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Air combat maneuver decision-making based on improved symbiotic
organisms search algorithm
GAO Yangyang'>, YU Minjian®* , HAN Qisong’ , DONG Xiaojie'
(1. Graduate College, Air Force Engineering University, Xi’an 710051, China; 2. The Chinese People’ s Liberation Army,
Unit 93175, Changchun 130000, China; 3. Air Traffic Control and Navigation College,
Air Force Engineering University, Xi’an 710051, China)

Abstract: Aimed at the problem of modern air combat maneuver decision-making, an air combat maneu-
ver decision-making method based on improved symbiotic organisms search ( SOS) algorithm is proposed.
Firstly, the shortcomings of the traditional basic maneuver inventory are analyzed, improved and expanded,
and 11 kinds of common basic maneuver are designed. Secondly, considering the angle, distance, speed, al-
titude and the performance advantages of fighter planes, the decision-making advantage function of fighter
planes is constructed. Finally, aimed at the shortcomings of the traditional SOS algorithm in convergence
speed, convergence accuracy and local optimality, the roulette wheel selection method, dynamic variation rate
and gradient idea are introduced into the traditional algorithm, and the effectiveness and performance of the al-
gorithm are simulated and analyzed. The simulation results show that the improved SOS algorithm has more ad-
vantages in convergence speed, convergence accuracy and jump out of local optimum, and can meet the air
combat maneuver decision-making requirements.

Keywords : maneuver decision-making; symbiotic organisms search ( SOS); maneuver inventory; rou-

lette wheel; dynamic variation; gradient
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rabbet in assembly condition
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Fig. 11  Distribution of contact parameters of cylindrical surface of rabbet at working speed
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Robust design method for mechanical characteristics of power
turbine rotor structural system
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(1. School of Energy and Power Engineering, Beihang University, Beijing 100083, China;
2. Collaborative Innovation Center of Advanced Aero-Engine, Beijing 100083, China)

Abstract; The power turbine rotor of aero turbojet engine and turboprop engine is a typical high-speed
flexible rotor structural system with multi-support, connecting interface and uneven mass/stiffness distribution.
The dispersity of mechanical characteristics of joint structure and bearing stiffness can cause the dynamic cha-
racteristics of the rotor structural system to deteriorate. According to the typical power turbine rotor structural
system, it is pointed out that the interface contact damage, such as non-recoverable slip, fatigue and friction,
is the intrinsic reason for the dispersity of the mechanical properties of the connecting structure, and the quan-
titative evaluation parameters including contact state coefficient, contact stress, non-recoverable deformation
energy and contact friction work are put forward. Based on the analysis of the critical speed distribution of
multi-support flexible rotor-bearing system and its influence on the stiffness sensitivity of each support, a ro-
bust design method of dynamic characteristics based on the selection of the low-sensitivity region of support
stiffness is proposed, which improves the robustness of the rotor structure system.
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Shear property analysis of laser welding stiffened panel with cover
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Abstract; Shear stability test was carried out on the dual beam laser welding stiffened panel with cover.
The buckling load, buckling form, post-buckling carrying capacity and failure modes of the stiffened panel
with cover under shear loading were analyzed. A finite element method was utilized to model the stiffened pan-
el and shear fixture. Simulation calculation of shear instability modes and post-buckling carrying capacity of
stiffened panel. Meanwhile, the effects of cover on the carrying capacity, stress distribution and deformation of
cutout stiffened panels were investigated. The results show that, in the sheared state of the stiffened panel with
cover, when the buckling ratio reaches 1. 95, the stiffened panel enters into post-buckling and the final failure
load is approximately 2. 98 times the buckling load. The load-displacement curves obtained from simulation
and test are in good agreement, and the errors for the buckling loads and failure loads obtained from the nu-
merical calculations compared with the test average value are 8. 7% and 1.02% , respectively. The rigidity
and load-carrying capacity of open stiffened panel reduce, and the bolt fastening cover has a great influence on
the stress and out-of-plane deformation.

Keywords: stiffened panel; cover; shear loading; finite elements; buckling property
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Table 1 Dimension parameters of parallel mechanism

B K fE
a/mm 200
b/mm 160
¢/mm 160
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Table 2 Displacement of driving joint on each limb

Pl (i fgw/
S = J7 16 9 A L/ mm BBt/ mm

P2/P5 i #% & /mm P3/P4 {ii #%H#/mm

A3 % A e A3 X
300 0 0 0 0 0 0
310 18.03 10.04 18.03 10.01 16.85 9.74
320 36.07 20.03 36.06 19.96 33.63 19.32
330 54.15 30.18 54.12 30.11 50.55 29.07
340 72.26 40. 14 72.19 40.08 67.32 38.66
350 90.48 50.18 90.37 50.06 84.26 48.31
360 108. 65 60.16 108. 56 60.11 101.05 58.15
370 126. 88 70.11 126.74 70.09 117.76 67.63
380 144 .81 80.18 144.73 80.12 134.54 77.24
390 162.93 90.01 162.75 89.95 151.38 96.99
400 180.11 100. 04 179.94 100. 00 168.01 96.51
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Fig. 14 Changing curves of driving joints’ displacement
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Table 3 Motor operation speed of driving

joint on each limb

SR 3 Rl 4 5 HMEE/ (mm - s7h)
P -2
P2 2
P3 4
P4 4
Ps 2

x4 EXHEHEZN

Table 4 Force of driving joint on each limb

. Pl % fi/N P2/P5 5% J3/N P3/P4 5% J3/N
AL A B E] /s ™ o o
A3 XL A3 X L A3 X L

0 -323.29 -610.14 38.46 72.19 158.15 -291.08
0.5 -338.51 -673.73 49.51 113.77 159.93 -298.71
1.0 —-354.46 —-737.49 61.43 155.43 161.85 -306.40
1.5 -365.83 -801.16 72.59 197.16 163.71 -314.15
2.0 -385.18 -864.83 84.16 238.86 165.65 -321.84
2.5 -400.57 -1928.53 95.54 280.52 167.58 -329.53
3.0 -416.16 -992.24 107.37 322.24 169.41 -337.27
3.5 -431.19 -1055.96 118.51 363.93 171.35 -344.91
4.0 —-447.74 -1119.67 130.74 405. 66 173.25 -352.62
4.5 -462.57 -1183.34 141.53 447.31 175.17 -360.30
5.0 —-478.15 -1247.18 153.44 489.25 177.06 -368.43
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Design and analysis of a novel parallel mechanism with
closed-loop limbs
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Abstract: In order to meet the requirements of high stiffness and accuracy of the position and posture ad-

justing mechanism in the assembly process of spacecraft shell, a novel 5-U(RRP)S/(8U)PU parallel mecha-

nism with closed-loop limbs, which are improved from conventional limb structure, is proposed and analyzed.

The degree of freedom of the mechanism is calculated by screw theory. The positional positive and negative so-

lutions are figured out through establishing the seal vector constraints equation. The complete Jacobian matrix

is calculated by screw theory. The fixed posture workspace is drawn by the restrained link length. The changes

of mechanism stiffness with the position and posture are analyzed by solving the static stiffness matrix. The

software is used to simulate and compare with the general mechanism. Through the above analysis, the feasi-

bility and practical application value are verified, which lays the foundation for the automatic assembly process

of spacecraft shell.
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Table 1 Comparison of SNR and SSIM obtained after denoising by different denoising models

SNR/dB SSIM
[ B

o =0.01 o =0.05 o=0.1 o =0.01 o =0.05 o=0.1

ROF 18.8465 14.8733 13.4157 0.7579 0.4610 0.3322

DTV 19.8239 15.9714 14.3011 0.7920 0.5545 0.4284

B 4(a) ADMM-DTV 19.8960 16.060 4 14.3811 0.7962 0.5601 0.4389
DTVP 19.9231 16.2192 14.6070 0.8000 0.5915 0.4841

ROF 21.3505 19.2105 18.4148 0.6521 0.5118 0.4620

DTV 21.5308 19.3440 18.4783 0.6732 0.5320 0.4830

4 (b) ADMM-DTV 21.8044 19.8425 19.1494 0.6822 0.5535 0.5083
DTVP 22.0241 20.2246 19.5094 0.7014 0.5780 0.5342

ROF 19.0940 12.5340 9.6847 0.9826 0.9225 0.8542

B 4o DTV 19.3148 12.7555 9.8808 0.9835 0.9262 0.8604
ADMM-DTV 19.5371 12.908 6 10.0543 0.9843 0.9286 0.8655

DTVP 20.2519 13.5678 10.4466 0.9866 0.9383 0.8761

ROF 19.4288 14.9039 13.1960 0.8510 0.6420 0.4869

DTV 20.4831 15.8058 13.8874 0.8844 0.7039 0.5738

B 4(d) ADMM-DTV 20.6990 16.0161 14.0112 0.8891 0.7120 0.5864
DTVP 20.9257 16.3257 14.3573 0.8961 0.7407 0.6227

(I

(a) ksl % (b) W st el (c) ROF

(d) DTV (e) ADMM-DTV (H DTVP

6 AN[R] 25 MR A T Mt i 1) 3k 22 B4R L A

Fig. 6 Compare residual image after denoising by different denoising models
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Fig.7 Compare restored images after denoising by different denoising models
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Image denoising model based on £” directional total variation
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Abstract: For the problem of texture image denoising, by analyzing the advantages and disadvantages of
the total variation (TV) denoising model and the directional total variation ( DTV) denoising model, we pro-
pose a robust denoising model based on €’ directional total variation. In the proposed model, in order to effi-
ciently characterize the different structural features in the image, the exponential p in the edge adaptive direc-
tional total variation regularization term can be availably chosen in (0,2) based on the structure in the image.
Since the proposed model is a non-smooth convex optimization with separable operator, it can be solved by
using the alternating direction method of multipliers (ADMM ). Then the convergence of the numerical method
can be efficiently kept. Compared with other classic models, numerical implementations show that the pro-
posed model can achieve higher peak signal-to-noise ratio and structural similarity, and can effectively retain
image details while removing noise.
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Table 3 Calculation results of collision excitation rate coefficient by different models em® 57!
il 8 93 K o 2 R B il 58 3 R R B
N, R i N, Wit
Park 57 Johnston £ 7 Park f5 71 Johnston #5 7
NS (X) +e” NS (4) +e” 2.9x1077 1.7 x10 " N,(X) +e" =N, (A) +e” 9.1x10°" 1.4 x10"
N, (X) +e" N, (B) +e” 4.9x10°* 3.2x10°" Ny (X) +e” @Ny(B) +e” 3.3x10°" 4.7x10°"
NS (X) +e” &N, (C) +e” 3.6x10°° 3.2x10 " N,(X) +e " &N,(C) +e” - 1.3x10° "
N, (A) +e” &N (B) +e” 8.8 x1077 8.1x10°" N,(A) +e " aN,(B) +e” 2.4x107° 9.4x10"
Ny (A) +e NS (C) +e” 2.7x107° 8.3x10° ! N, (A4) +e &N, (C) +e” - 1.1x107"
N, (B) +e” &Ny (C) +e” 2.5%x1077 4.3x10°"° N,(B) +e” N, (C) +e” - 6.3 x107°
N (X) +e ©N+N* 4.2%x10" 1.6 x10° "1 N,(X) +e " @N+N* +e 1.2x10°'¢ 4.1x10"
N,y (A) +e " ©N+N* +e 1.5x10~" 1.7x10°"2 Ny(A) +e " ©N+N" +e” 3.8x10° " 1.7 x10"
N, (B) +e " @N+N* +e 1.1x10° 3.2x10°"2 N,(B) +e " @N+N* +e 1.6 x10°" 1.8 x10°"
N,y (C) +e " &oN+N" +e 3.9%x107° 1.0x10°" N2(C) +e @N+N* +e” - 6.3x107°
N," (X) + MeN, (4) +M 1.1x10°" 3.0x10° 12 N, (X) + MeN, (4) +M 5.6x10° 1 2.5%x10"
N, (X) +MeN, (B) +M 4.1x10" 1.9x10°1 N, (X) +MeN,(B) +M 1.7x10° " 0
N," (X) + MeN, (C) +M 3.2x10° 0 N, (X) + MaN,(C) + M - 0
Ny’ (A) + Me&N,) (B) +M 8.1x10°" 0 N, (A4) + MaN, (B) +M 5.8x10 "2 4.5%10"
N, (A) + MaNS (C) +M 8.2x10" 0 N,(A) + MaN,(C) +M - 0
N, (B) +MeN, (C) +M 3.8x10" 0 N, (B) + M&N, (C) +M - 1.5x10°"
N, (X) +MeN+N*° + M 8.8 x10° 6.9x10° '8 N,(X) +MeN+N* +M 4.6x10°" 0
NS (A) +MeN+N* +M 3.6 x10" 2.1x10°1 N,(A) +MeN+N* +M 3.2x10° " 0
N, (B) +M&N+N* + M 4.4 x10" 5.3x10°'° N,(B) +MeN+N* +M 1.7x10°" 0
N, (C) +M&N+ N + M 2.5x10°" 1.4x10° " N,(C) +MeN+N* +M - 0

F4 TREREBATHENETER S TR TFRERAHZE 50

Table 4 Molecular electron energy level density in

5

nonequilibrium region calculated by different ~ 40r Park iy
theoretical models =
T30t
Park 4 7% Johnston 451 % 7
s Nem 5
N/em™ NN, N,/em™® N./N, =

i

N, (X) 1.22x10™ 1.12x10™ 0.92 1.23x10" 1.01

N, (4) 6.31x10"  6.31x10" 1.00 6.23x10"” 0.99
N, (B) 1.13x10" 1.13x10” 1.00 3.96x10" 0.35
Ny (X)  4.33x10"7  4.44x107 1.03 4.33x10"7 1.00 T“:(m 320 340 360 380 400 420 440
N,(A)  4.56x10"™ 4.43x10" 0.10 3.99 x10'* 0.88 i /nm
N,(B)  1.21x10™ 3.64x10"” 0.03 1.05x10™ 0.87 B3 A [ B AR TR A4 1 R S A X ek 4
N,(C)  7.47x10”  5.05x10' 0.01 1.37x10" 0.18 S 1 5 5 0 ) B 4 R

Fig.3 Comparison of nonequilibrium radiation spectra
c 11, El B’ 2 HF A A R BT o B 0 3 R R A calculated by different theoretical models with
Eik2.6x107 s, T Park BEEI A RiZ & 1 experimental measurements

5880s" OXT?l%i%I RS E AT CIT, B, WRSR A Park R 2 X 17 30 R HIOR e
SRR TR, BB E AL T EHL  Johnston BERYJFA ) R AL, 45 R NEE 5 iR,

RS BUERNEXEEETENS TRETFHRABTE

Table 5 Molecular energy level density calculated by modified rate model

Nie/cm’3 Ni/cm’3 N,/N,, ]\“'w/cm’3 N/cm’3 N,/N,,
N, (X) 1.36 x10" 1.36 x10" 1.00 1.22 x10™ 1.23 x 10" 1.01
Ny (4) 4.68 x10" 4.68 x10' 1.00 6.31 x10" 6.23 x 10" 0.99
N," (B) 4.03 x10" 2.35 x10" 0.58 1.13 x 10" 3.96 x 10" 0.35
N, (X) 3.24 x 10" 3.24 x 10" 1.00 4.33 x10" 4.33 x10"7 1.00
N, (4) 3.64 x10" 3.70 x 10" 1.02 4.56 x10™ 3.87 x10" 0.85
N, (B) 6.32 x10" 6.36 x 10" 1.01 1.21 x10" 1.01 x10" 0.83
N, (C) 2.55 x 10" 2.66 x 10" 1.04 7.47 x 10" 5.22 x10" 0.70
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Abstract: Based on the collision-radiation (CR) model of nitrogen, the distribution of the electronic en-
ergy levels of N, and N,” molecules in the hypersonic flow shock wave with velocity 6.2 km/s and initial pres-
sure 133 Pa is calculated. The effects of different excitation and transition rate models on the electronic energy
level distribution and the radiation spectrum simulation are analyzed. A line-by-line method is carried out to
simulate the radiation spectrum of the thermal nonequilibrium region and the equilibrium region in the 300 —
440 nm, which are compared with the experimental measurement spectra of the shock tube. It is found that the
current excitation and transition rates all have deviations, and the CR model that integrated the Einstein coeffi-
cient of Park model and the collision excitation rate of the Johnston model can gain the radiation spectrum
which is the closest to the experimental results.
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citation rate
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prediction results based on simulations
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Fatigue fracture lifetime prediction for gold bonding wires of
high-power LED under cyclically electrical loading
FAN Jiajie'>" , LI Lei’, QIAN Cheng’, HU Aihua’, FAN Xuejun’, ZHANG Guogi’

(1. College of Mechanical and Electrical Engineering, Hohai University, Changzhou 213022, China; 2. Changzhou Institute of Technology
Research for Solid State Lighting, Changzhou 213161, China; 3. School of Reliability and Systems Engineering,
Beihang University, Beijing 100083, China; 4. Fujian Hongbo Opto-Electronics Technology Co. , Ltd. , Fuzhou 350008, China;
5. Department of Mechanical Engineering, Lamar University, Beaumont 77710, USA;

6. EEMCS Faculty, Delft University of Technology, Delft 2628, Netherlands)

Abstract: With the popularity and widespread application of high-power light-emitting diode ( LED) in
lighting industry, its reliability has gradually become one of research focuses. The failure of gold bonding wires
in the traditional LED package has been a critical bottleneck that restricts its reliability. In this paper, the
failure mechanism of LED under cyclically electrical loading is firstly identified through both gold bonding wire
mechanical simulation and power cycling test experiment, which is the fatigue fracture of gold bonding wire.
Then, two lifetime prediction methods, the acceleration factor extraction method based on current acceleration
model and the strain-based Coffin-Manson analytical method, are established and verified with experimental
results. The results show that the lifetime prediction accuracy of the proposed methods is high and they can
achieve a fast and accurate reliability assessment for high-power LEDs with wire-bonding packaging technolo-
gy.

Keywords: high-power light-emitting diode (LED) ; gold bonding wires; fatigue fracture; lifetime pre-

diction; reliability
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Table 1 Result comparison of different soil moisture inversion models
GA-SVM PSO-SVM BP ff1 22 o] 4%
H FWME g, bR R/ HaxRE R AR
7 (em? + em %) 3 3 AT 3 3 A X 3 B AH X
(em” - (em” - - (em” - (em” - - (em” - (em” -« -
R/ % TR/ % "%/ %
m~?) cm ™) em ™) cm ™) em ) em ™)
2014-03-10 25.83 25.76 -0.07 0.27 26. 14 0.31 1.20 26.52 0.69 2.67
2014-03-11 25.55 25.41 -0.14 0.55 26.18 0.63 2.47 26.95 1.40 5.48
2014-03-12 25.21 25.10 -0.11 0.44 25.30 0.09 0.36 27.09 1.88 7.46
2014-03-13 24.55 24.85 0.30 1.22 25.72 1.17 4.71 24.95 0.40 1.63
2014-03-14 24.45 24.64 0.19 0.78 25.38 0.93 3.80 24.99 0.54 2.21
2014-03-15 24.27 24.48 0.21 0.87 24.87 0.60 2.47 24.44 0.17 0.70
2014-03-16 24.07 24.24 0.17 0.71 24.24 0.17 0.71 25.23 1.16 4.82
2014-03-17 23.97 24.18 0.21 0.88 23.99 0.02 0.08 25.47 1.50 6.26
2014-03-18 23.83 23.99 0.16 0.67 23.94 0.11 0.46 24.10 0.27 1.13
2014-03-19 23.88 23.71 -0.17 0.71 24.62 0.74 3.10 24.66 0.78 3.27
2014-03-20 23.62 23.58 -0.04 0.17 24.06 0.44 1.86 25.55 1.93 8.17
2014-03-21 23.24 23.49 0.25 1.08 23.62 0.38 1.64 24.36 1.12 4.82
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Table 2 Comparison of soil moisture inversion

result evaluation
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GNSS-IR soil moisture inversion method based on GA-SVM
SUN Bo', LIANG Yong' *, HAN Mutian’, YANG Lei', JING Lili', YU Yongqing’

(1. College of Information Science and Engineering, Shandong Agricultural University, Taian 271019, China;
2. School of Electronic and Information Engineering, Beihang University, Beijing 100083, China;
3. Haiyang Oil Production Plant, Shengli Oil Field of China Petroleum and Chemical Corporation, Dongying 257237, China)

Abstract: In order to improve the precision of soil moisture measurement in a wide range,in this paper,
the global navigation satellite system interferometry and reflectometry ( GNSS-IR) for soil moisture was studied
and a soil moisture inversion model based on support vector machine (SVM) was proposed. In this model, the
automatic optimizing function of genetic algorithm (GA) was applied to optimize the parameters of SVM. The
results show that the mean absolute percentage error ( MAPE) , the maximum relative error ( MRE) and the
coefficient of determination for equation of linear regression are 0.69% , 1.22% and 0. 9569 respectively be-
tween the soil moisture inverted by the proposed GA-SVM model and the ground measured values. In addition,
the performance of GA-SVM model was also compared with the statistical regression, particle swarm optimiza-
tion SVM model (PSO-SVM) and back propagation ( BP) neural network. The comparison results show that
the GA-SVM method is more suitable for the GNSS-IR soil moisture inversion than other machine learning al-
gorithms in small training set scenario, and it has higher inversion precision and better generalization perform-
ance.

Keywords: soil moisture; global navigation satellite system ( GNSS) ; interferometry and reflectometry

(IR) ; support vector machine (SVM) ; genetic algorithm ( GA)

Received: 2018-07-11; Accepted: 2018-10-19; Published online: 2018-11-19 15.25

URL: kns. cnki. net/kems/detail/11.2625. V.20181115.1636. 004. html

Foundation items: National Key R & D Program of China (2016 YFC0803104 ) ; Grant of Beihang University BeiDou Technology Transformation
and Industrialization ( BARI1709) ; Shandong Agricultural University Funding of First-class Disciplines ( XXXY201703) ;
Shandong Agricultural University Key Cultivation Discipline Funding for NSFC Proposers; Jinhua Science and Technology
Correspondent Project (20180109151645582)

# Corresponding author. E-mail: yongl@ sdau. edu. cn



2019 48 3 H
$45 4 434

tEMEMRKEFFR

Journal of Beijing University of Aeronautics and Astronautics

> 2
’lb'ﬂi March 2019
M8 5 | Vol.45 No.3

http: // bhxb. buaa. edu. cn
DOI. 10.13700/j. bh. 1001-5965.2018. 0471

jbuaa@ buaa. edu. cn

3z Bk P 1L 37 31 1 52 45 AE 32 [8) B 038 &

=N
SCEL

(1. dentiizs R R B 52 TR Be, Jbat 100083 ;

= Wi B £ (B AR L

gttt et

2. bR MR R AL B2 5 TR, LAt 1000835

3. dbmE MR RS AR LR SRR A ., dbat 102402)

1 B AMAETHFRELEBEARLGTH ST W fn K/ K £ RE L ik &
A, CHFRRAMEEART 2R WO ME RGEEE FEFLE AR EIAE T %
FRT M MEELRETARAS AR FEER AR, EREN  wEE 25
o NEA EARE BAANNA S50 EAE REALENHMXNG RS A ¥F5H
FEEEFRW. AAXERAWELRET AN RAEE FEFLRMET — 2 WS KE, &N

MEMR AR EEAHET ARG PRESE

X 8 W WEE; F M MRS A FRE; R E; EAKE

FE 4 %S . R318.08
SCERFRIEAG . A

Tt & HEAWE M T ES D A i R FH
B AR b1l A IR SR AE — SRR IR R T, A
A G g o DL O s R R AT B R
DL i R ik AR PR BE , N 2RER A AT RE A2 3 in
FEVER o AR I A 21 28 6 02 — A~ B 70 A AR 3
ARG, 52 BN BE RS AR R B, A
JE PR BE X A AR LG 28 28 5 04 5% e Qo fp 2 i 8
B AL R A 50 ML P 1 & AR AR AR %
YIXFR? X5l T AT,

S U4 R A 22 300 0C T R A A 6] I
RGPS . Sud F Sekhon B 5T T ik
JFEXF AR Bl ik B 455 38U b il 98 9 5% W, Chaturani
Fil Majhi' > 25 5t 7 e B f B BB R 45 F
TR B % e B B 2F AR AL . Chakravarty £l Mandal
SELSORIRGE T s o TRT Ak 1 3 Ik Bl A AR Y o af
TR E (1) 52 1)

AR B B2 22 R R BOR A AL EOR 1)

NXEHS: 1001-5965(2019)03-0493-06

PRt A e, Bk TR AR AR ST N R I A B 52 3D
Ha L A 0L RS R 47 FLRCA AT RE . AR SO
SET AR A O S B) bk 31 92 i A /Y 3D B, S A
FHFT SRR ALL 1 o0 52 41 FH 6 350 3 ik v, 98 3 30
URME . Z BT LRSS K, R - OFish
Sk Ay f B i Y S 8 ik i 4 5 @ 35 ) ik o3 X
Ak ML T ZEL , MR 8 L 3T 2l T 2 DR I IR St
TSR, TR By Sk A 5l ok ok A g B B e 7
@Bk XAEA FE RS, |\ T sk RGP
F I I A, B A e I i T S DA B S A
L4 2R G003 L fil i S AR T S B R
1R B o
FII, 38 R & BEAT 5 sk B2 52 W) 33 3l fik 3D
TR P A B Bl AR A Y S o A SGE AL
EEADUBIE T, 06 I T — A [i I RS 249 23 ke J5E A D
AR, 25 SN BE T 39 8l Bk o3 AR it i 3 )
PREEHIREME o AL T AR A BT SUSh ik A

W B, 2018-08-10; EA B HI. 2018-09-19; M4 H kAT E ;. 2018-11-01 15,30
M 2% H AR # ik ;. kns. enki. net/kems/ detail /11.2625. V. 20181030. 1645.003. html

EE£WB: HRXARBY¥ISE (11472031,11102014)
= BI51EE. E-mail; saq@ buaa. edu. cn

Sl &, ILHE. Tk At sh ) FAHAEZ ARk ER S EE[T]. b FmMEAKRAFFH], 2019,45(3): 493-
498. LIU Y, SUN A Q. Influence of forward acceleration on hemodynamic characteristics of carotid arteries :A numerical simulation

[J ]. Journal of Beijing University of Aeronautics and Astronautics , 2019 , 45 (3 ) : 493- 498 (in Chinese ).


qwqw
新建图章

http://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&filename=BJHK201903009&dbname=CJFDPREPDAY&uid=WEEvREcwSlJHSldRa1Fhb09jT0pjeHVVRXpSQzYwYm5sdjF6NTgrSGxvWT0%3D%249A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!

494 RS PP ] 2019 4
L3S F g — e B, IS8 4007 7 ik 1 25 Ak T 2
T 0 80 A R B E ] o
_"if 10t
1 WRA® 2 //////
H 0 0.5 1.0 1.5 20
1.1 BT 5FE 5 B s
HEF b F A IR B R AR CT IR I S —
1%, A Mimics v9. 0 5 fF 5 2 BR T 3 53 %1 3D 08T
TR T A LA e R 205 I 4 55 1) P
9 47 A R (LI 1) o Sk T 4 e Rl =
SRR IO 75 52 , S A RE43 T R TP :
o 504 20 B 1A 3 Bk RSN B BT T K g
R R K1) 2 75 TCEM o HE 4T, 45 11 S T 1 R
WA B KR SE 0. 1 mmo Ay 1 7 g AR F5 45 7Y 3% i 0 o5 10 15 26

(LA PN BE TAT ) F) AL A 0 ) 2 2 B, 76 300 7 TR A 1
BITRET 4ZHR)Z,% 1 JZEE 7 0.01 mm,
BRI AR 1.2, BRMARWIE 1(b) FiR.

Z(Top)

Y(Anterior)

X(Right)

(a) 3DEITY (b) [ 51

BL A5 035030 ki 4 3D LR K 9 s [

Fig. 1  Right carotid artery 3D model and meshes
1.2 hR&E4G

SR Y0 L S S A A I 3 T, AR SOR
FH AR Rk 3h 3 8 4% 1, [) BE 6 9 A 2R G2 Ak AR &R it
TR S8 s B I8 B A5 o 43 iR TR 1 R
T O R &R, S HONE A SRS 8y
A& R 6 mL/s, -4 # 1 FE 77 8 13 300 Pa
(29100 mmHg) , JIEANE 2 firR . BR T £8Pk A
1RSI P 20 20 3h ikt 101 b, He Ay 3 1 R S Wi
To S FAAT X AWAF AR N I R 3 5 i
WEETEIE S K R o

ALY it o0 SF- 2l I BE AR A0 =0 ~ 1s By
Br BRI Sy O m/s BEARLOR FE R ARAS . 0 =
1 ~2 sPir B, A B 2k B i R =X (1), B AR 45
19.6 m/s” (2 2g) [l 7K 51 i i i 38 slotk 45
BT +y T o R S A B 2 IR
Vo = 19.6(1 - 1) (1)
1.3 Ri&5iItE

T B LTS R I R AR R 4% 1) TR L 2R
P A AT G AR s Oy R Bh ST fE

Bif E)/s
(b # LS TV Ay i 37T

i F1E J1/kPa
S N B o

0 0.5 1.0 1.5 20
Riffil/s

(c) Spgal kRSN Sk O e
K2 BRI A
Fig.2 Boundary conditions of model
£ (3D AH] [E45 Navier-Stokes J5 ¢ ) 5 I 1A 1% £
P
p[%—l:+(u- V)u]+Vp—pa—,u,Vu =0 (2)

Vou =0 (3)
T a O I VAR XS ST RS T IR B R s p
K15 a Ry B A S KBRS + oy )

d
(=) oo A 20 000 1 A5 0

dit
BE(n=3.5x10"kg/(m-s), p=1060kg/m’)

I A BR AR FRIE CFD K fif 81 F £ ANSYS
Fluent 15. 0 X Ifil ¢ 547 i s 0 HABLHLIHA

FEARE HIE 3 JAWE AR 4 A R A T
GRIReT DN ST 7R i K [ R S R T ) D R 4
W s B0 8 B 5145 100 ASEfa) L 3
SR TR 2N T T 1 x1077
1.4 & B

TEIC SRR 2 A0 3 Ja 3 e 3 8 B[]
R RS R AT XS gy Mo TLUTS 7RO I Wi 46 1
MBI b T B B, T2\ T6 Ay Wie 246 391 i i kWA
LB 20, T3 T7 7 MW 3T R B B, T4 T8 Ry &7



53 1 RUE= S R

5y Ik P4 1L 7 3 3 25 R AE 32 10 03 32 5 W 1) 00 gL

495

SR AL PRARAE B B (L3 1) o

K3 g sl ik BE T e IR B I W LA
TS ~ T8 Wi Be 251 2l JJk BE 17 & g #6 B2 W] W & 7 T1 ~
T4 BrBe. MAb, 3B BE Y 4[] 23 A 5 E A7 7E
WX 1 TL ~ T4 [y Be, B Jy B B 32 220 M
W7 I AR AL . TR TS ~ T8 [ B, Ji J 6 8 1Y 2%l
RECS M B0 75 181 F-A T, ELAR A w10 s B 3
TEASE TR B P00 38 7 ( 390 gl R ASE 7R 4 2 4 AN ) o

P14 Sy #5020 Jok AL Y 3% 1T 4% a5 AR X A T g

F1 TI~TSKEFWEFHZ (EREABEH

%A T=0)
Table 1 Specific time represented by T1 — T8
( beginning of cycle is defined as T'=0)

IfE] s T T2 T3 T4 TS5 T6 T7 T8

mfa /s 0.05 . 1.05 1.15 1.7

3 35l iR 2 e T 3 A B 4 A s
Fig.3  Contours of wall pressure gradient

distribution of carotid artery model

HIXS R H/Pa
400
355.6
3111
266.7
222.2
177.8
1333
88.89
44.44
0
=25
-50
-75
-100
T2 T6
T 13 IS¢\ 17
T4 T8

P4 Sl BRETARR E ) =

Fig.4  Contours of relative pressure of carotid artery model

B CE R 3 R X 0 s R ) . 7E
T1 ~ T4 [y B, W 2 10309 358 2 J7 18] & 17 3% 5 B¢
fiKo TIFE TS ~ T8 [y B, 4% K1 b 77 Jin ik Ji£ 52 8h 3
B, FE S A AR A T W AR . M XA
{14 . 1 {1 3 B 53 A7 8 208 BSR4 5 7 DX 88k, A R
BRI (1 3 2 A 7 350 0 R A i )y [X 8

Pl 5 e ) 2 351 8 Jik A 750 R T B ) 1 ) 43 AR
L ,2 A0 2 Ja 0 350 s Wk R T B B0 R g 14 X 51
FEARIAE SN MBI K o AHXTEE 1 A0 8
JEL 03 (5T 2y JkoRSE TR TG o B ) L A5 2 0 Bl A
(BERIZ 3 2 JNBE ) N, 305 3 Ik BE 187 59 U 7
JIBEAIG , T 25T P 2 ik e T B9 00 v ) T

F 8l ik 3 AL 1) 251 )y ok 52 95 000 43 A A T & Y
JE Az 4 o N AR AT R g 9815 i 3 22 T Uk
ZAAT o R T I N E ERBE X 3 s ik 5% 8 A e
FIIR 5 K 353 ik oy SCRR A 43 A 4 A KR, 4 1)
gk AN X (HT#8 X 35) (PO X (5 # X3 |
LX) X)) (R A DX 3, an (16 7

T2 Té6

T4 T8

A5 Sl bR Y RE T 0 U8 43 A 2 K
Fig.5 Contours of wall shear stress distribution of

carotid artery model

R L

6 HBkir XAk 4 A 5r KR E R

Fig. 6 Schematic of four areas at carotid branch




496 b5 M = MK k% F M

e

2019 4¢

X 4 A DI R Ty B s g A B Y- 24 (LB I 1) A2 Al
Al AN A 7 FroR o (RS 2 A0 3h ) (2 ik
JFE) 4 A~Thr b IR g R6 BE ¥ R AR WY A R, R
ZEM DX IR (LX) A X (ROIX) T T 8 B2 1Y
SEIAE SR o 100 XS - 349 I 3 T 5, 0 E Y R
FAXTE /N o JR X I (PO X)) e g P 4 {H A A /D
SR BRI (AN X)) )P B E Kk A D
REAR o 2 X8 (L D) A4 i X (RO )
W] 221

P 8 Ji7n 1 #5IA gl ik A £ 4 gl K il i R
PN B0 o 35PN Sl Jk P I8 7 5 2 40 2l J 3
NI RS 1 AR 2 2 A T AE S8 Bl ik
P, L AR 3 O AR, 50 BT i B I o
RIEHE .

17

~ AN
6t [\ /\ L
. izl \ PO
L / \ R, .
3 M4t \ -- T
las | i m
E 13 \\ /
R | ] | \\
B 12F]
11 \‘\ 'II \\
\J N\
10 T i
0.4 0.8 12 1.6 2.0
S
(a) TH9% 1
25
E 20 =
= 15¢
=
S
= 10 AN
B L
Z st ‘ PO
) i II e e e G = . IR
0 0.4 0.8 12 1.6 20
Hffa]/s
(b) P Jikhs

K7 mighlkor Uk 4 A 43 X3 A
e T34 B A8 Ak i 2%
Fig.7 Average pressure and pressure gradient curves of four

areas at carotid branch

1.2
1.0

— ik
— FiYrshk
— S Sk

08}

LT REA10- m*s~!)

[ laEl/s

P8 Sl Mk P ML ¥R IAL AR A il £k

Fig. 8 Blood flow rate curves of carotid arteries

2

<«
=
<l
e

N F A 0 BT A 2 T 3R
B R A — S e B AR 0T 2
FAFIR) 0 R B AN 4l T 5
VB, 0 E X0 I A 2R G I S ) e T 5 T
f o 2 BT A 56 T 05 3 5% 0 3 4 WL S RE 4 5
Wy ScEBFSE . 0, Shahed 251 % B £ Wk + Gz
AT LA 5] N BLOK MG K M. Oyama 0
Platt " BF5E T 16 2 8K 140 53 B2 A A% 00 F /0 B
WA 5 1 B4 . Erickson 45 U BF 58 1
TEFSSE + Ga 0t JiE 75 00 1 260 900 1L 45 2R 495 30 e
ks o A — 6 R 41 3, 7 3% ) 1 1k
BRI HLIG , AR LA 25 A 00 1 2
Je 2 kA o R ) T e

DRI, 5 a0 T T 5 N A T I U T R 5 ) o0
YRR T EREECE, ML, BT — A 1]
T4 249 253 1k A Sy o 28 4 14, =% 5 3k B % 35
Bk 4> SUAb I W B 7 2 BRI B, 5 e Sk B
AHLAE A SO S 2 0 0 4% e ok S TR R A7
U B 12 R 5 R BT S MO R . AR SCR R
TR 725 1 77 1 , 30 P S0 1 390 3l AR, % o e
JiE 513 1 L3 3 ) 2% 2 KOS AL HE AT T PRGN
CHL [ 20 Bk 3D KT L TR 2 AR T A
PR AT TR R LR A PE R B R T R
S, DT A T B 4% S A 3 52 b R ke 7E 1A
T

BB A0 5% SR 2 W e T DL S O I
A DY RE TR B0 7 0 B R R, O ke A8 1 3 43 A
5 T D A P T ) 40 A R AE | AR AT
FISBE T T 7, B 8 U R RE T UK ), 0 R N A
Vil S 19 7 1) 5 O 3 3 T A ik 2 5 ) ik 4 S Ak i
EENSE ST O RR & A L
SN U S

B, KA E A SRR TR Jg R R
RE TG 09 U1) 197 71 465 I 3 ) 2 2 505 30 Ik i A5 5
22 6] F 26 B2 R St o Sl Ik VA TR ) T i i s ok B
2SS KR 9 R A I R AR R B & 2
Z A TR R R 5 Bl Ik A B AL B
ey R A ZAFTE BV R R AR,
32 JRE T LA S A 90l M oL 4 P I PR
JE XA AT RE X B0 K ) A T RE AR B R
DRI 80,2 25 9 HE 0 s A i 388 1) Ay 0 A0 1 0 Ol A
B0 (s Bk 22 L Je J2 45 ) AR AT RE R i T 3 kN
T 81K 3 B B 5 SR A8 A 51 Ak F T 309 14 o
Ji 5 T L T RE XS O LA R R I



55 3 3

XU, 45 SISl Ik N LU Sl 2 4 32 1) I T 8 5 14 i fE

AL 4R

497

Jon i 2 X 250 P Sl bk F0 25 S Sl bk L O 23 BC b
191 #1952 ) [ R B AT B B Y A B S Bl KO
S R L Y 3 2 Sl K A A, A0 ok R R AR
ASSC A B AE i) RT3 A D0, S5 Sl ik I
A& AV 30 P 3l K I 3 2 o 2R o i B T 1 14
G 17 L T R SR 1 VAT G A
ok LA P O A A A AR A 2 B R I e 0 A3
g, PRI R A PRI R, 1R T i e IS A
BT . P, AT BMOPL B 3 1, B ER A
+ Gz 1 R A ) JL IR [ P SR 3 2 AR ot o)
B e 2 2 Pl K AR S el i 31 R A
L, o i 2 5 S Fey S i A AR S o i 8 O ) I,
TR AR TR A FE X F 58 A TR AT 5% BT I
HRER — g RIS AR L

AR SRR JEAT 18 53 a1 A, R i A BE 1R
B MR BE T 03X — ] PR 5 IO 1 3R AT BE T 5
PRI e HxH R B Sl S0 o el T SSh kAL 1
B RELE — ANk st R N AR R AR, B BB A X
FR A T 1) R A S TA R 3 — ] Ak X 45 2R i 3
SEMAR N o PR E— 20 PR AR T BE NV A
AR ST 18 L 3 - BE 18] 3L [R5 3133 I, 0 5 0
RS AR BB TS A

3. £ &

AL S8l bk o 1 368 o B (E A UL 5, 20 A
T RE PR A Sl K P L0 B 7 A R
T S5, ik BE PR8N Sh K LA P s BE
T B YD Ty o3 ML AE O L S I s S B %
BRI o X Lo S50 AT ) T 5 0 4 12 A A A Sl ik
A YGUA B g BEAR AL A W g SR AL A XS
JOL K 2 5 IR B0 B8R N B3 B BRI g e B
2%,

S 2k (References)

[ 1] SUDV K,SEKHON G S. Analysis of blood flow through a mod-
el of the human arterial system under periodic body acceleration
[J]. Journal of Biomechanics,1986,19(11) :929-941.

[ 2] CHATURANI P,PALANISAMY V. Casson fluid model for pul-
satile flow of blood under periodic body acceleration[ J]. Bio-
rheology,1990,27(5) :619-630.

[ 3] CHATURANI P,PALANISAMY V. Pulsatile flow of blood with
periodic body acceleration [ J]. International Journal of Engi-
neering Science,1991,29(1) :113-121.

[ 4] MAJHI S N,NAIR V R. Pulsatile flow of third grade fluids un-
der body acceleration—Modelling blood flow [ J]. International
Journal of Engineering Science,1994,32(5) :839-846.

[ 5] CHAKRAVARTY S,DATTA A,MANDAL P K. Effect of body

acceleration on unsteady flow of blood past a time-dependent

[6]

[7]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[21]

arterial stenosis [ J |. Mathematical and Computer Modelling,
1996 ,24(2) .57-74.

MANDAL P K,CHAKRAVARTY S,MANDAL A, et al. Effect
of body acceleration on unsteady pulsatile flow of non-Newtoni-
an fluid through a stenosed artery[ J ]. Applied Mathematics and
Computation,2007,189 (1) :766-779.

JOU L D,BERGER S A. Numerical simulation of the flow in the
carotid bifurcation [ J]. Theoretical and Computational Fluid
Dynamics,1998,10(1-4) :239-248.

HOLDSWORTH D W,NORLEY C J,FRAYNE R, et al. Char-
acterization of common carotid artery blood-flow waveforms in
normal human subjects[ J ]. Physiological Measurement, 1999,
20(3) :219-240.

DE SANTIS G,CONTI M, TRACHET B, et al. Haemodynamic
impact of stent-vessel ( mal) apposition following carotid artery
stenting: Mind the gaps! [J]. Computer Methods in Biome-
chanics and Biomedical Engineering,2013,16(6) :648-659.
PATEL D J,VAISHNAV R N. Basic hemodynamics and its role
in disease Baltimore ;
Press, 1980.

WANG Z,SUN A ,FAN Y et al. Comparative study of Newtoni-

processes [ M ]. University Park

an and non-Newtonian simulations of drug transport in a model
drug-eluting stent[ J]. Biorheology,2012,49 (4) .:249-259.
SHAHED A R,BARBER J A,WERCHAN P M. Multiple + Gz
exposures cause brain edema in rats[ J]. Aviation, Space, and
Environmental Medicine, 1994 ,65(6) :522-526.

OYAMA J,PLATT W T. Metabolic alterations in rats exposed to
acute acceleration stress [ J ]. Endocrinology, 1965, 76 203-
209.

ERICKSON H H,SANDLETR H,STONE H L. Cardiovascular
function during sustained + Gz stress[ J]. Aviation, Space, and
Environmental Medicine,1976,47(7) :750-758.
KRISTOFFERSEN S, VETTI N, MORILD I. Traumatic dissec-
tion of the vertebral artery in a toddler following a short fall
[J]. Forensic Science International, 2012, 221 (1-3): E34-
E38.

KAISER C, SCHNABEL A, BERKEFELD ], et al. Traumatic
rupture of the intracranial vertebral artery due to rotational ac-
celeration[ J ]. Forensic Science International, 2008, 182 (1-
3):EI15-E17.

SALVATORI M, KODIKARA S, POLLANEN M. Fatal sub-
arachnoid hemorrhage following traumatic rupture of the internal
carotid artery[ J]. Legal Medicine,2012,14(6) :328-330.

LI Z, TAVIANI V, TANG T, et al. The mechanical triggers of
plaque rupture; Shear stress vs pressure gradient [ J ]. British
Journal of Radiology,2009,82(1) :S39-S45.

MENDELL J T,OLSON E N. MicroRNAs in stress signaling and
human disease[ J]. Cell ,2012,148(6) ;1172-1187.

KOUGIAS P,BISMUTH J,HUYNH T T,et al. Symptomatic an-
eurysm rupture without bleeding secondary to endotension 4
years after endovascular repair of an abdominal aortic aneurysm
[J]. Journal of Endovascular Therapy,2008,15(6) :702-705.
SAMESHIMA N,YAMASHITA A,SATO S, et al. The values of
wall shear stress, turbulence kinetic energy and blood pressure

gradient are associated with atherosclerotic plaque erosion in



AL 4R

498 bow M MR K ¥ % ) ] 2019 4
rabbits[ J]. Journal of Atherosclerosis and THombosis, 2014 ,21 of consciousness; A review of 500 episodes [ J]. Archives of
(8):831-838. Neurology,1990,47 (7) :764-776.

[22] FOLTS J. Arterial blood pressure gradient across vulnerable
plaque might increase rupture[ J]. Journal of the American Col- EE BT :
lege of Cardiology,2007 ,50(25) :2440. PR =B I e o 1/ T SO o2 ) S R R NP =N L 7 b
[23] SALIOU G,LEBLANC P E,CAUQUIL C,et al. Sudden loss of
consciousness during a flight [ J ]. Cerebrovascular Diseases, b B 0 S a0 1 w2 i 3 O s 0/ iy 1 7
2014 ,37(6) :470-471. 1%

[24] WHINNERY J E,WHINNERY A M. Acceleration-induced loss

Influence of forward acceleration on hemodynamic characteristics of
carotid arteries : A numerical simulation

LIU Yan'?’, SUN Anqiang" ™"

(1. School of Biological Science and Medical Engineering, Beihang University, Beijing 100083, China;
2. School of Aeronautic Science and Engineering, Beihang University, Beijing 100083, China;
3. Beijing Advanced Innovation Centre for Biomedical Engineering, Beihang University, Beijing 102402, China)

Abstract; Humans are usually subjected to acceleration with fast changing directions and magnitude in
ordinary or some special situations. Previous studies have found that acceleration had physiological and path-
ological influence on cardiovascular system. However, more in-depth investigations need to be done at pres-
ent. In this study, the computer simulation method was used to study the hemodynamic parameter variation
features laws of carotid artery under forward acceleration condition. The results reveal that acceleration has sig-
nificant influence on the hemodynamic parameters including pressure, pressure gradient, wall shear stress,
etc. in carotid artery, which have close relationship with physiological and pathological behavior of artery.
This study provides theoretical basis for the research of carotid artery physiology and pathology under accelera-
tion conditions, and also gives reference for human protection under acceleration conditions in aeronautic and
astronautic fields.
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