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Inflight measurement of vibration levels at seat and floor
of Chetak and Pratap Helicoplers

sgn Lar | Chakmbony®, B Amvindakshan ** and MK Vywewahare***
* Graded specialir (Av Med), 15 Sgn At
=n eonnr Seacntifie Arsietand, Pepastmest of Applied Phyaics & Biodvnimicy,
ter Se D Nead 'of the Depariment of Applted Flovares & Hiodymamics
IAM AE, Hisiyalore

A study was carried out to determine the
inflight vibration tevels at the seat and
floor af Chetak and Pratap helicoplers,
Vibwution tevels were recorded nusing o
sonerd fevel meter which was coupled with
o Mereenr vibration unit and a fri-axial
accelerometer. A weighting network
complying  with 150 2631/1 fur
Jrequencies between 1-80 Hz was used and
four sorties were flovwn in each helicopter.
The intensity of vibration was found 1o be
predominanily due to the vibrations in the

“vertical axis (Z), The fore and aft ( X-axis)

vibraiions were very small compared To
that of Z and Y axes. During straight and
tevel flight, the average acceleration
values at the seat and floor levels of
Chetak were 8.3 misec? and 0.826 m/sec”
respectively while for Pratap the
corresponding values were (L.520 m/sec’
and 0.895 mjsect. On a subjective scale,
vibration levels were found lo e
acceptable to the aircrew,

Key words : Low [requency vibration,
Weighied Average
aecelerntion [nrqj, Masimum Peak
(MAXP), Maximum rms (MAXL)

acceleration,

Ml . Aeraspace Mod, 90 (1) 1996

n military aviation, helicopters have

come o play asignificant role due to

their extreme manoeuverabilily, In Lhe
Indian Adr Force too, helicopters have an
important role in fulfilling a variety ol
operational tasks. The pilols ol these
hclicopters are exposed 10 a wide range of
vibrations with variable amplituees [1],
which reach the aircrew through the
peripheral supperting surfaces like the seat
and floor. Such vibrations can disturb the
aircrew in several ways depending on the
nalure, route of entry and intensity. Long
duration exposurc 1o low fréquency
vibrations cause fatigue amd other
physinlopical disturbances, which may
attect aircrew performance ability,

Low [requency vibeations are of  greal
concern, as mujor resonances of different
parts of the human hody occur below 25Hz,
pilots are not easily protected in these
frequencies by mechanical damping

systems [2].

The present study was therelore undertaken
al the Institute of Aerospace Medicine
(1AM} and Airerafl and Systems ‘Tesling
Establishment (ASTE), Bangalore Lo
determing the vibration profiles of Chetak

24
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and Pratap helicopters to assess the
vibration levels reaching the sircrew.

Mauterial and Method

A madular precision sound level meter
(B&K Type 2231) was coupled with a
human vibration unit (B&K type 2522) and
A tri-axial acceleromueler (R&K Type
43220 0r the measurement of vibration in
the lrequeney mnge 1 80 He An #pplication
module (Tluman vibration module - B&K
Type BZ 7105) loaded in the memory of
the sound level meter samples the signals
friom each input channel at the rate of 32
samples persecand stores the data in RAM,

16 KB RAM allows stompe of 4 1otal of 99
reeords al a time with the option of
preselting the measurement period of cach
recond W any convenient durtion, Real time
clock setting is wsed for proper
documentation of the stored record. Fich
record consists of Record number, Stant
lime, Stop time, Dumlion, Measurement
mode, Delceior  time
Measurement unit and the calculated duts
such ax Maximum peak (MAXP),
Maximum rms (MAXL) and a_ values

conslant,

Here, a_ is the acceleration level averaged
over the measurement period. It is
equivalent o the continuous steady stalc
acceleration level which would have the
same fotal enerpy as the real fluctuating
vilwations over the same time period and
caleulated as | —

A= ]Iﬂ J—Ta (1) dt

where, 4(l) is the time varying acceleration
and T is the ume interval over which it s
measured,

For whole body measurements, A, i

i

caleulated afler computing the sum of the
overall weighted aceelertion value using
the formula :

a=[(Laa)+ (14a ¥ + ()

where, o is the weighted acceleration values
w the i-dircetion amd i = x, v, 7

Four settings viz, X, Y, Z and SUM ure
available with the human vibetion unit for
display of measurements. The SUM setting
is availahle only when the displayed

pHrameter is a_

A lotal ol Four sortics were carried out in
Chetak and Pratap helicopters. All sortics
were performaed in (ine wenther under calm
wind conditions. Durition of sortics viried
between 30 1o 60 mins.

Vibration levels were measured at the pilot's
seat and al the cockpit lloorThe tri-axial
sccelerometer was finnly placed in close
contact with the underlying surface by using
straps and adhesive tape. Whole body
iriaxial mode with frequency weighting (1-
B0 H ) complying with IS0 2631 was used
[2]. Selecting mm/sce® as Lhe measurement
unit, data was recorded automatically for
various phases ol (light. Record numbers
were noted from the display screen during
gach sortic su us o correlate it with the
various cvenis of flights. On the ground the
recorded data was retricved manually and
analyzad.

Suhjective Feedback : A questionnaire was
grven 1o helicopter pilots {instructors and
students) and flight engineers of ASTE und
4 field Helicopter unit for their comments
regarding vibration levels,  Subsequently,
the dala on subjective feedback was
dnalysed.

fnil, A, Aeraspace Mod, 96 (1} 199
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Hesulis

a, valves for the three orthogonal axes X,
Y & Zoand the SUM channel Tor all the
sorties were tabulated and anplyvsed. The
averge valucs ol o for various phases ol
tight lor the twae h{.'Ht'HI‘[L'I-‘\' are piven in
Figures 1 to 4. ‘Tables 1 and 11 give the
avermge of maximum MAXP and MAXIL.
values obtained tor the two helicoptens
during various phasces ol thght under
different sortics,

Awtal ol 6 instructor pilots, & student pilols
andd 6 Might engineers responded o the
questionnaire survey. An account ol their
Nying experience and subjective mlings of
vihralion in the two helicopters are given in
lables J(a) and 3(b) respectively.

Discussion

A the vibration levels reaching the aircrew
is of great acromedical concer, vibation
levels at the pilot's seal and the loor of the
.;nr'_-;pil ul the twa helicoplers were
recorded. A tolal of four routine aperational
sarties were Hown, keeping \he sorlivs as
identical as possible. | lovwwever, Lherd wire
meultiple tuke-olts and landings in any one
sortie Similarly, hovering could ot be
carried oul in Pritap helicopter. Owing Lo
varition in the duration ol sorlies, the
presenl lime could not be keptat i conslanl
value.

Table |
Average of Maximum MAXP and MAXL aceelertion values (mm/sec’) : Chetak

| .

Heliconter
Axeés
Evem - o X | Y
MaXP MaXL MAXY MAKT MAXP MAXILL

Ui e Sl

Taxying 1315 iy 234 L&F A1 31
Take ol A4 456 1 =t 139 5]
Straiglt and fevel LD 280 il 44 A 3a4
Heweor at altitude 1457 5312 17 i1 Tih fifill
Landing 1315 ik 41 28 60 3
O the Flowor

Taxving a0 912 g0 34 . i &5
Take olff 2735 1210 a0 52 415 1al
Straightand fovel 293N 1170 ad 41 GRS 125
Himer ot alvitude 158D w20 123 4 A6 168
Tarmding 2045 s =d 26 T45 427

A

el J. Aerospace Med, 40 (17 1906
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Takle 11

Average of Maximum MAXP and MAXL aceeleration values {mm/sec”) : Pratap

Heulicopter

Axes
Ewvent L X 1§
B MAXP | MAXL | MAXP | MAXI, | MAXP | MAXI
On the Seat
Taxving 1961 1068 72 54 TR 532
Thke ofl 1730 1031 a8 37 A22 547
Straight and level 1875 &0 £ | 23 Q918 HH2
Hower at altitude MiA Nia NA NIA N/A M
Landing 4675 2550 41 28 2440 1 550)
On the Floor '
Taxying 2764 Las 419 34 B 344
ke ol L1830 T4 | 120 a2 S01 225
Slratght and level 3290 1375 37 25 BO8 417
Hover at altitude NIA NAA NAA NA N/A MN/A
Landing 3950 2350 | 44y 444 1825 1275
Table 1l (a)
Flying Experience (hrs)
Calegory Mean £ 5D
Insiructors 4% = B85.7
Student Pilots B2 82
Flight Engincers 1992 L 5949.0)
Aable 11 (h)
Subjective mling oof vibration
[n=fcach)
| Instructors | Student Pilots I'lt Engrs Percentage |
Chetak |Pni%up Chefald Pratap | Chetuk Pralap | Chetak |Pratap
Mot uncomforable 1 1 3 3 2 A 33 33
A little weomlonshle 2 i 2 : 4 B 14 30
Fairly dncemfortalie pli 1 J KRR 28 i
LTncomioriablc | . M ] B
Yerw wicomiurishle - - N -
Extremely  uncomlartable r ‘ M BA -
|

Fned. . Acrosprace Mod, 40 (1) [990
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532
547
HH2
N/A
1550

3440
225
417
NiA
1275
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Fig - 1 : Muun A vitlues - Chetak seal

1N
IR
W
\
1
! | £::4 Ihd
Fig - 2 Mesn a__values - Chetak Ooor
vl T s LE 2
il — I D .
|
Haay o R
- x —_— W ety
e wi s —=— i
= B m {hq | LR B
wa =T = i
.: .1I. : | ! iuv;
| - nEaE Bl B
s - | vaal | =1 |
_ i aal | wad] | =1 e
== rre low walt ! i1 | | A |
f Lo et =1 | R A S
S [ %= £l ] A .'l
| - w | e v g o
| e ] i y e Fied | el
I bl | aw ¥ w [ER| e
=1 | (S nw Foed fed
- vt b Faa |5
anl | v Wi ;” | |..j
| C Bl = wi| 1=
| |ww ia H 5 'REll | e
| | wal .1 R | !...'l
| - Bl ' ar raw i gt i
1 -- - LR -+ -w ) 1 ¥ e
il 1] h 2 A | i
| . . 1 _y:l | I'.:|
= » i ' -_;:.;_ v |
4 vEf

;e

Inid. J. Acrospace Med. 40 (1) 1996

a3




Tafligtr smeaswement of vibratmn fnele Chabrehorny, Aravistalun o af

Fig - 3 Mean i varlues <Pratap seat

| |
i .
: | 'f.ﬁi
| i i £
|3 i kit
e ]
S H '

=

==
|

CEETTELTEr] |||'|

PRig vy

CLE T

TTRITES R A b RTENTT IO,

N LT

vavveies

=

vl HIRTE AR AT Lkl

dnd I Acrospace Med, 4001) 900

Since 1
simulto:
theaee
conld b
of High
wiliatio
in all 1
abliine

Also the
seal was
oo ley
is o
metal sl
provide
airgrem
vibratio:
the floo)
suficior
in direc
helicopt
transpe

cansed |
in the ca

The in
conside
Howe

which f
sortic,v
intensity
nhtained
phase o
helicopte
sec’ res|
to fatigt
bond
and 4 ho
elliciene
crew may
of vibrat
hours res

Ly
tnd. 1. Ae



A1) 1996

taflighs meamremend of vibration lovely ~Chakrahoriy, Aravindabksfan of ol

Since the vibration levels were recorded
simultaneously in the three orthogonal axes,
the acceleration levels along X, Y & £axis
ol e 4.-u1n|1.'|.:1.-.;] during svarious [!|1:-::~|.:.-
of Dighl, Tt was seen that the intensily of
vilmlion wias I]‘J'L‘dl..lll'll]hll]ll".‘ i the £ axis
in all the sortics, Similar resolis wire
ahtained by Macnab et al [1]

Also the intensity of vibration at the pilot's
seal wias foond o be lower than that at the
Moor level during all phases of Might, This
is prabably due 1w damping eflered by the
metal sheel and thick cushion combination
provided on the seat and backrest, The
gircrew are therefore expericncing
vibrations ol lesser intensity, However, on
the Noor, vibrton levels were foond o be
sullicient cnough to allect those who were
in direct contact. This implies that in
helicopters like Pratap, which is msed for
Lansportation ol troops, faligue may be
caused in passengers who siton rigid seats
i the cargo compartment.

The intensity of wvibration varicd
considerably throughoul lhe sorkbies:
However, during straight and level Might,
which forms a mujor part of a routing
sortie.vibration was ol  intermediate
inlensity. The average acceleration values
ohtained in the STUM sclling during this
phase ol [light for Chetak and Pratap
helicopters were 0.3 misec” and 0520 m/
soe? respuctively. These levels correspond
to fatigue decreased proficiency (FDP)
boundary advocated by ISO 263171 for 8
and 4 hours approximately, Thus the work
efficiency of Chetak and Pralap helicoptes
erew may nol be alfected even if the dumalion
of vibration stress is extended upto 8 and 4
hours respectively.

Fel I Avrospace Maed, 0 (1) FR

] .

From the subjuctive leedback obtined from
18 atrcrow, 1L was scen that the vibeation
levels in both helicoptors were within
toterable limits ol aireres. Magorily ol them
tated the vibration o be within the region
ol nol uncomilortable v Tairly

uncomliortable,

Concluslon

[.  Wibration ol varving intensilics wene
present during all plases of helicopte
MNying.

2. Nibration  al Moor  level  was
considerably higher than thal al gircrew seal
level.

3 Avenee wecclerition levels uhtained
during straught and level Dight were Found
i e comparable with FDP boundaries ol
150 263171 For 8 and 4 hour for Chewk and
Pratap helicopters respectively. As sueh, Lhe
in-flight vibration levels in both the
helicopters were within lerahle limits and
nod likely o chuse any deterioration in
aircraw funclioning
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