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1. Scope—There are two ways to assess the characteristics of ride vibrations of a vehicle during its operation.
Subjective evaluation and objective measurement. Subjective assessments of the ride vibrations experienced
oy drivers ourlng ride evaluations are generally pérformeo oy a panel of drivers and/or passengers who are
instructed to operate or ride a group of vehicles in a predetermined manner in order to subjectively assess the
levels and characteristics of ride vibrations. Figures 6A through 6C show examples of subjective evaluation
forms presently in use. The disadvantages of the subjective method include need for careful experimental
design, need for statistically unbiased samples, complexity of human perceptions of vibrations, and difficulty in
comparing qualitative data of vehicles evaluated at different times and/or by different groups of people. Often
ride characterization is not an easy task using only qualitative or descriptive terms. Therefore, it is necessary

anAd Aacirahla tA Aavalan Ahianst tanhniniing +tAn anahla rida Aanai nr\Av-n anAd Athare +tA maaciira rida vikhratinna
ana agesiracie o UUVUIU}J UUJCL;LIVU LCuUIyuco w cliavic rae TIHYHITTIO allu VUITIO W llicasuic rige viorauons

during ride assessment in a quantitative manner.

This recommendation details a uniform method for the measurement of ride vibrations of all Class 7 and 8
commercial vehicles, including both combination vehicles and straight trucks. Vibrations are to be measured
utilizing cab and seat-pad mounted accelerometers in vertical (z axis) and fore/aft (x axis) directions. The
measurement in lateral direction (y axis) is optional as these vibrations from a ride assessment standpoint are
seldom significant in commercial vehicles. Several currently utilized methods of displaying, analyzing, and
combining the measured accelerations are presented.

This recommendation does not make any statements concerning how well any of the objective ride measures
will correlate to subjective evaluations of ride, nor does it deal with any limits or establish any desirable values
for acceptable ride.

It is recognized that objective ride evaluation methods have some disadvantages due to the complexities of
these measures, sophistication of instrumentation and analysis techniques, etc. Therefore, it is recommended
that technically trained personnel conduct the objective tests and analyze the data.

11 Purpose—This SAE Recommended Practice establishes the test procedure, environment, instrumentation,
and methods for the measurement, analysis, and presentation of the ride-related vibrations to which seated
occupants of Class 7 and 8 commercial vehicles are exposed during actual or simulated vehicle operation. Itis
intended that this recommendation will provide a degree of uniformity sufficient to allow characterization of ride
needed for industry-wide communication of ride testing. Also presented are objective ride measures which
have been suggested as having some degree of correlation to subjective ride evaluations. It is further intended
that the use of this document will eventually result in objective ride measures being established as a generally
accepted quantifier of subjective ride evaluations.

2. References

21 Applicable Publications—The following publications form a part of this specification to the extent specified
herein. Unless otherwise indicated, the latest version of SAE publications shall apply.

2.1.1  SAE PuUBLICATIONS—Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.
SAE J1013—Measurement of Whole Body Vibration of the Seated Operator of Off-Highway Work
Machines
SAE J1060—Subjective Rating Scale for Evaluation of Noise and Ride Comfort Characteristics Related to
Motor Vehicle Tires
SAE 680091—"Analytical Analysis of Human Vibration,” F. Pradko and R. A. Lee, 1968.
2.1.2 ISO PuBLIcATION—Available from ANSI, 11 West 42nd Street, New York, NY 10036-8002.

“Guide for Evaluation of Human Exposure to Whole Body Vibration,” ISO 2631, 1974 and 1978.
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2.1.3 OTHER PUBLICATIONS
Bendat and Piersol, Random Data: Analysis and Measurement Procedures, Wiley Interscience, 1971.
3. Definitions
3.1 Vibration Measurement Axis Reference—The axis references will follow the convention established in
Figure 1 where positive x is forward, positive y is right and positive z is down, all relative to the seated driver.

3.2 Terminology

3.2.1  OVERLAP PROCESSING—Overlapping of time domain data blocks to which a window has been applied. Overlap
processing is necessary to achieve a precise spectral representation of short time records of data which have
been windowed. The optimum overlap percentage is dependent on the type of window used (see 3.2.10).

3.2.2 PSD—Power Spectral Density—Acceleration spectrum normalized by filter bandwidth and scaled in glez,
such that integration by frequency yields the mean squared acceleration. The square root of the PSD
(9 Hz "2 can also be displayed for ride work.

3.2.3 RIDE VIBRATIONS—Mechanical vibrations expressed in terms of accelerations in the 1 to 25 Hz bandwidth
measured at the specified locations in the cab interior.

3.2.4 RMS—Root mean square magnitude of a signal.

3.2.5 SEAT PAD—Molded rubber pad that encapsulates the accelerometer that the occupant sits on." The
specifications of the pad are outlined in SAE J1013.

3.2.6 SIGNAL-TO-NOISE RATIO—The ratio of the value of a recorded signal channel to that of a simultaneously-
recorded shorted channel.

3.2.7 SPECTRUM—Magnitude versus frequency display.

3.2.8 TEST SECTION—A well-defined section of road surface that exhibits uniform surface characteristics upon
which ride tests are performed.

3.2.9 TRANSVERSE SENSITIVITY—Fraction of accelerometer sensitivity which will apply to acceleration orthogonal to

its principle axis. Also referred to as cross axis sensitivity.

3.2.10 WINDOWING—The process equivalent to weighting a time domain acceleration record prior to transformation

3.3

3.3.1

3.3.2

3.3.3

3.3.4

3.3.5

3.3.6

to the frequency domain.
Letter Symbols
Hz = Hertz, unit of frequency, cycles per second
f, = frequency in Hz of the ith spectral line
P = absorbed power in watts
A= glez spectral magnitude at frequency f;
W, = angular frequency in sec-1, 2 7 f;

g = acceleration of gravity, 9.8 m sec-2
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4. General Test Design—A typical ride test consists of running vehicle(s) over selected well-defined sections of
road at constant speed(s), while measuring cab and seat pad accelerations. A subjective evaluation of the ride
by the driver may be simuitaneously performed. Each acceleration shouid be dispiayed in one of the manners
in 8.1 and further analyzed and presented as numerical measure(s) of the ride vibrations of 8.2.

Ride vibration magnitudes can be sensitive to road speed, so generally each road section should be tested at
several speeds. The validity of the comparison of objective ride vibration measurements is increased by
averaging the independent measurements from several repeat tests at each speed.

The validity of subjective ride evaluations is increased as the number of evaluators is increased since body
weight, build, age, and many other factors affect a person's perceptlon of ride vibrations. The inherent
variability of subjective evaluations makes it advisable to always make simultaneous objective measurements.

5. Test Preparation and Documentation—The usefulness of any data will be enhanced by a thorough test
preparation and documentation using the following format. Photographs of the vehicle, driver, accelerometers
in their mounted positions and test site should be taken to supplement the written documentation.

5.1 Vehicle—The test vehicle should be described by recording the information contained in the test vehicle
description sheets shown in Figures 2 through 5. The drawings can be altered as needed to match a particular
vehicle configuration, but all the information should be included. Fuel tank level should be noted when
measuring the center of gravity and maintained as close as possible to this level throughout the test. Actual
accelerometer positions should be noted on Figure 4C.

5.2 Test Site—Documentation should include written descriptions and photographs of exact site location with
landmarks, description of the road surface types of test section, expansion joint (if any) spacing, and posted
speed limit. For future comparisons, it is recommended that the profile of the test surface(s) be documented.

5.3 Operator—The height, seated height (floor to ear), sex, chest circumference, waist circumference, hip
circumference, and weight of the operator who is sitting on the seat pad accelerometers should be
documented. A photograph is suggested. The seat, if adjustable, should be properly adjusted per
manufacturer's specifications, and the driver's posture should be consistent from test to test.

5.4 Operating Conditions—The weather and vehicle operation factors should be documented to the extent that
they affect the vehicle ride. Some possible factors are: test date, time of day, personnel, ambient temperature,
presence of rain or snow, wind velocity, and direction relative to vehicle direction and velocity of vehicle during
test.

6. Subjective Ride Evaluations—Subjective ride evaluations are often conducted in conjunction with objective
ride measurements. The subjective evaluations are generally conducted by having a jury of several members
rate different aspects of ride using scales such as those illustrated in Figures 6A through 6C. The different
categories for which individual rating values may be requested include: ride comfort (an overall rating), seat
vertical vibrations, seat fore/aft vibrations, seat lateral vibrations, steering wheel vibrations, and cab shake.

The rating tests are conducted over a selected test section(s) of road surface at constant speed(s). The
means of the ratings among evaluators or among ride categories are used to compare vehicles under the
same test conditions. The validity of the comparison may be established by statistical tests, but will generally
improve with the size of the rating jury.

7. Instrumented Ride Vibration Measurements—Ride vibration measurements are obtained by measuring
accelerations on the vehicle cab and on a “seat pad” placed between the driver and the seat. The output of
each acceleration transducer is analyzed and the results are utilized to produce one or more numerical
measures of ride vibration magnitude.
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This document provides only guidelines for the measurement and analysis of ride vibrations. To avoid
potential errors, only technically trained personnel current in the latest techniques of vibration measurement
and analysis should select the instrumentation used and supervise equipment installation, calibration,
operation, and data analysis.

7.1 Measurement Instrumentation

7.1.1  ACCELEROMETERS AND SIGNAL CONDITIONING—Ride vibration shall be measured using accelerometers
capable of withstanding instantaneous acceleration as great as 100 m/s? without damage and transverse
sensitivity of no greater than 7%. To assure that engine and other high frequency vibrations will not be
amplified, accelerometers with sufficiently high natural frequency and appropriate internal damping shall be
used. The accelerometers are mounted as described in 7.2.

The accelerometers, together with their associated signal conditioning, shall be capable of measuring rms
accelerations in the 1.0 to 25 Hz bandwidth ranging in amplitude from 0.1 m/s? to 10 m/s? with a crest factor
as great as 3. Acceleration amplitudes within the previous ranges shall be measured with at least +5%
accuracy.

If time domain Exceedance values are to be calculated (reference 7.3.2.5), then the variation in the phase
response of the total data acquisition and analysis system shall either:

1. Be no greater than 20 degrees between 1.0 and 25 Hz.
or
2. Be linear with frequency within = 5%.

7.1.2 ACCELERATION DATA RECORDING—RIide vibration measurements may be real time analyzed using one or
more of the data analysis procedures described in 7.3, or recorded for subsequent analysis. Recording has
the advantage of providing a record of the acceleration data and system calibration signals which can then
be analyzed and checked using different methods.

A suitable recording device shall be capable of reproducing the acceleration signal within £1 dB in amplitude.
If time domain values are to be calculated, and if the total system phase response varies by greater than
20 degrees over the 1 to 25 Hz bandwidth, then on all data channels the phase variation shall be linear with
frequency within £5%.

System calibration and sense should be verified using a Ig rollover or equivalent procedure, prior to actual
data recording. Vehicle vibration, transient power conditions, etc., may affect the accuracy of the data
recording equipment; a waveform of known magnitude and phase within the 1 to 25 Hz bandwidth should be
recorded during each data recording. The recorded known signal shall be analyzed to ensure that the
recording accuracy requirements were met.

7.1.3  INSTRUMENTATION DATA SHEET—To document the performance of the instrumentation used for ride vibration
measurements, an instrumentation data sheet, similar to the example shown in Figure 7, shall be included in
the test report. Included on this sheet should be the linear response range, natural frequency, and nominal
output of all accelerometers along with the frequency response, measurement range accuracy of each
instrument or filter in the system. Alternatively, the instruments can be identified by their generic name,
commercial manufacturer, and model number.
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7.2 Accelerometer Location—Accelerometers shall be oriented to measure both vertical (z-direction) and fore-aft
(x-direction) acceleration as defined by the measurement axis (Figure 1). One pair of accelerometers,
integrated in a seat pad transducer (described in SAE J1013); shalil be centered on the top of the driver's seat.
A second pair of accelerometers should be mounted in the interior of the cab structure near the driver's side
rear door frame. They should be located as closely as possible to the point, 700 mm to the rear of the y-z
vertical plane through the steering wheel centerline and 1150 mm above the floor (forward control cabs should
use the floor at the pedal positions as reference.) These accelerometers should be mounted to a solid portion
of the cab (not on interior trim panels). An optional accelerometer to measure the lateral (y-direction)

acceleration can be mounted at this same position.

The actual location (X, Y, Z) of all accelerometers shall be documented when reporting the data (Figure 4C).
The seat pad transducer location should be documented at the seat setting which will be used to conduct the
test (important consideration with air seats with fore-aft isolation.) The fore-aft (x-direction) reference should
be the center of the steering wheel hub (at the driving position). The lateral (y-direction) reference should be
the centerline of the vehicle. The vertical (z-direction) reference should be the cab floor, at the pedal position.

7.3 Data Analysis—Since ride vibrations are limited by definition to the 1 to 25 Hz frequency range, all test data
shall be analyzed such that only acceleration data within this passband is used to determine the acceleration
measures described in 7.3.2. The entire acceleration time record from each test shall be analyzed unless
noted when reporting the data. As applicable for the specific data analysis method employed, the data
analysis parameters listed in 7.3.3 shall be included when reporting the data. The data analysis system shall
be calibrated using a known random signal, such as a white noise generator, over the 1 to 25 Hz frequency
range. The known waveform recorded in 7.1.2 shall be analyzed and be within £0.5 dB of the original known
input level.

7.3.1 STATIONARITY OF DATA—The stationarity of the ride vibration data shall be reported as the smallest nominal
level of significance (0.01, 0.025, 0.05, etc.) at which the hypothesis that the data are stationary is not
rejected. (For example, as calculated from a run or trend test of sample mean and mean square values, see
reference 2.1.3, p. 234). The number of observations and the time interval used in calculating each set of
observed values shall be reported along with a description of the stationary test employed.

7.3.2  ACCELERATION MEASURES (TABLE 1)
7.3.2.1  g(rms)—The square root of the mean square value of the ride vibration data.

7.3.2.2 Weighted g(rms)—The square root of the mean square value of the ride vibration data, which is frequency
weighted by the factors described in Table 2. Ride vibration data in the z direction shall be weighted using
the vertical factors. Ride vibration data in the x and y directions shall be weighted using the fore/aft
factors. Figures 8 and 9 show the shape of the weighting functions.

7.3.2.3 1/3 Octave Peak g(rms)—The largest unweighted g(rms) value measured in the 1/3 octave bands
described in Table 3.

7.3.2.4 ISO 1/3 Octave Peak—The largest weighted value measured in one of the 1/3 octave bands described in
Table 3. Weighted values are calculated by multiplying the g(rms) values described in 7.3.2.3 by the ISO
factors listed in Table 3. Ride vibration data in the z direction shall be weighted using the vertical factors.
Ride vibration data in the x and y directions shall be weighted using the fore/aft factors.

7.3.2.5 Exceedance—The instantaneous acceleration magnitude in g's that exceeds a specified percentage of the
duration of a data record. For example, Exceedance (10) of a 60 s data record is the acceleration
magnitude in g's that is exceeded for 10% of the 60 s, (or 6 s). Typically 20, 10, 5, 1, and 0.1%
exceedance magnitudes are used to quantify ride vibrations.
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7.3.2.6

7.3.3

7.3.3.1

7.3.3.2

7.3.3.3

7.3.3.4

7.3.3.5

7.3.3.6

7.3.3.7

7.3.3.8

Absorbed Power—Estimate of the rate at which energy is being absorbed by the average seated person
subjected to ride vibration. Absorbed power shall be calculated using formula (see SAE 680091.)

where:
N
P-Y (C) A? (Ea. 1)
i=1

A; = RMS acceleration value in ft/s? within it spectral band.
(F1F4—F,F3)

' F,2+W2F,2

(Ea. 2)

W, = Frequency in rad/s

F and K values are calculated from Table 4. Figures 11 and 12 display the PSD of the resulting C;,
absorbed power constants.

DATA ANALYSIS PARAMETERS—To document the specific data analysis method and equipment used to
calculate the acceleration measures described in 7.3.2, a data analysis flow chart, similar to the example
shown in Figure 8, shall be included when reporting the data. As applicable for the specific data analysis
method(s) employed, the parameters listed in 7.3.3.1 through 7.3.3.8 shall be included when reporting the
data.

Data Duration—The total duration of the acceleration data analyzed.

Preprocessing Filters—Filter type, 3 dB cut-off frequencies, slope (in decibel/octave) and phase linearity
(in %). In the case of digital analysis, the anti-aliasing and detrending filters (if employed) should be
included.

Sampling Frequency—The rate at which the acceleration data is sampled expressed in number of samples
per second (for digital analysis only).

Sampling Accuracy—The quantization accuracy in the analog to digital conversion expressed in g's per bit
(for digital analysis only).

Sampling Window—The shape of the time domain amplitude weighting function and the frequency domain
magnitude correction factor. If the analysis equipment employed automatically scales the spectrum to
account for data windowing, the equipment manufacturer, model number, and windowing function
employed (if variable) shall be included when reporting data (for digital analysis only).

Frequency Resolution—The frequency range and resolution bandwidth employed in the spectral analysis.
In the case of proportional bandwidth analysis, it is sufficient to state the center frequencies and the value
of the proportion.

Overlap Percentage—If overlap processing is used, the percent of overlap will be included when reporting
data.

Precision of Spectral Estimates—The statistical precision of spectral estimates shall be stated when
reporting data as the * percent value, calculated for a 95% confidence level on the basis of random error,
i.e., the stated statistical precision shall be 1.96 times the normalized standard error (see reference 2.1.3,
pp. 113, 170, 184).
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8. Data Presentation

8.1 Graphic Presentation—Visual presentation of the frequency content of a ride acceleration record is useful
both to verify the validity of the data and help determine the nature of the ride phenomenon. Magnitude
distribution plots are also valuable in determining the validity and character of ride acceleration data.

When using the following graphic presentations, all appropriate data analysis parameters as described in 7.3.3
shall be reported. Weighted or unweighted data in the 1-25 Hz bandwidth shall be presented. If weighted
data is presented, the weighting function used shall be reported.

8.1.1 POWER SPECTRAL DENSITY—A PSD plot displays mean squared acceleration versus frequency and thus
gives a visual indication of the frequency content of each acceleration record. A PSD is calculated in units of
gZ/Hz. The PSD shall be plotted with a logarithmic ordinate and linear abscissa (see Figure 13). For
stationary data, the integral over the 1-25 Hz bandwidth of the PSD is equal to the mean squared
acceleration. Therefore, the square root of this value will equal the RMS value as calculated in 7.3.2.1.

8.1.2 SQUARE ROOT OF POWER SPECTRAL DENSITY—The square root of PSD display results in a better visual
representation of the relative magnitude at each frequency within the 1-25 Hz bandwidth and is displayed in
units of g/(,/Hz) plotted on a linear-linear scale (see Figure 14).

8.1.3 TIME DOMAIN HIsTOGRAM—EXpresses the percent of the time during which the instantaneous magnitude in
g's of the acceleration time history is within a specific range. The percentage shall be plotted linearly on the
ordinate and the instantaneous acceleration magnitude linearly on the abscissa. The data shall be plotted at
the center of the magnitude window (see Figure 15).

8.2 Ride Measures Presentation—There are many possible objective ride measures reported as having some
degree of correlation to subjective evaluations. Standardized acronyms are listed in Tables 1A and 1B for the
more common measures in use. These measures are calculated using the procedures described in 7.3.2.
The combined measures in the second part of Table 1 are obtained by combining the values in the first part of
this Table, as shown in the equation contained in Table 1. For example, the vector sum combining the cab
vertical and cab fore/aft using the unweighted rms measure would be calculated as follows:

CR = [(C2)%+(Cx)}' 2 (Eq. 3)

These measures shall be presented as in the following example for the cab vertical unweighted rms measure.

SAE J1490 CZ =
SAE J1490 CX =

Etc. etc.

ANALYSIS PARAMETERS:

Data Duration -
Processing Filters.
Sampling Frequency =
Sampling Accuracy =
Sampling Window.
Frequency Resolution =
Etc.
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