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Dynamic Response Simulation and Damage Prediction of Pilot
Cervical Vertebra During Maneuver Flight

WANG Jiatao', BAO Jiayi’, ZHOU Qianxiang®, GUO Pan', ZHANG Jingfei'
(1.School of Mechanics and Safety Engineering, Zhengzhou University, Zhengzhou 450001, China; 2.School of
Biological Science and Medical Engineering, Beihang University, Beijing 100191, China)

Abstract; Objective To simulate dynamic response of cervical spine of the pilot during typical maneuver flight
movements using finite element method, as well as make analysis and prediction on damage failure of the pilot
neck during flight by impact injury and fatigue injury model of biological tissues.Methods A geometrically accurate
finite element model of the neck was constructed, and validity of the model was verified by relevant examples.
Then, the acceleration curves of centrifugal trainer under different modes were loaded for numerical simulation,
and impact injury and fatigue injury of tissues were predicted by using the universal cervical injury criterion and the
fatigue damage model of biological tissues.Results The maximum stress of the vertebrae and intervertebral disc
caused by overload impact was 66. 53 MPa and 58. 63 MPa respectively during typical maneuver flight. According
to the N; injury criteria, the maximum N; was 0. 096, which was lower than the injury tolerance threshold of 1, and
would not cause direct acute injury to cervical tissues. Based on fatigue damage model of biological tissues, it
was found that cancellous bone suffered fatigue failure under the condition of uninterrupted repeated loading for
more than 40 000 times. Considering the limited flight career of the pilot, the vertebral tissues would not be
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fractured due to the accumulation of fatigue damage.Conclusions To a certain extent, the results can contribute

to formulating pilot training and flight plans, and also provide data support for the development of its protective

equipment.

Key words: maneuver flight; finite element analysis; cervical vertebra; impact injury; fatigue injury

PRAC RS- ML AT 7 S Bt (1] PN 2 B e, ke o B sk
PR EEG BLHE  S1 VR S e B SR, X e sh 1
WE PR LS CAT A, YK R R R T
FRATIIEIS, CAT B 23 R 327 BRI A 2 i
BB L T e, MR A A5 X 520 & 5Tk
PLRAT BT A5 & R, 73. 9% (14 K AT B2 S50 3 46
13,47, 1% [ §AT BN A SR ANE S5m0 C AT 4%
Ohashi 22 BIF5T & B, A5 20% AR A5 (9 R AT BN
KB ®AT A K A CATRRRS 2000 4 LU 15
TRERAT B AR T IR AR G G A e R
FHB, 2011 ~2015 4F[a], W 45 AT 61 500 A 55
JF o b il R

TRAT AT T B SR AR 05 % BA A I L 4
T I — R R, 2 E A P AMIT A S AT D 1 )
Wiz —, Rk, ©AT B SUHE 0 B 4 2 5] I2 5%
T TEIRA: A BB AR Uk, [ N 228
SE MRS SR A FROTAL I | I 25 A SUHE v it 361 473
RUEATAS ) T30 T (R SO 45 T >0 7 3 4%
PR AR 5 UL A 45340 o DU, 764G B U 500 0 o i
AT, AT RUR A R kA, 5y — T, AR
SRHL AT B AT A s Y Tl Rk W, e
A= I L9 55 3505 (4 F 9% 7 3k S ) R T b i A
JeomEE, HAET, S AS R A 9 20 U0 R 9% 55
Vi B F 5T B 2T 8, 2 ME o AR 7 A HES
0 B SR RR SR AR RN R R AR R
JE EEMRIIZ NS s R e g L, HEEE L
HIE S (H 35405 B B8 S i S a0 e (v ek AR e, £
S ST I G B B A

AR SCHE R RS A1 1) SUHE AT PR T AR R L i I 3
TR BT RAT B TR RS R A AR SR A
(R F3 43 A5 FISE RS A 0, 405 45 H B L 838 03 00 BT
o DU R0 7 549 455 A5 0000 538 v o 403 495 B % 5
b, WIS AR RE T DL AT B BE R A2k AR SR
P — e B SR, AR AE— R L HUA R AT R
SURES AR , T R A RAT B A i A v 2
% (7T REE

1 BRTERET

1.1 JU{aEBE T

FR A b B ZE R AR v 7 F (5 L %A T DO
(9 50 T 4 Dibnifl , SUHERT AU BRI I B 55 (170. 4+
1) em JRE (56.5+2) kg fdt Bl B E  HEBR
HESAE WG TR 0 At 35050 451 07, JC R AT M el 78 A5
Mo B R 4R ] 64 HERZBE CT, S B
120V, FHE R 30 mA, HHLHBMEZERE
1.3 mm, 2B FH 0. 625 mm, M & R 25 1
FHE (T1) SEAT T2 4 , 28 SR &8 20 VE A A SC 1)
S EE

¥ CT B4 DICOM EI{&F AMimics 17. 01,
FIH (53 HIA5- 305 B K BEAR 8., A BT €1~
T1 = 4k & 8 B A Ok B A IR IR A
Geomagic Studio™ iz “ Z2 318 Fl K B iy v 45
Bk 52 1 A 2 B B U AR iy A R ) 7 e
FEARSR B T P HeAE - — [ A Geomagic Studio
TR LA VG TRT 320 5 Y % (o7 R B A [ 48300
T ORFE R A I 8 0 S %y ot T Y R T Al e 5 i
Hh 585 BAE AR 5 ME 24 A IR 38 BT B )
o FIHARRBEE DI REEHE R S5 DA R AR, a0
K1 (a) Frzs, AR B JLAaT i TG 456 S AE B C1~7
FHETT F1 6 A R] 55 ( £F AEFRFIBERZ ) .
1.2 BRTEBREL

W FRBERI S A HyperMesh 14. 0 Fil ANSYS
PEAT AR R 43, HEB R AR B 25 B 4%,
HPZEEBE RN AN T . o TG AL A
JURIEAR , 3 & B B M E B 1.5 mm Y Shell 181
PTG, MU N Solid 187 SR BAIE

I HT S0 e L AR B 22—, — Tk PRl
gk, FoRZ PR sEL ), Bl TRy
P, EATRE S RPN [ Jr m . BT CT &l
B BV BRI TR IR - 25 B i ) 2
PR 35 S R o4 50 R (8 4 6k 52 B Ay A4
WE 1(b) Fis  ARYE S 2 P IR SRR 46 S



EREYHE #3I37H 28 2022%44A
264 Journal of Medical Biomechanics, Vol. 37 No.2, Apr. 2022

SR E AT IO B AR TR AT A R
[IESZGNEEN? N Sk TR kN SLTE )
A R IR 45
5 L
WA
BT

-
G- DI

TR
TR A 39

(a) B JLfTHRR
B1 SR

Fig.1 Model of cervical vertebra

(b)) PHAs R

(a) Geometric model of

cervical spine, (b) Ligament model

1.3 MRSsH

FUHHEA BROCAE TR Hh | 45 L 8RR S 50 32 B[
HMC IR K U R S5 K A N R A=) )
PR AH G SRR Fh BE B, AR SCES A SCHR[ 12-13]
H LA 10 R DG OB, 158 AR AR A AT 1 b L I
BARZHIE 1,
1 FTHESALHBSHEBEME
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