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Vibration biodynamics studies at IAM — An overview
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In  avinflon  envicopment,  low-frequency
whale-body vibrations below 30 112 acting in
the tongitndinal axits of the bodv are of great
importance becaase of e body resonance
phenpmenu. In this paper, an avervicw af
whaole-body  vertical  vibration  stadies  con-
ducted at 1AM, vi  frequency-dependent
transarivsion cliaracteristles, and their valida-
fien tirongh mechanical impedance studles of
fisepnany bady are presented,

Fransmission studies for amplitades i the
rapge 0.5 2.0 mix indicated changes in the
prax i fransmissibiliny from 2.83-2.40 and
i the resonance frequency fromm 435375 Hz
From mechanical impedance studles, §f was
Jeond that the frequency of mavidiim imped-
amee decreased from 5.0-4.5 Ho whereas the
magnitade of impedance increased from 3.47-
590 KN wmowith increase in subjeciy’ weight
The dynamidc characreristivs of the fhgman
body, viz. elasticity, damping censtant and
dumping factor, were found to he 61 B0 kNN,
LEOEN sfm and .69, respeciively. Impedance
marching s used in making  fwman-like
dumimies for dynamic studies.

Keywords: Whele-hody vibrstens: Traosmissimd-
ity Mechameal impedance: Dynamic characherislics.

Il tvpes of transportation vehicles subjout
operators to some degres of wvibration
[1,2]. and aviation and space vehicles are no
exceplion, Appreciable vibrations are nearly
always present in the flight of an airerafl sither

from engines and auxiliary machinery or due o

aerodynamic interaclion [3]. In some areas of

strategic flights and in helicopter flying, vibra-
ligns could be alarming, causing @ host 0
acromudical problems o fliers [4-6]. Vibrations
seneraied in the vehicles are transmilted to the
accupants through the supporting seat and foor
or through the walls and eguipment  This
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transmission results in motion of the whale
hody o some body parts. Although the vibra-
teng reaching the operator or passenger of in
aireeaft wsuatlv have a multiasial and multfre-
quency spectrume [T, 8], the concern s more
glten tor vihrations OCCUrrIng in the verlical
dircction, e acting slong the long axis ol the
bt Body tn o seated posture, Also, the e
quency runge of mteres) in the vertical doractim
5 el by canfined to below 30 Hz due o (he
"F“'-".": hiodynpmic  behavioe of the humsan
body sverem [4].

ent by which vibrabions are Leansmit:
ted throush the body determine the degree @
which they are comfarlable, impair the perform-
ance und are Likely 1 cuuse (njury [9] The
human hody, being a complex dynamic strucs

e, has o mechanical response whicl is quite
complicated uml requires a large amount of
cxperimental dats o understand the huhay iour.
Huwever, the whaoic body response, particularly
the transmission ar firsk. resonance, 15 wery
important dug to the large transmussibility factor
and implication thereof on performance and
mrerterence to the operation in coordinated

eIforts:

Even though different body parts exhibil v
shle frequency response, it is possible la deter
mine the whole-body trunsmissibility and mecl
anical impedance [ 10] to understand the vibratery
epergy fransfer in the human body in a vibratian
environment. Thus, transmission and inpedance
studies ars useful and convenient tools Lo gt
male the eftect of vibralion on human comlof,
performance and. in extreme cases, healfh These
studies ure also necessary for u proper design of
srotective devices for iselation/reduction of ¥is
bratory energy through the body.

At IAM, therefore, efforts have been made
over the vears to study vibration transmission
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IZ‘|'I‘|.|HIIII'IH ni

Material and methods

An electrobydraulic uniaxial vibration simulator
was vmployed in the studies. The simulatur
with frequency and amplitade resolution af
WA He and (105 < g, respectively, was ¢ apable
ol LLJH rating vibralions i the frequency ran i
af 225 He at smplitudes in excess of 1.0 » [
(rms) at high frequencies The details of the
vibrater are given elsewhere [11] ‘-.:wu:mn
magniude and Trequency were measurcd ising

Tar- trequeniey responsc secelerometers 1o 2eth
with indicators and filiers. The vibration sitnla-
tor was-checked [br its consisten CY I Ireguency
und amplitude with time

Experimenial sevies |

A helicopter cockpit was firmly jnstabled on the
vibrating  plitform 1o impart verticul vibrations
W the suhject, The seat was provided with
hard sear cushivn and an adjustable and cruch
uhle !1a1d ]m:.l.rfﬁt of 27 I]I-iLanEu Avon: Ttz l|
menis JhE".r wire in thr.- HEE TADQE 2:—51 T
with an average uej;-_h[ m" 843 £ 8.7 ke and an
averngye height of 166.7 + 4.4 ¢

The subjects sat in Thr: seal in an upright re-
laxed position and the vibration was adminis-
wered at the seat level in the frequency runga of
3-9 Uz in steps of 0.5 Hz. Four vibration amplj-
ludes m the range of 0.5-2.0 mA® in steps of
0.5mis® were used for gach frequency. Vibras
ton aniplimides were measared al (he platform,
stat and head levels. For the measurement of
the inlensity of vibration at the top-of the head,
thin fibre glass shells were used. Metallic plates
wire embedded on these fibreglass: shells fou
proper fitment of tse aceelerometer.

The cxperiment was repeated by uwsing a
four-point barness EWslem) on the subject with
tushion and hackrest of condition 1 (condition
I, o 3" hard scat coshion with a 3" sofl hack

et . Avruspace Vi 8T 1994

theation Sigdvnamis studber at A Faewvahiar of i,

rest foondition I and @ 4™ saf seq) cushion
with o 3" sott backroest (condition 1V)

Experimental xeries 11

In this series experiments were carried vl
by fixing a hard alaminium seat o the vilirnling
platfoarm Twenty-aight subjeats in the Aty range

b B |

ab 2216 vr with an average  welght  of

G502 +9 70 kg wml an average  heighl ol
PhE 7 2 7.97 e participated

Force wells and velovity transducers were
fixed on 1o the platform o mensure the Force
exerted by the subject and the velowity produce:d
under the vibrating condition. A phase mejer
was Ao used wodeternine the relative phiase
between the force and the veloeiry,

vibratiwonms. ar three amplitudes inoexcess of
U1 =g rms. were used |n the frequency runpe
=21 1z at cach frequency sefting, Freguency
were varied in steps of 0.5 1z in the ranpe of J
10 He und in steps of | 0 Hz in the range of | (-
21 Hz Seat to head level transmissibility and
mechanical impedance were determined in the
frequency ranges 3 -9 Hz and 321 Hz, respec-
tivels

[Results

Tables | and 2 give the maximum Lransmissi
pility and resomance frequency under different
conditions in the two scries. Table 3 sives the
maximum mechanical impedance and resonaice
frequency for different weight Srinms

The average mechanical impedance (7} and
the dynamical characteristics of (he sithjects,
viz. elasticity (&), damping facror () and
damping constant (&), were cafoitated using the
following furmulae [17]: (The caleuluted values
are given in Tdble 4.)

I i [ A
&= — =uom | —— e ——a
Yo s™ £ {l=n}

where F=the force required, v= the velneity
reqpiired, g - o iF = = freguency ratio w oand W
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peing the forcing lrequency and the natural fre
gueney ol the system) and 5 = 2o/ (o being the
damping constant),

Farameter R 3% ‘ . Ztn=13

—_— — A S HIMNT = —_— ik,

Maximum 2B +4,.3] 201102 V2

Ly bl |

R édcmanie 6] 2 0%6 IRE 013 o = — =
Pl AR [Zn=1+2

frequency (Flx)

Tahle 3,

Mechkanical impedar

e —— T
'II j_f{_,_. =2}

Z{n =2}
-

Mechanical

impeduance

Weight group

ik [l

SO-559 (M) 347
30-39 () i34
[ i3
TU=7 544
Ril—Hi 530
Average 184

e i Ireguency o= nrhxt — :
Rezonmnge ¥2
ITe
Discussion

3.0 The whole body vertical vibration transmission
2 increases with  frequency, reachlng ‘a peak
13 araund 3.3-5.0Hz, and decreases therealter
43 with increase in the vibrution frequency up fo
&3 10 Hz [9, 12]. There is a variability in trans-

Table 4. Thmamic «lis;

missihility, leaner subjects having smaller val:
ues compared to higher-weinhr subjects. Hows
ever, the average transmissibility magnitude at

ACleTastics

Mechanical impedance (b1
Frequency ol M1 muoxemuam
Elaztie constant

amping constam
Dhainpang luctor

3R RN sfm lirst resonance is limited to an amplification of

AL : 3. Cuoshions and backpads increase the trans-
Bl bl K m ¥ N

irssion; however, they lower the resongnce
(Tables | amd 7). Increase in the

L300 kN s5m
il 69 Irequency
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magnitude of the input vibration reduces the
transmissibility as well as the frequency of
fesonanee T13, 14] In one of our earlier studies
[11], it was ohserved that seat to shoulder
Iransmisgibility approached near unity at vibra-
tion amplitudes of 4.0-6.0 mss” Thus, i a low
freguency vibration environment body stiffness
appears to ncrease with imcrcasing vibration
magnitade | 5], as of w0 tolerate intense vibra-
tons, Trapsomssihiling 1s least of the subjeets wre
m direet contact with the vibrating source
source, such as sitting direetly on the vibrating
seat. Sinilurly, strapping of the subject helps in
reddueing the head level tansmissibility by in-
creasing the stifTiness, It has alse been reported
thot under sustained acceleration, resonance
frequency inereases with incresse in accelera-
lion whilst the resonance magnitude decreases
[16]. Thus, it is clear that bady stiffness in.
erenses with vibration magniude and so does
the natural trequency and dumping

Mechanical impedance studies corroborate
the finding reparding the first resonunce fre-
guency. For seated subjects in relaxed posiure,
the average is around 5 Hz although individual
variations o exise [17)]

Thiss, in a vibration environment even if
yibration exists in simall magnitude in the low-
frequency rumpe, mapgnification of vibratory
wnergy 15 likely to lead to possible large-scale
interference in operulors’ tasks and may even be
injurieus i il lurns chronic [18]. There exisis a
guoit relationship between transmissihility and
mechanical impedance insofsr as determining
the resonance frequency for seated posture s
concerned. wnd as such a similarity of natural
frequency and impedance values around S Hz
can be taken as a good match berween the hu-
man body and a human-like dummy [9]

llowever, studies need o be continued at
larger-magnilude. shori-duration vibration to
determine (he impedance as well as lransmis-
s in human  subjects. This will help in
determining e dynamic characteristics and Tor
developing appropriate. dummies for shock and
impact situations,
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