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AEROMEDICAL PROBLEMS OF HIGH SPEED LOW ALTITUDE FLYING

Vibration and High Speed Low Level Flying

AW Con Keonse Ra®

Intriuction

AIRE’R:&F'I' flying through a turbulent mediom
perforee expericnoss induced wibratione, The
turbulence can be due o (3) weather phenomena
{la) dillerential heating near the pround, (¢} sir moves
ment and (d) various natural obstractions oo uir
movement e, hill Teatures,  The vibrations are
waximwwin cleser rothe pround and they wee more
frequent at higher speeds.  Modern attack aircralt
have to lly at low altitudes, ofien below 150 fr. 1o
aviid radar detection. Thewr speeds are quite high
and the specds around 0.9 mach are often maintained
o huve the advantage of surprise. Sowe of these
airerall fly fur reasonable long periods around 90-100
mts.  LMunting in autonatic [ight control systems

ean add tothe problem of vibrations, especially i

the terrain and atmospheric turbulence is high,

Pefinition

Crede! defines vibration as a serigs of revessals
of velocity whereas Guignard® delines 1t as a sustained
structuee borne disturhance, applyving a trantlaory
mavement o the body and perceived by the senses
ather than hoaring.

Vibration can be free or foreed.  Free wibration
is like an oscillation of a pendulum disturhed from
ite equilibrium position whereas [orced wvibration is
maineained by an applied vibrating farce. In avia-
Hon most vibratianz are of foreed type.

Measurements

{e) Simple vibratipn: It is a snusasidal vibra-
tion having a single unvarying frequency, The fre-
quency is expressed as cvclessecond or Heo The

amplitude s the maximum half-wave displacement

and iy expressed ininches or ©ounits.
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1f' the amplitude und frequency arve lenown, Lhe
mean acccleration (aceln) cun be calenlated as

Aceln b A3 Xy
where [ s the feequency and x, is the amplitude,  To
obtain acccleration in g units, it is divided by 386,

(h) Compiex vibrarion © This type ol viliralion
i1 combination of a number of simple vibrations of
different frequencies,  This cuu be cither periodic or
non-periodic,  The lrequency components can he:
analysed by speerral analysis or Fouricr analysis,
Non-periodic vibration s encountered especially due
w turbulence or pust loads: A convenient measure
nf imtensity is the rool mean stuare { WS value.
Itisat rimes expressed as duration of the time {or
which a specific lovel of acceleration is croeeded,

Sources nf vibration

(a) Enpine vibrarions:  These are structure
borne and reach the pilotas well as the instrument
displays and controls.

(By  Arinament vibrations These depend an the
type of armament used, rateof firing and the impact
transmitted from gun base to atrcralt srruciure.

(e} Gust induced vibrations : Intensity and fre-
guency of these vibranon depend on—

iy severity of turbulence which is affected hy
the weather, altitude and terrain,

(iiy spred of the aircraft which detcrmines the
abruptness and frequency.

(i) eonfiguration, construction asd trimof the
arrcralt.

(tv) position of the crew member in rhe atroraft.
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Preliminary ecstimations of the frequency and
intensity af gust Isads have been made, based un tro-
pical atinpspheric vonditions . These are given in

TFabale: T,

TABRLE 1

Estimation of the frequency wnd intenyiiy
af gust loads
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Grusr sperd (f1/sec) 1o

Nn. ol gusiy/miles 2.57 sl 015

MNaodal points
Most atrcralt have predominant modes ol vibri-
with thes
havie a

tion wwin natural Goguency Modern

airerafi fundamental mode of vibranon at
frecuencies below 10 Heo A or near the nodal point
the vibration is ol low mapnitade rotational type and
at points away from the nadal point the vibration
would be ol high mapnitude vertical trunslution type.
In low level fliphts, amplingdes of 0 37 can be recor-

ded olten ol crew stations,

Protection from vibration

L'he aims far profectian are 1o

fa) prevént injury,

(b enhance ability 10 perform,
(e} iucrease comlort snd

(d)  reduce fatigue,

These ohijectives at rimes clash with each other e g a
saft; thick cushicn s ideal for comfort ol redustion
of high (requoncy vihrations but is not acceprable for
impuct loads of escape. The protection s abmed
at fréquencies below 20 Hz and mestly Lelow 12 Hz,

Methods
Reduction of Fibration ar Spurge

(a} Power Sonrcez > "The wvibfaiion is periodic
and of high frequency,  Efforts o reduce the vibra-
tion at source is-by beuer enginesring design,

(A Tnieraction bedween Airerali and Almos phere:
Boundary laver wurbalence can-he altéred by bereer
agrodynamic design.  Atmosplieric  turbulence  or
gusis van ooy Le avorded—bur oot possible with
vperational rede of fighter aiccrafr,
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Reduction of Transmission to Man

(@) Vibration iselation by Speinging : Il a spring
and damper cun be interposud hotween man and
the vehicle, same af the vibrations can be dumped,
bur this is not easy w achieve Tor airvralt with von-
flicting requirements of the flight cnviranment,  Smne
springing can he provided by the aicframe texibility
in awcralt,  Opdinary spring and  damper suspen-
sions have a larpe number of disadvantagres under
different conditions.  Pneumatic springs in which
displacement is opposed under serve control may
have applications in Miture aireralr,

fh) Useof Nodal Pesitions:  Nrcrew can be
positioned at nodal peints where amplitnde of aire
frame vikraoion i the least,

() Rewres of eneey o Vilwacion fnger M
tiy Oeenpanta vsnally sic npeight and st
vibrativng wre conveyed through the seat
battom,  The scat and  enshiong
should be so designed that vibration is nol
arplified by their eesonance,

Feestdivim

(i) Rigid  sarm wnd  headrests in
contact with bady pares will directly convey
the vibrution to these parts ol the body, This
i+ also through control column, navigator's
desk, sighting devices and even stiff breath-

i lnes/pipes.

rosls

Redesipn of these parts o reduce  vibreation

reaching the oan is essentiul.

Reduction of effeers of Vibration on the Body

{a)  Posture and OQrientarion @ Major resonance
in the body can be suppressed by suitable posture and
oriegtation of man o Lhe vibration and distribucing
the force over a larger area—thus redocing its magni-
tude. 1T'hiz can he achieved hy slouching or by
rectining back in @ stat in place of sitting erect — lur
Tosw frequency vibralivos.

ihy  Design of Displays and Controls & Thzplays
should be best read during vibration, Deteriopation
nf wvisual performance in vertical vibration iy more
with wertical display instruments compared to the
horizontal display instruments.  Yertical scale instro-
rmonts require special evaluation Lefure betog used in
such aircraft.  Contrals may be redesigned Jor apera-
tion by wrist and finger movements rather than whaole
arm movements e.g, Iy Ly wire control systems,
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(¢} Restraining Hurness. Hinders and  Armotr !
Safety harness provides some pratection from low
frequency vibrations due fo gust loads, Special res-
traint harness may be necessary where severe jostling
ol multiple direction vibration is expreted.  Rigid or
semirigid binders may reduce the resonance of human
body, Tight strapping of abdomen is practiced by
racing motorists, motor cyclists ete. Anti 1057 suits
may help to some extent if properly used.

(i} Restrict duration of Exposure: If vibra-
tion cannot be avaided or reduced, the duration of
cxposure may be reduced to minimise i1l ellects,

(¢) Yrafning and Lxperience; Training, indoc-
trination and expericnee improve a man's ability to
adjust to vibration environment and perform better
nnder the stress.
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