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Ta halp agtabllich the dynamics of the human body the
mechanical impedance was measured as two subjects were exposed
to vertical sinusoidal motion at frequanclies frem ! to 20
cycles per second, The Impedance in the supine, lateral, and
standing subject positions and its variation due to voluntary
change in muscle tone and due to padding the support were deter-
mined. In all tests the frequency interval from Lk tc 7% cycles
per second was found to contain the initial whole body resonance.
Nonlinearity of the response, as established by impedance depend-
ence upon shaketable acceleration level, was observed by alter-
ing the peak shaketable acceleration from 0.2 to 0.35 to 0.5 g.
The degree of nonlinearity was found to be dependent upon subject
position as well as subject physiological differences., Changes
in support padding and muscle tone produced substantial alte-at-
ions in Impedance but little variation of rescnant frequencies.
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SECTION !
INTRODUCTION

So long as the versatllity, reliabllity, and decision making
capacity of the human operator remain without inanimate substitute.
the environmental limits outside of which human abilities fail
must be established. Random vibration is one environmental facrar
somminly encouniered, Critical vibrations beyond which human
performance !s Impaired can be found by determining the response
of the human body and mind to subcritical, ordered vibraticn and
then carefully extrapolating to critical conditions reorcsented
by random vibration, Design of manned vehicles ard devices utitiz-
ing resuits of such investigations will minimize vibration inter-
ference with cperator performance,

To establish human responses to vibration previous investi-
gaters used various techniques., Clark, Lange, and Coermann
{ref, 2) reported the response in terms of body deformation while
Wwhite, Lange, and Ccermann (ref. 13) determinad interna! pressures.
Ziegenruecker and Magid (ref, 17) found the subjective tolerance
to short tine vibration by increasing the chaketable amplitude
a2t each respective frequency until, in the subject's opinion, a
further increase would result in bedily harm, Coermann fref, 2),
Hopkins (ref, 7), Wittwer (ref. 15) and Weis, Clarke, and
von G'erke (ref, 12) enployed the mechanical impedance method
while Krause and Lange {rei. 8) ard Coermann, Ziegenruecker,
Wittwer, and ven Gierke (ref. U4) cstablished significant correlat-
ions among the various methods,

The determination of the who!~ body vibration response
involves finding resnnant freoquencies of individua! body organs
and body subsystems consisting of several organs or body parts.
Because many of these organs are inaccessible to direct measure-
ment during vibration, externai investigation techniques sensitive
to these resonances have to be used. Mechanical impedance offers
this advantage and therefore was the technique chosen for the
present investigation,



SECTION 1y

THEGRETICAL ASPECTS ©F MECHANICAL IMPEDARCE

The vibration exciter used in this investig:

2lion was the
Wenrer~-Gren Aeronautical Research Laboratory electronydraulic
shaketable shown in figure | (ref 9; ref 11). Anologcus to
the technique used by Coermanr [ref, 3), the ratic of the maxe

t
imum force transmitted per cycle between subject and shaketable
tc the maximum velocity Occurang at the point of force trans-
mission during the cycle is defined as mechonica! impedance:

2= Foo/Viax 19 | {1}

where Z = mechanica! impedance {lb-cec/in)
Fmax = maximum force transmitted por cwol
Vmax = maximum velocity per cvile (in/sez
9 = difference in phase of the maximur force and

max imum velocity,

¢ i1bj
)

The mechanical impedance for a linear spring-mass-damper
svstem as shcown in figure 2 can be expressed as
zex(z,, 2, Zm)é%(k/w, e, ™) (2)
where Iy, Z . and 2, represent the mechanical impedance
values of, respectively, the spring,
damper, and mass
k ~ 'inear spring constant (ib/in)
w = = gular velocity (radians per second)
+ ¥"f, where f Is the frequency of the shaketable in
.ycles per second,
¢ = linear dmpmg constant (1b=-sec/in)
m = mass (lb-gec?/in).

For a glven freauency. then, (see equation 2) the total imped-
ance of a linear system s a conztant with magnitudc dependent only
upon the existing arrangement of the components of the system,

If the human body Is apnroximated by a finite number of
‘inear systems, then for a given frequency *he tota! whole body
impedance will be the sum, depending upon the arrangement of the
systems, of the individua! system impedance values.

Moreover, if the impedance of each system were tcnactont. the
total whole body impedance nmust be also constant for a whoie body
system composcd cof individual linea: systems, Whereas, i¢ the
total whole body impedarce werc found to be dependent upcn shoke=
table accoeeracaon at any given froguency, then nonlincority
existe .n the whole body system.



SIQUIOHCUN AR 0Qu]
it

EREEN:
Y2183S8Y [LITINPLOIIY Udafd-10uuaM | oanSyy




ARt frequencies below 2 cps the human body resgonds o
vibration similar to a rigid mass, while above 20 Cps the harm-
ful effects can be controlied. The 2 to 20 cps interval, however.
has been found to contain boedy rescnances; consequently, it is
desired to measure the whole body impedance in this critical
frequency region. After whole hody impodance curves sre availe
able, it must be attempted to interpret them. The whoie bedy
system shculd thes be further investigated bty testing its linear-
ity through variation of the shaketable input, and by having the
subjects systematically change parameters over which they have
con*ro!, sueh as muscle :one,

Fass

o voen

spring damper

——4————xmx0£'¢'nwa

A4

Fiqure 2. A mechanical system undergning sirusoidal motien



SECTION 11

IMPEDANCE MEASUREMENT TECMNIQUE

Figure 3 illustrates the instrumentation and also chows a
subject in the supinre position atop the shaketable, Ffiqure &
is a block diagram of the instrumentation used for tihe iwooda

P b

measurements,

“igure 3, Supine subject with related impedance instrumcntation
set-up

The elecirotydraulic shaketable (ref, 11) is capable of produce-
ing continuously variable motion within the Vimits of 10 irches
of amplitude, freauencies to 100 cycles per second, and velocities
to 80 inches per second, These limits correcpond to accelerations
up tc 12 g arnd vector force outputs up to 3000 pounds,

A

A custom buill force cell=zccelerometer arrangement for direc:
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Figure 5, Partially disassembled impedance force table
showing the four force cells symmetrically
located around accelerometer urit,

impedance measurement is located between the support and the
shaketable (ref. 9). Figure 5 is a view of this unit partiaiiy
disassembled. The spring type deformation response of the
cylindrical force cells to force transmission through therm i«
sensed by semiconductor strain gages ottached to the walis. \Upon
vibration an accelerometer mounted as shown on the shaketatle
produces an electrical signal proportiona! to ihe force tran'mitied
from the subject support, which is sturdy =aough to be considerg!
an inert mass., This signal is then electrically subtracted in o
combiner from the total force signal to vield the '"live lead’:
namely, the net forze of the subject alone, In the divider this
net force is divided by a constant equal to the peak velecity at
any one frequency, this yields another vector whese peak value
cquals the magnitude of impedance. This signal aleong with that
of the shaketable velocity, was fed to a Heitand Visicorder for
rccording of the troces on photosensitive paper, From these two
traces the phase angle of the impedance was measurcd., Thus,

both the impedance magnitude and phase angle were obtained,

~J



Figure 6. Impedance calinraticon irace
from Visicorder

The test procedure for 3 given subject asttitude, frequencs
range, and table acceleration level corsisind of {1} pretest
calibrating, {2) positiening the subjezt on the =upport, {3}
bringing the shaketable motion up to the reguired :intensity for
each fregquency, (4) recording the impedonce ard velocity traces
from the Visicorder, and {5) recalibrating after the cempinticon

of testing.

Impedance calibration was accomplished by se!
divisor to unity and then successively placing t

weights on the table and removing them aga'n

finolly applying a 162 pound weight. The tra
figure 6, represents impedance values equal ¢
weights applied to the tabie, Measurements o
that the force cells are linear., The velocity calib
asccomplished at a table freguency of 1 cps with 2 in
resulting in a peak velocity of 12,55 inches per scc
7 illustrates a typical recording of V and 2. From

ne by
hus

tting the velouity
hree 25 pound

one, and
obtained,

trages showed
ration was
cthes amplitude,
cnd, Flgurc
such curves



| and the respective calibration data the desired .mpedance values
‘ and phase angles were obtained.

Two supports were developed for

fons to ba tested. Figure 8 chows
and lateral positions.

Figure 7. impedance and velouity troves
from Visicorder

A plywood surface with steel underbracing was used to make &
support a rigid structure, The support for the st

s
position consisted of a 12" by 15" reinforced siece! surfage,

i ¢ L

and therefore acceleration level, were och
shaketabie controls, and the traces were t .
imately 15 seconds, A constant acceleration level was myinlaraed
throughcut the | to 20 ¢ps test interval,

The two subjects used for these tesic were ALY ond RGE:
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Age Helight Waight
AEF Pl 5411 171 in
RGE 185 ib

used for impedance tests of

nd lateral subiec:«
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SECTION v

THE MECHANICAL IMPEDANCE OF TW0O HUMAN SUBJECTS

Supine Pcsition, Varied Myscle Tone

Figures 9 and 10 are the graphs of impedance versus frequency
for AFET and RGE, respectively, with muscle tone as 2 parameter.
In tnese tests the impedance was recorded at each frequency,
first with the subject tensing his muscles as much as possible
and then, without altering the sheketable motion, with the subjezt
relaxing., This procedure was followed throughout the freguency
range.

The dependence cf impedance on muscle tone :s apperent,
For each subject a 40-50% syctematic differer e in impedarce
exists over extended frequency ranges, Sudden fluctuations of
impedance during any one measuremenrt may very well be causcd by
the inability to maintain the same muscle tone long erough
or by sporadic muscular chanrges, The impedance of the relaxed
subjects is smaller than that of the tensed subjectz up tc approx-
imately 11 ¢cps and vice versa beyond this frequency. it s post-
ulated that this is the result of decreased damping and increased
stiffness due to tensing the muscles, the impedance of the tensed
subjects at low frequencies consisting predomiratly of elastic
and mass components while damping effects predominate at high
frequency,

The phase angle curves for both subjects substantiates this
analysis. Up to approximately 7 cps the phase angle of the tensed
subject Is greater than that of the relaxed. Beyond about 7 cps
the increased elastic component of the tensed subject is character-
ized by a lower phase angle than that of the relaxed subject,

Resonances of each subject appear at 6 cps and in the 8-i0
cps interval., The effect of chanaing the muscle tone is not
reflected by a significant corresponding chasge in resonant freg-
uvency as one would expect. Another resonance is recorded in the
16-19 cps range; however, a resonance of the support structure
was dctected at approximately 18 cps and consequently little signif-
icance can be attached to the impedance in this region,

Supine and Standing at Three Different
Shaketakle Accelerations

Figures 11 through 14 are impedance curves at shaketable

acceleration levels of 0,2 g, 0.35 g, and 0,5 g. Figures 1}
and 12 represent AEF and RGE, respectively, in the relaxed

n
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supine attitude, figures 13 and 14 represent the same subjects in
the relaxed standing attitude, These particular tests had a
twofcid purpose: (1) to determine the impedance in the two
attifudes and (2) to investigate the dependence of impedance on
the intensity of the vibrations as expressed by the acceleration
level of the shaketable, i.e., the linearity.

From the curves of the supine position it is evident that
the impedance decreases with increasing shaketable acceleraticn
level, The first resonant frequency also depends upon acceler=-
ation level, It occurs in the 5% to 71 cps interval decreasing
with increasing acceleration, A second resonance appears at 11

~cps for AEF and 14 cps for RGE, At this resorance, impedance

also decreases with increasing intensity levels, but the freq-

- uency shift due to intensity is not clearly expressed.

In the standing position a very prominent resonance occurs
in the 4-5 cps frequency interval, The measurements on RGE
(Fig. 14) again show that impedance value and resonant frequency
shift downward when the shaking intensity is increased, but the
effect on AEF, if present at all, is within the limits of accuracy
of measurement.

Supine on Padded Support

Figures 15 and 16 contain the impedance curves of subject
AEF In the supine, relaxéd attitude the same as those shown in
figure 11, In addition there are curves for the total impedance
of this subject plus a foam rubber pad or plus a cotton mattress,
respectively, The purpose of these tests was to gain some insight
into the effects of cushioning. To be emphasized is that the
impedance without padding represents the impedance of the subject
alone while the other curves represent the impedance of the sub-
Joct plus the padding. The comparison is therefore not one of the
subject's Impedance as recorded with and without padding, but
rather that of the _impedance of the subject to that of the sub-

An smbulance stretcher foam rubber pad and a standard cotton
mattress . (no springs) were used, They were positioned on the
support structure used for the previous supine position tests,

~and the subject then assumed the supine relaxed attitude atop

the padding, Figure 15 contains the impedance versus frequency
plots at an acceleration level of 0,5 g throughout the frequency
range and at 0,35 g from 1 to 10 cps. Figure 16 is the impedance
versus frequency graph with the cotton mattress at 0,5 g, From
static tests made on the two paddings the foam rubber pad was
found to have lower coefficient of elasticity (and apparently
lower damping) than the cotton mattress,

Note the shift in resonant freqyencﬁes.due to the rubber pad
and 'ack of this characteristic with the mattress,

18
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Because the shaketable voloclty at any one fr‘q;ncy was

~ the same for the subject alone and for subject plus padding,

the increased impedance resulting from the padding addition in-
dicates that a higher force is transmitted. \m:bout the pad
this force transmission is measured between the support and the
subject; with the added pad the measurement Is made between
the support and the padding. Consequently, no conclusions may
be made as to the impedance of the subject when atop the padded
support unless the impedance of tho paddlng is somehow computed
or masurod.

llt.’o’ifl'll Position, Relaxed State

AEF was tested In the iateral position, both on the right

and left side, The results are shown in figure 17. RGE's

reaction to vibration while lying on his right side is seen
from figure 18,

The typical resonance at about 5 to 6 cps occurs in all
cases. Another resonance appears to éxist at 14 to 18 cps,
but it Is not certain that this is due to the aforementioned
working characteristic of the platform, A slight difference
in the location of the subject's center of gravity on the plat-
form might cause this resouncc to bc or not to bc present.
See figure 17. B
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SECTION V

CONCLUSIONS AND CORRELATION TU
RELATED INVESTIGATIONS

= . Prominent resonances like those indicated by impedance peaks

= represent vibration frequencies which should be of primary inter=-
est in protective design of manned vehicles. The question now

K arises whether or not laboratory results such as those presented

in Section IV can be accurately extrapolated to vibrations of
very high intensity. This extrapolation would be simple if only
sinusoidal vibrations were encountered and if the human body

‘é responded to such vibrations in a linear fashion. Then the imped-
e ance and the resonant frequencies would be independent of the

X shaking intensity whether expressed in terms of ampiitudes or

{ peak velocity or peak accelerations; or, in other words, the

; force between subject and support would increase linearly with

E these parameters. In previous investigations this had been assumed
3 and measurements undertaken on groups of subjects at various
shaking Intensities had been standardized by linear reduction and
averaged, In the present study only two subjects were used
individually, but their responses were measured while not only

the frequency but also the intensity of the vibration was systemat=
ically varied, Figures 11 through 14 show that a degree of non-
linearity exists, i.e, as the shaketable acceleration level is
raised the impedance is lowered, The trend of nonlinear response
is quite evident even though the acceleration spectrum for the
human subjects had to. be kept below 0.5 g for safety's sake.
Krause and Lange (ref. 8) have investigated the impedance and de-
formation of a plg at acceleration levels up to 3,0 g. Their
studies confirm the existence of a nonlinear response but more
extensive testing will be required to establish the exact degrse
of nonlinedrity, White et al (ref. 13) and Clark et al (ref, 2)
noticed unexpected fluctuations of colon pressure and body deform-
ation arcund:points of resonance and attributed these to possible
nonlinear @ffects. The present investigation also illustrates

' nonlinear -response being most prominent at resonant frequencies.

To further establish the degree of nonlinearity of the

] human body -to vibration, additional testing is recommended at
higher acceleration lsvels uiing more subjects than were
tested in this investigation.

In the rclaxad supine pogition the frer7ncy range from 5%
to 7% cps contains the first resonance. [ om body deformation
studies made concurrently with this impedarice investigation the
7requency Interval of 5% to 6% cps was also found to contain
the peak deformation of chest, upper ahdomen, and lower abdomen,
Thus, for this attitude frequencies in the range of 5% to 7%
cps should certainly be avoided (although nonlinear effects
could shift this critical frequency interval at higher accelerations),
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The impedance in the relaxed lateral posiciuon (figures 17-18)
dces not differ sigrnificantly from that cf the relaxed supine
attitude, except for a slight decrease of the frequency of the
primary resonance. ‘

The impedance in the standing position (figures 13-14) shows
a resonance between 4 and 5 cps, depending upon table acceleration
level and probably, to some extent, upon exact attitude. A
second resonance region is noted from !l to 15 cps. Coermann
(ref. 3) reported the impedance peaks of a human subject, standing
erect (tens=d), (at cne table acczle~ztion level only) at 6 and
11.5 cps. The peak impedance magnitude reported by Coermann for
a subject standing erect is approximately 20 pour.‘s-seconds per
inch compared with approximately 22 pounds-seconds per inch found
in this study ‘or a subject, standing relaxed. The ircrease of
the initial resonance impedance due to ternsing the muscles. in the
supine position was found to be 35-L0% in the present investigation,
This compares favorably to the difference of the impedance of the
standing erect position reported by Coermann and the yalue cbtained
in the current investigation if tensing the mus:zles increases the
spring properties and decreases body damping.

The results of vibration testing of anesthetized animals
should be extrapolated tc human vibration response very care-
folly in view uf the ¢. nendence of impedance on muscle tcne as
established by this investigation,

To investigate the effects of padding it is recommended that
a technique te developed by which the impedance of the padding
may be subtracted from the total impedance to yield that of tie
subject alone, principally in the same manner in which the impec-
ance of the mass of the support is now subtracted. This value
may then be compared to that of the impedance of the subject
without padding, and consequently a true measure of the force
transmitting characteristics of the padded support may be obtained.
The impecdance curves of subject plus padding as presented in this
investigation show a shi“t in resonant frequency and an increased
impedance compared to the inpedance of the subject alonre. How-
ever, it is not known to what degree this response would be altered
by eliminating the impedance of the added pad,

Coermann et al (ref. 3) using the impedance technigue found
5 cps to be the resonant frequency for sitting subjects exposed
to sinusoidal motion while Wittwer (ref, :5), White et a! {ref.
13), and Clark et a' (ref, 2) using impedance, colon pressure,
and body deformation, respectively, all reportad resonant freg-
uercies in the 4 to 7 cps intervil. Ziegenruecker and Megid
(ref, 17) reported the subiective human tolerance of sitting subjects
to vertical vibration and found .hat from & to 8 cps subjects
could tolerate =55 intensity than at cother frequencies, WHew
data gained in this investigation show that in the supine and
lateral positions impedance peaks orccur within this same frequency
range,
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From this investigation the impedances of the supine, lateral,
and standing positions have been reported., - The manner in which
impadance varies with muscle tone has been illustrated. Non-
linearity of the human body has been shown to exist, and an initial
attempt to determine the effects o7 protective padding has been

made.



10,

1.

REFERENCES

Church, A, H, Mechanical Vibrstions, New York:
John Wiley & Sons, 1957.

Clark, W. S., K, 0, Lange, and R, R, Coermanr '‘Deformaticn
of the Human Body Due to Unidirectional Forced Sinuscidal
Vibration' Puman Factors, 4(April, 1962), 255-74. Also
Human Vibration Research. edited by S. Lippert. 29-43,
Oxford: Pergamon Press, 1363,

Coermann, Rolf R, '"The Mechanical Impedance of the Human
Body in Sitting and Standing Position at Low Frequercies',
Human Factors, 4(April, 1962), 227-53. Also Human Vibration
Research. edited by S, Lippert. 1-28. Oxford: Pergamon
Press, 1963

Coermann, R, R,, G, H, Ziegenruecker, a, L, Wittwer, and

H, E., von Gierke 'The Passive Dynamic Mechanical Properties
of the Human Thorax-Abdomen System and of the Whole Body
System', Journal of Aerospace Medicine, 31(June 1960), 4h43-55,

Den Hartog, J. P., Mechanical Vibrations. New York: McGraw
Hill Bock Co., 1956.

Fairbanks, Alan E,, and Richard G, Edwards, ‘'Mechanical Non-
linearity of the Human Body', Unpublished manuscript,University
of Kentucky, 1963,

Hopkins, G, R, 'The Pynamic Response of the Human Body to

Low Frequency Vibration', Master's Thesis, University of
Kentucky, 1961.

Krause, H, E,, and K, O, Lange, ''Nonlinear Behavior of Bio-
Mechanical Systems', A,S.M.E, paper no. 63-WA-278 (presented
at A,5,M,E, Winter meeting, Philadelphia, 1963).

Sharp, T. D., ''A Live Load Force Table', Institute of
Environmental Sciences 1963 Proceedings, 139-Lk,

Slager, Ursula T., Space Medicine, Englewood Cliffs, N, J,:
Prentice-Hal!, inc,, 1962.

Vaught, E, W., "An Electrohydraulic Vibration Exciting System",
Master's Thes!s, University of Kentucky, 1963,

Weis, E. B,, Jr,, N. P, Clarke, and H, E, von Gierke, '"Mechan-
ical !mpedance as a Tool in Biomechanics', A,S.M.E. paper no.
63-WA-28¢ (Presented at A.S.M.E. Winter meeting, Philadelphia,
1962).

27



13.

14,

iS.

6.

17-

White, G. H., Jr,, Karl 0, Lange, and Rolf R, Coermann, ‘The
Effects of Simulated Buffeting on the Internal Pressure of

Man,'* Human Factors, 4(April, 1962), 275-90, Also Human
Vibration Research. edited by S. Lippert. 49-€L, ' Oxford:

Pergamon Press, 1963,

Wirton, F, R,, and L. E, Bayliss Hyman Physiclogy, Boston:
Littie, Brown & Co,, 1962,

Wittwer, A, L., '"The Measuremént of rechanical impedance of
the Body of Man,'" Master's Thesis, University of Kentucky,
1958,

Wylie, C, R,, Jr., Advanced Engineering Mathematics. New York:
McSraw Hill Book Co., 1960.

Ziegenrucker, G, H., and E, B, Magid "Short Time Human Toler-

gnce to Sinysoidal~-Vibration,' WADC Technical Report 53-391,

Wright Air Development Center, Wright Patterson Air Force
Base, Ohio: 1958, AD 227 ‘341,

28



_UNCILASSIFIED
Security Classification

" DPOCUMENT CONTROL DATA - R&AD

(Securtty claseitivation of title. body of edstract end indering annotet:on must de entersd when the overs: ! rePOrt 18 rio3atios,

1 ORIGINATING ACTIVITY Corporate authse) 28 RMLFPORT SECURITY C LASLIFICAT:ON
Wenner~Gren Aeronautical Research Laboratory UNCLASSIFIED _
University of Kentucky 25 crour .
Lexington, Kentucky i N/A 1

3 REPORY TITLE

A MECHANICAL IMPEDANCE INVESTIGATION OF HUMAN
RESPONSE TO VIBRATION

4 CESCRIPTIVE NOTES (Type of report and inchadive detes)
Final Report (February 1962 - February 1964)
& AUTHORIS) (Last name. Hiret name, initiel)
Edwards, Richard G.
Lange, Karl C.

6 REPOART DATE e ToTAL WO ©F PAGES 178 no oF mEFs
October 1964 36 17
ge conTmacT omgmant no. Al S2{D10D}~/700 98 OMIGINATOR'S REPORT NUMBZ R’}

o smoucs nwe 7231

. Task No. 723101 35

QTHER :J’ou'r NOIS) fAny cthar numbdars et rmev be senigned
hias repo

‘ AMRL-TR-64-91
10 AVAILABILITY LIMITATION NOTICRS

Cualified requesters may obtain copies of this report from DDC.
Available, for sale to the public, from the Office of T echnical Services,

U.S. Department of Commerce, Washington, D.C. 20230.

11 uPPL EMENTARY NOTES 12- SPONSORING MILITARY ACTIVITY

Aerospace Medical Research Laboratories
Wright=-Patterson Air For~e Base, Chio

s ko, e
{2 ABSTRACT

To help establish the dynamics of the human body the mechanical impedance was
measured as twe subjects were exposed to - artical sinusoidal motion at frequencies
from 1 to 20 cycles per second. The impedance in the supine,lateral, and standing
subject positions and its variation due to voluntary change in muscle tone and due to
padding the support were determined. In all tests the frequency interval from 4 to
7-1/2 cycles per second was found to contain the intital whole body resonance. Non-
linearity of the response, as established by impedance dependence upon shaketable
acceleration level, was observed by altering the peak shaketable acceleration from
0.2t00.35t0 0.5 g. The degree of nonlinearity was found to be depcndent upon sub-
ject position as well as subject physiological differences. Changes in support
padding and muscle tone produced substantial alterations in impedance but little
variation of resonant frequencies.

DD 5%, 1473 UNCLASSIFIED

AFK-WP 2 Aug ¢4 400

Security Classification




o

s . . g

IFIED

—UNCLASS
Sec‘uritzv,(:lissificltioa -

.14 .
KEY \' 203

LINK A LINK B LINK C
RoL® wT ROLE wY roLE wr

Vibration

Man

Stress, physiological
- Acceleration

Space vehicles

Performance

Mechanical impedance

$. ORIGINATING ACTIVITY: Enter the name and address
of the contractor, subcontractor, grantee, Department of De-
fense sctivity or other organization (corporate author) issuing
the-report,

2a. REPORT SECURTY CLASSIFICATION: Enter the over-
all security classification of the report.. Indicate whether
*“Restricted Data’ is included. Marking is to be in accord-
ance with sppropriate security regulations.

- 2b. GROUP: Automctic downgrading is specified in DoD Di-
rective 5200, 10 and Armed Forces Industrial Manual. Ercer

- the group number, Also, when applicable, show that optional

3 ;ﬁarétings have been used for Group 3 and Group 4 as author-
zed.

3; REPORT TITLE: Enter the complete report title in all
capital letters. Titles in all cases should be unclasiified.
If a meaningful title cannot be selected without classifice-
tion, show title classification in all capitals in parenthesis
immediately following the title,

4. DESCRIPTIVE NOTES: 1f. appropriste, enter the type of

. Teport; €, intetim, progress, summary, annual, or final.
Give the inclusive dates when a specific reporting period is
coverad.

5. AUTHOR(S)Y Enter the name(s) of author(s) as shown on
or in the report. Enter last name, first name, middle initial,
If military, show rank and branch of service. The name of

_ the principal «1thor id an absolute minimum requirement.

6. REPORT DATZ: Enter the dete of the report as day,
month, year; or menth, year. If more than one date appears.
on the report, use date of publication,

- 7. TOTAL NUMBER OF PAGES; The total page count
should foliow normal paginstion procedures, i.e., enter the ;
number of pages comtaining information.

7b. NUMHBER OF REFERENCES: Enter the total number of
teferences cited in the report.

8s. CONTRACT OR GRANT NUMBER: If sppropriate, enter
the spplicable number of the contract or grant under which
the report wes written

8b, &, & 8d. PROJECT NUMBER: Enter the sppropriste
military department identification, such as project numbey,
subproject number, system numbers, task number, etc,

9a. ORIGINATOR’S REPORT NUMBER(S): Enter the offi-
ciml report number by which the document will be identified
and controlled by the originating activity. This number must
be unique to this report,

95. OTHER REPORT NUMBER(S): If the report has beén
assigned any other repcrt numbers (either by the originator

or by the spongcr), also enter this number(s).

10, AVAILABILITY/LIMITATION NOTICES: Entet any lim-
ftutions on further dissemination of the report, other than those

INSTRUCTIONS

impﬁsed by security classification, using standard statements
such as:

(1) “‘Qualified requesters may obtain copies of this
report from DDC.*!

(2) “Foreign announcement and dissemination of this
report by DDC is not authorized.”

{3) “U. S. Government agencies may obtain copies of
this report directly from DDC. Other jualified DDC
users shall request throngh

) “U, S, military agencies may obtain copies of this
report directly from DDC. Other qualified users
shall request through .

(2]

(5) ‘'‘Alf distribution of this report is controlled. Qual-
ified DDC users shall request through

.

If the report has been furnished to the Office of Technical
‘Services, Department of Commerce, fcr sale to the public, indi-
cate this fact and enter the price, if known.

11, SUPPLEMENTARY NOTES: Use for additiona! explana-
tory notes,

12, SPONSORING MILITARY ACTIVITY: Enter the name of
the departmentul project office or laboratory sponsoring (pay
ing for) the research and development., Include address,

. 13. ABSTRACT: Enter an shstmct giving a brief and factual

summary of the document indicative of the report, even though
It may also appeat elaewhere in the body of the technical re-
port. If additional spice is required, a continuation sheet shall
b2 sttached.

It is highly desirable that the abstract of classi, ed reports
be unclasvified. Each paragraph of the abstract shall end with
sn indication of the military security clagsification of the in-
fotmation in the paragraph, represented as (TS), (5). (C). or (U)

There Is no limitation on the length of the abstract How-
ever, the suggested length is from 150 to 225 words.

14. KEY WORDS: Key words sre technically meaningful tarms
or short phrases that characterize a report und may be used as
indax entries for cataloging the report. Key words must be
selected 80 that no sectirity élassification is required. Identf.
fiers, such as equipment model designation, trade name, military
project code nume, geographic location, may be used as key
words but will be foliowed by sn indication of technical con-
text. The assignment of links, rules, and weights is optional.

UNCLASSIFIED

Security Classification



