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Table 1 Material properties of 2139 aluminum

S8 Bl
E/GPa 73.085

v 0.33
o/MPa 427.47
p/(kg-m™?) 2700

x2 BRUHEEAREE
Table 2 Range of design variables

A B T R
fis -3 3
Sie -3 3

h/mm 5 50
t,;/mm 0.2 10

K3 BHEETHRLER

Table 3 Optimization results for single-axial load

A5 Jet 1 AEA 2 Sl 2 B 4 Sl
m/kg 1.17936 1.17936 1.17936 1.17936 1.17936
o,/N 11466 37165 40503 56169 60388
o.,./kPa 13900 52167 84152 69755 126532
o./kPa 0 16828 43502 21357 99348
n 435 2004 328 1693
h/mm 30.76  30.82  36.26  35.29
{,/mm 2.3432 2.1222 2.2214 1.7181
t,/mm 2.6 2.3426 2.1125 2.0247 1.7104
i 0 -0.6038 0 0.4255
i 0 0.4269 0 -0.3904
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Fig.6  First step mode of bare board and

one straight stiffener board for single-axial load

V7 Bl T L A FOBU L B — B A A
Fig.7 First step mode of two curvilinear stiffeners
board and two straight stiffeners board for

single-axial load

B8 RN T 4 Z il AT — RS
Fig. 8 First step mode of four curvilinear

stiffeners board for single-axial load
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Table 4 Optimization results for multi-axial load

AR JeMR 1 AREA 2 AN 2 AR EA 4 Al
m/kg 1.17936 1.17936 1.17936 1.17936 1.17936
a,/N 5021 12995 15635 17109 21935
o,./kPa 13793 41041 82583 63069 114560
o./kPa 0 2459 36799 5403 61168
n 407 1021 997 1594
h;/mm 32.27 27.91 43.82  26.39
t,;/mm 2.3321 2.148 1.9804 1.8586
t,/mm 2.6 2.3313  2.148 1.9801 1.8564
I 0 -0.5936 0 -0.6218
Sie 0 0.5936 0 -0.6218
Y11/ mm 150 150 205.54 116.67
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one straight stiffener board for multi-axial load
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Fig. 10 First step mode of two curvilinear stiffeners

board and two straight stiffeners board for multi-axial load
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Fig. 11

First step mode of four curvilinear stiffeners

board for multi-axial load
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Table 5 Optimization results for single-axial load

B8 Jeti XH A X f
m/kg 1.17936 1.17936 1.17936
o, /N 11466 62327 62899
o,/ kPa 13900 88 130 92 446
o./kPa 0 1478 16546
n 1146 1854
h/mm 38.08 38.22
t;/mm 2.04438 2.0431
t,/mm 2.6 2.0438 2.0422
S 0 0
fie 0 0
¥/ mm 93.88 94.49
Y1,/ mm 93.88 97.00

P12 IR A AT D' AT LR A Y — B RS
Fig. 12 First step mode of bare board and

two straight stiffeners board for single-axial load

B13 Sl AR OB 1 — B RS
Fig. 13 First step mode of two curvilinear stiffeners

board for single-axial load
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Table 6 Optimization results for multi-axial load

Sio=in0)+ , Si,=11,1] +
At ek 5 ~ S, =13,51 S, =132 2=t
e BEB i 2= e
m/kg 1.17936 1.17936 1.17936 1.17936 1.17936 1.17936
o,/N 5021 17109 19795 15211 18066 16716
o,/ kPa 13793 63069 102 650 65622 301447 81850
o,./kPa 0 5403 72738 32403 313266 71830
n 997 2391 1467 2444 1343
h,/mm 43.82 20.76 22.71 28.38 35.09
t,;/mm 2.3321 2.4760 2.3542 2.4927 2.0705
lp/mm 2.6 1.9804 2.1111 2.3441 2.2764 2.0704
Sl 0 0 0
fle 0 0 0
Y11/ mm 43.73 0 134.24 16.40 150
Y1,/ mm 264.89 251.98 142.62 124.17
¥,/ mm 192.52 67.35
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Design and optimization of improving stability of curvilinear
blade-stiffened panels

XU Yuanming*, WANG Dong

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

Abstract . Stiffened panels are widely used in the aerospace field as a typical structure. To further expand

the design space of straight stiffened panels, an optimization framework for curvilinear blade-stiffened panels

was developed based on ModelCenter optimization environment, Catia and Abaqus. Stiffeners were generated

by equally-split cubic B-spline interpolation function, which had no limit to the number of parameters, thus

providing a sufficiently large optimization space for curvilinear stiffened panels. On the other hand, two meth-

ods were taken to load on stiffeners including collecting loaded edges of stiffeners and making stiffeners perpen-

dicular to panel edges and some new configurations of stiffened panels were proposed. Optimization results

show that for single-axle load, curvilinear stiffened panels in comparison with straight stiffened panels make

very small stability improvement. But for multi-axial load, curvilinear stiffened panels have better stability

than straight stiffened panels.

Key words: optimization; curvilinear blade-stiffened panels; stability; B-spline; load on stiffeners
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Fig. 1 Schematic diagram of F-P cavity
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Fig.3 Effects of graphene layer on film reflectivity in

different wavelengths of incident light
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Fabry-Perot cavity in different lengths
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Interference characteristics analysis of optical fiber Fabry-Perot
cavity with graphene diaphragm
LI Cheng*"?, GUO Tingting'*, XIAO Jun"?, FAN Shangchun'?, JIN Wei’
(1. Novel Inertial Instrument & Navigation System Technology Key Laboratory of Fundamental Science for National Defense,
Beijing University of Aeronautics and Astronautics, Beijing 100191, China;

2. School of Instrumentation Science and Opto-electronics Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;

3. Department of Electrical Engineering, The Hong Kong Polytechnic University, Jiulong, China)

Abstract: With regard to the design of optical fiber Fabry-Perot cavity using graphene as sensitive dia-
phragm, the deflection change under uniformly distributed loads in graphene film was analyzed by finite ele-
ment method based on the large deflection elastic theory of circular film. The pressure-sensing mathematical
model of optical fiber Fabry-Perot cavity with graphene diaphragm was established based on the working princi-
ple of Fabry-Perot interferometer. The effects of graphene film layer and incident light angle on the film reflec-
tivity were obtained according to the refractive index characteristics of the film. Then the interference spectra
change, caused by both the cavity length losses and the film deflection deformations under the pressure loads,
were analyzed. The simulation results show that adding the film layer can increase the film reflectivity and fur-
ther improve the optical interference performance; however, a decreasing effect on the deflection deformation
is caused by the film layer with the increase of pressure load. Thus, an 8 layer graphene film can achieve a
reflectivity of 0.715% and an approximate theoretical sensitivity of 10 nm/kPa for a 40 wm Fabry-Perot cavity
length with a membrane diameter of 25 pm. It provides a theoretical basis for the design and fabrication of
high-sensitivity fiber-tip pressure sensor with multiple-layer graphene diaphragm.

Key words: optical fiber Fabry-Perot cavity; graphene diaphragm; large deflection; interference charac-

teristics; pressure sensor
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Sub-pixel X-corner detection and location with directional characteristics
MENG Cai*, XUE Jiao

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

Abstract: X-corner points are widely used in camera calibration and visible-spectrum visual tracking sys-
tem as they can provide not only location information, but also direction information. To accurately detect the
location and direction of X-corner points, a new algorithm based on the symmetry calculation of X-corner
points was proposed. The algorithm mainly consists of two parts. First, the pixel position of the X-corner is de-
termined by using the value of symmetry calculation. Then the sub-pixel location for the X-corner was obtained
based on the quadratic curve fitting and inter-section of lines. Through a series of experiments and a compari-
son with Harris algorithm and Micron Tracker system, the impacts of Gauss noise and distortion on the positio-
ning accuracy and robustness were analyzed. Experiments show that the method can effectively detect X-cor-
ners and exclude other types of corner points and disturbance, and thus has higher localization accuracy and
robustness.

Key words: X-corner point; symmetry; sub-pixel location; direction detection; quadratic curve fitting
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Fig.1 Current waveform of ultra high frequency

pulsed arc welding
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Table 1 Approaching results of surface depression
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Metal molten behavior with ultra high frequency pulsed arc welding
YANG Mingxuan” , YANG Zhou, CONG Baoqiang, WANG Qiang, QI Bojin

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

Abstract: Molten liquid metal is the key factor of the fundamental research during welding process, as it
is the transfer element between arc behavior and solidification. Researches of the characteristics of molten pool
were carried out by ultra high frequency pulsed arc welding ( UHFP-AW ) , especially with the focus on the
effect of arc force. The methods combining experiments and theoretical study were produced for the analyses of
important factors, such as fluid status, velocity and temperature distribution of molten pool. And the fluid in
molten surface was monitored as the supplement for further study. The results indicate the significant effect of
the arc plasma on heat and force of molten pool with UHFP-AW. The monitor data demonstrate that the veloci-
ty of surface fluid is more than 30 cm/s, and the double-circulation exists with surface depression caused by
larger velocity during UHFP-AW. As a result, the temperature diffusion of molten pool would reduce, which
can limit the impact of arc heat on base metal effectively. It is the key for controlling the grain size of titanium
alloys with arc welding process.

Key words; ultra high frequency pulsed arc; molten pool; molten behavior; high speed camera; surface

deformation
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Fig.1 Comparison between experimental and
computational heat flux values with different wall

normal grid scales
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Fig.2 Result of heat flux values with different wall

normal grid scales when the wall temperature increases

BT A ROk S B0 RS B ORI AE A i
SR VAL U R B R, O G B BE T ) 5 1 2 A%
EEE R 2.57 x 107 m BB A 1.27 x10 ~° m),
FORET A0 M A% B i A 1. 66 3 K % 8. 10. %
A2 DL 7 ) DO A RUE I ok i i l  A2 fk 5
LA FHL R AR S, AN 1 UOKs HAE Sy e 8 A BB AR
B AR ADLRE TAT 5 (i) O A IR A o 174 7 )



598 G| AN T S N = 4

2015 4¢

3.2 EXLSMARNTEEE M EENSELEHR

FLS AR 00 XoF B 58 T ASE UL AT T
Wi , A 35 T Je L 3A 3 A~ BE Th7 ) A v DU 7 10 52 <AR
ROV AR 3 PR T 58 BB BT Klaus 45
f e B P A S S e B AR AR D =
0.09 m. 28 2% £ 2 - H il oK i & b B Ma, =
8.78, 1 K Wi #r ikt T. =694 K, # [k p, =
687 Pa, % i p, =0.003 26 kg/m’, [ H1 3k 7 24
Z) A 11393.8 K, BETHI VR T, =300 K. [ f1 R iK
25 N, ,0,,NO,N H1 O 3% 5 P4 43 20 i, Ho i
5 BN &y, =0.735 55,§02 =0.134,¢, =
0.0509,£,=1.0 x 10_9,50 =0.079 55. 4% J2 I 20
O AR A S iz 2R 80 TR T 2 R ERE B S
BRO14 145, A2 B0y gl g 2 45 Rk T b Y
5 5y 6 fLF BT AL. i bR AR AR A A ROk
Ui 2 B 0 Ak R A T DU e ) R T 9 1 T A RUE
292 x 107" m, B BE TR 2500 RS A
3099 s MR 4 BE L BE T BE Al 320 AT B Y A
FEAE 0. 796 keg/m’, i MFP ofi U] 5 1) B 17 2
[ A RUBEZ9 2 1.1 % 1077 m, HE - RBE 1] 2 4401
RS TR 2O 165, LA T 3% Z Ay — > BE
T 925 1] WO A RUBE , DA FE B S SO RN T A ] BE
TET 925 16 o) g RO X R T 53 25 2R B2 R (Grid 2)
HE T BE T S R M B0 TR RN 3 TR

x3 Hf2.EEERMERERMEEEY

Table 3 Wall normal grid scale and cell Reynolds

number for Case 2

o9 4% 4 BEM L 55 1 2 AR S R /m AR S IR
Grid 1 2.0x10°° 30.99
Grid 2 8.0x10"7 11.97
Grid 3 1.1x1077 1.65

AR SCHR [ 13 ] ] 0, s 8 491) 280 {0 1 330 v i
SR 5¢ 4= i AL BE 17 2% 1F. O BT 50 B A BE TH Al 5
O3 3R AR I T T 52 A AR i Al BE T A% T 3E AT BE
[T o R (o = X S ol e N e o X L T
AR AL BE T A% PR 2R AT T 5 A B B AT BE T
JETHRAA.

B3 20t T 22 3 rp AN ] BE ik ) 19 A RO 1
Wk PR T 45 2R, e 0° fi 8 O B k. i MFP
HE DU At 2 19 A% (Grrid 3) o il A2 3 T BE 1T 2 K )
BEWEEUNT 3 20K, AR B 45 R 5 50 5
(EL W) 5 B0, UL BT MIFP o JU) 0 BE T 2 80 19 4% 75 1
SO 0T e A LS SRS R 3 8l A R 1
. T PR R IS M AR T v S U R
RIS (Grid 1) PRt 5545 R 5 S5 1 BLALR 1
B 22 , JoBE T 2 K0 0 A% 7 e B R T 3. i 3.1

TP AL BT A b R R S R A% R RO
DN P, S R e T AR 001 A O L R R O
JEHY

P 3 A [m) BE T2k 1] IO A RUBE T 25 1 Ak 2 S Y
PO L
Fig.3 Comparison between experimental and
computational heat flux values with different wall

normal grid scales considering chemical reaction
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Table 4 Comparison between estimated and
computational density values of stagnation point in

fully catalytic and equilibrium catalytic wall condition
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Grid generation criterions in hypersonic aeroheating computations
ZHANG Zhichao, GAO Zhenxun " , JIANG Chongwen, LEE Chunhian

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

Abstract; Three wall normal grid generation criterions in hypersonic aeroheating computations are ana-
lyzed, including mean free path (MFP) , and cell Reynolds number based on freestream parameters and wall
parameters respectively. A wall parameter prediction method is proposed to avoid trial computations when MFP
and cell Reynolds number based on wall parameters criterions are used. The proposed method is utilized and
combined with different grid generation criterions to generate several grids. A comparison with the experimental
data is conducted to test if the wall normal mesh size determined by the grid criterions can satisfy the precision
requirement of thermal environment simulation, and also to verify the wall parameter prediction method pro-
posed. Numerical simulations of two-dimensional cylinder with perfect and real gas effects, and three-dimen-
sional blunt bicone are carried out. It can be concluded that the wall parameter prediction method is reliable,
the criterion of the cell Reynolds number based on freestream parameters would amplify the wall grid scale with
the increase of the freestream temperature, both MFP and cell Reynolds number based on wall parameters are
influenced by wall temperature rather than by freestream temperature, and the grid scale determined by these
two criterions are consistent and can satisfy the precision requirements of hypersonic aeroheating computations.

Key words: grid criterion; aeroheating; hypersonic; computation; cell Reynolds number
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Demonstration platform for collaborative design of space science missions
DENG Li*', HAN Chao', CAO Jinbin', SONG You’

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

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

Abstract; There are several problems during the demonstration process of collaborative design of space
science missions, such as strong coupling between sub-system solutions, poor data consistency, difficulty in
data modification, and associated relationship between data and demonstration process. In order to solve these
problems, a multi-layer digital model for typical space missions was proposed. The demonstration process was
graphically modeled, and the mapping between the process and data was established. The shared data pool
was provided as the data collaboration mechanism for all users and all sub-system solutions. The message bus
was adopted as the timely reminder to notify the changes of data. The design solution coupling matrix was used
to describe the coupling relationship between sub-system solutions and to gain the system solution for the mis-
sions by the automatically merged method. The demonstration platform, as a distributed platform for the collab-
orative design of space science missions, uses the technology architecture of Eclipse RCP and Spring and in-
tegrates the middlewares of Hibernate and Activiti5. The platform can provide a unified portal and support multi-
user, multi-mission, multi-solution and multi-version data management, and also support process monitor and
data interactive collaboration. A space mission was used as an example to verify the efficacy of the platform.

Key words ; space science mission; collaborative design; data consistency; demonstration process; solu-

tion merging
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Fig. 1  Schematic of pulsed laser facility for

SEE sensitivity mapping
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Fig.2 State diagram of SEL sensitivity mapping
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Fig.3 SEL sensitivity mappings at different scales with different scanning steps
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Table 2 Lateral dimensions of SEL sensitive volume
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Fig.4 Heavy ion SEL predicted rates of GEO

MIEL 4 ol LU Bl 25 R B 0 i
3 K, SEL HF R Z Wi /)y , SEL Z 4 3 %) UK
PR BREE B2 AR A A80RR. TR U A RS BE ) 2 T A

JEARFR A TTRGEE B 1 3N %) 63360 I, SEL 114 1
0.45 (day - device) ~' /N 51]0.28 (day - device) .
5340, Y HUBRAR PR IC R /NI, SEL =4 5 i
JEA B JRE B R AR T OG5 2 R B T B kg R B
1267271 63 360 I, /s (4 FHJEE B2 38 K, SEL g {7
IR\

5 M Bl &1 SEL H{E 2. /T LFE
B AR S PR B T TSRS R S W D A
THE 25 5L 3R B[R] A 110 . 7 s 1A FRURE B2 Ry
2 m T ARG A AR B T K i 8 E) 63 360 I,
SEL 5 fF & 1 0. 14 (day - device) ' ik /]y 3|
0.08 (day - device) ~'.

Pl5  H i B 5 SEL f{FR
Fig.5 Heavy ion SEL predicted rates of polar LEO
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SEL rate prediction for SRAM using pulsed laser sensitivity mapping

YU Yongtao" >, HAN Jianwei*', FENG Guoqiang', CAI Minghui'

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

Abstract: The classical approaches for single event latchup (SEL) rate prediction are based on the rec-
tangular parallelepiped (RPP) model of only one sensitive volume. However, the experiment results of SEL
sensitivity mapping of static random access memory (SRAM) show that the device has not only one sensitive
volume (SV). The in-flight SEL rate of the device was corrected using the experiment results of pulsed laser
SEL sensitivity mapping of SRAM K6R4016V1D. The SEL sensitivity maps of the SRAM by pulsed laser were
first obtained and then the SV number of the device was calculated. The SEL rates of the device were predic-
ted and discussed for different space orbits, radiation particles, SV thicknesses and SV number in particular.
The results show that SEL rate caused by heavy ion decreases with SV number. The correction of the SV num-
ber is essential for SEL rate due to proton direct ionization; otherwise, the contribution of direct ionization of
protons to SEL rate would be greatly overestimated.

Key words: SEL rate; sensitivity mapping; sensitive volume ; direct ionization of proton; SRAM; pulsed

laser
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Fig. 15 When G =1.5D, the trailing vortex structure at

different time
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Fig. 16  When G =2D, the trailing vortex structure at

different time

B 17 G =3D i, 7 [F) i %0 2 16 24 4 5]
Fig. 17  When G =3D, the trailing vortex structure at

different time
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Analysis of stratospheric lighter-than-air vehicle’ s aerodynamic
characteristics based on large eddy simulation
WANG Yufu, TAO Guoquan” , LIU Dongxu, WU Zhe

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

Abstract: Flowing over stratospheric lighter-than-air vehicle (SLV) with spherical capsule shape at su-
percritical Reynolds number were simulated by using large eddy simulation ( LES) method. Meanwhile, the
results at different sphere spacing were analyzed and compared so that the influence of different sphere spacing
on stratospheric lighter-than-air vehicle’ s aerodynamic characteristics was obtained. Compared with the results
of the experiments, the calculations of time-average drag coefficients agreed well with Achenbach’ s experi-
mental results in the single sphere. The method was verified accurate on the analysis of flow over spheres at
supercritical Reynolds number. The drag coefficients of the two spheres at different sphere spacing and fre-
quency spectrum were studied. With the increase of the upstream and downstream spheres’ spacing, the
whole drags increased first, then decreased, and the the dominant frequencies of upstream sphere decreased.
The upstream and downstream spheres had the same dominant frequency of vibration when the spheres’ spac-
ing were G =1.5D and G =2D. With the increasing of G, the interaction between the two spheres and the in-
fluence of upstream sphere’ s trailing vortex to downstream sphere’ s trailing vortex waned.

Key words: stratospheric lighter-than-air vehicle ; large eddy simulation; flow over spheres; drag coeffi-

cient; frequency spectrum
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Fig.1  Two-dimensional search for Doppler
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algorithm flow chart
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Two-stage acquisition algorithm for DSSS signal based on
compressive sensing
CHENG Yanhe, YANG Wenge "

( Department of Optical and Electrical Equipment, Equipment Academy, Beijing 101416, China)

Abstract: According to the restriction between the acquisition performance and the hardware consump-
tion, a two-stage compressive acquisition method was proposed based on compressive sensing, specifically
some coarse acquisition values can be got by the first stage, following by accurately detecting the signal in the
values by the second stage. Firstly, the sparsity of DSSS signal in the correlation domain was explored, so as
to build the sparsity transformation matrix. Secondly, the measurement matrixes and detection algorithms in
both stages were produced according to the deterministic Walsh-Hadamard matrix. Finally, the acquisition
performance of the provided method was analyzed theoretically in terms of the detection probability and the
mean acquisition time, which was also verified by Monte Carle method. The theoretical analysis and the simu-
lation results show that the novel method can use much less correlations to achieve the same performance as
conventional parallel correlation-based methods.

Key words: direct sequence spread spectrum signal ; compressive sensing; measurment matrix ; detection

probability ; mean acquisition time
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Calculation method of fracture toughness of materials at transition state

GAO Chao, HE Yuting” , CUI Ronghong, WU Liming

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

Abstract: The fracture toughness of materials is very important for damage tolerance design and assess-
ment technology, while the test method to obtain the fracture toughness in the transition state is costly and
time-consuming. In order to overcome these disadvantages, a determination method of fracture toughness based
on calculation in the transition state was presented. The triaxial stress constraint parameter for the three-dimen-
sional crack tip was analyzed, the relation between fracture toughness and material tensile properties was re-
searched with the energy criterion for material fracture, meanwhile the relation expression in the three-dimen-
sional stress state for I type crack fracture and the determination method of fracture toughness of materials
based on calculation in the transition state were obtained. The fracture toughness in the transition state for
2219-T87 aluminum alloy was calculated with the determination method and empirical formula most of the the-
oretical calculation values were safer compared with test results and smaller than the values calculated by the
empirical formula.

Key words: fracture toughness; transition state; plane strain; triaxial stress constraint; crack tip
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Fig.6 Flowchart of instruction’ s post-processing
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Fig.7 Processing module of assembly model
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Table 1 Comparison of effectiveness of
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Online programming technique for flexible assembly of fuselage

WU Fengfeng, LI Dongsheng™, WANG Liang

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

Abstract: In order to meet the deep flexible demands of “one fixture with more models” and “one fixture

with more states” for digital assembly of fuselage, enable the “bridge-frame” flexible tooling to have better ca-

pacity for independent adaptability, its kinematic model must be set up and its movement controls strategy

must be planned properly by online programming technique. For the locating styles of fuselage and the charac-

teristics of flexible tooling, the kinematic model of flexible tooling was set up, then simulation model-based on-

line programming disciplines, the way of building reference points for assembly and the technology of move-

ment controls strategy planning were studied. The way of building a process-driven simulation environment

based on structure function was proposed. In order to generate the codes quickly to control motion, the online

programming system for flexible assembly of fuselage was developed. With the assembly of rear fuselage, for

example, the accuracy, high efficiency and strong independent adaptability of this system were verified.

el;

Key words: fuselage; flexible assembly; online programming; independent adaptability ; kinematic mod-

simulation
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Fig.4 Measuring principle diagram based on vertical target
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Fig.6  Four template images for matching
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Table 1 Preserved initial corner points

EiR) A B
1 (439,379)
1, (438,335)
I, (439 ,247)
I, (439,203)
I (439,158)
I (439,113)
1, (438,68)
Iy (438,23)

2.3 AREM
Fr1 5 RE AL 4 A DR R 0 1) £ 5 A R A 552
PR . 3 ANE LS S IE 9 FiR.

K9 3AEMSH A

Fig.9 Three positioning reference points

TR N R, K9 5% 1
Xt AT LA b A A ROR A I 2. BT L, 5 7 H
T A A i BRIV AT A Ay A kb T o B fe
T M A E AL, SRR ATE

B, A AR AR AR R AR AR B KA«
FIIIE 6 A B 3, A% 2. 2. 1 9 i DL i J7
AR/ T w,, EOGER XA  EZEF O
A 2RI VE BE 8], — BV BMSE (AR, i 5%
Mt (o y,) L WEE BRI 9 th 2% O @. i
B % — 2, ME N R R 225 1.

R AR (v, = (2, —2,) /2, y,) B2 TR
M IX N IIE 6 it 4 N EET NGB
A6 I DT E B4 5 18], — ELVC PR RIS 0k A I, AR
7)) BN Z2% 55 O).

e, Wk y, -y AR v, v, B9 3 AF A

N2,y ) NBHE RO, MRy, -y, 5 x,., -2,
FHZEARAN WA (v, ) HEH Q. MR B A
I 2 P AN 2 2, A R A A PR
A

HAT 275 35O U A b i e MR B A
MIREEZ A N B, E 5 2% 8057
ey R Y B AR R AR y Ty RO 2R, S
1 ASCIRLEE 225 (B AT He XS, B RT 0 87 L ) B A e
H 1 i R R 7 D s S e I ) A A SR A0 B A
AR E e AR A ) T A A A e AR A AR A UL R £
A (00 BE 2 2 (RLK LA O A R FE S8 8 2R A
F B AR B A UK 0 (e, 9, = 2 (e =) )
037 9 B AR A A, PR AR 6 A R b FE e B 3R 2
HRIUG HA B R T A AR AR e RE AV g B, A A
C RISy b 78 B 5 37 A1 A5

R2 VBARRIEARHEREENSE

Table 2 Coordinates and positioning height of

initial corner points and complementary corner point

i A b FEAL E/m
I, (439,379) 1.00
I (438,335) 1.05
c (439,291) 1.10
1, (439 ,247) 1.15
I (439,203) 1.20
Iy (439,158) 1.25
I (439,113) 1.30
I (438,68) 1.35
I (438,23) 1.40

2.4 THRERABIKED
Y RS o b B2 AR s AL E 38 openCV
F1 1) cvFindCornerSubPix () pREL , AW U& £ 5 S 51t
YN LT O AR 2 o, AR A sk D
ZE BN 3 K. evFindCornerSubPix () 58 %1 19 H.
R L SCk [ 16 ].
3 THRERBAKNLER

Table 3 Subpixel corner point detection results

i B Uy A A WAR R G0 L A AR
I (439,379) (438.38791,378.31799)
I, (438,335) (438.59253,334.89136)
C (439,291) (438.71480,290.47418)
I (439,247) (438.82614,246.78479)
1 (439,203) (438.82187,202.19931)
15 (439,158) (438.65292,157.33195)
Is (439,113) (438.43256,112.36684)
L (438,68) (438.04279,67.45629)
Iy (438,23) (437.65018,22.74509)
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Fig. 10 Mapping relation between

image row pixel values and actual imaging angles
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Fig. 11  Target corner detection and positioning interface

x4 THREZABRLHERNELRBEEGRE
Table 4 Coordinates and actual imaging angles of

subpixel corner points

Y5 AR 2 A o A R AR/ (°)
1 (363.83884,401.42047) 79.91947
2 (364.33374,364.97336) 81.46930
3 (364.41333,329.07660) 83.03181
4 (365.24728,291.40207) 84.604 81
5 (365.59476,254.206 18) 86. 18600
6 (365.93774,216.78145) 87.77303
7 (366.44119,179.210 14) 89.36348
8 (366.85507,142.17682) 90.95477
9 (367.15134,104.83432) 92.54473
10 (367.53464,67.90067) 94.13078
11 (367.82254,30.959 16) 95.71052

K12 S AR

Fig. 12 Part of experimental images
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x5 LEREBMTEEBE
Table 5 Comparison between actual distance and

calculated distance

SR E/m y R A R /m W/ %
5.53 479 5.5496 0.3544
8 384 8.0258 0.3225
10 341 10.0437 0.4370
20 253 20.0699 0.3495
30 224 29.8368 0.5440
40 209 39.8403 0.3993
50 200 49.8547 0.2906
60 194 59.8874 0.1877
80 186 81.8423 2.3029
100 182 100.2078 0.2078
140 177 139.6317 0.2631
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Fig. 13 Dynamic experimental images
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Depth information extraction of on-board monocular vision based on
a single vertical target image

HUANG Xiaoyun, GAO Feng" , XU Guoyan, DING Nenggen, XING Longlong

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

Abstract: Calculating obstacle distance for on-board monocular vision system on intelligent vehicle was
investigated when the obstacle has been detected. An extraction method of depth information only using a sin-
gle target image without any internal camera parameters was developed. The mapping relation between image
row pixel values and the actual imaging angles was established with the image of vertical target, which was
placed in the front of a camera. The obstacle depth information was extracted in real time by combining the
projection geometry model. Given the characteristic of vertical target image, an algorithm of sub-pixel corner
detection and location was designed, which includes region of interest setting, template matching, candidate
points clustering and screening and precise location, etc. Experimental results show that the method has high
precision and real-time performance. Compared with the method of putting reference on the road, it does not
need large calibration site and could avoid the data fitting error. And the method also has a simple calibration
procedure with a single image, which is suitable for practical application.

Key words: machine vision; monocular distance detection; vertical target; intelligent vehicle;

corner detection
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Hydrodynamic features of underwater vehicles based on flow control
ZHANG Xiaoshi, WANG Cong™, CAO Wei, ZHAO Chenggong

(School of Astronautics, Harbin Institute of Technology, Harbin 150001, China)

Abstract: The hydrodynamic characteristics of underwater vehicles were numerical modelling studied by
CFX. Shear stress transport turbulence model control equation of mixed media, Reynolds-averaged Navier-
Stokes equation and mass transport equation between each phase were solved, and three dimensional numerical
simulation methods were adopted to contrast and analyze the variation characteristics of cavity shape, surface
pressure distribution and drag coefficient of underwater vehicles with different flow controlschemes. The effects
of different parameters on drag reduction effect were also discussed. The result shows that, for the vertical un-
derwater launching vehicles under cross-flow effect, multiphase flow control can not only lower the asymmetry
of ventilated cavity and drag force of vehicles, but also balance the pressure on the positive side and back sur-
faces to realize the control of cavity shape and surface pressure characteristics etc. of vehicle multiphase flow.
Furthermore, the location of ventilation hole has a significant influence on drag reduction effect.

Key words: flow control; ventilation holes; cavity shape; hydrodynamics; multiphase flow; numerical

simulation
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Tool path generation for Loop subdivision surface based finish machining
CHEN Tiantian, ZHAO Gang”

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

Abstract: Both smooth design model and discrete machining model can be represented by the subdivision
surface , which avoids the complex progress of model transformation. Subdivision surface can be used to gener-
ate a smooth limit surface on an arbitrary topology mesh, and thus has great advantage in modeling complex
parts. In addition, it has great potential for applications in NC machining. The algorithm for tool path genera-
tion of finish machining based on Loop subdivision surface was investigated. The method of adaptive interpola-
tion Loop subdivision surfaces was proposed to control the chord error between limit mesh and limit surface.
The finish machining model was then decomposed into different regions by iso-slope curve tracing method, and
different tool path patterns were calculated to obtain an even cusp height. Therefore, it is simple to generate
the even cusp height tool path of the entire finish machining model, and the conflict between large-scale subdi-
vision data and required high surface quality and precision is also solved. Milling test is implemented to verify
the algorithm proposed.

Key words; CAD/CAM; finish machining; Loop subdivision surface; tool path; milling
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Edge-preserving filtering based on saliency map
FENG Ce, DAT Shuling® , ZHAO Shuaihe

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

Abstract: A new edge-preserving filtering algorithm based on the saliency map was proposed to avoid the
halo effect along salient edges in traditional edge-preserving filtering. The saliency map was characterized by
the salient edges in the image and insensibility to noise. The key idea of our filtering algorithm was to simplify
the decision of gray standard deviation in bilateral filtering by using the characteristics. We first obtained a sa-
liency map of the original image, and then blurred the image adaptively according to the local saliency value.
If the local saliency value is high, the standard deviation would become small to retain the region. If the local
saliency value is low, the standard deviation would become large to smooth the region. Therefore, the filtering
proposed could avoid unwanted smoothing near salient edges. Experiments show that the proposed filtering per-
forms better in comparison with guided filtering and bilateral filtering. A variety of applications including high
dynamic range (HDR) Tone mapping and stylization by our filtering algorithm are also demonstrated.

Key words: edge-preserving filtering; image smoothing; saliency map; bilateral filtering; guided filte-

ring
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Prediction of forming limit diagram of AA7075-O aluminum alloy
sheet based on modified M-K model
YANG Xiying, LANG Lihui®, LIU Kangning, CAI Gaocan, GUO Chan

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

Abstract: To accurately predict the forming limit diagram of AA7075-0 aluminum alloy sheet, a modified
M-K model was put forward based on the ductile fracture criterion and the traditional M-K model. By using the
method which combined the uniaxial tension simulation with experiment, the history of stress-strain of the dan-
gerous element was substituted into the C-L ductile fracture criterion which was implemented into Abaqus/Ex-
plicit to get the material constant. Based on the forming limit data obtained by the uniaxial tensile, the initial
thickness imperfection in the modified M-K model was obtained by the method which was programed in MAT-
LAB. At room temperature, the experimental forming limit data of AA7075-0 aluminum alloy sheet were test-
ed through the uniaxial tensile, wide plate bending and hydraulic bulging experiments. Meanwhile, the theo-
retical forming limit curves obtained by the modified M-K model and the traditional M-K model were computed
respectively. By comparison, the modified M-K model is proved to be feasible and more accurate.

Key words : aluminum alloy sheet; M-K model; ductile fracture criterion; initial thickness imperfection

forming limit diagram
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Energy-saving resource scheduling algorithm based on
workload characteristic clustering
XIA Qingxin, LAN Yuqing® , TANG Tian, XIAO Limin

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

Abstract: When infrastructure as a service (laaS) providers offer high performance services for users,
they must think about how to reduce the energy cost of the cloud platform without violating the service level a-
greement (SLA). A resource scheduling algorithm to ensure SLA was proposed based on clustering analysis of
the load characteristic. Ultimately, the targets of reducing SLA violation rate and saving energy were realized.
The resource scheduling algorithm was analyzed based on improved K-means clustering analysis and extraction
of workload characteristic according to energy consumption. Physical resources were effectively allocated to en-
sure the requirement of energy saving of laaS platform. Based on the extension of the CloudSim simulation
platform, the algorithm proposed was compared with the optimized best fit decreasing ( BFD ) to show lower
SLA violation rate and energy consumption.

Key words; infrastructure as a service (laaS); workload; clustering; energy-saving; service level a-

greement (SLA)
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Ii] =2 17 77 ARV T, 5 | Ak B S A ) R S g i 4, BRI
7 12 B B 1 Pl 1o 107 28 Sy 97 4. 32 B BB 1) I g g A8
AR AR H AL T 5 ARSI 8 (b) ]
VLA 76 B B Bl 1) 1o A8 5 R ) o A% 0T R AH 45
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e PR 1.0 FERKIE R I a2, B Tk P
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o7 A A B BT A L R A (2
I 37 107 9 VR FH 3 S 38 /0N 1 A ) B 1 g, AL i Al
I 17 75 Iy 2% g B AL

HE— 25 M4 Swift B RL A K 40L& 4 R 48 M By
Bty S5 R0 Iy -1 A8 M 4k 15 8 () B, G BT
50 48 1 5 R B K = 895. 096, i fk 45 4L n =
0.202 , I 4H A8 &, = 0. 003 29. 5 bk} 5[] Fi7 fif
TR R AT 10 B0 A L, 3 50 B s 25 SR AR A M
HE 5 TR AR R B A e L g —
14 55080 3 AT BB A PR T AR 75 A4k 2258 1,
DA AR B 50 TE , A b4 R R it RN T2 15 4 1t
CIEERS S I

&1 9 o 19 Sk [ 7= A IR R R KT
Fiop Bk 3E AT 22 Y 9 45 M IO 8 B 5 9 R T 56
R, B4 FEL 6 v i B 34 el i 1R KO R
MR FRAS . W 9 T LA H I R 4 2o 34
10 5 52 1 L B MRS A I Y IR OT- & AR IR
KB REA] DR AR T i 1 KO e

9 KBRS NIE S C Rl

Fig.9 Bulging height vs internal pressure curve
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AR .
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BT T o, 32 00 RS H AT TR ) A Bl
TR B AR 4 i ORI 45 R RE 68 1R 4 M
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3) BRI L AR o e A SR AR R BB R AR TR 1Y
HR RIS B B AR AT AL T B2 B e 0 AR
51 S TS 4y B ) R 1) WAL 2% B B ) Al 1) ) AR
R G, il e RO 55 JBE i 157 A2 ST ALK 45, 6 R B )
PR AT U I8 () S PR AR 8 U 1.0, 78
i SIAEEIEX & M R IE I N L E YL EVRIEPS
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Tube free bulging experiment with force-end and
material properties testing
CHENG Pengzhi', LANG Lihui*', GE Yulong', RUAN Shangwen', WANG Tao’, WU Hai’

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

2. Shanghai Huizhong Automotive Manufacturing Co. , Ltd, Shanghai 200122, China)

Abstract: Compared with uniaxial tension, the material property parameters obtained by tube bulging test
(TBT) can accurately reflect the plastic forming properties of materials under high-pressure fluid condition.
Different end-conditions will seriously affect the experiment results of TBT. According to the defects of existed
experimental method and equipment internationally, a special TBT system, with accurate boundary conditions
and loading units, was successfully designed and developed. The axial force, axial displacement, and the in-
ternal pressure are the key points of the system which could be accurately controlled in real-time bycontrol
strategy of displacement under dynamic active loading state and proportional servo valves. The free sliding of
fixed tube ends was implemented by a special designed fixture. During the experimental process, the real-time
thickness and bulging height in the pole, and the real-time internal pressure were monitored by the ultrasonic
thickness gauge, the magnetostrictive displacement sensor and the ultra-high pressure sensor. The stress-strain
curve and material properties were derived by the Swift material constitutive model and the monitor data. The
experimental data demonstrate that the two load balance conditions, which are the balance of two axial forces
with internal pressure and the balance of two axial contractive displacements, are always satisfied during all the
test process. The test data processing results show that the monitor data have good repeatability and can be
used to get the material properties.

Key words: tube hydroforming; bulging test; end-condition; free sliding; axial force; internal pressure;

bulging height; material properties
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#h FZALEE NaCl Fl CaCl, 45, 38 43 4 5 1 3K I A
WB I NaCl il CaCl, ) 75 2 WF 58 B8 K 6 8 14
IAEF AR PRI T W5 B AR AL B, )i B X S
LA (XRD, X-Ray Diffraction ) | # & 58 (TG-
DTG, Thermal Gravity-Differential Thermal Gravity
analysis ) RAH B I 72 7K A0 R B2 5 25 3 T
B, 45K Pl S 3 %o B0k A 0 i R A AL B

T Ay S B A A A T VAR e SR R PR A
S A AT A 5 FIS KA.

1 RBEHR ST
1.1 RE+

1) B . ARk S T R Al
e 210 AL 400 m®/kg, Hifb2E i n 2 1 .

®1 FENLFAR

Table 1 Chemical composition of slag

il Ca0 S0,  ALO,  MgO S0,

Ti0,  Fe,0, K,0 MnO  Na,O  P,0; HoAt

Jo Ay B e 44.06  28.72 15.13 5.34 3.81

0.96 0.83 0.47 0.23 0.2 0.08 0.17

2) oy B el - ARV B A A BR 2w A
A AL 1 (NaCl) , 5445 (CaCl, ), & %A AL 55
(Ca(OH),) , AM4R (AgNO,) , #E B # (K, CrO, ) ,
M (HCL,36% ), iR (HNO, ,69% ) , Bt 75 R #1
(KSCN), /K # B ( C;H0,), W i ( C;HO,
99.5% ), (CH,0,99.9% )% 5).

3) FEA K ZEEK.
1.2 AR

VIR R A B i (LD Ca (OH), A
R, B S Ca(OH), DIFEEH 9: 1 R
51800 KC) MR T K 3 22 G 3 Bl 26 5 al fiE i
WeRESE T, 43 4B A K T B9 NaCl Al CaCl,
(BLClU" A& - 8ok, Hoarul L X &30,
BRIV  LIAKIR 122 A e il e, LR
AL TT I 2 38 3. pniESR I EALE R, I
TE 1 AR B A J0 ) BIR A7 1 56 HE [ Bp o S 9
WL&5 )RR AL 7= 4 4T XRD \TG-DTG i M 7 T
R JRE I A R T S 4

£2 B NaClp KCHE X RIRBHR

Table 2 Test plan of X KC paste mixed with NaCl

X &% X0 X1 X2 X3 X4 X5 X6 X7 X8

Cl™ Jigsr#/% 0 0.5 1.5 3 5 8 10 15 20

K3 #BMCaCL W KCHEEY RIXB AR
Table 3 Test plan of Y KC paste mixed with CaCl,

Y %1 YO Y1 Y2 Y3 Y4

Cl™ JFott 538/ % 0 0.5 1.5 3 5

1.3 WA *

1) Feak el g R4 Ssm B2 g

H ¥ I OB IC FE 23 301 R B BT NJ-160B
PEPEBL R0 PE B 18 I 30 s %K K LB A
FEA K G 12 BB FE 90 s B 5% BE DU ] 5 A A B
WG, AR FE 60 s B AR5 3 R A B IR K
A 1920 mm x 20 mm x 20 mm 7 BB AR
BZHAR M T A% 50, 0 5 Ak & i

9% S 5 1URE 3R T 1 J5 BT DR I, = IR ORI R
P 1d JE AT R RS v SRR P A R AR P SR
P CRBE R 20 £2°C YRR =95% ), i B M AE
W4 300 5 A 0 2% K FE A 1 mm/min (1) 5% 16 A4 R} 5
JE R0 A 3 KC o 2% 3 e %) T8 0 B Bt P o B
T AR L B i B R iR B IO D 3 i B i B2 1)
1.

2) XRD iz,

IR FH &t LabX XRD-6000X 5 48 17 5 4%
AT, A A S R 40KV, B A 40 mA,
Cu Ka#g 57, A =0. 154 nm, 39 3% 5 [ (20) 0° ~
60°, 4 M L 4 (°) /min, 25 #£0. 02°. 2 HE ] 4
O 78 T B He 8 B S 0 i rp o0 A B R S T
LA TR N T 60°C kT 2 8 F , AF 5 30 40
1£200 ~400 H, T E A7,

3) ¥ IR AL B VRO AE 5 vk FE K

Wt e B (ka2 TR R 8 4K 0 O R
(JT1270—1998) " R /K YeAb 2543 i 7 1) (GB/T
176—2008 ) " LI . R SR H I 2 T v K
JE 5 T 1) 4 3 et 18R B o 8 s 5 T S S ok
0.63 mm §ii , 48 J5 & F H 25 T H 46 o 100°C 4k 2 h,
U A O T 5 08 HRAT , LA .

O & Cl" &R (C) M AP B WU i 55 4 T
PR J5 B R B TR, A 100 mL 15%
) i TR, 2 M 26 5 ¥R 9 24 h, 3 8] AS S B4 )
HETE . o 08 5 X VR AT Bk R

WA R VR R E T D, BT
ERIN A G AR B V, fY R AR bR v R (i
Capno,) J5  BEFHBR SRR B AR HE M (10 Crgen ) T AE
T BV BT LA RE 10 s R 20,
10N B R B0 b R AR BRI AR R V. (1)
AR C17 & & C(mmol/L).

C=100 x (C,pno. Vs = Cysn V) /V (1)

@ W C17 & (C,) W 25 98 - TGS LS 20
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T 1 SRR B TR P, A 100 mL 7%
WK, JE B ZE IS SR 1 ~2 min, Z 5 E LR I
24 h. %R H VI R HEAT S R R
W HCR ALV, 2 CE T AT, i 0. 5%
TR IEAE /R 7] 1~ 2 3, (7 W 22 a6, B 5%
s B R P R 2 G 8 05, IR B R 5% A% R A 45
AR F) A TR R BR HE TR (12 C g0, ) T AE 2 11 B A%
g PLIE M 1k, 10T A R R A M VR AR B FE i
V, #(2) T AT B C17 & & €, (mmol/L).
C, =100 x C, o V./V, (2)
@ WeEs OH ™ & ik (P) e A5 3= W il &
Jrk5lEE CU AR, WA v, B E T
HETZIME R, 1% W LA 35 75 570 4 9, R =X o
BN RARMEW (10 Cuy) UM h 8 A 5
FIR L, 0 T SRR bR v WK BUE FE R V.
Fa0 (3) B A5 OH ™ & & P(mmol/L).
P=100 x C,,V,/V, (3)
4) K AR A (K) .

¥ Kondo FiI Oshsawa #2 H} 18 7K #7 1&g - P it -

A S 5% P 3 3 0 R o A A R L B
R A W, R BT S S 3 0. 08 mm i 5 B T
60°C 25 THEA Pt = L 0 0. 5 g T ik
52.5g K% ,35 mL N & 15 mL H A 4 T2
IR A % B ORAE 24 h HTUE AR U8 /5, # UE 4K
[Fi] 308 s — IR A AR 2 HL B P ) 850°C 4 5¢ 10 min,
WHEFREERY B m, %X (4) 1HEB R 9
BIKACERE K
K=(0.5-m)/m (4)

5) TG-DTG Jjix.

W2 SR FH T 3t TG209F3 #4143 BT A% 3t 47 I
I AR B R e Al SR S R SRR
A, R A BRI, A8 76 2 KRy 38°C, LU
AL O, Z5 HHRAVE N 2 Lo RE. TR R Fa i« AR YRk B EE 52
B FE L D 50 ~200°C, T i 3 A2 =l AE 10 ~
40 K/ min. j50FE ] £ B D0 T B R 5 B S 96
HHC B 43 B B FH 2ot f TG K 2 T 3 BB B AN PR
P& SRR, SR G A FL 28 TR 48 60°C L3S T &
TE TR B

2 HEHR

2.1 SEMERERBELER

0 NaCl #l CaCl, 19 X 5 Y RF15 5
FE 7 dH1 28 d T G BR ST R 5 EE Bl CLT B
A B W 1R

A 1 (a) AT DL, 76 7 d A0 28 d #8401, &

NaCl ) X ¥r3K 5 BEBE C17 45 & (9 389 i £2 &
28 diBIF Cl 1850 0% ~ 5% X (8] P 5 3 38 K
AR, IE Cl B8R KT 5% 5 EHKag,
Cl™ B0 20% 1) X8 [T He o i tb o &l B8+ 1)
XO Fy R BE R T4 50% . f I 1(b) WL, AE T d
28 d W T, B0 CaCl, By Y R 538 He i
P 3 3 JEAS R B C1™ 45 B A9 18 I i i g

L R[E CUHBALLT X, Y SR IR o B A2 1 h 28
Fig. 1 Relationship between chloride ion content and

compressive strength of X,Y paste

2.2 XRDIXBER

KC#AR, X R0.Y RHNEK A 7d F128d %
WIF I XRD E3E 0L 2 (& 3, &l CH,Fs,CSH,
NaCl 735l /R A A5 (Ca(OH) , ) K AL SRR
45 (3Ca0 - AL O, - CaCl, - 10H,0) . 7K {7k fi% 45
EEE (C-S-H) & AL 4k (NaCl) 1y 32 2243 e X
o Fs 192 =50 ULIE 4.

MK 2 (a), B 3 (a) fl W, KC KAk 5
Ca( OH) , 77 5 4 i 2% .

M & 2 & 4 7 L, 480 NaCl 9 X &R 5104 3
I T KA SRR R ES Fs AT ST, B 5 NaCl
B Th e, Fs A0 5 06 v B2 2 (B 2 (a) ), 7 5
A ARG i, A R (1 4) | [E] B X R 8 e
Fs 777 565 W (1) 34 5 AF B 2 NaCl 777 5 068 1) fab =255 3k 55
HOHR (K 2(b)). B 3 AT UL, &80 CaCl, 19 Y
RGP BLT Fs AT TG, HBEZE CaCl,
B g Fs iSRG ok (K 3 (a) ), [ B Fs
5y e Y 3 5 f£F BE & CaCly 07 5t 08 19 74
& (K 3(b)).
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2 KCH5AFCl#BHT X RIEHKI XRD [# 3%
Fig.2 X-ray diffraction of KC and X paste with

different chloride ion content

K3 KCHAR Cl"##T Y RIHEKK XRD & 1%
Fig.3  X-ray diffraction of KC and Y paste with

different chloride ion content

2.3 BRIABBEEBEFREVNIER

A MR RN 28 d WHIE X ALY K51
VIR AL BV AR R CLT & (C) (i B CLT
H(C) WG ClU i (C,) JUF B OH™ 4 (P) K

pH fH, Ko €, A ARBEHE G I EE CL &, G,
N A A A R FOK e e & A CL
i, C=C, +C,,pH{H =14 +1g[ OH" ]. Hr e rh
C, I P B CI™ & ALK R 2l Lm T
Kl S 6.

B4 28d R8T X R XRD B 3% H
Fs 25 45t 73 4 4]
Fig.4 Semi-quantitative analysis of Fs in X-ray

diffraction of X paste within curing time of 28 d

x4 XY RIAFABERER
Cl" ,OH " &EXK pH &
Table 4 Cl1™ ,OH" concentrations and pH value in the

pore solutions obtained from X,Y paste

c,/ c/ C,/ P/
i e (mmol -+ (mmol +  (mmol -+ (mmol - pH {8

L Lth ooy o Lth
X0/Y0 — — — 87 12.94
X1 83 282 199 122 13.09
X2 412 845 433 191 13.28
X3 889 1690 801 271 13.43
X4 1613 2817 1204 395 13.59
X5 3210 4507 1297 400 13.60
X6 4327 5634 1307 405 13.61
X7 7095 8451 1356 414 13.62
X8 9896 11268 1372 458 13.66
Y1 53 271 218 84 12.94
Y2 329 880 551 92 12.96
Y3 660 1626 966 81 12.90
Y4 1503 2804 1301 82 12.91

5 OR[E ClTHBa T X RA1G 5 gy 7 28 fb i 4%
Fig.5 Relationship between chloride ion content and

ion concentrations in X paste
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K6 A ClT#BET Y R51d b1 AR 2
Fig.6  Relationship between chloride ion content and

ion concentrations in Y paste

H1 & 4 A& 5 v %0, B NaCl #8 A 3%, X
RN ALBRBR A T C, Rl P AERS N, 4 CL
HwH0% ~5% X[A|N C, Fl P IG KA, 7L Cl™ &
WRT 5% )5 C, P (3K s 2% , W) il i 3K
FLBR W pH fH TF =5 1m0 th & 4 RE 6 w] DL, Bifi
CaCl, BA BN, Y R A5 ALBR BB A C,
HALI N, A P AR A LB pH {H A
2.4 gEAKULEEUNRER

XIS T 28 d 5 B K X0, X2, X4, X6,
X8 A FE AT i /K A AR FE I3, TH 53 r A5 e K
W KALRR BB CL™ B A AR L I E 7 iR

7 RE ClT 4B T X RIS i KA B
Fig.7 Hydration degree of X paste slag with

different chloride ion content

HI &7 AT UL, Bl NaCl 48 8 1939 i, X & 41
FE T i B K AR EAE T, T CLT By XO i AT
KA EE N 25.2% 1 C1™ 88 0 20% 1) X8 11y
W K AL B 4 = 31 35.9% .

2.5 TG-DTG i &R

WA DTG ik ith £k, 3 2o AL 2% () Proteus 43
BT R T AR B N T A B3R BE 1R K AR B 4 3
T DL KoK 8RR TE % K AL B BT R
B, BB ZOK AR P AE I ERE e S

B R Sck[22-23 1 A0, CSH 45 ok &
HHEAAE 50 ~200°C i B X (0] 0 [ N 52 A, X &R
G B CSH L AR 1 At /K 6 9 35 AS 78 i
BE X AL RS 28 d R X0, X2, X4, X6, X8
W IEAT TG-DTG M, 45 5 (1) 75 50 ~200°C i
X [a] N DTG 3 il £ L B 8 I 11 3345 3] 4% 4 ¢
) CSH Ff o B i 43 4. R[] CLT BT X R4
W) CSH & i ARk i & an &l 9 fios.

K8 X RZFIEA DTG 4347 il 2k
Fig.8 DTG analysis curve of X paste

B9 R Cl 5T X b CSH & it 4
Fig.9 CSH content of the X paste withdifferent

chloride ion content

HE 9 AT UL, B NaCl 85 035, X &R 41
Gl CSH T B4 J0W] B 3, 46 €17 48 4>
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Experiment of chloride effect on strength of alkali-activated slag paste
CHENG Yin, HUANG Xin"~

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

Abstract: Based on the results of unconfined compression tests of alkali-activated slag (KC) paste mixed
with sodium chloride (NaCl) and calcium chloride (CaCl,) , the influence law of the KC paste strength chan-
ging with chloride was studied. X-ray diffraction (XRD), thermal gravity-differential thermal gravity analysis
(TG-DTG) , the test of ionic concentrations in the pore solution and the test of degree of hydration were used
to analyze the mechanism of effect of two kinds of chlorideon KC paste strength. The research results show that
the KC paste compressive strength increased with the increase in the concentration of NaCl; and KC paste
compressive strength basically unchanged with the increase in the concentration of CaCl,. The Friedel’ s salt
(Fs) was generated in KC paste mixed with NaCl and CaCl,, but it has no effect on the paste strength. The
generation of sodium hydroxide (NaOH) in the KC paste mixed with NaCl was the main reason for its strength
enhancement. NaOH existed in the KC paste improved the liquid alkalinity of paste, promoted hydration of
slag and generated more calcium silicate hydrate (CSH) to improve the paste strength.

Key words: NaCl; CaCl,; alkali-activated slag; mechanism; Friedel’ s salt; NaOH
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Generation of unsteady inflow conditions for compressible LES with
a modified vortex method

XIE Baolin'?, SHAO Liang*’

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

2. Laboratory of Fluid Mechanics and Acoustics, Lyon 69130, France)

Abstract: This article is to explore and modify vortex method to generate large eddy simulation ( LES)

inlet condition. In the modification, a density distribution of vortex which can avoid unreasonable vortex quan-

tity in local place was used. The movement of vortex was controlled by Langevin equation, which mimics the

active grid turbulence so as to generate an unsteady flow field which is more like the real turbulence. Knowing

the results of Reynolds-averaged Navier-Stokes equations ( RANS) and reconstructing the turbulence by vortex

method (VM) , the method was tested in the experimental channel. The statistical results of both inlet and

outlet of the channel were given, which include the mean velocity, the vorticity and the Reynolds stress. By

analyzing the generated field with the reference of direct numerical simulation ( DNS) results and comparing

with the results of original method, during the development of turbulence in the channel, it shows that the

modified vortex method is viable and cost-effective for generating unsteady inflow condition for LES.

Key words: vortex method ; channel flow ; turbulence; large eddy simulation ( LES) ; Reynolds-averaged
Navier-Stokes ( RANS)
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Fig.5 Force-displacement curve under different preloads
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Fig.7 Response rate of actuator under different preloads
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Fig.8 Force-displacement curve under different stiffness
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Fig. 10  Response rate of actuator under different stiffness
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Force-displacement curve in different cycles
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Fig. 13  Stroke-cycle curve under different preloads
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Fig. 14 Response rate-cycle curve under different preloads
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Fig. 15 Stroke-cycle curve under different stiffness
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Fig. 16  Response rate-cycle curve under different stiffness
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Relationship between bias spring parameters and output performances of
SMA actuators

YANG Baofeng, ZHANG Xiaoyong* , YAN Xiaojun

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

Abstract; The parameters of the bias spring have great impacts on the output performances of the shape
memory alloy (SMA) actuator. To investigate the rules of influences, the output stroke and response rate of a
SMA actuator with different bias spring stiffness and precompression load were studied. The output degradation
due to cyclic actuation was also investigated. Experimental results show that the strokes and response rates de-
crease with the increase of preloads or stiffness. The performance of the actuator degrades significantly in the
first few cycles and stabilizes eventually with the increase of the number of cycles. The test results also indi-
cate that less cycling is needed to stabilize the actuator when the preload is increased, and the stiffness seems
to affect the cyclic performance of the actuator slightly.

Key words: shape memory alloys; cyclic performance; locking device;

actuator; bias spring
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> AM 0.5056 0.5590 0.5309
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Object tracking in surveillance videos using spatial-temporal
correlation graph model

ZHANG Cheng, MA Huadong® , FU Huiyuan

(Beijing Key Laboratory of Intelligent Telecommunications Software and Multimedia,
Beijing University of Posts and Telecommunications, Beijing 100876, China)

Abstract: Object tracking in non-overlapping multi-camera surveillance is a challenging problem since
the transition time between cameras varies greatly from individual to individual with uncertainty. The key prob-
lem of object tracking in wide areas is data association and how to find correspondences between objects via
camera topology. A novel graph model was proposed to capture the spatial-temporal correlation among objects,
which are moving in the camera network. Source/sink regions are graph nodes, and the graph edges are con-
structed by the spatial and temporal constrains. Specifically, a tracking method combining appearance model
and graph model was proposed to solve the problem of object re-identification and data association via bipartite
matching in multi-camera object tracking. In addition, region covariance descriptor was utilized to fuse the ap-
pearance feature. Experiments with real videos validate the proposed approach.

Key words: object tracking; multi-camera network ; spatial-temporal graph model; bipartite matching;

data association
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Signature scheme for network coding against inter-generation
pollution attacks
PENG Tianli, SHANG Tao" , LIU Jianwei

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

Abstract: The concept of generation is introduced into network coding so as to adapt to the needs of real-
time application. Considering that network coding is vulnerable to inter-generation pollution attacks and causes
message crosstalk, a generation-identifier based signature scheme for network coding was proposed. Firstly,
the two-level private keys, including the generation private key and the message private key, both derived by
the generation identifier were set. This procedure enabled nodes to judge the generation atiribute of messages
and decided whether to continue coding. Secondly, a signature algorithm was constructed with homomorphic
property by using the bilinear pairing. Meanwhile the two-level private keys were separated to verify signatures
by batch, which made nodes verify all the massages of the same generation simultaneously. Finally, through
the analysis of random oracle model, the scheme was proved secure against adaptively chosen message attack.
The result indicates that the scheme can reduce computation cost and improve performance of the system.

Key words: network coding; inter-generation pollution attacks; homomorphic signature; batch verifica-

tion; bilinear pairing
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Explicit moment integration algorithm and its application
FU Zihao, GONG Guanghong "

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

Abstract: The calculation of moment is often used in finite element method, volume calculation, moment
of inertia calculation, etc. A discrete method of the computational domain in three-dimensional space was pro-
posed firstly based on the superposition of moment. An explicit formula was derived in three-dimensional space
and then extended to n-dimensional space, which can be easily implemented on the computer. Secondly, a
parallel algorithm of moment calculation was designed and implemented with mixed Fortran and Python. Third-
ly, a zero-order and second-order moment was calculated in a multi-fidelity example. The efficiency of the al-
gorithm was compared with a serial algorithm and a successive dimensionality reduction algorithm. Meanwhile,
efficiency analysis and error analysis were presented. The result shows that the explicit moment integration al-
gorithm can be easily implemented with programs and runs faster than the serial algorithm. It is highly parallel
and can also be easily extended to a higher dimensional space. The algorithm is highly parallel, whose error
mainly comes from the discrete process of the computational domain.

Key words: moment; explicit moment formula; parallel computing; successive dimensionality reduction ;

discrete computational domain
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BT T 1A T AR J8m AT A5 B AT T~ A R 4T A
BE T KL w7 REIEAREE (P, R) BUA T
(B 5 R el s A

K1 LBP [BlJE 4B 38R 25 18]

Fig.1 Circularly symmetric neighbor sets for LBP
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B R — 2 Al oA G B Ak,
1.2 MS_LBP
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% LRBP n] I 2 E4T 4 0E .
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Fig.2 Schematic diagram of LRBP
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TAERFEEARE R LR, R, AR H RS | P YU W) A/ 15
LRBP I MS_LBP ) 440 (R 4 — #5550 .

%1 LRBP 1 MS_LBP fy 441 £ 5l

Table 1 Dimensional differences between LRBP and

MS_LBP
P
"y
8 10 12
MS_LBP 177 279 405
LRBP 64 80 96
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() 77 91 ¥ 4 75 — R, B A5 B09% T P00 AT 1
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T LSRR T LA SR JH I 4 R 43 28 A0 e 17
(¥ Fisherface" " J7 1 Xt 4 £iF 1] 4 3k 47 Y 2k A1 iR
SRR A Q A AR B, A
n (= 1,2, Q) D UINGREEA, T AN I 25 45 B
AEH NN =n, +n, + - +n,) . HAUGEEEA
(G =1,2,3) 4 40 4F 1] B0 AF x7, b ik
FRE AN kA REA I 2R A R 3
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K3 REAS I ZR i i 1A

Fig.3 Block diagram of training

SEIRBEA YNGR 5, W F5 LI REAS 9 45 7 4 4%
F i) i AR WU AR BE52, 15 B4 1 i g5
F A% s R IIRE AR o' 51 ZRRE A ) B M
PIUE. X FhEae=(a,0, ,a)fllB=(8,
Byt sB,)  AXBEAIBIEE S, 5 X H

n

Z aB;
: (3)

s = \aB)
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T R4S 2 5k, M6 1845 IE = 4 A &1 1%
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2 AT 1 4RIt LRBP Xof o 2245 1 1R 5 fi
J1. Ho PN e 3 246 SRIEIE , R RS2 iR
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PRI L. 2 o I 2 1 15 e BRHE B 21 45 1 O =X ik
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SN HIME. SR ER 2 #4 J2 iX LRBP X} &1
AL IRE ST IR G N BA XL 5 1F
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10 WF NG AL E 5, H1 230 5%,

SCHSHT e SR FHOSCER [ 16 ] M kK g s
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80 14 FK IR 5 x5 454377 kA7 43 #1. 4% 1R
IR 43 A 07 =X, R LRBP SR OERCSE 56 T 4
e TR G R R AE ) . B J5 B Fisherface J7 3%
Kb RRAE ) B AT I SR AR ). S0 ¥ 7E MATLAB
Hsz B B AL CPU 2.6 GHz, 474 2 GB.
3.2 LRHRER
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TE RN LRI, TR SE(P,R)
X S0 45 B S e R O 4 N E AT T9 45
¥y #2451 T MS_LBP fil LRBP 7& (P, R) BUA
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Table 2 Recognition rates of neutral expressions

T R= P %%]i}l

(R, ,R,,-",R,) 8 10 12 %/ %

(1,2,3) 96.26  96.48  96.29  95.90

LRBP (1,2,3,4) 97.23 97.45 97.34 97.03

(1,2,3,4,5) 97.67 98.05 97.99 97.79

(1,2,3) 97.45 98.13 98.24 97.83

MS_LBP (1,2,3,4) 97.67 98.18 98.32 97.98

(1,2,3,4,5)  97.72 98.26 98.40 98.05
M2 AR LA X F RS iR
S, LRBP [ 18 51 3% 0% Ik F MS _ LBP, 7 ¥ Ik
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15 A2 AL R A 1 U 45

M3 G5 R0 LUA A 2R 0 07
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LLRE 53 5 1 73 A0 3 Foft 2 175 38 18 14y T A AR FE 5K,
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Table 3 Experimental results of expression varieties

"y R=(R,,Ry,-,R,) (&S K& HR 781 A HR RN F /%
(1,2,3) 94.31 69.11 76.42 76. 42 93.50 81.95
LRBP (1,2,3,4) 95.94 75.61 76.42 78.05 95.12 84.23
(1,2,3,4,5) 97.56 75.61 79.67 78.05 95.93 85.36
(1,2,3) 96.75 80. 49 82.11 82.93 95.94 87.64
MS_LBP (1,2,3,4) 97.97 81.30 82.52 83.74 96.34 88.37
(1,2,3,4,5) 99.19 82.11 82.93 84.55 96.75 89.11

3.2.2 iz et
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Fig.4 Time of extracting feature vectors
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Fig.5 Time of training and recognizing feature vectors
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3D face recognition based on local radial binary pattern
LIU Qing, SUN Junhua”

(School of Instrumentation Science and Opto-electronics Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: An operator named local radial binary pattern ( LRBP) was proposed for extracting local fea-
tures in face recognition. The binary sequence encoding scheme of the LRBP is different from that of the local
binary pattern. Firstly, the proposed LRBP operator was used in 3D face recognition. 3D face depth images
were preprocessed and divided into subregions. Then the signature sequences of the subregions were extracted
by the LRBP operator. The feature vectors of a 3D face depth image were obtained by connecting the signature
sequences of all the subregions of the image. Finally, the 3D face feature vectors were trained and recognized
using the Fisherface method. Experiments were conducted using the 3D face database of Institute of Automa-
tion, Chinese Academy of Sciences. The results show that the proposed method can effectively promote the ef-
ficiency of 3D face recognition without reducing the recognition rates.

Key words: pattern recognition; 3D face recognition; local feature; binary pattern; local radial binary

pattern
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Dynamics modeling and motion programming for
electromagnetic formation flight

SHAO Longfei, SHI Peng” , ZHAO Yushan

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

Abstract: Based on the mechanism of electromagnetic spacecraft, the relative translational “tethered”
dynamics model for two-craft electromagnetic formation flight (EMFF) in low earth orbit was developed by u-
sing Lagrange theory. The linearized equations for motion and stability analysis of two-craft radial and along-
track formation were investigated. To stabilize the formation structure, the feedback control law was studied.
The motion programming of electromagnetic formation could be transformed into a standard optimal problem,
which could be perfectly solved by the Gauss pseudospectral method. In order to deal with the reconfiguration
maneuver of multi-craft electromagnetic formation, the sequence control strategy was proposed. Then the
multi-craft problem was transformed into a multi-phase motion planning problem. Thus, the problem of multi-
phase optimal control could be solved by Gauss pseudospectral optimization software ( GPOPS). The simula-
tion result shows that the methods of dynamics modeling and motion planning proposed in this paper are valid.

Key words: electromagnetic spacecraft; formation flight; reconfiguration maneuver; sequence control;

motion programming
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Fig.2 Trend of failure rate changing with temperature
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Storage life evaluation method based on segmented
nonlinear Arrhenius model
ZHOU Jie, YAO Jun”, SONG Yan

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

Abstract: Considering that logarithm linear Arrhenius model is only suitable for a small temperature
range, a correction method for the Arrhenius model was given. As the step-down-stress accelerated life testing
has the advantages of higher failure rate, less sample size, and simpler testing equipment, an evaluation meth-
od used in engineering practice for step-down-stress accelerated storage life testing was provided based on the
segmented nonlinear Arrhenius model. A mathematical model for failure data conversion under step down
stress based on the segmented nonlinear Arrhenius model was first established. The maximum likelihood func-
tion of the whole samples was given. The segmented nonlinear Arrhenius model parameter estimation could
then be obtained by employing the genetic algorithm to solve nonlinear equations. Taking the step-down-stress
accelerated storage life testing of radar altimeter as an example for analysis, the results of average life expect-
ancy, the failure rate and reliability function based on logarithm linear Arrhenius model accelerated storage life
evaluation method, the results based on segmented nonlinear Arrhenius model accelerated storage life evalua-
tion method, and the results from field data were compared. The relative error of the results based on the seg-
mented nonlinear Arrhenius model accelerated storage life evaluation method is within 5% . The efficiency and
accuracy of the step-down-stress accelerated storage life evaluation method based on the segmented nonlinear
Arrhenius model is verified.

Key words: segmented nonlinear Arrhenius model; step down stress; accelerated storage testing; life

evaluation ; maximum likelihood function
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Table 1 Experiments of different features
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Table 2 Results of different Dropout rates

Dropout LRI R/ % WIKLEPH /%
0 99.998 96.810
0.05 99.960 97.373
0.10 99.847 97.668
0.15 99.657 97.929
0.20 99.341 98.012
0.25 98.871 98.229
0.30 98.121 98.292
0.40 95.241 98.361
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Recognition of Chinese characters based on multi-scale gradient and
deep neural network

PAN Weishen, JIN Lianwen" , FENG Ziyong

( Department of Electronic and Information Engineering, South China University of Technology, Guangzhou 510641, China)

Abstract: The method to extract the gradient histogram feature of the Chinese characters with a multi-
scale sliding window and to recognize the printed Chinese characters with deep neural network was presented.
In order to acquire the spatial information of the gradient histogram, a retractable sliding window technique was
proposed for segmenting the images and getting the gradient feature information from different scales which can
effectively combine all the global features and local block features of Chinese characters. The experiment was
carried out by using a 5-layer deep neural network to classify 3755 categories of printed Chinese characters. A
Dropout technique was applied so as to prevent over-fitting training and to improve the generalization ability of
the neural network. The accuracy of the experiment reaches 98.292% , which has better recognition perform-
ance and demonstrates that the method of applying a multi-scale gradient feature and deep neural network mod-
el on the recognition of Chinese characters is effective.

Key words : multi-scale sliding window ; gradient histogram ; deep neural network ; generalization ability ;

recognition of Chinese characters
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