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Abstract: With the rising of energy requirements, Lithium-Ton Battery (LIB) have been widely used in
various fields. To meet the requirement of stable operation of the_energy-storage devices in extreme climate ar-
eas, LIB needs to further expand their working temperature range< \In, this paper, we comprehensively summa-
rize the recent research progress of LIB at low temperaturd froni‘the perspectives of material and the structural
design of battery. First, the fundamental reasons of limitingilow-temperature performance of LIB are analyzed.
Then, the rational strategies for improving the low=téemperature performance of LIB are discussed from four as-
pects : the research and optimization of electrolyte ) ‘theymodification and exploitation of electrode materials, the
development of new types of battery system astwvell.as the design of Battery Thermal Management System ( BT-
MS). Finally, the urgent problems to be solved in low-temperature LIB research are summarized, and the fea-
sible research direction is suggested for'the“development of a new generation of low-temperature LIB.
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Optimization method of multi-constellation GNSS vertical protection
level based on particle swarm optimization algorithm
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Abstract: Aimed at the conservative problem of integrity tisk\and continuity risk allocation in the tradi-
tional Advanced Receiver Autonomous Integrity Monitoring) FARAIM ) algorithm, a new integrity risk and con-
tinuity risk allocation method based on Particle Swarm Optinization (PSO) algorithm is proposed. This method
uses different allocation strategies as different partielés in the algorithm, and selects the weighted sum of the
vertical protection levels corresponding to different fatly subsets as the fitness function. Each particle updates
its position and speed based on the principle/gf-nasticle swarm optimization until the conditions are met, and
then the optimized allocation strategy andrthe ¢orresponding vertical protection level are obtained. The algo-
rithm is verified through dual constellatidns and compared with traditional methods. The results show that the
integrity risk and continuity risksaliocation strategy based on the particle swarm optimization algorithm optimi-
zes the vertical protection level didyimproves the ARAIM global availability.

Keywords: GNSS;¢verticalrprotection level; integrity risk; continuity risk; Particle Swarm Optimization
(PSO) algorithm
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Digital definition method of aircraft test process based on MBD
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2. School of Automation Science and Electrical Engineering, Beihang University, Beijing 100083, China)

Abstract: Aircraft test can simulate the flight environment to verify whether the aircraft functions meet the
requirements and the performance is accurate. In recent years, the aircraft assembly process has gradually
turned into three-dimensional design, while aircraft test is stilk limited to the description of test tasks and
process execution in the form of documents. Based on the MbodekBased Definition (MBD) , the top-level de-
sign of aircraft test is studied, and the concept of test procdss ‘design and the digital definition method of test
process model are proposed. The whole process of aircrafi 1ést is divided into four stages, completing process
model definition from test design to test results and achieving partial engineering verification. The results show
that the MBD-based digital definition result can-be wsed as the only data source to realize the unified expres-
sion and information transmission of aircraft tefi-
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Expetimental study on film cooling of turbine blade leadirig
edge in deposition environment

YANG Xiaojun”, YU Tianhao, HU Yingqi, CHANG Jiawen

(School of Aeronautical Engineering, Civil Aviation University of China, Tianjin 3003094 Cifina)

Abstract: In order to study the effect of deposition of pollutants on film cogling<of blade leading edge of
turbine , the experiment used paraffin deposition to simulate real deposits. By rhanging the mainstream tempera-
ture, the angle of film hole jet and the diameter of film hole, the variation bf film cooling efficiency and depo-
sition rate in deposition environment was observed experimentallysy The“experimental results show that the mor-
phology of particulate deposition on the barrier surface is significantly’ affected by the mainstream temperature.
When the mainstream temperature approaches the melting jding of Jparticulate matter, the deposition coverage
is most obvious. Under the same experimental condition$j\with/the increase of jet angle, the coverage area of
single film hole decreases, and the film cooling efficiefiey)\decreases. Before and after deposition, the maxi-
mum difference between film cooling efficiency di/jet'angle 25° and jet angle 65° is 2% and 5. 6% , and depo-
sition rate increases with the increase of jetvangle ; with the increase of pore diameter, the film cooling efficien-
cy first decreases and then increases. Whethersthere is deposition or not, the film cooling efficiency of 4.5 mm
pore diameter is the highest, 3.6% and 3.Z% higher than that of 3 mm pore diameter. The deposition rate is
the lowest when the pore diameter is 3 mm.

Keywords: film cooling; deposition rate; leading edge; pore diameter; jet angle
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An electromagnetic information leakage detection
method using deep learning
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Abstract: Electronic information equipment will emit ele¢trothagnetic wave unintentionally, which con-
tains useful information. It will lead to the electromagnetit inférination leakage, thus threatening the informa-
tion security. The traditional electromagnetic informatior’lézKage detection methods are difficult to extract use-
ful information from uncertain electromagnetic leakage;signals in complex environments. Aimed at the problem
of electromagnetic information security, the elegirémsghetic information leakage detection is studied. A detec-
tion method based on deep learning is proposed.—.The method designs a one-dimensional convolutional neural
network suitable for electromagnetic signazls, and combines an improved gradient-weighted class activation
mapping algorithm. It can locate and extiact the electromagnetic leakage information characteristics intelligent-
ly under the condition of unknewf<the characteristics through deep learning so as to solve the problem of ex-
tracting electromagnetic leakdge isiormation in complex environments. The effectiveness of the proposed meth-
od is verified by experiméilts{and simulation.
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sion; electromagnetiz-information leakage

Received : 2020-08-12; Accepted: 2021-01-08 ; Published online: 2021-02-03 09 .22
URL : kns. cnki. net/kems/detail/11.2625. V.20210202. 1527.002. html
Foundation item: National Natural Science Foundation of China (61672335)

# Corresponding author. E-mail: maojian@ jmu. edu. cn



2021 4 11 A
FH4TE H11H

tEMEMRKEFER

Journal of Beijing University of Aeronautics and Astronautics

)Vember 2021
m ] "0l.47 No. 11

http: // bhxb. buaa. edu. cn
DOI. 10.13700/j. bh. 1001-5965.2020. 0430

ﬁ-lt Pt 2 \ | o
SN TSR S K TR R B 5
KW', ERE, FRETT, RENK, REE, FHE

(1. MR EL TR HLMCS 3h ) TR 2B, £E1E 4540005 2. WivL ke¥ Wiksh i 500 R G E R E A9 E, HM 310027,
3. LB LR K E LR E SR TR 2R, Jbat 100083 ; 4. P22 RHE K2 LM TR 2B, 3%k 014010)

jbuaa@ buaa. edu. cn

i B AR TEHENNEERERAR, & NOGBHAR ETREHIARE B L
HIAEREN REFSHENAELMNERR, TANMWBDA AW AT MEHR. 64, 20X %
EHERNAEREAYT KL EEE DT 0 EH SR E: 45, & SigmaPlot £ #i Z 1 & U
EARER,FXEEXNREE I MBEFERAT N KA, TELRAFH R, X AN
B BRAA N ERERNBTREERH DTN EE N GEERNFTENE D HET
K, A EBRAREA G ER R NBRTK Lo m  REGWEE DB LERL LB FEHE
RAEZERNLE, EEMRNZENE JMERK , ZERNLEANTE A HFERME A

B da E A7 5 7 R TR 48 B L 570K\ Rr B R 3 o R AR K
X OB WA ZHRISHRERE; EAFYE; RERE; KFHF

hESES. THISS; TE271.3
iﬁkﬁfﬁg A

BEE B Tol A JE , ) A2 7= 1 7 i R
S, SRS T g 45 B4 AT 2 R s AR SR
R BTN T G2 T BRI M v, i ol R
EEIR L ® ) NN RS & 22 P DU 7/ B
B, 20 222 307 S A RE AR M A B R
SHICEIA AT i AR D4 Y T R
BLER ANBAR B R T, AT 2L 58 56 2 v 3 — ok
MERR . B AN [ T 1% 58 Je JTCRY W AR 45 4, 22 4 e I
HAT BB 487, REW8 B I bt g 4 H
PREIA , TO T AR5 W) AR HE 1) RO R IR AT 1E
PARE BRI 1AL G A 7 L R A R G R B S
fosay ™ o e IR AT 92, 38 T & S0
FOHAR BEYY 3C LA 2 AU, TR B e
- YUVNIE R B I/ B e T LR ST LR S 5-47 L
L AT AR D BHOF 52 56 e A R AE % AR B 8 s IR 55
TUHLEE A Sh gl

XEHS: 1001-5965(2021)11-2208-07

FkEJe N B A R R 0 5% 0, b6 5 <3l
Pl AR 3 R RSP UE A R W S .
ATETE , Je TR B 38 I W 2k 6 IR AT, 48 B
B, 58 R 80 1 S A TR e JTUsK T, B ik
WA A5 S 86 370 w3 Py S BEBORR
H i, Z2 M TR A8 R F A 19 16 7 0 5 4
BRI A ALE AL, 0 IE /5 E T 1 T 3 #0 RE 46
AR

A SR T e e IAE W 4 R K i Y
FR 750 R R R R R TR AL B R
A HIL R % T IR R i R TR A R A A
T B S e TS 1 S R B I R R G E
JE 45 9 TG A 2028 R AR 2% I 6 R 45
BRI E 7R R S LM R R T
Tk Je JIAE W 4 59 3k 3 it b A 8l o R AR A S e
REAEII

%5 E#: 2020-08-13; S FH HEI: 2020-12-28; W 4% H KR At iE : 2021-01-12 0925

) 2% H AR # ik - kns. enki. net/kems/detail/11.2625. V. 20210111, 1227.001. html

E£MAB: Wik 50 RS EKE LRSI RESE (GZKF202016 ) ; b 5t & % % K 5 M & 4 R 2 K il 4
(BJJWZYJHO1201910006021 ) ; i 75 45 B4 26 56 1+41] (202102210081

= BIS1EE. E-mail; weiqing. xu@ buaa. edu. cn

Sl Kb w, 2HE, wAW, ¥ FUHANREST KRIEBHEATL[I] L TMEMK A FFR, 2021, 47 (11) : 2208-
2214. ZHANG Y M, LID Y, XU W Q, et al. Energy consumption of flexible gripper during contraction and expansion [J ]. Journal
of Beijing University of Aeronautics and Astronautics , 2021 , 47 (11 ) : 2208- 2214 (in Chinese ).


https://t.cnki.net/kcms/detail?v=mZPqmfGOKqXV3OUj5DDagmKoe3LwH5XaPtvkliWj1O4dzjiZEyEkq4K80QcMy_9PhXTeY4BzaNBS-SE6pemXNnW74JN_T4P7bMnn_CdOUcyzAhroLjG7Cg==&uniplatform=NZKPT

5 11 3]

SR B 45 < S e T A 5 37 51K 7 1Y RE FE BF 5

2209

1 FHERNE S ST sk R

L1 SR St JTCHA 208 5 14 3 ik [ 3

P 1 S e JTCEE W 4 ) 28 2 D L

ARG TR R GRS
s ol s 1R P T R O A T AT 4 L
A 17 16 14 90K Bl FRL TS A5 I, P A ) 4 ) AR
AL B0 5 7 170, S T 4 A 2 e STUR Wi 4 5 K o
i S A2 iR 4 09 IR G 5 A5 28 BIRO R B, 208
FE T AL A s R 4 R A B AL PLAR 7, R 4R
FE 3 A8 3% 2% R s 5

T MATLAB/ R 6 7
Simulink P
| LabVIEW ]
A
I Ao _,
|
y | , é) ) ’g 0
|-m_|q: iJ ch AE%#ﬁﬁ
I =
[N} ! 9
:u| “““““““““““ 2. :
1

1— 7 4 WL 52— B M 1 53— JR ) 28 54— B ki
58— HLREHR 1] 18] 56— BL28 % A 70400 5 2% 19— K ) A8 K 485
RS TY)

1 St N 4 st 1) R 4 i B
Fig. 1./ Bysiewmschematic of flexible gripper
during contraction

1.2 SN s 1 R 22

WF5E 2 Pk I T 5K 52 36 i Y 2 Fof oy 32 %8 s
G AT o S — PR T TR
U ) 22 0, ) 5 P e JTC T AR I A 2R 48 19 i
5 5 R R B T R AR SRR e I, W
b PR N It 5 o 2 i 100 19 AR 8 D B0 il 4
Kl 2(a) (b) s,

R HUE N Rt sh ), K
U 1) P 9840 6 35 A e s s g, 4 R G A 1)
W] 1) 5K 2l PR A 5 I L 4G o IR T AR R e
B 505w, ws AR LA AR P R B R
[IESHES 2 N E A SoE /- R A K s (DA
TGS R BB R R, A T E %
PR BRI B ALALRR P, SR 4 R J) 748 26 4% A
#HiFWE S
1.3 ZHEXRMHENREHFEIRAR
1.3.1 EERTHEHXNGEAFZETMNE

TEMR SE g o R S R X A
3y 25 SR AR AL ) £ A AR, T R A S RR )
—E ) A Ak A SR R L, i ARE X Ab
A

SEE====g
4

(b) BRIt
1 SRS BL s 2— 0L 9 33— ) 26 s4— iR
S 8 HL B 13 19 36— L% 2k T T 259 AE B
10—FHER T
B2 etk Je g sk it o & 45 It

Fig.2 System schematic of fiexitile” gripper

during expanpsion

e Mg N 4 B, FEo 55 ik 450 90 R 4 T R
W

1) FTIF AR B, 1) fif <CRE Hh 5839 0.6 MPa (1)
H 46 25 <o

2) VIR % e I 2R A7 0, B R 0 5T R
0.02 MPs,

30 Lk R A A S 4 A v TR L A ]
W A5 W AR E R S i, S M e i i

4) AR D)5 R e AR R A S
Wit LME 5B e AN, R B .

5) G TR B U R e AN Rl IR R )
WG/ 0.02 MPa, A BR 3) IR 4) , K152
H A .

1.3.2 RETEBREXNGEAFLETMNE

FeME I NP5k B, R 07 5 3 i 0 R 4 T R
wr .

1) FTIHF BRI, 1) i CRE Hh 5839 0.6 MPa (1)
FE 4525 <o

2) FFJE R % 8 I 2R AT 0 B R ) T R
0.05 MPa,

3) iR A S 4 A e TR L A



2210 b5 M = MK k% F M

WA L 2 T A S A R e s A
o A U B SR T 5K

4) PRI T 5 U R T T AR K A
I RUE S IE A ALK, s 2

5) Ik AR O W AR AN TR ) 0 TR T
I 0.02 MPa, FEE LR 3) IR 4) ,RIGZ

2 HE

1.3.3 B EIZLEMHGE T AK
RIANFEETHMENS S5, Hp,

FESTO (1) SFAH it i, Fo it 7 00 #f &, 3

F Al B S AE AL PGl 3 S BRI A IR R

15 5 200 10 15 380 W30 2 0, 0 G P A R

X1 FETHRGFNESMSY

Table 1 Models and parameters of main components

TLE 5 EY
Z RSB PANDA 750-30L B F LS 17:0. 8 MPa
R 5 Dol s IR2000-02B-R BRTAHEREF7:1.0 MPa

7 R A CV-10HS £ 175 0.1 ~0.6 MPa
FL 4 4 1) ) VT307-5G-01 2.0 ~0.9 MPa
JE 778 3% 4% F 4= MIK-P300 B -0.1~0.1 MPa; K5 :0.3% FS
i i FESTO SFAH-5U-Q6S-PNLK-PNVBA-MS 0.1 ~5 L/min K5 :2% o.m.v. +1%FS
T 2 R 5 JIFi 3 3% SLDTR-2PLL M 137 I ]« <10 ms ;K55 0. 1% FS
LIPS S NI 6358 32 (B B E: 10 ~10 V
FethJe R SEQZFMA TAEFE ST - 100 ~100 kPa; k53 0. 08 mm

4 :FS J& Full-scale (W it ) BRI S , e n b fe i 2k () , B3R 7R 193R 25 (B {R 1R 22 ) 50. m. v. J& Orifice Maximum Volume ff)

BT 2% 0. m. v. Fom WL RERE FE WAl i PR R 0 2%
13,4 Fh ko RKS 55 REMR R LR &
Tk e Tl 45 5 99 FEh 4R S8 1 S 38 F- 65

B 3 Fis . R 1/ 3 i i 2 A AR M5 5 38

DR RS
| s

NT 6358 %4l R £ 1= 1) H Lo 7 M, 1% A LN R
485 M LabVIEW 72 T ML E % 5 Ry 42 R 4,
S A A e T FE 7 3 4 S MR B R v

B3 Ttk Iz R4 6

Fig.3 Experimental platform offlexible gripper control system

2 FMXRNMREHFERSHT

2.1 SR TOM 45 Bef 258 53 A

P e go-F- 6 5 18 1 BEAT 35 A, 20 ) DIV 2 4
e TCHS 248 B A9 A T it s 7 45 000 4, 9 LI
Kdeiz il SigmaPlot BE47 2 i A&, W 4 Fr /R o
Pl :0. 02 MPa &5 Sy S5 i 25 19 0] 8 s A o

MIEL 4 (a) AT, 25 %0 (9 R g 8RN 7 A
4 1E TR TR 8RR P e JTCRY WAL 47 g BE iR 5 T
T3 5 S e JTC T AR I 9 T 0 AH 28 8 K5 78
TN TIIER ) ity i, 24 A5 90 il BE 7R 32 1Y)
FA R0 4 s 3 0 R 5 ) e O BTUIBL . el P14 (b)

af DU U 0 S A B RRRUE R Ik ]
A U SR PR ORI L AR E , I HL e Bzl
VE 2 BRI 58 LAY o
2.2 FHRY KEEES T

Bt G 4% B 2 (a) BEATIE S, 23 50 I i
eI T 3 i B A () iy s T g 55 0 4, O O
0 % dis 3z - SigmaPlov BE AT 22 il B &L, 8] 5
FIT7R o

A& 5 (a) AT LA i FER) 4R 709 0. 05 MPa
I, ZE Ak e TC I 3 AR X T A R A
i TETE L 2 I T €, (HLRE 35 0 4R T ) % B8 4%
28 BRI T, HE e T A Ty 5 B 8 o i g
BN



A F R
BB 45 R e T 5 T T RERE BT 5 Tl 2211

%11
ol 0ty FCH8 32 P SigmaPlot 1742 i W1, 1 41 6
oo S P
. w0l — i“ [P S (a) (1 6 Ca) W81, 76 56 STt A7
] oo fr — 3 SRS BT  HETA  9 1 1 5H6 A 09) 6 A
2 L E i { R AL, BT A LK ) £ B 04 A
“re oosmra Y 24% s (2 R SR B0 5 F L B 5 (b) 2R 864
o7 0.02 MPa . it B AL P 6 (b) 7R 2 Pk S AE Y 3K I (1 3
0 i 2 3 4 Hik o XFLCHIERE ST M 0.1 MPa 50,2 MPa i 1
s ST 3 B 0 0 B, B H 2R R S IR
. (a) I I 1 67 ) 375,
15 ::'\‘ A(L)
g i\‘\\ .‘k‘ < —-,f
i ol ,\\._\"-.1\‘— 0.10 MPa £ o W 0.1 MPa ;
m]\mj \\'-\;' S 008 MPa 4}; 40} \‘\\ 0.2 MPa i
Cost P\ A 004 MPa | ol % e B
J 0.02 MPa | ‘3‘;:"_ 0.4 MPa i
] _sob ST A
0 0.5 1.0 15 2.0 L s it o
I i)/ 0 1 uﬂZﬂ/S 3 4

(b) Fet: I TS A I
4 e T 4 o) g i
Fig.4 Pressure and flow rate”of flexible gripper

AL .
AuEng coptraction

20 X\
o A o 7
\ 0.05 MPa
S \‘\'\ s 0.10 MP. '?
A e § a
= 20 ‘:‘(..‘\-. {
.E \"‘, \‘-\.A o “ __v'
Sonl N 0.15 MPa i
- ‘\ RN !
5 L TT ']
v 0.20 MPa :
- - '\--wwn.au Av VA fY avav VA M WY
5 25 Mira
1 1 1
0 1 2 3 4
I5fa)/s
(a) IR Ik £
2.0
15+ [ e e e e Rgen AV v er av me tn o =)
~ 0.25 MPa X
£ 020MPa ¢
o 10F —0.15 MPa 1]
= e W o o g o P e b > i e e g v e TS of
I 0.10 MPa 4
T ost ~~0.05 MPa 1
J L i 1 L
0 1 2 3 4
i a)/s

(QES:S I b
BS eI )NY skmt i9 FE) F i i (18] 2(a) 2301 &
Fig.5 Pressure and flow rate of flexible gripper
during expansion (Fig.2(a) experimental platform)
Bt F G K 2 (b) #4738 £, 20 0 i
AT K B B AN (] i 1 g 45 0 6 O

(2) TR -SRI 1

0.4 MPa
0.3 MPa

Vi /(L-min™")

IS
(b) FeHe eI SR (138 bk

6 ZEABJAIINGS K i A Ty A i (8 2(b) L F )

Ffig. 0\ Pressure and flow rate of flexible gripper

duting expansion (Fig.2(b) experimental platform)

2,3 RMEINENWTREFSE

R Ah 0 S 79 22 M e STCHSC 4 i 1Y TR 0, 23t )
I J14 0.02 MPa F1 0. 04 MPa I [ s 7 i BR 45
PRI, L ROAR 48 I 2 1) 2 PR e IRy sk i i 1 ), 43
H B4R HE 724 0.1 MPa F10.2 MPa i = 77 il 38
FRrE B aniE 7 iR .

H 1 7 (a) AT LU Y 2 M e T 4 i) HE s
T3 B 3G 5 TR g A )N ek B A ) R s ) AR R
TG K, i P08 25 0 B K, P REFE dL Bk K. i
B 7(h) /TR, PRI AR sk i, H R 1y
Rt 5 R 0 9/ 1 Bl A ) bR R T g R, 1
KRECORAW W R 2E WA ZEAR K T3obh, F
S TAE T WA b 2 37 5K, H s Ty 0 i 20 0 1 1
R BTE I S 1 Ao



HeAi 5 3
W gy | 0

2212 b m il = M KK %%l
30 K Q WEARE T MR =; Q, HHF R
KARET BB &= o
YRI5 IR BE 20°C MR B 56% it
g B AR5 4 2 ST AR MEAR 5 L B 10132 KPa,
t 3.2 FHENWHERHSEHINER
TEJFIRE 1 B BT, B 78 I 5 52 1 2 il
At s 75 i i r AR A R (2) A3 2 kR
0 20 40 60 Wi i < Bl B #, H SigmaPlot 2 i 1A, 4n &l 8
{viF%/mm — \ 02T P & WA I
.............. 0.02 MPaE%ﬁDJH%%W?T& PR FTELE i, B y‘f ﬁn 1 H];; AR
— === 0.02 MPaJ Jy /N 574 U8 1N [) s s PG 400 R B
Rl R TR, A0 2N R[] R a8 B G A o 4 2K R
e 0.04 MPaF 70/ Nl AR 20
(@) F2:Je IOl 48 15 1R 7 v SR A1 N
_40 {v——0.10 MPa
60 t.-'c_‘.—o_os MPa
= f 3
30k & sl ’,-":—3;‘—0.06 MPa
£ ‘”?, '*%3—0_04 MPa
= 20} g
2 20+ \"g
= 002 MPa
-10f ; Ve
p S 0 0.5 1.0 15 2.0
0 0 20 39 X)) 50 60 LS
45/{?/21:; I 8 Mk Je ik 48 i 1 < 3h ol 3
_—_- g: mE;J;}j"‘ﬂigﬁgg Fig.8 Pneumatic power of flexible gripper during contraction

——=02 MPa Ky B8 i F 4 4
e O MPASE SN PR

(O TIN5 I e 7 1 ¥ AR
P 7, AR SR A s TR D B ER AR
Fig. '\ Rresyure hysteresis characteristics of flexible

gfipper during contraction and expansion

3 RN S RAEINSETHE

31 SEpE

SR Gl A AR S0 Bk
AU TR 25 0 S 8 | B 5 S RLAT
XPAMBIE L BB TR SO
S AR S S S8 R A TR A K
SRBE T BCBE A S R Ak R
Ty
E = len(p%) (1)
At VOl SRR p % L I S s, K
S

s SR 7 R 4 A R 2
SR LN TH N T R
50 K, s Py i A AL 3% 1, 2w s
WA LT3
P =00 = p0un( 2 (2)

a

K

Ky
A

3.3 FHMRNYKMNHSKIFHTIE

FER 2 (a) BN DL T 8 A 01k ST 5K iy
89 s 3 3 e s AR (2) 38 45 28k I Iy ik g
R sh 3%, ] SigmaPlovzy Vil &, WK 9 s .
A LLVE W, B 5 B0 iRdE T 32w 1S K, AR X REAE
NS

TE P 2 (BN BT R 00 75 22 M Je T 5K 1)
9 s 1 SRR A (2) R AT 2 Y 5k
I A S B3 O] SigmaPlot 2216 &, 4018 10 B
TNV I I S M S JTCYT 5K I 19 R i 45 AR
TEREI W) 4 T g I, 5088 T 3 0y, L RE 4L A6
B SRR/ UG s T i), 2078 He ik R/, HEBE
THFER R

60
e P AN w e ”“““.-\ﬁ".
’ =025 MPa 4
[ 1
_ ¥ 020 MPa
/ g y
el K /“‘ 0.15 MPa
= ; ;
® f PP Pnd i AP Md P a by
20, 0.10 MPa 1
|
0.05 MPa d
0 1 2 3 4

i fa)/s

B9 FEIINY K i s TR (8 2(a) 286
Fig.9 Pneumatic power of flexible gripper during

expansion (Fig.2(a) experimental platform)



5 11 3]

A F R
BB 45 R e T 5 T T RERE BT 5 Tl 2213

HIE] 8 ~ € 10 Al LAAS 3, 75 2 1 Je At i 4
sl sk SR Iy, RO AR ZOR B BT, b
PRI UG 7, 3 RE TE DR UE 22 4 U ) i
R O AT LA D D RERLAE

BeAh P 9 10 AT ISR AR, RS Ry ik
B 7ERI R HE 124 0.1 MPa 1 0.2 MPa B 23 R
MBI G RGN E A, A 11 FTR

H & LT AT, 2445 0] 4 TR g ORI, 2 4
Je TR ()5 5k i i 7 8 R e i sl T Rk, A
b, 7 R AR SRR DL, B e R B0 R
J 7 38 I RE Bk AR T 258 5 22 P e JTCH 5 I 114 RE FE 52
195, TE R LIS AE I, B Sk il i 7 5k sl A

Kz LYo
20
1st 0.4 MPa
= 0.3 MPa
i} Y ™ 0.2 MPa
=
B N
v X
sh K
0

I5{a]/s
10 PRI )AL SR AT s D 3 (18 2(b) LI F-5)

Fig. 10  Pnéuniaiio power of flexible gripper during

expansion (JFig.2(b) experimental platform)

SETIE L L%

I} Ta]/s
1L PRSNGSR 5 B ARG 8h HH
Fig. 11  Pneumatic power ratio of flexible gripper during

expansion in total system

4 &

AR SO A e TS A 5 97 5 7 P 9 1 T 3
IR FCBEATHE T, BT 2 TR A L2 E
IR R IR, 5 ARG )RR A IE I

DO ES P IING CLE PR A NS S
PRI I 77 5 45 %€ 00 46 i 0 A0 22 A8 K R 1 A1 T
B, B I RBFEH N

2) AEX AL I 5K S g i, $2 AL 9 0 46

H 77 55 Z AR 7= A TR g A 22 K, R B3R
Ph TG B E e g i 2 42 44 5 K 9 90 4k e 7
AE LM TR BT, REFE R

3) FMEAUNENC G I, BEE W46 s T 938,
LT A B T 0 PR UR 22O, RN REFE L AR

4) ANk I iz H v 22 48 T W 4 3 4 | 1
RS KN STt R NS A S (R TR = RE S
R, BEI ) RERE LA o

2% i@k (References)

[0 D S0 8, Rk L, S5 3R L A8 A F 58 BIR 250 34
(I DU L AR 2% 42,2012 ,48(3) :25-33.
CAO Y J,SHANG J Z,LIANG K S, et al. Review of soft-bodied
robots[ J ]. Journal of Mechanical Engineering,2012,48(3):
25-33 (in Chinese) .

[ 2] gkatfe, 248, 5, % BRI TFATRSGER[T]. HLAR T
e ,2017,53(13) . 19-28.
ZHANG ] H, WANG T, HONG J, et al. Review of soft-bodied
manipulator[ J]. Journal of Mechanical Engineering,2017,53
(13) :19-28 (in Chinese).

[3 ] akms. EBAHUR T IR REDT 52 [ D). P4 22 P4 22 3 T
K2,2019.1-8.
ZHANG H. Research on grasping performance of pneumatic soft
gripper[ D]. Xi” an;Xi’ an University of Techfologk, 2019 :1-8
(in Chinese) .

[ 4] whig. s S50 32 Mk AT A i s i 5 il [D . ma /R
1 < W R ol K %% ,2018 :5-11.
HAN Y. Research on design.meddiling and application of typi-
cal pneumatic soft actuators | D/.\Harbin: Harbin Institute of
Technology,2018 :5-1¢in Chinese) .

[5 ] SR, X0 BN, . Ho o ) il it IR 42 6L R 48 1

5 AR [ L)/ PR 3 5 A 31k ,2019,48 (4)
89-92.
ZHORGS W, 11U Z,HUO ] B, et al. Research on modeling and
glitput\Charhcteristics of control cylinder system for proportional
pressure flow valve[ J]. Machine Building & Automation,2019,
4804 ) :89-92 (in Chinese).

by B AR HBPRE . BT SR W A S [T ]
JE5535,2019(10) :135-140.

YANG Z C,YU L C. Study on flow and pressure characteristics

S
ot

of single piston pump|[ J]. Chinese Hydraulics & Pneumatics,
2019(10) :135-140(in Chinese) .

[ 7] BBk, A SRS 28 ARG R R B AR I & K H v
(V] RS 8h 5% 5 ,2012,32(12) :63-66.
CAI M L, SHI Y. Energy-saving key technologies system of
compressed air system and its applications [ J ]. Hydraulics
Pneumatics & Seals,2012,32(12) :63-66(in Chinese) .

[ 8] Xk, w b, M, 5. IRE R G0 i Jy P 3R 2 o) 52 3
5T [J]. WK R ,2017,45(7) :23-25.
LIU Y,GU L C,YANG B, et al. Experimental study on closed
loop control of flow and pressure of hydraulic system[ J]. Ma-
chine Tool & Hydraulics,2017,45(7) :23-25(in Chinese).

(9] K&, A B, W/, % AR E R LR g (T].



AL ALF

2214 T SR E ALK K ¥ ¥ R 2021 4
HLHL TR HE AR ,2011,40(10) :83-86. hing on energy saving of pneumatic rotary actuator servo-control
ZHANG J T,DU Y H,CHEN X L, et al. Gas flow and pressure system[ J]. Chinese Journal of Mechanical Engineering, 2020
test system [ J ]. Electromechanical Engineering Technology, (2):87-99.

2011,40(10) :83-86 (in Chinese). [13] ZHANG Y M,LI K,WANG G,et al. Nonlinear model establish-
[10] TREL, 535, A, & WA #0000 200 7E R MR 7y ment and experimental verification of a pneumatic rotary actua-
R (1], i B AL 2 TR AL, 2017,31 (6) : 1285- tor position servo system[ J]. Energies,2019,12(6) :1096.
1292. [14] CAIM L. Modern pneumatic technology theory and practice.
XU K,LU W, WANG B T, et al. Pressure and mass flow charac- Chapter 5 : The characteristics of cylinder drive systems[ J]. Hy-
teristics of gases under thermal transpiration effects[ J]. Journal draulics Pneumatics and Seals,2007,27(6) : 55-58.
of Chemical Engineering of Chinese Universities,2017,31(6) : [15] 350%6hk, BN A E. S RGE M EE NN KR M AERE
1285-1292 (in Chinese). P Hr L] WL TR 24 41,2007 ,43(9) :69-74.
(11] 28 R B A R H R GWIE (D). 4w B ZAMM L,KAGAWA T. Energy consumption assessment and en-
T k2,2019:10-14. wrgyloss analysis of pneumatic system[ J]. Journal of Mechani-
LI K. Research on pneumatic rotary actuator position servo con- cal Fingineering,2007 ,43(9) :69-74 (in Chinese).
trol system[ D ]. Jiaozuo: Henan Polytechnic University,2019 . [1&] ZHANG Y M, CAI M L. Overall life cycle comprehensive as-
10-14 (in Chinese) . sessment of pneumatic and electric actuator[ J]. Chinese Jour-
[12] ZHANG Y M,YUE H W, LI K, et al. Analysis of power mfté- nal of Mechanical Engineering,2014,27(3) :584-594.

Energy consumption of flexisie gripper during contraction and expansion
ZHANG Yeming'? | I#"Déngyvan' , XU Weiging”*, CAI Maolin®, YU Qihui*, LI Kaimin'

(1. School of Meckanical aiid Power Engineering, Henan Polytechnic University, Jiaozuo 454000, China;
2. State Key Labératorfy of Fluid Power and Mechatronic Systems, Zhejiang University, Hangzhou 310027, China;
3. Schoo! of Automdtion Science and Electrical Engineering, Beihang University, Beijing 100083, China;

4. School 6§ Mechanital Engineering, Inner Mongolia University of Science and Technology, Baotou 014010, Chiqa)

Abstract, The.online measurement system of gas pressure, flow and other parametess wds/established to
realize the Jfegulation and control of the measurement and control system through the dita acquisition system of
industrial\néxsonal computer, combined with sensor technology, signal processing techuglogy, etc. The pres-
sure and ilow rate of the flexible gripper under different initial pressures during®gentraction and expansion were
collected respectively, then the pressure flow diagram of the flexible gripper was drawn by SigmaPlot, and the
flow pressure output characteristics of the flexible gripper were analyzéd.x¥inally, the pneumatic power was
calculated to study the energy consumption law. The results show That through the contraction experiment of
the flexible gripper, the difference between the given initial pressuse®and the pressure generated by the flexible
gripper is small, and the loss of pneumatic power is relatively small.\ In the expansion experiment of the flexi-
ble gripper, because the initial pressure provided is indipectly aciing on the flexible gripper through the vacu-
um generator, the difference between the pressure provided“and the pressure generated by the flexible gripper
is big. Larger initial pressure needs to be providéd,in order to make the flexible gripper reach the specified
pressure. The pneumatic power loss of flexible giépper is lower during contraction than during expansion.

Keywords . flexible gripper; data agquisitjon; pressure characteristic; flow characteristic; pneumatic

power
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Multi-UAV formation target tracking control based on
event-triggered strategy
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(1. School of Aviation Combat Service, Naval Aviation University, Yamtai 264001, China;

2. School of Coastal Defence, Naval Aviation University, Yantai 264001 .. China)

Abstract: In order to solve the problem of frequent updating, of information between UAVs and control in-
put in multi-UAV formation target tracking, this paper proposes a‘mislii-UAV formation target tracking control
algorithm based on event-triggered mechanism. Firstly, a new uitegrated method of formation description and
target tracking with event-triggered strategy is presented,,» which implifies the complexity of algorithm design
and makes the working process of triggered mechantsmy, moz& intuitive. Secondly, distributed target tracking
control law is designed, and event-triggered function is\désigned only based on estimated state value, so that
the problem of updating communication and cofitfolSnput between UAVs is transformed into the problem of de-
termining the value of triggered function. <A¥ the sdme time, the minimum triggered interval coefficient is de-
signed to avoid the possible “Zeno behavior? .“t'inally, the algorithm is verified by simulation with different
formation motion modes. The results show that the proposed algorithm can make UAV formation track the tar-
get when the number of inter-aircraft communication and control update is significantly reduced.
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residual convolution network
ZHANG Min" " | LI Zhaohong®, LIU Jindou®, ZHANG Zhenzhen®

(1. China Telecom Corporation Limited, Beijing 100010, China;
2. School of Electronic and Information Engineering, Beijing Jiaotong University, Beijing 100044, China;

3. School of Information Engineering, Beijing Institute of Graphic Communication, Beijing 102600, China)

Abstract: The information exchange, in the forms of pictures, voice, video and other multimedia, plays

an important role in network communication, as well as many Hiefal information disseminations are hidden.

dad
Steganalysis is an effective way of detecting secret information.” This paper proposes a universal HEVC video
steganalysis algorithm based on multi-scale residual con¥elution network , mainly consisting of residual calcula-
tion, feature extraction and binary classification. /jtlte feature extraction part, residual convolution layer,
multi-scale residual convolution module and arsteganilysis residual block are proposed. Our experimental

results show that the detection rate of this métijod=5ased on video pixel domain analysis network is as high as

99.75% , which has greater advantages§ than the traditional manual feature extraction methods.
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High anti-disturbance trajectory tracking control for cable towed vehicle
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2. Beijing Aerospace Automatic Control Institite NBeljing 100854, China;

3. School of Automation Science and Electrical Engineerifigy Beibang' University, Beijing 100083, China)

Abstract: To handle the precise trajectory control grobiem of the cable towed vehicle under unknown air-
flow disturbances, the minimal learning parametexr neuyal network estimator based dynamic surface trajectory
control method is proposed for the towed vehicle: Fifstly, combined with the multi-body dynamic model of the
cable towed system, the towed vehicle’ s six“d¢gree-of-freedom nonlinear model is established and then formu-
lated in the affine nonlinear form. Secdndly, considering the comprehensive influence on the towed vehicle by
the unknown airflow disturbances (such\as the trailing vortex, atmospheric turbulence, gust, etc. ) and the
variably unmeasurable cable tenwSigasy the minimal learning parameter neural network based state/disturbance
online estimators are estahlished Mo»accurately reconstitute the unmeasurable lumped disturbance of system.
Thirdly, on the basis of the &bove state/disturbance online estimators, the minimal learning parameter neural
network state/disturhance estimator based dynamic surface trajectory control method is proposed.<Finally, the
simulation results sh&w\that the proposed method can achieve the towed vehicle’ s trajectory stabilization and
maneuveringArajectery tracking control.
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Table 4 Values of design variables

A V] B 16 14 K1 K2 A 5 K3
M o CoVv My =p —no Mo = M3 =g+ no
X(i \Y 1 750 MPa 66.5 MPa 0.038 1 050 MPa 1 750 WP« 2 450 MPa
Loy 0.186 mm 0.004 mm 0.022 0.174 mm 2186 mm 0.198 mm
E, 195 GPa 3.8 GPa 0.02 165 GPa 195 GPa 225 GPa
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Table 5~ Calculation scheme based on orthogonal

experipiental’design and objective function value

TS Xo/MPa tply/mm E, /GPa B m/g
1 1 050 0.174 165 -4.82 73.75
2 1 050 0.186 195 -5.17 78.83
3 1 050 0.198 225 -5.52 83.92
4 1 750 0.174 195 2.02 73.75
5 1 750 0.186 225 1.82 78.83
6 1750 0.198 165 3.98 83.92
7 2 450 0.174 225 6.52 73.75
8 2 450 0.186 165 8.62 78.83
9 2 450 0.198 195 8.28 83.92

R F RSB, FE S 8 Ol 17.5 kN
B, 7% 2 245 #4 W 46 B2 el 0998 42 55 2] 0. 999 999
PLE W A AR TRl i S ity 2 A
HEAEAS I T i  78.83 ¢ TR 73.75 g, i i
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Reliability-based design optimization methiod of CFRP bolted joints
SHAN Meijuan' , "ZHAO Libin>*

(1. School of Civil Engineering, Ba%ing Jidotong University, Beijing 100044 , China;
2. School of Astronautics ,”Beihdng-University, Beijing 100083, China)

Abstract. Bolted joints are the weak points of composite structures. Therefore, the design of bolted joints
is one of crucial issues in the design.of \saémpesite structure. In this paper, a probability analysis model for the
failure load of a Carbon Fiber Reinforced Polymer ( CFRP) composite bolted joint was built by combining the
modified characteristic curve muiiad aid the statistical model of random parameters. The key influence param-
eters were regarded as the/design)\variables, the reliability index was considered as the constraint, and the
mass of the joint was_the désigr goal. Accordingly, a reliability-based design optimization methodswas devel-
oped for the CFRP/haliedioint. The orthogonal test design method was used to establish the reliakilitu-based
optimal designs¢alculation scheme. The optimization results show that, when the key influeric& parameters X,
is 2 450 MPa\yhis 0.174 mm, and E,, is 225 GPa, the best design of the joint is obtgided. According to
this schenmi¢, when the external load is 17.5 kN, the reliability of the joint is increased from 0. 998 to above
0.999 9994, and the mass of the joint is reduced by 6.44% .

Keywords: composite bolted joints; failure load; reliability index; reliabiliiy=hased design optimization ;

characteristic curve method
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#£ 1 TerraSAR-X BABENXBEHIHEEFLER
Table 1 Orbital control results of TerraSAR-X repeat pattern
55 1A 181 H JE A 552 A A
LR £k LG 231
x/km 6 784.509 118 6 784.508 908 6 784.508 908 6 784.508 491
y/km -1 198.825 274 —1 198.825 404 —1 198.825 404 —1 198.825 332
z/km 0 0 0 0
v,/ (km - s™h) -0.268 267 730 -0.268 211 934 -0.268 272 691 —0.268 244 003
v,/ (km - s7h) —1.463 279 438 —-1.463 277 386 —1.463 278 583 —1.463 459 538
v,/ (km - s - 7.544 055 446 7.544 025 069 7.544 055 978 7.544 001 930
T/s 950 399.38 950 399. 64
% 2 Landsat-8 B 3K E G ERE B4R
Table 2 Orbital control résplts ef Landsat-8 repeat pattern
R ER R CIIEPER ] 552 A [ A
A 231 w1 b 31
x/km 6 975.552 101 7?975.551 558 6 975.551 558 6 975.551 381
y/km -1 232.582 636 -1 232.582 799 -1 232.582 799 -1 232.582 778
z/km 0 0 0 0
v,/ (km - s7h) -0.285 0467634 -0.285 007 355 —-0.285 073 308 —0.285 030 544
v)/(km -7 - Y.56V°515 791 -1.561 706 363 -1.561 705 676 -1.561 855 639
v,/(km s - 7.426 214 342 7.426 284 548 7.426 288 429 7.426,284 784
T/s NN 1 382 399 1382 399.6 -
*3 IRS-P6 HAEXEGIHEEHER
Table 3 Orbital control results of IRS-P6 repeat pattern
N YR LLL 05 TAA i
a bt P bt 7 it
x/km 7091.011 029 7 091.010 546 7091 016 5;6 7 091.010 247
y/km -1 252.984 275 —1252.984 999 - 1252.984 999 —1252.984 943
z/km 0 0 0 0
v,/ (km - s™h) -0.295 622 153 -0.295 550 878 0.295 647 647 —-0.295 609 033
v‘/(km-s’l) -1.623 266 169 -1.623 412 825 -1.623 403 153 -1.623 752 336
v,/ (km - s7h) 7.356 222 412 7.356 200.355 7.356 202 783 7.356 149 740
T/s 2 073 599.4 2 073 600.5
*4 SPOT-TERVIAENEHIHEEH LR
Table 4 Orbital contred results of SPOT-7 repeat pattern
9 1A B w2 A F
¥tk Z ik IpG Z ik
x/km 7 096. 348 844 7 096.348 569 7 096. 348 569 7 096.348 374
y/km -1 253.927 469 —1253.928 444 —1253.928 444 —1253.928 404
z/km 0 0 0 0
v,/ (km - s7h) —-0.296 089 274 -0.296 009 0 -0.296 111 439 —0.296 062 414
L')/(km-s’l) —1.625 981 449 -1.626 113 0 -1.626 098 844 -1.626 408 561
v,/ (km -+ s h) 7.353 025 818 7.353 006 575 7.353 009 099 7.352 962 120
T/s 2 246 398.4 2 246 399.8
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Table 5 Orbital Zontrol results for loose-accuracy scenario

HiT 3 A~ B )

SR EVEVE )

==
e
fEm

wiih £ 31 b o] 2318
x/km -1684.591 611 -1 684.515 457 -1 684.515 457 -1682.767 179
y/km -6 825.069 865 -6 825.112 359 -6 825.112 359 -6 825.595 939
z/km 0 0 0 0
v,/ (km - s™") 2.638 596 174 2.638 601 972 2.638 618 204 2.638 975 345
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Abstract: Aimed at the design and maintenance ofylgng/curation repeat ground-track orbit, this paper
deals with a semi-analytical method based on high-orde} Pdincaré maps for the optimal design and control of
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7 end if

8

9

return M



5 11 3]

AL AR
HSTR 55 T T4 B L P R TTE B RS [ ) 2271

T AF AT 55 R BE SEL 4 ol 2 AN 41, i R R A
BT K A B AR 5 (K-KSP) 7 o TT i i 41
Kol — 2% S5 /NS SR SR B A (55 3 A7) 5 VR JEE )
FHRIHE T GRASP 553y TT 3 4k Az J— 4 ) %
PR (55 4 47) o MR AR R S IR
FI bR B BRI T 224 A S5 000 185 o6 38 03 26 S7 9 5%
A A (55 6 47) o it Bk 2 B
3 B 4 5 V1 ) R A 8 kA U B Kk I
R p 7 R M, TT i B i 52 A 0 &
TT iR %

ALK PRI AE TT Wi f vl I8 RT3 R, 2
i — 21 VA B 145 RC B i WD fR/)h, B %
SE B AR BB Obj (S, F)

Obj(S,F) = EWCD(ﬁ) +

fieRe

BTT( 2 max(0,WCD(f,) - f, - deadling) )

Jie IT
(1)

A28, R — A TE 55 KAH B ALIEG K, 5 deadline Sy
TR S, B0 AL AL S IR

FUbR eR 2R 2 B el B 25 1 T R 4% RC
TR AEIR 5 5 2 TR 450 TT i i iR o 24
TT Pt 9 4 3R 35 /DB Lk I ) i, 56 2 TR i
N0, BN TG R
2.1 EEHEK

WVTNIST T 43R 1Y, I 4 B A2 SR g S 23 fiff RC
i WCD dg /0N, B 28 85 A D U AT AT A Y sk
S BERE E b o, AT IA 3 RC i & > WCD 1)
FIR o DRI o B 540 e B0 i B b 1) 2 Wi
A TR —HER R R RS N (2) %
ANAEREHE I p b A i B I A R R B
UP:(;LiGXS)/C (2)

i

AP L i f, WS s G, O BRI £ 1 R
C Ry B A 4 BT 9 o

AR 208 SO f, 1% i AR B 1 S5 K 5 Bl
EES
U, = f)neag:(Up) (3)

KR, R f, 1% A

6 phy ML A A ST AR G R TT g AR
A FU N TT i RS R,

e R AL 2 RN T

ST BEMBES RN, EWRE ML
Hh R I B 2 A G — AR AR R AR

TB2 XM EES PP A AT
BEHLHER o

SB3I FIHES B, U B 45
FCEBE o SR K SR BR AR L i TS K
SRR BRAR o R T AL R 2% R R, B T A T
AE A& 4 B Aok T R L A2 9 T AR KRR, A
RACEAE AT REAN 2 I A AR (L2 A KK, N
R K 2% fi 8 A0 B 3% RE 08 el /D 1 R 5 1)
Horb 280 KRy e £ 0T DUAR 95 9 2% 19 LR 3 47

sy (19]
WE .

$TB4 MNKEBENRE [ EFE—FK
1 (L AL Ty B4R B R B R R /o R X
S PEEIIR B A UK ARSE A R

SRS ST B RS R
PEALER A R,

TRV R, TEE IR 4 p IR K R
R B 22 4% 2% 305 %A% 1 B R I8 R FH R B /N
DU A PP B AL 6 43— AR A

TE AR UIEBE I 00 2% 3 A5 B R B2 T, 8 1 X R
PEAT BERLHE RS, % o B0 50 5 v W LA S I 5 o 9 i
iF 2 e ALK 2 0t 2 A H o = I B AR S
2.2 FHERZFRAK

GRASP if 4 41 4 1 Al 1) 451 fy 5K iz >, o)
U i 2ok ST AR B ALY 7 AR . GRASPLRY & IR
EAALEE 2 B B - O 46 i K4 1609 By 1 — A~
WG AT AT A 5 Q4RSI &R B B, SPAEE 1) W) 46 A 0
AT 2R 348 2 A IO G 119 itk R s B B 3R 46 T oK i
T 22 FE A, &P S48 2 D ff R Ik 25 4 Jm) B AR A A

W RE I 2] 3% M RNGE R GRASP B vk i A R
TT MEES E Bl ES R IGINEW 6 B8 o
B HhSE W A FHEN B, % B HT48
WA RGES BN E B TT i — Al 17
B LR I 2R 3 S

HOAE AR ZIR R S e s, FH—4
AT RIE R A, BaE —REN, ER
S [t ML A 2 B 2 A2 B — BT B TT 308 4 8 3 3%
S'o AERITE B B i BEAILME A OR T 7E 2 A R AR
2 AN TE FR o B i R it . S8 o R E X
Rl ATL B R B ML R i 2 R R T4 &R 19 25 1]
BTG A7 10T R 5 BB K 25 2 5 W 0 R
fif ) Z M o Bl S X006 ff ST R AT 4R IAE &,
AR B 2 R A A T i A RS 1 DA R AR S Y
%o BHB IR E SUTE J R B B/ TT 3 &
SH. YT B UE B 2SI AR BRI DN T
YHT E LA B, R 8 B R ST IC S O B A T AR
S B ORI R S

TT & f, (645 8% p b ol 98 B 4k ol fy w,,
i



EloF T
Eiid Tl 2021 4

2272 | A= NN
L. L
w, = -+ L (4)
” Gz ; Gi,j

Keb €l S RS TR RN A A

S (4) T VRN TT W& f, 16 Bodls 58 3% p
A ar R B o w2 S BT AR 1 R OR
Wit f, AESERE p b A% Sy B A 98 5 56 2 IR
e p BERUE A £ AP HR IR B S BT
PE IS 1) iy 39 #6 B9 58 0 24w, , BOME BNV U
Wit f, AESERE p b TG i S8R B Y R] RE M BOR,
BV g B A T

PR TT 3 6 f, B Rl BEPE ] E o
u, = r]izzx(ui'p) (5)

GRASP [ H4 3t B B o i 22 1 &P 348 R 42 448
—A B B2 AR R WG %, B — R U A
I — AR AT R

Sy AR BT B BR A, R T B B A )
Uy fifp 1) 3k A v R S o DAl eR B R A% T )
TR IR ol o 1 5 For Y U R Bk AT I
i, AT RLAR A% — A BR A e e 203 (RCL) o MFR
il i e 51 R BE LR BT oC R AE N S, T Ay
RO 5 2 R R RE RS B — AN AT AT )
U5 %
Z <7, = Z i) ae (0,11  (6)
b2y, e min (Obj (S, F) ) o i ik 51 35 vp 4%
TR R H AR RE ) B /IME 3 2, = max (Obj (S,
F)) R RAA

T e 5 e TC 3R N B A Rl AT A, 8 5 P A e 4L
AT UM HR B A i R 9 AT AT 41 RCL
BSH o =0 W, M35 B By — 4> 58 42 o 8 i 48
I AR, RV U 8 35 0 I 2% b H b R B[ B/
MITCR ,BIR TSR IR 2. S 8o =
LI 45 By B — A S8 R BE ALY 18 R0 e, B
UK ] B BEATLA A B G 3R P BEA T B, R AR 1 ) 0 i
(5 . ASSCIBEE o =0. 6, 3T & I35

AR BEUAL 3 R D BRANE -

TR WEELRIAERL S W= B H
T E P 2% TT 3 B 00 2 2k 20 98 i Rk 2
A7)

W2 BWEMMEEN TTREESN F.,.,
Xf F . P H RS TRELHE S (55 2 56 3 47) .

PR3 AL 4% LR, BOE M D K
Ao WEER F RIS A 2% TT 3 &I 73 i)
it S FhOr K HER o S R HER O X BEALAET
JR T R iR R R B R R R R P
(B2 417)

+ ol

FB,A A5 FHET TR TT I 7 5
A7 BE R I B 2% OR T SMT i 5 07 i /8
BS ABT IR BER S (L2 % 6 1T) o

HIRS OCR IR AT B A B i 51 K
FORILE2H91T) .

HIR6 AL PP R KN % 51 3% P i R AT
FEORIICREIMA R RCL (534 2 55 10 17) o

FB,T M RCL HEEHLIERE — D ICRME N Y
B CLSE I 2R S(RIE 2 28 12 47) o

B8 A NES F, TR CE
14 7395

PR HEG F, R n, R
PO B 2 L ) B o I A 2 Al AR AR A RE 3R S
VE gk 3t By B W w0 d e (R0 2 26 16 17) o

w7 EE U B2, A0 R & B B A AR —
AT R P) UG , B RCL. Length =0, I g A4 3
Bk W, BT IRB — KM i .

B2 UMMM IERL.

BN TT i ES F i R NG G
ZH S,

Wit TT s
S—
repeat
F. <sortFlow(F_, ,R)

Af; «—sortFlow (Af, B)
for f, e Af] do
scheduleRtew(sS 1))
SE=5U |/
end Ao}
RE€L, dddCandidate(S")
R CL<«—restrictedCandidateList( a)
if RCL. Length >0 then
S«—RCL. RandomCandidate
end if

BRI 2R S,

=0 00 NN N Lt WD =

e e
AOW N~ D

remove Af; from f,
until F =

16 return S

GRASP (955 1 Bir BB 4K 75 1 T 47 i 7T RE A
JE AR ER AR, I T ARG AT AT A Y A8 gt
7 IR A% ZRARAF B IN B B A . 28 B T
BIR Al €08 SR A 2R 9 [T AR IR 4 O L, B
B 1EL, RIVEE i B BT I B e b TT 3 Ml A% 1Y)

FT T 00 46 Ak R FH SMIT 36 1 00 3 5 ik, LUt
PR LUT 2 AN AR

1) Tomh R AW AL — R g Ly TT

Ju—
W



5 11 3]

AL ALF

HSTR 55 T S48 Bl L 5 0 9 TTE S f L 9 05 H 5 2273

=2

Ui, FAL i A 2 I R B AN 2 5 A T O B Y
oAt T 9 5 B4 £ i 6 ) 7 1 E A
Ype P Yfife F'y((fi #f) A

37 3 = (7 offset >

f7 offset + L)) V (f]- offset =

f7e offset + L,) (7)

2) i B o AL 29 R AR R 1A% TT 3 B g
1) g 2 38 H49 /I T HLAER L (]

Vf e F".

fite offset — £« offset < deadline (8)
e f7 - offset gyt £, FERCHREEHE p L1 WA
S - offset Fl S - offset 43 5 Ay ¥ S, A% i
PEAE A | AR B RS 1 2RO S B 110 4
B,

IR UG AR S IR B, AT LR BT i
BTERBE B R B i £ - offset, PRI DL 18
PP £, AR iy g% AR TP AT S AR Y
JINIT ] ) BT A3 5 A A

£ = max(f7+ offset + f, -Adengihy- f7+ offset)
i <of (9)

£ = min(f7 - offser Af" - offset - f, + length)
i > ot (10)

AP of, - lengah JER VL f, MBI .
PRt Bt ] Rt R
£ e FEN) (1)
IR/, 09 V06 RS i, - offset % J, -
offset + 7" 3 (7) 5 48 37 o 1FL A2 ) B A
HE B LR, A0 S, RS £l 4B
5 2R TR A T B PR A SO
A1k 2 03

e (5 (12)

(EAE B ABBUE R A B0 T 28 (8) BB, B TT
SORLTT IR . D A BB Obj (S, F) T 6 Ak
Obj(S,F) = T WCD(f) (18

fieRe

Sk E PN R ST U R % i
7 A 4 AR RS OI0 B RT AT AR I 4 2 R O
B B AT A7 i A D A8 AR R A B R R AT
R,

HiE3 ABEIE R,

BN TTJEES F Ol R N G
ZH B

Wi TT A B A 2R R S,

1 Af«random(F" ,B)

2 repeat

3 for f; € Af; do
gt f1"
fi * offset«—f; « offset +f"
S'—SuU {f}

end for

if Obj(S,F) <Obj(S',F) then
S-S’

10 end if

O 0 N N W A

11 until terminate

124 xreturn S

WAL RS LT

PR RIS A B FEYL I £ 28 B i 7%
Y TT E (L3 % 147) .

P2 XPEEAL TT WA £, BRI R i B8 B
WH (L3 H417) .

F]3I PR S R R ERE, IR
B THEER S" (L3 %6 17).

PB4 GAREEL R R R E R SR
(4 Hbs o8 RUE/N T2 AT AR S IR B3R ST i
YRR39 17) .

L B | B A2 S oSy Ll s R B
WRAR S(RIL3H12147) .

i g b AR g R R A BERP 2 R R, 22 5
BGEAUG, Al AR — A R AL AT TT i 5
2Ry 20 98 B S, e rp TTSa0 AR 2 AT R B A, RC
T WED fR/h

3 Ko

AR SCRA — R GNAS [ BLASE 1) FH R DF-Ak BT 42
B o B RN I I H ) TCL, 40 Fh 25
FATEE 4 BT, A8 5 A 38 LA 10 43 &R 4t .
W& P 63 4% TT i 2 FH 60 4% RC i, i i
RO S Bl 64 ~ 1 518 bit, FiEE M N 1 ~
128 ms , 4% Jf7 Wi Bic & 24 100 Mbit/s

[ ES, ] [ ES, ]

( ES; )

(ES)

K4 TCL PTG
Fig.4 Network topology of TC1



2274 b5 M = MK k% F M

WA ORI 5 Ok T A0 2838 5 I Y SMIT i
JERRT 2 FhO7 AR R TT G R
RCIMEERWE 5 Urac, ol PLFE HH AP 47 5%
RC i i WCD A5 A [ B2 B2 i 98 2, 13 2% RC ik
T WCD A4 F SMT i B 5 1A B 38 im . RC
WA B2 T 9. 7% (A 2 123.095 ps
W 1919.235 ps) , B 4% RC I AE 3R e K
T 32.8% o ZTTIEAELRUE TT 3 5 vl I8 B 19 i
T, BB &8> RC Pt it 1 7 2 4L 3R | 32 T4 Y
f14 5 B 1 R o

BRI Z AN, 0 T B e A OBk i AT Rk JE
T 2R YR B e ) 4% T 5 2o A B I R
W B TC2 R F 2 F A380 Wydh b 254, il 1
s

FEF AR 25 0 0, 38 5 5 413 e
R HEAT LIRS BT o 5 2SI 1Y T A G B T 26
2 iR 100 4% RC i o fic B R A F R 3t TT
T S BE 90 ~ 210 4%, X Eb A ] it i L B R AR
CHILE SMT i B 553k A B RINGveR: IR R R
RC i i (1~ F- H HE R

3000

d I
= 17500
I’
1 000
500

S 10 15 20 25 30 35 40 45 50 55 60
RCyi A4 5
D SMTIERE:  —— A0k
K5 RCJiEIERR L
Fig.5 Comparison of RC traffic delay
®2 TC2 AfBIKIWEERRTLL

Table 2 Comparison of experimental results in TC2
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(School of Electronic and Information Engineéring, Beihang University, Beijing 100083, China)

Abstract: Time-Triggered Ethernet (TTE ) makes communication tasks have strict determinacy and con-
flict free by global time-triggered mechanism/; Wirieil is suitable for mixed critical application fields such as avi-
onics. TTE network provides three differént traffic types: Time-Triggered ( TT) traffic with low jitter and
bounded end-to-end delay, Rate Constrained ( RC) traffic with limited end-to-end delay, and no real-time
guaranteed " Best Effort" ( BEY\réffic)y Aiming at the problem that Satisfiability Modulo Theories (SMT) and
other methods do not considex the influence of TT traffic routing and scheduling on RC traffic delay in the
process of generating the /[ tsaffic scheduling timetable, in order to optimize the real-time performance of TTE
network , this papersproposes’a scheduling algorithm based on greedy randomized adaptive search, pihcedure.
The Worst-Case/end*twgnd Delay (WCD) of RC traffic is considered in the generation process, of AT Wwaffic of-
fline scheduling tinretable. Under the premise of ensuring the schedulability of TT traffic, The/ WACD of RC traf-
fic is redwged_by Touting strategy and scheduling strategy. The comparative experimenial resulis show that the
proposed metiiod can effectively improve the real-time performance of the network. Throtgh the comparative a-
nalysis of A380 topology networking cases, the average delay of RC traffic is réduced by 14.34% . Also, the

larger the network traffic scale, the greater the income of this method.
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Table 1 Experimental parameter setting for Lorenz

chaotic time series
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Jrik ; ; Hib 2%
HF/10° a/10°
KB-IELM ! 20 0.1
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KRLSELM 2 100 5=10""7

T e orom G35 g 2 > 38 G T TR D

% 2 Lorenz B A8 5 5 i 4 R

Table 2 Results of Lorenz chaotic time series prediction

7k AaE I kit [E] /s Il % RMSE W3 s 8]/ s X RMSE MAFE MRPE
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.y 28.492 5 0.006 3 15 100 0.024 9 0T 7 0.001 6

oy 28.119 5 0.006 8 19 900 0.056 9 9.342 0 0.004 2
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vy 3.873 5 0.168 9 81 639 170 9 0.396 6 0.057 4
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Table 4 Simulation/results of flight parameters prediction
75 (1] A 8 i
ik Witk br A
2 ¥ 23 24 123 124 234 1234
KB-IELM RMSE 50T, 4.0562 5.0512 4.9573 3.7354 4.3109 44456 4.0726
MAPE 16..89 84 12.752 9 15.936 5 16.264 8 13.150 6 14.097 6 15.497 0 12.8329
MRPE 0.0649 0.044 7 0.065 1 0.057 1 0.041 0 0.049 1 0.0552 0.0457
W3 ]/ 382.32 545.26 499.93 397.29 537.13 3 100 528738 576.91
NOS-KELM RMSE \~ 3.167 4 0.669 0 1.372 6 1.648 4 1.156 3 0.968 5 7277‘467 1.660 5
MXPE 5.856 5 1.999 1 6.246 4 6.883 2 4.380 5 2.8478 546 8 5.099 2
MRPE 0.036 9 0.006 5 0.010 6 0.012 8 0.010 0 0.005A 0.033 2 0.018 4
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R I 4]/ s 475.12 835.21 703. 82 638.06 760. 37 859. 58 902.78 875.41
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Online prediction model of the state of engine based on multivariate KELM
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Abstract: In order to solve the problem that the state chasigesiof only one variable instead of related vari-
ables are considered in the process of aircraft engine conditiényprelliction, an online prediction model of the
state of engine based on multivariate Kernel Extreme Learrfiilg/Machine ( KELM ) is proposed. First, the phase
space reconstruction of multivariable time series is Used t6 tansform the temporal correlation into the spatial
correlation. Then, by studying the relationshipbétiwveen KELM and the Kernel Recursive Least Squares
(KRLS), KRLS is extended into the online $parse KELM framework. Finally, the samples are made sparse by
using approximate linear dependence toscontrol|the growth of network structure, and ultimately online predic-
tion of multivariable nonstationary serlesis_realized. The prediction results of engine flight parameters of a cer-
tain trainer show that, compared With KE-IELM, NOS-KELM and FF-OSKELM in the premise of online pre-
diction, the prediction accuracyiiszdecteased by 90.61% , 58.14% and 25.77% respectively, and the pre-
diction stability is decreased by 99161% , 75.03% and 28.59% respectively, with higher prediction accuracy
and stability. All methods’ get Hest results with multivariate inputs, which also proves thatthe congideration of
multivariable state favtors\is of great significance to the online prediction of single variable as weil:

Keyworags «Kernel Exireme Learning Machine ( KELM ) ; multivariable time series; karnél adaptive filte-

ring; phase spateyreconstruction; sparseness
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A multi=source model extraction method of digital
circuit conducted emission
HAO Xuchun, XIE Shuguo "

?School of Electronic and Information Engineering, Beihang University, Beijing 100083, (China’)

Absirae?: This paper proposes a multi-source model extraction method based oi€lsctromagnetic interfer-

ence element theory to solve the modeling problem of digital circuit electromagnetic conducted emission. Based

on the basic emission waveform theory, this paper divides the digital circuit eleciromagnetic conducted emis-

sion model into two parts: basic elements and extended elements. In view(ef-the characteristics of digital cir-

cuit clock signals, the trapezoidal pulse sequence is selected as the basic element form, and an improved joint

estimation algorithm is proposed to extract the basic element parameéters ‘and the corresponding extended ele-

ment system transfer function model. Aimed at the coexistenrce of multiple sources of digital circuits, a multi-

source identification and separation method based on autgcorrelation function is proposed to separate different

basic elements from a set of test data, and finally comuibte, thé modeling of electromagnetic conducted emission

of digital circuits. The simulation and experimefitaliresulis verify the feasibility and accuracy of the proposed

method.
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Table 2 Comparison of flight control law parameters

( scaled model/full-size aircraft)

QAT 4 RFEAL 4 LA A
2 AHALL EG 451 - 2
K, 1 1.25 1.25
K, k03 0.3 0.6
K, 1 1.42 1.42
K, E* 0.64 0.32
K, A 1.36 0.68
K, E*S 0.04 0.02
Taf E*S 0.1 0.05
gl E*S 0.1 0.05
Taa EO? 0.04 0.02
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Fig.9 Comparison of closed-loop pitch attitude angle time-domain response properties
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Abstract: The Pilot Induced Oscillations (PIO) pose a serious threat to the flight safety of aircraft. Pre-
dicting the PIO of full-size aircraft preliminarily based on flightfest of dynamically similar scaled model helps
to reduce the test risks and save cost. Bandwidth criterion and\Neai=Smith criterion are selected as the evalua-
tion criteria for the longitudinal Category I PIO caused=hy,the tine delay from control stick operation to con-
trol command generation. The similar proportional relations gf the PIO characteristic parameters between full-
size aircraft and scaled model are analyzed first, and/then a method to predict longitudinal Category [ PIO of
the full-size aircraft based on scaled model is eStabliskied. Finally, a military transport aircraft and its scaled
model are taken as the sample aircraft of simulation verification. The results show that the similar proportional
relations obtained by analysis are corréety and the prediction of Category I PIO of full-size aircraft is accurate
based on scaled model test data.
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Dynamic characteristics of wingtip-jointed composite aircraft

LIU Dongxu, XIE Changchuan®, HONG Guanxin

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

Abstract: The aerodynamic coupling effect of the composite flight of aircraft via wingtip-jointed structure
determines the dynamic characteristics different from those of its independent flight, where safety risks might
exist. In order to investigate the dynamic characteristics of the wingtip-jointed composite aircraft, the Newton-
Euler method and Robberson-Wittenburg method are used to deiiye the 7-degree-of-freedom nonlinear dynam-
ics and kinematics equations of the multi-body system of the wihgtipFjointed composite aircraft composed of two
aircraft. Under the aerodynamic quasi-steady assumption, J1incoupling aerodynamic force formula for two-air-
craft composite system is established, and the composité airczaft system’ s three-dimensional modeling and un-
structured meshing are further carried out based s2/ilfle/’CFD method to obtain the aerodynamic data. The dy-
namic simulation platform is built, and the dyn#mic/siriulations under the quasi-trimming strategy and the full-
trimming strategy are carried out on the dyndmic sithulation platform. The result proves that the aircraft cannot
continue to fly stably under the quasi-{ximming/strategy, while the motion parameters of the composite system
under the full-trimming strategy always tend to be stable. Under the full-trimming strategy, the decoupling lin-
earization method using small distusbance hypothesis is used to rearrange the terms of the 7-degree-of-freedom
dynamic equations, and studi=the, two new divergent eigenvectors in the eigenvalues of the composite system
motion modes, which shéws that the two divergent modes are dominated by the relative roll angle and angular
velocity. Meanwhiley the, _characteristics of other modes compared with the single-plane flight arézsutamarized
and analyzed.

Keywor@s .<irew-concept aircraft; modeling and simulation; CFD method; dynamic thatacteristics; mo-

dal analysis
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Design and test of the ejection emergency flight data
recording and tracking system
ZHANG Yantai', SUN Jianhong"* * | HOU Bin', WANG Yibo®

(1. Key Laboratory of Aircraft Environment Control, Life Support and Industry and Information Technology,
Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;
2. College of Civilaviation, Nanjing University of Aeronautics sfidAstronautics, Nanjing 211106, China;
3. Shanghai Aerospace Control Technology Institute, China Aerospace Scienceand Technology Corporation, Shanghai 201109, China)
Abstract: The ejection emergency flight data receording” and tracking system consists of the intelligent
ejection separation, tow-type image tracking, inflatabie soft<tanding and data transmitting. In this paper, the
key subsystem design and UAV test verification age”cdrried out. According to the characteristics of the para-
chute-airbag module, the variation of the caibgpy drag coefficient in the airbag wake region is analyzed. The
results show that the radius of the airbag and the nominal diameter of the canopy are the main factors affecting
the canopy drag coefficient. The canopy(drag coefficient decreases with the increase of the radius of airbag,
and increases with the increase ol’ile norminal diameter of the canopy. Based on the aerodynamic analysis and
the numerical simulation, the cergpy drag coefficient formula is obtained. Meanwhile, the full functions are
achieved by UAV test, and i1/is proved that the system scheme is reasonable and feasible. It provides an im-
portant reference for the subsequent engineering application.
Keywords: emergeney flight data recorder; aircraft safety and rescue; system design; pdrichpie drag

analysis; unminfied aerial vehicle experiment
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Dynamic characteristics of smooth time-varying constrained rotor
LIU Di, LI Chao, MA Yanhong, HONG Jie"

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

Abstract: The smooth time-varying constraint is a mechanical effect of continuous contact produced by
the rubbing between rotor and stator, in which the periodic time-varying constraint is applied to the rotor. The
additional stiffness curve caused by contact between the stator and the rotor is a smooth and derivable function
with time. A smooth time-varying constraint model is established*based on the orbit of rotor in experiment, and
the modal frequency, stability and response of rotor system withisimdoth time-varying constraint are analyzed
based on the Hill method, which provides an analysis frameé for the fault identification and stability analysis of
the rubbing rotor. The research results show that the rofor with smooth time-varying constraint has the charac-
teristics of frequency coupling, multi-frequency and iistability. In the unstable speed region, the amplitude of
the rotor gradually increases with time. The frequency-omponent that causes the instability of the rotor system
is the frequency component whose real partof \cigenvalue is greater than 0 in the rotor modal analysis. In the
stable speed region, the rotors frequenty response is mainly the frequency combination composed of speed fre-
quency and contact frequency.
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Fig. 12 Swarms formation status
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Hybrid control for UAV swarms based on Agent and cellular automata
XTIAO Zonghao', ZHANG Peng® ", CHI Wensheng’, LIU Chang’

(1. Graduate School, Air Force Engineering University, Xi’an 710051, China;
2. Equipment Management and UAV Engineering College, Air Force Engineering University, Xi’an 710051, China;
3. Unit 32151 of PLA, Xingtai 054007, China)

Abstract: The efficient and orderly swarms control mode is the prerequisite for the swarms to successfully
complete the combat mission. Aimed at the problem of UAV swarms control, a hybrid swarms control based on
Agent and cellular automata is proposed by combining the centralized and distributed control modes. Based on
the analysis of UAV swarms operation flow, the framework gf UAV¥swarms control system, communication to-
pology and swarms control rules are constructed. The swaimg’ individuals are divided from top to bottom into
three levels: center leader, group leader, and indiyidual’ UAV. The upper level adopts top-down centralized
control to the lower level, and the same level adopts bostom-up distributed control. On this basis, using the hi-
erarchy of Agent model and the homogeneity &f-cellular automata model, a swarms hybrid control model based
on Agent and cellular automata is designed to realize the effective combination of the two control modes. The
cellular automata model realizes the basiy sWarms rules of aggregation, separation and uniform speed, and the
Agent model realizes the cooperafiye,interaction rules among individuals at different levels. Under the back-
ground of formation assemblyyand1haintenance task, three kinds of control: distributed, centralized and hy-
brid, are compared and gilnudated. The simulation results show that the swarms based on hybrid control have
obvious advantages 1w dormation controllability, following, consistency and reducing communicaiion load,
which verifies the eiféstiveness of the hybrid swarms control method.
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Prediction.method of intercept time and intercept point based{on
learning mid-course antimissile

YANG Zicheng, XTAN Yong® , LI Shaopeng, REN Leliang, ZHANG Dagiao

(College of War Support, Rocket Force Engineering University, Xi’ an 710025, €huia)

Abstract: Accurately predicting the intercept point and intercept time of the/intefceptor in real time is an
effective way to realize the mid-course penetration of ballistic missiles. In,order to predict the intercept point
coordinates and intercept time during the mid-course penetration process 6fballistic missile, an online predic-
tion method based on supervised learning is proposed in this papery/ Using the shutdown parameters and the
shutdown time of the boost stage of the interceptor as inputs, the“pradiction model of intercept time and inter-
cept point was established. Based on the multi-layer percepiron neural network, a supervised learning algo-
rithm was formulated, and the interceptor’s parameters_were ‘obiained through the attack and defense simula-
tion to make the set of training data. The network traiting ‘Wwas completed offline. The simulation results show
that the neural network can effectively predict the intergeption time and the coordinates of interception point
online, and the relative error of the prediction résdits 1s 0. 124 3% and 0. 128 5% respectively; the average
error of the prediction results of intercept ¥ni¢ is:0./224 0 s; the average distance error of the prediction results
of intercept point is 2 016.48 m. They all mwet the accuracy requirements.

Keywords: mid-course penetration; intercept point prediction; intercept time prediction; supervised

learning ; neural network
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Steady-state experiment and numerical simulation on flow and heat
transfer of a rotating cavity with axial flow
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(1. National Key Laboratory of Science and Technology on Aero-Engine and Aero-Thermodynamics,
School of Energy and Power Engineering, Beihang University, Beijing 100083, China;
2. Collaborative Innovation Center for Advanced Aeroengine, Beihang University, Beijing 100083, China)

Abstract: The steady-state experiment and numerical simulation were carried out to investigate the flow
structure and heat transfer characteristics in the rotating cavity aiths axial flow. By changing the axial flow
coefficient, rotating Reynolds number, etc. , the radial distribution of temperature and Nusselt number on both
sides of the disk and the inner side of the disk cone under different working conditions was explored. The re-
sults show that: the radial distribution of temperature/oir both sides of the disk is concave, and the heat trans-
fer intensity on the upwind side of the disk is generally higher than that on the leeward side. The cone disk
conducts heat conduction to the disks on both ®rds? and the radial distribution of the wall surface temperature
is high in the middle and low on both £ides. With the increase of the axial flow coefficient, the gas convection
inside the disk cavity was intensified ,//the radial arm and vortex pair became explicit, and the heat transfer
effect on the surface of the rotating‘disk, and the cone disk was enhanced. The flow heat transfer characteristics
in the cavity of the rotating disk” are’influenced by forced convection and Rayleigh-Benard like convection.
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Conjugate heat transfer simulation and mechanism  of
air-cooled turbine guide vanes

LI Xinyu, LIU Huoxing

(School of Energy and Power Engineering, Beihang University, Beijing/100083/, China)

Abstract.: According to the multi-field coupling characteristics of air-cooled turbine blades, numerical
simulation of high-pressure turbine guide vanes with different air-e0olihg“structures is carried out by the flow-
heat coupling method. In internal cooling turbine blade exariple’ by\comparing the experimental data to select
a higher-accuracy Conjugate Heat Transfer (CHT) calculatioh/sshéme, the multi-field characteristics and cou-
pling mechanism of the internal cooling guide vane ave/aqalyzed. On this basis, the turbine guide vanes with
film cooling holes and internal cooling channels arerthexteséarch object, the interaction between cooling jet and
main stream are focused on, and the fluid thermal’counling relationship in near wall boundary layer and related
questions such as the factors affecting the air poolirfg’efficiency are discussed. The results show that the use of
flow-heat coupling calculation method and’a_suitble turbulent transition model is conducive to improving the
simulation accuracy. Flow field and temperafuve field of the air-cooled guide vane are closely coupled, and the
flow heat-transfer characteristics affect each other. In case of low speed rate, increased cool air flow can im-
prove the cooling efficiency of the film, and if the flow of cold air is increased to a certain value, the increase
in the cold flow will cause a poor upstream cooling effect behind the air-cooled hole and a better downstream
cooling effect. High-speed cooling interacts with main stream, which will produce complex flow structures such
as kidney-shaped vortices and horseshoe vortices that have certain influences on temperature distribution.

Keywords ; high-pressure turbine; Conjugate Heat Transfer (CHT) ; film cooling; flow field structure; CFD
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Table 2 Recognition‘resuits of four methods

i T4 e B B U AT

05X 5 4 TR G 3/ %

- gL CNNID CNNID CUNID | - CNNID CNNID CNNID CNNID CNNID
‘ (CE) (CSP +CE) ( CSCE) (CSP + CSCE) (CE) (CSP +CE) (CSCE)  (CSP +CSCE)
Im0  924.00£26.00  896.00 £42.00  762.00:£48.00  648.00 £68.00 95.29 £0.26 95.500.12 94.47 0.44 95.38 £0.53

M, Iml  830.00£52.00 1016.00+28.00 762.00 +14.00  742.00 £18.00 95.50 £0.35 95.50 £0.70 94.74 +0.12 95.47 +0.09
Im2  1012.00£78.00 1190.00+112.00 852.00 £28.00 771.00 £15.00 94.33 +1.20 95.58 £0.32 94.12+0.26 95.03 £0.29

Im3 1527.00%17.00 1574.00 +110.00 1 012.00 £62.00  857.00 +128.00 92.98 +0.82 93.60 +0.56 93.51 £0.23 93.92 +0.82

Im0  142.05:10.45  176.20 £5.00  142.10£12.60  136.75%6.25 95.76£0.03 95.96 £0.18 94.50 £0.41 94.88 +0.03

o, Iml  141.30 £3.00 169.65 +4.65  142.65+7.55 134.75 £0.45  95.44+0.18 96.0520.50 94.7420.29 94.94 £0.09
: Im2  175.85+9.25 197.70 £15.30  151.20 £3.20 143.60 £8.80  95.35:0.03 95.32£0.06 94.24+0.20 94.50 £0.12
Im3  209.65+22.85  226.64 +1.65  179.30 £14.60  174.70 £0.30  94.42+0.03 94.15+0.53 93.01 £0.61 94.44 +0.06

Im0  845.45+74.05 890.10 £21.30  838.75£22.95 811.35+13.05 95.44+0.18 95.99+0.03 94.91£0.18 95.50 +0.24

M, Iml  803.70 £50.40  968.15 +13.45  939.1542.55  769.65£32.15 95.88 £0.44 96.260.18 94.30£0.32 95.85 +0.12
’ Im2  910.70 £16.90 1 145.80 +31.00  979.00 +40.60  922.20 +31.70  95.44 +0.06 95.56 £0.12 94.27 £0.29 94.92 £0.35
Im3 1342.00£71.00 1346.75+29.85 1155.10+122.301122.25 £4.75  94.12£0.20 94.39+0.18 93.36+0.67 93.42£0.15
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Table 3 Pruned percentages of model under three metrics
o HiRE
4

ImO 75.90 £2.88 83740 +7.20  58.00 £12.07
Iml 65.93 £41719 80.99 +5.56  60.13 £4.73

M Im2 65.99 #1320 78.21 £3.00  54.80 £5.53
Im3 65.58°+9.13  70.43 +6.63  48.43 £7.77
ImO 6V 89-=13.20 54.58 +10.18 35.60 £7.00
M, Imi 81.93+£5.18 86.56 +4.95 60.63 +1.63
1m2 §7.74 £3.46  57.30 +7.38  34.50 £6.37
Im3 72.52£0.90 82.45+6.84 57.70 £10.17
Im0 67.36 £3.13  77.97 £2.69 49.57 £9.50
M, Tm1 67.21 £5.24  83.97 +£5.20 61.87 £4.07

Im2 63.61 £3.86 74.90 £12.96 52.67 +15.80
Im3 62.81 £3.58  69.81 £10.60 45.73 +13.73
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Ballistic target recognition based on cost-sensitively
pruned convolutional neural network
XIANG Qian, WANG Xiaodan" , SONG Yafei, LI Rui, LAI Jie, ZHANG Guoling

(Air and Missile Defense College, Air Force Engineering University, Xi’an 710051, China)

Abstract: Aimed at reducing the overall misrecognition cost of ballistic targets, A One-Dimensional Con-
volutional Neural Network (1D-CNN) based on Cost-Sensitively Pruning ( CSP) is proposed for ballistic target
high-resolution range profile recognition. Firstly, based on the lotiery ticket hypothesis, a unified framework is
proposed to reduce the model complexity and overall misidentifitation cost concurrently. On this basis, a gra-
dient-free optimization method of network structure based ow artificial bee colony algorithm is proposed, which
can automatically find the cost-sensitive subnetwork of;1 D>CNN, namely, cost-sensitively pruning. Finally, in
order to make the cost-sensitive sub-network still be/dimed at minimizing the cost of misrecognition during the
fine-tuning process, a novel Cost-Sensitive {rass Entropy ( CSCE) loss function is proposed to optimize the
training, so that the cost-sensitive sub-petwork\focuses more on correctly classifying the categories with higher
misrecognition cost to further reducetfieoverall misrecognition cost. The experimental results show that the
proposed 1D-CNN combined withthe CSP and CSCE loss function has a lower overall misrecognition cost than
traditional 1D-CNN under the premise™df maintaining a higher recognition accuracy, and reduces the computa-
tional complexity by more drai 50% as well.
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Fatigue performance of adhesive-rivet hybrid repair of aluminum alloy plate
YU Jian"? ZHANG Teng" ", HE Yuting'”’, CHEN Tao', FAN Xianghong', ZHOU Runhzo!

(1. ‘Aeronautics Engineering College, Air Force Engineering University, Xi’ an 710038, Chinas
2. 94795 Troops of the Chinese People’s Liberation Army, Nantong 226500, China;
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Abstract: Aimed at the fatigue performance of aluminum alloy plate withShybrid adhesive-rivet single-
sided patch, specimens with four different methods including un-repair,/riveted |repair, adhesive repair and
adhesive-rivet repair were designed and subjected to fatigue tests. The fipitd eiément models of specimens were
established, and the structural stress distributions and the crack lengtincrack tip Stress Intensity Factor ( SIF)
curves were obtained and compared with the test results. The resvits'show that adhesive repair and adhesive-
rivet repair methods can effectively reduce the stress level dif the crack and the crack growth rate. Compared
with un-repair specimens, the fatigue life of adhesive repair and adhesive-rivet repair methods is increased by
184.3% and 197.3% , respectively. For the adhesivesiivet repair, the rivets can inhibit the debonding of the
adhesive layer, and the repair quality of this meth6d*is_more reliable and effective than that of the adhesive re-
pair method. The Finite Element Analysis« FEA ) [résults are in good agreement with the test results, and the
SIF error of FEA is approximately within §% .
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