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Executive Summary

The purpose of this technical report is to provide the results of the analysis of acoustic data collected at
two hemi-anechoic chambers equipped with a chassis dynamometer for electric, hybrid, and internal
combustion engine vehicles and a comparison between sound pressure levels obtained from these
indoor measurements and outdoor testing. The analysis examines ambient noise, repeatability and
reproducibility of vehicle acoustic signals (measurements). This effort was conducted in support of the
goal to establish performance requirements for an alert sound that allows blind and other pedestrians to
reasonably detect a nearby electric or hybrid vehicle.'

Indoor test data were collected at General Motors Milford Proving Grounds (MPG) in Milford, Ml and
International Automotive Components (IAC) in Plymouth , MI. These indoor data were provided by
Transport Canada’. Outdoor test data were collected at the Transportation Research Center (TRC) in East
Liberty, OH and were provided by the National Highway Traffic Safety Administration’s (NHTSA) Vehicle
Research and Test Center (VRTC). " "On behalf of NHTSA, the U.S. Department of Transportation Volpe
Center analyzed the acoustic measurements.

The analysis included comparison of ambient noise at two indoor test facilities, measurement
repeatability (run-to-run at each of two indoor test facilities, measurement reproducibility (comparison
between two indoor test facilities), and measurement reproducibility (comparison indoor vs. outdoor)
for 10 kph, 20 kph, and 20 kph constant speed pass-by vehicle operations.

The vehicles included in this analysis include the 2012 Chevy Cruze, 2012 (2010) Nissan Leaf, 2012 Nissan
Versa, 2010 Tesla Roadster, 2012 Toyota Camry LE Hybrid, 2012 Toyota Camry LE ICE, and 2010 Ford
Fusion SEL. Vehicle make and model were consistent between indoor and outdoor testing® and the exact
same vehicles were used at both indoor test sites. With the exception of the Ford Fusion, all vehicles
were included in each of the four analyses. The Fusion was included in all but the repeatability analysis
for MPG and the indoor site reproducibility analysis.

Results in maximum A-weighted one-third octave band sound pressure levels are summarized as
follows:

e Repeatability, as measured by standard errors for each indoor site was good. The estimated
mean value is expected to be within 0.5 to 0.75 dB of the true mean, with 95 percent
confidence, depending on the one-third octave band being analyzed.

e Reproducibility of estimated means between the two indoor tests sites was about 2 dB on
average; however, individual measurements had significant variation resulting in a 95 percent
confidence interval range of +/- 2.5 dB to +/- 6.7 dB depending on the one-third octave band.

e Reproducibility between the two indoor test sites and the outdoor tests sites was poorer still
with a 95 percent confidence interval range of +/- 9.2 dB to +/- 9.8 dB depending on the one-
third octave band. Because the vehicles tested at the indoor test sites were only similar (same
make/model) but not identical, it is expected that this confidence interval would be reduced if
identical vehicles were tested.

! Indoor results from the 2012 Nissan Leaf were compared to outdoor results from the 2010 Nissan Leaf.



l. Introduction

Pedestrian Safety Enhancement Act of 2010 requires the National Highway Traffic Safety Administration
(NHTSA) to conduct a rulemaking to establish a Federal motor vehicle safety standard requiring an alert
sound for pedestrians to be emitted by electric and hybrid vehicles (EVs and HVs). The goal is to
establish performance requirements for an alert sound that allows blind and other pedestrians to
reasonably detect a nearby electric or hybrid vehicle. '

The technical report includes the analysis of acoustic data collected at two hemi-anechoic chambers
equipped with a chassis dynamometer. The analysis also includes a limited comparison of sound
pressure levels obtained from these indoor measurements and outdoor testing. Indoor test data were
provided by Transport Canada.” NHTSA’s Vehicle Research and Test Center (VRTC) and the
Transportation Research Center (TRC) provided outdoor test data for this analysis. " The U.S.
Department of Transportation Volpe Center, on behalf of NHTSA, analyzed acoustic measurements for
electric, hybrid, and internal combustion engine vehicles. The analysis examines ambient noise,

repeatability and reproducibility of vehicle acoustic signals (measurements).

1. Methods

Test Facilities

Acoustic data were collected at two indoor facilities and one outdoor site:

= Indoor: General Motors Milford Proving Grounds (MPG) / Milford, Ml
= Indoor: International Automotive Components (IAC) / Plymouth , Ml
= Qutdoor: Transportation Research Center (TRC) / East Liberty, OH

A description of the test facilities and measurement procedure has been documented in detail in the
referenced reports. *"

Data Analyses

The following analyses were completed:

1. Ambient noise (comparison at two indoor test facilities)

2. Measurement repeatability (run-to-run at each of two indoor test facilities)
3. Measurement reproducibility (comparison between two indoor test facilities)
4. Measurement reproducibility (comparison indoor vs. outdoor)

The following metrics were examined:

= Ambient Minimum, La¢min
0 Minimum A-weighted level using a fast time window?
0 Used for estimating ambient
= Operation Maximum, Lasmax
0 Maximum A-weighted level using a fast time window
0 Most consistent with SAE J2889-1 (May 2012)" for outdoor pass-by measurements

% Sound level meters have fast and slow time weighting options with time constants of 0.125 seconds (fast) and 1
second (slow). When set to fast, more detail is captured in the measurement.



The sound levels were analyzed for the following vehicle operations:

= 10 km/h constant speed pass-by
= 20 km/h constant speed pass-by
= 30 km/h constant speed pass-by

Test Vehicles

Table 1 describes the dataset available to support these analyses. Vehicle make and model were
consistent between indoor and outdoor testing and the exact same vehicles were used at both indoor
test sites. The outdoor testing results have been aggregated over several testing efforts and therefore
do not represent the exact same vehicles and are not necessarily from the same model year. For
example, a single 2012 Nissan Leaf was tested at MPG and IAC, however, a different Nissan Leaf (model
year 2010) was tested at TRC. With the exception of the Ford Fusion, all vehicles were included in each
of the four analyses. The Fusion was included in all but the repeatability analysis for MPG and the indoor
site reproducibility analysis.

Table 1. Vehicle Make, Model, Model Year, Test Location

ID Vehicle Make/Model/MY Indoor Test | Outdoor Test Support Analysis
Make Model MY® | MPG | IAC TRC H1 | #2 | #3 | #4
1 | Chevy Cruze 2012 X X X X X X X
2 | Nissan Leaf 2012 X X X X X X X
3 | Nissan Versa 2012 X X X X X X X
4 | Tesla Roadster 2010 X X X X X X X
5 | Toyota Camry LE Hybrid | 2012 X X X X X X X
6 | Toyota Camry LE ICE 2012 X X X X X X X
7 | Ford Fusion SEL 2010 - X X X X - X

Ambient Corrections

Ambient corrections were made for both indoor and outdoor ambient measurements following the
procedure described in the NPRM and summarized in Figure 1. In short, if the ambient in a given one-
third octave band was at least 10 dB less than the signal level in the one-third octave band, then no
correction was made. If the ambient level was in the range 10 to 3 dB less than the signal level in the
one-third octave band, then the corrections in the NPRM were applied as shown in Figure 1", If the
ambient level in the one-third octave band was not more than 3 dB lower than the signal level in the
one-third octave band, then a correction was not possible and the data were not used. In most cases
ambient corrections were not needed for indoor measurements due to the extremely low ambient
levels in the frequency range of interest.

* Model years for indoor testing



TABLE 6—CORRECTIONS FOR BACKGROUND NOISE

/2 Octave band level of jth test

Peak-to-Peak ¥ octave band result, ith frequency, minus a

5 Octave band noise level

OREL - backgg)é;[]d noise level octave band naise level DL = Correction Lo
; benfopp BL[L‘\LJ «— OBL ban, fe
= 25 dB(A) 0 dB.
0.5 dB.
1.0 dB.
1.5 dB.
2.5 dB.
Do not comrect, but report
OBLlc-.Lci:rr.j = OBLtcslj-
< 25 dB(A) Do not correct, but report:

OBL.csicorj < OBLicsy.
0 dB.

* Ensure that maximum allowable peak-to-peak variation occurs in not more than one measurement for each operation during the portion of the
measurement that will be reported, e.g. within the second prior to pass-by or during an entire active but stationary measurement.

**Ensure that the background level is at least 10 dB below the measurement during any portion of the measurement that will be reported, e.g.
within the second prior to pass-by or during an entire active but stationary measurement.

Figure 1. Correction for Background Noise in NHTSA’s Notice of Proposed Rulemaking, Jan 14, 2013 2

1. Results

Ambient noise (comparison at two indoor test facilities)

The measured ambient levels for the two indoor test facilities are shown in Figure 2. Red squares are
used to indicate sample minimum ambient levels measured at IAC, which were used for signal
corrections. Blue circles are used to indicate sample minimum ambient levels measured at MPG, which
were used for signal corrections. Mean values and 95 percent prediction intervals are also shown as well
as the minimum sound levels proposed in the NPRM (extended over the range from 100 Hz to 5000 Hz).
The green region shows where ambient levels could be and have correctable signal levels that would
require correction but activated levels in the NPRM. It can be seen that only three ambient data points
were in this region. Overall, these results show that these two indoor facilities have ambient conditions
that would allow for, in most cases, the measurement of alert signals without the need for ambient
corrections.
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Measurement repeatability (run-to-run at each of two indoor test facilities)

Repeatability at each site was evaluated by considering the standard error of the mean value,
considering each measurement as an estimate of the mean for each vehicle. Standard errors were
considered rather than standard deviations because this allows all vehicles to be considered together,
by effectively removing the effect of the mean value. For example, if there are four measurements of
the sound pressure level for a vehicle in the 1000 Hz one-third octave band at 10 km/h: 30, 32, 31, and
34. The mean value would be 31.75 and the standard error would be the standard deviation of the
residuals, 1.48. If another vehicle had the same variation but with a mean value of 33.75, that is, sample
measurements of 33, 35, 34, and 37, the standard error for these data would also be 1.48. The
combined standard error of both vehicles would be 1.48, but the combined standard deviation would be
2.11.

The standard errors are shown for both indoor test facilities as a function of frequency in Figure 3.

The standard errors for these two sites are typically around 0.5 to 0.75 dB for the 315 Hz one-third
octave band and above. This indicates that about 95 percent of measured one-third octave band levels
for a given vehicle / operation will be within a range of +/- 1 to +/- 1.5 dB and when estimating a mean
value using four samples, the mean value should be within about 0.5 to 0.75 dB of the true mean with
95 percent confidence. The high standard error at 125 Hz is caused predominantly by one ICE vehicle. It
is not known why this vehicle has so much variation at 125 Hz, but the variation occurs mostly at 10
km/h, so it may be related to low engine speed.
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Figure 3. Standard Errors as a Function of Frequency



Measurement reproducibility (comparison between two indoor test facilities)

Measurement reproducibility between the two indoor test facilities was evaluated by comparing the
average values of each vehicle at each one-third octave band for each speed. The results are
summarized in Figure 4. Because the repeatability for both sites is very good, the differences in Figure 4
are associated with site specific differences, for example, different dynamometer / tire interaction or
variation in the setup procedure ( e.g., slightly different microphone locations). The differences between
sites are about 2 dB on average at 10 km/h, with MPG generally having lower levels for one-third octave
bands below 500 Hz and generally having higher levels at 500 Hz and above. The trends are reversed at
20 and 30 km/h, but the differences are only about 1 dB on average.
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Figure 4. Average Differences between Indoor Test Facilities, MPG — IAC

Although the average difference is generally less than 2 dB between the two sites, differences for
specific vehicle / speed / frequency pairs are still significant. When considering site-to-site differences,
the 95 percent confidence intervals for estimated means range from +/- 6.7 dB at 315 Hz to +/- 2.5 dB at
1600 Hz.

Table 2 shows the standard deviation of site differences across all speed and vehicles for each one-third
octave band between 100 Hz and 5000 Hz. It should be noted that, although the 400 Hz one-third
octave band and below, consistently have standard deviations greater than 2 dB, the 500 Hz one-third
octave band and above typically have standard deviations less than 2 dB. The exceptions being 630 and
800 Hz.



Table 2. Standard Deviation (dB) of Site Differences across all Speeds and Vehicles

One-third Octave Band Center Frequency

100 | 125 | 160 | 200 | 250 | 315 | 400 | 500 | 630 | 800 | 1000 | 1250 | 1600 | 2000 | 2500 | 3150 | 4000 | 5000

24 | 20 | 30| 27| 26 (34| 25| 15| 23 | 21 1.5 1.5 1.3 1.7 1.6 1.4 1.9 1.6

The variation of individual measurements between the two sites is further illustrated by the scatter
plots in Figure 5, Figure 6, Figure 7, and Figure 8. It can be seen in the figures, that on average there is
very good correlation between the two sites, but individual measurements have significant differences
between the two sites and these differences appear to be random.

[e)]
[92]

@ Chevrolet Cruze 10
60

55

y =0.859x + 5.4451 A Nissan Leaf 10
R2=0.824

50

X Nissan Versa 10
45

40
X Tesla Roadster 10

35

30 @ Toyota Camry 10

25

+ Toyota Camry Hybrid 10

IAC Sound Pressure Level, dB (A)

20
20 25 30 35 40 45 50 55 60 65

MPG Sound Pressure Level, dB(A)

Figure 5. Site Comparison of 1/3 Octave Band Levels for MPG and IAC, 10 kph



65

=Chevrolet Cruze 20

55 60
% y=0.9619x + 1.4034 -
R?2=0.913 < =
Tl > . # Nissan Leaf 20
>
Q 50
—
(] m Nissan Versa 20
< 45
-}
wn
QO 40
bt A Tesla Roadster 20
o
el 35
c
8 30 X Toyota Camry 20
wm
O 25
<_‘: X Toyota Camry Hybrid 20
20
20 25 30 35 40 45 50 55 60 65
MPG Sound Pressure Level, dB(A)
Figure 6. Site Comparison of 1/3 Octave Band Levels MPG and IAC, 20 kph
65
2 . ® Chevrolet Cruze 30
~ 60 .
m -
© y = 1.0365x - 1.9607
> R*=0.9644 - Nissan Leaf 30
()
3 50
—
Nissan Versa 30
L ouss
-}
)
) 40
8 » Tesla Roadster 30
o- 35
©
C
S 3 Toyota Camry 30
(@)
m -
QO 25 . )
< Toyota Camry Hybrid 30
20
20 25 30 35 40 45 50 55 60 65

MPG Sound Pressure Level, dB(A)

Figure 7. Site Comparison of 1/3 Octave Band Levels MPG and IAC, 30 kph




65 @ Chevrolet Cruze 10

2 60 : A Nissan Leaf 10
=<1 y = 0.9882x +0.2289 SO X Nissan Versa 10
'CS\ 55 R%2=0.9346 %a - X Tesla Roadster 10
O ' @ Toyota Camry 10
> + Toyota Camry Hybrid 10
3 >0 =Chevrolet Cruze 20
()] @ Nissan Leaf 20
— 45 .
>S5S m Nissan Versa 20
& E A Tesla Roadster 20
8 0 Toyota Camry 20
o X Toyota Camry Hybrid 20
_8 ® Chevrolet Cruze 30
> 30 Nissan Leaf 30
UO) Nissan Versa 30
@) 25 Tesla Roadster 30
< Toyota Camry 30
B 20 Toyota Camry Hybrid 30

20 25 30 35 40 45 50 55 60 65

MPG Sound Pressure Level, dB(A)

Figure 8. Site Comparison of 1/3 Octave Band Levels MPG and IAC, All Speeds

Measurement reproducibility (comparison indoor vs. outdoor)

In addition to comparing the two indoor test facilities to one another, both facilities were also compared
with outdoor facility measurements made at TRC. Measurement reproducibility between each indoor
test facilities and TRC was evaluated by comparing the average values of each vehicle at each one-third
octave band for each speed at the respective sites. The results are summarized in Figure 9 and Figure 10.
Comparing the results in these figures, it can be seen that the indoor facilities tend to have higher levels,
especially at 20 and 30 km/h. Because the differences are smaller at 10 km/h, it is not likely that the
differences in acoustic reflections from the indoor floor and the outdoor pavement are causing the
difference. Rather, it is likely that the tire / dynamometer interaction is producing the higher sound
pressure levels. Since this may also explain some of the indoor reproducibility differences, it may be
necessary to further study this interaction before there can be confidence in a test procedure that
utilizes a dynamometer.
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Considering confidence intervals of estimated mean values for individual vehicle / speed / frequency
pairs, the standard deviation between TRC and MPG was as high as 5 dB and the standard deviation
between TRC and IAC was as high as 4.7 dB (see Table 3)*. Thus 95 percent confidence intervals would
be as large as +/- 9.8 and +/- 9.2 dB respectively. It isimportant to keep in mind that these confidence
intervals included not only site-to-site differences but also include differences as a result of using
different vehicles and in some cases different model years, therefore, these confidence intervals can be
considered a worst case. It is expected that confidence intervals for the same vehicles would be smaller.

Table 3. Standard Deviation (dB) of Differences between TRC and Indoor Sites across all Speeds and Vehicles

One-third Octave Band Center Frequency

Site | 100 | 125 | 160 | 200 | 250 | 315 | 400 | 500 | 630 | 800 | 1000 | 1250 | 1600 | 2000 | 2500 | 3150 | 4000 5000

MPG | 26 [ 3.8 | 42 | 50 | 35 | 34 3.3 32 | 366 [ 23 2.0 1.5 2.0 1.7 2.8 3.3 3.5 2.7

1AC 34 [ 32| 47| 37 | 33 | 26 2.1 24 | 26 | 2.1 2.7 1.5 1.8 3.0 3.8 3.4 3.8 3.0

Individual differences between outdoor and indoor test facilities are shown by speed in Figure 11-Figure 18.
Differences between facilities for all speeds are most readily observed by considering the scatter plots in Figure
14 and Figure 18. The correlation is lower between indoor and outdoor than between indoor and indoor and
although there is a significant bias in the trend, 5.0 dB between TRC and MPG and 1.2 between TRC and IAC,
there is no clear pattern for individual vehicles, with the possible exception of the Nissan Leaf. The Nissan Leaf at
10 km/h produced significantly higher levels when on a dynamometer than when on an outdoor track. The two
Nissan Leafs being compared were from different model years, 2012 (indoor) and 2010(outdoor), so it is
conceivable that the alert signal has been changed by the manufacturer over this time period. This is a specific
example of how differences between two vehicles of the same model affect the reproducibility in the analysis
between indoor and outdoor test sites. For the 315 to 5000 Hz frequency range, the standard deviation between
TRC and MPG was as high as 3.6 dB and for MPG and the standard deviation between TRC and IAC was as high as
3.8 dB.

11
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V. Summary
Maximum A-weighted one-third octave band sound pressure levels were measured for several vehicles
at two indoor test sites and one outdoor test facility. Data were used to examine measurement
repeatability (run-to-run); reproducibility between the two indoor sites; and reproducibility between
indoor and outdoor sites.

e Repeatability, as measured by standard errors for each indoor site was good. The estimated
mean value is expected to be within 0.5 to 0.75 dB of the true mean, with 95 percent
confidence, depending on the one-third octave band being analyzed.

e Reproducibility of estimated means between the two indoor tests sites was about 2 dB on
average; however, individual measurements had significant variation resulting in a 95 percent
confidence interval range of +/- 2.5 dB to +/- 6.7 dB depending on the one-third octave band.

e Reproducibility between the two indoor test sites and the outdoor tests sites was poorer still
with a 95 percent confidence interval range of +/- 9.2 dB to +/- 9.8 dB depending on the one-
third octave band. Because the vehicles tested at the indoor test sites were only similar (same
make/model) but not identical, it is expected that this confidence interval would be reduced if
identical vehicles were tested.
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Appendix A: Acoustic Data

Table 4. Averaged Event Levels Operation Max corrected for Min Ambient (Location: MPG)

Make/Model Speed 100 125 160 200 250 315 400 500 630 800 1000 1250 1600 2000 2500 3150 4000 5000
Chevrolet Cruze 10 36.7 33.2 38.5 42.3 43.1 41.8 44.3 48.7 52.4 47.6 49.4 50.7 50.3 48.9 50.4 47.8 46.9 46.1
Nissan Leaf 10 24.1 28.9 32.9 40.4 43.7 39.6 43.4 48.9 50.7 40.8 41.9 39.6 37.2 39.5 42.6 36 345 34.1
Nissan Versa 10 28.4 33.2 31.3 36.3 35.3 34.7 40.3 41.6 44.4 43.8 44.3 47.1 45.9 45.4 43.6 41.1 38.6 37.7
Tesla Roadster 10 26.8 32.2 31.7 33.2 32.1 35.5 36.5 37.2 40.4 45.6 41 43.5 41.8 38.3 39.8 38.7 36.2 34.5
Toyota Camry 10 32.4 31.4 32.6 36.2 37.1 40.2 41.5 39.7 43.4 49.8 47 48.9 50.8 48.4 46.5 45.5 44 41.4
Toyota Camry

Hybrid 10 29.5 323 35.6 40.7 41.4 37.9 38.3 39.9 40.3 43.6 43 41.1 40.6 46.5 44.4 39 37.4 37.8

Average 29.7 31.9 33.8 38.2 38.8 38.3 40.7 42.7 45.3 45.2 44.4 45.2 44.4 44.5 44.6 41.4 39.6 38.6

Chevrolet Cruze 20 33.3 34.5 42 49.4 43.6 45.8 52.1 53.5 58.8 54.3 56.1 57.9 56.1 55.2 54.8 53.6 51.8 50.3
Nissan Leaf 20 24 27.7 31.7 42.8 43.2 49.4 55.1 53 53.1 51.7 52.7 51.4 47.8 48.6 47.2 44.6 42.8 40.7
Nissan Versa 20 32.4 38 33.4 38.5 42.3 39.1 47.9 53.4 48.8 53.5 53.8 52.3 51.7 52.8 50.1 46.8 44.1 43
Tesla Roadster 20 26.8 38.1 41.4 37.8 40.9 47.2 48.2 48.2 48.9 49 50.5 54.3 52.7 48 49.8 48.6 43 39.3
Toyota Camry 20 29.3 35.4 41.6 51.2 46.3 42.5 47.6 48 49.5 51.4 51.4 54.8 52.1 51.5 50.3 48.5 47.1 44.5
Toyota Camry

Hybrid 20 29.6 34.2 41.6 51.1 48.3 48.5 53.7 52.1 49.7 49.3 52.2 51.9 50.2 49.8 49.5 46.7 42.4 423

Average 29.2 34.7 38.6 45.1 44,1 45.4 50.8 51.4 51.5 51.5 52.8 53.8 51.8 51.0 50.3 48.1 45.2 43.4

Chevrolet Cruze 30 32.6 34.2 40.1 46.7 49.9 50.9 49 56.9 59.2 57.7 61.9 62.6 60.5 60.8 57.6 54.7 52.7 51
Nissan Leaf 30 28.6 30.6 32.9 37.4 43.7 45.4 47.5 58.9 62.4 56.8 61 58.7 54.8 55.4 53.8 51.5 49.3 46.5
Nissan Versa 30 31.2 36.8 45.1 44.5 40.9 46.2 50 49.5 53.1 57.2 61.3 59.8 57.3 58.2 55.1 51.7 49.3 47.9
Tesla Roadster 30 37 36 39 49.6 57 49 56.2 55 54.3 55.6 57.3 60.7 58.8 55.3 57 55.8 49.5 45
Toyota Camry 30 30.1 36.5 38.4 45.9 51.8 50.8 51 51.7 57.4 58.4 58.5 57.7 55.9 55.8 54.3 52 48.3 46.6
Toyota Camry Hybrid 30 27.4 35.4 40.1 43.4 51.8 51.7 52.4 56.8 60.6 61.5 60.9 56.4 58.1 57.1 55 51.8 48.6 48.2

Average 31.2 34.9 39.3 44.6 49.2 49.0 51.0 54.8 57.8 57.9 60.2 59.3 57.6 57.1 55.5 52.9 49.6 47.5




Table 5. Averaged Event Levels Operation Max corrected for Min Ambient (Location: IAC)

Make/Model Spd 100 125 160 200 250 315 400 500 630 800 1000 1250 1600 2000 2500 3150 4000 5000
Chevrolet Cruze 10 31.5 28.6 39.5 39.3 42.7 40.1 44.2 49.9 51.1 47.1 48.1 48.4 47.7 45.9 47 46.4 46.4 44.3
Nissan Leaf 10 23.8 23.1 43.2 45.4 43.8 40.6 42.6 46.9 49.7 43.4 41.8 39.5 37 37.6 42.8 36.6 37.6 34.9
Nissan Versa 10 23.4 31.1 31.4 36.5 40.4 36.5 38.9 38.7 38.8 43.2 45.2 44.1 43.5 41.1 40.1 39.3 37.2 35.4
Tesla Roadster 10 25.1 29.4 36.7 36.5 34.9 43.6 41.8 39.3 39.6 39.9 40.5 41.5 39.8 38.2 38.4 36.2 34.9 33
Toyota Camry 10 35.4 30.4 34.9 37.9 36 46.2 42.6 39.5 43.6 49.6 47.2 49 50.7 47.3 45.2 44.6 42.8 40.1
Toyota Camry Hybrid 10 27.2 27.5 36.1 39.5 43.1 41.4 36.9 39.3 40.4 42.6 42.8 40.6 39.3 43.6 42.3 35.5 32.9 31.6
Ford Fusion 10 28.1 32.2 31.1 38.7 43.5 43.5 46.2 48.4 46.6 51.7 51.2 51.9 50.3 49.2 46.3 45.6 42.7 41.4

Average 27.8 28.9 36.1 39.1 40.6 41.7 41.9 43.1 44.3 45.4 45.3 45.0 44.0 43.3 43.2 40.6 39.2 37.2
Chevrolet Cruze 20 28.8 32.3 38.5 50.1 44.3 45.9 50.8 53 55.8 55.2 58.3 56.5 54.8 54.3 53.2 52.2 50.4 48.5
Nissan Leaf 20 23.9 25.5 32.7 38.3 37.7 43.4 50.3 49.7 50.4 50.4 55.2 51.7 47.8 48.3 46.9 45.1 45 40.7
Nissan Versa 20 32 35.8 32.8 39 45.3 41.2 47.3 51.2 48.7 53.2 55.8 55 53.1 51.2 48.9 46.6 44.2 40.8
Tesla Roadster 20 26.1 40.4 46.2 40.5 42.8 50.3 50 47.4 50.4 51.4 51.2 52.9 52 50 51.3 49.1 42.1 37.2
Toyota Camry 20 30.2 35.6 40.5 47.4 44.4 46.7 49.5 46.9 48.1 51.4 53 53.7 52.9 50 49.9 48.7 45.5 42.9
Toyota Camry Hybrid 20 29.3 31.6 42.3 46.5 42.3 44 48 48.9 52.3 51.9 55 52.9 50.8 51.4 49.6 46.9 42.4 41.5
Ford Fusion 20 32.8 28 39.7 48.6 46.3 44.9 50.2 53.1 54.4 60.3 60.1 56.5 57.8 56.3 55 51.2 49.3 47.7

Average 29.0 32.7 39.0 44.3 43.3 45.2 49.4 50.0 51.4 53.4 55.5 54.2 52.7 51.6 50.7 48.5 45.6 42.8
Chevrolet Cruze 30 26.5 31.9 38.2 45.6 49.2 50.1 48.3 58.5 58.2 57.4 62.4 61.9 59.6 60.3 57.8 54.7 52.9 50
Nissan Leaf 30 28.3 31.2 33.9 34.7 42.2 43.8 45.3 57.8 58.9 57.5 58.8 58.2 56.3 56.7 55.1 53.5 52.9 47.1
Nissan Versa 30 27.8 32.7 44.7 43.4 41 44.2 46.7 49.1 52 58.1 63.6 61.2 58.4 59.3 56.9 53.7 50.6 47.6
Tesla Roadster 30 38 35.6 39.3 49.7 56.6 51.3 57.5 54.1 56.6 58.7 60.2 60.7 58.5 57.2 58.5 55.9 48.4 43.3
Toyota Camry 30 28.7 35.9 40.3 42.3 50.9 49.3 51.4 51.6 52.2 55 61.8 58.2 58 55.7 55 52.3 48.2 46.3
Toyota Camry Hybrid 30 27 33.7 39.5 43.7 52.5 51.9 49.2 54.6 56.9 59.6 63.5 59.4 58.2 57.3 55.9 52.2 49.8 49.7
Ford Fusion 30 27.1 29.9 36.7 43.6 51.2 58.2 52 53.3 59.9 65.1 64.6 60.6 62.5 63.6 62.6 56.7 53.4 51.8

Average 29.1 33.0 38.9 43.3 49.1 49.8 50.1 54.1 56.4 58.8 62.1 60.0 58.8 58.6 57.4 54.1 50.9 48.0
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Table 6. IAC Indoor Data. All events were corrected for the ambient if needed except the Toyota Camry Hybrid events at 10 km/h and 315 Hz

Vehicle Event | Speed 100 | 125 160 200 250 315 400 500 630 800 1000 1250 1600 2000 2500 3150 4000 5000
Chevrolet Cruze 1 10 31.1 | 29.5 38.9 40.3 42.5 40.0 44.5 49.8 51.3 46.4 48.0 48.2 48.0 46.0 46.9 46.3 46.2 43.8
Chevrolet Cruze 2 10 31.0 | 29.0 40.1 39.4 43.9 40.3 44.7 49.8 50.9 47.9 47.9 48.6 47.7 46.0 46.9 46.2 46.4 44.3
Chevrolet Cruze 3 10 324 | 27.2 39.5 38.2 41.6 40.0 43.5 50.2 51.2 46.9 48.4 48.4 47.3 45.7 47.3 46.7 46.7 44.8
Chevrolet Cruze 1 20 238 | 294 39.5 51.5 44.6 45.0 50.9 52.2 55.1 54.6 58.4 57.3 55.5 54.4 53.1 52.9 50.1 48.6
Chevrolet Cruze 2 20 36.6 | 36.3 38.2 48.8 43.5 44.9 51.7 53.7 56.8 55.6 58.8 55.8 54.1 54.1 53.0 51.1 50.2 48.1
Chevrolet Cruze 3 20 26.0 | 31.3 37.8 50.1 44.7 47.8 49.8 53.1 55.4 55.4 57.8 56.3 54.9 54.5 53.5 52.6 50.9 48.8
Chevrolet Cruze 1 30 25.6 | 32.5 38.0 44.8 47.5 49.0 47.4 58.5 59.4 57.9 62.0 62.2 59.1 60.2 58.0 54.9 53.3 49.7
Chevrolet Cruze 2 30 279 | 315 38.8 45.9 50.2 50.8 48.8 57.8 57.5 56.8 63.0 61.6 60.0 60.6 57.7 54.7 52.3 49.9
Chevrolet Cruze 3 30 26.0 | 31.6 37.8 46.0 49.8 50.5 48.8 59.1 57.8 57.4 62.3 61.9 59.7 60.1 57.7 54.4 53.0 50.3
Ford Fusion 1 10 28.5 | 31.4 31.8 41.1 42.9 44.2 46.8 47.8 46.3 52.7 51.1 51.5 50.6 48.9 46.1 46.3 42.7 40.9
Ford Fusion 2 10 29.5 | 33.0 29.2 38.4 44.8 43.7 46.0 48.5 47.1 51.4 51.3 52.0 50.6 49.7 46.4 45.7 43.1 42.8
Ford Fusion 3 10 26.3 | 32.2 32.4 36.6 42.7 42.6 45.9 48.9 46.4 51.0 51.1 52.2 49.6 49.0 46.4 44.7 42.2 40.6
Ford Fusion 1 20 31.7 | 27.2 41.9 51.3 48.4 47.1 50.1 53.5 53.6 59.4 60.0 57.8 57.3 55.9 56.2 51.2 50.1 48.9
Ford Fusion 2 20 32.7 | 275 39.1 47.3 45.9 43.4 49.8 53.8 55.1 60.7 60.0 55.8 58.2 56.6 54.5 51.2 48.8 46.8
Ford Fusion 3 20 34.1 | 294 38.0 47.2 44.5 44.1 50.7 51.9 54.4 60.9 60.4 56.0 57.9 56.4 54.2 51.2 48.9 47.3
Ford Fusion 1 30 28.3 | 31.7 39.8 435 51.1 58.5 51.5 53.8 60.6 65.7 64.0 61.3 62.6 63.4 62.3 56.5 53.1 51.4
Ford Fusion 2 30 25.0 | 28.1 36.5 44.7 51.2 58.7 52.9 53.0 59.3 64.6 65.3 60.3 62.3 63.5 62.8 56.7 53.7 51.9
Ford Fusion 3 30 28.1 | 29.8 33.9 42.6 51.3 57.4 51.5 53.0 59.9 64.9 64.4 60.3 62.5 63.8 62.7 56.9 53.5 52.0
Nissan Leaf 1 10 25.0 | 21.6 41.5 45.7 43.9 40.9 43.1 47.0 49.6 43.6 42.0 39.4 36.6 37.8 42.7 37.0 37.8 35.4
Nissan Leaf 2 10 23.2 | 25.0 44.1 45.0 45.1 40.7 42.9 46.8 49.9 42.9 41.6 39.6 37.4 373 43.0 36.2 36.7 34.5
Nissan Leaf 3 10 23.2 | 22,6 439 45.5 42.5 40.1 41.9 47.0 49.6 43.8 41.9 39.4 36.9 37.7 42.6 36.6 38.3 34.7
Nissan Leaf 1 20 236 | 26.4 34.4 39.3 38.4 42.8 50.0 50.6 51.5 50.5 54.6 52.0 47.8 48.1 47.1 45.1 44.6 40.6
Nissan Leaf 2 20 24.0 | 24.7 33.0 38.6 38.1 43.2 50.3 49.1 50.0 49.9 55.6 51.8 47.9 48.3 46.5 44.9 45.2 40.9
Nissan Leaf 3 20 242 | 25.4 30.8 37.1 36.6 44.1 50.5 49.4 49.8 50.8 55.3 51.2 47.8 48.6 47.1 45.2 45.1 40.7
Nissan Leaf 1 30 27.8 | 324 32.1 34.8 41.9 42.6 44.6 57.8 59.1 57.9 59.1 58.6 55.9 56.7 55.1 53.6 53.0 47.3
Nissan Leaf 2 30 27.5 | 30.1 33.9 34.8 42.2 44.9 45.9 59.0 59.1 56.6 59.1 58.0 56.5 56.5 55.1 53.3 52.6 47.0
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Vehicle Event | Speed | 100 | 125 160 200 250 315 400 500 630 800 1000 1250 1600 2000 2500 3150 4000 5000
Nissan Leaf 3 30 29.6 | 31.1 35.6 34.4 42.6 43.9 45.4 56.7 58.6 58.0 58.1 58.0 56.6 56.8 55.2 53.6 53.0 46.9
Nissan Versa 1 10 26.7 | 39.8 34.6 35.3 40.2 38.6 40.2 40.3 40.0 43.5 46.2 45.4 46.2 43.7 43.0 40.4 37.3 35.7
Nissan Versa 2 10 21.8 | 25.0 31.5 38.3 41.0 36.0 38.0 37.6 37.9 43.1 44.2 43.3 42.4 39.7 39.1 38.8 37.1 35.0
Nissan Versa 3 10 216 | 28.4 28.2 36.0 40.1 35.0 38.4 38.3 38.5 43.0 45.1 43.7 41.8 39.9 38.1 38.7 37.1 35.5
Nissan Versa 1 20 31.8 | 32.1 32.2 39.0 45.6 42.4 48.4 49.2 48.4 53.7 55.4 55.1 53.0 51.0 48.3 46.5 44.3 41.1
Nissan Versa 2 20 33.2 | 38.0 34.5 39.2 45.4 41.5 48.0 52.3 49.0 52.9 55.9 55.3 53.0 51.1 49.3 47.0 44.3 40.8
Nissan Versa 3 20 31.1 | 37.3 31.7 38.9 44.9 39.7 45.5 52.1 48.7 52.9 56.1 54.6 53.3 51.5 49.2 46.2 43.9 40.4
Nissan Versa 1 30 27.9 | 30.7 45.5 43.2 40.7 43.5 46.1 48.3 51.9 57.8 64.2 60.6 57.8 59.1 56.7 53.7 50.4 47.6
Nissan Versa 2 30 26.5 | 29.7 45.4 43.8 39.3 44.5 46.5 50.6 52.0 58.3 63.3 61.0 59.3 59.4 57.2 53.6 50.7 47.6
Nissan Versa 3 30 29.1 | 37.6 43.1 43.1 43.0 44.7 47.4 48.4 52.2 58.1 63.3 62.1 58.2 59.3 56.8 53.9 50.7 47.6
Tesla Roadster 1 10 25.6 | 28.4 37.9 37.5 34.9 44.6 41.5 38.9 39.2 38.9 40.0 41.4 39.6 38.2 38.5 36.3 34.9 32.8
Tesla Roadster 2 10 25.1 | 28.7 35.8 35.8 34.0 43.3 41.8 39.2 39.4 40.3 41.5 41.5 40.1 38.2 38.6 36.5 35.1 33.3
Tesla Roadster 3 10 24.7 | 31.0 36.3 36.2 35.9 43.0 42.0 39.9 40.3 40.5 40.0 41.6 39.6 38.3 38.0 35.9 34.8 32.8
Tesla Roadster 1 20 25.5 | 39.4 46.8 39.0 42.5 50.8 49.8 48.1 50.5 51.1 50.8 53.1 52.1 49.8 50.9 49.1 42.2 37.5
Tesla Roadster 2 20 248 | 41.4 46.6 42.4 42.9 49.5 49.4 46.7 51.0 51.4 51.1 53.0 51.9 50.2 51.8 48.7 42.3 37.0
Tesla Roadster 3 20 279 | 404 45.3 40.2 42.9 50.6 50.7 47.3 49.8 51.8 51.6 52.5 51.9 50.1 51.3 49.4 41.9 37.2
Tesla Roadster 1 30 36.5 | 35.7 39.1 49.5 57.0 52.1 57.4 56.3 58.1 59.2 59.5 60.8 57.4 57.5 58.0 55.3 49.1 44.3
Tesla Roadster 2 30 39.2 | 35.1 41.2 49.8 58.4 50.2 56.6 53.0 56.3 58.4 60.5 60.6 59.3 57.0 58.4 56.0 48.1 42.7
Tesla Roadster 3 30 38.3 | 36.0 37.5 49.7 54.4 51.7 58.4 53.1 55.3 58.4 60.5 60.8 58.9 57.1 59.0 56.4 48.1 42.9
Toyota Camry 1 10 35.1 | 32.2 36.5 38.5 38.4 46.9 43.5 40.1 43.9 47.8 47.5 48.6 51.0 47.0 45.1 45.5 43.0 40.0
Toyota Camry 2 10 33.7 | 29.4 35.4 38.1 35.3 45.9 42.2 38.6 43.2 50.5 47.1 49.8 50.1 47.4 45.2 44.2 42.8 40.1
Toyota Camry 3 10 37.5 | 29.6 32.9 37.0 34.4 45.7 42.0 39.7 43.6 50.5 46.9 48.6 51.0 47.5 45.2 44.1 42.5 40.3
Toyota Camry 1 20 29.0 | 35.0 40.0 47.4 44.7 46.6 49.5 46.5 48.2 51.6 53.1 53.9 52.8 49.6 49.9 48.6 45.5 43.1
Toyota Camry 2 20 31.0 | 35.5 41.1 46.6 44.8 47.5 49.1 46.3 48.7 51.1 53.1 53.8 53.0 50.5 50.2 48.7 45.5 42.9
Toyota Camry 3 20 30.5 | 36.3 40.4 48.3 43.7 46.1 50.0 48.0 47.4 51.5 52.9 53.5 53.0 49.9 49.7 48.7 45.4 42.7
Toyota Camry 1 30 29.4 | 35.7 41.2 41.5 50.5 48.7 50.8 51.5 52.1 55.6 61.5 58.7 58.4 55.7 55.2 52.2 48.5 46.0
Toyota Camry 2 30 28.6 | 35.0 41.3 43.2 50.8 49.5 52.1 51.5 52.5 54.8 62.0 58.1 57.7 55.6 55.0 52.1 47.9 46.4
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Vebhicle Event | Speed | 100 | 125 160 200 250 315 400 500 630 800 1000 1250 1600 2000 2500 3150 4000 5000
Toyota Camry 3 30 28.0 | 37.1 38.5 42.1 51.4 49.8 51.3 51.9 52.0 54.6 62.0 57.8 58.0 55.8 54.8 52.5 48.1 46.6
Toyota Camry

Hybrid 1 10 28.2 | 28.6 36.4 37.6 42.8 41.0 36.7 38.9 40.8 42.8 42.2 40.7 39.5 43.8 42.9 35.1 32.8 313
Toyota Camry

Hybrid 2 10 28.1 | 26.7 37.0 40.4 42.8 41.2 37.0 39.4 39.8 42.0 43.4 40.8 39.3 43.6 41.8 35.9 329 31.4
Toyota Camry

Hybrid 3 10 253 | 27.1 34.8 40.5 43.7 43.7 36.9 39.5 40.6 429 42.9 40.4 39.2 43.5 42.1 35.6 32.9 32.0
Toyota Camry

Hybrid 1 20 320 | 334 42.9 45.7 41.8 45.1 47.6 49.2 52.3 52.0 54.7 52.9 50.9 51.1 49.5 47.0 423 41.7
Toyota Camry

Hybrid 2 20 28.2 | 29.2 41.8 46.7 42.5 43.5 48.1 49.1 51.8 52.0 55.3 53.2 51.1 51.7 49.5 46.9 42.1 414
Toyota Camry

Hybrid 3 20 27.7 | 32.1 42.2 47.0 42.5 43.5 48.3 48.4 52.7 51.6 55.0 52.7 50.5 51.4 49.7 46.9 42.7 414
Toyota Camry

Hybrid 1 30 26.0 | 31.7 39.7 43.6 54.1 52.0 49.5 55.1 57.4 59.9 63.3 59.4 57.9 57.3 56.0 52.0 49.7 49.7
Toyota Camry

Hybrid 2 30 26.8 | 35.5 38.9 439 52.4 51.6 49.5 55.1 57.1 59.9 63.2 59.1 58.3 57.4 56.0 52.6 49.8 49.6
Toyota Camry

Hybrid 3 30 28.3 | 33.9 39.8 43.7 51.1 52.2 48.5 53.5 56.3 59.1 63.9 59.6 58.3 57.3 55.8 52.1 49.8 49.7
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Table 7. MPG Indoor Data. All events were corrected for the ambient if needed

Vehicle Event | Speed 100 125 160 200 250 315 400 500 630 800 1000 1250 1600 2000 2500 3150 4000 5000
Chevrolet Cruze 1 10 34.7 | 33.7 | 38.0 42.9 43.8 42.6 43.7 49.2 52.8 47.8 49.7 52.0 51.0 49.5 49.9 48.0 47.3 46.1
Chevrolet Cruze 2 10 346 | 316 | 375 40.6 42.4 40.4 44.6 47.6 51.4 46.3 48.3 48.7 48.7 47.6 51.6 46.9 46.7 46.2
Chevrolet Cruze 3 10 40.8 | 34.3 | 40.0 43.3 43.1 42.4 44.7 49.3 52.9 48.6 50.3 51.4 51.2 49.7 49.8 48.4 46.8 45.9
Chevrolet Cruze 1 20 339 | 33.7 | 418 48.3 43.3 45.8 52.0 53.1 59.4 54.7 56.1 57.4 56.0 55.1 55.3 54.2 51.7 50.2
Chevrolet Cruze 2 20 32.1 | 34.0 | 425 51.3 43.6 45.1 52.0 53.6 58.5 53.5 56.1 58.5 56.2 55.0 54.7 53.5 51.8 50.5
Chevrolet Cruze 3 20 33.8 | 359 [ 416 48.7 43.9 46.4 52.4 53.8 58.5 54.6 56.1 57.9 56.1 55.4 54.4 53.2 52.0 50.3
Chevrolet Cruze 1 30 34.1 | 35.4 | 417 48.3 51.0 50.3 49.0 55.2 58.7 57.6 62.6 63.0 61.2 60.5 57.5 54.5 52.8 50.6
Chevrolet Cruze 2 30 33.9 | 34.8 | 40.3 45.8 49.6 50.0 48.2 57.3 59.4 58.1 62.3 62.3 60.2 60.8 57.9 55.3 52.8 50.8
Chevrolet Cruze 3 30 29.7 | 325 | 383 46.1 49.1 52.4 49.9 58.2 59.5 57.5 60.9 62.4 60.1 61.2 57.5 54.4 52.4 51.5

Nissan Leaf 1 10 22.7 | 28.8 | 324 39.7 43.1 40.0 42.8 49.1 50.9 40.7 42.0 39.6 36.8 39.6 42.9 35.8 34.2 343
Nissan Leaf 2 10 243 | 314 | 332 41.1 45.1 40.0 44.1 48.9 50.4 40.2 41.5 39.4 36.8 39.2 42.4 36.1 34.9 33.9
Nissan Leaf 3 10 253 | 26.4 | 33.0 40.4 42.8 38.8 43.2 48.8 50.9 41.5 42.3 39.7 37.9 39.7 42.5 36.1 34.4 34.0
Nissan Leaf 1 20 23.8 | 279 | 304 42.1 42.5 50.7 55.3 52.6 53.7 51.1 52.0 513 47.9 48.2 47.3 45.1 42.8 40.7
Nissan Leaf 2 20 225 | 28.0 | 313 43.4 44.0 48.4 54.9 52.5 53.2 52.3 53.9 51.5 47.9 48.5 46.9 44.4 42.7 40.7
Nissan Leaf 3 20 25.7 | 27.3 | 334 43.0 43.2 49.1 55.2 53.8 52.3 51.7 52.3 51.4 47.5 49.0 47.5 44.3 42.8 40.8
Nissan Leaf 1 30 29.4 | 304 | 339 36.8 43.6 45.2 47.5 58.7 62.7 57.0 61.0 58.3 54.8 55.7 53.8 51.3 49.1 46.2
Nissan Leaf 2 30 28.2 | 30.5 | 33.2 39.6 44.0 46.5 48.3 58.4 62.7 56.8 60.8 58.9 54.7 55.2 53.5 51.7 49.3 46.3
Nissan Leaf 3 30 28.2 | 30.8 | 31.7 35.8 43.6 44.5 46.8 59.6 61.7 56.7 61.2 59.0 55.0 55.3 54.0 51.4 49.6 46.9
Nissan Versa 1 10 29.8 | 40.2 | 29.6 38.9 37.9 35.6 42.0 39.9 40.3 42.5 44.1 46.6 46.2 46.5 43.6 41.5 38.2 37.6
Nissan Versa 2 10 28.1 | 29.0 | 31.1 34.6 33.5 33.5 38.2 42.3 46.4 44.7 43.9 46.8 45.6 44.3 43.4 40.6 38.4 37.6
Nissan Versa 3 10 27.3 | 304 | 33.2 35.5 34.5 35.0 40.6 42.6 46.6 44.1 44.8 47.8 45.9 45.4 43.8 41.3 39.1 38.0
Nissan Versa 1 20 34.0 | 41.0 | 346 38.0 41.4 39.3 48.3 53.7 48.4 52.6 54.6 52.3 51.6 53.3 50.0 46.8 43.9 42.7
Nissan Versa 2 20 31.7 | 38.8 | 34.0 38.8 43.4 39.3 48.1 53.5 49.0 53.5 53.5 52.4 51.5 52.5 50.1 47.2 44.1 43.2
Nissan Versa 3 20 314 | 34.2 | 315 38.6 42.0 38.6 47.4 53.1 49.0 54.5 53.2 52.2 52.1 52.5 50.3 46.4 44.3 43.1
Nissan Versa 1 30 31.8 | 38.4 [ 44.8 44.3 41.9 47.0 51.0 50.0 54.4 56.4 61.4 59.6 56.8 58.2 55.1 51.5 49.3 47.6
Nissan Versa 2 30 29.8 | 32.8 | 43.2 44.3 40.2 45.4 49.0 49.2 52.3 57.6 60.7 59.8 57.4 58.0 55.1 52.2 49.4 48.0
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Vehicle Event | Speed 100 125 160 200 250 315 400 500 630 800 1000 1250 1600 2000 2500 3150 4000 5000
Nissan Versa 3 30 32.1 | 39.1 | 47.2 45.0 40.5 46.1 50.1 49.2 52.6 57.6 61.7 60.0 57.8 58.3 55.0 51.3 49.3 48.2
Tesla Roadster 1 10 27.7 | 34.4 | 32.1 32.9 34.0 35.3 37.2 37.5 40.8 45.4 40.7 44.2 42.1 38.1 38.9 37.9 35.5 33.8
Tesla Roadster 2 10 25.7 | 27.3 | 316 33.3 32.7 36.5 36.7 37.9 40.2 46.4 41.4 43.0 41.4 37.4 38.9 39.1 36.4 33.5
Tesla Roadster 3 10 27.1 | 349 | 315 33.3 29.7 34.6 35.6 36.1 40.1 44.9 40.8 43.4 41.8 39.5 41.7 39.0 36.6 36.3
Tesla Roadster 1 20 28.1 | 37.8 | 41.6 38.5 42.5 46.7 48.4 46.6 48.6 49.0 50.7 54.3 52.6 48.3 49.9 48.3 42.6 39.3
Tesla Roadster 2 20 245 | 379 | 404 36.2 39.0 47.3 48.9 48.9 49.2 49.1 50.5 54.1 52.8 47.8 49.4 49.3 43.4 39.3
Tesla Roadster 3 20 27.9 | 38.6 | 42.1 38.7 41.3 47.6 47.3 49.2 48.9 48.9 50.3 54.4 52.8 47.8 50.0 48.1 42.9 39.3
Tesla Roadster 1 30 37.9 | 35.0 [ 385 48.9 57.8 49.2 56.0 55.3 54.1 54.7 56.9 61.0 58.3 55.3 57.0 55.6 49.6 44.6
Tesla Roadster 2 30 36.7 | 36.8 [ 39.5 50.3 56.9 48.8 56.0 54.4 53.5 56.0 57.4 60.5 59.3 55.4 56.6 55.2 49.3 44.8
Tesla Roadster 3 30 36.5 | 36.1 | 39.1 49.5 56.2 48.9 56.5 55.3 55.2 56.0 57.5 60.5 58.7 55.2 57.5 56.6 49.5 45.6
Toyota Camry 1 10 33.8 | 30.1 | 33.0 35.9 37.8 40.7 41.2 39.2 43.6 49.0 47.2 48.8 51.1 48.9 46.6 45.5 43.8 41.3
Toyota Camry 2 10 29.5 | 32.0 | 32.2 35.2 35.8 39.2 42.2 40.1 43.9 50.0 46.7 49.2 50.6 48.5 46.2 45.6 43.8 41.2
Toyota Camry 3 10 33.9 | 32.2 | 326 37.5 37.7 40.6 41.1 39.8 42.6 50.3 47.0 48.8 50.8 47.8 46.6 45.5 44.3 41.6
Toyota Camry 1 20 283 | 35.6 | 42.2 52.0 46.0 42.4 47.3 48.7 50.0 50.6 51.1 54.5 52.1 51.6 50.1 48.4 46.6 44.1
Toyota Camry 2 20 304 | 349 [ 41.0 50.3 46.4 42.5 47.2 47.6 49.1 51.9 51.5 54.9 52.3 51.5 50.2 48.1 47.2 44.7
Toyota Camry 3 20 29.3 | 35.8 | 41.6 51.3 46.4 42.5 48.2 47.8 49.5 51.7 51.5 54.9 51.9 51.4 50.6 48.9 47.4 44.7
Toyota Camry 1 30 29.8 | 35.9 | 38.2 46.5 52.6 50.1 49.7 50.9 57.4 57.9 58.9 58.0 56.0 55.7 54.1 51.2 48.0 46.2
Toyota Camry 2 30 31.7 | 35.7 | 39.2 47.0 52.0 51.7 52.3 51.9 57.1 59.2 57.8 57.5 55.4 56.0 54.3 52.2 48.7 46.7
Toyota Camry 3 30 289 | 379 | 37.7 44.1 50.8 50.5 51.0 52.4 57.8 58.2 58.8 57.7 56.2 55.7 54.5 52.5 48.1 46.9
Toyota Camry Hybrid 1 10 28.4 | 32.6 | 364 40.2 43.2 38.1 38.6 40.2 40.1 43.6 42.2 41.0 39.4 46.3 43.8 37.0 35.9 35.2
Toyota Camry Hybrid 2 10 313 | 33.4 | 356 42.1 42.0 39.5 39.6 39.6 40.0 44.3 42.6 40.9 39.5 45.5 43.6 37.7 36.6 35.6
Toyota Camry Hybrid 3 10 28.7 | 31.0 | 34.7 39.7 38.9 36.1 36.7 39.8 40.7 43.0 44.3 41.4 43.0 47.7 45.8 42.2 39.8 42.7
Toyota Camry Hybrid 1 20 30.1 | 35.8 | 41.9 52.0 49.2 48.1 53.7 52.2 49.6 48.8 52.2 51.8 49.9 49.2 49.0 46.2 42.4 42.3
Toyota Camry Hybrid 2 20 28.5 | 33.7 | 43.0 51.1 47.7 48.0 53.8 52.2 48.8 49.7 51.7 51.9 50.4 49.5 49.1 46.6 42.1 42.1
Toyota Camry Hybrid 3 20 30.3 | 33.1 | 40.0 50.3 48.1 49.5 53.6 51.8 50.6 49.5 52.6 52.0 50.2 50.8 50.3 47.3 42.8 42.6
Toyota Camry Hybrid 1 30 28.7 | 33.2 | 403 43.2 50.1 50.8 50.9 56.7 60.1 61.8 61.5 56.4 57.9 57.3 55.1 51.8 48.4 48.3
Toyota Camry Hybrid 2 30 26.4 | 36.5 [ 385 43.9 52.3 52.0 53.6 56.4 60.3 61.7 61.3 56.4 57.8 56.7 54.9 51.7 48.5 47.8
Toyota Camry Hybrid 3 30 27.0 | 36.4 | 415 43.0 53.1 52.4 52.8 57.4 61.4 61.1 60.0 56.4 58.7 57.3 55.0 51.8 48.9 48.4
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Table 8. VRTC Outdoor Data. All events were corrected for ambient if needed except for the Nissan Leaf, Nissan Versa, and Chevrolet Cruze

no ambients)

Event Speed 100 125 160 200 250 315 400 500 630 800 1000 1250 1600 2000 2500 3150 4000 5000

Chevrolet Cruze 1 10 29.9 31.6 37.6 40.2 40.7 40.5 42.9 47.1 45.1 44.5 46.3 48.5 47.2 47.3 46.9 45.1 44.4 42.1
Chevrolet Cruze 2 10 30.8 33.3 37.9 38.3 41.9 38.9 43.2 47.5 46.9 47.0 47.8 48.3 48.2 47.4 47.2 45.5 45.1 42.1
Chevrolet Cruze 3 10 27.1 29.4 38.2 37.4 41.3 36.4 42.5 46.9 47.7 45.7 47.3 47.7 48.5 47.7 47.5 45.7 44.4 41.8
Chevrolet Cruze 1 20 35.5 39.0 41.5 43.5 41.5 44.5 46.1 50.0 51.7 51.5 52.7 51.8 51.6 50.2 48.4 47.8 44.8 43.0
Chevrolet Cruze 2 20 34.7 40.2 42.6 44.4 44.1 45.5 47.1 50.1 51.4 52.6 52.1 52.0 51.6 49.8 49.4 45.5 44.6 43.0
Chevrolet Cruze 3 20 33.1 40.7 40.3 42.9 41.9 45.5 46.9 49.9 51.6 53.2 54.0 52.7 52.0 50.6 49.2 46.6 45.5 43.0
Ford Fusion 1 10 32.6 37.5 36.0 38.5 42.8 41.3 42.7 43.8 45.5 47.7 47.7 48.5 48.9 48.2 46.4 44.5 43.4 40.8
Ford Fusion 2 10 38.5 33.3 36.2 40.0 44.5 39.5 41.9 44.1 44.2 47.0 48.8 48.3 47.9 46.8 45.3 42.8 42.3 40.8
Ford Fusion 3 10 31.6 38.4 36.0 39.3 44.7 41.9 45.0 46.2 47.6 48.5 49.4 49.2 50.6 48.6 46.8 45.1 44.1 41.5
Ford Fusion 4 10 30.8 36.3 35.4 38.0 47.3 40.3 43.2 44.3 46.1 49.9 48.8 47.8 48.3 47.4 46.9 44.4 44.2 41.5
Ford Fusion 1 20 40.9 34.5 38.2 50.2 49.2 45.6 44.8 48.2 51.4 54.6 52.8 53.7 54.9 52.0 51.0 48.1 47.8 44.9
Ford Fusion 2 20 36.8 30.5 38.3 48.5 49.6 43.0 45.2 49.4 52.0 54.6 52.7 53.0 53.4 51.5 49.9 47.5 47.4 44.7
Ford Fusion 3 20 33.0 29.0 39.3 47.9 46.0 40.6 42.7 46.3 49.6 54.7 51.8 52.5 52.8 50.3 47.8 46.0 44.0 40.8
Ford Fusion 4 20 32.7 29.3 39.9 48.6 45.1 43.0 45.5 46.5 50.1 53.9 52.6 51.8 52.0 50.8 48.1 46.1 44.9 42.6
Ford Fusion 1 30 33.8 31.9 38.3 41.3 48.0 53.6 51.0 51.1 57.3 61.4 59.0 58.2 58.0 55.5 53.4 49.5 48.1 46.4
Ford Fusion 2 30 35.1 313 37.8 43.6 45.8 52.6 50.3 50.3 55.6 60.2 58.3 59.8 58.3 56.0 54.5 50.2 48.5 46.2
Ford Fusion 3 30 34.2 33.3 38.6 43.3 49.0 51.1 51.1 50.5 57.4 62.3 59.2 59.9 58.6 56.8 54.0 51.0 48.8 47.4
Ford Fusion 4 30 37.7 34.0 40.2 42.2 50.4 50.9 52.7 51.1 57.6 60.5 59.3 59.5 60.1 58.1 54.9 51.8 49.3 47.2
Nissan Leaf 1 10 23.6 26.8 30.7 34.6 40.2 42.1 42.3 46.0 52.5 43.4 42.6 41.0 38.5 40.9 44.5 34.4 31.0 30.7
Nissan Leaf 2 10 21.4 24.5 31.1 37.9 36.3 35.8 39.1 47.5 49.2 44.9 41.2 38.8 39.4 42.5 50.3 36.0 315 30.9
Nissan Leaf 1 20 24.4 29.5 30.2 36.6 39.8 39.9 46.9 47.7 49.8 51.6 50.0 48.6 50.1 49.4 47.0 41.8 36.2 35.0
Nissan Leaf 2 20 26.8 28.9 33.8 39.0 41.5 45.4 44.2 45.7 46.6 49.6 51.2 47.8 49.0 49.1 45.1 40.8 35.1 33.3
Nissan Leaf 1 30 30.7 33.8 37.6 40.9 44.2 44.8 45.6 58.3 58.1 57.7 58.7 58.7 57.7 55.2 51.6 47.8 43.5 41.1
Nissan Leaf 2 30 28.8 34.9 35.1 39.1 43.8 43.8 44.6 53.4 56.3 57.2 56.5 56.7 56.2 54.0 50.5 47.0 41.4 39.2
Nissan Leaf 3 30 29.2 31.7 37.1 42.8 44.4 44.1 44.0 56.7 56.7 58.3 58.4 56.0 57.6 54.9 51.0 46.4 42.0 39.5
Nissan Leaf 4 30 30.2 31.1 35.0 41.2 43.9 43.5 45.2 54.9 56.5 58.7 58.0 56.9 57.1 55.0 51.3 46.0 40.8 39.0
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Vehicle Event Speed 100 125 160 200 250 315 400 500 630 800 1000 1250 1600 2000 2500 3150 4000 5000
Nissan Versa 1 10 30.2 32.2 34.7 35.3 40.0 39.0 38.4 42.0 44.6 45.9 44.9 44.1 44.8 45.4 47.7 45.9 42.8 40.8
Nissan Versa 2 10 34.5 30.3 31.1 39.7 38.6 36.7 41.0 43.2 45.1 46.3 45.1 44.6 45.9 46.0 47.3 45.8 43.2 41.9
Nissan Versa 3 10 27.7 28.4 29.9 33.9 36.2 36.7 40.4 43.8 44.1 46.0 45.6 44.5 46.8 47.3 48.1 46.1 43.3 40.9
Nissan Versa 4 10 28.0 30.6 30.0 33.4 37.2 38.2 39.7 43.4 43.6 46.7 45.5 44.2 45.4 46.4 47.0 45.5 42.5 40.8
Nissan Versa 1 20 32.1 32.0 32.9 39.1 41.7 38.8 44.4 48.6 50.4 54.0 53.6 52.4 53.1 51.1 49.6 47.5 44.2 41.3
Nissan Versa 2 20 28.9 27.6 31.9 38.4 41.5 40.4 44.3 48.0 50.1 54.2 54.0 52.9 53.5 51.5 49.8 47.1 44.7 42.0
Nissan Versa 3 20 30.9 31.5 34.0 41.1 42.3 40.2 45.1 47.8 52.3 54.4 53.6 53.0 53.3 52.2 50.2 47.3 44.8 41.5
Nissan Versa 4 20 31.1 31.0 34.2 39.6 39.3 41.1 45.3 48.7 52.3 54.0 53.1 52.7 53.4 52.5 49.7 46.6 44.2 41.1

Tesla Roadster 1 10 25.2 30.1 32.6 33.4 34.2 39.7 39.1 39.3 39.6 41.0 43.6 41.7 38.4 37.9 36.2 33.8 34.2 31.9
Tesla Roadster 2 10 27.2 30.8 31.9 33.6 34.9 41.3 39.9 38.7 38.7 40.8 42.5 40.7 39.0 36.2 35.2 33.1 32.8 32.1
Tesla Roadster 3 10 26.3 34.6 35.0 36.5 36.0 42.6 38.9 38.3 39.8 39.8 42.3 42.0 38.7 36.7 35.5 33.4 32.3 31.1
Tesla Roadster 4 10 24.3 30.0 30.2 32.4 32.3 38.7 37.1 36.2 39.9 40.1 41.3 41.4 38.1 36.4 34.0 32.0 31.6 29.7
Tesla Roadster 1 20 26.8 34.7 39.3 41.0 40.9 45.8 44.4 46.1 47.3 51.7 53.4 53.4 50.0 49.4 46.1 41.9 38.1 35.1
Tesla Roadster 2 20 24.7 37.0 40.3 38.8 41.4 46.4 45.8 48.0 49.2 50.6 53.9 51.1 50.1 48.1 46.1 40.6 37.0 34.3
Tesla Roadster 3 20 24.6 36.3 39.2 38.6 42.0 43.0 45.2 45.7 49.2 50.5 53.7 52.1 50.1 49.1 45.8 41.5 37.9 34.8
Tesla Roadster 4 20 28.7 34.2 38.7 38.1 40.3 44.4 44.2 47.2 48.3 50.5 52.8 52.4 49.5 49.0 46.0 41.4 37.4 34.7
Tesla Roadster 1 30 33.8 37.2 34.5 43.5 48.7 46.8 50.3 51.2 53.2 56.0 60.2 58.5 56.5 55.6 53.3 48.0 42.9 39.2
Tesla Roadster 2 30 34.3 36.2 35.7 41.6 49.1 47.9 50.1 51.1 52.1 56.0 58.7 58.2 56.1 55.5 52.9 47.5 43.2 39.1
Tesla Roadster 3 30 33.2 35.2 35.7 44.0 47.9 47.4 49.9 52.1 55.0 57.5 60.5 60.9 57.7 57.9 54.5 48.6 43.5 39.3
Tesla Roadster 4 30 37.5 35.3 36.3 40.9 46.4 49.6 51.5 50.4 53.9 56.6 58.9 57.7 56.7 55.8 52.8 47.8 42.9 39.1
Toyota Camry 1 10 32.6 31.5 36.8 38.1 35.5 39.4 41.4 41.9 44.3 47.4 46.0 46.1 49.3 49.5 46.1 46.3 42.9 40.3
Toyota Camry 2 10 32.4 32.0 37.7 35.5 35.8 40.0 41.6 42.1 42.7 47.4 47.8 47.2 48.1 48.6 47.4 44.9 43.0 39.6
Toyota Camry 3 10 30.8 28.7 34.7 39.8 36.8 37.9 39.3 40.1 45.5 46.7 45.4 46.0 49.0 49.7 47.1 46.8 43.0 40.2
Toyota Camry 4 10 33.1 32.7 37.5 37.5 36.2 38.8 41.6 40.9 42.5 47.5 47.4 45.2 48.7 48.3 46.7 45.0 42.6 39.9
Toyota Camry 1 20 34.5 36.6 38.1 42.1 41.3 39.5 44.0 47.0 50.3 51.0 50.8 51.1 51.8 50.2 48.3 47.3 43.9 40.9
Toyota Camry 2 20 28.2 34.7 39.2 40.4 40.0 40.1 46.1 46.9 51.5 53.3 52.3 51.4 52.1 51.3 49.2 47.3 44.3 41.2
Toyota Camry 3 20 29.0 35.2 36.9 38.8 39.4 39.7 43.6 47.6 49.8 51.7 51.0 50.8 51.8 50.3 49.1 47.0 43.7 41.1
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Vehicle Event Speed 100 125 160 200 250 315 400 500 630 800 1000 1250 1600 2000 2500 3150 4000 5000
Toyota Camry 4 20 22.6 32.1 38.0 39.6 42.2 40.2 43.3 46.8 51.3 51.3 51.7 51.3 52.4 51.3 49.7 47.8 44.5 41.9
Toyota Camry 1 30 34.0 34.0 37.7 40.7 42.5 42.4 46.9 49.2 52.0 56.6 57.0 55.5 57.5 55.0 53.3 50.8 46.7 44.8
Toyota Camry 2 30 30.0 37.6 39.8 41.4 41.7 43.4 45.6 49.4 51.3 56.4 56.6 55.4 56.7 54.1 51.7 49.4 46.1 43.5
Toyota Camry 3 30 29.7 38.7 40.0 41.1 43.9 43.8 48.1 49.8 52.1 56.7 57.1 55.9 57.7 55.9 53.3 50.3 46.7 44.9
Toyota Camry 4 30 32.6 36.0 38.1 40.9 42.0 43.0 48.6 49.8 52.1 57.6 58.7 55.5 57.4 55.0 53.0 49.6 47.2 44.1

Toyota Camry Hybrid 1 10 24.5 28.5 24.3 36.6 39.0 34.5 36.3 38.3 39.1 42.6 39.2 38.7 37.9 47.5 45.4 34.0 33.7 30.7
Toyota Camry Hybrid 2 10 26.9 24.9 26.4 36.8 40.2 35.4 35.6 40.5 40.6 42.9 40.3 38.8 39.0 45.4 44.4 36.1 34.2 33.8
Toyota Camry Hybrid 3 10 25.6 23.7 29.0 35.5 41.0 34.6 36.3 39.1 37.2 41.6 39.7 39.7 38.1 47.3 45.1 34.0 33.4 32.0
Toyota Camry Hybrid 4 10 27.0 26.5 26.4 36.5 44.2 35.4 36.1 39.4 40.6 41.8 38.3 37.4 37.2 47.3 46.2 34.9 33.9 33.8
Toyota Camry Hybrid 1 20 25.2 27.3 31.3 36.9 41.9 39.2 43.5 45.4 50.5 52.0 51.3 49.0 50.2 47.6 47.4 44.6 41.7 41.3
Toyota Camry Hybrid 2 20 24.4 25.8 30.5 39.3 39.7 37.3 42.7 46.0 48.8 50.6 51.4 49.4 49.0 47.3 47.4 44.7 41.2 39.8
Toyota Camry Hybrid 3 20 26.8 26.2 29.2 37.2 40.1 40.0 43.0 46.4 50.3 50.1 50.3 50.0 50.9 47.8 47.8 44.5 41.6 41.6
Toyota Camry Hybrid 4 20 28.0 28.5 30.2 39.1 42.0 42.9 44.5 48.1 48.1 51.1 50.0 48.6 49.6 48.2 47.8 43.4 41.3 41.2
Toyota Camry Hybrid 1 30 29.9 31.2 39.0 40.5 45.7 44.9 47.7 48.8 52.2 59.0 58.6 55.8 56.7 55.9 53.2 49.9 47.8 45.7
Toyota Camry Hybrid 2 30 30.8 38.0 37.0 41.2 44.2 45.8 46.3 48.3 54.2 56.9 58.1 56.4 58.5 55.1 51.3 49.5 47.1 45.8
Toyota Camry Hybrid 3 30 29.9 34.1 39.8 42.9 46.7 46.2 47.4 48.8 53.1 56.5 57.8 55.6 58.7 55.6 53.1 50.7 49.2 47.5
Toyota Camry Hybrid 4 30 28.3 30.7 33.0 36.8 41.8 42.3 47.6 47.6 52.0 55.4 57.0 55.5 57.1 55.1 52.1 48.8 46.6 45.9
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