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Standard Practice for
Accelerometer Use in Vehicles for Tire Testing

This standard is issued under the fixed designation F 811; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonej indicates an editorial change since the last revision or reapproval.

1. Scope orthogonal measurements referenced to the earth-fixed axis

1.1 This practice covers guidelines for using accelerometerdyStem. F 538
in test vehicles to evaluate dynamic accelerations resulting 3-1.5 Servo accelerometerz—nan accele'rom.eter containing
from various maneuvers such as braking, accelerating, ot€™vo mechanlsms, electronics, and a seismic element to sense
cornering. inertial reac_t|on. F 53&_3

1.2 This practice is applicable to accelerometers that are 3.1.6 strain gage accelerometer-ran accelerometer using
rigidly attached to the body of the test vehicle or stabilized toStrain gages to sense the motion of the seismic element.
the earth-fixed axis system by means of a gyroscope. F 538

1.3 The values stated in Sl units are to be regarded as thf

; ) ) - & Significance and Use
standard. The values given in parentheses are for information
only. 4.1 The measured accelerometer output can be used to

1.4 This standard does not purport to address all of thecalculate traction properties of combined tire-vehicle systems
safety concerns, if any, associated with its use. It is thd" the operation of passenger cars, light trucks, and heavy

responsibility of the user of this standard to establish appro-rucks through use of applicable methods of testing.
priate safety and health practices and determine the applica- 4-2 This practice is intended to achieve uniformity in test
bility of regulatory limitations prior to useSpecific precau- vehicle accelerometer use and in accelerometer signal process-
tions are given in Section 6. ing. Through such usage, a basis for meaningful comparisons
of test results from different sources will be obtained.
2. Referenced Documents 4.3 This practice is not applicable to accelerometers used in
2 1 ASTM Standards: destructive testing, such as vehicle crash tests or vehicle

F 538 Terminology Relating to the Characteristics and PerYibration measurements.

formance of Tire$ 5. Apparatus

3. Terminology 5.1 Body-Mounted AccelerometetAn accelerometer shall
3.1 Definitions: be used to measure vehicle accelerations in any of the three
3.1 1 accelerorﬁeter A-an instrument that senses inertial Pr ey vehicle axes (use x, y, 2 as illustrated in Fig. 1) and

" - . shall have the following specifications:

reaction to measure linear or angular acceleration. F 538

3.1.1.1 Discussior—For additional information on acceler- 5.1.1 Range—The full-scale range of the accelerometer

. shall be at least-1.0 g and not more than5.0 g for units used
ometers, refer to thelandbook of Transducers for Electronic ;
Measuring Systents, in the x and y axes, and at leasR.0 g and not more that5.0

3.1.2 bandwidth, [1/T], r—the range of frequencies within g for units used in the z axis,

: : . . - ... 5.1.2 Accuracy—The static and dynamic accuracies of the
which certain performance characteristics occur; specific limits . o
accelerometer shall be0.25 % of full scale including linear-

normaly apply. F 538 ity, hysteresis, and repeatabilit
3.1.3 9, n—a unit of acceleration wheregis equal to the yi—'; 1y3 Bandv,vidth—Tfﬁ)e fre ue>r/1.c response of the complete
acceleration of gravity, 9.8 nf82.2 ft/s). F 538 - q y resp p

system shall be from DC to a minimum of 20 Hz. The output
hall not vary more than-2 % of the static output over this
fequency range.
5.1.4 Temperature-The operating temperature range shall
1 This practice is under the jurisdiction of ASTM Committee F-9 on Tires and is be, as a minimum, between 23 and 66°C (_10 and 1500':) with
- HHYH 0/4/° 0/4/°
the direct responsibility of Subcommittee F09.10 on Equipment, Facilities, and? temperature Se_nSItIVIty_ F’f_ less than 0.054 %/°C (0'03 Yol F)'
Calibration. 5.1.5 Cross-Axis Sensitivity-The measured output shall not
Current edition approved Oct. 10, 1995. Published December 1995. Originalhhe affected by more than 1% of the accelerations acting
published as F 811 — 83. Last previous edition F 811 — 89. R :
2 Annual Book of ASTM Standarddol 09.02. perpendicular to_t_he measurement axis.
3Norton, H. N.,Handbook of Transducers for Electronic Measuring Systems -2 GYro-Stabilized Acce_lgromet&’Accelerometers that
Prentice-Hall, Inc., Englewood Cliffs, NJ, 1969, pp. 93-141. are attached to a gyro-stabilized platform for the purpose of

3.1.4 gyro-stabilized accelerometer—a precision vertical
gyroscope fitted with one to three accelerometers to provid
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FIG. 1 Sign Convention

eliminating the effects of vehicle pitch or roll attitudes must 6.3 The dynamic accuracy (see 5.1.2) should be verified
meet the requirements of 5.1. occasionally by returning the accelerometer to the manufac-
5.2.1 Gyro-Stabilized Platform-The platform shall main- turer or other calibration facility or by means of an appropriate
tain the accelerometer(s) in a horizontal plane for X and Yshaker-type calibration device.
axes, and in a vertical plane for Z axis, referenced to the earth i
within +0.25° during data collection. 7. Preparation of Apparatus
5.3 Low-Pass Filte—A low-pass filter shall be used to 7.1 Mounting Positior—Solidly mount the accelerometer(s)
minimize the effect of vehicle-, tire-, and roadway-relatednear the vehicle center of gravity (CG).
vibration on the data. The filter shall be flaR % (=0.2 dB) 7.2 Angular Alignment-Install each accelerometer, or the
from DC to 2.5 Hz,-3 dB at 7.5+ 3 Hz with a roll-off  gyro-stabilized platform, with its measurement axis aligned
between 24 and 48 dB per octave. The frequency response shalith the vehicle axis of interest withirt2°.
fall entirely within the shaded area in Fig#2. ] )
5.4 Recorder—The recorder shall have an accuracy equal to3- Calibration
or greater than 1 % of full scale over a bandwidth from DC to 8.1 Calibrate with all components of the system (that is,

at least 20 Hz. accelerometer, filter, and recorder) connected. Evaluate each
subsystem individually and compare results to the total accu-
6. Hazards racy, taking into account interaction effects.

6.1 Upon completion of the installation, verify that vehicle 8.2 Static Calibration—Calibrate by tilting the accelerom-
dynamics and vibrations acting on the accelerometer do ndter on a rotary table or other test fixture to incrementally
produce g levels outside the operating range or produce voltagacrease or decrease angles with respect to the horizontal plane.
levels that would exceed the input rating of the filter. Record the output values for each angle on the recorder used in

6.1.1 Observe the unfiltered accelerometer output on afesting.
oscilloscope or recorder with a bandwidth greater than that of 8.2.1 Set the rotary table at zero inclination.
the accelerometer while performing maneuvers similar to the 8.2.2 Mount the accelerometer on the rotary table, with the
type that will be encountered in actual testing. sensitive axis horizontal and in the plane of rotation within

6.1.2 Should the signal exceed the full-scale range (for=1°, and adjust the amplifier or recorder setting, or both, until
example, due to vibration caused by local effects and structurdhe recorder indicates zero.
ringing), either provide a more rigid mounting method or 8.2.3 Rotate the table about the horizontal axis to 10° (0.174
replace the accelerometer with another unit with a higheg) and record the output.
full-scale range. 8.2.4 Rotate the table to 30° (0.500 g), 45° (0.707 g), 60°

6.2 The accuracy of body-mounted accelerometers wil(0.866 g), and 90° (1.000 g) and record the output.
depend on the change in horizontal attitude during dynamic 8.2.5 Rotate the table from the 90° (1.000 g) position to the
vehicle testing where an error is introduced into the data that i§0° (0.866 g) position and record the output.
equal (in g) to the sine of the tilt angle. 8.2.6 Continue to rotate the rotary table incrementally

through the remaining sequence of angles specified in 8.2.3 and
8.2.4 until the initial zero value is reached. Record the output

“Neill, A. H., et al., “A Note on Filtering Techniques,Tire Science and at each increment. .
Technology\Vol. 6, No. 4, Nov. 1978, pp. 263-275. 8.2.7 Repeat 8.2.2 through 8.2.6 such %‘eqm'ﬁemgs
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