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Fig. 1  Structure diagram of satellite platform and

2-DOF gimbal
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Pointing and tracking control with linearization and
state feedback for gimbal on floating platform

ZHAO Guowei®', WANG Weimin', FANG Yizhong’, WANG Haoyu'

(1. School of Astronautics, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;

2. National Key Laboratory of Experimental Physics and Computational Mathematics,

Beijing Institute of Space Long March Vehicle, Beijing 100076, China)

Abstract: 2-DOF (degree of freedom) gimbal mounted on floating space platform caused attitude disturb-
ance to the platform while pointing and tracking a space object. Therefore the attitude of platform was affected
then the pointing direction of the end of the gimbal changed and the pointing accuracy was reduced. So the
gimbal and the platform were dynamically coupled. This problem could not be ignored especially when the
inertia of the gimbal was not small enough compared to that of the platform or when the gimbal was rotating
fast. In order to solve this problem, a coupling compensation method was put forward. In this method, attitude
motion of platform caused by the rotation of gimbal was considered to revise the tracking target of the gimbal.
Furthermore, feedback linearized state feedback was used as control method. At last a simulation was carried
out to compare the pointing accuracy between traditional PD control method and the method put forward. It is
verified that the pointing accuracy is efficiently improved by using linearization and state feedback as control
method.

Key words: floating platforms; state feedback

tracking control; coupling; feedback linearization;
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Table 3 Performance of different methods
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Table4 Ex.2 orbit elements of target and interceptor

fliikes  a/km e i/rad O/rad  w/rad  f/rad
Htr#s 20000 0.3 0.3 2.1 0.0 0.0
£ 8000 0.1 0.1 0.3 T 0.0
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Table 5 Results of different weight factors
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2 €;=0.3,€,=0.7 4272.9 112.4

3 Cy=1,C,=0
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Space interception orbit optimization design based on
hybrid optimal algorithm
GAO Xiaoguang* , TANG Hong, DUAN Junhong

(College of Electronic and Information, Northwestern Polytechnical University, Xi” an 710072, China)

Abstract: Based on a hybrid algorithm combining genetic algorithm ( GA) with improved Gauss method
(IGM), a design method of space interception orbit was proposed for solving time-fuel-optimal trajectory plan-
ning problem of interceptor. First, classical Gauss method was improved by applying Newton-Raphson itera-
tion, solving the problem of the classical Gauss method of slow convergence speed and small transfer angle.
Then, a theorem on the necessary and sufficient condition for the existence of unique solution was proved.
When the initial orbital parameters were given, this condition could be used to judge whether elliptical orbit
could be introduced as the interception orbit. After that, constraints of transfer time and maximum pulse rate
were given, as well as the calculation steps of hybrid optimal algorithm, and way of coding was improved.
Finally taking optimization problem of space interception orbit as an example, simulation was carried out. Sim-
ulation result shows that the hybrid algorithm has fewer generations and shorter consuming time compared with
conventional optimal algorithm, indicating the algorithm is applicable in determining interception orbit in
space.

Key words : optimization ; space interception; Gauss method; genetic algorithm ( GA) ; hybrid algorithm
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Differential excitation eddy current sensor testing for
aircraft engine blades defect
YU Xia'?, ZHANG Weimin "', QIU Zhongchao' , CHEN Guolong' , QIN Feng'

(1. School of Mechanical Engineering, Beijing Institute of Technology, Beijing 100081, China;
2. Navigation and Control Technology Research Institute, China North Industries Group Corporation, Beijing 100089 ,China)

Abstract: The micro-crack detection experiments of the certain model aircraft engine turbine blades were
carried out. Based on eddy current testing technology, a small differential excitation probe with high sensitivity
and difference from traditional probes was designed and developed. The simulation analysis of micro-crack on
aircraft engine turbine blades was completed by finite element analysis software. In order to realize the auto-
matic and efficient detection of engine blades, a computerized numerical control (CNC) scanner with multi-
degree of freedom was designed and adopted to control the acquisition process. The detection signals were
acquired via the signal conditioning circuit, A/D card and input into computers, where the signals storing,
processing and output completed. By comparing the experimental and simulation results, it can be seen that
the difference incentive eddy current sensor can effectively and accurately determine the micro-crack position
on the blade surface and has practical significance and reference value for evaluating micro-defects of aircraft
turbine blade parts during early diagnosis.

Key words: engine blade; the differential excitation; eddy current sensor; crack; simulation analysis
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Simple and efficient novel multi-way relay network coding scheme
WU Zhanji* , GAO Xiang

(School of Information and Communication Engineering, Beijing University of Posts and Telecommunications, Beijing 100876, China)

Abstract: A simple and efficient novel network coding scheme was proposed to improve the throughput
and transmission reliability of multi-user multi-way relay network with full-data exchange. It was based on a
multi-stage two-way network coding scheme. Two paired users transmitted their information symbols to the re-
lay node simultaneously. Then, the relay node judged whether these two symbols have the same sign by hard
decision for the received superimposed signal and broadcasted the decision result to all the users. If the two
symbols had the same sign, the transmitted symbols could be known. Otherwise, anyone of the two users was
selected to perform the network coding in the next round. Each pair of users performed in this manner sequen-
tially until the transmitted symbols of all the users are obtained by each other. Both theoretical analysis and
simulation results indicate that compared to the plain routing scheme and the binary-signaling network coding
reference scheme, the throughput per source per channel use is increased remarkably. Besides, due to the
simple nature of 3-plus amplitude modulation (3-PAM) , the proposed scheme has much lower complexity and
much higher reliability compared to the referenced scheme for large-scale multi-way relay channels. On the ad-
ditive white Gaussian noise ( AWGN ) channel, low density parity check (LDPC) codes are utilized in this
scheme to improve the reliability. The simulation results show that the signal-to-noise ratio (SNR) gains to
reference scheme increase as the number of users increases, and the SNR gains of the LDPC-coding scheme
are even bigger than the uncoding scheme.

Key words: multi-way relay channel; network coding; 3-plus amplitude modulation (3-PAM) ; low den-
sity parity check code (LDPC) ; two-way relay channel (TWRC)
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Table 1 D-H parameters of robot
i a; /(%) a;_,/mm d/mm 6./(°)

1 0 0 0 0
2 -90 a, (400) 0 -90
3 0 a, (1100) 0 0
4 -90 a;(230) d, (1134.56) 0
5 90 0 0 0
6 -90 0 ds (244) 0

S a4 F . Bl K i £ 2% 21 kg Al
70 kg B AL TR
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Fig.4 Load identification experiment
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x2 HBEANSHETE
Table 2 Measurement data of robot
S KA AL/ () 2 LA/ nm by/m
1 2 3 %l 4 5 6 fih g A a AT b
1 0.761 -121.148 41.945 0.966 71.267 151.962 7.74 8.56 13.79 0.66
2 0.761 -101.926 15.290 -3.351 68.260 151.967 4.82 7.11 27.32 1.87
3 0.760 -86.402 2.368 -6.392 66. 143 151.971 7.02 7.83 13.22 0.66
4 0.760 -65.483 -12.672 -8.701 64.535 151.973 5.06 6.88 18.38 1.48
5 -31.383 -88.123 13.952 -8.701 64.535 151.973 6.64 7.83 14.68 0.97
6 13.304 —-58.548 -5.696 -1.693 54.455 171.933 4.11 7.37 27.73 2.66
7 21.048 -52.572 -7.670 -1.635 34.055 171.933 2.87 6.16 25.07 2.69
8 24.985 -41.338 -32.679 -1.635 39.106 171.938 0.24 3.82 30.24 2.92
9 27.400 -34.445 -48.024 -1.636 42.206 171.942 2.39 1.62 4.49 -0.62
10 29.929 -27.228 -64.089 -1.636 45.451 171.945 5.40 2.91 27.61 -2.03
F3 MBANRANAHER
Table 3 Results of robot identification load 3 gﬁ i{l’_\.
- ShRfidi/kg BT kg FXT 2%/ % . . i
i o BED BAa WD BFa D ASCH T — AL AN S
1 21 70 20.99 68.21 0.0476 2.5517 jj‘/f
22 70 2L 779 09524 25571 1) SR U7 o U G, R £ I o B
3 21 70 21.09 71.31 0.4286 1.8714 iﬁﬁtﬂj}%ﬁ,ﬂﬁ%ﬁﬁﬁﬁl\ﬁgf?@%,*ﬁ%Tﬁkzﬁ,ﬁi
4 21 70 20.77 69.14 1.0952 1.2286 L
5 21 70 20.68 68.78 1.5238 1.7429 %'f_f
6 21 70 2156 71.55 2.6667 2.2143 2) fEBRKAFHLEE N QHL165 FiEfT T iR 56
7 21 70 20.87 68.77 0.6190 1.7571 iE , 52K A0 2% 55 045 5% D 2% 40 1R 22708
8 21 70 20.92 69.38 0.3810 0.8857 3) mT%ﬁ%Tﬁ%%ﬁ%%%ﬂ%%ﬁﬁ},Eﬁﬁli
S U e iR S T S Iy o 0 O o
S 21 70 21.042 70.027 0.0020 0.0039 ﬂl/ﬁﬁ‘l‘i
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Identifying method of load for sensorless industrial robot

CHEN Youdong ', JI Xudong', GU Pingping' , HU Guodong’

(1. School of Mechanical Engineering and Automation, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;

2. Anhui Efort Intelligent Equipment Co. , Ltd, Wuhu 241007, China)

Abstract: When the load of the industrial robot end-effector is changed in practical use, mechanical

vibration occurs, in order to get high motion performance of the industrial robot, the end-effector load should

be identified to modify the control parameter. A method of identifying load by servo motor output torque was

proposed, which did not need an additional sensor. According to the static model of the robot, the load calcu-

lation model was achieved by the output torque difference between the end-effector with and without load. In

the industrial workspace of the EFFORT QH165 robot, we randomly selected 10 measurement points to read

the servo motor torque and calculated the load respectively. The results show that load identified by this meth-

od is the same with the given load. Through the experiments on the robot, the effectiveness of the proposed

method is confirmed.

Key words: industrial robot; load identification; servo motor; sensor; load model
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Table 1 Main design parameters and

their ranges of electromotor

FHEEITSH T v
L/cm I<sL<8
N, 100< N, <1600
N, I<N <600
A,/ mm’ 0.1sA4,<1.5
A,,/mm’ 0.1sA,,<1.5
r,/cm I<r, <10
t/mm 0.5s1<15
I7A I1</<8

®2 B REEITAREH

Table 2 Design constraints of electromotor product

e RS
JUA R~ ry >t
[IESIBIN 1=25%
TR R P =300 W
Jo i BER W<2.5kg
EiliEE T=1{0.05,0.1,0.15,0.2,0.25,0.3,0.4,0.5}
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Table 3 Sensibility of electromotor design parameters and efficiency

] fi

g i
L N, N, A A, r, 1 I
M, 0.9261 0.7321 0.5218 0.0296 0.0303 0.0772 0.0715 0.4127
M., 0.8645 0.6223 0.6421 0.0501 0.0241 0.0826 0.0844 0.5032
M, 0.8023 0.7054 0.5395 0.0186 0.0361 0.0659 0.0685 0.4256
M., 0.8439 0.6143 0.6345 0.0157 0.0345 0.0804 0.0768 0.4362
M, s 0.9026 0.7051 0.4201 0.0306 0.0129 0.0735 0.0851 0.3945
Mg 0.7943 0.7682 0.5283 0.0186 0.0258 0.0532 0.0763 0.5287
M, 0.9168 0.7902 0.5175 0.0335 0.0123 0.0616 0.0884 0.4458
M. 0.8234 0.6872 0.6261 0.0172 0.0232 0.0712 0.0795 0.4372
M, 0.8592 0.7031 0.5537 0.0267 0.0249 0.0707 0.0788 0.4480
x4 BUHSHEENINRENGEE
Table 4 Sensibility of electromotor’s design parameters and weight
. UK
- L N, N, A A, T, t 1
My, 0.8256 0.7062 0.9512 0.0776 0.0824 0.0847 0.0821 0
My, 0.8175 0.6128 0.8678 0.0715 0.0793 0.0744 0.0943 0
My, 0.7854 0.6986 0.6937 0.0862 0.0822 0.0938 0.0831 0
My, 0.769 1 0.7216 0.9241 0.0725 0.0792 0.0956 0.0930 0
My 0.8154 0.708 1 0.8721 0.0928 0.0802 0.0905 0.096 6 0
My 0.7376 0.8128 0.9014 0.0848 0.0814 0.0881 0.0861 0
My, 0.7875 0.7659 0.8769 0.0767 0.0926 0.0875 0.0957 0
My 0.7743 0.8367 0.8089 0.0963 0.0933 0.0849 0.0937 0
Mgy 0.789 1 0.7328 0.8620 0.0823 0.0838 0.0874 0.0906 0
x5 BINEHSHNHE. FENTEEY
Table 5 Mean value, variance and diversity factor of electromotor design parameters

it S8 L/cm N, N, AM/mm2 AM/mm2 r,/cm t/cm 1I/A
YI(E 2.15 68.87 874.6 0.35 0.22 2.3 5.6 4.1
i 2% 0.83 11.58 165.46 0.017 0.012 0.157 0.321 0.73

2T/ % 38.60 16.81 18.92 4.87 5.45 6.82 5.73 17.80

4.3 MV EZHI=RmEZITRA
AR R S AL it 5 3 i A A BT AR, e
5 BB, R A NSGA-IL Bk EC A ™ i F &

FEfly bt — 2B AL SR i B R, SR TS e B AL
7 ity 32 1R 3 T2 — By B ) 1952 3 250 1
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Table 6 Optimization result of electromotor design product instance

oy V-5 F A TR i (R ES

L/cm N, N, A,;/mm’ A,,/mm’ r,/cm t/cm I/A W/kg n/ %
1 0.87 685 47 0.35 0.22 2.3 5.6 3.12 0.44 73.18
2 1.15 710 71 0.35 0.22 2.3 5.6 3.37 0.48 71.93
3 1.52 748 62 0.35 0.22 2.3 5.6 3.56 0.53 70.07
4 1.95 816 67 0.35 0.22 2.3 5.6 3.91 0.62 68.69
5 2.31 882 85 0.35 0.22 2.3 5.6 4.29 0.69 64.84
6 2.67 965 75 0.35 0.22 2.3 5.6 4.52 0.75 60.33
7 3.02 1068 79 0.35 0.22 2.3 5.6 4.85 0.87 57.46
8 3.45 1120 65 0.35 0.22 2.3 5.6 5.15 0.96 53.62
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Simpson %' 4 1T B Bk BT i)
(Product Platform Concept Exploration Method, PP-
CEM) J5 ¥ , Dai % 4R 1 T 2800k ™ i ik (9 2 By
Bl AL 7 v A SCHE H I TR S AR 5 Y

7 e BT A S IR Ay AR R s
BEIREE T AT EE o, 32 T S R[] J5 i A
A FL B WL T S RO B 0 2 SR Oy H A AR SR
k5 PPCEM K # [y B Sz 446 T 5 9 R fi
ROR 5z B BE, 51 Al Pareto fif B 4 3T A 4T A5
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Table 7 Comparison of product family progressive optimization design approach based on

mix-evolution algorithm and other approaches

R BEAL Y i 7 XA PPCEM L Bk A AR A1k vs. PPCEM O vs. BB B AL
% W, /ke ny/% Woocen/ks opcen/%  Ws/kg  ms/% Wy - WPP(:EM/% Kl _nPPCE\I/% Wy - Ws/% Y _”75/%
Wy My Wy Y

1 0.44 73.18 0.45 72.31 0.45 72.11 -2.22 +1.20 -2.22 +1.48
2 0.48 71.93 0.49 70.46 0.49 71.02 -2.04 +2.08 -2.04 +1.28
3 0.53 70.07 0.55 69.12 0.56 69.07 -3.63 +1.37 -1.85 +1.44
4 0.62 68.69 0.63 67.18 0.64 66. 89 -1.58 +2.24 -3.12 +2.69
5 0.69 64.84 0.71 62.65 0.70 63.84 -2.81 +3.49 -1.42 +1.56
6 0.75 60.33 0.78 59.12 0.77 58.27 -3.84 +2.04 -2.59 +3.53
7 0.87 57.46 0.89 56.03 0.89 56.37 -2.24 +2.55 -2.24 +1.93
8 0.96 53.62 0.97 51.98 0.98 52.62 -1.03 +3.15 -2.04 +1.90
AL R % -2.42 +2.26 -2.19 +1.97

FE < Wor W ppcon W o Topcn s 5059 A036 25 0E 0 9 1 2% 0 P PPCEM 12 3 By it 7 1 b 6 5 ik 15 0%

x8 TREERBHLERILE
Table 8 Comparison of results obtained by

different optimization algorithms

[ RIAERTS Z bk 15 € R ol o 21
RGNt 0.2445 0.3721 29.2
PPCEM 0.3328 0.3346 38.6
B B Sz A4k 0.2817 0.3067 47.8
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Parametric product family progressive optimization design approach

WEI Wei*', FENG Yixiong’, CHENG Jin’

(1. School of Mechanical Engineering and Automation, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;

2. The State Key Laboratory of Fluid Power Transmission and Control, Zhejiang University, Hangzhou 310027, China)

Abstract. Parametric product family progressive optimization design approach is proposed based on prod-
uct platform technique. The progressive optimization design process was constructed, the optimization of prod-
uct family was carried out progressively using multi-objective mix-evolution algorithm. The mix-evolution algo-
rithm used two kinds of populations to avoid the data perturbation problem. The strength Pareto evolutionary
algorithm 2 + and non-dominated sorting genetic algorithm-II were used progressively in the product platform
design and product instance optimization. In the product family progressive optimization, the product platform
was identified firstly. The multi-objective optimization mathematics optimization model of parametric product
family was constructed, the sensibility of design parameter was analyzed and the diversity factor was calculat-
ed. The product platform constants and variables were divided. As a result, the product platform was construc-
ted. Then the performances of each individual instance product were optimized in the robust product platform
to get the optimal design parameter. Finally, the design of electromotor product family was used as an example
to certify the proposed method’ s effectiveness and applicability.

Key words: product family design; product platform; progressive design; mix-evolution algorithm; sen-

sibility ; diversity factor
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Fig. 1 Initial configuration of flying wing UAV
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Fig.3 Automatically generated grid of flying wing
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Fig.5 Aerodynamic performance of original and design configuration of flying wing (Ma =0.65)
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Fig.6  Pressure distribution and limit streamlines of

design configuration of flying wing (Ma =0.65,a=2.5°)
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Aerodynamic design of high-aspect-ratio flying wing based on criteria

GAN Wenbiao ', ZHOU Zhou®, XU Xiaoping’

(1. Research Institute of Unmanned Aerial Vehicle, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;

2. College of Aeronautic, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: To improve aerodynamic performance of flying wing from design reality, aerodynamic design
and analysis of high-aspect-ratio flying wing unmanned aerial vehicle (UAV) were conducted. In design and
analysis process, according to features of flying wing, aerodynamic design criteria have been proposed. Based
on design criteria, a design optimization framework, using updated design strategies, was built which com-
bined variable fidelity numerical simulation and surrogated model optimization method. Flying wing UAV was
carried out with parametric expression, automatic mesh generation of transfinite interpolation ( TF1), and
multi-round optimization. And then recommended configuration was obtained and validated for detailed aerody-
namic performance by y-Re, transition model method. The results show that design configuration of flying wing
UAV agrees well with design criteria, cruise lift-to-drag ratio of UAV increases 14% compared to the original
configuration, y-Re, transition model method can analyze the detailed aerodynamic characteristics of high-as-
pect-ratio flying wing UAV.

Key words: flying wing; design criteria; optimal design; transition model; validated analysis
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Channel capacity of cooperative grouped satellites with
array based transmission

XIAO Zhenyu', LI Yao’, BAI Wenjie' , BAI Lin "'

(1. School of Electronic and Information Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;

2. School of Advanced Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: In order to improve the system capacity of cooperative grouped satellites, we considered the
transmission mode of equipping the satellites with antenna arrays. Channel condition of downlink with maxi-
mum channel capacity was analyzed. Implementation approaches to the maximum channel capacity were put
forward. Influences of system parameters to the channel capacity were researched. The results show that the
channel capacity changes with the ground antenna distance periodically. The changing cycle of the channel
capacity curve is in inverse proportion to the number of satellites ( sat-number), to the cosine value of the
angle between the ground array and an east-west line and to the angular distance between satellites ( sat-angu-
lar-distance ). The envelope of the channel capacity curve changes with the ground antenna distance periodi-
cally as well in a multi-satellites multi-antennas environment. An arrangement strategy of ground antennas in a
multi-satellites multi-antennas environment was proposed to decrease the ground antenna distance and to lower
the requirement of the ground array measurement accuracy as well, which was verified by the simulation
results.

Key words: antenna arrays; cooperative grouped satellites; channel capacity; multiple-input multiple-

output; satellite channel model
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Rotor downwash interference calculation and helicopter trims with
free-wake/panel method
LYU Shaojie*', WEI Jingbiao' , CAO Yihua®

(1. Army Aviation Research Institute for the Headquarters of General Staff, Beijing 101121, China;

2. School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: A coupled free-wake/panel method to predict the rotor downwash aerodynamic interaction and
helicopter trims is presented. Based on lifting-surface theory, free-wake method was developed to analyze aero-
dynamics interference of rotor wake. A three dimensional panel model was applied to represent the fuselage,
the vortex line mirror method was adopted to account for the induced and obstructed effects of the fuselage on
the rotor wake. Based the coupled method, the rotor wake geometry and rotor downwash velocity on fuselage,
horizontal stabilator and tail rotor of UH-60A helicopter were investigated including comparisons with the wind
tunnel measured data. Combined with the helicopter flight dynamic model, the coupled method was embedded
in the trim procedure and applied to trim. Comparisons among predictions, vortex particle model results and
flight test results were for the control stick positions and attitude angles, coincidence of the results validated
accuracy of the present methodology.

Key words: free-wake; panel method; aerodynamic interference; flight dynamic; trim
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Constraint model and vibration response analysis of rotor rub-impact
ZHANG Li', MA Yanhong™'?, LIANG Zhichao', HONG Jie'’

(1. School of Energy and Power Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;

2. Collaborative Innovation Center of Advanced Aero-Engine, Beijing 100191, China)

Abstract: Considering the additional constraints induced by rub-impact, a mechanical model was pro-
posed for typical mechanical characteristic of rub-impact. Based on the constraint model, some characteristics
in response such as resonant interval extending, amplitude jumping and contact instability were analyzed.
Impact of typical mechanical characteristic parameters on rotor response during rub-impact process was stud-
ied. It is found that additional constraint stiffness will cause the extension of the resonant range and instable
contact region, while greater friction coefficient between rotor and stator causes the decrease of the vibration
response and resonant range. A rub-impact analytical model with structure features of aero-engine was built,
numerical simulation shows that in addition to the resonance range extension caused by additional constraints,
characteristics of rotor response are closely related to rub location and mode shapes. System’s response shows
characteristics of quasi-periodic in soft rub-impact, while rotor movement tends unstable and closer to the
mechanical model in heavy rub-impact.

Key words: rub-impact; mechanical model; typical parameters; response characteristics; numerical

simulation
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Computing approach of uncut chip thickness in
orthogonal turn-milling with inserted cutters

QIU Wenwang, LIU Qiang” , YUAN Songmei

(School of Mechanical Engineering and Automation, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: The computing of uncut chip thickness is the basis for further studying the cutting mechanism
as well as simulating the cutting process. The research about orthogonal turn-milling operation with inserted
cutters was focused on. By simplifying the trajectory of cutting edge, the uniform formulation to calculate uncut
chip thickness for cutters with different shapes was derived and then compared with the numerical method
through several examples. Upon the presented formulation of uncut chip thickness, the cutting force in orthog-
onal turn-milling operation was predicted and a validation experiment was carried out on a turn-milling
machine tool. Both the comparison examples and the result of cutting force prediction show that the presented
approach can provide a solution for the calculation of uncut chip thickness with good accuracy and high compu-
tation efficiency. Due to the uniform expression, the proposed approach is suitable for the development of gen-
eral simulation software for orthogonal turn-milling process and thus has potential value in engineering prac-
tice.

Key words; inserted cutters; orthogonal turn-milling; cutting edge trajectory; uncut chip thickness;

cutting force
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The simplest multi-position analytic alignment for SINS
TAN Caiming, WANG Yu, SU Yan® , ZHU Xinhua

(School of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: The strapdown inertial navigation system (SINS) need to be installed on a servo platform and
rotated through 90 ° or 180 ° about the up axis for traditional multi-position analytic alignment method. Thus it
will bring inconvenience, and the precision of the servo platform will directly affect the precision of the multi-
position analytic alignment method. To address the issue, a simplest multi-position analytic alignment method
was proposed. The multi-position analytic alignment can be done by any two positions, or to say, the constant
biases of the inertial measurement unit (IMU) can be ordinarily obtained through the information in any two
positions. The computation procedure of this method was given and simulations proved the validity of this
method. The simplest multi-position analytic alignment with any two positions can be used as a simple initial
alignment method or a field calibration method. Moreover, it is proposed that the constant bias of the acceler-
ometer or the constant drift of the gyroscope in a certain axis can be well estimated when the IMU stays in some
particular attitudes. The conclusion can be used for further improvement of the multi-position alignment meth-
od.

Key words: multi-position alignment; analytic alignment; constant bias; initial alignment; strapdown

inertial navigation system ( SINS)
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Application of multiple linear regression to fault diagnosis of
bleed air system
LIANG Kun'?, ZUO Hongfu"', SUN Jianzhong' , WANG Ronghui’

(1. College of Aerospace Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;
2. College of Transportation, Huaiyin Institute of Technology, Huaian 223003, China;
3. Xiamen Airlines, Xiamen 361006, China)

Abstract: To solve the fault diagnosis problem of civil aircraft systems by utilizing quick access record
(QAR) data, with the civil aircraft bleed air system as the research object, we proposed a fault detection
method of multiple linear regression model for multi-flight cycle data characteristics. Firstly, the multi-linear
regression model of bleed air system performance was established for multi-flight cycles data and the fault
detection method of flight cycles and flight cycle’ s interior was designed. Then the model parameters were
estimated by maximum posteriori method. Finally, the maximum posteriori estimation algorithm of the model
parameters was designed for multi-flight cycle data. With simulated data and actual flight data collected by
airlines, the method was validated. The results show the method’ s feasibility and application value in engi-
neering practice.

Key words: fault diagnosis; multiple linear regression model; quick access record (QAR) data; maxi-

mum posteriori estimation; bleed air system
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Parametric finite element meshing and adjustment for delta wing
XU Menghui, QIU Zhiping®

(School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: To reduce the time of finite element ( FE) modeling for a delta wing as well as improve the ef-
ficiency of structural analysis, design and optimization, a method, with the only input of its geometry profile
meeting the pre-defined aerodynamic performance, for parametric modeling based on the self-defined geomet-
rical matrix was established. Number rules for nodes and elements were firstly defined. And preliminary iden-
tification of the inner skeleton configuration with respect to arbitrary input parameters was subsequently accom-
plished by the criteria for rib-end locations. Nodes and elements were then generated by user-input parameters
for the finite element size. Secondly the FE meshing was refined by the opening setting, amendment of rib-end
locations and stringers modeling, based on which modifications of rib assignment with small amplitude for both
the inside and outside ailerons as well as those of the rotation angle for control surfaces were made for ease in
use of structural analysis under different flying conditions. At last, a parametric modeling module was simulta-
neously programmed using Patran command language ( PCL) language and examples illustrate the effectiveness
and reliability of the proposed method.

Key words: delta wing; parametric modeling; finite element model; Patran command language ( PCL)

language ; redevelopment
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Hybrid-and-forward cooperative system based on
joint layered decoding of QC-LDPC codes
ZHANG Song1 , MA Linhua®', TANG Hong1 , ZHANG Haiwei’, HU Xing1 , TIAN Yu’

(1. School of Aeronautics and Astronautics Engineering, Air Force Engineering University, Xi’an 710038, China;
2. The State Key Laboratory of Astronautics Dynamics, Xi’an 710043, China;
3. Unit 95876 of the People’s Liberation Army, Zhangye 734100, China)

Abstract: A hybrid-and-forward cooperative system based on the joint layered decoding of quasi-cycle
low-density parity-check ( QC-LDPC) codes was designed to improve the overall performance of the relay
cooperative system. The construction method of the QC-LDPC systematic codes used between source node and
relay node was presented and a new joint layered decoding algorithm for the cooperative system was proposed.
According to the characteristics of traditional decode-and-forward and coded cooperation, a relay hybrid-and-
forward cooperative strategy was adopted. Regardless of the decoding results of the relay, the relay node sent
some redundant information to the destination node, so as to improve the coding gain and diversity gain of the
cooperative system. Simulation results show that the designed hybrid-and-forward cooperative system can suffi-
ciently play the advantages of diversity and coding brought by relay. Compared to non-cooperative system, the
proposed hybrid-and-forward cooperative system can improve the decoding performance of the relay cooperative
system.

Key words: relay cooperative system; quasi-cycle low-density parity-check ( QC-LDPC) codes; joint

layered decoding; coded cooperation; hybrid-and-forward
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Table 1 Amplitude of pin injection test waveform
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Fig.3 Circuit diagram of waveform 4/5A/5B generator
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Table 2 Simulation and test results of waveform 3
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Table 3 Simulation and test results of waveform 4
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Table 4 Simulation results of waveform 5A/5B
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Design of lightning protection test generator for airborne equipment
LIU Shuai, YANG Lanjun®, ZHUANG Weichun, WANG Wei, HUANG Dong, HUANG Yizhi

(Laboratory of Aircraft Lightning Protection, Xi’ an Jiaotong University, Xi’an 710049, China)

Abstract: The waveform of lightning protection pin injection test for airborne equipment is a combination
wave in which the open circuit voltage waveform is the same as short circuit current waveform. For such class
of combination wave, a novel combination wave generator circuit was proposed based on the linear RLC circuit
of impulse current. The relationship between the time of peak value, the peak current, the time of half peak
value and damping coefficient parameter of the circuit was studied. A design method was proposed for combi-
nation wave circuit which the time of peak value and half peak value serve as target parameters. The circuit
parameters of lightning protection pin injection test generator for airborne electronic equipment were obtained
by calculation and simulation, taking account of the influence of the stray parameters. Simulation results show
that the output waveform of the generator designed can meet RTCA/DO-160G standard requirements, and the
generator could be used in lightning protection pin injection test for airborne equipment.

Key words: lightning; pin injection test; open circuit voltage; short circuit current; generator



2015 4 9 H
F414E 49

tEMEMRKEFER

> pp
;":'*B‘ September 2015
Journal of Beijing University of Aeronautics and Astronautics e 15 Vol.41 No.9

http : // bhxb. buaa. edu. cn
DOI. 10.13700/j. bh. 1001-5965.2014. 0656

jbuaa@ buaa. edu. cn

& HIRRFERY 7050-T7451 s & £ HIE = F o {4
S+ F EEE, WET, KK, THRE
Iﬁ (1. de i s iR K% s ®h2 5 TR2ERE, dbat 1001915 2. fpE =5 A H AR BF 5T B, dbat 100094 )

1 B 4t E R B 0y 7050-T7451 86 &M E 7 it M AT T A R, BT
EREHNBEEHRANN ERFHUREZRTOERER, G T EEAREBELLNNETFH
G X ERW A RATEEEDAFART(FE) 24T, RETHRANARREL A 5 BN
T RBEEERGE TR TET AN EIRFHN AL TERER AW R G X T
% W T WA N F AR BT KT B 20T B IR T B AR SE xR A R 7 AR i A
FAEBRATTIRE G REAN NG BERNERGRETRG, 4 EREN4E 42K
TTEFHFaTA, A5 EAFNRTRARER#T TR, ERE T RAREE T H - WK
FHESER, BT T EANTAR. AXARNIEF SR EMNE T ELTERET —H

A Emm LA F &

X B W HE;, BRANY; BERG; KET MG, e Tk

hESZES . 0346.5
XERFRIZAD : A

F PRI 55 75 a B 1T 55 64 kE 25 H T 2R 2
AT I ELAEAH OGN i A — JE RN R 7 255 1, 1D
A P T R 2 T 3 P o 52 30 A i ) 4R
FEAE P T HE L i B (4 1 0 L B A5 ), DA [
(AL P B 25 2 i K T £ 00 B B B 1
R PE S AN B M 7 i A ORI I AR 7 JAR | 3 Tl
AN B IR B TR DRy — B 5 B B 114 45 4 14T AR e
0% 7K 52 418 P14, L 2 L % 05 A i 0 2K
W, 6T 5 00 e R o 1) 2 A P AT 98 55 7 i TN O
IR b B

Xt R S AL P 0 05 T A e AT, E BT
LA 24 SO 138 R PR IS T AR IE (e 51 T v
005 1 2 5 . 46 SO 1 g L L — b
W2 55 T Al 5 vk, 3 M 5 vk A S B AR N o
AP DU 3T B BOHL Il 53— 28 7 K P B A%
52 3 AR TRT B () 5] P25 K 9 8 57 % i, ATl A I

NXEHS: 1001-5965(2015)09-1678-08

= U OR AR R A D Ak S
20 fit22 60 AR AU LUG 38 25 2 LB — Rl 55 77
i N 5 2%, e LA FRR AR A JR) 3 N g R g
AR , P45 G B A I A 8 55 1 1 it 4R AT A7
AR S X — 7 1 PO 1 b B R 32 IR A A
T T AT Bt 25 ) A SR Tk A A A
SR SLAERE 57 RBOH Y R AL B, %05 ok
A S A B AR 3 Y- T 18 R ) AR SR 2
T 55 4500 2 B HZO7 IR R B 57 L 2 )
B SO, AT R — PP 0 1 J7 k. B4
IR L AR AR S T ) S B A bR R
KM — AT Ty 22 0 305 R B R 5 A A
AR R KA TE A5 R B T 24 P RE AR AT 1 T
BHTR AL, B S BB R ML A ALER T
B RUR B SO X BT R, W B SRR R
BT

WS EH: 2014-10-22; FAHHE: 2015-01-12; W45 4 EREHE: 2015-03-10 1800
W 2% R itk . www. enki. net/kems/detail /11.2625. V.20150310. 1800. 001 . html

EE TR« AURUZ AR K 2 AR BT 55 3% - 19 1 BT 52 A= 17 i 4

EE R R (1988—) B IR , 1 - BF 55 2 | zzxupe@ 163. com
« BIAEE . BT (1975—) 0 R % 8, Bl #4% , huweiping@ buaa. edu. en, 3 ZEHF5EJ5 1 29 8 57 5 i 4 J1 2.

SIBH: X, HET, K, £ &8 R 87050-T7451 #4 eRKE % F o F A [J] 47 A &AM KA #F#, 2015,
41(9):1678-1685. Zhan Z X , Hu W P, Zhang M , et al. Fatigue life prediction for 7050-T7451 aluminum alloy plate with scratch
defect [] ]. Journal of Beijing University of Aeronautics and Astronautics , 2015 , 41 (9 ) : 1678- 1685 (in Chinese ).


Administrator
新建图章

www.cnki.net/kcms/detail/11.2625.V.20150310.1800.001.html

5 9 ]

A5

fr R s A TR BB B T050-TT451 48 4 4 Wit 35 75 s 1) | 1679

SR, o T BB 0 52 25, DL 5 R 4
JaE R 9% 57 ) R 7 R BE B T S B 4 )R
R A 1) 95 55 75 i TG . 50 B X 4 S8 A8 A2 9 55 75 A
fh 5% ) AR IAE 3 4 05 1 - (D i B 8] LA 7 ik
AN T3 s QBB Jry 8 AE AE SB35 B ik [ Jd B
FEAERL S HE .

R TFESEB G e S ik, RS
BIR Bl B 9 7050-T7451 576 4 M 1 9% 57 73 i 7]
BB ST, 6 EDR B B AT 8 ) S BUE L, 15
S IR Jm) 35 14 % A% L 3 R M AR 5 LR AR
it Lemaitre (1453473 g 2% K50 A0 | o155 ) IR %] Rl ply
PEARIE Fir 51 (90 k52 49 5 SR )5 , 1 - Chaudonne-
ret [ 22 il 0 57 104 405 B TR0, ST A BR o T AR (R
B, 5 R AR 1 9% 55 5w B e HEAT B
IR G 1 (9% 57 1 56 . 3 2 B0 A A0k 6 gk 1)
Fb, 50 0E 34 7 vk 1 nT AT

1 IEigiEE

1.1 R ASHEER

SRAX L 143 WA TR 5 B 554 2 1B U 11 725 T
i 8 M B 1A BT ( Finite Element, FE) 5
PO AR F A R R T 4 g
b 5% g 1 5 T FE2 2 1 22 , DR 0 8 0 0 O
S5 M0 A 9 9 O, 9 AL £ 75 T LA 8 9
AT B HEAT . AR SCR A A o U S B
L4 P 9 P AL R TR 9 01 8 S SR

18 By ) 2 LT 8 Wy W 36 24 M0 38 1 10 14032 3
f e B, e 0 A R T, A SR P A o U 1
o 4583 AR A BRTE AR AOL I 4 5 o 00 L g A
e DA T 0 TS 4 4 A ) R R S,
A IS 38R B 4, 24 T T G A
3ot 245 5 G 1 A 0L 0 B % R B A K BT
RSB SR FE 0 T 00 75 R 45 1 A R T A
IOURIF 5 T 45 30 5 Bk 1 0.

It 2 T 0 0 T 0, S 7 45 0 10 T S T
T AR 8225, 9K 5 197 725 F 0 U 45 0 5 4 1
F 2 Al T 7 4. 43 R 5 B , A0 22 T SR A A
R S 5 J57 1, B g £ 2 T 9 % A
1.2 WIHASE MR 15 49 W7 AS B

16 JE ZE MU0 J1 2% (R HE 42 71, Lemaitre! ™) £ 22
$ T AR 2 A B . ot T 4% 1 [ AR
ikt D ok 1% 22 A% % P f& BUHL IE ( Representive
Volume Element, RVE) {9y W B 25 {L 2 B, H 3k
XN

(1)

KA E BN RVE #ERS R E, A
fift RVE [ 55 SR B S B, 128 FR S LR 0 ~
E MR b, D f 7L R 0 ~ 1.

BE TN AR S A SRR, A 30405 0 4% 1) )k A R
(BRI N P E]

o,=(1 =D)3,A8,8, +2(1 - D)us, (2)
KXo, IR Ay s e, T £, BN N A8 3 s A A0
w R PLMEHE S, M S, N T N AT ik R
H &R

FEFE S A0 124 b B0 AR B D T S A
FEA PR O% &I S BN, X 4
WTESE 1.3 b A 4 Q7% SR8 A8 5 80 fi
Y. M3 Lemaitre (1) 3345405 1+ 55 A5 0
O':qRy s
“lagsi - pyl”
Ao, HESN S5 p o BRIBYERIE A S
s HMEL S8 D R B AR R, Sy =l e
H AR (3) Xt —A gk # E AT By, BT LA
) i T 9 1 A T 7 A A A

ol R,

eqmax

(3)

&

*"l2Es(1 - p)?
A Ap S — AN 207 I R 0 G R B 9 N AR
T coman H 5N ] B KAB 5 Dy Sy B84 R AR 1717 77 A
0 4 P . PR PR R B TR i A S S A s
S MR A 9 55 1 46 B s A T U Y
TE R H 8l 3 2 o Al A 2181 A 9 38 4 1 A2 3
Ja M E BRI AR AT DL iR R R
EiR RN
1.3 EFHGHmESR
AN 7% i — 25 9% 57 B A% O, RIS 22 98 55 2K far
AN Bl A2 TS 1A RE R AR BT I AR TR R L
J S W 9% 55 405 2 R AR R i 3 2
1.3.1 $4hEkFHRHGAEAR
1€ Bl 9 24 3 fr /E R, Chaboche I
Lesne' " 42t )5 25 451 405 (8 AL 455 750
dD

Dzi =
dnN

Ap (4)

[1-(1- D)ﬂ+1]a(,,"m,”m) )

g,.. 0O k
[M-m(xl —ly;)] (5)

AN W PE I RE o, F o, 300 D B R ) A
SRR o F B AMBEEEGM A o, BT RS,
M(o,) =M,(1-byo,),M, Fl b, JytELH %L

A (S5) , 6 D N0 2] 1 347 5, Bl Al 45
B LA A B 09 PR IR
N (0, —0u)
1 +p aM)? (o, —olad,))

F



db A 4R

1680 E AT =R N N = <= - 4 2015 4
( o, )’B (6) PR AR IR AR, Ao R N S R AE. 20T 5 nl 15 3] 250
1 -b,o, S s BIME , FER 4 ol

Kheo, —AEAT G N S 0RAE ; o, N9 2
e B 50 R 57 B
1.3.2 % 4hiR sy Bifm AL A

1 TR BT, 98 57 96 B &8 A2 1 Rz ) N A2
ZHE M & £ Y, Chaudonneret'™! %} Lemai-
tre'"* I Chaboche """ Bl % 55 11 45 2 8 AT T 4
Jig BT 22 hAE BT B 4 4 T AR A

dD

D="" =

Ty L=y

(7)

A” B

[MO(I - 3b,0y,,) (1 - D)]

A g /R ST IR TS A s 0y, hSF 2K
Iy, MRk h

oy =%[max(tr(a’)) +min(tr(a)) ] (8)

Ah:w(o) =0, +o, 0.
RS P EHE R« BRBA N
An _AIT
a=1 —a<7> (9)

g, — U'(_’max

Ko, n B — A B 6 20 9 0 5 K S8 800 JT 5

a N FREA, N Sines P 55 0 FRUEN , K3k KR
Ay =0,(1 - 3boy.) (10)
Koy HR = - 1B 992 57 B 5 b, S A4 R 5L
XA (7)), N D=0 %] D=1F4 15201k

A8 ESF 1 288 1 A PR IR R

1 1 (o, — 0, ..) Ay #

U8 aM (A, - A0 ( )

1 - bzo'H,m

(11)

2 7050-T7451 A & & WH RS EERE

— LT BN 3 R SR, o 5
PEASE IR v R B Y 8 7 1 E 2 B B A 4 2 B
W57 W S H O — 4 BR & B AR EAT # ) S f
U, 19 B Sy AR il 2 I 45 28 PR A S
B0 QIEAT P2 50 B AR T 9 95 U, 75 B 6
BRI 1 2 B OO 5045 G kAT v S 9% O
B, 15 B AR 55 540 2 8L
2.1 BEURGEBHHMRSHIRE

G, MR 7050-T7451 B4 <6 M 1) 3 3 iz ff
U5, AT AR B A B ) 12 P fE sk 1 iy
S HA o g RABR o D TR T AR
AR 2 R AR (3) T, 2 1 05 AR
HOH AN S S s, FERPRETIE S R e O 41
G 9 57 1 B 5, R 3 R, Horh Ae, ¥
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Table 1 Static mechanical properties parameters of

7050-T7451 aluminum alloy plate

L8 E/MPa v o /MPa o ,/MPa o /MPa
BH 70 0.3 453 511 400
v —IHM .

&2 7050-T7451 S5 & €W FE B2
Table 2 Chemcical composition of 7050-T7451

aluminum alloy plate

JTLE Zn Mg Cu Zr Cr Ti Fe Si Al

RN EU/% 5.91 1.85 2.14 0.1 0.04 0.05 0.1 0.04 HAl

®3 AMARBAESFREHES

Table 3 Two sets of low cycle fatigue test data

g A% 103 AT yip, N,
2 2

1 55.34 568 13

2 0.32 404 948

F4 7050-T7451 SR E € WMMEFRGERM RS H
Table 4 Material parameters of fatigue damage

model for 7050-T7451 aluminum alloy plate

28 B M, b, b, a S/MPa s
Hf 1.8753 88132 0.0013 0.0015 0.75 1.269 4.5
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Fig. 1  Test points and predicted S-N curves of

smooth specimens with different R
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Fig.2  Flow chart of simplified FE

computational methodology
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Table 5 Fatigue test results with different

nominal stress and numerical solution of fatigue life
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Fig. 7 Change trend diagram of damage

extent versus number of cycles
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Table 6 Fatigue life prediction result for metal

plate specimen with different depth of scratch

R R i/ IR B RS 3 ES PV N
L W 95 75 i
mm B IR 242/ mm MPa
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0.35 0.2
125 175000
140 50000
0.45 0.2
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Fig. 8 Distribution diagram of equivalent plastic strain of

scratched specimen with depth of 0.35 mm and 0.45 mm
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Fig. 9 Change trend diagram of damage extent versus

number of cycles of specimen with different depth of scratch
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Table 7 Fatigue life predicted results for

metal plate with different radius of scratch
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Fig. 10  Change trend diagram of damage extent
versus number of cycles of specimen with

different radius of scratch
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Fatigue life prediction for 7050-T7451 aluminum alloy plate with
scratch defect
ZHAN Zhixin' , HU Weiping“', ZHANG Miao’, MENG Qingchun'

(1. School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;

2. China Academy of Space Technology, Beijing 100094, China)

Abstract. Fatigue damage of 7050-T7451 aluminum alloy plate with scratch was studied, and the fatigue
life of aluminum alloy plate after scratching was predicted considering the common effects of the residual
stress, plastic damage and fatigue load. The nonlinear dynamic finite element ( FE) analysis was conducted to
simulate scratch generation, and the residual stress field and plastic strain field near scratch were obtained.
According to the equation of plastic damage, the initial damage field near scratch caused by plastic deforma-
tion in the scratching process was calculated. Based on the multiaxial fatigue damage model, the finite element
numerical method was established to analyze fatigue damage, and the calibration of material parameters in the
damage evolution equation was conducted. This method was used to predict the fatigue life of scratched alumi-
num alloy plates with synthetically considering the residual stress field, the initial plastic damage and fatigue
damage. The predicted results were compared with results from the fatigue test of specimens, and the theoreti-
cal prediction was in accordance with the test results of fatigue life. A new method and a practical means for
fatigue life prediction of metal component with scratch defect were provided.

Key words: scratch; residual siress; plastic damage; fatigue damage; life prediction
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Wave propagation in cracked elastic media based on EMT using FEM
LIU Ning', LI Min*', CHEN Weimin®

(1. School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;

2. Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China)

Abstract: Understanding mechanism of wave propagation in elastic media with cracks is the key scientific
issue in exploration and extraction of shale and other unconventional oil and gas resources. Based on the
advantages of the numerical simulation, the excitation and propagation of elastic wave in the cracked media
were simulated by Nastran, a commercial solver for finite element analysis. Then the dependence of dynamic
characteristics of propagation in that kind of media was further analyzed based on the microstructure ( crack
density, aspect ratio). Some conclusions were obtained as follows. Finite element method ( FEM) would be
effectively used to study the issue. Hudson’s effective medium theory (EMT) could not be applied into mate-
rials with Poisson’s ratio of nearly 0. 5. Increasing crack density and aspect ratio would reduce the primary
wave (P wave) velocity, with decaying the displacement amplitude of the P wave in time-domain. Crack den-
sity of the medium exposes greater effect on the anisotropy than the aspect ratio.

Key words: finite element method ( FEM) ; Hudson’ s theory; frequency; crack number density; aspect

ratio
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Table 1 Optimal results of different values of o,

Copt AL S B’

0.55 [0.012 0.774 0.684 0.145 0.110 0.045]
0.65 [0.039 0.774 0.742 0.094 0.060 0.061]
0.75 [0.012 0.749 0.768 0.149 0.033 0.159]
0.85 [0.019 0.836 0.737 0.060 0.021 0.097]
0.95 [0.011 0.865 0.629 0.148 0.050 0.067]
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Table 2 Posture manipulability value of

different o after optimization

A (a)

h'(a,,)

A'(0.55) A'(0.65) A'(0.75) A'(0.85) A'(0.95)
h'(0.55) 0.9033 0.8767 0.8433 0.8383 0.7400
h'(0.65) 0.9033 0.9000 0.8700 0.7900 0.6333
h'(0.75) 0.9117 0.9100 0.9100 0.8767 0.8150
h'(0.85) 0.9050 0.8933 0.8667 0.8633 0.8100
h'(0.95) 0.8667 0.8433 0.8400 0.8183 0.7600
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Dimensional optimization method for manipulator based on
orientation manipulability

JIA Shiyuan, JTIA Yinghong® , XU Shijie

(School of Astronautics, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: To solve the dimensional optimization design problem of manipulator, the numerical index of
dexterity was presented by pose probability coefficient, which was defined as the ratio between possibly sam-
pled orientations and sampled orientations of the working point. According to the pose probability coefficient,
the concept of orientation manipulability was proposed, which represented the operability of manipulator. On
the basis of orientation manipulability, an algorithm of dimensional optimization to manipulator was proposed.
Based on the original structure design, this algorithm takes the reciprocal of the orientation manipulability as
fitness function. Under the condition of self-collision, dimensional parameters of manipulator were optimized to
maximize the operability by using genetic algorithm. Optimization algorithm was applied to a six-degree of free-
dom (DOF) manipulator. Results show that the orientation manipulability increases by 40.33% after optimi-
zation. Finally, validity of the algorithm was further verified by dexterous workspace and the effect of the pose
probability coefficient to the optimal results was also discussed.

Key words: manipulator; dimensional optimization; dexterity; orientation manipulability; genetic

algorithm
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Helly-theorem-based time-optimal consensus for multi-agent systems

HU Chunhe, CHEN Zongji "

(School of Automation Science and Electrical Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: The final convergence state of multi-agent under ordinary consensus control is restricted by
communication topology structure and edge weight. Different convergence states further influence the conver-
gence speed of multi-agent. To attain identical convergence state under different communication topologies,
and achieve time-optimal consensus, we designed a time-optimal distributed consensus control strategy for line-
ar multi-agent system with input constraint. Firstly, we proved that the time-optimal consensus state and con-
vergence time uniquely existed based on Helly theorem. More specifically, for the multi-agent system with n
agents with input constraint in the d(n >d) dimension state space, the time-optimal state can be determined
by d +1 agents at most. When the d + 1 crucial agents were obtained, so was the consensus state. According
to this theorem, we designed a new distributed coordination algorithm for multi-agent to achieve common
knowledge on those critical agents together with the time-optimal consensus state and convergence time, and
after that, each of the agents designed its own local optimal control law with terminal-time and terminal-state
constraints, which guaranteed the time-optimal consensus of multi-agent. To demonstrate the correctness and
efficiency of the algorithm, we applied our algorithm to the second-order dynamic multi-agent systems. Simula-
tion result verifies the feasibility of the distributed algorithm. When the coordinating state dimension is much
smaller than the number of agents, the algorithm significantly reduces the amount of computations and increa-
ses computation speed.

Key words: multi-agent; consensus; time-optimal; distributed control; Helly theorem; optimal control
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Table 1 Simulation parameters and results of

detector system

N 5] IC A it 74
e E iﬁ% - [] EF»ML L) TR, 190&p/
L/ EI/ B/ AR/ KM/
mm ) ) mm )
6 30.0 34.7 17.8 16.1 18.1 31.6 10.5
8 60.0 25.6 13.0 27.7 25.6 21.6 11.3

10 80.0 21.8 11.0 28.2 18.2 18.3 9.2

i F B (primary generator action ) #5420 mm
HREF HJE, e 70 0.5 MeV, [i] 47 J5 6]
SR GY. AE Stepping $8 A H 4 B ACHS ) BRL TR
Tt A DSSD, #7 HE step Hifdi £E DSSD PN H.Jm ¥ ££
HL RS P U S T F B B T SR 5 A 2R BT A
step HEAFF G HIE S AF M E % F B g il 25
ok AT F s EARE R TR EROR T
4y 1) BE ALY B p A0 (132 3 ) O A
TE 2 10 [7) I PR 00 4% 1 7% ] I 2 7 A 40 3] Y
RIS F M, WA step 7 3 7E DSSD 4
FLJG S 76 L B9 % 9 00 0 2 p 30° O B4R T 2%
LK.

H1 & 1 v B A UL A L AT A% 3 B 4 X be T &
BL,8 ARG A9 7 SR B B B 1A O AN
T2 PRI g B R A RE A S R b T A (] B
Fr KA ok B RO R, BRSCR IS i T 10 SR
MARETT MR 3 DT RP R EN TR, L
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JEERE (% HE AL 1) I TRA 2 TSR R AR Y A
(i) 465 ) 028 P AE DY, 0 20048 Bl — 26 S B LW 2 5K
R WA ) EOR

PEORE poot i1 RO 9 60. 0 mm & 2k K
92.0 mm, W] AH [ B A BRI 2% A 4K B o5 AR RE R
33.2° R DSSD BT (5 £ Bl 19.4°. L 5
AR 50. 0 mm JE B H Y 3. 0 mm BEJE
MW ER PCB Ay 1.0 mm JEJEA] 1, DSSD f & R
L rp gy ) 3 B S 146.0 mm.

WP A o ROk A 27. 7 mm & A
19.9 mm , 3% FE 85 Sk 3 9 A0 2% 3000 6 A 4 (] 1) S5
Sli S < A i s L O T < R ] = U
19.9 mm, A 75 2EAE A5 38 007 8 1 E 5%, LU B R
T4 ik 32 F 0 281 5 R 04 405 R S T

% ) R G K HIE XS BRI A S R T
o7 A RE AT R () . ISR o I S R S R
P fA BE 10 5543, Forp 8 M DX Sl & 2RI 2%, )
Hh 2 B HRAE X, I El 2 K.

: Erdillic]hie R
A [l 17]
TR w1/
T it
apH T L L}_ﬁ
DSSD|QSD!

B2 4RI AR

Fig.2 Layout of detectors

P2 BT J7 38 25 ) A1 Jay B2 22, [ 5 R DM &4
e, JF A B AT G Ve 7 S AR D, T AR 4
SERR T R R R TE 10 DS KN TR
7 REERT R HRAE.

FLES & (T 8] 3 B . AHE 8 A I Sk B
,E M 554 mm, K3k 112. 0 mm, JE N
91.0 mm, & & 115. 0 mm. B ¥i JF A 20. 0 mm x
20. 0 mm L7 A S 6, JA Bl A 2. 0 mm 58 1) 5
E O 8 SR N [ e SR L. ARG A M4, 0 mm
FOAR L, T 5 i T A ARE [ E 53, 0 mm 3 B Y
O Rl AL T AME S 3t (RTER 3 f 7R ) . 9 A8 5
PCB,Ri/GHE = 51.0 mm (PCB HRJ& K 1.0 mm
IR B 3 AT s ()50 50..0 mm) |, PN BE ) A7 S5 437
B BEA B A g A AR LA RS AR [, 5 PCB AR 1.
Z 5 CE DSSD F QSD, Al B AEJE fL O DSSD
GUKVEDNIEERSE TR

SME PCB WA AR DSSDRIQSD #i

B3 A PRI A8 1Y 5K B 45 44

Fig.3 Real setup of an individual detector

2.3 BE#

X4 B4R DI 2% RS Geantd AT T 4
AEEALL, A4 B 8L eh T F R I LA 2% O&p
RO TLAT 03 A R = 35 e AN [) 1 2 BE BT 7 vt
% \DSSD . QSD i TR, HL B = i SR
CoHy IR 0.3 £ A0 JE B0 T th 5 i ik A
20 ~ 80 MeV, [H] f& & 10 MeV. & H IR & & &
20 mm 4 B TR 1] 4 J5 [0 5] 5

1) JLfaf 3.

30000 A~"F [ 55 ) 4o 5 KA, GO E
R T 6 N AR AL, SR T e R 8 (A 18] 2
FER 8 8 AR % ) 30 3¢ 1Y SRk 4983, HAK
KN 16.6% +0.2% .

DLW T 1 RN & A AE A A LA
i, p 1O (32 B 455 W 2w g F AR .
A 138 30000 A F 4 R AT F p A0,
Fp A0 (38 B AR K5 1) s B, 4 AT RE B
AT p ool O A 4% 00 50 s 4 9% 00 ) 1 % 2R Hie
Geantd fBLILL45 5, p A" O[] if BT s 19 2 1R 20k
1406. HOZ LM &5 R GEF p A O K5 A 00 0%
N4 T% £0.1%.

2) figm IR,

B ANE R S D A RS RV R N
DSSD FI QSD 45l #]. f & 7£ 20 ~ 80 MeV Z [f]
"7 F F1'°0 AL LLGEE DSSD, [ i H — 3 4> 58
HEYCRAAE W B A, A fiE B O BLAE DSSD. TR
F1'CO 7 FLES 3 I RiE TR | A RE Y )
2 Pros.

®2 "FACOMEREERNEENRENL
Table 2 Percentages of energy deposition of

"F and 'O in an ionization chamber

s fem U A 23 b/ %
PP 20 MeV 30 MeV 40 MeV 50 MeV 60 MeV 70 MeV 80 MeV

F  68.4 36.5 23.8 16.7 12.5 9.8 7.8
69 55.4  29.6 19.0 13.3 9.7 7.5 6.1
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TR AE B2 S ULARTE DSSD w45 51 R 51
TER2 %R N 0.3 5 RAET CHy Py 4h
R, AT Ry SEBR A S 6 A AR A 2 25 DU Y U R
iR O K B 5 3 1Y S G R

T p MEEERE T F RO B, B
20 ~80 MeVZ [l {9 i ¥ p HE % UK 5 3o L B %5
DSSD, Jf f J& i ) 4% ik & UL BLAE QSD. 20 ~
80 MeV ¥ 51 ¥~ p 1 HL B %5 Fl DSSD 1 4 g it L
dEBE R E At 3k 3 s, DRI AY B A
DUBUE QSD LA RORIIAESR 3 .

®x3 BRFpERBEZE.DSSDHgEERHETN I

Table 3 Percentages of energy deposition of

protons in an ionization chamber and a DSSD

e VIR E 4t/ %
R

20 MeV 30 MeV 40 MeV 50 MeV 60 MeV 70 MeV 80 MeV

1C 0.12  0.09 0.07 0.07 0.04 0.06 0.05
DSSD  25.5 17.7  13.9 11.9 10.1 8.9 8.1

3 &

=A

MR FE Y TJ7 58, %) S 56 A 52 36 4800 &R 42
FIH Geantd HEA7 T AL, K45 T Y F 434
DL R W4 F= M B 1 0O B 20 A 4 IR 1 2
B0, 85 A S bR B0, 19 392 B0 4R R Ge Xt 0
THMFEHER4.7% 0. 1% , 31X Hy L5 1 IT Jié
PEAE T ARAT A I . He BRI A 25 S, S0 R 4
MBS AL TR SE R 2, Sy 258 59 ) T R
A 5E LB E T AR B ) L i
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Design of experimental setup for elastic scattering and
breakup reaction of '"F + *Ni

ZHENG Lei', LIN Chengjian®, ZHANG Gaolong™', JIA Huiming’, ZHANG Huangiao’

(1. School of Physics and Nuclear Energy Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;

2. Department of Nuclear Physics, China Institute of Atomic Energy, Beijing 102413, China)

Abstract: At energies around Coulomb barrier the study of the dynamic effect of weakly bound nuclei is
one of presently hot subjects. However, due to the experimental studies about this field are scarce, especially
on the medium-mass target nuclei. It has no systematic conclusion. Therefore, this study needs to be done in
the future from the experiment. The experimental setup was designed on basis of elastic scattering and breakup
reaction of proton drip-line nucleus "F on medium-mass *Ni target. According to the kinematics, the distribu-
tions of scattered "' F as well as breakup '°O and proton were simulated by Monte Carlo simulation. The param-
eters of the experimental setup including geometry efficiency, covered solid angle, energy deposit and geome-
try relation of production "F, "0 and proton etc. , which were designed on basis of the simulation results.
The coincident efficiency of '*O and proton is 4.7% +0.1% . Tt gives a basis for future experiment. Using this
equipment a series of experiments will be developed in the internationally large facilities for science.

Key words: exotic nuclei; elastic scattering; breakup reaction; detector; simulation; coincident effi-

ciency; experimental setup
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Fig. 1 Shape and structure of flexible electric heating film
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Fig.2 Schematic diagram of VARI assembly
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Fig.3 Schematic diagram of different lay-up

types of electric heating film
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Fig.4 Diagram of curing temperature cycle
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Table 1 Label of processing conditions
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( Differential Scanning Calorimetry, DSC) | . ¥
SRR Y [ A B A

T (1)
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A AH, IR AR AL, mW s AH, S 58
2R B R Y S R, m W

DSC )3 [ £ B2 1 552 36 2% 8 O < R [ AR R
FUH FHE U 25 ~ 250°C 5 A+ iR 34 2% 10°C /min;
[k A F 4, T IRV 2 25 ~ 240°C 5 T %
10°C /min.

DSC X 3 B Ak % A8 3l B2 (T,) 1Y S 36 2% A
hAURE L BR A S A4, TH IR B 25 ~ 150°C
FHiR 2 10°C /min ;[ I 3 [ 2 150 ~ 25°C 5 B R
K 20°C /ming WB T, E M B 25 ~
120°C ; 7} 3% 10°C /min.
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By, [ A i e b 4 R AR il 2 LIRS ~



5 9 ]

AL A5 R

A B A bR e B O v 5 L A 1717

K7 R T, D91 3 A 0 5 il AR e i R h 26
T, ~Tg JIE 3 15 ~6 5 I H A 4 il 2
il £%.

70
60§

50 4

R HEC

R fal/h
05 e AP e 2 T AR B AR Ak il 4%

Fig.5 Temperature variation curves using

splicing overlaying electric heating film
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Table 3 Curing degree and glass transition

temperature of resin cured under different

temperature cycle

Balgs HaS WsIRE/C EE/ % T,/C
Ly, 61 97 84
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Ls., 62 96 81
Ly L5 55 94 80
Ls, 51 95 80
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Fig.9 Temperature variation curves during

curing process of antenna reflector skin
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Table 4 Curing degree and glass transition

temperature of antenna reflector skin

FE AL S &4k )i/ % T,/C
LT 90 93
R 94 92
AR 91 89

K10 15m HARRRIKEM KT 4/ AL 5
MORER 28 S 55 4%
Fig. 10 Monolithic carbon fiber/epoxy composites

antenna reflector with a diameter of 15 m
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Curing method and temperature distribution of composites based on
flexible electric heating film
LI Jinliang'?, GU Yizhuo™', LI Min', WANG Shaokai', JIN Chao’, ZHANG Zuoguang'

(1. School of Materials Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;

2. The 54th Research Institute of China Electronics Technology Group Corporation, Shijiazhuang 050081, China)

Abstract: Low-cost curing is a challenging task for composite manufacturing, especially for large-scale
part. Vacuum assisted resin infusion ( VARI) molding process was employed to fabricate carbon fiber/epoxy
composite laminate. A curing method using flexible electric heating film ( FEHF) was developed. The effects
of lay-up type of FEHF and temperature cycle on the uniformity of temperature and curing degree of composite
were studied. The results show that splicing overlaying FEHF has the most uniform temperature distribution
with 11°C maximum temperature difference at constant temperature stage. The temperature uniformity is
improved by 26.7% and 38.9% compared to the cases using overlapping overlaying and interval overlaying
FEHF, respectively. In addition, adding isothermal temperature platform is useful to reduce temperature
difference during heating process, but the final temperature difference and distribution are the same as the case
without adding isothermal temperature platform. By means of splicing overlaying FEHF | large antenna carbon
fiber/epoxy composite reflector skin was fabricated, and the glass transition temperature of the reflector skin is
over 80°C , and the reflector tolerance is 0.7 mm (r. m.s. ). It demonstrates that FEHF is a feasible way for
curing large composite part.

Key words: carbon fiber composite; radio astronomy; flexible electric heating film ( FEHF) ; vacuum

assisted resin infusion ( VARI) molding; cure; square kilometer array ( SKA)
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Identification of time-varying systems using
multi-scale radial basis function
LIU Qing, LI Yang®

(School of Automation Science and Electrical Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: A time-varying autoregressive model with time-varying coefficients was investigated to identify
linear system parameters from nonstationary time series. The basis function of multi-scale radial basis function
(MRBF) was employed, and the identification of nonstationary modeling problem was then simplified to a lin-
ear time-invariant modeling problem. Particle swarm optimization (PSO) algorithm was applied to search the
optimal RBF scales for the estimation of time-varying system parameters. The basis functions of RBF can better
estimate time-varying parameters with a variety of dynamic process because optimal different RBF scales with
good local properties can be effectively adjusted by the PSO algorithm. One simulation example of second-
order time-varying autoregressive model with time-varying parameters involved different waveform was presen-
ted to show the effectiveness of the proposed method. Compared with classical approaches of time-varying para-
metric estimations such as recursive least square algorithms and the expansion approach of Legendre polynomi-
al basis function, the identification results of time-varying parameters can be more accurately estimated which
validates the effectiveness of the proposed time-varying modeling method.

Key words: time-varying autoregressive model; recursive least squares algorithm; Legendre basis func-

tion; multi-scale radial basis function; particle swarm optimization; parameter identification
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Table 1 Control function of different control surfaces

ks i B it
e A S FFH
FEEfEm - ABEIR W b

FW-H "I A 5y RALAS 74 (% BHJE 55 1 55 22,
HA 2B IR E, AT T F R dE &k
Bk, BT ) ) A A G R R R AR M A
BT S8 BT AT S R G E 3 PR,

ARG A NG S v, WY AT &R
SRR, 1T Lk 25 i RS A A B 4
T84, 4 LI A HR 4 R 8 TH R A 38 2 u.

FEA P R GE ] 3 6 A A2 i 48 A RN
P A Be 3 A FEALY. Jorp 48 4 AR AR PR



1732 Jb 5 M %

NP NIV I S

Ae A

2015 4¢

ONF5 Al 1 B A AT i SRR TR A D8 4 Al g A
v 45 2 MR RIS fr A D P i A o, 3l 1 B
WIS B 58 A g s P AR A BT i =
el 45 0 3 R 4 ) 0 IS AR R T RS HE I R I 4
5 T R A A 4 I ) 4% A 4R
ONTHT L. 2R G aE o A R R I A5 Bl g < i B A
2245 N THT 9 ) 43 T A 5 ¢ 52 B 2% 40 11 2 A s ol
e

el “*

Fom (V) —BRIE2HIBE — B (B ) MR 5y, — R G4 A
AR 2 5y, — B PR A U1 B 7 5 e— ) BT 8 22 5 K— LE 91 B 3 5
v, — BRI T s o— PP bl A s M— 3B o Jy 0 s — RBL
RS AL su—CHLAE I Gl FA 4 % 5y — R AAE L SC PR B

B3 RATER R G A
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Table 2  Flying qualities assessment results by

vertical Chalk criteria

W 5,,./((°) - s7")  Aun/Aqn. 0/s Y

1 120 0.063 0.099 —
2 80 0.290 0.119 —
3 79 0.310 0.123 -
4 66 0. 600 0.161 -
5 65 0.620 0.163 =
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Table 3 Lateral flying qualities assessment result of

rolling mode

5 émax/((”) . s_l) Ty/s FER
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2 96 1.400 —
3 95 1.404 -
4 56 2.992 -
5 55 3.011 =

B2 3 AT, B A O e 2R BRI (B A9 9/
FW-H QAL 7R 5 45025 Bif [R) % 50004 K, T&AT & R
Y T R AR

XFF FW-H ®AHL, 24 F A T R I 32 J 52 58
RIRHIE KT 96(°) /s B, A IRAF— 2 ®AT 50,
KHLEA R VR e ol A R 3R BR A /)
T 56(°) /s B, CHLAAE ) RAT 5 BTREAIR 2= — 4%,
B B i TR ALTR B BHLC B AR, WS4 s 18 4 il 45
MERIIR . PR, AR IE FW-H RPLIRAS — % kAT
i T, G ) 3 45 G0 T i 2 R R R R T
96(°)/s.

3.4 fREERHAE

FW-H 4 516 38 LA A 1) = 5 0 i 2 T 2
AXTT A 72 A FhCATBY BN a RATIRE T, &
BRIy s, MR A R 0. 05° 1 “ 32117 fil] ¥ £
ERCX(EIE L NG R i b= o R BA N -
M 5 ) i 2 3 R B I (B34 0 120 (°) /s, MK
WK ik BUTT 24 20 07 1) M6 i 5 1R BRI 43 51 A
120.69.68 .16 1 15(°)/s #Y 5 R IE i 17 H AL
I3 AT

X TR A 2 RATEE S R E B FW-H ¢
B, AR B 25 20 R G2 J5 36 U RC A5 2 CAIL Y fir 22
WIS ME T ¢, M ARME o,,, 5% 4
.

x4 FZFESHME CITRRITESR
Table 4 Directional flying qualities assessment of

Dutch rolling mode

W 8 max” Can (gdwml):n':n/ wmlmin_/l oy
((°) -s™H (rad +s7') (rad - s ")
1 120 0.532 2.26 4.27
2 69 0.441 1.72 3.90 —
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4 16 0.020 0.051 2.56 -
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Design of actuator rate for flying wing aircraft
HE Qianlin, WANG Lixin"

(School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: The actuator rate is one of the important constraints in designing flight control system. When

the actuator rate is saturated, the disturbed aircraft or the aircraft under control may go into pilot induced oscil-

lation (PIO) resulting in lowering the flying quality. The design method of limiting the actuator rate value for

flying wing was built. The design examples of actuator rate for the triaxial main control surface of high-aspect-

ratio flying wing aircraft were introduced. The effects of actuator rate limit on dynamic response characteristics

of the aircraft and a combined parameter composed of aerodynamic derivative of aircraft, moment of inertia,

and aspect-ratio were analyzed. The result indicates that for aircraft with high-aspect-ratio the requested actua-

tor rate of roll control surface is the highest, later is in the pitch control and that of the directional control sur-

face is the lowest. The research method and results can be used to guide the preliminary design of actuator and

flight control system for flying wing aircraft.

Key words: flying wing; actuator rate; high-aspect-ratio; flight dynamics; flying quality
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Table 1 Flying qualities evaluated levels

based on missions
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Table 2 Subjective evaluation standard of

pitch attitude capture and hold maneuver
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Table 3 Subjective evaluation standard of

high angle of attack roll and capture maneuver
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Fig.1 Variation of mil error in pitch attitude

capture and hold maneuver
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Table 4 Result of subjective evaluation of

longitudinal flying quality
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Fig.2 Variation of yaw angle in high angle of

attack roll and capture maneuver
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Table 5 Result of subjective evaluation of

lateral flying quality
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Table 6 Comparison of longitudinal flying qualities

level between mission-oriented flying qualities

evaluation method and conventional evaluation method
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Fig.3 Evaluation boundaries of mission-oriented
longitudinal flying qualities criteria for high angle of

attack aircraft
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Table 7 Comparison of lateral flying qualities level
between mission-oriented flying qualities evaluation

method and conventional evaluation method
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Table 8 Evaluation boundaries of lateral flying

qualities criteria for high angle of attack aircraft
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Mission-oriented flying qualities criteria for high angle of attack aircraft
HOU Tianjun', GUO Youguang’, WANG Lixin "’

(1. Sino-French Engineering School, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;

2. School of Aeronautics Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: The flying qualities evaluation of high angle of modern attack aircraft lacks of quantitative eval-
uation criteria. Based on the conventional flying qualities criteria, with mission-oriented flying qualities evalu-
ation method, various flying by wire systems with different transfer function parameters were tested, by subjec-
tive evaluation method and objective evaluation method. Thus, quantitative longitudinal and lateral flying qual-
ities criteria for high angle of attack aircraft were developed. The result of comparison between the convention-
al flying qualities evaluation criteria and the quantitative evaluation criteria for high angle of attack aircraft
shows that with higher short period damping ratio and control anticipate parameter in longitudinal and higher
roll mode time constant in lateral, the flying qualities for high angle of attack aircraft get better. Therefore, the
developed criteria is more adaptable in evaluation the flying qualities for the high angle of attack aircraft. This
new criteria could be used as a guideline when designing modern air fighters.

Key words: high angle of attack; flying qualities; criteria for evaluation; mission-oriented; air fighter
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A Sl & PVDF SR E MR 7T

hEH, BT, £

(et iR K2 MRS TR 2B, dbat 100191)

] B NTHEE AR ERMNRRA LA (PVDF) HE, XA T H 2 BENE
TR JE 7 %, AL T 6 B AR R E RO R B A 1A DL R R T2 4t PVDF - [ i A Y
i A AT i B, AR XS R AT A OB e R 4 4r 4 ot (U (FTIR) 3f PVDF 3 fE 89 &
BEMMAT N ERFN A RAEBEBRIRE T% ~10% ,F 3w E 2 ~3h A K F B A8y 7
B RR AN, T U R B &, AT AR ERRE T% , B0 B 2h B 45 2 & KW

B 44 & 81.3% ;# & xf PVDF 3 & 19 &
vy AR R E B B AL

BEMARKNY R, 2L ELE B PVDF 3 &

% @ W Ko RRRLE(PVDR); BT v 415 %

HESHKE. 0631.172
XEKFRIZAG: A

2 W # & % (Poly ( Vinylidene Fluoride ) ,
PVDF) K B A I 5 2k R AL PERE RN 2 A8 1)
AR SE R, ZAE IR Z BN iz iy e o
iR AW PVDF H A 5 i dh B S5 1 4 e X
TTT ALY B AH, TGTG 4 ALY o F1 & #H, TTT-
GTTTGHY Ry v Al & M. SR T 5 S E 1
J AR b B S SR Y L A R X S PVDE B
B AR B B 48, T L PVDF 45 4 2 T4 48 A
55 E AR . SRR A R R Y o R
HEZ T 1 5 AR A7 AR AR I8 4 & 2 35k B A i
5,1 PVDF ) B,y A1 & @B, Horp B A H AT £
K H R AL S SR, 4 5 5 i 43 85 HE SR i
FVAT BB AR R B 2 b B P T 2%, an AR A P 1Y
o Fll e M1V71. £ PVDF Br 45 (9 % A, B A He
T 1k S5 1) i Y, B A e O 0k Fl R L PR B, T
DI FH A A% St i 3l g Pt R P 051 55
I, ey A L I PR AR R B2 B OAH B AT 4 A

N EHS: 1001-5965(2015)09-1742-07

R 5 i 3510

T 345 PVDF B 1 36 PR AR, 4 2 7 [l 14 46
FIT AW, FE I R A B
ali PVDF 1% i 5085 S i «-PVDF 75 6
SOCHHIfL R =3 ~5 KWLM Hi e g5 3 B
FIUO R A5 PVDF 25 55 05 & JE 7 & (280°C
=500 MPa), = # % # @& M % & M
( >2000K - s~ ") %5 R 45 4 15 3] PVDF i 1
FEU S TR AT b I o A o O A A
PR AT 3 A o 4 TR (80°C ek ) B %
7E N, N-Z" 3 i1 [ iz ( DMF) 5 % — H 3% 7 0
( DMSO) 45 35 Wi Hh 4% & 75 51 B 3% AR5 3 6
b A ERYOK B K AR S R S AR
5 H A gy 5 4k T 5 7 kBT L 3K 4% PVDF Hy
T AR HURRAT £ 35 L 5 3 0 7 2 H 2 &8I A
TR 2 B, 35 BT o I S R 3 A R A S 1.

7S i i 17 8 5 AT (% WL ) 45 PVDF i

YRS EH . 2014-11-06; FE A EHEI: 2014-12-10; R4 H KR AT . 2014-12-18 10:06
M 2% R HtiE . www. enki. net/kems/detail /11.2625. V.20141218.1006. 001 . html
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T AR I, AT 5 T 3K S T8 AR ) e T LT KA TR
SEPE A 18] A0 B T 206 PYDF B3R 18 A0 5% 0,
il 3o 21 4h 6 3% {L ( Fourier Transform infrared spec-
troscopy, FTIR ) Fl X 5} £k fi7 41 4% ( X-Ray Diffrac-
tion, XRD ) #f§ 7 AN [6] T 25 2% 1 il 45 4 o 1) s AL
I 2445 3 WL 3 PR AR % 5 = 1Y PVDE i

1 5

1.1 HmEl&
1.1.1 & #

PVDF #3K ,FRO04 15| [ 1fF — %% & B M Bt
AR A A7 s DMF, 3 Fr g, Je st fb T A2 7.
1.1.2 37 IRAR I ik %9 BT )

I B DMF ST ReAr b, i Ao
WHEE 1% ~10% ) PVDF $5 K, 60°C #% 71 4 £
1 ~3h,{fi PVDF 524 %% , 15 %) PVDF/DMF i 3K
A . T IR A 3 R T T P B S B AR (I W
W 2N AL BRI ] ) 51 T 1.

x1 BIRGEARHENIZEH

Table 1 Procesing parameters of precursor

e

solutions preparation

2 VW I/ % 4b B[]/
1 7 1
2 7 2
3 7 3
4 1 2
5 10 2
1.1.3  EmehiFsk

S T A FE AR 20 em x 15 em (1) JEL B B
MR . Al % 1T V35 4 KT R S O ek A R . PR
BT HAR R R R R A R R
B, a0 01 7 Tl B 7 A P 0 0 M 1 35 Ok T SE
1 g/L 1) NaOH i %5 0= 10 R BE 3 A 24 h, [k & 3%
T Y B 2 0 5 25 B P K oh ok TR B BB b, kv
11 1 NaOH ¥, SR J5 FH— 5 2 11 & B 1 VT O
T T, 4 8 I B 3 Al 2 T ) il g A S
YR 25 e JH 2 8 17K gk P B B M 3 1 3 0
W 5 Ve T 0 JE B B AR A 80°C B L A T 4
#H.
1.1.4 B+ &

SR FH VAR AL U 8 114 5 95 il o WIS DAV vk
Y 11 JEE B B B Ay S A o HL R T TR L 1Y o A
B b, AROH IR B B R 80°C, B A R 4 il #k
10 min. #R Ji5 K i 5K 4 5 Y0000 3] R % 3 A, Tk R
5 3 JRE B 35 50 (. Sk W DRV 70 8 e ¥ K
il A 80°C HEFE FALL B 24 h | S5 J5 45 31 3 SRR

1.1.5 Ha#x

LR R R 7 AILZ RE S B A R R g R
JBEAE S BCAE T A 28 [) rp Sk o 9 A 230°C #4
¥ 20 min, SR J5 S E 4 MPa #4E 20 min, 52 5 £ 55
HERHIEO T AREH EEE, 58 E)5 PVDF
B
1.2 W ik

FH 2% [ Nicolet 2> 7l (1 iNIOMX % £ 4 S i
ACCSE 3 45 1 ATR B 20) F1 H A 38 2% 0 W) 1Y
D/max-2200/PC 7 X IFf £ A7 5 A ( 52 5 45 14
Cu #2,40 KV,30 mA , 1 3 FF 4 (°) /min) FAE S
BT RE i 1) TR 454

i 3 21 A0 G AT DL E RE S B A B A
Xt O TR E RS R B M i 762 em
1 840 em ~ Ab 4 HIREE o HAT B AT A W A . 3
i SCHR[S 42 A0 0 125 o) LA 8 B AR R B A
B 5. AR L AN /2 Lambert-Beer 22 13, N
XF R L v AR i, LI Ry

1
A:lgTO:eXL (1)

AL, AT 53500 A SRS i G R TR X R &
i AH A ZE fh T s e A m AR LA I R AL, 2 R
PRBERE(C =0.0305 mol/cm’ ) fil PVDF £ & AH7E
R W AT 0 W AT R BN 45 S (o AR B AH 19 W i
e F A 22 B0 0 < K, = 6.1 x 10" em”/mol Fil
K, =7.7 x10" em®/mol). Fi L4, % F 1 A~ HEH
B AHARE &, B AH A XS 5 5 R

I — (2)
%, % 1.264, + AB

XA, F A S BIN o 1B AIAE 762 em ™' A
840 cm ™" Ab fiy W AL W R

2 BR5IE

2.1 BUIRMGRA R @ X PVDF 45 B SH
=AU

JERE PVDF F MR B 7 % 119 9 W 28 K TR) 3o
PRI () #5321 PVDF B4 FTIR 3% & 1 s,
222 R EEFE 700 ~ 1500 cm ' P§ PVDF AN 6] &
TR f) FTIR 45 AE MY 10181 1 L& (a) FIAE§h
(b) ¥I7E 762796 F1 976 em ™' 4b W L T T A 14 %
o AT B W T 06 17T A 840 1 1275 em AR B A
14 W R I 55, 0 B 7E JsUORE PVDE g5 B 8] >
Lh AYRESE T, o A 35 S 7. Bl 25 356 1 1A A
B R B OAHAY 840 HI 1275 em ' Ak W i i 5
B I 3 i TR oo M I AR AU R 0 0 ) B T A
B, YRR E S 2 h B CFE S (¢)) |, 78 796 Fl

F(B) =
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976 cm ' Ab o HIFEAE I 5E 2T K , 16 762 em ' Ak
AHARR AR W 5 32 B T R, ORI — /N 5 2
P FEET RIS 3 i, BT i (d) i LR
HRE Y 762,796 FI1 976 em T Ak o FEAF W HS 5E 4
R AR A 3 S A

W HEN(au.)

B
\_/\@
L/\@
WA
\M
700 900 1100 1300 15
W #/em-!
(a)—J5f} PVDF;
(b)— VWK IE 7% VB 1 b il 4 49 PVDF;
(o) — ¥ WV IE 7% MBI FE 2 b 345 10 PYDF;
(d) — ¥ WA 7% VEWCBE 3 3 h il 45 19 PVDF
a—o AR W0 5 B—B AH IR AT I
B 1 J5ORE PVDF RS WO EE 7% ) PVDF K
8RN W) 4 B 8] ) 4 PVDF A 5 (%) FTIR % &
(I BU3E 700 ~ 1500 cm ™)
Fig. 1 FTIR spectra of raw PVDF and PVDF solution at

0a

mass fraction of 7% with different stirring time

( Wavenumber range of 700-1500 cm ')

%2 PVDF X ERAH FTIR R rig'
(EBEE 700 ~1500 cm ')
Table 2 FTIR absorption bands of major crystal
phases of PVDF ~'(#%:1¢]
( Wavenumber range of 700-1500 cm ")

i 2 W i e 37 B/ em
a-PVDF 762,796,976
B-PVDF 840°,1275"
y-PVDF 833*,1233

TE ca—B MR v AR L B 9 W00 s b—B AR 20T 19 45 il 2
W s c—y AR i 5 0 DR M
195731 G YA RHEA B R 5 XAk
G5 AR A 5 S . AR T 2 SR o
BELEBCA SN VR I O B AR S R 2 1l
G TR kT XV RO A 3 B VR
-5 J] LR S S Ak DR T R A JBE 2 92 ik 5 07, 4
FAE R W01 5E LI, 5790 7 Bty > i) RE 8 4T 1
T THER B ZORES, RE R B4 5% 0 1 BE B9 AF
F L IEX 7315 ) JC R HRGE Bl7 AE S RROR A
11133 170 AR R AR 5 S i R AR A A [R] 1) 55 1)
I IE) 23 5 0 7 R 2 Ao
PVDF H A #% A DMF 35 i 1 40 PE 1, 8 o
S A oy PR ABURL 1) 2 T 90 AR, B DMF 3 (A AR

PVDF JURL 3R 18 )2 1 25 <, I 3F A UKL 22 [] 1 [i]
B HEE 2 DMF Wik i — 208 A, &K 4= PVDF fy
RS K, Bl 00 19 2E 17 33 i ik AT 2R A4 9
KPTITH; 5 /5 PVDF 58 & i g /£ DMF v, 53+
BB T A R RS SR N, Ak S B R 2 %
Sy FEE AR BT UIVE A ) B s R A R LA s B
XoF 3 A FH s ) g Al P . i DA B R A 1 h B
FEf o RS Z2. BRI E S i E] 2 h R0 3 h
W, PVDF 58 2 3 i, 16 71 96 #8 R e o 48 41k 1 g it
A A0 TG A2 176 43 T4 T % ZE Y BE L, X & R
X B AL BUAR AL T AT RE.

XRD &4 #7 PVDF & B 25 44 1) 85 2 - B, JR
Kk} PVDF A1 i it 43 50 7% 24 A [a] 45 $F i) ) £33
PVDF ¥ 5 () XRD 3% [E Q& 2 s, 28050,
JOBH PVDF (WA 2 (a) ) A SR B DL o #H W 32, 15 260
7 17.66°.18.30°.20. 1°F1 26. S6°FE/E 2 #B o #H
0. ZESEFERT ] Th( WK 2(b) ) B, 17.66°4b o
AHAY (100) W 2%, 18. 30° 4b o AH A (020 ) W F1
26.56°4k o FHAY (021 ) W i WY i 32 5] 410 i, ot Bsf
FES AT LA o A R 32 BE A5 0 FF B R3S i #) 2 h
AMI3h(ILE 2 () FE 2(d)), a FH 18. 6°F
26. 56°fiT ST 2%, 1 B AH Y 20. 86° &k (200) fif
SFP i A A 0, S RE S R R B AL
XEE 1 FTIR f45 5 2 —8.

SR (au)

10 15 20 25 30 35 40
20/(%)
(a)— 4} PVDF;

(b) ¥ Ve 52 7% W MRABEFE 1 b ] £ () PVDF;

() =¥ E 7% ¥ W ¥ 2 h il 4 9 PVDF;

(d) — VWV JEE 7% W WEBEHE 3 h il 45 19 PYDF.

Bl 2 JsUkF PVDF FE R M BE 7% ¥ PVDF % )

2 AN R 3E RE B) [] 1 4 PVDF Af 5 1 XRD 3£ &

Fig.2 XRD patternsof raw PVDF and PVDF solution at

concentration of 7% with different stirring time

2.2 HIRMRE R EX PVDF &R ESH RN

X T R, AN TR R R i T ]
8 A LA D (R TR 25 LR AR HEBR AR AL
JO7 249 2 A [ 9 DRIt B8 ] — 5 790 A ] o B2 i 51
PR AT B 23 0F 15 23 1 B 19 A 48 58 A B2 RN A% 2l 1k
7 A B R ST T T A A Y R R A B 4G Al
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oL [l 3 Fir R S A R 48 B R (2 h) AN [F] R
DR A4 5 W v BE 6P PVDF 25 5B 28 5% i (1) FTIR i
K. H 3 a0, J Ik AR A W B 1% R o
AH B R AIE W Wi g 762,796 1 976 em ' H[ A7 AE , Bif
BV BE W 1G K  TEWRFE R 7% F1 10% 15,762
796 1976 em ' Kb R o A AIE I AT 06 S8 HT 9 Ok
1M 840 F1 1275 em ™' Lb @ A f) Wiz e 06 5 F 4% ¥
Jn. BRI E 3 (a) B S EE S o AL, K 3(b)
FE 3 (e) FEahH KE 5 S A B AL
B

W JHEA(a.u.)

?UOII.9{’)O . ]160 I ]3:00 I 1 500
BeRyem™

(a) — Bl KA R BE R 1% 5 (b) — AT IR R B2 7% 5

(o) — il 96 (A 3 vk 2 o 10%
B3 B D (2 ) ) O 9
PVDF £ S 2552 W0 19 FTIR 3 4]
(P BGE 700 ~1500 em ™)
Fig.3 FTIR spectra of PVDF at the same stirring

time (2 h) with different precursor solution concentrations

( Wavenumber range of 700-1500 ¢cm ™)

T Bk — 2D AE W] ST 5 Al AR SO T XRD
. K AR TR P IR 18] (2 h) TR, A [ R 40K 9 e
JEXF PVDF 45 54 T2 255w 19 XRD 3% [ an 1 4 fi
7S 24 KA U R B D 10% I A7 AE 20. 86°
Ab B AR (200 ) A 55 i, i W 0k IR iy o RS
S5anAR 0 B AL BE UK MR I R Uk B A R I
18. 6°4bFF% o A I 717 S5 WA 2 T 8 5, D 06 A 37 ¥

R HE/(a )

10 llj ZIU 2I5 3l0 .3.5 40
20
(a) — R 9K A R Bl 1% 5 (b)) — R S AR vk JE S 7%
(o) — i 9 (A 3 e o 10%
P4 AR ] (2 h) |, AS () i30S 9 9 ke JEE XF
PVDF 45 B350 19 XRD 3% 4]
Fig.4 XRD patterns of of PVDF at the same stirring

time (2 h) with different precursor solution concentrations

WPEN 1% I, o AHIY 18. 6°F 26. 56 ° &b 1) 417 5 1
HRAEAE. 3k 58 3 FTIR B9 40 #4650 & — 2.

DMF J& PVDF [ B % %, PVDF #£ DMF  §
ARG 1R S e . VSR B /I 1 40 R AT 22 [
HRH AT B VS WO BE RN, R AW o TR = 1]
P AH ELAE RSN, /85 0 T B AH Bl SR 30
Iy FHERI RS BN AR 55 B FEET ][] 24 2 h () PVDF
TEWAE R B B M b R, B A W4y TEEM C-F
e T B T 1V R R A O A AU X S
WNEEBSENZREY A FiE LW F R+
[ HES , 253 530 R R AW TSR
HEZ ) A A R O AR, 4 T AE A
TG BB K WMk BE K, 3 ik =2 ) 2 45 2 4 )™
i, H S AR 55 5 B DL v B 45 #A F F
I FHEEA T AR HES , RO R G 4
T ZER W HES) A T 25 T AT AR A 45 & B ) 2
RN, 45 df i AR A A O RAE K R, IO B ek
AT T I 4 T 8E O, SR JE AR 80°C dib R 4h i K
K, Xk PVDF L& PR A 1 TR B4R 448 T AT e

B FH 1) 5 F B YA Y T [ R R B 1) A
feani 5 Fros. iR (2) AR P B A &
i, &5 (a) N RESL T B A f Bl A TR A5 FE N R) 1
AL, AT LAE B A Bk B R s (R] 2 B
B, F(B) ZEHEFERTE 2 h 3k 3] — A4 e K
481.3% ,

80+
70t
ES
= 60t
=
50+
40 . . :
I 2 3
T HBEFERS H)/h
(a) iR ]
85

Fp)yve

2 4 6 8 ia
TR %
(b) i
LS B A A A B P TR e I TR] R e A R Ak
Fig.5 Variations of B phase content with stirring

imeand solution concentrations
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B8 J 400 R o 8] R 35 0 F (B ) A L 18 T e 1
F(B) ARG S b T Bl 25 B 18] A9 384 4 3 500 19 35 %
T VRS VR BB 1 7R R, DT 3 K A3 i =[] ) 4
g5 5 B AHRYIE L. 8 5 (b) ERES T B A S
Bl 5 v B 1 AR AR L, T DL F (B Bl i W vk
JEE ) S8 T TS R B — A S5 K AE T S 2218 T R
JRLL B AR & AR EE 7% B FERT ] 2 h B3k 5
K 81.3%.
2.3 #JE3T PVDF & @17 AR

K6 25 th T W B 7% 1 $E s E) 3 h 1Y
PVDF FE & 7E #H AT J5 19 FTIR 3% 14, i & 6 v LA
B PRJEAT IS AR B Ay AH A I S AR AR
IR w24k, T R )R Ty AH Y 833 I
1233 em ™' Kb W 0 7 S0 S FR RS 1) T IR B
AH A W i 16 840 1 1278 em ™' 4b.

b

(b)

W GHE/a.u.)

(a)

700 J 960 I 1 IIOU ' 13l00 J 1 500
e #/om!
(a) —#JEJE ; (b) — 2R Al
K6 WWRIE 7% ,BiFEms ) 3h 19 PVDF #: & 78
IR RIS A9 FTIR % ] (3 BOE 700 ~ 1500 em ™)
Fig. 6 FTIR spectra of PVDF at concentration of 7% and
with stirring time of 3 h

( Wavenumber range of 700-1500 ¢cm ™)
BT 5 W 7R B 7% B E 3 h 1y
PVDF # fi £ BT 5 19 XRD 335 (], 7T LI B 1l
F 1,200 i i W 7E A JS 20, 20 J5 # ) 1

S/ (au.)

10 IlS 2'0 2.5 3I0 3:5 40
20/(°)
(a) —#JEJ5 ; (b) — R AT
7 ORI 7% R E] 3 h (¥ PVDF A 5 78
HUETT S 9 XRD 35
Fig.7 XRD patterns of PVDF at concentration of

7% and with stirring time of 3 h

20.8°, |/ XNy AHEY (110) 1, J5 25 0 B A
(200) . K5 J5 i (200) 10 1] HE A7 ) B AR 3
i, X 515 6 FTIR 44 M A 4518 0 — 20

B AHAN v A [F) Ji IE 52 fh &2, B AH B A A% ER
N a=0.858nm,b=0.491 nm,c =0.256 nm, y #{
B S 5 B0 a =0. 866 nm, b =0. 493 nm, ¢ =
0.258 nm. Hy S A% HCAT A1 B OAH Y AR RS B y
FH B AR R0/ X LA B AH A% T B A oF T
B 1A R A 5 W 03 1 B 0 R FR B I O, Bir L B
T M 8 T S T A R PR R K 0 R
S5 R B LR R S5 N T
PVDF 7 X 85 g 19 i BE M o 09 JE AR T,
T TEE o RO A P U I BUE AL B OAH,
JIt AAS SCHE SR 25 A T A3 y—B.

PVDF 45 it 250 2L 5 & S B 7 T R
A%, 75 PVDF 2 74w, i T C—F Ml C—H ##
PR P 22 S, 3 i ) 1) 3 A B 2 ) AE TR AR 9
MR AR J1. RZINN o # B 25 8] B A
P2, /¢, 0r THELH WIS UL 2, B2 e 5 fe A BE P
AAFTE. STk [ 21 ] 7s F ge 3T i J7 v 4 & 45
a-PVDFJE—Fl“ -7 JC e i HES 450, B — 4%
BEUY A% ¢ BT 1R AT 50% nl gk b-F B JA) HE
52X R GE T 4 T i HE S A AR, AT AR 47
filt B WG 4 FE S5 T o-PVDF T £ i 5%
y-PVDF 4.

3 & it

1) AR AR 5 B R IR IR & T
T P AH B i S 9 PVDF R

2) T BRAA I Tk B RN K I 1] 23 52 0 PVDR
14 i 8 45 ) < T K P A B R) 2 ~ 3 b R MR
7% ~10% 5] F HL 3 P A A T8 B 5 i 9K 14 1 T vk
BE 7% B FERF ] 2 h (Y S50 R A B 5k B AH B
81.3%.

3) KR [FIRE 25 0 PVDE [ 5 B 45 44
PVDF Il 2 3 230°C .4 MPa S5 il #4 % , R AT
y—BAHAE 76 R I B BT AR B ) B 50
1 B AH.
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Preparation methods of PVDF film with electroactive phase by
solution method
SUN Meiling, DENG Yuan®, WANG Yao

(School of Materials Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: Poly (vinylidene fluoride) (PVDF) films with electroactive phases were prepared by simple
feasible solution crystallization method. The influences of various precursor solution concentrations, different
stirring times and hot pressing process on the formation of electroactive crystal phase structures in PVDF were
studied. The X-ray diffraction( XRD) and Fourier transform infrared spectroscopy (FTIR) were used to deter-
mine the crystal structure and analyze the formation mechanism of the electroactive phases in PVDF. The
results indicate that the different precursor solution concentrations and different processing times have a great
influence on the formation of electroactive phases in PVDF. It is easier to form 8 phase when the solution con-
centrations range from 7% to 10% and processing times between 2 hours and 3 hours. By using FTIR tech-
niques, a maximum content of 81.3% for B phase is calculated in the situation that solution concentration is
7% and processing time is 2 hours. Hot pressing process plays an important role in the change of crystal struc-
ture, and this y phase in PVDF films will transform into more dense B phase after hot-press process.

Key words: polymer; Poly (vinylidene fluoride) (PVDF); B phase; y phase; solution method
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Table 1 Initial conditions for simulation

AR i Vo/(m's_l)yo/(0)¢0/(o) hy/km 6,/(°) @,/(°)
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Table 2 Terminal conditions
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Fig.4 Simulation results for longitudinal tracking
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Table 3 Teminal error by guidance

K Ui 152 2 Ahi/m AVy/(m-s™h) Ay/(°)

Hfl -39.27 -7.61 0.25
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Table 4 Terminal error in different

pneumatic deviation

B 2

(C,/CY)/ % Ahg/m— AV/(mes™h) Ay/(°)
2 ~27.63 ~6.67 Z0.041
+5 -79.85 ~7.84 ~0.075
+10 -76.57 ~10.68 ~0.095
-2 38.74 1.06 0.005
-5 57.74 -6.37 0.080
~10 98.50 ~7.64 0.136

3.2 MUIRREEEMEGE
HREIE 3. 1 T h (2 H Uk /E W &%
PSR A SO BT By i 5 R AT R R R 25 1 B
Bt B R SR R T 9 i %
0 B ER ORGS0, O A5 R IR S i,
®5 MABMBERENHEER

Table 5 Simulation results for different initial deviation

WIS HEN Ab/km AV (mo-sTh) A/(°)  Ap/()
Vo +100m/s  0.042 -16.69 -0.0454 -0.0661
Vo =100m/s  0.101 -4.68 -0.0931 0.0814

hy +1km 0.082 -2.94 0.096 1 0.0603
hy =1 km 0.086 -2.77 0.0996 0.0495
Wy +2° 0.061 -5.28 0.0410 0.1607
o —2° 0.079 -4.84 0.0685 0.1209
vy +0.5° 0.005 -12.46 -0.0759 0.0989
Yo —0.5° 0.099 -3.41 0.1081 0.0807
0, +1° 0.062 8.46 0.1414 0.0761
0, —1° 0.040 -9.06 -0.1285 0.0226
@y +1° 0.046 -3.96 0.0413 0.1911
0o —1° 0.096 -3.61 0.0694 0.1379
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Fig.5 Simulation results for different initial deviation
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Fig.6 Three dimensions reentry trajectory in

different pneumatic error
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Fig.7 Terminal errors of 16 times of simulation
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Standard trajectory guidance for CAV reentry based on
fuzzy sliding mode control

HUANG Kangqiang, ZHAO Hui® , REN Yang, CAT Yawei

(School of Aeronautics and Astronautics Engineering College, Air Force Engineering University, Xi’an 710038, China)

Abstract: For the question that the standard trajectory guidance was too sensitive to initial value of state
and robustness was worse, a new standard trajectory guidance method based on the fuzzy sliding mode control
was proposed. The robustness of sliding mode control was used to improve the adaptive capacity of guidance
method, in order to definitely estimate the uncertain factors, the universal approximation property of fuzzy sys-
tem was used to approach uncertain factors. Through analyzing the determinate principle of membership func-
tion combined with the characteristics of reentry process, the longitudinal guidance law was established, the
simulation results validate that the master control law combined fuzzy approximation with state feedback is
effective. And the lateral guidance law was designed based on the scheme mentioned before. Numerical simu-
lation results show that this method can not only ensure a high precision but also improve the robustness of
standard trajectory guidance law, and simplify the calculation process greatly.

Key words: hypersonic velocity; membership function; standard trajectory guidance; fuzzy sliding

mode; trajectory tracking



2015 4 9 H
F414E 49

> o
HER SN R Kk SR BRI Scpiember 2015

S
Journal of Beijing University of Aeronautics and Astronautics e 15

http : // bhxb. buaa. edu. cn

jbuaa@ buaa. edu. cn

DOI: 10. 13700/j. bh. 1001-5965.2014. 0668

T MHD = HBEEE S FE SR
FILA', 247, 3EAC, R, #ER, B H

(1. destiizs iR ok BEIR S 301 TR 2 Be, Jbat 100191 2. ZE 48424 g, Jb st 100097)

1 B TR R A F (MHD) B E KB E & F B THRHR, LAR T X
EWMAATH,RET —MHETMID 2R EETRRAFE LA R R T, EALTHT(HLE
E)FFHRAEHE MED R BH KRB &, X T A ERIEEMS B F w40 T 48R R%
wWE AL P8 R U 2 (UDF) i # MHD # A5k # = % N-S 7 4 , %8 X 7 @& #F %X MHD
BHETATE. EREA . ARRENENKREBRA T REF IR H, R IR, £
GERATEARI R EBF;FBTRARRENRALNLERE R B ERE -—TRELE

Vol.41 No.9

— o, LA B AR MHD jmah 8 A A — i 7 K.

x 8
hESES: VI
MERARIRED: A

Tl A5 2 A 32 R R R SIn BRI I8
PR AR A Jr T A RS A R A, B
T DI A P, 0 P S R A R 7 A P A S A
T R DS A 1 TR 7 58 2 L0 o S vl B A
77 3B AR e s R R R T R
A Tk P, T H - R R I A 2 B L R X
TR AR RE A, (H X RERARAR /N B L B
JE R o P R 3 AR T TR
MR EAER], 5 o b P S B T 3=
FIRE i A2 4, 5 A2 48 d it /)N T 8 00 1Y) 3l A
AE Rz . Ir AN TR SCBR A , i 70804 Jm £ 28 155
LN N O N DS S E S 2
TESEBR 7 S Pl R 9. 2007 v 2 AR Bl el 4 R oT
R ERE L WA BB/ A S BB
TR F AT 084 TR R 28 78 Y155 T i B A T

e & 15 3 4K 3l 77 % ( Magnetohydrodynamic,
MPH ) 1) % & , i AR SR B 12 B T8 00 i
23 LT A U 56 ] B T Y £ o I AR e B

HEASHHF(MHD); FHTH; B d; I XE; KEEN

NEHS: 1001-5965(2015)09-1758-07

LB AR (THPTET) 3% | 3 & B 50 25 fit K =)
(NASA) (3 [E 25 22 (USAF) #0445 55 1 T HOR B
R S R W A RS LB B e R
A MHD %95 55 25 1 R HE ) o< & H0OR H A E 4
THUHFHEUE B B . 518 19 Lineberry A1BA" 1) 5 44
BRI NaK & 2 Fif PR AEE (BT Eh
10S/m) , f B W45 N 3 5] Ma = 3.3, = 7 R
A B M R e g R R RERS G VR T, A
S PRI L E. Corke 1 Jumper™ 13 FME G il
S5 B AR BOR S ML B L 4 5 45 R 5 O M
Pt v 23 TR R 2 A AT A R T A A
HEHESM TR E Ma =2.2 58 53 B 05 S
S BRI, R R R R n T A
e F AU 2 3L sh 45 w1 Jr s, MHD i 8h 4% 1 Jr =X n]
P e BT AEMLAAR S, B T 4 ) Oy U0 &
ML TE DT B 520, [R) i A AR T 4 i 2 B A
WMERE s 4 L T A 3h 00 sl i i 7 2, MHD i 3
O O BN & S/ HER S, AR TR

I FEEHE: 2014-10-28; KA BHI: 2015-03-05; M4 H AR AT E : 2015-04-28 19:19
W 2% R itk . www. enki. net/kems/detail /11.2625. V. 20150428.1919. 002. html

EEWE: HEARBAIES (90716025)

EERN: P TLAR989—) , B W5, Hl A, luo_wd@ 126. com
« BIAEE: 228 (1966—) , 53 W % N, #4% , 1ifeng1 966 @ 263. net, 2= T 5 J7 1] g 55 8 T ik s 42 i B a1 R LR BE 5.

SIRtE: PT K, £4, 3hEN, % MHD #H 4w &5 & FEHRE[I]. A FTAEMK A FFW, 2015,41(9) : 1758- 1764.
Luo W D, Li F, Sun B G, et al. MHD control of weakly ionized plasma jet flows [J ]. Journal of Beijing University of Aeronautics

and Astronautics , 2015, 41 (9 ) : 1758- 1764 (in Chinese ).


Administrator
新建图章

www.cnki.net/kcms/detail/11.2625.V.20150428.1919.002.html

A
1759

59 W B AR, 5 MHD 5 ] B B 55 B R B R
I8 B AL SR AR T 0 MHD B bR BB AT S8 o F5:
AR AT e 1 2 s 1] 0 ne(m, +m)  ne
7" m.m;v; - m.v (2)
1 MHD =4|IE it 1 4/ZmZina )
1.1 MHD £ 5%% Fthn s EE T Gme,)t 3T
2 P MHD J5E 8, i 3o L B 6 W8 30 4 5 14 IAZI(“WT)) (4)
e n

AR RERER: R B S, W N 2 R
1L I LR AR IR B %G T IR 2GR AL T
HRL 5 e sz 3 69 1 g TG R B T
53 7R AR B R B R BT LLIE B vk R R A
o5 I, IE B 6932 Slfg i s s AR R
WA ZR S EE MR IEE T RS RE. E
BT AEIRAR 22 1A LT i 5% 5z 3y, 5 K F 1) iz
B 735 R0 R Ok AR A, R AT RE R I B
iz . R 2 5 B IE BT R RE  AE RT 4k 2 i e
1B B, 05 AR PR U AR AT i B T 1) B Bl W
& Qi e 7 1132 3. il TR B R AR DN Rl AR S
T HP 4 gl e B s A YA B, T L2 A T
JI AW A R L 5[], B i L 1 5 R R
TRV AR B 51 A TR AR, R I BT D
WA S 00 Rt B 0 R (02 50 0 25 ik O 1), O
SR AR, 07 A HE T R RO MHD g 3 4 i 5
HANE T frs.

B

Al

(8)

J

G AL T )

F— )1 s B— 5 s J— A T V— 2ok i L
P 1 MHD i 345 i )5 21 i 4]
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Table 1 Electrochemical properties of alkali metal

®OBmEREeV RSV BT RRIAE eV
Li 526.41 -3.040 59.6
Na 502.04 -2.714 52.9
K 425.02 -2.936 48.4
Rb 409.22 -2.943 46.9
Cs 381.90 -3.027 45.5

B IR B B Jm 0 3R L (SR JE AE 10 000 K
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Fig.3 Maxwell-Boltzman energy distribution function
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Fig.5 Magnetic control thrust vector test schematic
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Fig.7 Plume shape with 2. 5% seed at

different temperature
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Fig.8 Force analysis of plasma in magnetic field
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Table 2 Parameters of test

W/ (10°K) fkf?%iiﬂaifﬁ%/ L'k)%‘iﬁji/ ’ﬁ%‘ifﬁjﬁ/ é’%ﬁjﬁ/ o 5 Eﬂ‘?i]/ R ()
(g-s7) (g+s™) (g+s™) (g-s™) (S:m™")
1.8 2.08 7.5 28.2 75.2 1077 10. 1 0
2.0 2.95 7.5 28.2 75.2 10°°¢ 32.5 3.7
2.2 3.80 7.5 28.2 75.2 10°° 111.9 6.8
2.4 4.74 7.5 28.2 75.2 104 204.7 11.1
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Fig. 9 Plume shape with 2.5% seed at 2000 K of

outlet and reverse magnetic field
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MHD control of weakly ionized plasma jet flows
LUO Weidong', LI Feng*', SUN Baigang’, ZHAO Kai', XIONG Yiwei', WANG Changsheng'

(1. School of Energy and Power Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;

2. Air Force Command College, Beijing 100097, China)

Abstract: In order to study the feasibility of the thrust vectoring using magnetohydrodynamic( MHD) con-
trol weakly ionized plasmas at low temperature, the experimental method based on the MHD control plasma
flow theory was put forward. We established a MHD flow control experiment platform of seeds (alkali metal
salts) induced gas ionization to research jet deflection vector angle under the condition of different temperature
and different magnetic direction, and explored the feasibility of the numerical study MHD control by user
defined function (UDF)loading the MHD model to solve the three-dimensional Navier-Stokes equations. It is
demonstrated that injecting low ionization energy seed into the combustor can induce gas ionization, forming
magnetic liquid and achieving thrust vector control under magnetic field; the numerical simulation results and
experimental results of plasma flow deflection are consistent, meaning numerical simulation MHD flow control
has a certain credibility.

Key words: magnetohydrodynamic ( MHD ) ; plasma; induced ionization; thrust vectoring; numerical

simulation
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