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Working principle of novel double-axis arc-shaped
large-size involute artifact

CHEN Hongfang, LIANG Chaowei, LI Baoshan, XIE Huakun, SHI Zhaoyao "

( Beijing Engineering Research Center of Precision Measurement Technology and Instruments,

Beijing University of Technology, Beijing 100124, China)

Abstract. Due to the difficulty of machining large-size involute artifact;sit is even more difficult to meas-
ure, and as a result, the transmission of values in large gears has always been a problem. In this paper, an
arc is used instead of involute tooth profile to construct a newjtype <f large-size involute artifact—the double-
axis arc-shaped large-size involute artifact. The principle of ‘he new large-size involute artifact is introduced,
the design method of the artifact is studied, the princinle error model of the artifact is established, the single
error of the gear measuring instrument which-¢an be evaluated by the double-axis arc-shaped large-size involute
artifact is proposed, and the methed of evaluating the tooth surface deviation measuring performance of the gear
measuring instrument by usitg tiie artifact is presented. In order to verify the feasibility, an artifact for testing
principle was processed,: and the-experimental results show that the measured principle error curve of the pro-
cessed doublezaxis are~shaped large-size involute artifact is consistent with the overall trend of the theoretical
principie grror-curve, which is hump-shaped, proving the accuracy and feasibility of the establishment of the
principie ‘error' model of the artifact. The magnitude of the entire assessment deviation curve is 45.5 pm within
the assessment range, corresponding to a resulting pressure angle error of 1.34 pm /rad. The experimental re-
sults also demonstrate the correctness of the arc selection criterion, the design model of center distance\amd the
design model of arc radius for the double-axis arc-shaped large-size involute artifact. The paper provides theo-
retical support for establishing the value transfer of the large gear.

Keywords: involute artifact; gear measuring instruments; gear measurement method; large gear; value

transfer
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Abstract: In order to ensure the flight safety of generalzayiation aircraft in low-altitude airspace, an im-
proved model of flight conflict detection based on support veécter machine (SVM) is proposed. First, according
to the physical form and flight status of the-Gircraft, a protection zone suitable for the general aircraft is estab-
lished. Then, the improved ID3 decision iree aigorithm is used to reduce the search space to a local method to
select aircraft with potential flight confiicte,” and choose the appropriate training set by random forest ( RF)
method. Finally, the tarh function is used to optimize the probability mapping of the easily saturated sigmoid
function to the SYM classificaiion results. Through simulation verification and contrastive analysis, the results
show that the DBSACN-algorithm based on density clustering is used to remove outliers, and the data generated
by false vlarms aad missing alarms are removed as the training set to optimize the SVM classifier. Therefore,
using improved flight conflict detection model, the false alarms and missing alarms are reduced by 0.6% and
1.6% respectively, and the execution efficiency of the algorithm is improved. The model has bette:"anii-inter-
ference ability and stability.
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Fig.5 Comparison of true value of minimum channel with fitting results of this paper
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Fig. 6 Comparison of transmittance and restoration results in sky-images
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Dehazing algorithm based on interval estimation and
adaptive constraints of transmittance
YANG Yan" , ZHANG Jinlong, ZHANG Haowen

(School of Electronic and Information Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China)

Abstract: In order to solve the problems such as insufficient transmittance estimation and color cast of re-
sults of dehazing algorithms, an image restoration algorithm based on miniruth channel interval estimation and
transmittance adaptive constraint model is proposed. Firstly, brighi-channel of hazy image is obtained by using
maximum operation of different sizes, and average value_processing \and frequency domain filtering are com-
bined to get the atmospheric light estimation. Secondly, "stzifing from the atmospheric imaging theory, mini-
mum channel of hazy image is regarded as a Constraint;-then upper and lower boundaries of minimum channel
of hazy image are fitted by plane model and adaptive mapping model respectively, and minimum channel of
dehazed image and initial transmitiance ‘estimation are obtained. Finally, the initial transmittance can be re-
fined by filter smoothing ard adaptive-boundary constraints to obtain the optimized transmittance, and accord-
ing to atmospheric scatteiing medel, restoration results are obtained. Experiments show that the restoration re-
sults of the propésed algbrithm have natural colors, appropriate brightness, thorough degree of dehazing, rich
detailea ififorniztion’ and low time complexity, which effectively solves the problems of insufficient transmit-
tance estimadon and color cast.

Keywords: image restoration; frequency domain filtering; plane constraint; function mapping; -interval

estimation ; adaptive boundary constraint
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Table 3 Energy spectrum analysis result of corrosion products
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Table 4 Quantitative results of single aging damage
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Table 5 Calculation results of aging damage grade
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Fig. 10 Fitting result of aging damage grade curve
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Correlation between accelerated aging of coating and natural exposure test

WANG Pengfei, HE Xiaofan" , ZHANG Han, LI Yuhai

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

Abstract: In order to study the correlation between accelerated aging test and natural exposure test, a
comparative test between the exposure test and accelerated test on typical 7B04 T74 aluminum alloy-
30CrMnSiA steel-7B04 T74 aluminum alloy connectors with double row & steel screws was carried out. The
specimens were accelerated in the protective coating accelerated aging envircnment for 6 cycles and the natural
exposure test of Wanning, Hainan for 2 years, respectively. The'agiiig features including loss of gloss, fading,
chalking, bubbling, cracking, flaking and metal substrate dorrosion of protective coating were observed and
measured , the aging characteristics and matrix cofrr¢sion products of accelerated aging and natural exposure
protective coatings were compared and analyzed , the comparison on the tested aging characteristics of protective
coatings indicates that the acceleraied-aging test can make the characteristics of the field aging reappear. Con-
sidering the multi-attribute and dynamic characteristics of aging characteristics of protective coatings, the aging
damage in two environments 1s ¢comprehensively evaluated quantitatively, and the variation law of aging charac-
teristics with time is'described by exponential function. By comparing the aging kinetics, the equation of the
equivalent acceleraiion factor was given. The equivalent acceleration relation between two environments was
obtained as 0.4 year/cycle.

Keywords: protective coating; correlation; equivalent acceleration relation; accelerated aging tesi; natu-

ral exposure test
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Table 2\, Detecticn results on airport pavement APD dataset
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Faster R-CNN ResNet-101 0.062(GPU) 40.86 68.53 90. 47 74.34 68.55
Cascade R-CNN DetNet 0.137(GPU) 47.96 87.11 90.91 82.95 77.23
AR SCE DetMSPNet 0.167( GPU) 49.44 87.54 92.64 84.42 78.51
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Fig.5 Aisualization results of various algorithms on APD dataset
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Table 3 Effectiveness of CBAM module

AP/ %
) 4% mAP/%
HMak 1 BE T £ I 7 54 & b
DetMSPNet (JG CBAM) 49.82 89.09 90.91 83.67 78.37
DetMSPNet 49.44 87.54 92.64 84.42 78.51
%= 4 DetASPP B E KM
Table 4 Effectiveness of DetASPP module
AP/ %
6] 24 mAP/ %
EAE T BE T T £ B 17 24 & b
DetMSPNet ( J& DetASPP) 48.55 88.35 92.81 83.19 78.23
DetMSPNet 49.44 87.54 92.64 84.42 78.51
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Table 5 Effectiveness of maximum pooling branch
AP/%
g % mAP/%
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DetMSPNet ( JG fix Kt Ak 37 ) 49.18 87.81 90.91 83.19 77.77
DetMSPNet 49.44 87.54 92.64 84.42 78.51
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Algorithm to detect thin strip-shaped structural diseases on airport
pavement in complex background

LI Haifeng ", HAN Hongyang

(College of Computer Science and Technology, Civil Aviation University of China, Tianjin 300300, China)

Abstract: The structural diseases on airport pavement, such as cracks, corner fractures, broken seams,
and repairs, have the characteristics of narrow width, different length, ond Iéss pixel proportion in the image,
which show a thin strip-shaped structure, and the contrast is lew in thé ‘complex background. These factors
lead to detection failure when using the existing detection elgorithms. To solve these problems, a deep neural
network model, named as DetMSPNet, based on atteniion niechanism and feature fusion is proposed. First,
the attention mechanism module CBAM is uséd to make-the feature learning more focused on the disease area
of the thin strip-shaped structure and.snppress-the interference information. Second, the residual atrous pyra-
mid module is constructed to extratct the \feature information with different scales. Then, the maximum pooling
branch is designed to facilitate the fusion of different features from shallow and deep layers, and improve the
positioning ability efthe"model for diseases. In addition, the deep features are fed into three dilated convolu-
tions with different dilaied rates and pyramid pooling modules, so that the disease features contain more global
context iniormation. Finally, the disease features generated from all levels are fused to fulfil the information
complementation from different scales and different levels. The comparative experiment was conducted with
three classical object detection algorithms on APD dataset, and the results show that the proposedalgorithm
achieves an mAP of 78.51% , which is better than its counterparts. The proposed DetMSPNet impreves the
adaptability of the algorithm to the narrow width, different length, less proportion of piyels inithe image and
low contrast with complex background for the detection of thin strip-shaped structurél-diseases on airport pave-
ment. The experimental results show that the average detection accuracy-of the proposed algorithm is im-
proved.

Keywords ; thin strip-shaped structural diseases on airpoi! pavement; DetMSPNet; attention mechanism

feature fusion; complex background
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Fig.4 20 LDR test pictures used in this experiment
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Table 1 Comparison of objective performance

among different methods

1k PSNR  MPSNR  SSIM  MS-SSIM HDR-VDP-2
DTMO 2 22.31  22.44  0.58 0.59 63.79
ExpandNet'®! 23.61  23.79  0.70 0.71 78.02
HDRCNN3)  25.70  25.95  0.60 0.63 79.93
AT 24.99 25.26 0.71 0.77 7367

TS
(d) ExpandNet! (e) HDRCNNF! (f) A7

K5 AFEITES 30 HDR EIME 0 3 008058 %t 1

Fig.5

Comparison of subjective effects of HDR images obtained by different methods
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iR EERSG, WK 6 i, £ LDR El% i
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Fig. 6 HDR image reconstruction in low-color-gamut
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Fig.7 HDR image reconstruction in general scenes
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Tabiec 2 Comparison of objective performance of

GRRIE

different branches of network in ablation experiment

VRS PSNR MPSNR SSIM  MS-SSIM HDR-VDP-2
AT 24.99 25.26 0.71 0.77 78.67
Eid sy 22.06 22.46  0.61 0.65 77.73
A g 43 3 22.36 30.46 0.42 0.45 77.54
A 5 A 43 3 22.84 42.44  0.45 0.47 78.72

1 pRR

(a) Zdsirpisy (b) fHh > 32

(o) (XL A5y

(d) fURAIY 32 (e) A3CT7 ik

K8 iHELSEE . ﬁ‘“Iﬂ%rﬁ4\Hﬁj‘§i@ﬁ%fﬂﬂ@£xﬂl§”§%\Ea

Fig. 8 Subjective image quality by retaining different branches of network in ablation experiment
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(1. ZMITERY (5820, BY] 650500; 2. Jbaifias i KRR 1 e Blas S ~C TR 22 BE, b5 100083)

] B, 4% FastSLAM EXFEANEN T M AERE SR ITEE LS EUR
BT E S E A, R BT — M E T 4 A F 8 % (I0BPF) B9 & 3 AL # A
FastSLAM H %, ®%&, ¥ & Kk EX(FA) WMo A FRALEH 5 N A FIRME(BPF), LT #
BEFHEAEEEH AR BHEHE AR MEEHR AR, FAETFELS R LM AETUAK
B, BT HAFRRERE RE, UKHANERRNMAR FRBITIEA LM
H, XAV R AR R K (EIKF) 52 i Hy B 6y My 2 Fn B 3, # o0 AL 28 A 6y 4 AL {7 E A
SE R SE B 25 RGR N\ BT 3R B U FastSLAM B 3% 7T F R A4 AL F o M d 5T PR IR 0 | A 2 BT

FR T8, AT EE R B FastSLAM B E (LA JE fdh A B &K,

*x B
(KA ¥ &K o £ /R 2389 (EIKF)

FE4 %S . TP242.6; TB553

MERAREE . A

Bl N TR BEFBIL A AN AR Y i 8 S
TERATE R HET B, AR T34 A EE
AE 1 B9 REAL &% A A5 5K 1 2 3, i ) 20 7€ £z
S5 K A4 # ( simultaneous localization and map-
ping, SLAM) 252 AL 4% A HIE R BB AL Y ST 5
FEFR . HAT, £ X SLAM YR i & 20 800 a
9 Oy LT B A B U B9 O YA R ST I e A /Y O
W v BT IR R D A A S AR A 3ok
DU RS T B, E R A TY R KRR E
JEV¥ (extended Kalman filter, EKF) i) 77 ¥ 1T
KT U8 U ( particle filter, PF) [ 77 1, Xf T 78
EKF 280 7 f# 5219 SLAM 53k | JR 88 4R 11F 1) 8%
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XEHRS . 1001-5965(2022)01-0053-14

R B R ) oA S R A -8 2
7 N R 5| It , Doucet R PE Rao-
Rlackweliized i T J€ I ( Rao-Blackwellized particle
filter, WBPF) A4 73 fift LA H i T RBPF-SLAM , i%
73 VAT LA S8 o i 1] vy ek R e ) 5000 DG K [
R, I HLRT DAAR I 52 PR g P A5 2 A AN [) 28 2
B ML K, BE 5, Montemerlo %57 X H T
FastSLAM 535 | I 3d i i — 20 e e A A 5 1
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TR T ERAA A 1 — 5K A PR 5 Y 52 R 1A
() If S5 1 LA N Bl Al it n 45 2R W 2 A
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SR TR I 19 32 4 2 o S AT B U0 SR A BT
R K, A T DO A A B R [R) R

Wis B H . 2020-09-25; FAHHEA: 2020-11-13; W4 H AR E; 2020-12-02 1402
M 2% H AR Hr ik . kns. enki. net/kems/detail /11.2625. V.20201202.1127.001. html
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Fig. 1 Box particle and its mathematical definition in
two-dimensional space
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Table 1 Basic mathem:tical definition of

two-dimensiorial box particle

goi o i ([X]) = maxwid ([x,])
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X7 1|= max | [x,] |

[N [[X]] = wid ([x,]) - wid ([2,])
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FastSLAM for mobile robot based on box particle filter with
intelligence optimization
LUO Jingwenl‘* , QIN Shiyin2

(1. School of Information Science and Technology, Yunnan Normal University, Kunming 650500, China;

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

Abstract . The traditional FastSLAM algorithm requires a large nunther-of particles to build the map, thus
resulting in high computational complexity and difficulty in improyving the/estimation accuracy. In view of these
problems, an algorithm of FastSLAM for mobile robot is presented based on box particle filter with intelligence
optimization (IOBPF). First, the dynamic optimization iaechanism of firefly algorithm (FA) is applied to the
box particle filter ( BPF) , and the formulas of fluoreseance brightness updating, attraction calculation and po-
sition updating of box particle are constructed, which makes the box particles move toward the high-likelihood
region intelligently and avoid the phenoraenon of box particle degeneracy. Then, the improved BPF with intel-
ligence optimization is utilized to estimate the pose of robot, and the extended interval Kalman filter ( EIKF) is
employed to complete the map building and updating. The results of model simulation and entity experiment of
mobile robot show that\the-intelligent FastSLAM algorithm in this paper can effectively improve the perform-
ance of bex perticies and reduce the number of particles required for map construction, thus significantly im-
proving\the positioning accuracy and robustness of map construction.

Keywords: simultaneous localization and mapping; mobile robot; box particle filter ( BPF) ;_firet'v algo-
rithm (FA) ; extended interval Kalman filter ( EIKF)
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Application analysis of Durbin method in solving dynamic
response of damped beam
ZHANG Xiayang, ZHANG Kai, ZHAO Qijun”, WANG Bo

( Nationai Key Labotate:y of Rotorcraft Aeromechanics, College of Aerospace Engineering,
Nahjing\Utiiversity of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract. ttased ¢n Timoshenko’s beam theory and K-V damping model, the method for the frequency
domain ‘vibratign) solution of the non-proportionally damped beam under a stationary impact load is studied.
The dynaric response of the damped beam is derived by introducing traditional Laplace transformation and
Durbin’s Laplace inverse transformation ( Laplace method). Three typical beam boundaries are iaken into
consideration in the derivation of Laplace method to demonstrate its applicability. Thereafter, ithe numerical
method is validated under a special proportional damping condition and compared with the modal superposition
method. The numerical experiments fully investigate the impact of algorithmiec paraiaeters and system parame-
ters. The calculation results indicate that the dynamic responses of the fundam>=ntal damped beam system can
be reasonably computed by the Laplace method under various boundary ‘and loading conditions, showing com-
parable accuracy with the modal superposition method. However,\ the /Laplace method is slightly affected by
the slenderness ratio of the system. Although Laplace method 15 easier to manipulate than traditional modal su-
perposition method, its accuracy is affected bvits inherent-numerical parameters and step external load type,
and thus the algorithm stability needs futther imprcvement.

Keywords; structural mechanies; iaplace transformation; Durbin method; K-V damped beam; dynamic

response
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Fig.2 Triaxial force curves and blow-off moments of Test 1
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Windblast {ernormance of pilot helmet-mounted night vision goggle system
ZHAO Yanpeng', WU Minglei" ", LIU Heqing', HONG Tao®, LI Jun®, ZHANG Yougang’

(1. Air Force Medical Centre, PLA, Beijing 100142, China;
2. Aerospace Life-Support Industries, Ltd. , Xiangyang 441003, China)

Abstract:; High-speed windblast experiments of pilot helmet-mounted night vision goggle systéem-vere car-
ried out to study its aerodynamic characteristics and the forces on human cervical vertebia; and o evaluate the
influence on the safety of ejection life-saving, so as to provide a basis for the d¢sign and-use of helmet-mounted
night vision goggle system. The test was carried out by an open wird tunnel called high-speed windblast test
platform. The ejection seat was fixed in front of the tunnel nozzle . .and the HYBRID Il dummy was fastened on
the ejection seat with anti-gravity suit, helmet with night visioi“gozglés and oxygen mask. Taking 850 km/h as
the starting speed, we adjusted the speed in turn-according to-the principle determined by the experimental de-
sign. The night vision goggles had lower and\upper state, which corresponded to working and non-working
state respectively. The helmet-mounted ight vision goggles wearing state during the windblast was recorded by
a high-speed camera, and the forcé and torque of the lower cervical vertebra of the test dummy were meas-
ured. The high-speed camera and\force and torque measuring system used the time benchmark set by the
windblast test system to achieve synchronous measurement. A total of ten tests were carried out, in five of
which the night vision goggles were blown off the helmet, and in another five of which they were not. The force
and torque curves of the cervical vertebra, and the time and trajectory of the goggles blown off were obtained in
each test. According to the test criterion, the blowing speeds do not exceed 850 km/h. Compared with the
helmet without night vision goggles, the windblast performance of helmet-mounted night vision goggles is rela-
tively reduced. The cervical torque exceeds the standard when the speed is more than 800 km/h, 700 km/h is
the critical point and 600 km/h is qualified. It is recommended to limit the windblast performance envelope of
helmet-mounted night vision goggle system to 600 km/h.

Keywords: pilot; helmet; night vision goggles; windblast; ejection life-saving; physiological tolerance
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Rapid design method of spacecraft casting cabin structure
ZHENG Chengcheng” , WANG Jiebing, WU Mangiao, XU Dashuai, YANG Chen, CHEN Shuang

(Science and Technology on Space Physics Laboratory, Beijing 100076, China)

Abstract: In order to improve the structural design efficiency, desigii-cuality and iterative efficiency of
the spacecraft casting cabin in the scheme demonstration stage, tliestructiral parameters of the casting cabin
are studied in combination with structural characteristics of-the spacecraft with complex surface, and the curve
curvature method is used to express the parametric\layout-of 'ongitudinal reinforcement. The publication ele-
ments of the cabin structural frame model are defined to achieve the Top-Down design of the casting cabin.
Simultaneously, a rapid parametric design method for spacecraft casting cabin structure is proposed, normal-
ized modeling is implemented by defining casting feature naming rules and creating feature sets, the rapid de-
sign is realized by encapsuiating cabin design knowledge, and the feature parameterization is realized by crea-
ting feature parameiers and feimulas. Finally, the rapid design environment for the interactive casting cabin
structure is-estabiished; rapid structure design and rapid structure modification of casting cabin structure are
realized ) /and the feasibility and effectiveness of the proposed method are verified by the example of spacecraft
casting cabin.

Keywords: complex surface; structural frame model; parametric design; rapid structure desigr;| rapid

structure modification ; normalized modeling
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Fig. 1" Conipatational grids for OA309 airfoil
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Table'l Aerodynamic performance of OA309 airfoil

with different amounts of computational grids

4% i 4% H ¢ Cy
1 16 714 0.50 0. 011 293
2 33 744 0.50 0. 010 831
3 50 370 0.50 0. 010 758
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Fig.2 Comparison of pressure coefficient at surface between

numerical results and experimental data for OA30%<airfoil

(Ma=0.6,Re=2.5x10°,5'206)
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Table 2 Design objectives and constraints for a rotor airfoil with 9% thickness

ETRe) BIHRE P lER 2y
1 Ma=0.4,Re=3.2x10°,C,=C,, . max: C,
2 Ma=0.4,Re=3.2x10°,|C, |=|C,...| min: | C, |
3 Ma=0.6,Re=4.8x10°,C,=C,, .. max:C,
4 Ma=0.6,Re=4.8x10°,C,=0.6 min; C,
5 Ma = MddO ,Re = Ma x8 x10°,C, =0 min: C, | €, |(design) < | C, [(0A309)
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Fig.4 Optimal Pareto front for optimization of rotor airfoil



AeALF 4R

100 Jt 50 ML 7 M R Ok % R 2022 4

O DCIREEA K I 5 (b) rf (0 DX, S ke i H A
15 R4 2B P JE R, X5 & 4w
R — 5, LI T SOM F 2 4 M i IE B kL
BIS(f) N &4 SOM oot & MR %, 25 &
Bl S(a) ~(e)  Proa &l 5(f) = # @ pond iy

(d) [ RZKL5 () /KL

MEFEAT T, Fd A T ARITTT 8
A EAR,TLLE 8 Al it B b B w5 B AL,
HoHEs 1 FIEbR 4 5EARE R BA 3 H
bR 3 WA FRE, Bhs 2 FIEbR S T8, Tk
BOH AR S 1 ANAMA IR CFD - AT st o0 #r

-1.04

(B SOMEZE) i

#'5  ffl Pareto Hi¥y SOM W] ¥4k &5 5 (9% J& B 3L )

Fig.5 Visualization results of optimal Pareto front using SOM (airfoil with 9% _thicknéss)

F 4 Pareto BIAEHIEEA 8 ARM B4R
Table 4 Eight groups of optimal objectives

selected from Pareto front

D A 5 5 Ja I

-1.0069 0.4852 -0.9732 1.0275 0.3387
-1.0007 0.4943 -1.0026 0.9915 0.16%0
-1.0008 0.4769 -1.0049 0.9926 . 0.1284
-1.0098 0.4783 -0.9841 1.0243 " 0.1319
-1.0090 0.4231 -0.9838" 1.020'1 0.1115
-1.0090 0.4710 -0.9842, *1.0214 0.1088
-1.0075 0.4891 -0.9847 '1.0154 0.090 7
-1.0028 0.4319 -0.9769 1.0145 0.1796
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Table 5 Geometry information of OA309 and
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R % 0.088 4 0.063 12
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Table 6 Design objectives and constraints for a rotor airfoil with 12 % thickness
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Fig. 12 Visualization results of optimal Pareto front using SOM (airfoil with 12% thickness)
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A6 OA312 355 0t A 36 0 T BE 4 4 X L
(Ma=0.6,Re=4.8x10°%)
Fig. 16  Comparison of lift-to-drag ratio curves between

0A312 and optimized airfoils (Ma =0.6,Re =4.8 x10°)

- - - - OA312®
=
Us
-0.005 -
-0.010 -
~0.015 | | | | |
0 0.2 0.4 0.6 0.8 1.0

B 17 OA312 37U 5 it A 32 A0 g A X L
(Ma=0.6,Re=4.8 x10%)
Fig. 17 Comparison of moment coefficient curves between

0A312 and optimized airfoils (Ma =0.6,Re =4.8 x 10°)



104 b it &= MR K 2% % R

2022 4

0.018
— iR

- - - - OA3123A
0.016 .

0.014

S

Q
0.012

0.010

1 1
071 072 0.73 0.74 0.75 0.76 0.77 0.78 0.79

0.008

Ma
& 18 OA312 3 5 44k 35 %0 BH 77 2 bl 5 B 528 b
FEPEXT I (C, =0, Re = Ma x8 x 10°)
Fig. 18 Comparison of drag coefficient varying with
Mach number between OA312 and optimized ai-foils

(C,=0,Re =Ma x8 x 10%)

4 & it

BT MCEA/D Bk AR SCHR T e 3 38 AL i
Yt Z PSP 7 i, SR kriging A B4R Y 12
T SRR IR SOM J7 % Xt A Pareto fi#
AT T AT AL A A, BRI 5 H AR AL
SR e i

1) MOEA/D %3k BB 5 A SOCK i = 4k 2 H bx
SN RAL BT IA] 5 25 4 i K AR 7Y | BE 8 1=
A fire i g 3 B 5T R S B AR AL B T )

2) w4z H AR A8 T 4 5 e LA E i 4
(K & B W Hh 2 7R B A Pareto Bi#y ., SOM 224
BT RE &% R Tt 1 D SR SR AL B &y 1) 4 Ry mT A AL 45
B OHE BT Pareto 1 WY H 28 BUZE A M RE BLafad
Bt g R,

3) TSRS e 2 H bR g Tt H
B AL kA v b 3 R S A b E R B
ST FEAVRH Sy RV | AR R R RN R ) A IR
MEZRG T AR IS4 & e 34T L3N Pk RE AR GL
Rtk

2 # 3k (References)

[ 1] X, ETHHURER S B R AR M. L mt i A Tolk il
ML, 2013:1-3, 112, 256.
DENG J H. Aerodynamic methodology of a helicopter rotor
[ M]. Beijing: Aviation Industry Press,2013:1-3,112,256 (in
Chinese) .
LEISHMAN G J. Principles of helicopter aerodynamics[ M ].
Cambridge ; Cambridge University Press,2006:1,387.
[ 3] Bk RSOk, whil e, 4 TR L Air 2 AW fk
Beit [T, iz £ 41,2012,33(7) :1218-1226.
YANG H,SONG W P, HAN Z H, et al. Multi-objective and

[6]

[8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

multi-constrained optimization design for a helicopter rotor air-
foil[ J]. Acta Aeronautica et Astronautica Sinica,2012,33(7) :
1218-1226 (in Chinese).

EU L IRR . BT s Wk B 3 A £ 5 R Ak Bt
[J]. WiZs 80 124 4% ,2016,31(6) :1487-1495.

WANG Q,ZHAO Q J. Synthetical optimization design of rotor
airfoil by genetic algorithm [ J]. Journal of Aerospace Power,
2016,31(6) :1487-1495(in Chinese) .

WANG Q,ZHAO Q J. Rotor aerodynamic shape design for im-
proving performatice of an unmanned helicopter[ J]. Aerospace
Science and-Teclinalogy,2019,13(30) :1-10.

MASSARO A, RENINI E. Multi-objective optimization of heli-
copter-a‘tfoils using surrogate-assisted memetic algorithms[ J].
Journal of Aircraft,2012,49(2) :375-383.

ZHAO K,GAO Z H,HUANG ] T, et al. Aerodynamic optimiza-
tion of rotor airfoil based on multi-layer hierarchical constraint
method [ J]. Chinese Journal of Aeronautics,2016,29 (6) .
1541-1552.

DEB K, JAIN H. An evolutionary many-objective optimization
algorithm using reference-point-based nondominated sorting ap-
proach , Part 1;Solving problems with box constraints[ J]. IEEE
Transactions on Evolutionary Computation,2014,18 (4) :577-
601.

ZHANG Q,LI H. MOEA/D: A multi-objective evolutionary al-
gorithm based on decomposition[ J]. IEEE Transattichs on Ev-
olutionary Computation,2007 ,11(6) ;7127731
PRYKE A,MOSTAGHIM S,NAZEMIL A. Heatinap . isualization
of population based multi-obiestive algotithris[ C] // Proceed-
ings of Conference “on Lvorutisnary Multi-Criterion Optimiza-
tion. Berlin ; Springer, 2607 .361-375.

INSELBERG A. Parzllel coordinates: Visual multidimensional
eeometry anl its applications[ M ]. Berlin: Springer,2009.
KOMONEN T. Self-organizing maps[ M . Berlin : Springer,2001.
HOFFMAN P,GRINSTEIN G,MARX K,et al. DNA visual and
analytic data mining[ C] // 1997 Proceedings of TEEE Visual
Conference. Piscataway : IEEE Press,1997:437-441.

BLASCO X,HERRERO J M,SANCHIS J,et al. A new graph-
ical visualization of n-dimensional Pareto front for decision-
making in multi-objective optimization [ J ]. Information Sci-
ences,2008,178(20) :3908-3924.

KUMANO T,JEONG S,0BAYASHI S, et al. Multidisciplinary
design optimization of wing shape for a small jet aircraft using
kriging model [ C] // 44th ATAA Aerospace Sciences Meeting
and Exhibit. Reston; ATAA ,2006.

EE. R TR Y BB A S s 4k £ A ) R
FID]. PG%  PHdL Tk K2 ,2018.

WANG C. Research on surrogate-based efficient aerodynamic
optimization and many-objective problems[ D ]. Xi’ an; North-
western Polytechnical University,2018 (in Chinese) .

DAS I, DENNIS ] E. Normal-boundary intersection; A new
method for generating the Pareto surface in nonlinear multicrite-
ria optimization problems[ J]. STAM Journal on Optimization,
1998 ,8(3) :631-657.
LW, R 8 XN 4. )

1 i B/ H i 2 A RHE IR RS
PEBE R GERE T[] A2 224

12018,39(5) :121731.



Ae AL R

1) K4 eI A 2 B ARSI A T 105
HUANG J T,ZHOU Z,LIU G, et al. Numerical study of aero- method[ J]. Journal of Aircraft,2008,45(1) ;142-158.
structural multidisciplinary lagged coupled adjoint system for [20] GIUNTA A,WOJTKIEWICZ S,ELDRED M. Overview of mod-
aircraft[ J |. Acta Aeronautica et Astronautica Sinica,2018,39 ern design of experiments methods for computational simulations
(5):121731(in Chinese). [C]//41st Aerospace Sciences Meeting and Exhibit. Reston :

[19] KULFAN B M. Universal parametric geomelry representation ATAA ;2003.

Many-objective aerodynamic optimization design for rotor airfoils
SONG Chao, ZHOU Zhu, LI Weibin®* , LUO Xiao

( Computational Aerodynamics Institute, China Aerodynamics Research and Develipmeat Center, Mianyang 621000, China)

Abstract. The design of advanced rotor airfoils is a typieil multi-design-condition and multi-objective op-
timization problem, and traditional optimization methods cannot meet the requirement of high-dimensional
multi-objective optimization design for airfoils. In this'paper, a many-objective optimization design method for
rotor airfoils is proposed based on the multi-Chjective evolutionary algorithm based on decomposition (MOEA/
D), which considers the lift and “lrag, performance under both low-and high-speed conditions, moment per-
formance and drag divergence performance. The high-precision kriging model is utilized to improve the optimi-
zation design efficientyFive-objective global optimization design for the inner section and middle section of
the rotor airfoii i conducted in this paper. The optimal Pareto solution set is clustering analyzed by the self-or-
ganizing riapping (3OM) and a representative rotor airfoil is selected and analyzed using the CFD solver. The
results show'that, for the airfoil in the middle section, the magnitude of the moment coefficient at low speed is
reduced by about 50.7% . At high speed, the maximum lift coefficient is improved by about 6. 5%, -and the
maximum lift-to-drag ratio is increased by about 7. 7% , and meanwhile the drag divergence peformance 1s en-
hanced. Evident performance improvement for the inner section airfoil is also achieved. ;TLe résults show that
the MODA/D is suitable for many-objective aerodynamic optimization design prcblems, and the proposed
method can effectively improve the low-and high-speed aerodynamic perfarmance.design capability for the rotor
airfoil.

Keywords: rotor airfoil; many-objective; aerodynamic uptimization; multi-objective evolutionary algo-

rithm based on decomposition (MOEA/D) ; self-organizitig mgpping (SOM)
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Abstract: This paper proposes a small sample lifetime evaluation’model based on Bootstrap method for
aerospace products which have the characteristics of small sample and“long_service life. Using B-spline func-
tion as the Bootstrap sample empirical distribution function, a random case sample with replacement is ob-
tained. And on this basis, the lifetime evaluation rasdel” is ‘esiablished by using non-parametric Bootstrap
method and parametric Bootstrap method respeciively. Holiow cathode ignition test data are evaluated based on
the proposed method, and multiple lifetiine“characteristic results are acquired. The results are contrastively an-
alyzed with those concluded by, coriventional maximum likelihood estimation method of parameters, and it
meets the need of the engineering)precision, which demonstrates the engineering practicability and effective-
ness of the method.
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Energy optimal control of hybrid electric vehicles in
connected environment
CHEN Fei', XIE Hehui', YANG Shichun' ", FENG Song', LIU Jian', GAO Xinhua®

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

2. Chery Automobile Co. , Ltd., Wuhu 241006, China)

Abstract: Energy management strategy is one of the core technologies-cf hybrid electric vehicles, which
determines the fuel economy and emission performance of the vehiclel Admiag at the problem that the existing
energy management strategies of hybrid electric vehicles are|all deveioped based on the fixed operating condi-
tions without considering the actual road driving cenditions’, ‘wroposes a hierarchical energy control method for
hybrid electric vehicles in the connected environnient-hased on the road trcoffic in formation and surrounding
vehicle in formation obtained by intelligent tzansportation system (ITS) and dedicated short range communica-
tion (DSRC) technology. Road traifictnformation and model predictive control algorithm are utilized to predict
the optimal velocity of vehicle in-the\upper controller. The lower controller is designed to follow the optimal ve-
locity by using targétivekicle velocity information obtained in the upper controller, and uses the fuzzy neural
network contrél algorithim 1o optimize the torque distribution between the engine and the motor to reduce fuel
consumption. ‘The simulation results show that, compared with the traditional energy management strategy, the
proposed 'method can avoid the vehicle stopping at the red light effectively, so that the fuel consumption rate of
the vehicle is reduced by 34. 88% , and the emission of HC, CO, and NO_ are reduced by ¥0)59% ,
66.19% , and 1.05% , respectively, which improves the fuel economy and emission perfarrance(of lybrid
electric vehicles.

Keywords: hybrid electric vehicle; hierarchical control; energy management; fuZzy neural network;

connected environment
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Table 3 Energy consumption of different pathways in condensation and hydrogenation based on alkanes products
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Table 4 Energy consumption indexes of condensation and hydrogenation of various processes
A 2 HFE + HLFE U FE
Lz BT BT 45 BT g5 BFaw  ETEEH ETHE Ty ETEEH
Hift/g FEF/) FFF/k) LuRTIiVAS) LuRTivAl FiF /g i/ g it/ g
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Energy consumption of condensation-hydrogenation process to
prepare alkanes from lignocellulose biomass
HUANG Xinghua, DONG Shengfei, YANG Xiaoyi"

(Energy and Environment International Centre, School of Energy and Power Engineering, Beihang University, Beijing 100083, China)

Abstract. With the increasing maturity of technology for preparing furfural, 5-hydroxymethylfurfural, le-
vulinic acid from lignocellulose biomass, platform compounds reuse techinologi has become an international hot
spot. By studying the characteristics of the self-condensation -end” cross.condensation processes of platform
compounds, as well as the feasible paths for subsequent_hydrogenation to prepare synthetic jet fuel alkanes,
two processes for preparing jet fuel with the full compoiient use of lignocellulose biomass derived platform com-
pounds were designed. Through energy consumptior “analysis and evaluation, the main energy consumption
units and main input energy consumption ma'erials in each process route were determined. Furfural-levulinic
acid cross-condensation hydrogenation ‘viocess compared with furfural self-condensation hydrogenation process
and 5-hydroxymethyl furfurai seli-condensation hydrogenation process has obvious advantages in terms of heat
consumption and hydiogén consumption. In order to realize the full-component utilization of straw, furfural-le-
vulinic acid crost-condensation hydrogenation is combined with 5-hydroxymethylfurfural self-condensation hy-
drogenation process, and according to the current process technology, the jet fuel yield can reach 19.6% .

Keywerds : platform compounds; condensation; hydrogenation; energy consumption analysis; alternative

jet fuel
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Table 1 Comparison of aerodynamic coefficients
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Steady blowing control at wing-engine junction of airliner

LIU Rui, BAI Jungiang” , QIU Yasong, LI Yufei

( College of Aeronautics, Northwestern Polytechnical University, Xi” an 710072, China)

Abstract. For airliner with a wing-mounted engine layout, in order to ensure ground clearance, the pylon
has to be short, which leads to a slat cutout, and the nacelle wake of the engine generates low energy flow and
even flow separation on the upper wing surface. Numerical simulation method has been used to systematically
study active flow control technology at wing-engine junction of airlinerito improve the aerodynamic performance
of the landing configuration. The influence of the blowing| parumeiers on blowing performance was studied
using the wing-nacelle configuration. The results show thiat; at"high angles of attack, blowing can suppress the
separation of the upper surface of the wing behkind-ths-nacelle, and the maximum lift coefficient can be signifi-
cantly improved. Since the width of the blowing slot and the blowing mass flow rate influence the total pressure
of blowing air, they show great effects ¢n the blowing performance with the improvement of the lift coefficient
of more than 0.05. The angle between the blowing slot and the upper wing surface affects the area of blowing
energy, making a cpnsiderable effect on the blowing performance. The position of blowing slot affects the con-
trol range of ihe blowing ali’, which also has some effects on the blowing performance. Finally, the full-body
configuration \with and without nacelle vortex fins were studied respectively. For the configuration without na-
celle-vertex fin, the lift coefficient of the linear segment increases by about 0. 15, the maximum lift coefficient
increases by 0. 186, and stall angle of attack increases by 1°. For the configuration with nacelle vortex fin, the
lift coefficient of the linear segment increases by about 0. 13, and the maximum lift coefficiént indreases by
0.16.

Keywords: flow control; flow separation; lift coefficient; slat; landing configuration; large bypass ratio
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il e Bl 75 22 5545 5 e IR AH 5E AR

WEE %% ) ke i, i 2 W 4 A
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AN F R 9, Simonyan 1\ Zisserman "’ yin
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Table 1 Accuracy rate of different modles on FER2013 and CK + datasets
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Tabic 2\, Comparison between proposed models and

state-of-the-art methods on CK + dataset
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Fig.3 Confusion matrices of the proposed models on
CK + dataset
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Table 3 Comparison of accuracy rate between
proposed models and state-of-the-art methods

on FER2013 dataset

LI 4 B I 2 B A R/ %
DAM-CNN!3! VGG-Face 66.200
BReG-NeXt!** BReG-NeXt 71.530
Shao 3% ResNet101 71.140
ALAW3 ResNet 72.670
Cov-Bam-FBN ResNet34 73.671
Cov-Bam-IGN ResNet34 73.502
Cov-Bam-BGN ResNet34 74.227
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Fig.4 Confusion matrices' of the preposed models on FER2013 dataset
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Table 4 Comparison of accuracy rate between

proposed models and joint optimization strategy

R/ %
R 4 B
CK + $d 46 FER2013 % 4
FBN 91.9 72.973
IGN 92.3 72.834
BGN 91.7 72.889
Cov-Bam-FBN 95.1 73.671
Cov-Bam-IGN 95.5 73.502
Cov-Bam-BGN 95.1 74.227
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Facial expression recognition based on attention
mechanism and feature correlation

LAN Linggiang, LIU Qiyuan, LU Shuhua’

(College of Information and Cyber Security, People’s Public Security University of China, Beijing 1026007, Ckona)

Abstract: There are many challenges including occlusion, illumination at'd posture variation in the facial
expression recognition under natural conditions, leading to the low accurdcy. This paper proposes a new deep
learning network model for facial expression recognition. This model uses ResNet as backbone, and introduces
the bottleneck attention module and the global second-order pcoting tayer. The bottleneck attention module fo-
cuses on the extraction of important expression icatures,, and the global second-order pooling layer aims to
measure the correlation among expression features), ‘On this basis, the joint normalization strategies are used
balance and improve the distribution of feziure data, which improves the accuracy of expression recognition.
The test and validation of the proposed method have been carried out on the two public datasets FER2013 and
CK + , resulting in the highest accuracy rates of 74.227% and 95. 8% , respectively. The performance is bet-
ter than most of the latest facial expression recognition methods. The results indicate that this model has better
accuracy and robustness.
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FMEA analysis of mechanical system of three-dimensional
material warehouse unit
BIAN Renpeng, JIA Zhixin*, BI Wenhai, LI Wei

(School of Mechanical Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: The three-dimensional material warehouse unit is an important sheet metal storage center in the
sheet metal automatic intelligent production line. Its reliability is directiy retéted to the reliability of the sheet
metal automatic intelligent production line. Therefore, failure maae and‘effects analysis (FMEA) for the me-
chanical system of the three-dimensional material warehouse -unit of the sheet metal automatic intelligent pro-
duction line is very important. Aimed at the problem of lack of function and failure causality analysis in tradi-
tional FMEA | maintenance aware design environment (:MADe) software is used to perform functional analysis
and failure data analysis for the mechanical-tystem of the three-dimensional material warehouse unit, and es-
tablish the function model diagram of the three-dimensional material warehouse unit and the failure causality
diagram of the mechanical systera. On-this basis, the fuzzy cognitive map (FCM) adjacency matrix of the me-
chanical system is e¢nsitucted according to the functional model diagram of the three-dimensional material
warehouse unii,“and \then the FMEA table of the mechanical system of the three-dimensional material ware-
houser unit is obiained through calculation. The FMEA analysis of the mechanical system of the three-dimen-
sional maierial warehouse unit based on MADe software shows that this method is universal for improving the
reliability of the sheet metal automated intelligent production line.

Keywords: three-dimensional material warehouse unit; mechanical system; failure mpde ana, eiiects

analysis (FMEA) ; maintenance aware design environment (MADe) ; fuzzy cognitive inap (FEM)
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Table 2 Characteristic temperature of battery
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optimized scheme
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2 0.015  27.804  23.095 7.764) | 22.506
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Design and optimization of baitzry pack liquid cooling
scheme bkased on serpentine channel
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(1. School of Transportation) Science and Engineering, Beihang University, Beijing 100083, China;
2. ChilaAcademy of Launch Vehicle Technology, Beijing 100076, China)

Abstract. Compai=d with traditional vehicles, electric vehicles have a broad application prospect under
the bacizground: ¢f rapid development of new energy. As one of the power sources of electric vehicles, the per-
formance wf-pattery is easily affected by temperature. Battery thermal management system, which can control
its working temperature, is of great significance to extend battery service time and ensure the safetyiand stabili-
ty of electric vehicles. Aimed at the phenomenon that the temperature of power battery itseif is'tos high, the
heat generation characteristics of the battery are analyzed firstly, and then a set of liquidjcooling thermal man-
agement scheme based on serpentine channel is proposed and optimized. Finally|-th% simulation results in
temperature field show that the optimized liquid cooling structure has an- obvious-impact on the working envi-
ronment of the battery pack. Especially under the high temperature condition, the battery can work in the opti-
mal temperature range of 20°C - 35°C , and meet the requiréieny thal the temperature difference within the
battery pack is less than 10°C.
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Table 3 P, at the end of discharge

P, /10 7°
H
0.5C 1C

K a 7.488 9 22.843 3
L b 88.537 5 179.948 6
L o 54.487 5 89.021 1
B d 10.012 9 20.278 2
% e 88.706 9 180.002 8
L f 155.269 4 296.066 4
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Influence of connection mode_on consistency and heat
production cf baitery modules

DING Changriing; WEN Hua "

(School of Mechanical and Eiectrical Engincering, Nanchang University, Nanchang 330031, China)

Abstract. In order to siudy. theunroisistency and uneven behavior of temperature in lithium-ion batteries
packing, based on the'électrocheniical-thermal coupling model, this paper takes eight pouch batteries as an
example, establishes ditferent circuit modules through different series and parallel connection modes, and ana-
lyzes the temperature |characteristics and inconsistency of batteries at the discharge of 1C and 0.5C. The re-
sults_showy that the inconsistency and temperature difference of the battery module are related to the discharge
rate. The increase of parallel branches or the decrease of the number of series units will not only reduce the
average temperature rise and maximum temperature difference of battery module, but also affect the teripera-
ture rise rate and voltage at the end of discharge. When the number of parallel branches is the same ) the con-
sistency of the series-parallel modules is better than that of parallel-series modules:” For the parallel-series
modules, the more batteries are connected in series in the parallel branch, the worse the consistency of the
batteries is. For the series-parallel modules, the more the number of parzllel branches, the worse the battery
consistency.

Keywords: battery module; inconsistency; electrackzmical-tharmal coupling model; series and parallel ;
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Table 2 Results of linear fitting of eighth-degree

polynomial coefficients and discharging rate

EXe B By

Ag; 5.245 x10? -1.888 x 10°
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Ay 5.213 x10° —-1.746 x 107
Ay, -1.427 x 107 4.690 x 107
Ay 2.432 %107 —7.846 x 107
Ay -2.360 x 107 7.474 x107
Ay, 9.984 x 10° -3.103 x 107

2) JitH RDT 4k 5 i

CERTLLY QRS = e i S (1 1S IR R
AR SR . RIL, 2 A R AR )
AR IR R DA 3 297 -7 N i R i
RN HEL 2 ) R ) TR BB AR AR 2 e A
HH, SAMME R AR S AR, AR
ok 0.983, Ud B i HL 25 i S5 R AT R 2 R A
(e TP
Q, =ki+b (10)
Kb, Qu MR i XA R k=
-0.397 5;b=3.416,

WE 6 T 7~ HL I A5 239 B O, B T v I JR]



186 b3 M= it R K % % W 2022 4
23(5) HL 255 ;S0C, M o B 20 1Y SOC ; AN [a] L It 477 SR 18 i
< 335 HC B BB B ] T, R 3BTRS
E 330 F3 R FLE 5 2R A PO B P B
22(5) . ) ) . . ) ) ' . Table 3 Total duration of constant-current discharging
0 0.1 02 03 04 0.5 at different discharging rates
LG R/C

K5 h AR SRR LA
Fig.5 Linear fitting between discharging capacity and

discharging rate

45 |_
42
2 39\
x|
2 5
B33
3.0 |
27 : T R
0 250 500 750 1000 1250 1500
fif[E]/min
—[=0.05C —171=0.12 =V A0\ 5C
—7=0.2C — 1=06:22C T =0.3C
——[=035C_ — [=04C -— 1=0.5C

6 AN [R] R it ot HL TR Tl v I ] 9 G %
Fig. 6 Relationship netween terminal voltage and
Gischargingitime at different discharging rates
Ji o AT R AR AT R R
P 5] 22 T A2 4R SR 2R

Qoi Qoi
T, = ~% = 11
“T 1 "ic, (1)

O Ty, R RUVRAR 38 0 0T 0L B4 S R I 18] 5 1 R r
WisC, AbRFRE R, G (10) F(11) T4
b 1 k

To =07+ (12)

Fiea (12) A BB Bt ) T, 5 A5 R
Bhk=-0.3825,b=3.414, WME 7 fix. T4
/i ARt R, H kAR BS54
K (10) A BT IR F 8208 (k A 25 308% b 1%
0.6% ), LW 2 RILG 2 w9,

Xof T AR IR PR R A R A 2 E LA ALIAL 1
JHCHL 0] ¢ B 20 RDT AT &R
Q, Q- S0C,

RDT(¢) = ~% = X2 "2 — 7 .80C,  (13)
ji Qo 0
T()i
K. Q, R ¢ B Z1 H R S QR H T Y R
1500
£ 1000
£
g
ZE. 500

0 s 10 15 20
AT
o GBI —— RS
B 7 R R R AT R A

Fig.7 Fitting between discharging time and discharging rate

A/ C Ty;/ min
0.05 1343
0.1 675
0.15 448
0.2 334
0.25 266
0.3 220
0.35 187
0.4 162
0.5 129

2.2.2 RUKESNLEHE

70 AL I R A AR A RO b R R S R Y
T LR S B0 A8 A I B0 5 0 e o R A AR
KA, ASCH TR R 3 AR B il AT
I8, BV B 218 BOFIE B, K8 Ry
H Y 78 HL R 3 L R 5 SOC Y 56 28, 24 H it L TR
ARAG AT, A Jth i R 23 iR b T, T — A R
Jei ity HL R TF AR 22 18 M B T, SR TR B T R Y
B AR ORI S AT R AN R G BN
e 5 o o F 1 T & it s RU TR (4. 25 V) )R,
U R 2SR =05 S i N N 2 S LT 0 N 0 =)
0.01CH}, i A H #5536 L, SOC =100%

I S FEL SRR AR A PR T R B iy F 3K B e K
PRI BR O R B, A T 2 B AR N 2298 R
BTN TORE X IX 3 AN B BEAT AT A T A

1) P I+ B

PR T e BE A 5 252 5F B) R 70 P 25 o A T
HL A AR A EE BAR N AN 3R 4 i H it Ak T R
Fh B 25 50 o 25 00 A AR B[R] 0 B H it £
SOC Al RCT X REVR R M S % B L H . &4 H
DL A SO PR T He B A 3647 (i AL B
SOC =0,RCT H 5 K,

44
345 ———
42 #
>
2 4.0 JEE
2 38 :
3.6
34
32 R
0 20 40 60 80 100
SOC/%
—1=005C —1=01C — [=0.15C
——7202C —1=025C — [=03C

P8 AN [a] L It 7% % 52 HL I 3 HL 45 SOC A 6 &R
Fig.8 Relationship between terminal voltage and

SOC at different charging rates



AeALF 4R

51 KRR |55 2 IEAT R0 T2 CAE % A H o A 5 49 07 187
R4 REAERZTRHEASERSEMSESL Sitg FEL 5 AN TR B A SR I ZR AR A BT R

Table 4 Percentage of charging time and charging

capacity at the stage of voltage rising rapidly

HLAR R /C i8] o b/ % HL o L/ %
0.05 0.98 0.99
0.1 1.36 1.39
0.15 1.87 1.97
0.2 2.29 2.49
0.25 2.19 2.49
0.3 1.96 2.32
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Table 5 Fitting results of polynomial coefficients and

charging rates at the stage of voltage rising slowly
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Table 6 Fitting results of Coefficient p, and charging

rates at the stage of voltage rising slowly
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Table 9 Work stage division of energy storage
battery (Plan A)

¥ B i 221 AT

1 18:00 ~18.:40 0 77:0?6777
2 18.:40 ~06:40 0.066

3 06:40 ~07:20 -0.066 ~0

4 07.20 ~08 .40 0

5 08.40 ~11:32 0~0.268

6 12.32 ~13.24 0.268 ~0

7 13:24 ~18.00 0
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IR .
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Table 10 Work stage division of energy storage

battery( Plan B)

o Bt fisk %] AT E/C
1 1800 ~ 1840 0~ -0.072
2 18:40 ~06:40 -0.072
3 06:40 ~07:20 -0.072 ~0
4 07:20 ~08:10 0
5 08:10 ~11:52 0~0.339
6 11:52 ~12.55 0.339 ~0
7 12:55 ~ 1800 0
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Fig. 16  Simulated flight test results (Plan B)
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iiodeling and analysis of stratospheric airship’ s energy
storage battery considering rate
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Abstract; Accurately grasping the actual power of energy storage batiery is one of the key factors for the
stratospheric airship to realize long-time flight. First, a simulation. model of a stratospheric airship energy sys-
tem was established to analyze the energy input and corsumption, dynamically. Then, charging and discharging
tests of energy storage batteries with different electric /cutrent ratios were carried out. The polynomial fitting
method was adopted to establish an analysis maael of state of charge (SOC), remaining discharging time
(RDT) and remaining charging time { RCT) in|tiie process of charging and discharging of energy storage bat-
teries. Finally, the flight simulaiioit was tairied out by combining the energy input and consumption models of
the energy system and the battery mniodel to obtain the variation data of each part. And the quantitative compar-
ison and analysis with the existing experimental data were conducted. The results show that the calculated er-
rors of the established energy storage battery model in SOC, RDT and RCT are less than 3% , 1.5% and
1.5% respectively, which can accurately reflect the changes of SOC, RDT and RCT during the battery work-
ing process, and can provide quantitative support for the formulation of optimal flight strategies for the strato-
spheric airship platform.

Keywords ; stratospheric airship; energy storage battery model; state of charge (SOC) ; remaining dis-

charging time (RDT) ; remaining charging time (RCT)
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