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RATIONALE 

This recommended practice indicates the current state of technology regarding the relationship between the 
human-to-vehicle interface vibration magnitude and human discomfort. The appendix is concerned with providing a uniform 
and convenient method of indicating the subjective severity of the motion and vibration but does not present limits. It is in 
no way related to quantifying health and safety aspects of motion and vibration for which an entirely different methodology 
would be needed. This methodology is intended to predict human sensitivity to motion and vibration for comparative 
purposes (i.e., condition A versus condition B) relative to a global (i.e., absolute) adjectival psychometric scale. See 
Appendix C for additional supporting rationale. 

This revised edition incorporates changes due to the expanded scope of SAE J1441 to include vehicle ride, and a revised 
Figure 1 to clarify the potential non-equal spacing of adjectives for a rating scale developed using psychometric adjectives. 

SAE J2834 has been reaffirmed to comply with the SAE Five-Year Review policy. 

FOREWORD 

This new recommended practice was prepared by the SAE J6 Task Force as partial replacement for the SAE J6a “Ride 
and Vibration Data Manual.” This new recommended practice represents a substantial updating and expansion of state-of-
the-art in ride development methods used compared to the J6a Ride Vibration Data Manual which it partially replaces. 

The J6a Ride Vibration Data Manual was last revised by the SAE Vehicle Dynamics Committee in October 1965. It is no 
longer published by the SAE but is included in Appendix B of Gillespie (1992). 

INTRODUCTION 

This recommended practice is a method for developing an objective model of human sensitivity to vibration due to road 
induced disturbances in the automotive driving environment (a.k.a., “ride”). This method is based on statistical analysis of 
a database of juried vehicle occupant discomfort ratings and measured acceleration at the various human to vehicle contact 
surfaces during representative over-the-road driving events with stationary or transient characteristics within the finite time 
period of interest. The database for this analysis should cover an array of roads, vehicles, raters and driving conditions that 
well represent the application domain of interest. 

The recommended discomfort model is hierarchal in order to provide for allocation of performance objectives to various 
subsystems, ride diagnosis, and to reduce the statistical uncertainty of fitting a single stage model. The top level of the 
model expresses overall motion and discomfort as the weighted sum of several “interface” discomfort ratings. Each interface 
discomfort rating (e.g., seat back, steering wheel…) is the weighted sum of the discomfort ratings for the various axes of 
vibration at that interface (typically vertical, lateral and longitudinal). The axis discomfort ratings are based on frequency 
weighted acceleration signals. The frequency response filters are primarily taken from ISO 2631-1.  
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ISO 2631-1 is a very comprehensive and widely accepted standard for describing human sensitivity to vibration, but not 
specifically for the automotive driving environment. It is as relevant for vibrations in a building environment as it is in the 
automotive driving environment. It is based on human subjects seated on a rigid flat seat and subjected to a single axis of 
vibration at a time without the distractions and ancillary sensations of driving. This report describes a method for developing 
a human sensitivity model based on data taken in an actual ride environment. 
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1. SCOPE 

This recommended practice defines methods for the measurement of periodic, random and transient whole-body vibration. 
It indicates the principal factors that combine to determine the degree to which a vibration exposure will cause discomfort. 
Informative appendices indicate the current state of knowledge and provide guidance on the possible effects of motion and 
vibration on discomfort. The frequency range considered is 0.5 Hz to 80 Hz. This recommended practice also defines the 
principles of preferred methods of mounting transducers for determining human exposure. This recommended practice is 
applicable to light passenger vehicles (e.g., passenger cars and light trucks). This recommended practice is applicable to 
motions transmitted to the human body as a whole through the buttocks, back and feet of a seated occupant, as well as 
through the hands of a driver. 

This recommended practice offers a method for developing a ride performance index but does not specifically describe how 
to apply this index to assessment or comparison of specific vehicles. 

NOTE: This recommended practice may also be applicable to other types of ground vehicles (e.g., medium and heavy duty 
road vehicles) with seated occupants having similar seating posture, occupant/vehicle interfaces, and vibration 
magnitudes, frequencies, and durations as light passenger vehicles. 

1.1 Purpose 

The primary purpose of this recommended practice is to define methods of quantifying human sensitivity to occupant motion 
and vibration in passenger cars and light trucks based on objective measurements of acceleration and sound in order to 
simplify and standardize the reporting, comparison and assessment of motion and vibration conditions. It contains methods 
for the evaluation of vibration containing occasional large peak values (i.e., having large crest factors). Human sensitivity is 
quantified in terms of predicted subjective discomfort levels, based on suitable psychometric and statistical methodologies. 
Passenger cars and light trucks and vans expose occupants to periodic, random and transient mechanical vibration which 
can cause various levels of subjective discomfort. This recommended practice does not contain vibration exposure limits 
and does not address potential effects of motion and vibration on health and safety, or on motion sickness, which involve 
different phenomena. This recommended practice does not address the potential effects of intense vibration on human task 
performance since these involve different phenomena which depend critically on the biomechanical and ergonomic details 
related to the operator, the situation and the task. Appendix C provides rationale for the assessment of human discomfort 
due to motion and vibration. More information may be obtained from the scientific literature, a portion of which is listed in 
2.2.1 and Appendix B. Motion and vibration is often complex, contains many frequencies, occurs in several directions and 
changes over time. The effects of motion and vibration on human discomfort may be manifold. Exposure to whole-body 
vibration causes a complex distribution of oscillatory motions and forces within the body. There can be large variations 
between subjects with respect to discomfort effects. Whole-body motion may cause sensations (e.g., discomfort or 
annoyance). The presence of oscillatory force (i.e., vibration) with little whole-body motion may cause similar effects. 

2. REFERENCES 

2.1 Applicable Documents 

The following standards contain provisions which, through reference in this text, constitute provisions of this recommended 
practice. At the time of publication, the editions indicated were valid. All standards are subject to revision, and users of this 
recommended practice are encouraged to investigate the possibility of applying the most recent editions of the standards 
indicated below. Members of IEC and ISO maintain registers of currently valid International Standards. 

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 J670 Vehicle Dynamics Terminology 

SAE J1441 Subjective Rating Scale for Vehicle Ride and Handling 
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2.1.2 ISO Publications 

Available from International Organization for Standardization, ISO Central Secretariat, 1, ch. de la Voie-Creuse, CP 56, 
CH-1211 Geneva 20, Switzerland, Tel: +41 22 749 01 11, www.iso.org. 

ISO 2041:2005 Vibration and Shock - Vocabulary 

ISO 5805:1997 Mechanical Vibration and Shock - Human Exposure - Vocabulary 

2.1.3 IEC Publications 

Available from IEC Central Office, 3, rue de Varembe, P.O. Box 131, CH-1211 Geneva 20, Switzerland, 
Tel: +41 22 919 02 11, www.iec.ch. 

IEC 1260:1995 Electroacoustics - Octave-Band and Fractional-Octave-Band Filters 

2.2 Related Publications 

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

2.2.1 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 J1477 Measurement of Interior Sound Levels of Light Vehicles 

Amman, S., Meier, R., Trost, K., and Gu, P., "Equal Annoyance Contours for Steering Wheel Hand-arm Vibration," SAE 
Technical Paper 2005-01-2473, 2005, https://doi.org/10.4271/2005-01-2473. 

Griffin, M., "Evaluation of Vibration with Respect to Human Response," SAE Technical Paper 860047, 1986, 
https://doi.org/10.4271/860047. 

Herrick, T., "A Ride Metric System Utilized to Benchmark and Develop a Superior Riding Sport Utility Vehicle," SAE 
Technical Paper 942273, 1994, https://doi.org/10.4271/942273. 

Mousseau, C., Karamihas, S., Gillespie, T., Sayers, M. et al., "Computer Synthesis of Light Truck Ride Using a PC Based 
Simulation Program," SAE Technical Paper 1999-01-1796, 1999, https://doi.org/10.4271/1999-01-1796. 

Van Auken, R.M., Zellner, J., and Kunkel, D., "Correlation of Zwicker's Loudness and Other Noise Metrics with Drivers' 
Over-the-Road Transient Noise Discomfort," SAE Technical Paper 980585, 1998, https://doi.org/10.4271/980585. 

von Gierke, H., "The ISO Standard Guide for the Evaluation of Human Exposure to Whole-Body Vibration," SAE Technical 
Paper 751009, 1975, https://doi.org/10.4271/751009. 

Gillespie, T.D., (1992) Fundamentals of Vehicle Dynamics, SAE International, Warrendale, PA. 

2.2.2 ISO Publications 

Available from International Organization for Standardization, ISO Central Secretariat, 1, ch. de la Voie-Creuse, CP 56, 
CH-1211 Geneva 20, Switzerland, Tel: +41 22 749 01 11, www.iso.org. 

ISO 2631-1:1997 Mechanical Vibration and Shock - Evaluation of Human Exposure to Whole-Body Vibration - Part 1: 
General Requirements 

ISO 5128:1980 Acoustics - Measurement of Noise Inside Motor Vehicles 
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ISO 5349-1:2001 Mechanical Vibration - Measurement and Evaluation of Human Exposure to Hand-Transmitted 

Vibration - Part 1: General Requirements 

ISO 5349-2:2001 Mechanical Vibration - Measurement and Evaluation of Human Exposure to Hand-Transmitted 
Vibration – Part 2: Practical Guidance for Measurement at the Workplace 

ISO 8041:2005 Human Response to Vibration - Measuring Instrumentation 

ISO 8608:1995 Mechanical Vibration - Road Surface Profiles - Reporting of Measured Data 

ISO 10326-1:1992 Mechanical Vibration - Laboratory Method for Evaluating Vehicle Seat Vibration - Part 1: Basic 
Requirements 

2.2.3 Other Publications 

The references for these publications are listed in Appendix B. 

3. DEFINITIONS 

For the purposes of this recommended practice, the terms and definitions given in SAE J670, ISO 2041, and ISO 5805 
apply. In addition, the following definitions apply. 

3.1 MOTION 

Whole-body dynamic movement of a human, periodic or aperiodic in nature, the frequency content of which is typically 
mainly at the lower end of the relevant frequency range (e.g., below 5 Hz). 

3.2 PSYCHOMETRIC 

Pertaining to the measurement of the subjective impression of a person exposed to a given condition, by requesting the 
person to place a mark on a vertical linear scale, which has a subjective title describing a psychological state (i.e., 
“discomfort”) and adjectives positioned along its length describing the intensity of the psychological state (e.g., “a little”), 
such adjectives being positioned from least at the top to most at the bottom, based on adjectival placement data previously 
collected using a suitable experimental protocol (see Figure 1). 

 

Figure 1 - Conceptual discomfort rating scale 
developed using psychometric methods(e.g., SAE 980585) 
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NOTE: A global, continuous, interval, adjectivally anchored psychometric rating scale is better suited for correlating large 

numbers of subjective ratings with objective measurements spanning a wide range of input levels than relative 
rating or threshold detection methods sometimes used in psychoacoustics research, which have different purposes. 

3.3 ROUGH ROAD RIDE EVENT 

An over-the-road ride event which at a given vehicle speed results in continuous and typically random-like motion and 
vibration disturbance of the occupant with stationary characteristics within the finite time period of interest (i.e., 8 seconds 
minimum and ideally the same measurement period for all rough road ride specimens), as further defined in 5.3.2.1. 

3.4 TRANSIENT RIDE EVENT 

An over-the-road ride event which at a given vehicle speed results in one or more discrete motion and vibration 
disturbance(s) of the occupant, within the finite time period of interest (i.e., 8 seconds minimum and ideally the same 
measurement period for all transient ride specimens), as further defined in 5.3.2.1. 

3.5 VIBRATION 

Periodic dynamic movement of that surface of a human which is in contact with a given vehicle interface, and typically 
involving frequency content at the middle or upper end of the relevant frequency range (e.g., above 5 Hz). 

4. SYMBOLS, SUBSCRIPTS AND ABBREVIATIONS 

4.1 Symbols 

DR Numerical discomfort rating. The numerical value of the discomfort rating corresponds to a unique location 
on a psychometric discomfort rating scale developed by suitable psychometric methods (see Figure 1). 

a  Vibration acceleration. Translational acceleration is expressed in meters per second squared (m/s2) and 
rotational acceleration is expressed in radians per second squared (rad/s2). Values are quoted as root-
mean-square (RMS) or root-mean-quad (RMQ) unless stated otherwise. 

f  Frequency expressed in Hz. 

( )sH  Transfer function, or gain, of a filter expressed as a function of the imaginary angular frequency (complex 
frequency). 

1−=j  The imaginary unit number. 

fjs π2=  Imaginary angular frequency. 

W Frequency weighting. 

ω  Frequency expressed in radians per second. 

4.2 Subscripts 

0, b, c, d, e, sl Refer to the various human discomfort frequency-weighting curves recommended for evaluation with 
respect to motion and vibration comfort and discomfort (see Table 1). 

w Refers to frequency-weighted acceleration values. 

x, y, z For translational or rectilinear motion, refer to the fore-aft, lateral and vertical directions of motion and 
vibration (see Figure 2). 

φ, θ, and ψ Refer to roll, pitch and yaw rotational motion about x-, y-, and z- axes, respectively (see Figure 2). 
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Table 1 - Guide for the application of 
human discomfort frequency-weighting curves 

Frequency weighting Occupant interface and direction 

W0 All 

Wb z-axis, seat/buttock interface 
x-, y-, z-axes, floor/feet interface 

Wc x-axis, seat/back interface 

Wd x-, y-axes, seat/buttock interface 
y-, z-axes seat/back interface 

We φ, θ, and ψ -axes, seat/buttock interface 

Wsl x-, y-, z-axes, steering wheel/hands interface 

NOTE: The recommended Wb, Wc, Wd, and We frequency weightings for the seat/buttock, seat/back, and floor/feet 
interfaces are based on SAE 860047. The Wb weighting is within 3 dB of the ISO 2631-1 (1997) weighting Wk in 
the 0.4 to 100 Hz frequency range. 

NOTE: A recommended weighting for the steering wheel/hands interface has not been established. Wsl is a low frequency 
realizable approximation to the Ws weighing from Giacomin et al. (2004). The Giacomin Ws weighting is based on 
rotational hand-arm vibration. Wh from ISO 5349-1 is for workplace hand vibration issues that are more severe than 
passenger vehicle driving comfort applications. Preliminary indications (SAE 2005-01-2473 and Giacomin et al. 
(2004)) are that the constant velocity sensitivity of Wsl is appropriate for passenger vehicle steering wheel comfort 
from 10 to 60 Hz. For steering wheel comfort, the frequency of peak sensitivity seems to be about 2 to 3 Hz for x 
and z, and perhaps 1 Hz for y (rather than the ISO 5349-1 Wh peak at 10 Hz). WorkSafeBC used ISO 5349-1 for 
steering wheel vibration (Eaton, 2003). 
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Figure 2 - Basicentric axes of the human body 

NOTE: The basicentric x-y-z axes define a right-handed orthogonal coordinate system at each human body/vehicle 
interface. The x-axis is nominally aligned with the fore-aft direction, the y-axis aligned with the lateral direction, and 
the z-axis nominally aligned with the vertical direction. The z-axes of the seat/buttock and floor/feet interfaces are 
in the direction normal to the respective interface contact planes and may not necessarily be parallel to the gravity 
vector. The x-axis of the seat/back interface is in the direction normal to the interface contact plane and may not 
necessarily be horizontal. The basicentric y-axes are parallel to and in the same direction as the vehicle y-axes. 

NOTE: A right-handed z-down coordinate system is illustrated in Figure 2. A z-up coordinate system may also be used. A 
right-handed axis system is recommended but not required. It is also recommended but not required that the 
directions of the axes be nominally aligned (i.e., within 15 degrees) with the vehicle axis system as defined in 
SAE J670. 

5. SUBJECTIVE AND OBJECTIVE DATA REQUIREMENTS 

5.1 Psychometric Ratings for Human Sensitivity Data 

Subjective data describing human sensitivity to motion and vibration shall be based on psychometric discomfort ratings 
(associated with correspondingly measured objective acceleration data) obtained from several human subjects, vehicles, 
and ride specimens, using suitable human subject experimental protocols for controlled in-vehicle over-the-road tests, or 
alternatively, simulator tests which replicate real, recorded in-vehicle over-the-road motions at all interfaces, in all axes, and 
across the frequency range of interest, to within 3 dB. 
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5.1.1 Discomfort Ratings 

The separate psychometric discomfort ratings shall include, at a minimum: 

• Overall Motion and Vibration Discomfort; 

• Seat/Buttock Interface Discomfort; 

• Seat/Back Interface Discomfort; 

• Steering Wheel/Hands Interface Discomfort (for drivers only); 

• Floor/Feet Interface Discomfort. 

NOTE: Sound may influence the perception of motion and vibration discomfort (Howarth and Griffin, 1990). Therefore, a 
psychometric acoustic Noise Discomfort Rating is also recommended. 

5.1.2 Human Subjects 

The human subjects shall comprise a representative sample of the relevant vehicle occupant physical and market segment 
characteristics. The ride index models should be based on data for a minimum of 12 human subjects in order to reduce the 
effects of subject-to-subject variation on the jury average ratings. 

NOTE: The predictive capability of the resulting ride index model is substantially degraded when there are fewer than 20 
non-expert evaluators or 10 expert evaluators. 

5.1.3 Rating Scales and Usage 

The subjective rating data shall be collected using the global, continuous, interval, adjectivally anchored psychometric rating 
scale shown in Figure 1. The scale shall not have numbers on it which are visible to the human subjects. Each rating scale 
shall be presented in printed or in electronic form to each human subject. 

A separate rating scale for each of the five discomfort categories listed in 5.1.1 shall be presented to each human subject 
for each motion and vibration condition, with the category (e.g., “Seat/buttock interface”) displayed above the “Discomfort” 
title of each scale. 

Each human subject shall report a discomfort rating for each vehicle and ride specimen by marking or otherwise indicating 
the position on the scale which corresponds most closely to his or her subjective feeling of discomfort for that specimen. 

The ratings marked or otherwise indicated on this scale shall be digitized on a 100-point basis, with zero at the bottom 
extremity and 100 at the top extremity, in order to obtain a numerical rating suitable for correlation with objective indices. 

NOTE: SAE J1441 describes a ten point subjective rating scale for vehicle handing. The ratings on the ten point scale of 
SAE J1411 were developed for comparative evaluations for a given set of conditions and therefore may not be 
suitable for the subjective evaluation of ride discomfort in terms of a global (i.e., absolute) adjectivally anchored 
psychometric rating scale that can be digitized and correlated with objective indices. For example the adjectives on 
the SAE J1441 rating scale such as “Good” or “Excellent” are not related to ride discomfort. 
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5.1.4 Subject Experimental Protocols 

Subject experimental protocols shall be used to minimize repeat-run and subject-to-subject rating variation. This shall 
include: 

• Subject screening with regard to ability to discern different motion and vibration conditions on a gross level (e.g., can 
the subject detect a difference between an extremely smooth ride and a severely rough ride), ability to place adjectives 
on a blank rating scale in roughly the same order and spacing as a sample of subjects (e.g., comprehension typicality 
of the subject), and training (i.e., ability to follow relevant instructions). 

• Reporting the ratings as soon as possible (e.g., ideally within a few seconds and always within 1 minute) after exposure 
to each ride specimen, so that memory effects are minimized. 

Include at least one repeat run of each vehicle-ride specimen. 

NOTE: The accuracy of the results depends on the frequency bandwidth and time duration of the ride specimen and the 
number of repeated runs. See note in 5.2.4.  

5.1.4.1 Rating Interval and Description 

Each human subject shall be exposed to each ride specimen for the same interval of time (or at the same location and 
distance interval on the road) and at the same target vehicle speed within ±4 km/h (see 5.2.5). This may be done by using 
landmarks along the side or on the surface of the road. The subject shall be instructed to ignore all motion and vibration 
discomfort which occurs before or after the specified interval. 

5.1.4.1.1 Rough Roads Ride Events 

For rough road ride specimens, the subject shall be instructed to rate the average motion and vibration discomfort during 
the interval. 

5.1.4.1.2 Transient Ride Events 

For transient ride specimens, the subject shall be instructed to rate the worst motion and vibration discomfort during the 
interval. 

5.2 Objective Motion and Vibration Measurement 

5.2.1 General 

The primary quantity of motion and vibration magnitude shall be acceleration (see 1.1). 

NOTE: Sound may influence the perception of motion and vibration discomfort, therefore sound measures such as sound 
pressure or sound pressure level are also recommended (refer to SAE J1477). 

5.2.2 Motion and Vibration Measurement 

5.2.2.1 Direction 

Motion and vibration shall be measured according to an orthogonal rectilinear coordinate system originating at a point from 
which vibration is considered to enter the human body. The principal relevant basicentric coordinate systems are shown in 
Figure 2. 

If it is not feasible to obtain precise alignment of the motion and vibration transducers with the preferred basicentric axes, 
the sensitive axes of transducers may deviate from the preferred axes by up to 15 degrees about the y-axis (i.e., pitch) 
where necessary. For a person seated on an inclined seat, the relevant orientation should be determined by the axes of the 
body, and the z-axis will not necessarily be vertical with respect to gravity. The orientation of the basicentric axes to the 
gravitational field should be noted. 
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