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Abstract

Two experiments were conducted to determine the effects of horizontal
(transverse and longitudinal) vibration upon the soated hwman being. Such

vibration 1s typically found in ground vehicles.

The transverse (side-to-side) vibration experiment utilized frequen-
cies from 1.5 to 5.5 cps, with intensities »of 0.15, 0.25, and 0.35 g.
Measures were taken before, during, and following vibration exposure. The
longitudinal (fore-aft) vibration experiment utilized the same frequencies
with intensities of 0.15, 0.25, and 0.30 . Measures taken during both ex-
periments were of: compensatory tracking ability, choice reactiou time,
foot pressure constaney, peripheral wision, visual aculty, body equilibrium,
bodily transmissibility, oxygen consumption, breathing rate and total venti-

lation,

The results indicate that transverse and longitudinal, whole~body
vibration does affect tracking ability, choice reaction time, foot pressure
constancy, and peripheral vision, with some performance decrements being
related to specific frequencies and to intensity increments. Visual acuity
and body equilibrium were not affected. Performance decrements, transmissi-

bility, and respiratory effects are related end discussed.
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Introduction

When man operates a vehicle or is conveyed in it, he is subjected to
oscillations or vibration. The vibration problem is particulerly acute in
trucks, tanks, personnel carriers, jeeps, helicopters, and high speed, low
altitude aircraft. In most of these vehicles, especially ground vehicles,

the vibration imparted to human occupants has characteristics of low fre~

quencies and high emplitudes.

Due to terrain, tires or tracks, and suspension systems, most ground
vehicles typically possess frequenciee from 1 to 7 cps with amplitudes
yielding pesk acceleration intensities up to 0.50 g's., Occesionally fre-

quency—-amplitude combinetions beyond 0.50 g intensity exist in a particular
vehicle.

The plenes of vibration may be defined with reference to the human body
in this manner: vertical (up~dovm), transverse (side-io-side), and longitu-
dinel (fore-aft). Obviously, vhen a vehicle is under power the occupante ex-

perience whole-body vibration in all of these directions.

If man in a vehicle is considered as an integral component of a man-
machine system (Hornick, 1961c) the question immediately arises: what ars
the effects of whole-body, low-frequency, high-amplitude vibration upon the
capabilities of the human component?

It is not the purpose of this report to present a lengthy review of vi-
bratior studies. 8everal such reviews already exist; for instance, those of
Goldman end von Gierke (19560), Ashe (1960), and Hornick (1961b). Besides,
most vibration research has been done in the vertical direction. For repre-

sentative results of such vertical vibration studies, one may consult, in
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addition to the revicew articles, the following: Coermann (undnted); Dennis and
Elwood (1958); Guignard ond Irving (1960); Magid, Cocrmann, nnd Zeigenruecker

(1960); Riopelle and Hines (1955); Schmitz, Simons, and Boeticher (1960).

In general, luw-frequency, vertical vibration may impair or affect visual
acuity, peripheral vision, simple reaction time, cholce reaction time, com-
pensatory tracking ability, foot pressure constancy, metabolic rate, pulse
pressure, oxygen consumption, blood composition, and other physiological and
psychomotor behavior. In addition, the resonant frequency of the seated human
body to vertical vibration (resonant frequency is that st which input motion
is meximally emplified by the body) occurs at 4 to 7 cpz {Haack, 1955). Man's
tolerance to withstand vertical vibration is also lowest in the range of 4 to

T cps.

Bowever, statements such as these cannot be made regarding trensverse
and longitudinal vibration for the elementary recason that few studies of vi-
bration in these directions can be found. Reiher and Meister (1931) evaluated
subjective responses of "strong", "annoying®, "objectionable®, etc. for trans-
verse and longitudinel vibration experienced by standing or prone positioned
subjects, and observed that transversc vibration was "soon and intensely felt".
In snother subjective study, Jacklin (1936) listed transverse vibration as
worst (having the lowest threshold for "disturbing" sensations) followed by

longitudinal and then vertical vibration.

Regarding transmissibility for transverse vibration, Goldman and von
Glierke (1960) stete that maximum movement of the hip occure at 1.5 cops,
and the head at 2 cps for the sitiing subject. They also report that ver-
tical vibration introduces body resonances at 4 tc 6 cps. Dieclmann (1958)

indicates maximum body movement to occur beslow 2 cps for sitting subjects
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oxponad to horizontal vibratien.

Using animnls, Sueda (1¢37) roported earlicr onsct of dcath in rats and
rabbits subjected to horizontel as opposed to verticel vibration. Ashe (1960)
conducted several experiments using vertical end horizontal vibration on rats
which vere unresirained. He reported greater weight loss with vertical vi-
bration, and therc wes no difference in weight changes betueen horizentally
vibrated and control rats. There wos no difference in growth rates between
groups of rats which vere vibrated in the two planes over & 48~day period.

He points oui that during horizontal vibration there was a marked increase
in heart rate at the onset of vibrotion with & gradual return to the pre-
vibration rate. He interprcted this es being due to an "apprehensive reaction®

(Ashe, 19€0).

Fraser (1960) reportcd that human subjects engaged in a2 tracking task
during vibretion in each of the three planes revealed no decrement during
longitudinal vibration, but significant decrements in transverse snd verti-

cal planes.

After examining vibretion studies such as these, one ist led to several
‘basic conclusions., First, most vibration studies have been conducted with
veriical vibration showing physiological as well as psrformance effects.
Second, of ithe relatively few studies of horizontal vibration-~-transverse
and longitudinal--little has becn done in determining the effects of trans-

verse and longitudinal vibration on human performence. At best, only some

physiological and mechanical effects are known. Heace, a real need exists
for informaticn regarding the effects of horizontal vibration on humen per-
formance, cspecially since subjective indices reveal man's tolerance to be

lowest for such vibration.
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The experiments reported herein were, therefore, conducted to £i11 this
need. Per{ormance messures werc utilized to evaluate the effects of trane-
verse and longitudinal vibration similar to that experienced in typical

ground vehicles on man.

Two separate experiments are reported in this study. The first incor-
porated the use of transverse vibration with frequencies of 1.5, 2.5, 3.5,
4.5, and 5.5 cps; peak acceleration intonsities of 0.15, 0.25, and 0.35 g;
and measures were taken during a pre~vibration period, during the first 15-
minutes of vibration, during the final 15-minutes of vibration, and during

a post~vibration period.

The second experimant incerporated the use of longitudinal vibration
with the same five frequenciess intensities of 0.15, 0.25, and 0.30 g; and
measures during the same four time periods. The longitudinal experiment
utilized a maximum g level of 0.30 because a preliminary investigation
indicated potential back injury end whiplash of the neck at 0.35 g. To
further protect subjects in the longitudinel direction, a lap~type seat

balt was worn.

In both experiments subjects were seated on a rigid chair mounted on

s shake table.

Performance measures were taken on compensatory tracking ability,
choice receotion %time, foot pressure constancy, peripheral vision, viaual
souity, and body equilibrium. The first four measurcs were incorporated
into a sirulated driving task, while visual aculty snd body eguilibrium
were recorded at separate times. In addition, body transmissibility re-
cords were iaken at the head and belt levels for transverse vibration, and

at head, chest, and belt levels during longitudinal vibration.

AT . 3 T e VO . “ - - e ¢
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In order to aid in interpretstion of performence results, oxygen con-
sumption, breathing rate, and total ventilation measures were made on several

subjects in each direction of motion.

It was hypothesized that A) some frequencies of transverse and longitu-
dinal whole-body vibration would result in decrements in performance; B) the
decremen? , would increzse with increases in intensi‘y within a given freyuen-
cy; C) the resonant frequency of the humen body would be below 2.5 cps in
each of the horizontal directions, and that greatest performance decrements
would occur at or near the resonant frequency; and D) greatest oxygen con-
sumption, breathing rate, and total ventiletion would occur at or near

resonunt frequencies.

. =N o - - RS e — L e e e i v e m——— < o ..
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Method

Since the methodology of the transverse and longitudinal experiments

was very similar the descriptiona below apply to both unless otherwise noted.

Subjects
Two different groups of twenty male subjects, ranging in sge from 18 to
26 years experienced the conditions in both of the vibration directions.

Each subject wes given a thorough physical examination before participating.

Design

In the transverse experiment subjects served in all experimental condi-
tions., Thers were five frequenciss (1.5, 2.5, 3.5, 4.5, and 5.5 cps), three
levels of intensity (0.15, 0.25, and 0.35 g), and four time periods (pre-,

first 15-minutes of, final 15-minutes of, and post-vibration).

The longitudinal experiment employed the same five frequencies and time
periods, but the three levels of intensity were 0.15, 0.25, and 0.30 g.

Subjects served in ell conditions.

In each experiment, therefore, the btasic experimental design wes a

5 x4 x 3 x 20 factorial analysis of variance with repeated measures.

Vidbration Apparatus

The table used was a multi-directional shake table with a itop surface
of 36" x 40", The drive mechanism is mechanical with a power source of &
7% hp. electric motor. A complete description cen be fQund in Schmitz et al.
(1960). For euch desired experimentel combination, frequency and amplitude

were pre-set and constantly monitored.

Rigidly mounted on the shake iable was a wood chair with a back rest.

W e . - - - c e ey
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Tubular steel Zegs and supports maintained rigidity of the chair. For pro~
tection to the subjects during longitudinal motion, a lap-type seat belt

fastened to the chair was used by all subjects,

Performeance and Related Apparatus
As mentioned earlier, compensatory tracking, choice reaction time, foot
pressure constancy, and peripheral vision measures were combined into a simu-

lated driving situation.

Compensatory tracking ability was evaluated by requiring the sudbject to
keep a small blip centered on an oscilloscope screen at all times by turn-
ing a steering wheel which varied a potentiometer at tho bottom end of the
steering shaft. As the blip moved to the left, the wheel had to be turned
to the right in order to keep the dot centered, and vice versa. The uncom~
pensated blip moved horizontally acrcss the face of the scope at a frejuency
of 3.5 cycles per minute, with a total displacement of 2", The variable
error (distance from center of scope) was electronically amplified, recti-
fied, and integrated. The integrator was a voltage~to-frequency converter
that determined the average frequency over each of four 15-minuts pericds,
The resultant fraquency was converted to error with a predetermired cali-
bration factor in terms of inches on the scope. The oscilloscope was piaced

in & panel at the subject's approximate eye level.

Choice reaction time was recorded with apparatus consisting of three
jewel lights (one red, one green, one amber) mounted above the cscillescope,
and a second bank of ninec jewel lights (red, green, and amber in a counter-
balanced order) below the scope. Subjects were to react by means of a zimu~
lated brake pedal when lights of the asme color appeared on the upper and

lowsr stationary display banks and were not to respond if dissimilar colors




appeared.

During transverse vibration a delay was introduced (from 12 to 40 se-
conds) between the upper "cue" light and the appearance of the response
light. During longitudinal vibration, both lights flashed on simultaneous-
ly. A Standard Electric Timer, calibrated in 1/100's of a second, was acti-
vated with the flashing of both lights and stopped with pressure on the

brake pedal.

For eval iating foot pressure constancy, a Simpson veacuum tube volt
meter with a simulated speedometer dial attached to its face was situated
next to the oscilloscope. The maximum range of the speedometer needle wes
20-60 in simulated miles per hour. The needle indicator of the meter was
regulated by the amount of feot pressuro exerted on an sccelerator pedal.

An arm connected to the pedal made contact with a piece of asheet metal on
which four strain geuges were mounted, two on the upper surface and two on
the lower surface., The amount of stirain placed on the sheet metal resgula-
ted the movement of the indicator. The subject was instructed to "drive" at
40 miles per hour at all times (the figure 40 was at the center of the dial).
Error about this "speed" was amplified and integrated. Average total error
for eech of four 15-minute pericds was the measure used. The amount of
torque necessary to maintain center on the meter was 42.3 pound-inches.

This task and the instrumentation was the same for both the transverse and

longitudinal experiments. See Fig. 1 for the complete visual display.

The last of the simulated driving taesks, per.pheral vision, was evalu-
ated by means of dull black standards on either side of the subject at a
distence of 55" from the center of the chair. The standards were odjusted

to be at each subject's eye level. The standards conteined a row of 40




CHOICE REACTION
TIME LIGHTS

SPEEDOMETER

- OSCILLOSCOPE

\—

Fig. 1. Visual display. The display was situuted approximately
48 inches from seated subject. For compensatory tracking, 1° of ateering
wheel moverent elicited 0.0083 inches blip movement on the scope. For
foot pressure, 1° of pedal movement resulted in 6.86 simulsted miles per
hour veriation.
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countersunk GE 747 lights. A multiple contact switch was used as a scanning
device which 1it each light in successlion beginning with the first (beyond
the subject's field of peripheral vision) and ending when ths eubject pressed
a button (mounted on the wheel in place of the horn button) which switched
off the light snd stopped the scanner indicating the number of the light
which the subject firs. saw. For each subject the standards were placed

so that specific lights maintained calibrated peripheral vision angles in

all conditions.

The visual acuity test utilized Landolt C's es targets. A black parti-~
tion with a small sliding door was placed 12! 8" from the subject at eye
level as he sat on the vibration tadble. A 200 watt lamp was plauced approx-
imately 10 inches in front of the partition and focused on the sliding door.
Cards on which the landolt C's were printed could be inserted in s frame
behind the sliding door so that the gap in the C was up, down, left or right.

The reflected light from thesw targets was measured as 100 foot Lemberts.

Body away was recorded before and efter each vibration condition. The
apparatus consisted of a wall mount adjustable to the height of each subject,
a flexible brass rod 19% long which was fastened to the mount and vertically
suspended from it, and a head piece adjustable to head size. Strain gauges
were mounted to the rod so that transverse and longitudinal movements were
detected. In this way, body sway in any plane through the axis of the rod
could be recorded. Strain gauge signals were amplified by twc Brush ampli-
fiers and recorded on the two channels of standard Brush oscillograph chart
paper. The sway in each plane was measured by means of a compensating polar

planimeter in terms of peak to peak area.

Each subject was ulso meesured fer his mechanical body response, or
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transmissibility, to each of the vibration conditions. Two accelerometers
were used to obtain this measure. One rccelerometer, (Statham AS5Aa-5-350)
wes fastened to the table to measure input. A second accelerometer (Statham
A52-5~300), was firmly Tastened to a 3" x 2i" piece of thin plywood; the
plywood was ther attached to a 25" wide strip of nylon backed vinyl meterial.
The material with the accelerometer atiached could be firmly tied around the
subject a£ his belt line, around his chest or around his head. The table
input was compared to the mction recorded at the head, chest, or belt level

for the tranemissibility measure.

Respiratory parameters and oxygen consumption were measured with con-
ventional techniques using a Collins 133 L Respirometer. lMetnbolic rat. was
calculated from the mean oxygen consumption during 6 minutes of vibration.

It was based on an assumption of an R.Q. of 0,82, resulting in 4,825 cal/L 05.
Breathing frequency wes counted from the spirogram. The ventilograph pen was
used to calculate total minute ventilation, caleculated as the mean L/minute
for the 6 minutc period. Control (no vibration) periods were run at the be-
ginning of each experiment and after eacn 5 exposures to vibration. The

mean value for all ™no vibration" periods was used es the reference point,

t0 which changes were referred.

Procedure

All subjects experienced a complete practice session of one hour duratioen.

A description of a typical experimental aession is presented here for
clarification. The frequency and amplitude was pre~set into the table for
the deeired frequency~intensity combination. For any one subject, of course,

thege combinations were experienced in & random order.
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Ths subject began by having his pre-vibration body sway recorded. He
then sat on the chair of the shake table for 15-minutes of no vibration
(PRE) during which time his performance on the simulated driving tasks was
obtained. He controlled the oscilloscope blip by means of the steering
wheel. He attsmpted to maintain the simulated 40 miles per hour on the
speedometer display by means c¢f the accelerator pedal. These two tasks
were continuous. At random intervals the choice reaction time lights were
presented, the subject reacting as quickly as possible by striking the simu-
lated brake pedal. Agein at randor intervals, and in a left-right random
order, the periphersl vision lights moved into his field of vision, the
subject pressing the horn button eas soon as he noticed the light. During
this PRE period, a tape recording of the table noise was played in order to

control for ths table noise during vibration conditions.

The same procedure was followed during the next one-half hour in which
the shake table was vibrating while the performance measures were recorded.
The half-hour was electrenieelly divided into two 15-minute periods (V; and

Vo). Subjects were not aware of this division.

Following the half-hour of vibration, the subject again was stationary
while the recorded table noise was played. Measures following vibration

(FOST) were then obtained for 15-minutes.
After this, the subject's body sway was again recorded.

In order to measure visual acuity, each of the 15 frequency-intensity
combinations wes experienced while the subject attempted to locete gaps
in the landolt C rings. A control condition (without vibration) was ran~

domly interspersed among the 15 conditions. Visual acuity limit was defined
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as the visuel angle represented on the C where the subject made four errore

out of eight possibilities.

Humen body mechanical respense was obtained in additional sessions.
All frequency-intensity combinations were agein reproduced while accelero-
meters were placed on the table and at head, chest, or belt levels., Peak-
to-peak acceleration recorded on the body was divided by the peak-to-peak

table acceleration giving & ratio measure of transmissibility at each point.

Separate sessions again were used for three subjects in the transverse

and five subjects in the longitudinal direction for the respiration measures.
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Results

(Transverse Vibration)

Compensatory Trazcking

The sumary anelysis of varisnce for tracking ability appears in
Table 1. Data shown in Mgs. 2, 3, and 4 indicate thet decrement in this
ability is greatest below 2.5 eps. +ithin a frequency, increments in in-
tensity result in greater decrements. There is s trend for tracking error
to increase as time of exposure increases and there is not complete recov-
exy of tracking ability during 15-minutes following exposure :o transverse

vibration.

Choice Reaction Time

The summary analysis of variance for reaction time appears in Teble 2.
The sumnary and Fig. 5 reveai that the tine period is the only significant
factor. Frequency and intensity of vibration have no effect, but choice
reaction time is significantly irpaired following expusure to transverse

vibration.

Foot Pressure Oonstency

Table 3 and Pigs. 6, 7, and 8 show that foot pressure constancy suf-
fers greatest decrement at 1.5 and 2,5 cps during vibretion; increasing
intensity incrsases decrement; decrement is immediate with the onset of
vibration ané shows no trends during exposure; rscovery is virtually com-

pl=te following exposure.

Periphezal Vision
The summary snalysis of varience for peripheral vision sppears in
Teble 4. As seen in Fig. 9, periphera) vision is impaired only at 1.5

and 2.5 cpe, and enly during the initial 18-nminutzs of transverse vibration.




Table 1

Summary Anelysis of Variance for Compensatory Tracking
During Transverse Vibration

Source 33 ar MS F

Betwean &lbjﬁctﬂ 1 0147 19 0.060

Within Subjests

Freguerncy 0.057 4 0.014 7 .01

Intensity | 0.060 2 0,030 5 .01

Time 0.112 3 0.037 18.5 .01

Fx1 0.030 6 0.004 2 .05

Fx?T 0.044 12 0.004 2 05
IxT 0.026 6 0.004 2 N.S8.
FxIxT 0.033 24 0.001 0.5  HN.S.
Residual 1.852 1121 0.002

Total 3.361 1199
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Table 2

Summary Analysis of Variance for Choice Reacticn Time

During Trsnsverse Vibration

Source ss df MS F

RBetween Subjects 25,382 19 1.336

Wliithin Subjects
Frequency .090 4 .023 1.53 N.S.
Intonsity 023 2 012 0.80 N.S.
Time .385 3 W28 8.53 01
FxI .026 8 .003 0.20 N.S.
Fx?T 284 12 .024 1.60 N.S.
IxT .037 6 .006 0.40 N.S.
FxIx?T 342 24 014 0.93 K.S.
Residusl 17.295 1121 .015

Total 4% .864 1199
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Table 3

Surmary Analysis of Varisnce for Foot Pressure Constancy
During Transverse Vibration

Source S3S df M8 F

Between Subjects 315,343 19 16.597

Within Subjects
Frequency 39.724% 4 9.931 20,18 .01
Intenaity 31.666 2 15.8%3 32.18 .01
Time 54,024 3 18.008 36.60 .01
Px1I 21,026 8 2,628 5.34 .01
Fx?7T 41,927 12 35494 7.10 .01
IxT 14,782 6 2,46k 5,00 .01
FxIxT 12.748 24 053 1.08 N.S.
Residuel 551.879 1121 0.492

Total 1083.119 1199
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Teble 4

Sunriary Analysis of Variance for Peripherel Vision
During Transverse Vibration

Source 83 af MS F

Between Subjects 38,035.629 19 2,001.875

¥ithin Subjects
Freauency 69.122 4 17.281 2.84 05
Intensity 2.755 2 1.378 0.25 N.S.
Time 260.285 3 86,762 14,24 .01
Fx1 8¢.096 8 10.012 1.64 N.S.
FxT 196.€74 12 16.390 2.69 .c1
IxT 41,625 6 6.938 1.14 . N.8.
FxIxT 77.528 24 3.230 0.53 N.8.
Residual 6,8%0.967 1121 6.094

Total 45,599 .68% 1199
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Post~vibration peripheral vision is seen to be significantly superior to

the pre-vibration control level.

Visual Acuity

" Landolt "C" gaps were converted to values represeniing 1/visual angle.
The analysis of variance indicates no significant differences between fre-
quencies or intensities. There is no significant visuel eculty decrement

ettributable to transverse vibration.

Body Equilibrium

A comparison of before- and after-vibration records indicates no diff-
erences for body svay in fore-aft or side-to-side planes. A t-test on the
movement envelope areas verifies that there are no significant differences

between before~ and after-vibration periods..

Transmissibility
Peak acceleration of movement at the belt level is consistent in so far
as all frequency~intensity combinations resulted in an amplification of in-

tensity near 1.9 times. See Table 5.

Heed accelerations result in a set of curves seen in Fig. 10. The
transmiseibility of the human body within the frequencies tested as mees-
ured at the head is 1.5 cps. Increasing input accelorstion intensity frorm
0.15 to 9.35 g results in gradually lower amplification at the head. At
1.5 cps, for instance, a 0.15 g input elicits a peak to peak accelercticn
intensity 114% as great at the head; 0.25 g elicits an acceleration 63% as
great; and 0.35 g elicite head acceleration 60% of the input. Actual head
acceleration can be compuced for any point on Fig. 10 by multiplving the

indicated input intensity by the per cent transmissibility ~bserved.
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Table 5

Transmissibility at the Belt Level
(Transverse Vibration)

INTENSITY FREQUENCY
"g" 1.5 2,5 3.5 4.5 5.5
0.15 2.33 2.00 1.8% 2.20 1.59
0.25 1.92 1.91 1.86 1.81 1.78
0.55 1.72 1.97 1.82 1.77 1.68
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Fig. 10. Transmissibility at the heed during transverse vibration.
Values represent the ratio of head ancceleration inteneity to the table
acceleration intensity. Standard deviations appear for each mecn.




Oxygen Consumption

The oxygen consumption is expressed in the terms "calories per square
meter of surface area per hour®, or: CAL/M2/HR, As is seen in Fig. 11, for
frequencies of 3.5 cps and above, no change from a control level occurs.
However, 1,5 and 2.5 cps ovlicit greater oxygen consumption with intensities
of 0.25 g end 0.75 g.

Breathing Rate
No systematic change is seen in Fig. 12 as & function of vibration
conditions. There is; however, a generual lowering of breathing frequency

during transverse vibration.

Total Ventilation

The total amount of gas moved by inspiration and expiration is shown
in Fig. 13. For frequencies above 5.5 cps no significant difference from
8 control measure is indicated. For 1.5 and 2.5 cps, the litetrs per minute
of air moved is ~enerally related to increnses in intensity with 1.5 cps
eliciting the greatest increase in total ventilation. A%t 1.5 cps the aver-
age mumber of liters per minute ranges fronm 7.82 for 0.15 g to 11.06 L/min
for 0.35 g. At 2.5 cps the range for 0.15 to 0.35 g is from 7.07 to 9.67
L/min.
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Fig. 11. Oxygen consumption during transverse vibration.
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Results
(Longitudinal Vibration)

Oompensatory Tracking

The mumary analysis of variance for tracking ability during longitu~
dinal vibration appoars in Table 6. Intensity and time period variables
show signifioant effects. Fig. 14 shows the tracking error as a function
of intensity and time. in general, higher intensities produce greater
error during vibration, with recovery of tracking ability not being com-
plete following exposure. The frequency-intenasity interanction is explained
by the error being greatest at 0.30 g intensity across the frequency spec-
trum except at 5.5 cps whers 0.25 g intensity results in slightly greater
error then 0.30 g. At 4,5 and 5.5 cps, there is essentially nc difference

in error between the intensity levels.

Choice Reaction Time
The analysis of variance reveals no significant main effects or in-

teractions for choice reaction time during longitudinal vibration.

Foot Pressure Constancy

The analysis of variance (Table 7) for foct pressure constancy reveals
significant main effects and interactions. Mg. 15, 16, and 17 show that
3.5 cps produces greatest error; as intensity increases, error increases;

recovery following exposure is virtuasliy complete.

Peripherel Vision
The analysis for periphoral vision reveals no significant interactions

or main effects during longitudinal vidbration.




Table 6

Surmary Analysis of Variance for Compensatory Tracking
During longitudinal Vibration

Source ss daf N3 r

Between Subjects 0.816 19 0.043

Within Subjectis
Frequency 0.003 4 0.001 N.S.
Intensity 0.010 2 0.005 .01
Time 0.036 3 0.012 .01
Fx1 0.016 8 0.002 .01
Fx?T 0.003 12 - N.S.
I X T 00002 6 hadad N.S.
FxIxT 0.00% 24 - N.S.
Residuel 0.634 1121 0.001

Total 1,523 1199
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Table 7

S ey R e

Summary Anelysie of Variance for Yoot Pressure Constancy

During longitudinel Vibretion

Source 88 af M8 F

Between ubjects 245,75 19 12,93

Within Subjects
Freguency 18.25 4 4,56 .01
Intensity 18.14 2 .07 .01
Time 5753 3 19.18 .01
Px1 16.04 8 2,01 .01
FxT 7.59 12 0.63 .05
Ix?T 10.09 6 1.68 <01
FxIx?T 4,98 24 0.21 N.8.
Residual 397.48 1121 0.35

Total 775.85 1199
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Visual Acuity

Analysis for -~ wal acuitly during longitudinal vibration indicates no
significant effecte,

Body Zquilibrium

A comparison of body movement records indicate no differences for body
sway in fore-aft or side-to-side planes. A t~test on the movement envelope
areas verifies that thers are no significant differences between pre- and

post~vibratior periods.

ransmissibility
The ratio of movement intensity of the body levels to the table moticn
is presented in Fig. 18. For each frequency the lavels of intensity (0.15,
0.25, and 0.30 g) were combined because of & homogeneous group of means.
Essentially, 5.5 cps elicits the greatest ratio of head tc table, chest to

table, and belt to table movements with a sscondary peaking for the belit at

%.5. ops.

Oxygen Consumption

As is sesn in Mg. 19, higher levels of longitudinsl vibration (0.25
and 0.30 g) result in greater oxygen consumption than a control (no vibra-
tion) state. There is no relationship between vibration frequency and oxygen

consumption.

Broathing Rate

There is no systematic relationship between vidration frequency or in-
tensity and breathing rate. There is, however, a general lowering in breath-
ing rats (as compared to a control level) during longitudinal vibration (See
Fig. 20).
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Total Ventilation

The total amount of air moved increases during longitudinal vibration
as compared to a co~trol level. In addition, Fig. 21 reveals that as the
intensity inoreases within a frequency, the amount of air moved also in-

creages.
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Discussion

The results did verify portions of the hypotheses stated in the intro-

duction; nther aspects were not borne out.

Regarding compensstory tracking ability, 1.5 cps produces greatest
tracking error in the transverse direction, while no frequency wes signi-
ficantly moat detirimental in the longitudinal direction. In both casges,
there is significant tracking error as & result of the vibration itself,
with error increasing as a function of vibration intensity. In both di-
rections of vibration, there was a trend in error witi time, with error
being greeatest during the last 15-minutes of vibration. In treansverse and
longitudinal vibration, this ability is not recovered completely during
15-minutes following vibration exposure. Such resulis ars in partial
agreement and confiict with those of Fraser (1960). Essentially, he found
no diffs -.nce in error between longitudinal and control conditions, but
did find significant tracking error during transverse vibration. Fraser
also found & significant intensiiy variable, but ii was due to a low in-
tensity level eliciting superior tracking performance to a control state,
whereas this experimeni revealed increrses in inteneity to yleld increasing

tracking error.

The fact that compensatory tracking ability does not show complete
recovery has importance. It is conceiveble that operators of some vshicles
may have to perform a tracking tesk (on missile courses, for instance) after
the vehicle has been in motion. It is seen here that one cannot assume that
tracking ability recovers completely following vibration exposure. For scme

tixe during the 15~minutes after exposure, trecking ability is impaired.
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The increese in tracking error through time is also an important con-~
sideration that will heve to be handled in edvanced vehicles which msy be
1 ider power for great lengths of time and which require tracking on the

part of operstors.

Since tracking errcr is least for low intensity levels of vibration,
the deeign enginver of crew compartments hes & prime responsibility of
developing vehicle suspensions and seating equipment which attenuates the

inherent transverse and longitudinal vibration es much as possible.

thoice reaction time with either transverse or longitudinal motion
shows no relationship to frequency or intensity of motion. No differ~
ence from a pre~vibration control level was noted during vibration. How~
ever, reaction time significantly increases (subjects slow down) following
exposure to transverse vibraticn. This is conaistent with simple reaction
time experiments (Schmitz et al., 1960; Hornick, 1961a) in which no vibra-
tion c;ndition itself elicited a resction time effect. Schmitz et al.

(1960) also found a rise in reaction time following vertical vibration.

Here again is an ability which may be required of personnel in ve-
hicles after being in motion. If situations are such that hasty decisions
are required of vehicle occupants after a vertical or trensverse vibration
sxperience, it can be expected that they will respond slower than nomsi,

end even slower than during such vibration.

A possibility for the rise in reaction time following exposure to vi~
bration in vertical &uad traneverse directions is that of a drop in subjects’

motivation. It is poesible that subjects relax during the post-vibretion

o
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period and therefore react more slowly. However, if this were the case,
it could be expected that other performance measures should show the same
rise in error during the post-vibration session, which is not the case.
Another reason for dismissing the drop in motivation possibility is that
choice reaction time following longitudinal vibration does not reveal such

a slowing down.

Foot pressure constancy is believed to be predominantly a bio-mechan~-
ical function. That is, human subjects cannot fully control the effective
angle of the foot applying pressure to an accelerator pedal during trans-
verss and longitudinal vibration. Foot pressure constancy was most severely
affected at 1.5 and 2.5 cps during transverse, and at 3.7 eps during longi-
tudinal vibration. Error increases with intensity. There is no trend of

error over time, and recovery is virtually complete following exposure.

It is true, of course, that results as these mey be dus in part to
the 42.3 pound-incl.ies necessary for perfect foot pressure constancy. Differ-
snt results might evolve from a situation in which greater or less pressure

is required.

Peripheral vision is only impeired during transverse vibration, and
only during the first 15-minutes of exposure, and at 1.5 and 2.5 cps. It
is seen (Fig. 9) that the post-vibration period results in better peripheral
vision than before or during vibration. However, it should be pointed out
that while these variebles (frequency and time period) do have statistical
significance, there can hardly be much practical importance to the narrow-

ing of the visual field from 95° 12' to 949 42!,

The possible superiority of the post-vibration (traneverse) peric’ for
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peripheral vision can most readily be accountsd for in ter-u of either
practice or inadvertant glancing to the sides on the part of the subject.

This superiority is not seen with longitudinal vibration.

Visual acuity is not affected by horizontel vidbration. As is indi-
ceted elsewhere (Hornick, 1961c), this is not surprising since studies in-
dicate visual acuity to be afrected by frequencies above 10 cps (Mozell

and White, 1958; Quignerd and Irving, 1960).

Body sway is not af'fected by horizontal vibration as measured in
these 2xperiments. A possibility that this phonomencn is affected by
such vibretion still exists, however, since due to the experimentel pro-
cedure, the post-vibration measure was taken 15 minutes after the vibra-
tion sessions. This was necessary becsuse it was essential to take other
performance measures during the 15 minutes immediately following vibration
exposure. It is possible that if body equilibrium is arfected, it recovers
during this time interval.

Transnm <ibility measures, particularly heed movement, indicate bedy
disturbancse to occur near or bslow 1.5 cps in the transverse direction.
Belt, chest, and nead movements indicate a disturbing frequency of 5.5
cps or above, with a secondary peaking of belt mcvement at 3.5 cps for
longitudinel vibration. This is cons‘s¥ent with Dieckmen's siatements
(1958) that resonant frequencies for iransverse vibration are at 1.5 - 2
cps. For the longitudinal tranamissibility phenomena, it is to be remem-
bered that the maximum 5.5 cps disturbance comes about with the human
sented on a chair with a rigid back supvort while wearing a lap-type

seat belt.

W
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Rospiratory measures of oxygen consumption, breathing rete, and total
ventilation indicate that probably a sgtete of hyperventilation occurs during
horizontal vibration. In general, during such vibration, breathing rate
diminishes while oxygen consumptior end total eir moved increases. 1In
eddition, oxygen consumption increasss most at 1.5 ané 2.5 c¢ps in the trans-
verse directiun with highest intensities of motion. Tetal ventilation dur-~
ing transverse vibration also is releted to intensity increases. pDuring
longitudinal vibration, azain, the oxygen consumption and total ventilation

increases with the vibration intensitv.

In genernl, for transverse vibration, greatest performence decrewments
occur 2t 1.5 to 2.5 cps; error increcses es intensity increcses; the reso-~
nant freguency of the body occurs neer 1.5 cps; end probable hyperventile-

tion trkes place at 1.5 und 2.5 cps.

In general, for longitudinel vibretion, greatesi performance decrements
occur at 2.5 to 5.5 cps; error increases cs intensity increases; the largest
mechenical response of the body occurs at 5.5 cps in the freguency range
explored; and hyperventilation epparently takes rlace across this freguency

range (1.5 to 5.5 cps).




Sume ry

Experiments were conducted t¢ determine the effects of transverse and
longitudinal vibration upon man's performance, body response, and physio-

logical responses.

The exporiment upon trasnsverse vibration consisted of vibration fre-
quencies of 1.5, 2.5, 3.5, 4.5, and 5.5 cps, intensities of 0.15, 0.25,
and 0.35 g, while measures were taken before, during, and following vi-
bration. Performance measureg wore of compensatory tracking ability,
choice reaction time, foot pressure constancy, peripherel vision, visual
ecuity, and body equilibrium. lechanical transmissibility records were
taken at head and belt levels. Respiratory mecsures were of oxygen con=-

sumption, breathing rate, and total ventilation.

a The experiment upon longitudinal vibration consisted cf the same five
frequenciés with intensity levels of 0.15, 0.25, and 0.30 g. The sanme
psychomotor performance and respiratory measures were taken. An addi-

i tional transmiseibility measure was obtained at the chest level.

Results were presented indicating specific frequency~-intensity condi-~
Q tions as eliciting performance decrerents; trends during exposure were

noted; relationships of error to intensity pointed out; resonant frequen~
cies of the human body determined; with physiological measures indicating

hyperventilation during transverse and longitudinal vibration.
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