0 011 134" 510 43

2 C.al19 Ce303 0.218 401 300 le5 161 14.5 510 43

A-14576 UNLEALEZ CrREVY L—-2UTY GRUNCY CENTER :

1 . 341 Ce 19 D240 012 050 le 043 13.7 464 00

2 04359 Coeilo 0el25 Jié 040 0.3 140 14,0 464 00

1 Ve 3201 Ce365 De334 118 050 1.6 020 13.7 510 40
Z C.274 0.389 0.337 035 030 0e4 069 1445 510 40

A-1536S UNLEALEC INT'L L-DUTY GRUNCY CENTER

1 0.%12 Co 304 J.183 331 150 1.8 017 13.8 467 00
Z Ue249 0.462 0290 Cc70 035 0.8 164 14,2 467 00

1 C.3€3 (.326 J.311 424 275 3.2 028 13.8 510 40
z ColEy Co&t 79 0,337 2317 080 3,5 058 13.8 510 40

£-4




SFEEC HC1 HC 2 HC3 HCT HT (088 N3X A/E TEMP HUMID

Qe344

A-12585 UNLEACEC CHEVY L-DUTY SAC CITY
1 UeclU Led 3¢ Je JUB Z0 ! L2 44U JUY 1366 J4 i
2 0304 Ce433 J.263 105 100 Do 393 lasa 904 27
1 Ce2l9 Ce 350 . 331 456 150 3.4 )21 13.6 504 30
2 0,233 Ge 354 Je373 317 Q80 249 )49 13.9 534 30
A-14264 UNLEACEC CHEVY L-DUTY SAC CITY ,
1 e 356 Cedbh a5l 246 129 3.5 J4l 13.8 504 21
2 0.254 o393 D.323 120 40 340 119 13.7 504 21
1 Ce287 0e595 De31l8 3690 150 1.3 NEY 13.8 510 36
2 S C.CS5 - C.456 o449 100 350 Ned 217 1442 510 © 36
A-15317 UNLEACED INT'L ¢-DUTY SAC CITY
1 C.320 Coettll J.268 301 225 315 li.0 504 24
z 0.215 Ce480 JelfD 943 050 20 144 504 24
1 Ce 399 o303 06297 353 25 J3¢ 13.0 505 28
2 0.148 Ca4l9 Ue 23 3538 )49 Joh 14 o4 525 28
A-1468C UNLEALED GMC L-DUTY >AC CITY
1 Ce3038 Cott19 Vel 753 i6s 160 JA1 14.6 - 498 20
2 Ce320 Ceb5UY Jelil 22 D40 108 1445 4G 8 20
1 C.280 Ze312 Ce349 352 120 917 13.6 510 36
2 Da24T £43G6 De358 J98 J5U uTl 1440 510 36
A—146S2 LEACEC MO L-DJTY DES MGINFS
1 0e429 D.2171 Lo 330 136 J50 Ze3 EE 1367 496 16
Z o529 C.261 0210 067 030 De3 D28 14,0 496 16
1 Cab36 0.C75 o489 280 J70 le3 Jle 13,7 514 47
Z C.321 U.335 81 J30 0.2 GBS laa1 514 47

%-4



N = N

N o N~

N = Ny -

Ue4ll Ue3U0
Cota6 Ds323]
Uea92 0.061
0.316 0«339

b—14658 LEADECL cMC

U411 Cel93
Cecl8 C.5¢€38
G406 C.069
Ce 366 $.290

NY = N) -

A-14691 LEADEC GMC

D.4l4 - UeldG9
0376 £.389
Cea38 Celdo
C.324 - 0315
A—15278 LEACEC INT
C.401 333
0.214 Ce431
Ue36€5 0.1823
Ca216 D198

p—-1327S LEACEL INT 'L

Ce367 Q6345
o257 £.a39
e 369 C.194%
C.238 Cel199

L-CuTy
Jec8)d
0.16G3
Oea4ald

Je 245

L-0DUTY
Jel 306
Je.153
De525
U.333

L-SUTY
Ve 288
Jel30
D406
Oe361.

L-oLTyY
Jelcob
Je294
JeleSe
0522

L=-DUTY .

J.283
0.304
Uea 37
0e533

D34
D2¢&
237

Jab

MAK SHALL TOWN

1ude
G5
312
J30

MAK
151
32
2259
05¢

AMEDS

285
Co4
280
122

AMES

312
C79
249
0638

DES MUOINES

J%U
230
080
040

J4U
050
100
030

SHALLTONA

100
J49
Jed
230

225
J45

140

050

225
040
185
Jz29

S PO P
e o
L w X

VR
524
919
Jou

Jié
235
JL7
J71

Ju

577
Ji7
c87

J13
241
Jls
134

Ji4
120
013
099

30
30
&7
47

23
23
47
47

30
30
54
54

30
30
58
58

6-d



N =N = Ny =N\ N‘P—‘N'—‘ N = N -

N =N

FC1

A-14575 LEACEL

Ueatl
O« 3¢4
0.at4

C.400%
A-15414 LEADECL

0.3€3
0.257
0373
C.258

A-15454 LEACEL

C.370
Ge 330
0e.3€4
Oe24€

A-14269 LEACELC

C.316
0.318
0.356
C.330

A-14602 LEACEC

C.425
Oet141
O.465
0.233

HC 2

CREVY L-DUTY

Uo284%
0,430
0.090

0322 %
INT'L

0.355
Co452
Cel63
C.182

INT L

0.330
Ce372
Cel60
0.2C9

CHEVY

G375
C.356
C.,211
D.196

CHEVY

0.311
C.335
0,179

0.384

HC3 HCT
AMES
UeZ250 053
0.206 99
0.426 192
0,278 %  320%
L-DUTY AMES
0.231 452
0.251 "C88
o464 308
0.560 099
L-DUTY AMES
0.300 500
0.268 157
0.476 405
Je545 116
L-DUTY AMES
0.308 235
0.325 121
0e433 257
Oe475 179
L-DUTY AMES
0e264% 119
0.223 043
0.356 156
04384 031

HC

050
035
100
025

200
050
200

050

200

050
240
050

190
040
140
045

100
035
080
040

006
c86
012
081

016
073
026
c89

13.9
14.3
13.9
l4.1

13.5
l4.7
13.5
14.7

13,2
14.5
13.2

14.8

13.6
1440
13.6
1440

13.8
14.3
13.8
14.4

TEMP

503
503
520
520

504
504
518
518

501
501
514
514

503
503
511
511

505
505
511
511

HUMID

30
30
58
58

29
29
52
52

29
29
51
51

32
32
56
56

28
28
52
52

9-d



SPEEC FKC1 HC2 "HC3 © HCT HC Co NCX A/F TEMP HUMID

" B-14342 UNLEACED CHEVY PICKUP GRUNDY CENTER

1 Ca370U Us358 JelZll uYo 050 1.3 Uiy L3¢t 404 U0
2 C.278" Caa54 0,268 038 030 G.2 134 14.0 464 00
1 0.374 0,292 0.335 - 168 050 2.0 C74 13.8 510 40
2 0.282 0.389 0.330 048 020 Co4 123 14.1 510 40
A-14343 UNLEALCEC CREVY PICKUP GRUNDY CENTER
1 0.323 U399 0,277 119 050 2.0 025 13.7 464 G0
2 0.328 Ce428 0.244 074 060 0.3 146 14,0 464 00
1 0.336 0,333 0,331 192 080 2.0 016 13.7 512 43
2 C.191 Cs468 = 0.340 062 050 Oe4 Q7 l4.1 512 43
A—158S¢ UNLEACELC CODCE PICKUP SAC CITY 4
1 0.323 £.385 0.292 146 090 l.4 023 14.3 504 26
Z2 0.234 C.531 0.234 023 020 0.2 141 14.6 504 26
r D.274 © Ce329 D397 226 0060 0.9 0l4 14.3- 504 21
2 0.198 0.389 O.413 264% 040 l.8 c8as 14,0 504 27
A-1437C LEACEC CHEvVY PICKUP AMES ' :
1 0407 C.289 0,304 015 020 1.0 025 14.0 504 29
2 0.413 0.314 0.273 081 040 0.3 124 14.0 504 29.
1 0.412 0.170 0.418 C76 045 1.2 029 13.9 518 52
2 0.368 0,204 0.428 c15 040 C.3 142 - 14,0 . 518 52
A-143€¢8 LEADEL CHEVY PICKUP AMES - .
1 - 0.365 0.325 0.310 092 - 050 0.9 026 13.9 504 40
2 0.387 0,359 0.254 117 060 0.2 132 14,1 504 40
1 0.401 Ca167 0.402 134 050 1.2 03¢ 13.9 518 52
é 0.2 150 * 1400 518 52

C.512% S.150% 0.337% 127% 100

L-4



SFEED HC1 HC 2 - HC3 HCT HC Cco NCX A/F TEMP HUMID

A-143&7 LEACEL  CHEVY PICKUP AMES

NY o N -

i UesTGCH Ce3U5% Gedzc * 10u* U4d 1.2 J3C * 13.7 5G3 3¢

2 C.448 Ce306 0,245 014 050 0.2 162 14.0 503 32

1 Ce 405 0.175 0.420 102 650 l.6 022 13.9 520 60

Z 0355 C.206 0e440 051 050 0.2 156 13.9 520 60

A-143€66 LEACGEC CHEVY PICKUP AMES :

i Ue3E2 £.293 0.325 094 040 le> Jls 134G 503 29
0.454% 0.315 - 0.231 123 090 0.2 118 13.9 503 29
Ce3€6% Co274%* 0.361 % 116% 050 1.5 020 * 13.9 518 52
0.424 0,221 Ue354 015 040 . 0.2 ue3 la.l 518 52

A-115C4 UNLEACED CASE TRACTOR GRUNDY CENTER o

1 0,343 Cettla De242 393 225 5.9 929 13.5 466 00 &

2 Ce235  (C.413 0.251 297 160 465 225 13.1 466 c0-

1 C.366 C.358 0.215 350 175 3.5 064 13.8 510 4Q

2 0.234 Cs430 0.336 268 050 2e4 192 14.0 510 40

A—13€634 UNLEATED J.D. TRACTIR GRUNDY CENTER

1 C.264 O.414 0.292 278 160 3.3 028 13.6 466 00

2 0.254 Coa69 0.277 225 140 4.0 340 13.3 466 00

1 0.272 L.410 De318 380 140 3.2 050 13.6 512 43

2 0.249 Ce438 De312 276 140 4s0 o773 13.7 512 43

A-136€2 UNLEALED INT'L TRACTOR GRUNDY CENTER

1 0.489 Ce312 0.199 306 250 1,2 060 13.8 467 00

Z 0a273 Coa421 2.,3C6 244 100 2.7 202 13.6 467 00

1 Ce234 Ded26 Js 340 351 250 1.5 J42 13.8 512 43

2 Ca273 Ce.4%421 0.306 305 125 3.8 T4 13.7 512 43




SPEEL 4FC1 HCZ2. HC3 . HCT HC Co NOX A/F TEMP HUMID

A—15555 UNLEACEC J.D. TRACTOR GRUNCY CENTER.

N - N

UelbBa Getar { UelbY 330 L75 448 U4b i13.5 4006 00
0.2¢4 C.438 0.298 215 130 3.4 255 L3.6 466 00
C.z288 0.420 Ue292 254 140 3.8 J48 13.6 512 43
0224 0e427 Ue349 263 080 2.9 134 14,1 512 43
A-12732 UNLEACED FORD TRACTOR GRUNDY CENTER
1 0400 0.353 V.247 406 320 3.7 053 13.1 466 00
2 0.25%¢ C.519 0.185 202 145 26T 773 13.7 466 00
1 0.218 C.386 06296 410 400 5¢5 . 047 13.1 512 43
2 0.3C3 0452 0.246 180 150 3.8 109 13.6 512 43
A-126S8 UNLEACED MAS FcRG TRACTOR SAC CITY
1 C.4C9 J.293 0.298 671 450 4.5 010 13.2. 505 23
2 Co2S7 C.421 0.282 182 290 3.0 105 1347 505 23
1 C.4009% Ce293 % 0.298 * 510% 350% 4,5% 300* 13.2% 510 36
2 ‘Ce2ST* Coe421 % 0282 * 182%* 090%* 2.3 % U9 0% 13.8% 510 36
£-110238 UNLEALED INT'L TRACTOR SAC CITY .
1 0.359 C.378  0.263 361 300 2e5 037 13.4 504 24
2 «211 C.436 0.282 367 180 5¢5 81 13.3 504 24
1 Cs41l C.307 J.282 566 300 565 J15 13.3 505 28
Z 0.276 C.424 0,301 592 180 5.0 055 13.1 505 28
A-155¢4 UNLEACED INT'L TRACTOR SAC CITY :
1 C.38C C. 363 00,227 601 450 3.5 011 13.4 506 27 .
2 0.289 Ca4G4 0.217 327 2GC 2.0 - 825 14,1 506 21
1 0,488 0.3901 0.212 448 340 3.3 036 13.4 510 36
é C.266 Ce44al 0,260 358 125 1.8 187 14.0 5190 36

6-4d




' SPEEC HCl  HC2 HC 3 HCT  HC co NGX AJF - TEMP  HUMID

A-136S3 LEADEL J BEERE TRACTOR MARSHALLTOWN

i Ue 3553 0.376 Ue 205 cai 200 Zedt G34 i3.8 496 Z4
oz 0.264 Codb4 0.272 112 050 l.4 415 14.5 496 24
1 04360 C.200 04440 316 160 1.8 077 13.8 511 47
2 0.268 C. 166 0e563 218 090 1.9 525 1442 511 47
£-13668 LEACEC  INT'L TRACTOR AMES : .
1 . 0.490 0.264 0.246 852. 325 4.5 041 13.1 502 31
2. C.283  (C.424 0.292 352 105 445 070 13.0 502 31
1 0.518%  0.131l% 0.351% 254%x 300 5.0 016 * 13.1 518 52
.2 04253 C.126 0.582 163 080 443 040 13.3 518 52
A-1366S LEADEC  INTT'L TRACTOR AMES - - o . -
1 G340 C.353  0.3067 376 175 2.5 0224 13e4 502 36 T
z Ce250 ~ 0.412  0.338 318 _ 080 243 108 13.6 502 36 =
1 0.4S8 0.097 0.405 533 225 2.2 0lz 13.4 536 75
2 0.322  C.136  0.542 - 214 050 2.0 ° 034 13.9 . 536 75
A-136S€ LEACEC  MAS FERG TRACTOR AMES : . -
1 0.285%  0.162% 0.553% 350%# 175% 2,2% 034 % 13.8% 503 30
-2 0.249%  C.194%  0.557%  220%  055%  1,8% 415 % l4e4 % 503 30
1 0.265  0.162 04553 400 150 2.6 370 13.8 520 49
2 0.249 Ce194 04557 235 - 060 2.3 438 13.9 520 49
£-15CS8 LEACEC  CHEVY wAGCN AMES . |
1 C.288 C.379 = 0.334 233 080 1.5 027 14.0 503 32
2 0.297 0.373  .0.330 165 . 050 2.8 163 1442 503 . 32
1 C.352  Col54 0.495 . 262 . il0 2.3 026 14.0 511 56
2 C.283 Cel53  0.564 181 050 2.8

G387 13.8 511 556




HC - o NOX A/F TEMP HUMID

A-1588C LEADEC DCDCE PICKUP DES MCINES

Uzl . 14.8 493 " 15

1 Ue 325 Ged1D Uedlce 1238 J6dU Ue B Z
2 0.479 0.307 0.214% 046 030 0.3 100 la.6 493 15
| 0. 368 0.173 0.430 146 060 0.2 035 l14.8 508 490
2 6,230 Ce234 0536 083 030 Ce3 117 14.8 508 40
A-14910 LEADEL PLYMCLTH PASS CAR AMES
1 « 368 0.317 D.2565 249 1co 1.3 J35 1as4 503 32
2 C.228 C.458 0.287 042 040 . Oe2 196 14.6 503 32
1 €.389 = 0.112 O.499 413 200 1.3 027 14.4 511 52
2 0.224 0,372 - 04404 - Q71 040 0.3 397 14.8 511 52
A-14641 LEACEC PLYMCLTH PASS CAR AMES : : _ o
1 0.283 0.355 0.362 356 050 1.0 G25 14,5 503 32 o
Z 0.242 Cea24 Ce334 039 020 Ce3. 261 14.7 503 32 . =
1 0.349 C.202 0.449 115 080 0.6 Q33 14.5 539 36
Z C.2C8 C.280 0s512 063 060 - 0.3 177 l4.6 539 36
© A-15192 LEACECL FCRC PICKUP AMES _
1 Ce552 % 0,100 =% 0.308% 500% 400 4¢2 009% 13.5 506 30
Z 0e4S5T% C.180*% 0.324* 230% 180 Ot 150% 14.2 506 30
1 0e592 G.109 0.3C8 1042 700 3.8 013 13.5 511 56
2 CeaSG7 C.180 0.324 115 390 0.3 205 l4.6 511 56
A-15415 UNLEACED INT'L L-DUTY GRUNDY CENTER
1 0.377 C.351 0272 . 24t 200 013 13,6 505 28
2 C.265 Ces22 0.313 175 060 133 14.3 505 28
1 0.3417 €204 Co 449 315 150 J20 13.6 515 56
2 Je.226 C.256 D.518 141 350 155 14.5 515 56




SPEED

LOAD

HC

co

NO

X .

A/F

VACUUM

"TEMP -+

HUMIDITY

BAROMETER

*

APPENDIX C

MATCHED PATR DATA FOR JANUARY 1972

Nomenclature -

- Idle
- 2500 rpm
- Engine load in horsepower

- Unburned hydrocarbon in parts per million by nondlsper51ve
infrared (NDIR) measurement

-+ Carbon monoxide in 7% by NDIR

H

Total oxides of nitrogen in parts per million
- Air fuei ratio
- Intake manifoid vacuum- in inches of _mereury
Ambient tempereture in degrees Ranklne
.» Spécific humidity in grains water per pounds dry air
-» Barometric pressure in 1nches of mercury

-+ Data not available; this point was estimated



MATCHED PAIR DATA FCR JANUARY 1972

SPEEDL LOAC HC co NOX A/F VACUUM TEMP HUMIDITY BAROMETER

A-14342 UNLEATDED ChHEVY PICKUP GRUNDY CENTER

2 077.9 100 7.5 0200%  12.6 02.4 498 22 28.51
2 057.7 040 1.8 1401 14.3 07.5 498 22 28451
¢ 03147 020 Le4 1586 1401 12.8 458 22 28.51
1 €00.0 050 0.5 0000. 13.8 19.3 462 22 28451
A-14367 LEACEC  CKFEVY PICKUP AMES A :
2 C85.4 150 7.5 0266 12,2 02.3 496 20 - 28451
2 (5942 030 1.2 2033 14.2 08.0 496 20 28451
2 C3C.7 010 0.6 2112 1440 14.4 456 20 28.51
1 le4 0000 13.9 19,0 482 20 - 23.51

.C00.C 045

A-1589¢ UNLEACEC DODGE PICKUP SAC CITY | | |
C83.3 045 2.2 1444 - 14.3 0l.6 504 21 28.84

2

2 C48.1 030 O.1 1082 1447 07.6 504 21 28.84%
2 C28.9 025 0.2 1150 1l4.5 12.8 504 21 28,84
1 0C0.C 100 1.5 C000 14.3 18.4. 504 21 28.84

2-15883 LEACEC DODCGE PICKUP DES MOINES

2 C75.0 160 5.2 0224 13.0 Ol.1 504 21 28.84
2 C55.2 080 1.3 0328 14.5 06.3 504 21 28.84%
2 C28-6€ 050 Oe5 0882 14,9 12.3 504 21 28.84
1 000.C 040 0.2 64co 14.8 15.4 504 21 28,84




MATCHED PAIR DATA FGR JANUARY 1972

SPEED LOAC HC Co NGX A/F VACUUM TEMP HUMIDITY BARGMETER
A—14343 UNLEACED CHEVY PICKUP GRUNDY CENTER
2 C84.9 180 Te5 0242 12.5 02.4 504 21 28.84
l 051.€ C15 1.0 165C 14.3 09.0 504 21 28,84
2 030.6 050 l.0 1202 14.1 13.5 504 21 28.84
1 $00.0 080 1.7 0600 13.7 18.5 504 21 28484
A—14368 LEACEC CHEVY PICKUP AMES
Z €85, 3 090 7145 0223 12.3 02.4 504 21 28,84
2 055,.8 080 l.7 1584 l4.1 08.7 504 21 28484
Z 031.7 050 lal 1284 4.1 13.7 504 " 21 2884
1 C00.0 015 0.7 0060 13.7 18.9 504 21 - 28.84%
A—15943 UNLEACEC DODCE PICKUP SAC CITY :
2 C80.C 050 5¢2 0475 13.4 01l.3 481 13 29440
2 C51,.1 020 0.8 1039 14,8 06.4 481 13 29.40
2 C26.1 010 0.3 1045 14.5 1l.7 481 13 259,40
1 0C0.C 050 1.3 0000 l4.6 16.6 481 13 29.40
A-15628 LEADEC DODGE PICKUP DES MCINES
2 C79.5 0S5 4e5 0259 13.1 Ol.4 4 84 12 29.40
2 0%4,5 050 1.2 0635 14.8 06.2 4 84 12 2G.40
2 c27.1 040 0.5 0683 14.9 11.9 484 12 25.40
1 €00,0 110 2.0 0000 -l4.3 17.5 484 12 29.40

€-0




MATCHED PATR DATA FOR JANUARY 1972

SPEEG ~ LGAC HC  CO NOX A/F VACUUM  TEMP HUMIDITY BAROMETER

———— ———— ———— —— — ——— — —_—— -— — —_—————— —— ——— . . s ke o S o o o S ot

A-15369 UNLEAEED INT'L L-DUTY GRUNDY CENTER ) '
. 09%9l.5 . 080 4.8 0992 - 13.2 Ol.1 502 28 28.51

RN

(59.5 060 23 1430% - 13.9 0bs4 502 23 ~ 28.51
C37.2 050 2.0 1492 14.0 10.2 502 28 28.51"
Cl7.4 =~ 100 = 6.4 0213 12.4 lao.o 540 63 28.83
CCC.0 400 lo4 0000 13.8 1640 467 28 28451
A-15415 UNLEACED INT'L L-DUTY GRUNDY CENTER _ . :
2 C88.4 085 4,0 1741 - 13.6 O0lel 494 23 28.51
.2 C58.5" 030 l.2 - 2542 14,7 05.8 = 494 23 28.51..
2 ' C39.4 - 040 1.3 2168 i4.6 09.6 494 - 23 28451 .
2 Clb6.5 125 . 2.3 0716 13.6 14.0 540 . 64 28,33 o
1 C00.0 200 3.0 0000 13.6 17.6 480 . 23 28.51 »

A-14576 UNLEACED CREVY L-DUTY GRUNDY CENTER

N NN

€(98.0 050 445 1086 13.5  0l.5- 452 00 29.82
€63.1° 030 0.4 1656 1545 05.6 452 00 2G.82
032.6 - 020 0.2 1112 15.1 09.6 452 00 26,82
C19.6 050 0.3 - 0961 14.8 11.9 452 00 25.82
0C0.0 125 3.2 0000 13.9 18.0 452 00 00.00
A-14575 LEACELC  CHEVY L-DUTY AMES = o - '
CS3.6€ 125 58 0558 - 12.7 0l.3 452 00 29.82
C61.7 040 0.4 0880°  15.1 06.0 452 00 ©29.82
. 031.5 020 - 0.2 0703 = . 15.1 11.6 452 00 26.82
020.6 010" 0.2 0556 15,0 13.1 452 ~ 00 | 25.82
G00.G 050 2.0

=~ N NN

2000 . 13.8 18.8" 452 “00 29.82

|
I
I
i




MATCHED PAIR DATA FCR JANUARY 1972

SPEED toacC _HC> Co - NCX - . A/F VAC UUM TEMP HUMIDITY BARCMETER

A-14680 UNLEALCED GMC  L-DUTY SAC CITY
2 104.5 100 6e2 1004 12.5 01.2 504 21 28.84
2 (69.6 050 0e5 2662 14.6 06.3 504 21 28.84
Zz 034.8 040 0.8 1662 1444 1.6 504 21 ' 28.84 |
2 €20.0 030 le2 0104 1443 14.5 504 21 . . 2B.84 -
1 C00.0 . 110 3.4 0000 13.8 18.8 504 21 - 28.84 |
A-14683 LEABEC GMC  L-DUTY DES MGINE _ :
Z 11042 080 5.5 . 0845 . 12,7 0l.2 . 504 21 " 28.84
2 - C73.6 025 Oe4 2404 l4.6 05.9 504 21 28.84
2 031.8 010 0.3 0808 14.7 11.4 504 21 28484
2 . C20.C 0G5 0.3 0862 14.6 l4.4 504 © 21 28484 e |
1 000.0 075 0.1 0000 . 13.7 18.9 504 21 28.84 o
~A-15317 UNLEACED INT'L L-DUTY SAC CITY
2 . 0S7.8 080 4.8 0719 13.7 0l.2 481 13 25440
2 057.5 060 1.1 1493 15.0 0746 481 13 29.40
2 032.6 050 1.3 0872  14.9 = 12.1 481 13 29.40
2 Cl8.5 C45 1.4 0825 . 14.9 4.4 481 13 25.40
1 0060.0 225 3.8 0000 13.6 1843 481 13- 29.40
A—15279 LEADEC  INT'L L-DUTY AMES.
2 102.2 100° 3.4 C81l4 13.9 . 00.9 481 13 29.40 .
2 C&3.1 060 °© 0.8 - 1337 15.0 07.5 481 13 29,40
2 032.6 055 1.0 1343 1449 12.6 481 13 29440
2 C18.3 045 1.0 c892 14.9 l4.8 481 13 29.40
1 442




SPEED

A- 14652 UNLEACED FORC

_'p-mrum:m

A—1467C LEACEC

- NN NN

A 13857 UNLEAEED

!-‘NNNNf

A-13848 LLADEE

NN N

LOAD

092.1
065.9
028.4

02C0.4

000.0

090,
C6T.4
C34.8
020.3

CC0.0

MATCHED PAIR DATA FOR JANUARY 1972

VAC UUM

HUMIDITY BARCMETER

0G51.G
€59.5
€29.6
015.5

000.0

(S6.3
C€3.3
€21.G

Cl6.7
C00.0

HC - C0  NOX A/F TEMP
H-DUTY GRUNDY CENTER o

150 7.5 0343 13.6 01l.1 452 00
080 2.4 1951 16.0 04.0 452 . 00
040 = 0.9 2532 17.0 08.9 452 00
040 1.1 2192 17.0 10.6 452 00
225 662 0000 13.8 19.0 452 00
FORC H-DUTY DES MOINES = -

150 7.5 0353 12.4 0l.2 452 - 00
100 3.5 1301 13.8 04 .4 452 00
€85 ‘le5 3155 14.3 08,2 452 00
100 2.3 2583 14.0 10.2 452 00
300 640 0000 13.4 18.7 452 0C
INT'L H-DUTY SAC CITY

110 4.8 1111 13.5 0le4 487 18
020 0.3 0817 14,9 05.4 487 18
040 0.8 - 0804 14.7 1l.5 487 18
060 1.2 0344 14,0 13.8- 4387 18
140 - 2.1 0000 "13.3. 17.5 487 18
INT'L H-DUTY DES MGINES ,
160 3.8 1627 13.7 Ol.l. 487 18
C40 0.9 1547 14.8 0445 487 18
050 -~ 0.6 1268 14.8 10.0 487 18
060. lel 0068 1446 13.0 487 18
300 1.2 0000 14.0 487 18

19.0

9-0




SPEED
1
2
Low

HC

€O
NO

X

A/F

‘VACUUM

TEMP

HUMIDITY

BAROMETER

APPENDIX D

MATCHED PATR DATA FOR APRIL 1972

Nomenclature

- Idle
-t 2500 rpm
- Engine.lbad in:horsepower

» Unburned hydrocarbon in parts per million by nondispersive
infrared (NDIR) measurement

~ Carbon monoxide in % by NDIR -

-+ Total oxides of nitrogen in parts per million

- Air,fuel ratio | |

.= Intake maniféld vapuﬁm in inches of mercury -

- Ambienﬁ temperature in déérees Rankine

-+ Specific humidity in grains wéter per pounds dry air

~+ Barometric pressure in inches of mercury




MATCHED PAIR CATA FOR APRIL 197Z

SPEED LGAC BC cC

A/F

VACUUM

T

EMP

HUMIDITY BARCMETER

————— ——— L — A — o~ ——— T —— " — . T— " o ot o o Tt P S S T T T — —— . ————— — T —— o T o S T, S o it S, e o S e il . s A . M . S s e e S

A-14342 UNLEALCEC CFEVY PICKUP

-2 C75.5 100 Te5
2 (49.C 040 lo4
-2 G24.5 030 1.2

8-143€67-LEACECL CFEVY PICKUP
2z (7S.§ 060 7.5 -
z. C48.1 040 loe4
2 024 o¢ 025 0.3
Z COC.C - 045 0e2
1 CCG.C Ce&S l.4

p-158S€ UNLEALEC CODCE PfCKUP

2. S €75.2 050 . 1.8
Z €572 G40 Oe4
2 02448 C30 - 0.2
R (CC.C 030 062
1 ccc'c 100 1.2
A-1588C LEACEC DODEE PICKUP
(75.8 " 160 5¢3

C59.5 150 /|

'€28.2 080 0.9

(CC.C - 030 0.3

0.2

0004C 070

I S BUSTUVIGVE N

GRUNDY CENTER

- —— ——— —— —— ——————————— " ———— o ——— o S Yot . ot st

€190 12.4
1791 13.9
0238 13.8
13.8
13.7
AMES o
0177 1262
1317 13.3
1656 13.6
0000 - 13.9
GGCO 13.8
SAC CITY
2556 14.0
2594 1442
2581 13.9
- 0000 14.5
0000 14.3
DES MCINES
1691 13,4
1117 13.6
2946 13.9
€0GGC 145
0600 1445

01.0

0544
12.6
19.5
15.7

541
54]
541
541

541

529
529
529
529
529

71
11
71
71
71

34
34
34
34
34

¢-a




r--f\)l\afuf\

SPEED LOAC

HC

Co

NOX

A/F

A-14343 UNLEACED CHEVY PICKUF GRUNCY CENTER

(P840
(5C.C
€231
CGO.C
CCCaC -

A-14368 LEACEL
(75.2
(5C.C
€27.C
(GGG
C00.0

= NN NN

 2-15S43 UNLEACE

z CE2.5
z 063.1
2 022.5
Z (0040
1 CG0.C.

A-1£528 LEADEL

2 (71.4
< Cata€
2 . Q2l.2¢
l (CC.C
1 CcG.C

195 Ted
106 2.3
€40 1.7
60 Outt
75 1.6
CFEVY PICKUP
180 7.5
c70 1.5
040 1.2
075 l.1
CGCCE PICKUP
110 5.8
050 0.9
020 0.2
260 240
DODGE PICKUP
175 5¢1
110 1.1
125 1.3
050 0.3
100 0.8

uirl 12.0
1877 13.7
1364 13.8
0000 13.8
0000 13.7
AMES
0343 12.2
1279 13.9
2118 13.8
J000 13.8
0600 13.8
SAC CITY -
1174 13.6
05€3 13.8
1357 14.3
coCC l4.6
0000 13,9
DES MCINES
0558 13.2
0952 1440
20C7 14.0
00Go l14.5
€000

VACLUM

U261
07.3

14,1

2042
19.0

TEMP  HUMIDITY BARCMETER

s —————— v —— A —— — ——— —— — . — ———— ] ——— o — o " — o = S ——— ——— — . o oo e S b i A i ok . . S i e e e s Y . ekt i S e e . i i S T o o 70 e s

541
541
541
541
541

39
39
39
39
39

42

42
42
42
42

62

62
62
62
62

28012
28,72
28672
28,172
2€.72

28,72

28B.72"

28,72

€-a




SPEEL . LOAD HC Co NCX A/F VACULM TEMP HUMIDITY BARCMETER

A—-1£36S UNLEALCED INT'L L-DUTY GRUNDY CENTER

< CG4.5 135 1.5 0236 12.0 01.C 540 63 28483
4 LeZe G80 565 0457 1249 07.2 540 63 25483
2 C21.¢ 080 6,0 0213 12.6 13.0 540 63 284853
2 Cl7.4 1006 64 0213 12.4 14.6 540 63 28.83
Z C00.0C 060 3.2 cgoc 13.5 19,9 540 63 28483
1 CCO.G 200 3¢5

0000 13.6 17.6 540 c3 . 28.83

A~15415 UNLEACED INT'L L-DUTY GRUNCY CENTEK

Z (S5.3 140 3.8 C716 13.4 00.8 540 64 284563
Z C55.5 €90 Ce9 1061 143 06.6G 540 64 28483
2 C27.5 125 240 C334 13.8 12.C 549 b4 28.83
z (lé.5 125 2.3 0716 13.6 14.0G 540 64 28.83
2 (CC.0 C45 0.9 0000 14.2 18.8 549 64 28.83
1 GCO0.C 12C 2e8 00GC 137 16.5 . 540 b4 28.53

£~-14576 ULNLEATCEC CHEvY L-DuTY GRUNCLCY CENTER

Z (S6.5 060 0.6 0279 12.9 00.9 515 49 268.78
< C5€.5S €20 Ce4 c432 14,5 C7.1 515 - 49 28,178
2 (27.0 010 0.4 0250 14.5 12.0 515 49 28.178
Z C17.2 Cic 0.3 0176 l4.4 135 515 4G 28.78
L2 CGG.G 020 Oo4 0000 14,2 19.6 515 49 28.78
1 CCC.C ¢80 2.1 0000 13.7 18.4 515 4G 28,18
2~14575 LEACEC CHEVY L-CUTY AMES ,
2 €(57.6 G80C 5.8 0203 12.7 00.7 514 47 2E. 1738
Z (£8,.C 020 0.2 0298 l4.7 06.C 514 47 28,78
2 . C25.8 Cld 0.2 0122 - l4e.6 11.8 514 47 28478
2 (17.C Clo 0.2 0154, i4.4 13.2 514 47 28.78
2 CCO.C 620 0.3 00CC 14,2 18.2 514 47 28.78
1 C00.C 040 0.9 0000 13.9 17.3 514 47 26.178

7-a




SFEEC LCALC FC co NOX A/F VACLLM TEMP HUMIDITY BARCMETER

2—14680C UNLEALCED GMC L-DUTY SAC CITY

l 1C4.5 125 Te4 1197 12.5 00.8 527 42 2872
< Leded C4U Uo7 1926 1445 UbeY 521 42 238012
2 (36.C G30 l.4 1331 14.1 11.7 521 42 2€.72
l (18,2 30 la7 €556 14.0 14.4 527 42 28672
2 €C0.C 040 0«65 00300 13.3 13.4 5217 42 28,12
1 €GC.C 095 3.0 0000 13.4 18.7 57 42 . 2E.12
£-14683 LEACEL GMC L-CuTY DES MCINES
b4 (S8.5 Cs5 5.6 0646 13.1 0l1.0 528 40 28472
< C65.E C30 O.4 2282 l4.1 05.7 528 40 28.172
2 C30.8 020 0.3 1130 l4.2 12.0 5238 40 2€.72
Z Cl18.3 ClO Oe2 0739 l4.1 14,2 528 40 28,12
é CCO.0C 030 Oe4 000G 13.9 19.6 528 49 28472
1 C60.C €60 1.9 0000 13.1 18.5 528 40 2E.72

A-15317 UNLEACED INT'L L-DuTY SAC CITY ' ,
€G2.2 100 442 03Cl 13.4 UUe8 514 47 28,178

2

l Ct7.8 C75 0.9 G536 14.4 07.1 514 47 2E-18
2 C22.72 c70C . 1.2 J5Cs 14.3 10.7 514 47 28.78
2 ClE.5 060 loa 0276 14.2 13.2 514 47 28.78
Z (CC.C €50 0.7 0000 14.5 19.7 514 47 28.78
1 €C00.0 225 3.1 0000 13.5 17.¢ 514 47 2E.78

A-15276 LEACEC INT'L L-DUTY AMES :

P (89.6 125 3.8 0328 13.3 Ol.C 514 4T 28.78
é C55.6 €80 1.0 0463 14.4 07.4 514 47 28478
é C26.1 Ceg 1.3 022¢ 14.2 12.6 514 417 28.178
2 €18.0 075 1.4 05%5¢ - l4.2 14.2 Sl4 471 28,78
2 (CC.C G50 Ca9 0000 14.3 20.2 514 47 2E.18
1 CCO.C 180 3.0 CGacC 13,6 18.C 514 47 28.78

¢-a




SPEEC LOAC HC Co

A-14652 UNLEALCED FCRLC H-CDUTY
z 102.¢€ 110 6.0
<. UEYe 4 C80 0e7
Z C31.0 050 1.3
Z €1S.06 C75 lo4
z (GU.0 040 1.3
1 C00.GC 200 245

£-1467C LEACEL FORC H-DUTY
Z CET.S 200 2.1
2 C67.1 060 3.0
Z C42.6€ Cc75 1.5
Z Ciled 100 2.8
2 CC0.0 090 le7
1 2.1

CCC.C 200

VACUUM TEMP HUMIDITY BARGMETER

A-12857 ULNLEACED INT'L H-DUTY

; CS6.2 - 130 4.8
2 CE245 €50 0.8
2 €23.3 c15 1.2
z (17.7 075 1.6
2 (CO0.C" 590 1.0
1 COC.C 500 3.8

A-13848 LEACECL INT*L H-DUTY

z CS€.3 130 4.2
2 C6laT 040 0.7
z €30.1 075 1.4
z C17.1 C80 1.8
2 €C0.0 100 1.8
1. CCC.C 200 545

NOX A/F
GRUNDY CENTER
0570 12.8
2366 14.2
1621 l4.1
1336 13.9
006G 14.0
0000 13.4
CES MGINES -
0139 12.0
1618 13.6
1875 13.9
1136 13.6
0000 13.8
0G0 13.4
SAC CITY
0659 13.5
1684 14e4
1656 14,2
C&CE 1440
0000 14.5
0occ 13.3
DES MCINES
1146 13.6
1674 14.5
1722 1442
2321 1440
0600 13.8
¢000 13.1

0l.C 530 2 2G.13
U6, (C 530 s 29413
106 530 29 25.13
12.3 530 29 25.13
20e 1 530 29 . 25.13
18.8 530 2S8 25413
01.90 530 33 26.13
04.2 530 33 23.13
0T7.7 530 33 29.13
10.6 530 33 2513
19.4 530 33 29413
17.5 5390 33 2G.13
Ole.1 5383 65 28,52
C4e9 533 65 28.52
11.C 538 65 28652
13.5 538 65 28452
18.4 538 65 28.52
18a.4 538 65 29452
Ol.l 5490 68 28052
05.1 540 638 2E.52
1l.1 540 68 2E.52
13.4 540 68 28.52
18,4 £40 68 28,52
18.5 540 68 28652
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LOAD
HC1
HC2
HC3

HCT
HC

. CO
NO

p.<
AlF

VACUUM

E-1

APPENDIX E

MATCHED PAIR DATA FOR APRIL 1972 AT 2500 rpm

Nomenclature

Engine load in horsepower
Paraffin fraction of HCT
Aromatic fraction of HCT
Olefin fraction of HCT

Total unburned hydrocarbon in parts per million by flame ioni-
zation detector (FID)

Unburned hydrocarbon in parts per million by nondispersive in-
frared (NDIR) measurement

Carbon monoxide in % by NDIR
Total oxides of nitrogen in parts per million
Air fuel ratio

Intake manifold vacuum in inches of mercury




MATCHED PAIR LATA AT 2500 RPM

LGAD RC1 rC2 . HC3 . HCT HC CC
2—14342 UNLEACED CHEVY PICKUP GRUNLY CENTER

TEMF=541 HUMICITY=71 BARCMETER=28,52
07%.5 6.432  0.1l41 0.428 286 100 7.5
C49.C - 0e28E Dezl4 0.498 163 040 l.4
02445 C.251 - Q.c55 O.494 €S0 030 1.2
¢—143€¢7 LEACECL CHEVY PICKUP AMES

TEMF=542 HUMICITY=7C BARCMETER=28.52
C71S.¢& C.4517 0.112 0.431 430 €60 7.5
C46.1 C.28¢ 0.182 0.531 116 040 1.4
Czb.€ Ce25¢ 0ecz2 . 0522 106 025 0.8
A-15866 UNLEALED CCOCE PICKUP SAC CITY

TEMP=53C HULMICITY=38 BARCMETER=29.13
€15.2 Oec34 0.164 C.571 113 050 1.8
CEl.2 0.145 0.239 Veb17 042 040 0.4
024.8 . "~ 0.1CS . 0.c37 Ce€54 gel 030 0.2
A—-158&C LEACEL DODCE PICKUP - DES NMCINES

TEMF=52S FUMILITY=34 BARCMETER=29,13
(7.8 C.Z88 0.162 Ce551 399 160 5.3
Csc.5 - C.25C G.15¢ Ge569 3170 150 4.1

0.9

€28.2 O0.162¢ O.141 Ca667 281

¢80

€190
1791
0238

e —— s e e G

12.4

13.9

13.8

14.0

14.2

13.9

VACUUM

02.0
08.5
14,3

¢-d




MATCHED PAIR CATA AT 2500 RPM

LCAC RC1 FC2 HC3 HCT HC CG NOX A/ VACUUM
£-14343 UNLEACED CHEVY PICKUP GRUNCY CENTER
TEMF=527 HUMICITY=39 BARCMETER=28.72 :
Cig.C Co34cz 0.315 0.343 459 195 1.5 Ci71 12.0 02.1
65C.0 C.271 00351 0,312 237 100 2e3 1877 13.7 07.3
Céz.1. 0.256 a237 0.404 132 G40 1.1 1394 13.8 14.1
£-14368 LEADEC CHEVY PICKUP AMES
TEMF=52G HUMILITY=42 BARCMETER=28.72
Cic.2 Ce4l7 0.23¢ Ge348 312 180 7e5 0343 12.2 02.C
€5C.0 00,303 0.316¢ 0.381 153 070 1.5 1276 13.9 07.9
(2i1.C 0.2867 0.231 0.382 101 040 1.2 2118 13.8 12.8
£-15G642 UNLEACELC DCDCE PICKUP SAC CITY
TEMF=54]1 HUMILITY=62 BARCMETER=28.83 :
Cézat C.cit C.4CE8 0.375 326 100 4el 1174 13.6 0l.1
Cée3al 003265 0.375 0.267 217 110 5.8 €563 13,8 07.2
C2z.9 0.25:2 0.445 0.301 146 050 0.9 1357 14.3 13.5
A-12928 LEALECL CODCE PICKUP DES MCINES
TEMF=E4]1 HUMITITY=62 BARCMETER=28.83
071.4 C.226 Gas 361 06274 374 175 5.1 €558 13.2 Ol.0
C45.6 0.255 Ce43c 0«313 290 110 1.1 €G52 14.0 07.0
0z1.2 0.282 - 06397 0.321 329 125 1.3 1607 14.0 13.2

i  ——————————————— - —— ] — . ———— T . Tt e,
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MATCHED PAIR CATA AT 2500 RPM

LCAD RC1 FC2 HC3 "HCT HC CC -~ NOX © A/F VACUUM

A-1536S UNLEALED INT'L L-DUTY GRUNCY CENTER
TEMP=540 HUMICITY=63 BAROMETER=28.83

£S4.,5 0.375 «219 0.3006 335 135 7.5 €236 12,0 0l.C
CéZ2.0 C.37C 0.213 04317 286 080 5.5 0497 1249 07.2
(27.6 0.372° 0l.3CE 0.220 302 080 6.C c213 12.6 13.0
Cli.4 Ce341 0.322¢& 0.333 348 100 6.4 ca13- 12.4 14.6
A~15415 UNLEACED INT*L L-DUTY GRUNDY CENTER
TEMP=540 HUMILITY=64 BARCMETER=28.,83 ,
(S%.3 .Qe3€1 0.35¢ 0.283 3c2- 140 3.8 C7le6 13.4 00.8
C55.5 213 Ue 385 0.302 234 090 0.9 1061 14.3 06.9
(275 0.320 0.376 0.301 - 279 125 2.0 Ce34 13.8 12.0 £
Clé,.5 C.32° C. 366 0.311 286 125 2+3 G7leé6 13.6 14.0 &
A-1457€¢ UNLEALCEC CHEVY L-DUTY GRUNCY CENTER
TEMP=515 HULNMILCITY=45 BARCMETER=28.78
(S€et Ce4€1 0.3246 C.187 163 060 0.¢€ 0279 12.9 00.S
05649 0.182 Ge£92 0224 028 020 Det 0432 14.5 07.1
(27.0C C0e264 0.57¢ Cec20 c13 ol0 Oo 4 €250 14.5 12.0
C17.2 0.174 0.567 0.258 - 018 010 0.3 Cl76  l4.4 13.5

2—14575 LEACEL CHEVY L-CUTY AMES

TEMP=514 HLMILITY=47 BARCMETER=28.78
CS1.¢ 0.424 0,220 0.256 279 080
Cc8.0 0.176 0,455 0.326 022 020

0203  12.7 00.7
0298 14.7 060

5.8

0.2
‘C25. & 0.161 C.Z169 0.291 015 010 0.2 cl2z l4.6 11.8
C17.C 0.184 ‘0,488 . 0.328 015 010 0.2

Cl54 l4.4 "13.2




MATCHED PAIR DATA AT 2500 RPM

- LCAD FC1 ‘ FC2Z - HC3 HCT HC - CC NCX A/F VACUUM

e e e e e e Y Y e e S e e e e f R A — e o n A A A A e e ko e o e e e e

A-1468C UNLEACEC GMC L-DUTY SAC CITY
TEMP=52T7 HUMICITY=42 BARCMETER=28.72

1C4.5 C.4C¢ 0.295 0.299 268 125 1.4 1167 12.5 00.8
Ces5,.2 0.175 - G.%t38 0.283 137 040 0.7 1526 14.5 06.9
C3¢.0 0215 0.413 0e312 C81 030 lo4 1331 14.1 11.7
€18.2 . 0e3C1 0+459 0.234 - (89 030 1.7 €559 14.0 l14.4
A-14€E2 LEADEC GMC L-DUTY  DES MCINES )
TENF=£28 HUMICITY=40 BARCMETER=28.72
CS8.95 0.426 0.258 0.312 233 Cs5 5.6 Co646 13.1 0l.0
CéesLE C.13C C.581 U283 051 030 O.4 282 l4.1 05.7
03C.8 0.249 U.51¢ 0.235 Cl4 020 0.3 1130 l4,.2 12.0 ki
Cig.2 0.2C7 = 0.5€2 0.231 C17 010 0.2 €735 l4.1 14.2 v
R - . . |
A=15317 UNLEACED INT'L L-DUTY SAC CITY
~ TEMP=514 HUNMILITY=47 BAROMETER=28.78 o
CSz.2 G.3C3 0.429 0.268 158 100 4e2 €301 13.4 00.8
07,8 0.245 C. 506 0.245 133 0715 0.9 0596 l4.4 07.1
C32.¢ 0.24¢ 0.£04 Ue 249 135 C70 l.2 - €508 14.3 10.7
Cl18.5 0.24¢& C.506 0.245 105 060 l.4 C276 14.2 13.2
A-15279 LEACEL INT®*L L-BUTY AMES
TEMF=514 FUMICITY=47 BARCMETER=28.78
CESL.E 0322 «3C7 "0.371 360 125 3.8 0328 . . 13.3 . 0l1.0
€55.6 0.2EE 0.40C ~ 0.312 - 238 £80 1.0 0493 l4.4 07.4
CZe. 1 0.28¢ 00403 0.308 235 080 l.3 €220 14.2 12.¢€
C18.¢C " 0.28C 0,295 0.3226 . 239 G715 l.4 €556 - 14.2 14,2




MATCHED PAIR CATA AT 2500 RPM

e e e e e e o e e P = Y T P e e e €I o s cvae e S . S S =~ ——— _— —— - — — —— - ——— —— — T o —— ——— T, . o St . o, T o S o i, S il gy o

“A-14€E2 UNLEALED FbRC H-DUTY GRUNLCY CENTER
TEMF=£30 HUMILCITY=29 BARCMETER=29.13 :

Cl7.1 0.221 0.111 0.558 269 680

12.8
14.2
14.1
13,9

"13.5

l14.4
14,2
l4.0

13.6
14.5
14.2
14.0

VACUUM

01,0
06. O
10.5
12.3

Ol.1
04.9
11.0
13.5

Ol.1
05.1
11.1
13.4

1C2.¢  C.217S 0.181 . 0.540 251 110 6.C 057¢C
CE5.4 C.192 0.187 0.620 124 €80 0.7 2366
C31.C  C.Zlz 0.154  0.633 162 050 1.3 1621
C15.6 C.zl& 0.154 0.628 184 0175 1.4 1336
A-1467C LEACEC  FORC H-DUTY DES MCINES
TEMP=530 HUMICITY=33 BARCMETER=29.13
C&T.5 0.2372 0.123 Ce504 251 200 2.1 C13$
CeTo1 C.27€ 04115 0.607 211 060 3.0 1c18
C4Z.6 0.224 Oel153 O.tl4 191 G175 1.5 1879
Czle4 Ca254 0.151 0.595 255 100 2.8 1136
£-13857 UNLEACED INT'L H-DUTY ‘SAC CITY
TEMP=538 HLMICITY=65 BARCMETER=28.52
CSéaz .336 0.22¢ 0.436 300 . 130 7.5 Ce99
Ce2.5 ©  0.224 0.312  0.463 132 €50 7.5 _ 1684
033,53 C.25¢ 0.172 . 0.532 202 075 2.5 1696
Cl17.7 .218 0.156 . 0.526 202 - 075 1.6 ¢ 806
A-13848 LEACEC . INT'L H-DUTY OES MCINES
TEMF=540 RUMICITY=68 BAROMETER=28,52 :
CS6.3 0.40% 0.124 0,467 319 © 130 442 1146
061.7 C.28E 0. 172 o540 158 040 0.7 1974
C30.1 = 0.227 0.250 0.524 156 075 1.4 1722
l«& 2331

9-d




APPENDIX F

MAINTENANCE RECORDS OF TEST FLEET

PICKUPS

Nonleaded

o

A-12232 Ford F100 1967 Sac City

9-2-71 new coil wire, set
timing
11-2-71 tune-up
12-2-71 ground valves, sur-
' faced heads, new coil

A-13555 Chev 10 1968 Sac City

A-14342 Chev 20 1969 Grundy Cen-

ter

11-1-72 tune-up
2-~1-72 new points

A-14343 Chav 1969 Grundy Center

8-4-71 tune-up, plug wires
11-1~72 tune-up

A-15896 Doidge 1971 Sac City

11-2-71 tune-up
3-6-72 carb kit

Leaded

A-14349 Chev 10 1969 Des Moines

5-25-71 tune-up

A-14367 Chev 10 1969 Ames

5-19-71 tune-up

A-14368 Chev 10 1969 Ames

5-~17-71 tune-up

A-14369 Chev 10 1969 Ames

5-19-71  tune-up
11-5-71  tune-up

A-14370 Chev 10 1969 Ames

5-17-71 tune-up, plugs,
points, cond

A-15192 Ames

2-10-72 tune-up
4-11-72 tune-up

A-15880 Dodge Des Moines



F-2

LIGHT DUTY

i
Nonleaded !

A-13093 Chev. 50 1968 Grundy

6-2-71 carb cleaned

8-4~71  tune-up, valves
ground

10-1-71 new engine

11-1-71 tune-up

3-2-72 new engine

4-28-72 tune-up (uses qt of

011/1000 miles)

A-13585 Chev. 1968 Sac City

9-2-71 new engine
- 2=4-72 uses qt of 0i1/800
miles :

A-13870 Ford F600 1968 Grundy

6-25-71 new engine
10-1-71 new carb
12-1-71 new carb, tune-up

A-14264 Chev 50 1969 Sac City

6-3-71 new carb and front
crankshaft pulley
11-2-71 tune-up

5-4-72 new engine

A-14576 Chev 50 1970 Grundy

4-6-71
2-2-72

Tune-up
new carb

A-14680 GM: 1970 Sac City

4-13-71 tune-up
9-~2-71  tune-up

A-15317 In:'l 1600 1970 Sac City

4-13-71 tune-up
11-2-71 tune-up

Leaded

A-14269 Chev 50 1969 Ames

5-19-71 tune-up
11-5-71 tune-up

A-14543 Chev 1970 Ames

5-11-71 tune-up
11-8-72 tune-up
5-11-72 tune-up

A-14575 Chev 50 1970 Ames

5-25-71 tune-up
11-5-71 tune-up
3-16-72 tune-up

A-1460 Chev 50 1970 Ames
6-15-71 tune-up

A-14683 GMC 1970 Des Moines

5-8-71
11-3-71

tune-up
tunie-up

A-14692 GMC 1970 Des Moines
5-20-71 tune-up
11-3-71 tune-up
12-3-71 new carb

A-14691 GMC 1970 Marshalltown
5-19-71 tune-up-
10-5-71 tune-up
3-13-72 tune-up




F-3

LIGHT DUTY (cont.)

Nonleaded Leaded

A-15369 Int'l 1600 1970 Grundy A-14698 GMC 1970 Marshalltown

5-21-71 tune-up
2-16-72 tune-up

A-15278 Int'l 1600 1970 Ames

5-11-71 tune-up
11-8-71 tune-up

A-15279 Int'l 1600 1970 Ames
5-10-71 tune-up

A-15414 Int'l 1600 1970 Ames

5-5-71  tune-up
11-5-71 tune-up
1-20-72 tune-up

A-15454 Int'l 1600 1970 Ames

5-5-71 tune-up
11-8-71 tune-up

HEAVY DUTY
Nonleaded ' - __Leaded
A-13857 Int'l 1700 1969 Sac City A-14634 Ford 1970 Ames
10-20-71 tune-up - 5-25-71 tune-up
5-4-72 carb kit 4-12-72 new engine
A-14652 Ford 1800 1970 Gruﬁdy A-14647 Ford 1970 Des Moines
4-6-71  tune-up 11-3-71 tune-up
3-26-72 new carb 1-11-72 tune-up, new carb
4-28-72 nee distributor and plug wires

A-14648 Ford 1970 Des Moines

11-3-71 tune-up
5-8-72  tune-up new carb

A—14670_Ford 1970 Des Moines



TRACTORS

Nonleaded

A-11028 Irnt:'l 1965 Sac City

A-11504 Case Grundy Center

A-12698 Massey Ferg. 150 1967
Sac City )

A-12732 Ford 1967 Grundy Center

6-25-71 new carb and coil

A-13634 John Deere 1969 Grundy
A-13662 Int'l 1968 Grundy
A-15555 John Deere 1970 Grundy

A-15564 Int'l Sac City

F-4

Leaded

A-13668 Int'l 1968 Ames

A-13669 Int'l 1968 Ames

5-10-71 new plugs
3-30-72 new muffler and tail
pipe
A-13693 John Deere 1968 Mar-
shalltown

5;28-71 tune-up

A-13696 John Deere 1968 Ames

11-9-71
4-8-72

tune~-up, new wires
valves ground




Miles or

9 XIANTddY

Total Hours or Quarts hours per "Miles or
gallons miles per of oil quart of oil Quarts  hours per
Vehicle Total Total of gas gallon used for used for of oil quart of oil
identification hours miles consumed of gas lubrication lubrication consumed consumed
T P
Pickup
A-12232 5,517  391.8 14,08 15 367.8 1 5517
A-13555
A-14342 10,178 885.0 11.50 26 391.5 7 1454
A-14343 13,460 1234.5 10.90 36 373.9 _'22 612
A-15896 14,851 1273.8 11.66 40 371.3 7 | 2122
A-15943 4,958 497.0 9.98 12 413.2 4 1240
48,964 4282.1 11.43 129 379.6 41 1194
Light d#ty
A-13093 15,519 2539.8 6.11 50 310.4 20 776
A-13585 15,221 2507.0. 6.07 49 310.6 15 | 1015
A-13870 15,818 2828.7 5.59 63 251.1 11 1438
A-14264 13,182 2447.9 5.39 35 376.6 19 694
A-14576- 15,442 3000.0 5.15 56 275.8 12 1287
A-14680A 18,986 3011.0 6.31 42 452,0 14 1356
A-15317 10,579 1752.8 6.04 45 235.1 8 1322
A-15369 14,096 2236.4 6.30 _64 220.3 11 1281
118,843 20323.,6 5.85 404 294,2 110 1080




Miles or

Total Hours or Quarts hours per Miles or
gallons miles per of oil quart of oil Quarts hours per
Vehicle Total Total of gas gallon used for used for of 0il quart of oil
identification hours miles . consumed of gas lubrication 1lubrication consumed consumed
Heavy duty
A-13857 3,048 864.0 3.53 38 80.2 8 381
A-14652 5,030 2144.,0 2.35 72 69.9 19 265
8,078 3008.0 2.69 110 73.4 27 299
Tractors
A-11028
A-11504 . 283.0 490.8 0.58 18 15.7 1 283
A-12698
A-12732 164.0 - 339.5 0.48 17 . 9.6 1 164
AA-13634. 107.0 100.7 1.06 0 0.0 2 54
A-13662 - 22.0 37.6 0.59 0 0.0 0 0
A-15555 150.0 141.2 1.06 6 25.0 0 0
A-15564  _524.0 _840.5 0.62 18 29.1 0 _0
1250.0 1950. 3 0.64 59 21,2 4 313
Pickup
A-14349
A-14367 2,045 171.0 11.96 0 0.0 0 0




Total Hours or Quarts ;%3%28p2£ Miles or -
gallons miles per of oil quart of oil Quarts hours per |-
Vehicle Total Total of gas gallon used for used for of oil quart of oil
identification hours miles consumed of gas lubrication lubrication consumed consumed
A-14368
A-~14369 8,667 786.1 11.03 10 866.7 5 1733
A-14370
A-15192
A-15880 14,310 1295.0 11,05 32 447.2 7 2044
25,022 2252.1 11.11 42 595.8 ‘12 2085
Light duty
A-14269 7,688 2007.0 3.83 35 219.7 3 2563 o
: i
A-14543 w
A-14575
A-14602
A-14683 2,948 710.0 - 4.15 0 0.0 5 590
A-14691 14,455 28200 . 5.13 42 344, 2 29 498
A-14692 8,331 1458.0 5.71 21 ' 396.7 0 0 %
A-14698 : 11,587 2241.0 - 5.17 36 321.9 8 1448 !
A-15278 l
A-15279
A-15414
A-15415-




Miles or

Total Hours or Quarts hours per Miles or
gallons miles per of oil quart of oil Quarts  hours per
Vehicle Total Total of gas gallon used for used for of 0oil quart of oil
identification hours miles consumed of gas lubrication lubrication consumed consumed
A-15454 8,204 1131.0 7.25 _54 151.9 6 1367
92,069 15537.0 5.93 368 250.2 63 1461
Heavy duty
A-14634
A-14647 3,203 1128,0 2.84 27 118.6 6 534
A-14648 4,385 1421.2 3.09 52 . 84.3 4 : 1696~
A-14670 | - - —_ S
7,588 2549.2 2.98 79 96.1 10 759
Tractor
A-13668
A-13669
A-13693 90.0 i31.1 0.69 12 7.5 0 0
A-13696 . . L . L
90.0 131.1 0.69 12 7.5 0 0

=D




10.

11.

APPENDIX H
CALIBRATION CHECK PROCEDURE USING CERTIFIED STANDARD GAS
AND GAS CALIBRATION KIT #120-177
Plug power cord into 120 V, 60 Hz power source,.
Turn EET-910 or 912 Power Switch to STANDBY positions.

Turn EET-910 or 912 Test Switch and valve to CALIBRATE positions.

Allow tester‘(EET-910 or 912) to reach normal operating temperature —
(a2 minimum of 60 minutes operation in 70 °F room ambient or higher).

Set Power Switch to TEST Position, (pump on).

Adjust FLOW CONTROL VALVE (Access through top of tester head frame)
to obtain an indication of 26 CFH as indicated on EET-910 or 912
FLOW INDICATOR.

Rotate SET LINE ADJUST controls on CARBON MONOXIDE AND HYDROCARBON
until respective meters read on the zero SET LINE,

Observe meters (CO and HC) to insure that meter drift does not exceed

the zero SET LINE, if meters indicate drift, allow more warm-up time.

. Comnect "CERTIFIED" STANDARD GAS to exhaust emission tester model

EET-910 or 912 as outlined in (Page 12 October 1970) "Dual" Hookup
for Gas Calibration Kit No. 120-177.

" "Certified Standard Gas"

CARBON MONOXIDE — shall be 2.5% CO in 97.5% Nitrogen (N2) certified
to actual mixture,

HYDROCARBON - — shall be 900 parts per million (PPM) (N Hexane)
balance of tank to be Nltrogen (NZ) certified to
actual mixture.

(Caution!) You must extend exhaust hose outlet from EET-910 or 912
tester to a room exhaust system or through a window to the outside,
Do 1ot use 'in a confined area.

‘Tura EET-910 and 912 TEST SWITCH AND VALVE to TEST.




12,

13.

14.

15.

16.

17.

18.

19.

20.

21.

Carbon Monoxide Unit

Adjust output préssure (on pressure regulator, large green knob)
to 5 plus or minus 1 pound per square inch (on CO tank),

Adjust GAS FLOW CONTROL (small black knob) to obtain an indication
of 26 CFH as indicated on EET-910 or 912 FLOW INDICATOR.

Rotite SPAN SET CONTROL until CARBON MONOXIDE meter reads on SPAN SET
line (or appropriate value of calibration gas if other than listed
uncéer item 10). Recheck set line. If meter indicates drift, repeat
step 7, 8 and 14.

CARBON MONOXIDE meter should repeat Certified value of gas, plus or
mirits 1 Division. Turn CO tank valve to OFF.

Hydrocarbon Unit

Adjust output pressure (large green knob on pressure regulator) to
5 pius or minus 1 pound per square inch (on HC tank).

Adjust GAS FLOW CONTROL (small black knob) to obtain an indication
of 26 CFH as indicated on EET-910 or 912 FLOW INDICATOR.

Rotate SPAN SET CONTROL until HYDROCARBON meter reads on SPAN SET
line (or appropriate value of calibration gas if other than listed
und :r item 10). Recheck set line. If meter indicates set line
shi Zt, repeat above procedure as required.

HYDROCARBON meter should repeat certified value of gas, plus or
minis 2 Divisions. Turn HC tank Valve to Off.

If reading is not within tolerance (Hydrocarbon or Carbon Monoxide)

a. Be sure all fittings are tight (no leaks).

b. Flow is at proper rate (26 CFH). :

c. Gas sample is not too hot or too cold. (Use 25 ft of hose to
normalize temperature.) : '

d. Be sure EET-910 has reached normal operating temperature
(no meter drift),

e. If gas cylinder has been standing for a long time, the gas may
have stratified. 1Insure proper mix by rolling cylinder or
heating by means of hot water or heat lamp, etc.,

f. If reading is not within tolerance, replace appropriate analyzer.

Dis :onnect the Calibration Gas Dual Hookup and connect the Exhaust
Emi ;sion Sample Probe.




22,

23.

Vehicle Testing

With the Test Valve in the CALIBRATE position check and reset if
necessary the zero reading on each meter,

With the Test Valve in the TEST position obtain the CO and HC

meter readings. Repeat steps 22 and 23 for successive vehicle
readings.




APPENDIX I

TEST FLEET ANALYSIS OF VARTANCE

ALL VEHICLES

|ﬁeasured Source of Sums of Degrees of F
variable variation squares calculated
A11
vehicles
HC F 1.231E 5 - 1 8.07 3.84
(NDIR) S 2.126E 6 1 139,28 3.84
T 1.714E 6 3 37.44 2.60
FxS 2.922E 4 o1 1.92 3.84
 FxT 2,952E 5 - 3 6.45 2,60
SxT 5.804E 5 -3 12.68 2.60
FxSxT 6,.184E 4 3 1.35 2.60
ERROR 1.319E 7 864 - -
CcO F 1.241E 1 1 .8.89 3.84
S 9.105E 1 1 65.22 3.84.
T " 4.602E 2 3 109. 86 2.60
Fx§ 3.538E-1 1 0.25 3.84
FxT 8.676E 2 3 20.71 2.60
SxT 1.087E 2 3 25.96 2.60
FxSxT . 1.272E 1 3 3.04 2.60
ERROR 1.206E 3 864 L= -
A/F F 2,900E-1 1 2.54 3.84
. S 1.564E. 2 1 137.00 3.84
T 2,694E 2 3 '78.66 2.60
FxS 6.000E-2 1 . 0.52 3.84
FxT 5.350E 0O '3 15.62 2.60
SxT 8.710E O 3 25,42 2.60
FxSxT 7.200E-1" .3 2.10 2.60
. ERROR 9.863E 1 864 - -
Note: 'I' = fuel
€ = speed
‘7 = type ' 7
1.3 1.319 X 10

19E 7 =




TEST FLEET ANALYSIS OF VARIANCE

APPENDIX J

VEHICLES SEPARATED BY TYPE

khasured Source of Sums of Degrees of F F
variable variation squares freedom calculated critical
Pickup
HC F 1.150E 3 1 2.39 3.91
(NDIR) S 3.121E 3 1 6.50 3.91
FxS 1.211E 4 1 25.21 3.91
ERROR 6.532E 4 136 - -
co F 9.908E-1 1 6.28 3.91
S 2,971E 1 1 188.40 3.91
FxS 6.687E-2 1 6.69 3.91
ERROR 2,144E 1 136 - -
A/F F 1.383E 0 1 20.67 3.91
S 1.211E O 1 18.10 3.91
FxS 1.812E-1 1 2,71 3.91
ERROR 9.098E 0 136 - -
Light duty
HC " F 4.499E 5 1 22,81 3.85
(NDIR) S 1.075E 6 1 . 54,52 3.85
FxS 1.005E 5 - 1 5.10 3.85
ERROR 7.414E 6 376 - -
co F 4,622E 1 1. 35,04 3.85
S 1.767E 2 1. 133,98 3.85
FxS ‘5,397E O : 1 4,09 3.85
ERROR 4.960E-2 376 - -
A/F F 1.488E 0 1 11.83 3.85
S 2,991E 1 1 237.82 3.85
FxS - 4.005E-1 . 3.19 3.85
- ERROR 4,728E 1 376 - -
HeaVy du:zy
HC F 1.390E 4 1 - 0.50 3.92.
(NDIR} S .9.146E 5 1 - 32.84 3.92
FxS 1.238E 4 1 0.44 3.92
_ ERROR - 3,231E 6 116 - -




Measured Source of Sums of Degrees of - F F
variable variation squares freedom calculated critical
. CO F 2.388E 1 1 10.51 3.92
' S 2,863E 1 1 12,61 3.92
FxS - 3.153E-1 : 1 0.14 3.92
ERROR 2.635E 2 116 - -
A/F F 1.526E O 1 10.02 3.92
S 3.729E O 1 24,48 3.92
FxS 1.621E-1 1 1.06 3.92
ERROR 1.767E 1 116 - -
Tractor
HC F 2.447E 5 1 23,30 3.90
(NDIR) S 1.196E 6 1 113.85 3,90
: FxS 2.778E 4 1 2.64 3.90
ERROR 2.479F 6 236 - -
co F 7.207E 1 1 39.99 3.90
S 8.062E O 1 4,47 3.90
FxS 6.959E 0 - . 1 3.86 3.90
ERROR 4.253E 2 236 Co—- : -
A/F : F 1.173E O 1 8.90 3.90
S 5.054E-1 1 3.83 3.90
FxS 0.000E O 1 0.00 ‘ 3.90
ERROR 3.112E 1 ' 236 - -




APPENDIX K

SPECIAL TEST FLEET VEHICLE ANALYSIS OF VARTANCE
(March and May data — all vehicles)

Measured Source of Sums of Degrees of F F
variable variation squares freedom calculated criticall
%11 vehicles
HC1 F 1.075E-1 1 24,55 3.90
S 2.898E-1 1 66.17 3.90
T 2.884E-2 3 2,20 2.65
FxS 3.098E-3 1 0.71 - 3.90
FxT 8.099E-2 3 6.16 2,65
FxSxT 2.460E-2 3 1.87 , 2,65
ERROR 7.664E-1 175 - -
HC2 F 8.344E-1 1 122,92 3.90
S 2.142E-1 1 31.55 3.90
T 4,561E-2 3 2.40 2,65
FxS - 9.201E-3 1 1.36 . 3.90
FxT 3.009E-2 3 1.48 2,65
- FxSxT 2,225E-2 3 1.09 2.65
ERROR 1.188E-1 175 - -
HC3 F 3.428E-1 1 46,26 3.90
S 5.691E-3 - 1 0.77 3.90
T ' 3.571E-2 3 1.61 2.65
FxS 1.648E-3 1 0.22 3.90
FxT 1.204E-1 3 5.42 2.65
FxSxT 2,225E-2 3 1.00 : 2.65
ERROR 1.297E 0 175 - -
HCT F 7.173E 3 1 0.25 3.90
(FID) S 1,367E 6 . 1 47.35 3.90
T 9.724E 5 3 11.22 2,65
FxS - 1.049E 4 1 0.36 3.90
FxT 1.360E 5 .3 1.57 2,65
FxSxT 6.692E 4 3 0.77 2,65
-ERROR 5.054E 6 175 - -
HC - F 4.930E 3 1 0.39 .3.90
(NDIR) S : . 5.303E 5 1 - 42,12 3.90
T ' 1.713E 5 3 4,54 2.65
FxS 5.531E 1 1 0.00 ©3.90
FxT - 1,237E 5 3 3.27 - 2,65
FxSxT 1.472E 4 3 0.39 2.65
ERROR  ~ 2,203E 6 175 - - - .



ERROR

Measured Source of Sums of Degrees of F F
variable variation squares freedom calculated critical
Co F 2,688E-1 1 0.19 3.90
S 6.054E 1 1 41.77 3.90
T 8.495E 1 3 19.54 2,65
FxS 6.914E-2 1 0.05 3.90
FxT 2.374E 1 3 5.46 2.65
FxSxT 4.484E O 3 1,03 2,65
ERROR 2.536E 2 175 - -
NO2 F 5.116E 3 1 0.60 3.90
S 6.581E 5 1 77.15 3.90
T 1.705E 5 3 6.66 2,65
FxS 1.499E 4 1 1.76 3.90
FxT 2.090E 4 3 0.82 2.65
FxSxT 1.847E & 3 0.72 2.65
ERROR 1.493E 6 175 - -
A/F F 0.000E O 1 0.00 3.90
S 6.933E 0 1 62,21 3.90
T 4.282E O 3 12.81 2,65
FxS 0.000E O 1 0.00 3.90
FxT 1.621E O 3 4.85 2,65
FxSxT 8.869E-1 3 2,65 2.65
ERROR 1.950E 1 175 - -
Pickup
HC1 F 1.465E-1 1 34.76 4,20
S 1.060E-2 1 2.52 4.20
FxS 1.445E-2 1 3.43 4,20
ERROR 1.180E-1 28 - -
HC2 F 1.990E-1 1 19.90 4.20
S 2.442E-2 1 2,44 4,20
FxS 1.014E-2 1 1,01 4.20
ERROR 1,356E-1 28 - ~
HC3 F 4.106E-3 1 1.11 4.20
-S 2.871E-3 1 0.78 4,20
FxS 3.929E-4 . 1 0.11 4.20
ERROR 1.035E-1 28 - -
HCT F 2.156E 4 1 0.60 4,20
(FID) S . 8.214E 4 1 2.28 4,20
FxS 7.512E 3 1 0.21 4.20
1.010E 6 28 - -




Measured Source of Sums of Degrees of F F
variable variation squares, * freedom calculated critical
HC F 2.655E 4 1 1.56 4.20
(NDIR) S 1.788E 4. 1 1.05 4,20

: FxS 3.685E 3 1 0.22 4,20

ERROR 4,759E 5 28 - -
co F 7.007E-2 1 0.13 4,20
S 1.340E 1 1 23.99 4,20
FxS 3.101E 0O 1 0.56 4.20

ERROR 1.564E 1 28 - —
NO,, F 7.904E 2 1 1.00 4.20
S 8.337E 4 1 105.28 4.20
Fx§ 1.985E 3 1 2,51 4.20

ERROR 2.217E 4 28 - -
A/F. F 5.722E-2 1 1.17 4,20
S © 4,143E-1 1 8.48 4,20
FxS 9.537E-3 1 0.20 4.20

ERROR 1.369E-1 28 - -

tight duty

HC1 F 6.194E-2 1 11.49 3.98
S 1.204E-2 1 22.33 3.98
FxS 4.291E-5 1 0.01 3.98

ERROR 4.314E-1 80 - -
HC2 F 2,644E-1 1 37.01 3.98
S 1.321E-1 1 18.49 3.98
FxS 3.137E-3 1 0.44 3.98

ERROR 5.715E-1 80 - -
HC3. F 7.043E-2 1. 7.66 3.98
s . 2.537E-4 1 0.03 3.98
FxS 4.032E-3 1 0.44 3.98

ERROR 7.361E~1 80 - -
HCT F 1.724E 5 1 5.77 3.98
(FID) S 7.307E 5 1 24 .46 3.98.
FxS . 5.078E 4 1 1.70 3.98

ERROR 2.390E° 6 80 - -




L{easured Source of . Sums of Degrees of F F
variable variation squares freedom calculated critical
HC F 1.080E 5 1 6.61 3.98
(NDIR) S 2.446E 5 1 14.98 3.98

FxS 1.159E & 1 0.71 3.98

ERROR 1.306E 6 80 - -
co F 1.371E 1 1 9.88 3.98
S 5.174E 1 1 37.27 2.98
FxS 9.794E-1 1 0.71 3.98

ERROR 1.111E 2 80 - -
NO, F 3.424E 3 1 1.35 3.98
. S 1.707E 5 1 67.22 3.98
FxS 8.819E 2 1 0.35 3.98

ERROR 2.031E 5 80 - -
A/F F © 9.537E-1 1 8.21 3.98
'S '5.999E 0O 1 51.61 3.98
FxS: 2.003E-1 1 1.72 3.98

ERROR 9.298E 0 80 - -

Heavy duty

HC1 F 1.073E-3 1 0.86 4,35
S '7.800E-2 - 1 62.88 4.35
FxS 1.364E-4 1 0.11 4.35

ERROR 2.481E-2 20 - -
HC2 F 1.763E-1 1. 17.40 4.35
‘ S 2.646E-2 1 2.61 4.35
FxS 4.741E-3 1 0.47 4.35

ERROR 2.026E-1 20 - - -
HC3 F 1.489E-1 1 20.01 4.35
' W 1.337E-2 1 . 1.80 4.35
' FxS 3.417E-3 . 1 0.46 4,35

~ ERROR 1.488E-1 20 - -
HCT. ~ F 2.298E 2 . 1 0.01 4,35
(FID) - .S. 3.687E 5 1 8.37 - 4,35
FxS 4,.719E &4 1 1.07 4.35

ERROR "8.809E 5 20 - —
HC - F 3,728E 3 1. . 0.48 4,35
‘(NDIR) . S . .8.543E 4 1 110.92 4,35
- FxS 2.480E 3 1 ~0.32 4.35

ERROR 1.564E 5 20 - -




K-5

Measured Source of Sums of Degrees of F F
variable variation squares freedom calculated critical
co F 1,055E 1 1 4.04 4.35

S 5.135E 0 1 1.97 4,35
FxS§ 1.725E O 1 0.66 4,35

ERROR 5.223E 1 20 - -
NO2 F 1.810E 4 1 14.59 4,35
S 4,839E 4 1 39.01 4,35
FxS 1.428E 4 1 11.51 4,35

ERROR 2.481E 4 20 - -
A/F F 6.753E-1 1 7.69 4,35
S 6.771E-1 1 7.71 4.35
FxS 3.856E-1 1 4.39 4.35

ERROR 1.756E O 20 - -

Tractor

HC1 F 1.999E-3 1 0.53 4.08
S 1.076E-1 1 28.64 4,08
FxS 3.927E-3 1 1.05 4,08

ERROR 1.653E-1 44 - -
HC2 F 2,825E-1 1 45,58 4,08
S 3.658E~2 1 5.90 4.08
FxS 1.552E-3 1 0.25 4.08

ERROR 2.728E-1 44 - —
HC3 F 2.372E-1 1 37.44 4.08
S 1.870E-2 1 2.95 4.08
FxS 1.042E-2 1 1.64 4.08

ERROR 2.787E-1 44 - -
HCT F 6.501E 3 1 0.42 4,08
(FID) S 2.722E 5 1 17.44 4,08
FxS 7.491E 3 1 0.48 4,08

ERROR 6.867E 5 44 - -
HC F 3.840E 4 1 "7.61 4.08
" (NDIR S 2,252E 5 1 44,65 4.08
Fx§ _ 8.392E 1 1 0.02 4.08

ERROR 2.219E 5° 44 - -
co F 7.370E O 1 5.11 4.08
R S 1.450E O 1 1.00 4.08
FxS 1.043E-2 1 0.01 4,08

ERROR 6.352E 2 44 - -




Measured Source of Sums of Degrees of F F
jvariable variation squares freedom calculated critical
NO2 F 1.626E 3 1 0.06 4,08

S 4.542E 5 1 17.47 4.08
FxS 1.240E 3 1 0.05 4,08
ERROR 1.144E 6 44 - -
A/F F 1.919E-1 1 1.67 4,08
S 7.176E-1 1 6.25 4.08
FxS 4,590E-2 1 0.40 4,08
ERROR 5.050E 0 44 - -




APPENDIX L

MATCHED PAIR VEHICLE ANALYSIS OF VARIANCE

Measured Source of Sums of Degrees of F F
variable variation squares freedom calculated = critical
Pickup
HC P 1.071E 4 3 2.48 2.85
(NDIR) F 6.769E 3 1 4,71 4,09
L 4.810E 4 2 16.73 3.24
FxL 3.406E 2 2 0.12 3.24
ERROR 5.606E 4 39 - -
Cco P. 1.984E 1 3 3.80 2.85
F 9.075E-1 1 0.52 4.09
L 2,279 2 2 65.48 3.24
FxL 1.899E O 2 0.55 3.24
ERROR 6.786E 1. 39 - -
NO2 P 2.602E 6 3 2.13 2.85
F 2.252E 5 1 0.55 4.09
L 7.816E 6 2 9.57 3.24
FxL 1.415E 6 2 1.73 3.24
ERROR 1 9. - -

.592E 7 3

Light duty

HC P 3.051E 4 3’ 18.55 2.78
(NDIR) F 3.906E 1 1 0.07 4.02
L 2.923E 4 3 17.77 2.78
FxL 7.172E 2 3 0.44 2.78
ERROR 2.906E &4 - - 53 - -
co P 5.077E 1 3 .9.91 2.78
F 1.114E 1 1- ' 6.52 4,02
L 1.522E 2 3 29.71 2.78
FxL 2.478E 0 3 0.48 2.78
ERROR 9.050E 1 53 - -
NO,, P 4.232E 6 3 5.14 2.78
F 8.948E 4 1 0.33 4,02
L 6.231FE 6 3 7.57 2.78
FxI, 1.514E.5 3 0.18 2,78
ERRORS 1.454E 7 53 - -




L-2

Measured Source of Sums of Degrees of F F
variable variation squares freedom calculated criticall
Heavy duty
HC P 2.813E 3 1 7.05 4,28
(NDIR) F 3.200E 3 1 8.02 4.28
L 3.746E 4 3 31.30 3.03
FxL 1.075E 3 3 0.90 3.03
ERROR 9.175E 3 23 - -
co P 7.508E O 1 7.22 4,28
F 1.128E-1 1 0.11 4,28
L 8.053E 1 3 25,83 3.03
FxL 6.561E O 3 2,10 3.03
ERROR 2.390E 1 23 — -
NO2 P 7.293E 5 1 1.38 4,28
F 1.763E 5 1 0.33 4,28
L 5.178E 6 3 . 3.28 3.03
FxL 4,742E 5 3 0.30 3.03
ERROR 1.219E 7 23 - -




APPENDIX M

MATCHED PAIR VEHICLE ANALYSIS OF VARIANCE
(April data)

@asure d
variable

Source of Sums of Degrees of F F
variation squares - freedom calculated criticall
Pickup

HC1 P 5.653E-2 3 8.16 3.29
F 9.048E-3 1 3.92 4,54
L 3.511E-2 2 9.76 3.68
FxL 2.833E-3 2 0.61 3.68

ERROR 3.465E-2 15 - -
HC2 P 2.083E-1 3 64,07 3.29
F 7.704E-3 1 7.11 4,54
L 1.088E-2 2 5.02 3.68
FxL 4.763E-4 2 0.22 3.68

ERROR 1.626E-2 15 - -
HC3 P 3.082E-1 3 102,66 3.29
F 4.817E-5 1 0.05 4.54
L 1.170E-2 2 5.85 3.68
FxL 1.938E-3 2 0.97 3.68

ERROR 1.501E-2 15 -~ -
HCT P 3.014E 4 3 0.98 3.29
. (FID) F 4,075E 4 1 3.98 4.54
L 1.535E 5 2 7.50 3.68
FxL 2.686E 3 2 0.13 3.68

ERROR 1.535E' 5 15 - -
HC P 1.403E 4 3 2.92 3.29
(NDIR) F 4.538E 3 1 2.83 4,54
L 2.280E 4 2 7.12 3.68
FxL 1.750E 2 2 0.06 3.68

ERROR 2,401E 4 15 - -
co P 7.515E 0 3 0.84 3.29
F 3.267E-1 1 0.11 4,54
L '9.841E 1 2 16.53 "3.68
FxL 2,503k O 2 0.42 3.68

ERROR 4 ,465E 1 15 - -




keasured

Source of Sums of Degrees of 'F
variable variation squares ‘calculated
NO2 P ' 6.826E 6 3 6.27

F 2.176E 5 1 0.60
L 3.679E 6 2 5.07
FxL 1.231E 6 2 1.70
ERROR 5.448E 6 5 -
Light duty -

HCl1 P 3.746E-2 3 3.34
F 2.245E-3 1 0.60
L 1.065E-~1 3 9.48
FxL 5.562E-4 3 0.05

ERROR 7.862E-2 21 -
HC2 P 9.055E-2 3 5.89
F 2,178E-3 1 0,43
L 1.102E-1 3 7.17
FxL 1.729E-3 3 0.11

ERROR 1.077E-1 21 -
HC3 P 1.039E-2 3 2.10
F 7.081E-3 I 4,29
L 2.245E-4 3 0.05
FxL 1.294E-3 3 0.26

. ERROR 3.466E-2 - 21 -
HCT P 2.496E 5 3 21.15
(FID) F 1.128E 3 1 0.29
L 9.932E 4 3 8.42
FxL - 4,.599E 3 3 "0.39

ERROR 8.260E 4 21 -
HC P 3.197E 4 3 38.96
(NDIR) F 2.531E 2 1 0.93
' L 1.762E 4 3 21.47
FxL 1,031E 2 3 0.13

ERROR 5.744E 3 21 -
co P 4,650E 1 3 6.06
F 8.611E O 1 3.36
L . 6.668E 1 3 8.68
FxL 2.016E 0O 3 0.26

ERROR 5.375E 1 21 -




Measured Source of Sums of Degrees of F F
variable variation squares freedom calculated critical]
NO2 P 4,478E 6 3 14.98 4,87

: F 7.097E 4 1 0.71- 4.32
L 1.320E 6 3 4,41 . 3.07
FxL 9.983E 4 3 0.33 . 3.07

ERROR 2.092E 6 21 - -

Heavy duty

HC1 P 9.604E-3 1 13.64 5.59
F 6.162E-3 1 8.75 5.59
L 2.985E-2 3 14.13 4.35
FxL - 7.183E-3 3 3.40 4.35

ERROR 4.,928E-3 7 - -
HC2 P 5.776E-3 1 3.93 5.59
F 7.310E-3 1 4,97 5.59
L 6.483E-3 3 1.47 4.35
FxL 1.120E-2. 3 2.79 4,35

ERROR 1.030E 2 7 - -
HC3 P 3.019E-2 1 38.36 5.59
F 6.006E-5 1 0.08 5.59
L 2.173E-2 3 9.20 4.35
FxL " 1,153E-3 3 0.49 4.35

ERROR 5.509E-3 7 - -
HCT P 7.426E 2 1 0.88 5.59
(FID) F 4.001E 3 1 4.76 5.59
L 3.668E 4 3 14.56 4,35
FxL 4.115E 3 3 1.63 4.35

ERROR 5.879E 3 7 - -
HC P 5.641E 2 1 1.22 5.59
(NDIR) F 8.266E 2 1 1.78 5.59
L 1.720E 4 3 12,36 4,35
FxL 1.805E 3 3 1.30 4,35

ERROR 3.248E 3 7 - -
co P 3.306E-1 1 0.40 5.59
F 5.625E-3 1 0.01 5.59
L 2,371E 1 3 9.58 4,35
FxL 6.947E O 3 2,81 4.35

ERROR 5.774E O 7 - —




Source of Sums of Degrees of F
variation squares calculated criticall
e
P 2.483E 5 1 0.95 5.59
F 2.009E 4 1 0.08 5.59
L 3.269E 6 3 4.18 4.35
F 7.189E 5 3 0.92 4,35
1.826E 6 7 -




APPENDIX N

CRANKCASE OIL RESIDUE FOR SELECTED SAMPLES FROM TEST FLEET .

Vehiéle‘  ':Gasoline Vehicie 'Miles Weight of
A number type type on oil reside (mg/mile)
14652 Nonleaded Heavy duty 621 3.45
13857 Nonleaded Heavy duty 490 i1.05
13093 Nonleaded Light duty 1566 4.63
13870 ~ Nonleaded Light duty 2031 14.38
14576 Nonleaded Light duty 2110 9.42
15369 Nonleaded Light duty 1481 3.75
13585 Nonleaded Light duty 1947 2,16
14264 Nonleaded Light duty 1900 4.08
14680 Nonleaded Light_§uty 2077 7.71
15317 Nonleaded Light duty 1628 56.52
14342 Nonleaded Pickup 2025 - 7.60
14343 Nonleaded Pickup 1772 7.06
15896‘ Nonlegded Pickup 1948 7.06
15943 Nonleaded Pickup 2023 10.68
14670 Leaded Heavy dut& 550* 8.27
14647 Leaded Heavy duty 554 13.06
14575 Leaded Light duty 1500* 19.20
14653 Leaded Light duty 1500* 36;31
15279 . Leaded Light duty 1750 17.97
15415 nfi“‘ Leaded Light duty 1956 6.40
14269 | Leaded Light duty 1736 2.82




Vehicle Gasoline Vehicle Miles Weight of
- |A number type type on oil reside (mg/mile)
14698 Leaded Light duty 1924 9.85
15278 Leaded Light duty 1400" 31.62
15414 Leaded Light duty 1400 3.82
15880 Leaded Pickup 1984 4.46
14368 Leaded Pickup 1643 1.63
14369 Leaded Pickup 1600" 8.49
14370 Leaded Pickup 489 7.25

* .
Estimated.




