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Vibrational Response of the Pilot Biodynamic Models in VVarious Flight
Maneuver

1%t Heshmatalah Mohamad Khanlo, 2" Mohamad Reza Taghizadeh

Abstract

In this paper, the vibrational response of the pilot biodynamic models in various flight maneuvers is
investigated. In this regard, the common discrete models, i.e. four degrees of freedom and the seven
degrees of freedom, are used. The dynamic model and equations of the motion are derived based on
Newton method and they are solved numerically by Runge-Kutta method in Matlab software. The
validation of the proposed models is performed by comparing with results of the previously published
related works. The variation of the acceleration g in the various flight test that comprises seven common
training maneuvers, are applied to the above mentioned models. The transmissibility of the seat to each of
the pilot body components are used as a criterion to do the analysis. The results of the three models
studied in different maneuvers show that the greatest contribution of transmissibility is in the torso region
(up and down) and then in the pelvis region. Also, based on the amount of transmissibility and maximum
acceleration g in various maneuvers, the effect of acceleration rate on transmissibility and pilot comfort is
more than the maximum acceleration in each maneuver.

Key words: Maneuver, Pilot body, Acceleration g, Vibrational response, Transmissibility.
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lTJngeJ 0/738 | 056 | 1/262 | o/5 | 20222 | o559 | 2/306 | 0728 | 2/501 | 0/35 | 0/213 | 0/23 | 0/211 | 0/99
'}‘(’)‘?for 0/741 | 0/56 | 1/283 | 0/5 | 2/243 | 0/59 | 2/339 | 0/28 | 2/509 | 0/35 | 0/201 | 0723 | 0/213 | 0/99
Pelvis | 0/742 | 0/56 | 1/239 | 0/5 | 2/202 | 0/59 | 2/281 | 0/28 | 2/492 | 0/35 | 0/238 | 0/23 | 0/214 | 0/99
1.2F | x: 0.4957 t2r 5 ?fggg?
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1F 1k
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183000(N/m) ko
4750(N.s/m) C2

8/62(kg) ms
162800(N/m) ka
4585(N.s/m) C3

12/78(kg) ma
90000(N/m) ks
2064(N.s/m) Cs
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28/49(kg) ms
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Maneuver
N b 1 2 3 4 5 6 7
Body F F F F F F F
secion | 'R |ty | ™R [y ™ | 1y R H) | ™Rl ™ | Hy| ™R | g
Head | 0/983 | 0/56 | 0/426 | 0/99 | 1/629 | 0/59 | 1/918 | 0/23 | 3/056 | 0/4 | 0/136 | 0/54 | 0/147 | 0/44
ggfseor 0/983 | 0/56 | 0/426 | 0/99 | 1/630 | 0/59 | 1/919 | 0/23 | 3/057 | /4 | 0/135 | 0/54 | 0/148 | 0/44
'}%‘;‘g 0/973 | 0/56 | 0/409 | 0/99 | 1/633 | 0/59 | 1/935 | 0/23 | 3/071 | 0/4 | 0/132 | O/54 | 0/152 | 0/44
Pelvis | 0/960 | 0/56 | 0/388 | 0/99 | 1/637 | 0/59 | 1/955 | 0/23 | 3/091 | O/4 | 0/129 | 0/54 | 0/159 | 0/44
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X: 0.4507
Y: 1.365

Transmissibility (g/g)
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Transmissibility (g/g)
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Frequency {Hz) Frequency (Hz)
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P OIR g s daali () 1l Jaa edilad ) fuly — 10 JS
2053k 3 08 4gali (@) 2,58k
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O slbime) At (SAaS ) dalat Sl aais j 5 YL
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Sl
cilida gl gile 4o J80 52101 420 7 J2e (2903 -6 Js
Maneuver
Number 1 2 3 4 5 6 7
Body F F F F F F F
secion | R lHy| Nl R lmy| ™M lg] ™ | my | ™R | ™|
Head 1/323 | 0/58 | 1/378 | 0/45 | 1/20 | 0/35 | 2/399 0/5 2/734 0/37 | 0/189 | 2/45 | 0/130 | 2/74
Back 1/335 | 0/58 | 1/386 | 0/45 | 1/201 | 0/35 | 2/454 0/5 2/798 0/37 | 0/216 | 2/45 | 0/151 | 2/74
Torso 1/32 | 0/58 | 1/377 | 0/45 | 1/201 | 0/35 | 2/384 | 0/5 2/720 0/37 | 0/184 | 2/45 | 0/126 | 2/74
Thorax 1/339 | 0/58 | 1/386 | 0/45 | 1/20 | 0/35 | 2/462 0/5 2/811 0/37 | 0/221 | 2/45 | 0/155 | 2/74
Diaphragm | 1/336 | 0/58 | 1/384 | 0/45 | 1/20 | 0/35 | 2/446 0/5 2/795 0/37 | 0/214 | 2/45 | 0/150 | 2/74
Abdomen | 1/332 | 0/58 | 1/380 | 0/45 | 1/199 | 0/35 | 2/422 0/5 2/769 0/37 | 0/203 | 2/45 | 0/142 | 2/74
Pelvis 1/302 | 0/58 | 1/365 | 0/45 | 1/202 | 0/35 | 2/301 0/5 2/613 0/37 | 0/147 | 2/45 | 0/098 | 2/74

aali cJae ol 2 6 Jsra il Bildas (ppinas
Clilad ) (5 n JUESI ) mean GG (511 A Anadl
ol cp s Bile 4 a8l (e (Lsile (i3 0)
O Jae ol Lol G ) 4aals gl oA sl b
A01 DA (6 U (gaxy als je 0

e JE) b8 (s a4y 0 10 5 A 10 sladsl
e Ui Jae (ol o adas e slapsile 215 A
8 de Gl b2 Hsile o ey e LIS i3 aS ) shailen
A i | g QS 6L pga 0358 5 e 4als
Juiml ey s By A4S (2 e il 0 58 4als
Ohls it al o el a5 VL clilad )
Gl 358 4al o

TR 9 294 4hah aay jShe bl o W 5ila 3l Coglg) -7 Joa

VPR (VSR RN TS — -
N @ pa )Sa 4l pay Sl pa SLa Aald el | patle | Al aasle | 9
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1 3/25 0/742 2/4 0/983 3/19 1/339 4/35 S
2 4/05 1/283 5/2 0/426 7 1/386 5/6 4
3 6/7 2/243 15/03 1/637 10/97 1/202 8/1 2
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