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Fig. 1 Geometry parameters of composite joints with
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Research progress in mechanically fastened polymer-matrix composite
joints with protruding-head bolts
DONG Huimin, LI Xiaogang, MA Xugiang, CHENG Lijun, LI Yueteng, QIAN Huanghai’
(AECC Beijing Institute of Aceronautical Materials, Beijing 100095, China)

Abstract: The present article attempts a more comprehensive review of recent literature in the broader area of
mechanically fastened polymer-matrix composite joints with protruding-head bolts. The article begins with a review
of the mechanical configurations of composite joints. A study of the mechanical configurations of composite joints
opens the topic. This is followed by a discussion of the failure progression of composite joints in tensile loading. The
remaining sections are devoted to the influence of composite properties (fiber type, reinforcement structure, fiber and
metal mixed laminates, ply angle and proportion, curing process, initial material defects), fastener performance
(fastener stiffness, bolt head type, bolt diameter, thread seal, gap fit, interference fit, fastener missing), connection
plate performance, lateral constraints (tightening moment,bearing area, compensation gasket, contact surface friction
factors), geometric effects (composite plate size, plate thickness to hole diameter ratio, specimen width to hole
diameter ratio, hole end distance to hole diameter ratio, hole shape, hole quality, hole position error) as well as loads
(static load, dynamic load, fatigue load, creep, relaxation, warm and wet load) on joint strength and failure. Finally,
comments are offered regarding the most important remaining problems in this area, along with recommendations for
future work.

Keywords: polymer-matrix composites; mechanical properties; protruding-head bolts; joining; failure analysis
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Fig. 4 Stress nephogram of scheme 7 under aerodynamic load
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Table 4 Recovery force of each segment of
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Structural design and analysis of leading edge slat interference trailing edge
FENG Yunwen', ZHANG Jiale" ", XUE Xiaofeng', MAO Yihao’, YUAN Jianfeng’

(1. School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China;
2. Shanghai Aircraft Design and Research Institute, Commercial Aircraft Corporation of China, Ltd., Shanghai 201210, China)

Abstract: The leading edge slat is an important lift increasing device in the take-off and landing stages of large
aircraft. But affected by its own body stiffness and support stiffness, the slat is prone to warpage and deformation
under aerodynamic load, resulting in gaps with the wing box, which affects the aecrodynamic efficiency of the wing.
To eliminate the deformation of slat in cruise and improve the aerodynamic efficiency of the wing, the leading edge
slat interference trailing edge structural design technology is proposed in this paper. Firstly, the main factors affecting
the normal and chord deformation of slat structure are theoretically analyzed. Then, taking the leading edge slat of a
large domestic aircraft as the research object, the influence of skin and other structural dimensions on the stiffness of
slat body is discussed in detail from two aspects of weight and deformation. Finally, on the premise of maintaining the
size and weight of the original slat structure, the leading edge slat interference trailing edge structure is designed. The
results show that the proposed interference trailing edge structure can maintain the state of non separation from the
wing under the aerodynamic load of cruise condition, improve the aecrodynamic performance, and effectively avoid the
increase of weight.

Keywords: interference trailing edge; leading edge slat; deformation factor; body stiffness; structural design
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Fig. 1 Component schematic diagram of high resolution stereo

mapping camera system
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Table 1 Operating mode and heat consumption of

mapping camera heat source
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Table 2 Temperature requirements of each components
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Fig. 5 Thermal insulation design of circuit box
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Fig. 6 Component schematic diagram of LHP
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Fig. 12 Temperature comparison between simulation and

test results

CMOSEO 1 CMOSH 4
s S22 T MR Il s
TR
EAE sy I EAmEES
/
|
i~

13 BAHHL CMOS #RI #4  F Be
Fig. 13 Schematic diagram of star camera CMOS detector

thermal control

T AMz2 CMOS [ B TF AL B 14 308 2 0% 5

4 G ICHI B0 SRR AE R 58 4 — B, th B A
] A A BT o YR B IE SR P IR TT AL,
SR HEBOR = A i #iiE, Ry H B AR BT TS AR
R, P R T AR AR A T AT R AESL 4y ]
BRI o A (5 6l 7 B T S 8 T A e A Tl
o PR b, 38 A A RO T R IE I S8 28 A T
RBETRAS, [l 7 PR [ 22 %6 1 6 s
TR [l g I (R A B [23.8,24.2]°C, E 1 i A
[ RS A PR o 1, PRAIE 4 55 Gl B D SR
1430 B A B 38 5)
2.4 BAMEE S RGHITIRIT

WFE A T TR B —y M, 7E16 B IX 52 B Sh A
A I A Ay B s S RO 52 I, E D B A 32 K
T &5 A F LB 1S B0 £ )2 AR P, 1
AR B LY | 35 2190 2 5 6 1) BT 4 4R Fae6 —
U TH BT 5 Ry A I BE 4307 B 52 X1 A1 B e 2
TEF R EER W, 1y Jo—2 THIASE 1B E 3%
TR A Tl % 5 0 RSP R AL R B 2, K IR
JE L SR AL e WO K S ML BRI 1 HCHRGEGE , FER
PR P LY Ty 2L cHGE B, dniEl 14 s .

S

Al |A||A||A||A] A
. P||P| [P||[P]||P]||P
D||D||D||D||[D| |D

TR
LRSI |5 SAhBEER

=3 A0

. W — l

14 BOLIME T R GRS

Fig. 14 Heat dissipation path of laser altimeter subsystem
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Table 4 Temperature results of each component in

thermal balance test
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Thermal control design and verification for high resolution stereo
mapping camera system
LU Pan"”", ZHAO Zhenming"’, GAO Teng"?, LIAN Xinhao"?, XIA Chenhui"’, WANG Yugiang"’

(1. Beijing Institute of Space Mechanics and Electricity, Beijing 100094, China;
2. Key Laboratory for Advanced Optical Remote Sensing Technology of Beijing, Beijing 100094, China)

Abstract: The temperature stability of optical system and detector of high precision stereo mapping camera
affects the mapping accuracy of mapping camera. For transmission optical system, multi-stage external heat flow
suppression technology is adopted to improve the temperature stability of the star camera lens by 6 times; for
reflective optical system, thermal control technologies such as indirect radiation temperature control are adopted to
make the temperature stability of the primary and secondary mirrors reach +0.3 °C; for high-power charge-coupled
device (CCD), energy-saving temperature control technology based on loop heat pipe (LHP) is adopted to make the
LHP driving power cycle average from 60 W to 33.8 W, while saving about 40% of the primary condenser area and
mass; for CMOS, using two-stage temperature fluctuation suppression technology, the temperature stability is £0.3 C.
The method of ground thermal test was investigated, and the flight temperature data of key components of the
mapping camera system under extreme space environment were reported, which fully verified the correctness of the
thermal control design method.

Keywords: mapping camera; thermal design; loop heat pipe; remote sensor thermal control; precise temperature

control
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Table 1 Airport safety risk early warning indexes under circumstance of non-suspend air construction
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Table 2 Quantitative value of indexes importance level, judgment basis and familiarity
S8 b S8 AL e A
R 8~10 TR 0.8~1 SR 0.75~1
iy 6~8 A& 0.6~0.8 BB AT 0.5~0.75
HRMLEN IR 4~6 AT MR 0.4~0.6 FIWHK I 4T T it 0.25~0.5
— R 2~4 — AT 0.2~0.4 B 0~0.25
A 0~2 %S 0~0.2
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MRIEE ST BN T AL 24 XU Table 3 Airport comprehensive safety risk early warning
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level under circumstance of non-suspend air construction
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Table 4 Airport safety risk positive warning indexes alarm level standard under circumstance of non-suspend air construction
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Table 5 Airport safety risk negative warning indexes alarm level standard under circumstance of non-suspend air construction
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Table 6 Constant weight of 33 indexes and 10 sample airport dynamic weight
B EAAE

e G &
FEAR1 FEAR2 A3 A4 HARS A6 AT AR A9 AR 10
C1 0.0320 0.028 7 0.0313 0.0302 0.0317 0.0302 0.0324 0.0317 0.0310 0.0331 0.033 1
C2 0.0575 0.1039 0.0563 0.0543 0.0569 0.0569 0.0580 0.0609 0.0557 0.056 4 0.0591
C3 0.0535 0.0480 0.0523 0.0505 0.0529 0.0505 0.0514 0.0562 0.0518 0.0525 0.0524
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Cl1 0.0352 0.0315 0.0344 0.0332 0.0358 0.0332 0.034 8 0.0349 0.0340 0.0345 0.0345
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C13 0.0198 0.0178 0.0194 0.0190 0.0196 0.0193 0.0197 0.0194 0.0195 0.0194 0.0197
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C20 0.044 1 0.0633 0.0432 0.046 0 0.043 6 0.0416 0.0424 0.0425 0.0427 0.0433 0.0433
C21 0.0188 0.0178 0.0189 0.0178 0.0186 0.0178 0.0186 0.018 1 0.0182 0.0226 0.0185
C22 0.0254 0.0299 0.0249 0.0240 0.0252 0.0240 0.024 5 0.024 5 0.024 6 0.0249 0.0249
C23 0.0223 0.0211 0.0219 0.0211 0.0221 0.0211 0.022 6 0.0222 0.0216 0.0219 0.0219
C24 0.0217 0.0204 0.0212 0.0204 0.0214 0.0204 0.0219 0.0219 0.0210 0.0212 0.0219
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C28 0.0430 0.0399 0.042'1 0.0420 0.0425 0.0451 0.0459 0.044 5 0.046 2 0.0422 0.043 7
C29 0.0211 0.0192 0.0206 0.0199 0.0209 0.0203 0.0210 0.0207 0.0204 0.0211 0.0210
C30 0.026 4 0.024 2 0.0258 0.0254 0.0261 0.026 0 0.027 1 0.0254 0.0255 0.026 4 0.0259
C31 0.0309 0.0277 0.0302 0.0292 0.0306 0.0307 0.0305 0.0298 0.0307 0.0311 0.0303
C32 0.0180 0.0162 0.0184 0.0170 0.0186 0.0170 0.0176 0.0174 0.0177 0.0177 0.0177
C33 0.024 8 0.0222 0.0257 0.023 4 0.024 5 0.0238 0.023 8 0.0239 0.0240 0.0243 0.024 3
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Table 7 Early warning results based on dynamic weight and matter-element extension method
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Table 8 Comparison of early warning results based on
dynamic weight and matter-element extension

method with other methods
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Airport safety risk early warning under circumstance of non-suspend air
construction based on DW-MEE

PAN Dan"?, LUO Fan®", LI Yongzhou"?, XIAO Qin*, ZHANG Panke’, XU Ruihua’

(1. School of Management, Wuhan University of Science and Technology, Wuhan 430081, China;
2. Service Science and Engineering Research Center, Wuhan University of Science and Technology, Wuhan 430081, China;
3. School of Management, Wuhan University of Technology, Wuhan 430070, China;
4. School of Management, Wuhan Institute of Technology, Wuhan 430205, China;
5. School of Management, Henan University of Science and Technology, Luoyang 471023, China;
6. School of Business, Henan University of Engineering, Zhengzhou 451191, China)

Abstract: To carry out airport safety risk early warning under the circumstance of non-suspend air construction,
a risk early warning model is constructed by integrating dynamic weight and matter-element extension analysis (DW-
MEE). Through the analysis of historical accidents, literature, rules and regulations, and expert interviews, airport
safety risk early warning index system under the circumstance of non-suspend air construction was preliminarily
constructed, and 33 indexes were selected by Delphi method. The comprehensive safety risk warning situation and
single index warning situation of the airport under the circumstance of non-suspend air construction were divided into
four grades: no alarm, light alarm, medium alarm and heavy alarm. The dynamic warning model based on dynamic
weight and matter-element extension analysis was established. The study found that among 10 sample airports, 1 is in
red heavy alarm state, 3 are in yellow light alarm state, and 6 airports are in green no alarm state. The three indexes of
pilot’s situational awareness, pilot’s professional skill level and airport non-suspend air construction safety supervision
ability are the most sensitive to the influence of alarm situation, while the three indexes of construction’s influence on
ground service, the scientific nature of non-stop construction emergency plan and the maintenance of power supply
equipment are the least sensitive to the influence of comprehensive warning situation.

Keywords: circumstance of non-suspend air construction; airport safety risk; early warning; dynamic weight;

matter-element extension analysis
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Fig. 6 Comparison curves of tracking success rate of algorithms under different attributes
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Siamese network tracking based on high level semantic embedding
PU Lei" ", LIHailong', HOU Zhigiang’, FENG Xinxi', HE Yujie'

(1. Combat Support College, Rocket Force University of Engineering, Xi’an 710025, China;
2. School of Computer Science and Technology, Xi’an University of Posts and Telecommunications, Xi’an 710121, China;

3. College of Artificial Intelligence, Yango University, Fuzhou 350015, China)

Abstract: In order to improve the feature expression ability of the Siamese network without deepening the

network, a Siamese network tracking algorithm was propose based on high-level semantic embedding. First, a

semantic embedding module was designed with convolution and up-sampling operations, which effectively integrated

deep features with shallow features, thus achieving the purpose of optimizing shallow features, and this module can be

flexibly designed and deployed for any network. Then, under the Siamese network framework, two semantic

embedding modules were added between different layers of the AlexNet backbone network. Cyclic optimization was

carried out in the offline training stage to gradually transfer the deep semantic information to the shallow feature layer.

In the tracking stage, the semantic embedding module was abandoned and the original network structure was adopted.

The experimental results show that compared with SiamFC on the OTB2015 data set, the accuracy is improved by

0.102 and the success rate is increased by 0.054.
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Design of flight control system for BWB civil aircraft considering safety
MA Liqun’, SUN Xiaozhe

(Safety Science and Engineering College, Civil Aviation University of China, Tianjin 300300, China)

Abstract: Blended wing-body (BWB) aircraft can meet the economic, environmentally friendlyand low-carbon
operation needs and is one of the key development directions of future civil aviation. Aiming at the flight control
system of BWB aircraft, its safety analysis and system design are studied. First, a description of the system-theoretic
accident model, processes, and associated safety analysis procedure is provided. The complex logic relationship,
unsafe control actions and hazard cause factors in the control system of BWB aircraft are analyzed emphatically. Then
the switching system is designed. Analyzing the switching logic, the design process for both the high reliability
backup system and the low reliability advanced system is presented. Finally, the simulation is carried out based on the
design. The examination of the complicated logic relationships in the BWB flight control system can be understood
using the applied safety analysis approach, and the designed flight control system has a certain level of safety and
viability.

Keywords: blended wing-body aircraft; flight control; STPA safety analysis; modeling and simulation; run-time

monitor/switch
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Fig. 1 Vortex street in annular mist flow of wet gas
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Fig. 2 Experimental device for pressure-adjustable annular mist flow loop based on atomizing mixing
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Table 2 Main parameters of measurement system
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Fig. 4 Original droplet image and principle of short exposure for diameter measurement
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Table 3 Droplet SMD and meter overreading under
different conditions (PJ6)

T P/ U/ o/ dj  ff OR
T kPa (ms') (mLs') um Hz
246.8  29.7 0.39 180 17147 1.0110
2456 300 0.64 166 17447 1.0184
250kpa. 2437 307 0.77 161 17934 1.0216
18mh 2332 303 0.92 151 1779.6 1.0274

247.3 29.2 0.99 146 1719.0 1.0288

247.8 29.6 1.04 143 1740.8 1.0302
249.4 40.4 0.36 17.5 22731 1.0105
250.6 40.2 0.61 163  2276.8 1.0181
250 kPa, 252.2 40.0 0.79 158 22777  1.0233
24m’h 2527 39.7 0.93 148 22729 1.0276
255.7 39.6 1.01 145 22709 1.0299
255.4 39.5 1.07 140 22685 1.0317
358.1 29.4 0.38 20.1 16969 1.0128
354.1 29.2 0.61 18.1  1697.1 1.0184
350 kPa, 347.5 30.0 0.78 16.8 17544 1.0263
18m’h 3458 29.9 0.93 165 17614 1.0320
352.1 29.6 1.03 157 17481 1.0345
345.5 29.9 1.05 155 17671 1.0359
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Table 4 Droplet SMD and meter overreading under

different conditions (PJ8)

WA

P/

U/

o/

d/

Sus!

TH kPa (ms') (mLs') um Hz OR

253.8 306 0.46 361 17617  1.0082

2625 302 0.93 312 17545 1.0167

257.0 300 1.42 253 1759.9  1.0262

250kPa, 2534 303 1.85 242 1790.6 1.0344
18m’h 2528 304 2.23 215 1809.2 1.0413
2486 299 2.58 209 17949 1.0494

2674 294 2.89 19.6 17702 1.0526

2584 304 3.17 192 18366 1.0577

2556 40.6 0.53 309 22850 1.0103

259.6 404 1.01 229 22954  1.0200

2614 399 1.46 21.6 22863 1.0288

250kpa, 2572 403 1.87 209 23281 1.0374
24m’h 2629 404 2.23 20.6 23452 1.0434
256.3 406 2.57 199 23730 1.0512

2602 40.7 2.84 193 23890 1.0558

2503 40.7 3.13 19.0 2409.1 1.0639

3529 297 0.48 39.5 17089 1.0087

3597 30.1 1.02 344 17462 1.0183

3483 303 1.44 28.1 17713 1.0265

350kpa, 3557 301 1.83 256 17733  1.0330
18m’h 3586  30.1 2.23 23.1 17857 1.0397
3504 302 2.55 224 18017 1.0468

347.8 295 2.86 205 17711 1.0537

3509  30.1 3.13 20.0 18157 1.0572

®5 TARIATHRERZRTIEFE (PJ10)
Table S Droplet SMD and meter overreading under

different conditions (PJ10)
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A P/ U,/ o/ d/ N/ OR
TH kPa (m's') (mLs') um Hz
2460 299 200 580 17725 1.0385
2430 304 240 454 18187 1.0457
2505 304 293 368 1830.6 1.0542
250 kf"’ 2556 302 336 340 18327 1.0614
18 m'h
2557 300 377 328 18338 1.0693
2446 299 421 282 18481 1.0811
246.6  29.1 465 263 18182 1.0917
2547 408 201 465 23631 1.0416
2555 399 246 384 23368 1.0519
250kPa, 9585 401 296 312 23688 1.0617
24 m’/h
2471 405 387 279 24437 1.0838
2498 399 433 248 24283  1.0939
3448 299 209 611 17637 1.0361
3575 29.4 252 523 17491  1.0429
3515 302 301 405 18102 1.0507
350kPa, 3601 206 343 386 17834 1.0577
18 m’/h
3589 295 388 342 17914 1.0658
3598 293 432 313 17949 1.0736
362.8 293 472 2901 18021 1.0796
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Fig.5 Meter overreading versus liquid mass loading
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A new overreading model for wet gas vortex metering considering
entrained droplet flow parameters
LI Jinxia', DING Hongbing” ", WANG Chao’, SUN Hongjun’

(1. College of Electronic Information and Automation, Civil Aviation University of China, Tianjin 300300, China;
2. School of Electrical and Information Engineering, Tianjin University, Tianjin 300072, China)

Abstract: To improve the wet gas metering accuracy by using a vortex flowmeter, aiming at the problems of
low prediction accuracy and narrow application scope of the traditional meter overreading correlations, a meter
overreading model based on flow parameters of the entrained droplets (entrainment fraction and droplet size) was
proposed. To conduct experimental studies on different entrained droplet conditions, the annular mist flow loop based
on atomizing mixing was developed, and the optical imaging system was built to measure the droplet diameter and
distribution. The dimensionless scaling parameters were discovered by combining the annular mist flow pattern with
the vortex meter overreading mechanism and taking into account the droplet-liquid film mass transfer and the droplet-
vortex coupling mechanism. The meter overreading model was developed with liquid mass loading, Weber number
and Stokes number, taking the effects of the entrained droplet parameters and the carried gas parameters (density and
velocity) into consideration, thus, its application scope is expanded. Finally, the performance of other overreading
correlations was evaluated and analyzed by the differences of the entrained droplet parameters in their experimental
conditions and the model assumptions. The results indicate that the proposed model provides a uniform prediction for
the meter overreading, the relative deviations are within +1.0% error band, both the predicted accuracy and the model
extensibility are greatly improved compared with other overreading correlations.

Keywords: wet gas flow; vortex flowmeter; annular mist flow; meter overreading; entrained droplet
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Power measurement deviations of direct and reflected signals from BDS GEO
satellites in ground-based GNSS-R applications

RUAN Hongliang', HONG Xuebao” ", WANG Yongning’, HAN Mutian*, YANG Dongkai’

(1. Business School, Jinhua Polytechnic, Jinhua 321017, China;
2. Research Institute for Frontier Science, Beihang University, Beijing 100191, China;
3. Jinhua Branch, China United Network Communication Co., Ltd., Jinhua 321017, China;

4. School of Electronics and Information Engineering, Beihang University, Beijing 100191, China)

Abstract: This paper analyzes the power measurement deviations of the direct and reflected signals from BDS
GEO satellites. Firstly, the expressions of direct and reflected BDS GEO signals received by actual antennas in
ground-based scenario are presented. Then, the relative deviations of direct and reflected signal power measurement of
BDS GEO satellite are discussed. Finally, simulations were carried out to analyze relative deviations in a specific
observation scenario. Both theory and simulation show that the power measurement deviation of the direct and
reflected BDS GEO signals are fixed under a specific scene and at a given time. The deviations are codetermined by
the suppression performance of the antenna to the interference signals, antenna height and the dielectric constant of the
reflector. The relative deviation decreases with the enhancement of the suppression performance of the antenna to the
interference signal, fluctuates within a certain range with the change of the antenna height, and varies with the
dielectric constant of the reflector.

Keywords: global navigation satellite system reflectometry; BeiDou navigation satellite system; geostationary

earth orbit satellites; power measurement deviations; antenna directivity
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Fig. 1 Schematic of XH-59A coaxial-rigid-rotor helicopter
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Flight characteristics of coaxial-rigid-rotor helicopter during deck landing
SU Dacheng’, WANG Zhengzhong, WU Linghua, HUANG Shuilin

(Science and Technology on Rotorcraft Aeromechanics Laboratory, China Helicopter Research and Development Institute, Jingdezhen 333001, China)

Abstract: A coaxial-rigid-rotor helicopter flight dynamics model, which can be coupled with unsteady ship
airwake, was developed to investigate flight characteristics of the rotorcraft during deck landing. In the numerical
simulation of ship flowfield, the detached eddy simulation method was used to obtain high-precision data of the
flowfield. In building the flight dynamic model, an interaction factor of coaxial twin rotor was introduced to develop
the induced velocity model of the coaxial rigid rotor, and the concept of equivalent flapping was adopted to establish
the flapping movement function of coaxial rigid rotor. Then, a strategy which can transmit computational fluid
dynamics (CFD) data to the flight dynamics model was established based on the “one-way” coupling idea. The
accuracies of the flight dynamics model and the data transfer strategy were verified by analyzing the XH-59A coaxial-
rigid-rotor helicopter and the combination of UH-60A/SFS2, respectively. Next, the combination of SFS2 ship model
and XH-59A coaxial-rigid-rotor helicopter was chosen to investigate the influences of the ship airwake on the
helicopter in terms of control margins and unsteady loading level. The time-averaged results showed that due to the
differences in disturbance between the upper and lower rotor, pilots had to reduce the differential collective pitch to
maintain the direction of the helicopter nose, while increasing the collective pitch to maintain the altitude at the same
time. Furthermore, the unsteady level results indicated that for coaxial configuration, the disturbances in its thrust and
pitch moment are the primary causes of pilot workload.

Keywords: coaxial-rigid-rotor helicopter; ship airwake; one-way coupling; control margin; unsteady level
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Fig. 1 Relative motion of missile and target
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Fig. 2 Motion trajectories of missile and target
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Three-dimensional integrated guidance and control design with
fixed-time convergence
ZHANG Kuangiao, ZHOU Xuanfeng, MEN Xinghuo, ZHOU Hanbing’
(State Key Laboratory of Complex Electromagnetic Environment Effects on Electronics and Information System, Luoyang 471003, China)

Abstract: This paper proposes a three-dimensional integrated design method for missile guidance and control
with fixed-time convergence to address the issues of impact angle constraints, state constraints, and control
constraints. A three-channel fully coupled design model of guidance and control system with impact angle constraints
is constructed, and the unknown disturbances in the integrated design model are estimated and compensated by a
fixed-time convergent sliding mode disturbance observer. Based on the fixed-time stability theory, terminal sliding
mode control and backstepping control method, the integrated design of the guidance and control system is carried
out, and the second-order instruction filter is used to restrict the system states and control instructions. The fixed-time
convergence property of the integrated algorithm is proved, and the specific convergence time expression is given.
The effectiveness and superiority of the integrated guidance and control law are verified by six degrees of freedom
simulation of the missile.

Keywords: integrated guidance and control; impact angle constraint; state constraint; control constraint; fixed-

time convergence; sliding mode control
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Fig. 1 Overall framework of the proposed algorithm
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Fig. 12 Instances of ellipses in crossing ellipse dataset

iU R T D B | Wi < SR o A R N A QB
T, AR 15 R B 4 5 S B 22 /NI B, DT 3 R
R TR I AR F M

A3 SR FH AR SCAAE N5 ok F B ik X 38 A
A1 5040 4 0 AT A0 R ARSI, I G 3 T AT Sk A R LK
P B A2 R, AR PLF, FISATIS E] 7, B
RSCIG S5 R E 13 iR o B AR SCROR B 4
F R RSB N, L 13 T LU 2, Bl 5 A
W6 183 A~ S 38 I, T A R ) B S AR S A T
I, AEAR SCARVE 2 i A B8 1k TR R B B 1, S R
AL B 12 AR IR, AR ORI AT B R v Y g
& Fr: R=0.98, P=0.97, F,=0.97. BIffi F & &4
24 ASMRIRI B, A% SCEE % B 45 SRATHAR LA, BT A 1Y
JE AR AR R KT 0.8, 1 1 Bk At BBk 4 B
M FASCR % . 540, BT RTH Bk, A fir g
SR R PAA T B (0 40 B A R4 e vt [0 A 50 1 14 4
JE R 380, 3 SR PR Ay > AR e B A 2 W T I
JIT A B A T L T 22 1 sk R X G g I T A A
Bl T A9t o AR SRR RT Alex 535, {HA]
12 T Prasad $5.v£ "7, Mai & 11" #l RHT 553:", (H
ST, A8 SCHL BE A R T 3300k ) s A7
JEE RIVRG A
5.1.4 &R K 5

A 2] S 50 = B2 S A (B 0 B v X 22 S A 1R
MY AL BRGE T o A2 B 502 MM [ 22 () 7 76 AH B H 1Y
1 0, EERE, 1 A G 5 A 43 0 2 B AE A
B, XA ) RAT A S BRI T, BT A
FOFRA A (52 ), G150 25 B0 55 58 28 10 [ A 40
B 5 o L IR, A [ A 0 B o 58 e A T A 4
e, R X A [B) AT B T T G 15 ) B
LB A2 S I A ] SCRR (28] A ]
4 o 1 52 5 W T A0 4R, G 5 A SO [ 43 4R 2%
1, AL 6 A, A AL 24 100 1§ /Ky
300x300 14 K B FIAG AL B, I H B 2 55 R i 2
T EMEEAE BN 4. 8, 12,16, 20, 24, K 14
TR BT R R R, R AR AT
FA 0BT R e G A 1 38 & TR AN B wT
VL 2, Bifi A A5 i 150 A K5 335 o, 466 [ 22 [ 7
TP AR AT ke ™ R, Ak 3 2 R

A3 SR FH AR SCAA9E 0 5 R e B ik X 28 B
V2] 5040 45 i i) e 2 500 AT AR A, 58 A 1)
R 53 A T L BR 4 A 4 R A iR PR
F, s g foinEl 15(a) ~ B 150c) iR, K 15(d) 45
T SRk PATEE] 7. 0T LU B, BE 6 54
BN B3N, S AR [ BB AR A R R £, 4%



%41 Bl e gt , S — R T[] 4 () AT 8 AL S P A (A 5 3k 863
1.0 1.0
09} 09}
08} [ 08}
0.7} i 0.7} i
0.6}
S A 05T
04}
03| \\
02}t —
——%
0.1}
\9‘_‘0
O-r
4 8 12 16 20 24
N
(b) AEUER
1.0
09} 500 |
08} ﬂ
o7l k 400 |
0.6}
. 300}
T 0.5 =
4t
0 200 |
03}
0.2t 100 |
0.1}
0% 0
4 8 12 16 20 24
N
(c) F, (d) PUATI ]
- AlexBH ™) MaiB 02 - RHTHE LY & PrasadB LR —— YasuBER o A HEE

13 S SUR I EcdiE S LR G 225 25 1] 51

Fig. 13 Examples of ellipse detection results on crossing ellipse dataset
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Fig. 14 Instances of ellipses in occluded ellipse dataset
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Fig. 16 Instances of ellipses in ellipse dataset with

impulsive noise
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Fig. 15 Examples of ellipse detection results on occluded ellipse dataset
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Fig. 17 Examples of ellipse detection results on ellipse dataset with impulsive noise
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Table 2 Experimental results of different algorithms on
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ERPR R P F, BT IR/
AR 0.81 0.84 0.83 77.75
AlexHE™ 0.78 0.78 0.78 124.64
Prasad %" 0.74 0.75 0.75 46.84
Yasuft k™ 0.53 0.53 0.53 110.65
Maiff k! 0.51 0.55 0.53 97.92
RHTH LY 0 0 0 80.31
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Fig. 18 Examples of ellipse detection results on real dataset

6 &

B S 18] RAT AL ST AT AR L B AR
A BRI 9 23 ) F ARG BRI A 75K, 42 Hh—Fh
e A T 114 25 8] QAT s B S0 P Bt A 0 R0

1) AT LS B 25 18] 6 AT 8 0 5 5 AL 1] 5 i
W ) F AR 9 BRI 1 2, O 1 [ PR 4R AIE 119 25 1]
AT AR LAE U R SR AR R R A

2) FETHR R U S LT I, 25
RS BRI 58 =2 6] B S 2 A fe e R, i AR R AR
BB 77 AR B B U R LTS, B T3
SEMERRE, BRAR T X% IR A T HE

3) F I 22 3 a3 2 B v A 408 T4k B i o A Al
BEAS L2 B I A /N IIBE Y il =3 7 1) ST 495 A

FRPR A RGN, 41 e 0 A BT A ) PG BE

4) e % SR IR N BL A GE T, T E T
RABNIR A 11 £ M52 G 36 0 0 S UM B 9 B 0, 482
o 1A R SB35 R

— o THT 16 25 ) QAT g R AU 4 TR ) B
VAT LA Sk 5 T4 150 R i 9 25 (8] R AT 88 A S A5
TEARBERT A S A, 75 B4 ARSI 25 R, B R 2
X T B PR AR (4 o A B2 A A AT IO, i
B T — W TAR R H AT

£#E ik ( References )

[1] LIUC, HU W. Relative pose estimation for cylinder-shaped space-
crafts using single image[J]. IEEE Transactions on Aerospace and

Electronic Systems, 2014, 50(4): 3036-3056.


https://doi.org/10.1109/TAES.2014.120757
https://doi.org/10.1109/TAES.2014.120757
https://doi.org/10.1109/TAES.2014.120757
https://doi.org/10.1109/TAES.2014.120757

%

4 4

i e it A — o T [ 255 ) AT A A AT G I A B v 867

(2]

[3]

[4]

[5]

6]

(7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

LUT, HU W, LIU C, et al. Relative pose estimation of a lander us-
ing crater detection and matching[J]. Optical Engineering, 2016,
55(2): 023102.

SU S, LUO Y, YANG K, et al. A novel camera calibration method
based on multilevel-edge-fitting ellipse-shaped analytical model[J].
IEEE Sensors Journal, 2020, 20(11): 5818-5826.

BB, B, BALYE, 5 B THERLS A Hough B He vk
TEMR 5 22 g8 v A R AR 9 (01 T AR BRIl K 2 2 41, 2020,
41(3): 9-15.

LIANG Q, ZHAO H M, GE R X, et al. Application of improved
Hough transform algorithm based on ellipse fitting in eye-control
system[J]. Journal of Guangdong Polytechnic Normal University,
2020, 41(3): 9-15(in Chinese).

AR, RIS, L 2E, &5, FAAPREE T IR 55 23 m bR b A
D[] BBORAF2AR(F BFRARR), 2016, 41(12): 1619-1625.

LIY S, ZHENG S Y, XIA Y X, et al. Detection of round ban
traffic signs in natural environment[J]. Geomatics and Infor-
mation Science of Wuhan University, 2016, 41(12): 1619-1625(in
Chinese).

Beakak, BRI, X)/INEE, 45 BT Hough /846 B8RS 0 1 541 25 A
VETC A4 R BB ARSI 55 1 (62 [J]. BT R4, 2020, 35(4):
60-68.

DUAN Z D, WEIL S, LIU X H, et al. Bearing defect detection and
location based on Hough transform circle detection and edge tem-
plate matching[J]. Journal of Anhui Polytechnic University, 2020,
35(4): 60-68(in Chinese).

DUAD R O. Use of the Hough transformation to detect lines
and curves in pictures[J]. Communications of the ACM, 1972, 15(1):
11-15.

MUKHOPADHYAY P, CHAUDHURI B B. A survey of Hough
transform[J]. Pattern Recognition, 2015, 48(3): 993-1010.
MCLAUGHLIN R A. Randomized Hough transform: Improved el-
lipse detection with comparison[J]. Pattern Recognition Letters,
1998, 19(3-4): 299-305.

KIRYATI N, ELDAR Y, BRUCKSTEIN A M. A probabilistic
Hough transform[J]. Pattern Recognition, 1991, 24(4): 303-316.

LU W, TAN J. Detection of incomplete ellipse in images with
strong noise by iterative randomized Hough transform (IRHT)[J].
Pattern Recognition, 2008, 41(4): 1268-1279.

KIM E, HASEYAMA M, KITAJIMA H. Fast and robust ellipse ex-
traction from complicated images[C]//Proceedings of the First Inter-
national Conference on Information Technology and Applications.
Piscataway: IEEE Press, 2002: 357-362.

HAHN K, JUNG S, HAN Y, et al. A new algorithm for ellipse de-
tection by curve segments[J]. Pattern Recognition Letters, 2008,
29(13): 1836-1841.

MAI F, HUNG Y S, ZHONG H, et al. A hierarchical approach for
fast and robust ellipse extraction[J]. Pattern Recognition, 2008,
41(8): 2512-2524.

LIUZ Y, QIAO H. Multiple ellipses detection in noisy environ-
ments: A hierarchical approach[J]. Pattern Recognitio, 2009,
42(11): 2421-2433.

NGUYEN T M, AHUJA S, WU Q, et al. A real-time ellipse detec-
tion based on edge grouping[C]//Proceedings of IEEE International
Conference on Systems, Man and Cybernetics. Piscataway: IEEE

Press, 2009: 3280-3286.

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

KANATANI K, SUGAYA Y. Compact algorithm for strictly ML
ellipse fitting[C]//Proceedings of International Conference on Pat-
tern Recognition. Piscataway: IEEE Press, 2009: 1-4.
WIJEWICKREMA S, ESSON C, PAPLINSKI A. Orthogonal dis-
tance least squares fitting: A novel approach[C]//Proceedings of In-
ternational Joint Conference on Computer Vision, Imaging and
Computer Graphics Theory and Applications. Piscataway: IEEE
Press, 2010: 255-268.

SR THAHUILSE T B T M. AL s Bl R, 2008:
40-60.

WU C F. Mathematical methods in computer vision[M]. Beijing:
Science Press, 2008: 40-60(in Chinese).

CANN J. A computational approach to edge detection[J]. IEEE
Transactions on Pattern Analysis and Machine Intelligence, 1986,
8(6): 679-698.

LIU C, HU W. Effective method for ellipse extraction and integra-
tion for spacecraft images[J]. Optical Engineering, 2013, 52(5):
057002.

ZHANG S C, LIU Z Q. A robust, real-time ellipse detector[J]. Pat-
tern Recognition, 2005, 38(2): 273-287.

FITZGIBBON A, PILU M, FISHER R B. Direct least square fit-
ting of ellipses[J]. IEEE Transactions on Pattern Analysis and Ma-
chine Intelligence, 1999, 21(5): 476-480.

IMAI H, IRI M. Polygonal approximations of a curve— Formula-
tions and algorithms[J]. Machine Intelligence and Pattern Recogni-
tion, 1988, 6: 71-86.

PRASAD D K, LEUNG M K H, CHAI Q, et al. A novel frame-
work for making dominant point detection methods non-
parametric[J]. Image and Vision Computing, 2012, 30(11): 843-859.
KANATANI K. Statistical optimization for geometric computation:
Theory and practice[M]. New York: Elsevier Science, 1996: 115-125.
PRASAD D K, LEUNG M K H, CHO S Y. Edge curvature and
convexity based ellipse detection method[J]. Pattern Recognition,
2012, 45(9): 3204-3221.

SUGAYA'Y. Ellipse detection by combining division and model se-
lection based integration of edge points[C]//Proceedings of 4th Pa-
cific-Rim Symposium on Image and Video Technology Image and
Video Technology. Piscataway: IEEE Press, 2010: 64-69.

CHIA A Y, RAHARDIJA S, RAJAN D, et al. A split and merge
based ellipse detector with self-correcting capability[J]. IEEE
Transactions on Image Processing, 2011, 20(7): 1991-2006.
Rl SRS, T, 45, —RhIE T A SRRAE > (1 W47 50 X
W], ALFME ALK A 244, 2021, 47(5): 939-952.

LUT T, ZHANG Y, YAN Y, et al. A crater region detection al-
gorithm based on automatic feature learning[J]. Journal of Beijing
University of Aeronautics and Astronautics, 2021, 47(5): 939-952

(in Chinese).

Mis% A

UEH

HEARIBAL S R h 4R E, MR

N E, MR R &R 2, E IR 3, E Y
3IARRAEME A,(i=1,2,3, 3F H il 2 4, <A,</)3kE 0 H
HAT RIS, i ik ith £k E FeQ7 8 C 5
G, Kb, YRR C=diag(1,1,-1), F L,
—SEAFAE— DA PR B H AT LUK SR RS E AR ol S
M C, I BB H o] D IR () M . AR 3 A4


https://doi.org/10.1117/1.OE.55.2.023102
https://doi.org/10.1109/JSEN.2020.2972615
https://doi.org/10.3969/j.issn.1672-402X.2020.06.003
https://doi.org/10.3969/j.issn.1672-402X.2020.06.003
https://doi.org/10.3969/j.issn.2095-0977.2020.04.007
https://doi.org/10.3969/j.issn.2095-0977.2020.04.007
https://doi.org/10.1016/S0167-8655(98)00010-5
https://doi.org/10.1016/0031-3203(91)90073-E
https://doi.org/10.1016/j.patcog.2007.09.006
https://doi.org/10.1016/j.patrec.2008.05.025
https://doi.org/10.1016/j.patcog.2008.01.027
https://doi.org/10.1016/j.patcog.2004.03.014
https://doi.org/10.1016/j.patcog.2004.03.014
https://doi.org/10.1016/j.patcog.2012.02.014
https://doi.org/10.1109/TIP.2010.2099127
https://doi.org/10.1109/TIP.2010.2099127
https://doi.org/10.1117/1.OE.55.2.023102
https://doi.org/10.1109/JSEN.2020.2972615
https://doi.org/10.3969/j.issn.1672-402X.2020.06.003
https://doi.org/10.3969/j.issn.1672-402X.2020.06.003
https://doi.org/10.3969/j.issn.2095-0977.2020.04.007
https://doi.org/10.3969/j.issn.2095-0977.2020.04.007
https://doi.org/10.1016/S0167-8655(98)00010-5
https://doi.org/10.1016/0031-3203(91)90073-E
https://doi.org/10.1016/j.patcog.2007.09.006
https://doi.org/10.1016/j.patrec.2008.05.025
https://doi.org/10.1016/j.patcog.2008.01.027
https://doi.org/10.1016/j.patcog.2004.03.014
https://doi.org/10.1016/j.patcog.2004.03.014
https://doi.org/10.1016/j.patcog.2012.02.014
https://doi.org/10.1109/TIP.2010.2099127
https://doi.org/10.1109/TIP.2010.2099127

868 [ T |/ A N = = o

2023 4F

FEAEAE 19 KNG R AT, H— 5 W 2 4,<0. 4,<0,
>0 8 4,<0, 1,>0, 4,>0. FTHEF XX 2 FliE 4T
Wit

M3 ANEEAEAE R 2,<0. 1,<0, 1,>0 A, Al A4
H Ry (1) hEs 1 A5, I8 4R A2 3 56 B H %
T E AT S T A

-T
V= u
HEH' = 1 uy
PR uj
[w, u, ug][ A } u
Bl |
-1
VA u
_/12 u; =
diag(-1,-1,1)=C (A1)

2 3 ANMRHEE T A2 4,<0. 4,>0., 2,>0 B, ] A4 H
2 () g 2 A5 R4 R R AR B [ | X
FEFF E SEAT 5 A8 ) 15

T
- VA, u;
HEH = NN ul
e ul
T
p) U2
[ U u3 ul]|: ? A3 } u?
bl g
VT u
Vi at |-
V-4, u’l

diag(1,1,-1)=C (A2)

e “2” FORMZE— A RIER - li6i 1 ATk,

Mi% B

B AR . B R — A
2B, B A — AN IRBOR FE 5 — AN IR B A 1y
HErh L BV ML, X 2 A IREES 3 r By, OF
R 2 — e, 8%, ARTE 7y 6904 L ) BI
FR . ry Rl vy 1 2 AN 54030 4, R B, A, I B,,
r TR C, C T A, R B, BT 4 B
t, e, Mg, B e, BT DLAE B — A e v, AR
Py AE 7 WO IR 4y B — i R TE
Vo B e S AR AE VI 4 T
CANG 5 r IS, %A 8 09 Do th T r A
ok BE— MR, A, & C. D, 4, 2 HE
CoA, SWEIR 928 2, 3 5 HLR S I B 4 2 A58
BTG, A ST . K 1 TR — IR 2 9B
HT A AN — 5 O T 55— AN B [ ™ o, A
il o 2 TTHE

KBl i/ 2 fiEH
Fig. Bl Proof of Proposition 2

An ellipse detection algorithm for spacecraft optical navigation

LU Tingting', DENG Zhijun, GU Xin, FEI Zhiting, WU Xinfeng, WANG Hua

(Research and Development Center, China Academy of Launch Vehicle Technology, Beijing 100076, China)

Abstract: The ellipse-based optical navigation technology has become a novel and precise autonomous

navigation method. Therefore, how to fit the elliptic edge of the space object is the essential condition of the optical

navigation method. We propose an ellipse detection algorithm for the spacecraft optical navigation in this paper. First,

the elliptic curves are extracted by utilizing the polygonal curve to approximate the edge in edge map of the navigation

image. Second, the elliptic curves are merged accurately by a model selection criterion derived from the maximal

likelihood ratio hypothesis test. Finally, the ellipses in the navigation image are detected by fitting the merged elliptic

curves. The experimental results demonstrate that the proposed algorithm can detect ellipses with higher accuracy and

robustness than the traditional ellipse detection methods, and can be applied in the ellipse detection for the spacecraft

optical navigation method to provide the precise curves as the inputs.

Keywords: space objects; elliptic edge; ellipse fitting; ellipse detection; optical navigation
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DEAF R TEAA MEMS-INS/GPS
AREE S

', RE"T, ESLE, A9, HH

(1. KB ZETRERRY S TER2ERE, V9% 710025; 2. KEESERZESYIZA .0, LT 100191)

i3 B N T ARk GPS FALIN TR R TR R A B F AR5 R AR e KR L
%% (MEMS-INS/GPS) Al & R tg EAaFF A A, RHE AT A EGHEAf g & N £ /R ZIRKN
MEMS-INS/GPS 14 # 41 & St 7 %, UL MEMS-INS/GPS A4 & S HiE R AHER, 2 T WA 4
SMAG MK AREMEA, £ T MEMS-INS/GPS th i & W0 2k 4, & F & & # & 3 MEMS-
INS/GPS Wil = EF#AT M, R ZEWUNE, % GPS THM T E T ort, #F%F 8 E N AT
& /R 2% % Xt MEMS-INS/GPS #ATA 4L & F4t; % GPS ¥ Wl L2 f R Bt, (#5"% » 8 & M At
KR BRI RGN B, % MEMS-INS/GPS AT t #4241 & 3 ft . L& £ 1% & & MEMS-
INS/GPS 41 & Rt 2 A A BIHATH A LB IIE, R K. 4 GPS T WM L EFR RN, 4w
MEMS-INS/GPS # 41 & 3 A & ok T 5 9 & #, T MEMS-INS/GPS #h# 41 & S Ai# £ 5 GPS IE
FIERWSMEEMZLA, R TREFENFMRA.

X B8 R WARAAE I FAUEEER; RETNEE,; %FBENMEIT; FRERE

FRESZES: V279; TN9G
XHAFRERE: A

TR TR A 3R G/ 4 BRE 7 &R St (micro-
electro-mechanical system-inertial navigation system/
global positioning system, MEMS-INS/GPS) & — fh £
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Table 6 Statistics of speed error among

satellite failure ramge m/s
VE VN
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HfE SD ¥fE SD
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Table 7 Statistics of location error among
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Pseudo loosely-integrated navigation of low-cost MEMS-INS/GPS with
insufficient observable satellites
LI Can', SHEN Qiang"”, WANG Lixin', ZUO Kai', TIAN Ying’

(1. College of Missile Engineering, Rocket Force University of Engineering, Xi’an 710025, China;
2. Military Training Center of Rocket Force General Staff, Beijing 100191, China)

Abstract: To solve the problem of accuracy maintenance of low-cost MEMS-INS/GPS integrated navigation
under the condition of insufficient observable GPS satellites, a MEMS-INS/GPS pseudo loosely-integrated navigation
method is proposed based on grey model and adaptive Kalman filter. In the framework of the proposed navigation
mode, a state space model of integrated navigation system is established. Based on the MEMS-INS/GPS historical
observation data, grey model is used to predict the difference between GPS and MEMS-INS, and this prediction is
named system pseudo-observation. When the observable GPS satellites are sufficient, noise adaptive estimating
Kalman filter is used for MEMS-INS/GPS integrated navigation; otherwise, this filter is used for MEMS-INS/GPS
pseudo loosely-integrated navigation based on the system pseudo-observation. An example of low-cost MEMS-
INS/GPS integrated vehicle navigation system is used in simulation and experimental verification. The results show
that when the observable GPS satellites are insufficient, the traditional MEMS-INS/GPS loosely-integrated navigation
decreases in accuracy rapidly and diverges, but the MEMS-INS/GPS pseudo loosely-integrated navigation is not
significantly different from the normal GPS navigation in terms of accuracy, maintaining a high precision navigation
state.

Keywords: pseudo loosely-integrated navigation; navigation accuracy maintenance; grey prediction model; noise

adaptive estimation; Kalman filter
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Design of LPV control law for unmanned helicopter
DUAN Biao, YANG Shu’, LI Aijun
(School of Automation, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: An LPV control scheme is proposed to design integrated flight control laws for unmanned
helicopters. The LPV control law achieves explicit model following performance for an unmanned helicopter in
velocity, sideslip angle, altitude, and yaw angle control channels, leading to desired flight path control performance. A
nonlinear mathematical model is developed for an unmanned helicopter to take into consideration the coupling among
rotor blade flapping and lead-lag dynamics, rotor inflow dynamics, and fuselage dynamics. Since helicopter dynamics
is periodic, harmonic balance method is employed to conduct trim and model linearization, leading to an LPV model
used to perform LPV control design in a velocity envelope. Parameters of the LPV control law are determined by
solving a convex optimization problem. Numerical simulations are conducted to examine the performance of the LPV
control law based on typical helicopter maneuvers under sensor noise. Results show that the proposed law has good
performance and robustness in helicopter velocity envelope, satisfying performance standards of each maneuver of an
unmanned helicopter.

Keywords: unmanned helicopter; high-order dynamics model; integrated flight control; robust control; linear

parameter varying control; explicit model following
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Experimental research on erosion of Q345 steel under
two-phase flow condition
WANG Zhijie', YAO Jun', XIONG Jiazhi', ZHAO Yanlin""~, CHANG Xiao', DONG Shigang’

(1. College of Mechanical and Transportation Engineering, China University of Petroleum-Beijing, Beijing 102249, China;
2. School of Energy, Xiamen University, Xiamen 361005, China)

Abstract: Erosion is a common occurrence in the civic, industrial, military, and other sectors, and it frequently

results in equipment being struck by particles and suffering varied degrees of damage. This paper selects Q345 steel to

carry out the erosion experiment under the liquid-solid two-phase flow condition. Based on the weight loss method

and surface analysis technology, the effect of particle size, particle concentration, erosion angle (15°-90°), erosion

time and other factors on erosion were studied. And the morphological characteristics of the surface of the sample

after the erosion were partitioned. The experimental results show that as the particle mass concentration increases, the

rate of erosion weight loss gradually tends to be flat. 3D morphological observation found that after the concentration

was higher than 0.01%, all of the material surface was eroded, and the maximum erosion depth was reduced. Q345

steel has the largest mass loss near the 30° attack angle, which is related to its strong toughness and plasticity. Based

on the analysis of metallographic microscopy, the sample surface is divided into three zones after the 90° jet impact.

The 2 zones near the outer edge of the nozzle have the largest number of pits and furrows and the most serious

damage, which is related to the characteristics of the jet flow field and particle distribution.

Keywords: Q345 steel; two-phase flow; erosion; weightlessness method; surface analysis technique
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Automatic wave-off control algorithm for carrier aircraft based on DM-DSC
CUI Kaikai', HAN Wei', LIU Yujie', LIU Jie®", CHU Dawen’, CUI Rongwei'

(1. School of Basic Sciences for Aviation, Naval Aviation University, Yantai 264001, China;
2. War Research Institute, Academy of Military Sciences, Beijing 100850, China;
3. 75833 of the PLA, Guangzhou 510000, China)

Abstract: In this paper, a deviation model dynamic surface control algorithm (DM-DSC) is designed for
automatic wave-off control of carrier aircraft when the optimal wave-off trajectory is available. Firstly, the optimal
wave-off trajectory is given based on Radau pseudospectral method. Furthermore, according to the optimal wave-off
trajectory and the corresponding control scheme, the deviation control models and Backstepping controllers of the
velocity subsystem and altitude subsystem are given respectively. Then the dynamic surface structure is introduced to
obtain the differential signal of the virtual control variable, and at the same time, the “ differential expansion”
problem in Backstepping control is avoided. Then, in order to acquire the differential signal of the virtual control
variable and simultaneously avoid the "differential expansion" problem in Backstepping control, the dynamic surface
structure is introduced. Considering the uncertainty of aerodynamic parameters and the disturbance of carrier air wake,
the linear extended state observer (LESO) is used to estimate and compensate for the disturbance in the control model,
and the anti-saturation auxiliary structure is introduced to suppress the influence of control saturation on the controller
performance. Finally, the boundedness of the closed-loop system is proved based on the Lyapunov method. The
comparative simulation results demonstrate that the DM-DSC algorithm has good control performance.

Keywords: carrier aircraft; wave-off; Backstepping; dynamic surface control; disturbance observer; anti-

saturation control
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Fig. 1 Wavelet packet extraction extraction step
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Fig.2 Schematic diagram of three-layer wavelet

packet decomposition
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Table 1 Comporison of different SVM accuracy rates

SVMZEAL Y /n  MRMERA/% T UIRIERER /%

C-SVC 100 91.30 50
v-SVC 94.74 84.78 50
&-SVR 100 86.96
v-SVR 100 86.96

®2 TREIZEY SVM ERHEIILL
Table 2 Comporison of SVM accuracy rates of different

kernel functions

Bk YNZRMERNAS/%  MHEHERNE/% T3 SURTIEMER /%

Polynomial 97.74 89.13 50
RBF 100 91.30 50
Sigmoid 76.32 67.39 42.11
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Fig. 3 Solenoid directional control valve fault diagnosis process
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control valve
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Fig. 11

Prediction results of different feature vector test sets
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Solenoid directional control valve fault pattern recognition based on
multi-feature fusion
MA Dong, LIU Zhihao', GAO Qinhe, HUANG Tong
(National Key Discipline Laboratory of Armament Launch Theory & Technology, Rocket Force University of Engineering, Xi’an 710025, China)

Abstract: In order to further improve the reliability and recognition accuracy of the solenoid valve fault
diagnosis method based on current detection at the drive end, a research was conducted on the solenoid valve fault
pattern recognition method. First, a method for extracting eigenvalues based on time-frequency analysis of current
signals and time-domain parameters was proposed; then, through designing an acquisition experiment of the current
signal at the solenoid valve drive end, the time domain signal of the solenoid valve drive end current and the multi-
characteristic curve of the second-order rate of change were obtained. Meanwhile, the time-domain parameters and the
frequency band energy corresponding to the second-order rate of change were extracted as the characteristic value, in
order to construct the feature vector of multi-feature fusion. Finally, a multi-class support vector machine based on the
radial basis kernel function was used to identify the electromagnetic directional valve pattern. The research results
showed that compared with the support vector machine based on energy eigenvalues, the support vector machine
based on multi-feature fusion can improve the recognition accuracy by 8.7% and the verification accuracy by 42.11%.

Keywords: solenoid valve; fault diagnosis; current detection; wavelet packet decomposition; principal component

analysis; multi-feature fusion; C-support vector machine
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MEE, EAE

g, M

(L. At iR K GBS 200 TR2ERE, dtat 100191;
2. JEEUAS R KA s BB B R R s sE86 %, JE5T 100191)

1] =2

WK R PR KR R B KSR E Y EERIR . A ERRRE AL et R

EHORRF, MR E T E . A TR T B A RO R AT . & T LA Hermit 2
% (GHI) B, £ — 3 B NER (Bezier) s &k th R E S w4 AT %, ETRK
AEHHAAESHEHE., AR EM& L3 & Bezier & B EAME, WRABWH EHh A
B o A 0 R B AME B B T K BT G AL SN R R AR F R e . BT AT R T
FlBEM, FREN: dRFSMERIT A TR EL LW K A, BB N E
B s R oh AR AR R AR T KA o o A BE AT 4 1 KA 1K"E % 1.6 dB #7 4.6 dB.

x # O\ AEeM; gl REL,
RESES: V2313
XHAFRERE: A

2006 4F 1 H FF 45, B Br R i 41 21 (International
Civil Aviation Organization, ICAO) % BUf 4 [ B M
FibRAE, FIACHS 3 BB, PR 10 dBY, E 2018 4F
1A, 7E 5 e BR R 48 e ok P, Xk
TR LR S gl pIL, XU 7 1 i 4 b A Xof 3 JEE
W, TE U A S Ak 25 2 B R, O ] EEAEHE,
A VOB S R T ORI H R K S ALY T S
PR Z— o A IR R M 7R R R R B ML
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Fig. 1 Diagram of three-segment leading edge design
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Fig. 4 Diagram of transition section design

1.2 &

AR 3C LB A I B R CM-1.282Y Sy SRk,
B 11T TR AT g R vk, it — R A A A
() ok 90 50000 i 230 5 LI 2, SRAR T AN (6] 2t 2y i %k
U DR R MR ()5
1.2.1 AR EE®E

ARSI 3 B X e A Ty vk b ) 2 B R
T R T AR T, BRIk, el R R 2k O
LR X B, R CM-1.2 M R ek, 2 ) g
LRPRAEL, WE S5 TR, Hodr £ 2Rk AL ) il
] 5% K TG 1 44 i Y ) 8 I R s 1 il e

0.8

0 0.2 04 0.6 0.8 1.0
s
F5 CM-1.2 FiRE RS
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Table 1 Example of transition points coordinate data

=X /P4 x'/mm y'/mm
HHIX2Y1 13 0.18
HIX2y2 1.3 0.23
HHIX2Y3 1.3 0.28
HHIX1Y2 0.8 0.23
HIX2Y2 13 0.23
HAIX3Y2 1.8 0.23
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Fig. 6 Display of three-segment leading edge design
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Fig. 7 Curvature distribution in leading-edge area
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Fig. 11  Contour of mach number contour
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Fig. 12 Pressure distribution on blade surface
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Table 2 Shock-wave angle and real mach number

B4 x'/mm »'/mm Wk fa/(0) ELS I AL

CM-1.2 19.5 12035
HEIX2yY1 1.3 0.18 17.5 1.2082
ApHIxX2Y2 1.3 0.23 185 1.206 8
HHIX2Y3 13 0.28 18.8 12056
HHIX1Y2 0.8 0.23 19.0 1.2059
HHIx2Y2 1.3 0.23 18.5 1.206 8
HHIX3Y2 1.8 0.23 18.0 1.207 4
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Fig. 14 Comparison of shock wave strength
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Fig. 15 Comparison of sound power level
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Table 3 Noise reduction

Bl x'/mm »'/mm FEMRROCR/dB
HHIX2Y1 1.3 0.18 1.63
BHIX2Y2 1.3 0.23 0.25
HAIX2Y3 1.3 0.28 0
HHIX1Y2 0.8 0.23 -0.1
BHIX3Y2 1.8 0.23 0.70
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247 W A J7C 37 Kb S e g K 1Btz R 0T AR i 1 D s 4
I, 5% 07 Ui A B PR AUR .

F3ME 15 KM, 76 3Rk B 5 b, SR
109 %t 1] 5% 4 DX 3 47 2 1A ity 25 000 Ak iy o3 I 28 2R
SR, AL A R Y JBE B AR A A i K5 RSN i 2%
ST 24 1.2% il 1) 5% K DX Btk £ Jey 350 il SR AR Ak Al
HA — 5 W R A R, LA Ol 1) JRE 32 A2 A s A oy
KA T ZN, R, 78 TR o onl DR 5 75 22
- AR TR 5 D5 B 22 ] 4 ARy 5 e i 7 ok O gk
TR EERME Y 7 28 R T 38 KT 2o U A S e A
£, (E A3 7R /T 2k Ah 7= A 1 3 I K R4 )5 B8, T
VA HRR, B AAE BRI 1 A5 5% KA HA R AL
e, ZRURAL 4 B 3 S 5 %, SRR 25 R B
3 PO Ty ZE 7 A Y R RSO AR S B BT 2% 1 A
Bl 5% N RSUR B, TEAR G R b, BEMRAICR B
U DT R TR R A

3 & 8

1) Hirg = Bl Bt i s s e BA 34
B R, AT DA o o ik BE i o P AR A O
PE, 5 Bl HH 258 22 S 14 T 80 R BB s AR 2 2R
W] BT 4 J7 V4 BE A% A7 280 H0 fifk DR 357 117 % 5 IR K (1)
R, AT LA e 58 L AR MR P, e S P 07
TR A R BRI T T

2) ASOu it BY R % HEAT SR R pth R AR AR A B
A LA B R ORI HLRERS AL HE = ax 3,
7 TR W 2R i 1 PR JRE WA 5 R AR oty R A A 1
THAR F A/, O i o 5 0K I A g ot R 35 4 4
fih s FU7E b 308 A i HE AT VB B A B A LT IR AR A
A

3) 3 Bl ok I 5 A0 R v D 5 R R e R 2

SR U AN R S A AR T | PR RS N DI,
I M SR A A, B 2% — £ 5% A i KRR MR AR i
%35 %) 4.6 dB,
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Influence mechanism of continuous curvature shaping method on
buzz-saw noise

ZHAO Tianming', HOU Jiexuan', LIU Yangwei'">"

(1. School of Energy and Power Engineering, Beihang University, Beijing 100191, China;
2. National Key Laboratory of Science and Technology on Aero-Engine Aero-Thermodynamics, Beihang University, Beijing 100191, China)
Abstract: Buzz-saw noise generated by fan/compressor blade tips is one of the main noise sources in high
bypass ratio Turbofan engine. To reduce the noise, the detached shock-wave system at the blade leading edge of a
relative supersonic and subsonic axial two-dimensional cascade is studied. First, based on the geometric hermit
interpolation (GHI) method, a three-segment Bezier curve was proposed to construct a continuous-curvature leading
edge, which has higher degree of freedom in modification design. Next, by changing the position of the transition
points between the three Bezier curves on the leading edge, the effects of local curvature optimization, overall
curvature optimization, and optimization with extra thickness upon the strength of the shock-wave and noise level at
the leading edge were explored. A comparison of numerical results showed that the continuous curvature design could
decrease the size of the over expanded zone at the leading edge of the blade, thus reducing the reverse pressure
gradient. Through local curvature optimization and overall curvature optimization, noise level at one chord length
upstream from the leading edge could be lowered by 1.6 dB and 4.6 dB.
Keywords: supersonic cascade; continuous curvature leading edge; Bezier curve; detached shock-wave; buzz-

saw noise
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AnES B T PRAT S WK 24 B FE B SERT 4 RE 70 4
B, FU, ARE, HEHW

AbstAi AR RS BT B TR, bt 100191)

i E: EMERFRAEANBRA A ZAEEEASLR cm R B0 i T LUK D
I M EEY, HARTFRENER, FREREFRA. HARA 28 RERE I X #E
(OOK) M H My iE & K Z B W4, AL R TIREFMBARN A REAGEE N, %
HARLZEEREWTHLER; oW ARNRE LML HF FHN, KECEAERMMRS é 4B
BHAATRAEAT LRELHT (TFA) FMEEREL (SFA) 5 £EFRBERIETEAEER
EHHREE, FERBAMABZEENLRERIT T R, ZOFRERNA: HRTHLS S
(TDMA) 7 K, KT IRE AR DU Lok R % 537 PIAL ] ¥T LU Bi 4 32 2 08 Ao i = 6 3
MEM, RIET EAIER, AR TERAAS B F R B AR 0 K2 B4 R fn Lt d

X B OA: MEeT; EHER; KHLERE; WEEE; REE4LBNE

hESHS: V247.1; TP393.1
NEMARESRD: A

AT S HL T R G Y R A 2 R R OR T A A
L4 X T 32 4 2K L K ) (avionics full duplex swit-
ched Ethernet, AFDX) . B[] il & A K 19 (time trigge-
red Ethernet, TTE) %5 25 & 1k W 2% 17 A 26 H.3% ,
8] 2R H] ARINC659., i1k %) .13 iH ( fiber channel,
FC) = AFDX (4l ASHLEY I H " /1 [ uAFDX 58
B 1 F nanoAFDX i 3 42 R ) i A7 $ds ==, i i
(i) SR FH E R8T FH A 9 ) e el s i ke 1) R 2647 3
{5, 4 Rocket 10 J H 15 2% Rapid 10 HpSL . P4 I
F, % (inter-integrated circuit, I'C) . H: 71, Rocket IO
R FH 2 %6 2253 B 2% ] 5B 600 Mbit/s~3.125 Gbit/s
) 0k A BHE AL B, T 1°C 50 A T R G S B £ )
F YL AR A DI RE

Rl 5 T BRI R e, 2SR A AR
TR B FFEAS AREAR o E 5 R Fn Ak B
R R AN T B 5 ) 4 R o A 2 5 i kR, 1%
SRS i G SN S DTSSR AN CE el o W N2 D)

NXEHS: 1001-5965(2023)04-0932-11

P 5 ) IS, o A 2k LA A 2k B RN A kT
oA e 47, AR LR35 43 F1 2 A0 R A5 5 S8 A 1, T
1o B 22 2 I T B N T AT T R R N A )
. 25 R H JC 4l {5 B AR 2 HL A IR 1Y
A R

TR %% TG 26 38 15 AT LA g b ff e i 25 L7 B
Y T — JEK” )R, S B AR ) R A ] A JE
LR ME . KR 2EARE WSS N 0.1~10 THz, 55k
AL T ARG RE JLT- G vh 58 5 I L 25 45
il RERSTRUIN, F76 21 S A 18l PR W Y
FL B A T SR, R AT 55 B 3 AR il T — 3k
e SO R B R JEEE T R TR A, Rk
ZENTAT R T A B Rl LR S 100 Gbit/s it
T I

Xt T BUAT 1 A 24 AT B A SIS, PR I T
T PR 4% A (commercial off-the-shelf, COTS ) ™"
25 3k 38 R e S U TR S E O A )
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Mo SCHR [6] R XEES B IA)E 15 (chip-to-chip) 5,
7E 65 nm T H AN & F AL T4 (complementary
metal oxide semiconductor, CMOS) | SZ 4 /7R T —
MIEAAERUT 260 GHz FF X445 (on-off keying, OOK)
We & HL, FAE 40 mm {5 N SEEE T 10 Gbit/s A9 02k
WAF o SCHR [7] 3B T R S2RF 16 3 IE 38 iR B
i (quadrature amplitude modulation, QAM) fi¥) 40 nm
CMOS T.Z BB R, UL TAET 265.68 GHz
O AR, SR SE B T 3 em i I Y 80 Gbit/s
B AL R

X T K 25 38 15 W B2, W5 N SR = A
N T R B R (R R R /N T 1 m) 09 Kk
SEAFIE AT T HAE ST, Hoh B 3 B R %
Yyse, SCHk [8] 76 8 5% i B0 A o 1 WG 8 1Y
Y o N B S C RN R L R G
Mk [4)WF5E T L4 A F W 4% (wireless networks-on-
chip, WiNoC) 7 2 K I F1 A ik 4% 45 4 1) 15 18 2 A,
DL A5 18 0 B AR B FE | 15 1 2 1 A A P SR S
Hik [9] 78 K 2 Mg s A 0 U0 (g Ll |, DA R AH 6
P AL R SRR K S A 3R B A R R 2% 38 1 Y
T I A T AR AN ST X A B

IS A U Y O 2% 38 ) L2 R A 9 R BT
Kk 2% 155 S5 1E A BiorF Z A TR . )
RZ 55 A R R PR AR, Bk Z2 BV IR R K
5 % 38 15 ) B2 R VAR A N, A TR S kL TC o
(A S5 4 sl s e

K M 2% 38 15 % % 2 09 v BT U7 ) 45 ] (media
access control, MAC) T )= & I8 W 2% 3 $5 73 b A 0>
2 e B oA =X M SOk (110 %44 oK 9 2%
PR T —Fh o AT OGS PR, s R ] B A
Lyapunov AL 0 Pt A4 B 2 48 2K 9 28 45 i 1) S AR AL
s ], AE i >R FH A 28008 W W 22 % 15 1] (carrier sense
multiple access, CSMA) E. A ANy 5 M5 SCHik [14] #2
H “HE %47 (rate division, RD) £ §& 55 FH R #], AH
71T BRI R A 455 LR (£ B 7, 5 ik b ¢
SEIFA] T, /Y FOAE ) K 1261 B, A il 48 JLAAR /N 3
ik [15] W45 H B 43 22 ik (time division multiple access,
TDMA) 558 ARES & 9 2 i 5 77 2.

A SCEE R A5 L 1A A8 MR B) B8R R TR] Y R
BRI, oy BRI 4 U i) Z2 B D 1) O
B 4 R bI aSC1®) 3 aod 9  45 V5 A A R O T R K %
BF[], 2 0 28 745 i B4 Ak T 80 A5 BE B 2 B, TC
L AR )RG5 1Y AR F] T LR R T K
M FE . FREA P IR ] TC % T B 154 1) 1)
P BEAT 22 U7 IR], AN b8 [ Arh 38 42 i IS AR 5K
Y BL S RS L

VE N2 ARG, A T REHERIE
SRR B0 1 A sl SRUEAE 2 R A PR RE, T LR
2% 78 B (network calculus, NC) B i X1 il 15 R Gt 1T
RSO0 AR AT PR, AR SCEEE TAE
T3 75 S 25 A5 18 1 W WU RE S M A T il
P DA 2% 75 1 25 5 4R ) T R I 4 R PR ISR R
%% 38 {5 MAC)Z Z B Vil Jr ik, fh HuEW 5
TDMA J5 AR L, B 1 AR 9 45 17 480 T 1Y S if
5 43 liz I NC 238 rh S i 43 H7 (total flow analy-
sis, TFA) 1 & B i & 43 ¥7 (separate flow analysis,
SFA) J7 145 21| i 412 H 9 FR INF 4> i 22 8 17 0] B0 3L )
iff M R 55 2R, I NC 2S5 BE HLAR L 2 B
N Z TR B A A R0 e, IRss & S5 A
AR D AH 45 5 15 B DR TERE R B SR A A R Y
TEAFIEIR LR

1 FREFSREAHZZBERER

K 2538 5 W )2 T S TR A % R
N 3 55 e SR RN AR K P BR o A ST ke 19 3
B 38 15 SR FH 4= 1n] K42 . OOK A il F={E AH i o,
BHAEUE T 288 A 4.
11 B FIEESKMZEENNES R

53 - W W A5 7 e ke 1Y) 48 FE 5 W 7 b 2% A
B e s /N LA SE A LT GHz Mf s 1™,
4, SR 2% f 1 B A5 1B AT T AR E A
PR 350 GHz [ 10T, A5 0.34~
0.36 THz,

AT AR FH R 4 25 7 1) M R 2R R b 4% 15 5 ™
A AR BIFELE AT MU E A S P B AL e,
S AR A 1) 5 0 7E P 4252 Y L P R A 1 [
PRI R A 32T R Y, 38 ] LS B — X
ZW) R E, A SCIrTHE R S RICR A R4 .
1.2 AFEAER

X 4% 3 PR 2 38 A7 AT LA R HH T #8508 ) Jok o
Hil 7 =", 4L OOK., — pE i A %% HE # (binary
phase shift keying, BPSK). ik w lig B 1 ] (pulse
amplitude modulation, PAM) F1 ik ¥ {37 & ¥4 i (pulse
position modulation, PPM) 55:; HoA OOK 2 i I8 77 =X
S AT N e W G e B (1 N U E [ B
S 78 ok R T A R ) O =X s T A PR A
5 o AN, OOK ¥ i 7 1% “0” B i 0 8K, RE48
AR 55 53 WM M

RS A Y 30T B 3 £ R ) OOK 3 ] 75 = A
B T B AR AR TR, R SHE SRR R

S)=> Apt—kT,-7) (1)
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5 5 120 0.75 120 3.75
6 4 150 0.5 120 2.00
7 3 100 1.0 100 3.00
8 5 120 0.5 160 3.33
9 6 160 0.5 120 3.00

10 4 120 1.0 120 4..00
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R k, P, /us C,/us D, /us THT, /us
1 2 120 2.0 120 4.00
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3 6 100 1.0 100 6.00
4 3 120 1.0 150 3.75
5 5 120 1.25 120 6.25
6 4 150 2.0 120 8.00
7 3 100 1.0 100 3.00
8 5 120 1.0 160 6.67
9 6 160 0.5 120 3.00
10 4 120 1.0 120 4.00
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Real-time performance analysis on Terahertz interconnection with
timed token protocol in avionics
LIJia, LI Qiao*, ZUO Yuanjun, XIONG Huagang
(School of Electronics and Information Engineering, Beihang University, Beijing 100191, China)

Abstract: Using Terahertz communication technology to achieve centimeter level inter-board/chip inter-
connection in avionics can reduce pins and connectors, electronic equipment volume, and maintenance costs. For the
short-range Terahertz communication network with omni-directional antenna transceiver and on-off keying (OOK)
modulation, the calculation results of Terahertz channel capacity are given by analyzing the point-to-point
communication link considering the molecular absorption noise and loss. Combined with the timed token multi-access
protocol between nodes, and according to the channel capacity, the service curve model is used to analyze the total
flow analysis (TFA) and separate flow analysis (SFA) in the worst case. The real-time performance analysis method of
time limited token Terahertz interconnection is obtained by fully considering the burst degree of application layer
communication task with probability guarantee. The case study shows that, compared with time division multiple
access (TDMA), the collision free multiple access mechanism based on time limited token protocol can adapt to the
random changes of physical layer capacity and application layer load, ensure less delay, and is conducive to the
realization of Terahertz Interconnection Networking and real-time communication between avionics chips and boards.

Keywords: avionics; real-time communication; Terahertz communication; network calculus; timed token

network
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Thermal oxidation reliability and structure optimization of thin film thermocouple

WANG Yidan, SUN Yufeng', LEIDongyang, XUE Yuging
(School of Reliability and Systems Engineering, Beihang University, Beijing 100191, China)

Abstract: The part of an aero engine with the highest temperature is the turbine blade. The film material is
prepared on the surface of the object to be measured to form a thermocouple sensor, which can timely and effectively
measure the temperature of the turbine blade. The diffusion failure of the thermal oxidation interface between
multilayer films of thin film thermocoupleis one of the main reasons for the low reliability of thin film thermocouples.
One of the main causes of the low reliability of thin film thermocouples is the diffusion failure of the thermal
oxidation interface between multilayer layers. Based on Fick's second law, this paper proposes a diffusion reliability
model of multilayer film to quantitatively describe the diffusion failure mechanism of thin film thermocouples.
Through simulation calculation and particle swarm optimization, the optimal structure of each layer is obtained with
the goal of maximizing the lifetime of thin-film, It provides a certain method reference for improving the lifetime of
thin film thermocouple in structure and technology.

Keywords: thin film thermocouple; interface diffusion; reliability; particle swarm optimization; optimization

simulation
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Simultaneous measurement of size and velocity of burning particles based on
light field imaging
ZHANG Chi', HUANG Yizhi', WANG Changjian’, YI Jianhua’, XU Chuanlong" "

(1. National Engineering Research Center for Thermal Power Unit Vibration, Southeast University, Nanjing 210096, China;

2. Xi’an Modern Chemistry Research Institute Key Laboratory of Combustion and Explosion Technology, Xi’an 710065, China)

Abstract: To characterize the dynamic combustion behavior of metal fuel in solid propellants, a simultaneous
measurement method for the burning particle size and velocity based on light field imaging is proposed in this paper.
A light field imaging system is established and the burning metal particles are imaged by the light field imaging
system. The refocusing images of the burning particles are further obtained through refocusing algorithm. The
calibrations of the light field system are carried out and the relationship curve between the depth and the optimal
refocusing parameter is determined. The image segmentation algorithm is used to identify and locate the particles in
the refocused image and then the particle sizes of the burning particles are calculated. Following the identification and
localization of the particles in the refocused image using the image segmentation technique, the burning particle sizes
are determined. The trajectories and velocities of particles are reconstructed through 3D particle tracking technology.
Experimental results illustrated that the light field imaging technology is capable of making 3D measurements of the
size and velocity of the burning particles of metal fuel, and characterizing the combustion process of metal particles.
The results of the experiments showed that the light field imaging technique is able to characterize the combustion
process of metal particles and make 3D measurements of the size and velocity of the burning metal fuel particles.
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Comparison of turbulence models for unsteady flow simulation in a
long and narrow cabin

HAN Yifei, HU Xuesong, GAO Ying, ZHANG Yongzhi’

(College of Environmental Science and Engineering, Donghua University, Shanghai 201620, China)

Abstract: Aiming at the problem of turbulence model selection for unsteady flow simulation in a long and

narrow enclosed cabin, this study uses an aircraft cabin as a typical environment and uses the heat shrinkage ratio

method based on similar criteria to build a simplified experimental platform. The experimental results are compared

and analyzed with the numerical simulation results obtained by the three turbulence models of RNG k-¢, DES and

LES, and the appropriate turbulence model in the study of unsteady flow characteristics in the long and narrow

enclosed cabin is evaluated. The results demonstrate that the RNG k-¢ and DES models are capable of qualitatively

describing the flow trend, but the LES model is more accurate in capturing the unpredictability and instability of the

flow field, and its flow field structure is more in line with the experimental findings. Therefore, the LES model can

more truly reflect the unsteady flow of the long and narrow enclosed cabin.
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Multi-factor degradation test design for molecular sieve oxygen concentrator

SUN Hongda"*, JING Bo', ZHANG Yu', JIAO Xiaoxuan""

(1. Aviation Engineering School, Air Force Engineering University, Xi’an 710038, China;
2. Unit 93032 of PLA, Yanji 136200, China)

Abstract: For lack of research on degradation test (DT) for molecular sieve oxygen concentrator (MSOC) and

clear account of the factors causing degradation failure of molecular sieve bed (MSB), a DT design method of MSOC

based on orthogonal test was proposed. Based on the working principle of MSOC, the main factors causing

degradation failure of MSB were determined, and a DT system of the MSOC was built. The optimal test height for the

DT was 9 km, as was determined and verified by several controlled tests. A DT scheme of MSOC was designed based

on the orthogonal test idea. The influence of various factors could be obtained through 9 typical tests, which reduced

the test times and costs, and improved the efficiency of coupling tests. The test design can simulate the real working

environment, and can effectively reduce the impact of test factors on the initial value of the test results.
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Table1 Coil parameters obtained by simulation

KBHEK  YIRLE WHEL LIE ST WML
M/uH HERL/WH  HURL/uH  HBAR /Q R, /Q
14.073 18.153 16.379 0.202 0.186
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Fig. 12 Simulation diagram of inverter circuit in contactless power supply system
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Fig. 13 Input and output waveforms of inverter circuit
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Table 2 Actual coil parameters
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Table 3 Test measured value

VIRRERIE kS kO Blow Blow kT Bl
B /mm  HJE/V OHEE/A HBENV OHEE/A FW /W

1 28 0.3 325 0.22 8.4 7.15
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Design of contactless power supply system for stratospheric
airship anemometer
YUAN Mingyu"?, ZHOU Jianghua" > ", HAO Yong', ZHANG Xiaorong"*, QIN Huixian" >

(1. Aecrospace Information Research Institute, Chinese Academy of Sciences, Beijing 100094, China;

2. School of Optoelectronics, University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In view of the deficiency of the power supply mode for the electric slip ring of the stratospheric
airship anemometer, a contactless power supply system of the airship anemometer based on DSP control is designed.
Based on the principle of electromagnetic induction, the composition of contactless power supply system is defined;
by establishing the equivalent circuit model of the system, the factors affecting the transmission efficiency and power
of the system are analyzed; combined with the structure and application background of the boat borne anemometer,
the nested loosely coupled coil is designed with the help of ANSYS Maxwell electromagnetic simulation software.
Finally, the main circuit of the system is simulated, and the primary and secondary circuits based on DSP are built to
verify the working characteristics of the system. Simulation and experimental results show that the designed
contactless power supply system can accomplish good wireless energy transmission, and can supply power for
stratospheric shipboard anemometer after depressurization.

Keywords: airship anemometer; contactless power supply; principle of electromagnetic induction; transmission

characteristics; nested coil
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BIEE S . TS KW, BRB 7 H 24 R 40 dh AL A
GE R U A VR AT R B T R PR AR
LLT &G A AL T REXERFEME=Z, €
R ICTERYE el 5 BoRME AT TR R S 4k, (15 1R
MEHE S — N5 4 A9 BRB. i3], A SC4F X BRB X
DAAE R S i In) A, $2 40 T BT A R e ik M E A
# U J%E (finite element method and belief rule base,
FEM-BRB) i 4514 % 4 A ik, %05 i BE e 1
B FEM SC 80 LLT 76 4% 52 T00 T /9 45 48§ 1 2% 53
Br, B B & R ERA LT f# LLT 194588 A8 T2 FR1E,
I8 RAELE R AR A SE LTI S8, il 58
%, BRB [ HEREE ST

SR, LLT TAEIREE &2 2% 270, S B0 ) A5 4
o4 A HE, # FEM-BRB K55 B B2 0l4 A n] 52y
B, 2 AT AL L RS BE BT M AR S e
SRR, 2B BT AT M R R R T
ST TAE. 40, Wang 21 58 5o % 18 B0 I =22 18] ()
AEARUME , 57 7 30U A A R A O A3 BT B 1
AT B, A o W DU SO AN AT S O A i e T
PM2.5 T 285 S (g e b o SR AR AR S R T —
P 15 8 — B A9 I R TR EOE T SR, DAER
o 2 8 SRS D 7 1 A B AN 8 4 P SR O T 1Y
B ARG E A R . DL, A T R FEM-BRB Y
PEAIAE FE, T it — 02 R BS AN o] S g )

BEXT 1 3R ) B, A4S SCHE FEM-BRB A5 8 ) 3L i
L ST AASE AR AT B IR T AR, A
T TR LLT 45494 4 PP 84 FEM-BRB-c.
IZ VAR BALE 1 25 G % AR 517 bR ifE GB713-
2014"7 F1 API 653-2009", i i FEM S8t 8 4 4%
M 1225307, 520 BRB 25000463, 3 TE A
— BTy AR PR A A B, R — A AR AR AT
5 BER R G J7 ik o B 48 AR AT (5 A 20 b 4R Al 2]
FEM-BRB Pl #5 50 vpr | D)y i fith 7 245 4 28 2 TEA
RG], B IE T AR R AR T AR P A AR

1 EaREmR

T BRB 2544 2 2 1R LA S 2t BRB 1
HEFEHL 2 3B . o, BRB B S A4 HE AR R i 3
filh, o 2 PR S AR DE AR ORG BE 0 OCHE . H T,
BRB it 75 (1 2 ${Gil 8 ih & 5% 46 50 0 400 50 0 IR 45
FE o BRI, T LLT REE R s B =, T4
B — 2 M 11 A R DR X0 I VA T IR
FIAR i 175 100 T 1 25 A0 A8 T RS, DT BBOPP A &5 21
N

FEM i 5L H1 /& Clough Z4#Z7E 1960 4F-42 117,
FH T g CAIL A 25 46 B T 43 W 1) R A Ry 2546

R WIS s, FEM AT DIRICTE A5
B0 B LLT g5 #8 mm i LA, Sh sk = e 5 B =
1) TR AR AL T — R %UW ). Witk 35T BRB
AL, 5] A FEM, #& i T 2 T FEM-BRB 1Y LLT %5
W e R %O a5 B FEM #647 LLT
MY L5 R 153 A, 385 L AR B2 Mo LA & 5w
AT EAE RN S H AT 4R = BRB A 1
ik B2

1t FEM-BRB 5 # 1| — 2% '8 {5 10 J0) Xof )i — e
T Horh, Sk SR R RN
R.: If xy =AY A+ Ax, =AY,

then {(D1.B1x) . (DnBwx) } (1)
K X = (xRS 22 A PP A AR Y DG F AR
BANEATER A, x5 A5 W U AE 2540 28 TE 1 A
SN, AN RSB A={Asi= 1, m, j =
Lo JYRAN R S HHE S, TN xS
FAHNEG D =Dy, Dy ALTAGZE RS, &
/R LLT IS5 AE T REBE, DA NG 45 R, N oA
VEAG 25 TAEG B L R 43 e 45 VA 45 5 D, 1Y)
WIhG EAE B, T Xt R T80 £ A BRIC A=A 1
H— B Ew it A E] . k=1, , L) kK
TR B R DU A B, S e 1 > iR U A R AR 25 ) 2 A

VAT, L= [ ABASG G = 1, m)
W,

2 EFEEMEFINNERRETHRE

FEM-BRB-c 5 111 3= 22 40 5 3 A~ 2, an &l 1
B o B —30 4015 B FEM Al 18858 i 9 46 2 8%,
PEAT 8 b5 AT AE BE 0 H 5, TR AR RE B, S ) IR
FEM-BRB-c AU (157 o 8% — 3R 73 32 B B iR 4
P PR 0 S PP A AR RS 4 B B 0 R ] A
TR 7 22550 A 18 BLFEAL A (projection
covariance matrix adaption evolution strategy, P-CMA-
ES) 4k B35 X w1t FEM-BRB-c #5874 4k, LA
P R AL PR RS
2.1 ETARTAZENRESKHE

J£F FEM BB 2808 5 T 2 AL 152 T FEM
B 25 ALY 1 0 2 0 A FLRE T 0 A 45 2R R R 2 Y
B, BARSCER AR 2 R

HB 1 BT FEM WY LLT 2589 # 1 2% 53 H7

FER L LB B AT R
e R 8 BRI 12 03 B v R e 4 4 S T Y G B
T A5 A AT X = {0, ) R X B B9 2 H (A =
{Ajsi=1 mj= 1, J}, FHEAEH T IWAE 145
RS AT A A R EICH f = (0, X))o
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Table 1 Referential values of structural deformation states
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Fig.3 Physical entity and simplified models of oil tank
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Fig. 4 Finite element model of oil tank
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Fig. 5 Structural parameters of reinforcement equipment and its

connection with oil tank wall
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Table 2 Referential values of uneven settlement

SHER NL NM NS ZzZ S M L
ZFE/mm 4189 2095 -10 0 10 2095 41.89
*3 RESEHGHESEE
Table 3 Referential values of liquid level load
SHEN i AefiE i
2% {t/m 0 114 228

FIHLHR (5 EALAL |, A (2), 753 B8 T00H X
N e K S AT Bw, (i =1, -, 2D) K VT — 4k 5 Y
RGN EEEw = (W), wy)e BHTH 1 FH
M AR RE R ) 22 A A R S 21 Fp AL I — 4k
I W = {wi, - wy, ), NIEL 6 FIIEL 7 JT7R o

F4 WMREEHNE
Table 4 Initial belief rule base

- .
s AL fit LT RS A 4 A e LA T A SEAASTE RS B oG oA
X1 X2 X1 Xk

1 1 NL X 0,0,0.000 7,0.999 3 12 1 z e 0,0.721 3,0.278 7,0

2 1 NL e fa 0,0,0,1 13 1 S 25 B 0.331 3,0.668 7,0,0

3 1 NL e 0,0,0.015, 0.985 0 14 1 S et 0.336 7,0.663 3,0,0

4 1 NM 25 HiE 0,0.502 5,0.497 5,0 15 1 S T 0,0.5115,0.488 5,0

5 1 NM e fa 0,0.502 0,0.498 0,0 16 1 M 25 i 0,0.693 3,0.306 7,0

6 1 NM e 0,0.3880,0.612 0,0 17 1 M e 0,0.697 5,0.302 5,0

7 1 NS ZS i 0.209 0,0.791 0,0,0 18 1 M e 0,0.167 3,0.832 7,0

8 1 NS E& 0.208 3,0.791 7,0,0 19 1 L 23 0,0,0.508 0,0.492 0

9 1 NS HE 0,0.618 0,0.382 0,0 20 1 L B 0,0,0.513 7,0.486 3
10 1 z sk 1,0,0,0 21 1 L e 0,0,0.256 3,0.743 7
11 1 z e fi 0.623 7,0.376 3,0,0
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X
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Fig. 6  Structural deformation nephogram of oil

tank under case 1
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Fig. 8 Observation data of oil tank
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Fig. 9 Assessment results generated by cross-validation
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Table S Parameter setting details of BP and fuzzy

inference method
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Table 6 Different models evaluation accuracy resulting from

cross-validation
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Structural safety assessment model of large liquid tanks considering
environmental disturbance
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2. School of Transportation Equipment Support Department, Army Military Transportation University, Tianjin 300161, China;

3. Military Representative Office in Baoji, Equipment Department of Rocket Army, Baoji 721000, China)

Abstract: To solve the problems of lack of prior information and incomplete reliability of monitoring data in

structural safety assessment of large liquid tanks (LLT), a structural safety assessment model of large liquid tanks

considering environmental disturbance is proposed based on the belief rule base (BRB) and finite element method

(FEM). First, the FEM estimates the basic parameters of the proposed model using industry standards and subject-

matter knowledge. Secondly, the index credibility is calculated based on the information consistency method to reflect

the influence of disturbance factors on the monitoring data in actual engineering. Then, a new fusion method can be

used to integrate the index credibility into the model reasoning process to complete the construction of the proposed

model. Finally, a 100,000 m3 oil storage tank is selected as the research object to verify the effectiveness of the

proposed model. The results show that the proposed model can not only effectively deal with the problem of

unreliable monitoring data, but also take into account the internal structure mechanism of large liquid tanks, thereby

minimizing the negative effects of a lack of prior knowledge on the accuracy of the assessment.
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Fig. 8 System work in simulation and test with 2m/s landing velocity in different attitudes
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Research of single leg drop performance of new adaptive landing gear

SUN Hao" >, YIN Qiaozhi"**, WEI Xiaohui">*", CHEN Shuai"**, NIE Hong"*’

(1. College of Aerospace Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;
2. State Key Laboratory of Mechanics and Control for Aerospace Structures, Nanjing University of Aeronautics and Astronautics,
Nanjing 210016, China;
3. Key Laboratory of Fundamental Science for National Defense-Advanced Design Technology of Flight Vehicle,

Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: For the problem of inadequate terrain adaptability caused by the fixed structure of traditional
helicopter landing gears, a new landing gear integrated for buffering actuation and walking with two stage buffering
system was designed. The buffering function under multiple conditions was realized, the magnetorheological damper
works to realize function in the conventional landing; the magnetorheological buffer and the oil-gas buffer work
together to realize crashworthiness under the dangerous condition. A drop simulation model was established in the
multibody dynamics software LMS Virtual.Lab Motion. The adaptive landing gear can adjust attitudes by two
hydraulic actuating cylinders. The drop simulation analysis of the normal condition and the crash-resistant condition
was carried out, and the buffer parameters were designed according to simulation data., the drop test was carried out
under various conditions. Compared with the test and simulation results, the results show that the system’s buffering
efficiency reached 85% and 75% respectively at two landing speeds. The adaptive landing gear can adjust to different
attitudes actively, and it has good buffering performance at each attitude and a crashworthiness ability. The fact that
the simulation and test findings were in agreement shows how well the multi-body dynamic model of the landing gear
simulates the drop process.

Keywords: adaptive landing gear; multistage buffering system; crashworthiness; multibody dynamics; drop test
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