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Riding Range Test Procedure for On-Highway Electric Motorcycles

RATIONALE

The previous version of this document states that the engine must be disengaged in order to obtain the losses from the
system in motion. In an electric vehicle, there is no way to disengage the motor. The range and losses that are obtained are
false due to the fact that motor (magnetic losses) are inherent to the function of the motor, even with regeneration
(backdriving the motor to energize the battery) disengaged there are continuous losses in the system. The proposed
changes would be to use a “continuous motion” at a constant speed to determine the inherent losses of the system. This
proposed method may be used in all electrically driven vehicles.

FOREWORD

This SAE Recommended Practice establishes a chassis dynamometer-based procedure for measuring the riding range of
on-highway electric motorcycles under several different operating conditions. A “city” range test is specified to determine
riding range during “stop-and-go” operation. Constant speed tests at 55 mph and 70 mph are specified to determine riding
range during uncongested highway operation at two different cruising speeds. A “highway commuting” range calculation
procedure is specified to determine riding range in urban areas when operation consists of 50% stop-and-go operation and
50% operation on urban freeways under levels of congestion that allow for quasi-steady speeds of 55 to 70 mph. This also
establishes a recommended practice for deriving dynamometer coefficients for electric vehicles incapable of disengaging
the motor for the “coast-down” portions of the test.

INTRODUCTION

Since model year 1972, the U.S. Environmental Protection Agency (EPA) has specified the use of the Urban Dynamometer
Driving Schedule (UDDS) to determine compliance with exhaust emission standards for passenger cars and light-duty
trucks. Beginning in model year 1978, the UDDS was also the driving cycle specified to determine the “city” fuel economy
used to determine compliance with the corporate average fuel economy standards for passenger cars. Also beginning in
model year 1978, the UDDS was the driving schedule specified for testing exhaust emissions from highway motorcycles
with engines >169 cubic centimeters (cc) displacement. (A modified version of the driving cycle with reduced speeds was
specified for motorcycles <170 cc.) More recently, the UDDS has been specified as the driving cycle used to determine the
“urban all-electric range” of an electric car, which is used to determine the level of credit a manufacturer receives under
California and federal standards requiring compliance to be based on the fleet average emissions of vehicles meeting
various emissions standards. (The federal procedure for measuring the range of an electric vehicle, which is in
40 CFR 86.1770-99, is a copy of the procedure initially developed by the California Air Resources Board.)
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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, the highway test has long been recognized to overstate the fuel economy and range that motorists can
expect for what they consider highway driving. Beginning in 1984, federal regulations required manufacturers to discount
results obtained using the highway fuel economy test by 22% before reporting results to consumers. Beginning in model
year 2008, a more complex procedure was implemented that requires manufacturers to calculate highway fuel economy
based on four separate driving cycles, which now includes portions of the UDDS. The new procedure accounts for some
operation at 20 °F and speeds of up to 80 mph on a driving cycle intended to represent aggressive driving. These and other
provisions of the new procedure are not considered appropriate for electric motorcycles.

On limited-access highways and freeways with speed limits of 55 mph or higher, the range of electric motorcycles is
generally lower than during stop-and-go operation and highly dependent on cruising speed. The top speed of some models
is also lower than the cruising speeds typical with low levels of traffic congestion on limited access roadways. For these
reasons, the recommended practice specifies two different cruising speeds: 55 mph and 70 mph. The 55 mph speed is
representative of the top speed necessary to maintain the minimum legal speeds on freeways on commonly occurring
grades. The 70 mph speed is representative of the cruising speed of passenger cars and light-duty trucks on urban freeways
under low levels of congestion.

Because no trips in urban areas consist of 100% freeway operation, a “highway commuting” range procedure is specified
which represents a 50:50 mixture of stop-and-go riding and steady speed cruising. Analysis of data collected in several
California urban areas indicates that this mix of operation is representative of trips by light-duty vehicles that include some
operation on freeways.

In addition to the aforementioned drive cycles, the world motorcycle test cycle (WMTC) provides another drive cycle that
may be used to calculate range for a vehicle. WMTC has been adopted for motorcycle range testing in the EU and Global
Technical Regulation (GTR) No. 2. This provides another value to determine potential range, particularly for users to base
decisions from promotional materials.

1. SCOPE

This SAE Recommended Practice incorporates dynamometer test procedures that produce riding range estimates for
electric motorcycles during stop-and-go urban riding on surface streets and commuting trips in urban areas that include
operation on freeways. This is typically done using a “coastdown” approach by disengaging the engine and assuming all
losses are aerodynamic. However, with inherent losses in an electric motor, and no way to fully disengage the motor,
another approach is to use a “on-road, constant speed” (Appendix B) method for fully electric vehicles to develop
dynamometer coefficients.

1.1 Purpose

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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2. REFERENCES
2.1 Related Publications

The following publications are provided for information purposes only and are not a required part of this SAE Technical
Report.

2.1.1  SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA
and Canada) or +1 724-776-4970 (outside USA), www.sae.org.

SAE J213 Motorcycle Classifications

SAE J1263 Road Load Measurement and Dynamometer Simulation Using Coastdown Techniques
SAE J2263 Road Load Measurement Using Onboard Anemometry and Coastdown Techniques
2.1.2 Code of Federal Regulations (CFR) Publications

Available from the United States Government Printing Office, 732 North Capitol Street, NW, Washington, DC 20401,
Tel: 202-512-1800, www.gpo.gov.

40 CFR, Part 86, Subparts E and F

40 CFR, Part 86, Appendix | [July 13, 2005]

2.1.3 California Code of Regulations

“California Exhaust Emission Standards and Test Procedures for 2009 and Subsequent Model Zero-Emission Vehicles and
Hybrid Electric Vehicles, in the Passenger Car, Light-Duty Truck and Medium-Duty Vehicle Classes,” California Air
Resources Board, December 2, 2009.

"California Exhaust Emission Standards and Test Procedures for 2009 Through 2017 Model Zero-Emission Vehicles and
Hybrid Electric Vehicles, in the Passenger Car, Light-Duty Truck and Medium-Duty Vehicle Classes," California Air

Resources Board, December 6, 2012, available from:
http://www.arb.ca.gov/msprog/levprog/cleandoc/2009-2017%20my%20hevtps clean%20complete 12-12.pdf.

3. DEFINITIONS
3.1 ON-HIGHWAY ELECTRIC MOTORCYCLE

An on-highway electric motorcycle is a motorcycle as defined by SAE J213 that is legal for street use and propelled
exclusively by electric 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 described for a single-roll dynamometer calibration, an iterative data based approach may be used.

40 CFR 86.529 gives default coefficients for a single roller dynamometer in motorcycle testing based on weight. With other
factors involved in system losses, the dynamometer coefficients may be calculated via data analysis and an iterative
approach. This approach will provide more accurate range information as the loads applied will be representative of real-
world application.

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

A twin-roll dynamometer 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 equivalent. 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” coastdown time from 55 to 45 mph performed with the derived load
settings must not exceed the road coastdown time by more than 7%.

4.2 Vehicle Speed

Vehicle speed during dynamometer testing shall be determined 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 measured during coastdown testing shall be accurate within 0.4 km/h (0.25 mph).

Vehicle speed measured during on-road 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 count of roll revolutions
(or fractions of revolutions). The accuracy of the roll diameter and rotational speed shall be sufficient 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
1£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 (x1 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.
4.9 Tire Pressure

The tire pressure gage should have an accuracy of +7 kPa (+1 psi) and resolution of 7 kPa (1 psi).

All tire pressure measurements shall be taken after a minimum 4-hour soak. For single-roll dynamometers, the cold tire
pressure must be set to the manufacturer's minimum recommended tire pressure. For twin-roll dynamometer testing, tire
pressure shall not exceed levels normally used in dynamometer testing (SAE J1263) and necessary for safe operation. The
tire pressure used for dynamometer testing shall be the same pressure as used on the test track to establish the
dynamometer road load power setting.

4.10 Vehicle Weight

The vehicle weight must be measured with a device that is accurate within £0.5% with a minimum resolution of 5 kg
(10 pounds). The equivalent inertial mass used to set the dynamometer includes the curb weight of the bike plus 80 kg
representing a typical driver.

5. TEST VEHICLE

5.1 Minimum Performance

This test procedure is limited to use on electric motorcycles legal for street use with a top speed of at least 26 mph.
5.2 Representativeness

The test vehicle shall be representative of a standard production-built vehicle equipped with any accessories or optional
equipment that are installed on at least 50% of the vehicles produced. However, in the case of vehicles with removable
luggage (e.g., panniers), the vehicle may be tested using dynamometer settings representing the absence of the removable
luggage as long as the fact that the luggage has been removed is reported (e.g., “range was measured with saddlebags
and top case removed”) along with any publication of the range values. Tires used shall be the same size and specification
as those installed on the vehicle at the time of sale. Tires shall be inflated to the manufacturer's recommended 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 PREPARATION

6.1 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-discharge 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 Dynamometer Procedure

The dynamometer procedure shall be as specified in 40 CFR 86.535-90(c)-(h), except those references 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 68 °F (20 °C) and not more 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 feasible, vehicles shall be tested in accordance with the procedures specified in 40 CFR 86.528-78.
References to “throttle” shall be interpreted as referring to the twist grip, pedal, or other device that regulates motor output.
The manufacturer’'s recommended procedures shall be used for the operation of any transmission or clutch in lieu of the
procedures specified for motorcycles with internal combustion engines in 40 CFR 86.528-78. In instances where motor
disengagement is not 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 and placed or pushed
onto the chassis dynamometer and operated through successive urban dynamometer driving schedules 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 Greater than 170 cc”) shall
be used for vehicles capable of maintaining a constant speed of 56.7 mph for at least 10 minutes. The driving schedule
contained in Appendix I(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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