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MEASUREMENT OF WHOLE BODY VIBRATION OF
4> THE SEATED OPERATOR OF OFF·HIGHWAY WORK

MACHINES-SAE J1013 JANSO SAE Recommended Practice
Report of the Tractor Technical Committee and Construction and Industrial Machinery Technical Committoe, approved
AulUlf: 1973, completely revised by the Off-Road Machinery Technical Committee and Agricultural Tractor Technical
Committee January 1980. editorial change January 1980.

1. PuT'fJOK-lbis recommendation defines a method for the measurement
ed. of the whole body vibration to which the seated.operator of off.·highway

self-propelled work machines is exposed while performing an aetuaI or
simulated operation. It applies to vibration tranmUtkd to the operator
through the seat.

2. Scope-In the main body of this recommendation, conditions are de­
fined for measuring and recording whole body vibration of the seated

ed. operator of off-highway self-propelled work machines The specification
of instruments, analytic methods, and description of site and operating
conditions allows the measuremenb to be made and reponed with an ac­
ceptable precision. The procedure includes means of weighting the vibra­
tion level at different frequencies as specified in ISO 2651 (Ref. 1). A
standard format for reporting spectral data is recommended.

The definitions, inJtrumencs. and analytic mcthodl abo apply to aUnu­
1atcd tcltl for operator vibration u perfonned in laboratoriel.

Thil procedure 11 a mcuudng method ooly and it not intended for the
evaluation orselecti.on of scatiDa systems.'

3. Def/nUIolu
U Leutt Symboll

"

"

"

The tP symbol is for the convenience of the user in locating areas where
tl:<:hnical revisions have boen made to the previous iBaue of the report.
If the symbol is next to the report title, it indicates I complete revision
of the report.

3.2 Whole Body Vibration-A. used in this recommendation, this teno
means vibration transmitted to the body as a whole throUJh the buttocks
of a seated operator.

3.3 Operator Scat-Specifically for the puIpOlCS of this recommenda­
tion, that portion of the machine pro'iided for the purpose of supporting
the buttocks of the seated operator, including the scat suspension system.

3.4 Frequency Aoalylil-Process of arriving at a quantitative descrip­
tion of the amplitude of a vibration as a function of frequency.

3.5 lUde Meter-A vibration instrument of the type described in SAE
J 1225, Development of a Frcquenqr Weilhted Portable Ride Meter.

3.6 Measuring Pcriocl-The time duration in which 'iibration data for
analysis is obtained.

3.7 Average GroUDd Speed-Ratio of the distance traveled during the
test period to the time period.

3.8 Other terminology used in this :recommendation is in accordance
with ANSI SI,I and ISO 2041 (Refs. ! and 4).

4. Ytbnrtlon MN8IIIVI!Jmt Axa'-The vibration sha11 be measured along
three mutually perpendiCular axes, passing throush a point on the interface
between the operator and the scat. These axes are sub.tantially~
longitudinal, and lateral (az, aX, and ay) with re.pect to the orientation of
the seated operator and an:: defined in Fig. 1. The operatoI' should lit in a
typical upright polition and should keep both hands in a normal positiQn
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0'1' 0Y' 0z" ACCEL.ERATION IN THE DIRECTIONS OF
THE lIi.', ~. AXIS

II-a_is' DIRECTION OF THE BACK·TO-CHEST
y-o,,;Io' AIGHT-TO-L.EFT SIDE

Z-o_iS· BUTTOCKS-TO-HEAO

FIG. I-MEASUREMENT AXES

for operating the controls as suggested by Fig. 1. The seat shall be adjusted
pel' manufacturer's instructions.

5. lrutrumerttl
5.1 Accderatioa Tramduccn-Vibration shall be lensed by accelera­

tion traDJdUceD (accelerometers) in the mounting device described in para­
papb 5.2.1. The accelerometers, together with their associated amplifiers,
shall be capable of measuring rms acceleration levels ranKing from
0.1 m/s2-IO m/s2 with a crestfactOI' as great as S. During the te~ the
accelerometer and amplifier, with propel' calibration for the test, shall have
an accuracy of at least ±2.5% of the actual rmJ vibration levels in the fre-
quency range from 0.3-40 Hz and at least ±6% of the actual nos vibration ed.
levels in the frequency range from 40-80 Hz as calculated from the instru-
ment specifications and the actual test conditions. See paragraph 5.5 for
accuracy and frequency response requirements during calibration. The reo
sonant frequency of the accelerometers shall be greater than 300 Hz. The
accelerometers shall sustain instantaneous acceleration levels up to
100 m/s2 without damage. Accelerometers in the mounting device (para­
graph 5.2.1) and on the seat mounting base (paragraph 5.2.2) should be of
similar type or model, with similar signal to noise ratios.

5.2 TraDlduc:er MounliDg
5.2.1 Vibration Transmitted to the Operator-The accelerometers for

sensing vibration transmitted to the operator shall be attached near the
center of a thin disc 200 ± 5 mm in diameter placed between the operator
and the seat cushion. The primary requirements for the disc are that it
should provide a Nitable mounting for the accelerome~rs,shall not ad­
versely affect operator comfort, and &hall Dot aiJni,fit=antly distort the
buttock-euahion load diJbibution. Either a rigid or semi-rigid disc may be
used; however, the scmi--rigid dUe is ret=ommended espcdally for aoft or
highly contoured cushions. Suggested disc designs an:: shown in Figs. 2
and 3. EithCI' dille llhall be placed on the leat so tha.t the aceelc:romekrs
an:: located midway between the ischlal tuberosities and are aligned paral­
Jel to the meaawementaxca (Fig. 1). The dUe mould be taped or similarly
attached to the cushion to maintain its location.

5.2.2 Vibration at the Seat Mounting Base-The vibration of the machine
at the base of the seat shall be lensed by accelerometers attached to a rigid
portion of the machine or scat mounting base. The accelerometers shall be
located within the vertical projection of the seat cushion, not more than
100 10m from the vertical, longitudinal plane through the center of the seat,
and shall be aligned parallel to the measurement axes (Fig. 1).

5.3 Mapetic Tape Recorder-The electrical signals generated by the
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FIG. 2-SUGGESTED DESIGN FOR RIGID DISC WITH
ACCELEROMETER ASSEMBLY BONDED AT CENTER

duration specified for the measurement. The 118 octave values shall each
be multiplied by the weightingfacton, Wf,listed in Table 1. and a weighted
acceleration, awf. value calculated for each recording as follows:

To satisfy the following,

CAvtTV· APPROPRIATE
FOR ACCELEROMETERS

2BeT :> 140

12 mm OR LESS

ed.
ed.

dt

Where conditions pennit. a minimum sampling time of 800 s shall be used.
Note, The sampHng time (methods ofparagraph. 5.4.1, 5.4.2, and 5.4.9)

when testing on a specific test track Ihall be the time required to traveue
the track.

5.5 Calibration
5.5.1 General-Operating manuals or other literature furnished by the

instrument manufacturer should be reviewed for both recommended opera­
tion of the instrument and precautions to be observed. The entire measure­
ment and analysis IYstem should be regularly calibrated by technically
trained instrumentation personnel following manufacturer's recommenda­
tions for the adjustment and application of individual componentl.

Acceleration transducen should be calibrated in accordance with a suit·
able recognized calibration method such as: outlined in ANSI S2.2-1959
(Ref. 6). In particular, the calibration procedures should enlUre that the
accelerometer sensitivity (Vl(m/s2» varies tels than ±'2.5% of a mean value
over the frequency'range of 0-:10 Hz and less than ±6% of a mean value
over the frequency range of 0-80 Hz.

The effects of ambient temperature and humidity on the peifonnancc of
aD instroments shall be known. Instrumentl shallbe operated within the
tempem.ture limits at which the required accuracy can be expected.

Field instrumentation should be protected from dust, moisture, excessive
shock and vibration, etc. .

5.5.2 For Tests-It is strongly recommended that technically trained per­
IOnnelselcct the instmmentation for the actual test conditions and that
the teltl be conducted only by qualified penOni trained in the CUlTent
techniques of vibration measurement and analyaill.

Multi-instrument measurement IYstems shaUbe cheeked' for proper sig­
nal1evels, terminating impedances, and cablc lengths.

The general procedures delCl'J,bed in the tilting support method (ANSI
S2.2·1959) for ItatiC calibration of acceleration tranldueen should be
used to obtain overall system acceleration sensitivity for each of the data
channels. Tilting the sensitive axis of each transducer from the vertical
through an angle of 180 deg in the field of gravity provides a peak~1o-peak

change in the output representlnga 19.61 m/s2 (2 G) change in input~
celeration. The sensitive axis ofeach accelerometer should be independently
aligned with the vertical and the 180 deg inverted position to within
±4 deg, and the peak-to-peak change in output voltage Ihould be measured
to within ±0.6%. Thill calihration should be made and recorded before
and after each test series and at reasonable intervals during any extended
test series. Each IUch calibration shall be compared to the internal elec­
tronic calibration olthe overall inluumentsystem.

The transducen used to measure the vibration transmitted to the operator
need not be removed from the mounting duc (paragraph 5.2.1) provided

the minimum. sampling time, T; is !OO s to inlllIC sufficient statistical pre'
cision.

5.f.g Frequency Weighting Ride Meter-The ride meter, if employed for
direct indication of the weighted vibration, shall consist of an electronic
weighting network incorporated between the transducer and a time integra­
tion stage. The weighting network shall have an insertion loss conforming
to the curve in Fig. 4 for 8.z (vertical) vibration. or Fig. 5 for ax or ay (hori­
zontal) vibration. The 1011 shall not deviate from the curve by more than
±I dB for frequencies between 1.1 and 10 Hz. and ±2dB at any other fre­
quency. The integration stage shall be capable of indicating the integral of
the square ofweighted acceleration, aw. for the time period of the test run T.
That is.

t = 0

Be" 0.9Hz2Be T :> 140

FIG. 9-SUGGESTED DESIGN FOR SEMI·RIGID DISC OF
APPROXIMATELY 80-90 DUROMETER (A-SCALE)

MOLDED RUBBER, PLASTIC, ETC.

transduceI'l may be recorded on magnetic tape for later analysis. The mag­
netic tape recorder, with propel calib~tionfor the test, .hall be capable of
a replay accumcy of at least ±S% of the nos value of the total signal within
the frequency range from 0-80 Hz, as calculated from the instrument
specifications and the actual telt conditions. The tape recorder should
meet current atandarda for alisnment and distortion characteristics
(Ref. 10).

5.4 Frequency WeiBhtiD.-Frcquency weighting may be achieved in
my of three way.: by djptal analYllii of the acceleration into constant
bandwidth levels, weilhtingthe lcveIs in individual bands and ~ombination;

by analysis of the acceleration into 1/5 octave bmd levels, wc:ighting the
levels in individual bands and recombination; or by direct U$C of electrical
filters in a frequency wc:i8hting ride meter. The three methods arc deacribcd
below in de<nuing order of accuracy (accuracy as resulting from practical
considerations of analysis equipment).

5.4.1 Constant Bandwidth Method-Each vibration tape recording, or vi­
bration signal where a tape recorder is not used, shall be analyzed into
constant bandwidth acceleration levels over the frequency range from
1-80 Hz hy appropriate digital methods. The sampling time, T (inseconda),
and resolution bandwidth, Be (in Hz), shall satisfy the following:

The mean square value of the digitized time data (time domain) should be
compared to the mean square value of the spectral estimatr (frequency do­
main). If these valUCl differ, then the analysis procedure Ihould be reviewed
and corrected as necellaryfor pOllible errors such as improper scaling,
wrong correction factor for th.p data time window (l8.IDpIing window), or
program el1'On.

The constant bandwidth nna levd. obaIl each be muItip6ed by weigbtil)g
facton calculated for each center frequency from Fig. 4 for az (vertical) vi­
bration, or Fig. 5 for ax or ay (horizontal) vibration. A weighted acceleta­
tion value, awf, mall be calculated as the square root of the sum of the
squares of the weighted conitant bandwidth levels over the range 1-80 Hz.

5.4.2 One-Third Octave Bandwidth Method-Each vibration tape record­
ing, or vibration signal where a tape recorder is not used, shall be analyzed
into II! octave component accelerationS' for the center frequencies of
Table 1. The rtDS value of each component, at, shall be averaged over the

THIN METAL DISK FOR
ACCELERtMETER MOUNT
AND ADDEO CENTER
ftl6tOITY
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TABLE l-VIBRATION WEIGHTING FACTORS

Weighting Factor, Wf Weighting Factor. Wf
1/3 Octave Center 1/3 Octave Center

Frequency. f Frequency. f
Vertical Vibration Horizontal Vibration Vertic" Vlbr8tlon Horizontal Vibration

1.0 0.50 1.00 10.0 0.80
.

0.20 •
1.25 0.56 1.00 12.5 0.63 0.16
1.6 0.63 1.00 16.0 0.50 0.125
2.0 0.71 1.00 20.0 0.40 0.100
2.5 O.BO O.BO 25.0 0.3f5 0.080

3.15 0.89 0.63 31.5 0.25' 0.063
4.0 1.00 0.50 40.0 0.20 0·950
5.0 1.00 0.40 50.0 0.16 0.040
6.3 1.00 0.315 63.0 0.1215 0.0315
B.O 1.00 0.25 80.0 0.10 0.025
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FIG. 4- FILTER RESPONSE IN VERTICAL MODE, ..

the sensitive axis of each transducer can be located within the prescribed
tolerance. Zero frequency response of the instrumentation system is re­
quired for this calibration procedure.

An internal electronic calibration of the overall instrument system shall
be recorded immediately before and after each test run, and corrections

made as necessary to maintain the required test accuracy.
The output from each accelerometer amplifier shaD ,be milled by proper

balancing and zeroing techniques while the accelerometers are in test posi­
tion between the seat and the seated operator and on the scat mounting
base or test stand.
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FIG. 5-FILTER RESPONSE FOR ax and ay

The nuD or zero value of the overall instrument system shall be recorded
immediately befon: and after each test run.

6. MMftlremmt Site and Opertlting Condition.r-Measurements ,hall be
made on Ktual or aimulated work aitea. Measurement sites and operating
conditions shall be appropriate for the machine whOle vibration character­
istics are being mcaaured.

Ground speed has a significant influence on vibntion intensity. Where
appropriate for agricultural equipment, ground IpCCd shall be kept rela·
tively COllltant throughout each measuring period and average ground
speed during the period aba11 bcreported. If the vibration test is being
conducted during a work cycle which involves several operating speeds
and/or operating conditions, then a separate measuring period should be
devoted to each such segment of the work cycle and the corresponding reo
suits shan be 10 rrported along with a description of the work cycle in·
volved. Where the speeds and/or operating conditionS are constantly vary-

ed. ing during the work cycle, such that discrete separate cycle segments are
extremely short in duration or non-existent, the work cycle can be meuured
on a continuoUi balis.

In all cases, the-melllurlnl period shall be as long as is required to obtain vi­
bration melt8Ul"ements representlltive of the maehine and operating condi­
tions. The minimum meuuring period is stated in paragraph 5.4. If the vi-

ed. bration test is conducted during a work cycle which involves several discrr:~

separate segments, the minimum measuring period 8hall be applied to each
such segment. The minimum measuring period may be obtained by com­
bining like segments. during either the actual test or the data analysis.

The operating condition••haD be recorded in detail, including general
condition of the si~ (son characteristics, grades, etc.).

7. MochlnelJeKrlptlon- The following details should be reported:
a) Macbinezy manufacturer.
b) Mode. delignation.

c) Type of machine suspension system, if any.
d) Serial number.
e) Otherequipment on machine-that is, ripper, backhoe, towed imple­

ments, etc.
f) Total machine weight(mus) and front and rear axle weights. U the ed.

test 11 conducted during tranlPort conditions, front and rear axle weights
shall be reported in the tranlPort position.

s) For wheeled machines-tire manufacturer, tire construction (radial
or bias ply), tire code desicnation per SAEJ711c for agricultural machines
or SAEJ751c for earthmoving machines, tire size, ply rating, inflation
presSUl"e, and approxima~state of wear.

h) Fortrack-typc machinca:-typc of shoe, numberof grOUleI'l per shoe.
i) Type and amount of balluting, such as wheel and frame weights,

and/or ballast added to tires_
j) Tread and wheel base spacing, if applicable.
k) Description of seat and seat suspension system, if any. If seat sus­

pension system has a variable spring or damping rate, the setting should be
reported.

Also any known deviations from the machinery manufacturer specifica­
tions and ~commendationsshould be reported.

8. Opmrtor-Operator height and weight shall be reported.
9. Rqum«l Vibmt/on Lne&-The weighted vibration level in each of

the three directions shall be reponed separately, to the nearest 0.1 m/s2•
If the 1/3 octave analysis method has been employed, the weighted andlor
unweighted nns in each 1/3 octave band may be presented graphically,
preferably on log-log scales. For engineering uses, constant bandwidth data
presented as unweighted power spectral density plots on linear scales is pre·
toned.

In all cases, the time duration, T. of the data should be reported. Power
spectral density plots should be labeled with the resolution bandwidth. the
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