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I. Introduction

Tires are an important factor in the energy required to
operate a motor vehicle, since approximately 20-30 percent of the
resistive forces experienced by ‘a vehicle in motion are due to the
rolling resistance of the tires. Consequently, tires with lower
rolling resistance result in less vehicle fuel consumption.l/

Exhaust emissions are affected by the load placed on the
engine. An increase in engine load will result in an increase in
oxides of nitrogen emitted from the vehicle, and often will result
in increased total hydrocarbon and carbon monoxide emissions.2/
Since tires affect the load placed on the vehicle, they would
logically be expected to have an effect on vehicle exhaust emis-
sions. :

This study was conducted to quantify the effects of tires on
vehicle exhaust emissions and fuel consumption. The test program
involved one test vehicle with four different sets of tires; three

types of radials and one type of bias ply tires.

In general the study was conducted in the manner in which a
vehicle manufacturer would observe tire effects in the EPA certi-
fication process. A series of road coastdowns were performed, and
the dynamometer power absorber adjustment was determined inde-
pendently for each vehicle-tire combination by matching dynamometer .
coastdown characteristics to road coastdown characteristics.

The tires and rolling resistance data were providednto EPA By

. General Motors. The tires and their measured rolling resistance

coefficients are listed in Appendix A. The following sections of
the report discuss the test methods, test procedures, and results
of the study.

II. Summary of Results

\

Highly significant correlations were found between rolling
- resistance, expressed in terms of the rolling resistance coeffi-
cient - (RRC) of the tires, and fuel consumption; and between RRC and
NOx emissions. Confidence that the observed relationships reflect
the actual relationships, and were not simply the result of chance
variation in the tests, is greater than 90 percent for RRC and NOx
‘emissions. In the case of RRC and fuel consumption, this confi-
dence approaches certainty, 100 percent.

Results of- a comparison between RRC and CO emissions show a
similar tendency: for higher levels of CO emission to be associated
with higher RRCs. However, these results cannot be stated with as
high a level of confidence as can those concerning NOx or fuel
‘consumption.

Note: All references in this report are shown by .
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The relationships between HC emissions and RRC were weaker.
Implications found in the analysis were contradictory: results
of the FTP tests show a tendency for greater emissions of HC to
correspond to higher tire RRCs, while results from the HFET tests
reveal a slight tendency for lowered HC emissions to be associated.
with higher RRCs. In both the FTP and HFET results, the teundencies
were very weak, and of little statistical significance.

III. Discussion

The rolling resistance of tires, quantified by a rolling
resistance coefficient (RRC), has a direct effect on the load under
which a vehicle is operated. Since exhaust emissions and fuel
consumption increase with vehicle load, they would logically be"
expected to increase with tire RRC. The purpose of this study was
to quantify the relation between tire RRC, and exhaust emissions
and fuel consumption. '

The study was conducted similar to the EPA certification
process, in which vehicles are tested for emissions and fuel
economy. - The results, therefore, are representative of the tire
effects a vehicle manufacturer would observe in the certification
process.

In order to have a dynamometer simulate the total road load of
a vehicle, the dynamometer power absorber must be adjusted to
reflect the road load characteristics of the vehicle. Currently,.
most certification vehicles are tested using dynamometer power
absorption values obtained according to the methods in the "EPA
Recommended Practice for Determination of Vehicle Road Load.fé/ In
this method the basic concept is to perform a series of road or
track coastdowns with the vehicle. Coastdowns are then performed
on the dynamometer at different power absorber settings, and the
dynamometer power absorber adjustment is determined when the
vehicle dynamometer coastdown time matches that of the road coast-
down. A :

The importan;“stépslin[this'studyowefe theréfofe;
‘1. The detefmiﬁatibn of a dyﬁamometer:power absorber adjust-
ment for each vehicle-tire combination by’ matchxng road and dyna-

,mOmeter coastdown characterlst 1CS .

2. Fuel economy and emissions testiﬁg, based on thé standard
Federal Test Procedure (FTP) and nghway Fuel Economy Test (HFET).

These steps are dxscussed in detall 1n the followxng sections of
the report. -

A. Determination of Power Absorber Adjusfment.

The vehicle used in this study was a 1979 Chevrolet Nova. The
vehicle was tested with four different sets of tires: a bias ply
type, designated as tire "D", and three different radials, desig-
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nated as tires "A", "B", and "C". The manufacturers and brand
names of the tires tested are withheld by agreement with General
Motors. Detailed vehicle and tire descriptions are given in
Appendix A.

The road coastdown tests were conducted at the Transportation
Research Center of Ohio. Trials were conducted on the straight,
smooth, north-south section of the high speed oval test track.

The dynamometer pqrtion of the study took place at the EPA
Motor Vehicle Emission Laboratory in Ann Arbor, Michigan. All
dynamometer testing was conducted in dyno cell D207.

The road coastdowns provided the speed vs. time characteris-—
tics of the vehicle when freely decelerating. The vehicle was
accelerated to a speed slightly greater than 60 mph and allowed to
stabilize for several seconds. The transmission was then shifted
to the neutral postion, and speed vs. time data were collected on
the strip chart recorder until the vehicle speed had dropped to 20
mph. Seven pairs of opposite direction coastdown trials were
conducted for each vehicle-tire combination. A detailed descrip-
tion of the road coastdown procedure is listed in Appendix D.

The speed was read from the strip charts at five second
intervals. Typical 60 mph to 20 mph coastdowns lasted between 60
and 90 seconds, resulting in 12 to 18 speed data points. ’

““The data was analyzed to extract the acceleration versus
velocity information from the speed versus time data points. The
result was the calculation of a rolling resistance force coeffi-.
clent, and an aerodynamic drag force coefficient for the decel-
erating vehicle. The force coefficients were then corrected to
standard ambient conditions of 68.0°F, 29.0 in. Hg, and zero wind
speed; and a dynamometer 55-45 mph coastdown time was calculated
for the appropriate vehicle inertia weight class. Results of the
coastdown calculations for each set of tires are shown in Appendix
B and summarized in Table 1. '

The road coastdown tests for the "B" and '"D" sets of tires
were conducted on the same day, and thus under similar ambient
conditions. The coastdowns for the "A" and "C" sets of tires
were likewise conducted on the same day, but about two weeks after
the "B'" and "D" tire tests and hence, under different ambient
conditions. The most -valid pairwise comparisons are therefore
between the "B" and ''D" sets of tires, and between the "A" and '"C"
sets of tires. ’

The vehicle was then tested to determine the vehicle-dyna-
mometer coastdown characteristics and an appropriate -dynamometer
power absorber setting for representing the road experience of the
vehicle. Several coastdowns were conducted and the 55-45 coastdown
time was measured at different power absorber settings for each
vehicle tire combination. The result was a mathematical expression



-5

of the form of equation (1), relating dynamometer AHP setting to
dynamometer 55-45 coastdown time. The dynamometer coastdown
procedure is described in Appendix E. '

1
AT = b0+b1(AHP) , (1)
where:
AHP = dynamometer 50 mph actual horsepower,

4T = dynamometer 55-45 coastdown time in seconds,
- bg,b) are regression coefficients.

The characteristic coastdown time vs. 50 mph dynamometer power
adjustment curves resulting from the dynamometer coastdown tests
are shown in Appendix F. The 50 mph AHP setting for emissions and.
fuel economy testing was then determined for each vehicle-tire
combination. The 55-45 coastdown time calculated from the road
coastdown tests 1s -substituted in the appropriate mathematical
expression, yielding the AHP setting. The results of this proce-
dure are listed in Table 2. '

B. Emissions and Fuel Economy Tests

The emissions tests in this study were conducted according to
standard EPA testing methods. One day of testing consisted of a
cold start Federal Test Procedure and a Highway Fuel Economy Test.
Evaporative emissions were not measured. The procedure is outlined
in Appendix D, o

A total of five FTP-HFET sequences were conducted for each
tire set used in the study. The five test sequence was originally
planned to be conducted on consecutive test days before beginning
testing on another set of tires.. After completing the five test
sequence on the bias-ply construction tires, it was decided to
randomize the test order for the remaining tire sets. Randomi-
zation of test order was introduced to prevent the occurrence of
any change in vehicle or dynamometer behavior over the course of
the study being misinterpreted as an effect of tire type. Addi-
tional tests on the bias—-ply tires were then conducted before the
conclusion of the study.

IV. Results
This section of the report describes the data obtained during
the dynamometer portion of the test program, the ana1y51s of that

data, and the results obtained from the analysis.

A. Data and Data Analysis

The standard EPA computer analyses of the results of FTP and
HFET tests formed the basis of data used in the statistical
analysis. From these computer outputs, gram-per-mile emission
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rates for hydrocarbons, carbon monoxide and oxldes of nltrogen were
taken, in addition to fuel consumption data measured in. cm 3/kn.
These figures were reduced to obtain a mean value for each tire
tested, for each of the test cycles used. This resulted in four
mean data points for each variable (HC, CO, NOx, fuel consumption),
for each of the drive cycles used. ~

For each variable studied, under the conditions of each
driving cycle, an analysis of variance was performed using the
unreduced data. This analysis tests the null hypothesis of
equality of the means for each tire, against the alternative
hypothesis, that for at least two of the tires tested the means are
unequal. Rejection of the null hypothesis is evidence that vari-
ation in HC, CO, NOx, or fuel consumption is based on the tire
used. The significance of rejecting the null hypothesis is stated
in terms of the probability of being incorrect by doing so.

The mean values of each variable for each tire-test combina-
tion are graphed, against RRC, in figures I to VIII. Linear
regressions were fitted to these mean data points, and are shown in
the figures. These regressions represent. the closest linear
approximation to the functional relationship of each variable to
rolling resistance. There was very little evidence of a non-linear
component in any of these functional relationships. The correla-
tion coefficients of these regressions are an indication of how
closely the regression describes the data; a correlation coeffi-~
cient of +1.0 represents a perfect fit.

B. Results of Analysis

1. RRC and Fuel Consumption

There 1s very strong evidence for concluding that the fuel
consumed by the test vehicle is a direct function of the tires that
are used. This relationship was observed with consistent strength
in both the FTP and HFET driving cycles. : '

Information gathered in this test program pertaining to fuel
consumption and RRC is summarized in Table 3. These mean values
are graphed, and shown with thelr respective regresslon lines, in
Figures I and IIL. .

Results from the analysis of variance firmly support the
rejection of the null hypothesis, that the tire used has no effect
on the fuel consumption of the test vehicle. In the case of the
FTP tests, the significance attached to this rejection is 0.0004;
in other words, there 1is less than one chance in 2000 that the
observed differences in fuel consumption are due to chance varia-
tion or other random-effects errors. The significance of rejecting
‘the null hypothesis as applied to the HFET results is zero to four
decimal places, meaning that the observed differences in the means
are virtually certain to have been an effect of the rolling resis-
tance of the tires tested.



-7~

The equations of the regression lines shown in Figures I and
11 are listed below. Equation (2) describes the relation of RRC to -
fuel consumption (FC) for the test vehicle over the FTP driving
cycle, and equation (3) does the same for the HFET cycle. The
correlation coefficients, r, of the regressions are also given.

FC (in cm3/km) = 951.1(RRC) + 133.2 [r=.95]  (2)
FC = 1276(RRC) + 83.8 N [r=91] (3)

These equations are vehicle-dependent, and may not be appli-
cable to other makes or models without verification. Interpola-
tions from these equations to predict the fuel consumption of the
test vehicle will be reasonably accurate within the range of RRCs
used to compute the regression, approximately 0.0095 to 0.0145.
The predictive ability of the equations will decline when rolling
resistance coefficients outside of that range are used.

The average speed of the FTP cycle is slightly below 20 mph.
Under the conditions of that cycle, the regression projects an
increase in FC of almost 2 cm3/km for each increase of 0.0020 in
the RRC of the tires used. For the test vehicle, this translates
to a fuel economy penalty of about 0.2 MPG with an increase of
0.0020 in the RRC. 1In the HFET cycle, with an average speed of
nearly 50 mph, the same 0.0020 increase in RRC causes a projected
increase of about 2.6 cm3/km in fuel consumption. The equivalent
fuel economy penalty is approximately 0.6 MPG  for the test vehi-
‘cle;~with its average highway fuel economy of 24 MPG.

These differences in fuel consumption are quite significant.
The difference in the RRC of the highest and lowest rolling re-
sistance tires used in this program was 0.0046, which is more than
twice the increment used in the above projections. For the test
vehicle, the fuel economy penalties resulting from the use of tires
having an RRC of 0.0142, rather than 0.0096, range from 0.5 MPG in
urban driving to 1.5 MPG in highway-rural driving. These fuel
economy penalties are based on the test vehicle fuel economy
averages of 16 MPG city and 24 MPG highway.

Fuel economy penalties of this magnitude, based on tires, have
major implications for manufacturers and consumers alike. Con-
sumers generally have no way of knowing whether the tires being
considered for purchase are fuel-efficient, beyond the general rule
that radials deliver better fuel economy than do nonradials.
Manufacturers striving to meet increasingly stringent CAFE stan-
dards use the most fuel-efficient tires available, but consumers
have no way of guaranteeing that equally fuel-efficient tires will
be supplied to them when they purchase aftermarket replacement
tires. The total dollar cost of even a 1 MPG penalty over the
useful life of a set of tires is considerable, and rising steadily.

2. RRC and NOx Emissions

Of the emissions studied in this test program, those of NOx
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showed .the closest correlation to rolling resistance.  As in the

case of fuel éonsumption, a ditect linear dependence of NOx emis-
sion levels on the RRC of the tires used describes the data well.

A summary of the mean gram-per-mile NOx emission rates, by
tire and driving cycle, appears in Table 4. Figures IIL and IV
display these data graphically, with the computed regression 11nes'
also shown.

Performing an analysis of variance on the data allows rejec-
tion of the null hypothesis, for both driving cycles. It can be
stated at the 90 percent level of confidence that tire rolling
resistance has a significant effect on NOx emissions over the FTP
cycle. In the highway driving cycle, the effect of RRC on NOx is
even more pronounced. The probability that a test program would
show the variation in mean NOx levels for different tires that was
observed, when in reality no such relationship existed between RRC
and NOx, 1is less than one in twenty thousand.

Computation of least-squares regressions on these data results
in the equations below. Equation (4) is derived from the FTP
tests, and equation (5) from the HFET cycles.

]

NOx (gm/mi) =_1.161 + 14.62(RRC)  [r = .78) (4)

NOx = 0.521 + 78.12(RRC) _ r .871 (5)
The' 'correlation- coefficients of the above equations, while not as
high as those for the equations relating fuel consumption to RRC,
are still great enough to allow interpolations to be made from them
with certain limitations; the equations are vehicle-dependent,. and

were determined from results of tests with tires having RRCs  in
the 0.0095 - 0.0145 range.

The projected difference in the NOx emission rate of the test
vehicle, between using tires with very low and very high rolling
resistances, is considerable. 1In urban driving as simulated by FTP
cycles, the increase in NOx emissions for tires with RRC = 0.0170,
as compared with tires having RRC = 0.0090, is projected as about
0.12 grams-per-mile. Extended high-speed driving, as simulated in
HFET cycles, is far more seriously affected: Using the two hypo-
thetical tires mentioned above causes a projected 0.62 gram-per-
mile difference in NOx emissions.

3. Irregularity in the Data

The results already discussed were beginning to be evident
early 1in the course of the program. Preliminary data analyses,
undertaken after data became available from at least one test of
each of the tires, showed higher fuel consumption and greater NOx
emissions associated with the bias-ply tires than any of the radial
tires. Early results concerning CO and HC emissions were mixed,
with no clear lndlcatxons of the relatlon of rolling resistance to
.these emissions.
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As computer output of the standard EPA ~analyses of FTP and
HFET cycles became available, generally a few days after the
tests were conducted, information on fuel consumption and emissions
rates was added to the existing data. An abrupt and unexpected
change in this information was noted, beginning with the tests
conducted on Monday 28 January 1980. This change was most readily
apparent in the carbon monoxide figures, which showed a consider-
able drop from the range. anticipated on the basis of the initial
results. As additional results became available, continuing
investigation revealed that the rate of emission of HC and NOx had
also declined in the course of the test program, while fuel con-
sumption appeared to be sllghtly increasing.

When possible reasons for this shift in the data were con-
sidered, most were quickly discounted. No significant variation
was found to have occurred in any of the important control vari-
ables of the test program. The standard requirements for FIP and
HFET testing were observed throughout the program. Tire inflation
pressure was always checked, and consistently measured at 45.0
psi. Pre-test vehicle preparation consisted of running the vehicle
through one LA4 driving cycle unless tests were scheduled on
consecutive days, in which case one day's testing served as vehicle
prep for the following day. No changes in the internal performance
characteristics of the test vehicle were noted during the program.
The same test driver, experlenced in FTP and HFET cycle driving,
was used in all of the tests in this program, thus eliminating
another potential source of variability in the results.

" The single isolable event was a change in instrumentation.
The roll speed sensor on the dynomometer used for all testing (site
D207) was replaced by a new unit on January 28.

When the data on fuel consumption and NOx emissions are
divided by test date, into tests conducted with the old roll speed
sensor and those conducted with its replacement, the results
already discussed are virtually unchanged. The results concerning
correlations of CO emissions to tire rolling resistance, and HC
emissions to RRC, are considerably different when test date 1is
taken into account. For this reason, the results and interpre-
tation are presented in two parts in the following sections on RRC
and CO emissions, and RRC and HC emissions.

The nature of the shift in the data can be seen in Table 7.
This table summarizes the data from tests of the bias-ply tires

over the FTP cycles.. The decreased standard deviations in  the
means of each variable indicate greater repeatability in measure-
ments taken after January 28.  Proportionately similar changes

occurred in data from HFET cycles for this set of tires. While
there is some evidence that similar reductions in emissions and
increases 1in fuel consumption took place for the various radial
tires tested, the unequal number of tests conducted before and
after January 28 preclude the use of those data to illustrate this
Shlft. :
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4, RRC and CO Emissions

There 1is evidence to suggest that CO emissions, as well as
those of NOx, are partially dependent on the tire used. When all
of the data on CO emissions is analyzed, this evidence is incon-
clusive, and can best be described as a trend toward increased CO
. emission rates being associated -with higher RRCs. No conclusions
can be drawn from the analysis of variance of the complete data
set. There is approximately a 40 percent probability of being in
error by rejecting the hypothesis that the mean gram-per-mile
emission rate of CO is equal regardless of the tire used.

If only the results of tests conducted on or after January 28
are used in the analysis, the aforementioned trend is considerably
strengthened., In this case, the results are nearly as significant
as those concerning fuel consumption or NOx emissions drawn from
the full set of data.

The analysis of variance of the post—January 28 data yields
much more information on the effect of tire rolling resistance on
CO emissions. = The hypothesis that the RRC of the tires has no
effect on the rate of CO emissions can be rejected at the 90
percent confidence level for the HFET cycles, and can be rejected
at the 95 percent level of confidence for the FTP cycles.

Consideration of all of the CO data gave only very .slight
. evidence for concluding that tire RRC affects CO emissions.
Consideration-of only the post-January 28 data gave strong evidence
for that conclusion. The fact that the standard deviations of the
CO measurements decreased after January 28 lends added weight to
the latter interpretation.

The results of all of the tests are summarized in Table 5.
Graphs of mean CO emission rates against tire RRC, again using the’
full set of data, appear as figures V and VI. Regressions on these
mean data points are drawn on the graphs.

Two things became apparent when least-squares regressions were
fitted to these data. A relation of linear dependence of CO
emission rates on tire RRC describes the HFET cycle data more
closely than such a relation describes the FTP data. In both
cases, linear regressions can be fitted much more closely to the
means of the post-January 28 tests than can be fitted to the means
of all of the tests.

The equations below are those of the regressions shown in
figures V and VI. Equation (6) is the regression on the FTP cycle

results, while equation (7) corresponds to the HFET cycle results.

co (g/mi) = 11.384 + 225.3(RRC) [r = .44] (6)

co = 0.371 +.27.1(RRC) -~ [r=.88] ()
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It is interesting to note how these equations differ from the
equations of the regressions on the mean data points computed using
only tests conducted after the replacement of the speed sensor. As
‘noted previously, when- the results of tests conducted before
January 28 are deleted, the mean rate of CO emission drops for each
of the tested tires, and the associated standard deviations also
decreased. When regressions are fitted to these 'new" means, the
constant terms decrease, and the effect o0f changes in tire RRC is
heightened.

CO = 8.922 + 331.7(RRC) [r .74] (64)

CO = 0,119 + 42.9(RRC) [r = .991 (74)

Equations (6A) and (7A) are those of the regression to the
data collected after Janaury 28 on CO emissions. Equation (6A)
is derived from results of FTP cycle testing, and thus should be
contrasted to equation (6). The same connection exists between
equations (7A) and (7), which are derived from the HFET cycle
results.

Note that the changes in the rates of CO emission projected
to occur with a given change in tire RRC are greater for the
post~Janaury 28 data. This, together with the higher correlation
coefficients of equations (6A) and (7A), implies that the depen-
dence of CO emissions on tire RRC is stronger than is indicated by
analysis of the complete set of data from the test program.

5. RRC and HC Emissions

There appears to be very little evidence to suggest that tire
RRC has a direct effect on HC emission rates. The analysis of
variance on all data suggests that chance, error, and experimental
noise had more to do with the observed variations in mean HC
emission rates than did the tires being tested. Restricting the
analysis to the results of tests conducted after January 28 im-—
proves this situation only slightly; the hypothesis that the mean
HC emission rate is the same for each tire still cannot be rejected
with adequate statistical confidence.

Table 6 contains a summary of the data collected on HC emis-
sions. The mean rate of HC emissions for each tire tested is
plotted against the RRCs in figures VII and VIII,

 The '"scattered" nature of the data can be seen clearly in the
table and the graphs. Regressions on these data were computed, and
are shown on the graphs for reference. Very little information
about HC emissions with different tires can be obtained from these
equations. The correlation coefficients are very low, r = 0.45 for
the FTP data and r = -0.39 for the HFET data. The FTP cycle testing
showed a slight tendency for greater HC emissions to be associlated
with higher RRCs, while the HFET cycle testing showed a weak
indication that the opposite relation holds.
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When the results of tests conducted before January 28 are
deleted and new mean rates of HC emissions computed, the change is
in the -direction of a stronger tendency for higher HC emissions to
be associated with higher RRCs. The regression on the post-January
.28 FTP data in this case has a correlation coefficient of r =
'0.60. While this 1is not an excellent fit, it is a better fit than
the regression on all data. The slight tendency toward lowered HC
with higher RRC.that was shown in all HFET data is further weakened
in this case, r = -0.39 for all data and r = -0.31 for the partial
set. ~

While no strong conclusions about HC emissions and tire RRC
are possible from the results of this test program, there are
indications that the effect of tires with higher rolling resis-
tance, if any, is toward higher HC emission rates over the FTP
~cycle.

V. Conclusions

1) A strong correlation exists between automotive tire
energy dissipation, quantified by the rolling resistance co-
efficient (RRC) of the tires as determined in general accordance
with the SAE recommended procedure 4/, and vehicle fuel consumption
rates as measured during the EPA dynamometer test procedures. In.
this test program, the Vehicle experienced a 0.5 MPG fuel economy
penalty on the FTP cycle and a 1.5 MPG penalty on the HFET cycle
when the relatively high rolling resistance. bias-ply tires were
uSed{*ihstead'Ef“the lowest-rolling“resistance fadials.< '

- 2) The gram-per—mlle em1851on rates of NOx correlate strong-

1y with tire RRC, with. greater NOx emission rates assoc13ted with
the use of tires hav1n° greater rolling: reSLStances. :This effect

was seen to be more pronounced over HFET cycles than over FTP
ycles. . .

3) . Emissions of CO are affected by the rolling resistance of
the tires used. . Data from HFET cycles show strong, significant
evidence for increases in CO emission rates with increases in the
RRC of the tires. Data from FTIP cycles show a tendency toward
hlgher CO emissions with- hlgher RRCs, but not w1th the significance
of the HFET cycle results. : -

4) In the case of HC emissions rates - and tire RRCs, the
analysis gave some indication that higher tire rolling resistance
resulted in increased rates of HC emissions ‘over the FTP cycles; -
however, the observed relationship was rather weak. Emissions of
HC over the HFET cycle did not seem to be dependent on tire RRCs.
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Table 1

A 'Target Dynamometer
Coastdown Time from Road Coastdown Tests

Inertia "~ Target 55-45

Tire Vehicle Weight Class Coastdown Time
Tire "A" Nova A 3750 1bs. 13.79 sec.
Tire "B" Nova 3750 1bs. 14,10 sec.
Tire "C" Nova 3750 1bs. 13.23 sec.
Tire "D" Nova 3750 1bs. 12.42 sec.

Table 2
Proper AHP Setting for Dynamometer Testing

Tire Vehicle - Inertia Weight 50 mph AHP Setting
Tire "A" Nova - 3750 1bs. ' ©10.6
Tire "B" Nova - 3750 1lbs. 9.9
Tire "C" Nova - 3750 1lbs. 10.3
Tire "D"- Nova - 3750 lbs. 12.9



Tire
Tire "A"
Tire "B"
Tire "C"

Tire "D"

Tire

Tire "A"
Tire "B"
Tire "Cll

Tire "DV
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Table 3

RRC and Fuel Consumption

Fuel Consumgtion,(cm3/km)

. FIP HFET
RRC N Mean N Mean
.0096 5 142.6 5 97.2
.0109 5 142.8 5 96.7
.0119 5 145.2 5 98.0
.0142 8 146.6 10 102.6

Table &4

RRC and NOx Emissions

NOx Emissions (g/mi)

FTP HFET

RRC N Mean N Mean
.0096 5 1.322 5 1.364
.0109 5 1.288 5 1.266
.0119 5 1.342 5 1.418
.0142 8 1.375 10 1.677



Tire

~Tire "A"
Tire "B"
Tire "C"

Tire "D"

Tire

Tire "A"

Tire "B"
Tire "C"

Tire "D"
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Table 5

RRC and CO Emissions

CO Emissions (g/mi)
FTP HFET
RRC E_ Mean §. Mean
.0096 5  14.474 5  0.654
©.0109 . 5 12.700 5  0.626
.0119 5  13.844 5  0.706
.0142 8 15.015 10 0.761
Table 6
RRC and HC Emissions
HC Emissions (g/mi)
o FTP HFET -
RRC §_ Mean E_ Mean
.0096 5 0.998 - 5 0.1062
.0109 5  0.936 5 0.1010
0119 5 0.976 5 0.1044
.0142 8 1.019 10~ 0.1029



HC (g/mi)
Co (g/mi)
NOox (g/mi)

Fuel cons.
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Table 7

Summary of the Shift in Data After 1/28/80

FTP Test Date

Before 1/28/80 (N=4) On-After 1/28/80 (N=4)
Mean St. Dev. _Mean Std. Dev.
1.095 0.060 0.943 0.038
16.182 1.905 13.847 0.923
1.445 0.047 1.297 0.025

145.75 0.50 147.50 0.58
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Appendix A

Test Vehicle

1979 Chevrolet Nova Sedan
250 CID/ 1 bbl.
Model 350 turbo-hydramatic automatic transmission

Test Weight: 3,745 - 3,790 1bs.

Test Tires

Désignation Construction Size .RRC*
~ Tire D" Bias~-ply E78~140 L0142
jrire "c" Radial © P215/70 R14 .0119
Tire "B"  Radial P195/75 R14 .0109
Tire "A" Radial P195/75 R14 - .0096
*  The reported rolling resistance coefficients afevthé ratio of

the transverse spindle force to the normal load.
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Appendix C

Dynamometer 55-~45 Coastdown Data

Tire: "C" - Radial
Test Weight: 3,790 lbs.
Date: 01/24/80

 Target Dyno Coastdown Time:

50 mph Horsepower Setting:
(Trial)

W N -

H

Tire: '"D" ~ Bias-ply
Test Weight: 3,745 lbs.
Date: 01/04/80

Target Dyno Coastdown Time:

50 mph Horsepower Setting:
(Trial)
1
2
3

T

13.23

sec.

55-45 Coastdown Times‘(sec.)_n

11 AHP
12 54
12.63
12.63
12.70

12.63

12.42

10AHP 12AHP
13.42 12.09
13.51 12.16
13.57 12.15
13.59 12.21
13.52  12.15
sec.

9AHP

14.20
14.38
14.43
14.44

14.36

55-45 Cdastdown,Times (sec.)

- 10.9AHP 10AHP 11.9AHP 9AHP
13.50 14.36 13.02 15.57
13.56 14.22 13.03 15.54
13.61 14.51 13.09 “15.56 -
13.56 14.36 13.05 15.56

12.9AHP

12.44
12..50
12.51

12.48
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Appendix C (con't)

Tire: "B" .- Radial

Test Weight: 3,785 lbs.

Date: 01/04/80 N ' :
Target Dyno Coastdown Time: 14.10 sec.

.55—45 Coastdown Times (sec.)

50 mph Horsepower Setting: 10.9AHP ~ 10AHP - 11.9AHP 9AHP .
: (Trial) i
1 13.07 13.87 12.57 -

2 ' 13.12 - 13.84 12.66 14.91

3 13.18 13.90 12.69 14.95

T ' ’ 13.12 13.87 12.64 - 14.93 -

Tire: "A" - Radial

Test Weight: 3,750 1lbs.

. Date: 01/03/80 :
Target Dyno Coastdown Time: 13.79 sec.

55-45 Coastdown Times (sec.) =

'50 mph Horsepowér Setting: 10.9AHP 10AHP 11.9AHP 9AHP
(Trial) : . }
1 13.63 14.30 12.98 15.36°
2 : 13.61 . 14.38 12.85 15.25

3 - 13.61 14.37 12.87 15.30

T 13.62 14.35 12.90 15.30

13AHP

12.08
12.11

12.14

12.11
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Appendix D -

Road Coastdown Procedure

Tires inflated to manufacturer's recommended pressureQ

Vehicle driven over warm-up cycle con51st1ng of steady speed
operation at 50 mph for about 45 minutes.

Vehlcle accelerated to stable Speed of stightly greater than
60 mph.

5

Transmission shifted to neutral posxtxon and strip ‘chart
recorder activated.

Coastdown terminated at 20 mph.
Coastdown repeated immediately in opposite direction.

Seven pairs of opposite direction coastdown trials for each
tire set.

Ambient wind speed, wind direction, barometric pressure, and
temperature recorded before and after each set of coastdowns.

Vehicle weighed before and after each set of coastdowns.
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Appendix E

Dynamometer Coastdown Procedure

Vehicle mass adjusted to correspondlng mass for road coastdown -
trials. o

Tires inflated to 45 psig.
Dyno inertia weight set at 3750 lb.
Vehicle loosely secured on dynamometer.

Vehicle operated over 2 HFET driving cycles for tire-vehicle
warm-up.

Vehicle accelerated-to 62 mph.

Transmission shifted. to neutral.

Timer which sensed'speed from the front roll (roll coupled to
inertia weights and power absorber) recorded 55 mph - 45 mph

free deceleration time interval.

Coastdown repeated 3 times for 4-5 different power absorber

settings.

" Surface tire temperatures monitored so temperature did not

exceed 200°F.
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Appendix F
Figure I

Jyno AHP SettingsAvs, Dyno 55-45 Coastdown Timei

Tires "A" and "C" (Both Radials)

Legend:
O -Tire "A": 1 = .00419 (AHP) + .0277
: i AT .
©=Tire "C": 1 = .00432 (AHP) + .0309
AT .
13.0 1T
12.0-} -
11.0-1
AHP
10.0 —4—
9.0
' - -
} g E } | IR i
12.0 . 13.0 - 14,0 - 15.0 16.0

55-45 Coastdown Time (sec.)
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Appendix F °
‘ ‘Figure II

Dyno AHP Settings vs. Dyﬂd 55-45 Coastdown Time

Tires "B" (Radial) and "D" (Bias-ply)

O -Tire "D": 1 = .00385 (AHP) + .0332

1

.00399 (AHP) + .0293

AT
A -Tire "B": 1
: AT

13.0 1
12.0F
4P |
11.0-1
10.0-4—
9.0

4 | = .l -

12.0 13.0 14.0 ~ 15.0° 116.0

55-45 Coastdown Times (sec.)
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Appendix G

Emissions Test Procedure
a) Tires changéd when necessary and inflated to 45 psig.
b)  Fuel tank topped evéry two days‘of testing.
c) Vehicle mass adjusted to corresponding mass when réad coast-
downs. were copducted..
d) One day test sequence:
1. 1 cold start/FTP
2. 1 HWFET :
3. 3 quick check coastdowns after HWFET
e) Onevdays testing serves as prep for next day;
f) or 1 LA=4 driving cycle serves as prep for next day.
g) 12-24 hoﬁr soak between prep and tests,
h) Propane injection diagnostics performed on sampling equipmént

- every day of testing.

i)  Same driver for all tests.
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