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Abstract; Objective To evaluate the effect of helmet on biomechanical responses of pilot’ s intervertebral disc
under vibration environment. Methods A porous media finite element model of C5-6 segment was established
based on the computed tomography (CT) images of an adult. Four loading conditions (A, B, C helmets and No
helmet) were applied to the validated model with a duration of 3 600 s for vibration analysis. Considering the
effects of vibration frequency, the maximum porous pressure (MPP) and maximum principal stress (MPS) of
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The MPP of NP and AS
decreased and became stable under the same vibration frequency. The MPS of NP and AS for B helmet was the

nucleus pulposus ( NP) and annulus substance ( AS) were obtained. Results

maximum, followed by C helmet, A helmet and No helmet. The curve of MPS for B helmet was higher than that
of C helmet, A helmet and No helmet. At the vibration frequency of 5 Hz and 9 Hz, the MPS of AS under four
helmet conditions increased with time, and reached a constant value after 1 200 s. Under the same helmet
condition, after loading for 1 200-2 400 s, the MPS of NP at 9 Hz vibration frequency was higher than that at 5 Hz
and 1 Hz. The MPS of AS at 9 Hz and 5 Hz was close to each other, and both were higher than that at 1 Hz.
Conclusions The helmet has an important effect on the MPP of NP and AS, and the increase of vibration
frequency will lead to the increase of the MPS of AS.

Key words: vibration load; pilot; neck injury; intervertebral disc degeneration; porous media modelling; porous
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Fig.1 Modeling process and components of the porous media
model (a) Modeling process of the model and setting of

boundary conditions, (b) C5-6 finite element model

®1 ARTEBEMHSY

Tab.1 Material parameters of the finite element model

% o, T &, FTHAZAZIESEE, AR,
e=d/(1 - ) (2)
¢r=1_J71(1_¢m) (3)

s b AW IR IR TR S35 T LU R
A A (3) SHIRFLBR LA R R
FE ABAQUS % B £ fL it f&/ [ 468 A ot

BIEEGAARE B/ N MG o0 A, SE L2 AL A FR
JU B 7E ME {A (8] E 37 Connector P JT Jifi il 2%
o 20 % C6 MEMR R 2 1 it fin [ 2 293, R AT
M Z L T7 i 2 B R 0.2 MPa, MEAA [H] ¢T3 1
AT [ B 4 DR 8 g 0. 1124 9 i) 5 kg R fil I )
BN,

Zp s E / MPa v eg ko/ [mm*+(kN-s) "] Z:7% 3k
ANy 16 800 0.3 — — [25]
L /NiEs 450 0.3 0.41 57.735 [23,26]
KATHCE 10 0.4 — — [27]
e S 5 0.4 4 4.041 [23,26]
LR 5 600 0.3 0.8 75. 000 [27-28]
- Neo Hooke
A% C10=0.12. D, =2 475 5.67 0.156 [17,26]
2 U PRI Mooney-firlin 2.45 0. 156 [29]
C1,=0.133, C,,=0.0333, D,=0.6
LT AEFRLT 2 110 0.3 — — [29]
GIEN 28.2
SR\ 23
By ER 3.5 0.4 — — [24,30]
AT 4.8
TR E] A 5
L E AR R 0 RS e HWITRFLBRER sk BB REL,
1.2 EEWIE 1.3 HEFIRMDFEHE

SEFAEVRT B0 % ] R4 (R AM S50 e
AHTRY B4 320 555 FI0 28 45 44 , 38 3k X6 L0 A AR 1Y vy B AR
b SRR AT IR AIE . Heuer 253 b AAAHE ] 5 B
JH N 500 N ] e 7, 3845 T 15 min PYAE[R] & B2 1)
A5k, Adams S5 LT i R4 4.0 b HE ]
i

B ASE TR A Tl i il ) 6 B 2 7 A B g
F, T EUOHE A JE FS M 2 TS SR . SR
AT IR S ARTE IS BN 0. 500

AR 3 A it i JE 0 2 A S AR Sk,
R K 1.5.9 Ha, IRAINHEIRIEN 0.5 G(1 6=
9.8 m/s”), FHE 3 FPLAIEN, il — R Ak
ZERWIRIE S 2% 7 b B 70 Sk 5 R AR AR R Sk 2%
BT RR B oR B R, o R BT, BT
WREENEANE, FECLER O, BT
FER KA AN ARSI A 2[R 4E 42 RS 22 R S
14 F 0 43 A1 6 FR, A5 31 Sk 350 A R i R B0 7

B a4 A BLC SRS (IR 2) M ek Ak



XNFE,%E. RIIFET KB AT RMEBEEY N F M0
LIU Jinglong, et al. Effects of Helmet on Biomechanical Responses of Pilot’ s Intervertebral Disc

under Vibration Environment 1053

RFIRAL, A5 ) S 28 TR Sk 48 R Bt 1 Sk 3 .
AT P 1 5 1 RO RE 0 8, 2 4R 0 32

0 4551 R S0 7, 45 4R 5 00 6 A8 2!

WG 2T, RS 600 s, B —fmmar BT —ummen o
PRIGER 20 s Bk | U IR IRk ol Bl
SALIE SRR 7 1507 o Miimin o

K2 SkIMmESHT
Tab.2 Mass properties of the head and helmets! '

B2 HEES 500 N 5 H E & R E
Fig.2 Validation of percentage of height loss of the finite

T [t/ ke x ] é‘b\{iﬁ/mz i) element model under 500 N compressionw'”]
okt 4.16 0. 027 0. 021 (a) Over 15 min, (b) Over 4 h
A k% 5.16 0. 022 0. 025
Chg w oo oo »E BXSAER
H AN [ Sk 2 A FH P 58 R Bk ot e R 2 AL
) é.’:.:% ( maximum pore pressure, MPP) Wi Ff [E) 4 2 A 1 2
ALOL X TR RSN 1 He I FERI IR T4,
2.1 HEIBHFHER 20, TR AU A B C BTN MPP 4331 K

P 2 5% b T IR AR 0 M fi e R 5 SCRR [ 31-
RJHLIER B 2(a) B NN 15 min HElH]
1o BE RIS | DR ZE PRI AR AN T 46 P, R 220 iy 2
AR AT T , ] ) T 2 DA S 6 r e ) ey J3E A
PRRIXI(EL, eI EA) 4 AL SN, TH R 45 R AR AR 52
RATRAZIER N, FEA B T4
RGBT oS —2, | 2(b) B
A4 h e B RE AR A L AR R 4 g B T iR 2 R
TN RSTA R N VAS R & N ie o I N CTD 1 = e
R i JE i R B B R AR BE A 0. 460,

0.511.0. 546 0. 759 .0. 584 MPa, 7F 0~300 s P, TG
KAV A C k%8 MPP &I, 22 )5 29 S LR PEFRAR
B 3k MPP 7£24 600 s J&5 2 PEREAIK, TRBIE K
5.9 Hz,4 Pk Z8VEH T &% MPP 28465 1 Hz JEA
—3, XTI RSRE R 1 He B AERT IR 2k
B2, 4 Ff Sk 2815 B0 X5 R i MPP 435l 0. 698
0.741.1. 056 .0. 789 MPa, X i 20l [, 2 J5 T [
HORFEAL, 7E 600 s J5 T R FIARAE | 4k g4
N 5.9 Hz, #it% MPP A8 fb #5551 Hz SR —
F|WAE ),

9 Hz

1 Hz . 5Hz
_A\?Qﬁ

«so'g :Bgl:: mo'g
o —CX% =
206 =0.6
& =———= & —
=03 =03

0 1200 2400 3600 0 1200 2400 3600

I 8] /s G
(a) BEZ

o 12 g 1.2
So9 S09
£06 £06
203 =03

0 1200 2400 3600 0 1200 2400 3600

i 7] /s

A 16]/s
(b) HJR
B3 AEXZBEARRASILEAILL

Fig.3 Comparison of maximum pore pressure under different helmet conditions

(a) Nucleus pulposus, (b) Substance
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Fig.4 Comparison of maximum pore pressure under different vibration frequencies
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Fig.5 Comparison of maximum principal stress under different helmet conditions
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Fig. 6 Comparison of maximum principal stress of nucleus pulposus and substance under different vibration frequencies
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