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Background

This test program was initiated in response to GM's request to investigate
a negative fuel economy offset between paired test results obtained at the
EPA MVEL and at GM's Milford Proving Grounds.

An analysis of the EPA-GM paired certification data did not suggest that
the reason for the fuel economy offset was attributable to a particular
test. site or component of the fuel economy measurement process.
Therefore, the structure of the ocorrelation program included tests on
multiple dynamometer and analyzer sites at EPA, measurements of

dynamometer torque and horsepower, volumetric fuel measurement, and COy
bottle crosschecks.

Program Design

Emission and fuel economy tests consisted of a series of three hot start
IA-4's on four dynamometers (three analyzer sites) at the EPA and one test
site at GM. Volumetric (metered) fuel consumption and wheel
torque/horsepower were measured for each dynamometer test at each
facility, thereby providing an accurate and direct method of assessing
dynamometer loading and vehicle fuel economy repeatibility. The COy gas
standards provided a direct check on the COp analyzer calibration
differences between test facilities.

The test vehicle was a GM "repeatable" vehicle, a 1984 Pontiac J-2000 with
throttle-body fuel injection. The same tank of Howell test fuel was used
for the first four tests at GM and EPA, and a second tank was used for the
remaining tests. A 15 minute, 50 mph steady state warm—up and the series
of three hot start ILA-4's served as the preconditioning for the following
day of testing.

- The actual sequence of dynamometer tests was:

June 17 three hot - start LA-4 tests at @M on test site No. 8

June 19 " " " " " " EPA on dynamometer 001
June 20 n 113 n n [1] n mA On n 003
June 21 n 11 n [1] " " EPA on L1} 005
Jlme 27 " " " n " 1] EPA On n 006
July 3 1] 11} (13 " " " . EPA On " 006

July 24 " " " " " "M on test site No. 8

Each three test series was run on a different day. All tests at the GM were
driven by the same GM driver and all tests at the EPA were driven by the same
EPA driver.

In addition to the LA-4 tests and COy cylinder analyses, a "wet" sample bag
from the test vehicle was generated and analyzed at GM and at three analyzer
sites at EPA.



Results

The following test results arnd observations were obtained from this
correlation program:

1. GM average carbon balance fuel economy was 2.2 percent lower than EPA
test results.

2. GM metered fuel ecornomy was 0.3 percent lower than EPA metered fuel
economy.

3. GM's average COp measurements were 0.3 percent higher than EPA's.
4. Dynamometer loading between facilities was similar.
5. The EPA site-to-site emission and fuel economy repeatibility was good.

6. The fuel economy measured with the new exhaust connector pipe was 0.8
percent lower than the results obtained with the o0ld connector pipe.

Discussion

Table 1 is a summary of the composite LA-4 emission and fuel economy data
obtained at the EPA and GM.

The test results labeled EPA DO06/2 were repeat tests run on dynamometer
DOOé after a possible exhaust leak was discovered after the first series
of tests. It was not possible to estimate the quantitative impact, if
any, of the leak and therefore these results were not removed from the
data base, although they are tabulated separately. The &M data were
combined because their tests were all run on the same dynamometer/analyzer
site, the same driver drove all six tests, and relatively little time
elapsed between the first and second set of GM tests.

Table A-l, in the Appendix, is the standard output format of the EPA
IABCOR program which calculates the mean, standard deviation, coefficient
of variation, and the percent difference between sample means. Percent
difference results are referenced to the mean of the tests in the first
row, which is the grand mean of all EPA tests.

C0» analysis is summarized in Table 2.
Emission and Fuel Economy Results

Figures A-1 - A-19 and Tables A-2 - A-4 of the Appendix present individual
phase (bag) 1 and 2 results, and composite results for emissions and fuel
economy. Fuel economy calculations are summarized for both metered and
carbon balance measurements., Dynamometer torque and - horsepower are
displayed as positive and negative totals as a function of test phase.
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Table 1

Emission and'Fﬁel Economy Results

Test Location N HC, g/mi €O, g/mi NOx, g/mi CO», g/mi FE, Mpg
EPA DOO1 3 x 0.043 1.32 0.52 311 28.3
s 0.002 0.08 0.03 1.7 0.2

EPA DOO3 3 x 0.048 1.48 0.51 313 28.2
s 0.002 0.15 0.02 2.5 0.2

EPA DOOS 3 x 0.048 1.49 0.53 315 27.9
' s 0.005 0.14 0.04 1.0 0.1

EPA DO06/1 3 x 0.059 1.74 0.52 312 28.2
x 0.005 0.23 0.03 3.0 0.3

EPA DO06/2 3 x 0.049 1.58 0.53 " 313 28.1
s 0.005 .16 0.02 1.0 0.1

GM Site 8 6 x 0.053 1.58 0.47 320 27..5
s 0.003 0.10 0.02 2.7 0.3
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Table 2
GM - EPA COy Analysis Correlation

EPA Gas Standards Master Site [1]

Cylinder No. Reference Type GM Conc, % EPA Conc, % % Difference
114381 Facility Master 1.474 1.472 0.14
40321 : " " 0.5663 0.5670 -0.12
667533 Working Master 1.497 1.494 0.20
A32°8 " " 1.242 1.240 0.16
277775 " " 0.9505 0.9493 0.13
A12955 " " 0.7495 0.7523 -0.37
A2225 " " 0.4999 0.5005 -0.12
MHO32 " " 0.3476 0.3472 ©0.12

EPA Test Site Analysis [2]

Cylinder No. GM Conc, ¥ AOOl Conc;% & Diff AO02 Conc,® % Diff AOO3 Conc,® $ Diff

114381 1.474 1.469 0.34 1.470 0.27 1.473 0.07
40321 0.5663 0.5654 0.16 0.5626 0.66 0.5641 0.39

Sample Bag CO» Results [3]

EPA Test Site &M Conc, $ FEPA Conc, $ % Difference
A001 12.38 12.45 - 0.6
AD02 12.38 12.42 - 0.3
A003 12.38 12.47 - 0.7

NOTE: [1] Analyses on the EPA Master Site were on Range 23, 0-2.5%
[2] Test Site analyses on 1I4381 were on Range 23, 0-2.5%
Test Site analyses on 40321 were on Range 22, 0-1%
[3] Bag generated at GM, analyzed at GM Test Site No. 8
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Figures A-1 - A-19 are GM "tri-plots". This method of data presentation
shows individual test values along the vertical leg of each triangle and
plots the mean of the data at' the intersection of the other two legs of
the triangle. All GM tri-plots display a plus and minus band around the
mean of all test results, as in Figures A-1 - A-3, or around the mean of
the first three LA-4 tests, as in Figures A4 - A-19. With the exception
of the + 3.0 percent bands around the carbon balance fuel economy means,
the band widths on Figures A-4 - A-19 are somewhat arbitrary and are based
on engineering Jjudgment and historical observations of actual emissions
data.

Several observations can be made by examining these data. The G and EPA
metered fuel consumption measurements showed good oorrelation, EPA fuel
economy averaged only 0.3 percent higher than GM. Carbon balance fuel
economy values were, however, further apart. EPA carbon balance fuel
economy averaged 2.2 percent higher than @M results.*

A comparison of Figures A-2 and A-3 shows that the difference between
carbon balance and metered fuel economy is larger for phase 2 than phase
1. This observation is consistent with many GM and EPA tests of vehicles
equipped with fuel meters arnd is currently being studied. An analysis of
the metered vs carbon balance results shows that the effect of changing to
a new style exhaust connector pipe (the old connectors were in place on
dynamometers DOOl, DOO3, and D005, and the new system was in place on
dynamometer DO06) was to reduce the difference between carbon balance and
volumetric measurements of fuel economy. The table below summarizes these
test results. Note that for purposes of this analysis, the first series
of tests on dynamometer DOO6 (tests with a possible exhaust leak) were not
used.

Average % Difference Between Carbon Balance and Volumetric Fuel Economy
: ' EPA Dynamometers

n DOO1 D003 . D005 D006
Bagl 3 2.3 1.1 1.5 1.6
Bag 2 3 3.8 3.2 3.2 2.0

Note: Values shown are percent differences in fuel economy based on:
((Carbon balance-metered)/(metered)) x 100%

HC and CO emission differences were not apparent and the NOy differences
between facilities shown in Figure A-12 are not thought to be
significant. The approximate -10 percent difference (EPA measuring higher
NOy) is 1likely due to a combination of driver, ambient conditions, and
sampling system differences between facilities during the correlation
program. '

* Although differences are usually expressed using EPA values as the base,
this report refers to a number .of GM documents which use their results as
the base.
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Figures A-14 - A-17 summarize the wheel torque data as a function of test
site. Positive torque differences (Figures A-14 and A-16) are not
significant, based on our in-house test experience with our Volvo REPCA,
which is also equipped with torque wheels. Negative torque differences
between tests at GM and EPA are shown on Figures A-15 and A-17. Although
the tests at GM show 2-4 percent higher negative torque, these difference
are not considered significant. Rather, they reflect differences between
the &M and EPA drivers and dynamometer frictional horsepower. Clearly,
the driver influence is much greater on the measurement of negative torque
than positive torque.

Measured distance is presented in Figures A-18 and A-19., Although the
first set of distance measurements on EPA dynamometer DO0O6 is clearly
higher than the other values, these results are still well within the EPA
QC limits for minimum and maximum allowable distance for bag 1 and bag 2.

Tables A-2 - A-4 are data summaries of composite and bag emissions and
fuel economy data (measured and carbon balance), torque, horsepower, and
distance results. All three tables express the percent difference as
(EPA-GM)/GM) x 100 where the reference condition is defined as the average
of the first three tests on GM site No. 8.

Analysis

Two GM facility master standards and six working master standards from
Milford were analyzed in the EPA gas standards laboratory. The two GM
master standards were then analyzed on EPA analyzer sites A0Ol, A002, and
A003.

The CO» analyses from EPA's gas laboratory showed excellent correlation
with GM. The average difference was +0.02 percent for all eight
cylinders, while the largest individual difference was -0.37 percent. Gas
analyses on sites AOOl-AOO3 showed an average difference of +0.32 percent,
with all six analyses being slightly positive. Although all readings on
sites 1-3 were positive, and thus contribute approximately -0.3 percent to
the fuel economy offset, this COy offset is well within the range of

" good ' inter-laboratory correlation. The gas analyses are summarized in

Table 2.

"Wet" sample bag checks are a diagnostic check used by @M to assess
intra-lab analyzer oorrelation at their laboratory. Wet sample and
background bags were generated at GM, analyzed on their site No. 8, and’
then transported to the EPA laboratory where the bags were read on EPA
analyzer sites A0O1-A0OO3 on June 17. A possible error in the analysis of
these bags resulted in deleting the data from further examination.
Another wet sample bag was generated and analyzed at GM, and analyzed .on
all three EPA light-duty analyzer sites. These results are shown in Table
2 and indicate good correlation for this type ‘of crosscheck.
Unfortunately, this bag was not reanalyzed by GM to check the COp change
as a function of time.



Summary

This program substantiated the 2-3 percent fuel economy offset which has
been observed from EPA-GM paired certification data since early 1985. The
fuel economy offset is not thought to be attributable to dJdynamometer
loading differences, CO, analysis, or ambient effects. Neither is the
offset problem confined to a single EPA dynamometer or analyzer site. The
results of this program show good EPA site-to-site repeatibility. The
change to a new exhaust oollection system did not eliminate the fuel
economy offset, although a reduction in the difference was observed.

Recommendatiohs for Future Work

1. Concentrate on the sampling system as a possible source of fuel
economy offsets between the facilities. This program isolated
possible dynamometer and (O, analysis differences and did not show
significant offsets in either area.

2. Monitor the effect of the EPA CVS plumbing changes on a site by site
basis to determine if this change has the ‘anticipated effect of
reducing EPA-Mfr paired data scatter, and reducing EPA measurements
of carbon balance fuel economy.
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TABLE A-1

PRJ: GM FE OFFSET LAB CORRELATION SUMMARY PROCESSED: AUG 13, 1985
TEST PROCEDURE: HOT  VIN: 2E61BD INERTIA WT: 2875 ACTUAL HP 6.3

CHA4 . HC CO NOX CO2 FE BAKRO SHUM NXFC €DT DB EVAP/AUXILLARY FIELD OPTION

| <~=m== ————— G/MI~=—~——= e > (MPG) ( IN-HG) (G/LB) | BAG DATA NOT USED |
MEAN 0.025 0.049 1.52 0.52 313. 28.1 29,01 49.6 0.893 0.0 75.3 0.0 0.0 0.0
STD. DEV. .0025 .0072 0.195 .025 2.2 0.2 0.09 2.72 0.010 0.0 0.73 0.0 0.0 0.0
C.V.% 9.9 14.6 12.8 4.8 0.7 0.7 0.32 5.5 1.1%4 0.0 1.0 0.0 0.0 0.0
MEAN 0.0 0.043 1.32 0.52 31). 28.3 20.90 %4.2 0.91% 0.0 75.2 0.0 6.0 0.0
STD. DEV. .0 .0015 0.07% .029 1.7 0.2 0.026 0.36 D.202 0.0 0.09 0.0 0.0 0.0
C.V.% 0.0 3.5 5.7 .6 0.6 0.6 0.09 0.7 0.180 0.0 U 0.0 0.0 u.u
DIFF. % 0.0 -12.2 -13.2 -0.6 -0.6 0.6 ~0.4 9.3 2.0 0.0 -0.1 0.0 0.0 0.0
MEAN 0.0 0.048 1.48 0.51 313. 28.2 79.00 46.7 0.883 0.0 76.4 0.0 0.0 0.0
STD. DEV. .0 .0087 0.145 015 2.5 0.2 0.0 0.36 0.002 0.0 0.17 0.0 0.0 0.0
C.V.% 0.0 18.3 9.8 UJ.0 0.8 0.7 0.0 0.8 0.186 0.0 0.2 0.0 0.0 u.0
DIFF. % 0.0 -3.4 -2.9 -2.6 -0.0 0.1 -0.0 -5.9y =-1.2 0.0 1.5 0.0 0.0 0.u
MEAN 0.0 0.048 1.49 0.53 31%. 27.9 29.00 48.9 0.89) 0.0 74.8 0.0 0.0 0.0
STD. DEV. .0 L0050 0.137 042 .0 0.1 0.0 0.28 0.007 0.0 0.15 0.0 0.0 0.0
C.V.% 0.0 10.6 9.2 7.9 0.3 0.2 0.0 0.6 0.148 0.0 0.2 0.0 0.0 0.0
DIFF. % 0.0 -3.4 -2.2 1.3 0.7 -0.7 -0.0 -i,4 -0.3 0.0 -0.7 0.0 0.0 0.0
MEAN 0.025 0.059 1.74 0.52 312. 28.2 20.16 49.4 0,893 0.0 74.5 0.0 0.0 0.0
STD, DEvV, .0025% .0047 0.229 ,025 3.0 0.3 0.0 1.34 0.005 0.0 0.26 0.0 0.0 0.0
C.V.% 9.9 6.0 13.2 4.8 1.0 1.1 0.0 2.7 0.567 0.0 0.3 0.0 0.0 0.0
DIFF. % 0.0 20.3 14,83 0.6 -0.2 0.1 0.5 ~0.3 ~-0.) 0.0 ~-1t.1 0.0 0.0 0.0
MEAN 0.0 0.049 1.58 0.53 313. 28.1 29.00 48.7 0.8Y0 0.0 75.7 u.0 0.0 0.u
STD. DEV. .0 .0050 0.164 .023 1.0 0.1 0.026 1,70 0.006 0.0 0.32 0.0 0.0 0.0
C.V.% 0.0 10.3 10.4 4.4 U.3 0.4 0L.UY 3.5 U0.718 0.0 0.4 0.0 v.0 0.0
DIFF. % 0.0 -1.a 4.9 1.3 0.1 -0,V -0.0 -1.8 -0.4 0.0 0.5 0.0 0.0 0.0
MEAN 0.0 U.053 1.58 0.47 320, 27.5 28.68 49.8 0. 494 0.0 76.9 0.v g.u 0.0
STD. DEV, .0 L00YH 0102 .08 2.7 0.3 0.14G 0,76 0.003 0.0 .20 0.0 0.0 0.0
C.V.% 0.0 5.2 6.4 3.9 0O/H 0.9 0.5 1.5 0.329 Q.0 0.3 0.0 0.0 . 0.0
DIFF. % 0.0 7.4 3.9 9.3 2.3 2.3 1.1 0.H 0.' 0.0 2.1 0.0 0.0 0.0

C.v.% IS THE COEFFICIENT OF VARIATION. ((STD. DEV./MEAN). +100) .

DIFF.% IS THE DIFFERENCE OF THE MFEANS BETWEEN THE MFR AND EPA LABS. (((MFR-EPA)/EPA) + 100).



EPA/M-VEL HOT START CORRELATION - SUMMER '8%

e PEATOTIC SR Table A2 .
SITE SEQND HC co NOXx £o2 CR/MPG  M/MPG PHSIMPG MPHSIMPG PHS2MPG  MPHS2MPG
8.000 1,000 0.055 1.630 0.450 323 .0 27.20 27.28 268.59 26.49 26.14 26.08
8.000 2.000 0.0%1 1.480 0.470 3230 27.20 27.23 28 .51 2049 26 .15 25.97
8.000 3.000 D.057 1670 0.490 3200 27.50 27.47 28.70 28.75 2642 26.19
MEAN 0.054 1.593 0.470 322.0 27 .30 27.33 26.60 26.58 26.24 26.08
STD . DEV. 0.003 8.100 0.020 1.732 0.473  .0.124 0.095 0.148 0.159 0.108
1.000 4.000 0.042 1.240 0.500 3130 28.10 27.54 29 .20 28.64 27.30 26.44
1.000 S.000 0.045% 1.390 0.500 3400 28.40 27 60 29 .70 28.97 27.30 26.24
1.000 6.000 0.043 1.330 0.550 310.0 28,490 27.57 29 .70 28.98 27.20 26.46
MEAN - 0.043 1.320 £.517 3150 28.30 27 .57 29.53 28.86 27.27 26.28
STD.DEV. 0.002 0.075 0.029 1.732 0.473 0.033 0.289 0.194 0.058 0.144
% DIFF -20.25  -17 4S 9.92 -3.416 3.663 0.889 3.263 1.004 3.926 0.766
3.000 7.000 0.038 1.330 0.520 315.0 28.00 27 .63 28.90 28 .84 27.40 2644
3.000 8.000 0.0S0 1.480 0.490 313.0 28.140 27 .49 29 .40 28.67 27.290 26 .34
3.000 9.000 0.0SS 1.620 0.510 310 .0 28,40 27.60 29.30 28.80 27.40 26.39
MEAN 0.048 1.477 8.507 312.7 2817 27.57 29 .10 28.76 27.23 26.38
STD.DEV, 0.009 ., 0.14% 0.015 2.547 n.208 0.071 0.200 0.077 0.453 0.068
% DIFF -i2.27  -7.322 7.804 -2.899 3,175 0.892 1.748 0.64% 3.799 1162
S.000 10.00 0.043 1.340 0.4R0 316.0 27.90 27.590 28.90 28.74 27.00 26.27
S.000 11.00 0:053 1.610 0.540 315.0 27.90 27.33 29.10 28.57 26.90 26.10
5.000 12 .00 0.047 1.510 0.560 314.0 28.00 27 .34 2940 28.5% 27.40 26.17
ME AN 0.048 i.487 0.527 315.0 27.93 27.40 29.03 28.62 27.00 26.18
STD.DEV. 0.00S 0.437 0.042 1.000 0.058 0.090 0.115 0.101 0.400 0.087
% DIFF -12.27  -b.69% 12,06 -2.174 2.320 0.265 1.515 0.152 2.909 0.390
6.000 1300 0.063 1.630 0.520 315.0 27.90 27.56 2870 2880 27 .30 26.32
6000 14.00 D054 1.580 0.500 309.0 28.50 27.56 29 .89 28.90 37.40 26.23
6.000 15.00 0061 2.000 .550 3120 28.40 27 .52 28.90 28.77 27.50 26.27
ME AN 0.059 1.737 0.523 312.0 28.17 27.55 2943 28.82 27.40 26.27
STD DRV, 0.00% 0.229 0.025 3.000 0.306 0.023 0.586 0. 066 0.100 0.047
% DIFF 9 202 8.996 11.35 -3.106 3,175 a.801 1. 865 D B64 4.434 0.746
6.000 16.00 0.044 - 1.540 0.540 354.0 28.00 27.73 29 .40 29 .44 26.80 26.35.
6.000 17.00°  0.048 1.440 0.500 313.0 28.10 27.72 29.50 29.00 26.90 26.45
6£.000 18.00 0.054 1.760 0.5490 312.0 28.20 27 .66 29.60 29.04 27.00 26.31
ME AN 0.049 1.580 0.527 313.0 28.10 27.74 29.50 29.04 26.90 26.37
STD.DEV. 0.005 0.164 p.023 1.000 0.100 0.039 0.100 0.064 0.100 0.070
% DIFF -10.43  -0.837 12.06 -2.795 2.9390 1.384 3.147 1,627 2.528 1.118
8.000 3400 0.0%50 1.600 0.480 317.0 27.70 27.78 29.32 29.20 26.38 26.36
8.000 - 35.00 0. 051 1.430 0.450 317.0 27.80 27.69 29 12 2906 26.58 26.33
B.000 36.00 0.054 L. 670 0.4%0 319.0 27.60 27.45 28.88 28.74 26. 41 26.17
HEAN 0.052  1.567 0.473 317.7  27.70  27.64 29 .41 _ 29.00 26.46 26.29
STD.DEV. 0.002 0423 .02, 1.45% 0.100 0.169 0.220 0.233 0.108 0.105

% DIFF ’ ~-4.908 -1.674 0.709 -1.346 1.46S 1.45¢% 1.772 1.476 0.839 0.796



EPA/M-VEL HOT START CORRELATION - SUMMER ‘8S

2E618D PONTIAC SUNBIRD Table A-3

SITE PHSIHC  PHSICO  PHSINOx PHSICO2 PHSZHC  PHS2CO0  PHS2NOx  PHS2CDR  RAROM HUMID TESTEMP
8.000 0.124 4.5%0 1.554 1108, 0.287 7.606 1.781 1297. 96.70 S0.45 77.00
8.000 0.137 4,912 £.566 11.09. 0.240 6.114 1.974 1300 96 .69 S0.49 77 .00
8.000 0.1S4 5.583 1.612 1100, 0.266 6.938 2.044 1285. 96 .63 50.17 77.00
MEAN 0.139 5.01% 1.577 1106, 0.264 6.853 5.933 1294 96 .67 50.37 77.00
STD.DEV. 0.0%6 0.524 0.031 5.173 0.024 0.746 0.136 7.900 0.038 0.474

1.000 0.120 4230 1.720 1083 . 0.200 5.060 2.000 1253, 97.87 54.00 75.40
1.000 0.130 4.530 1.760 1056 . 0.200 5.800 1.980 1247 . 97.87 54.00 75.20
1.000 0.430 4480 £.930 1052, 0.490-  5.350 2.130 1250. 97.87 5460 75.30
MEAN 0.127 4413 1.803 1064, 0.197 5.403 2.037 1250 97.87 5420 75.20
STD.DEV. 0.006 0.161 0.412 17.29 0.006 0.373 0.084 - 2.890 0.000 0.346 0.400
% DIFF -8.673  -12.00 14.33 -3.800 -25.60 -24.15 5.363 -3.408 1.238 7.604 -2.338
3.000 0.110 5.1.90 £.830 1084 . 0.170 4.750 2.070 1267 . 98.24 47 10 76 .50
3.000 0.160 5320 £.790 1076. 0.220 5.730 1.870 1254 98 .20 44 .40 76.50
3.000 0.190 6.060 1.970 1072, 0.220 6.030 1.800 1245, 98.20 46.60 76.20
MEAN 0.153 5.523 1.863 1077. 0.203 5.503 1.913 1255 . 98. 21 44 .70 76.40
STD.DEV. 0.040 0.469 . 0.095 6.233 0.029 0.669 0.140 11.30 0.023 0.361 0.473
% DIFF  10.31  10.14 18.43  -2.558 -23.08 -19.69 -4 047 -3.00% £.593  -7.286 -0.779
S.000 0.100 4.500 1.790 1088, 0.220 5.450 1.780 1260 98 .24 48 60 74 .60
S.000 - 0,560 S.140° 1.840 1077. 0.240 6.840 2.160 1267, 98.20 48.90 74.90
5.000 0.140 5.1400 1.930 1079. 0.210 6.170 2.240 1267, 98 .20 49 .10 74.80
MEAN 0.133 4.913 1.853 1081 0.223 6.153 2.060 1265. 98 .24 48 .87 74.77
STD.DEV. 0.031 0.359 0.07% 5.727 0.015 0.695 0.246 3.904 0.023 8.252 0.153
% DIFF -4.077 -2.027 17.50 . -2.207 -15.51 -40.21 6.570 -2.278 1.593 -2.985 -2.900
6. 000 0.220 6,120 1.840 1109. 0.260 6.130 2.000 1261 . 98 .78 S0. 60 74.680
6.000 0.140 4.9110 1.770 1067. 0.260 b.9250 1.980 12596 . ?0.75 49 .80 74 .40
6000 0.180 7.320 1.960 1107. 0.280 7.830 2.210 1259 7871 48. 00 74.30
ME AN 0.180 6.117 1.857 1094 0.267 6.970 2.090 1259 98.75 49 .47 74.50
STD.DEV. 0.040 1.20% 0.096 23.43 0.012 0.8%50 0.415 2.193 0.03% 1.332 0.265
%z DIFF 29 50 24.97 17.7% -1.022 0.8683 1.742 8.122 -2.734 2.145 -1.793 -3 247
6.000 0.140 5.160 2.010 1078, 0.220 6.360 2.020 1280 98.27 49 .90 75.90
6.000 0.140 4640 1.700 1068 . 0.220 6.080 2.020 1262, 96 .20 49 .50 75.80
&.000 0.570 6.270 1.900 1060. 0.230 6.790 2.120 1259 98.17 46.80 75.30
HEAN 0.140 5.357 1.870 1069 . n.223 6.410 2.053 1267 98 .24 a8 .73 75.67
STD.DEV. 0.030 0.933 0.457 9.127 0.006 0.358 0.058 11.02 0.051 i.686 0.321
% DIFF 0,749 6.813 18.5% -3.343 -45.51  -6.440 6.235  -2.402 1.593 -3.249  -4.732
8.000  0.140 S 002 - 1.523 1079. 0.260 6.934 2.027 1287, 97.62 48.98 77.00
8.000 0.139 4.992 1.563 1086, 0.2414 S.681 1.815 1278. 97 .60 ag.99 76.50
8.000 0.152 5.794 1.664 1096, 0.247 6642 1.998 1286. 97.56 49 .35 27.00
MEAN 0.134 5.263 1.583 1087. . 0.249_  6.419 ___1.947 __ 1284 97.59 _ 49. 11 _ 7(.83
STD.DEV. 0.022 0.460 0.073 B.320 0.040 0.656 0.4145 4.782 0.031 0.21414 0.289
% DIFF -3 837 4 6.378 0.707 -0.798 0.952 -2.508 -0.216

. 939 0.380 ~1.697 -5.675 -



EPA/H-VEL HOT START CORRELATION - SUHHER ‘as

: : " 2E61BD PONTIAC SUNRIRD Table A-4
STTE PHIPTORG PHINTORR PHRPTORA PH2NTORA PDS/Hpt NEG/Hpi POS/Hp2 NEG/Hp2 PHS1DIST PHSRDIST ROLL/Ft1 ROLL/F12
8.000 4269, 2154,  66B6.  3739.  2629.  889.7  2508.  1313.  3.596 3 .B6L 18786 20290
B.000 4332, 2126.  &743. 3785, 2675,  886.2 2529, 4130,  3.592  3.864 18772 20301
B.000  4330. 2433, 6732, 3759.  2689.  888.7  2527. 1444,  3.589  3.863 18757 20295
MEAN A310. 2136, &710.  3761.  2665.  8BB.2  RS49. 1149,  3.592  3.863 18772 20295
STD.DEV. 36.04  12.85  22.96  23.02  31.25  1.803 -9.805  9.535  0.004  0.002 1465  5.73S
1,000 aR6l. 2130, &SRR,  3697.  2697.  787.4  2S46. 4024,  3.587  3.878 18094 20462
£.000  azE2. 2008, 6570, 3730, 2741,  785.14  2%28. 4044,  3.562  3.869 18761 20431
L.000 4290,  20%9.  656%. 3682,  2699.  773.0 2503,  594.4  3.550  3.863 18692 20384
MEAN © ap78. 2092,  #S74.  3703.  2702.  781.8  PS26.  3009.  3.566  3.870 18782 20426
STD.DEV. 15.30  35.62  30.40  24.48  7.844  7.736  23.57  33.35  0.019  0.008  103.4 39 39
Z DIFF  -0.749 -2 064 -2.072 -1.532  1.424 -41.98  0.282 -9.870 -0.724  0.490  0.057  0.643
3.000 4284, 2090.  &738.  3682.  2706.  789.5  2604. 4020,  3.565  3.897 18752 20549
3.000  4385. 2132, 4748, 3735.  2783.  B04.A 2633, 4054,  3.S63  3.880 18733 20467
3.000 4389, 2142, 4745, 3693, 2788,  792.9 2598, 1029,  3.579  3.883 18815 20471
MEAN 4353, 2141, 6734. 3703, 2759.  795.6  2612.  1034.  3.569  3.887 18767 20495
STD.DEV. §9.42  24.31  16.92  27.65 45.72  7.808  48.49  17.36  0.009  0.009  43.44 45 30
Z DIFF  0.988 -1 .170  0.352 -1.524  3.542 -10.43  3.679 -7.S92  -0.650  0.630 -0.026  0.986
S.000  AR97. 2060, 6731 3623, 2747.  759.7 2593,  982.0  3.570  3.867 18784 20390
5.000 4404, 2085, &757. 3743, 2770, 7769  2610.  40i8.  3.S%8  I.879 18714 20449
S 000 4326, 2093, 6693, 3693 2750,  789.0 2602, 1024,  3.S67  3.899 18759 20557
MEAN 4342 R072.  6727. 3676, 2746  775.2 2602, 1008,  3.565  3.682 18751 . - 20465
STD.DEV. §5.22  48.00  31.77  47.08  26.95  14.72  B.402  22.77  0.007  0.046  37.34  B4.52
% DIFF  0.742  -2.999  0.253 -2.248  3.042 -1R2.77  3.286 ~9.977 ~0.7%2  0.492 -0.407  0.837
6.000  4RS4. 2326, 6650, 3730, R717.  B00.8 2586,  999.3  3.621  3.940 . 19113 20662
6.000 4338, 32105 6680,  36BA. 2774, B00.0 - D600, L0460, 3612 3.943 19062 20679
6.000 4359, 2417, 6723 3754. 2810, BiB.2 2650, 1040,  3.647  3.946 19252 20850
MEAN 4337, 2116,  668S.  3722.  2767.  806.3 P68, 1047.  3.6P7  3.923 19142 20730
STD.DEV. SG.64  10.41 3656  35.62  46.62  10.28  34.44  25.24 0048  D.020 9815 1041
% DIFF  0.457  ~0.95%  -0.379 -1.025  3.849 -9.217  3.692 -9.467  0.956  1.562  1.976 ~ 2.143
6.000 4255, 2106, 6616,  3609. 2703,  778.9  2564.  987.6  3.407  3.895 19010 20557
6.000 4249, 2092 6SS7. 3724, 2672,  789.4 2524, 4029,  3.575  3.B66  18A39 20404
6.000 4292 2174,  6597.  3675. 2720,  BOY.4 2540, 4021,  3.570  3.862 18817 20382
MEAN AP65. 2124, 6590. 3670, 2698,  792.6  2543. 4012,  3.584  3.B74  1BOBA 20448
STD.DEV. 23.09  43.99  30.48  S7.48  24.61  15.49  20.44  20.83  0.020  0.048  105.8  95.49
% DIFF  -1.044  -0.S90 -1.792 -2.426  4.264 -10.77  0.941 -9.543 -0.223  0.302  0.623  0.752
8.000  AR43.  2i79.  &S77.  3867.  2570.  900.2  2461.  1133.  3.594  3.865 18756 20286
8.000 4259, 2212 6605. 3791,  2627.  B92.5  2479.  1136.  3.595  3.B6i 18761 20253
B.000 4305, 2188, 6646, 3799 2666.  902.7 2500, 1139,  3.598  3.862 18796 20274
MEAN 4259, 2193,  6609. 3819, 2621, B898.5 2480, 1136 __ 3.596_  3.863 18771 __ 20271
STD.DEV. 45.90  16.86  34.52  44.94 47 9477 S.3i6 T 19.91 773 100 "7 0.002  0.002  21.73 T 16.65
0.093  0.000 -0.003 -0.419

% DIFF -1.182 2.645% -1.503 1.549 -1.639 1.156 -1.543 1.474
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