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I. INTRODUCTION

In the 24th annual statistical survey of current model vehiclescenducted
by the Coordinating Research Council, Inc., test data were obtained on 429
1980 model vehicles including 6 select models of special interest. Maximum
octane number requirements under full- and part-throttle operating conditions
were determined, and surface ignition knock and rumble, if present, were also
reported.

Passenger cars and light-duty trucks including non-commercial vans (1/2 - 3/4
ton without four-wheel drive) were tested according to a weighted distribu-
tion. This year's survey includes analyses for the following vehicle cate-
gories:

il) U.S. and Imported Vehicles -- 429 vehicles'

(2) U.S. and Imported Cars -- 407 cars-

(3) U.S. Vehicles -- 344 vehicles'

(4) U.S. Cars -- 326 cars' .

(5) Imported Vehicles -- 85 vehicles.

It should be noted that the term "carsh designates passenger cars only, while
the term "vehicleg" includes passenger cars plus vans and light-duty trucks.

The order of testing reference fuels was the same as the 1979 Survey, which
is as follows:

Tank Fuel Ist
High Sensitivity Full-Boiling Range Unleaded (FBRSU) Fuels 2nd
Average Sensitivity Full-Boiling Range Unleaded (FBRU) Fuels 3rd
Primary Reference (PR) Fuels., 4th

Seventeen laboratories participated in this survey and submitted data on U.S.
vehicles; fourteen of these labs also reported data on imported models. Par-
ticipating laboratories are listed in Appendix A. Members of the CRC-Analysis
Panel are identified in Appendix B.

II. SUMMARY

A. Vehicles Tested

Data were collected on 441 1980 model vehicles; however, analysis in this
report was based on 429 vehicles. Data for 12 vehicles were excluded be-
cause of low odometer mileage. The 429 vehicles included 344 U.S. vehicles

-1-[
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and 85 imported vehicles. There were 326 U.S. passenger cars and 81
imported cars. There were 18 U.S. and 4 imported light-duty trucks
and vans. The 1980 Survey included 388 vehicles tested in proportion
to estimated production volume, plus 41 additional cars tested to
provide larger samples of select models. The vehicles used in this
program had an average of 11,253 deposit miles. The production-
weighted engine displacement and compression ratio were 3.23 L and
8.40, respectively.

B. Octane Number Requirements

Requirements are expressed as the Research octane number (RON), Motor
octane number (MON), and (R+M)/2 octane number of the reference fuel
which produced the least audible knock due to either spark or surface
ignition, whichever was limiting. Estimated octane number require-
ments for the U.S. vehicles are weighted in proportion to the 1980
vehicle model production figures and, for the imported models, in
proportion to import sales volume in the U.S.

Maximum and part-throttle octane number requirements at the 50% and
90% satisfaction levels for the sample of 1980 U.S. and Imported Ve-
hicles, U.S. and Imported Cars, U.S. Vehicles, U.S. Cars, and Imported
Vehicles are given in Table I. A summary of the Research and Motor
octane number requirements for FBRU fuels only is shown below:

FBRU Octane Number Requirements

1980 and Changes From 1979

Research Motor
Octane No. Octane No.
50% 90% 50% 90%

WEIGHTED POPULATION Sat. Sat. Sat. Sat.

Maximum Octane Number Requirements

All U.S. and Imported Vehicles 90.8 95.1 83.5 86.2
A from 1979* -0.9 -1.9 0.9 -0.2

All U.S. and Imported Cars 90.6 95.1 83.4 86.2
6 from 1979* -1.1 -1.8 0.8 -0.2

All U.S. Vehicles 91.4 95.5 83.8 86.4
A from 1979* -0.9 -1.9 0.8 -0.3

All U.S. Cars 91.3 95.5 83.8 86.4
A from 1979* -1.2 -1.9 0.7 -0.3

Imported Vehicles 89.0 92.6 82.3 84.6
A from 1979* 0.1 -1.3 1.2 0.5

* The 1980 FBRU fuels over the RON range were 0.3 to 1.4 units lower in
sensitivity than the 1979 FBRU fuels.
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FBRU Octane Number Requirements

1980 and Changes From 1979
(Continued)

Research Motor
Octane No. Octane No.

50% 90% 500 90%WEIGHTED POPULATION Sat. Sat. Sat. Sat.

Part-Throttle Octane Number Requirements

All U.S. and Imported Vehicles 86.4 93.1 80.6 84.9
A from 1979* -1.8 -1.3 -0.2 +0.5

U.S. and Imported Cars 86.4 92.8 80.6 84.7
A from 1979* -1.5 -0.9 0.0 +0.7

U.S. Vehicles 86.5 93.7 80.7 85.3
A from 1979* -2.3 -0.8 -0.3 +0.8

U.S. Cars 86.5 93.5 80.7 85.1
A from 1979* -2.1 -0.7 -0.3 +0.8

Imported Vehicles 85.7 91.6 80.2 83.9
A from 1979* +3.5 -2.3 +3.0 -0.2

Maximum octane requirements for the select models at the 50% and 90'%
satisfaction levels for PR, FBRU, and FBRSU fuels are shown in Table
I, and summarized below for FBRU fuels only.

Select Models

Maximum FBRU Octane Number Requirements

Research Motor
Octane No. Octane No.

No. 50% 90% 50% 90%
Select Model Tested Sat. Sat. Sat. Sat.

NC5 225/HC5 225
IC5 225/LC5 225 24 91.1 95.9 83.6 86.7

NC7 228/HC7 228
IC7 228/LC7 228 21 86.2 90.5 80.4 83.3

NIJ 244 12 92.1 94.1 84.3 85.5
OCA 242/MCA 242 14 91.9 93.9 84.1 85.4
0 V250/M V250 14 92.3 95.4 84.4 86.3
PC 137/KC 137/DC 137 15 93.8 98.2 85.4 88.3

* See footnote, page 2.
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C. Maximum Octane Number Requirements at Part-Throttle

Incidence of part-throttle knock with FBRU being equal to or greater
than full-throttle knock was about the same in 1980 as it was in 1979.
Maximum requirements occurred at part-throttle in 14.5% of all 1980
model vehicles with FBRU fuels, compared with 15.9% in 1979.

D. Tank Fuel Knock Reported by Trained Observer

In the 1980 Survey, 49.9% of the weighted vehicle population was found
to knock on tank fuel, compared with 47% in the 1979 Survey. Note
that these values reflect a combination of both vehicle octane require-
ments and the customer's choice of octane quality of the gasoline used
in the vehicle.

E. After-Run on Tank Fuel

Out of 404 vehicles tested by trained observers, there were 10 reported
incidents of after-run on tank fuel. Note that trained observers' re-
ports are based on a single data point made on the fuel in the test
vehicle tank with spark timing at manufacturer's recommended setting.
Owners reported a higher percentage of after-run (11.5% vs 2.5%).

F. Surface ignition and Rumble

There was one car in the 1980 Survey reported with both surface ignition
and spark knock; none had rumble.

G. Road Octane Number Depreciation

Road octane number depreciation of FBRU fuels in the range 86 to 100 RON
varied from 1.4 to 4.2, compared with 1.2 to 5.5 in the 1979 Survey. De-
preciation of FBRSU fuels in the range of 87 to 101 RON varied from 2.7
to 4.9, compared with 2.2 to 6.0 last year.

III. TEST VEHICLES

A total of 429 1980 model vehicles was tested in this year's survey. Non-
commercial vans and light-duty trucks (1/2 - 3/4 ton without four-wheel drive)
were included as part of the total vehicle population. Of the 429 vehicles
tested, there were 326 U.S. and 81 imported cars plus 18 U.S. and 4 imported
vans and light-duty trucks. There are an additional 12 vehicles with less
than 4000 odometer miles which were not included in the analyses; however,
the test data for these cars are listed in Appendix E with observation num-
bers 800 to 811.

..... ....
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To provide a statistical sample of vehicles on the road, 388 vehicles were
tested in proportion to their percentage of total vehicle production, and
41 additional cars were tested to provide a larger sample of each of 6
select models of special interest, all of which had automatic transmissions.
Specifications for the select models are shown in Table III.

In the 1980 Survey, 77% of the vehicles were equipped with automatic trans-
missions, and 70% were equipped with air conditioners. The vehicles used
in this program had an average of 11,253 deposit miles. Table IV shows
the distribution of odometer mileage for vehicles tested in both the 1980
and 1979 Surveys. The 1980 distribution is also snown as a barchart in
Figure 1. The weighted engine displacement for the 1980 fleet was 3.23 L;
the weighted compression ratio was 8.40.

Participants were assigned specific vehicle models in a pattern which mini-
mized data bias due to differences in testing and vehicle sampling. The
United States was divided into four geographical areas, and assignments
for vehicles of a given model were divided among laboratories within each
geographical area. The basic timing was adjusted to the manufacturers'
recommended setting prior to test. A total of 100 vehicles was adjusted.
Thirty-five vehicles were more than ±20 from the manufacturer's specifica-
tion when received, compared with 67 in the 1979 Survey. Number of vehicles
and the degrees advanced or retarded are shown in Table V.

IV. REFERENCE FUELS

Average laboratory octane number ratings and blending data for the FBRU and
FBRSU fuels are shown in Tables D-I and D-II of Appendix D. Sensitivities
of the 1980 full-boiling range reference fuels are summarized in Table D-Ill,
and a comparison of sensitivities of 1980 and 1979 fuels is shown in Table
D-IV. The 1980 FBRU fuels over the RON range were 0.3 to 1.4 octane numbers
lower in sensitivity and were 6.3% to 24.8% lower in aromatic content than
the 1979 fuels. The FBRSU fuels were 0.8 higher to 0.4 lower in sensitivity.
Inspection data furnished by the fuel supplier are shown in Table D-V.

A. Primary Reference (PR) Fuel

Isooctane and normal heptane, meeting ASTM specifications, were blended
in two octane number increments from 76 to 82 RON, and in one octane
number increments from 82 to 100 RON.

B. Average Sensitivity Full-Boiling Range
Unleaded (FBRU) Reference Fuels

FBRU fuels were prepared from three base blends (RMFD-326-80, RMFD-327-80,
and RMFD-328-80) in two octane number increments from 78 to 84 RON, and
in one octane number increments from 84 to 101 RON.

__ ___ _ _ __ _ _ __ _L
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C. High Sensitivity Full-Boiling Range
Unleaded (FBRSU) Reference Fuels

FBRSU fuels were prepared from three base blends (RMFD-329-80, RMFD-330-80,
and RMFD-331-80) in two octane number increments from 78 to 84 RON, and
in one octane number increments from 84 to 101 RON.

V. TEST TECHNIQUE

The test technique (CRC Designation E-15-80) specified that octane number
requirements be determined at level road acceleration conditions. The order
of fuel testing was Tank Fuel, FBRSU, FBRU, and PR fuels. Knocking tendency
was investigated at both maximum throttle and part-throttle to determine the
most cricital condition. The occurrence of other abnormal combustion noise,
such as surface ignition knock and rumble, was also reported.

The octane number requirement of a vehicle is defined as the Research or
Motor octane number of the highest octane test fuel which produces border-
line knock due either to spark or surface ignition, whichever is limiting.
The maximum octane number requirement of the vehicle is defined as the high-
est of these requirements, whether at full- or part-throttle. Maximum octane
number requirements were obtained over the speed range with PR fuel only. In
addition, maximum part-throttle requirements were determined with FBRU fuels
down to the limit of the lowest available fuel.

VI. DISCUSSION OF RESULTS

A. General

Of the 17 participating laboratories, 3 used level roads, 13 used chassis
dynamometers, and 1 used both. Weather conditions under which tests were
conducted varied considerably among participants. On the average, the
barometer was 29.71 in. Hg., ambient temperature was 740F, and humidity
was 70 gr/lb. Test conditions for individual observations are reported
in Appendix E.

B. Distribution of Maximum Octane Number Requirements

The octane number requirement data were used to prepare satisfaction
curves for the following samples of 1980 model vehicles: (1) U.S. and
Imported Vehicles; (2) U.S. and Imported Cars; (3) U.S. Vehicles; (4)
U.S. Cars; and (5) Imported Vehicles.



-7-

In preparing these curves, the percentages of vehicles satisfied were
weighted in accordance with final 1980 U.S. model-year production data
and with U.S. sales figures in the case of imports. Each curve should,
therefore, provide an estimate of the distribution of octane number.
requirements of the appropriate vehicle population on the road. The
procedure for assigning weighting factors is described in Appendix I.

1. U.S. and Imported Vehicles

In the 1980 Survey, maximum octane number requirements were de-
termined on 429 U.S. and imported vehicles with PR, FBRU, and
FBRSU fuels.

Maximum Research octane number requirements for all three refer-
ence fuel series are shown in Figures 2a (rectangular coordinates)
and 2b (probability plot). Maximum Research, Motor, and (R+M)/2
octane number requirements are listed in Table VI. The 50% and
90% satisfaction level requirements are as follows:

Maximum Octane Number Requirements

50% Satisfied 90% Satisfied

Fuel RON MON (R+M)/2 RON MON (R+M)/2

PR 89.4 89.4 89.4 - 92.8 92.8 92.8
FBRU 90.8 83.5 87.2 95.1 86.2 90.6
FBRSU 92.7 82.2 87.5 97.7 85.2 91.4

Comparisons of 1980 and 1979 Survey maximum Research, Motor, and
(R+M)/2 octane number requirements are shown in Tables VII, VIII,
and IX, respectively, for the three fuel series. Distributions
of maximum RON requirements are shown in Figure 3 for PR fuel,
Figure 4 for FBRU fuels, and Figure 5 for FBRSU fuels. The dif-
ferencesat the 50% and 90% satisfaction levels are summarized
below:

Differences Between 1980 and 1979 Maximum

Octane Number Requirements

50% Satisfied 90% Satisfied

Fuel RON MON (R+M)/2 RON MON (R+M)/2

PR 0.1 0.1 0.1 -0.2 -0.2 -0.2
FBRU -0.9 0.9 0.0 -1.9 -0.2 -1.1
FBRSU 0.3 0.2 0.3 -0.1 -0.8 -0.5



-8-

Confidence limits for maximum octane number requirement distri-
butions of 1980 U.S. and imported vehicles are given in Appendix
G, Table G-l. The 95% confidence limits for Research octane re-
quirements were from ±0.25 to ±0.37 at the 50% satisfaction level
and from ±0.34 to ±0.50 at the 90% satisfaction level.

2. U.S. and Imported Cars

Maximum octane number requirements were determined on 407 U.S. and
imported cars with PR, FBRU, and FBRSU fuels.

Maximum Research, Motor, and (R+M)/2 octane number requirements on
all three fuel series are given in Table X. Maximum octane number
requirements at the 50% and 90% satisfaction levels are summarized
below:

Maximum Octane Number Requirements

50% Satisfied 90% Satisfied

Fuel RON MON (R+11)/2 RON MON (R+M)/2

PR 89.2 89.2 89.2 92.7 92.7 92.7
FBRU 90.6 83.4 87.0 95.1 86.2 90.6
FBRSU 92.4 82.0 87.2 97.5 85.0 91.3

The maximum Research octane number requirements for 1980 U.S. and
imported cars are compared with 1979 model-year data in Table XI
for PR, FBRU, and FBRSU fuels; corresponding comparisons of Motor
and (R+M)/2 octane number requirements are given in Tables XII and
XIII, respectively. Differences between 1980 and 1979 data at the
50% and 90% satisfaction levels are as follows:

Differences Between 1980 and 1979 Maximum

Octane Number Requirements

50% Satisfied 90% Satisfied

Fuel RON MON (R+M)/2 RON MON (R+M)/2

PR 0.0 0.0 0.0 -0.5 -0.5 -0.5
FBRU -1.1 0.8 -0.2 -1.8 -0.2 -1.0
FBRSU -0.2 -0.2 -0.2 -0.2 -0.9 -0.5

Confidence limits for maximum octane number requirement distribu-
tions of 1980 U.S. and imported cars are given in Appendix G,
Table G-I. The 95% confidence limits for Research octane require-
ments were from ±0.25 to ±0.40 at the 50% satisfaction level and
from ±0.34 to ±0.54 at the 90% satisfaction level.
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3. U.S. Vehicles

Maximum octane number requirements were determined on 344 U.S.
vehicles with PR, FBRU, and FBRSU fuels.

Distributions of maximum Research octane number requirements
are plotted in Figures 6a and 6b for the three fuel series.
Research, Motor, and (R+M)/2 octane number requirements for
the U.S. vehicles are given in Table XIV. Octane number re-
quirements at the 50% and 90% satisfaction levels are listed
below:

Maximum Octane Number Requirements

50% Satisfied 90% Satisfied

Fuel RON MON (R+M)/2 RON MON (R+M)/2

PR 89.8 89.8 89.8 93.0 93.0 93.0
FBRU 91.4 83.8 87.6 95.5 86.4 90.9
FBRSU 93.4 82.6 88.0 98.1 85.5 91.8

A comparison of octane number requirements of 1980 and 1979 U.S.
vehicles for the three fuel series is shown in Tables XV, XVI,and XVII "in terms of RON, MON, and (R+M)/2, respectively. Dis-

tributions of maximum Research octane number requirements are
shown in Figure 7 for PR fuel, in Figure 8 for FBRU fuels, and
in Figure 9 for FBRSU fuels. Differences between octane number
requirements of 1980 and 1979 U.S. vehicles at the 50% and 90%
satisfaction levels are given in the following table:

Differences Between 1980 and 1979 Maximum

Octane Number Requirements

50% Satisfied 90% Satisfied

Fuel RON MON (R+M)/2 RON MON (R+M)/2
SPR 0.3 0.3 0.3 -0.3 -0.3 -0.3

FBRU -0.9 0.8 0.0 -1.9 -0.3 -1.1
FBRSU 0.2 0.1 0.2 0.0 -0.7 -0.4

Confidence limits for maximum octane number requirement distribu-
tions of 1980 U.S. vehicles are listed in Appendix G, Table G-I.
The 95% confidence limits for Research octane requirements were
from ±0.26 to ±0.39 at the 50% satisfaction level and from ±0.36
±0.53 at the 90% satisfaction level.



-10-

4. U.S. Cars

Maximum octane number requirements were determined on 326 U.S.
cars with PR, FBRU, and FBRSU fuels.

Maximum Research, Motor, and (R+M)/2 octane number requirements
for all three fuel series are listed in Table XVIII, and summa-
rized below at the 50% and 90% satisfaction levels:

Maximum Octane Number Requirements

50% Satisfied 90% Satisfied

Fuel RON MON (R+M)/2 RON MON (R+M)/2

PR 89.6 89.6 89.6 93.0 93.0 93.0
FBRU 91.3 83.8 87.5 95.5 86.4 90.9
FBRSU 93.1 82.5 87.8 97.9 85.4 91.6

The maximum Research, Motor, and (R+M)/2 octane number require-
ments of U.S. cars in the 1980 and 1979 Surveys are compared in
Tables XIX, XX, and XXI, respectively, for all three fuel series.
The differences at the 50% and 90% satisfaction levels are as
follows:

Differences Between 1980 and 1979 Maximum

Octane Number Requirements

50% Satisfied 90% Satisfied

Fuel RON MON (R+M)/2 RON MON (R+M)/2

PR -0.1 -0.1 -0.1 -0.5 -0.5 -0.5
FBRU -1.2 0.7 -0.3 -l .9 -0.3 -l .1
FBRSU -0.4 -0.2 -0.2 -0.4 -1.0 -0.8

Confidence limits for maximum octane number requirement distribu-
tions of 1980 U.S. cars are given in Appendix G, Table G-I. The

-* 1 95% confidence limits for Research octane requirements were from

±0.28 to ±0.41 at the 50% satisfaction level and from ±0.37 to
±0.56 at the 90% satisfaction level.

5. Imported Vehicles

Maximum octane number requirements were determined on 85 imported
vehicles with PR, FBRU, and FBRSU fuels.



Maximum Research octane number requirements for all three refer-
ence fuel series are shown in Figures 10a and lOb. Maximum octane
number requirements for RON, MON, and (R+M)/2 are listed in Table
XXII. The 50% and 90% satisfaction level maximum octane require-
ments are listed below:

Maximum Octane Number Requirements

50% Satisfied 90% Satisfied

Fuel RON MON (R+M)/2 RON MON (R+M)/2

PR 88.0 88.0 88.0 91.5 91.5 91.5
FBRU 89.0 82.3 85.6 92.6 84.6 88.6
FBRSU 90.8 81.1 86.0 95.0 83.5 89.2

The maximum Research, Motor, and (R+M)/2 octane number requirements
of imported vehicles in the 1980 and 1979 Surveys are compared in
Tables XXIII, XXIV, and XXV, respectively, for all three fuel series.
The differences at the 50% and 90% satisfaction levels are as fol-
lows:

Differences Between 1980 and 1979 Maximum

Octane Number Requirements

50% Satisfied 90% Satisfied

Fuel RON MON (R+M)/2 RON MON (R+M)/2

PR 0.5 0.5 0.5 0.0 0.0 0.0
FBRU 0.1 1.2 0.6 -1.3 0.5 -0.4
FBRSU 1.5 1.0 1.3 0.1 -0.2 -0.1

Confidence limits for maximum octane number requirement distribu-
tions of 1980 imported vehicles are given in Appendix G, Table G-I.
The 95% confidence limits for Research octane requirements were
from ±0.61 to ±0.72 at the 50% satisfaction level and from ±0.83
to ±.97 at the 90% satisfaction level.

6. Select Models

The select model group consisted of a total of six engine-chassis
combinations. Five of these were the select models from the pro-
gram scheduled to be tested. One other model (NIJ 244) had a suf-
ficient number tested in the statistical sample and was included
as a select model. The identification and specifications of the
engine-chassis combinations are given in Table III.
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Maximum Research and Motor octane number requirements for select
models are shown for 50% and 90% satisfaction levels on PR, FBRU,
and FBRSU fuels in Table II. Maximum octane number requirements
for each select model at various satisfaction levels are listed
in Appendix.H, Table H-I. Maximum Research, Motor, and (R+M)/2
octane number requirements for the individual cars of each select
model are given in Table H-II.

Maximum Research octane number satisfaction curves for the six
select models are shown in Figures 11 through 16 for all three
fuel series. The individual data points plotted on the figures
represent the maximum requirements obtained on FBRU reference
fuel. Each curve was constructed by use of the "Z" method, which
is discussed in Appendix I. The 95% confidence limits for maxi-
mum requirements are given in Appendix G, Table G-III.

C. Engine Speed for Maximum and Part-Throttle
Octane Number Requirements

Engine speeds where maximum octane number requirements occurred for
each select model are shown in Table XXVI for PR, FBRU, and FBRSU
fuels. Weighted data for all 1980 U.S. and imported vehicles are
shown in Table XXVII and Figure 17 for both maximum and part-throttle
octane number requirements. Vehicles tended to knock at higher speeds
as the sensitivity of the reference fuel increased. Part-throttle oc-
tane requirements occurred at somewhat lower speeds than the maximum
throttle requirements.

D. Octane Number Requirements at Part-Throttle

1. Maximum Octane Number Requirements
at Part-Throttle

The throttle positions for maximum octane number requirements of
tested vehicles were reported as full-throttle and/or part-throttle.
The number and percentage of vehicles having FBRU part-throttle oc-
tane number requirements equal to or greater than full-throttle re-
quirements are shown in Table XXVIII. The 1979 Survey data are shown
for comparison. The percentages of all vehicles having maximum re-
quirements at part-throttle were 15.9% for 1980, compared with 14.6%
for 1979.

2. Part-Throttle Octane Number Requirement
Distributions on FBRU Fuels

Part-throttle octane number requirements were determined on FBRU
fuels at the critical manifold vacuum as defined in the CRC Test
Procedure (Appendix C, Attachment 1). Weighted population distri-
butions were developed from these data for the five vehicle cate-
gories: (1) U.S. and Imported Vehicles (389 vehicles); !a) U.S.
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and Imported Cars (375 cars); (3) U.S. Vehicles (312 vehicles);
(4) U.S. Cars (296 cars); (5) Imported Vehicles (77 vehicles).
Part-throttle Research, Motor, and (R+M)/2 octane number require-
ments for each respective category are summarized in Tables XXIX,
XXX, XXXI, XXXII, and XXXIII. Distribution of part-throttle Re-
search octane number requirements are presented in Figures 18a
and lBb for U.S. and imported vehicles, Figures 19a and l9b for
U.S. vehicles, and Figures 20a and 20b for imported vehicles.

Maximum FBRU Research octane number requirements are compared
with part-throttle requirements for U.S. and imported vehicles
in Table XXXIV and Figure 21. The difference between maximum
and part-throttle Research octane number requirements decreased
with increasing octane number.

Part-throttle FBRU Research and Motor octane number requirements
for the 1980 and 1979 Surveys are compared in Table XXXV for U.S.
and imported vehicles, as well as U.S. vehicles only. Distribu-
tions of the part-throttle FBRU Research octane number require-
ments of the 1980 and 1979 U.S. and imported vehicles are shown
in Figure 22 and U.S. vehicles only in Figure 23. At the 50%
satisfaction level, the requirements of the 1980 U.S, and imported
vehicle sample were 1.8 RON and 0.2 MON lower than the 1979 sample;
at the 90% satisfaction level, the 1980 models were 1.3 RON lower
and 0.5 MON higher than the 1979 models. Requirements for the 1980
U.S. vehicles only were 2.3 RON and 0.3 MON lower than the 1979
U.S. vehicles at the 50% satisfaction level and 0.8 RON lower and
0.8 MON higher at the 90% satisfaction level.

Confidence limits for part-throttle Research and Motor octane num-
ber requirement distributions for all five categories of 1980 ve-
hicles are shown in Appendix G, Table G-II. The 95% confidence
limits at the 50% and 90% satisfaction levels ranged from ±0.51
to ±0.87 for RON and ±0.33 to ±0.55 for MON for all cases except
imported vehicles, which have much wider confidence ranges.

E. Tank Fuel

As required by the program, tank fuel was tested for incidence of
knock whenever an owner's questionnaire was obtained; however, own-
er's questionnaires were obtained only when the vehicle tested had
a regular driver and the ignition timing did not have to be reset.
To gain additional information, tank fuel ratings were made by many
participants on many other vehicles which did not meet the restric-
tions listed.

NK-(
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1. Owner-Observer Comparison of Tank Fuel Knock

Owner questionnaires were completed for 218 vehicles which had
spark timing set to manufacturers' specifications. Of these
vehicles, 51.1% were reported by trained observers to be knock-
ing on tank fuel. Of the same 218 vehicles, 31.2% were reported
by the owner to be knocking on tank fuel. This results in an
owner versus observer detected knock ratio of 0.61 for 1980.
Owner-observer comparison of tank fuel knock data for 1980,
along with previous survey data, is presented in Table XXXVI.

2. Objectionable vs. Unobjectionable Knock

Objectionable knock was reported by the owners in 33 of the 218
vehicles tested. Of those owners reporting knock, 48.5% found
that knock to be objectionable. This percentage of objectionable
knock is much lower than the 60.8% reported in the previous 1979
Survey, as shown in Table XXXVI.

3. Tank Fuel Knock Reported by Trained Observers

Tank fuel knock observations were reported on 374 of the 429 test
vehicles. The percentages of all 1980 vehicles and the select
models knocking on tank fuel are shown in Table XXXVII. On a
weighted basis, 49.9% of the 1980 vehicles knocked on tank fuel
compared with 47.3% of the vehicles in the 1979 Survey and 47.2%
in the 1978 Survey. It should be noted that these values on per-
cent of all vehicles knocking reflect not only the octane require-
ments of the vehicles tested, but also the choice of the octane
quality of the gasoline purchased by the customer.

4. After-Run on Tank Fuel

After-run was reported by trained observers on 10 of 404 vehicles
tested on tank fuel for after-run in 1980. Owner questionnaires
were completed for 218 vehicles on after-run. Of these vehicles,
there were 25 reports of after-run on tank fuel. The higher per-
centage of after-run reports from owners is credible, since the
trained observers' reports are based on a single data point (one
observation) made on the fuel in the test vehicle's tank at the
time of the Survey, while owners' reports are based on multiple
observations using fuels of various octane quality.

Maximum FBRU octane requirements and tank fuel octane numbers for
the vehicles with after-run reported by the owners (spark advance
at manufacturers' recommended setting) are shown in Table XXXVIII.
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F. Surface Ignition and Rumble

There was I car in the 1980 Survey reported with both surface ignition
and spark knock; none had rumble. In the 1979 Survey, there were 3
reports of surface ignition.

G. Road Octane Number Depreciation of FBRU and FBRSU Fuels

Road octane number ratings and road octane number depreciation for FBRU
and FBRSU fuels were determined from the octane requirement data for
all vehicles. The results are shown in Table XXXIX.

In this report, the road octane number rating of FBRU and FBRSU fuels
is defined as the primary reference fuel octane level which satisfied
the same percentage of vehicles. Depreciation values were established
by subtracting the road octane number rating of the fuel from its Re-
search octane number. Depreciation values of FBRU fuels in the range
86 to 100 RON varied from 1.4 to 4.2, compared with 1.2 to 5.5 in the
1979 Survey. Depreciation of FBRSU fuels in the range 87 to 101 RON
varied from 2.7 to 4.9, compared with 2.2 to 6.0 in last year's survey.

H. Speed Range Octane Number Requirements

Primary reference fuel octane number requirements at various engine
speeds were determined on 337 U.S. and imported vehicles. Results
were analyzed on 6 select models. The data are presented in Appen-
dix F.

I. Gear Position for Maximum Requirements

The transmission gear position where maximum octane number requirements
were observed with FBRU fuels is shown in Table J-1 of Appendix J. Of
the 429 vehicles tested, 66% of the automatic transmission cars had the
maximum requirements in the highest gear and 30% in passing gear. Eighty-
five percent of the manual transmission cars had maximum requirements in
the highest gear and 8% in a lower gear. Overall, 69% had maximum re-
quirements in the highest gear and 25% in passing or lower gear.
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TABLE II

MAXIMUM OCTANE NUMBER REQUIREMENTS - 1980 SELECT MODELS

Research Motor
Octane No. Octane No.

Car Model No. Tested PR FBRU FBRSU FBRU FBRSU

50% Satisfied

NC5 225/HC5 225
IC5 225/LC5 225 24 88.6 91.1 93.7 83.6 82.8

NC7 228/HC7 228
IC7 228/LC7 228 21 84.6 86.2 87.2 80.4 79.0

NIJ 244 12 90.3 92.1 92.8 84.3 82.2

OCA 242/MCA 242 14 91.0 91.9 93.1 84.1 82.5

0 V250/M V250 14 91.4 92.3 93.0 84.4 82.4

PC 137/KC 137/DC 137 15 92.2 93.8 95.3 85.4 83.8

90% Satisfied

NC5 225/HC5 225
IC5 225/LC5 225 24 92.3 95.9 98.6 86.7 85.8

NC7 228/HC7 228
IC7 228/LC7 228 21 88.3 90.5 91.6 83.3 81.7

NIJ 244 12 91.6 94.1 94.9 85.5 83.5

OCA 242/MCA 242 14 92.7 93.9 96.1 85.4 84.4

0 V250/M V250 14 93.6 95.4 95.7 86.3 83.9

PC 137/KC 137/DC 137 15 95.8 98.2 99.6 88.3 86.5

7r
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TABLE III

1980 SELECT MODEL SPECIFICATIONS

Brake
Disp. Engine Horse- Carb. Comp.

Model k Type Power Bbl. Ratio

Chevrolet: Malibu 4.4 V-8 120 2 8.3

Chrysler: Volare/Aspen/Le Baron 3.7 L-6 90 1 8.4

Ford Motor: Fairmont/Zephyr 4.2 V-8 119 2 8.8

Ford Motor: LTD/Marquis 5.0 V-8 130 2VV 8.4

General Motors: "X" Body 2.5 L-4 90 2 8.2

General Motors: "X" Body 2.8 V-6 115 2 8.5
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TABLE IV

DISTRIBUTION OF ODOMETER MILEAGE

FOR TESTED VEHICLES

No. of Vehicles Within Mileage Increments

1980 Vehicles 1979 Vehicles

0 - 1,999 0 1

2,000 - 3,999 0 8

4,000 - 5,999 44 48

6,000 - 7,999 86 122

8,000 - 9,999 67 94

10,000 - 11,999 68 74

12,000 - 13,999 56 50

14,000 - 15,999 36 31

16,000 - 17,999 33 29

18,000 - 19,999 21 9

20,000 - 24,999 11 21

25,000 - 25,999 5 3

30,000 + 2 0

No. of Vehicles 429 490

Average Mileage 11,253 10,371
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TABLE V

1980 BASIC TIMING ADJUSTMENTS

No. of
Degrees. Vehicles

+

1 12 10

2 28 15

3 6 4

4 7 7

5 2 2

6 2 2

7 0 0

8 0 0

9 0 0

10 0 0

11 1 2

58 42

Total 100

I.
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TABLE VI

MAXIMUM RESEARCH, MOTOR, AND (R+M)/2 OCTANE NUMBER REQUIREMENTS

1980 U.S. and Imported Vehicles

FBRU Fuels FBRSU Fuels
Percent PR
Satisfied Fuels RON MON (R+M)/2 RON MON (R+t?1)/2

10 84.3 85.6 80.1 82.9 86.8 78.9 82.8

20 86.3 88.0 81.7 84.8 89.6 80.4 85.0

30 87.6 89.1 82.4 85.7 90.7 81.0 85.9

40 88.6 90.0 83.0 86.5 91.7 81.6 86.7

50 89.4 90.8 83.5 87.2 92.7 82.2 87.5

60 90.1 91.7 84.0 87.8 93.7 82.8 88.3

70 90.8 92.6 84.6 88.6 94.8 83.4 89.1

80 91.6 93.7 85.3 89.5 96.1 84.2 90.1

90 92.8 95.1 86.2 90.6 97.7 85.2 91.4

95 93.9 96.1 86.8 91.5 98.9 86.2 92.5

98 95.0 97.5 87.7 92.6 100.0 87.3 93.6

99 95.5 98.8 88.6 93.7 H H H

*1!i
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TABLE VII

COMPARISON OF MAXIMUM RESEARCH OCTANE NUMBER REQUIREMENTS

1980 and 1979 U.S. and Imported Vehicles

PR Fuels FBRU Fuels FBRSU Fuels
Percent

Satisfied 1980 1979 A 1980 1979 A 1980 1979 A

10 84.3 84.8 -0.5 85.6 86.2 -0.6 86.8 86.9 -0.1

20 86.3 86.6 -0.3 88.0 88.6 -0.6 89.6 89.3 0.3

30 87.6 87.6 0.0 89.1 90.1 -1.0 90.7 90.6 0.1

40 88.6 88.5 0.1 90.0 91.0 -1.0 91.7 91.6 0.1

50 89.4 89.3 0.1 90.8 91 .7 -0.9 92.7 92.4 0.3

60 90.1 90.1 0.0 91.7 92.6 -0.9 93.7 93.6 0.1

70 90.8 90.9 -0.1 92.6 93.8 -1.2 94.8 94.9 -0.1

80 91.6 91.7 -0.1 93.7 95.1 -1.4 93.1 96.0 0.1

90 92.8 93.0 -0.2 95.1 97.0 -1.9 97.7 97.8 -0.1

95 93.9 94.3 -0.4 96.1 99.5 -3.4 98.9 100.0 -1.1

98 95.0 96.0 -1.0 97.5 H - 100.0 H -

99 95.5 97.2 -1.7 98.8 H - H H -

A-

.. iS
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TABLE VIII

COMPARISON OF MAXIMUM MOTOR OCTANE NUMBER REQUIREMENTS

1980 and 1979 U.S. and Imported Vehicles

PR Fuels FBRU Fuels FBRSU Fuels
Percent
Satisfied 1980 1979 A 1980 1979 A 1980 1979 A

10 84.3 84.8 -0.5 80.1 79.7 0.4 78.9 78.0 0.9

20 86.3 86.6 -0.3 81.7 81.0 0.7 80.4 80.2 0.2

30 87.6 87.6 0.0 82.4 81.8 0.6 81.0 80.9 0.1

40 88.6 88.5 0.1 83.0 82.2 0.8 81.6 81.5 0.1

50 89.4 89.3 0.1 83..5 82.6 0.9 82.2 82.0 0.2

60 90.1 90.1 0.0 84.0 83.2 0.8 82.8 82.7 0.1

70 90.8 90.9 -0.1 84.6 84.0 0.6 83.4 83.7 -0.3

80 91.6 91.7 -0.1 85.3 84.9 0.6 84.2 84.4 -0.2

90 92.8 93.0 -0.2 86.2 86.4 -0.2 85.2 86.0 -0.8

95 93.9 94.3 -0.4 86.8 88.4 -1.6 86.2 88.0 -1.8

98 95.0 96.0 -1.0 87.7 H - 87.3 H -

99 95.5 97.2 -1.7 88.6 H - H H -

L R,
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TABLE IX

COMPARISON OF MAXIMUM (R+M)/2 OCTANE NUMBER REQUIREMENTS

1980 and 1979 U.S. and Imported Vehicles

PR Fuels FBRU Fuels FBRSU Fuels
Percent

Satisfied 1980 1979 A 1980 1979 1980 1979

10 84.3 84.8 -0.5 82.9 83.0 -0.1 82.8 82.4 0.4

20 86.3 86.6 -0.3 84.8 84.8 0.0 85.0 84.8 0.2

30 87.6 87.6 0.0 85.7 86.0 -0.3 85.9 85.8 0.1

40 88.6 88.5 0.1 86.5 86.6 -0.1 86.7 86.6 0.1

50 89.4 89.3 0.1 87.2 87.2 0.0 87.5 87.2 0.3

60 90.1 90.1 0.0 87.8 87.9 -0.1 88.3 88.2 0.1

70 90.8 90.9 -0.1 88.6 88.9 -0.3 89.1 89.3 -0.2

80 91.6 91.7 -0.1 89.5 90.0 -0.5 90.1 90.2 -0.1

90 92.8 93.0 -0.2 90.6 91.7 -1.1 91.4 91.9 -0.5

95 93.9 94.3 -0.4 91.5 94.0 -2.5 92.5 94.0 -1.5

98 95.0 96.0 -1.0 92.6 H - 93.6 H -

99 95.5 97.2 -1.7 93.7 H - H H -

'A
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TABLE X

MAXIMUM RESEARCH, MOTOR, AND (R+M)/2 OCTANE NUMBER REQUIREMENTS

1980 U.S. and Imported Cars

FBRU Fuels FBRSU Fuels
Percent PR

Satisfied Fuels RON MON (R+M)/2 RON MON (R+M)/2

10 83.8 85.2 79.8 82.5 86.3 78.6 82.4

20 86.2 87.8 81.6 84.7 89.4 80.3 84.8

30 87.5 89.0 82.3 85.6 90.5 80.9 85.7

40 88.4 89.8 82.9 86.3 91.4 81.5 86.4

50 89.2 90.6 83.4 87.0 92.4 82.0 87.2

60 90.0 91.4 83.9 87.7 93.3 82.6 88.0

70 90.6 92.4 84.4 88.4 94.5 83.2 88.8

80 91.4 93.6 85.2 89.4 96.0 84.1 90.0

90 92.7 95.1 86.2 90.6 97.5 85.0 91.3

95 94.1 96.2 86.8 91.5 98.8 86.2 92.5

98 95.1 97.8 87.9 92.8 100.3 87.5 93.9

99 95.6 99.1 88.9 94.0 H H H

_.5 1



-29-

TABLE XI

COMPARISON OF MAXIMUM RESEARCH OCTANE NUMBER REQUIREMENTS

1980 and 1979 U.S. and Imported Cars

PR Fuels FBRU Fuels FBRSU Fuels
Percent
Satisfied 1980 1979 A 1980 1979 A 1980 1979

10 83.8 84.4 -0.6 85.2 85.8 -0.6 86.3 86.4 -0.1

20 86.2 86.4 -0.2 87.8 88.2 -0.4 89.4 88.9 0.5

30 87.5 87.5 0.0 89.0 89.7 -0.7 90.5 90.4 0.1

40 88.4 88.5 -0.1 89.8 90.8 -1.0 91.4 91.6 -0.2

50 89.2 89.2 0.0 90.6 91.7 -1.1 92.4 92.6 -0.2

60 90.0 89.8 0.2 91.4 92.7 -1.3 93.3 93.6 -0.3

70 90.6 90.6 0.0 92.4 93.7 -1.3 94.5 94.5 0.0

80 91.4 91.6 -0.2 93.6 95.0 -1.4 96.0 95.8 0.2

90 92.7 93.2 -0.5 95.1 96.9 -1.8 97.5 97.7 -0.2

95 94.1 94.5 -0.4 96.2 98.5 -2.3 98.8 99.4 -0.6

98 95.1 96.2 -1.1 97.8 100.6 -2.8 100.3 101.4* -1.1

99 95.6 97.4 -1.8 99.1 H - H H -

* Extrapolated
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TABLE XII

COMPARISON OF MAXIMUM MOTOR OCTANE NUMBER REQUIREMENTS

1980 and 1979 U.S. and Imported Cars

PR Fuels FBRU Fuels FBRSU Fuels
Percent
Satisfied 1980 1979 A 1980 1979 A 1980 1979 A

10 83.8 84.4 -0.6 79.8 79.4 0.4 78.6 78.2 0.4

20 86.2 86.4 -0.2 81.6 80.8 0.8 80.3 79.9 0.4

30 87.5 87.5 0.0 82.3 81.5 0.8 80.9 80.8 0.1

40 88.4 88.5 -0.1 82.9 82.1 0.8 81.5 81.6 -0.1

50 89.2 89.2 0.0 83.4 82.6 0.8 82.0 82.2 -0.2

60 90.0 89.8 0.2 83.9 83.2 0.7 82.6 82.8 -0.2

70 90.6 90.6 0.0 84.4 84.0 0.4 83.2 83.4 -0.2

80 91.4 91.6 -0.2 85.2 84.8 0.4 84.1 84.3 -0.2

90 92.7 93.2 -0.5 86.2 86.4 -0.2 85.0 85.9 -0.9

95 94.1 94.5 -0.4 86.8 87.6 -0.8 86.2 87.5 -1.3

98 95.1 96.2 -1.1 87.9 89.3 -1.4 87.5 89.1 -1.6

99 95.6 97.4 -1.8 88.9 H - H H -

ii
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TABLE XIII

COMPARISON OF MAXIMUM (R+M)/2 OCTANE NUMBER REQUIREMENTS

1980 and 1979 U.S. and Imported Cars

PR Fuels FBRU Fuels FBRSU Fuels
Percent

Satisfied 1980 1979 A 1980 1979 A 1980 1979 A

10 83.8 84.4 -0.6 82.5 82.6 -0.1 82.4 82.3 0.1

20 86.2 86.4 -0.2 84.7 84.5 0.2 84.8 84.4 0.4

30 87.5 87.5 0.0 85.6 85.6 0.0 85.7 85.6 0.1

40 88.4 88.5 -0.1 86.3 86.4 -0.1 86.4 86.6 -0.2

50 89.2 89.2 0.0 87.0 87.2 -0.2 87.2 87.4 -0.2

60 90.0 89.8 0.2 87.7 88.0 -0.3 88.0 88.2 -0.2

70 90.6 90.6 0.0 88.4 88.8 -0.4 88.8 89.0 -0.2

80 91.4 91.6 -0.2 89.4 89.9 -0.5 90.0 90.0 0.0

90 92.7 93.2 -0.5 90.6 91.6 -1.0 91.3 91.8 -0.5

95 94.1 94.5 -0.4 91.5 93.0 -1.5 92.5 93.4 -0.9

98 95.1 96.2 -1.1 92.8 95.0 -2.2 93.9 95.2 -1.3

99 95.6 97.4 -1.8 94.0 H - H H -

.1



-32-

TABLE XIV

MAXIMUM RESEARCH, MOTOR, AND (R+M)/2 OCTANE NUMBER REQUIREMENTS

1980 U.S. Vehicles

FBRU Fuels FBRSU Fuels
Percent PR

Satisfied Fuels RON MON (R+M)12 RON MON (R+M)/2

10 85.3 86.8 80.9 83.9 88.3 79.8 84.0

20 87.0 88.8 82.2 85.5 90.3 80.8 85.5

30 88.2 89.8 82.8 86.3 91.4 81.4 86.4

40 89.1 90.6 83.4 87.0 92.4 82.0 87.2

50 89.8 91.4 83.8 87.6 93.4 82.6 88.0

60 90.4 92.3 84.4 88.3 94.5 83.2 88.8

70 91.1 93.2 85.0 89.1 95.6 83.9 89.7

80 91.9 94.2 85.6 89.9 96.6 84.5 90.6

90 93.0 95.5 86.4 90.9 98.1 85.5 91.8

95 94.1 96.5 87.0 91.7 99.1 86.4 92.7

98 95.2 98.0 88.1 93.1 100.2 87.4 93.8

99 95.6 99.6 89.3 94.4 H H H

waft
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TABLE XV

COMPARISON OF MAXIMUM RESEARCH OCTANE NUMBER REQUIREMENTS

1980 and 1979 U.S. Vehicles

PR Fuels FBRU Fuels FBRSU Fuels
Percent

Satisfied 1980 1979 A 1980 1979 A 1980 1979 A

10 85.3 85.6 -0.3 86.8 87.6 -0.8 88.3 88.7 -0.4

20 87.0 87.1 -0.1 88.8 89.5 -0.7 90.3 90.2 0.1

30 88.2 88.0 0.2 89.8 90.5 -0.7 91.4 91.4 0.0

40 89.1 88.8 0.3 90.6 91.4 -0.8 92.4 92.2 0.2

50 89.8 89.5 0.3 91.4 92.3 -0.9 93.4 93.2 0.2

60 90.4 90.2 0.2 92.3 93.2 -0.9 94.5 94.2 0.3

70 91.1 91.0 0.1 93.2 94.2 -1.0 95.6 95.2 0.4

80 91.9 91.9 0.0 94.2 95.6 -1.4 96.6 96.5 0.1

90 93.0 93.3 -0.3 95.5 97.4 -1.9 98.1 98.1 0.0

95 94.1 94.7 -0.6 96.5 98.9 -2.4 99.1 99.6 -0.5

98 95.2 96.4 -1.2 98.0 101.5 -3.5 100.2 102.0* -1.8

99 95.6 97.6 -2.0 99.6 H - H H -

* Extrapolated

i_
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TABLE XVI

COMPARISON OF MAXIMUM MOTOR OCTANE NUMBER REQUIREMENTS

1980 and 1979 U.S. Vehicles

PR Fuels FBRU Fuels FBRSU Fuels
Percent

Satisfied 1980 1979 A 1980 1979 L 1980 1979 A

10 85.3 85.6 -0.3 80.9 80.4 0.5 79.8 79.1 0.7

20 87.0 87.1 -0.1 82.2 81.4 0.8 80.8 80.6 0.2

30 88.2 88.0 0.2 82.8 82.0 0.8 81.4 81.4 0.0

40 89.1 88.8 0.3 83.4 82.5 0.9 82.0 81.9 0.1

50 89.8 89.5 0,3 83.8 83.0 0.8 82.6 82.5 0.1

60 90.4 90.2 0.2 84.4 83.6 0.8 83.2 83.2 0.0

70 91.1 91.0 0.1 85.0 84.3 0.7 83.9 83.9 0.0

80 91.9 91.9 0.0 85.6 85.3 0.3 84.5 84.8 -0.3

90 93.0 93.3 -0.3 86.4 86.7 -0.3 85.5 86.2 -0.7

95 94.1 94.7 -0.6 87.0 87.9 -0.9 86.4 87.7 -1.3

98 95.2 96.4 -1.2 88.1 90.0 -1.9 87.4 89.6* -2.2

99 95.6 97.6 -2.0 89.3 H - H H -

* Extrapolated
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TABLE XVII

COMPARISON OF MAXIMUM (R+M)12 OCTANE NUMBER REQUIREMENTS

1980 and 1979 U.S. Vehicles

PR Fuels FBRU Fuels FBRSU Fuels
Percent
Satisfied 1980 1979 L 1980 1979 A 1980 1979 L

10 85.3 85.6 -0.3 83.9 84.0 -0.1 84.0 83.9 0.1

20 87.0 87.1 -0.1 85.5 85.4 0.1 85.5 85.4 0.1

30 88.2 88,0 0.2 86.3 86.2 0.1 86.4 86.4 0.0

40 89.1 88,8 0.3 87.0 87.0 0.0 87.2 87.0 0.2

50 89.8 89.5 0.3 87.6 87.6 0.0 88.0 87.8 0.2

60 90.4 90.2 0.2 88.3 88.4 -0.1 88.8 88.7 0.1

70 91.1 91.0 0.1 89.1 89.2 -0.1 89.7 89.6 0.1

80 91,9 91.9 0.0 89.9 90.4 -0.5 90,6 90.6 0.0

90 93.0 93.3 -0.3 90.9 92.0 -1.1 91.8 92.2 -0.4

95 94.1 94.7 -0.6 91.7 93.4 -1.7 92.7 93.6 -0.9

98 95.2 96.4 -1.2 93.1 95.8 -2.7 93.8 95.8 -2.0

99 95.6 97.6 -2.0 94.4 H - H H -

L
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TABLE XVIII

MAXIMUM RESEARCH, MOTOR, AND (R+M)/2 OCTANE NUMBER REQUIREMENTS

1980 U.S. Cars

FBRU Fuels FBRSU Fuels
Percent PR
Satisfied Fuels RON MON (R+M)/2 RON MON (R+M)/2

10 85.1 86.5 80.7 83.6 87.8 79.5 83.6

20 86.9 88.8 82.2 85.5 90.2 80.7 85.4

30 88.1 89.7 82.8 86.3 91.2 81.3 86.3

40 89.0 90.5 83.3 86.9 92.2 81.9 87.0

50 89.6 91.3 83.8 87.5 93.1 82.5 87.8

60 90.2 92.1 84.2 88.1 94.2 83.1 88.6

70 90.8 93.1 84.8 89.0 95.3 83.7 89.5

80 91.7 94.2 85.6 89.9 96.5 84.4 90.4

90 93.0 95.5 86.4 90.9 97.9 85.4 91.7

95 94.4 96.6 87.1 91.8 99.1 86.4 92.7

98 95.3 98.3 88.3 93.3 100.6 87.6 94.1

99 95.7 H H H H H H

___ I
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TABLE XIX

COMPARISON OF MAXIMUM RESEARCH OCTANE NUMBER REQUIREMENTS

1980 and 1979 U.S. Cars

PR Fuels FBRU Fuels FBRSU Fuels
Percent

Satisfied 1980 1979 A 1980 1979 A 1980 1979 A

10 85.1 85.4 -0.3 86.5 87.7 -1.2 87.8 88.4 -0.6

20 86.9 87.0 -0.1 88.8 89.5 -0.7 90.2 90.4 -0.2

30 88.1 88.1 0.0 89.7 90.7 -1.0 91.2 91.5 -0.3

40 89.0 88.9 0.1 90.5 91.6 -1.1 92.2 92.5 -0.3

50 89.6 89.7 -0.1 91.3 92.5 -1.2 93.1 93.5 -0.4

60 90.2 90.4 -0.2 92.1 93.2 -1.1 94.2 94.4 -0.2

70 90.8 91.2 -0.4 93.1 94.5 -1.4 95.3 95.5 -0.2

80 91.7 92.1 -0.4 94.2 95.6 -1.4 96.5 96.7 -0.2

90 93.0 93.5 -0.5 95.5 97.4 -1.9 97.9 98.3 -0.4

95 94.4 94.9 -0.5 96.6 98.8 -2.2 99.1 99.0 0.1

* 98 95.3 96.6 -1.3 98.3 101.0 -2.7 100.6 H -

99 95.7 97.8 -2.1 H H - H H -
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TABLE XX

COMPARISON OF MAXIMUM MOTOR OCTANE NUMBER REQUIREMENTS

1980 and 1979 U.S. Cars

PR Fuels FBRU Fuels FBRSU Fuels
Percent
Satisfied 1980 1979 A 1980 1979 A 1980 1979 A

10 85.1 85.4 -0.3 80.7 80.5 0.2 79.5 79.6 -0.1

20 86.9 87.0 -0.1 82.2 81.4 0.8 80.7 80.8 -0.1

30 88.1 88.1 0.0 82.8 82.1 0.7 81.3 81.5 -0.2

40 89.0 88.9 0.1 83.3 82.6 0.7 81.9 82.1 -0.2

50 89.6 89.7 -0.1 83.8 83.1 0.7 82.5 82.7 -0.2

60 90.2 90.4 -0.2 84.2 83.6 0.6 83.1 83.3 -0.2

70 90.8 91.2 -0.4 84.8 84.5 0.3 83.7 84.2 -0.5

80 91.7 92.1 -0.4 85.6 85.3 0.3 84.4 85.0 -0.6

90 93.0 93.5 -0.5 86.4 86.7 -0.3 85.4 86.4 -1.0

95 94.4 94.9 -0.5 87.1 87.8 -0.7 86.4 87.1 -0.7

98 95.3 96.6 -1.3 88.3 89.6 -1.3 87.6 H -

99 95.7 97.8 -2.1 H H - H H -

I
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TABLE XXI

COMPARISON OF MAXIMUM (R+M)/2 OCTANE NUMBER REQUIREMENTS

1980 and 1979 U.S. Cars

PR Fuels FBRU Fuels FBRSU Fuels
Percent
Satisfied 1980 1979 A 1980 1979 A 1980 1979 A

10 85.1 85.4 -0.3 83.6 84.1 -0.5 83.6 84.0 -0.4

20 86.9 87.0 -0.1 85.5 85.4 0.1 85.4 85.6 -0.2

30 88.1 88.1 0.0 86.3 86.4 -0.1 86.3 86.5 -0.2

40 89.0 88.9 0.1 86.9 87.1 -0.2 87.0 87.3 -0.3

50 89.6 89.7 -0.1 87.5 87.8 -0.3 87.8 88.0 -0.2

60 90.2 90.4 -0.2 88.1 88.4 -0.3 88.6 88.8 -0.2

70 90.8 91.2 -0.4 89.0 89.5 -0.5 89.5 89.8 -0.3

80 91.7 92.1 -0.4 89.9 90.4 -0.5 90.4 90.8 -0.4

90 93.0 93.5 -0.5 90.9 92.0 -1.1 91.7 92.4 -0.7

95 94.4 94.9 -0.5 91.8 93.3 -1.5 92.7 93.0 -0.3

98 95.3 96.6 -1.3 93.3 95.3 -2.0 94.1 H -

99 95.7 97.8 -2.1 H H - H H -

jI
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TABLE XXII

MAXIMUM RESEARCH, MOTOR, AND (R+M)/2 OCTANE NUMBER REQUIREMENTS

1980 Imported Vehicles

FBRU Fuels FBRSU Fuels
Percent PR

Satisfied Fuels RON MON (R+M)/2 RON MON (R+M)/2

10 79.4 81.7 77.3 79.5 82.3 75.8 79.0

20 84.5 85.7 80.2 82.9 87.3 79.2 83.3

30 86.1 87.4 81.3 84.4 89.2 80.2 84.7

40 87.3 88.3 81.9 85.1 90.0 80.6 85.3

50 88.0 89.0 82.3 8.5.6 90.8 81.1 86.0

60 88.8 89.8 82.9 86.4 91.7 81.6 86.7

70 89.7 90.8 83.5 87.2 92.6 82.2 87.4

80 90.5 91.6 84.0 87.8 93.7 82.8 88.3

90 91.5 92.6 84.6 88.6 95.0 83.5 89.2

95 92.8 94.1 85.6 89.8 95.9 84.0 90.0

98 94.2 95.4 86.4 90.9 99.1 86.4 92.8

99 94.8 96.4 86.9 91.7 100.2 87.3 93.8
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TABLE XXIII

COMPARISON OF MAXIMUM RESEARCH OCTANE NUMBER REQUIREMENTS

1980 and 1979 Imported Vehicles

PR Fuels FBRU Fuels FBRSU Fuels
Percent

Satisfied 1980 1979 _ 1980 1979 1980 1979

10 79.4 80.3 -0.9 81.7 81.7 0.0 82.3 82.9 -0.6

20 84.5 83.4 1.1 85.7 84.2 1.5 87.3 84.9 2.4

30 86.1 85.4 0.7 87.4 85.6 1.8 89.2 86.0 3.2

40 87.3 86.4 0.9 88.3 87.1 1.2 90.0 88.0 2.0

50 88.0 87.5 0.5 89.0 88.9 0.1 90.8 89.3 1.5

60 88.8 89.2 -0.4 89.8 90.5 -0.7 91.7 90.5 1.2

70 89.7 89.9 -0.2 90.8 91.4 -0.6 92.6 91.6 1.0

80 90.5 90.6 -0.1 91.6 92.4 -0.8 93.7 92.8 0.9

90 91.5 91.5 0.0 92.6 93.9 -1.3 95.0 94.9 0.1

95 92.8 92.0 0.8 94.1 H - 95.9 H -

98 94.2 92.5* 1.7 95.4 H 99. H-

Al 99 94.8 92.8* 2.0 96.4 H 100.2 H

*Extrapolated

IS
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TABLE XXIV

COMPARISON OF MAXIMUM MOTOR OCTANE NUMBER REQUIREMENTS

1980 and 1979 Imported Vehicles

PR Fuels FBRU Fuels FBRSU Fuels
Percent

Satisfied 1980 1979 A 1980 1979 _ 1980 1979

10 79.4 80.3 -0.9 77.3 76.8 0.5 75.8 75.8 0.0

20 84.5 83.4 1.1 80.2 78.4 1.8 79.2 77.4 1.8

30 86.1 85.4 0.7 81.3 79.3 2.0 80.2 78.0 2.2

40 87.3 86.4 0.9 81.9 80.1 1.8 80.6 79.3 1.3

50 88.0 87.5 0.5 82.3 81.1 1.2 81.1 80.1 1.0

60 88.8 89.2 -0.4 82.9 82.0 0.9 81.6 80.9 0.7

70 89.7 89.9 -0.2 83.5 82.5 1.0 82.2 81.6 0.6

80 90.5 90,6 -0.1 84.0 83.0 1.0 82.8 82.3 0.5

90 91.5 91.5 0.0 84.6 84.1 0.5 83.5 83.7 -0.2

95 92.8 92.0 0.8 85.6 H - 84.0 H -

98 94.2 92.5* 1.7 86.4 H - 86.4 H -

99 94.8 92.8* 2.0 86.9 H - 87.3 H -

* Extrapolated

IiI
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TABLE XXV

COMPARISON OF MAXIMUM (R+M)/2 OCTANE NUMBER REQUIREMENTS

1980 and 1979 Imported Vehicles

PR Fuels FBRU Fuels FBRSU Fuels
Percent
Satisfied 1980 1979 A 1980 1979 b 1980 1979 a

10 79.4 80.3 -0.9 79.5 79.2 0.3 79.0 79.4 -0.4

20 84.5 83.4 1.1 82.9 81.3 1.6 83.3 81.2 1.1

30 86.1 85.4 0.7 84.4 82.4 2.0 84.7 82.0 2.7

40 87.3 86.4 0.9 85.1 83.6 1.5 85.3 83.6 1.7

50 88.0 87.5 0.5 85.6 85,0 0.6 86.0 84.7 1.3

60 88.8 89.2 -0.4 86.4 86.2 0.2 86.7 85.7 1.0

70 89.7 89.9 -0.2 87.2 87.0 0.2 87.4 86.6 0.8

80 90.5 90.6 -0.1 87.8 87.7 0.1 88.3 87.6 0.7

90 91.5 91.5 0.0 88.6 89.0 -0.4 89.2 89.3 -0.1

95 92.8 92.0 0.8 89.8 H - 90.0 H -

98 94.2 92.5* 1.7 90.9 H - 92.8 H -

99 94.8 92.8* 2.0 91.7 H - 93.8 H -

* Extrapolated

'I!



-44-

F-- C) UlLJO 00 L c

Cca %0 - =

-he Li-

(A r-c\ In

-j

L&J

ON- 00 
0C ~ C*- f--ORJ (/o 

m- ~ -C. ~ C\J LL. JI

cn et nF-F

oO ar m0 k o
L". w oc % rC ) c 0 Y

iil

L"J

ca.S.

LaJ Lo U'S LI.J gzr
(D 0CJC'Jj 5.o M 0FC% C C m

0a0w 00 LL- O'q0 0 4.

La.) UnO ~ % I 1 0 C
Li.M r-C J~ C Y ' -t 10-.)~J%('
0C. O cc-* 0- Cjcl o0
CA Zl L



-45-

TABLE XXVII

ENGINE SPEEDS FOR MAXIMUM AND PART-THROTTLE

OCTANE NUMBER REQUIREMENTS

Weighted % of Vehicles Having Requirements
in Indicated (rpm) Ranges

1980 U.S. and Imported Vehicles

Engine Speed PR FBRU FBRSU
Range (rpm) Fuels Fuels Fuels

Maximum Octane Number
Requirements

1599 and Lower 14.7 11.5 9.2
1600 - 1999 37.6 30.3 25.4
2000 - 2399 23.8 24.1 21.4
2400 - 2799 14.8 15.3 18.1
2800 - 3199 7.4 11.7 15.8
3200 and Higher 1.7 7.1 10.1

Part-Throttle Octane

Number Requirements

1599 and Lower - 25.1 -
1600 - 1999 - 36.9 -
2000 - 2399 - 19.9 -
2400 - 2799 - 11.7 -
2800 - 3199 - 2.4 -

3200 and Higher - 4.0 -
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TABLE XXVIII

VEHICLES HAVING FBRU PART-THROTTLE REQUIREMENTS

= FULL-THROTTLE REQUIREMENTS

1980 and 1979 U.S. and Imported Vehicles

No. Vehicles No. Vehicles % of Vehicles
Tested Knocking Knocking

1980 U.S. and
Imported Vehicles 389 62 (26)* 15.9 (6.7)

1979 U.S. and
Imported Vehicles 453 66 14.6

* ( ) indicated greater than full throttle requirement.

ii
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TABLE XXIX

PART-THROTTLE FBRU OCTANE NUMBER REQUIREMENTS

1980 U.S. and Imported Vehicles

(389 Vehicles)

Research Motor (R+M)/2
Percent Octane Octane Octane

Satisfied Number Number Number

10 <78 -

20 80.3 76.2 78.2

30 82.8 78.1 80.5

40 84.9 79.6 82.2

50 86.4 80.6 83.5

60 87.8 81.5 84.6

70 89.4 82.6 86.0

80 90.9 83.5 87.2

90 93.1 84.9 89.0

95 94.7 85.9 90.3

• 4
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TABLE XXX

PART-THROTTLE FBRU OCTANE NUMBER REQUIREMENTS

1980 U.S. and Imported Cars

(375 Cars)

Research Motor (R+M)/2
Percent Octane Octane Octane
Satisfied Number Number Number

10 <78 - -

20 79.7 75.7 77.7

30 82.4 77.8 80.1

40 84.6 79.4 82.0

50 86.4 80.6 83.5

60 87.8 81.5 84.6

70 89.2 82.5 85.8

80 90.7 83.4 87.0

90 92.8 84.7 88.8

95 94.5 85.8 90.2
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TABLE XXXI

PART-THROTTLE FBRU OCTANE NUMBER REQUIREMENTS

1980 U.S. Vehicles

(312 Vehicles)

Research Motor (R+M)/2
Percent Octane Octane Octane
Satisfied Number Number Number

10 <78 -

20 81.4 77.0 79.2

30 83.8 78.8 81.3

40 85.2 79.8 82.5

50 86.5 80.7 83.6

60 87.8 81.6 84.7

70 89.5 82.7 86.1

80 91.3 83.8 87.5

90 93.7 85.3 89.5

95 95.2 86.2 90.7

L 04b
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TABLE XXXII

PART-THROTTLE FBRU OCTANE NUMBER REQUIREMENTS

1980 U.S. Cars

(296 Cars)

Research Motor (R+M)/2
Percent Octane Octane Octane
Satisfied Number Number Number

10 <78 - -

20 81.3 76.9 79.1

30 83.6 78.6 81.1

40 85.1 79.8 82.4

50 86.5 80.7 83.6

60 87.8 81.6 84.7

70 89.4 82.6 86.0

80 90.9 83.6 87.2

90 93.5 85.1 89.3

95 94.8 86.0 90.4

"r
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TABLE XXXIII

PART-THROTTLE FBRU OCTANE NUMBER REQUIREMENTS

1980 Imported Vehicles

(77 Vehicles)

Research Motor (R+M)/2
Percent Octane Octane Octane
Satisfied Number Number Number

10 - -

20 <78 - -

30 79.5 75.6 77.5

40 82.3 77.7 80.0

50 85.7 80.2 83.0

60 87.7 81.5 84.6

70 89.0 82.3 85.6

80 90.3 83.2 86.8

90 91.6 83.9 87.8

95 92.3 84.4 88.4
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TABLE XXXIV

COMPARISON OF MAXIMUM WITH PART-THROTTLE

FBRU RESEARCH OCTANE NUMBER REQUIREMENTS

1980 U.S. and Imported Vehicles

Percent Maximum Part-Throttle
Satisfied Octane Number Octane Number

(429 Veh) (389 Veh)

10 85.6 <78

20 88.0 80.3 7.7

30 89.1 82.8 6.3

40 90.0 84.9 5.1

50 90.8 86.4 4.4

60 91.7 87.8 3.9

70 92.6 89.4 3.2

80 93.7 90.9 2.8

90 95.1 93.1 2.0

95 96.1 94.7 1.4
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TABLE XXXV

COMPARISON OF PART-THROTTLE FBRU OCTANE NUMtBER REQUIREMENTS

1980 and 1979 U.S. and Imported Vehicles

1980 and 1979 U.S. Vehicles

U.S. and Imported Vehicles U.S. Vehicles

RON MON RON MON
Percent

Satisfied 1980 1979 1980 1979 1980 1979 1980 1979

10 <78 <78 - - - <78 78.4 - 74.5 -

20 80.3 81.4 -1.1 76.2 76.6 -0.4 81.4 83.2 -1.8 77.0 77.8 -0.8

30 82.8 84.2 -1.4 78.1 78.4 -0.3 83.8 85.6 -1.8 78.8 79.3 -0.5

40 84.9 86.4 -1.5 79.6 79.7 -0.1 85.2 87.2 -2.0 79.8 80.1 -0.3

50 86.4 88.2 -1.8 80.6 80.8 -0.2 86.5 88.8 -2.3 80.7 81.0 -0.3

60 87.8 89.6 -1.8 81.5 81.5 0.0 87.8 90.0 -2.2 81.6 81.7 -0.1

70 89.4 90.8 -1.4 82.6 82.1 0.5 89.5 91.1 -1.6 82.7 82.3 0.4

80 90.9 92.2 -1.3 83.5 82.9 0.6 91.3 92.4 -1.1 83.8 83.0 0.8

90 93.1 94.4 -1.3 84.9 84.4 0.5 93.7 94.5 -0.8 85.3 84.5 0.8

95 94.7 97.6 -2.9 85.9 86.8 -0.9 95.2 96.9 -1.7 86.2 86.4 -0.2
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TABLE XXXVII

TANK FUEL KNOCK REPORTED BY TRAINED OBSERVERS

I. 1980 Select Models

Cars Tested on Tank Fuel
No. in

Model Survey No. Tested* No. Knocking % Knocking

NC5 225/HC5 225/
IC5 225/LC5 225 24 23 15 65.2

NC7 228/HC7 228/
IC7 228/LC7 228 21 20 1 5.0

NIJ 244 12 11 10 90.9

OCA 242/MCA 242 14 11 7 63.6

0 V250/M V250 14 11 7 63.6

PC 137/KC 137/DC 137 15 15 10 66.7

II. All Vehicles
% Knocking

(Weighted Population)

1980 429 374 49.9

1979 490 414 47.3

1978 434 338 47.2

1977 478 457 44.2

* Tank fuel tests were optional when owner questionnaires were not obtained.

.1
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TABLE XXXVIII

1980 VEHICLES REPORTED TO AFTER-RUN ON TANK FUEL

Both Owner/Rater Data
Total Observations No Spark Adjustment

Owner Rater Owner Rater

Vehicles Tested 218 404 180 180

After-Run Reported 25 10 20 3

AFTER-RUN REPORTED BY OWNER

(Vehicle Received with Spark at Manufacturer's Recommended Setting)

FBRU Tank Fuel
Obs. Vehicle Maximum RON
No. Code Requirement RON MON

282 KL 217M 94.0* 91.2 83.3

106 KC 137 - 96.0 94.3 83.7

297 NC5 225 98.0 92.2 82.1

60 LC7 228 87.0 91.0 83.4

64 LC5 225 93.0 94.8 83.8

65 LC5 225M 95.0 94.5 83.7

286 LC7 228 86.0 95.1 85.1

32 LIA 238 90.0 91.4 83.5

253 MCA 133 89.0 94.4 84.4

254 MW V258 92.0 92.0 83.3

120 NLV 225M 92.0 93.1 83.4

78 NC7 228 87.0 93.0 83.0

387 NC5 225 98.0* 93.6 84.5

61 OCA 223 94.5 90.9 83.4

242 01 250 94.0 92.0 ND

112 PL 217 93.0 94.8 84.6

81 PL 217M 89.0 93.3 84.0

268 SW V258S 94.0 91.5 83.0

68 W 216M 91.0* 94.2 84.7

293 Z 214M 88.0 92.6 84.2

* = Part-throttle ND = No data reported
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TABLE XXXIX

ROAD OCTANE DEPRECIATION OF 1980 FBRU AND FBRSU FUELS

1980 U.S. and Imported Vehicles

FBRU Fuels FBRSU Fuels
Road Road

% Sensi- Octane Depre- % Sensi- Octane Depre-
RON Satisfied tivity Rating ciation Satisfied tivity Rating ciation

84 6.2 5.1 82.2 1.8 4.9 7.0 81.1 2.9

85 8.3 5.3 83.4 1.6 6.1 7.3 82.1 2.9

86 11.1 5.6 84.6 1.4 8.4 7.6 83.5 2.5

87 14.5 6.0 85.4 1.6 10.5 8.0 84.3 2.7

88 20.1 6.3 86.2 1.8 12.5 8.4 85.0 3.0

89 28.9 6.7 87.5 1.5 16.0 8.9 85.7 3.3

90 40.3 7.0 88.6 1.4 23.5 9.4 86.8 3.2

91 51.7 7.4 89.5 1.5 33.0 9.8 88.0 3.0

92 64.0 7.8 90.4 1.6 42.8 10.2 88.9 3.1

93 73.9 8.2 91.1 1.9 53.1 10.6 89.6 3.4

94 82.0 8.5 91.9 2.1 62.7 11.0 90.3 3.7

95 89.5 8.9 92.9 2.1 71.2 11.5 90.9 4.1

96 94.5 9.3 93.8 2.2 79.0 11.9 91.6 4.4

97 97.3 9.7 94.7 2.3 86.9 12.3 92.5 4.5

98 98.5 9.9 95.3 2.7 91.3 12.6 93.1 4.9

99 99.1 10.2 95.6 3.4 95.5 12.7 94.1 4.9

100 99.4 10.4 95.8 4.2 98.0 12.7 95.1 4.9

101 - - - 98.8 13.1 95.4 4.6
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FIGURE 1

DISTRIBUTION OF ODOMETER MILEAGE
FOR 1980 MODEL VEHICLES TESTED
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FIGURE 2a

DISTRIBUTION OF
MAXIMUM RON REQUIREMENTS

1980 U.S. AND IMPORTED VEHICLES
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FiGURE 3

COMPARISON OF
MAXIMUM PR FUEL REQUIREMENTS

1980 AND 1979 U.S. AND IMPORTED VEHICLES
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FIGURE 4

COMPARISON OF
MAXIMUM FBRU FUEL RON REQUIREMENTS

1980 AND 1979 U.S. AND IMPORTED VEHICLES

1980 SURVEY 429 VEHICLES
------ -- 1979 SURVEY 490 VEHICLES
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FIGURE 5

COMPARISON OF
MAXIMUM FBRSU FUEL RON REQUIREMENTS
1980 AND 1979 U.S. AND IMPORTED VEHICLES
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FIGURE 6a

DISTRIBUTION OF
MAXIMUM RON REQUIREMENTS

1980 U.S. VEHICLES
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FIGURE 7

COMPARISON OF
MAXIMUM PR FUEL REQUIREMENTS

1980 AND 1979 U.S. VEHICLES
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FIGURE 8

COMPARISON OF
MAXIMUM FBRU FUEL REQUIREMENTS

1980 AND 1979 U.S. VEHICLES
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FIGURE 9

COMPARISON OF
MAXIMUM FBRSU FUEL REQUIREMENTS

1980 AND 1979 U.S. VEHICLES
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FIGURE 10a

DISTRIBUTION OF
MAXIMUM RON REQUIREMENTS

1980 IMPORTED VEHICLES
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FIGURE 18a

DISTRIBUTION OF PART-THROTTLE FBRU
RON REQUIREMENTS

1980 U.S. AND IMPORTED VEHICLES
(389 VEHICLES)
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FIGURE 19a

DISTRIBUTION OF PART-THROTTLE FBRU
RON REQUIREMENTS

1980 U.S. VEHICLES
(312 VEHICLES)

100

Z92

- 90

S88

S86

84

82

80

_ _7_8L __ _ _ _

0 20 40 60 80 100

PERCENT SATISFIED



z
u~j-

L

~-CI 1 ~ --

U)~ LU I - i - -

.

- ) -- a) c c oNo c

.LNNainflO 3NV1DOO HOUV3S~



-82-

FIGURE 20a

DISTRIBUTION OF
PART-THROTTLE FBRU RON REQUIREMENTS

1980 IMPORTED VEHICLES
(77 VEHICLES)
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FIGURE 21

COMPARISON OF MAXIMUM FBRU RON REQUIREMENTS
WITH PART-THROTTLE REQUIREMENTS

1980 U.S. AND IMPORTED VEHICLES (429 VEHICLES)
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FIGURE 22

COMPARISON OF
PART-THROTTLE FBRU RON REQUIREMENTS
1980 AND 1979 U.S. AND IMPORTED VEHICLES
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FIGURE 23

COMPARISON OF PART-THROTTLE
FBRU RON REQUIREMENTS

1980 AND 1979 U.S. VEHICLES

1980 SURVEY: 312 VEHICLES
---- - - - - 1979 SURVEY: 398 VEHICLES
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PARTICIPATING LABORATORIES

EASTERN AREA EAST CENTRAL AREA

E. I. Du Pont de Nemours and Company, Inc. Ethyl Corporation
Wilmington, Delaware Detroit, Michigan

Exxon Research and Engineering Company Ford Motor Company
Linden, New Jersey Dearborn, Michigan

Gulf Research and Development Company General Motors Corporation
Pittsburgh, Pennsylvania Warren, Michigan

Mobil Research and Development Corporation Standard Oil Company (Ohio)
Paulsboro, New Jersey Cleveland, Ohio

Sun Company
Marcus Hook, Pennsylvania

Texaco Inc.
Beacon, New York

WESTERN AREA WEST CENTRAL AREA

Chevron Research Company Amoco Oil Company
Richmond, California Naperville, Illinois

Union Oil Company of California Atlantic Richfield Company
Brea, California Harvey, Illinois

Phillips Petroleum Company
ii Bartlesville, Oklahoma

Shell Development Company
Houston, Texas

Universal Oil Products
Des Plaines, Illinois
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1980 CRC OCTANE NUMBER REQUIREMENT SURVEY

(CRC Project No. CM-123-80)

1980 Analysis Panel

D. P. Barnard, Leader Standard Oil Company (Ohio)

J. L. Borzone Mobil Research and Development Corporation

W. J. Brown Ethyl Corporation

E. S. Corner Consultant

N. D. Esau Amoco Oil Company

D. W. Hall Chevron Research Company

J. D. Rogers, Jr. E. I. Du Pont de Nemours and Company, Inc.

K. R. Schaper Gulf Research and Development Company

A. G. Swavely Ashland Oil, Inc.

R. A. Wirth Sun Company

T. Wusz Union Oil Company of California
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I. INTRODUCTION

The 1980 program of the CRC-Motor Octane Number Requirement
Survey Group will consist of a survey of the octane number
requirements of 1980 model domestic and imported vehicles.
For the purposes of this program, the designation "passenger
vehicles" will include passenger cars and light-duty (<8500
lb/3856 kg GVW) pickup trucks, and vans. Approximately 450
vehicles will be tested. Most of these vehicles will be sampled
in proportion to their relative production or import volume, to
provide data from which to estimate the distribution of octane
number requirements for the 1980 model vehicle population in the
United States. In addition, select models of special interest
will be tested in sufficient numbers to estimate their require-
ment distributions.

Knocking characteristics will be investigated with three series
of reference fuels. Tank fuel knock will also be evaluated.
Maximum octane requirements, regardless of throttle opening,
will be established for each vehicle using high sensitivity
unleaded full-boiling range reference (FBRSU) fuels, average
sensitivity unleaded full-boiling range reference (FBRU) fuels
and primary reference (PR) fuels. The sensitivity of the FBRU
series is similar to average unleaded commercial fuels currently
marketed.

Maximum part-throttle octane requirements will be completely
defined with FBRU reference fuels.

Octane requirements throughout the speed range will be obtainedwith PR fuels only. After-run characteristics will be observed
on tank fuel.

II. GEOGRAPHICAL AREAS

As in previous years, the 1980 survey will be conducted on a
nationwide basis. The country has been divided into four
geographical areas. Participants located in New York, New
Jersey, Delaware and Pennsylvania have been included in the
Eastern area; those located in Ohio, Michigan and Kentucky
comprise the East Central area; those in Illinois, Texas and
Oklahoma comprise the West Central area; and California parti-
cipants make up the Western area. A coordinator has been
appointed for each area as follows:

Eastern Area - S. Antika
East Central Area - D. P. Barnard
West Central Area - L. J. Olejnik
Western Area - T. Wusz

The area coordinators will contact their area participants
periodically regarding the progress of the survey. To
expedite this, it is suggested that participants send copies
of all correspondence concerning the survey to the area
coordinators. This program outlines the survey in broad terms.
If more detailed information is desired, it is suggested that
the participant contact his area coordinator.
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III. VEHICLES

A total of approximately 450 vehicles will be tested in the 1980
Survey. By requesting each participating laboratory to test 25
vehicles and assuming 18 participants, the 450-vehicle total is
obtained. These will be divided into two groups: (1) the
statistical group, sampled in proportion to U.S. car model
production or import volume, and (2) select models of special
interest. Approximately 20 of each of these select models will
be tested to provide an estimate of the octane requirement distribu-
tion for each model. Some of these 20 vehicles will be those
already included in the statistical group and the remainder will
be additional vehicles added to the program.

The desired number of vehicles to be tested in each category is
as follows:

Statistical group 400
Additional select
model group 50

Total 450

A detailed breakdown of the specific models and the number of
each model to be tested will be circulated to the participants
in May, 1980, after an estimate of vehicle model production has
been obtained. If .a participant wishes to begin work before
that date, he can test select models with certainty that at
least one of each model will be assigned to him. Design speci-
fications for select models to be tested in the 1980 Survey are
shown below. Selection of these vehicles has been based on new
or modified design characteristics that might have a significant
effect on octane number requirements and high sales volume which
allows individual treatment without additional testing.

No.
No. Carb. Comp. Net

Model Displ. Cy1. Bbls. Ratio HP Trans. Type

Oldsmobile 307(5.0) V-8 4 7.9 150 Automatic
Chevrolet 229(3.8) V-6 2 8.6 115 Automatic
Pontiac 151(2.5) L-4 2 8.2 86 Automatic
Chevrolet 173(2.8) V-6 2 8.5 115 Automatic
Ford/Mercury 302(5.0) V-8 2 8.4 134 Automatic FIOD
Lincoln/TBird
Fairmont/Zephyr 255(4.2) V-8 2 8.8 119 Automatic
Volare/Aspen/ 225(3.7) L-6 1 8.4 90 Automatic

Cordoba/Dilomat/Mirada
Cord/Volare/Aspen 318(5.2) V-8 2 8.5 120 Automatic
(FED)
Wherever possible, specific vehicle assignments to individual
participating laboratories will be made in a pattern which
tends to minimize data bias. This will be accomplished by
apportioning cars of a given model among the four geographical
ireas, and subsequently among the laboratories within each area,
n order to minimize the effect of non-random factors on the
' ults of the survey.

- I *
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IV. FUELS

A. Full-Boiling Range Reference Fuels

Two full-boiling range reference fuel series will be used
to define the vehicle octane number requirements. The two
series will be unleaded and of varying sensitivity. One
series will be comparable to the average sensitivity of
unleaded commercial fuels (FBRU); the other series (FBRSU)
will be about two numbers higher in sensitivity than the
FBRU fuels. The Research Octane Number (RON) range for
both fuel series is 77 to 101.

The two series will be blended in increments of two RON up
to 84 and one RON above 84 from three base fuels for each
series. The base fuels are compounded from normal refinery
gasoline components. Limiting specifications for each base
fuel for both series are shown in Table I.

Research and Motor ratings will be determined for incremental
blends of each fuel series by all participants to provide
data for establishment of blending curves. The average ratings
and blending curves will be circulated to all participants.

B. Primary Reference Fuels

Blends of ASTM-grade isooctane and normal heptane will be
prepared in two octane number increments from 76 to 82 and
one octane number increments from 82 to 100.

C. Tank Gasoline

Research and Motor octane ratings will be obtained only on
gasoline samples from the tank of vehicles with owner
questionnaire (Attachment 1). Owners' questionnaire should
be deleted when,

a. the vehicle does not have a regular driver
*b. the ignition timing had to be reset.

V. TEST TECHNIQUE

* All tests are to be conducted using the technique entitled,
"Technique for Determination of Octane Number Requirements of
Light Duty Vehicles" (CRC Designation E-15-80). A copy of this
technique is included as Attachment 2 to this program. Octane
number requirement investigations are to be conducted in all
vehicles under level road conditions. Any vehicle obviously in
poor mechanical condition or with malfunctioning emission control
devices should not be considered for test work. The vehicles
should have a minimum of 6000 deposit miles (9656 km) and
preferably be privately owned and operated. Vehicles previously
used for road octane rating must not be employed in this survey.

Data should be reported on each vehicle tested even though knock
was not encountered on any of the fuels.

___ .1
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The order in which the fuels are to be tested is as follows:

1. Tank fuel, 2. FBRSU, 3. FBRU, 4. PR.

VI. DATA FORMS

The test results on each vehicle will be reported on data form
(DFMF-ll-ll80) and work form (DFMF-12-1180). Copies of these
forms will be mailed to all participants from the CRC office
with instructions for their use printed on the forms. Additional
instructions are included in each test technique.

VII. REPORTING RESULTS

A consolidated data report form (DFMF-15-1180) and speed range
summary form (DFMF-25-1180) will also be provided by CRC. The
consolidated report forms and standard data forms for each
vehicle tested should be submitted to the Coordinating Research
Council, Inc., 219 Perimeter Center Parkway, Atlanta, Georgia
30346, as soon as possible but not later than October 31, 1980.

It
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Attachment 1

OWNER'S QUESTIONNAIRE

CRC OCTANE NUMBER REQUIRME-NT SURVEY

OWNER:

Your vehicle is being tested for fuel octane number requirements
by a Coordinating Research Council activity. To help analyze
the data, we would like the person who has recently been driving
the vehicle to answer the following questions:

1. Has any engine knock (ping) been encountered recently?

SYes Occasionally

SNo Frequently

2. If "Yes" was it during any of these conditions?

Normal
- Low Speed Hill Climbing Acceleration

D High Speed Towing Trailer axceeru ioAcceleration

3. Did you consider the knock (ping) objectionable?

Yes No

4. Did the knock (ping) occur on the fuel that is now in the
tank?

Yes No

5. Does the engine continue to run after the key is turned off?

Yes No

6. If "Yes," did you consider the engine running with the key
off obj ectionable?

Yes No

Vehicle Make License No.

Vehcile Identification No.

SJil
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TECHNIQUE FOR DETERMINATION
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Attachment 2

TECHNIQUE FOR DETERMINATION
OF OCTANE NUMBER REQUIREMENTS

OF LIGHT DUTY VEHICLES

(CRC Designation E-15-80)

A. GENERAL

The technique provides for the determination of octane number
requirements of a vehicle in terms of borderline spark knock
and surface ignition knock, regardless of throttle position,
on two series of full-boiling range reference fuels as well as
on primary reference fuels. It also provides octane require-
ments throughout the speed range on primary reference fuels.

Spark knock, surface ignition and after-run characteristics of
tank fuel will also be determined.

B. DEFINITION OF TERMS

1. The following definitions of knock were approved by the
CFR and CLR Committees on June 8, 1954, and will be used
in this technique. Knock is the noise associated with
autoignition* of a portion of the fuel-air mixture ahead
of the advancing flame front. The flame front is pre-
supposed to be moving at normal velocity. With this
definition the source of the normal flame front is
immaterial -- it may be the result of surface ignition
or spark ignition.

a. Soark Knock: A knock which is recurrent and
repeatable in terms of audibility. It is
controllable by the spark advance; advancing the
spark increases the knock intensity and retarding
the spark reduces the intensity. This definition
does not include surface ignition knock.

b. Surface Ignition Knock: Knock which has been
preceded by a surface ignition. It is not
controllable by spark advance.** It may or may
not be recurrent and repeatable.

Autoignition: The spontaneous ignition and the resulting
very rapid reaction of a portion or all of the fuel-air
mixture. The flame speed is many, many times greater than
that which follows normal spark ignition. There is no time
reference for autoignition.

** For the purpose of this program, it is not intended that
surface ignition knock be identified by manipulation of the
spark advance.

6I
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2. The following definitions of knock intensity were
specifically adopted for use in this technique:

a. No Knock: This means no spark knock or surface
ignition knock.

b. Borderline Knock: This means spark knock of lowest
audible intensity, recurrent surface ignition knock
of borderline intensity, or infrequent (three or less)
surface ignition knocks regardless of intensity.

c. Above Borderline Knock: This means greater than
borderline spark knock, recurrent surface ignition
knock greater than borderline intensity, or frequent
(four or more) surface ignition knocks regardless of
intensity.

d. After-Run: The engine continues to operate after the
ignition is turned off.

3. Definition of Accelerations

Accelerations are made at maximum-throttle and part-
throttle conditions which are defined below:

a. Maximum-Throttle: The throttle is depressed and
regulated throughout the acceleration to maintain
the critical maximum throttle position. Maximum
throttle will constitute the throttle position from
detent to 2 inches Hg (6.7 KPa) above detent manifold
vacuum. (This could be in highest gear or passing
gear for automatic transmissions.) The detent manifold
vacuum obtainable on a given model is determined by the
transmission characteristics.

b. Part-Throttle: The throttle is depressed and regulated
throughout the acceleration to maintain a desired,
constant critical manifold vacuum. Part-throttle will
constitute the throttle position from 2 inches Hg (6.7
KPa) above detent vacuum up to the highest road load
vacuum. For vehicles with converter clutch transmissions,
part-throttle will constitute the throttle position from
1 inch Hg (3.4 KPa) above the minimum vacuum for converter
clutch application up to the highest road load vacuum.

C. VEHICLE PREPARATION

The following vehicle preparation steps should be completed before

any octane tests are run. Detailed procedures for each adjustment
can be found in the manufacturers' shop manuals.

1. Record vehicle identification number and emission control
type, Federal, Altitude or California. Fill in heading on
data sheet DFMF-ll-1180. Ford emission calibration numbers
are to be recorded.
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2. Inspect all vacuum lines and air pump hoses for appropriate
connections. Also, check tc see if PCV valve, distributor
vacuum delay valve, EGR valve and heated inlet air mechanisr.
are functioning. Engine must be warmed up for these checks.

3. Record engine idle speed and observe anti-dieseling solenoid
operation. Adjust to manufacturers' recommended specifica-
tions as specified on the under-hood decal.

4. Observe and record basic spark timing at recommended engine
speed. Adjust to manufacturers' recommended setting as
specified on the under-hood decal.

5. Crankcase oil, radiator coolant, automatic transmissionfluid, and battery fluid levels shall be maintained as
recommended by the manufacturer.

6. A calibrated tachometer graduated in 100 rpm (or smaller)
increments and capable of indicating engine speed from
0-5000 rpm shall be installed on each vehicle.

7. One calibrated vacuum gage, graduated in one-half inch of
mercury (or smaller) increments and capable of indicating
vacuum from 0-24 inches of mercury (0-81 KPa) shall be
connected to the intake manifold.

8. An auxiliary fuel system shall be provided to supply test
fuels to the engine. Caution shall be taken to avoid placing
auxiliary fuel lines in locations which promote vapor lock.
If vehicles with carbureted engines have tank return fuel
lines, this return line should be blocked off. Disconnect
line from fuel tank to evaporation control system canister.
Instructions for fuel handling with fuel injection systems
is shown in the Appendix.

9. For vehicles with owner questionnaire completed, a sample
of the tank gasoline shall be withdrawn for determination
of Research and Motor method octane number ratings.

D. TEST PROCEDURE

1. Engine Warm-Up

a. To stabilize engine temperatures, a minimum of ten
miles of warm-up is required. The test vehicle should
be operated at 55 mph (88 kph) in top gear with a
minimum of full-throttle operation.

b. During the warm-up period, the general mechanical
condition of the vehicle should be checked to
insure satisfactory and safe operation during test
work.

dW AI
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2. Fuel Change-Over

Caution: Because of the installation of catalytic devices
on these vehicles, permanent damage may result if the engine
runs lean or stalls. Therefore, change-over from one fuel
to another must be accomplished without running the carburetor
or fuel injection system dry. Fuel handling procedures for
vehicles equipped with fuel injection systems are explained
in the Appendix.

To eliminate contamination of the new fuel with residual
amounts of the previous fuel, flush system twice with new
fuel.

After fuel change-over, make one maximum-throttle acceleration

before beginning Vehicle Rating Procedure.

3. Details of Observations

a. Operating Conditions

All octane number requirements will be determined under
level road acceleration conditions. Vehicles with manual
transmission should not be tested in overdrive gear.
Vehicles equipped with free wheeling or overdrive units
shall be tested with this unit (free wheeling or over-
drive) locked out of operation. Automatic transmissions
shall be run in "Drive". Test accelerations will be made
as described below under 3d in highest drive gear.

Tests will be conducted on moderately dry days preferably
at ambient temperatures above 60°F (15.5 0C). Tests should
not be conducted during periods of high humidity such as
prevail when rain is threatening or during or immediately
after a rain storm. Laboratories with control capabili-
ties should target for 70OF (210C) air temperature and
50 grains of water per pound (7.14 gm/kg) of dry air
whenever possible.

Air conditioned vehicles will be tested with air conditioner
turned ON. (Normal setting, low fan.)

b. Order of Fuel Testing

1. Tank 3. FBRU

2. FBRSU 4. Primary

c. Determination of Knock Intensity

Octane requirements will be established by evaluating
the occurrence of knock in terms of knock intensity:
"N" for none, "B" for borderline, and "A" for above
borderline. Establishment of representative knock intensity
for a given fuel will be accomplished with the fewest number of ac-
celerations possible. As defined below, the first two duplicating

accelerations are sufficient with "N" and "B" knock intensity.

MET--'.
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Number of Accelerations Representative Rating

1 2 3

N N - N
N B N N
N B B B
B N B B
B B - B
B A - A
A - - A

All subsequent accelerations will normally be discon-
tinued when "A" knock intensity is experienced and test-
ing continued with a higher octane number fuel in that
series. An exception will be made if "A" knock is
experienced on the highest octane fuel which knocks in
the engine. In this case, it may be necessary to run
additional accelerations to determine the speed of
maximum knock intensity. If "A" knock is experienced at
initiation of acceleration, as limited by transmission
characteristics, this speed will be considered the speed
of maximum knock. Otherwise, the midpoint between
knock-in and knock-out will be considered the speed of
maximum knock. When establishing knock-in and knock-out,
back off on the throttle between points to eliminate "A" knock.
Tip-in knock should be ignored.

d. Determination of Maximum Octane Requirement
Tests should be run to 60 rph (97 kph) unless required to terminate

at 55 mph (88 kph) because of legal speed limits.
1. Vehicle Operating Procedure (for driver)

a. For establishment of transmission characteristics,
obtain top gear downshift engine rpm and manifold
vacuum at 25, 35, 45 and 55 mph (40, 56, 72, 88
kph) by movement of the throttle through the
detent position. Record both engine rpm and
manifold vacuum at the downshift point for each
speed. The vehicle brakes may be applied lightly
if necessary to maintain vehicle speed. In
addition, for transmissions with converter clutches
determine the minimum vacuum and minimum road speed
for converter clutch application. Record on data sheet.

b. For maximum throttle requirements in highest gear
accelerate at the critical maximum throttle
position from the minimum obtainable speed as
determined in (a)* up to 60 mph (97 kph). To
obtain critical maximum throttle position, move
the throttle from detent to 2 inches Hg (6.7 KPa)
vacuum above detent while accelerating. For
vehicles with converter clutch transmissions perform
this acceleration with the converter clutch applied
and released. Find the throttle.position for the
maximum knock intensity. If transmission downshifts
abort and start acceleration again.

Starting speed for accelerations on manual transmission vehicles
should be the lowest speed from which the vehicle will
accelerate smoothly.
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c. For maximum throttle requirements in oassing
gear for vehicles with automatic transmissions,
accelerate from 10 mph (16 kph) below the
starting speed for highest gear acceleration
up to 60 mph (97 kph). When available, set
shift gear selector to passing gear.

d. For those vehicles with vacuum delay devices, to
stabilize vacuum advance before starting each
part-throttle acceleration, operate at road load
for 40 seconds at the speed from which the
acceleration is to begin.

e. For part-throttle requirements, accelerate in
highest gear at constant critical manifold
vacuum from minimum obtainable speed to 60 mph
(97 kph) or until vehicle ceases to accelerate.
To obtain critical part-throttle vacuum, operate
at road load for 40 seconds at 25, 35, 45, and
55 mph (40, 56, 72 and 88 kph). At each speed
move the throttle from the highest road load
vacuum, down to 2 inches Hg (6.7 1Pa)
above detent manifold vacuum (1 inch Hg (3.4 KPa)
above the minimum vacuum for converter clutch
application) in from 3 to 5 seconds. In
this range, find a manifold vacuum for maximum
knock intensity to use as the critical vacuum for
all subsequent part-throttle accelerations. The
vehicle brakes may be applied lightly if necessary,
to maintain vehicle speed.

f. Determination of After-Run Characteristics

Determination of the occurrence of after-run will
be evaluated on tank fuel. Following the engine
warm-up, moderately brake the vehicle to a stop
(foot off throttle) and place automatic trans-
mission vehicles in park position, manual trans-
mission vehicles in neutral. Air conditioner
must be left off. Immediately turn key to the
"OFF" position. Note on the data sheet if after-
run occurs.

2. Vehicle Rating Procedure (for rater)

Knock rating should be performed while in a normal
seated position (head above instrument panel) with
floor mats in place.

Step 1 - Using an estimated non-knocking fuel in a
given fuel series, investigate for incidence
of knock under conditions as described in 3d
(1) (b), and 3d (1) (c) above.

* Step 2 - If no knock occurs, go to a lower octane
number blend in that series and repeat
Step 1.
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Step 3 - If knock occurs at one or more of the oper-
ating conditions in Step 1, then continue
investigation at the critical condition(s)
with higher octane blends until highest
octane fuel giving knock is determined
within one octane number or one blend.
Record maximum knock intensity on all fuels
and speed of maximum knock intensity on
highest octane fuel that knocks.

Step 4 - Using the lowest octane blend that did not
knock in Step 3, investigate for incidence
of part-throttle knock as described in 3d
(1) (e).

Step 5 - If no knock occurs with FBRU Fuel, investi-
gate for knock with lower octane fuels until
maximum part-throttle requirement is defined
down to the limit of the lowest octane fuel
available. If no knock occurs with PRF and
FBRSU fuels, further investigations are not
required with these fuels at part-throttle.

The rating procedure is given in arrow diagram form
on page 16.

e. Tank Fuel Observations on Vehicles with Owner's
Questionnaire

Investigate for maximum-throttle and part-throttle knock
as detailed in Item 3d (1). Define maximum knock
intensity as per Item 3c. Record maximum knock intensity,
speed of maximum knock intensity and manifold vacuum at
each operating condition. Determine after-run character-
istics as described in Item 3d (1) (f).

f. Octane Number Requirement Over Speed Range

Octane requirements over the speed range will be obtained
on primary reference fuels only using throttle position
for maximum requirements. These will be established by
recording the knock-in and knock-out points during
maximum requirement acceleration with each incremental
fuel investigated. It may be necessary to test one or
two additional lower octane fuels to describe the knocking
characteristics over the speed range. Accelerate at
maximum throttle from minimum obtainable speed as determined
in 3d (1) (a) up to 3500 rpm if necessary in order to
define requirements. These should be run to 60 mph
(97 kph) unless required to terminate at 55 mph (88 kph)
because of legal speed limits. If 3500 rpm cannot be
attained in top gear, accelerations shall be discontinued
and resumed in the next highest gear from 500 rpm below
the engine speed at which top gear accelerations were
determined.

When "A" knock is experienced, continue the acceleration
but back off on the throttle to maintain "B" knock until
just prior to the knock-out point.
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E. INTERPRETATION OF DATA

The data will be recorded on data sheet (DFMF-ll-1180). Maximum
octane requirements for all reference fuels shall be determined
as follows:

1. If the knock intensity of the highest fuel giving knock is
borderline, the requirement shall be reported as the octane
number of that fuel.

2. If the knock intensity of the highest fuel giving knock is
above borderline, the requirement shall be reported as one-
half the difference between the fuel giving knock and the
next highest fuel.

Speed range data shall be reported on data sheet (DFMF-ll-Il80)
as the engine speed of knock-in and knock-out for the octane
number of the primary reference fuel tested.

When transferring data to the summary report form, record "no"
data as well as "yes" data.

Record data on all fuels tested, even though knock was not
encountered. When transferring data to the summary report
form (DFMF-15-1180), record results on all fuel series for
each throttle condition investigated. Use proper letter
designation (see footnotes on summary sheet) to designate
requirements outside of the reference fuel limits.

Requirements for the various engine speeds will be determined
by fitting a smooth curve through the knock-in and knock-out
points on work form (DFMF-12-1180). Primary reference fuel
requirements at various engine speeds should be reported to
the nearest one-half octane number and recorded on the speed
range summary sheets (DFMF-25-1180).

It is important that the vehicle identification number (VIN)
of each vehicle tested be recorded on all data and summary
sheets to provide a means of cross-indexing.

L
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APPENDIX
CRC E-15-80

PROCEDURE FOR SETTING UP VEHICLES AND HANDLING
REFERENCE FUELS ON VEHICLES EQUIPPED WITH FUEL INJECTION

1. To run octane requirements on fuel injected vehicles it is
necessary to run an external fuel line to the inlet of the
vehicle fuel injection pump.

2. The fuel return line from the engine to the fuel tank must be
disconnected after the fuel pressure regulator (in engine
compartment) and before the fuel tank. An auxiliary line long
enough to reach the cans must be added to the fuel return line.

3. ake certain that the fuel tank connections are plugged, this
means both the normal fuel pump inlet line and the normal fuel
return line connection. On vehicles with an in-tank booster
pump, this pump must be shut off so it cannot run during the
time the vehicle is operating on the external fuel system. If
this pump is not disconnected, it will be destroyed.

4. An electric fuel pump (Bendix type acceptable) must be used to
araw fuel from the reference fuel can to supply the fuel injec-
tion pump on the vehicle. Caution must be exercised to keepthe fuel line between the reference fuel cans and the vehicle

fuel injection pump full of fuel. If very much air gets into
this line, the fuel injection system will become air bound and
it is difficult to get the air out of the system.

5. Once the fuel injection pump line and return line have been
disconnected, all subsequent operations must be done from an
external fuel source.

6. It is possible to use three-way valves in the fuel line between
the fuel pump and the fuel tank and between the return line and
the fuel tank. When used, the operator must change the return
line valve to the auxiliary fuel system while the engine is
shut down, to avoid building up excessive pressure in the return
line which could damage both the fuel pressure regulator and
injection pump.

7. When changing from one reference fuel to another, the following
steps must be followed:

a. Put fuel inlet line in reference fuel tank with the return
line going to a slop fuel can. Do not keep fuel inlet line
out of the fuel can any longer than is necessary to move it
from one can to the next. DO NOT RUN OUT OF FUEL.

WISDIW PAG, 5Z BLKOT FILM
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b. Observe the fuel stream in the fuel return line. As soon
as a steady flow of fuel is observed, move the fuel return
line to an empty one-quart can (0.946 L). Allow one quart
(0.946 z) of fuel to flow into this can before inserting
the return line into the chosen reference fuel can. This
operation should take about 60 seconds.

c. When going to the next reference fuel, it will be necessary
to repeat Steps a and b.

The fuel injection pumps on most vehicles pump between 30 and
50 gallons (114-189 L/h) of fuel per hour. Therefore, Steps a and b
should be followed very closely or there will be gross reference fuel
contamination or you will use a lot more reference fuel than is
required to run each test. If Steps a and b are followed exactly you
will be discarding to slop about two quarts (1.892 2) of reference
fuel each time you change reference fuels. The two quarts (1.892 1)
to slop will be at least as much fuel as is consumed to get the
reference fuel rating.
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TABLE D-I

1980 UNLEADED AVERAGE SENSITIVITY FULL-BOILING

RANGE REFERENCE FUEL SERIES (FBRU)

Blending Data Composition,
Volume Percent

Research Motor
Octane No. RMFD-326-80 RMFD-327-80 RMcn-328-80 Octane No.

78 96 4 74.5
80 81 19 75.9
82 65 35 77.5
84 49 51 78.9
85 40 60 79.7
86 32 68 80.4
87 24 76 81.0

88 15 85 81.7
89 7 93 82.3
90 98 2 83.0
91 89 11 83.6
92 81 19 84.2
93 72 28 84.8
94 63 37 85.5

95 54 46 86.1
96 45 55 86.7
97 36 64 87.3
98 26 74 88.1
99 17 83 88.8
100 7 93 89.6
101 (100.7) - 100 90.3

Bit
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TABLE D-II

1980 UNLEADED HIGH SENSITIVITY FULL-BOILING RANGE

REFERENCE FUEL SERIES (FBRSU)

Blending Data Composition,
Volume Percent

Research Motor
Octane No. RMFD-329-80 RMFD-330-80 RMFD-331-80 Octane No.

78 90 10 72.5
80 76 24 74.1
82 62 38 75.6
84 49 51 77.0
85 42 58 77.7
86 35 65 78.4
87 28 72 79.0

88 21 79 79.6
89 14 86 80.1
90 7 93 80.6
91 98 2 81.2
92 90 10 81.8
93 80 20 82.4
94 71 29 83.0

95 61 39 83.5
96 51 49 84.1
97 41 59 84.7
98 29 71 85.4
99 18 82 86.3

100 6 94 87.3
101 (100.5) 100 87.9



D-3

TABLE D-Ill

SENSITIVITIES OF 1980 FULL-BOILING

RANGE REFERENCE FUELS

RON FBRU FBRSU

78 3.5 5.5
80 4.1 5.9
82 4.5 6.4
84 5.1 7.0
85 5.3 7.3
86 5.6 7.6
87 6.0 8.0

88 6.3 8.4
89 6.7 8.9
90 7.0 9.4
91 7.4 9.8
92 7.8 10.2
93 8.2 10.6
94 8.5 11.0

95 8.9 11.5
96 9.3 11.9
97 9.7 12.3
98 9.9 12.6
99 10.2 12.7
100 10.4 12.7
101 (10.4) (12.6)
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TABLE D-IV

COMPARISON OF 1979 AND 1980 FUEL SENSITIVITIES

FBRU FBRSU
Research

Octane No. 1980 1979 Difference 1980 1979 Difference

78 3.5 3.8 -0.3 5.5 5.4 0.1
80 4.1 4.4 -0.3 5.9 6.3 -0.4
82 4.5 5.0 -0.5 6.4 6.8 -0.4
84 5.1 5.7 -0.6 7.0 7.4 -0.4
85 5.3 6.2 -0.9 7.3 7.6 -0.3
86 5.6 6.4 -0.8 7.6 8.0 -0.4
87 6.0 7.0 -1.0 8.0 8.4 -0.4

88 6.3 7.4 -0.9 8.4 8.7 -0.3
89 6.7 7.9 -1.2 8.9 9.0 -0.1
90 7.0 8.3 -1.3 9.4 9.5 -0.1
91 7.4 8.8 -1.4 9.8 9.8 0.0
92 7.8 9.2 -1.4 10.2 10.2 0.0
93 8.2 9.6 -1.4 10.6 10.6 0.0
94 8.5 9.8 -1.3 11.0 11.0 0.0

95 8.9 10.2 -1.3 11.5 11.2 0.3
96 9.3 10.4 -1.1 11.9 11.6 0.3
97 9.7 10.6 -0.9 12.3 11.7 0.6
98 9.9 10.9 -1.0 12.6 11.9 0.7
99 10.2 11.0 -0.8 12.7 11.9 0.8
100 10.4 11.2 -0.8 12.7 12.0 0.7
101 10.4 11.4 -1.0 12.6 12.2 0.4

mL. .. .
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TABLE D-V

FUEL INSPECTIONS

1980 UNLEADED AVERAGE SENSITIVITY REFERENCE FUELS (FBRU)

RMFD 326 RMFD 327 RMFD 328
ASTM D-86

Distillation, OF
1BP 106 106 114
10% Evap. 138 138 156
30% Evap. 182 164 198
50% Evap. 219 202 238
70% Evap. 243 256 257
90% Evap. 318 344 296
End Point 404 436 360

Gravity, °API 66.6 60.6 51.2

RVP, psi 8.0 7.1 6.9

Lead, g/gal. 0.009 0.015 0.013

Oxidation Stability, hr. >24 >24 >24

Hydrocarbon Type, Vol. %

Aromatics 12.7 18.2 50.8
Olefins 10.6 11.1 1.6
Saturates 76.7 70.7 47.6

Research Octane Number 77.1 89.9 100.9

Motor Octane Number 73.1 82.1 90.0

Sensitivity 4.0 7.8 10.9

Color Clear Green Red
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TABLE D-V
(Continued)

FUEL INSPECTIONS

1980 UNLEADED HIGH SENSITIVITY REFERENCE FUELS (FBRSU)

RMFD 329 RMFD 330 RMFD 331
ASTM D-86

Distillation, OF
1 BP 100 90 104
10% Evap. 146 124 152
30% Evap. 203 159 204
50% Evap. 262 214 240
70% Evap. 308 248 257
90% Evap. 388 353 294
End Point 420 430 398

Gravity, 'API 53.1 63.5 46.2

RVP, psi 9.3 9.0 6.9

Lead, g/gal. 0.009 0.017 0.014

Oxidation Stability, hr. >24 >24 >24

Hydrocarbon Type, Vol. %

Aromatics 36.0 23.8 59.8
Olefins 18.2 26.5 12.4
Saturates 45.8 49.7 27.8

Research Octane Number 77.3 90.8 100.6

Motor Octane Number 71.2 80.9 87.7

Sensitivity 6.1 9.9 12.9

Color Yellow Purple Blue
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GLOSSARY

Emission Certification: C California
F Federal
B Both California and Altitude

Knock Sensor: Y Yes
N No

Transmission: A Automatic
M Manual

Air Conditioner: Y Yes
N No

Spark Advance: + Before Top Center
- After Top Center

Test Fuel: 1 Tank Fuel
2 FBRSU
3 FBRU
4 PR

Gear: D Drive, Automatic Transmissions
P Passing Gear, Automatic Transmissions

1-5 Manual Transmissions

Octane Number Requirements: L Less than lowest available O.N. for FBRU
(expressed as Research O.N.) and FBRSU fuels and less than 76 for PR fuels

H Higher than highest available O.N. for FBRU
and FBRSU fuels and higher than 100 O.N. for
PR fuels

Noise Type: K Spark knock only
S Surface ignition knock only
B Both K and S

Tank Fuel

Owner Report

Knock: Y Yes
N No

Objectionable: Y Yes
N No

After-Run: Y Yes
N No

Rater Report

Noise Intensity: N None
B Borderline
A Above borderline

Throttle: M If knock at maximum throttle
MV Manifold vacuum if knock at part-throttle

After-Run: Y Yes
N No
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APPENDIX F

Primary Reference Fuel Speed Range Octane Number Requirement

Primary reference fuel octane number requirements were deter-
mined at one to eleven of the specified engine speeds on 337
vehicles (Table F-I). Speed range data were analyzed for the
six select models, totaling 79 cars, and are plotted in Figures
F.1 through F.6 for the mean (50% satisfaction level). For 21
cars in the select model category, the speed range data were
either missing or insufficient for analysis. The select model
calculated data are given in Table F-II.
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FIGURE F.1

PRF SPEED RANGE OCTANE NUMBER REQUIREMENTS

1980 Select Models: NC5 225
HC5 225
IC5 225
LC5 225
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FIGURE F.2

PRF SPEED RANGE OCTANE NUMBER REQUIREMENTS

1980 Select Models: NC7 228
HC7 228
IC7 228
LC7 228
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FIGURE F.3

PRF SPEED RANGE OCTANE NUMBER REQUIREMENTS

1980 Select Models: OCA 242
MCA 242
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FIGURE F.4

PRF SPEED RANGE OCTANE NUMBER REQUIREMENTS

1980 Select Model: NIJ 244
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FIGURE F.5

PRF SPEED RANGE OCTANE NUMBER REQUIREMENTS

1980 Select Models: 0 V250

,.1 V250
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FIGURE F.6

PRF SPEED RANGE OCTANE NUMBER REQUIREMENTS

1980 Select Models: PC 137
KC 137
DC 137
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CONFIDENCE LIMITS OF OCTANE NUMBER REQUIREMENT DISTRIBUTIONS
Octane number requirements of vehicles presented in this survey are determined at
the levels that satisfy certain percentages of specific vehicle populations. In

many cases, the recorded octane number requirement is followed by a plus and
minus limit, referred to as the confidence interval. These limits give the inter-
val within which the requirement for that satisfaction level would be expected
95% of the time in replicate testing.

At the 50% satisfaction level, the 95% confidence interval is calculated as
follows:

CI = ±ts/-v- I

where t - Students t at the proper number of degrees of freedom*

s = Standard deviation, calculated directly from the data or estimated
as the difference between the 84.16th and 50th percentiles (assum-
ing normal distribution)

n = Number of vehicles in population.

At other satisfaction levels:

CI - ±ts 1/n + k2 n-l)]

At the 90% satisfaction level, k = 1.2817. For other satisfaction levels, appro-
priate values for k may be found in the standard statistical tables.

* Distribution of t for probability = 0.05.

Degrees Degrees
of of

Freedom** t Freedom t

1 12.706 18 2.101
2 4.393 19 2.093
3 3.182 20 1.086
4 2.776 21 2.080
5 2.571 22 2.074
6 2.447 23 2.069
7 2.365 24 2.064
8 2.306 25 2.060
9 2.262 26 2.056

10 2.228 27 2.052
11 2.201 28 2.048
12 2.179 29 2.045
13 2.160 30 2.042
14 2.145 40 2.021
15 2.131 60 2.000
16 2.120 120 1.980

** D.F = (n-l) 17 2.110 - 1.960

.... ,. Ii
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TABLE G-I

95% CONFIDENCE LIMITS FOR MAXIMUM REQUIREMENTS

1980 Weighted Vehicle Population Groups

95% Confidence Limits
Std. Dev.

()RON MON

Fuel n t RON MON 50% 90% 50% 90%

U.S. and PR 429 1.96 2.64 2.64 0.25 0.34 0.25 0.34
Imported FBRU 429 1.96 3.39 2.13 0.32 0.43 0.20 0.27
Vehicles FBRSU 429 1.96 3.89 2.24 0.37 0.50 0.21 0.29

U.S. and PR 407 1.96 2.59 2.59 0.25 0.34 0.25 0.34
Imported FBRU 407 1.96 3.57 2.24 0.35 0.47 0.22 0.29
Cars FBRSU 407 1.96 4.10 2.35 0.40 0.54 0.23 0.31

- U.S. PR 344 1.96 2.50 2.50 0.26 0.36 0.26 0.36
Vehicles FBRU 344 1.96 3.24 2.05 0.34 0.46 0.22 0.29

FBRSU 344 1.96 3.70 2.15 0.39 0.53 0.23 0.31

U.S. PR 326 1.96 2.54 2.54 0.28 0.37 0.28 0.37
Cars FBRU 326 1.96 3.42 2.14 0.37 0.50 0.23 0.31

FBRSU 326 1.96 3.82 2.20 0.41 0.56 0.24 0.32

Imported PR 85 1.99 2.83 2.83 0.61 0.83 0.61 0.83
Vehicles FBRU 85 1.99 3.01 1.90 0.65 0.88 0.41 0.56

FBRSU 85 1.99 3.33 1.97 0.72 0.97 0.42 0.57
*. 4
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TABLE G-II

95' CONFIDENCE LIMITS FOR FBRU PART-THROTTLE REQUIREMENTS

1980 Weighted Vehicle Population Groups

95% Confidence Limits
Std. Dev.

(S) RON MON

n t RON MON 50% 905% 50% 90%

U.S. and
Imported Vehicles 389 1.96 5.36 3.41 0.53 0.72 0.34 0.46

U.S. and
Imported Cars 375 1.96 5.04 3.21 0.51 0.69 0.33 0.44

U.S. Vehicles 312 1.96 5.82 3.69 0.65 0.87 0.41 0.55

U.S. Cars 296 1.96 5.36 3.41 0.61 0.82 0.39 0.52

Imported Vehicles 77 1.99 5.02 3.23 1.14 1.54 0.73 0.99

ii.
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WEIGHTED VEHICLE/CAR POPULATIONS

Weighting factors for each vehicle model were developed from information supplied
by the U.S. Vehicle Manufacturers and from information published (Ward's Auto-
motive Reports) for imported vehicles. These weight factors were proportioned
to the relative production and/or sales volumes of the vehicles tested.

For any vehicle having octane requirements lower (L) than the lowest octane num-
ber fuel available within a given fuel series, a number 0.5 Research/O.4 Motor
lower was assigned. Similarly, for any vehicle having octane requirements higher
(H) than the highest octane fuel available within a given fuel series, a number
0.5 Research/0.4 Motor higher was assigned.

The weighting factors of each vehicle model were divided by the number of vehicles
tested to calculate individual vehicle weight factors. The octane requirements
for each vehicle were then arranged in increasing order with the appropriate
individual weighting factors. The percent of vehicles at each octane requirement
level represents the summation of all vehicle weighting factors before that level,
plus one-half the sum of the weighting factors at that level. The individual
vehicle weighting factors are adjusted so that the summation of all weighting
factors is 100.00 for any vehicle population of interest. The midpoint percentiles
are plotted versus octane number requirement on arithmetic probability paper and
a distribution curve is drawn through the points. These distributions are then
plotted point to point on Cartesian coordinates for figures shown in the survey
report.

SELECT CAR MODELS

For individual car models, the octane number requirement distribution curves were
plotted by the " ' method as described in "Statistical Estimation of the Gasoline
Octane Number Requirement of New Model Automobiles," C. S. Brinegar and R. R.
Miller, Technometrics, Vol. 2, No. 1, February 1960.

The procedure is as follows:

For any cars having octane requirements lower (L) than the lowest octane
number fuel available within a given fuel level, a number 0.5 Research/
0.4 Motor lower was assigned. Similarly, for individual cars having
octane requirements higher (H) than the highest octane fuel available
within a given fuel series a number 0.5 Research/O.4 Motor higher was
assigned.

Using all observed and estimated octane number values, calculate the
mean (X) and the standard deviation (S) from the data for each car
model.
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Where X = Octane number requirement of the ith car of a given model

n = Number of cars of that model.

2. Estimate octane number requirements at the percentiles of interest

from octane number requirement distribution data by

O.N. =X+ ks

where k is selected from normal distribution tables.

Values of k used to calculate percentiles in this report are:

Percentile k

5 -1.645
10 -1.282

20 -0.842
30 -0.524
40 -0.253
50 0
60 +0.253
70 +0.524
80 +0.842
90 +1.282
95 +1.645

The requirements were arranged in increasing order and plotted on arithmetic

probability paper; the percent satisfaction for any car is calculated by the
following relationship:

Percent satisfied: ith car = (0-0.5) 100
N

where N is the total number of cars tested for a given fuel
and i is an integer having increasing values from 1 to N.

p Curves may either be faired through the plotted points or a straight line

superimposed using the mean and standard deviation calculated above. From1inspection of these curves, revised L and H values may be indicated. If so,
new means and standard deviations may be calculated.
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GEAR POSITION FOR

MAXIMUM OCTANE NUMBER REOUIREMENTS
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TABLE J-I

GEAR POSITION AT 1980 MAXIMUM OCTANE NUMBER REQUIREMENT

FBRU Fuel

Automatic Manual
Transmission Transmission All Vehicles
No. No. No.

GEAR POSITION Vehicles % Vehicles % Vehicles %

Highest

Full-Throttle 183 55 57 59 240 56
Part-Throttle 12 4 11 11 23 5
Full = Part-Throttle 23 7 14 15 37 8

Passing

Full-Throttle 99 30 8 8 107 25

Miscellaneous

Highest PT = Passing FT 5 1 1 1 6 2
Highest PT > Passing FT 3 1 2 2 5 1

- Max. Requirement <78 4 1 4 4 8 2
Max. Requirement >102 3 1 0 0 3 1

332 100 97 100 429 100
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