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with engines >169 clibic centimetefs, (cc) displacement. (A modified version of the driving cycle with feduced speeds was
specified for motorcycles <170 cC.)*More recently, the UDDS has been specified as the driving cycle used to determine the
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The primary provisions of the “urban all-electric range” test procedure are a specified “cold soak” period prior to the start of
the test during which the battery is charged, followed by operation over repeated urban dynamometer driving schedules
until the vehicle is no longer able to maintain its initial speed-time profile. (Testing is terminated for vehicles that cannot
keep up with the required speed-time profile when fully charged or when their maximum speed falls below 95% of the
maximum speed initially achieved on the UDDS.) Alternatively, the test is terminated when a warning light indicates that it
is not safe to continue.

The UDDS has been shown to produce fuel economy and range values for gasoline-fueled passenger cars that are
representative of consumer experience for stop-and-go driving in urban areas when a 0.9 adjustment factor is applied. No
adjustment factor is required for the urban all-electric range test and, due to the absence of air conditioner use and cold
weather operation, no adjustment factor is believed to be necessary for electric motorcycles. In contrast, the EPA highway
fuel economy test does not produce representative range or fuel economy values. This is due to the use of a driving schedule
that is specifically intended to represent non-urban driving in areas where there is vigorous enforcement of a 55 mph speed

limit. As a result, th
expect for what they| consider highway driving. Beginning in 1984, federal regulations required manu
results obtained using the highway fuel economy test by 22% before reporting results to consiimers
year 2008, a more gomplex procedure was implemented that requires manufacturers to calculate hi
based on four separate driving cycles, which now includes portions of the UDDS. The new procedur|
operation at 20 °F and speeds of up to 80 mph on a driving cycle intended to represent aggressive driv|
provisions of the new procedure are not considered appropriate for electric motorcycles.

On limited-access
generally lower than|during stop-and-go operation and highly dependent on cfuising speed. The top sg
is also lower than the cruising speeds typical with low levels of traffic corigestion on limited access

reasons, the recommended practice specifies two different cruising speeds: 55 mph and 70 mph. T
representative of th¢ top speed necessary to maintain the minimum-legal speeds on freeways on

grades. The 70 mph ppeed is representative of the cruising speed of passenger cars and light-duty truch
under low levels of dongestion.

Because no trips in prban areas consist of 100% freeway. @peration, a “highway commuting” range p
which represents a p0:50 mixture of stop-and-go riding-and steady speed cruising. Analysis of data
California urban areas indicates that this mix of operation is representative of trips by light-duty vehicl
operation on freeways.

In addition to the af¢grementioned drive cycles;the world motorcycle test cycle (WMTC) provides ang
may be used to calcplate range for a vehicle. WMTC has been adopted for motorcycle range testing
Technical Regulation (GTR) No. 2. This-provides another value to determine potential range, particula
decisions from promptional materials
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This document provides testing procedures for measuring the range of on-highway electric motorcycles during urban

operation and constant speed cruising.
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3. DEFINITIONS
3.1  ON-HIGHWA

An on-highway elec

ELECTRIC MOTORCYCLE

tric ‘motorcycle is a motorcycle as defined by SAE J213 that is legal for streg

exclusively by electr

t use and propelled

c motors energized by storage batteries or fuel cells

3.2 RANGE

Starting with a fully charged battery, the range in kilometers (km) or miles is the total distance that can be travelled using a
specified speed-time profile before the vehicle experiences a significant degradation in performance (as specified in
Section 7) or the operator is warned that it is no longer safe to continue.

3.3 CHARGE-DISCHARGE CYCLE

As used in Section 6, “charge-discharge cycle” shall mean the process involving the vehicle battery being fully recharged
following discharge to the point that the “end of test criteria” in Section 7 are met and then subsequently discharged to the

point that the end of

test criteria are met again.
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3.4 BATTERY CAPACITY

The kilowatt-hours (kWh) of energy provided by the vehicle battery between the time it is fully charged and the time the
vehicle completes a range test conducted in accordance with Section 7.

4. TEST EQUIPMENT AND INSTRUMENTATION
4.1  Dynamometer

The default dynamometer to be used for motorcycle testing is specified in 40 CFR 86.508-78. It requires a single roll with a
minimum 0.40 m (16 inch) diameter. The dynamometer shall be calibrated in accordance with the requirements of
40 CFR 86.518-78. The provisions of 40 CFR 86.529 shall be used for inertia and road load simulation settings, including
coastdown calibration times. These settings may also be used on a single-roll 1.2 m (48 inch) dynamometer. In addition to
the method describeld for a single-roll dynamometer calibration, an iterafive data based approach may| be used.

40 CFR 86.529 give$ default coefficients for a single roller dynamometer in motorcycle testing based ¢n weight. With other
factors involved in $ystem losses, the dynamometer coefficients may be calculated via data”analysis and an iterative
approach. This apprpach will provide more accurate range information as the loads appliedwwill be rgpresentative of real-
world application.

The equipment asspciated with the dynamometer in 40 CFR 86.508-78 includes a cooling fan joperated at speeds
proportional to the dynamometer roll speed, with associated specifications. Compliance with the coolihg fan specifications
is not required for the range test if a lower flow rate of air is sufficient to prevent overheating.

A twin-roll dynamorleter may be used for this procedure, but the road.load power settings must be determined using the
road coastdown and dynamometer load setting determination methods*specified in Appendix A, or efjuivalent. The driver
must assume a normal upright riding posture with arms extended, not a tucked position, during the road coastdown
procedure. A wheel-down dynamometer “quick check” coastdowftime from 55 to 45 mph performed with the derived load
settings must not exgeed the road coastdown time by more than 7%.

4.2 Vehicle Speed
Vehicle speed during dynamometer testing shall betdetermined by the rotational speed of the dynamometer roller(s) and
the measured circumference of the roller(s). The.accuracy of the rotational speed measurement and dynamometer roller
diameter shall be sufficient to allow speed to be-accurate within 0.4 km/h (0.25 mph).

Vehicle speed measpred during coastdown testing shall be accurate within 0.4 km/h (0.25 mph).
Vehicle speed measpred during on-read constant speed testing shall be accurate to £0.4 km/h (0.25 mph).
4.3 Distance
Distance traveled during\a-dynamometer test shall be computed from measured roll diameter and a colint of roll revolutions

(or fractions of revo|utions). The accuracy of the roll diameter and rotational speed shall be sufficignt for the computed
distance traveled to be accurate within 0.5% of the actual distance.

4.4 Temperature

Temperature during coastdown testing, cold soak, and chassis dynamometer testing shall be determined using a
temperature-indicating device capable of measuring to the nearest 1 °C or 2 °F.

4.5 Barometric Pressure

During coastdown testing performed pursuant to Appendix A, the barometric pressure measurement device must have an
accuracy of £0.3 kPa or 0.1 in Hg.
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4.6 Relative Humidity

During coastdown testing performed pursuant to Appendix A, the relative humidity must be measured with an accuracy of

+5%.

4.7 Wind Speed

During coastdown testing performed pursuant to Appendix A, the wind speed measuring device must have an accuracy of

+1.6 km/h (£1 mph).

4.8 Time

All measurements of time must be accurate to +0.1 second over a 60-second interval, with a resolution of 0.1 second.
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S limited to use on electric motorcycles legal for street use with a top speed of at
bness
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nstalled on.at least 50% of the vehicles produced. However, in the case of veh
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d”) ‘ateng with any publication of the range values. Tires used shall be the same s

meters, the cold tire
mometer testing, tire
r safe operation. The
hck to establish the

must be measured with a device that is accurate within £+0.5% with a minimufn resolution of 5 kg

the bike plus 80 kg

east 26 mph.

essories or optional
cles with removable
nce of the removable
red with saddlebags
ize and specification

the vehicle at the time of sale. Tires shall be inflated to the manufacturer’s re

ommended inflation

pressure and shall not be worn to less than 50% of the original tread depth. Prior to coastdown testing, the exterior surface
of the vehicle shall be clean and free of any modifications that would affect aerodynamic drag (e.g., removal of mirrors or
addition of tape over seams in bodywork).

6. TEST VEHICLE

6.1

PREPARATION

Battery Preconditioning

Prior to the conduct of a range test, batteries shall be conditioned according to the recommendations of the vehicle
manufacturer if such conditioning is required to achieve maximum energy storage capacity. If the capacity of the vehicle’s
battery changes by more than 10% following a series of 40 charge-discharge cycles, then the battery shall be subjected to

at least 40 charge-di

scharge cycles prior to dynamometer testing.
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6.2 Cold Soak

Before each range test, the vehicle shall be stored at an ambient temperature not less than 68 °F (20 °C) and not more than
86 °F (30 °C) for 6 to 36 hours. During this time, the vehicle’s battery shall be charged to a full state-of-charge.

7. TEST PROCEDURE

7.1 Dynamometer Setting

Road load force and inertia weight determination shall be performed in accordance with 40 CFR 86.529-98, except that, if
the dynamometer setting is determined based on coastdown testing, the more detailed procedure specified in Appendix A

shall be used. For vehicles incapable of complete motor disengagement, an alternative method of dynamometer setting
based on “coastdown” or constant speed test data may be used.

7.2 Basic Dynamgmeter Procedure
The dynamometer procedure shall be as specified in 40 CFR 86.535-90(c)-(h), except thosé referenges to “transient cold
start, stabilized cold [start, and transient hot start phases of the test” shall be interpreted to mean “the dynamometer driving
schedule.”

7.3  Cooling Air
The temperature of the air blowing over the motorcycle shall be not less than®8 °F (20 °C) and not mofe than 86 °F (30 °C)
during dynamometer testing and the velocity of the air flowing over the)motorcycle shall meet the requirements of
40 CFR 86.508-78(d) if required to prevent overheating.
7.4  Vehicle Operation

To the extent feasiple, vehicles shall be tested in accordance with the procedures specified in |40 CFR 86.528-78.
References to “throtlle" shall be interpreted as referring to:the twist grip, pedal, or other device that regulates motor output.

The manufacturer's ecommended procedures shall be Used for the operation of any transmission of clutch in lieu of the
procedures specified for motorcycles with internal combustion engines in 40 CFR 86.528-78. In ingtances where motor
disengagement is ngt possible, constant speed testing is recommended.
7.5 Dynamometer|Driving

7.5.1 City Test

At the end of the cold soak period,the vehicle shall be disconnected from the battery charging system gnd placed or pushed
onto the chassis dynamometeriand operated through successive urban dynamometer driving schg¢dules as defined in
40 CFR 86, Appendix I. The driving schedule contained in Appendix I(b) (‘EPA Urban Dynamometer Driving Schedule for
Light- Duty Vehicles| Light<Duty Trucks, and Motorcycles with Engine Displacements Equal to or Greatgr than 170 cc”) shall
be used for vehicleq capable of maintaining a constant speed of 56.7 mph for at least 10 minutes. The driving schedule
contained in Appendix1{c) (‘EPA Urban Dynamometer Driving Schedule for Motorcycles with Engine |Displacements Less
than 170 cc”) shall be used for vehicles not capable of maintaining a speed of 56.7 mph for at least 10 minutes. A 10-minute
soak (period of non-operation with the vehicle switched off) may follow each UDDS, during which there shall be no
recharging. (Manufacturers have the option of skipping the 10-minute soak period.)

7.5.2 Constant Speed Tests

Vehicles capable of maintaining a speed of 70 mph for at least 10 minutes shall be tested at both 55 mph and 70 mph.
Vehicles that are capable of maintaining a speed of 55 mph for at least 10 minutes shall be tested at 55 mph. Vehicles that
are not capable of maintaining a speed of 55 mph for at least 10 minutes shall not be subject to testing at constant speed.
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7.5.2.1 55 mph Test

At the end of the cold soak period, the vehicle shall be disconnected from the battery charging system and placed or pushed
onto the chassis dynamometer and accelerated to 55 mph at a rate of 3.3 mph/s or under maximum power if the vehicle
will not achieve and maintain an acceleration rate of 3.3 mph/s. The rider shall attempt to maintain 55 mph as closely as
possible and shall not permit the speed to vary from the target by more than 1 mph for more than 2 seconds.

7522 70 mph Test

At the end of the cold soak period, the vehicle shall be disconnected from the battery charging system and placed or pushed

onto the chassis dynamometer and accelerated to 70 mph at a rate of 3.3 mph/s or under maximum power if the vehicle
will not achieve and maintain an acceleration rate of 3.3 mph/s. The rider shall attempt to maintain 70 mph as closely as

possible and shall not permit the speed to vary from the target by more than 1 mph for more than 2 seconds.

7.6 EndofTestC

7.6.1  End of City

7.6.1.1  Vehicles (
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For vehicles subject
10 minutes, the veh
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ble to reach a speed of at least 53.9 mph (86.7 km/h) between'second number 226
hedule or the illumination of a warning light informing the operator that operation s
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ot Capable of Maintaining 56.7 mph for 10 minutes but Capable of Maintaining 36.
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ast 10 minutes, the vehicle shall be operated at maximum available power whe|
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mber 256 of the driving schedule’ or the illumination of a warning light informi
terminated for safety reasons.or to avoid permanent battery damage. At that point

ot Capable of Maintaining 36.5 mph for 10 Minutes

to the driving.schedule in 40 CFR 86 Appendix I(c) that are not capable of main
cle shall be\operated at maximum available power when the vehicle cannot ach
time tolerances specified in Appendix I. The test shall be repeated until illuminat
br that' operation should be terminated for safety reasons or to avoid permanent bz
opérated at maximum available power falls to 2 mph (3.2 km/h) below the max
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hould be terminated
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b mph for 10 Minutes
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h the vehicle cannot
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eve the speed trace
on of a warning light
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imum speed initially

achieved between s

bcond number 226 and second number 256 of the driving schedule or 25 mph (4

D.2 km/h), whichever

is higher. At that point, the vehicle shall be decelerated to a stop at a rate of 3.3 mph/s and the test shall be terminated.

7.6.2

End of Constant Speed Tests

The target speed shall be maintained until the vehicle is no longer able to stay within 2.0 mph of the target speed or until
the illumination of a warning light informing the operator that operation should be terminated for safety reasons or to avoid
permanent battery damage. At that point, the vehicle shall be decelerated to a stop at a rate of 3.3 mph/s and the test shall
be terminated.

' Speed variations greater than the tolerances specified in Appendix | that occur during gear changes or braking spikes are acceptable, provided they
occur for less than 2 seconds on any occasion and are clearly documented as to the time and speed at that point of the driving schedule.
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7.7 Vehicles Not Capable of Motor Disengagement

Test procedures outlined above may be followed with deviation at deceleration and “coastdown.” Vehicles that are fully
electric are subject to losses inherent to the motor, not only aerodynamic losses. For these vehicles, weather and road
conditions prescribed above shall be required for testing.

The vehicle must then meet prescribed conditions and a constant speed maintained (software or hardware may be used as
a cruise control at a set speed) for more than 20 seconds at various speeds. Speeds recommended for data collection range
from 20 to 70 mph increasing in increments of 10 mph. The test must be run in each road direction for most accurate record
of losses. Measurement accuracy shall meet that of the dynamometer (40 CFR 86.508-78).

8. DATA RECORDING

The following informption shall be recorded Tor each test.
8.1 Date and time|of day.

8.2 Dynamometer|operator.

8.3 Rider/vehicle pperator.

8.4 Vehicle make,|model, model year, vehicle identification number, transmission type, odometer reading at beginning of
test, nominal hattery capacity, maximum motor output, actual curb mass, and drive wheel tire pijessure.

8.5 Dynamometerimake, model, and serial number.

8.6 Dynamometer|settings (inertia and load).

8.7 Test cell tempgrature.

8.8 The driving digtance for each test as calculated fron roll counts.

8.9 Adigital record of the vehicle speed for each sécond of the test.
8.10 Shift speeds used for vehicles equipped with manual transmissions.
8.11 Motor speed gnd power

9. RANGE CALCULATION AND-REPORTING

The range values for each_driving schedule shall be determined by measuring the total number of revolutions of the
dynamometer roller [from<he start of the test until the point at which the end of test criteria descrilyed in Section 7 are
achieved. Based on the distance travelled per revolution of the dynamometer roller and the total number of revolutions, the
distance travelled s i i ' i ber.

For vehicles capable of maintaining a constant speed of 55 mph for 10 minutes, both a city range value and highway
commuting range value shall be reported. Additionally, a cycle that combines both urban and highway driving, WMTC may
be used and values reported. Reporting of range values for the constant speed tests is recommended for fully electric
vehicles.

9.1 City Range

The calculated value for the urban dynamometer driving schedule shall be reported as the range for “city” or “stop-and-go”
riding.
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9.2 Constant Speed Range

The calculated value for the constant speed tests shall be presented as the range for “XX mph constant speed” or “XX mph
steady speed,” where “XX” is the speed of the test. The speeds of the test may be reported as 89 km/h for the 55 mph test
and 113 km/h for the 70 mph test.

9.3 Highway Commuting Range

For vehicles with a top speed of at least 55 mph, a “highway commuting range” value may be reported with a footnote
indicating that the calculation is based on “50% stop-and-go” or “50% city” riding and “50% constant speed operation at
XX mph” (where “XX” is the speed used for the constant speed test). The constant speed used in the calculation shall be
based on the top speed of the vehicle. For vehicles with a top speed of at least 70 mph, the calculation must be based on
the 70 mph constant speed test. For vehicles with a top speed of less than 70 mph, the calculation must be based on the
55 mph constant spged test. Highway commuting range shall be calculated based on the VMT-weightéd harmonic average
of the range values for the city and highway test using the following formula:

Highway Commuting Range = —z— ! o (Eg. 1)

t
Rangecjty Rangeconstant speed

10. EFFICIENCY CALCULATION AND REPORTING

The efficiency valuep for each driving schedule, if reported, shall be determjned by using the range|values calculated in
accordance with Segtion 9 and the measured kWh of electricity required to fully recharge the battery from the point at which
the end of test critg¢ria described in Section 7 are achieved. The efficiency for city, constant spged, and/or highway
commuting shall be freported in units of miles per kWh, kilometers perrkWh, Wh per mile, or Wh per|kilometer. Based on
these calculated valyes, the cost of electricity per mile or kilometer oftcity, constant speed, and/or highway commuting travel
may be determined for a specified cost of electricity per kWh. When on-board chargers are used, the [electricity used shall
be measured at the input to the charger. When off-board chargers are used, the electricity used may be measured at either
the input or output of the charger, depending on the basis for electricity consumption charged to the vehicle operator.
Depending on whether electricity use is measured at the input or output of the charger, the efficiency|shall be reported as
“‘including charger empergy use” or “excluding charger energy use.”

11. NOTES
11.1 Revision Indicptor

A change bar (l) locdted in the left margin is for the convenience of the user in locating areas where teghnical revisions, not
editorial changes, have been made to.the previous issue of this document. An (R) symbol to the left pf the document title
indicates a completq revision of the:document, including technical revisions. Change bars and (R) ar¢ not used in original
publications, nor in dJocuments-that contain editorial changes only.

PREPARED BY SAE MOTORCYCIE TECHNICAL STEERING COMMITTEE
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APPENDIX A - ROAD LOAD COASTDOWN PROCEDURE FOR TWIN-ROLL DYNAMOMETERS

A1 APPLICABILITY

40 CFR 86.529 provides default dynamometer force settings for motorcycles tested on a single-roll dynamometer. The
default settings include an assumed tire rolling resistance for the single roll interface. If a manufacturer wishes to use a
twin-roll dynamometer for the range test, a track road load coastdown test must be performed to determine appropriate
settings for the specific dynamometer used.

40 CFR 86.529(c) briefly describes a procedure to perform road coastdowns to determine dynamometer settings. A very
detailed coastdown procedure for automobiles and light trucks tested on a hydrokinetic dynamometer is specified in
SAE J1263. SAE J2263 provides details for electric dynamometers. Both SAE procedures are very detailed but relatively
expensive procedures to perform. The procedure described herein expands on the procedure contained in the Code of

Federal Regulations
the detailed procedu

A2 GENERAL

The road coastdown
decelerate while red
load forces encount
steady-state test, the
A3 TEST CONI
Because no correcti
speed must be less

than 1%, and the air
shall be calculated u

where:
p = the air densi
P = total air pres
R4 = gas consta

T = temperature

and provides suificient accuracy for range testing while avoiding much of the exp
res found in SAE J1263 or SAE J2263.

consists of driving on a smooth level track under low wind conditions and allowing
prding speed each second. As described in SAE J1263, the observed decelerat
bered by the vehicle during the deceleration. As the range testlincludes either g

DITIONS

pns for wind, roadway grade or air density arecperformed in this simplified proc
than 8 km/h (5 mph) with gusts less than 16 km/h (10 mph), the roadway grade
density at the time of the coastdown run mustbe in the range of 1.14 to 1.20 kg/m]
sing the following equation:

P = [ [1 -5

P
RdXT

0.378xPy

y, in kg/m3
sure, in Pascals
nt for dry air;,287.05 J/(kg*K)

in K

bnse associated with

the vehicle to freely
ion reflects the road
50 mph or 70 mph

coastdown time interval to be used for the dynamometer in-this procedure will bg from 55 to 45 mph.

bdure, average wind
must be not greater
3. The air density (p)

(Eq. A1)

Pv= pressure of

Water vapor (partial pressure), in Pascals, calculated using the following equation

where:

Pv=RH x Es

RH = the relative humidity

s = the saturation pressure of water vapor, in Pascals, calculated using the following equation:

c1x T¢
Es = ¢g X 10¢2+Tc

(Eq. A2)

(Eq. A3)
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where:
co =610.78
c1=7.5
c2=237.3

T = temperature, in °C

The combined weight of the vehicle, driver, and test instrumentation used during the road coastdown must match the

equivalent inertial mass setting of the dynamometer within £10 kg.

Cold tire pressures
dynamometer. The
coastdown and range test must match the pressure used during the road coastdown procedure;

A4 TEST PROGEDURE

Cold tire pressure must be checked, following a minimum of 4 hours of non-operationy Tmmediately b
runs the vehicle mugt be warmed up with a minimum of 30 minutes of operation at-approximately 80 k

Coastdown runs m
include at least five |pairs of valid runs. The recorded deceleration speedyinterval for each run must
100 to 50 km/h (62 tp 30 mph).

A5 DATA REDYCTION

The speed versus time results should be plotted in a program such as Microsoft Excel for inspectiq
comparatively large perturbations (>2 mph from the trend).should be discarded, being careful to retain
runs in each directioh in the final data set.

It is convenient to agsign a time of 0.0 to the final yalue above 100 km/h for each coastdown run. To
times, fit the time versus speed results to second-~order polynomial equations in the form time = a +

Use these equationq to calculate the time for.55"mph and for 45 mph, and subtract the two values to g
time for each run. Compute the arithmetic.average coastdown time to arrive at the dynamometer targe

Tablé A1 - Example using 5 Hz speed data in mph

igher than those recommended during normal use may be used to prevent tire da’|;nage on the twin-roll
aximum tire pressure allowed is 340 kPa (45 psi). The tire pressure used duripg the dynamometer

efore the coastdown
m/h.

t include pairs of runs performed in opposite directioris’ on the same road. The final data set must

nclude speeds from

n. Coastdowns with
the same number of

calculate coastdown
b*speed + c*speed?.
btain the coastdown
t coastdown time.

Time: 0.0 0.2 04 0.6 0.8 23.6 23.8

24.0 24.2

Speed: | 62.03| | 6153 | 60.91 | 6025 | 59.74 3075 | 3052

30.19 29.78
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30

25

20

y =0.010886x? - 1.762208x + 67.257797

15

time (sec)

AN

10

Calculating times for
tss = 0.010886 * 55
tas = 0.010886 * 45
Coastdown time for
A.6 DYNAMOMI

Dynamometer powel
while performing rep

25 30 35 40 45 50 55 60 65
Speed (mph)

Figure A1 - Plot of speed‘versus time from coastdown
55 mph and 45 mph:
55 -1.762208 * 55 + 67.257797 = 3.267 seconds
45-1.762208 * 45 + 67.257797 = 10.003 seconds
b5 to 45 mph: 10:003 - 3.267 = 6.736 seconds

FTER COASTDOWNS

value as used on thq

70

g the power setting

I settings which duplicate the average road coastdown time are found by varyi
eated-wheel-down coastdowns on the dynamometer. The cold tire pressure mugt be set to the same
road. The vehicle must be warmed up on the dynamometer for 30 minutes at 8(§|km/h.

The recommended approach is to perform at least three dynamometer coastdowns at five different power settings. The
road coastdown time must be bracketed by the dynamometer coastdown times resulting from the power settings used.
Calculate inverse time (1/coastdown time), then average the times at each power setting. Plot the power settings versus
average inverse time and determine the power setting that matches the road coastdown time.
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APPENDIX B - ON-ROAD, CONSTANT SPEED PROCEDURE FOR DYNAMOMETER COEFFICIENTS
B.1 APPLICABILITY
SAE J2982 provides methods for determining range for vehicles with engine disengagement via clutch. For fully electric
vehicles, motor disengagement is not possible. For this reason, a constant speed method is required to gather vehicle
losses instead of coast down where the data is gathered at motor disengagement.

B.2 GENERAL

The on-road constant speed procedure consists of riding on a smooth level track under low wind conditions, while
maintaining a constant speed.

B.3 TEST CONDITIONS

Ambient conditions fust be in accordance to EU134/2014 APPX VIl 2.3-2.6:
e Wind speed <3 n/s

e Wind gusts <5 nj/s

e Relative humidity <95%

e Temperature 20|1°C + 3 °C

e Pressure 100 kRa
e Airdensity 0.9197
e Air volumetric mpss 1.189 kg/m?®

Relative air density (dr) may be calculated by the following formula:

d, =dp x X x 2o (Eq. B1)

Po Tt
where:
do = the referende relative ajr,density at reference conditions

Po = the referen¢e ambientpressure, in kPa

Pt = the mean allnbient pressure during the test, in kPa

Tt = the mean ambient temperature during test, in K

To = the reference ambient temperature, in K
Road conditions shall meet specifications in EU134/2014 Appendix 7 2-2.2:
The test road shall be flat, level, straight, and smoothly paved. The road surface shall be dry and free of obstacles or wind
barriers that might impede the measurement of the running resistance. The slope of the surface shall not exceed 0.5%
between any two points at least 2 m apart
The vehicle condition shall be as manufacturer defines as post “run-in” period; tires and other consumables shall be run in

at the same rate as the vehicle. Instrumentation must be installed to have negligible impact to the vehicle, including ensuring
weight distribution between axels.
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If vehicle allows for a “ride mode” to be chosen, a “nominal/normal/street” mode shall be used.

The rider shall meet requirements in EU134/2014 Appendix 7 1-1.3. The rider shall be properly outfitted in well-fitting
protective gear. The rider, fully outfitted, shall have a mass of 75 kg £+ 5 kg and be 1.75 m £ 0.05 m.

The rider must be seated in riding position as designed by the manufacturer, with the rider in proper control of the vehicle
at all times.

B.4 TEST PROCEDURE
Cold tire pressure must be checked, following a minimum of 4 hours of nonoperation.
Constant speed runs must include pairs of runs performed in opposite directions on the same road. The final data set must

include at least five ppairs of valid runs. The recorded constant speed interval for each run mustinclud¢ speeds from 100 to
50 km/h (62 to 30 mph) and must be a minimum of 1 km in length.

Cruise control may He used to maintain a constant speed for each leg.

Vehicle steering and brakes shall be applied as little as possible during measurement period.

Data for true vehicle|speed, current, voltage, and motor rpm must be recorded.

B.5 DATA REDUCTION

From each test run, pxtract constant speed segment of the data. Output the speed results:

e Mean maximum

e  Minimum

e Standard deviatipn

Vehicle power may e calculated via formula below:

P, =1Ig XV, (Eq. B2)

where:
Ps = the averagg power during'the speed interval

Is = the average|current:during the speed interval

Vs = the averagef voltage during the speed interval

The data from a valid constant speed segment of the run shall be averaged to provide the data point.
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