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Modification 4
Statement of Work
Vehicle Characteristics Measurement Service
For Recreational Off-Highway Vehicles (ROV)

A. Work

1. Static Measurements

The contractor shall provide measurements of vehicle characteristics, to include the
following: the lateral, longitudinal, and vertical locations of the center of gravity (CG),
weight distribution at each tire, roll mass moment of inertia, pitch mass moment of
inertia, yaw mass moment of inertia, and roll/lyaw mass product of inertia.
Measurements shall be taken in selected load conditions (listed below) for the vehicle
provided.

2. Static Test

The contractor shall also conduct tilt table testing of the vehicle in selected loading
conditions (listed below) and report the minimum tilt angle at two wheel lift for the
vehicle in each vehicle load condition and orientation. Tilt testing shall be done in two
lateral orientations, one with the driver's side located to the high side of the tilted
surface and one with the driver’s side located to the low side of the tilted surface.

3. Dynamic Test

The contractor shall install instrumentation, conduct dynamic testing, and record data
regarding certain dynamic performance characteristics of the supplied vehicle in each
load condition. The characteristics to be evaluated will include vehicle lateral roliover
propensity, steering under-steer gradient, and vehicle system resonant response to

cyclic steering input.

4. Special Test Equipment

Contractor shall provide an outrigger suitable for use on a variety of recreational off-
highway vehicles (ROV) that will provide a high level of safety during the conduct of
rollover testing. The outrigger will be designed and installed to have a minimal affect on
the vehicle characteristics to be studied. Measurements will be made to quantify the
effects of the outrigger on the vehicle characteristics to be studied. The outrigger will be
adaptable to all ROVs to be evaluated in the test program.

5. Report

Contractor shall reduce the data, plot significant events, analyze the data and prepare
reports on the outcomes for the vehicle. Contractor shall provide the written report and
data plots to CPSC within four weeks after each phase of the test program is
completed. Data shall be retained for possible future reprocessing.

B. Objectives

1. To obtain vehicle characteristic data that is accurate and repeatable using
measurement and test methods that are proven and accepted in the academic and



industrial communities. For CG location and mass moment of inertia values, one
acceptable method of measurement is provided by the Vehicle Inertia Measurement
Facility (VIMF).

2. To document, study, and compare the dyhamic performance characteristics of
commonly available ROVs.

C. Minimum Technical Requirements

C. 1. Static Measurements:

1. 1. Weight measurements shall be provided at each tire.

2. Weight measurements shall be totaled for each axle and for the vehicle.

3. Weight measurements shall be repeatable within + 1 Ib.

1. 4. Weight measurements shall be reported in pounds (Ib.) and kilograms (kg).

1. 5. CG location measurements shall be repeatable within + 0.5% of the measured
values.

1. 8. The longitudinal, lateral, and height reference points for CG location shall be
specified and shall follow conventions for reporting vehicle characteristics.

1. 7. CG locations shall be reported in inches (in.) and centimeters (cm).

1. 8. The pitch and yaw mass moment of inertia values shall be repeatable within + 1%
of the measured values.

1. 9. The roll mass moment of inertia values shall be repeatable within + 2% of the
measured values.

1. 10. The rollfyaw product of inertia shall be repeatable within + 6.8kg-m?,

1. 11. Mass moment of inertia values may be reported in kg-mzt— or slug-ft?, or both.

1.
1.

C. 2. Static Test:

2. 1. The tilt table used for tilt testing shall deflect no more than 0.1 inch when loaded
with the test vehicle.

2. 2. The tilt table used for tilt testing shall be flat within + 0.1 inch.

2. 3. The tilt table used for tilt table testing shall have the capability to lift at a slow rate
of 0.1 degree per second.

2. 4. Tilt test resuits shall be repeatable within + 0.1 degree.

2. 5. Tilt test results shall be reported in angular degrees.

C. 3. Dynamic Test Data

3. 1. Record acceleration data in the longitudinal, lateral, and vertical directions at or
near the CG location.

3. 2. Record steering input angle.

3. 3. Record suspension movement at each wheel location.

3. 4. Record vehicle speed.

3. 5. Record additional parameters as required to complete the static and dynamic test
events.

3. 6. Record data during each test event at sufficient sample rates to examine short
lived transient events. :



C. 4. Dynamic Test Events

4. 1. J-Turns on an asphalt surface using drop throttle techniques and initiating steering
at a set speed. Steering angles shall be incrementally increased such that the minimum
lateral acceleration at the onset of rollover is encountered. Use a steering controller to
achieve accurate steer angles and consistent steering rates.

4. 2. Constant radius turns on an asphalt surface using the methods of SAE J266 to plot

steering gradient.
4. 3. Sinusoidal steering input and step steering input on an asphalt surface to evaluate

vehicle system response.
4. 4. Asphalt test surfaces to have an overall slope of 1% or less.

C.5. Additional Dynamic Test Events with Two Supplied Vehicles

5.1. J-turns on an asphalt surface using drop throttle techniques and initiating 180
degrees of steering at a set speed of 20 mph. Use a steering controller to achieve
accurate steer angles and consistent steering rates.

5.2 Constant steer turns on an asphalt surface at a set turn radius of 25 ft. Increase
speed until vehicle limit is achieved and dynamic data is recorded.

C. 6. Remotely Controlled Vehicle

6.1. Contractor shall design and assemble the remote control (RC) facilities required for
operation of vehicle steering, accelerator, and brake controls by an operator while that
operator is not located onboard the vehicle.

6.2. Features for safe operation must be included in the RC system. A panic switch to
release the accelerator and apply full brake pressure is recommended. An audible
device to indicate when the vehicle is running is also recommended. Other safety
features may be found to be necessary,

6.3. Procedures for safe test operations shall be developed and communicated to all
members of the test team prior to the start of test operations.

6.4. Parts of the vehicle may be removed to allow for installation of the RC components
except for seats, seat belts, ROPS, and occupant passive restraints. In general, the RC
components must not interfere physically or functionally with the driver or passenger
spaces so as to affect the objective of the tests.

8.5. At the completion of testing, the contractor shall restore the vehicle controls to the
original, fully functional condition.

6.6. The RC facilities shall be transferable to all of the vehicles planned for the test
series.

C.7. Remotely Controlled Vehicle Instrumentation
The contractor shall provide ail the equipment necessary for the autonomous vehicle
control and shall provide all equipment necessary to make measurements of vehicle
motion during the tests.
7.1. Vehicle Instrumentation
1. Hand-wheel steering angle
2. Three axis (X, y, z) vehicle acceleration located near the vehicle center of
gravity (CG)



3. Three axis (x, y, z) rotation angle sensors located near the vehicle CG
7.2. High Speed Video

1. Off board front view at rollover

2. Off board side view at roliover
7.2. Real Time Video

1. Off board overall view of rollover event
7.3. Additional data parameters may be included by the contractor as deemed
necessary or useful.

C. 8. Remotely Controlled Vehicle Trials

In order to provide experience with conducting the tests and minimize damage to the
test articles, a trial vehicle will be provided. Trial runs will be used to determine damage
potential, vehicle speed requirements, steering angles, camera angles, on board
instrumentation survivability, and data recording capability. The contractor shall
incorporate learning from the trial runs into test procedures, test setup, camera
placements, and course setup.

C. 9. Remotely Controlled Vehicle Testing

9.1. The contractor shall conduct test operations on a dirt or asphalt surface. It is
recognized that damage to equipment is a possibility and therefore all steps necessary
to minimize damage must be exercised.

9.2. The data collection test events will consist of left and right turning J-turns executed
to produce 90 degree rollover events at or near the rollover threshold for each vehicle.
One crash dummy shall be on board the vehicle for each event and shall be seated in
the driver's seat for right hand turns and the passenger’s seat for left hand turns.

9.3. Instrument data will be recorded continuously beginning just prior to initiating the
turn and through completion of the rollover.

9.4. Video of each event will be recorded from the initiation of the turn through
completion of the rollover. Off board high speed video will be situated to observe the
movement of the crash dummy relative to fixed locations on the roll over protective
structure (ROPS) of the vehicle.

9.5. A robotic steering controller may be used to control the steering rate and the
steering angle during each event tumn.

9.6. The contractor shall complete a minimum of three J-turns, with high quality
instrument and high speed video data, in each direction for each vehicle.

9.7. The lead-in area of the test course to the event area must be as uniform and
smooth as possible to minimize movement of the test dummies prior to the event.

9.8. The crash dummies used shall be 50th percentile male Hybrid Il dummies.



D. Load Conditions

1. Curb weight plus driver and passenger load. Curb weight is defined as the weight of
an unoccupied, unloaded vehicle with a full fuel load and all other fluids at the
respective maximum level.

2. Curb weight plus test driver load and test instrumentation.

3. Each occupant load will be a Hybrid [1l 95™ percentile male dummy or equivalent
(213 Ib.). For dynamic test, weight may be added in forms other than test dummies, to
gain the best approximation to the specified load.

4. Dynamic tests will be conducted in curb weight plus test driver load and test
instrumentation configuration only.

E. Vehicies To Be Evaluated

1. Bombardier Can-Am Commander 1000
2. Arctic Cat Prowler (Additional Dynamic Tests)
2. Yamaha Rhino (Additional Dynamic Tests and Remotely Controlled Vehicle Testing)

F. Shipping

1. Contractor is responsible for shipping vehicles from CPSC facility to test facility and
return.



