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I. SUMMARY

The last CRC altitude octane program was run in 1977. Since then, vehicle
designs have changed substantially. In particular, many of the 1981 models
are equipped with electronic systems for controlling air-fuel mixture and
spark timing. Consequently, this program was run to determine the effect
of altitude on octane requirements of 1981 cars with electronic control
systems and to provide data for ASTM to consider for possible revision of
the D 439 altitude octane specifications for gasoline. The results from
this program are summarized as follows:

0 Octane requirement tests were conducted in Denver, Colorado, at an
elevation of 5,280 feet above sea level; and again in Los Angeles,
California, at an elevation of 325 feet. Seventy-six cars were
tested at each location. There were seven groups of ten cars each;
two groups had barometrically compensated spark timing, and five
did not. Six other cars also had barometric spark compensation,
and three of those cars had knock sensors. All cars had closed-
loop electronic control of air-fuel mixtures. Maximum octane re-
quirements were determined with unleaded average sensitivity full-
boiling range (FBRU) reference fuels and with unleaded high sensi-
tivity full-boiling range (FBRSU) reference fuels. In addition,
50th percentile acceleration technique octane requirements were
determined with FBRU fuels.

0 The average octane requirements (raw and temperature-humidity corrected
data) are summarized as follows:

Octane Req. (RON)** Difference AONR/O00
Los Angeles Denver (RON) ft. (RON)

Raw Corr. Raw Corr. Raw Corr. Raw Corr.

50 Cars FBRU Max. 91.6 91.2 83.4 83.9 8.2 7.3 1.7 1.5

without FBRU 50%* 91.5 91.1 82.8 83.2 8.7 7.9 1.8 1.6
Spark Timing FBRSU Max. 92.7 92.3 84.8 85.2 7.9 7.1 1.6 1.4

Compensation

20 Cars FBRU Max. 92.4 92.0 89.2 89.5 3.2 2.5 0.6 0.5

with Spark FBRU 50%* 91.4 91.0 88.8 89.0 2.6 2.0 0.5 0.4

Timing FBRSU Max. 93.8 93.4 90.6 90.8 3.2 2.6 0.6 0.5

Compensation

0 For the cars with knock sensors in addition to spark compensation, the
reductions in octane requirements with increasing altitude were similar
to those shown above for the twenty cars with spark compensation alone.

* With FBRU fuels, the reduction in maximum octane requirements (raw data)
per 1,000 feet increase in elevation for 1981 cars without spark compen-

sation (1.7 RON) was between the average reductions observed for 1977

cars (1.1 RON) and 1971-1972 cars (1.9 RON). However, the reduction for

1981 cars with spark compensation (0.6 RON) was about one-half as much.

* 50% refers to the 50th percentile acceleration technique.
•* Research Octane Number

-l -
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II. INTRODUCTION

The last CRC altitude octane program was conducted in 1977. It was found
that the octane requirements of vehicles decreased substantially at high
altitude compared with the requirements at sea level. In the past, octane
requirements of engines have decreased with increasing altitude, primarily
because of three factors: carburetor enrichment; less vacuum spark advance
(weaker vacuum signal); and reduced charge density with decreasing barometric
pressure. Accordingly, gasolines sold in high-altitude locations may have
lower octane quality than those sold at sea level. Many of the 1981 model
vehicles are equipped with electronic systems for controlling air-fuel mix-
ture and spark timing, and the use of such systems may become more common
in future model years. With these systems, air-fuel mixtures at part-
throttle are controlled near stoichiometric regardless of altitude, and
spark timing may be advanced as barometric pressure decreases. It was
anticipated, therefore, that octane requirements of 1981 vehicles may not
decrease as much with increasing altitude as had been observed with previous
model cars.

This program was run to determine the effect of altitude on octane require-
ments of 1981 cars, particularly those with electronic control of air-fuel
mixture and spark timing, and to provide technical data for ASTM (American
Society for Testing and Materials) to consider for possible adjustment of
the D 439 altitude octane specifications for gasoline.

Representatives from eleven companies, listed in Appendix A, participated in
the test program. This report was prepared by the CRC Altitude Octane Re-
quirement Program Analysis Panel of the CRC Road Test Group, membership of
which is listed in Appendix B. The detailed test program is included in
Appendix C.

III. CARS TESTED

A. Selection

Selection of the vehicles for this test program was based on the avail-
ability of vehicles in Los Angeles and Denver. Selected models encom-
passed expected future electronic engine controls that are currently
available on some models, including: feedback air-fuel control; elec-
tronic spark timing; and barometrically compensated spark timing. Eight
1981 models were chosen, and all but six vehicles, which were supplied
by the manufacturer, were obtained from rental agencies. All but eight
cars had accumulated at least 6,000 miles prior to the test program.
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The following models were tested:

Sample
Size Car Model Engine Emgine Controls

10 Buick Skylark 2.5L - 2V CLAF, EST

10 Buick Skylark/ 2.8L - 2V CLAF, EST
Oldsmobile Omega

10 Buick Regal/ 3.8L - 2V BARO, CLAF, EST
Oldsmobile Cutlass

3 Buick Electra/ 4.1L - 4V BARD, CLAF, EST, ESC
Cadillac Fleetwood

3 Buick Riviera/ 4.1L - 4V BARD, CLAF, EST
Cadillac El Dorado/
Oldsmobile Toronado

10 Dodge Aries 2.2L - 2V CLAF, EST

10 Lincoln/Mark VI 5.OL - TBI BARO, CLAF, EST

10 Mercury Capri 2.3L - 2V CLAF

10 Toyota Corolla 1.8L - 2V CLAF

NOTE: BARO = Barometrically Compensated Spark Timing

CLAF = Closed-Loop Air-Fuel Control

EST = Electronic Spark Timing

TBI = Throttle Body Injection

ESC = Electronic Spark Control with Knock Sensor

B. Preparation and Instrumentation

All vehicles were instrumented with a vacuum gauge and auxiliary fuel
supply lines. Idle speed and spark timing were checked and reset to
manufacturer specifications when necessary. Additional details con-
cerning car preparation are contained in the test technique.

IV. REFERENCE FUELS

Octane requirements were measured at both altitudes using the FBRU and FBRSU
series of 1981 CRC unleaded full-boiling range fuels. Average laboratory
octane number ratings and blending data for these fuels are shown in Tables
D-I and D-Il of Appendix D. Inspection and composition data furnished by the
fuel supplier are shown in Tables D-Ill and D-IV, respectively.

" " - I III I Ikii c.
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A. Unleaded Average Sensitivity Full-Boiling
Range (FBRU) Reference Fuels

FBRU fuels were prepared from three base blends (RMFD 332-81, RMFD 333-81,
and RMFD 334-81) in two octane number increments from 78 to 84 RON, and in
one octane number increments from 84 to 100 RON.

B. Unleaded High Sensitivity Full-Boiling
Range (FBRSU) Reference Fuels

FBRSU fuels were prepared from three base blends (RMFD 335-81, RMFD 336-81,
and RMFD 337-81) in two octane number increments from 78 to 84 RON, and in
one octane number increments from 84 to 101 RON.

V. TEST TECHNIQUE

Octane requirements were determined according to procedures outlined in the
CRC E-15-81 technique (Appendix C, Attachment 1). Incidence of knock on tank
fuel was not investigated, and octane requirements over the speed range on
Primary Reference (PR) fuels were not determined in this program. Vehicle
testing was conducted in the following sequence:

1. Octane requirements of all seventy-six cars were determined
in Denver, Colorado.

2. After requirements were determined in Denver, all cars were
transported by truck to Los Angeles, California.

3. Octane requirements were determined in Los Angeles.

VI. TEST FACILITIES

The sea-level portion of the program was based at the Union Oil Research Center
in Brea, California; and vehicle tests were conducted on Santa Ana Canyon Road
in Anaheim, California, at an elevation of 325'feet.

The high-altitude tests were conducted in Denver, Colorado, at an elevation of
5,280 feet. Vehicle tests were run on Smith Road, which was used for the 1977
program; and the General Motors Vehicle Emissions Test Facility was used as
the base of operations.

'= , I I II I l ' ' " ' ,, '
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VII. WEATHER CONDITIONS

Ambient weather conditions were recorded for each octane rating. The range
and mean values of barometric pressure, absolute humidity, and ambient tem-
perature for each car group are listed in Appendix E, Tables E-I, E-Il, and
E-III, respectively. A summary of these data for all cars is as follows:

Barometric Pressure, in.Hg

High Low Mean

Los Angeles(I) 29.73 29.42 29.65
Denver(2) 24.80 24.53 24.68

Absolute Humidity
_grains H20/lb Dry Air

High Low Mean

Los Angeles 92 26 68
Denver 96 52 76

Ambient Temperature, OF

High Low Mean

Los Angeles 110 68 88
Denver 95 68 80

VIII. DISCUSSION OF RESULTS

A. General

Octane number requirements of individual cars determined in Los Angeles
and in Denver are tabulated in Appendix F. For analysis, the test-car
fleet was subdivided into seven groups of ten similar cars each. Each
group of cars represented a specific vehicle and/or engine design. An
eighth group of six cars was analyzed, and is treated separately.

(1) 325 feet above sea level.

(2) 5,280 feet above sea level.
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Because temperature and humidity varied widely between Los Angeles and
Denver, all raw data were corrected to standard conditions of 70°F and
50 grains of humidity. Octane number requirements (ONR) were corrected
by the following formula:

Corrected ONR = ONR measured + 0.054 (70 - T)
- 0.035 (50 - H)

Where T and H are the temperature (OF) and hurric_..-r
observed when the octane requirement was measure .

Temperature and humidity coefficients, 0.054 ON/°F an( S.C32 DN,'gr -2,
were adopted from Section A.1.3.6 of the 1981 ASTM D 429 Automctive Gaso-
line Specifications. ONR values of 1981 cars were not corrected for
variations in barometric pressure because:

(1) the variation in barometric pressure in both Los Angeles
and Denver during the 1981 program was small (: 0.3 inches
Hg); and

(2) the difference between the average barometric pressure in
Los Angeles and Denver approximated the standard atmospheric
pressure lapse rate; i.e., 1.0 inch Hg per 1,000 feet of al-
titude.

Both uncorrected and corrected octane requirements of individual cars
are summarized in Appendix G.

B. Octane Number Requirements in Los Angeles vs.

Octane Number Requirements in Denver

1. Car Groups 1-7

Individual car group raw and weather-corrected data were averaged
for both Los Angeles and Denver. The data are summarized for maxi-
mum and 50th percentile acceleration technique requirements with
FBRU fuel (Tables I and II) and for maximum requirements with FBRSU
fuel (Table III). In addition to the individual car groups, averages
for compensated cars (barometrically compensated spark timing - Groups
2 and 4) and non-compensated cars (Groups 1, 3, 5, 6, and 7) are also
shown.

Using the FBRU maximum requirement data, the mean octane requirement
for non-compensated cars was 8.2 RON (7.3 RON weather-corrected)
higher in Los Angeles than in Denver, while the compensated cars
only differed by an average of 3.2 RON (2.5 RON weather-corrected).



-7-

Except as noted, all octane requirement differences were statisti-
cally significant at the 95 percent confidence level. The lesser
change in octane requirements for the compensated cars is illustrated
in Figure 1 for maximum and 50th percentile acceleration technique
requirement conditions. This figure also shows that the change at-
tributable to altitude is approximately the same, independent of
driving condition or sensitivity of the fuel. The weather-corrected
data are shown in Figure 2.

Car-to-car variations within individual car groups for FBRU maximum
requirements are illustrated in Figures 3 and 4. The data ranged
from 2 RON (Group 4 - Denver) to 16 RON (Group 7 - Denver). Although
octane requirements vary widely within some car groups, the effect of
altitude can be ascertained because individual cars were rated in both
Los Angeles and Denver. The differences in mean octane requirements
for each car group (Los Angeles versus Denver) are statistically sig-
nificant at the 95 percent confidence level.

2. Car Group 8

In addition to the seven groups of ten cars each, another group of
six cars was tested. All six cars had the same basic engine with
barometrically compensated spark timing. Three of these cars had
ESC systems with knock sensors (Group 8B), and the other three
(Group 8A) did not. Octane requirements with FBRU fuels are listed
in Tables IV and V, and with FBRSU fuels in Table VI.

For the cars with knock sensors, the minimum, maximum, and E-15
octane requirements (described in Appendix C, Attachment 1) at
Los Angeles are compared with those at Denver in Figure 5. The
increase in altitude reduced average octane requirements approxi-
mately 2 to 4 RON on a raw-data basis, and 2 to 5 RON on a weather-
corrected basis. These reductions are similar to those shown in
Figures 1 and 2 for compensated cars.

For the companion cars without knock sensors, the E-15 octane re-
quirements at Los Angeles are compared with those at Denver in
Figure 6. The increase in altitude reduced average octane require-
ments approximately 8 to 9 RON on a raw-data basis, and 7 to 8 RON
on a weather-corrected basis. These reductions were much larger
than those observed with the knock sensor cars (Figure 5) or the
other compensated cars (Figures 1 and 2). In fact, the reductions
were similar to those for the non-compensated cars shown in Figures
1 and 2. Because these cars were equipped with barometrically com-
pensated spark timing, this anomalous behavior was not expected and
cannot be explained from these data.

The variations in FBRU requirements (E-15) within car groups 8A and
8B are shown in Figures 3 and 4. The cars with knock sensors (Group
8B) had requirements which varied 6 RON in Los Angeles and 10 RON
in Denver. The differences in the means were not significant at
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the 95 percent confidence level. Similarly, the cars without knock
sensors (Group 8A) had requirements which varied 6 RON in Los Angeles
and 1 RON in Denver, and the differences in the means were signifi-
cant at the 95 percent confidence level.

C. Distribution of Differences in Octane Number
Requirements for Cars Tested at Los Angeles and Denver

The distribution of differences for the raw data are shown in Figures
7 through 13. The differences were determined by subtracting the octane
requirements measured at Denver from those measured at Los Angeles for
each individual car. The mean and standard deviation were determined
for the differences in each car group.

The mean was plotted at the 50th percentile, and the mean plus the stan-
dard deviation was plotted at the 84th percentile. Using this procedure,
a line drawn through these two points assumes a normal distribution.

Each plot contains three lines: maximum requirement for FBRU and FBRSU
fuels, ard the 50th percentile acceleration technique requirement on
FBRU fuels.

Data are not shown for car groups 8A and 8B because of the small sample
sizes (only three cars per group), which precludes drawing mean ngful
distribution curves.

D. Comparison of 1981 CRC Altitude Program
With Previous Altitude Studies

Results from previous altitude programs are summarized in Table VII.
All data are expressed as the change in ONR per 1,000 feet change in
altitude (LONR/I,O00 feet). Since data from previous programs were
not weather-corrected, only the raw data from the 1981 cars are listed
in Table VII so valid comparisons can be made among the various pro-
grams.

The AONR/I,000 feet for non-compensated 1981 model cars is 1.7 RON, or
about the average ONR charge observed in cars tested in two previous
CRC programs. The AONR/I,O00 feet for 1977 cars and 1971-1972 cars
was 1.1 RON and 1.9 RON, respectively. The AONR/I,O00 feet for com-
pensated cars, however, is only 0.6 RON, or about one-third to one-
half the change observed in the two previous programs and with the
non-compensated cars in the 1981 program.
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TABLE I

FBRU MAXIMUM REQUIREMENTS

CAR GROUPS 1-7

Raw Data Weather-Corrected Data

Group LA Denver Difference LA Denver Difference

------------------------RO*---------------------------

1 88.7 81.5 7.2 88.2 81.9 6.3
2 90.6 87.6 3.0 90.4 87.8 2.6
3 88.9 80.2 8.7 87.7 80.8 6.9
4 94.1 90.7 3.4 93.5 91.1 2.4
5 92.7 83.5 9.2 92.0 84.4 7.6
6 93.2 84.2 9.0 93.4 84.7 8.7
7 94.7 87.6 7.1 94.8 87.5 7.3

Avg, All Cars 91.8 85.1 6.7 91.4 85.5 6.0
Avg, Compensated

Cars (2 & 4) 92.4 89.2 3.2 92.0 89.5 2.5
Avg, Non-

Compensated Cars 91.6 83.4 8.2 91.2 83.9 7.3(1,3,5,6, & 7)

--------------------- (RON + MON2" -----------------------

1 85.3 79.6 5.7 84.9 80.0 4.9
2 86.7 84.4 2.3 86.6 84.5 2.1
3 85.4 78.6 6.8 84.5 79.1 5.4
4 89.6 86.9 2.7 89.1 87.2 1.9
5 88.5 81.2 7.3 87.9 81.9 6.0
6 88.9 81.7 7.2 89.1 82.1 7.0
7 90.1 84.4 5.7 90.2 84.3 5.9

Avg, All Cars 87.8 82.4 5.4 87.5 82.7 4.8
Avg, Compensated

Cars (2 & 4) 88.2 85.7 2.5 87.9 85.9 2.0
Avg, Non-

Compensated Cars 87.6 81.1 6.5 87.3 81.5 5.8
(1,3,5,6, & 7)

* RON = Research Octane Number

MON - Motor Octane Number
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FBRU 50TH PERCENTILE ACCELERATION TECHNIQUE REQUIREMENTS

CAR GROUPS 1-7

Raw Data Weather-Corrected Data

Group LA Denver Difference LA Denver Difference

-------------------------------------------- RON -------------------------

1 88.2 79.7 8.5 87.8 80.1 7.7
2 90.0 87.0 3.0 89.8 87.2 2.5
3 88.5 79.7 8.8 87.3 80.3 7.0
4 92.8 90.5 2.3 92.2 90.8 1.4
5 92.9 82.8 10.1 92.1 83.7 8.4
6 93.4 84.4 9.0 93.5 84.9 8.6
7 94.6 87.3 7.3 94.7 87.2 7.5

Avg , All Cars 91.5 84.5 7.0 91.1 84.9 6.2
Avg , Compensated

Cars (2 & 4) 91.4 88.8 2.6 91.0 89.0 2.0
Avg , Non-

Compensated Cars 91.5 82.8 8.7 91.1 83.2 7.9
(1,3,5,6, & 7)

-------------------------------------- (RON + MON)/2 ----------------------

1 84.9 78.2 6.7 84.6 78.5 6.1
2 86.3 83.9 2.4 86.1 84.1 2.0
3 85.1 78.2 6.9 84.2 78.7 5.5
4 88.6 86.7 1.9 88.1 86.9 1.2
5 88.7 80.7 8.0 88.0 81.4 6.6
6 89.1 81.9 7.2 89.1 82.3 6.8
7 90.0 84.2 5.8 90.1 84.1 5.9

Avg , All Cars 87.5 82.0 5.5 87.2 82.3 4.9
Avg , Compensated

Cars (2 & 4) 87.4 85.3 2.1 87.1 85.5 1.6
Avg , Non-

Compensated Cars 87.6 80.6 7.0 87.2 81.0 6.2
(1,3,5,6, & 7)
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TABLE III

FBRSU MAXIMUM REQUIREMENTS

CAR GROUPS 1-7

Raw Data Weather-Corrected Data

Group LA Denver Difference LA Denver Difference

------------ --------------------------- RON----------------------------

1 89.9 82.6 7.3 89.5 83.0 6.5
2 92.4 89.2 3.2 92.2 89.4 2.8
3 90.1 82.0 8.1 88.9 82.6 6.3
4 95.2 91.9 3.3 94.6 92.2 2.4
5 93.5 84.9 8.6 92.7 85.8 6.9
6 94.3 85.8 8.5 94.5 86.3 8.2
7 95.8 88.5 7.3 95.9 88.4 7.5

Avg, All Cars 93.0 86.4 6.6 92.6 86.8 5.8
Avg , Compensated

Cars (2 & 4) 93.8 90.6 3.2 93.4 90.8 2.6
Avg , Non-

Compensated Cars 92.7 84.8 7.9 92.3 85.2 7.1
(1,3,5,6, & 7)

--------------------------------------- (RON + MON)/2------------------------

1 85.3 79.1 6.2 85.0 79.4 5.6
2 87.4 84.7 2.7 87.2 84.9 2.3
3 85.4 78.6 6.8 84.4 79.1 5.3

4 89.8 87.0 2.8 89.2 87.2 2.0

5 88.3 81.0 7.3 87.6 81.8 5.8
6 89.0 81.8 7.2 89.2 82.3 6.9
7 90.3 84.1 6.2 90.4 84.0 6.4

Avg , All1 Cars 87.9 82.3 5.6 87.6 82.7 4.9
Avg , Compensated

Cars (2 & 4) 88.6 85.8 2.8 88.2 86.0 2.2

Avg , Non-
Compensated Cars 87.7 80.9 6.8 87.3 81.3 6.0
(1,3,5,6, & 7)



TABLE IV

FBRU REQUIREMENTS

CAR GROUPS 8A AND 8B

Raw Data Weather- Corrected Data
GupLA Denver Difference LA Denver Difference

-------- --------------------------- N---- -----------------------

8A (E-15) 90.7 81.7 9.0 90.2 82.1 8,1

8B (E-15) 96.3 93.0 3.3 96.8 93.1 3.7

88 (Minimum) 87.3 83.3 4.0 87.8 83.4 4.4

8B (Maximum) 98.3 94.7 3.7 98.8 94.7 4.0

---------- --------------------- (RON + MON)/2 --------------------

8A (E-15) 86.9 79.6 7.3 86.5 80.1 6.4

8B (E-15) 91.3 88.7 2.6 91.7 88.8 2.9

88 (Minimum) 84.2 81.0 3.2 84.6 81.1 3.5

8B (Maximum) 93.0 90.1 2.9 93.7 90.0 3.7
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TABLE V

FBRU 50TH PERCENTILE ACCELERATION TECHNIQUE REQUIREMENTS

CAR GROUPS 8A AND 8B

Raw Data Weather-Corrected Data

Group LA Denver Difference LA Denver Difference

-------------------------- RON-----------------------

8A (E-15) 89.2 81.0 8.2 88.7 81.4 7.3

8B (E-15) 96.0 93.0 3.0 96.4 93.1 3.4

8B (Minimum) 87.0 82.7 4.3 87.4 82.7 4.7

8B (Maximum) 97.7 96.0 1.7 98.1 96.1 2.0

-------------------- (RON MON)/2 ----------------------

8A (E-15) 85.8 79.0 6.8 85.4 79.4 6.0

8B (E-15) 91.0 88.7 2.3 91.4 88.8 2.0

8B (Minimum) 84.0 80.5 3.5 84.3 80.5 3.8

8B (Maximum) 92.5 91.0 1.5 92.8 91.1 1.7
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TABLE VI

FBRSU REQUIREMENTS

CAR GROUPS 8A AND 8B

Raw Data Weather-Corrected Data

Group LA Denver Difference LA Denver Difference

----------------------- RON ------------------------

8A (E-15) 93.3 84.3 9.0 92.9 84.8 8.1

8B (E-15) 97.0 95.0 2.0 97.4 95.1 2.4

8B (Minimum) 86.3 84.0 2.3 86.8 84.1 2.7

8B (Maximum) 99.7 97.0 2.7 100.1 97.1 3.0

------------- (RON + MON)/2------------------

8A (E-15) 88.1 80.6 7.5 87.8 81.0 6.8

8B (E-15) 91.3 89.6 1.7 91.6 89.7 1.9

8B (Minimum) 82.3 80.3 2.0 82.7 80.4 2.3

8B (Maximum) 93.6 91.3 2.3 93.9 91.4 2.5
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TABLE VII

COMPARISON OF RESULTS FROM 1981 CRC ALTITUDE PROGRAM
WITH THOSE FROM PREVIOUS ALTITUDE PROGRAMS (RAW DATA)

Re f* Cars Reference AONR/
Source No. No. Model Year Fuel 1,000 Ft, RON

Ethyl 1 5 1949 FBR & PR 2.4

Exxon 2 3 1954-1955 PR 2.8

Amoco 3 8 1961 FBR 1.2

Chevron & Ethyl 4 8 1965 FBR & PR 1.5

1972 CRC 5 6 1967-1970 AU-8 1.2
Altitude Program 6 1967-1970 PR 1.2

39 1971-1972 AU-8 1.9
39 1971-1972 PR 1.7

1977 CRC 6 24 1977 FBRU 1.1
Altitude Program 1977 PR 1.0

RON (R+M)/2

1981 CRC 50 1981 NC FBRU Max. 1.7 1.3
Altitude Program 1981 NC +FBRU 50% 1.8 1.4

1981 NC FBRSU Max. 1.6 1.4

20 1981 C FBRU Max. 0.6 0.5
1981 C +FBRU 50% 0.5 0.4
1981 C FBRSU Max. 0.6 0.6

NC = Non-Compensated
C = Barometric Pressure Compensated Spark Timing

*References listed on page 11 of this report.

+50th Percentile Acceleration Technique

-- - .. rla.i.a
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PARTI CIPANTS

Amoco Research Center
Naperville, Illinois

Chevron Research Company
Richmond, California

Exxon Research and Engineering Company
Linden, New Jersey

Ford Motor Company
Dearborn, Michigan

General Motors Research Laboratories
Warren, Michigan

Gulf Research and Development Company
Pittsburgh, Pennsylvania

Marathon Research Center
Denver, Colorado

Mobil Research and Development Corporation
Paulsboro, New Jersey

Shell Development Company
Houston, Texas

Standard Oil Company (Ohio)
Cleveland, Ohio

Union Oil Company of California
Brea, California

EQUIPMENT AND FACILITIES

General Motors Emission Test Facility

-- Garage facilities and base of operation
in Denver, Colorado

Union Oil Research Center

-- Garage facilities and base of operation
in Brea, California
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T. Wusz Union Oil Company of California
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1981 CRC Altitude Octane Requirement Program

Objectives

The purpose of this work is to determine the effect of altitude on octane require-
ments of 1981 cars, particularly those with electronic control of air-fuel mixture
and spark timing, and provide technical data for ASTM to consider for possible ad-
justment of the D-439 altitude octane specifications for gasoline.

Introduction

In 1977, CRC conducted an altitude octane program and found that octane requirements
of vehicles (even those with altitude compensation) decreased substantially at high
altitude compared to the requirements at sea level.

Many of the 1981 model cars will be equipped with electronic systems for controlling
air-fuel ratio and spark timing, and the use of these systems may become more common
in subsequent model years. In the past, octane requirements of engines have decreased
with increasing altitude primarily because of three factors: carburetor enrichment,
less vacuum spark advance (weaker vacuum signal), and reduced charge density with
decreasing barometric pressure. Accordingly, gasolines sold in high altitude loca-
tions may have lower octane quality than those sold at sea level. However, with
some of the 1981 cars, air-fuel mixtures at part-throttle are controlled near
stoichiometric regardless of altitude, and spark timing may be advanced as baro-
metric pressure decreases. Therefore, it is anticipated that octane requirements
of these vehicles may not decrease as much with increasing altitude as has been ob-
served with previous model cars.

This program is being proposed because both the oil companies and the automobile
manufacturers are interested in satisfying the octane requirements of 1981 and
future vehicles at high altitude locations as well as at sea level.

Test Location

High altitude tests would be conducted at Denver, Colorado, which has an elevation
of 5280 feet. A public road, which was used for tht 1977 program, would be used for
running the vehicle tests, and General Motors Emissions Test Facility would be used
as the base of operations.

The low altitude tests would be run in the Los Angeles, California, area (200 feet
altitude), and Union Oil Company Research Laboratories would be used as the base of
operations for this portion of the program.

Reference Fuels

Octane requirements at all altitudes will be measured using the FBRU and FBRSU series
of 1981 CRC unleaded full-boiling range fuels. Each fuel series will cover a range

j
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of approximately 77 to 102 Research octane numbers and will be crossblended from
three base fuels. Fuels for this program will be obtained from the same batch
as those used in the 1981 CRC Octane Number Requirement Survey. Primary reference
fuels will not be tested in this program, nor will ratings be determined on each
vehicle's tank fuel.

Design specifications for octane number, lead content, and hydrocarbon type for each
of the full-boiling range base fuels are shown in Table 1.

Cars

Eight models of 1981 cars have been selected, and ten cars of each model, except the
GM cars with the 4.1L V-6 engine, will be rented in the Denver area. General Motors
will provide six cars with the 4.1L V-6 engine for this program since none could be
found in Denver car rental fleets. All of the cars will have accumulated at least
6,000 miles and will be in good mechanical condition. The following models have been
selected:

Engine
Make Model Displ.-L Type Special Features

GM Citation, Phoenix, 2.5 L-4 CLAF, EST
Skylark, or Omega

GM Citation, Phoenix, 2.8 V-6 CLAF, EST
Skylark, or Omega

GM Cutlass or Regal 3.8 V-6 CLAF, EST, BARO

GM Electra, 98, or 4.1 V-6 CLAF, EST, BARO
Cadillac

Ford Mustang 2.3 L-4 CLAF

Ford Lincoln 5.0 V-8 CLAF (F.I.), EST, BARD

Chrysler Aries or Reliant 2.2 L-4 CLAF, EST

Toyota Corolla 1.8 L-4 CLAF

*Abbreviations: CLAF = closed loop air-fuel control

EST = electronic spark timing

BARO = spark advanced with decreasing
barometric pressure

Test Procedure

All tests will be conducted using the CRC E-15-81 test technique. Vehicle tests will
be performed in the following sequence:

1. Determine octane number requirements of all 76 cars at Denver (5280 feet).
Cars which have octane requirements less than the lowest reference fuel
will be rejected from the program, and additional cars with definable
requirements will be tested as replacements.
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2. Transport all 76 cars to Los Angeles, and determine octane number
requirements at 200 feet elevation.

It is anticipated that eight to ten cars will be tested each day, thus the time
required for on-site testing will be approximately two weeks in Denver and two
weeks in Los Angeles. This allows a few extra days for preparation, bad weather,
and scheduling problems.

Participation and Timing

Approximately 16 people will be needed to staff this program during the entire
four-week period of testing at both locations. Minimum personnel requirements
will be as follows:

5 rating crews (2 men each) = 10 total

2 mechanics

2 coordinators and data-handlers

2 fuel-handlers

The test program will begin in Denver on June 1, 1981.
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TECHNIQUE FOR DETERMINATION
OF OCTANE NUMBER REQUIREMENTS

OF LIGH -DUTY VEHICLES

(CRC DesignatLon E-15-81)

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 re-
quirements 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 Dre-
supposed to be moving at normal velocity. With this
definition, !he source of the normal flame front is im-material; it may be the result of surface ignition orspark ignition.

a. Spark Knock: A knock which is recurrent and

repeatable in terms of audibility. It is con-
trollable by the spark advance; advancing the
spark increases the knock intensity, and re-
tarding the spark reduces the intensity. This
definition does not include surface ignition
knock.

b. Surface Inition Knock: Knock which has been
preceded by a surface ignition. It is not con-
trollable 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
chat 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.

M06j
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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 in-
frequent (three or less) surface ignition knocks
regardless of intensity.

c. Above Borderline Knock: This means greater than
borderline spark knock, recurrent suface 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 nart-
throttle conditions which are defined below:

a. Maximum-Throttle: The throttle is depressed and held
at detent throughout the acceleration. This could be
in highest gear or passing gear for automatic trans-
missions. The detent manifold vacuum obtainable on a
given model is determined by the transmission charac-
teristics.

b. Part-Throttle: The throttle is depressed and regulated
throughout the acceleration to maintain a desired, con-
stant critical manifold vacuum in highest gear. Part-
throttle will constitute any throttle position above
detent vacuum up to the highest road load vacuum,

c. 50th Percentile: The throttle is depressed and regu-
lated to maintain an acceleration profile representative
of average customer driving patterns.

C. VEHICLE PREPARATION

'he 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-II8l. Ford emission calibration
numbers are to be recorded.



2. inspect all vacuum lines and air pump hoses for appropriate
connections. Also, check to see If PCV valve, distributor
vacuum delay valve, EGR valve, and heated inlet air mechan-
ism 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 spec-
ified on the under-hood decal.

S . Crankcase oil, radiator coolant, automatic transmission fluid,
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 con-
nected 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 plac-
ing 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. Discon-
nect fuel tank vent line at evaporation control system can-
ister. Instructions for fuel handling with fuel injection
systems are given in Appendix A.

9. For vehicles equipped with knock sensor systems, instrumen-
tation should be installed as described in Appendix B.

10. 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 oper-
ated at 55 mph (88 kph) in top gear with a minimum of
full-throttle operation.

b. During the warm-up period, the general mechanical con-
dition of the vehicle should be checked to insure sat-
isfactory and safe operation during test work.
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2. Fuel Chanze-Over

Caution: Because of the installation of catalytic deviceson these vehicles, permanent damage may result if the en-
gine 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 ruel injection sys-
tems are explained in Appendix A.

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 acceler-
ation before beginning Vehicle Rating Procedure.

3. Details of Observations

a. Operating Conditions

All octane number requirements will be determined under
level road acceleration conditions.

Manual Transmissions: Vehicles with 3- and 4-speed
transmissions shall be rated in highest gear. Vehicles
with 5-speed transmissions shall be rated in 4th gear.

Automatic Transmissions: Automatic transmissions shall
oe run in the highest gear possible.

Tests will be conducted on moderately dry days, prefer-
ably at ambient temperatures above 60OF (15.50 C). 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 con-
trol capabilities should target for 70OF (210C) air tem-
perature and 50 grains of water per pound (7.14 gm/kg)
of dry air whenever possible.

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

b. Order of Fuel Testin&

1. Tank 3. FBRU

2. FBRSU 4. Primary

c. Determination of Knock Intensit7

Octane requirements will be established by evaluating
the occurrence of knock in terms of knock intensity:
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"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 accelerations possible. As de-
fined below, the first two duplicating accelerations
are sufficient with "N" and "B" knock intensity.

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
testing continued with a higher octane number fuel in
that series. An exception will be made if "A" knock
is experienced on the highest octane tuel which knocks
in the enaime. In this case, it may be necessary to
run addi.tional accelerati ons to determine the speed of
maximum knock intensity. If "A" knock is experienced
at initiation of acceleration, as limited by trans-
mission 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 Octane Requirements and After-Run
Characteristics

Tests should be run to 60 mph (97 kph) unless required
to terminate at 55 mph (88 kph) because of legal speed
limits.

The procedure for knock sensor equipped-cars is shown
in Appendix B.

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 de-
tent position. Record both engine rpm and mani-
fold vacuum at the downshift point for each speed.
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The vehicle brakes may be applied lightly, if
necessary, to maintain vehicle speed. In ad-
dition, 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
C ear, accelerate at the detent position trom

ie minimum obtainable speed as determined in
(a)* up to 60 mph (97 mph). If transmission
downshifts, abort and start acceleration again.

c) For maximum-throttle recuirements in passing
gear for vehicles with automatic transmissions,
accelerate from 10 mph (16 kph) below the start-
ing 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 vac-
uum from minimum obtainable speed to 60 mph
(97 kph), or until vehicle ceases to accelerate.
To obtain critical part-throttle vacuum, oper-
ate 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 (in 3 to 5 seconds)
from the highest road load vacuum down to de-
tent manifold vacuum, or 1 inch Hg (3.4 KPa)
above the minimum vacuum at which converter
clutch engages. In this range, find a mani-
fold 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, except for vehicles with conver-
ter clutch transmissions.

* Starting speed for accelerations on manual transmission vehicles
should be the lowest speed from which the vehicle will accelerate
smoothly.

I ___
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f) For 50th oercentile requirements, follow the
driving cycle described in Modes 1 and 2 be-
low:

Mode 1: Idle 20 seconds. Make a 50th percen-
tile acceleration through the gears to 60 mph.
Decelerate to 55 mph and cruise for 0.5 mile.
Decelerate moderately to 30 mph.

Mode 2: Cruise at 30 mph for 0.2 mile. Make
a 50th percentile acceleration to 60 mph. De-
celerate to 55 mph and cruise for 0.5 mile.
Decelerate moderately to a stop.

Run the number of cycles necessary to be con-
sistent with the table on page 15. Complete
cycles (both modes) should be performed re-
gardless of the mode in which knock occurs.

The 50th percentile acceleration profile is
shown in Appendix C.

g) 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 ve-
hicle to a stop (foot off throttle) and place
automatic transmission vehicles in park posi-
tion, manual transmission vehicles in neutral.
Air conditioner must be turned off. Immedi-
ately 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 aboire instrument panel) with
floor mats in place.

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

Step 2 - If no knock occurs, go to a lower octane
number blend in that series and repeat
Step 1.

i
V
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Step 3 -If knock occurs at one or more of the oper-
ating conditions in Step 1, continue inves-
tigation 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). If knock occurs, continue inves-
tigation at critical vacuum until require-
ment is defined. Record maximum knock in-
tensity and critical manifold vacuum on all
fuels, and speed of maximum knock intensity
on highest octane fuel that knocks.

Step 5 -With FBUfe ny investigate for inci-
dence ot nk dkwith 50th percentile accel-
erations as described in 3d(l)(f). If knock
occurs, continue investigation using both
modes with higher octane blends until high-
est octane fuel giving knock is determined
within one octane number or one blend. If
no knock occurs, investigate for knock with
lower octane number fuels until the require-
ment is determined or the lowest octane num-
ber fuel has been used. Record maximum knock
intensity on all fuels, and mode, manifold
vacuum, and speed of maximum knock intensity
on highest octane fuel that knocks.

The rating procedure is given in arrow diagram form
on page 21.

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

Investigate for maximum-throttie and part-throttle knock
as detailed in Item 3d(l). Define maximum knock intensity
as per Item 3c. Record maximum knock intensity, speed of
maximum knock intensity, and manifold vacuum at each oper-
ating condition. Determine after-run characteristics as
described in Item 3d(l)(g).

f. Octane Number Requirement Over Speed Range

Octane requirements over the speed range will be obtained
on primary reference fuels only using throttle position
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for maximum requirements. These will be established by
recording the knock-in and knock-out points during maxi-
mum 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 de-
termined in 3d(l)(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 ac-
celerations 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.

E. ITNTERPRETATrON OF DATA

The data will be recorded on data sheet DFMF-li-1181. Octane re-
quirements for all reference fuels shall be determined as follows:

1. If the knock intensity of the highest fuel giving knock is bor-
derline, 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-11-1181 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 encoun-
tered. When transferring data to the summary report form DFMF-15-
111, record the higher among requirements under part-throttle and
maximum-throttle condition for all fuels, and the 50th percentile
requirement for FBRU fuel. Use proper letter designation (see foot-
notes on surmary 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

[.
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on work form DFMF-12-1181. 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-25-1181.

It is important that the vehicle identification number (VIN) of
each vetiicle tested be recorded on all data and summary sheets to
provide a means of cross-indexing.
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Attachment 2

ONR MEASUREMENT WITH KNOCK SENSOR
EQUIPPED VEHICLES - INSTRUMENT METHOD

The test method will define the limits of the vehicles ability to adapt to
varying fuel quality. This will be accomplished by observing the knock sensor
output as a function of spark retard. Also, the fuel quality for borderline
knock will be determined.

Prepare the vehicle according to Section C (Vehicle Preparation) and, in ad-
dition, install a spark retard indicator. Using an estimated non-knocking
fuel, accelerate as defined in B-3 and observe spark retard. Using lower
octane fuels, continue testing until the maximum octane requirement and
minimum octane requirement have been determined. The maximum requirement
is the fuel quality at which spark retard begins. The minimum requirement
is the fuel quality at which the spark retard reaches a maximum. (See
Figure)

30
,.-Minimun ONR

Spark
Retard 25

. 4.-Maximum ONR

0 100 go 80
Octane Number

Record knock intensity on all fuels for maximum and minimum octane in ac-
cordance with B-2. Also, determine the octane number of the fuel that gives
borderline knock using the accelerations defined in B-3. Record the degrees
of spark retard associated with the borderline knock.

Data should be recorded on data form DFMF-26-1181 and plotted on curve sheet
DFN-F-27-1181.

p8E G1 pAl BLMN-NM 1ILMD
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TABLE D-I

OCTANE NUMBERS AND COMPOSITIONS FOR 1981 FBRU FUELS

Volume Percent
RMFD RMFD RMFD

RON 332-81 333-81 334-81 MON SEN (R+M)/2

78 97.0 3.0 - 74.3 3.7 76.2

80 82.5 17.5 - 76.1 3.9 78.1

82 67.0 33.0 - 77.8 4.2 79.9

84 52.0 48.0 - 79.2 4.8 81.6

85 44.0 56.0 - 79.8 5.2 82.4

86 36.0 64.0 - 80.4 5.6 83.2

87 28.0 72.0 - 81.0 6.0 84.0

88 20.0 80.0 - 81.6 6.4 84.8

89 12.0 88.0 - 82.1 6.9 85.6

90 4.0 96.0 - 82.7 7.3 86.4

91 - 95.0 5.0 83.2 7.8 87.1

92 - 85.0 15.0 83.7 8.3 87.9

93 - 75.0 25.0 84.3 8.7 88.7

94 - 65.0 35.0 84.9 9.1 89.5

95 - 55.0 45.0 85.5 9.5 90.3

96 - 45.0 55.0 86.0 10.0 91.0

97 - 34.0 66.0 86.7 10.3 91.9

98 - 24.0 76.0 87.4 10.6 92.7

99 - 15.0 85.0 88.1 10.9 93.6

100 - 3.0 97.0 88.8 11.2 94.4
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TABLE D-II

OCTANE NUMBERS AND COMPOSITIONS FOR 1981 FBRSU FUELS

Volume Percent
RMFD RMFD RMFD

RON 335-81 336-81 337-81 MON SEN (R+M)/2

78 96.0 4.0 - 72.2 5.8 75.1

80 81.0 19.0 73.6 6.4 76.8

82 65.0 34.0 75.1 6.9 78.6

84 51.0 49.0 - 76.5 7.5 80.3

85 43.0 57.0 - 77.3 7.7 81.2

86 35.5 64.5 - 78.0 8.0 82.0

87 27.5 72.5 - 78.7 8.3 82.9

88 20.0 80.0 - 79.4 8.6 83.7

89 12.0 88.0 - 80.1 8.9 84.6

90 4.0 96.0 - 80.8 9.2 85.4

91 - 96.0 4.0 81.4 9.6 B6.2

92 - 87.5 12.5 82.1 9.9 87.1

93 - 79.0 21.0 82.8 10.2 87.9

94 - 70.0 30.0 83.4 10.6 88.7

95 - 61.0 39.0 84.1 10.9 89.6

96 - 52.0 48.0 84.8 11.2 90.4

97 - 42.5 57.5 85.5 11.5 91.3

98 - 33.0 67.0 86.2 11.8 92.1

99 - 22.5 77.5 86.9 12.1 93.0

100 - 10.0 90.0 87.6 12.4 93.8

101 - 100.0 88.3 12.7 94.7
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TABLE D-I1

INSPECTION DATA ON 1981 RMFD FUELS

Value for RMFD Fuel

Property 332 333 334 335 336 337

ASTM Distillation

IBP (-F) 97 97 91 101 99 103
10% 130 126 124 134 134 131
30% 160 167 173 174 170 179
50% 197 204 225 217 202 232
70% 235 232 247 266 237 268
90% 308 285 285 354 320 315
EP 383 377 347 412 406 390

API Gravity 66.9 62.2 53.1 62.8 58.1 53.5

RVP (psi) 8.4 9.0 9.0 7.3 7.6 8.2

Pb (g/gal) <0.003 <0.003 <0.003 <0.003 <0.003 <0.003

Oxidation
Stability (min) >1440 >1440 >1440 >1440 >1440 >1440

Hydrocarbon Composition
(Volume %)

Saturates (P+N) 77 74 53 51 65 52
Olefins 5 8 0 33 10 5
Aromatics 18 18 47 16 25 43

Research O.N. 77.4 90.7 100.4 77.8 90.7 101.5

Motor O.N. 73.6 82.9 89.1 71.4 80.8 88.4

Sensitivity 3.8 7.8 11.3 6.4 9.9 13.1
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TABLE D-IV

COMPOSITION DATA ON 1981 RMFD FUELS

Volume % in RMFD Fuel

Component 332 333 334 335 336 337

Mixed Xylenes 5.5 --- 7.4 --- 14.4

Nonyl Aromatics --- 2.2 7.4 --- 3.9 14.3

Heavy Platformate --- 8.4 34.6 8.7 12.2

Cydopentane --- 4.8 6.7 7.8 9.4

ASTM Isooctane 2.7 --- 14.8 --- 19.8

Soltrol 10 9.1 11.7 --- 9.7 ---

n-Butane 3.4 5.6 5.0 2.5 3.9 4.4

iso-Pentane --- 8.1 15.7 --- 4.9 13.3

Cat Cracked Gasoline 10.9 --- 74.9 --- 12.2

Housebrand Gasoline
Base Blend --- 28.5 --- 36.9 ---

Soltrol 50 --- 11.7 ---.......

Cyclohexane --- 12.1 --- --- 13.6

Refinery Platformate 27.7 2.1 --- 7.8 ---

iso-Hexanes 13.4 ---... .....

n-Pentane 13.7 2.5 8.4 8.6 ---.

n-Hexane 4.0 2.3 --- --- ---

ASTM n-Heptane 9.6 --- --- 14.2 2.8 ---
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OCTANE REQUIREMENT PROGRAM



E- 1

TABLE E-I

BAROMETRIC PRESSURE, In. Hg

Group High Low Mean

No. LA Denver LA Denver LA Denver

1 29.70 24.78 29.64 24.63 29.67 24.71

2 29.72 24.80 29.42 . 24.53 29.57 24.66

3 29.70 24.80 29.59 24.73 29.64 24.76

4 29.70 24.80 29.61 24.53 29.66 24.67

5 29.71 24.80 29.59 24.60 29.65 24.70

6 29.73 24.70 29.61 24.55 29.67 24.62

7 29.73 24.78 29.60 24.53 29.67 24.66

8 29.71 24.68 29.67 24.55 29.69 24.62

All Groups 29.73 24.80 29.42 24.53 29.65 24.68
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TABLE E-I

ABSOLUTE HUMIDITY

(Grains H20/lb Dry Air)

Group High Low Mean

No. LA Denver LA Denver LA Denver

1 82 96 56 52 69 74

2 92 91 50 59 71 75

3 85 82 26 66 56 74

4 85 96 26 59 56 78

5 86 96 36 65 61 81

6 85 84 70 68 78 76

7 85 89 66 59 76 74

8 92 83 64 60 78 72

All Groups 92 96 26 52 68 76

L
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TABLE E-III

AMBIENT TEMPERATURE, °F

Group High Low Mean

No. LA Denver LA Denver LA Denver

1 104 79 68 72 86 76

2 104 95 77 76 91 86

3 110 84 80 68 95 76

4 107 95 77 73 92 84

5 110 83 75 68 92 76

6 93 87 80 69 86 78

7 93 95 72 69 82 82

8 95 91 73 69 84 80

All Groups 110 95 68 68 88 80
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INDIVIDUAL CAR DATA
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APPENDIX G

SUMMARY OF INDIVIDUAL CAR DATA

(RAW DATA AND WEATHER-CORRECTED DATA)



G- 1

GkOUP 1

RAW DATA

I*t' _ .... LEUAX .. .. . . EL LL_ , ... .. ..E g U V X. .

OESV

_..LL LA.AA LLEh-i IEE Ls.A ULEB DIEE L-A- .EVER CIEE
10 67.5 b3.0 4._- 67.5 78.0 9.5 67.5 83.0 4.5
11 88.0 81.0 7.' 68.3 80.0 8.0 91.0 82.0 9.0
12 92.0 65.0 7.C 92.0 85.0 7.C 93.0 85.0 8.0
13 86.0 80.0 6.0 E4.0 7E.0 6.C 87.0 82.0 5.C
14 86.0 8C.0 6. 84.0 78.0 6.0 87.0 81.0 6.C
15 87.0 83.0 4.C C5.0 79.0 6.6 67.5 84.0 3.5
16 90.0 80.0 10.0 90.0 7E.0 12.0 91.0 80.0 11.0
17 95.0 82.0 13.C 96.0 84.0 12.0 96.0 84.0 12.0
13 90.0 E1.0 9.£ 90.5 79.0 11.5 92.0 83.C 9.0
19 65.0 80.0 5.0 E5.0 78.C 7.0 67.0 82.0 5.0

MEAN 86.7 61.5 7.2 88.2 79.7 8.5 89.9 82.6 7.3
STU DEV 3.1 1.7 2.6 3.9 2., 2.r 3.2 1.5 2.9

GROUP 1

WEATHER-CORKECTEC EATA

-...FLEU_...AX .. .. . .F E _ O ... . .E E U Z X. .
01 SV

_NQ, LA. L FE 121EE LAAa QELLIEE B1EE LA.A-. DEUVER LIEE
10 85.9 82.7 3.2 85.9 77.7 8.2 85.9 82.7 3.2
11 88.4 80.7 7.7 88.4 79.7 8.7 91.4 81.7 9.7
12 91.5 85.9 5.t 91.5 85.9 5.t 92.5 85.9 6.6
13 85.3 79.8 5.5 E3.3 77.e 5.5 86.3 81.8 4.5
14 86.9 80.3 6. 84.9 76.3 6.t, 87.9 81.3 6.6

15 86.5 E4.3 2.2 64.5 80.3 4.2 67.0 85.3 1.7
16 89.6 7,.7 9.9 89.6 77.7 11.9 90.6 79.7 10.9

17 94.1 E3.0 11.1 95.1 85.0 10.1 95.1 85.0 10.1
18 89.0 80.8 8.2 E9.5 78.8 10.7 91.0 82.8 8.2
19 84.3 80.9 3.4 E4.3 78.9 5.4 86.3 82.9 3.4

MEAN 68.2 C1.9 6.3 87.5 80.1 7., 89.5 83.C 6.4

S1D OEV 3.0 2.1 2.9 3.s 3.0 2.6 3.2 2.0 3.2

50th Percentile Acceleration Technique



G-2 lI_ _LIII E 3AM_-_.J IYE I LLS

GROUP 2

RAW DATA

CESV
_62A. LAIA.L t±. UEE LAL. L ER CIEE L . DE VEE DIEE
20 90.0 57.0 3.0 90.0 66.0 2.C 92.0 90.0 2.0
21 91.0 65.0 6.0 89.0 65.0 4.C 93.0 87.0 6.0
22 94.0 58.0 6.C 92.0 88.0 4.0 95.0 90.0 5.0
23 68.0 67.0 1.( 88.0 84.0 4.C 90.0 88.0 2.0
24 91.0 b6.0 3.0 91.0 8e.0 3.0 92.0 90.0 2.0
25 90.0 13.0 2.C 59.0 88.0 1.0 92.0 89.0 3.0
26 90.0 8t.0 4.C 90.0 86.0 4.0 91.0 88.0 3.C
27 E8.0 86.0 2.0 E7,3 85.0 2.0 89.0 88.0 1.0
23 91.0 89.0 2.C S11.0 87.0 4.C 93.0 89.5 3.5
2) 93.0 91.5 1.5 93.0 91.0 2.0 97.0 92.0 5.0

'EAN 90.6 57.6 3.1 90.0 87.0 3.0 92.4 89.2 3.3
STO DEV 1.9 1.8 1. 1.8 2.1 1.2 2.3 1.5 1.6

GROUP 2

WEATHER-CORRECTED ATA

OeSV
_L2. L±AA Li'_,i£i iEE L.L QEER DIEE LiL4 PEUEVR UIEE
20 90.4 67.3 3.1 90.4 88.3 2.1 92.4 90.3 2.1
21 9U.3 E5.6 q.7 66.3 85.6 2.7 92.3 87.b 4.7
22 93.7 8&.9 4.E 91.7 88.9 2.8 94.7 90.9 3.E
23 E8.4 88.0 0.4 868.4 85.0 3.4 90.4 89.0 1.4
24 90.1 87.7 ?. 90.1 87.7 2.4 91.1 89.7 1.4
25 e9.2 68.6 0.6 bb.2 88.6 -0.4 91.2 89.6 1.6
26 90.0 85.2 4.E 90.0 85.2 4.f 91.0 87.2 3.6
27 86.5 65.8 2.7 67.5 84.8 2.7 89.5 87.6 1.7
28 91.7 68.2 3.5 91.7 86.2 5.5 93.7 88.7 5.0
29 91.4 9.1 -0.7 91.4 91.6 -0.2 95.4 92.6 2.E

.EAN 90.4 E7.8 2.6 89.5 87.2 2.5 92.2 89.4 2.8
STU DEV 1o6 2.0 2.0 1.6 2.2 1.9 1.9 1.7 1.4

* 50th Percentile Acceleration Technique



G-3

GROUP 3

RAW DAT4

GBSV

2.LIL L.. LLLia DJEE L&&& L EtUMER LIEE L.LAL 2EUMLES UIEE
30 F7.0 79.0 8.0 E5.0 78.0 7.0 87.0 81.0 6.0
31 89.0 60.0 9.C 89.0 70.0 1l.C 91.0 81.C 10.0
32 86.0 79.0 7.0 85.0 79.0 6.0 89.0 81.0 8.0
33 88.0 80.0 8.0 89.0 80.0 9.0 90.0 82.0 8.0
34 89.0 60.0 9.C 88.0 80.0 8.0 90.0 82.0 8.0
35 89.0 80.0 9.C 88.0 80.0 8.C 90.0 82.0 8.0
36 90.0 80.0 10.0 90.0 76.0 12.C 92.0 80.0 12.0
37 89.0 E0.0 9.C 86.0 80.0 8.0 85.0 81.0 7.0
3E 86.0 80.0 8.0 &8.5 80.0 8.5 89.0 84.0 5.0
39 94.0 54.0 10.0 94.0 84.0 i0.0 95.0 86.0 9.0

EA 85.9 80.2 3.7 88.5 79.7 8.8 90.1 82.0 C.1
STD 0EV 2.1 1.4 0.9 2.5 1.5 1.L 2.2 1.8 2.0

GROUP 3

WEATHER-CORRECTED DATA

-LIL.. ELE a Y a EE L.... A E MES ...... DE EE LEE
30 87.0 79.2 7.8 E5.0 78.2 6.8 87.0 81.2 5.
31 86.2 60.4 5.L E6.2 78.4 7.8 88.2 81.4 6.6
32 85.0 79.7 5.. 64.0 79.7 4.3 88.0 81.7 6.3
33 86.9 80.7 6.2 E7.9 8C.7 7.2 88.9 82.7 6.2
34 88.2 80.7 7.5 87.2 80.7 6.5 89.2 82.7 6.5
35 87.3 60.7 6.6 E6.3 80.7 5.c 89.3 82.7 5.6
36 87.7 EO.7 7.c 67.7 76.7 9.0 89.7 80.7 9.0
37 86.2 60.2 6.0 E5.2 80.2 5.0 85.2 81.2 4.0
38 87.6 60.7 6.9 8.1 80.7 7.4 88.6 84.7 3.9
39 94.7 84.7 10.C 94.7 84.7 10.C 95.7 86.7 9.0

IIEAN 87.7 80.8 6.9 87.3 80.3 6.9 88.9 82.6 6.3
STD DEV 2.6 1.5 1.3 3.0 1.9 1.7 2.7 1.9 1.7

* 50th Percentile Acceleration Technique
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G-4

1ALU'iI P&LaAL! - LYEd ICL S

GROUP 4

RAW DATA

CbSV

40 94.0 91.5 2.t 92.5 91.0 1.5 94.0 92.5 1.
41 95.5 90.0 5.5 93.0 90.0 3.0 96.0 91.5 4.5
42 94.C 92.0 2.0 92.0 92.0 0.0 96.0 93.0 3.0
43 95.5 91.5 4.L 94.C 92.5 1.5 96.0 92.0 4.0
44 94.0 92.0 2.0 94.0 92.0 2.0 97.0 93.0 4.0
45 91.5 90.0 1.5 69.0 89.0 0.0 92.0 91.5 0.5
46 94.0 90.0 4C 92.0 90.0 2.0 94.0 91.0 3.0

47 94.5 90.0 q.5 94.0 89.0 5.0 97.0 92.0 5.0
48 94.0 9(.0 4.C 94.0 90.0 4.0 96.0 91.0 5.0
49 94.0 90.0 4,C 93.5 89.0 4.5 94.0 91.0 3.0

MEA 94.1 90.7 3.4 92.5 90.5 2.4 95.2 91.9 3.4
STO DEV 1.1 0.9 1.3 1.6 1.3 1.7 1.6 0.8 1.5

GROUP 4

WEATHER-CORKECTED {."A

_62A L.a. L-1: 1iEE L.L !EN.V.E& QIEE L.Aa DENVE LIEE
40 93.6 92.2 1.4 92.1 91.7 0.4 93.b 93.2 0.4
41 93.4 90.3 3.1 90.9 90.3 0,b 93.9 91.8 2.1
42 93.6 91.1 2.5 91.6 91.1 0.5 95.6 92.1 3.5
43 94.6 9C.7 3.9 93.1 91.7 1.4 95.1 91.2 3.9
44 94.0 92.2 1,8 94.0 92.2 1.,i 97.0 93.2 3.8
45 92.1 &9.5 2.3 89.6 88.8 0.8 92.6 91.3 1.3
46 94.3 90.7 3.6 92.3 90.7 1.6 94.3 91.7 2.6
47 94.1 91.2 2.9 93.6 90.2 3.4 96.6 93.2 3.4
48 93.6 91.3 2,3 93.6 91.3 2.3 95.6 92.3 3.3
49 91.2 90.7 0.5 90.7 89.7 1.0 91.2 91.7 -0.5

MEAN 93.5 91.1 2.4 92.2 90.8 1.3 94.6 92.2 2.3
STD CEV 1.0 0. 1.C 1.5 1.0 0.9 1.8 0.8 1.5

* 50th Percentile Acceleration Technique



-G-5

GROUP 5

RAW DATA

1-2sv
_L.L L.aL.- LEL S D .-EE LA ES LILE L-A, DE..ER DIEE
50 100.0 91.0 9.c 1O1.C 91.0 10.0 lO0.u 91.0 9.0

51 86.0 E1.0 7.C 68.0 60.0 b.0 87.5 82.0 5.5

52 94.0 81.0 13.C 94.0 81.0 13.0 94.0 84.0 10.0

53 88.0 E6.0 0.0 E7.5 83.0 4.5 90.0 88.0 2.0

54 94.0 65.0 91C 94.0 84.0 10.0 96.0 86.0 10.0

55 93.0 .80.0 13.C 94.0 80.0 14.0 95.0 82.0 13.C

56 89.0 80.0 9.0 69.0 80.0 9.0 90.0 84.0 6.0
57 90.0 82.0 14.0 9f.0 82.0 14.C 96.0 82.0 14.0

58 96.0 E7.3 II.C 99.0 86.0 li.C 99.0 89.0 10.0

59 &7.0 E0.0 7.C 86.C 79.0 7.0 87.0 81.0 6.0

MEA N 92.7 E3.5 9. 92.9 82.8 10.1 93.5 84.9 8.6

STC CEV 4.5 4.0 4.1 5.1 3.9 3.1 4.6 3. 3.7

GROUP 5

WEATHER-CORRECTED U.ATA

.... ELELAX... ... LLE -iQi-* .... ...- =BU X..

OSV
_L1U.U L±.A- rLjE 2I.EE LLA LE:.ES U1LE LL.L DENYES DIEE

50 100.9 S1.6 9.3 11.9 91.6 10.3 100.9 91.t 9.3

51 67.6 b1.7 5.9 E7.6 80.7 6.9 87.1 82.7 4,4

52 92.3 81.4 10.9 92.3 81.4 10.9 92.3 84.4 7.9

53 86.1 858. -2.7 E5,6 83.6 1.6 88.1 88.6 -0.7

54 94.3 6.3 6.C 94.3 85.3 9.0 96.3 87.3 9.0

55 91.3 60.9 10.4 92.3 80.9 11.4 93.3 82.9 10,4

56 88.9 6C. 89.1 86.9 60.8 8.1 89.9 84.8 5.1

57 94.4 E2.7 11.7 94.4 82.7 11.7 94.4 62.7 11.7

56 95.7 86.3 7.4 96.7 89.3 7.4 96.7 90.3 6.4
59 67.5 60.7 7.1 66.5 79.7 7.1 87.6 61.7 6.1

MEAN 92.0 64.4 7.6 92.1 83.7 6.4 92.7 85.8 6.9

STD DEV 4.5 q.1 4.1 5.0 4.0 3.' 4.5 3.5 3.6

* 50th Percentile Acceleration Technique

ILi



G-6 Z ALiL j E1 L .

GKOUP 6

RAW DATA

_NQ, LA,,. L iKL UIEE Lx&& DLNYEa L1£ LA.&L DLUXER DIEE
60 95,0 814.0 11.C S5.0 84.C 11.0 95.0 85.0 10.0
61 93.0 83.0 10.0 93.0 84.0 9.0 94.0 84.5 9.5
.2 92.0 E5.0 7.C 92.0 85.0 7.0 94.0 87.0 7.C
63 93.0 65.0 b.C 92.0 65.0 7.0 94.0 87.0 7.0
64 93.0 86.0 7.0 94.0 86.0 8.0 93.0 88.0 5.0
t5 94.0 F-.0 6.C S4.5 85.5 9.0 9b.0 88.5 7.5
66 93.0 82.0 11.0 93.0 84.0 9.0 93.0 84.0 9.C
67 90.0 83.0 7.C 90.0 83.0 7.C 94.0 85.0 9.0
C 95.0 E4.5 10. 95.0 84.5 10.5 96.0 86.0 10.0
t" 94,C t3.0 11.0 95.0 83.0 12.C. 94.0 83.0 11.0

PEAt 93. 2 .2 9.1 93.4 84.4 9.u 94.3 85.8 6.5
ST[) DEV 1.5 1.4 10F 1.7 1.0 1,e 1.1 1,8 1.6

GROUP 5

WEAThER-CORRECTED ;,TA

-E E"U al ----- 5

_0.1 L.&A.L LE.- DIEE LLA,, EvER 'llL E LLAA DENYLE UEE
60 95.3 04.t 10.7 95.3 84.6 10.7 95.3 85.6 9.7
61 93.4 82,9 10.5 93.4 83.9 9.5 94.4 84.4 10.0
62 91.9 65.3 b.6 91.9 85.3 6.6 93.9 87.3 6.6
63 93.0 E5.3 7.7 92.0 85.3 6.7 94.0 87.3 6.7
64 93.1 6.7 6.4 94.1 86.7 7.4 93.1 88.7 4.4
65 93.9 to.3 7.t 9A.4 85.8 8.6 95.9 88.6 7.1
66 93.0 P2.7 i0.3 93.0 84.7 8.3 93.0 84.7 8.3
L7 9C.0 63.5 b.;_ 90.0 63.5 6.5 94.0 F5.5 8.5
6.9 95.4 65.2 10.2 95.4 85.2 10.2 96.4 86.7 9.7
b9 94.3 63.7 10.6 95.3 83.7 11.6 94.3 83.7 10.6

ME.N 93.4 64.? 6.7 93.5 84.9 8.6 94.5 86.3 Co1
STOJ OLV 1.6 1.4 1.£ 1. 1.0 1.0 1.1 1.8 1.9

* 50th Percentile Acceleration Technique



G-7

GROUP 7

RAW DATA

L2O± LAA.L aEL-E LIEE LL"A LLEYEE a1LE L&A& DEE DIEE
70 92.0 E5.5 6.5 91.0 83.0 8.0 96.0 88.5 7.5
71 94.0 65.0 90. 92.0 83.0 11.0 97.0 86.5 10.5
72 99.0 96.0 3.C 99.0 96.0 3.C 99.0 96.0 3.0
73 91.0 E3.0 7.C 92.0 8.0 8.0 92.0 93.0 6.0
74 94.0 84.0 10.0 95.0 85.0 10.0 95.0 85.0 10.0
75 99.0 95.0 0.0 98.0 93.0 5.C 99.0 93.0 6.0

76 99.0 68.0 i1.0 99.0 88.0 11.0 99.0 88.0 11.0
77 98.0 90.0 8.0 98.0 91.0 7.0 98.0 91.0 7.0
73 94.0 90.0 4.0 94.0 90.0 4.0 94.0 90.0 4.0
79 87.0 80.0 7.C 86.0 80.0 6.C 89.0 83.0 6.C

MEAN 94.7 67.6 7.2 94.6 87.3 7.3 95.8 88.5 7.3
ST DE'V 4.1 4.8 2.q 4.2 5.1 2.h 3.4 4.1 2.7

GROUP 7

WEATHER-COPRFECTED UATA

...tL _A ..... BH5 .. E BLkAL....

-Q L.AA 5LtiEi DIEE LaAA 1EUES PUEE LA.L& PEUYEE UEE
70 92.0 8.4 5.t 91.0 83.9 7.2 96.0 89.4 6.6
71 95.0 84.2 10.E 95.0 82.2 12.8 98.0 85.7 12.3
72 98.7 95.1 3.6 98.7 95.1 3.6 98.7 95.1 3.6
73 90.4 83.2 7.2 91.4 83.2 8.2 91.4 83.2 6.2
74 94.0 83.6 10.. 95.0 84.6 10.4 95.0 84.6 10.
75 98.9 93.7 5.2 97.9 93.7 4.2 98.9 93.7 5.2
76 95.0 8L.3 10.7 99.0 88.3 10.7 99.0 6E.3 10.7
77 96.4 90.3 8.1 98.4 91.3 7.1 98.4 91.3 7.1
73 94.0 89.3 4.2 94.0 89.8 4.2 94.0 89.8 4.2
79 87.1 79.b 7.3 E6.1 79.8 6.3 89.1 82.8 6.3

MEAN 94.8 87.5 7.? 94.7 87.2 7.4 95.9 88.4 7.4
STD DEV 4.1 4.9 2.7 4s2 5.2 3.1 3.5 4.3 2.9

* 50th Percentile Acceleration Technique
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G-8

1981 CRC ALTITUDE PROGRAM - 1981 VEHICLES

GROUP 8A

(Cars Without Knocksensors)

RAW DATA

FBRU MAX FBRU 50%** FBRSU MAX
OBSV.
NO. LA Denver Diff. LA Denver Diff. LA Denver Diff.

1 94.0 81.0 13.0 91.5 80.0 11.5 94.0 82.0 12.0

2 88.0 82.0 6.0 88.0 82.0 6.0 92.0 85.0 7.0

5 90.0 82.0 8.0 88.0 81.0 7.0 94.0 86.0 8.0

MEAN 90.7 81.7 9.0 89.2 81.0 8.2 93.3 84.3 9.0

STD.DEV. 3.1 0.6 3.6 2.0 1.0 2.9 1.2 2.1 2.7

GROUP 8A

WEATHER-CORRECTED DATA

FBRU MAX FBRU 50%** FBRSU MAX
OBSV.
NO. LA Denver Diff. LA Denver Diff. LA Denver Diff.

1 93.8 81.7 12.1 91.3 80.7 10.6 93.8 82.7 11.1

2 87.1 82.7 4.4 87.1 82.7 4.4 91.1 85.7 5.4

5 89.7 81.9 7.8 87.7 80.9 6.8 93.7 85.9 7.8

MEAN 90.2 82.1 8.1* 88.7 81.4 7.3* 92.9 84.8 8.1

STD.DEV. 3.4 0.5 3.9 2.3 1.1 3.1 1.5 1.8 2.9

* Not statistically significant at the 95% confidence level.

** 50th Percentile Acceleration Technique.



r 7 1981 CRC ALTITUDE PROGRAM - 1981 VEHICLES

GROUP 8G-9

(Cars With Knocksensors)

RAW DATA

FBRU FBRU 50% PBRSU

OBSV.
NO. LA Denver Diff. LA Denver Diff. LA Denver Diff.

---------------------------- Minimum Octane Requirement ---------------------------

3 82.0 78.0 4.0 80.0 78.0' 2.0 80.0 80.0 0.0
4 86.0 82.0 4.0 85.0 78.0 7.0 86.0 84.0 2.0

6 94.0 90.0 4.0 96.0 92.0 4.0 93.0 88.0 5.0

MEAN 87.3 83.3 4.0 87.0 82.7 4.3" 86.3 84.0 2.3"'

STD.DEV. 6.1 6.1 0.0 8.2 8.1 2.5 6.5 4.0 2.5

---------------------------- Maximum Octane Requirement ----------------------------

3 95.0 89.0 6.0 93.0 89.0 4.0 97.0 91.0 6.0

4 100.0*" 100.0 0.0 100.0" 100.0 0.0 101.0"* 101.0
*  

0.0

6 100.0 95.0 5.0 100.0" 99.0 1.0 101.0 99.0 2.0

MEAN 98.3 94.7 3.7*"' 97.7 96.0 1.7"' 99.7 97.0 2.7"'"

STD.DEV. 2.9 5.5 3.2 4.0 6.1 2.1 2.3 5.3 3.1

----------------------- CRC E-15 Octane Reouirement ---------------------------

3 93.0 88.0 5.0 92.0 88.0 4.0 93.0 89.0 4.0

4 99.0 98.0 1.0 98.0 98.0 0.0 101.0" 101.0" 0.0

6 97.0 93.0 4.0 98.0 93.0 5.0 97.0 95.0 2.0

MEAN 96.3 93.0 3.3"- 96.0 93.0 3.0"' 97.0 95.0 2.0"'

STD.DEV. 3.1 5.0 2.1 3.S 5.0 2.7 4.0 6.0 2.0

GROUP 88

WEATHER- CORRECTED DATA

FBRU FBRU 50% rBRSU

OBSV.
NO. LA Denver Diff. LA Denver Diff. LA Denver Di f.

------------------------- Minimum Octane Requirement ----------------------------

3 81.9 77.2 4.7 79.9 77.2 2.7 79.9 79.2 0.7

4 87.3 82.3 5.0 86.3 78.3 8.0 87.3 84.3 3.0

6 94.1 90.7 3.4 96.1 92.7 3.4 93.1 88.7 4.4

MEAN 87.8 83.4 4.4 87.4 82.7 4.7"' 86.8 84.1 2.7"'

STD.DEV. 6.1 6.8 0.8 8.2 8.6 2.9 6.6 4.8 1.9

---------------------------- Maximum Octane Reauirement ---------------------------

3 94.9 88.2 6.7 92.9 88.2 4.7 96.9 90.2 6.7

4 101.3 100.3 1.3 101.3 100.3 1.0 102.3 101.3 1.C

6 100.1 95.7 4,4 100.1 99.7 0.4 101.1 99.7 1.4

MEAN 98.8 94.7 4.0"' 98.1 96.1 2.0"' 100.1 97.1 3. 0"'

STO.DEV. 3.4 6.1 2.9 4.5 6.8 2.3 2.8 5.0 3.2

----------------------------.CRC E-15 Octane Requirement -----------------------

1 3 92.9 87.2 5.7 91.9 87.2 4.7 92.9 88.2 4.7
4 100.3 98.3 2.0 99.3 98.3 1.0 102.3 101.3 1.0

6 97.1 93.7 3.4 98.1 93.7 4.4 97.1 95.7 1.4

MEAN 96.8 93.1 3,7"' 96.4 93.1 3.4"' 97.4 95.1 2.4"'

STD.OEV. 3.7 5.6 1.9 4.0 5.5 2.1 4.7 6.6 2.1

Requirement below lowest reference fuel, 78 RON assigned.

" Requirement above highest reference fuel, 100 RON FBRU or 101 RON FBRSU assigned.
Not statistically significant at the 951 confidence level.

* 50th Percentile Acceleration Technique.


