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Table 3 Property indexes of regional air

route network
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Fig.8 Contrast diagram of optimization network
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Multi-objective network structure optimization method
based on waypoint layout
ZHENG Yukun', WANG Ying” ", LI Chao’, QI Yao', LI Zhengxin®

(1. College of Graduate, Air Force Engineering University, Xi’an 710051, China;
2. College of Equipment Management and Unmanned Aerial Vehicle Engineering,
Air Force Engineering University, Xi’ an 710051 , China)

Abstract: In order to improve the scientific nature of regional air route network structure and reduce the
network operation pressure made by flight flow growth, a multi-objective network optimization method based on
waypoint layout was proposed. First, the constituent elements of regional air route network were considered,
and the optimization model was made with the design of optimization targets and constraint conditions which re-
flected the network comprehensive performance. Then, a waypoint layout strategy was established based on
node movement, fusion and decomposition, so the solution procedure of optimization method was provided and
the method can be solved by NSGA-II algorithm. Finally, a simulation of partial regional air route network
belonging to Beijing flight information region was analyzed and the results demonstrate excellent comprehensive
performance of air route networks made by NSGA-II algorithm. While the optimal network satisfies the con-
straint conditions, the operating cost and non-linear coefficient are basically unchanged, and the flight conflict
coefficient is reduced by 10. 8% . So this optimization method can promote economic efficiency, safety and
feasibility of air route network, which conforms to current airspace environment and management system in
China.

Keywords: regional air route network; network optimization method; network comprehensive perfor-

mance ; waypoint layout; NSGA-II algorithm
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Table 1 Supporting frame material parameters
fHiXcs W/ (kg m™Y) BMEBIE/GPa MM
T AR A 8.44 x 10° 164 0.308
o 8.44 x 10° 205 0.308

R2 ANERZSMEFEESERNE/ RESMEHE
Table 2 Supporting frame parts’ discrete

stiffness/mass distribution characteristics

M

an o oww e (MU0 A
(N-m™' - kg™")
I IR 21.1 6.22 x10° 2.95 x 107
2 Bl 13.0 1.28 x10* 9.85 x 10°
30 PriRaURUE 2.0 8.13 x107 4.07 x 107
4 RIS 0.9 2.32 x10° 2.58 x 10*
5 Sk AR g 8.0 7.76 x 10* 9.70 x 107
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Abstract: Based on the structural and dynamic characteristics of advanced aero-engine supporting
frames, the design method of high vibration isolation supporting frames is verified by theoretical analysis and
simulation calculation. The structural mechanical impedance in wide frequency band is increased and high
vibration isolation within rotor working speed range is achieved by the optimized design of stiffness/mass distri-
bution and configuration break in supporting structure. According to the effect of structural stiffness/mass dis-
tribution on vibration isolation, the rotor-supporting frame experimental apparatus is designed and established
in folded discrete structure, and the high vibration isolation supporting frame design method is further verified
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Table 1 Ratio of strain energy of joint structure under

bending mode of vibration %
BEAREE LA A 1kH B ik c ikmD
I8 BE i LE 0.7 1.1 1.8 2.9
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Table 2 Interfacial contact area correction coefficient

ST AT R T
Wi g E1/(Pa » mm*)

AR T B AS
R EI'/(Pa - mm*)

F T 4 fih T AR
EIE R 1,

1.5 x10* 0.82 x10* 0.55

x3 FAERNEERHY

Table 3 Interfacial stress correction coefficient

SRR ST W STH N )
IR EI'/(Pa - mm*) 1B IE R,

ol =1.19 x10%*y +5. 16 0.72 x 10* 0.88

®4 FHTHEREBERHY
Table 4 Interfacial bending deformation

correction coefficient
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Table 5 Comprehensive correction coefficient of

stiffness for different joint structures
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Fig. 9  Contour of total displacement deformation of

contact model and stiffness correction model
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Table 6 Effect of stiffness loss on critical

speed of rotor system
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- : 0 % HE R 5%
OREIBRIE BIERUE R e /%
Bk Bk
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Table 7 Effect of stiffness loss on critical speed of

rotor system after optimization
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Joint stiffness loss and vibration characteristics of high-speed rotor
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Abstract: To achieve high loading and light weight, the speed and the support span of aero-engine rotor
continue to increase, which leads to the degradation of rotor bending stiffness and the bending deformation of
the rotor. There will be bending stiffness loss at interfaces when the rotor has bending deformation. It is neces-
sary to consider the effect of rotor bending deformation on joint interface stiffness characteristics and rotor sys-
tem’ s vibration characteristics. A mechanical model for quantitatively describing the stiffness loss mechanism
at the interface was proposed. For the dynamic design of discontinuous rotor system, the method for reduction
of stiffness loss based on the strain energy distribution optimization was proposed. The numerical simulation re-
sults show that for large-span discontinuous rotor system, the stiffness loss is significant with bending deforma-
tion, which will greatly reduce the critical speed of the rotor. The sensitivity of rotor vibration characteristics to
the stiffness loss can be controlled by optimizing the strain energy distribution of rotor. This method has impor-
tant guiding significance for the optimal design of rotor vibration characteristics.
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Table 1 KNN model prediction accuracy analysis

H 11 MSE MAE R*/%
2016-09-09 351.8930 11.4511 83.65
2016-09-10 386.6752 12.2549 82.33
2016-09-11 345.3651 10.9315 89.31
2016-09-12 342.4783 10.5472 89.54
2016-09-13 411.5792 13.3673 79.14

Bl 2 K AR RS E Y B (A R L
Fig.2  Comparison of predictive value of KNN

model with true value
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Table 2 Different models prediction accuracy analysis

(ER1] ki) MSE MAE R*/ %
ARIMA 393.7357 13.1953 80.27

KNN 351.8930 11.4511 83.65
2016-09-09 TD-SFAPM  411.3586  13.2589 79.11
SVM 343.2568 12.1589 83.35

T-KNN 273.2535  10.3325 90.31

ARIMA 423.6581 14.6528 78.13

KNN 386.6752  12.2549 82.33
2016-09-10 TD-SFAPM  422.5987 14.8570 77.28
SVM 379.8763  12.2689 83.22

T-KNN 289.3265 10.6599 90.21

ARIMA 387.3657 13.9863 81.55

KNN 345.3651 10.9315 89.31

2016-09-11 TD-SFAPM  404.586 13.8967 79.58
SVM 385.897 11.8570 81.80

T-KNN 271.3259  9.5879 91.13

ARIMA 435.5789 14.5873 77.97

KNN 342.4783  10.5472 89.54

2016-09-12 TD-SFAPM  412.5830 14.0580 78.20
SVM 378.3687 11.2358 82.58

T-KNN 286.6872  10.2531 90.63

ARIMA 426.8753  13.0875 78.96

KNN 411.5792  13.3673 79. 14

2016-09-13 TD-SFAPM  385.350 13.5897 80.25
SVM 365.257 11.5870 82.58

T-KNN 268.6578  9.3246 91.35

H A S 258 1 1) 2 R AR A DR 22 o

XL GE K AT AR, XUZ K I QB4R Y i 4
L R GER T 5 vk, 0 OB BRI R Oy — A~ s
H B8R E J& 7L, 8 P sz 8 H A BE T R Al S
TN E A8 AT PR R R AR 2R AT DT, e BORR RL D B
1875 H N A I 20 O B I e 90 A A I 2
B RIS HEI bR i 220 ) 5 AT O . %07
A R T DR R T R A B AL DR R X
PR T L R R RE R AL s B H S
SUTRINS i 47, B NN U D =g N Y it B
ARG BE

MBUZ K I AR BRI f8 AR R A, A5 1
JE R Fa S AE 90% Fi A7, AR 5 5t K 3L 4 A58 57
WPt T 8% ~10% o XZ K T 4B AY | 4 (4 7
IR E ] T B A AR BE R 59 A R 9 H
R AEIZ & B, & R/ K sh By — &
AR, H DU AL AR fiE 3z B H AR Sy B 6] 2 F50 00
THEI Y R A 90 e ARG R e, LR SR B WU
KT AR R AR X A B8 K 3T 408 A 2 - 2 44 X 15 2%
MSE 5 #7722 MAE 3/, U4 TR R 1K,

o T HEBRBEDLYE XS XUZ K T 48R R ) 5 0
AR SCH AR TE] 4 B2 M, BEALA RS H SIS T
IF B A BN H AR AR A 0y . 225 R

w3 prs.

SRR ZE R, )Z K AT SR AL TE I (8] 4 B
EAMRE R REROR IR S, 5 H AR
(1957 5748045 BE 3R 5 90% LA L=, HIXS F 4% 48 K I 48
BRI T 8% ~10% , /R T W2 K 3 4B 5 7
RAF & R

*3 AEEREEEERUEEDR

Table 3 Time dimension prediction accuracy

analysis of different models

H # [ MSE MAE R*/%
ARIMA 372.3546  13.2579 79.32

KNN 331.3896 12.1324 82.65

2016-04-05 TD-SFAPM  393.251 14.2589 77.52
SVM 345.3674 13.2357 81.25

T-KNN 252.1786  10.2589 90.71

ARIMA 365.5789  13.1896 80.56

KNN 342.2365 11.4381 81.36
2016-05-20 TD-SFAPM  362.5768 13.0257 81.03
SVM 332.2160 11.2687 82.03

T-KNN 265.7963  10.5686 89.62

ARIMA 363.5897 12.3286 81.36

KNN 342.3586 11.3273 83.22

2016-07-15 TD-SFAPM  421.3540 14.2589 78.70
SVM 378.2355  12.9630 80.25

T-KNN 275.2658  10.9811 90.26

ARIMA 378.9985  14.2657 78.25

KNN 353.8657 11.1882 83.55

2016-08-08 TD-SFAPM  423.5879  15.0257 77.25
SVM 373.5680  12.5240 82.56

T-KNN 266.7884  9.7123 91.68

ARIMA 355.5623 11.5896 80.33

KNN 324.3378  11.0451 82.44

2016-10-01 TD-SFAPM  380.2579  13.2570 79.33
SVM 352.2487 11.5687 81.57

T-KNN 258.3657  9.8652 91.70
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Abstract.: Outbound passenger flow of terminal building shows the quasi-periodic variation in a short peri-
od of time and also shows complex nonlinear characteristics because of many factors such as flight schedule and
weather. In order to accurately predict the short-term passenger flow of terminal building, the flight schedule
state pattern matching procedure is added on the basis of the traditional K-nearest neighbor ( KNN) algorithm.
The flight schedule including multi-dimensional attributes is taken as a feature to select historical similar oper-
ation days as forecast reference vectors. The two-tier K-nearest neighbor model based on terminal building
short-term passenger flow forecast is built. Through instance analysis and comparison with ARIMA model and
traditional K-nearest neighbor model, it is proved that two-tier K-nearest neighbor model has smaller prediction
error and higher precision, and the model fitting degree increases by 8% —10% compared with traditional K-
nearest neighbor model. Thus the model provides a new solution for accurately forecasting terminal building
short-term passenger flow.
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Human motion end point prediction in human-robot collaboration

CHEN Youdong* , LIU Jialei, HU Lanxiao

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

Abstract: To realize a safe and effective human-robot collaboration (HRC) , it is necessary for the robot
to predict human motions in a timely manner, so as to assist human more actively in the cooperative work. In
order to solve the problem of human motion prediction in HRC assembly scenario, a motion end point predic-
tion method based on long short-term memory ( LSTM) network is proposed. In the training phase, the LSTM
network is trained with samples of human motion sequences and corresponding motion end points, and the
mapping between motion sequences and motion end points is constructed. In the application phase, the motion
end point is predicted in advance based on the initial part of the human motion sequence. The effectiveness of
the proposed method is verified by predicting the end points of motion of a human grasping tool or part in an
assembly scenario. When 50% of the motion fragments are observed, the accuracy rate of prediction is above
80% .
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Fig. 6 Plume flow field contour of pressure behind shock wave for single hydrogen/oxygen engine
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Fig.7 Interacted plume flow field contour of pressure behind shock wave for dual hydrogen/oxygen engines
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engines corresponding to different

axial distances x mm
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Experimental investigation on vacuum plume interaction of
hydrogen/oxygen engines
WU Jing'*, CAI Guobiao®, HE Bijiao’

(1. College of Mechanical Engineering and Automation, Fuzhou University, Fuzhou 350116, China;

2. School of Astronautics, Beihang University, Beijing 100083, China)

Abstract. To investigate the effects of plume interaction caused by multiple spacecraft engines on the flow
field structure and parameters, the pressure fields of single plume and dual plumes generated by hydrogen/ox-
ygen engines with 60 N thrust were determined using a pitot tube array in vacuum plume effect experimental
system (PES) of Beihang University. The experimental results show that the pressure in the single plume field
decreases rapidly with the increase of axial distance, and the location of the maximum pressure along the same
axial distance gradually deviates from the nozzle axis due to the compression waves generated from the bell noz-
zle. Plume interaction occurs in the region between the dual prime plumes, whose action range and intensity
increase with the increase of axial distance. To the highest degree, the pressure of the interacted plume can be
more than 5 times that of the single plume at the same point. The location of the maximum pressure along the
same axial distance gradually deviates from the symmetry plane of the dual engines due to the compression
waves’ boundary of the interacted plume.
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Energy efficient clustering routing protocol for wireless sensor networks
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2. Research Institute of Beihang University in Shenzhen, Shenzhen 518057, China;

3. School of Computer Science and Engineering, Beihang University, Beijing 100083, China)
Abstract. Wireless sensor networks ( WSNs) have attracted extensive attention due to their wide range of

potential applications. Network energy conservation, energy consumption reduction and lifetime extension are

problems which must be solved. In this paper, some concrete analyses on the typical clustering protocols have

BCCP

been made, and based on the comparative study, an energy efficient clustering routing protocol
based on node correlation for wireless sensor networks is proposed. With the use of node location correlation
and residual energy, energy consumption balancing algorithm reduces clustering iteration times. Then uniform
distribution of cluster head nodes is obtained and communication energy consumption between cluster head
nodes and member nodes is reduced. Therefore, the algorithm reduces energy consumption of network. With
the use of data similarity and cooperative correlation among nodes, energy consumption reduction algorithm re-
duces data traffic of internal-cluster and external-cluster communication. Therefore, the algorithm reduces en-
ergy consumption of network. The experimental results show that BCCP has a distinct advantage in balancing,
number of live nodes and reducing energy consumption comparing to other current methods.
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Wind shear characteristics in near space and their impacts on air vehicle

YANG Junfeng', XIAO Cunying" ", HU Xiong', CHENG Xuan'~

(1. National Space Science Center, Chinese Academy of Sciences, Beijing 100190, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Based on the near-space wind field data from MERRA reanalysis data, the seasonal variation
of atmospheric wind field at 20 =78 km is investigated. The characteristics of wind shear over Jiuquan (39.1°N,
98.5°E ) are analyzed by the method of mathematical statistics. Moreover, the effect of wind shear on the
near-space aircraft is studied. The results show that the wind in near space is eastward in January and Octo-
ber, westward in July, and eastward (westward) below (above) 50 km in April. The maximum wind speed
occurs in January with 99% probability and the shear induced by the maximum wind has a certain height
range. The synthetical wind vector is also given by the maximum wind and minimum wind. In addition, the
wind attack angle of the near-space aircraft caused by the wind shear is significant. The wind attack angles for
air vehicle with Mach numbers 3, 5 and 8 are biggest at 69 km, which are 8.5°, 5.1° and 3. 2° respectively.
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Table 1 Distribution parameters of input

variables of roof truss structure model
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Table 2 Distribution parameters of input variables of

ten-bar truss structure model

L Im 0.05
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An average moment-independent importance index and its
rejection sampling method
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Abstract: In the process of moment-independent importance analysis, importance index are always used
to quantify the inverse allocation of structural system output uncertainty to input uncertainty. An assumption is
given that the variance of a given factor can be reduced by future research, which leads to the development the
moment-independent index function. The moment-independent importance index function provides an index for
a given factor as a function of the amount of variance of that factor can be reduced. Meanwhile, by assuming
the reduction amount of a particular factor variance as a random variable, the average moment-independent im-
portance index is defined by taking average of the moment-independent importance index function. Estimating
the average moment-independent importance index involves a large amount of computation using Sobol’ s meth-
od, and thus rejection sampling (RS) method is introduced here with the generated samples used in Sobol’ s
method. Consequently, RS can use the samples generated during Sobol’ s method to accurately estimate the
moment-independent importance index function and the average moment-independent importance index without
any further model evaluation, which greatly reduces the computational cost. Numerical and engineering exam-
ples are demonstrated to show the effectiveness of the proposed measures and the accuracy and availability of
the RS method.
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Fig.2 Blade exterior solid modeling and feature

relationship tree
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Fig.3 Blade solid modeling and feature relationship tree
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turbine blade computational domain models
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A conjugated heat transfer oriented modeling method of turbine
blade computational domain model
WANG Tian', XI Ping""*, HU Bifu', LI Jixing', SHI Xiaofei’
(1. School of Mechanical Engineering and Automation, Beihang University, Beijing 100083 , China;
2. Department of UAV General Technology, HiWing General Aviation Equipment Co. , Lid. , Beijing 100074, China)
Abstract. To solve the problems of low modeling efficiency, unstable model quality and poor adaptability
to numerical simulation in conjugated heat transfer numerical simulation of turbine blades with complex cooling
structure, the turbine blade model for manufacturing and its modeling method were analyzed. Combined with
demands for numerical simulation, a conjugated heat transfer modeling method for the turbine blades’ compu-
tational domain was proposed. Firstly, an automatic positioning algorithm based on the external cooling feature
was used to create the turbine blade’ s cooling air fluid domain. Through the adaptive pipeline intersection al-
gorithm and the boundary automatic matching algorithm, the gas fluid domain that can adapt to different blade
section line types was generated. During the modeling process, the key geometric features and non-geometric
information required for the numerical simulation were extracted, and then were integrated with the cooling air
fluid domain, the gas fluid domain and blade entity. The conjugated heat transfer computational domain model
was completed. Based on the above research, a rapid modeling system was developed for modeling conjugated
heat transfer computational domain model, which verified the effectiveness of the proposed method.
Keywords: computer aided design; turbine blade; conjugated heat transfer; numerical simulation;

geometric modeling
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Table 2 Parameter values of each analytical model

157 m n X, Morise et X Moiop B Koo Megan k
a 13 3 0.39 0.23 2 0.4 0.5 2 0.98 0.95 35
b 25 3 0.39 0.23 2 0.4 0.5 2 0.98 0.95 20
c 25 3 0.39 0.23 2 0.4 0.5 2 0.98 0.95 35
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Table 3 T

error

and T, of analytical model and finite

element model for prototype SRM1
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S I éﬂj o) I
T../(N-m) 010 0.42  0.73 2.97 S Tt 2 X L
c Fig. 13 Result comparison among analytical model, finite
Tw/% 2.55 2.55 2.54 2.60
element model and experimental measurement
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Table 4 Parameter values of analytical model for prototype SRM2
28 m n Ao Morise a X Miop B Xeo Megan k
BE 40 3 0.4 0.23 2 0.41 0.5 2 0.99 0.95 20

Bl 14 KEHL SRM2 A7 FROTAE B 5 fift A 468 2 45 28 X HE
Fig. 14 Result comparison between finite element model and

analytical model for prototype SRM2
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Nonlinear fitting method for torque-angle characteristic model of
switched reluctance motor

YE Wei'?, MA Qishuang® ", XU Ping’, ZHANG Poming’

(1. Key Laboratory of Space Physics, Beijing 100076, China;

2. School of Automation Science and

Electrical Engineering, Beihang University, Beijing 100083, China)

Abstract: The modeling method of the switched reluctance motor is different from the traditional motor.

By analyzing the principle of electromagnetic torque generation, the relationship between electromagnetic

torque and phase inductance derivatives under different motor saturation conditions is determined. The induct-

ance derivative curve is modeled by piecewise function nonlinear fitting. And then, the analytical model for

the reversible torque-angle characteristics of switched reluctance motor is obtained. The parameters of the mod-

el are determined and optimized by the structural parameters and constraint condition of the motor. The revers-

ible torque-angle model makes the calculation of the magnetization curve and the instantaneous flux linkage

possible. It brings great convenience for the design of the motor and the drive control of the motor. The accu-

racy of the analytical results is verified by the measured data and the finite element method with two proto-

types.

Keywords: switched reluctance motor; modeling; nonlinear; torque-angle characteristics; curve fitting
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violated in practice. To solve this problem, we put forward a spatial autoregressive model for compositional da-

ta, which contains both compositional covariates and scalar predictors. Furthermore, a new estimation method
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Fig. 13 Variation of equivalent stress at crack tip with crack number under different RSL
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Fig. 14  Variation of equivalent stress at crack tip with RSL under different crack numbers

Bl 15 ORTRZRECE B 40T RS0 I B 5 K T Bl E] I L 9 728 fh 1 20

Fig. 15  Variation of deflection angle and hydraulic pressure with RSL under different crack numbers
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Fig. 17  Variation of equivalent stress at crack tip with stress contrast under different crack numbers
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Deflection of multi-crack synchronous propagation in horizontal well
CHEN Minwei', LI Min', CHEN Weimin®"

(1. School of Aeronautic Science and Engineering, Beihang University, Beijing 100083, Chinas
2. Key Laboratory for Mechanics in Fluid Solid Coupling Systems, Institute of Mechanics,
Chinese Academy of Sciences, Beijing 100190, China)

Abstract. Horizontal well fracturing, a popular new technology developed in oil and gas industry, is uti-
lized to enhance the production of wells. However, crack tips determine the crack initiation and propagation
direction in the process of fracture growth and have a significant effect on the fracturing results. In this sense,
in-depth understanding is required for this technology. In this paper, weight function at the crack tip is built
according to the characteristics of stress field at the tip. The function can accurately describe the stress state at
the crack tip and determine the growth direction. Based on the analysis of multi-crack propagation in the hori-
zontal well, which is simulated by mesh regeneration method together with maximum principal stress principle,
weight function at the crack tip is used to explain the reason of crack deflection under the conditions of stress
contrast, crack number and distance among cracks. The final results indicate that the equivalent stresses in x
and y direction at the crack tip have no distinct change and the deflections are mainly related to the equivalent
stresses in xy direction.

Keywords: horizontal well fracturing; weight function; finite element method; crack propagation; crack

deflection
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Table 1 Optimization results with different

time constants ¢,
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500 61032.14 0.052308
1000 61032.02 0.052312
1500 61032.00 0.052312
2000 61032.10 0.052309
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Fig.2 Comparison of steady glide trajectories with different initial velocities
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Fig.3 Trajectory deviation from steady glide in

case of small disturbance
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Fig.6 One adjoint simulation yields terminal range
deviation and terminal velocity deviation

for each disturbance
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Table 2 Terminal height deviation with respect to each disturbance

/s ahs‘h‘j"”/ (m - km” ‘5’°/<m-<°>"> Bhgﬁ/(m - 8};‘8‘ : %r')%/mw%)-‘)
500 133.1 -405.5 8.8 184.6 -121.8
1000 -104.9 623.9 11.8 322.6 -242.3
1500 -21.3 65.6 14.5 440.5 -365.8
2000 9.9 318.6 19.2 561.3 -488.4
2500 -3.8 1109.2 26.5 685.2 -610.8
3000 91.2 1286.2 36.5 801.8 -733.7
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Table 3 Terminal velocity deviation with respect to each disturbance

du; ‘ﬁho o dv; ‘370 du; ‘5(-0 -1 du; ‘gL -1 dv; ‘s[) -1
S AL~ AU T AL R /AL IER /AL R

km ") sThe(e)™h (m-s7") "1 (%) ") (%))

500 -1.0 20.2 1.1 14.1 -14.0
1000 5.7 33.9 1.3 27.9 -28.2
1500 2.5 53.7 1.7 42.3 -42.4
2000 3.3 78.4 2.2 56.5 -56.6
2500 5.7 115.4 3.0 70.6 -70.8
3000 6.5 165.9 4.3 84.8 -85.0

R4 BUEMHSHENLRHPREE

Table 4 Terminal range deviation with respect to each disturbance

g0 0 0 0 L D
km™") ) (m-s™H) ™) (%) ") (%) ")
500 2.1 9.1 0.5 3.3 -3.4
1000 3.3 28.1 1.2 13.0 -13.3
1500 4.6 60.9 2.0 28.1 -28.5
2000 6.4 111.8 3.3 47.5 -47.9
2500 9.1 188.7 5.1 69.9 -70.5
3000 13.0 303.8 7.7 94.6 -95.3
T A REALYL BT 2 v e P b v 2 2% v R v 2 | 2% v S R s v 22 1 B 0 L4 SR

Fig.7 Adjoint simulation results of standard deviation of terminal helght, velocity and range for each random disturbance
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Fig.8 Total standard deviation of terminal height and range with all random disturbances
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Fig.9 Standard deviation of terminal velocity for each random disturbance (comparison between

nonlinear Monte Carlo simulations and adjoint simulation)
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Adjoint analysis of steady glide trajectory with disturbance
motion for hypersonic vehicle
HE Tailong' , CHEN Wanchun" ", LIU Fang’

(1. School of Astronautics, Beihang University, Beijing 100083 , China;
2. Beijing Institute of Space Long March Vehicle, Beijing 100076, China)

Abstract: Aiming at the problem of steady glide trajectory for hypersonic vehicle with disturbance mo-
tion, the adjoint method and its application were studied. Based on the mathematical definition of adjoint sys-
tem, interpretations of adjoint method were achieved in a new and general way, which include performance
projections in error budget form and the general meaning of single adjoint computer run. For stochastic linear
system, the adjoint of covariance analysis was derived. Then, based on the definition of glide dynamics model
and the definition of steady glide trajectory, the consistency of the definition of steady glide trajectory was ex-
plored by simulation analysis. The dynamics model was built for glide with disturbances on initial states and
aerodynamic forces. Under the assumption of small perturbations, the linearized differential equation was ob-
tained as a perturbation to the nominal steady glide trajectory. Finally, adjoint simulation examples were taken
to analyze the influence of the deterministic and stochastic disturbances on final states of the nominal steady
glide trajectory, and the results agree closely with those by nonlinear simulations and Monte Carlo simulations,
but the adjoint simulation offers a substantial increase in computing efficiency.

Keywords: adjoint method; steady glide trajectory; simulation analysis; linear system; Monte
Carlo method
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Fig.1 Schematic diagram of experimental

equipment assembly
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Fig.2 Schematic diagram of experimental system
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Table 1 Instrument precision and related parameters
K K S8 bR R R R AR AR e enn

R 0~200mm 0~1.6MPa 0 ~40 L/min

K B £0.02mm  +0.1%FS +(1.5+0.2FS)%

R XFRZE  0.02mm 1600 Pa 3.8 L/min

L FS R 2 B ol fE , 28K full scale,
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Fig.4 Macrostructure analysis of original material
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Fig.5 Microstructure analysis of original material and EDS

spectrum of empty microspheres
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Fig.6  Macro picture of materials under different

pyrolysis temperatures
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Fig.7 Microstructure and EDS spectrum of material at

400°C pyrolysis temperature
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Fig.8 Microstructure and EDS spectrum of material at

600C pyrolysis temperature
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Fig.9 Microstructure and EDS spectrum of material at

800°C pyrolysis temperature
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Table 2 Porosity of materials under different

pyrolysis temperatures
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Fig. 10 Variation of differential pressure with gas velocity

under different pyrolysis temperatures
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different pyrolysis temperatures
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Abstract: To acquire the permeability of phenolic composites under different pyrolysis temperatures, the
experimental device which was used for the measurement in gas permeation process in phenolic composites was
developed, and a method for measuring permeability of phenolic composites was presented. The formula for
calculating permeability was derived based on Darcy’s law. Phenolic composites under different pyrolysis tem-
peratures were chosen as the research object. Though experiment measurement, the gas pressure between
down and upper materials and the gas flow penetrating the materials were obtained. The permeability of the
materials was obtained according to Darcy’ s law. The results show that the permeability of complex pore com-
posites can be measured by this experimental device. Overall, the higher the pyrolysis temperature is, the
greater the permeability is. The permeability level is in 10~ at 400°C pyrolysis temperature, and in 10 ™'
600°C and 800°C pyrolysis temperature. Furthermore, permeability of phenolic composites K and pyrolysis
temperature T meet the formula K =9.7 x 10 "“T =4 x 10 """, The experimental results can provide basic prop-
erty data for the theoretical analysis on permeability and heat and mass diffusion performance.
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Horp .tagName, 75 M\ content FPHEEAYEE @ 1%
JEARZE R 5 pos, RN IZZEBLTE content Xk i Y
A

i3 bR g S, 7E StoreCDB H AT LK SR A £
i e 4 R 58— B A% =0, e LS R o

EXS Btk D b = oMk, af
RN
D = (data, propertySet , timeStamp )

Horp s timeStamp 2 75 $0HE WO ]

PAZE 1 i), (B o, I 20 4 Wi ) o, R 220 4 R
BB, g8 — %A% X D, = ((((as 17 3,
215), (Heim 284, 83)), ), ((HE, 1),
(B, 2)), ¢,) , Horp data TR A7 T IR 4R R
FEELHE 7, propertySet A JE 7 I JE data
iz 47 B 75 StoreCDB Fp i1 Ja 11 B 5, W] 4
AR R A 1 SRR R S PR IR e, DO A
W]

3.2 StoreCDB ¥ i 77 fit 45 14

1 StoreCDB 1 f7fift 4 B Z SR FH 32 DA 45 4 3
From A 38 B, b — > 7 50 (Master) 12 > A
T (Worker) # i, Hoip 32795 g 72 48 — R ik FE A
R Bl 17 T 1 i RO 20 | 4 SR A A DB S
Yey e R AR B A AT 55 R, AT A i S PR
RAE R AR AR S| AT A AT S o Stor-
eCDB i f7 it & BRE5 A0 18] 2 Jir 7 o

3.1 TR, 22 U S Al SR A A e 4 B
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— R A% U2 5 B RO Bl D, B SR YR
G D 205, | D b SO R JE
SEUAEL , e S5 20 08 107 4 3 DUAE i s ), AR 3 3k )
5377 AR B XF RN 0 A7 00, I Je T R BUE D
KR 25 AH Y N A

AT I BN HE 2, 2 EE S n 3
Xof IO B At O, ORI BT AR LAY TR G, B AR TR
PEAE propertySet H1 (14 J& M (B S BT Jm MR 51

TR GIC S TR 5 A7 AL 2 ) B 5 OC
F ST RS R BE A — RG] E LI

EX 6 IF5| mapldx AJ £R N
mapldx = (rowld, ,idx,)’_,
Horporowld, R % i MU AT 5 5 idx, FRoRER i
AN B XoF 17 1) A fidt O AR B o

JEPERTIE R TR propertySet H 4% J& 1k
{5 504 5| mapldx 22 [A] 1 B OC & , SEI T Pk
o R HE 1 R 5] E X WE T

EXT JRIERT] comldx A ER N
comldx = (pTagMap,)}_,
Horp i pTagMap, 9% i@ A M B 8 385073 A5 B e 555
S BT .
pTagMap = (tagName, ( valueArray,) [, )
Hoi: tagName 278 @ PE A9 #5317 ; valueArray, 27N
ZIRTEHR i AR RIS, 7T RR A
valueArray = (pValue, (rowld,)!_,)
Hrb:pValue KR — DB EME . rowld, K5 i 4>
5 R T B AT S, 5 RGP AT S
bo PIAS

MR AN TR A il 73 05 2, SR AR B A e — &
FIAAE AR, 0 O dataPage, 45 A A7 il 5T XS I —
AN T — A DA AT LU B 2 F7 i oL, o8

S

EX 8 TPl dataPage FRn N
dataPage = (spanKey, (D,)_, ,mapldx, comldx)
Horr s spanKey 75 8040 2l 43 77 2, 7T DL 4K R 0K
R R] 0] 43 5 T 1 g A 9 TR0 3 A% SR S A R
o3 AF TR A 3CH BRIA R A e 4 W ) ) g
(D)7, N At B9 B0 s mapldx oK BUR T, iC %
B 5 A AL B WA 5C &R 5 comldx ROR B MR
gl EEE S TR ZH LR,

R T SR 208 5 M R, StoreCDB AR 5 AN [A]
f9 1 FH 3 55 53 Sl 5 A AS [)  00 26 L O 1
—RKBPBEEEXLT - AEEE, ICH
dataStore , %€ X 9 /R~ o

EX9 I3 At a3 ] dataStore ] 3K7R
dataStore = ( storelD, ( dataPage,)’_,)

Horpr: storelD 37K 43 U0 G % 5 dataPage, 7R %
I3RS L AR T
3.3 StoreCDB Iy &3 &4

StoreCDB ] Worker %5 55K I P R 51 4544 -
RGN MEERG] . HAEMIE 3 i,

RS R AT 5 (rowld ) I 77 fiff i & 15
(idx) 1y 75 A0 s T R — 45 LA Hs 76 2 o0 i
FEAOLE, RIVSE ok R8s BT 7R AT 5 i A] 4 E A7 B
Yy BRAFARAL B o TE SUR 51 A7 5 IF A 2 3 7 I
Jr A 4 TR i o 18 g A, R AT S R i
FOO Y 2, T AR B 1) B A A O A B
B 7 g B B AR A T, TR 5| B S
e 4 fros o

JRIER G TIg 3 — SR8 IC A A R g
YA S IZBHRIC R OUR T RS R . mIER
18 Jm PE4E propertySet F ) 2% & 4 3 ol 14T ER 4k
P52 H IR R 0328 0 i M5 0 B U3 5 1 56
PR, LM ZE S MR &, BRG] HARS
e s Fis o

¥ 3 StoreCDB iR 5| 454
Fig.3 Index structure of StoreCDB
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Fig.5 comldx structure of StoreCDB

AR SCEE A LR IR R R 5 A, A
5, %R StoreCDB A 1 J 4 W I 3%, T
4E propertySet = ( “velocity” , “ temperature” , “ oper-
ation”) | JE PR T H b 2% Jm MR R AT 4R LR
PR AR N 2 PR, o Bodle 47 9 X R T TR
ST S il g R 5] mapldx AT 5 rowld Bf
A SRAGHCHE 1 AE AL B, DT S B PR A R

AR R s A7 BUE 135 km/h, B e) 42
fi B 83 C I HARMEIC o8 o7 B ELAE I, 7 Se AR 4l
J& P 1E ( velocity = 135 km/h , temperature = 83°C /I
operation = ¢ ) K XF W AT, 413 3 frs . i T47

x2 BHERINWBRERILESH
Table 2 Example of a one-dimensional

projection of comIdx

J& 1 tagName  JEPE{E pValue IRt 5 rowld
135 km/h 289 390
velocity
’ 136 km/h 190 310
83C 367 390
temperature
85C 390 463
. rw 278 290
operation
c 390 463

®3 BEURSIHNEBLG

Table 3 Query instance of comlIdx

J&@ 1 tagName  Ji ¥4 f pValue BT 5 rowld
velocity 135 km/h 289 390
temperature 83°C 367 390
operation c 390 463

5 390 J& i A7 Ja P AE 3L [ B HOE, mT LA s
FrERJE 135 km/h 5% 1) 28 83 °C I H4RAF 10 3¢
N e B B A7 AR 390 47, IR 5] rh 4k
390 17 BAF A A0 B, A T AR AT A5 i 45

4 StoreCDB HE#EE NIRE

4.1 BIESANBRELRE

1 StoreCDB 1, F= 79 s fE W B B 5 AT
KI5t AR E ARG DAY E 5 (primeKey )
JE 3 KW dataPage FUG I A AT o T s 4232
FEAE D 25,5 AR R 43 50, SR A AR AR R
[0l ) rowld 1 D B9 propertySet 4 31 7% #s 71 2 5| £
JRIERG . B Al TEIRS ABRIELRE,

Bkl BE5 AR

A BE D 5T 5| mapldx | J& PR 5] co-
mldx

i 5 ASEARIC R
/o B R AE R E AR R « /
primeKey«—getPrimeKey (D) ;
propertySet«—getPropertySet (D) ;
dataPage<—hashPage ( primeKey) ;
Worker<—hashNode ( dataPage) ;
/o s D W KBNS /
B 5 e D 5 AR Y dataPage
mapldx«—updataMapldx( D, mapldx) ;

0 N N AW -

9  comldx «— updataComldx ( D, dataPage, co-
mldx) ;

10 R+« createR ( dataPage, primeKey, proper-
tySet)

11 return(R)

S, getPrimeKey (D) bR KR [0 £ dfls D
i) 3= 5 primeKey ; getPropertySet( D) pR 4R [0 4 P&
D i J& P 4 & 5 hashPage ( primeKey ) pF %1% [1]
5 primeKey X I [] dataPage ; hashNode ( dataPage)
PRAC IR 8] 5 dataPage X i A9 M 75 A5 ; updata-
Mapldx ( D, mapldx) e 4R 715 A8 D Z )5 5
B 7 & 5| mapldx; updataComIdx ( D, dataPage,
comldx) iR [B] 5 37 J5 ) J& £ & 5] comldx; create-
R ( dataPage , primeKey , propertySet ) ¢ %1% [0] (1) /&
SRS AR [ R
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18 Worker T i A MBS A d # v, 5 i
IR AR 2> WA S 5 B R iR 5 Ay
5 G 18 0 50 S e S ik o X BUR 51 W]
PIAT 5 I Jr s U B i il 5t o B 2 e il
TR E R

Bik2 WRIINEHRL,

A B D & 5] mapldx,

faw H BB 45 2R mapldx

1 rowld«—getRowld(D) ;

2 idx<«—hash(rowld) ;

3 dataPage«—getDataPage (idx) ;

4 BUEEE T dataPage #9554

5 B D5 A dataPage KR #E;

6 mapldx<«—updataldx ( rowld, idx) ;

7 fRETEE T dataPage 195 B A

8 return(mapldx)

B2 W, getRowld (D) bR KR B %45 D
RO 47 5 s hash (rowId ) bR %R [B] rowTd Xif 7 A9
WA Mk, BOECHE DN A i 0 AT i S B R
T2 T 5 getDataPage (idx) B ECHRER idx 5 14 9 ]
5 A LA T dataPage ; 2R )5 41 % dataPage 1)
BEAE K D AF A TR E L8 )5, 8l ad e AL upda-
taldx (rowlId, idx) 5531 mapldx, 94X J5 fi# 4 dataPage
HURSEC (o
4.3 BHRSIEMRRE

MY SRR IS e R IO D YR
PG AT5,JF M dataPage I & PR 51 co-
mldx, & comldx /N £7 76 W 6 &L 87 i) J& PR 51, &
DU A i P 1 A T M AL, BT X I i &
FIBe S A G valueArray, I 45 H'5 A comldx g 1T
BR ., k3 ath TR MRS R R,

BiE3 RMERSIMEREE.

WA EE D OB BT A A T dataPage | J&
PER S| comldx,

B b SR AE R R,
propertySet«—getPropertySet( D) ;
rowld«—getrowld ( dataPage ) ;
comldx«—getComldx ( dataPage) ;
if comldx ANTEFE then
Bl R RG] comldx;
for each tagName e propertySet do
for each pValue e tagName do
valueArray<—addArray ( pValue, rowld) ;
¥t valueArray 77 A tagName Xt 3 it pTag-

O 00 9 N Nk W N =

=
[
=

10 comldx«—upcomldx( pTagMap) ;

11 return( comldx)

Bk 3 | getPropertySet( D) pR AR [0 4045 D
H Y JE TR LR 5 5 getrowld (dataPage ) bR %5 2K HUAT i
T 4T 5 5 getComIdx ( dataPage ) pR %X M\ data-
Page W3k B & 1 & 5] comldx; addArray ( pValue,
rowld) PR 00 1 R 5] W §F 4E & valueArray ; upco-
mldx ( pTagMap ) p& %% 581 comldx,

5 StoreCDB HE#EEHIRE

T EIRRGIE AR AR I, StoreCDB & 4t i
o AR 5| B A /Y N R Bl AR . X —ad
FErh 2 IR SE N

1) Ao . B SR AR S of
il R — AR S5 B, e Y O B A AT 55, b
)9 5 R B AT e 2 A B A AT 55

2) AL B, ET AN O IESH KR
FH LB AT A5 R AT A ), DT 0 H8 4 3 4 15
100 B A ) HE AT 52 S UE B R T A ) 4
4 WRAT: 55 56 WUJR B B B 44 1 A i 25 R R el 3=
R

EX 10 A query A] IFR/R N
query = (f( tagName, ,pValue,) ,op,)}_,
Hop s tagName, #RE @ DB ;pValue, TR i
A JEPEE ; / (tagName, , pValue, ) K73 %8 15 5 )&
PEAE Z 18] B9 OC 2 5 op, Ron B A S 445, UE
AND,OR ,NOT, (J, (D3RR B A $AE AT

DL 3 d iy Al ], < is AT 135 km/h,
B o) JRR B 83°C IF HARAEIC R o7 B A i) 7T LA
/RN query = (velocity = 135 km/h) A ( tempera-
ture =83°C ) A (operation = c¢) , 4 37 S U F
AL 55 query 5, ¥ H o it S 221> HU(E A A0 4T
% P A R B A K LR 4 — R T AR 55
B, TS ES R AN 6 FIrn o

T OB AT 55 0 O3 e R I B AT R
J5 AR TR T R A AT 55 R IL R 2T A
LR o T B B = AT 55 W, 3 4 il T
T SUAR 55 A X A A it 0 AT D RS O L O
MG ST 55 W A B 20 T T I SR IBGZ A

B 6 = U455 B Y SE 41

Fig.6 Instance of task binary tree
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W 55 A RO I Y Ja R (R e S R | pTag-
Map , 2 3o i 2 15 2 TR 45 R &0 K4 R AE
ST R B A A RS B G A S R Ak
i 6 , 3 58 B4 F T A e M I e S R 5
AR . B 4 g T DAY R A 0k b B AR
Bit4 MW AAEMSIEE,
BN AL S qtree  TUE 5| mapldx | J& 1
&3] comldx,
R RE SR
while true do
INode<«—getLNode ( qtree) ;
if INode = op then /= A&7 & E#E

rNode «— getRNode( qtree) ;

/& RWEATT S TR B BB AR ERF + /
Jfr getQuery(rNode) ;

(f., op) <« getFOp(rNode) ;

query < (fi, op, fi);

else then

O 00 N N U AN W N =

—
=)

op+—getFOp (INode) ;

/BRI R HRAERT = /
rNode«—getRNode ( gtree ) ;

f«—getQuery (INode) ;
Jr—getQuery(rNode) ;

query<(fi, op, fi);

/ l I UG E R T AT A« /
R«—exeQuery ( query, mapldx, comldx) ;
/ox FHY qrree WA T A, B 4R AF
HOH R op %/

19 qgtree<—remove(INode, rNode, R) ;

20 if qtree =¥ #8Y then

21 return (R)

TEB P 4 th, getLNode ( gtree ) ( getRNode (qtr-
ee) ) BRBLR ] qtree B 72719 i (719 1) 5 getQuery
(node) bR EAR IUTY 009 J& M B IBUEL s f, 5 Sy 200l
7% 2 AL T e 0 A 0 A e S
{E; getFOp (rNode ) p& K5 AR B AC 5 51 19 8 4F 175
exeQuery ( query, mapldx, comldx) #F|f 171 % 5|
mapldx F1 J& £ & 5] comldx 1T & #f] query;
remove (INode, rNode, R) #8 4uifE 5 W &£ 4
AT A K 2 R R A ICE 21T op T R

6 RELIMEIEBESH

AR AR RO 4R B HE Al b, SR T StoreCDB
T ARG, S AEXT StoreCDB [ 2 1) 34K L J 7T 4
JEPEHEAT T — R FI LK Sk, H P StoreCDB 52

I T S S e e e
(o I e Y S

B R G e AT R LA TR B —
[6] T/EHY StoreCDB £ 4t

ARLgh, F AL FLEE A Intel (R) Xeon
(R) CPU E5-2620, F 4 2. 0 GHz, N ff K/N K
2GB; T S A AT LS A Intel (R) Xeon(R) CPU
E5-2620, F4% 2.0 GHz, W £ K/l 3 GB,

S i P 60 8080 S R T S A SR AR B A
Bl 4, H i 2o 4% X R F] 9 CRH3 R CRHS
By 45 20 Bl SR A A0 B (Srel ) FI CRH3 A
CRHS 3 4 iz 47K 808 (Sre2 ) i, 3% 4 %1
TP EE SR

TE 5256, AR SO StoreCDB 5 MySQL Cluster
1 HBase 48 2 i 47 X H 3 . 8 A0 EE X Stor-
eCDB (1) 4 ) i Ji I 8] K i L AT 1 4007

T &AL StoreCDB Xf K-V 25 i1 LA & %t
P 5 22 72 (RDB) A i 1 S 45, S 56 10 P 35 491 >R
FH T AR2 A ify .

1) K-V 7]

Select * From table Where date = “2017-05-
017, HH:table 375 A8 [A] A9 £ 46 I8, 53 51 2 Srel
5 Sre2 ;date KR SCHE T, A& KT A 5 “2017-05-
017 #H < 1 £ s o

2) RDB # i

Select * From table Where velocity = 135
AND temperature = 83 AND (operation = ‘¢’ OR
operation = ‘rw’ ) ,

7 45 H T StoreCDB ,MySQL Cluster £l HBase
AbFE K-V F1 RDB £ i) (4w B (] &7 (a) JE 7R
T K-V A iy i e 5 R b A MR A O &R, LT (b)
J& RDB £ ify i 7] 55 B 25 MR B OC &R o BB 4L
P B (38, K-V A1) 1 RDB 2 1 i) R (1] %8 12
B9 . StoreCDB 7 & 408 5 B0, K-V A i1 2%
RE T MySQL Cluster, fi T- HBase, Hi T* HBase
RNICHF 2 A, B 7 (b) AU MySQL
Cluster il StoreCDB [ 5L I 4t .

W & G B 09 38 I, 3 Rl RCHS FE 0 K-V A iR
IR 5] 40 72 7 15 0, HBase 77 47 51 A5 380 1], i 1o )
[A] 44 22 /N F StoreCDB Fll MySQL Cluster, 7F %% %
A2 BB /NI L, StoreCDB 5 MySQL Cluster

x4 ZXBBH

Table 4 Parameters of experiment

BRI ICRECH Ng, /1T 2 x10"
SRR RO 11 249 B 1] ) B frequency/s 5
FAT ARG B HIEE N cervodes 1
AT RUIR 55 25 I ECH Ny orkernodes 1~32
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M 7 Fsf (1) 5 A A [] |, Fiti 2 5040 B AR ASE 3 K, StoreC-
DB i 1 B[] 3% 5 32 3 /N F MySQL Cluster,

£ 47 RDB 25 if) i, MySQL Cluster fil Stor-
eCDB 1 i B 8] ¥ 55 T K-V 201, X & K oy K-V
A9 K K JU KB 1 RDB A5 i [m] i 75 22 00 22 5|
FUBHER SRR, A, PR A i) 1 0%
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M8 7] LU Y, Bl DA 5 00 1
StoreCDB £ if i ¥ g W] I 42 7+, RDB #& i) 5§ K-V
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AR AR 4 1 I B ORGIEAE DN S I A 1
oL A W PR iR T o

h T i — 2 3 B StoreCDB Hv DAY g KL ASE X
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PN LY S A5 R o i L Speedup & A
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Fig.8 Expandability experiment
& 5 StoreCDB 7= RDB #= i) b 79 03 tb
Table 5 The acceleration ratio of StoreCDB in
RDB queries

JinsE He

anrkerl\'mlm . R
N, =2x10"47 N, =7 x10° {7

2 1.62 1.33

4 1.79 1.49

8 2.06 1.63

16 2.64 2.10

32 4.95 3.32

e N Eipnecon 7390 2 B HSCHR J2E 755 5 FD Stor-
eCDB ()4 i i Jo7 15 [

M ZE 5 1] LLF H, StoreCDB 7E 4b B 25 i (T 45
BF, AH LG T BRSBTS Y
S b, O EL R AR o P fE B
LT

N T VPG A A ) 8 R RO, AR 52 5 R
32 5 g1y StoreCDB 1 HBase 7 AN [F] £ 45 5 AL 45
BF (%) 25 TR R 238 3R 47 X0 B i

HBase J2 18 i3 3 14 & I ( compaction) (1 J5 =,
XoF 7N AP R SCA I By e 1) s TR A o 2 L
P& 5 47t 25 ) R FH 24 % . StoreCDB M >R A i 414
70y 0y 2 A 6] — 47 $dlE v AR AR E S i 21
7 B A U /b s TR IR 2%

TEAIXT LLAG S an & 9 Brom B 9 45 ih 1T 25 1)
I 0 L SL g 45 21

MIEL O W LLE Y, BE A& A7 fift B0ai B A 1) 1
Jill, StoreCDB (1 % [8] F] 1 2 32 # B A, iX 2 K A
FEAUAT v Y 2R 5| AL I A RS AR SS9 398 < 1 il
1 25 ) R 28R B 7E BROHE AR LSS 35 /0N 1) 1% 1
T, HBase (1) %5 [A] K] H] & 0% % T StoreCDB., B &
Bl S FUA B 3G K, StoreCDB =53 [R] A1) 22 & I 72
JEWSHE T HBase, X J&: i T HBase [ & JF 5% W& 7E
P S PERE BT S 2 5 A 0T 0 SO B, A
M5 3023 8] A FH 2R R B
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SQL A 2R 51 J7 i, il i vUR 5| A s MR 51
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SQL 47 i iy Jaj B o
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1 £ &

1.1 & # 8

WA R A SCR 2 R B EAEHI Y
PR Xy A AU ZE B2 BR S i (ESX) , % fig B
A RBAF s, R B 1280 mPa + s(25°C) , B
YN 167 g/eq; ik [ 46 5] (594) , =il T
WA, BB 360 mPa - s (25°C) , ¥ A Ak T8 A1
BB A A BR 2N ) 5 A R T 28 [ ) PP AR
fiF (MeTHPA) , 2 I/ R A WA, 252 60 mPa - s
(25°C) , W& B AL T H M BHR A A R A A o
1.2 R FIEIT

Fie B 1 e Iy i & e, AR 5 vk Ry« S [
163 594 5 AWM R ESX 7TE =R IR G, itk
A J5 i Hp i AR 3 U SR, S FE 10 min S5
FRE AP,

*x1 EAEHGERIAFES

Table 1 Sample formulation of composite curing system

JEURL I 03 2K
J5 R}
PJ-1 pJ-2 PJ-3 pJ4
M S (ESX) 100 100 100 100
) ¥z 61 4k 551 (594) 10 10 10 10
FH 35 DU & 5 1F ( MeTHPA ) 5 10 15 20

1.3 EgEMHK
1.3.1 ARE4mn

K AR-2000EX 7 3¢ [ TA JiE #% i A8 4, %t
52 A AR 2 HE AT 0 AR M BE It % BN AR AR
D I R SRR e JE A2 (CSD) fH 8
WiF =10 rad/s ZHENAE vy =1% (0.1% ),
Hodr Je B B 42 25 mm B9 - F3 4, 18] BRI B N
1 mm , P28 5 3% 8 120°C, 38 B8 35 3] 120°C B
Wk B I 45 o
1.3.2 25 #HniK

R MG R 2 7 AR 7Y 823 B 22 /R il i
P(DSC) 4 Hr AL, R HAE 45 T DSC XA FE 347 3
B, FHERE 253514 5,10 15 F1 20°C/min,
TR EE 5 L Ry 50 ~ 300°C i 3t 4 A5 ) 5 4l /L]
RGP, AR A 50 mL/min,

2 H#RE5iTR

2.1 mEHE

TSR R 55 1Ak 700 2 1 1 1 Ak A 22 7 in 4 2%
PN B BT AT EIR S B A R N EIRAS
AR 2 TR BER LR . R AR T IR R
) 285 BE G 1 X 40 B G O B G i

— [ Ak, PSR TR R e 8 S AR AR R =
2 A T80 ) R 45 A4 g T AAOIR 2 o B, B EUA g T
W BA T — 5 W 2 PR R e

R I IHE 7 Tt 72 {SCRIF 5 A S A i 11 Ak AR & AT 3R
fIEH IR R IR S8, B RE R & (G) (it FE
B (G") RFEH 7 (tan 8) , HAAEH F tan &
RS AORE 22 A8 S S Ve TR AR 55 0 g A 3
AEAL 22 M IE D), 55 T i0b B i 5 FE AR i 5 4
AR 2 I B tan 6 = G"/G' . tan & fH /M
FE RO BB | tan S (BB U BB RE G 3 1 b
K, tan & 8 /)N 8 B A4 R G 0 R R . G, FE
—E B N tan & B AT R AEAEHAIRZS . Rusli
2 U SR T NG B A8 S R AR I I A A AT
TS, 38 3 X AR R A SR AT B E T
TR R AE BN E N BRI A (1) o 1 A2 B I 72
T — DR S8 W R R Z 5, R G
RS, FLIE E AR AT I U K B B 1
S RIRT A SR AN ) A AR 3R B ks A

BT e i AR A B N AE y =0. 1%,
W3R T BB R 120°C |F, 3 RE PI-1 (9 3 48 1 R
SR A A R AR AR OC Rt 2 H 1A o) 0 g
2, E A B RWIG G G G ARAR, BUE AL
TE 0.1 ~ 1 PazZ [u], i [ £k A 5 5 W0 46 266 R AR
HITR B W ARAR A, 1 R R A S Bk S I, A o il 41 41
i [ 2 BN 00 A5 Ak i 2 iy T LR R R R AR
JEE AR o A28 7 R BBRE FT B, M e e ) 2k
t, W20, R R R 2 R, Ko Gl e
DR 285 1) A7 R0 D00 385 000 ) S A5 0 =0, BEZI R
I £k B Rz A a5, 156 B G B A R O 0 R 2R [ Ak
SR, 43 5 B WA, RN .
B B0 GE ¢ =0, B ARRE G'H GHIZE T — 4, 1%
ACRD Ry iz AR R I R S A, I B R R A A #
10° Pa H B JC U sk, % 0 U5 1R 7R 4k 52 & A 52 Bk

Bl L 6 A R AR B S B g ) 25 1k ith £& (PT-1)
Fig.1 Time variation curves of rheological parameters of

composite curing system ( PJ-1)
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B tan & 1 4R 2218 T+, 33X B R 4 A R 38 55 1k 1
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P2 e 2 i AR X 5 B AR A Ay = 1%,
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Fig.2 Time variation curves of rheological parameters of

different composite curing systems

A H SO A FR U AR R 0 40 AT, AR 1 B
] ¢, FIEEWE AL 1o 43502 G (5K tan &) W L R 42
PEAR Ak (4 B 8] R RE AL (G') SRR L (G)
AHAZ B B[], P Ot, ph FE epom] 3RS 3 Ak &R Ak
Uy ESF ] 57 R 051, L35 2

H1 2% 2 I, 2 A AR 2 0 5 I A o PR
A AR & MeTHPA 57 42t 453 55 19 3 Jon i 4
RO R A B IR & MeTHPA i £ {2
HE AR HEAT BIAE o 22 2 T Ar 5 BB B A5
55 [ A G )R] 22 8] B 224, R AE [E R AR &R A i
A7 A 52 R T IR 2 1 Ak AR 3R T8O sl 1k B BT 22 D 1Y
B . PR AT, A (A Bl iR & o MeTHPA Jifi
03 B I v o AR R 2 v R AR AR R IRl AR R Y
B G A5 3 3 R R T I B R A I AR AL R A
AR A BT A B 0 07 AR R R O
T BE :
1,y = Ae" (1)
Ao, BT ) ;A AR T T 5 B, S R IR
AL RE s R Ayt AR B 7 o S IR IR . i
TR T — ANk, BIVBE I a5 A e AR TR AR i
TR A [R) 45 A8 76 A [R)R EE T AY 7 AR A K 2
SR RHEAT I o A e, ~ L/T B0 Bk £ B AT A5
SR RIEILEE £, SN AL RE =I5 2 7 W &
A5 75 5y e M Ak 2 N B T BROTR S BT A RE
T AL RE 1 KN AT DL Bk 27 5 I R w5 R B . AR
P B 48 )2 2 37 7 RO O R 2 A AR R R
TEALEE E. {8 4> W R 38. 63 .36. 89 il 33. 67 kJ/
mol, BV i % 52 £ [ fk A4 & th MeTHPA & 5 (1) 1Y
i, Ak R AR RE A A 1 T A2 A AR AR R 1
[ 16 S R HEA T

®2 EREMERN L T ACHIE
Table 2 Value of ¢, ¢, and Af of composite

curing system s
LW Ed [ lg At
PJ-1 2196 3490 1294
PJ-2 1755 2900 1145
PJ-4 1660 2530 870

WA=t -1,

2.2 BEHRRMETE

DSC 3% 2 B 58 35 S8 W I [ 1 47 o A 30 J7
ThZ — % #4 RH DSC kX 2 4 B b ik R 217
ARSI B A, OF A A 525 (8 1 590 TS HE X [
PR 2R T Al S B AR 23 B 52 4 181 Ak 1A 2R 8] 1k s iz
AR AN [ AR R T L Y I A 1A 28 7 T il
B =10C/min T HATAEFE DSC 32474, &
et 2 WK 3, @ Ry .
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i & 3 Al A R R A HE R
P 57 XUk A ( PEAK-1 A1 PEAK-2) o ) 4f8
MeTHPA 1 594 [ £k 551 i 45 &0 AT A1, 1B 3 Hr (i 4%
g PEAK-1 Q3R 2 AW i 5 MeTHPA 1 it 4
U, iR PEAK-2 03 594 B #Ig, X & A
594 J@ TR E AT, 75 2 A AR R, AT AR
i MeTHPA 1y [ 4k A1 328 5771, J A H: 5 20 480 56 1) e
N7V B, B0 N R, B E MeTHPA 57 1)y 44
B , PEAK-1 Y 750 #4 & 55 i, PEAK-2 1 il 4
HIR/N R N R TE R A E AR & H, MeTHPA g
SR N L AR N - R R VAN i = K |
MeTHPA & (9380, & & i 56 5 26 5035 SO 19
MeTHPA H 2, fy T 35 0B I 19 [ 1 B 1 A ik 44
SR, R, PEAK-1 By e it 7t & o A3, BB
MeTHPA (1 38 1, 52 1 31 #E 19 B 40 5 A 7 15
T, 5 594 T A Ak RN B 3R Sk B SR AR B 9
PEAK-2 JiC R ) i R /N . B A B IR R R
4298 DSC 42 g PEAK-1 Fil PEAK-2 W {1 V5
FEWR 3,

H 3% 3 Bl vl 0, B & MeTHPA J57 i ) 3y
Hhn , PEAK-1 F1 PEAK-2 (%) i #h 0 (%) e it B A
] iy A s ke R, ORI N E 2 A A
F o MeTHPA [t b (4 38 Jin, 594 76 & 4 [8 4k 5] o
[ R DI S R N S ol DL = R O
MeTHPA B {2 #F 1 H A A B 5 26 40 58 09 [ 4k AR
FHE Wk 55 , 1T 5 B PEAK -1 R PEAK -2 /g U {8 I

K3 R & B ARG DSC £k
Fig.3 Non-isothermal DSC curves of different
composite curing systems
x3 EABEHEFIESR DSC ML MNIEIEEERE
Table 3 Peak temperature of non-isothermal DSC

curve exothermic peak of composite curing system
C

R PEAK-1 W {if it 1 PEAK-2 W ff i B2

PJ-1 106. 28 188.49
PJ-2 108. 69 189. 64
PJ-3 110.47 191.24
PJ4 112.15 195.29

AR B = 10°C/ming

JE 1 v 7 1) RS B o

X% 8 A ALK £ PI-3 47 JE 45 IR DSC
K, R 5.10 .15 1 20°C/min (19 FH R 3R HE 47 49
i, B0 0 B 2% AR 2 0 W G R B (T U (TR
JE(T,) Mg B (T,) , 7 i 2 & WAL i & 593k
i DSC [ Ak i . = A Wk R R 6 AR S IR
DSC i LKl 4.

Shy R B R S AR T, T, T SR Or-
igin PRI AE SRR DSC (BT WLIEL 5, SRR
FH 9T (Gaussian ) 23k 0 &2 A AR AR 2 19 3L
AT 4306, 4306 J5 1Y) DSC 2k DL 6

Kl 6 A 2 5 W ( Gaussian ) 43 U V5 43 0% )5 1Y
PJ-3 42 & [ 4k ik & ) P i #4 1% PEAK'-1 AN
PEAK'-2 fyE45 R DSC 4k, NIEl 5 F1 & 6 th i)
I B 2 T T R R O, WU ) W TR R R R
A, AE UG I 32 28 S B O, TR TS R I 1 W {1 L
Y4 156 7 T T 2R A 38 0 1) 3R R RS Bl X
5k A i B R U

¥ A Kissinger B AE R B I A R 1
B SRR AR v, R U)o 0A  R A T Ak
R 2 ARG AR THERE R T T, T, A
T, RV () U R B WL 4 L LAB B A A, TR

P4 PJ-3 54 E AR MRS R DSC iz
Fig.4 Non-isothermal DSC curves of PJ-3

composite curing system

FS R IEL R I A E ALK R B SE IR DSC 2
Fig.5 Non-isothermal DSC curve of composite curing

system after baseline adjustment
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Fig.6 Non-isothermal DSC curve of PJ-3 composite

curing system after peak splitting

x4 FAEFREZETERNIEERE
Table 4 Peak temperature of double peaks at

different heating rates

PEAK'-1 PEAK'-2
B/(C - min ")
T./C TP/OC T./C T,/C TP/OC T./C
5 76.24 110.13 152.48 157.82 187.95 220.13
10 80.52 120.61 164.27 164.27 205.36 246.27
15 85.37 129.37 174.52 170.49 212.84 260.45
20 90.66 136.40 183.40 176.81 219.90 265.71

PAbRAEH T-8 K R K, Zad 4 A 15 2 RR1E
TS TR R R, WA T,

SN S I B 51 A B =l I A N i
PEAK'-1 f§ T, T, 1 T, 7E R[ETHRE T 23 R
WFI LR SC R o T iU PEAK'-2 R T, 2 OC
RRUW,T, T (MR ZE, Xalge2h T
LAk & th MeTHPA 5 594 1§ 5 B 4k A= [
A B N B, X A [ Ak B R 7 A — Y R T
2.3 5 — B X A A TR A R B LI R AT
38T .

2.3 EAENERREE

MeTHPA J& F & I 25 [E 1k 71, 2 Ak 2 45 4 I
K18, 4 MeTHPA Fp 4 Sy 31 404 i [ 1k 57 B4
P R S AR I I B, AU BT fd MeTHPA

K7 PJ-3 E AR IR R PEAK'-1 . PEAK'-2
A I b £k
Fig.7 Extrapolation temperature curves of PJ-3

composite curing system of PEAK’-1 and PEAK'-2
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Fig.8 Schematic of chemical structure of MeTHPA
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kA SR, (0 S 007 4k 82 AT K1 RN HL
UL 9o

594 [ A7 S 0 e 2 7 K 1 A 5, HG 45 4
IR T AR [ A R, Ak 2 S5 UL 10, 594 B Bz
] A 700 2 — ol X A 1 Y B R R, A 2% /\ DT B B
FEAE T L, (A5 ] 7 LA A ) R AR E R
AR B o RO 5 P rp ) U e T D Y R
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Fig.9  Curing reaction mechanism of MeTHPA and epoxy resin
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e T A v

BT 2 A G TR R Bl B B AR Bl R A [
O LI, 75 52 & AR & % T MeTHPA
He st 594 J& FRUKE , A iF 550 1 B 4 £ i MeTH-
PA v FJE /) FF IR JE BB X, 4 Bl 5 PR Rk [ 4L
KRB HEAT o #5594 B R [ 16 39 72 4 & vh & ¥R
MeTHPA B2 i 7 B9 /E T, A & BI AT . T A SCRRF
TEIC MeTHPA Ji7 & 1y 2O /& UL 58 iR & 4
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Bl 10 594 [ 1650 i) P = 25 40 7 T 1]

Fig. 10 Schematic of chemical structure of 594 curing agent
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Fig. 11

Schematic of electron attraction of boron and

nitrogen atoms of 594 curing agent
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Low-viscosity epoxy resin boramine-anhydride composite curing system
XING Zhipeng, QTAO Yingjie* , ZHANG Xiaohong, WANG Xiaodong

(College of Materials Science and Chemical Engineering, Harbin Engineering University, Harbin 150001, China)

Abstract: In order to explore the mechanism of composite curing reaction of low viscosity epoxy resin, bo-
ramine-anhydride The rheological properties and curing reaction process of low-viscosity epoxy resin with bora-
mine-anhydride composite curing system were studied, and the influence of boramine-anhydride compound ra-
tio on the rheological properties and curing reaction process of the composite curing system was analyzed.
Based on Arrhenius equation, the curing time, gel time and activation energy of curing reaction of the compos-
ite curing system were determined by rheological parameters. The results show that the curing reaction is pro-
moted with the increase of the anhydride ratio in the curing system, while the starting point of curing and the
gel time point decrease, and the activation energy based on Arrhenius equation is reduced. The curing reaction
process of boramine-anhydride composite curing system was analyzed by non-isothermal differential scanning
calorimeter (DSC). The results indicate that relatively independent double exothermic peaks appear in the bo-
ramine-anhydride composite curing system. With the increase of anhydride ratio, the peak value of the low-
temperature exothermic peak increases, the peak value of the high-temperature exothermic peak decreases,
and the peak temperatures of double exothermic peaks move to the side of high temperature. According to the
curing reaction mechanism of the two kinds of curing agents, two effects of mutual synergy and mutual compe-
tition between the curing agents of boramide and anhydride exist in boramine-anhydride composite curing sys-
tem of epoxy resin.

Keywords: epoxy resin; boramine curing agent; anhydride curing agent; rheological property;

curing reaction
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Table 1 Prediction results of hypervelocity

impact experiment

bRl MO, FE WAL B

WY itsem (kmest) BB Hit/em SR
1 0.635 3.42 yes  0.5291 vV
2 0.635 3.99 no 0.623 1 x
3 0.635 4.153 no 0.65 vV
4 0.635 4.21 no 0.6593 vV
5 0.635 3.87 yes  0.6033 Vv
6 0.635 3.75 yes  0.5855 vV
7 0.635 3.82 no 0.597 x
8 0.635 1.24 yes  0.65 x
9 0.635 1.04 no 0.7308 v

10 0.794 4.54 yes 0.7151 vV

11 0.794 2.1 yes 0.4575 vV

12 0.794 1.53 yes 0.565 Vv

13 0.794 0.7645 no 0.8972 vV

14 0.794 1.3085 yes  0.6271 vV

15 0.794 1.81 yes 0.5047 vV
16 0.794 0.801 no 0.8692 Y4
17 0.794 0.595 no 1.0597 vV

18 0.635 4.06 yes  0.6362 x

19 0.635 4.237 yes  0.6653 x

20 0.635 4.425 no 0.696 1 vV

21 0.635 4.345 yes  0.683 x

22 0.635 1.404 yes  0.5979 vV

23 0.635 1.16 yes  0.679 x

24 0.635 1.12 no 0.695 1 vV

25 0.635 2.97 yes  0.4572 vV

26 0.635 0.871 no 0.822 v

27 0.635 0.801 no 0.8692 vV

28 0.635 1.062 no 0.7202 vV

29 0.635 1.31 yes  0.6262 vV

30 0.635 3.97 yes 0.6214 vV

31 0.635 2.2 yes 0.4432 v

32 0.635 3.87 no 0.605 x

33 0.635 3.92 yes  0.6132 vV

34 0.635 4.3941 yes  0.691 x

35 0.635 4.46 yes  0.7019 x
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Fig.2 Prediction effect of NASA’ s ballistic limit equation
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Hypervelocity impact damage prediction of stuffed Whipple
shield based on Adaboost
DING Wenzhe', LI Xinhong” ", YANG Hong'

(1. Graduate School, Space Engineering University, Beijing 101416, China;
2. Department of Aerospace Science and Technology, Space Engineering University, Beijing 101416, China)

Abstract: The explicit ballistic limit equation of stuffed Whipple shield may cause some deviations be-
tween the prediction results and the measured data when the projectile is subjected to hypervelocity impact
damage prediction because of different filling materials and filling methods. In this regard, the machine learn-
ing method is used to transform the problem into a binary problem. The projectile impact parameters and pro-
tective structure parameters in the collision process are used as the classification features to construct a hyper-
velocity impact damage prediction model of stuffed Whipple shield based on Adaboost. The model uses the
classification and regression tree (CART) as a weak classifier to generate a strong classifier by weighted com-
bination of a series of weak classifiers. Through the cyclic use of training samples, the impact damage predic-
tion under a small sample set is achieved. The experimental results show that the established Adaboost predic-
tion model has good prediction effect on the hypervelocity impact damage of stuffed Whipple shield. Both the
totality prediction rate and the safety prediction rate of Adaboost prediction model increase by 14.3% com-
pared with NASA’ s ballistic limit equation, and the established model has more versatility. Cross check under
different training sample sizes proves that the model has good robustness and accuracy.

Keywords: stuffed Whipple shield; damage research; Adaboost algorithm ; totality prediction rate ; safety

prediction rate
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Fig.1 Schematic of aircraft target sample docked in various areas
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Fig. 13 Comparison of time cost for aircraft target detection
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Fig. 14 Comparison of aircraft target detection results
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Deep learning and optimization algorithm for high efficient searching and
detection of aircraft targets in remote sensing images
GUO Lin, QIN Shiyin"

(School of Automation Science and Electrical Engineering, Beihang University, Beijing 100083, China)

Abstract. In order to achieve high-performance detection and accurate positioning of aircraft targets in
large-scale remote sensing images, in this paper, a kind of efficient aircraft target detection algorithm based on
synthetic integration of searching and detection is presented. First, through the end-to-end deep neural net-
works (DNN) , the efficient and accurate pixel-level segmentation of apron and runway area is achieved so that
the searching range of aircraft targets is greatly narrowed and the probability of false alarm is also reduced
effectively and the goal of high speed searching of aircraft targets candidate detection areas is achieved accord-
ingly. In view of the segmented areas of apron and runway, the strategy of transfer reinforcement learning is
employed to pre-trained YOLO networks with supervised signals of positive datasets by manual labelling. In
this way, pre-trained networks can make up the deficiency of capacity of manual data sets, and the advantage
of real-time property of YOLO networks can also be utilized to deal with the classification and locations of air-
craft targets so as to achieve a satisfied solution of regression problems and promote the efficiency of detection
significantly. It is obvious that the apron and runway segmentation with DNN networks can play important role
in getting performance superiority of high precision and efficiency. Meanwhile, YOLO networks based on
transfer reinforcement learning not only possess the characteristics of high efficiency, but also maintain the
precision of detection at a high level. A series of comprehensive experiments and comparative analyses verify
the effectiveness and good performance of the proposed searching and detection algorithm of aircraft targets with
DNN cascade combination and synthetic integration.

Keywords: deep learning; deep neural networks; apron and runway segmentation; aircraft target detec-

tion; large-scale remote sensing image
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Micro-scaled biaxial loading test system based on
multi-axis synchronous control
XIONG Jingzhou, WAN Min, MENG Bao” , ZHAO Yuechao, WU Xiangdong

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

Abstract: Aimed at the currently insufficient experimental condition for the research on yielding and
hardening behavior in microforming of ultrathin sheets, a micro-scaled biaxial loading test system was presen-
ted, which can achieve complex loading paths. The system is characterized with four independent driving axes
in hardware, coupled with separated upper computer and lower computer in software structure. The digital im-
age correlation ( DIC) method is adopted to capture deformation strain in the biaxial tension process. The con-
trol model of permanent magnet synchronous motor (PMSM) was first established, and the control parameters
of speed closed loop were identified. The control accuracy of single-axis position closed-loop is significantly
improved by using the nonlinear PID control method, and the four-axis synchronous control under diverse dis-
placement/load ratios is realized on the basis of virtual axis method. The biaxial loading experiment reveals
that the system satisfies the requirements of displacement synchronization error within 0. 02 mm and load syn-
chronization error within 0. 05 kN. The developed system can thus be used for experimental research on yield-
ing and hardening behavior of ultrathin sheet.

Keywords : microforming; yielding and hardening behavior; micro-scaled biaxial loading system; virtual

axis method ; synchronous control
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Table 1 Critical value of X, with different frequency
offset Af, array element numbers N, and

interferometer antenna distances d,

X, IIfi i AE / km

N d,/m
Af=1kHz Af=10kHz Af =100 kHz
0.1 15.539 6.647 2.000
2 0.15 16.554 7.151 2.269
0.3 19.034 8.369 2.929
0.1 13.715 5.731 1.4768
5 0.15 14.052 5.901 1.6095
0.3 14.978 6.3665 1.8512
0.1 13.414 5.5725 1.4497
8 0.15 13.6175 5.6785 1.4995
0.3 14.1915 5.9706 1.5934

Bl 7 Z, % Ax g R EE (Af=10kHz,N =5)
Fig.7 Schematic of impact of Z, on Ax
(Af=10kHz,N =5)
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element intervals d
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Angle deception effect of frequency diversity array on interferometer

GE Jiaang', XIE Junwei" ", ZHANG Haowei' , FENG Xiaoyu', ZHANG Jing’

(1. Air and Missile Defense College, Air Force Engineering University, Xi” an 710051, China;

2. College of Highway and Railway Engineering, Shaanxi College of Communication Technology, Xi’ an 710018, China)

Abstract: A method of angle deception jamming for interferometer based on frequency diversity array
(FDA) is proposed to solve the problem of direction-finding concealment of interferometer. The interferometer
determines the angle of arrival by obtaining the phase difference of the signals received by each antenna, and
the phase difference does not satisfy the solution relation due to the frequency offset of each element of FDA,
so that the angle deception is achieved. This paper proposes two algorithms ( FDA model establishment and
Euler formula) to establish the FDA signal phase distribution model. Tt is proved that FDA signal has an angle
deception effect on interferometer. Based on the principle of interferometer, the influence of interference dis-
tance, interval of array element, emission frequency, frequency offset, etc. is analyzed. The theoretical analy-
sis and simulation results show that FDA has a good deception effect on the interferometer in far field.

Keywords; frequency diversity array (FDA) ; angle deception; interferometer; Euler formula; phase differ-

ence
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Table 1 Material parameters of orthotropic

thin plate model'"”’

WA E, (E,/GPa 187.06
WAPERE R Ey/GPa 16.49
TR L w1o 0.175
TR EE s+ pas 0.492
B R G,/ GPa 57.66
B G5 .G,y /GPa 27.51
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Table 2 Material parameters of middle layer and

surface layer in anisotropic thin plate

SR o ] 2 FH R
MR R E, E,/GPa 107.06 187.06
WL E,/GPa 9.43 16.49
TARA L w1, 0.1 0.175
RS L s eos 0.4845 0.492
YWYME G,,/CPa 52.75 57.66
WKL G5 .Gy /GPa 15.75 27.51
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Fig. 10 Number of damaged units of orthotropic

three-layer plate model
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Fatigue damage analysis of 2D braided C/SiC composite plate
CHEN Tianxiong, ZHANG Zheng" , WANG Qizhi, LIN Huixing

(School of Aeronautic Science and Engineering, Beihang University, Beijing 100083, China)

Abstract: To explore the basic laws of composite damage, first, based on damage mechanics, combined

with Tsai-Hill criterion of strength, a damage evolution equation that can characterize the damage anisotropy of

2D braided C/SiC composites was proposed. Second, a damage simulation program considered material stiff-

ness reduction depend on the damage degree, as an add-on function, was developed and inserted in the com-

mercial finite element software ANSYS environment. Third, the damage evolution of the 2D braided C/SiC

composite plate model was simulated, and the result shows stress and damage degree have coupling effects on

the element damage during the damage process. Finally, the form of damage evolution equation is discussed

and improved, and the anisotropic characteristics of damage evolution under the material property and the ac-

tion of damage driving force is revealed by analog computation, indicating that the material anisotropy damage

is the inevitable result of its material properties and loaded form.

Keywords: composite; 2D braided; damage; anisotropy; finite element
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1.1 EEFREHAYESH
1 0y 55 Ah #E L SRR ) S bk 2
B, Hob S I B 2123 kg/m’, IR R HOR
30,6 W/(m + K), lb#AE R 913)/ (kg - K)
F1 SSAWEEFTRBBGHNANMESH
Table 1 Thermal physical parameters of 55 Ah

lithium-ion battery monomer

B %rﬁ/gkg- SR LA/
m~7) (W-(m-K)™") (J-(kg-K)™")
FH 2123 30.6 913
TE AR AR H- 2719 202.4 871
A% - 8978 387.6 381
I 1008 0.3344 1978
TN 8193 14.7 439.3

1.2 REPENERE RFHERE

P12 55 A B 7 v it B R 03t A5 A7 A
Y IRBLTT o FL Il AR BRI L IE OB A R
H A FE RSP AR, & iF  ME 2 HOR — 2L
S B R IR 0 A AN 3 AN B SRR S AR
(19 B0 T, He el 23 A 7 I A R R R D, A
A E S B X B A B2 A 0 AR IE BT & A

1 55Ah #E  H R AC IR R A A A BT
Fig. 1 Arrangement of temperature measuring point and
design of thermal insulation for 55Ah lithium-ion

battery monomer
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IR85ER BE Ry 20°C 1), X6 Hi b B4 E A7 AN ) £

RITHCA 20,5 CH LA i), 55 Ah B

K2 0.5CFEHCRAR AT 55 Ah HE T i
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Fig.2  Average temperature curves of 55 Ah lithium-ion

battery monomer at 0.5 C charge and discharge rate
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0.5 CFE i L Af A 7 35 R S T R O 2. 31 W
0.8 CHLHL LA AR I - 33 A FR Ry 5.00 W51 C
FEALAG R P 3 R RT3 N 6.51 W5 1.5 C 5
JCHEL A7 AR ISP 2 A BRI R Oy 12,83 W52 € SRR
F5 23R 2 R T F R 19,17 W, 1T WL B 5 78 %0
RV R AR i, LT AR A I R T
F2 AEFEMEBEER S5Ah 25 F B ith 8 0GR EHE
Table 2 Temperature data of 55 Ah lithium-ion battery

monomer at different charge and discharge rates

Fodc  RIRIREE/C 2R E/C BRI/ C

%/ sl ol R Eob R Eow

0.5 20.39  20.19 31.40 32.01 11.01  11.82
0.6 20.33  20.21 34.03  35.23 13.70  15.02
0.8 20.20  20.25 35.54 36.75 15.34  16.50

1 19.92 20.05 35.43 37.39 15.51 17.34
.2 20.11 20.11 37.25 39.92 17.14 19.81
.5 20.22  20.37 43.16 44.49 22.94 24.12

1
1
2 20.27  20.29 45.39 47.99 25.12 27.70
3 19.85 20.24 50.83 54.98 30.98 34.74
5 20.21  20.16  51.41 63.43  31.20 43.27

x3 AERHMEEEMSSAhEEFRBAKEAINE
Table 3 Thermal power of 55 Ah lithium-ion battery

monomer at different charge and discharge rates

5 E I R AT /W

fE#/C T T HL FEIR
0.5 2.06 2.55 2.31
0.6 2.95 3.89 3.42
0.8 4.31 5.69 5.00
1 5.42 7.60 6.51
1.2 6.62 10.25 8.44
1.5 10.06 15.60 12.83
2 14. 44 23.89 19.17
3 22.26 44.93 33.60
5 23.74 93.28 58.51
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Vg

MBI B Ry 20°C B, X6 L 1 C 7 L B Y 3k
55 505 FLAE AL F AR TR AR ) R 1 R BT R
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MR E A B W . WK S i RLE 7 5K 5
Gl R /e e el N i RN RN
T e U L B0 0 e A SR 1. 17°C, i H 4
A5 21 1 J5e e TR EG 6 0 A5 SR 1. 10°C, B dig
RELEA B ZIEEN

3 H RO R R T R
Fig.3 Thermal power of battery monomer in

charge and discharge process

4 FL VD MR T R O AR R B 3 0 A
Fig.4 Temperature field distribution of battery

monomer in charge and discharge process
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Fig.5 Comparison of temperature data of battery monomer

between experiment and simulation
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Fig.6  Schematic diagram of physical model of
double-layer battery pack
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Fig.7 Schematic diagram of coolant inlet and outlet

grid of double-layer battery pack
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Fig.8 Schematic diagram of coolant flow direction of

double-layer battery pack
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Fig.9 Temperature distribution contour of upper and lower modules of double-layer battery pack with

air domain under different discharge rates ( coolant inlet up and outlet down)
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Fig. 10 Temperature distribution contour of upper and lower modules of double-layer battery pack without

air domain under different discharge rates ( coolant inlet up and outlet down)
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Fig. 11  Temperature distribution contour of upper and lower modules of double-layer battery pack with

air domain under different discharge rates (coolant inlet down and outlet up)



1 R, A o s S U AR A T T U v T e e A

He A 1
-

P12 R T i A9 TR AR AR 28 OB it b T LR B O A o IR (e 0T E )

Fig. 12 Temperature distribution contour of upper and lower modules of double-layer battery pack without

air domain under different discharge rates ( coolant inlet down and outlet up)
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Bl 14 ORI WO R A 2 SEUZ d i b B IR BE A A = [
Fig. 14 Temperature distribution contour of upper and lower modules of double-layer battery pack without

air domain under different inlet flow rates

EHETR RS [ BEROR BT A A AR S SR TN T N R B A iR Tt BB N
A TIREHIRE DA S TS AR J0BEE AR IR B /N T AR IR B B AR IX
XERUZ AL T R A B A A B R TR WD, UA AT R AR AT AR
RE SR AR SUZ v A ) U S I A A R AN UL B, A AR 2
BBET R BRI E AR, BRI R Z A AR 2 R R — AL K D AR IR T



1 B

a8

225 S U AR A T T U v T e e A

He A 1
o

J& — AL HEK T AR IR

M 13 FIE 14 g a] PUA H, BUZ itk 4
A8 AN TR) HE R T R b PR s I A7 AR R
M I 22 2 WS K, LB RO 3 R
PP R L 4 o K Tl 2 WS A IR, > 0 R
300 L/h i, B0 o it fi R 22 fe K4 IE 10°C, 3
[F)AE R 1T R ) 2 il BE VL, TR, 7 LD A
EEAET WL BOR B BT AFTE A A B, HR A Y
W2 Z G ML R, 76 1.5 C 35 i T v A %
300 L/ 2f o L B T, A b 5 A BE o A 22 S
e

6 J AN R FEW i TV AN B T XUZ
P YL B 2 AN A 2 U b )R e i T
Bl , i 2R AT R AR IR W R D 700 L/h B A A
SRS 23 U B T 2 8 2 e vy il T
FRAR, HOA il 28 Ak b R B B R T
14.172°C , F Z M H & &R T+ 15. 106°C , 75 =8
BRI L BEALR B 3R T4 0 B 14.382°C, T IR
BLALRFG R T (Y 15.034°C

i i A TR R, T R A I
AR 5 i it 25 U L I AL TR X B AR R R T )R
A Y o e iR T, T R R A R AR AR 5 A [ e
7R T IR AR A R A (R, v A L BE T il
JERCLHIR B & TR 2 A, T R S i s AR
Xt I He A B e LT B A Ve SR RO R A O
R RG] 2 A A A R S P, TR
A58 2H d5c ey L T A AEK 9 R 2 i /), AE 700 L/ i 3
PR I HEAR T 0.072°C, | T J2 M2 14 3 B A
AL UUZ H b AL T SRR A e iR T 22 R
FLF A v A0 0 O B B 49 K, 2 U A A R
XUz FRL A0 B 52 W 39 68, BT SRS e e it T 22
e ARG 25 ey 2 33 B 300 L/h i 4 17. 5% 38§ i %)
700 L/h [ 19 30.2% ,
®6 AEHEBARETVNERRE LTERSRANE
Table 6 Maximum temperature rise data of upper and
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under different inlet flow rates
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Heat dissipation characteristics of double-layer battery pack under
coupling of air and fluid domains
ZHAO Lei, ZHU Maotao, XU Xiaoming* , HU Donghai, LI Renzheng

(School of Automotive and Traffic Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract: The existence of the air domain in the multi-layer stacked battery pack makes the heat flow
field of each layer module coupled together, thus affecting the heat dissipation performance of the battery mod-
ule. A liquid-cooled heat transfer model for a square double-layer battery pack is established with considering
the convection heat transfer between the battery module and the air. The thermal power of the battery in this
model is based on the experimental results. ANSA is used as the pre-processing software to ensure the simula-
tion accuracy, and CFX is used as the post-processing software. The effect of air domain in double-layer bat-
tery structure on the thermal behavior of liquid-cooled thermal management system is studied under different
discharge rates, cooling fluid inlet directions and liquid flow rates. It is compared with the simulation result
without the consideration of air domain under the same working condition. The comparison results show that
the presence of the air domain does not affect the temperature distribution of upper and lower module of the liq-
uid-cooled double-layer battery pack, but reduces the temperature difference of the upper and lower modules,
and the difference of the maximum temperature rise in the upper and lower modules can be reduced by 49.1%
to a largest extent, which improves the temperature consistency of the whole battery pack.

Keywords: double-layer battery pack; air domain; fluid domain; numerical analysis; heat

dissipation characteristics
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S-wave spin singlet bottomonium decay to charm quark pair
SUN Jiajia, ZHANG Yujie, XIONG Chang”

(School of Physics and Nuclear Energy Engineering, Beihang University, Beijing 100083, China)

Abstract: The decay of S-wave spin singlet bottomonium state to charm quark pair is studied, and the
decay of S-wave spin singlet state and triplet bottomonium state to D meson pair is studied. By using the
branching ratio of the decay of S-wave spin triplet bottomonium state to D meson measured by the BaBar Col-
laboration, it is found that the color octet matrix element of the S-wave spin triplet bottomonium state is much
smaller than the theoretical prediction, and the theoretical prediction is a factor of 20 times larger than the ex-
perimental upper limit. The theoretical predictions of the branching ratio of S-wave spin singlet bottomonium
state to charm quark pair can be used to probe the color octet mechanism. The theoretical predictions of the
branching ratio of S-wave spin singlet bottomonium state to D meson pair are different from those of other litera-
ture. These predictions can be validated by Belle [I Collaboration to obtain more information about hadroniza-
tion.
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Table 2 Result of dynamic localization

B WERE x AFR/mm oy AFR/mm /()
1 31814.1 13511.2 89.4
2 31813.9 13512.1 89.5
3 31814.0 13512.0 89.6
4 31813.9 13511.8 90.3

B201 5 31814.0 13511.7 89.4
6 31813.8 13511.9 89.9
7 31814.1 13512.0 89.8
8 31813.9 13511.9 89.8
9 31813.9 13511.8 89.6
10 31813.7 13511.8 89.6
1 34600.7 1154.9 270.5
2 34600.7 1154.9 270.3
3 34601.6 1155.3 270.5
4 34601.7 1155.2 270.8

B104 5 34601.3 1155.4 271.1
6 34601.7 1155.2 270.3
7 34601.5 1154.9 270.8
8 34600.9 1154.8 270.8
9 34600.9 1154.7 270.7
10 34600.8 1155.1 271.2

10 A7HLE

Fig. 10  Travelling trajectory
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Table 3 Error of localization trajectory %
Lo U E (AT X B R 22
1 0.071
2 0.084
3 0.082
4 0.087 0-082
5 0.082
6 0.084
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Visual localization technology of AGV based on global sparse map
ZHANG Haoyue, CHENG Xiaoqi, LIU Chang, SUN Junhua”

(School of Instrumentation and Optoelectronic Engineering, Beihang University, Beijing 100083, China)

Abstract: In order to realize the high-precision localization of automated guided vehicle (AGV) in com-
plex industrial environment and overcome the influence of environment change, a vision localization method
based on a global sparse map was proposed. First, a large-capacity two-dimensional coded point was de-
signed, which was set on the ground as an artificial landmark. Based on a quad recognition algorithm, the co-
ded points were accurately segmented and identified in complex industrial environment. The feature points
from different images were properly matched by using the coded information provided by coded points. Then,
a block-optimization three-dimensional reconstruction algorithm was designed to build a map for a large-scale
industrial environment, which provided a sparse electronic map for AGV visual localization. The visual locali-
zation of AGV was realized by matching the feature points from the visual sensor and sparse electronic maps.
The repeated precision of AGV is less than 0.5 mm, the angle deviation is less than 0.5°, and the average
displacement error of trajectory is less than 0. 1% . The practical application shows that the method can realize
the visual localization of AGV in complex industrial environment. The speed and precision of localization both
meet the requirements of industrial application, which provides a new way for vision-based localization
of AGV.

Keywords: automated guided vehicle ( AGV); visual localization; three-dimensional reconstruction;

sparse map; coded point
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