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I. INTRODUCTION

Road octane rating programs have been conducted periodically since 1963 by
the Coordinating Research Council (CRC) Light-Duty Vehicle Road Test Group
to investigate relationships between gasoline variables and road octane
numbers. Leaded gasolines were tested during the 1963 - 1969 period; un-
leaded gasolines were tested in the 1971, 1973, 1975, and 1978 programs.
This is the eleventh program in the series and includes gasoline blends

. containine ethanol (gasohol) in addition to normal gasoline variables.

]

“SFull-Throttle Modified Uniontown Road Octane Numbers (Road ON) were obtained
by twelve participating laboraicries in thirty-seven cars that represent

- twenty-four different 1980 makes and models, one 1979 model, and one 1981
model. Part-throttle Road ON ratings were obtained by four participating
laboratories in twelve cars representing nine different 1980 makes and

models.

II. SUMMARY

"> The data were analyzed using multiple linear regression and analysis of vari-
ance techniques. Analyses were made on all-car average data, as well as data
from individual cars and from several subgroups, On an all-car basis, full-

o T

throttle Road ON's were found to be well predicted by the following equation
containing only Research octane number (RON) and Motor octane number (MON):

Road ON = 26.275 + 0.286 (R0N) + 0.450 (MON)

The equation fit was imgroved considerably (lower standard deviation), however,
by first addina a (RON)¢ term, then adding a term for heavy aromatics content:

Road ON = -163.216 + 4.294(RON) - 0.021(RON)Z + 0.432(MON) - 0.012 (Heavy Aromatics)

This equation indicates that the effect of RON on Road ON decreases with increas-
ing RON level, and that heavy aromatics have an adverse effect on Road ON which is

independent of its direct effects on RON and MON.

‘fﬁThe all-car data did not show a significant ethanol-content effect, but eight of
‘the thirty-seven cars did §§9wisignificanﬁ effects.

“—, Analysis of variance showed that fuels had the largest effect on full-throttle
Road ON. Cars had smaller, but highly significant, effects. The effects of fuels

on Road ON varied among the cars.
‘xd\
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The part-throttle ratings were also well predicted with an equation contain-
ing only RON and MON:

Road ON = 32.008 + 0.091 (RON) + 0.553 (MON)

Equation fit was improved by adding a heavy aromatics term, but ethanol did
not have a significant effect on the average part-throttle Road ON:

Road ON = 31.823 + 0.089(RON) + 0.559(MON) - 0.009 (Heavy Aromatics)
Only one car showed a significant effect of ethanol at part-throttie.
Analysis of variance chowed that cars had a larger effect than fuels on the
part-throttle ratings. The reverse was true for the fuil-throttle ratings.

The -ffects of fuels did not vary among the cars, as they did with the full-
throttle ratings.

ITI. DESCRIPTIOR OF PROGRAM

Appendix A lists the participating laboratories in the 1980 program and the
membership of the Analysis Panel. The program is presented in Appendix B.
Fuel properties, test car descriptions, the road rating procedure, and a
brief outline of data analyses employed are summarized in the following para-
graphs.

A. Test Fuels

The twenty unleaded test fuels used in the program were designed to esti-
mate the effects of RON, MON. heavy aromatics content (Cg and heavier, by
volume), and ethanol content (by volume) on Rvad ON performance. A com-
puter optimization program was used to design the fuel set. The optimi-
zaticn provided for the evaluation of (RON)¢ and (MON)2 effects, in addi-
tion to linear effects for the four variables. There were three levels
of RON, five levels of MON, and two levels each of heavy aromatics and
ethanol. (R#4)/2 ranged from 86.4 to 93.4 ON, and sensitivity ranged
from 5.6 to 12.8 ON.

Laboratory inspection data for the twenty fuels submitted by the par-
ticipants were screened for outliers. A1l outliers were rejected, and
the remaining values were averaged. Targeted and actual values for

the four variables are compared in Table 1. Many of the RON and

MON values were more than one octane number off target, and some of

the heavy aromatics and ethanol values were not within 1imits. The test
fuel set was stili found, however, to be capable of very good evaluation
of the effects of the four parameters. This is indicated by the low
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correlations among the four design parameters, as shown in Table II. The
RON/MON correiation is noct as low as the others, but it is approximately
the same as in the 1978 program (0.784 versus 0.772), and it is difficult
to design a set of fuels with a ROM/MON correlation much less than C.8.
Low correlation values are necessary for accurate determination of the
effects of the four parameters.

Volatility and total aromatics data are shown for the test fuels in Table
III. Only six fuels met the RVP requirement of 8-10 1bs. The other
fuels had RVP's below 8 1b. A1l fuels met the distillation and total

aromatics specifications. The test fuel specifications are shown in
Appendix B.

Test Cars

Thirty-seven cars representing twenty-four different 1980 models, one 1979
model, and one 1981 model were used in the program. Only two cars, T 218M
and PL 217M, were equipped with manual gear-shift transmission, and the
remaining cars had automatic transmissions. The test car models and their
engine characteristics are shown in Table IV. The car-laboratory testing
array for both full- and part-throttle Road ON is shown in Appendix C.

The odometer readings ranged from 7,115 to 42,134; and the mean was 15,741
miles. The odometer reading is shown in Appendix H for each test car,
along with other test details.

Road Rating Technique

Fuel ratings were obtained by the Modified Uniontown Technique under both
full- and part-throttle conditions. Full-throttle primary reference fuel
curves were used to establish the Road ON under full-throttlie conditions.
Part-throttle primary reference fuel curves were used to establish .ne
Road ON at part-throttle. Thirty-seven cars were tested at  uii-throttle,
and twelve of these cars were also tested at part-throttle. A1l ratings
were conducted on chassis dynamometers. The CRC Modified Uniontown rating
technique is described in Appendix D.

Data Analysis

Analyses were conductec on both full-throttle and part-throttle data.
Other subgroups of data were analyzed, including all-car averages, all-
automatic-transmission-car averages, all-U.S.-car averages, all-imported-
car averages, model averages, and individual cars. Linear and second-
order equations were developed using RON, MON, (RON)2, (MON)2, heavy aro-
matics, and ethanol content as variables. Analysis of variance (ANOVA)
techniques were used to evaluate individual contributions of cars, fuels,
car-fuel interactions, and test error to the variability of the road test
ratings.




IV. DISCUSSION OF RESULTS

A. Test Results

Average full-throttle and part-throttle Road ON ratings for the twenty
test fuels are listed in Tabies Va and Vb, together with the standard
deviations and the minimum and maximum ratings for each fuel. Because
of difficulties with three of the ethanol-containing fuels, twenty-cne
missing data points at full-throttle and twelve at part-throttle were
estimated. In addition, one data point on Fuel 15, a non-ethanol fuel,
was estimated. Road ON estimates were made by developing a prediction
equation for each car that did not test all fuels, and then calculating
the missing Road ON. The use of these estimated ratings completed the
data set in Table Va which covers all thirty-seven cars at full-throttle
and twelve cars at part-throttie. Table Vb gives the average values when
only the vehicles in which all fuels were rated are included. The average
full-throttle ratings varied from 89.3 to 94.2 ON and 88.9 to 93.9 OR
among the twenty test fuels for the 37-car and 26-car data sets, respec-
tively. Individual fuel ratings varied as much as 7.3 ON (Fuel 7) among
the thirty-seven cars, and 5.3 ON (Fuel 17) among the twenty-six cars.

The twelve-car average part-throttle ratings were 3.8 ON lower than the
thirty-seven full-throttle ratings. The eight-car part-throttle ratings
were 3.5 OH lower than the twenty-six full-throttle ratings on the aver-
age. Individual fuel ratings varied as much as 8.7 ON (Fuel 20) among
the twelve cars, and 6.6 Ol (Fuel 16) among the eight cars.

Three import car models (E 215, T 218M, and T 222), three models having
the same engine (one M V250 and two 0 V250's), and four Model PC 137°'s
were tested. Average full-throttle ratings for these selections are
Tisted in Appendix E, Table E-1.

Average full-throttle ratings for each of the thirty-seven cars are
1isted in Table E-2. Average part-throttle ratings for each of the
twelve cars are listed in Table E-3. Individual experimental obser-
vations are tabulated in Appendix H.

B. Full-Throttle Data Analysis

1. Multiple Regression Analysis

A total of twenty-nine equation models were developed, as shown in
Table VI. Six of these equations were used for only those indiviual
car analyses where RON or MON was not a significant variable. Results
of the aralyses are shown in Appendix F for both full-throttle and
part-throttle ratings. Full-throttle results are presented in Tables
F-1 through F-9. Equation models 1-16 are shown in Table F-1 using
the all-car average data. Equation models 1-6 are shown in Tables :
F-2 through F-8 for all cases: car model averages (three or more of -
the same model), all-car averages, all-car averages testing all fuels, :
all-U.S.-car averages, all-automatic-transmission-car averages. all-
imported-car averages, and individual cars. Equation models 3, 8, and

AL
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10 were used for a 37-car individual data analysis and are shown in
Table F-9. For the individual car cases, additional equations are
shown where all terms are significant.

a. All-Car Average Data

The all-car average results show that Road octane ratings were
predicted best by Equations 3, 7, 8, and 10. As shown below,
these equations include only the RON, MON, (RON)2, and heavy
aromatics terms. The inclusion of the ethanol term as well as
other quadratic terms did not improve prediction accuracy, and
their coefficients were not statistically significant at the
95% confidence level.

Full-Throttle Regressicr Equations
For 37-Car Road OR Averages

Equation | Constant| RON | MON Arﬁiilics Ethanol | (R#M)72| (RON)?| std. 2
Model bD b] b2 b3 b4 bs bﬁ Dev. R
3 26.275| 0.286] 0.450 0.276| 0.977 i
4 26.005| 0.284| 0.457| -0.009 0.269 0.979
5 26.599] 0.300{ 0.430 0.015 0.275] 0.979
6 26.616] 0.295| 0.437| -0.009 0.014 0.269 0.981
7 29.700 0.690 0.296| 0.972
8 -143.663| 3.997| 0.425 -6.020] 0.208 0.988
10 -163.216| 4.294| 0.432] -0.012 -0.021} 0.178} 0.991
10+ |-174.765] 4.613] 0.420| -0.0M -0.023] 0.169| 0.992

NOTE: Underlined values are not significant at the 95% confidence level.

* 26-car average equation. Eleven cars that did not rate all design fuels
were eliminated.
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The inclusion of the (RON)2 and heavy aromatics terms (Equation
10), along with RON and MON, substantially improved prediction
accuracy oveir Equation 3; the standard deviation was reduced

from 0.276 0.178, and the square of the coefficient of cor-
relation (R¢) was increased from 0.977 to 0.991. It is inter-
estinc to compare Equation 4 with Equation 10 and to note that
the heavy_aromatics term was not significant (Equation 4), unless
the (RON)Z term was used (Equation 10).

The last equation shown is based on those twenty-six cars that
rated all twenty fuels, and is shown for comparison.

Prediction of the 37-car average full-throttle Road ON using
Equations 3, 8, and 10 are shown in Figures 1, 2, and 3, re-
spectively. The improvement in prediction accuracy is illus-
trated.

The 37-car average equation model (Equation 8), in terms of RON,
MON, and (RON)Z, demonstrates the effect of fuel octane level

on the relative contribution of RON and MON to Road ON quality.
For premium unleaded type fuels, for eaample, a change in RON
will have little effect on actual Road octane quality, whereas
the opposite is true for regular unleaded type fuels. This
effect is shown in Table VII for the linearized second-order
model.

Individual Car Data

The observed individual Road OK ratings for the thirty-seven cars
versus predicted Road ON ratings for all twenty fuels is shown in
the scatter diagram on Figure 4. Regressing the individual ratings
gave results similar to the all-car average data; the coefficients
vere essentially the same. The large standard deviations shown in
Table F-9 are due to variations in ratings among the thirty-seven
cars. These variations are not present when all-car average data
are used.

The coefficient for the ethanol term was significant in eight of
the thirty-seven cars (22%) tested. Al1 but two of these coeffi-
cients were positive, indicating a possible Road octane bonus for
these carc. This is in contrast %5 tne all-car average results
which showed that the ethanol term wes insignificant in combination
with any other terms.

Road ON averages and regression resuits varied considerably among
the thirty-seven cars. The following table shows these variations
jn the twenty-fuel average full-throttle Road ON's (standard de-
viations and ranges), as well as the means; the standard devia-
tions; and the ranges for the constant, RGN, and MON coefficients
for Equation 3 regression parameters.

‘W“WMWWMW’«‘M‘MN-mi\\mmhmmm«wmm\W,,m.m.w..m"..W...,‘.vmW.M, e e a8




Variation of Full-Throttle Road ON
Regression Results Among Cars

Standard
Mean Deviation Min. Max.
Full-Throttle Road ON (37 Cars) 91.903 1.051 89.725 | 94.845
Full-Throttle Road ON (Equation 3)
Constant, bo 25.885 13.194 -7.256 | 44.110
RON Coefficient, b] 0.285 0.119 0.036 0.588
MON Coefficient, b2 0.456 0.142 0.146 0.729

The RON coefficients varied from near zero to approximately 0.6,
the MON coefficients from approximately 0.1 to 0.7, and the
constant from -7 to 44.

';f 2. Analysis of Variance (ANOVA)

The full-throttle data were subjected to ANOVA techniques to evaluate
the overall contributions of fuel effect, car effect, car-fuel inter-
action, and test error to the variability in the observed Road octane
ratings.

The fuei effect, a measure of the variation caused by fuel composition,
was highly significant and caused most of the variability -- about 65%. |

The car effect, a measure of the difference in ratings between cars,
was highly significant and caused about 20% of the variability observed.
The car effect is confounded with the laboratory effect, though; hence,
.the two effects cannot be separately determined.

The car-fuel interaction, the variation resulting from the differences
in response of individual cars to individual fuels, was significant
and accounted for about 7% of the variability.

Error, a measure of the variability of replicate ratings, represented
about 8% of the total variability.

Standard deviations of the effects are summarized below for all cars
(except £ 215), and for two models for which three or more of the
same model were tested. A more detailed tabulation of the ANOVA
results is given in Appendix G.

g




R B e e T

Analysis of Variance Summary for A1l Cars
and for Two Car tlodels

Estimated
Standard Deviation

No. of (s-Values)
Car Model Cars Cars Fuels Fuel x Car Error
A1l Cars 36 0.946 1.724 0.563 0.614
(Ex. E 215)
PC 137 4 0.757 2,080 0.468 1.051
0 v250/
M V250 3 1.728 1.633 0.132 0.554

The s-values shown are estimates of the standard deviations of the
different effects. They provide a measure of the relative influence
of each effect on Road octane number.

The data were also aralyzed on a laboratorv-'. s.oratory basis to
provide an indication of the variation in wie =.rects among the lat-
oratories, and tc examine effects which were independent cof ilaboratovy
effects. The following table presents a summary of this analysis.
Table G-2 of Appendix G gives the results in more detail.

Analysis of Variance Summzry for
Individual Laboratories

—
s '."‘1‘:»‘

Estimated
=4 Standard Deviation
E No. of (s-Values)
2y Lab Cars Cars Fuels Fuel x Car Error
- 3 a 0.089 | 1.720 0.240 0.651
= 4 4 0.747 1.487 0.533 0.337
5 3 0.402 | 2.177 0.655 0.332
% 7 4 1.176 1.637 0.479 0.585
. 3 5 0.483 1.414 0.226 0.325|
2= 26 4 1.037 1.778 0.326 0.790
e 29 4 0.504 1.786 * 0.687
= 30 2 0.684 2.500 * 1.257
= 35 2 0.568 1.616 * 0.745
ff 41 k! 2.047 1.770 0.925 0.436
s 47 i *k 1.651 ek 0.19N
50 1 **

*  The component of variance for the car-fuel interaction effect
is negative anu non-significant. Hence, the standard deviation
is imaginary and meaningless.

** Insufficient da.a for ANCVA.
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The table shows thdt the car, fuel, and car-fuel interaction effects
were similar to the all-car ANOVA. In many cases, the error standard
deviations are greater than standard deviations attributable to car-
fuel interaction.

C. rert-Throttle Data Analysis

1. Multiple Regression Analysis

Equations 1-6 and 8-16 were used for regressions on the twelve-car
average data. Only Equations 2, 3, and 4 gave low standard deviations,
high correlations (R¢ values), and statisticaliy significant coefficients
for the variables. Regression results for these equations and Equation 5
are shown below. Results for all fifteen equations are shown in Appendix
F, Table F~10. Individual car results are presented in Table F-11; Equa-
tions 1-6, 8-9, 4b, 5b, and 6b are included.

" Part-Throttle Regression Equations
For 12-Car Road ON Averages

Heavy
Equation { Constant RON MON Aromatics { Ethanol | Std. 5
Model b b b b b Dev. R
0 1 2 3 4
2 29.977 0.677 0.2381 0.969
3 32.008 0.091 | 0.553 0.144 ] 0.989
q 31.823 0.089 | 0.559 -0.009 0.119 ] 0.993
5 31,740 0.086 | 0.562 ~-0.007 0.145 | 0.990

NOTE: Underlined value is not significant at the 95% confidence level.

As in the full-throttle results, Equation 3 was an effective predictor
of Road ON. The MON coefficient was much larger than the RON coeffi-
cient, however, and in fact, MON alone was a reasonably good predictor,
as shown in Equation 2.

Figure 5 graphically illustrates the good correlation using Equation 3;
.- however, adding the percent heavy aromatics term, although very small,
k- decreased the standard deviation from 0.144 t¢ 0.119. The correlation i

-2 is shown in Figure 6.

52% The table also shows results for Equation 5 which includes a term for ¥
. percent ethanol in the fuels, one of the design variables. The ethanol i
2 term was very small, however, and statistically insignificant.

T S e e e e - =1
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There were large variations in the regression results among the
twelve cars tested at part-throttle. The following tabie shows
means, standard deviations, and ranges for the twenty-fuel average
ratings and the regression equation parameters (Equztion 3).

Variation of Part-Throttle Road ON
Regression Results \nong Car.

Pa

Pa

Standard
| fean | Deviation Min. Max.
rt-Throttle Road ON (12 Cars) 80.035 2.187 83.805 90.75
rt-Throttle Road ON Equation
Constant, bo 32.267 7.373 22.276 43,611
RON Coefficient, b1 0.102 0.084 -0.050 0.230
MON Coefficient, b2 0.538 0.101 0.406 0.770

2.

Average Road ON values ranged from 84 to 91. The constant varied from
22 to 44, the RON coefficient from slightly negative to 0.2, and the
MON coefficient from 0.4 to nearly 0.8.

Analysis of Variance (ANOVA)

The part-throttle data were also evaluated by ANOVA. In the part-
throttle data, the car effect was the most significant factor, with
66% of the total variability. Its influence was only 20% in the full-
throttle data. The fuel effect caused only 23% of the variability,
and the car-fuel interaction was not significant. The ANOVA results
are given in more detail in Appendix G, Table G-4.

Comparison of the part-throttle with the full-throttle ANOVA is pre-
sented in the following table.

Part-Throttle and Full-Throttie
Standard Deviations

Estimated
Standard Deviation
No. of (s-values)
Rating Cars Cars Fuels Fuel x Car Error
Full-Throttle 30 0.946 1.724 0.563 0.614
Part-Throttle 12 2.153 1.287 6.0 0.937




-11-

The most significant difference bctween the two data sets is that
the car effect is much larger in the part-throttle fuel ratings.

D. Comparison of Results With Previous Programs

In the past, the Road Test Group has conducted fuel rating programs from
which relationships for all-car averages have been developed in ire form
Road ON = by + by RON + by MON. Comparison of this program's full-throttle
equation with those of previous years is shown below:

1963-1980 Al11-Car Full-Throttle Road ON Equations
No. of Coefficients
Cars Constant* | RON MON Std. 9
Tested b b b Dev. R
0 1 2
Program
Premium Grade Fuels
1964 35 14.12 0.33 ] 0.56 - -
1966 40 21.05 0.341 0.48] 0.37 | 0.96
1967 14 32.04 0.01 | 0.71] 0.63 ) 0.90

Regular Grade Fuels

1963 30 2.64 0.48 | 0.52 - -

1965 36 17.15 0.32 .53 0.68 ] 0.84

1969 35 20.47 0.10| 0.73}| 0.31] 0.98

Unleaded Fuels

1971 43 32.04 0.15} 0.52 | 0.23 | 0.99

1973 34 2.18 0.17 | 0.83| 0.80| 0.89

1975 37 29.61 0.131 0,56 0.27 1 0.98

1978 34 30.94 0.31 ] 0.36} 0.21 | 0.99
2 1980 37 25.90 0.29{ 0.45| 0.28 ] 0.98
o= * (Constants are ‘ecalculated to account for rounding off of coefficients §
= from three-decimal form (Appendix F) to two-decimal form. i
ig NOTE: Underlined values are not significant at the 95% confidence level. §
%; The results of the 1980 fuel rating program show that the MON coefficient
= is approximately 50% higher than the RON coefficient, as compared with
1= the 1978 program in which the RON and MON coefficients were about equal.

In the other three programs conducted on unleaded fuels in 1971, 1973,
and 1975, the MON coefficients were considerably higher than the RON
coefficients.

i
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In this program and in %he 1978 program, the quadratic equation form
which contained a (RON)Z term, i.e., Road ON = by + bjRON + bpMON +
bg(RON)#, has given the best correlation because of non-linearity in
fuel-rating response. In the 1975 program, however, the best equatiog
contained a (MON)% term, i.e., Road ON = by + bjRON + bpMON + b7(MON)<.
Comparison of the full-throttle quadratic equation from this program
with those of 1975 and 1978 are shown below:

1978 and 1980 Al1-Car Full-Throttle
Quadratic Road ON Equations

Coefficients
No. of 5 5
Cars Constant RON MON | (RONJ| (MON) Std. 2
Program Tested bo b] b2 b6 b7 Dev. | R
1975 37 -192.167 0.146 ] 5.789 - -0.031 | 0.19 | .99
1978 34 - 92.97 3.019 0.380] -.015 - 0.117] .997
1980 37 -143.66 3,997 0.425| -.020 - 0.209 | .988

The negative coefficient for (RON)2 in the 1978 and 1980 programs indicate
that the relative importance of RON decreases as the RON Tevel of fuels
increases. 1In 1975, the negative coefficient for (MON)2 indicates that
the relative importance of MON decreases as the MON level of fuels in-
creases. These findings are contradictory, possibly indicating that the
equation form used is not the best one.

Analysis of variance of the full-throttle and part-throttle data from this
program are compared below with the 1975 and 1978 programs:

1975-1980 Full-Throttle and Part-Throttle
Standard Deviations

Estimated
Standard Deviation
Vo. of (s-Values)
Rating Cars Cars Fuels Fuel x Car Error
Full-Throttle
1975 37 1.38 1.84 0.58 0.63
1978 34 1.277 1.850 0.848 0.416
1980 36 0.946 1.724 0.563 0.614
Part-Throttle
1975 - - - - -
1978 16 3.535 1.527 0.941 0.440
1980 12 2.153 1.287 0.0 0.937




In all three programs, the fuel effect accounted for most of the variability

in the full-throttle data. At part-throttle, the car effect was the greatest
source of variability. Car-fuel interaction was significant in the 1978 pro-
gram, but not in the 1980 program.

V. DISCUSSION AND RECOMMENDATIONS FOR FUTURE PROGRAMS

Past programs have always shown significant effects of RON and MON, but no sig-
nificant gasoline composition effects. This program showed that heavy aromatics
adversely affects Road ON, and that ethanol gave beneficial effects in a few cars.
These effects are believed to be due to imperfect fuel distribution in the intake
manifold. Certain cylinders do not receive all the high-octane tail-end compo-
nents such as heavy aromatics, and conversely, they may receive a higher portion
of light, high-octane components such as ethanol.

This program also showed that the fuel effects vary among car models. This was
demonstrated by the ethanol effect showing up in only a few cars. The findings
concerning heavy aromatics and ethanol in this program are not necessarily rele-
vant to the 1980 model car population, because the test car population is some-
what different from the 1980 car population. For example, manual transmissions
and imported cars were grossly underrepresented. These car design differences
may have significant effects on the cars' response to the fuel variables.

In previous programs, there has been 1ittle attempt to select test cars to rep-
resent the U.S. car population. The only effort in this direction was to recom-
mend that select models from the octane requirement survey program be tested;
however, the selection has been biased by specifying automatic transmissions.
The result has been that too few imported cars and manual transmissions have
been tested. It is important to have them properly represented in the test
program. It is recommended that a procedure be established to assure a proper
selection of test car models representing current or future vehicle populations.

Another recommendation for future programs is that fuels containing other oxy-
genated compounds (alcohols and ethers) be inciuded because of the growing
interest in and use of those products. Also, some type of test should be used
to look at gasoline octane distribution to help explain the effects of high-
octane components on Road ON.
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TABLE IV

TEST CARS

Model No. No. Displ. Carb. Net
Car Code Year Tested Cyl. Liters/Culn Bbl. Trans. CR* bhp
£ 215 1980 i 4 1.5/90.8 2 A 85 67
HCS 225 1680 1 4 2.57151 2 A 8.2 90
HIA 238 1980 1 6 3.8/231 2 A 8.0 110
HIK 238 1980 2 6 3.8/22% 2 A 8.6 115
HLY 225 1980 1 4 2.5/151 2 A 8.2 86
IIF 243 1980 1 8 4.3/260 2 A 7.5 105
KI 137 1980 1 6 3.7/7225 1 A 8.4 90
LIA 238 1980 2 6 3.8/231 2 A 8.0 1o
4 v250 1980 1 8 5.0/302 v2 A 8.4 130
NC5 225 1980 1 4 2.5/151 2 A 8.2 a0
NC7 228 1980 1 6 2.8/175 2 A 8.5 115
NFH 450 1980 1 8 5.0/305 4 A 5.6 155
NH 450 1980 1 8 5.0/305 4 A 8.6 155
HIG 230 1979 1 8 5.0/305 2 A 8.4 130
HI1J 244 1980 1 8 4.4/7267 2 A 8.3 120
NIK 238 1980 2 6 3.8/229 2 A 8.6 115
NL9 216 1981 1 4 1.6798 2 A 8.6 74
0 v2s5p 1980 2 8 5.0/7302 v2 A 8.4 130
OCA 133 1980 2 6 3.3/7200 1 A 8.6 1
OCA 223 1980 1 4 2.3/140 2 A 9.0 88
0CA 242 1980 2 8 §.2/7255 2 A 8.8 112
0I v258 1980 1 8 5.8/351 v2 A 8.3 140
oL 223 1980 2 4 2.3/140 2 A 9.0 88
PC 137 1980 4 6 3.77225 1 A 8.4 30
PL 217H 1980 i 4 1.77105 2 H 8.7 65
T 218M 1980 1 4 1.8/108 2 M 9.0 75
T 222 1980 a1 4 2.27133.6 2 A 8.4 90

37

* Manufacturer's specifications.

= Variable venturi
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TABLE VI

L S

REGRESSION EQUATIONS

General Model: Road ON = bo+byRON+boMON+b3HVYA+bgETOH+bs( R+M) /2+bg(RON) Z+b7(MON) Z+bgRXM

Heavy
Constant | RON | MON | Aromatics | Ethanol | (ReM)/2 | (RoN)2 | (mow)2 | RoNxwMON
Egqn. No. bg by bo b by bg bg by bg

oWy
> >

da*
4b*

Sa*
5b*

ba*
6b*

X > > XX > >«

10
1
12
13
14
15
16
17
18
19
20
21
22
23

>=<

>

> > > > 3 > > > > X > >
><
><

> D¢ D> > < >< > > >}
> XX > >} >
> > >< <

> > > > >

>
>
><

X > 3¢ € X 5 > DX < >< < > X > > <X > X > X > > < > > > >
><

* For individual cars there were twelve Equation 3 regressions for which either RON
or MON was not a significant variable. These equations were used for those FT or
PT cases.
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Figure 1

PREDICTION OF 37-CAR AVERAGE FULL-THROTTLE =
ROAD ON BY RON, MON EQUATION
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Figure 2

PREDICTION OF 37-CAR AVERAGE FULL-THROTTLE
ROAD ON BY RON, MON, (RON)? EQUATION

95

s =0.209
R2=0.988

93

92

OBSERVED ROAD ON

9

PRI

!

89
89 80 . 91 92 93 94 95

PREDICTED ROAD ON
ROAD ON = 143.663 + 3.997 RON + 0.425 MON — 0.020 (RON)?

R g e
o




JM 0

i

OBSERVED ROAD ON

-27-

Figure 3

PREDICTION OF 37-CAR AVERAGE FULL-THROTTLE
ROAD ON BY RON, MON, (RON),;2 HEAVY AROMATICS EQUATION
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Figure 4
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Figure 5
PREDICTION OF 12-CAR AVEl AGE PART-THROTTLE
ROAD ON BY RON, MON EQUATION
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Figure 6

PREDICTION OF 12-CAR AVERAGE PART-THROTTLE
ROAD ON BY RON, MON, HEAVY AROMATICS EQUATION
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PARTICIPATING LABORATORIES
AND
MEMBERSHIP OF ANALYSIS PANEL
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A-1
PARTICIPATING LABORATORIES
Amoco 0i1 Company*
Chevron Research Company
=3 E. I. du Pont de Nemours & Company, Inc.
- E.R.I.
=¥ Gul f Research and Development Company
= Mobil Research and Development Corporation
fjﬁ Shell Development Company
=3 Standard 0i1 Company (Ohio)
= Suntech, Inc.
- Texaco Inc.
= Union 0i1 Company of California
4 Universal 0i1 Products Company
= CRC ANALYSIS PANEL
%%3 J. C. Ingamells, Leader Chevron Research Company
=2 F. S. Bove Texaco Inc.
=3 E. S. Corner Consul tant
== M. J. Gorham Union 0i1 Company of California
= J. D. Rogers, Jr. E. I. du Pont de Nemours & Company, Inc.
= K. R. Schaper Gul f Research and Development Company
= J. F. Wickey Shell Development Company

* Supplied laboratory inspection data only.
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1980 FUEL RATING PROGRAM:

ROAD OCTANE PERFORMANCE IN 1980 MODEL CARS
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PROPOSED 1980 FUEL RATING PROGRAM
ROAD OCTANE PERFORMANCE IN 1980 MODEL CARS

I. Torward

Road octane rating programs have been conducted periodically by the
CRC Motor Road Test Group to investigate the relationship between the
laboratory properties of a set of motor gasolines and the road anti-
knock performance of these fuels in a selected group of cars. Leaded
gasolines were employed during the 1963-1969 period. The programs of
1971, 1973, and 1975 involved unleaded fuels; the 1975 and 1978 pro-
grams were run with cars equipped with catalytic converters. The
testing was done by Road Test Group participants from the oil and
automoblile industries at their own laboratories.

II. Objective

In past programs total aromatics and olefins contents have been

evaluated for possible effects on road octane performance, and their
effects have been found to be statistlcally nonsignificant. However,

heavy aromatics may be a significant factor affecting Road octane

number., Another gasoline variable of interest is ethanol content,

since ethanol is used in "gasohol" blends being widely distributed.

The objective of this program is to evaluate these variables along

with Research octane number (RON) and Motor octane number (MON) in

1980 model cars. )

. ITI. Test Cars

The desire is to test the fuels in a population of cars representative
of the 1980 models that will be on the road. In order to do this, a
variety of car and engine models is required. However, because of the
size limitation of the program, low sales volume models should not be
tested. Models with manual transmissions should be included, however,
because they constitute a significant portion of new car sales.

Engines of cars used for road rating of the fuels in this program
should not be altered from their factory configuration except as
necessary for instrumentation required for the Modified Uniontown
technique. The cars should have at least 6000 miles and maximum
octane requirements (CRC E-15 Technique) of at least 86 ROM with 1979
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B-6

or 198¢ FBRU fuels. Cars used for part-throttle ratings should have
part-throttle octane requirements of 86 RON FBRU minimum. In
addition, spark timing should not exceed the following limits when
rating any of the test fuels: 10 degrees retarded to 15 degrees
advanced, relative to manufacturer's recommended basic timing.

IV. Fuels (Unleaded)

Fuel variables to be investigated are RON, MON, heavy aromatics (09+),
and ethanol content. A compufer cptimization program was used to
de_ign a test fuel set of 20. The optimization provided for the
evaluation of (RON)Z and (MON)? effects in addition to linear effects
for the four variables. Small second-order erifects were found for RON
and MON in the 1978 program, but second-order effects are not expected
for heavy aromatics or ethanol content.

Table I and Pigures 1 and 2 show the fractional factorial design of
the test fuel set. Because only linear effects are expected for heavy
aromatics and ethanol content, only low and high values are used;
intermediats values are not needed. Five levels of MON and three
levels of RON are required to evaluate both linear and second-order
effects. Normally only three levels are needed tc assess nonlinearity
of a variable. However, because sensitivity was constrained to

6-12 ON for all fuels, the combinations of RON and MON were limited, .
as shown in Figure 1. In this situation more then three levels of MON
are required for an optimum test fuel set,

Test fuel specifications are shown in Table II. Samples of the test
fuels will be sent to the participants for octane, hydrocarbon
composition, distillation, and Reid vapor pressure data.

V. Test Procedure

A1l fuels are to be rated in duplicate in each car by the Modified
Uniontown (CRC Designation F-28-70) technique. Ratings are to be
obtained at full thrott.e (maximum or wide open) and at the most crit-
ical part-throttle condition occurring with manifold vacuum of 4 in.
Hg or greater above the full throttle vacuum. However, part-throttle
tests should not be conducted if ratings cannot be determined on all
design fuels without exceeding the spark advance limits, Part-
throttle ratings must be determined from part-throttle primary
reference fuel curves.

At least three accelerations should be made for each rating. The
fuels should be rated in a random order. The maximum speed
investigated for Modified Uniontown rating should not exceed 60 mph,

-Ial




VI. Data Reporting

Data should be reported to CRC prior to December 1, 1980, using data
forms to be provided. To aid in analysis, each participant is
requested to report the manufact rer's recommended ignition timing for
the cars and the spark advance ( t idle speed) for each Modified
Uniontown fuel rating. If spark advance is read at other than idle
speed, the data should be corrected to idle speed for reporting on the
data forms. Other important detalls to be reported are transmission
gear for full throttle ratings, manifold vacuum for part-throttle
ratings, and complete car information as indicated on the data forms.

In all cases, each partvicipant is requested to report aata for all
items included on the data report forms. To assure legible copies,
each partic‘pant is requested to use a soft pencil or black ink when
completing the data forms in longhand.

VII. Data Analysis

Analyses will be conducted on both full throttle and part-throttle
data. Other subgroups of data that will be analyzed are all car aver-
ages, model averages, individual cars, and individual laboratories.
Linear and second-order equations will be developed using RON, (RON)€<,
MON, (MON)E, heavy aromatics, and ethanol content as the variables.
Analysis of variance (ANOVA) techniques will be used to evaluate indi-
vidual contributions of cars, fuels, car-fuel interactions, and test
error to the variability of the Road octane ratings.
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TABLE I 2
TEST FUEL DESIGN
Fuel Heavy
No. RON | MON | Sensitivity | Aromatics* | Ethanol#*
1 90 82 8 5 0 E
2 90 82 8 5 10 |
3 90 82 8 25 0 E
4 90 84 6 5 10 F
5 90 84 6 25 0 E |
6 90 84 6 25 10
7 194 82 12 5 10
8 94 82 12 25 0
9 loy |82 12 25 10
10 ' 94 85 9 5 0
11 94 } 85 9 5 10
12 94 88 6 5 0
13 94 88 6 25 0
=3 14 94 88 ) 25 10
3 15 98 86 12 5 0
e 16 98 86 12 25 G
17 98 86 12 25 ic
18 98 88 10 5 ¢
19 98 88 10 5 | 19
20 98 88 ir 25 ; 10

¥Percent by vclume.
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TABLE II

TEST FUEL SPECIFICATIONS

Octanes

Meet the specified octanes within +0.5 ON.

Heavy Aromatics

Meet the specified Cq and heavier aromatics contents within 127 by
volune.

Ethanol

Meet the specified ethanol contents within +0.5% by volume. Ethanol
rust be at least 198-proof CDA-19 or CDA-20.

Volatility

Reid Vapor Pressure - 8-10 Ib

ASTM D 86 Distillation
iBP - 90°F Minimum
10% Evaporated - 110-150°F
30% Evaporated - 140-195°F
50% Evaporated ~ 180-260°F
70% Evaporated - 220-310°F
90% Evaporated -~ 285-380°F
EP - L450°F Maximum

Other

A

Total Aromatics Content- 10-50%
Total Olefins Content - 0-25%

R S

= Benzene Content - 1% Maximum

= Lead Content - 0.03 g/Gal. Maximum

= suifur Content - 0.05% Maximum

= Manganese - None to be Added

= Antioxidant - 5 PTB (100% Active)
Blending Components - Normal Refinery Components

o
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APPENDIX C

CAR-LABORATORY TESTING ARRAY
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APPENDIX D

KODIFIED UNIONTOWN TECHNIQUE
(CRC DESISNATION F-28-70)
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MODIFIED UNIONTOWN TECHNIQUE
(CRC Designation F=28-70)

This research technique has been developed
for research burposes only and is not to be
construed as a specification or standard,
since the Coord.aating Research Council,

Inc, does not promulgate specifications or
standards,

Prepared by the
Road Rating Techniques Study Panel
of* the

CRC-Motor Road Test Group

June 1970
Revised: October 1975
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SCOPE

The Modified Uniontown Test Technique is designed to determine a
single road octane rating of a gasoline under level road accelerating
conditions. The ratings are generally madc at maximum throttle
but may be made at part throttle if desired or more critical. 1t is
under these relatively severe conditions that the motoring public

would probably encounter knock and thus be able to compare cr evalute
fuel octane quality.

The Modified Uniontown Technique employs the vehicle's standard
spark advance mechanism. The basic spark setting is varied until
trace knock is obtained during acceleration for the primary reference
fuel series and the gasoline(s) being rated. Trace knock is the lowest
level of knock intensity that can be heard repeatedly.

The !Modified Uniontown rating of a gasoline is the octane number of

the PRF blend which would be expected to produce trace knock at the
same basic spark advance as the test gasoline.

VE!ICI,E PREPARATION FOR TEST

The mechanical checks given below should be made as indicated. All
adjustinents should be made to conform with manufacturers’ speci-
fications unless .herwise specified in this section.

(1) Procurement checks: The checks listed below should be made upon initial
receipt of vehicle for test. The vehicle should have accumulated sufficient
mileage to provide adequate break-in and achieve deposit accumulation.

(a) Compression pressures should be checked according to manu-
facturers' recommended procedures,

(b} Check timing mark vs TDC on cylinder number onc piston,
using a dial gage or equivalent.

(c) Carburetors should be in good operating condition. If the
vehicle is to be used for fuel rating for an extended period of
time, it is recommended that carburetor mixture checks be
made periodically to assure that the carburctor remains in
the as-received condition.

{d) Check the tappet clearance against manufacturers' speci-
fication and adjust to limits.
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(CRC Dosignatio:n F-25-70)

B. VEHICLE PREPARATION FOR TEST (Cont'd)

(2)

(e)

(f)

(g)

(h)

(1)

(3

(k)

(1)

(m)

(n)

(o)

(p)

Daily checks: The daily checks sheuld include the iterns listed
as (h), (i) and (j) in Paragraph (1) above, and also items listed
below.

(a)
(b)
(c)

.operation,

Install new set of spark plugs of recommended heat range
(preferably after the deposit stabilization accclerations
described in E2b). For continued high-speed operation,
colder plugs may be desirable.

Check distributor automatic spark advance mcchanism for
conformance to manufacturer's recommended specifications.

Check fuel pun:p as per manufacturer's recommended pro-
cedure. Replace fuel filter element,

Observe choke plate and make certain it is in wide-open
position with the engine fully warmed up. Wire open auto-
matic choke if necessary,

Check throttle opening linkage for true wide-open throttle
position, freedom from sticking, etc,

Check heat valve to determine if it is free and operating
normally, Aliow it to function as in norral driving operation.

Check crankcase breather nr emission -control system to
insure satisfactory operation, Check air clecaner elemecnt
and replace if necessary,

Check the exhaust emission control system for proper
Check the fuel system evaporative control system, and also
deactivate the fuel recirculating system, if so cquipped, f{o

obviate the possibility of {looding the fuel system,

Check the operating temperature of the coolant thermostat
to ascertain if it is operating correctly,

Check the automatic transmission's shift characteristics for
conformance with manufacturers' specifications,

Check all belts for tightness and condition.

Check tire pressure,

Check oil level.

Check coolant level and note type and freezing point of
coolant used,




(CRC Designation F-25-70)

B. VEHICLE PREPARATION FOR TEST (Cont'd)

(3)

(d) Operate the vehicle to test general performance character -
istics, misfiring, surging, excessive noise, etc. A check
of vehicle acceleration time under standard rating conditions
at manufacturers' recornmended spark timing would provide
a good indication of overall vehicle performance.

(e) Check brakes for safe operating and reserve pedal.

(f) Make a visual check of the engine compartment just before
start of test and periodically during testing to observe general
mechanical condition of the engine., Look for water, oil and
gasoline leaks, or any other sign of malfunctioning,

Weekly or 1000 mile checks: Weekly or 1000 mile checks should
include items (a), (i); (j), and (k) in paragraph (1) above, and
also items listed below,

(a) Check auxiliary fuel systems for leaks, particularly if valving
is used that might permit contamination of test or refercnce
fuels.

(b) Check spark plugs for misfiring and gap to manutacturers'
recommended procedures.

C. INSTRUMENTATION

(1)

(2)

Spark Advance Measurement: A method of accurately measuring
basic spark timing should be provided. This can be done either
mechanically or electronically. The equipment should be:

(a) Convenient to read from the passenger compartment during
normal vehicle operation, unless remotely indicated or
recorded.

(b) Capable of indicating spark timing within + 1/2 crank-.angle
degree,

(c) Unaffected by the vibrations, accelerations, or shock normal
to full throttle vehicle acceleration.

Spark Advance Centrcl: A mechanism should be provided to
control spark advance from the passenger compartment. This
control should be positive, with a minium of hunting or backlush,
and should not be affected by engine movement due to torque
reaction.
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(CRC Designation F-28-70)
C. INSTRUMENTATION (Cont'd)

(3) Engine Speed Measurement: A method of measuring engine revo-
lutions per minute should be provided which 1s:

(a) Capable of instantaneous reading and/or recording throughout
the engine speed range.

(b) Convenient for reading from the passenger compartment
during vehicle operation.

(c) Capable of indicating within an accuracy of + 50 rpm and with
a repeatability of + 1% of the speed being read.

{d) Unaffected by the vibrations, accelerations, or shock normal
to full throttle vehicle accelerations.

(4) Manifold Vacuum Measurement: A vacuum gage should be connected
to the intake manifold and located where it can be seen by the driver.
This is important for automatic transmission test cars in order
that the car can be driven repeatably at a low engine speed and at
as low a manifold vacuum as possible without automatic down-
shifting to a lower gear.

(5) Temperature Measurement: While temperature measurements are
not directly necessary for fuel rating, they are important for
checking the general operation of the engine and for controlling the
operating conditions of the car when it is used on successive
occasions. Itis, therefore, suggested that thermocouples be
installed in the following locations and the suitable instrumentation
be provided to measure or record the following temperatures:

=4

4

(a) Carburetor inlet air
(b) Engine coolant (block exit)
(c) Engine oil (sump or gallery)

(d) Antomatic transmission oil

) Intake mixture (after stove area)

(6) Weather Measurements: It is suggested that the following ambicnt
weather conditions be measured and recorded hourly during fuel
rating tests:

(a) Temperature

e

(b) Humidity

{c) Barometric pressure




(CRC Designation F-28-70)
C. INSTRUMENTATION (Cont'd)

(7) Auxiliary Fuel System: An auxiliary fuel system should be pro-
vided to facilitate convenient switching from one fuel to another.
The auxiliary fuel line should be connected to the inlet side of
the fuel pump, should be of minimum length, and should be
routed in such a way as to avoid trapping fuel vapor. Installation
should give consideration to safety as well as convenience of fuel
handling. To minimize mixing of test fuels during fuel change -
over it is recommended that fuel settling bowls or large {filters
be blocked off and/or replaced by small filter assembly with
the bowl mounted in an inverted position.

If an electric fuel pump is used, the fuel pressure at the carbu-
retor should be checked to conforra with the manufacturers'
recommendation.

For cars used extensively for fuel ratings, carburetor bowl drain
lines connected to a pump and waste can have been found to
improve the speed and completeness cf fuel system draining when
changing from one iuel to another.

D. REFERENCE FUELS

Primary reference fuel blends should be prepared in two octane number
increments over the range required to bracket the fuels being rated.

E. TEST PROCEDURE

(1) Engine Warmup

To stabilize engine temperatures, a minimum of fifteen miles of
operation under road load conditions at speeds of 50 to 60 mph in
top gear is required.

(2) Combustion Chamber Deposits Stabilization

(a) Cars should have a minimum of 2000 deposit miles prior to
use for road octane rating. The last 500 miles should be
accumulated under medium to high speed conditions to insure
stabilization of combustion chamber deposits.

(b) Just prior to conducting each series of road octane rating tests,
the following deposit stabilization run should be made:

(1) With the vehicle fully warmed up, set .he spark timing
to produce approximately light knock on tank fuel or other
fuel which knocks near the manufacturers’' recommended
spark setting. (Knock should cover the expected range
of testing. )

i e - . - -




e e

(CRC Designation F=-28-70)
TEST PROCEDURE (Cont'd)

(2) At the above spark setting make several accelerations over the speed range
in which road ratings are desired. The accelerations should be conducted

primarily at wide-oven throttle employing part throttle only as required
to limit maximum knock to light intensity.

(3) Fuel Changeover
(a) Catalytic Device Cars

Caution: Because of the installation of catelytic devices on these
cars, permanent damage may result if the engine runs over lean or
stalls. Therefore, changeover from cne fuel to another must be ac-
complished without running the carburetor dry.

To eliminate contamination of the new fuel with residual amounts of
the previous fuel, the car will be operated under the following cone
ditions after charging with the new fuel: operate cer for 2 miles
at a maximum speed of 55 mph during which time four part-throtile
accelerations at approximately 4" Hg manifold vacuum are made,

(b) Non-catalytic device cars or catelytic device cars for which the
manmufacturer has provided written approval to run the carburetor

dry with assurence the procedure will not damage the catalytic de-
vice,

(1) With one and two-barrel carburetors, the carburetor shall be
run dry at 55 mph, road load, in highest gear.

(2) With four-barrel carburetors, the primary float chember shall
be run dry at 55 mph, road load, in highest gear, The secon-
dary float chamber shall be rum dry by going to wide-open
throttle for short periods of time, being careful to avoid
excessively high engine speeds. This must be accomplished in
passing gear on those vehicles in which the secondary throtiie

plates are mecheanicelly actuated by depressing the throttle ba-~
yond the detent position.

b
i

i

e

r””")u

A ——————

Caution: In cars equipped with automatic transmissions, care should
be_teken to meintein the car sveed sufficienily high to keep the |
engine turning over, This is especisglly imporbant to cers ecuwiopsd

with power brakes since a serious safety hazard mey be encountered :
with a dead engine.

(¢) Charge the fuel system with a new test fuel and repeat the operations
descrivbed in paragraphs (a) or (b).

(d) After fuel changeover, make one preliminary accelerstion before be-
ginning Vehicle Rating Procedure and operate one~-half mile &t 50 to
60 mph, road load, to obtain stabilized conditionms.

(4) Operating Conditions

(a) The vehicles should be tested at or as near maximum throttle as pos-
sible over the widest practicable speed range.

In the case of manual transmissions, this is wide-open throttle in v
top gear,




E. TEST PROCEDURE (Cont'd)

(CRC Designation F-23-70)

(b)

(c)

(d)

(e) '

Details of Observations

(a)

In the case of automatic transmissions, it is dependent upon
the transmission control system and may vary considerably
among car makes. Operating characteristics of each vehicle
should be explored to determine the drive ratio which will
allow operation at or near wide-open throttle over the widest
range of engine speed.

Fuel ratings should be run on a smooth, level, straight road
in either direction as long as audibility of knock is not afiected
by the wind. Tests shall not be conducted during periods of
rain or rapidly changing weather conditions. Fuel ratings
may also be run on a chassis dynamometer with proven good
road correlation.

Care should be taken not to operate at'greater than light knock
intensity because of the effect on combustion chamber tempera-
tures and knock intensity during the remainder of the acceler-
ation.

Excessively advanced or reciarded ignition timings may lecad
to abnorma! fuel ratings. Where possible, road rating deter-
minations should be made within the range of 15 degrees
advance to 10 degrees retard irom the manufacturers’' stand-
ard spark advance (recommended basic ignition timing plus
centrifugal spark advance) at any speed.

The speed range investigated will normally extend to 3000 rpm,
but where conditions necessitate should be extended beyond.

The vehicles should be accelerated from as low a speed as
practicable to as high a speecd as desired. For manual trans-
mission cars the acceleration should be made in highest gear
from the lowest speed giving reasonably smooth operation; the
minimum engine speed will normally be about 700 rpm.

In the case of autr-natic transmissior cars, the critical rating
condition is dependent upon the transmission control system
and may vary considerably among car makes. Operating
characteristics of each vehicle should be explored to determine
the drive ratio and throttle position which will aliow operation
at or ncar wide-open throttle over the widest range of enzine
speed with the gear selector in Drive position. It may
be expedient to decrease intake manifold vacuum during

the acceleration in accordance with a schedule pre-
determined for the particular test car.
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E. TEST PROCEDURE (Cont'd)

(CRC Designstion F-28-70

(b)

(c)

(d)

(e)

{f)

"istics of the fuel. At least two accelerations are made for

Adjust basic spark timing to produce knock of trace intensity
over as narrow a speed range as possible during the acceler-
ation. Trace knock is defined as the
lowest level of knock that is readily and constantly discernible
to the ear. It is NOT the threshold between knock and no
knock. Generally, the spark setting should not be changed
during an acceleration except vhen encountering heavy knock.
All comparati-re tests with different fuels must be made at
the same trace knock intensity over the same speed range,
recognizing that all fuels may not knock in the same portion
of the speed range.

Subsequent accelerations should be spaced at relatively con-
stant time increments in order that repeatability of testing
conditions is assured. Excessive braking between acceler-
ations should not be utilized as temperature cquilibria may
nct be reached before cach successive acceleration is com-
menced. Experience with a particular vehicle and/or testing
condition may dictate otherwise, but a time period of approxi-
matcly 20 seconds between successive accelerations with
sevcral seconds at constant speed before the start of ecach
acceierartion is considered saiisiaciury iv ylcid 1 epiuGucilic
results. :

The {irst one or more accelerations is exploratory, to enable
the operator to become acguainted with the knocking character -

recording of data. Basic spark advances required for trace
knock intensity are recorded with the corresponding speced
range of knocking.

With adequate instrumentation and adherence to procedural
details, basic spark advances for trace knock accelerations
generally will not differ more than one crankshaft degree.

In such instances, two trace knock accelerations shall suffice
and the averagc of the spark settings for the two accelerations
shall be reported for the fuel.

If the spark advances for the first two trace knock acc«lerations
will viffer by more than one degree, one or more additional
accelerations shall be made as required to establish a good
average spark setting.

-4
.
e

s be

It is recommended that at least four different referenecce fuel

to estabiish a reference fuel framework beforc running tha test
gasolines. Additional reference fuels should be interspersed
with the test gasolines to complete the reference fuci
{framework in two octane number increments. Several reier-
ence fuels should be rechecked at intervals.
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F. REPORT AND INTERPRETATION OF pATA (1)

(1) Calculate average basic spark advance for each fuel. Where

rechecks have been run, use all valid spark advance obser-
vations.
{(2) Establish basic spark advance vs octane number curve for

reference fuels.

(3) Obtain the octane number rating of each test gasoline by determining
the octane number corresponding to the average basic spark
advance value. The octane number is reported with the speed
of maximum knock.

{(4) The reproducibility(z) of the Modified Uniontown Road Octane
Number Test has been found to be about one octane number.
Therecfore it is recommended that when the result of a single
determination is to be reported it should be rounded off to the
nearest 0.5 number. However, when multiple ratings are
obtained, these individual ratings sho ot be rounded off, but
the average may or may not be, depenc. .g on the individual
laboratory's testing errors, and the ultimate utilization of the
rating number.

(1) Il caiculaiions described herein may be accomplished either manually or
by E.D.P.{electronic data process). .

(2) Rcproducibility is a quantitative expression of the random error
associated with single determinations at “ifferent laboratories of a
property of an identical material utilizing the same method. It
represents the maximum difference between such measurements
which would be expected to be exceeded in a given percentage of cascs

The reproducibility figures quoted above are calculated for one
standard deviation which is normally exceeded in about 30% of the
cases. Reproducibility is currently defined as the sguare root of
the total testing variance 1-‘nus the fuel variance.

(It must be noted that this reproducibility figure does not correspond
to that of ASTM which is normally exceeded in only one case out of 20.)
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TABLE E-1

AVERAGE FULL-THROTTLE ROAD OCTANE NUMBER RATINGS

Population Averages

Population: All_Imports* PC 137* 0_V250/M V250*
No. of Cars 3 4 3
Fuel No.
1 89.9 88.0 90.6
2 (89.9) (89.6) (90.4)
3 89.8 90.1 90.2
4 90.8 89.6 91.0
5 90.0 89.2 99._4
6 89.9 91.0 91.0
7 92.9 (92.6) (92.8)
g 92.1 92.0 93.2
3 91.8 91.9 92.5
= 10 92.6 92.6 93.2
5 1 91.9 92.8 93.0
i 12 93.4 92.6 94.0
= 13 92.6 52.6 93.5
3 14 93.4 92.6 93.5
= 15 (93.0) 93.9 93.9
= 16 93.0 93.8 94.6
= 17 (93.5) (94.9) (94.3)
b= i8 94.8 94.6 94.5
19 54.8 95.1 94.9
20 34.7 95.3 54.8

PUER bt ol i
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In ceveloping the averages, it was necessary to estimate some

ratings.

Numbers in { ) contain such estimated ratings.




TABLE E-2

AVERAGE FULL-THROTTLE ROAD OCTANE NUMBER RATINGS

Individual Cars

Car Code: HC5 225 HIA 238 HIK 238 HIK 238* HLV 225*
Car Number: 2 13 4 27 30
Laboratory: 3 8 3 35 41
Fuel No.
1 §9.4 89.0 89.8 90.2 88.1
2 80.2 89.0 83.8 90.3 (89.1)
3 $0.0 §8.8 90.0 88.7 88.4
4 91.5 89.4 90.0 90.2 89.8
5 90.4 89.6 89.8 90.2 88.4
6 90.4 88.4 90.0 90.0 88.4
7 92.3 90.2 92.0 91.8 92.4
8 91.8 90.3 93.1 91.5 90.4
9 91.8 89.6 92.4 91.2 90.2
10 2.2 91.0 93.2 92.4 91.8
1 91.8 91.0 93.2 92.7 92.4
12 92.5 91.2 93.5 92.6 92.2
13 92.2 9.2 93.7 83.1 91.6
14 92.2 g1.0 93.7 93.0 94.2
15 93.0 91.4 93.8 93.8 93.4
16 93.4 91.4 94.2 93.6 92.0
17 93.8 91.4 94.2 {93.7) (93.4)
18 94.4 91.9 24.0 93.6 95.5
19 94.8 92.0 83.9 93.8 95.6
20 94.5 92.4 93.8 93.8 94.4
* In developing the averages, it was necessary to estimate some ratings. §
Numbers in ( ) contain such estimated ratings. :
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TABLE E-2
(Continued)

AVERAGE FULL-THROTTLE ROAD OCTANE NUMBER RATINGS

Individual Cars

Car Code: IIF 243* KI 137 LIA 238 LIA 238 M V250
Car Number: 31 10 21 22 16
Laboratory: 41 5 29 29 8
Fuel No.
1 88.4 88.4 89.5 89.2 89.9
2 (88.3) 86.0 89.6 89.6 88.9
3 88.4 89.2 88.8 90.3 89.3
4 88.8 88.0 89.8 90.2 89.3
5 88.8 86.8 89.6 90.6 88.9
6 89.2 89.2 89.5 90.2 89.6
7 89.6 2.2 91.8 92.4 91.8
8 90.6 2.2 91.9 92.2 91.3
9 88.7 91.3 91.6 91.6 91.1
10 92.5 92.8 92.0 93.0 91.6
1 90.4 92.5 92.2 92.8 91.2
12 91.5 93.2 93.4 93.2 92.4
13 92.2 93.5 93.1 93.0 91.8
14 91.1 9.0 93.4 92.8 92.2
15 90.1 94.2 94.2 93.2 92.4
16 91.6 94.3 94.4 93.4 93.0
17 (91.7) 94.6 95.0 93.8 92.6
18 93.6 94.8 95.2 94.1 93.1
19 91.0 95.0 95.0 94.2 93.3
20 92.4 94.8 95.5 94.4 93.6

* In developing the aversges, it was necessary to estimate some ratings.
Numbers in ( ) contain such estimated ratings.
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TABLE E-2
(Continued)

AVERAGE FULL-THROTTLE ROAD OCTANE NUMBER RATINGS

Individual Cars

Car Code: NC5 225 NC7 228 NFH_450 NH_450 16 230*
Car Number: 5 20 15 14 28
Laboratory: 4 26 8 8 35
Fuel No.
1 89.0 87.6 89.2 89.8 88.8
2 89.4 88.6 89.4 89.2 88.9
3 88.4 86.8 89.1 89.1 88.4
4 89.9 89.0 89.6 90.2 89.2
5 89.4 88.4 89.6 90.3 88.9
6 88.0 86.6 88.8 88.8 88.8
7 90.0 91.0 91.4 92.3 90.9
3 90.0 89.2 91.4 92.4 91.4
9 90.0 89.1 99.6 92.0 90.6
10 90.0 90.0 91.4 92.4 91.4
1 91.4 91.4 91.6 92.4 91.6
| 12 91.2 91.4 92.2 92.8 92.5
i 13 91.6 90.8 92.2 92.9 91.8
b 14 91.0 90.8 91.8 92.6 92.3
é; 15 90.6 90.2 91.8 93.0 92.2
e 16 91.1 90.4 92.2 93.4 92.8
g 17 92.4 90.6 92.6 93.4 (92.9)
= 18 92.3 92.6 92.7 93.4 93.0
19 92.4 91.7 92.8 93.6 93.2
20 91.2 93.6 93.0 93.5 93.2

* In developing the averages, it was necessary to estimate some ratings.
Numbers in ( ) contain such estimated ratings.




TABLE E-2
(Centinued)

AVERAGE FULL-THROTTLE ROAD OCTANE NUMBER RATINGS

Individual Cars

Car Code: NIJ 244 NIK 238 NIK 238 NL9 216* 0_v250
Car Number: 12 7 9 35 - 1
Laboratory: 8 4 5 7 3
Fuel No.
1 89.4 89.2 89.6 90.2 89.6
2 89.2 89.5 89.6 (90.1) 90.0
3 89.4 90.3 89.6 89.8 90.0
4 89.6 90.3 90.5 90.4 90.2
5 89.7 89.6 89.6 90.4 90.2
6 88.4 89.8 90.2 90.8 69.9
7 91.2 91.9 92.2 (91.6) 92.2
8 91.0 92.1 92.6 91.6 92.6
9 90.8 91.2 91.8 91.6 91.8
10 91.7 92.1 92.6 91.6 92.8
11 91.8 92.1 92.2 92.4 92.8
12 92.4 93.0 93.0 92.6 93.7
13 92.0 92.8 93.2 92.2 93.2
14 92.0 92.2 93.2 93.6 93.0
= 15 92.4 92.8 93.6 93.2 93.5
B 16 92.4 ' 93.4 94.0 93.0 93.7
2 17 92.7 93.4 93.6 (93.5) 93.7
5 18 92.6 93.6 94.0 93.6 94.1
3 19 92.8 94,0 94.6 93.9 94.7
20 93.2 94.0 94.6 93.9 94.2

* In developing the averages, it was necessary to estimate some ratings.
Numbers in ( ) contain such estimated ratings.
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TABLE E-2
(Continued)

AVERAGE FULL-THROTTLE ROAD OCTANE NUMBER RATINGS

Individual Cars

Car Code: 0_v250* 0cA 133 OCA 133 0CA 223 OCA_242
Car Number: 34 23 24 17 8
Laboratory: 7 29 29 26 4
Fuel No.
1 92.2 88.9 88.3 88.7 88.8
2 (92.3) 89.0 88.2 89.8 88.8
3 91.4 89.7 89.0 88.8 89.6
4 93.5 89.8 89.1 90.0 90.0
5 92.2 89.8 89.9 89.0 89.6
6 93.5 89.4 89.6 88.2 89.6
7 (94.6) 91.1 91.4 91.5 93.0
8 95.6 91.0 90.8 90.8 92.4
9 94.6 89.5 90.8 91.3 91.2
10 95.2 90.6 91.8 92.4 93.0
1 95.2 91.6 92.0 92.2 93.0
12 96.0 92.6 92.6 92.4 93.2
13 95.4 92.6 92.8 91.9 93.4
= 14 95.3 92.6 92.3 92.2 93.0
5 15 95.8 93.1 92.8 93.2 9.4
i 16 97.2 93.2 92.7 93.0 94.4
2 17 (96.7) 93.4 92.8 93.4 93.9
b 18 %.8 93.5 52.9 93.0 93.9
= 19 96.7 93.6 92.9 9.2 94.6
= 20 96.7 9.0 93.2 94.2 95.0

In deveioping the averages, it was necessary to estimate some ratings.
Numbers in ( ) contain such estimated ratings.




E-9
JABLE E-2
(Continued)
AVERAGE FULL-THROTTLE ROAD OCTANE HUMBER RATINGS
Individual Cars
Car Code: OCA 242 01 V258 oL 223 oL 223% PC 137* PC 137
Car Number: 1 6 3 37 36 19
Laboratory: 5 4 3 7 7 26
Fuel No.
1 89.6 89.6 89.6 89.7 90.3 89.0
2 88.8 89.4 89.3 (90.4) (90.3) 88.5
3 90.4 90.2 89.6 92.0 90.4 §9.4
4 90.4 89.8 89.8 91.2 90.5 89.0
5 90.0 89.6 89.3 90.2 89.9 89.0
6 90.0 89.2 89.0 92.0 92.3 88.8
7 93.4 91.0 91.2 (93.8) (93.3) 92.2
8 93.6 90.8 91.3 93.8 92.6 91.8
9 92.6 90.4 91.8 93.0 91.8 92.0
10 93.1 92.3 92.8 94.2 93.6 91.8
1 93.1 91.8 93.2 92.7 93.4 92.0
12 93.1 92.7 93.2 94.3 93.2 91.8
13 93.8 92.0 92.5 93.8 92.3 91.8
14 93.5 92.3 92.5 93.2 94.5 92.2
= 15 94.5 92.1 93.7 95.6 94.1 93.2
3% 16 94.5 92.7 94.2 95.8 94.2 91.9
= 17 95.0 92.5 94.4 (95.4) (95.3) 92.8
= 18 94.8 92.7 94.9 95.2 95.4 93.4
= 19 95.0 2.9 95,2 95.8 96.0 93.1
= 20 95.0 92.9 95.1 95.1 96.0 93.2

In developing the averages, it v.as necessary to estimate some ratings.
Numbers in ( ) contain such estimated ratings.
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TABLE E-2
{Continued)

AVERAGE FULL-THROTTLE ROAD OCTANE NUMBER RATINGS

Car Code: PC137  PC137  PL217M* E 215 T 218M* T 222*
Car Number: 25 26 32 33 29 18
Laboratory: 30 30 47 50 41 26
Fuel No.
1 86.4 86.1 90.5 88.5 92.4 88.8
2 90.7 88.8 (89.5) 88.5  (91.6)  89.6
3 91.2 89.5 90.0 88.5 91.7 89.4
4 90.8 88.0 90.4 89.0 92.6 90.9
5 89.4 88.4 9.4 89.0 91.4 89.5
6 91.8 91.4 90.2 87.0 91.8 90.9
_ 7 9.0 91.0 92.2 89.0 96.3 93.3
. 8 91.8 92.1 91.8 89.0 95.0 92.3
¥ 9 92.2 91.4 9.5 88.5 947 9.4
10 93.3 91.8 93.5 90.0 95.1 92.8
1 93.0 92.7 93.7 90.0 93.0 92.8
12 93.1 92.2 93.8 91.5 95.2 93.5
A 13 94.0 92.0 93.5 9.5 93.4 93.1
2 14 93.4 %.2 94.0 8.5  95.7  95.2
- 15 94.2 94.2 93.4 89.5 95.6  (93.7)
= 16 95.4 93.7 93.4 90.5 9.7 93.9
> 17 95.8 95.8 94.0 90.5  (96.4)  94.6
-5 18 95.5 94.2 94.0 91.5 97.8 94.9
= 19 95.9 95.6 94.6 91.5 97.4 95.6
B 20 96.4 95.6 94.8 91.5 97.0 95.4

=5

i

g

=%

)
i

In developing the averages, it was necessary to estimate some ratings.
Numbers in ( ) contain such estimated ratings.




Car Code:
Car Number:
Laboratory:
Fuel No.
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TABLE E-3

AVERAGE PART-THROTTLE ROAD OCTANE NUMBER RATINGS

LIA 238

21
29

87.
87.
87.
87.
87.
88.
88.
88.
88.
89.
90.
90.
89.
90.
90.
90.
91.
91.
92.

* In developing the averages
Numbers in ( ) contain suc

Individual Cars

LIA 238 NC5 225 NL9 216* 0_V250* 0CA 133
22 5 35 34 23
29 4 7 29

86.0 83.4 81.8 87.3 87.2
86.7 83.8 (82.6) (87.6) 87.4
86.1 83.4 82.6 87.0 87.2
86.8 34.2 83.4 87.8 87.4
87.4 83.8 83.2 88.4 87.6
86.4 84.6 83.2 87.0 86.8
86.8 85.0 (83.3) (88.6) 88.0
86.4 85.0 83.4 89.3 88.0
86.5 84.1 82.3 88.2 87.8
87.3 86.0 83.8 90.4 89.1
88.7 85.4 83.8 89.4 89.4
89.0 85.9 84.4 91.0 89.8
87.8 85.7 84.2 90.4 89.5
88.4 85.8 85.6 38* 9 89.4
88.9 86.1 84.6 89.0 89.0
88.4 85.8 83.7 91.4 90.2
89.0 86.4 (84.8) (90.8) 89.8
88.2 86.7 85.0 90.4 90.6
88.6 86.6 85.6 91.0 91.0
89.0 86.8 84.8 91.7 90.8

» it was necessary to estimate some ratings.
h estimated ratings.
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TABLE E-3
(Continued,

AVERAGE PART-THROTTLE ROAD OCTANE NUMBER RATINGS

"ndividual Cars

Car Code: OCA 133  OCA 242  OCA 242  0I V258  OL 223*  pC 137*
Car Number: 24 8 11 6 37 26
iaboratory: 29 4 5 4 7 7
Fuel No.
1 88.3 83.0 88.2 85.8 88.0 86.3
2 88.2 83.4 87.8 86.2 (88.3) (86.6)
3 88.1 83.7 88.2 86.2 87.4 86.6
4 88.6 85.4 88.2 86.6 89.4 87.4
5 89.0 84.0 88.7 86.4 89.0 87.0
6 88.8 84.2 88.8 86.8 88.4 87.0
7 90.8 84.5 89.8 87.6 (89.4) (87.9)
8 90.6 84.7 90.5 87.4 89.8 87.8
9 89.8 83.7 88.8 87.1 88.9 87.2
10 91.4 85.4 90.3 88.2 90.5 88.8
n 91.2 85.4 90.5 88.0 91.0 88.6
12 92.4 86.2 90.8 88.7 91.0 89.4
13 91.9 85.9 90.8 88.4 90.0 89.2
14 91.4 87.0 90.6 88.0 91.2 89.2
15 92.0 85.4 90.2 89.0 91.0 89.2
16 92.2 85.6 90.2 88.2 91.4 89.2
. 17 92.2 85.9 91.6 89.4 (91.8) (89.7)
= 18 92.2 86.8 91.8 89.6 9.7 89.8
2 19 93.0 87.8 91.8 89.6 92.4 89.8
ié 20 92.9 87.8 91.6 90.0 93.6 90.4

* In developing the averages, it was necessary to estimate some ratings.
Numbers in ( ) contain such estimated ratings.
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INDEX OF APPENDIX F

MULTIPLE REGRESSION EQUATIONS

Index of Tables

Table F-1 Al1-Car Averages, Models 1-16 (37 Cars)
Full-Throttle Road ON Ratings

Table F-2 Cars That Tested Al1 Fuels (26 Cars)
Models 1-6, 8, and 10
Ful1-Throttle Road 0N Ratings

Table F-3 Cars With Automatic Transmissions (35 Cars)

Models 1-6, 8, and 10

Full-Throttle Road ON Ratings

Table F-4 A11-Car Averages, Models 1-6, §, and 10 (34 Cars)
Ful1-Throttle Road ON Ratings

Table F-5 A11-Car Averages, Models 1-6 (3 Cars)

Full-Throttle Road ON Ratings

Table F-6 Al1-Car Averages, Models 1-6 (4 Cars)
Ful1l-Throttle Road ON Ratings

Table F-7 Al11-Car Averages, Models 1-6 and 8 (3 Cars)

Full-Throttle Road ON Ratings

Table F-8 Individual Cars, Various Models

Full-Throttle Road ON Ratings

Table F-9 A11 37 Cars (Individual Data Points)
Models 3, 8, and 10

Ful1-Throttle Road ON Ratings
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Index of Tables (Continued)

Table F-10 Al1-Car Averages, Models 1-16 (12 Cars)

Part-Throttle Road ON Ratings

Table F-11 Individual Cars, Various Models

Part-Throttle Road ON Ratings
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APPENDIX H

DETAILED TEST RESULTS




INDEX OF APPENDIX H

Glossary of Terms

Tabulation by Car Model
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LAB NO
CAR CODE
EM CT
TRANS
C.R.

AIR CND
ODOM MILES
STD SPK
TEST LOC
RUN NO

G

DATE

AMB TMP
BARO

HUM

FUEL HO
SPK ADV
RPH

MUON

GLOSSARY OF TERMS

Rating Participant - CRC Confidential Code
Car Identification - CRC Confidential Code
Emission Certification: F=Federal, C=California
Transmission Type: A=Automatic, M=Manual
Compression Ratio

Air Conditioned: Y=Yes, N=No

Odometer Miles on Car

Basic Spark Advance Setting

D = Rating Performed on Chassis Dynamometer
Number of Test Replicates

Gear: D=Drive, P=Passing, 4=Fourth

Month, Day, and Year Tested

Dry Bulb Temperature on Test Date, °F
Barometric Pressure on Test, "Hg

Relative Humidity, %

Fuels Described in Appendix B

Engine Spark Advance, Degrees

Engine Speed, RPM

Road Octane Number by Modified Uniontown Technique
Described in Appendix D
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