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Table 1 Multi-object imaging contrast before and after dimension reduction of sensitivity matrix
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Table 2 Comparison of multi-algorithm and multi-object simulation imaging
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Table 3 Image correlation coefficient data in simulation
Tikhonov Landweber [ 4
FEAR S A LBP i ; . N
- ENfsE AR SVD
1 Pk -0.0100 0.5064 0.7871 0.8015
2 Wik -0.0070 0.5954 0.7619 0.6885
3Pk -0.0274  0.5386 0.7079 0.6525
4 Yk -0.0406 0.4245 0.6449 0.606 1
5 Kk -0.0265 0.2796 0.3194 0.3264
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Table 4 Image relative error data in simulation

e N Tikhonov ~ Landweber G343
FEARRLBPE e mmmE svD
1 Wik 1.1887 1.0467 0.7532 0.7511
2 Wik 1.1028 0.7265 0.6752 0.7955
3 Yk 1.0429 0.7297 0.6376 0.6682
4 Pk 1.0695 0.7883 0.6622 0.6840
5 K¥ik 3.4220 0.8865 0.8688 0.8752

RS BEETHENE

Table 5 Calculation time of each algorithm ms

Tikhonov ~ Landweber % Yk
LV
1 Wik 1.1 0.4 200. 1 0.2
2 Witk 1.2 0.4 306.4 0.2
3 Wik 1.1 0.4 440. 4 0.2
4 Yk 1.2 0.3 280.8 0.2
5 KWk 1.2 0.4 453.2 0.2
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Table 6 Comparison of multi-algorithm experimental imaging
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Table 7 Image correlation coefficient data in experiment

Tikhonov Landweber [V 2
FEA A LBP 3 . e
ENf: AR SVD
1 Yk 0.5316 0.6122 0.6523 0.6475
2 Yk 0.4534 0.5433 0.608 4 0.5990
3 Wik 0.4671 0.5191 0.5879 0.5904
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Table 8 Image relative error data in experiment

Tikhonov Landweber [ 2
FEAZ Y LBP i ; e
EMfeE AR SVD
JRE7/RV 0.9603 0.7870 0.6741 0.6850
2 Yk 0.9597 0.696 6 0.6672 0.6711
3 Yk 0.9537 0.7783 0.6930 0.6876
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An algorithm for fast reconstruction of electromagnetic
tomography images
LIU Ze" , XIAO Jun, LIU Xianglong, ZHAO Pengfei, LI Yong, HUO Jiwei

(School of Electronic Information Engineering, Beijing Jiaotong University, Beijing 100044 , China)

Abstract: For the inverse problem of electromagnetic tomography (EMT) , the pathological and ill posed
problems of the sensitivity matrix are discussed. A new electromagnetic tomography image reconstruction algo-
rithm is proposed for this situation. Firstly, the principal component analysis (PCA) is used to reduce the di-
mension of the sensitivity matrix, and then the singular value decomposition (SVD) is used to calculate the
generalized inverse matrix to reconstruct the image. After the covariance matrix of the sensitivity matrix is ob-
tained, we need to compute the number of eigenvalues that the covariance matrix should retain. Then the max-
imization of the image correlation coefficient algorithm is proposed to solve it by using the unique multi-sample
characteristics of the sensitivity matrix. It is more reasonable for sensitivity matrix to remove redundant infor-
mation. And it improves the stability of the solution as far as possible without losing imaging feature informa-
tion. When the actual data is used for imaging, this algorithm needs only one matrix multiplication, which
provides the possibility for fast real-time imaging. In conclusion, compared with the traditional single step al-
gorithm and iterative algorithm, the proposed algorithm has obvious advantages in both imaging quality and
speed.

Keywords: electromagnetic tomography ( EMT) ; principal component analysis ( PCA) ; singular value

decomposition (SVD) ; image correlation coefficient maximization; dimensionality reduction
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UL N 3 A
(Bkab - s™") (remin™) 4 2 140mm h=120mm & =100 mm
100 1.88 214 195 177
200 3.75 428 390 354
300 5.64 642 586 531
500 9.40 1070 976 885
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Fig.2 Inner and outer coaxial rotating conical cylinders
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Fig.3 Vortex tube formation process on wall surface
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Mechanism and experimental research on fluid flow in
annulus of coaxial rotating conical cylinders
BAO Feng', ZENG Hualun', ZOU He', LIU Jinsheng’, LIU Zhirong', ZHU Rui'"”

(1. School of Aerospace Engineering, Xiamen University, Xiamen 361005, China;
2. School of Aerospace Engineering, Tsinghua University, Beijing 100084, China)

Abstract; The research on the flow fluid in the annulus of coaxial rotating conical cylinders originates
from the classical Taylor Couette flow in the annulus of two coaxial rotating conical cylinders. This paper uses
flow visualization experiments and PIV to display and quantify the internal flow field in the annulus of conical
cylinders, and the periodic trends of vortex motions are studied to explore the effect of in-annulus Reynolds
stress distribution and water level on the flow field. The study indicates that the periodic trends of vortex col-
umn move downward over time, and a series of alternate clockwise and anticlockwise vortices are uniformly
distributed inside the annulus where pulse number is 100 pulse/s. There exists the alternating vortex fracture
periods where pulse number is between 200 — 500 pulse/s. Under three different water levels, there exists ob-
vious periodic fracture, but the periodic time and number of vortices are different. There are two types of flow
(up-convex outward flow and down-concave inward flow) in the mean flow field, and the type of flow is decid-
ed by centrifugal force and static pressure. Radial normal stress dominates in Reynolds stress distribution and
mainly exists in the middle of the annulus.
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12 0.55 24 0.58
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Fig.3 Comparison of optimization curves of various algorithms
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Fig.4 Schematic of risk conduction UR-MTPGERT

network of a certain type of aircraft
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Complex equipment risk conduction analysis based on
UR-MTPGERT model

SUN Yun, WANG Ying" , LI Chao

(Equipment Management and UAV Engineering College, Air Force Engineering University, Xi’an 710051, China)

Abstract; Aimed at the problem of unclear description of the conduction relationship of complex equip-
ment risks, a risk conduction uncertain random multi-transfer parameter graph evaluation and review technique
(UR-MTPGERT) model is constructed. First, based on the opportunity theory, the moment function of uncer-
tain random variables is defined, and then a multi-transter parameter UR-MTPGERT network is constructed.
Second, to describe the micro-risk information of complex equipment systems, analytic parameters are intro-
duced in the model including the degree of risk, the importance of risk primitives and the degree of relevance
of risk paths. Then, when solving the moment function, the Delphi method is used to process the expert em-
pirical data to obtain the empirical uncertainty distribution, and the maximum entropy model is used to process
the random data. The probability density function is obtained. The matrix analysis technique is introduced to
solve the problem of difficult network topology analysis. On this basis, the network parameters are calculated.
Finally, the safety analysis of a certain type of aircraft is carried out. The results show that the model can
clearly reflect the relationship between risk elements and provide reference for the risk analysis, prediction and
safety control of complex equipment.

Keywords: complex equipment risk; risk conduction; uncertain random multi-transfer parameter graph

evaluation and review technique (UR-MTPGERT) ; opportunity theory; matrix analysis
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A thermodynamic modeling method of electro-hydrostatic
actuator and law of oil temperature rise
WANG Yan'*, GUO Shengrong’, YANG Le’

(1. School of Transportation Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;

2. AVIC Jincheng Nanjing Engineering Institute of Aircraft System, Nanjing 211106, China)

Abstract; Electro-hydrostatic actuator (EHA) , one of the key subsystems in the more electric aircraft,
can reduce the size and weight of airborne equipment because of its highly compact design. However, the heat
dissipation is weakened simultaneously, which can easily lead to an extremely rapid temperature increase and
loss of function. In view of the drawbacks of traditional 1D thermal model, a “3D-1D-3D” thermal modeling
method was proposed in order to research on the temperature rise of EHA driven by oil-cooled motor. Firstly,
the conversion and transfer of energy in EHA were analyzed, aiming to find out the heat source and its diffu-
sion. Further, the “3D-1D-3D” thermal modeling method was proposed considering that the parameters varied
with time. Secondly, the 3D thermal model of EHA motor was established in ANSYS including the heat gener-
ation module and dissipation module, while the other components, for instance piston pump, hydraulic cylin-
der, valves, pressurized tank, etc. , were studied with 1D thermal models. Finally, the whole “3D-1D-3D”
thermal model of EHA was integrated on AMESim platform, and validated by experimental results. The results
from simulations and experiments reveal the law of temperature rise in EHA, which provides the theoretical
guidance for thermal design of EHA.

Keywords: electro-hydrostatic actuator ( EHA) ; thermodynamic modeling method; motor; law of tem-

perature rise; piston pump
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Control design and experimental verification of three-bed
onboard oxygen generation system
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HUANG Jun', FANG Ling’, ZHAO Hongtao'”

(1. School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;

2. AVIC Hefei Jianghang Aircraft Equipment Co. , Ltd. , Hefei 230051, China)

Abstract; Two-bed onboard oxygen generation system is facing the problem of large pressure fluctuation
of output gas and high oxygen concentration at low altitude during the practical application process. In order to
solve these problems, three-bed onboard oxygen generation system needs to be developed. According to the
system control logic, the control mode that the electronic controlled pneumatic servo valve worked circularly
was adopted. The control design of three-bed onboard oxygen generation system has been proposed. The con-
trol method of segmented regulation was proposed, in which different cycle time was applied depending on the
altitude. Under different input pressure and flow conditions, the experiments of the three-bed onboard oxygen
generation system were performed to investigate the influence of the cycle time on the oxygen concentration of
product gas. The study results show that when the cycle time for low altitude and high altitude is determined to
be 9 s and 6 s, respectively, and the segmented altitude is determined to be 3.5 km, the system control de-
sign is suitable for the three-bed onboard oxygen generation system, and meets the requirements for the control
design of three-bed oxygen generation system.
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Fig.3 Relationship between hit ratio and decay factor
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Fig.5 Relationship between hit ratio and cache capacity
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among multiple algorithms
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A Web cache replacement strategy for spacecraft
comprehensive testing system
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(1. School of Computer Science and Technology, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;

2. Beijing Institute of Aerospace Control Devices, Beijing 100039, China)

Abstract: As a typical safety critical system, spacecraft is generally a complex system, which could pro-
duce a large amount of test data during the comprehensive testing process. When querying these test data, the
existing B/S data query technology obtains data from the database server for each query, which greatly con-
sumes the database server resources, takes up a lot of network bandwidth, and results in pooroverall perform-
ance of the system and poor user experience. Based on the classical Web cache replacement algorithm GDSF,
this paper proposes a Web cache replacement algorithm GDSF-STW which is suitable for B/S architecture data
query system by analyzing the characteristics of test data of the safety critical system and the behavior of user
query. Based on the classical Web cache replacement algorithm GDSF, this algorithm introduces the time de-
cay model in data mining and adopts the idea of sliding time window to improve the cache hit rate, system per-
formance, and user experience. Finally, the experimental results show that the GDSF-STW has a better hit
rate by comparing the GDSF-STW with the classical algorithms such as LRU, LFU, LFU-DA and GDSF.
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Table 1 Impact and evaluation factor data of

corrosion rate

TN T BfEH

S I [H] /a 1

-4 1k B/ °C 12.750
- S AR I BE/ % 50.151
H B %/ h 85. 642
[ 7Kt /mm 50.879
AR/ (m - s 2.025
Wi SO,/ (mg + em *) 0.001
BER 3 HCL/ (mg » em ™) 0.052
#5:9: NO,/(mg + (100m* - d) ™") 0.106
ML HyS/(mg » (100m? - d) =) 0.056
LR R AL R/ (mg - (100m® - d) ) 0.320
4L NHy/(mg -+ (100m? - d) ~") 0.054
LRI IR TR/ (mg - (100m® - d) 1) 0.010
B AR A - K/ (g (em® - mol - L71) 71) 4.371
EARFE AR BRI/ (g + (em® < mol - L71) 7)) 1.496
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Fig. 1 Principle of MIV algorithm
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Table 2 | MIV | values of impact factors of Q235 with different regulation rates
MLV 5 R/ % A B C D E r G H 1 J K L M N 0

5 0.228 0.407 0.646 0.634 0.477 0.085 0.023 0.114 0.044 0.069 0.054 0.042 0.053 0.230 0.152
10 0.220 0.451 0.670 0.571 0.402 0.123 0.041 0.118 0.070 0.090 0.088 0.056 0.078 0.253 0.157
15 0.243 0.455 0.669 0.626 0.419 0.121 0.029 0.125 0.055 0.074 0.073 0.045 0.046 0.264 0.168
20 0.230 0.462 0.698 0.627 0.434 0.108 0.040 0.143 0.059 0.081 0.077 0.037 0.059 0.251 0.167
25 0.202 0.385 0.708 0.622 0.411 0.096 0.035 0.151 0.058 0.085 0.079 0.039 0.058 0.256 0.128
T A g RRERIS I s B Oy P2 5 C O3 MG 5 D o H BB E B IEKkE; F O RGE; ¢ NSkl b rk s H

Ja Wi SO, 5 1 Wi ik HCL; J 9388k NO, 5 K oG4tk H,y S5 L i Sk B ik (s 385 M O9 i85k NHy 5 N o9 A R -E K

Wk 008 A ARFERE K,

£3 TEBEVFET Q450 EHMETF | MIV &

Table 3 | MIV | values of impact factors of Q450 with different regulation rates
MIV 8352/ % A B C D E F G H 1 J K L M N 0
5 0.279 0.534 0.685 0.487 0.427 0.140 0.044 0.122 0.078 0.113 0.080 0.043 0.032 0.189 0.231
10 0.340 0.558 0.712 0.528 0.427 0.172 0.043 0.128 0.073 0.120 0.066 0.064 0.045 0.211 0.222
15 0.285 0.514 0.663 0.570 0.442 0.159 0.039 0.130 0.070 0.113 0.068 0.053 0.034 0.204 0.210
20 0.306 0.510 0.714 0.552 0.403 0.137 0.035 0.142 0.078 0.113 0.072 0.042 0.037 0.236 0.209
25 0.297 0.552 0.702 0.516 0.439 0.186 0.044 0.149 0.085 0.131 0.088 0.068 0.037 0.243 0.197
F4 FEAFET SU2 YEFMETF | MIV &
Table 4 | MIV | values of impact factors of St12 with different regulation rates
MIV P83 %/ % A B C D E F G H 1 J K L M N 0
5 0.228 0.448 0.755 0.560 0.427 0.124 0.050 0.112 0.057 0.102 0.065 0.031 0.026 0.162 0.174
10 0.244 0.477 0.749 0.540 0.441 0.128 0.058 0.118 0.061 0.107 0.091 0.034 0.029 0.170 0.188
15 0.228 0.552 0.719 0.550 0.397 0.134 0.047 0.120 0.068 0.113 0.085 0.030 0.024 0.179 0.184
20 0.216 0.457 0.758 0.546 0.336 0.126 0.045 0.124 0.064 0.108 0.076 0.017 0.039 0.180 0.153
25 0.224 0.474 0.731 0.538 0.437 0.120 0.029 0.130 0.045 0.096 0.070 0.042 0.029 0.183 0.191
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Table 5 | MIV | values of impact factors of Ste355 with different regulation rates
MIV 5352/ % A B c D E ¥ G H 1 J K L M N 0
5 0.286 0.476 0.681 0.523 0.497 0.153 0.032 0.121 0.058 0.100 0.062 0.040 0.030 0.157 0.148
10 0.304 0.473 0.692 0.551 0.425 0.139 0.031 0.128 0.063 0.121 0.073 0.049 0.028 0.190 0.181
15 0.361 0.495 0.720 0.535 0.460 0.183 0.045 0.135 0.091 0.120 0.076 0.059 0.036 0.206 0.186
20 0.304 0.549 0.732 0.562 0.417 0.152 0.042 0.131 0.082 0.121 0.080 0.038 0.030 0.191 0.199
25 0.334 0.598 0.760 0.530 0.421 0.177 0.047 0.150 0.104 0.105 0.083 0.070 0.039 0.193 0.234
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different carbon steels
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Impact factor weight analysis of atmospheric corrosion
rate of carbon steel based on MIV
YANG Bin ", LI Jingyang, WEN Lei

(Materials Service Safety Assessment Facilities, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: Based on the mean impact value ( MIV) which is an impact factor weight analysis method, the
weights of fifteen impact factors on corrosion rate of four types of carbon steels (235, Ste355, Stl12, and
Q450) were evaluated. The impact factors were corrosion duration, temperature, humidity, sunshine hours,
precipitation , wind speed, sea salt ion concentration, SO,, HCl, NO,, H,S, sulfation rate, NH,, water solu-
ble dust fall, and non-water soluble dust fall. These fifteen factors cover three important categories: corrosion
duration, climatic factor, and environmental factor. The results show that when the regulation rate of MIV in-
creases from 5% to 25% gradually, for different carbon steels, the weights of impact factors were similar,
while the degrees of sensitivity were a little different; in the three categories, the climatic factor is of the lar-
gest impact on corrosion rate, followed by corrosion duration. The weights of SO, and dust fall are larger
among the environmental factors. The most important three factors influencing the corrosion rate are mean rela-
tive humidity, sunshine hours, and mean temperature.

Keywords: carbon steel; corrosion rate; mean impact value (MIV) ; impact factor; atmospheric corro-

sion
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Fig.1 Structural finite element model of left composite wing
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Table 1 Deformations of optimal results for composite

wings under critical load conditions
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Table 2 Flutter speed of composite wings
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Aeroelastic optimization design of composite wing for large
aircraft with panel stiffness matching
XTAO Zhipeng*, QIAN Wenmin, ZHOU Lei

(Beijing Key Laboratory of Civil Aircraft Structures and Composite Materials,
Beijing Acronautical Science & Technology Research Institute of COMAC, Beijing 102211, China)

Abstract; A method of aeroelastic optimization design with consideration of panel stiffness matching was
developed for the composite wing of large aircraft. The optimization was performed based on the sensitivity al-
gorithm, and the objective was to minimize the structural mass subject to the constraints of panel stiffness
matching, flutter speed, deformation at wingtip, design allowable and manufacturability. The composite wings
were designed in the case of critical load conditions. The influences of various panel stiffness matching re-
quirements on optimal design results were studied and they were compared with the conventional optimal design
results. The results indicate that the structural weight will increase with consideration of panel stiffness
matching. However, it has an advantage in local buckling design, damage tolerance design and manufacturing
of large composite panel. The optimal design results can be significantly affected by the design ranges of panel
stiffness matching, so these design ranges should be properly determined according to the requirements of de-
sign and manufacturing. The design allowable of compression is a crucial constraint of the aeroelastic optimiza-
tion design for composite wing.

Keywords: composite wing; panel stiffness matching; aeroelasticity; flutter; structural optimization
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Indoor TOA ranging value optimization method based on
nonlinear programming

SUN Jian"?, FU Yongling"* , HE Jie’, TAN Lin*, LI Shengguang’, XU Wenpeng’

(1. School of Mechanical Engineering & Automation, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;
2. First Research Institute of the Ministry of Public Security of PRC, Beijing 100048, China;

3. School of Computer and Communication Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: The ranging accuracy of time of arrival (TOA) based indoor positioning system is significantly
affected by multipath and non-line-of-sight ( NLOS) of wireless channel in indoor environment. And these
effects result in large measurement error and positioning error. In this paper, the optimization of distance is
defined as a nonlinear programming problem. Based on the detection of line of sight (LOS) and NLOS, TOA
ranging error model and geometric constraints between target and base stations are used to define the initial val-
ues, objective functions and constraint conditions for sequential quadratic nonlinear programming method effec-
tively calibrates the positioning distance value. The typical TOA range error model is used for simulation.
Field validation uses wireless positioning nodes with TOA ranging functions in the office environment. The re-
sults show that the ranging accuracy of the proposed algorithm is much higher than original range value and the
other traditional distance mitigation algorithms , which verifies the effectiveness of the proposed algorithm.

Keywords: wireless distance measurement; indoor positioning; time of arrival ( TOA) ; nonlinear pro-

gramming ; ultra-wide band
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A method for quick measurement of terminal
common-mode impedance of cables

LIU Hongyi, CHEN Yao, SU Donglin”

(School of Electronic and Information Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract; The cables connecting avionics equipment are important coupling path for electromagnetic in-
terference. When modeling a cable, the terminal common-mode impedance of the cable is a crucial input pa-
rameter. Because the quantity of cables in avionics system is very large, it is beneficial for quickly modeling
cables’ coupling through improving the test efficiency of cable terminal common-mode impedance. Therefore,
a method to quickly test the terminal common-mode impedances of cables is proposed. First, according to the
theory of multi-conductor transmission line, the multi-core cable can be equivalent to a single conductor when
the common-mode current is analyzed. In addition, a cable bundle can be equivalent to a multi-conductor
transmission line, and a vector network analyzer and a current probe can be used to measure the voltage reflec-
tion coefficients at two optional positions of each cable. Then, based on the established model of multi-conduc-
tor transmission line, the terminal impedance equations are constructed. Finally, the numerical iterative algo-
rithm is used to solve the equations, and the terminal common-mode impedance of each cable is extracted.
Compared with the existing methods, the testing efficiency and accuracy are improved.

Keywords: electromagnetic compatibility ( EMC) ; multi-conductor transmission line; common-mode;

avionics equipment; cable; terminal impedance; measurement

Received: 2017-10-13; Accepted: 2017-11-17; Published online: 2018-01-24 13.:20

URL : kns. cnki. net/kems/detail/11.2625. V.20180122. 1356. 002. html

Foundation items: National Natural Science Foundation of China (61601016, 61427803)
# Corresponding author. E-mail: SDL@ buaa. edu. cn



2018 4 8
F44 4 H8 1]

> pp
KRB E MR KLY R ALl August 2018
Journal of Beijing University of Aeronautics and Astronautics Vol.44 No. 8

http : // bhxb. buaa. edu. cn jbuaa@ buaa. edu. cn
DOI. 10.13700/j. bh. 1001-5965.2017. 0589

EF SAGWO Hixr) UCAVs i EES 7B
BB E"T, BRE, EOOR, TR, A

(1. = FETRRY: Pz TR B, P94 7100385

2. PEAL TP R 2 AN ARG HARDITERE, 4% 710072)

] E: A EAMER CHL(UCAV) 1k % 81 & fo i 5 Bk & B B DL BC® XA 45 Bt
B, ELTUERNESZE FRAARRNH B BAEIREREFAN S TAER AL
(UCAVs) 2 A R S H oA FER KA At oy KR L6 (CWO) ik 3t 3 F A # AT %
MRA X EARCWO BER R MEANS R, N T B &N ER gkt B3 &M SRR, TN
TR &R F k0 UCAVs i S hEAEH 2B R, BT T ERESHFHET T X, & H
THETHZEN GWO(SAGWO) H ik W UCAVs L HGHAEHF AR T . NBSHH K2 M
WRDRMZT ERAH ARG EERXN, Z T ER AN MR T EME®, Lh

A2 Bk A
E

Ho B R B L (SAGWO) 4 i
hE S KD, V279

X R ARINED . A
&

Bl & 1 SR BT Y 52 Al ARG FR A 3l S AL
VERAT 55 1) Z FE 4k, 2 T8 AME KL (Unmanned
Combat Aerial Vehicles, UCAVs) Pp[a] ¥t ik 2 H #5
B — P RO B T EAR RS, UCAVs Py Al
S5y Bt UCAV PR R e R 2 —, HH
fR) S 15— 58 R BRI AT 55 2K T, % B AT AT
55 B 29 5 A R ECR 8 B 8 H AR A Bt 2y T
AT B UCAV, fff 13 8 > 2 BA AF 5 2 RE 35
ELIE NS

H i, %) UCAVs PplaITE: 55 73 B H AR B9 A58 2
20 UCAV AR ST 58 B9 A o BEXHE 55 70
Fe 1] L, SCHR [ 1] R I 22 i bp i AL #2257 20 A =X
UCAVs I R 58 SCHR [ 2 ] 52 i T3 T 2 )2 R Y
P Ie) ity 2 3 bR A8 5 o W] D)ok R me A AR 5 ik
Xf UCAVs AE: 55 73 BC [R] R A, Lo i 2 K R A 53
W ORLF RS AE  FESIPREY UCAV BhFIME

W % EAEE CH(UCAVs) ; 2 SR 4 2 B B AR KBUEE; £ 5 8t

XE4HS: 1001-5965(2018)08-1651-14

F AT R AR AT RE Sy Y BT 55 AR U B R
B AT 55 AT 3 AR P A A O PR R 55 oK
VL RAT 55 15 B 10 224k, 3 B0 AT W4T 55 0 i 7 %
X SN FR B 0 R 5E 0 o R AR O STk g
55 6C 550 R R[] i) sl 9 23 A A LR [R) i, 4
ORF & HIRZ H]# B KR QAR F B 7T
PN AR 555 L s @ 3l 4 1 AT 55 43 B A FH B 1)
FEARIR LK

BEXT 3 24T 55 0 BE A R L (R IR 25 R R DL F
FEAE I ) R, A SCoR T I 8] T 2 7 e R AR
4k ( Grey Wolf Optimization, GWO) % 3" f T
50y BE 7 ¥ .l XF UCAV % A E B AT 5 H
PfE BB AT B TR T E i 2 A RS
1155 4y BORE B 3 B X 3 25T 55 2 Fo B A, R
T B & MK AR G 1k (Self-Adaptive GWO, SAG-
WO) F3E I AT KA s e Ja 04T 1 0 HARAIE

RS B H: 2017-09-21; SR HHA. 2017-12-11; WL H AR AT iE . 2018-01-31 16:34
48 4 AR b3k . kns. enki. net/kems/detail /11.2625. V.20180131.1611.001. html
HEEWA: BRAAREES (61601505) ; fii s Bl 54 (20155196022)

= BIS1EE. E-mail: zhenglei_wei@ 126. com

Sl #i s, WHE, FXIF, £ #TSACWO HF M UCAVs i ShEIEHS 2 E[T]. kL FEMEMRAFFHK, 2018 ,44(8):
1651- 1664. WEI Z ., ZHAO H, HUANG H Q, et al. Dynamic UCAVs cooperative task allocation based on SAGWO algorithm
[J ]. Journal of Beijing University of Aeronautics and Astronautics , 2018 , 44 (8 ) : 1651- 1664 (in Chinese ).


lenovo
全文下载

kns.cnki.net/kcms/detail/11.2625.V.20180131.1611.001.html

1652 Je s %R K K ¥ ¥ M

b A 4

2018 4F

1 UCAVs ZiSESHEERE

R SCBL UCAY B1F %5 % M T o 4T 45 9 75 5t
B T MO LV = Vi1,
2, M| HOPHTEAT N B HAR 7= (7,,) =
1,2, Nt HAP V, RIREITE @ > UCAV, T,
FORHEE TS AR, B E BRI 2 B
Xy,o 5 X, UG RS i A UCAV X4 j AT
S FARIEAT IOt s X, 0 O I, 3R V, KM 7,
I 755 i A UCAV ATHE4 L, A S 80, 00 45 BA

WA AR L = Y L

B Hbn i L BC S e & K = 1k,
k=1,2,--- Lt , 0 UCAV Zi BA 925 b A 35 0
NI E R &R S VA

k:iLi+l (1)

A= (1,2, M} ;l=1{1,2, L},
1.1 UCAV (8%

UCAV XF HAR LA 5 UCAV BE 2 gl b
ES R NG - S e e S e N S S S S
UCAV G A vV, Xt H b5 T, 19 06 358 3 ] LA &
A
Py=c,T, )Ty, +c,T,, (2)
Kree, fle, 350 T ANV, AR5 HiR T,
V18 B 3 - 32 R e R S R (AL T, T
T, 530 hy BE S Ja I ARE 38 A M A 23 R K
R

B T R A
h dij S -
%Wmux - d['
Typ = - ry <d; < Ry, (3)
Wmax rW !
Lol dij > Ry

KHr:d, 2V, #X T T, BBE S 5 ry AT T UCAV
SRR A A FHEE R s Ry, 0 UCAV B e R BR B
FRE .

1 RE LRy
Tij,(g:exp(—/\I(TrO,.]./ISO)AZ) (4)
.0, UCAV 3 J7 [n] 5L Z 18] 1) e £ 5 A,
FIA, S IE B

S JEE S DB R
1 v, < 0.5v,
sz/,v ={1.5 - ‘vT ‘/‘vl_‘ O.SVI < v,,,/ = 1.4v,
0.1 Vi > 1. 4y,

(5)

oy, filv, 549 04 i A UCAV RIE S5 B AR T,
(i 2
1.2 {EEEBS T

Kk EBR BT 15 800 BT 6 UCAV 1A AT 55
W F AR EE . T H AR
B M 4 0 26 B R W R A 15 2 R A
W o BRI AR R W — e B s M, AR 5 2
2 4 b 7 5 R 7 0, H A R SR T
SCHk[7 ) R

4 UCAV 75 2 [ b 5 W25 8] o BT AT 45 1
T T 1 P 3 e A 84 £ 2
AATAT R Hhy T 22 A I T2 7. 5 0 0 % 495 1 5
S T LR th T3 R I 4 0 £ 5 5 0
SEo PR BRI TR IO I SR S e AR = ]
(TP TN

EX 1 Ay HbR N R %
METT 2 o, Jo 8 0 A EARXEAE A H bR 1 0K M
FE AT LLBEES A HARAS BRI Bt R
DI &

KT A H BRI, 2 18 B H A% 22 18] A 1
SR, 0 AR % UCAY 1 B 2y
Po=[1-T] (1 =au,Py(k))] -

[1-T] (1 - ayoPo(m)) ] (6)
At Pyl FRR § 6 6 A KL S A 5
a0 H AT 55 EUB T B0 2 2% 8 G A 20 5 10 1K
BEEE sa,, o J AR 45 F bR o ol 26 a0 0 3 1t ik 4
(ORISR FE 5 Py () Sy B0 5000 2K 2 £ ok
H P (m ) Ry BN T % A U % (3
s 5 R A 5 5 A R 6)

b T Bk 2 H AR, % 08 S B R 3
5K 1 S 4 T Ao R B 2 Bk ik, R
WA R 1, D, 35 Hdi 26 F AR R UCAV
A 3 -

Py =1-1] (1 —a, P.(mj) (7)
1.3 {ESRES T

UCAV 52 5 AF 45 1 i 18] 8 32 J2 A 408 1F 55 2%
R P RATIZAT 55 09 UCAV 5 J% 3800 24 780 45 5
0y 2 90 15 1) 52 1A AT 55 T GE VIR ] UL —
220 69 43 L 1% 0L AT 55 H AR X UCAV ) 8 1
UCAV X {E 55 F A7 9 2 G515 10 LA % 52 AT 45 9 44
SR A AR

BN 2 AT I A R AR X
(5 — YO gL . FE DRI B £ BRR 94T 45 4 B 1)
KU e I ) P i DR — 2 A I ) 25 00 UCAV
BT 55150 o INF I 1 ) R /DN , 50 35 2% 5 L



5 8 3]

db At 5 4R
B & % 35T SAGWO 5131y UCAVs 34 byl £ %5 4r e84 15 | 1653

M4y B g S H bR U AR B2  UCAV B9 R 45 18 B LA
RO 7 52 T35 BB GE vt o B A i, IR 4T
SREBURT A, 52 I PR 4 5 5 EL (B B /N 1 B ) 25
SIERAE B R R, R 5040 B 09 B R3S K A
FF % S e P 3, PR ik, B B — a2 AT 55 ) (R
1 L TR SR 1) OG5t ] T

EN3 UCAV KITHiFE T, /2 (M+N) xN
FEFE AT UCAV FH bR, P& H AR, 1, 808
A B A I EE AR . T R T UCAV 1Y
B RALE S B0 E D R AL, T,
AR

O b L, Ly Ij{l
] ]
12y Iy Ly |j]2
O O
1 Lk
1] ]
Ol 4y, Ly Lyy I_—WM

T, = O O
I__Ll(M+l)l t(M+I)2 t(,‘wn)s\" ETI
] ]
%{M+2)l Loy 0 Timeayw gz
Ol Lk
I__L|<M+w)1 Lienya Liemyn Ij’w

T T T

1 2 N

X T T, JUER ;I 25 T a] R 45
BfZ) UCAV WM & S5 ERMMES
%,ﬁ[ﬂ::

_1X) - X (1) (8)
v, |

X () X () 4350 o B RS AN S

M J A R AL

EX 4 AE%5 Bitsgmmta ¢ RIEE i
UCAV ZEHATIESSE S, =T, T, T, ;| ) &
RGeS Al ¢, AT R A

t; :LiTl,l + tTL,lTy,z + -+ 1,

>

o (9)
Rty g R SYHIS A UCAY M
FFLE R T4 A B E AR T R I LT B T
BRI R T, BT,

S 3 — 2 UCAV 43 j A B bR, 143
P4 A A SR HFEIX A AN J7 % T
S5 IR I, 985 KRR 0K 0 097 S5 , 648 4/ G
LA 6 BE R AT 45 O 20 NG I BT AE 5 BT
) 67 443 B 77 56 UL 3 J X 42 UCAY B B
L5007
1.4 HEESSEITAHIER

UCAVs P % 4 3¢ i T % HI B J2 1L 4 4 i
A 11 R R 1 J O I B T B4 86 A4 26 A
F2 4% R 45 45 AT B AR B (8 2 £ ( Target Value

Damage, TVD) . UCAV % BAFAFEAC A4 (UCAV attri-
tion) MR AT AL 55 T 1H #€ W 8] ( Task Expending
Time, TET) .,

1) HAR i A5 i K fk

TNV, SEAT: 55 T, 19 B b 58455 W #4518 1)
RAMEIL T AT 55 i B B B AT UCAV 14 AT g
J1, AT RLE AR H AR (5 {H . 2 BAXT 22 H bR
GOR7INCIE A s A S s YR i == Fi)

m b
L=V 1= =P (10)
i=1 j=1

oy g BA S AT 55 H AR B9 48 B 35 Vi 3R
ANHES H AR T, AR5 B O (H 8, H 45 9\ B G
BERE , TEAE S B B A 25 4 1 72 10 R AR O T
4748 Al T LA T IR

2) UCAV #i BASFEAU M fie /M ik

n2RAE UCAV 2 BA o o A BIL 45 717 5% 45 50
for s IR T N HIL2 D DA S5 B 1 1 0 15 4 T 484 K TG
AHLR A A7 B R BBEE @ I AHL vV, #
ny A A 0B, LAY B AE AR B

VV,-[l - H(l _PTji>X”]
i=1

n, +1

sV, R ALV, B
1R UCAV % BA Zg ot 2 B2 o 7 4 22 19 454
FEALH

n Vvt[l - ﬁ(l _PTji>Xij]
=3 i (12)

3) AT 55 B I 3 AR SR

PATAE S5 B9 B 8] 7T 2L UCAV 54T 45 H 4
TF1) Fry S 88 ok A o, B A A, WA A 55 D R
) B[] et o AT 55 T4 B R ) SR B R I

fi = Zl t; (13)
Koo fy AT S5 0 ] T AEHE A o

4) EPEMIE bR

TEZ AU A R 7 o, B B PP 46 AR B BT
F BB 55 B b 8 8 5 i KAk UCAV 2 BA 45
FEARAN S/ BA B AT: 55 I (8] 9 A6 B, PRIt , 0T
A 1) SR DT 46 A 2R K

w.f, + w,f;

=min ———— 14
J(IT) 7 (14)

A JOIT) 2 UCAV g BA P A T i 22 H b5 a9 S A
PEM 55 R, IT 03B 5 50, F w, 4351 9 i
HUE /> UCAV AR 45t AE Fi1 st 1] 450 46 i A R, Lok

f2ji: (11)




1654 Je s %R K K ¥ ¥ M

T

2018 4F

IR PR I b o B R By 22 H A 23 I ) 5
JRa e T4 — AT % I VE O 45 5 ek Bl /D 1l
[ R Ak g <3G TR

BRI

)N < 3L, UCAV {E % F (g 2 it A
RE 1 i A 1) TRRCRE

2) X+ Xy, + + X, =1, AniF£4 UCAV
S Al —AME 55 B o

3) <L, 28 UCAV JATHE 55 B o A
i UCAV A1 fe R B Lo

4) Hi T UCAV PEREMIH:ZE A BRI, UCAV A1
HOH s A% B 5 9 Z M AE 7R 2 3, UCAV 52
i A XU RE 19 & 44 AT DL UCAV-IR £ 38 I B 36
PEAT R IR %0 W R i T R L0, 1] Z K
R BUE R RN F R I Bl ARE A PR
BUEM/NR W] UCAV MR H) T a2 1 4 4%

2 BENKRRMLHEZ

2.1 EAXGWO HiERBHREE

KA AL 25 S G BE AR AT N R K&
Seyedali 252t T GWO 43k A Hifth i & =X
AT AT, GWO Bk B SC B o L & )= e
L RE 7o SO B PRAE R A, — SR I 2 B T
N = I e o 0 ST AN

18 TR S5 0 i 2o A v, AR A IR AE B 3 A
HEOPR AR B B A Y, GWO Bk gt
SE T AN BB R B R R A IR — A
WRrEf , Hoh o IR0 B R AT R A LB N 8 B
B3 ) Ry U A RN A, F Al 7 % T R w0 R L
B MESBRWME L FR,C, C, F1Cy 5300 o
BRSSP B R E 0, a,. a5 5358 a.B FIS
WM W Z 8D, Dy M D, 53 5l o BHIS IR

F1 CWO Rk ad
Fig.1 Hunting process of GWO algorithm
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Fig.3 Initial setting of simulation environment

®1 UCAV HEBAEERIEE

Table 1 Information setting of UCAYV formation
7 P Kk L K M S i
Ucay B ?f#%ﬂlni x ?ATM%E. P Lo
km s RAEE (m-s )
v, (35,0) 2 xA-AGM 2 238 0.8
v, (40,6) 2 xB-AGM 1 238 0.9
Vi (48,10) 2 xA-AGM 2 238 0.95
v, (54,9) 2 xB-AGM 1 238 0.95
| (62,6) 2 xA-AGM 2 238 0.85
Ve (67,0) 2 xB-AGM 0 238 0.8

*2 UCAVHIKRBEMNE
Table 2 Weapon fitness of UCAV

%gﬁéﬁ% Vl V2 V3 V4 VS V()
1 0.98 0.95 0.99 0.99 0.99 0.95
2 1 1 0.96 0.97 1 1

®3 BWRERRE

Table 3 Information setting of targets

H #r % A {7 E/km fir {8 it
T, SAM (15,74) 0.75
T, Radar (20,85) 0.7
T, SAM (30,80) 0.75
T, AAGun (40,76) 0.5
T AAGun (60,76) 0.5
Ty AAGun (70,80) 0.5
T, SAM (80,85) 0.75
T, Radar (85,74) 0.7

x4 BIRERBER

Table 4 Dependence matrix of targets

H # T T, T, T, Ts Te T, Ty
T, 1 0.2 0.9 0.95 0.95 0.95 0.9 0.1
T, 0.2 1 0.2 0.1 0.1 0.1 0.1 0.5
T, 0.9 0.8 1 0.95 0.95 0.95 0.9 0.8
T, 0.1 0.1 0.3 1 0.1 0.1 0.1 0.1
T 0.1 0.1 0.3 0.1 1 0.1 0.1 0.1
T 0.1 0.1 0.3 0.1 0.1 1 0.1 0.1
T, 0.9 0.8 0.95 0.95 0.95 0.9 1 0.8
Ty 0.2 1 0.2 0.1 0.1 0.1 0.1 1

B3 RREOT BRI KGR

KM, thSCER (7,9 ] " AT, EBLH%‘EFJU&,
BCREBHK, =1.0 x107 m*, 5 KAE B &
R, =100 km;[jj%s G5 SAM MERE S5 A 15 X ik
ﬁ*?ﬁ d; =30 km, % j X i F K F- B B
d,, =100 km; &4y AAGun PERE 8. A R K T2
£ R, =10 km, I HEIE A P4 r, =0.9km, £ 4 £
7~ HAR R AH B S R RE T o

SAGWO 5 F1 GWO B33 Fh i B /b i &

930, AR B 100 WK, 45 461 2 808 1Y e RAE
@y IR/NME @, 20 BIHUE S 2 F1 00 X TIPSO,
ACA [GA GWO Bk, HEE S i 5 30k 7 ]
AR F RS %

155 43 PR o 9 ) W AL S5AX TR ¢, AN e, 43
S 0.6 F1 0.4, SAKDEA F5 b5 ek B 09 7 D8
/B UCAV AL 53 FE F I [B] B AE I AL 0, 1 0, 43

Mk 0.6 F10.4,
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Table 5 Advantage probability of UCAV to target
UCAV %9*3%% T] TZ T3 T4 TS T6 T7 TS
. 1 0.398 0.380 0.399 0.398 0.387 0.398 0.390 0.388
! 2 0.400 0.406 0.421 0.400 0.408 0.400 0.391 0.403
v 3 0.459 0.395 0.441 0.487 0.457 0.396 0.395 0.389
: 4 0.465 0.420 0.446 0.485 0.461 0.401 0.400 0.400
v 5 0.399 0.396 0.411 0.399 0.401 0.386 0.395 0.399
} 6 0.396 0.394 0.396 0.369 0.396 0.390 0.396 0.396
v 7 0.435 0.398 0.442 0.498 0.508 0.461 0.399 0.467
* 8 0.434 0.397 0.440 0.496 0.506 0.458 0.397 0.465
v 9 0.399 0.400 0.394 0.399 0.407 0.399 0.402 0.399
s 10 0.403 0.400 0.404 0.405 0.400 0.411 0.400 0.400
v 11 0.395 0.395 0.387 0.395 0.426 0.396 0.395 0.430
¢ 12 0.410 0.405 0.400 0.399 0.431 0.404 0.424 0.432
Fz 6 Hirxt UCAV BB T = 1.0
Table 6 Threat probability of target to UCAV ";:"”EE{::":T:S‘}
—— T-HELER S
[j */T\‘ Vl VZ V} V4 VS V6
T, 0.528 0.651 0.705 0.668 0.573  0.400
T, 0.124 0.159 0.175 0.160 0.126 0.079 -
T, 0.523  0.649 0.706 0.669 0.575 0.421 B
T, 0.121 0.158 0.176 0.163 0.130 0.083 ¥
T, 0.120  0.157 0.201 0.162 0.130 0.082
T, 0.122  0.157 0.217 0.154 0.130 0.101 i
T, 0.514 0.638 0.695 0.660 0.567 0.397 -
Ty 0.124 0.159 0.175 0.161 0.127  0.080
()’? 1 1 1 1
) 0 20 40 60 80 100
#*7 UCAVs RIEEZHE ANV
Table 7 Best task allocation of UCAVs
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Table 8 Fly time matrix of UCAV

veav 1, 1, 1, 1, Ty Ty T, Ty

Vi 322.1 362.7 336.8 320.0 336.2 366.9 404.1 375.3
Vy  304.4 342.4 313.7 294.1 305.9 335.5 372.1 342.6
Vy  302.5 336.4 303.7 279.3 281.8 308.3 342.6 310.6
V, 318.5 349.8 314.9 287.6 282.6 305.8 337.5 302.6
Vs 347.3 375.9 338.8 308.3 294.2 312.7 340.4 301.6
Ve 380.1 408.1 370.3 338.9 320.7 336.4 361.3 320.0

x99 NIHBREE

Table 9 Speed of maneuvering targets

S~ B/ x J7 1) B BE/ y J7 16 B/
(m-s7h) (m-s™") (m-s7h)

T, 25 25sin(wt/180) 25cos(wt/180)
T, 10 10sin( w/4) ~10cos(w/4)
T, 25 —25sin( mwt/180) —25cos(mi/180)
T, 7 -7 0
Ts 7 Tsin(w/3) Tcos(m/3)
T, 7 7 0
T, 25 —-25sin(w/6) -25cos(mw/6)
T, 10 ~10 0
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Table 10 Comparison of task allocation

scheme for 5 time slices

mE/s oV v, v, v, v, V,
0 T, ,,T, T, T, T, 3 T,
60 T, T,, T, T, 7y o T T,
120 T, T, T, T, 7y Ty, T, T,
180 T,,T, T, T, T, . e T
240 T, T, T, T, T, ; o, T

11 SAHEBRANESIERAUEEEESENERE
Table 11 Task allocation optimization time

and fitness for 5 time slices

i [H] /s PRALIt /s B RS R EE TS R A
0 0.2868 0.7715 0.8682

60 0.2693 0.8176 0.9712

120 0.2638 0.7026 0.9076

180 0.2635 0.5464 0.7322

240 0.2625 0.3235 0.4980
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Fig. 10  Fitness curve for 240 time slices
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Table 12 Comparison of task allocation scheme before and after invalidation of an UCAV
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Table 13 Comparison of task allocation optimized

result before and after invalidation of an UCAV

linia AT /s I5c D3 N S fEL SF- 149 38 S fEL
PR RMET KRR R REUE KRG KRR

B {H 0.2625 0.2493 0.3235 0.3764 0.4980 0.5420
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Fig. 12 Optimized result in a time slice after

invalidation of an UCAV
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Table 14 Information setting of increased targets

B b 2% A fiE/km #HHE O HEE/(m-s)
T, SAM (47,53) 0.75 (-25,0)
T SAM (69,68) 0.75 (25,0)
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Table 15 Dependence matrix of increased targets

E 1:/14\ T] TZ T3 T4 TS Tﬁ T7 TS T9 T] 0

Ty 0.5 0.2 0.6 0.3 0.1 0.1 0.6 0.1 1 0.9
T, 0.4 0.1 0.550.2 0.3 0.2 0.7 0.1 0.9 1
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Fig. 13 Optimized result in a time slice

after increased targets
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Table 16 Comparison of task allocation scheme before and after increased targets

v, v, v, v, v, v,
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Dynamic UCAVs cooperative task allocation based on SAGWO algorithm
WEI Zhenglei'"* , ZHAO Hui', HUANG Hangiao’, WANG Xiaofei' , ZHOU Rui'

(1. Aeronautics Engineeering Couege, Air Force Engineering University, Xi’ an 710038, China;
2. Unmanned System Research Institute, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: Through analyzing unmanned combat aerial vechicle (UCAV ) advantage probability and task
joint threat and defining task time, the task allocation model for UCAVs with multi-constraint dynamic task al-
location is built up, which takes target value damage, UCAYV attrition and task expending time as the perform-
ance indexes, and the improved grey wolf optimization (GWO) algorithm is used to solve the model. Aimed at
the flaw of early convergence from the original algorithm, the GWO algorithm is improved by proposing a self-
adaptive adjustment strategy and a step-out local optimum strategy, using quadratic curve control method. Ac-
cording to the characteristics of UCAVs dynamic cooperative task allocation, target task sequence coding is de-
signed to present the UCAVs dynamic task allocation method based on self-adaptive GWO (SAGWO) algo-
rithm. Finally, the simulation results for static and dynamic task allocation show that the task allocation meth-
od based on SAGWO algorithm is valid, and compared with other algorithms, the optimizing process is rapid
and accurate.

Keywords: unmanned combat aerial vehicles (UCAVs) ; dynamic cooperative task allocation; target de-

pendence matrix; task time slice; self-adaptive grey wolf optimization (SAGWO) algorithm
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A model of helicopter elastomeric damper for
time varying amplitude analysis
WU Jing, HU Guocai® , LIU Xiangyi

(‘Aeronautical Foundation College, Naval Aviation University, Yantai 264001, China)

Abstract: The existing elastomeric damper models commonly introduce dynamic amplitude parameter for
applying to wide amplitude situation. It is inconvenient to time domain analysis of helicopter rotor-fuselage
coupled dynamic stability on account of the dynamic amplitude changing in time domain. Aimed at this prob-
lem, the calculation methods of dynamic amplitude parameter were given for single and double frequency exci-
tation cases while the lagging damping ratio is little. The amplitude curves calculated by the method describe
the response amplitudes well while the system is in the state of convergence, neutral stable, or divergence.
The improved model of elastomeric damper was used for nonlinear time domain analysis of helicopter ground
resonance. The calculation method of excitation moment at blade was given for exciting the regressive lagging
mode responses accurately. For different rotor speeds and complex modulus states, the response amplitudes ex-
cited by the excitation moment determined by the moment calculation method were compared with the desired
values, and the maximum error is under 6% . After the regressive lagging mode responses are analyzed, it is
known that the regressive lagging mode responses decay faster than the linearization results, and its modal
damping increases in time domain due to the elastomeric damper nonlinearity while system is stable.

Keywords: helicopter; elastomeric damper; nonlinear; time domain analysis; ground (air) resonance
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Table 2 Dynamic characteristic parameters in six

repeated calibration experiments

SIWE s t/ps o/ % w,/kHz  o/kHz

1 0.80  360.58 79.61  264.82  34.79
2 0.81  365.21  76.58  263.95  32.58
3 0.80  362.48  78.92  264.87  36.14
4 0.79  357.49  81.25  265.21  34.05
5 0.81 363.72 77.84 264.18 33.47
6 0.80  360.90 79.28  263.46  36.57
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Fig.9 Bootstrap probability histogram of

working frequency band
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Table 3 True value evaluation results of dynamic

characteristic parameters
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Table 4 Comparison of uncertainty evaluation results for dynamic characteristic parameters
AEBESH MR i R
P =100% P=98% P=95% P=90% P =100% P =98% P=95% P=90%

L./ s 0.014 0.013 0.005 0.003 0.002 0.012 0.005 0.003 0.002

t./ s 5.42 4.36 2.78 2.15 1.69 4.25 2.72 2.05 1.54

o/ % 3.18 2.57 1.29 1.11 0.79 2.48 1.24 1.07 0.86

w,/kHz 1.32 1.14 0.72 0.43 0.37 1.05 0.68 0.47 0.34

w/kHz 3.08 2.51 1.54 1.16 0.89 2.46 1.49 1.13 0.88
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Uncertainty evaluation for dynamic characteristic
parameters of pressure sensors
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(1. School of Instrumentation Science and Opto-electronics Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083,

China; 2. Changcheng Institute of Metrology & Measurement, Aviation Industry Corporation of China Ltd. , Beijing 100095, China)

Abstract; The uncertainty of dynamic characteristic parameters of pressure sensors is an important index
to characterize its dynamic measurement performance. A method is proposed to evaluate the uncertainty of the
sensor’ s dynamic characteristic parameters. Firstly, a shock tube dynamic calibration system is used to gener-
ate step pressure to excite the pressure sensor, and output signal of pressure sensor is obtained. Secondly, a
preprocessing method based on empirical mode decomposition ( EMD) is applied to reduce the influence of
noise on output signals. Thirdly, an adaptive least squares method is performed to establish the mathematical
model for pressure sensor based on its input and output signals, and the dynamic characteristic parameters in
both time and frequency domains can be derived from the model. Finally, in consideration of the small sample
feature of the parameter sequences in the repeated calibration experiments, the bootstrap method is applied to
calculate the expanded uncertainty and relative uncertainty of these parameters. A set of dynamic calibration
experiments for a pressure sensor are carried out with shock tube system. The uncertainties of dynamic charac-
teristic parameters in both time and frequency domains are calculate and the results are compared with the ex-
isting methods. The experimental results show that the proposed method makes up the defect of the Bessel
method in evaluating the sequence with small sample size. The relative errors of uncertainty results between
the proposed method and Monte-Carlo method are less than 10% . It demonstrates that the proposed method
works effectively in evaluating the uncertainty of pressure sensor’ s dynamic characteristic parameters. In addi-
tion, the analysis of the relative uncertainty evaluation results of the dynamic characteristic parameters in both
time and frequency domains show that the work frequency band and overshoot are susceptible to the noises,
and it can provide significant reference for the improvement of the dynamic calibration experiment conditions.
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Received: 2017-10-17; Accepted: 2017-11-17; Published online: 2017-12-05 10:47
URL : kns. cnki. net/kems/detail/11.2625. V.20171204. 1903. 006. html
Foundation item: National Natural Science Foundation of China (51575032)

# Corresponding author. E-mail: mewan@ 126. com



2018 4 8
F44 4 H8 1]

> pp
KRB E MR KLY R ALl August 2018
Journal of Beijing University of Aeronautics and Astronautics Vol.44 No. 8

http : // bhxb. buaa. edu. cn
DOI. 10.13700/j. bh. 1001-5965.2017. 0658

jbuaa@ buaa. edu. cn

ETHENDMEHEFOCSAARHR

B K, mERE"

(ER = AR R Az B2 5 TR BE, dLat 100083)

, BH, KX

i B AT EANBEEFQRAES A TR P EATH BEKRETRAZ - LFF
K, BETRAREHARARERS BRHANEREG H AW KLkt T £, £AXBEB
B—HRE R R ERBOGERGREREN SR L, BT T RARARLALHGERA UL
WA AR s & B RAAE, LA 2/ 5 8O 5 39 & 13 1 28 47 OB A5 F B R R A 7 K
MRS BRI T AN, AR T R EER AR R R, EREN, MR ET S
AWM BER RHRT RRLBENT B MM G Pt Bkt oy g # 4 R R8T UERS B W
HNEEEHAA21.6~22.2C i AKX BENHANETUEKRERERELTHTMHE, RH#
G R B K R A AR 0 KB R PR R RUIR BB R

*x # i
RESEE. TB657.2
XEkARIZAD: A

|

A% m PR RE T3 A8 7 10 00 P 0 7E A ATl
BB 32 BE R 0 2 F 5 55 R A AR R, B oo
AR R /NI AETE 2 50 X T LS I8 45 7 VAT
sE T3 Gy, Hog s oo w i B A AL
(BT 6 IR 55 5 28 IR, T % T /0 9 4 ol 5 A4S A
F AL 5 B MR 35 #0470 BB v O 8 T 3 R
VTR o Toil (] Bl HUBE (9 KB o 0, LB B
HA 2 S — T IR PR B B A B R N 3 R
G REAE I S5 B0 1 59 B I FE 43 A o

FOUH B4, KO8 2 B R 35 . X Tk
TG s, o L T bR AR Y 2 I B ok ol HE 4R
ol S AT B AR EREE L HL B 2 1 oA T
AR b 1 3 LA A R 55 s LR AT R o fHR
B of /N TR KA H s, R B A AR R W S AR g
PR — > Fpph A S AR R R AR R B AT K
Ao WA N B [ b — A FREE P T R 55 A
ABAT IR 7 A R ) R P AR S X K FR B R
NG A B S . AT R R T, 2

ANEBAE RO R Hl4; RMAR; WHREA ¥ (CFD)

XEHS: 1001-5965(2018)08-1682-11

NERMERE T 5S dB I, A N B R I B
BB R

LR A IR 55 % Bk R g8 A HP C-Class |
IBM BladeCenter fl1 Dell PowerEdge %, H 77 IBM
BladeCenter &)™ V2 I JT 1) — F & % B i L4 =0
B A5, BE O IR 55 AR SR AL TR I e RN
H.AY Y IBM BladeCenter eServer £ 8 14 4~ JJ ARk
55,2 > Al AR Y S ) S X T 2 B )
i 45 #5H2 4L 0. 215 m’ /s A ¥4 IR, 0 0hk 185 199 95
WA R IE 74 dB B . BARTE SO X
TE R S 5 ST & A A ] D) e S R AIG S B, B 2
HE T30 T S B 2 Ve AR 5% o
PR 1 1 18 2 R, T AR AL

AR s, BladeCenter 35 11 & A RE A 2 AL
T 4 7T M 1 OF O, HC MR 7 KPR O B I
FURAERE . P, BE X I A 2 IR 1 /h
BRGSO AT 0 BETT R M 5 v — IR AL BT Y
WF5E

Wi B 2017-1024; A BH: 2018-01-19; M4 HARATIE : 2018-03-20 11 :42
M 2% H AR # ik ;. kns. enki. net/kems/detail /11.2625. V. 20180319. 1558. 002. html

EE&WHE: 59737 H% (2012CB720100)
= BI54E&. E-mail; yangchunxin@ sina. com

Sl Ak AL, &G, T8, ¥ RTFHGENDIAREFCARARFR[I] ATMEAAKXAFZH®H, 2018, 44 (8) : 1682-
1692. ZHOU C L, YANG C X, WANG C, et al. Simulation-based research on airflow organization for small data center[] ]. Jour-
nal of Beijing University of Aeronautics and Astronautics , 2018 , 44 (8 ) : 1682- 1692 (in Chinese ).


lenovo
全文下载

kns.cnki.net/kcms/detail/11.2625.V.20180319.1558.002.html

5 8 3]

JER e, 45 2 T 0 H /N BB P L R U SE

Je AL 4R
1683

AH G EG F 5T 9 15 B A B E A i A 19
RO BB AT BRI SE BN O BVE A A O i
B R BB Hh 0 23 i s R ZH L D7 FLRE SR AL
2217 Tt /N BB H G 1B S R D B e
L ALV 2 A AR IR S5 A XU DA A AR
i o X T ORAEE b oLt TALE SR
RUBE 28 S 80K, 10 1 B 0 R 3R AT 17 A R b
E o A% T 1R 55 5 XU B AE LA K P b AT R
16 PLZE AL B O B — 5 i R AR B Y ST
WK AR 1 T R ST S B iU R R S
WIEEWAZE, HEXN TN L, BT
T A 0 A 2 5 A Y RUJEE 22 S B0/, TR 4 A
TR T4 A 5wt F BT R A5 A I XU Ok X
FRY i Bt A LA B A PR A R I 2l A B AN 34 B
SR B AT N AR .

% W £ % % ( Multiple Reference Frame,
MRF) 50 B 2 A 40 b i XU 1 — AT 88007 250 -
Xof B I AT LS AL, U B DX I R A T L
W T N [ % 3. Zhou M Yang'' R H
MRF X} CPU $AULRGEHEAT T 05 HWF 5L, 17 AT 5
89 IR i B 2 TR s o XU 3 30 25 SR W) B R
XF T A T ROEE /N, JC k3 A g Ay
o Z AL BB AR B TT LR T BN i T3 A
RS0 A28 2 O B O 2 A IR AR
H 40 AR AR B A A RSB R RS (A e s
Wik PR 1Y 3L 3 X J8, & T Darcy-forchiheimer Ji [
FHIE 8 YEIT R o 2 4 ] 7 e b DU RL MR T
TSl . 2 LA B R B T 20 i 25 sh il
H RN B4 S B A A e L U 5 O L R e 22
INF 5%

i B 37 4% S et R A e PO IV PR 4
TMA LR — bR . 7 222 1 T A
SIVEME GE 07 AR B W AE 2 A ST T
oA 93559 o Dionisio %' BF 98 T 7 2 Ml {5
JEIR A 4 T T 3 XU AN B s R VA R R
N5 BRI AR J7 22 J2& — i 8 35 i 64 34l A 1
SEPE TR AH o TE BT R 51 AT BIF 5T R
A LI, T A T 0 A A ) — Rh AR Rt
TE {7 B0 19 7. Pandey” WF 5T 3% B
G5 5 22 Z A S A AR W 5 B SR IR (HZ HLR
(85 B R i 22 ) 5 07 22 SR L R 1 O Ik o 25
B 07 22 AUE B, nT LU H s b R 37 88 S
HEAT S04 T ) PR .

ARSCEE XS AL S A TT RIS A% 1) /N B RO
O T RN 5 e 1 — IR B O &L IR R
BRI I 55 45 5 v 0 i IR 3l 5 e Rtk A7

TR O T PR 05 R IR W R 6 OB
13 Rt 11 R W AW R | By O VR W s o B Y
T HAE, T R v 156 B IE T AR A 1 R G
TR A 0 o LS B 0 5 2 48 o i JE 3 S PR Y
TE PRI X EE T 4 R KU HEA T 2 IR S
%3 B PN E WD IR0 b 138

1 ZREHFNLRE

A SCFTER X5 1 /N B R o S 8o R 1
N BOHE G JE AT I A MR TS GE 5 GMI1358 M S
A5, & Ak U3 ok I Sk A T Bl 45 e kR
1014 78 22 R B2 R S 3 SR A

R T REAR 7 AR, 2 BN R B 0 BE T
INAE R P IE AT IX — S PR 3K, A4 A AL
1) R e A # 4% Jr %€ . il BladeCenter [ [ M fiE
A LA B, F il 2 25 ) 3 2o Bl IR DR o A1 gt
7 RACR A 3, & 80 Bk,
N el SR e O S VT ol < =W 9 3 I L i
B Ao P D 6 RO AL B 5 i M A A RE O B
SO YE NG T 2 O P A (0 =
[E1] PN S WA A0 0 B A IR T R T I OB

BEXT /AN O B T AN T BRI R
g T ¥ A B BT 5 58 IR 55 I ok 4 AR A
6 A RE TR R S B AORE, Rl R — 2R
TR TV 2R G0 0y I 55 4 42 pE Sl iy ¥ U5, il ik
JRUR B8 Bl P 3 2 AR S B R A . A T b
1A, 78 R 2% SRS 45 R T Bl G 4 R 1T, 44 g
FRRICTE: 257 v

F1ONEEEROHEESY

Table 1 Performance parameters of a small data center
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Fig. 1 Schematic diagram of noise reduction

refrigeration scheme
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Simulation-based research on airflow organization for small data center
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Abstract: To allow small data center to work under the office environment to reduce the operating cost,
an integrated design of noise reduction and refrigeration is proposed by combining the vapor compression refrig-
eration system with the server. Based on the verified simulation method of two key component, axial flow fan
and evaporator, an airflow organization simulation model for this complex system is developed to predict the
airflow and heat transfer. Nonuniformity evaluation indexes based on information entropy and variance are set
up to evaluate the influence of different fan arrangement modes on the uniformity of server temperature field.
The strategy to deal with larger heat density is analyzed. The results show that the nonuniform momentum drive
of axial flow fan leads to uneven flow and heat transfer in the evaporator. The designed noise reduction and
refrigeration system is able to maintain the exhaust temperature of the server between 21.6°C and 22.2°C , In-
creasing the number of cooling fans can improve the uniformity of temperature field. When heat density increa-
ses, increasing the ventilation rate of the server can effectively reduce the exhaust temperature.
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Table 1 Comparison of classification results on

Gauss 4 dataset
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Table 3 Clustering results of diagnosis data

XX BEBL FKMILE
1 5 {2,4,5,6,9,11,15,18,34 35}
2 12 {8,10,12,13,20,25}
3 17 {1,3,7,17}
4 23 116,23 ,33}
5 26 114,19,26,29,32}
6 30 {24,30,31,41}
7 40 {21,22,28,37,38,40,42 ,45}
8 43 127,36,39,43 ,44 46
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Table 5 Comparison of F1 score and G-mean
based on different algorithms
BB F1 {4 G-mean
SimpleMKL 0.8987 0.8826
GMKL-SVM 0.9208 0.9103
LMKL-softamx 0.8855 0.8745
LMKL-sigmoid 0.9243 0.9103
M, -LCMKELM 0.9444 0.9349
M,-LCMKELM 0.9729 0.969 6
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Table 6 Comparison of diagnosis time cost based on

different algorithms

oW YIRS ] /s T 1] /s
SimpleMKL 0.9917 +0.0829  0.2018 +0.0451
GMKL-SVM 0.8325+0.0360  0.1679 +0.0082
LMKL-softamx 1.4934£0.0625  0.1735 £0.0111
LMKL-sigmoid 2.7159£0.1292  0.1769 £0.015 7
M, -LCMKELM 2.4979£0.2137  0.1299 £0.0059
M,-LCMKELM 1.7897 +0.2014  0.1521 x0.0167
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Localized multi-kernel diagnosis model for avionics based on
affinity propagation clustering
ZHANG Wei', XU Aigiang" ", PING Dianfa', XIA Fei’

(1. Naval Aeronautical University, Yantai 264001, China; 2. Information and Communication Branch Office,

State Grid Liaoyang Electric Power Supply Company, Liaoyang 111000, China)

Abstract: In consideration of the low diagnosis accuracy for avionics functional module fault, a new off-
line localized clustering multi-kernel extreme learning machine ( LCMKELM ) diagnosis model is proposed in
this paper by combining the capabilities of multi-resolution interpretation and local feature self-adaptive repre-
sentation from localized multi-kernel learning ( LMKL) with the characteristic of high-performance operation
from extreme learning machine ( ELM). In order to avoid overfitting issue, affinity propagation ( AP) cluste-
ring is used to make full use of the underlying localities in the training data and effectively reduce the computa-
tional complexity. Considering that the updating of localized kernel weights in dual optimization form of kernel
ELM (KELM)is a difficult quadratic nonconvex problem, gating function M, and M, are respectively construc-
ted to approximate localized weights by analyzing the clustering characteristics in input space and feature
space. The proposed method is applied to actual fault diagnosis task of rotary transformer excitation generating
circuit, and the experimental results show that the proposed method has the lower false alarm rate and missing
alarm rate in comparison with four state-of-the-art multi-kernel learning algorithms, and meanwhile the diagno-
sis accuracy is averagely increased by 3.80% when M, gating model is used, and increased by 5.98% when
M, gating model is used. Moreover, compared with canonical LMKL algorithms, the proposed method obtains
similar training time cost, but it has less testing time cost.

Keywords : fault diagnosis; multi-kernel learning; alternating optimization; affinity propagation ( AP) ;

gating model; localized algorithm
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Fig. 1 Structure of gas-dynamic hemispherical bearing
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Table 3 Fitted values of coefficients in Eq. (11)
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Static error model of a gyroscope with gas-dynamic hemispherical bearings

LI Yan, DUAN Fuhai”

(School of Mechanical Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract; In order to investigate the influence of deformation of gas film in gas-dynamic hemispherical
bearings on the output of three-floated gyroscopes in the platform initial navigation system subject to 3-DOF
specific forces, a mathematical model is established to calculate the static error by solving Reynolds equation.
Firstl, Reynolds equation is modified to describe gas flow in hemispherical bearings considering the effect of
gas rarefaction. Secondl, it is solved by finite difference method to obtain the pressure distribution, and the
relationship between load and rotor displacement is used to calculate the gyroscope error. Finally, by regres-
sion analysis, a static error model of the gyroscope with gas-dynamic hemispherical bearings is obtained. To
simplify the ternary regression analysis to binary regression analysis, the circumferential angle between interfer-
ence torque and specific force, and the radial interference torque are introduced as intermediate parameters.
Numerical results show that the radial interference torque increases with the increase of axial specific force.
With the increase of radial specific force, the radial interference torque increases when the radial specific force
is small, and decreases when the interference torque is large. Interference torque is 1.35 —1.55 rad ahead of
specific force in radial direction. The proposed static error model can predict the gyroscope static error caused
by rotor displacement with any specific force below 300 m/s”.

Keywords; platform inertial navigation ; three-floated gyroscope; hemispherical bearing; gas lubrication ;

error model
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A kind of multistage transformable wheel for mobile robots
YANG Yang, CHANG Jungche, GUANG Chenhan, WANG Yang”

(School of Mechanical Engineering and Automation, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract; The transformable wheel is an effective way to enhance the wheeled mobile robots’ obstacle
navigation ability in harsh terrain. However, traditional single-structure transformable wheels can only adapt to
specific environment and unable to simultaneously satisfy the environments with varieties of harsh terrain. The
four kinds of multistage transformable wheel were proposed, which combined a kind of planar polygon with
round wheel type, expended wheel type and wheel-leg type structure. At the same time, four different struc-
tures’ advantage and disadvantages were compared. Giving out the corresponding design method, the length of
the linkage was also optimized to propose a better solution. Through the effective shifting between the struc-
tures depending on different terrain, wheeled mobile robots’ obstacle navigation ability were improved while
also the adaptability of different terrains were enhanced to broaden the versatility of the mechanism.

Keywords: wheeled mobile robot; linkage mechanism design; wheel design; transformable wheel;

obstacle navigation
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Table 2 Element distribution results of corrosion pits in

5A06 aluminum alloy weld specimens %
JCER I A 0 Mg Al Si

1 4.72 8.22 85.68 1.37
2 20.55 8.14 68.68 2.62
3 17.14 4.34 78.52 0

4 3.95 8.41 86.98 0.66
5 4.26 5.02 89.17 1.55
6 15.83 5.81 78.35 0
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Corrosion sensitivity of 5A06 aluminum alloy welded
samples under loading
WANG Shuai', LIU Huicong', LI Weiping""*, ZHU Liqun', SHI Wenjing’, SHI Liming’
(1. School of Materials Science and Engineering, Beijing University of Acronautics and Astronautics, Beijing 100083, China;
2. Beijing Institute of Spacecraft System Engincering, China Academy of Space Technology, Beijing 100094, China)

Abstract: Aimed at the aluminum alloy welding effect on corrosion sensitivity, we have applied loading
on the 5A06 aluminum alloy with the welds in different directions ( vertical, cross) and studied the effects of
stress loading on the corrosion behavior of the alloy in 3. 5% NaCl solution at 50°C and the electrochemical cor-
rosion behavior of the welded joints. The results show that after being soaked for 110 days in brine solution,
heat-affected zone is firstly corroded and both sides of the corrosion pits on the surface exhibited step and dim-
ple features respectively, because of the different material structure. The stress corrosion sensitivity of the
cross weld specimen is relatively low and the stress concentration exists at the corrosion pit tip with a sliding
step. Vertical weld specimen has higher sensitivity to stress corrosion with the corrosion pits across the surface
along the weld. Both sides of the corrosion pits on the vertical weld specimen tear parallelly. The electrochem-
ical polarization curves indicate that the corrosion potential of the heat-affected zone, base-metal zone and weld
zone are —1.369 V, -0.791 V and -0.740 V, respectively.

Keywords : aluminum alloy; loading; corrosion sensitivity; welding; 3.5% NaCl solution
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Off-resonance laser frequency stabilization method for fast and
accurate adjustment of frequency lock points
FANG Zishan'?, QUAN Wei'>" | ZHAI Yueyang'"

(1. Science and Technology on Inertial Laboratory, Beijing University of Acronautics and Astronautics, Beijing 100083, China;
2. Fundamental Science on Novel Inertial Instrument & Navigation System Technology Laboratory,
Beijing Universily of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: The atomic magnetometer and Raman cooling need to lock the frequency of the laser on the de-
tuning of several gigahertz away from the resonance. The laser frequency stabilization technique in Faraday ro-
tation spectroscopy can stabilize the laser frequency on the large detuning away from the resonance. But, in
this method, changing the frequency lock points can be complex and has high latency. We present a far off-
resonance laser frequency stabilization method that can fast and accurately adjust the frequency lock points in
the range of tens to hundreds of megahertz based on the Faraday rotation spectroscopy. Based on this method,
the frequency lock point whose detuning is — 6.2 GHz is precisely shifted by 130 MHz, and we obtain a fre-
quency drift of 3.3 MHz/h and a root mean square fluctuation of 0.6 MHz/h. This satisfies the detuning and
frequency stability requirements of atomic magnetometer. In this paper, the influence of temperature on the
frequency stabilization method is analyzed, the physical constant in the detuning equation is measured to esti-
mate the frequency of the stabilization point, and the temperature regulation and acousto-optic modulator
(AOM) regulation are combined to improve the long-term stable and precise control of the laser frequency on
the large detuning of off-resonance.

Keywords: diode laser; laser frequency stabilization technology; laser spectroscopy; atomic spectrosco-

py; Faraday rotation
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Adjustable-parameter dynamical decoupling protocol for *C
nuclear addressing in diamond
ZHANG Gangyuan, YUAN Heng" , FAN Pengcheng

(School of Instrumentation Science and Opto-electronics Engineering, Beijing University of Aeronautics and

Astronautics, Beijing 100083, China)

Abstract; A symmetric non-equally spaced protocol named adjustable-parameter dynamical decoupling
(APDD) was proposed to individually map "C nuclear spin in diamond. The principles of the APDD se-
quence are in detail numerically calculated and simulation analyzed. The " C nuclear spin addressing accuracy
of APDD protocol was compared with Carr-Purcell-Meiboom-Gill (CPMG) and XY4 protocol, which are most
widely used in diamond atom quantum manipulation. Results show that the ’C nuclear spin addressing accura-
cy of APDD protocol was 6.27 times higher than CPMG and XY4 sequences. Furthermore, 7,/7 ratio ranging
from 0.51 to 0. 58 is the best operating condition for APDD protocol. The APDD protocol will pave the way to-
wards manipulation of the nuclear spins surrounding the NV color center in diamond, which has significant
applications in quantum information and quantum detector.

Keywords: diamond; NV color center; dynamical decoupling; nuclear spin; addressing
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Fig. 1  Structure diagram of UAV swarm formation control demonstration and verification system
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Demonstration and verification system for UAV swarm formation control

ZHU Chuangchuang, LIANG Xiaolong® , ZHANG Jiagiang, HE Lyulong, LIU Liu

(Air Traffic Control and Navigation College, Air Force Engineering University, Xi’an 710051, China)

Abstract: In order to verify the effectiveness of the formation control algorithms of UAV swarm in the ac-
tual environment, a distributed UAV swarm formation control demonstration and verification system consisting
of UAV platform, two sets of ground station and data link was built under outdoor conditions. The control sys-
tem of UAV was divided into executive layer and decision layer on the basis of the idea of hierarchical control
and encapsulation. The PIX autopilot was encapsulated in the executive layer, and the control strategy of het-
erogeneous swarm can be realized only with autopilot parameter modification and without corresponding control
strategy development for different UAV platforms. When the different control algorithms need to be verified,
control algorithm for decision layer can be modified so that the system has strong adaptability and scalability.
Two sets of ground control stations and data links are adopted, which can achieve the multi-UAV control under
a variety of interaction topology or in the case of communication failure and ensure the system’ s robustness and
security. The demonstration and verification system’ s function and performance are verified with the leader-
follower synergy formation control algorithm.
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Abstract: Acceleration overlord during short-distance takeoff might affect the operation performance of pi-
lot. To avoid potential risks, a pilot-cockpit multi-rigid-body model was established to simulate the man-ma-
chine dynamic response under chest-to-back ( Gx) acceleration loads. Firstly, using 3D CAD software, the
multi-body pilot dummy was established according to the 3% male body measurement data. Also, the cockpit
model including human-seat and control system ( throttle stick and steering axle) was established according to
the design parameters. The dynamic response between pilot and control sticks under a standard simulated Gx
acceleration curve is simulated using the multibody dynamics simulation software ADAMS. The simulation re-
sult shows that the overload acceleration can transmit through the human body to the sticks. The transmission
force generated by 5G acceleration acting on the steering axle and throttle stick are 128 N and 211 N, both of
which have exceeded the designed effective force threshold, leading to a potential risk of misoperation. Fur-
ther, considering the simulation results and the existing foreign fighter design, we proposed an effective pos-
ture for the pilot to avoid misoperation, which was validated by the simulation in this paper. In conclusion, the
proposed method provides an effective technology to avoid the misoperation in short-distance takeoff. The re-
sults would give a reference for the man-machine safety design.
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A new gyro torquer’ s non-circular error compensation method
CHEN Guoyue, WANG Hua, REN Yuan® , XIN Chaojun

(Department of Aerospace Science and Technology, Space Engineering University, Beijing 101416, China)

Abstract; Based on the structural design of the Lorentz force magnetic bearing ( LFMB), a kind of
torquer’ s non-circular error compensation method is put forward to enhance the sensitivity accuracy of magnet-
ically suspended control sensitive gyroscope ( MSCSG) to gyro carrier attitude. First, for a new type MSCSG
with double spherical envelope rotor, the structure features of MSCSG and the attitude angular velocity meas-
urement principle of the gyro carrier are introduced and the radius error model of MSCSG torquer, the interfer-
ence torque model of rotor’ s deflection and the measurement error model of the gyro carrier’ s attitude angular
velocity are set up. Then, the roundness of torquer is measured through the experiment, and data fitting is
conducted by MATLAB to obtain the non-circular characteristic of the torquer. The non-circular characteristic
is described by Legendre polynomial series, and the measurement error of the gyro carrier’ s attitude angular
velocity caused by the torquer’ s non-circular error is compensated effectively. Finally, the effect of error com-
pensation is verified by the simulation and the results show that the compensation method makes the measure-
ment error of the gyro carrier’ s attitude angular velocity reduce by 83.5% . In addition, the proposed method
can solve the common problems related to LFMB gyro.

Keywords ;. magnetically suspended control sensitive gyroscope ( MSCSG) ; torquer; Lorentz force mag-

netic bearing ( LFMB) ; attitude angular velocity sensitivity ; non-circular error compensation
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In-depth data fusion of TOF and stereo vision system
based on confidence level
SUN Zhe, ZHANG Yong" , CHANG Qutong

(School of Instrumentation Science and Opto-electronics Engineering, Beijing University of

Aeronautics and Astronautics, Beijing 100083, China)

Abstract: To solve the problem of 3D reconstruction in textureless environment like railway, the confi-
dence coefficient is proposed to combine TOF and stereo vision system effectively. Through the joint calibra-
tion, the coordinate relationship between TOF and stereo vision systems is established. Then by projecting the
points in TOF to left camera in stereo vision system, the disparity map of TOF is obtained. After image seg-
ment and surface fitting the disparity map is up-sampled and its resolution is equal to that of stereo images.
According to the confidence coefficients of different systems, the system weight values of data fusion are de-
fined. Finally, the proposed method is evaluated with Middlebury dataset, and the results show that the accu-
racy has been raised twofold or more, and the resolution of disparity map is equal to that of stereo images as
well.

Keywords: stereo vision; TOF; data upsampling; data fusion; confidence coefficient
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Thermal structure analysis and simulation of solid-gelled
propellant gas generator
LUO Yegang', XING Yuming" ", LIU Xin', LIANG Cai’

(1. School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;
2. Seventh thirteen Institute of China Shipbuilding Industry Corporation, Zhengzhou 450052, China)

Abstract: Solid-gelled propellant gas generator is a new and special gas generator, and is the core com-
ponent of the variable-depth missile ejection system. In order to study the temperature distribution of storage
space of solid-gelled propellant gas generator, the source term method, the dynamic mesh method, the RNG k-
& turbulent model and the discrete ordinates ( DO) radiation model were used to numerically simulate the
working process of the solid-gelled propellant gas generator. And temperature distributions under different flow
rates of gelled propellant were studied and compared. The results show that most of heat that the gelled propel-
lant obtained comes from the high-temperature gas in the extrusion chamber, and the main heat transfer hap-
pens in the axial direction. As the extrusion flow rate of gelled propellant increases, the highest and average
temperatures of the gelled propellant storage space increase. The results of this study can provide a reference
for the thermal protective design and improvement of this type of solid-gelled propellant gas generator.

Keywords: missile ejection; solid-gelled propellant; gas generator; thermal structure analysis; fluid-

thermal-structure coupling
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Table 1 General parameters of frame mm
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B AR EESHANE 1 R, 9k B Y BE
JEEI 2 3 mm

PRI AR R LIE, th 242 A R A A2
ATE AR 2 A5 100 e 9 1 T SRR AR 4
GANTRIG b T S A ZE - A 5 R e )RR AL
W% i) AU T3 [ e 98 i — 4 i fi 42 e R R 1Y
ARARE o YT b v b T 1] S5 — BLER
B A S0 B S R R RE . PR R
AT TR A U 5 2 2o N 2 v 194 Al SR R LR

PR o R TR AN B TR 5 905 1) 8 i JE R DL
HE T R0 9 RS A R BCTET L 4 4> 3 TR 2 1) AN
P BE A 5 B AR 4, FRE I 4 B il DL
B v B SR A SR SR B o NIRRT e AN 30 % 14 52 0%
TEAR R I BC A5 55 2 3k DAL T 14 SR 2 114 ] 4%
AR ST A R = A B

H1 T NG 2 221> L Al 0 A7 B 445 A0
Z— AT, 7 B B S e BTG Uk 4 4 3
TENGEEE b O BT — X T 42 3 S8 54
UNTET 2 Jr 7 o sk — Ak A A AR 5 B E el — X L S
SCPE R AT A SCREAE S IR IR LR 4 HRAT N 1Y
BT b [ R, SR Y 0 R I R i AT T Y
WS, S R R b AR
7 i 4 B P S 4 T SRR AR O TR ]
14 B 5 I o 4 BRI AN Y i S SO AT E
T H HES,

BEAh i A —LE T I A AR SRR R S U R IR
Ui B = A AR AR B TR A BT AR R i S R B
TEME B IR o BT A 20 F A LT R 1L £ CATIA
Hh e A

326

LT
63

=

283

(a) P
=
]
83

(b) Hi i

B mm

RN R 2N I3
Fig. 1  Cross section shape and parameters of longitudinal

beam and crossheam
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Fig.2  Front support and rear support of leaf springs
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Fig.4 Mesh of finite element model

2.1 BN

BTN % R ot R B A
G 16 B 0 2 G op 72 5 i ) B R 2 R R
[ — B %, WCTT Z8 W B L DA A B T £ 57
FITERSE b AL 5 R

WA R R LS T A R A R
T A BRIT A0 B A5 0 35 4 o A R 0 A5
JiE R A R T  R AR TR B TE R S T R RN
RS Ry e BT LA, R 2 % B 9 5 A R R AT A A
37 HC A R A PR TE R R i - R
VAL S5 4 17 B, S R 45 S R i s
e AR S SR FH 2% 1 o AR L A S AT AL A
S iR o SRRy phy 2 AT B3 A 1 AR R
RO AT B T D) G O I 0y R R
BRI B 0 A, B W EE S B
FR R S BRS04 T 4 5 BT 9 R JE R SEL 2
ZAH0, TR O 242 £ e 1) DO R 58 A e AL
% 71 IF F) T B3R 6 AR T 0 9 R i, SR AT 1A
ALl Ak B R A T AR



5 8 3]

EHLF A EBEA SR 5 A TR

b A F
| Mg pE 1783

i (i

=

KI5
S AR SE SE A S5 2 R T 7Y

Fig.5 Equivalent finite element model of

leaf spring suspension
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Table 3 Main setting of various connections on frame
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Table 4 Sprung mass loading on frame
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Fig.6  Contours of equivalent stress and total deformation under various loading condition
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Table 5 Maximum equivalent stress and total

deformation under various loading conditions

TGS SEBRTOL KRR J1/MPa i KSR i /mm

a o 129.21 6.294
b LKA 176.79 14.537
c Jinig 131.19 6.943
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Design and analysis of an aluminum alloy bus frame under
typical conditions

WANG Kai, HE Yongling” , MENG Guangwei

(School of Transportation Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract; Lightweight materials such as high-strength steel, aluminum alloy or magnesium alloy applied

as substitutions of plain steel to manufacture of bearing structures on vehicle have been an obvious tendency.

Using industrial aluminum alloy as material, a new light bus frame was designed in this paper, and then finite

element simulations under multiple typical conditions were implemented based on the reasonable finite element

model. First, all the components of the frame were designed, assembled and checked in CATIA. Secondly,

the frame-suspension finite element model was established in ANSYS Workbench after model simplification,

connections simulation, etc.

Finally, finite element simulations under totally five kinds of typical conditions

such as full-load bending and emergency braking were accomplished, and the results indicate that the strength

and stiffness of this new bus frame can satisfy the requirements of the typical conditions.
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