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New types of electro-dynamic vibration tables of vertical and horizontal directions

for whole body at sitting and standing postures were devised. The tables could gener-

ate various kinds of output wave forms (sinusoidal, random and shock vibration) with 

large amplitude and wide frequency range.

The levels of threshold and equal sensation of whole body for both vibrations

were measured at sitting and standing in erect and relaxed states on various amplitudes 

in the range from 0.5 to 300 c/s and up to 60 dB (vibration acceleration level at 20 

c/s).

The curves of threshold for vertical and horizontal vibrations consist of 5 or 4

straight lines with bending points respectively, and each slope of these lines had 

physical meaning of jerk, acceleration, velocity and displacement. In addition, there 

is a difference of vibration acceleration level between both thresholds by about 10 dB.

The contours of equal sensations for both vibrations above 5 c/s are composed of

three lines with the slope of acceleration, velocity and displacement bending at 5 c/s and 

60 c/s. Below 5 c/s, those of equal sensation for horizontal vibration show considerably 

lower values than those for vertical one.

Recently, the vibration caused by traffic in streets and by machine tool in

industries, and the shock by piling in civil engineerings, forging and punch pressing 

in plants have proposed various problems in the field of public nuisance and 

industrial health. Under these circumstances, the techniques for vibration measur-

ing and for data processing have been rapidly developed. However, vibration 

effect on human body has not been clarified even though many research workers 

have investigated on this problem from physiological or psychological standpoints. 

For example, adaptive hormons, skin electric conductivity and cardiotachogram which 

are used for stress indicator in general seem not to be suitable for vibration evaluation 

While, psychological researches on the perception of vibration have studied extensively 

for 40 years. But, since the receptors of vibration sensation are distributed widely on
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the whole body, various different conclusions were induced from the same kind of 

experiments. And also, the differences of experimental conditions such as vibration 

tables, exposure times, measuring methods and subjects have brought the difficulty 

to unify thier results into one clear form for engineering application of vibration 

evaluation.

On the other hand, psycho-acoustics has investigated systematically the prob-

lems of auditory sensation and proposed the many kinds of the valuable evaluation 

scales such as loudness level, loudness and noise rating number which indicate the 

standard level of sound for comfortable life in various environments. These con-

cepts and techniques developed in the psycho-acoustics would be very hopeful for 

the evaluation of the vibration.

Then, the contours of threshold and equal sensation for sinusoidal vertical and

horizontal vibrations of whole body were measured as in psycho-acoustics. Equal 

sensation levels were decided by subjects comparing the vibration between  0.5 and 

300 c/s with that of 20 c/s chosen as the standard. These contours have the same 

meanings as the equal sensation defined in psycho-acoustics, i.e. these are a  func-

tion of amplitude and frequency of vibration, and the exposure time factor must 

be excluded, while the results of many investigators of vibration sensation involve 

this factor heterogeneously.

Moreover, in the psychological vibration study, characteristics of the vibration

table for the whole body are very important. Because the vibration table limits 

the ranges of frequency and amplitude in the vibration wave. In these experi-

ments, vertical and horizontal vibration tables of the electro-dynamic type for 

whole body were newly devised. These tables can be changed in the frequency 

from 0, 5 to 300 c/s continuously, in the displacement amplitude •}2 cm at low 

frequency and in the acceleration 10 g at high, and excited in various kinds of 

output wave forms (sinusoidal, random and shock). These vibration tables gave 

the opportunity to try the experiments described in this report and will stimulate 

further developement of psychological and physiological experiments for whole 

body vibration.

This paper reports the threshold and equal sensation contours for whole body

vibrations in vertical and horizontal directions when the subjects take postures of 

sitting and standing.

PREVIOUS RESULTS OF PSYCHOLOGICAL EXPERIMENTS

Many reports1•`15) having dealt with the psychological effect of whole body

vibrations have been published since 1930 and short introductions are shown in 

Table 1 which is classified chronologically. Authors, objects, experimental methods 

and results are described in it. The numbers in the first column indicate the 

references listed in the last of this paper. The number and posture of the subjects, 

frequency and amplitude ranges, directions of vibration, and exposure time are
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Table 1. Chronological classification of psychological experiments on whole body vibrations.
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also described in the method column.

From this table, the objects of the previous experiments are classified into

about three types as follows.

(i) Measurements of general vibration sensation.
Threshold and equal sensation levels for the vibration were measured and the

human sensation for the vibration was found to have the following characteristics.

d.fn=constant,

where,  d  : vibration displacement amplitude,  f  : vibration frequency,  n  : integer,

0•¬n•¬3.
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However, with most reports, the concept of the standard vibration frequency

equalizing the variable frequency vibrations is vague as compared with the equal 

loudness level in acoustics, in which the standard frequency has been selected at 

1000 c/s. Some of vibration experimenters chose the standard frequency as 1 c/s, 

for the threshold level near 1 c/s indicated the lowest value in the vibration accel-

eration. This frequency is so low that the judgment of equalization between the 

standard vibration at 1 c/s and the compared vibration at higher frequencies is 

very difficult, if the actual experiment is tried by a precise mothod such as paired 

comparisons. Moreover, these experiments were almost examined by the mechani-

cal vibration table which limited the frequency and amplitude to narrow ranges 

and, in addition, seemed to have the distortion in output vibration waves. Further, 

as the exposure time factor is heterogeneously involved in the results of most 

experiments, these data seem not to be considered as the exact equal sensation 

contours defined in psycho-acoustics.

Some authors have proposed the evaluation scale of the vibration by  simplify-

ing their results, for example, Pal, Trem, K. value and  Wz•E value. However, 

these have not been generally used yet. The K.  value  (20) is shown in Fig. 1 as a 

representative instance, which is now proposed by Working Group 7 in Interna-

tional Organization for standardization (WG 7 in ISO) as the draft of threshold

Fig.  1. Threshold and equal sensation curves proposed by WG 7 in  ISO. (20)

The number in this figure is K. value.
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and equal sensation contours. This draft will be discussed by comparing with our 

results in this report.

(ii) Experiments for riding comfortableness.
The researchers in the fields of railway, automobile and ship industries have

studied to establish the scale of riding comfortableness. These results are shown 

in Fig. 2. As the frequency ranges in these three fields were somewhat different 

and the various kinds of cushioned seats were used in these experiments, it is 

dufficult to make the synthesized curves from these data. Besides, in the most of 

these measurements the major factor such as exposure time was treated without 

careful consideration.

Setting these points aside, the riding comfortableness meter  has18) been widely

used for vibration evaluation in these fields.

Curves 1, 2, 3 and 4 are indicated by Jacklin and show uncomfortable level with the

cushioned seat, disturbing level with the cushioned seat for vertical vibration, discomfort 

level for horizontal vibration in before and hehind direction, and discomfort level for 

horizontal vibration in right and left direction respectively. The difference between the 

curve 3 and 4 cannot be found in the author's experiment in this report.

Curves 5, 6 and 7 correspond to riding comfortableness factor 3.0, 2.5 and 2.0 by

Helberg. Moreover, curve 8 is safety limit proposed by Janeway.

(iii) Experiments for allowable and endurable limit.

Allowable and endurable limits of vibration have been measured with pilots

and drivers of vehicles and workers of automobiles. Each datum dispersed remar-

kably as shown in Fig. 3. Many causes of this dispersion are considered to be 

due to the difference of exposure time which is the major cause or of vibration 

wave forms impressed (sinusoidal or other wave forms) or of the experimental 

object or of tested subjects.

Thus, to obtain the clear-cut contours for the evaluation of the vibration from

Fig. 2. Riding comfortableness limits by various investigators. (by A. OKADA(16))
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these three types of results is rather  difficult on account of various causes describ-

ed above.

From these considerations, measurements of the levels of threshold and equal

sensation for various wave forms (sinusoidal, random and shock) in noticing the 

exposure time factor when the subject is sitting and standing should be carried 

out for the further development of vibration evaluation.

First of all, the experiments of sensation for sinusoidal vibrations of vertical

and horizontal directions on the whole body were tried to evaluate the vibration 

effect on human body.

Fig. 3. Sumary of vibration endurable or allowable limits.

The number of curves means the following items. (by A. OKADA(16))
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VIBRATION TABLES

The most important thing, when the human sensation experiment for the

vibration will be planned, is what kinds of vibration tables are used.

Many types of vibration tables which are commercially available are compared

in Table 2. (19) As seen in this, the mechanical tables which have two types, un-

balance mass type and cam type, require the guide rail to determine the vibration 

direction.

These tables are reciprocated on the ball bearing in this guide rail. So, such

mechanical tables show rich harmonics in output wave forms accompanying noisy 

sound. Moreover, they cannot vibrate at small amplitude because of the friction 

between the mechanical parts. This fact was also experienced by the mechanical 

table in our institute. Therefore, mechanical tables are not suitable for our objects.

The next is the hydraulic pressure type which consists of a pilot valve and a

hydraulic actuator. The pilot valve can be controlled by  electric signals to supply

Table. 2. Classification of various vibration tables.
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a power stage with large hydraulic power and so the actuator can generate large 

mechanical power of vibration. However, the output vibration wave form of this 

type is not pure sinusoidal and this distortion depends upon the mechanical fric-

tion and the mechanism of the pilot valve and the actuator. In our institute, the 

vibration table of hydraulic pressure type was devised for the purpose of physiolo-

gical study. This table was very convenient for loading heavy weights (200kg) 

and enabled to study the effect of vibration on 3 persons simultaneously, but the 

output wave form was not good because of rich harmonics. Generally speaking, 

this type of table does not suit for the sensation experiment.

The electro-dynamic vibration table can give pure output wave form with

wide ranges of frequency and amplitude which are easily controlled by electric signals. 

Furthermore, this type does not radiate the noisy sound. Therefore, the electro-

dynamic type is the most suitable vibration table for the sensation experiment. 

However, in this type of vertical vibration, the problems having to ride the weight 

of the human body about 70 kg on the table and to prevent the rocking motion 

caused by restless motion of gravitational center of the human body are not easy 

to solve without high expense. A new electro-dynamic type of vibration table for 

the vertical direction whose size was 400 mm diameter and 230 mm height was 

constructed. That is, the supporting structure consisted of an air cushion under 

the lowest part of the moving rod set below the vibration table of which height 

was kept constant by manual control of air volume to individual body weight, 

and eight curved leaf springs which were set on the iron frame different from 

the exciter frame and screwed at 8 points on the table sides, in order to cancel 

the human body weight and the rocking motion described above respectively. Wh-

ile, the vibration table for the horizontal direction  (600 •~ 430 •~ 80 mm3) was made 

by a swinging pole type.

In both directions, one vibration excitor was commonly used to vibrate two

tables. The power amplifier was specially designed by all transistor circuits called 

output-transformerless type with water cooling system so as to be able to widely 

sweep the frequency ranged from  0.5 to 300 c/s and to change displacement in

•}20mm at low frequency and acceleration in 10 g at 300 c/s. This table, of

course, can generate a desired output wave form (sinusoidal, random and shock 

vibration) by adding suitable electric circuits. This vibration table is shown in 

Fig. 4. by the photograph.

The measurement of the vibration was tried by lead zirconate titanate ceramic

(PZT) accelerometer above 20 c/s. However, under 20 c/s, the  electro-dynamic 

type velocity pickup fitted in the central part under the vibration table was used 

and this output signal was differenciated into the acceleration values by the circ-

uit of resistors and capacitors.

The table was severely checked never to contain the rocking motion by the

Lessajue figure on the cathode ray oscilloscope from signals of two accelerometers
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Fig. 4. Photographs of vibration tables, postures and instruments.
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set on the symmetrieal positions on the vibration table. The distortion rate was 

under 3% above 20 c/s, and the higher harmonics were not almost observed by 

the oscilloscope figure under 20 c/s. Consequently, this vibration table has sati-

sfactorily answered our purposes.

MODEL OF HUMAN SENSATION FOR VIBRATION

Receptors for deep sensibility distributed in various parts of whole body and

static sense are considered to perceive vibration of various frequencies. These 

receptors are defined as a detecting part in a model shown in Fig. 5. Since our

body can discriminate the different amplitude and frequency of vibration, it will 

be reasonable to assume an analysing part in this model though the localization 

of this part in the body is not clear.

The signal will be transmitted to the brain where the impressed point of the

vibration excitation can be recognized. This part is conveniently called the ex-

citing location recognition part. Finally, the vibration signal may be fed into an 

emotion computing part through a level comparing part where the input signal 

level is compared with the signals from a memorizing part classified by magnitudes 

of previously experienced vibrations. The computing part can determine pleasant 

or unpleasant feeling. The block diagram of these assumptions is shown in Fig 5.

According to this model, the best way to get the frequency characteristics of

the human vibration sensation is to measure the transmission function by chang-

ing frequencies. However, it is impossible to do so because human sensation 

circuit has no output signal being able to pick up except the sensation and the 

emotion. Therefore, instead of the transmission function, equal sensation curves 

are measured, in which the vibration of certain frequency and amplitude will be 

equated in sensation to the standard vibration with fixed frequency and amplitude.

About this standard frequency, we have selected 20 c/s because of the easiness

of subjective judgment of equal sensation coming from good transmission of the 

vibration to the head. The amplitude of the standard vibration (20 c/s) may be 

changed in several levels for cheking nonlinearity of the human sensation. Thre-

shold level for vibration is also examined, because this value means the signal-

Fig. 5. Block diagram of hypothetical mechanism for establishment of vibration

sensation.
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noise figure in the block diagram of Fig. 5.

SUBJECTS AND POSTURES

Ten male subjects aged 20 to 40 who have the normal hearing and vibration

sensation were selected by preliminary experiment from the members of our in-

stitute. The vibration sensation experiments for vertical and horizontal vibrations 

were made on two postures respectively (sitting erect and standing erect). As 

the differences between erect and relaxed postures in sitting and standing were 

not found clearly in the preliminary experiment, the measurement was done only 

on the erect posture.

In the vertical vibration, the subjects were directly seated on the aluminum

vibration table without cushion leaving their feet untouched to ground. At lower 

frequency (under 5 c/s) the hands of standing subject left free from the guard rod 

to support his body, because the equal sensation level was apt to be determined 

at lower level when the subject was supported by hand. This is considered to be 

due to direct transmission of the vibration from the hand to the  brain  , instead of 
the path from feet.

In horizontal vibration, the human body can be vibrated various directions

rectangular to the body axis. But two directions of before and behind, and  left 

and right are usually chosen as the driving direction for the sake of convenience 

of analysis of vibration effect on human body. However, in the preliminary ex-

periment on three subjects, as these two directions gave the same results for 

various frequency vibrations, the before and behind direction alone was examined. 

At standing erect, the body weight loaded on the heel as exactly as possible, 

otherwise the equal sensation contour would somewhat deviate from the data in 

this report in higher frequencies.

EXPERIMENTAL METHOD

The threshold and equal sensation levels were measured in the frequency

range 0.5-300 c/s for the whole body vibration in vertical and horizontal directions.

The threshold measurement. The block diagram for the experiment is shown

in Fig. 6. The measuring system was composed of two pairs of oscillator and 

attenuator, power amplifier, vibration table, vibration meter and syncroscope. In 

this case, the switch (s2) was opened and the standard oscillator (OSC 2) was 

not used. Switch  S1 had three steps a, b and c (Fig. 6). The signal of OSC 1 

was impressed to the power amplifier at the step "b" and the signal of OSC 1 was 

not passed at "c". The tester changed the steps of the switch  (S1) in random 

order of b-c or c-b to intermittently give the vibration to the subject. The time 

impressing the vibration signal is 3 sec above 10 c/s and 6 sec below 10 c/s. He 

verbalized "1" and "2" at each change of the step of the switch  (S1) independent 

of the order (b-c or c-b). The reason why the vibration was intermittently given
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to the subject is to facilitate the discrimination between the very faint vibration 

and the bodily inherent noise. The method to give the subject the vibration was 

tried in descending and ascending series. Descending series was started from the 

slightly larger vibration signal than the threshold. The subject answered the 

number (1 or 2) when the vibration could be felt. If this answer was correct, 

the tester decreased the vibration level by the attenuator 1 and the same proce-

dure was repeated until the subject could not detect the vibration. Then, the 

vibration level was increased till the vibraton could be felt again. The readings 

of attenuator 1 were recorded as the obseved values of threshold when the subject 

just lost the signal in descending series and picked up again in ascending series. 

The levels obtained in both descending and ascending series was averaged as the 

threshold.

The vibration acceleration level was measured by the accelerometer above 10

c/s and by electro-dynamic velocity meter with the differencial circuit below 10c/s. 

Each meter was calibrated at several known vibration levels and frequencies by 

the microscope.

In this experiment, above 150 c/s, the vibration table radiated the sound.

Since the subjects can associate these sounds with vibration, the sound with the 

same frequency and level as from the table was sent to the subject by the loud-

speaker.

The equal sensation measurement. The experiment was carried out by the

method of paired comparisons in which the standard frequency vibration was com-

pared with the variable frequency  ones_ The standard vibration frequency was 

decided as 20 c/s. The switch (S2) was closed and the standard oscillator (OSC 

2) was put in work. The subject was vibrated in order of the standard frequency 

vibration with a given amplitude (OSC 2) and the variable frequency one with 

variable amplitude (OSC 1). Then, pause was given. The pair of vibrations and 

pause were controlled by the tester who connected the step of the switch (S1) to 

a, b and c (Fig 6). Period staying at each step was 3 sec above 10 c/s. and 6 sec

Fig. 6. Block diagram for vibration sensation experiment.
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below 10 c/s. These periods were needed for the subjects to judge the equal sensation.

The vibration was given to the subject in ascending and descending series.

But higher level of vertical vibration comparing with the standard vibration (50 

dB at 20 c/s) was tried only by ascending procedure. Because the subject could 

not tolerate to  sufficient higher levels required for the initial vibration in descend-

ing experiment. In ascending series, the vibration level (OSC 1) at each frequ-

ency was started from lower level than that of the standard vibration and the 

tester increased the level by the attenuator until the subject would feel that the 

tested vibration level was equal to the standard. In descending series, the subject 

was given more higher level of vibration by 10 dB than the equal sensation level 

obtained in ascending series. Then, the tester decreased the level till the subject 

felt the equal sensation. Attenuator readings which corresponded to subject's 

equal sensation in both series were averaged as the observed values.

At each frequency, the experiment for standing was tried immediately that

for sitting was finished. The measurement for vibration was tried by the same 

method as described previously.

In acoustics, the quantity of sound pressure level has been widely used. The

similar value in vibration is desired for this purpose. Therefore, the observed 

values in this experiment were indicated by vibration acceleration levels exprees-

ed in decibels. Vibration acceleration level (VAL) of a vibration is 20 times 

the logarithm to the base 10 of the ratio of the measured rms vibration accelera-

tion to a reference rms vibration acceleration.

That is

VAL=20log10(a/aref), dB

where, aref=10-3g (1g=980cm/sec2), and a=measured rms vibration acceleration,(g).

RESULTS AND DISCUSSIONS

In order to calculate averages and standard deviations of the levels of threshold

and equal sensation, the values expressed in VAL were once converted to antilog-

arithm at each frequency and amplitude. The results on two postures (sitting 

and standing) for the vertical and the horizontal vibrations are shown in Fig. 7, 

8, 9 and 10. In these figures, the lowest curves are the threshold values at vari-

ous frequencies and the other curves exhibit the equal sensation contours. Equal 

sensation curves mean that all points on the four curves give sensation being equal to 

the standard vibration at 20 c/s with 20, 30, 40 and 50 VAL for vertical vibration 

and 30, 40, 50 and 60 VAL for horizontal vibration. The numbers on the curves 

at 20 c/s show VAL of the standard vibration. These curves are drawn by con-

necting approximately average values in order to give slopes of these curves clear 

physical meanings, for example, the slope of jerk or acceleration or velocity or 

displacement which agrees with the slope of -6 dB/octave, fiat, +6 dB/octave and 

+12 dB/octave respectively on the graph of VAL to frequency. This fact comes
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About Fig 7-10, in three circles with dots arranged lengthwise, the two outsides of them

indicate the standard deviation range and the center of them the average  value. The num-

ber on each curve at 20 c/s shows the vibration acceleration level of the standard vibration 

(20 c/s) and means the vibration greatness level in the unit of "VGL".
Ordinate is the vibration acceleration level (20 log10 (a/aref), a ; rms acceleration value,(g),

aref ; 10-3g and abscissa the frequency of vibration (0.5-300 c/s).

Fig. 7. Threshold and equal sensation contours for vertical vibration at sitting erect.

Fig. 8. Threshold and equal sensation contours for vertical vibration at standing

erect.
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from the operator calculation of differenciation or integration.

The following points seem to be important for finding out common rules from

these contours. That is,  (1) frequency characteristics of slope, (2) bending 

points and (3) congruity among equal sensation curves on the same graph 

(designated as individual congruity) and among those on different graphs (designat-

Fig. 9. Threshold and equal sensation contours for horizontal vibration at sitting

erect.

Fig. 10. Threshold and equal sensation contours for horizontal vibration at stand-

ing erect.
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ed as group congruity).

Threshold contours

On the vertical vibration, the threshold curves for sitting and standing rese-

mble each other below 100 c/s (Fig. 11). While, in  100-300 c/s, both slopes are 

different, for instance, 12 dB/octave for standing and 6 dB/octave for sitting. The 

threshold curve consists of five lines with the slope of jerk, acceleration, velocity, 

acceleration and velocity or displecement. Their bending points are at about 2, 

6, 35 and 110 c/s (Fig. 11).

On the other hand, for the horizontal vibration (Fig. 12), the threshold curves

show a little difference between the two postures in the range from 3 to 30 c/s 

and above 130 c/s, that is, 6 dB/octave for standing and 12 dB/octave for sitting 

in both frequency ranges. The slopes of these curves in the remainder frequen-

cies agree with acceleration characteristics. The threshold curves for both postu-

res (Fig. 12) have three bending points at 3, 30 and 130 c/s.

Two threshold contours for sitting and standing are graphically averaged to

give one single curve. These curves for vertical and horizontal vibrations are 
shown in Fig. 13. The difference between two threshold curves for both  vibra-

tions is about 10 dB and it seems to have essential physical meanings. The in-

teresting phenomenon interpreted from this difference will be explained in the 

next report (part 2).

About the reproducibility of these results, dispersion and bias in the pooled

data with 10 subjects measured in the second time experiment may be almost

Fig. 11. Threshold and equal sensation contours obtained by superposition of Fig. 7

and 8 for vertical vibration.
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shown in the same dispersion of the first time one as Figs. 7 - 10.

Equal sensation contours

For the vertical vibration, to compare Figs. 7 and 8, they are superposed as

Fig. 11. With the group congruity between two postures, remarkable differences

Fig. 12. Threshold and equal sensation contours obtained by superposition of Figs.

9 and 10 for horizontal vibration.

Fig. 13. Threshold and equal sensation contours obtained by superposition of Figs.

11 and 12, and averaged in the part gained in good congruity.

201



T. MIWA

are not found except that the bending points show a little difference in frequen-

cies. From 6 to 60 c/s and above 60  c/s,  the slopes of these curves agree with 

velocity and displacement respectively. Under 6 c/s, the contours for two postures 

do not exhibit good agreement and it seems to be difficult to suppose clear physi-

cal meanings from their slopes. However, considering that the judgment of equal 

sensation in this frequency range is rather difficult than that above 6 c/s, the 

slope may be assumed to be acceleration. About the individual congruity of 

these contours, they are found to parallel each other at regular amplitude inter-

vals. The experiment at higher vibration acceleration cannot cover all frequency 

range  (0.5-300 c/s) for the amplitude limitation of the vibration table. But, 

characteristics in the higher level contour may be extrapolated to the region of 

unmeasured frequency from the basis of good individual congruity at lower level 

curves.

For the horizontal vibration, to inquire into the group congruity between two

postures, Figs. 9 and 10 are superposed as shown in Fig. 12.  They are almost 

similar slope, except that the curves for standing have the plateau between  25-

45 c/s and the displacement slope above 45 c/s. The slopes of these curves indi-

cate acceleration, velocity and displacement respectively and the bending points 

appear at 3 and 80 c/s. With the individual congruity, these curves seem to keep 

parallel at equal amplitude intervals, provided that the experiment could not be 

done at higher vibration acceleration under 3 c/s and above 100 c/s owing to the 

limitation of the vibration table.

About the dispersion of the data obtained in equal sensation experiment for

both vibrations, as the judgment of the equal sensation is easy in the frequencies 

near the standard vibration (20 c/s), the standard deviations of the data are small 

(max. •}2 dB) in 10-30 c/s. On the contrary, above 200 c/s and under 5 c/s, the 

deviation is considerably larger (max. •}6 dB) owing to the difficulty of judgment.

The standard deviations of the results of equal sensation in the same experi-

ments at the second time were taken within the same range as Figs. 7 - 10.

Consequently, when Figs. 11 and 12 are moreover superposed to test the group

congruity between vertical and horizontal vibrations, both figures satisfactorily 

agree with each other above 7 c/s as shown in Fig. 13. These are graphically 

averaged in the parts showing good congruity from the engineering viewpoints of 

vibration evaluation. As the contours do not agree with each other under 5 c/s, 

the average calculation is done only with the postures instead of vibration direc-

tions. From Fig. 13, between 5 and 100 c/s, it is found that the frequency charac-

teristics of whole body sensation for two kinds of vibrations may be approximate-

ly evaluated by the curve with the velocity slope independent of the posture.

In order to facilitate the mutual conversion among acceleration, velocity and

displacement, the special graph was devised (Fig 14). That is, the vibration 

velocity level (VVL) and the vibration displacement level (VDL) are defined as
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Ordinate indicates velocity co-ordinates, the group of lines descending toward right the

acceleration co-ordinates and the other group ascending toward right the displacement co-

ordinates. If one point is plotted in this graph, its vibration acceleration level, vibration 

velocity level and vibration displacement level can be read out by these three co-ordinates.

The vibration acceleration level (VAL) is shown as  20 log10 (a/aref) (a=rms accelera-

tion value, (g), aref=10-3g), the vibration velocity level (VVL) as 20 log10 (V/Vref) (V=rms 

velocity value, cm/sec, Vref=10-2 cm/sec), and the vibration displacement level (VDL) as 

20 log10 (D/Dref) (D=rms displacement value, cm, Dref=10-6cm).

20 log10 (V/Vref) and 20 log10 (D/Dref) respectively, where V is the rms velocity 

value (cm/sec), D the rms displacement values (cm) and "ref" the reference rms 

values of them. In conversion calculation by Fig 14 the reference values are 

selected as V=10-2cm/sec and D=10-6cm. Because, almost all part of one thre-

shold curve is placed above 0 dB in each scale. The equal sensation contours 

proposed by WG 7 (ISO) for the vertical  vibration(20) which were measured in  0.5 
-100 c/s as shown in Fig. 1 are compared with the contours in this study. The 

peak at 1 c/s does not appear in author's curves and the notch near 5 c/s seems 

to be shallower than author's. Besides, the lowest curve which seems to accord 

with the threshold is too simpler than the  author's threshold curves. About the 

remainder part (5-100 c/s), the slope agrees well with each other.

The equal sensation contours for horizontal vibration proposed by Dieckmann11)

are also compared with author's. The slope of contours was almost similar within 

the frequency range observed by him  (0.5 - 50 c/s) except that the bending point 

at lower frequency was seen at 2 c/s in his experiment.

These two types of equal sensation curves (the curves of WG 7 (ISO) and

Dieckmann) seem not to accord with the equal sensation defined in psycho-acoustics 

from the viewpoints of measuring method and implicitly involving the factor of

Fig. 14. Special graph plotted with threshold and equal sensation values in order

to mutually convert among three values (acceleration, velocity and displace-

ment).
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the exposture time of vibration. On the other hand, the result in Fig 13 means 

the equal sensation values in vibration similar to that in acoustics, though the 

standard frequency was chosen at 20 c/s in the former and 1000 c/s in the  latter. 

However, the fact that author's curves and WG 7 (ISO) and Dieckmann's curves 

considerably agree with each other is very interesting problem concerning inter-

pretation of human sensation, emotion and the exposure time factor.
In acoustics, to quantify the equal sensation, loudness level is very conveni-

ent concept and has been used widely in the unit of phon. Introduction of such 

thought into the field of vibration sensation was tried by proposing the vibration 

greatness level. Vibration greatness level is defined as the value of the standard 
vibration (20 c/s) expressed by vibration acceleration level and showed as the 

unit "VGL". In VGL, the same reference level  (10-3) as vibration accerelation 

level (VAL) is used instead of the threshold level of standard frequency (20 c/s) 

like loudness level in psycho-acoustics (1000 c/s). Because, the threshold level in 

vibration varies with the kind of vibration direction (vertical or horizontal) and 

with the driving points on human body. However, the reference level  10-3g 

nearly coincides with the threshold level at 3 c/s.

When VGL is wanted to know from the measured vibration spectrum in some

working  places,  the calculation procedure is as follows. If the spectrum is line, 

and the obtained VAL coincides with some point on the equal sensation curve itself 

in Fig. 13, VAL corresponding to the points of this curve at 20 c/s is read out as 

VGL. If the observed VAL falls between adjacent two curves in Fig. 13, the VGL 

of it should be assumed by the curve which is copied from these already drawn 

at every 10 dB. Moreover, if the spectrum is composed of the several lines or 

several peaks, VGL should be considered only from the predominating frequency 

vibration.

From this way, the evaluation problem of vibration effect in actual working

place can be converted as the problem at 20 c/s.
The problems on the uniformly continuous spectrum and the relation between

emotion and equal sensation level involving the exposure time will be studied in 

the near future.
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