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Dynamic responses of head-neck complex in pilots during arrested
deck landing

LU Ting', WANG Ya-wei', LIU Song-yang'’, YANG Chun-xin' (1. School of Aeronautic Sci-
ence and Engineering, Beihang University, Beijing 100191, China; 2. Institute of Aviation Medicine, Beijing
100142, China)

Abstract: Objective To analyze the dynamic response and strain of the major muscles in head-neck complex of
pilot with or without wearing the helmet during carrier aircraft arrested deck landing. Methods Ten-rigid body dy-
namic model of human head-neck complex was created including head, seven cervical vertebrae and two thoracic
vertebrae; mechanical properties of the ligaments, intervertebral discs and other surrounding soft tissues were
described by lumped parameter method; mechanical properties of the 15 pairs of muscles in this human head-
neck complex were represented by non-linear stress-strain relationship. The model was validated by using experi-
mental data of dynamic responses from the human head-neck complex in a set of different types of automobile
crashes. Results The overload curve and strain of this 15 pairs of muscles in head-neck complex of the pilot
during arrested deck landing were obtained. The results showed that the extension of splenius cervicis was the
largest. The strain of splenius cervicis could reach 50% when the pilot wore the helmet, and it could reach as
high as 56% if the helmet’ s weight was 2.7 kg. Conclusions Wearing helmet would extend the stretch of neck
muscles, and the simulation result could be used for further evaluation on head/neck injury of the pilot.
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Fig.1 Global coordinates and local coordinates

FRYE AL W) 12 aE 45 5%  ARBU A HER] 255 5K
EAVE SISO SVE S ¢ S I i L e TR ] TN
Z ) AR LA 2R BIVRR 418 9 I A4k ] 1) 24 o
T E R E T AE AR B WA (] R 2 2L 04 kHE 2 DL
KARXIL RS FARXT 12 S, 40 N s

F=AK-S+d-S (1)
P K A A S DGR N R B, 5 T 38 S 1] R 4 21
P4 288 50 5 e S AR AR o 2K T A L AT X AR, K
SRRTRRAE R, B AL BT R BEYE  BUE T

X
Mk 0 8000 0 -800 0 1
122 000 0 450 0 300
k 0 -380 O
’ 171.9 0 -1.5 )
symme trical kss 0
L 149 -

e 1 o sd JZRLJC AR, O X AR, Koo
FHd, =dy =dy; =300 N + s/m,dy =dss =dg =
LON -« m - s/rad® 8 GBI ;S gl 6 Ik
A FTRBUERISCH T (WK 2) .



EREMNE %2785 F6H 20125128
644 Journal of Medical Biomechanics, Vol. 27 No. 6, Dec. 2012

®1 XQ2)PHEERE

Tab.1 Values for variables in equation (2)

ky/ ky3/ kss/
(KN -m™") (KN -m™") (KN +m +rad™")
t, =0 t, <0 t,=0 t, <0 ¢, =0 ¢, <0
k{H 140.0  50.0  390.0 1083.0 151.8 185.6
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Tab.2 Values for joint factor

FFH C0~1C1~2C2~3C3~4C4~5C5~6C6~7C7T~1T1~2

A 4.67 3.47 1.00 1.38 1.27 1.51 1.84 1.98 0.50
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Tab.3 Names and cross-sectional areas for 15 pairs of human
head-neck complex muscles

LA BT cm? SR A cm?
SR L(LGSCP) 0.800 ||k SEMCP) 1.500
Hi KWL (LGSCV) 0.800 || &ML SEMCY) 0.718
#FHHNL(LONCL) 2.000 SLBEL( SPICP) 0. 800
LK HL(LONCP) 2.000  ||#EENL(SPICV) 0.800
HiAHANL(SCAA) 1.656  ||3k3JeHL(SPLCP) 2.244
R4 IL(SCAM) 0.436 HIRHL(SPLCV) 0.847
JERHAL(SCAP) 1.360 || &7 L(TRAP) 3.500
My BiFL o IL(SCM) 3.586
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Fig.2 +x acceleration for T1 in global coordinate
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Fig.3 Head +z acceleration curve
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Fig.4 Head +x acceleration curves
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Fig.5 Head angular acceleration curves
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Fig.9 Acceleration curve for arrested deck landing
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Fig.12  + Gx curves for different head mass
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