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XA, mRE, FER, FaE, Tx

(LSRR A PR 5 TREBE, L3t 100191)

1 =

PLSA06 f 2A12 28 & 4 h #F % 4 £, 5 % T Al-Mg A1 Al-Cu 4 4 7 it B -

CoBRPERAMTHREAMEY R, 22X HEE S HREA RS MU
Bttty B om. XA K AT HH T B (FE-SEM) # AT R @M RN E, XA 2h e LR 1t
W B FHRE(EIS)#ATEENELFERITFN. EREA 202846050 EHREA
L RFHARAN R REE, X RACEAHENERE B ERA LR 2A12 844K E L
AANE ERALZTE, MM ERRATAANTE, PR T ALBEYBAL M ;MR R
A ET,5A00 6o AMER BEEeMEG, A RBRERER, AARGMAE K, X 2h

TACu 22 mWILREELL Al-Mg & 475 .

X B W:2A124464;5A00 4854 AATN; ALERR,; B MR
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XERERIRAS: A

2A12 R A &R T o AR, oA AH 2
S(CuMgAlL) " A, K2 CuAl,. 3 F A2
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T H 45 8. 5A06 1 & 4 F %ok M 2
B (Mg Al ) A, 32 B i hy %5 B2 AR 0 $or o
TR A 3R

Ma 250 b 7 4 5 52 2% B 4 19 B0 2 M 3
2A12 F5 45 4 10 PHAR A P RRAE SR AT T R 5T, 45 21
W Z L RE AN 22 B OR & Cu TR, 1 H
BHAR %Ak L - (0] il 2 52 31 ¢ 5 87 JE. Feliu
25 T R M 4R o AR R OR TR AR S 4 T
W AR RS 1 R AR E AT T OB SY, 45 R SR W 2l AL R
Al-Si-Mg £ 4 AL B 1t 14 40 3, Al-Mg & 4 %
Fh R b PR 45 22, Al-Cu 2 4> S8 0 IS ol i B 2%
Fanny % %F 7050 T74 12214 T6 B FH % A 4k

XE4HS: 1001-5965(2015)05-0757-07

I R AR SR AT T 05T, 25 R 3R B 7050 T74 474 4
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ROFIBHFS 2 A BH R, PREFE S HARE B T 84f
AR TRl 5 pR T 4R A A B R AL Cu M EE JE AR VA i
PP, 2214 T6 44 & M AR5 R, 5
R, Bifi 25 1= 140 I i) 0B K 30 3 AT, PR BT A 22 1 it
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BT Ad Al-Mg & 4 F1 Al-Cu & 42 75 7 7] 45 35,
P3Nz N B AT HE AN () R A 2R v i B
W BB AT A B2 445 4 R Ak 2 M B — R ST Y
LY

AT AL X 48 G A 1 B R - O 8 FH i Sk
FARMAT T RSB & B A B A
AR A 1 it ok R0 T 98 55 P BB AR SC X 5A06 I
2A12 R A TERRIR-C R h B FH B S8 1 58 2 45

Y FE B 2014-06-06; 5 FHHI: 2014-07-03 ; M 4% H KRS 8] : 2014-07-08 1413
[ 2% tH BR b 3k : www. enki. net/kems/doi/10. 13700/]. bh. 1001-5965.2014. 0330. html
* BWAEE : XA (1957—) , 5,0 F M , #4#2 , liujh@ buaa. edu. en, FZH 5 77 17 Jy Jig 1l 5 B 7.

SIAE: g, mAM, FHRE, F 5406 F12A12 40 EmB-C _BRPHRAMATHREEELFMERE[T]. s X
A FEFAR,2015,41(5):757-763. LiuJ H, Gao Q N, Li Y D, et al. Oxidation behavior of 5A06 and 2A12 aluminum alloys in

sulfuric-adipic acid and electrochemical property of anodic oxide film [J ]. Journal of Beijing University of Aeronautics and Astronau-

tics, 2015, 41 (5 ) : 757- 763 (in Chinese ).


lenovo
全文下载蓝色

www.cnki.net/kcms/doi/10.13700/j.bh.1001-5965.2014.0330.html

758 It 5 it %

K

NP NIV i

2015 4¢

LA PERE EAT T ST, 0 BT B AR B S
<5 PP R S T2 45 4 L 2 T ot P ) 552 )

1 £ s

1.1 SEIe##

SEYG BT AR 2A12 $R A 4 (32 B i
LB Cu4.5% Mg 1.44% ,Mn 0.6% ,Si 0.06% ,
Fe 0.13% ,Zn 0.02% ,Ti 0.03% ) ,5A06 %5 & 4
(FER R EnE:Cu<0.10% ,Mg 5. 8% ~
6.8% ,S51<0.40% ,7Zn <0.20% ,Mn 0. 50% ~
0.80% ,Ti 0.02% ~0.10% ,Fe 0 ~0.400% ). i&
FERGE S 840 mm x 360 mm x 2 mm. K¢ XA AP 48
FTE 2 1500 5 J5 47 Bk A1 i O, DLER 25 44 )
A0S A A SR E AR, Z 05 S BV EAT AR 4R
Ak 2.

1.2 HEREHLKE
1.2.1 2% &M% AA

K R R -0 — 1R BH A% Sk (50 ¢/L #i iR +
10g/LC R ), IR AL ik & 25 £0.5C, 4252
SmindtF, 15 V 5 £ F BH A% % AL 20 min. 53 5 %t
2A12 BRE 4 B SA06 41 G 4 AT BB A AL, il
SR HL U5 I ) A OC FR it 42
1.2.2 @@ i@imik

fE 1 mA/em?,2 mA/em® {8 B % R, R
FHBR R -0 — 2 P %Ak (50 ¢/L BilR + 10 g¢/LC
) PR AR B 25 £0.5C , 4 % 2A12 47
B4 M SA06 B G & R AT AL, JF 10 S L R S I
IF) F) 5 2% il 2%

1.3 SUEREERUR

VoV s AR 4 B A7 4 A B S , T 9
B A A T 2 B3 (S4800FE-SEM, H A
HitachiZA w) A5 7 ) W€ B4 S A IR 2 3R T TR 53
1.4 ZhEB (LR ih 2 ik

K = AR & 5 i A 27 TAE 3 (PARSTAT
2273, Princeton Application Research, USA) #f 47 Hi,
A2 E . BR A 4 1 T BA A 48 AL R R Dy T
e A, URE A T3 T B2 R 1 em”, T S HCH
3.5% 1) NaCl HLfi i, 1 A H ok l il o 2 R,
Y P S B Bl L AR (5 em® )L SR FH Bl AL A AR AR T
FA#E R 0.5 mV - s HAEE M - 250 ~
250 mV (VS OCP).

1.5 meFEmiEi

ML Ak 2 FH 31 3% ( Electrochemical Impedance
Spectroscopy , EIS ) Ml X 76 AH 7] 1) = Hy B 44 5 T
7. HL AR 2 BE B s DU 3 i A0 im0l 15 5 e
10 mV JRFEE N 0.1 ~ 10 MHz.

2 #RE5ITR

2.1 [EEEMEREL

Bl 1 TRl 5A06 Fi 2A12 47 & 4 BH AR 401k
HL UL 5 I () 56 & ittt 4. AR 4l BH A 42 Ak H R BH A 4R
it AR AT LAy AN B Be. LA 3V - min '
M OCP ZE i T 5] 15 V. @78 15V fHE F &4k
20 min. J& 1 v 2A12 H 3 % B 5 (R] A il 4k B
RTE 1 By Br (120 s) WO OW O DL
0.08 mA + dm * « min " 'fUEE B T b T, B %
JE B (0. 65 mA - dm 75 5% B2 5 oL U A B AR
W, BT R B BE A K {E 0. 58 mA - dm AR JE
TR (0,45 mA - dm *) . HLRIEME AR T &
Cu &4 AN Al Cu,Fe f1(Al,Cu),(Fe,Cu)%§)
KA AL, IE AR BE A R R Y I AR
O T SA06 HL I T 5 ] A 2k R 2k
PETFFE BT BEAE 280 s Z HT LU 26 B L& T, B K
fH)0.92mA - dm 7 5 L% E R B T8
E(0.72mA « dm ?). T Cu F RS, WA H
PUHLRUEME. 15 V 1H KT ,5A06 #7444 S Ak L i
W E AR 2A12 SR G & 2 £ Ak 2
o Mg®" B P AN AT R R R R AT B TR
15 A%, 28U &R, Al-Mg & 4 HL i % B2
ﬁj([m.

1.00
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Fig.1 Curves of oxidation current and

time response record of 5A06 and 2A12 aluminum alloys
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N T AR B A A R R R S B AR T
FEE AN [a] B A 2RI 51 RS /Y L AR 2 AT O Y AR
A, fE L I B A fRL 7 5 I T) 9 5C Rt 2 TR 2 B
7 FERR AR TT B B 8 18], B0 4 2 T B9 R i P 2
Pl T R T EL R U R MR R T 3 i
PR, 2 W AR IR 1 2 R T B2, B3 )= Bl R
UL R T 3 T i 4 TR A — Bei ]S B R L
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AT AR A 1 mA - em ™ E L
W ,2A12 f 4 A AL U R AR E L 29 /2 SA06
A A 1.5 f5 76 2 mA - om 7 Y4 LU A
TL2ARERE B 3.6V IT IR HAR R, 2
P2 AL-Cu 5 4 B AR S A 1 A R ad 7 o, B 4R
P rE 75 | Y o 2 Y AL B T R LY
B B AR LR T 5 B R T 1 W Wi
KRR RIS, 76 IE 5 R AUET e fbid #e b
SR UL RESZ 20 B T RS T, DAL ab 40 1 BT
e T AL A — B A A R e B A
DR T AR T E T PR T | AR L AR T B
LRI R 1 A MR B T 3R T i R 2
i, ZALERE LKA, 255 5 5A06 A& &
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Fig.2 Curves of constant current
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2.3 SUBEMUEIR

[l 3 7 S BH B A AR R 3R T 1Y 37 & S 4 4 vl
5 .1 %% ( Field Emission-Scanning Electronmicros-
copy, FE-SEM) f& . W] LIV 28 & AN [R]85 & 4 FH
e Bk RS 22 1T 1 2 LI 3, 5 A06 48 & 4 48 Ak AL
R 12 ~ 14 nm, fLEREH 9.6 x 10" wm *;2A12
A AAEALRE N 8 ~10 nm, fLERAR 1.21 x
107 wm 7 A H T 5A06 434 & AR 2A12 F1 4
B FACTEALAR /N FLBUR . X B T S 4 A
MR, R E AT LR A A B RE R TR
AL AT B H AR TR SRS & Rk
[ 2x kA Cu a5, &R —w B, BEE Mk
ML B9 T, Cu & 2R Ak 0 A SRR IR, TR
AR, X — il R BB R T , A AR %
WG E

& 4 Jt 7 Sk BH AR S A 5 AR mT i SEML IR J-
ATLLFE h 5A06 fR & & 2 R B2 2,45 um,
A2 R R IRZ B 1. 82 pm. X J& H T 4%
Mg & & AH Y S A6 3 A B B iR RE /D T AL A Ak

AT R, BB S AR R AR A A Ak
WA T B SA06 584 4 IR R i I
JRJE.

(b) 2A12

K3 FEBCAEL IR T SEM A
Fig.3 SEM micrographs of anodic oxide film

(b)2 o
4B A B SEM T

Fig.4 SEM cross section of anodic oxide film
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2.4 FAUBEFNE AR L

Bl 5 (a) in 2y 2A12 584 4 Sl A0 B8 A v P o
TITEA 3. 5% (%) NaCl i =i 1 h A1 288 h
Ja B A i e Mg S, B E e B R, T
WAk HL L. 1T LA SRR s (] R, 2A12 43 4
& A AL T B F A B F - 650 ~ =550 mV (A
X} SCE) Z [0, Fifi 12 0 B 8] (%) 48 K, [ ik i A7
T, BT b F G A T o A

&5 (b) TR R SA06 54 4 S AL IR 43 51 7
P 3.5% NaCl % 1R 0 1 h F1 288 h J5 i 4l 1k
B2 25 . /T LR R 288 h J, A JE bl
P FH 8, T el e 3 a0 TR el R
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Fig.5 Polarization curves of 2A12 and 5A06 with

different immersion time in NaCl solution

FAE BABRR E 1 2 %50 o vl O 2% 55 RIS ot
HALANER 1 R, 2A12 S35 &AL Lh )5,
HIEMp ALy - 0,612V, 3 J& bl i % R
0.683 pA « cm ;30 288 h f5, H O bl HL £ R
—0.584 V, [ Bl P By 2. 145 pA - em 7 B
LR ) A RE S, R e A T R, 1 ok R R
JERGR, Tt P B AT. 5 T 5 (a) B Ak il 2 T A5 JL A
— 3. 5A06 R G A FAL MR 1 h J5, B o fif
S =0.771V, [ & EL B B K 0. 446 pA + cm
Hif 288 h J5, A B HLA 2 —0.660 V, [ JiF i HL
PEHEE A 0.001 pA « em ;3231 288 h J, [ )i ik

L T e, O e 3 R RN i R . S
IS (b) B Al il 28 BT 45 KL — B 3= 00 A (W) I fE)
J& AT 2A12 BRG44SR R, 5A06 55 5 4 A
I ol P S o, S o L 2 RE AR, 5840 R AR
R A 0] 5A06 R 45 4 Ak B2 A 48 v 1 T
.
*x1 HEROEHEREE I, MEHBENE,,

Table 1 Corrosion current i and corrosion potential

E_,. of sample

IR B /b E oo/ V Lo/ (A = em™?)
1 -0.612 0.683
2A12
288 -0.584 2.145
1 -0.771 0.446
5A06
288 -0.660 0.001

2.5 SHERBELFEEHIENIR
K6 JIr 7 oy B AR T AR o i o Bk 3. 5% 1Y
NaCl ¥ i3 1 h F1 288 h J5 1) Phase [K].2A12
R4 288 h J5, i THMEEAZILZE R
B Y B R R 2 LR SR B AL X
HI2 B A s BB ) B 8] & B S (a) AT,
2A12 85 e A AL B R 0 288 h Ji5 J ok F A3 IR
T HL S o i 28 A AN G, R B L™ i i AR AT
Tl I S8 AR TS (1) 235 48 . 5A06 47 4 4 S Ak st ¢ B
— 5 A RAPE , {E B 9 30 B R] ZE K, A A7 A 4R T T
B,
90
80+
70+
60
50+
40
30+

20¢

HIE A1)

—=—2A12,1h
—=—2A12, 288 h
—4—5A06, 1 h

—v— 5A06, 288 h

10 107" 10" 10! 107 100100 10°
$i# Hz
K6 AALBEALE NaCl %5 3 HPi2 L AS [R) i ) J5 19 Phase 4]
Fig. 6 Bode diagram of oxide film with differcnt

immersion time in NaCl solution
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1250, CPE(P) iy Z L2 L 19 % M 07 A oo 14,
a, A BLTCIEXE B IR F, CPE (B) Sy B2 %
LR vy I s Ao D O AL S e el T R ]
BFE]R ,2A12 SR A & S0 R (E 2 HE 5A06 4
B e AL/ X SR Al-Cu 4 4 AL I
PFLBREE [ Al-Mg & 45, 1 H Al-Cu & 43 %1
Aot 8 R B B Ak AL R — A e B )2
R Re, b R R E N R —.
W AT (1 BEL B 2 e BHLAR K, — 5 L F R, =
10° Q - em® "™ 7 SE 5 f A5 2A12 47 4 4 B
AR B P2 B R, =~ 10" Q + em® 3k F 52
Hy T BH AR 4R b B8 2 3, 1 AN 2 AR /N (4 BH ) gk

AT L2 I B R I 11 2 L2 SR B2

=i 288 h J5,5A06 #1& a A AL R, AR,
fEfew,C, HEEE, C, HIEM. ¢, SHMZENE
JEDALIT KA
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S I R 1A 00 N H S LR &,
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FB N B 0 kR RE L S S (b) B Al it £&
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7 2.0
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15k e  2A12, 288h
= 5l T ' — lfrhEk
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5 =
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Fig.7 EIS of oxide film with different immersion time in NaCl solution
&2 H#m Nyquist B EER
Table 2 Fitting results of sample Nyquist graph
CPE(P) ) CPE(B)
=g ifiE/h R,/ (kQ - cm?) R,/(kQ - em”) D, /nm
C,/(pF - em™?) a, C,/(pF+cm™?) a,
2412 7.657 0.507 0.80 361.2 3.52 0.69 2.70
288 4.145 11.66 0.68 178.3 3.46 0.88 2.65
5006 139.1 0.156 0.73 5010 16.9 0.60 0.52
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Oxidation behavior of 5A06 and 2A12 aluminum alloys in
sulfuric-adipic acid and electrochemical property of anodic oxide film

LIU Jianhua® , GAO Qingna, LI Yingdong, LI Songmei, YU Mei

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

Abstract: Anodic films of 5A06 and 2A12 aluminum alloys were obtained in sulfuric-adipic acid. The in-
fluence of alloy phase on anodic oxidation behavior, and the structure and corrosion resistance of the oxide film
were analyzed. Electrochemical results were completed by the polarization curve and electrochemical imped-
ance spectroscopy (EIS), and microstructure characterization of the anodic film was carried out by field emis-
sion-scanning electronmicroscopy ( FE-SEM). 2A12 aluminum alloy showed two current peaks during anodiza-
tion process, which shown that the dissolution of copper phase would influence the process of anodic oxidation.
The pores of 2A12 anodic oxide film are not neat and have serious connectivity. Enrichment of copper phase
promotes the production of oxygen. With the same soaked time, the corrosion potential of anodic oxide film on
5A06 is higher and corrosion current is lower than those of 2A12. The corrosion resistance of anodic oxide film
on 5A06 is better. There properties all attributed to the higher porosity of Al-Cu alloy than that of Al-Mg alloy.

Key words; 2A12 aluminum alloy; 5A06 aluminum alloy; oxidation behavior; morphology of oxide film;

electrochemical property
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Fig.1 Components of fiber optic gyroscope (FOG) -based
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Fig.2 Schematic diagram of integrated surveying algorithm
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Fig.3  Chart of trajectory and parameters
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Fig.4 Three-dimensional figure of oil borehole trajectory
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Integrated surveying method for FOG inclinometer aided by cable length
ZHANG Chunxi®, LIN Tie, WANG Lu, LI Xianmu, XU Meibao

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

Abstract: In order to realize long-term surveying with high accuracy of fiber optic gyroscope (FOG) in-
clinometer, according to the logging operation, an integrated surveying method based on Kalman filter technol-
ogy was proposed, which was aided by cable length information. The error model of inertial surveying system
(ISS) and the measurement model of the cable length were introduced. The overall scheme of the integrated
surveying method was designed. Meanwhile, the error state-space model of the integrated surveying system and
the measurement update model were established. The proposed method was validated by semi-physical simula-
tion. The simulation results show that, during 14400 s simulation process, inclination angle error is less than
0.02°, toolface angle error is less than 0.12°, azimuth error is less than 0.98° and the position error is less
than 47.5 m. Compared with the pure inertial measurement results, surveying errors can be reduced effective-
ly, the long-term surveying precision is guaranteed and the performance of the instrument is improved.

Key words . fiber optic gyroscope (FOG) inclinometer; cable length; error model; Kalman filter; inte-

grated measurement
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Angular rate sensing based on mode splitting in an optical microresonator
YANG Zhaohua™', HAN Xiaowei', YANG Xu®

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

2. State Key Laboratory of Low-dimensional Quantum Physics, Tsinghua University, Beijing 100084, China)

Abstract: Backscattering has been treated as one of the major error sources in resonant optic gyroscopes
(ROG) in a traditional way, which has to be restrained. A microresonator with ultra-high quality factor can
greatly enhance the backscattering light. As a result, it cannot be deemed as a disturbance noise anymore.
Coupling of the scattering light and the original propagating light can induce mode splitting. The frequencies of
the split modes change along with the angular rotation rate of the microresonator. Considering the Sagnac
effect, the model that describes mode splitting in an active optical microresonator was modified and the explicit
expression of angular rotation rate versus the splitting amount was derived. The resonator is preferred to work
in the under-coupling regime by monitoring the reflection spectra at several excitation levels and taper fiber
coupling conditions. Optical gain of the active medium can be utilized to manipulate the splitting profiles and
to narrow the line widths, which helps the rate measurement. Theoretical analysis and simulation results show
that the resolving power can reach 10 °(°)/s in a microresonator with a quality factor of 10°, providing a
promising angular rate sensing mechanism.

Key words: optical resonators; Sagnac effect; angular rate measurement; backscattering; mode splitting
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Split-type implicit scheme using flux splitting and dual-time step for
Euler equations
DONG Haitao™ , CHEN Zhe, LIU Fujun

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

Abstract: There are some shortcomings of the traditional implicit schemes such as complex forms and
large amount of computations. Using the idea of operator splitting combining with implicit discrete schemes—
flux vector splitting and dual-time step scheme—a simpler split-type implicit difference scheme for Euler equa-
tions was developed. The validity and reliability of the new implicit scheme were verified by performing numer-
ical experiments on some typical problems in aerodynamics, and the properties of the new scheme were dis-
cussed in detail at the same time. The new scheme has common advantages of good stability and few con-
straints on time step just like other implicit schemes. In addition, the new scheme has the following advanta-
ges: it has simple formulas; it is easy for programming; it needs smaller amount of computations by avoiding
solving systems of equations and doing inverse matrix operation compared with conventional implicit schemes in
single time step; it has faster convergence rate compared with LU-SGS scheme.

Key words: Euler equations; operator splitting; flux vector splitting; dual-time step; implicit scheme
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Influence of engine inlet and exhaust on flying wing UAV and
its mechanism analysis
YU Xinhua®, TAO Yujin, ZHANG Lin, GAO Limin

(UAYV Research Institute, Northwestern Polytechnical University, Xi’ an 710072, China)

Abstract: The inlet and exhaust can remarkably affect the pressure distribution and flow fields properties

near the forebody and afterbody of the aircraft, therefore causing certain changes to the lift, drag and momen-

tum characteristics. In order to know how inlet and exhaust affect aerodynamic characteristics of aircraft, com-

putational fluid dynamics ( CFD) numerical simulation technology was introduced to build a flying wing

unmanned aerial vehicle (UAV) fairing model and an actual model, in which engine inlet and exhaust were

taken into account. Boundary conditions of the actual model at the inlet and exhaust cross sections were set

according to the different engine working conditions. Comparative analysis shows differences of flow fields and

aerodynamic characteristics between these two models and reveals inner effect mechanism of the differences.

The study on exhaust effect benefits the comprehensive aerodynamic design of aircraft/engine integrated sys-

tem.

Key words: flying wing UAV; inlet and exhaust; computational fluid dynamics ( CFD) ; aerodynamic

characteristics ; mechanism analysis
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Electromagnetic interference caused by electric load of
more electric aircraft
XIAO Chunyan” , GAO Shuai

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

Abstract: As an increasing number of power electronic converters are used in the electrical system of
more electric aircraft (MEA) , electro-magnetic interference ( EMI) problems are becoming more and more se-
vere both within the electrical systems and between different systems. Based on the electrical load characteris-
tics of MEA, electrical load was classified into rectification, chopping and inverter. The conduction EMI cur-
rent of the three major electrical load during the stable operation and the load surge of electrical loads were
studied by modeling and simulations. EMI characteristics caused by the inverter load obtained was verified by
experiments. The research results show that the conducted EMI to the power line is concentrated in the switch
frequency of the power electronic device and the multiple frequency or so; the step change of the high power
electrical load after the Buck chopper circuit makes the conduction EMI characteristics change significantly,
which reflected in the frequencies of local maximum of amplitude spectrum. The study results provide the guid-
ance for the EMI identification and the filter design of an independent electrical system.

Key words: electromagnetic interference ; electric load ; more electric aircraft; electrical system; electro-

magnetic compatibility
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Table 1 Optional tolerances for tail beam and inclined beam joint manufacturing
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BRAE et AL A AR A
fL1 i fL.2
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2,4 @12 @12 @12 H6/h5/H7 H7/6/H8 H7/h6/H8 H7/¢6/H8
1,3 @18 18 18 H7/h5/H8 H7/h6/H8 H8/h7/H9 H8/£7/H9
P, P, 2 @12 @12 12 H7/h5/H8 H7/h6/H8 H8/h7/H9 H8/£7/H9
4 a12 12 12 LB A X, ERIL R 2 s A2 HUE 555 2 %38 SO TH
PP, 1,3 @18 @18 a18 H6/h5/H7 H7/6/H8 H7/h6/H8 H7/¢6/H8
2,4 a12 a12 @12 H6/h5/H7 H7/6/H8 H7/h6/H8 H7/g6/H8
1,3 @18 @18 18 H7/h5/H8 H7/h6/H8 H8/h7/H9 H8/£7/H9
PP, 2 @12 @12 @12 H7/h5/H8 H7/h6/H8 H8/h7/H9 H8/£7/H9
4 12 12 a12 AL A Bhxdh, RS T R 25 A 25 BUE 5 55 2 % 28 A5 AH TR
P, P, 1,3 @18 @17.995 18 H8/f7/H8 H8/h7/H8 H9/d9/H9 H9/£9/H9
b 2,4 @12 @11.995 12 H8/f7/H8 H8/h7/H8 H9/d9/H9 H9/£9/H9
*2 EBR ARELFNENL EmMERLE
Table 2 Optimal tolerance and fit selection for tail beam and inclined beam manufacturing
N RS A A 2 /mm (RE % A (€ ) x AU (w) WA RE 5
Bt 7 & AT a: R
E h L2 8, ;/mm E Hh L2 3 e B AR AR A
PP, 1,3 @18H6  @18h5  F18HT 0.0122  11.101 x0.3 11.140 x0.3  9.072 x0.7
2,4 O12H6  @12h5  QI12HT 0.0122  11.101 x0.3 11.140 x0.3  9.072 x0.7
1,3 O18H7  @18h6  J18HS 0.0182  9.072x0.7 9.940x0.7 7.180 x1.0
P, —P, 2 G12H7  @12h6  12H3 0.0182  9.072x0.7 9.940x0.7 7.180 x1.0
4 @12H7  @12h6  12HS 9.072 x0.7 9.940 x0.7  7.180 x1.0
PyoP, 1,3 O18H6  @18h5  I8HT 0.0122  11.101 x0.3 11.140 x0.3  9.072 x0.7 f* =225.876
) 2,4 @12H6  @12h5  @12HT 0.0122  11.101 x0.3 11.140 x0.3  9.072x0.7
1,3 Z18H7  18h6  (FISHS 0.0182  9.072x0.7 9.940x0.7 7.180x1.0 & ~0-1497mm
P,—P, @12H7  @12h6  12HS 0.0182  9.072x0.7 9.940x0.7 7.180 x1.0
O12H7  @12h6  O12HS 9.072 x0.7 9.940 x0.7  7.180 x1.0
1,3 G18H8 17.995h7 18H8 0.0269  7.180x1.0 7.650x1.0 7.180 x1.0
P,—P, @12H8 Z11.995h7 (F12H8 0.0269  7.180x1.0 7.650x1.0  7.180 x1.0

J12H8 J11.995h7 J12HS8
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Discrete tolerance optimization for aircraft multi-joint assembly based on
dynamic programming
TAN Changbai“', KUANG Heng’

(1. School of Mechanical and Electrical Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;

2. Department of Mechanical Engineering, University of Michigan, Ann Arbor 48109, USA)

Abstract: According to the nature of multi-stage decision of tolerance design for aircraft multi-joint as-
sembly, a novel method of discrete tolerance optimization was proposed based on dynamic programming. First,
coordination error models of typical three-joint assembly and four-joint assembly were presented. Second, a
dynamic programming-based directed graph was built by introducing assembly quality indicator and cost indica-
tor. Each individual graph node denoted an optional tolerance and contained optimal assembly quality index
and cost index of rear sub-process. The constraint of tolerance selection between adjacent dimensional links
was depicted by a directed edge linking two correspondent graph nodes. Finally, a two-phrase graph traversal
algorithm was developed to make the optimal tolerance selection. The binary-indicator attribute of each graph
node and edge were evaluated by inverse sequence method in the “backtracking” phase, and then a heuristic
search algorithm was proposed to find the optimal route based on the binary-indicator attribute of each graph
node in the following “forwarding” phase. This method was verified by a case study of helicopter tail beam and
inclined beam assembly. The results show that the global optimal tolerance selection can be attained. Mean-
while, the efficiency of tolerance optimization is improved significantly by elimination of repetitive cost and as-
sembly quality evaluations as well as diminishment of tolerance search space.

Key words: tolerance optimization; aircraft multi-joint assembly; dynamic programming; heuristic

search; directed graph
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Fuzzy-clustering-based all-factor automatous validation approach of
modal parameters of structures

ZHOU Sida” , ZHOU Xiaochen, LIU Li, YANG Wu

(Key Laboratory of Dynamics and Control of Flight Vehicle, Ministry of Education, School of Aerospace Engineering, Beijing Institute of

Technology, Beijing 100081, China)

Abstract: To solve the problem of modal parameter validation, an automatous validation approach of mo-

dal parameters was realize by using the fuzzy clustering analysis, which reduced the dependence of users’ sub-

jective experience on modal parameter validation, and improve the efficiency of modal parameter validation at

modal analysis work. First, the modal parameters are divided into the scalar type and the vector type. Second,

the scalar modal parameters were clustered by the convention fuzzy clustering approach. Third, the modal

shape were fuzzy clustered by using a new proposed modal assurance criterion based metric function to solve

the high-dimensional difficulty of fuzzy clustering. Then, combining the clustering results both of the scalar

and the vector modal parameters, the all-factor automatous validation of modal parameters was accomplished.

Finally, the proposed approach was validated by experimental results and illustrate that the proposed approach

can automatously, accurately and high-efficiently validate the modal parameters.

Key words: modal validation; fuzzy clustering; all-factor; clustering of mode shapes; autonomous
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FUAE TH] 1] e 55 9 1A 28 285 ) ok MSC O 141 118 —
i XA AL A ) e 48 Sy — Fob T 1) D7 T B9 Java R
)52 Aspect]. Maoz %[6'7] £ MSC fy Al |, #2
T LSC X G A)# A7 S A, I BIF 5 4T A
LSC #7145 1% 4y Aspect]. &T UML Jit ¥ 5] (1) %
075 1% B R A T 0T P 3 4 2 o 52 52 491) 22 1)
AT 9, HUBES I 28 ¢ HE S ik 20 A9 4T S T A RE A
KRG RARB, LTk R A R geh
ARy B

e S F g8 7 T AR 255 T T, 32 L)
PR OO PR ERIE S LGS T A.
Horp fe HAU R B O 2 B 7 vk MiE 5 4
Lustre®! \Esterelm \SyncChartsm] \Simulink[“] a0
TERE P36 e, SCHR [ 12-13 1 Esterel 25 & 4 & T
A SHLIY C if 5 BT 1 Halbwachs 45" 8 52
ARG E = B C il S R g5 4 Ak O k.
TR BT 5 32 B 1 [ AN [a] (8 B - 65 S0 A A0
A0 B T ik I T R 0 T A
X RGBSR Al C 15 F B RTL 35 5 77,
55 T LM e £ (Host) B, L5584 H)
AR/ BEE ZR e IR AT, X 255 O YR S
AL P A L R B B A OC R A, A [ B
Bl R b stH T k2" 8 EDA T
H VHDL W £iG 0k BRI TIR ARBESE. TS
BAFLRB A AT Y 2B h TE R e 4 S T
AR U E LAy 7l S L 0 N SR
TRl el E d ek E B B Ry S BT B
FGEATF G AR ARG R R I T — M T 5
— PR BT HE AR R 3 5 A R N 5 [ By R
SEFAR K BRI T SRR O PR B IE B A ) A
R 7 2 T R A PSR 5 R T R Y WS T M
A A T 5 1 S A A AR L2 S 3 I 2 A 1
B A B R R Y RS T R R A E
Petri [958 A B 12 5 B w0 R 2 B9 T T
SRR R G B T 5 B E B A i v
IR Tl 2 2 Tt S6F A 2 DG i 48t T — ol 3
TAH R A S LI 2 )JZ R A PR 47 Jy T FC AR 7.

5 Bk, B B2 G D5 R IS A TE )
FENA : QIA B FTE — B A5 1 5 5 g B
—FhfE B (C/C ++/Java) , NEE N ZF &
H AR R G075 28, 100 5 B AR RS i AT e L 45 2%
RORBAR. QIA 1Y J5 1 H AR A BUHR 73 AR, 75 22
W A A AR o A B T T4 ] A AR o A BB A B
SeRE BOFEF . T AE T T 4 ) 6 A0 RS rh AY R AR 2
S B AR A B P, S B 2R R
) by ) A A AN — 2

BE X I L R A, AR SCER Y T A S S B R
AR Tr 1%, B —Fh & T Esterel £URS A 3l A2 i
(77 15 B A SR SRR R o 5 BLRF
B A B Al AT B, DA T S5 B A B4 ) 45 ARPF
BTN E ST R B F Bk,

1 ZBRTENKREBEINER

1.1 Esterel iE5

Esterel 1 5 4 — >4 A1 T 45 M 4508 iy S5z 1 =X
o FH B ) 4 PR 8 5. Esterel 15 5 2R G IT A& A
PRI R GL 45 AT 9 B — BB 8 5 . Esterel
T I R BT A AR RS ) s R IR
PR Al 7 T AL T AN S O e S B 4 1Y . Esterel i
AT ARG D00 3 42 ) 5% 18 G0 S RS S Bz
XAHRE J1. 20 ZAF AT, BOR IR Tk E A R
Berry I kT Esterel 1y R 1k 1E S([g] , 15
Esterel i [a] 52 br A9 W H -
1.2 ZBRFEHR

N T PR A R GET A B Y 1), Al LA
AR Z BT R I7 2, K5 ¥ R AL T7 k03
Il 55 AN TR B~ 13 R O A LR S B BB ARk Ok, gk T
S Z HARF 6 A B A . 38 5 X R &R SRk
5 B AR, 45 1] AT LATE Esterel 45254 41
A 3 R v 3 T — B 2 1R T k45 A A SN
FEFF , 4 e X 26 13 1 B2 17 78 A ] 2 48 op g AU
P, LA KA S5 09 73 A PR 858 R 5 H Al W &
GE 0 PR AR X Rl AR 2 B O R RO RE S
Bl 1R R

gkt Bzl BER=P &)

L R Z B J7 ik I HESL

Fig.1 Framework of abstract layer design method

e T2, FZFA Esterel i 75 @57
BEAY il g AR AT R R S IR DI RE . AR I
AW K GBS EMCHER, AR EEFES
I Y FR G B B RN & S8 0 g AR 4% O (Application
Programming Interface , APT) 2 sZ 88 F ' 75 B 10 1)
. X — 2 A5 A R B AR S AH E
3B AR RZ BT R 7 SONRAE R
4t 4 A 2N ) B8 7 BIK B 45 45 A J2 UK AR E IR
FH O, LR MCERAE R G0 W A U R B Y
ANTR], B2 v AR G 0 ELER L CHLE RN B AR AR R
T2 H bR AR 0 A 1. Ry T 4 b A A X —
AR, 1 ABRO {71 2 B W] i — B 3 7 i AE 2.
Hob AR B p B RN A MSEE B, R KRR E
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i J6 ¥k, 45 . LT Esterel 40T [ 3 A ALY 1 819

# (Reset) ZHF, 0 Foxf il (Output) . fE B2
17, R Rl R B0 1) 5 n] LA 3 il 5 4 ) A
A 2 BT 7 RS AL

A&B&R e
A&B&
. O
A&B&R
A&R
R

P2 ABRO f4i] 7 iR A AL B
Fig.2 State machine model of ABRO example

&
B&R
R

TEIX — By BOE 85 00 8] REUAS B 14 41 348 1A
TR, 2T X — [R) REURE g R T RS P 15 DU A i
FE. N, TR RS L, 6T Esterel £ 37 #1
. Esterel B4R T -

module ABRO ;

input A,B,R;

output O;

loop

[await A || await B];
emit O

each R

end module

TE— Bt b, i e Z ARSI E , BT
B8 o3 o AN TR A B, 23 3] F Esterel S $if 3. 1
Esterel 45 o1 2 5, FEAR 95 AN [\ (19 °F- &, ke 2 4%
Az BUER XS AN TR H AR B g 1S 5 AU

EHBEENE, AT EEEXRERERS
G2 0Bt ). 7E BRAVE R G A )2 W i S i
T P T T A R B IR R - B R AR A R SR 55
.
1.3 ZHRFEEZE APIHE—

it LA [R) R 58 2 6] APT 43 AN — B0 32 2
PRI A < 4 11 AR RN AL

% 1 H R R 48 X T A — RGO A AR
J7 B P5 A5 v 3 0 R AT AR e, A DR A
SO 7 — D A RGO

e ORLLRTE AR T B A A, R B bR R
v R EARSEADL R D AR g v R 1 A T A 4
FAE LR b X 25 1. He 1 RCHEL 7% o A 3 2 At 57
— D HIRRGE APL 5 R SE APT ) — > X S5 A5 41
JZ a3 .

| IR

J

| TR R
I wersmes
‘ BB
\ %A TB \ [ g \ [ Ptk

l

ECZIECE:

G

K3 BERSGMZBERNRCRIERZZEM LR
Fig.3 Relationship between operating system ( OS)

abstract layer and specific OS layer

] LA ST — S BRifE APL R 7ER 42 1Y
B X B4R APT JEAT 2 e, 76 1X SE AR
APT S I, 15 28 Z 50 6 61 APL
B SEARER) APT 122 10 XA, gl nl LS Bl — Al
RIR ZMELH AR T . ZF 6 ZEAF AP
—HIHESR AN 4 Fr i

BRI

‘ FrMEAPLE |

|
! !

AP1 API1

TinyOS Mantis

TinyOS [15F-f5 m
B 4 £¥& 26 APl 4i— ez

Fig.4 Framework of uniform API across multiple platforms

1.4 ZERFAERBERTE

Mantis ¥ & F2 1 TinyOS /)@y 2 # & H C 5E
B AH 2 e AT A T g B 07 2 A — R
W brie CACH B AL o B b5 7 5 AU Y 32 220 3R
mr:

1) A0S BHART- G X0 A main pF ECFI) 1R
AL ACHS. B F TinyOS A1 Mantis i F [7] B9 4 £2 15
 (nesC FI ANSI C) , 3 i E AT 5K 1Y main bR 4L
WA A A A2 A — R .

2) ¥t Esterel #1814 N AR ifE C LT3 5 2
HAx V-G . FHIHG T Esterel £ 435 119 45 1, Al
DIPTSR B4R e CACHS (BL4E. ¢ SCPFAL b SCfF) . #%
X BB AR 53 0 g AN R A AR B, SO R E
SCCRREE SRR Y, AR HR R X S AR B A i
9 TinyOS {9 R SCHF (4395 ne SCHFRFT. h SCHF)
I Mantis {189 W H] SCHF (AL4E . ¢ SCPEFL b SCfF) .

3) ¥ebrdE C AP B ERAER G AR )Z
S LA bRE APT 5 #h F- 5 AHOC ) APLL i Esterel
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R A B 22 H AR S A e RE s 5 s
Esterel R £t <7

FrifE FTBROE S APLE

FrafeC 3

TinyOS [T & ‘ ‘ Mantis [T F0F & BF

5 Esterel #82L J0F 5 A1 AU i i 12 14
Fig.5 Flow graph of platform-specific code

generation from Esterel model

2 ZBHESSM

2.1 RBAH

AR I3 JH TG 2k A TR 0 285 157 FH 4 491 5 SR ASE AL
Esterel BIALEG Iy H A5 -F G AU B9 F2. TR AL
2N R D e 20 RGN IR Z e kA
P PR 55, F RO KA B0 40 5 2B Il e RROIR 25 5
B APIRAS MO i Sdin A0 i 3058 5 A4
PG ERONG L oR 9 g Ep R O e S VR K 1)
T I 45 O B BT R R R RO R A K

Main thread

Proc:start
Mos_thread_new(:--)

——

spawn thread

start app

Mantis

FEC, B A i 0 Ak 3 D % B B D e 1 T
9 RS S A B D e BT AR I ARSI,
T, A S Esterel X H 47 @A, 40715 an .
2.2 TinyOS 5 Mantis ST I 9 X 31

T T &S FE Mantis I TinyOS H3x A4S A [6] (1
P E B [ Z 4b : 78 Mantis 4 #2 7 A
—A start RECFIHHAT, BT CHEHEF mET M
main PR . W DL 7E start MF AR P i@ 9
mos_thread_new pREL , IR A= H B0 09 28 B2 . A 8 & 51
ML A, QN B8k 4 3R 1Y, state _machine bR £ B
10 msii] ] — K. X B iy CLK S5 4 2 i i 95 H
mos_thread_sleep ( 10) 3 [A] 422 52 3 1. X 42 O£k 4
A1, B A APT 42 0 # 1Y com_recv_timed pR %X.
BE s IO L B A, I i A RORE X — 5 ) []
(3% HLJE 30 ms) . M4 0 30 B0 Al 0 1k, 2 DA 3 2K
P AT state_machine pR %L CIRZSHLH PKT
) O K ik B s AL AT LED (%) 55 B 58 0k
P8 A com_send 1 mos_led_toggle L) & led_on X #f
1) APL 52 (1. Mantis Hh (1) 52 BAE 42 14 4 1] 6
B

User thread

Proc:application_thread

While(1)
rmos_thread_sleep(10);
state_machine(); )

CLK

Proc:state_machine
Algorithm of the App

Kernel

send packet

com_send(--+)

Proc:send Packet

togegle led

7
PKT

Proc:led_toggle
Mos_led_toggle(...)

receive packet

ProcirececivePacket
com_recv_timed(30);
ifipkt_rev_within_time_frame)
send PKT event to state machine

Kl 6 Mantis Ho ] 7-F2 7 ) 52 BUAE 42 [

Fig.6 Implementation scheme of program example for Mantis

HI I 6 T LAt , 9] 7 F2 /7 78 Mantis H 52 B
AIES R B e R RGOS AL &, BE S S X ARES
B BRE B 0E  E SC5 AR 5 2 O BRI £, ik B
P4, LED 451 oR 50 fie S5 02 i FHZR AR 1 7 3C, DA
K TE start pR R Y £ R A1) e

TinyOS 1) g B2 A AL L T A AF 9. 78 Tiny0S
o] R Y A SE B R AR A, A T B RS A
Boot. booted = {4 4b B A2 ¥ H %] 45 1k ( CLKtimer.
startPeriodic) . J& W13t B 2% 79 05 [a] & W &% 2 N

10 ms. ¥ 46 46 56 WL 2 J5 , — A 11 i 48 = 1F 7 4k
(CLKtimer. fired ) . 753X > 5 7 () &b #LFE PP 4
KRBV FE M — M E 55, R RSN CLK g5
PR TR ER O & & T OR S —
I RFE] (30 ms) , o~ T 7 receivePacket J5 3 H1 S 3
BOR T B E — A I T g (PERF 30 ms) |, IF
[) I i3 3l o4k e B8 4. 73X > BRI 3 1) 858 T i i
() FE S B, 75 B G A JC 4 HL 1 & (7F RXThreshold-
Timer. fired 5 £ () &b 2 A2 77 528 ) . 24 TinyOS
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ff g ¥, %5 2 T Esterel BUAUT [ 8 Az BT 2 821

Pl B B d A g, 2 7 AR — A receive Fi
(Receive. receive ) . X T4 19 4 FR AR 7, 55 bR 52
BT ARZSHL b AT B 40 3k < F (PKT 44 19
bR TAE. X TR AR ik Bs A X AR AT O RS
PLIEH] sendPacket pRBOR LB fEX D7k,
AR E LB WA N ERRES, IR E. 4
T2k i 1% 45 7= 4 Radio. StartDone 5 4 I, & /R
TCEHL B A5 3 3 R, T i N 2 X JE A e

CR SO A . iR L B F E & a8, M
{di FH AMSend 32 11 77 32 £ i AMSend. send @y 2>
oK R B AL B A AR SE R, Tiny OS 77 Az
— N [ 5 AMSend. sendDone 3 $i2 {4 % 3% 4b
LR S AR B 7E XA 5 0 b B b, OGP
T WA AR PR, al LU T 5 25 4 2 ok
Pl LED BR 25, TinyOS v 5] 5 72 15 14 52 SLAE
2R T K.

start app
( Boot )

start CLKTimer

event CLK Timer fired
send CLK event to
statemachine

start timer

CLK

Timer
(CLKTimer)

event: Boot.booted
System

proc:sendPacket

task statemachine

proc:
led_toggle

] start radio

packet received

proc:receivePacket
start radio
start RXThresTimer

PKT

System

start timer Interface

Timer
(RXThresTimer)

event :radio startDone
Amsend .send

done

event:Receive .receive
send PKT event to
statemachine

event: AMSend. sendDone
stop radio

event:radio.stopDone

|
|
|
|
|
|
event: |
|
|
1
T
|

RXThresTimer fired stop
d o
= Radio

done

Bl 7 TinyOS {5l 772 ¥ 9 <2 BUAE 22 /]

Fig.7 Implementation scheme of program example for TinyOS

Y b R HE B2 A] LA 2 1 4 72 )% #E TinyOS
SR S5 K R < SR T P R R A A, 7 B
A, B R R S B . RSB b, e e
1E Boot. booted 1 J5 31 #2 & ' ¥ CLKTimer 31 i
i, TR SRR, B 58 SCIRZS LAY pR %L SR )5
S A TR HSCHE B R ACRCHE B e R R BOHE AL P
B IOk LB A 1Y IR 0] 45 Radio. startDone = 4,
L K Ji 42 1) AMSend. sendDone 3% £, &% J5 1
radio. stopDone i A5 240 B, BT AT A € SCH
b PR 7E Boot. booted i {4 1 2 WS K415 11 o
Fr, 98 30 T CLKTimer i1 B} £5 Fil RXThresTimer
TS, BT 0 A 0 3 i ) B Gk 1,
CLKTimer. fired 2% {4 &b 3 2 )% , LA &z RXThresTimer
FAFALBRFLFY . feJm i — > LED 92 4l bR 4
2.3 ERXSSEBEST

FIH Esterel X b 5] 2 75 #4785 4l 43 Fn
RAYHENT, AT LK 017 R 43y - W iR AR B RS
PUBE R, ik ORI AT LED fa il f5d e

IR A B iV T £ 02 A s P i . 78
Mantis H1 i) 32 2 T4 2 Q1 2 1 2o AR, O AR 4 22
SRAEFIEHR 10 ms 57,774 CLK 55, K AR S PR
SRS 78 TinyOS il 32 2 T AR 2 8 3 Jl P 2
Fe, Ot A shit il &%, & FR 10 ms 742 CLK {5 %, Jf
R A RSB A IR A 2l 2B . TR (1) X ) 7E T : Mantis
49 10 FH O 3l S A A F S 2 R AR T TinyOS 2
Boot. booted Jii 5l B JH A . iy T+ #K 75 2 kA7 1t
i}, Mantis J& F1] FHE B2 AR HR 10 ms, 1fif TinyOS J& 3
it aF A%, 724 CLKTimer. fired F5 /4 #4711, 47
IR ALY Esterel BIUANT

module Init

input signal T;output signal CLK;

start_app( ) ;

loop

wait (?T);
emit CLK

end
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end
RSP L 7 AR 0 B8 ), B Tk E RE P
B 28947 8. A8 CLK {5 5 BR IF, 46 I 2 77
HEA 36 B0 ) B e OB LIRS 2 PKT (5
SRR K AR P T AR AR
A S 3k B 32 58 MU, X LED #E AT 45 LIRS
PLEY Esterel FIANF
module Statemachine
input signal CLK, PKT;
loop
[ await CLK ; Check_State( )
I
await PKT;Check_Terminate( ) ]
end
end
Bl A R R 1) Esterel A5 AU [P ] 51, 452
B Hp T EH ] SendPacket pRET, B 4 40 32 W i
B Esterel £ 7 iy, R 4 15 42 YR 20 30 ms.
s AR WA (1) Esterel BIIANT
module ReceivePacket
input signal T;output signal PKT
recv_packet(?T) ;
if (recv_packet. recev)
then emit PKT

end

LED 45 il # e 32 2 61 53 % LED AR 2 AT 5

il H PR led_toggle pR%LE a4 LED. ££ Man-
tis H1 i ] mos_led_toggle 3¢ # 47 ¥ e , 1 7£ Tiny-
0S F #] [ led0Toggle . led1 Toggle | led2 Toggle 3k i
1.
2.4 ZWERSH

AR S 5 T A 24 A A R T DL S — A PR
AN 8y 107 AR Ay 52 6 P 491 5 M 00 7 P ) 2
T RE A& A HE 1 Y M DU S I A S
e 32BN AR AR A KN BT X L. A ST
T 5 A Y R /NE S B, 23 B A 3l AR AR
R FE S LAt ) 28 AL R AR 2 AT M #R
(AGC - EOS) - (MWC - EOS)) x 100

_(
A= MWC - EOS

(1)
LA FRHE K /N4 ; AGC ( Automatic Gen-
erated Code ) £/~ H 30 4 W 19 /8 1 K /N; EOS
(Empty 0S) 7R 75 #24E & 4t K/ ; MWC ( Manual
Written Code ) &7~ F T. 45 5 AR 19 K/ ; AGC -
EOS 7R H 3 A4 Y B 9 K/ MWC - EOS 3
T g5 1R RN F T2 315 21 i A RS
RN 1 FirzR , 1] 8 J& Mantis Hh e 5 07 ] FLAS:
TRz P AR RS /N . B9 2 TinyOS A 3 15 i
R %7 P e AR DR /N B A A o B i b T
PIE Y, A sh A eng A 7 R/ EARRS T 5 1 4
B AR R ] e 32 1, B A T A A A
ek,

F1 KBRMLEER

Table 1 Comparison of code size
BIERS ZERIERG/B LI FILACH/B A gh 4 Bt/ B A
SR 16364 16592 1.4
Mantis 15650 )E{ 5L
Wl 7 P 17420 18036 3.5
@AZR 9826 11242 14.4
Tiny0S 1558 ﬁf” B
W 12647 14386 13.8
22 22
sl ™ SR RLE 0L
m TR B R RS
18F w F g AR 181 w4
16}F 16F = Aty
g 14 é 14}
< 12F S I2r
= 10f & 10F
= = st
6F 6F
4} 4
2} 2k
0 0

i 1 iz

[ 2SR
P8 Mantis Ho >3] 5 BT A AURS /N0 HE
Fig.8 Comparison of code size between

two examples for Mantics application

17 1o T L e
i FH 67
K9 TinyOS w45 5 1 FH B AR RS SR /N L
Fig. 9 Comparison of code size between

two examples for TinyOS application
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1) ZITEFM MR Z T L s 28 5 R
i F 3 A

2) I RAE LAY [ B A B B BR
AIPEBE , 1, A T 9 5 ARRS, A 3l AR
Mantis i A% RN B 38 K /N T 5% 5 H 8 A2 i
f8 TinyOS Jif FIACHS K/ Y38 KN T 15%
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Automatic code generation method based on Esterel

HE Yanxiang " ?, YU Tao', LIU Jianbo', XU Chao'

(1. School of Computer, Wuhan University, Wuhan 430072, China;

2. State Key Laboratory of Software Engineering, Wuhan University, Wuhan 430072, China)

Abstract: Embedded systems development is much different from the traditional software development.

Embedded system has the characteristics of small kernel, strong specificity, high reliability, high timeliness

and complex target platforms, such that it requires higher designing criteria. Considering these problems exis-

ted in development process of embedded system, an automatic code generation method based on Esterel was

proposed especially aiming at problems of complex development process, low-level automation of system, etc.

The method employed the Esterel language to construct the target system that can be compiled to codes for mul-

tiple target platforms. Based on the design of operating system ( OS) abstract layer, developers did not need to

care about the implementation details for target platforms, which made it easier for the design of multiple target

platforms, and achieved the automatic program design of embedded system. The experiments illustrate that the

Esterel model can be compiled to codes correctly and efficiently for multiple target platforms, which implement

the automatic code generation for target platforms.

Key words: Esterel; automatic code generation; embedded system; multiple platform; abstract layer
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Table 2 Results of different scenarios (2D)
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United-proportional-navigation law for interception of
high-speed maneuvering targets
LI Yuan', ZHAO Jiguang“®, YAN Liang', BAI Guoyu'

(1. Department of Postgraduate, Equipment Academy, Beijing 101416, China;
2. Department of Scientific Research, Equipment Academy, Beijing 101416, China)

Abstract: Aimed to high-speed maneuvering targets, three dimensional united proportional navigation
(UPN) law was proposed. The guidance law combines the advantages of head-on and head-pursuit engage-
ment through time-varying navigation ratio. The three-dimensional UPN law consisted of two planar laws can
execute head-on with head-on, head-pursuit with head-pursuit and head-on with head-pursuit mixed models,
which enlarge the capture region of interceptor tremendously. At planar engagement geometry, the analytic
expression of line of sight (LOS) angular rate was deduced according to the target acceleration, and the time-
variant navigation ratio was designed. While the planar UPN guidance law was extended into a three dimen-
sional condition, the mistake of interceptor path angle and velocity at pitch plane in prior algorithm was modi-
fied and the target evading model was given. The simulation results show that, for high speed maneuvering tar-
gets, UPN has less miss distance than proportional navigation (PN) and retro proportional navigation (RPN) ,
less control effort than augmented proportional navigation ( APN) and larger capture region than the others.

Key words: guidance law; united proportional navigation (UPN) law; high-speed maneuvering target;

interceptor; capture region
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Method for modeling and simulation of aircraft taxiing with
unilateral and non-holonomic constraints
XU Ziyao, WANG Qi”
(School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: The motion of the aircraft taxiing along the ground was related to wind load and asymmetric
braking torque. The method for modeling and simulation of the aircraft was presented on the basis of the dy-
namics of the non-smooth multibody system with non-holonomic constraints in order to analyze the dynamic be-
havior of the aircraft taxiing along the ground. The aircraft was treated as the multibody system which consisted
of a rigid fuselage, two wheels of main landing gears and a wheel of nose landing gear. Two wheels of main
landing gears rolled on the ground without slip. The lateral slip of the wheel on the nose landing gear was
taken into account when the aircraft taxied along the ground. The dynamic equations of the system were ob-
tained by Routh’ s equations and the constraint-stabilized method to reduce constraint drift. The frictional
model between the wheels and the ground was the model of Coulomb friction which was described by the set
value of function to determine whether the wheel of the nose landing gear slipped in lateral direction or not. Fi-
nally, numerical examples were presented to analyze the dynamic behavior of the aircraft undertook the wind
load and the asymmetric braking torque.

Key words: aircraft taxiing; multibody system; non-smooth; unilateral constraint; non-holonomic con-

straint
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Vibration model for multi-span beam with arbitrary complex
boundary conditions

LIU Xiangyao, NIE Hong" , WEI Xiaohui
(State Key Laboratory of Mechanics and Control of Mechanical Structures, Nanjing University of Aeronautics and
Astronautics, Nanjing 210016, China)

Abstract; The transverse free vibration equations for Timoshenko beam were derived. Based on these
equations, the vibration model for a multi-span beam with arbitrary complex boundary conditions was given by
the transfer matrix method. Without considering the shear deformation and moment of inertia of the neutral ax-
is, the model was simplified as the analogous model for Bernoulli-Euler beam. Three simplified models of
some engineering significance were given. They are the free vibration model for a two-span beam, a cantilever
with a lumped mass, and a beam with arbitrary lumped masses and translational springs. A comparison between
the frequency equations derived by the three simplified models and those by the previous studies shows good con-
sistency of the two, and it is thus concluded that the model developed in this paper is reasonable and feasible.

Key words: vibration analysis; boundary conditions; transfer matrix method; Timoshenko beam ; multi-

span beam
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Principle of grey method (GM) for dynamic uncertainty evaluation of calibrated pressure transducer
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Table 2 Pressure and grey constant ¢ for appointed frequency points
P,/Hz
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J& 77 8 {5/ MPa 0.50 0.60 0.65 0.75 0.88 1.00 1.10 1.20 1.30
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Table 3 Grey deviation of different appointed frequency
P,/Hz 8 32 80 160 250 400 600 800 1000
K AL JE 0.0050 0.0047 0.0039 0.0037 0.0030 0.0038 0.0039 0.0069 0.0074
*4 BEEREFESHNERY
Table 4 Weight coefficient of different appointed frequency
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Table 5 Pressure and amplitude measurements of testing frequency points for verifying

the dynamic uncertainty under changing input

BRI T ) A K8 0 it Bdis

P,/Hz i {5,/ MPa
WHCL AL 2 WAL 3 WEL 4 WS KEL 6
16 0.55 1.0944 1.094 8 1.1119 1.1102 1.0833 1.0965
100 0.70 1.4059 1.3948 1.4205 1.4112 1.4002 1.4033
300 0.92 1.8321 1.8584 1.8579 1.8389 1.8652 1.8347
700 1.15 2.2968 2.3119 2.2839 2.3001 2.3028 2.2993
900 1.25 2.4963 2.5049 2.5030 2.5006 2.4983 2.5060
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Table 6 Pressure and amplitude measurements of testing frequency points for

verifying dynamic uncertainty under unchanging input

A A4 R AR 1 i B

P,/Hz I {5/ MPa . - - .
WHL L WHL2 WHL3 WHL 4 WHLS WHL6

16 0.80 1.5796 1.5788 1.5820 1.5934 1.5760 1.5698

100 0.80 1.5800 1.5893 1.5828 1.5688 1.5689 1.5820

300 0.80 1.5890 1.5706 1.5803 1.5700 1.5837 1.5960

700 0.80 1.5687 1.5912 1.5769 1.5919 1.5789 1.5982

900 0.80 1.5621 1.5909 1.5708 1.5985 1.5605 1.5613
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Uncertainty evaluation for the dynamic calibration of pressure transducer
LI Qiang, WANG Zhongyu" , WANG Zhuoran

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

Abstract: The uncertainty of dynamic calibration for pressure transducer is a key indicator of its dynamic
measurement precision. A novel grey method (GM) was proposed to evaluate the dynamic calibration uncer-
tainty of pressure transducer. Firstly, a sine pressure generator was used to produce required sine pressure sig-
nal to drive the calibrated pressure transducer and obtain output of transducer. Secondly, using the grey rela-
tional analysis to deal with the measurement sequences outputted, a weighted value sequence was obtained.
Thirdly, a grey model was established to calculate the calibration uncertainty of appointed frequency. Finally,
a weighted least-square fitting method was applied to do fitting with the calibration uncertainty of appointed fre-
quency, and then a dynamic calibration uncertainty model was established. An experimental verification under
the calibration condition of changing amplitude and unchanging amplitude was set up. Grey method and Huang
method (HM) were used to process the output of pressure transducer separately. The results show that the
curve models of dynamic calibration uncertainty are consistent with each other in the setting condition. What is
more, under changing amplitude, the relative error of calibration uncertainty obtained by the two methods is
superior to 6% at appointed frequency points and is also less-than 10% at testing frequency points. Under un-
changing amplitude, the relative error is less than 5% at most of frequency points and is superior to 0.018%
at some testing frequency points. Based on the above analysis, it can be approved that the grey method can
evaluate the dynamic calibration uncertainty of pressure transducer reliably.

Key words: pressure transducer; dynamic calibration; uncertainty; sine pressure generator; grey meth-

od (GM)
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Fig.2  Simulation results for interception of low-speed targets
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Guidance law with angular constraints for head-pursuit or
head-on engagement
YAN Liang'?, ZHAO Jiguang ", LI Yuan'

(1. Department of Postgraduate, Equipment Academy, Beijing 101416, China;
2. Beijing Institute of Tracking and Telecommunications Technology, Beijing 100094, China;

3. Department of Scientific Research, Equipment Academy, Beijing 101416, China)

Abstract: For head-on or head-pursuit engagement, angle control proportional navigation ( ACPN) and
angle control retro-proportional navigation ( ACRPN) closed-form trajectory shaping guidance law with impact
angular constraints were proposed, which were based on proportional navigation (PN) or retro-proportional
navigation (RPN) guidance law. ACPN with positive navigation ratio intercepted targets in head-on engage-
ment, whose advantages were using less control efforts and final acceleration. ACRPN with negative navigation
ratio intercepted targets in head-pursuit engagement. ACRPN’ s control efforts, miss distance and impact angle
error were much less than that of guidance law in head-on engagement. Simulations demonstrate these claims
mentioned above. Besides, the capture regions of ACPN and ACRPN for interception of high-speed targets are
analyzed, which indicates that ACPN’ s capture region is larger than that of bias PN. Moreover, ACPN should
be used to intercept targets in head-on engagement when the gimbal angle is less than sum of initial line-of-
sight angle and 90°, and ACRPN should be used in head-pursuit engagement for the gimbal angle is equal to
or greater than sum of initial line-of-sight angle and 90°.

Key words: missiles; target tracking; guidance law; trajectory shaping guidance; proportional naviga-

tion (PN) ; retro-proportional navigation ( RPN) ; impact angle; high-speed targets
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Table 2 No-fly zone constraints in standard conditions
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Fig.3 Results of reentry guidance in standard condition
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Predictor-corrector reentry guidance satisfying no-fly zone constraints
ZHAO Jiang', ZHOU Rui*', ZHANG Chao’

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

2. National Key Laboratory of Experimental Physics and Computational Mathematics, Beijing 100076, China)

Abstract: To enforce the lateral maneuverability of the reentry gliding flight, a predictor-corrector guid-
ance method satisfying the no-fly zone constraints was proposed for the lifting hypersonic reentry vehicles.
First, the longitudinal guidance was developed by the prediction of the landing error and the correction of the
guidance command. The downrange was modified in real time by updating the magnitude of the bank angle.
Then, a new handoff mechanism for the bank angle reversal logic was designed for the lateral guidance. The
maneuver of the lateral motion was performed by employing the heading angle error corridor and the heading
angle orienting area. Based on the CAV-H model, the numerical simulations show that the no-fly zone con-
straints can be satisfied by the predictor-corrector guidance method which is independent of the standard reen-
try trajectory. The Monte Carlo simulation results of the reentry gliding guidance with random initial disper-
sions and errors also demonstrate the robustness of the proposed algorithm.

Key words: hypersonic vehicles; reentry guidance; predictor-corrector; no-fly zone; bank angle reversal
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Problems of network simplification by edge bundling
YAO Zhonghua', WU Lingda“"?, SONG Hanchen’

(1. Science and Technology on Complex Electronic System Simulation Laboratory, Equipment Academy, Beijing 101416, China;

2. Science and Technology on Information Systems Engineering Laboratory, National University of Defense Technology, Changsha 410073, China)

Abstract: Node occlusion and edge congestion problems, which are caused by the increment of network
scale and complexity, had become a hot spot in network visualization research. To solve the visual clutter
problem in network, edges close to each other in network were bundled by curving them. The bundling started
from node position and group division, laying emphasis on edge bundling technique through edge convergence,
edges bundled close to each other in network to reduce visual complexity. A segmental forced directed algo-
rithm (FDA) simplification model and a group based consistent edge bundling network model were proposed
and improved. In segmental FDA bundling model, quadratic spline was used to display line in network, con-
trol points of spline were produced by iteration to implement edge bundling. To solve the problem of excessive
bending of some edges in segmental FDA bundling model, network was divided into different groups by CNM
cluster algorithm. Lines in the same group were applied with edge consistent principle on basement of network
group structure, and bundling level was calculated by the matching coefficient of edges. After edge bundling,
the phenomena of curve’s distortion decreased and curves became smoother. Domestic airline network data
was chosen as experimental subject, and the network was simplified by two bundling models, and then the
simplification result was analyzed. Experimental result shows that positions of nodes in the same group stand
close to each other, and airline network shows distinct crossing skeleton. Airlines have north-south and west-
east orientation bundle independently, which reveals the whole trends of airline network construction in these
two directions. The bundling simplification algorithm introduced mentioned above has a wide applicability, and
network visualized by this algorithm has good visual effect and readability.

Key words : network visualization ; edge bundling; segmental force directed algorithm; cluster algorithm ;

bundling simplification algorithm
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Fig.4 Impacts of percentage of use of

composite materials on DOC
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Analysis of impact of use of composite materials on
direct operating costs of airliners

YIN Hailian'*, YU Xiongqing **
(1. Research Institute of Unmanned Aircraft, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;
2. Key Laboratory of Fundamental Science for National Defense-Advanced Design Technology of Flight Vehicle,
Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract; The impact of the use of composite materials on the direct operating cost ( DOC) of airliners
needs to be evaluated at the preliminary stage of aircraft design. An analysis of the influence of the use of com-
posite materials on aircraft cost and weight was carried out. A revised model for airliner weight and cost esti-
mation was developed. An evaluation method was proposed to quantify the benefits of the use of composite ma-
terials in airliner design. A 150-seat airliner was used as a case for study. The impact of the percentage of the
use of composite materials on DOC was evaluated for airliner design. The impacts of the fluctuation of aircraft
price, fuel price and maintenance cost on DOC were investigated. The results show that the DOC of airliners
declines with the increase of the percentage of the use of composite materials. With the increase of fuel prices,
application of composite materials in aircraft design can bring remarkable economic benefits as the reduction of
the costs of manufacturing and maintenance of the airframe of composite materials can lead to a significant de-
crease of the DOC of aircrafts of composite materials.

Key words: aircraft design; composite material; airliner; cost; direct operating cost ( DOC)
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Fig.2 Hardware architecture of control system for robotic fish
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Depth control of robotic fish propelled by oscillating paired pectoral fins

MA Hongwei, BI Shusheng, CAI Yueri® , NIU Chuanmeng

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

Abstract: The double-closed loop depth control method based on expert PID and fuzzy control was
proposed, which was used to realize the depth control of robotic fish propelled by oscillating pectoral fins. The
pitching moment acting on the robotic fish was produced by the oscillating angle control of the robotic fish’ s
tail rudder. Then the pitch attitude of the robotic fish was changed, and it could achieve the up-and-down
motion. Related depth control experiments of the robotic fish were also carried out. The reason that initial ran-
ges of pitching angle under different target depth are different was analyzed. The experimental results show that
the proposed depth control method can make the robotic fish reach the target depth accurately. After the robot-
ic fish arrives in the target depth, the proposed method can also improve the pitching stability when the robotic
fish swims in the target depth. The proposed control method can better realize the depth control of the robotic
fish.

Key words: bionic robotic fish; oscillating propulsion; fuzzy control; depth control; pitching stability
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Changes of contamination deposition on spacecraft surface and
evaluation of control factors

TANG Ping'*, ZHU Guangwu ', QIN Guotai', LI Yongping', HE Yumei'
(1. Centre for Space Science and Application Research, Chinese Academy of Sciences, Beijing 100190, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: After spacecraft launched into space environment, molecule contamination and tiny particle
contamination deposit on spacecraft surface and constitute the surface contamination layer. This contamination
phenomenon has different levels of negative impacts on some technical systems. The on-orbit detection results
of spacecraft surface contamination both in China and abroad were discussed. Surface contamination deposition
changes and control factors were preliminarily evaluated. The result shows that deposition changes of surface
contamination within the first 1 to 2 years after launch are controlled by the spacecraft outgassing mass by
itself, outgassing rate, spacecraft surface temperature and air flow direction. The deposition mass within early
period is larger, which is controlled by more surface outgassing by spacecraft itself within early period and
higher deposition rate after launch. And the deposition mass is more in the ram area than in the yield area.
The surface deposition in the later period shows obvious drop or slow fluctuations, and possesses omnidirec-
tional characteristics. Some control factors with omnidirectional effect were discussed, among which high-ener-
gy particle flux and solar ultraviolet radiation flux may be the main control factors.

Key words: quariz crystal microbalance; spacecraft surface contamination; mass deposition; midcourse

space experiment ( MSE) satellite; high-energy particle flux
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Robust design optimization of a two-dimensional airfoil with
deformable trailing edge
ZHENG Yuning', QIU Zhiping', HUANG Ren"', YUAN Kaihua®

(1. School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;
2. Beijing Electron-Mechanical Engineering Institute, Beijing 100074, China)

Abstract: In order to improve the aerodynamic stability of a two-dimensional airfoil with deformable trai-
ling edge during the change of external conditions, a robust optimization method considering the uncertainty
was proposed. Based on class-shape function transformation ( CST) method, a parametric model was estab-
lished to represent the geometry of a two-dimensional airfoil with a deformable trailing edge. The differences
between robust optimization method and deterministic optimization method were discussed. Taking into account
the uncertain airfoil geometry and inlet Mach number, the robust optimization method was applied to maximize
the mean value of the lift-to-drag ratio and minimize its standard deviation. The actuation power requirement of
the optimized airfoil with a deformable trailing edge was calculated. The results show that the robust optimiza-
tion method can help to improve the aerodynamic performance of morphing airfoil and reduce the sensitivity of
this performance to inlet Mach number simultaneously and to reduce the actuation power requirement of the ro-
bust optimal airfoil.

Key words: class-shape function transformation ( CST) method; deformable trailing edge; uncertainty;

robust optimization; actuation power
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Table 5 Accuracy of user intent prediction using

histogram data
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Table 6 Accuracy of user intent prediction using

sequence data
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Table 7 Accuracy of user intent prediction using

different methods
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Predicting web search behavior based on gaze data
LU Wanxuan, JIA Yunde”

(Beijing Laboratory of Intelligent Information Technology, School of Computer Science, Beijing Institute of Technology, Beijing 100081, China)

Abstract; Predicting user’ s web search behavior is important for search engine improvements and user
experience enhancements. Most existing studies are based on user’ s interaction data, including queries,
clicks, cursor movements, etc. The prediction of web search behavior using gaze data was presented. To cap-
ture user’ s eye movement data during web search tasks, an eye-tracking study was conducted and the data
were transformed into two data formats: histogram and sequence. The histogram data describes the distribution
of user’s attention while the sequence data presents user’ s scan path. Four learning methods were used to
predict user decision or user intent and investigate the performances of the two data formats at the same time.
The results show that the two data formats are both suitable for user decision prediction, and the sequence data
is more suitable for user intent prediction. The results also demonstrate the effectiveness of web search behav-
ior prediction using gaze data.

Key words: user behavior prediction; web search; gaze data; user decision; user intent
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6] 3 B 0 300 m/s s 707 S SR RALAH s Hh 4 BA
outn r B o B (= 15,120) km, (=5, 110) km
(=5,120) km (=5,130)km. (5,120)km,x J5 [n] 3
JE 150 m/s,y J7 0] 32— 200 m/'s 3 B F W7
TR TR oK P R BE ) IS E, ST Y A U
REHR A 1. ik C 07 e A7 LAY T 3 AE 1 AR AH ]
O 7 R 48 HL i 2 BE AT B0 AT 55 9 B0 H
I3 2.2 BT RS R 2 A 1 B R
M g 1 AR RBET A 2 07 RALI T fig
AR, BT 8O AL PEREER AR ] , 278 ML AL
= AP Y T R B, B T AL Y AR dn
PR,
1 BB CHIERE

Table 1 Aircraft performance of both sides
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Table 2 Database of jamming style effect
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TFHre
106 20054 3. Pi#ilE 4.PD
1 o 1 0.84 0.42 0.43
2 M 5] 1 0.52 0.68 0.46
3 EHEI 1 0.72 0.74 0.72

T PD—Jk i sC 238 ).

O 77 FHHLE TR R TkW, TR
M35 10 dB, F I E ALY 5 m” s H AR k1Y
KD N T RW , R TN 75 04 20 dB, KL 5%
M 450 0 dB, F s TR H R B 71 dB; 275
TR B H Al T e R RE LA B BRI TR Ak A AR R E
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Table 3 Performance of our jammer and target radar
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Fig.5 Allocation results of jamming task
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Table 4 Performance of enemy aircraft after jamming

km
L4 TR e KR Fxﬁx AJ %{J\K A
i) R k3 1 b 38 B B

1 88.2395 80 50 30

2 88.6011 80 50 30

3 88.601 1 80 50 30

4 95.9124 80 50 30

5 92.4733 80 50 30

o7 Gl Hr UL
P E=N © b <
D et %g&ﬁ B AR %g&ﬁ
1 1,3 (5000,20000) 2,3,4 (4000,8000)

2 2 (6000,20000) 1 (5000,9000)

3 2,3 (7000,20000) 1,2,3 (6000,10000)
4 3 (8000,20000) 1.3.4 (7000,12000)
5 1,2 (9000,20000) 3,4 (8000,10000)
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Cooperative jamming-detecting-attacking task allocation in air combat
RAN Huaming' , ZHOU Rui*', DONG Zhuoning' , CHE Jun’

(1. Science and Technology on Aircraft Control Laboratory, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;

2. AVIC Xi’ an Flight Automatic Control Research Institute, Xi’ an 710065, China)

Abstract: To solve task allocation problem of cooperative jamming in air combat, according to jamming

power, jamming frequency bands and jamming style of our aircraft together with radar working power, working

frequency bands, anti-jamming style of enemy aircraft, advantage of jamming power, jamming frequency, and

jamming style were established. Considering the jamming capability of our aircraft and air combat capability of

both sides, the total jamming advantage was established, and cooperative jamming task allocation model was

built. According to the distance performance of enemy aircraft after jamming and air combat situation for both

sides, detecting capability and attacking capability of our aircraft to enemy aircraft were studied, and coopera-

tive detecting and attacking task allocation model was set up. Genetic algorithm was used to optimize and solve

those cooperative task allocation problems. The simulation results demonstrate that those models can accom-

plish cooperative jamming task allocation, cooperative detecting and attacking task allocation.

Key words: cooperative jamming; jamming advantage; cooperative detecting and attacking; detecting

and attacking advantage; task allocation
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N M A SCHE B0 4 I BE LR ¥ R (45 ¢/ L)
BH B 5P ) R At L, 5 A7 ILIR 8 n 55 YP (42
R J=BCR ) Bt s 5 22 v 7R YT (A R BB
Hh S BRI 2% o A ) A5 B3 B A < PH B A
B 2ok R X A P T RS 8 SR AR R 1Y
BUFAE . [ I R B B hn R ) 4 77 5 GE R A
<5 BA AR SR A MBS 2 B0 BROWL 285 F R P, 7 10 min AR
HAE T 5 2 w0 R - R BH AR SR AR 3R 1S /Y
58 J22 T JE5 b P RE A 4, X R <6 ik B 9 57 1 e 454
P/ 1) BH B 284k T2, Jh 3 A AR 6 TR Tl TR -
Bt R Y BR A  BH B SR A BOR B9 Tk W T AT R
HEAl

1 i Iy
1.1 R

IR LY12CZ 88 G A48 A, 1URE R
5o 100 mm x 20 mm x 2 mm. {43 & 2 0 B0CH
Si0.5% ,Fe 0.5% ,Cu 3.8% ~4.9% ,Mn 0.3% ~
0.9% Mg 1.2% ~1.8% ,Zn 0.3% ,Ti 0. 15% ,
Ni0.1% ,(Fe +Ni)0.5% , HA B4y R4, 0 B
WA 1R ~2 pm AR E (BIRA AL TR L BR A
HE).

1.2 [EBRELXIZ

PHA AL T 20 B i LB FKE—
R Uk Ot — K B K BE— IR R Ak — 58 7K Bk
—E .

FALEB NS M : NaOH 160 g/ L, = £ B
45 mL/L, Na,S 55 g/L, #£ 90 ~ 100°C T~ J [ &
1 minBia], Z2 050 45 R R U], 1 min B A] A5 205
EHRAeaERmMEEZ.

R B D 55 2 ) A B0 TR A TR B R Ak v
Wl 45 ¢/L, MR 8 ¢/L. A ALk 15V, &
25°C ;%8 4k i [A] 20 min.

PR BH AR EAL VW R < B R (45 £2) g/L, YP
WnF (20 £2) /L, Y] W5 (7.5 1) ¢/L. IR
JE 25°C ;78 15 ~25 'V {5 il 4 028 AR 48 A H .
1.3 Egeili

K ISM7500 37 & 5t 49 4 L F 60 BE X 4R
Ak R J22 A8 T ) FROOE T 550 0 4 7 L 5%

M % [ i 50 BB 2% 25 45 i ASTM B137—
95" s B S AR T A IR RE R BHAL, R IR ¥ B T
90°C 114 18 5% V& v i e R I AR Ak B, 5 B (BRI
E R SEA R BT i) iAo

m, —m,

p: A

(1)

Kpep R E (B T AR AR Y T ) , mg/
dm® m, F1my 43590 0 S AR B it G SRR Y 5
H,mg; A N EURE AL B R R A, dm.

MIL-A-8625F A7 i %425 55 B2 PH % 480 fk T. 22
£ ST BEE F S SR T M ¢ B A A Ak B TR R
Bl & 21.5 ~73.5 mg/dm’ | 41 Y4 T 48 1k 5 2 11 &
FEFE 2 ~4 pm Z[H].

SR B % T B ot P R SR FH SO S il a5,
T R 0 VA W R 25 mL Eh R (X E 1.17)
3 g K,Cr,0, 175 mL & /K I [FR A B il 107 5
(ST 1276—77 FrifE) , i 5% 48 Ak JEE )23 3 T A5 37
Fy 5 78 2t 1 T, 30 8 o B[] 4 DU 3 O B i
AL B Y A A2 T o i

H1 T 58 6 4 BH AR 401 AU RGE 2o 2 £ it 2 BHL 14 )2
J2 1 A S VA SR 29 0F L BEL B 2 N 2 AL B
W45 A S8 Ak B et R X T R A 4 R Y ) 2
il 2% B AE D% 55 3405 05 1h0 . T LA HEAT 9 57
(LEnW

9% 57 P A R e BEOE E)BA ) 2 £3  UfE
ASTM E466—2007 il 457" 38 kE 25353 A 5] £ BH A%
AL T2, 7E Instron8871 ¥ i Ad] R AL I i
119 95 3 55, Fl H WaveMatrix K4 4 5 i 560 J5
2, BARSHON iR 10 Hz, 5 K Hi i 77 300 MPa,
NEJJHE R =0. 1. g 5% 5 AN [R] BH AR 4804k 120 RE i
T BsF 114 98 57 06 20 R B, BN TR B Ak T2 % T4
B 4 FEARPE 55 1 B 1 R

FHAR S AR SS A 4 bR 9% 57 B8 b 312 S
95 57 FF i BORE B8, A 12 v 6 B0 57 77 i 1A
YN W)

12
1gN50=7215N1‘ (2)
eS|

I Ny N BAT 50% A715 R 1908 57 75 4, B A
W57 75 i s OB ALS BB Y, A A
Ko R aR @ A BRE Y % 55 A7 i

2 HRERW

W HE NN AER SRR , G S R PR
AP IR S S A B A B T il ST SR A R AL
FRRHAPS R, i T 400 B R X I )2 AR A 0 BHL A
JE WA R 2 L2 BT L — R R A 4
PH B P B 1 S AE BR Y B2 A 5 S BR
fifp T B 22 AL JZ 33 R WA 8l 25 B A, AT At
Feb BRRR ST 2 S W A 0 IR 3 AP A BE AR 4R
it B i St — A G AR B LAAE BH AR SR A T 2
TE R ] BH B S Al U RAY it R B R 5 AR 25°C
EEUN-



%55

WEHR VL, 25 - LY 12CZ 5 5 4 09 AU R Tt B AR SR AL B A

Je A 1R
.

F 1R E N TR G 4 R - R B B
SR PR R ARAT A ST R R R R A IS T ey
IR ER. f 3R 1 Al K BUAE bR o B AR AL T2
ZHY 15V T %Ak 20 min, 3R A5 1 4 Ak BRI Al
PL 2 MIL-A-8625F A o b XU iR FH A 4816 T
LERI R AE (73,5 mg/dm® ) 5 A AT o ik
KR A R A I, 2 % IR B T (B 2 W R Y
B0 7 30 10 S A 5 2 T 7 M et ] 24 T 3
IKEFIAT, X AT RE A T Cr® " 7E IR A e 2 o
B &, e 1AL B RO Es H
T4 551 BB 4P 22 £ T J o 2

F1 MBR-RERAGARELEEELRER

(15V, &4k 20 min)

Table 1 Coating mass of anodizing coatings formed in

boric-sulfuric acid (15V for 20 min)

BRER 8 /TR Mk i/ e/ =t T A3 308 4 ok
(g-L") (g-L’l) (mg-dm’z) T2 i [8] / min
45 8 72 ~73 Wk 1718

i 45 TR 18 ~22

2 RACBPRUE A 45 ¢/ L B AW T,
BIMAR) Z 8/ YP #5Im s (0 ~50 g/L) ,7£ 15 V
HL R 4801k 20 min R 75 1% 48 A 58 I TR L T 3 T
PhILE S5 . al LU BER YP 38500 ok 5 i
S AR I 0 = R A O R W S T R A
JZ BT 25339 JE8 ok B ) DU [ 5B YP S
TR 20 g/ L, Bt 0T 48 A B A 0 37 8 ot g
[F)FH X B, AT RE & YP S 05 X0 55 A 4 BH A 4
e RS S e v R A AR A R IO A TR W
T R S AR 2 LR B BUR M, S TV R
A B BB R LGS T2 4 TS R el I ] R X A
—

R2 MAFRERE YPAMANRHRELRBRER
T 1=, i V5 e e 1]
(15 V, & 4K 20 min,, i#; 7k £ £ )

Table 2 Coating masses and titrating time of

anodizing coatings in sulfuric acid solution with

different concentration of YP additive

(15V for 20 min, sealed in boiling water)

i AR/ YP # A/ I/ 1§ 53375 J63 ol b i)/

(-L7)  (g-L7")  (mg-dm™?) min
0 68 ~74 16.5~17.0
10 66 ~70 15.0 ~19.5
45 20 68 ~70 16.5~22.5
30 65 ~77 10.0 ~19.5
40 67 ~69 13.5~16.5
50 71 ~72 12.0 ~16.5

ST BT B I A ML — Bl A ) R
U A LR , i — o 0 R 35 855 A5 ) A 28 0 4 o
EERREIY B TR A B PR A RO N R

B 4 VE NP 2 & A DLV &R Al + 3H,0 -
3¢ > Al (OH), +3H" ,2A1 (OH), — ALO, +
3H,0. i ff -S40 A A RV E R & H
H ™ Be i I B B 19 S0k I & A % i < ALO, + 6H "
—2A1" +3H,0, i YP B0 4E A —Fh oA LR,
TERW P AFAE R B P/ : RH == R~ + H" , A #L
R M R 0 A7 A6 A Al e s 57 iy ) Zc %% 2, i R
P14 TR P ARG, DT A 20 M U 28 17 L S 8 ) )2 1)
VA, BELAS AR B e b 1 & A SR Z LR AL
B E S0 T B0 M (8 A5 BH AR P )2 1) T ok
PEREAS BN EE 5. 24 AR X P A AL IR AR 14 52 I 31 6] 2
AR, Y HE— 0 4R S W YP WS i 7
VIR DU BH AR, S 2 ) T s TR ok b D 2T 2%
AR T LA YP WS vk B %k Ry 20 /L.

W1 582 45 R AEXT L, 76 B B2 VR TR
FER 45 o/L GO, 28wl hn A 8 g/L ) Bl iR 5
20 g/L 18 YP ¥R, 7 [R1RE (1 BH B S0 i 1 L 4
TR BE AR ) b K P A T AR, 2 3
ARAG 1 RS T | T JEE T 37 T ok B (1] A0 R A A [
A UL ZEAR R B A B R AL Ak T2 o A YP R
5 AT R 1 25 SR AL, R R A A
i BH A A Ab Ao i o ) R FH A BT BB 2 AR ARL I

12 0 R -Bk TR S Ak 1225 L Y'P s i 71 - Bk
AL T L RAT AR A 4 AR S0P 2 1% W 1 41 4
FL 50 B R, DA BT T A ROUR T2 350t T A K R R
AL T2 AR AT 1 U Ah B T2 ) TR0 45 R AH AL, 3 R
Hm B 2 LR AL E .

M — 25 WLEE 43 BT 22 B8R 3 1 ol 480 fk T 25 3k
1511 Z2 AL )2 FL AR ] 0 17 S JRE s A 22 001) , R L AR K
INKE Y 32450 9 ~ 10 nm , AT L8 B 76 B R vk B
45 ¢/ L BYREOLT 20 A Y P i i 55 e R, 7
R G  FRR 6 TR 1 SR A I 3 R v 4 A 5 5 T
SR AR, AR T LU AR I Y 2 LR AL AR 15T
FLBR A | DT it e G b B2 1 T 5 oy 25 44 g

FE A0 A A PR S Ak ook Rt oy, 1 23 0 it = R
BB, EUA IR 1 A 2 7 AR — R NI T X R
SPGB A SRR ST ERE. £33 2EE S
BEMF 2T - R BE AR S Ak A Y P R LS
it 1R B A A A TR 1 9 57 X B0 45 R A TR G
G LA AU, 3 R P BE AR 480 Ak T2 1 9 5 6 2 Tk
B A A, YP 38 90 -6 R PH B A X A 4
BEMF B9 57 1 B8 453 47 52 e B /N — 2633 B 7E G R
R RN NI Ny 1 i D57 G i 1 = R A A A
T A e A BB R I N L T S A R AR 1
T A RAR T BH AR S A X AR A 4 bR % o7 M RE Y
;.
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Fig.1  Cross-section micrographs of anodizing coatings formed in two kinds of solutions
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Table 3 Results of fatigue test for different anodizing samples

R I 5518 B SR P E % 57 75 A P 55 R i 55 BB 1 X L
LEReEE 2o 136 604,123 954,142 906 134253 1
TR - R AL 1.2 105244 ,101951,132240 112370 0.837
YP 780 B R A Ak T2 126720,138262,102312 122923 0.904

HeAh B FE A B, AR YP BRI -5 R A A
T, TS — DR S R 22 vh ) YT (— R AE AR T
Y A HURIR ) 72 15 V T %A 4L 20 min, 4815
AL M2 2 (L3 4) , LT AN 70 mg/dm” [
15 50 mg/dm”® , 28 g il 7K 3t A1 Jis 68 J22 14 Tt A2
& o s ) 5 90 2 W) 20 ARAS B A B IR T A A AR
AOE A Tl % i 345 790 49 4 A1 R 0 0 7 D6 ot il
AR S B R (UL 1R 2 R4 ISR . X
A RE S P IACRY YT U N GR) A 4R BH AR R AL
A v X PR T RS ) R SN S 2 b A T e 2 T
VA IRORT T 11 I A 3 B2 o8 T A L A B R R 3
TGS, T 2 £L = (Y 4 A 5 A0 A AR5 4 A R K
AT A
R4 YPFMA-MBART YIERFINIUERE,

it 52 i /25 ik B9 %% W (15 V,20 min)
Table 4 Effect on coating masses and titrating time of
buffering agent YJ for fast coating-forming in YP

additive-sulfuric acid solution(15V,20 min)

I E), T DA M 7 O I 4 1 S A I T R I
Tt [A)AH 25 B A0 R, AR 1SV 44K S min J5 R &
AL LR F 25 V 4k 5 min, BEAN A0 R[] 45 2
7 10 min. 55 1 B S AR R O L 1, S A
L5115 ST U s = W A s 2 S N S = i ]
o 1] 2.
x5 FARAEUEERGEHENLENRE.
i £ 378 FE5 ot Bt 1) (b 7K 9 6 )
Table 5 Results of coating masses and titrating times of
anodizing coatings formed with different voltages

(sealed in boiling water)

i
WE 1/ B 1/ R 2/ I 2/ M/ ﬂ?{%
X . Tl e/
A min v min  (mg -+ dm ™) .
min
15 10 / / 32 ~34 15 ~17
15 5 18 5 37 ~39 18 ~19
15 5 20 5 46 ~49 19 ~23
15 5 22 5 56 ~57 20 ~23
15 5 25 5 68 ~71 21 ~25

" YP o ) . [EP=RT ]

[ L YIZuhl/ v E=IIE T A

wIn s il
<g-L">({T?]‘]L_JI) (g-L7") (mg-dm™®) TZ ’%‘iﬂ'ﬁj/

45 20 8 50 ~54 Wbk 17 ~25

HRE YT 22 w3l i) 4 10, BT A5 JE A IR R T8 T
L Tt A S o P 1) A 2 P B, AR AR AN TR R AR
LU, 4 2 R e B AR 8] 3% 5 2 A TR] A4
HL TR T R A B9 5 5 < 4 0 T ) B L T 5 S

&2 J& YP &S hn i) - B i v v m A YT 22 o
FNARAS 1) S Ak P DB T8 2 550, 7T LA T AR A 1Y A
PR 2 £ 2 1 FL AR /N FLAL TR) R k2B T A8 4k, 7
AL b Ll 15V B JE A 4k 20 min (L
Kl 2(a)) M3 IRZREL N 2.2 pm, fLFE K
/NFIFLTEIEE 43 528 9 ~ 10 nm K1 40 ~ 44 nm, 1fij £
15 VAL T 446 5 min J5 48 & A B R B 25 Vi
A AL 5 min B A AL [ 4555 3 7 10min, JR75 1)
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WEHR VL, 25 - LY 12CZ 5 5 4 09 AU R Tt B AR SR AL B A

b AL iR
| M 5 | 923

AR Z) 0y 2. 3um (WK 2(b) , 5 15V %Ak
20 min [ 552 JRE RE BEAR AR ), W LR B, B T B
e AL R Y A5 Ak, A 15V Ak 5 min F] 25V 1
Ak 5 min, FRAF 1) S0k G T AOWE S A T B
25, B 2(b) 42 EAL S 7E 15V F A1k s
S, 58T B AR G B2 R AE 25 V RS L R A5 )
(), 40 1 1 S AR B2 AL AR R 8 ~ 10 nm , FL ] #E £
40 ~ 44 nm T 55 3T BR A 4 A — N 1) 4R A0 5
FLA2 R 12 ~ 14 nm , FLIATE 242 56 ~ 59 nm, 13 W 2
7% i 5 2 B A B AL LR R R T AR A5 Y A AR B2 Y
ZALIZ R (FLER KN FLIREE ) |, Ak I 1 A
S AR T ) BE AR T 1] HEAT I, S AL R B, 2 AL
JZEALAR R K, FL AR R] K.

LAY 2.2 pm
(a) 15 V,20 min

24k | miw it
ALERNYR 2.3 um

(b) 15 V.5 min: 25 V.5 min

2 P R - R R YT R A

AL T 16T

Fig.2  Cross-section micrographs of anodizing coatings of

two kinds anodizing processes in YP additive-sulfuric

acid solution after adding YJ buffering agent
3.8 it

1) TRV EE g 45 ¢/ L i S AL IS WP, B m
20 /LB YP IR NF, 76 15V R F A& 4K
1k 20 min KA 1 S A0 5 S B | T o5 35 S ol 3 6 i
V] 5 90 2 ) A0 G A TR - R BH A 4Pk T2
FRAT S 2 1 REAH Y.

2) YP 050 -5 R B AL X AR A 4 S b
F9 952 25 1 B B 450405 L T TR - R P M SR AL T2 B
ALY

3) A YP 0 - B R A 4 B A BV
H RN YT 22 o), DL 1S VO R &4k 20 min, 3045
(¥ S AL S S Ky 50 mg/dm” 3 I HL7E 4 F % i
f9 55 T TR A, 3 U o O 4 P B R E 1SV
AL S min J5 8 AL HLE B 25 V FE4UL S min,
AN B S AL I 9] 45 %6 81 T 10 min.

4) X YP IS 03 - R AR A 4 PR B A AL 3R A
£ 40 Ak I SR s 7K b BAT T LR A TR - T L A
AL BAT A B B0 i 6 R 2 1)
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Rapid anodizing technology replacing chromic acid for
LY12CZ aluminum alloy

JI Zhenjiang, ZHU Liqun, LIU Huicong ", LI Weiping

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

Abstract: Aluminum alloy anodizing coatings were prepared for LY12CZ in 45 g/L sulfuric acid solution

through adding organic acid additive and buffering agent for fast film-forming, with the gradient voltage of 15 —

25V, to replace the traditional chromic acid anodizing and boric-sulfuric acid anodizing. The field emission

scanning electron microscope, titrating test, coating mass test and fatigue test were used to evaluate the prop-

erties of the anodizing coatings. The results show that organic acid additive and buffering agent for fast film-

forming can relieve the dissolution of anodizing coatings, improve the compactness and corrosion resistance and

reduce the fatigue damage during the anodizing process. Moreover, the properties of coatings anodized in the

new anodizing solution of sulfuric acid, organic acid and buffering agent with the voltage of 15V for 5 min and

of 25 V for 5 min are equal to ones anodized in boric-sulfuric acid with the voltage of 15V for 20 min. Organic

acid additive is YP additive and buffering agent for fast film-forming is YJ additive.

Key words: aluminum alloy; replacing chromic acid; rapid anodizing; anti-corrosion; fatigue property
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] B REAL KR CEARERERGZANAHR, SFRATRATRATH &
WA FER T, RE—HERADHTRAEHNEREA TR LA HEHAFATH
N AERLERAXGHARLA R T HERAEF G R E AT HR BT B A HA K
AT f AR 0 57 A B R L e B, 0 AT AR B TE ) RO AR o i R T AR AR B B K 3 L
Bt HEERIRAKXE N CEARES , TEER SR RER B, MERIET Tk
HEAHEARN AR, ARy EFEF AR R CERETRE - EE.

*x 8 R HERAKETMN; ELEE KFEY; AFHBE; R CARER

hESZES. V221°.6
X EKFRIAAD . A

K b RAHLIR TR AT DLAE K R TR R TR TSI
1) RAL. K TRHLE BT T RO s G2
g Aty bR S5 AT: 55 20 it 22 50 R LLS ,
TR T R Ak 55 DL K Bl b B R TRATL B Wl S, K
L EHLI R R AEA T T AR ST AR R B
IE AL 25 1Y % J AR AR LK B RALAS B K 1
KAL) KRN T IR B

JRTA S RARF M2 K T RABIL D 0 T oAt iy 5
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SEK b RHL B AR 3 Al Y RBE T S O
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AN IE AR IR SR BT B Bl . B TR
AR H) K J& 15 Ak 712 ( Computational Fluid Dy-
names , CFD) J7 3L © 28 W H T 90 46 i 1 Bir B Y
BH 73t a7 H R W KB A i A B
A 3, T AR A ) S ARG, B0 A DU 7. TR A
DT R AR /N A MR, TT LT T R G R B
Be AR T2 AT A 2 K — B R oK TR R R
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Resistance evaluation for flying boats sliding at medium and
high speed in calm water
SUN Jianjun, MA Dongli*

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

Abstract: Considering the unique multimedia condition during take-off process of a flying boat and refer-
ring to the method of studying the resistance performance of a planning boat in the sliding process, a formula,
to evaluate the resistance of a flying boat at medium and high speed in calm water, was proposed. The formula
combines theoretical analysis and empirical correction and also includes the effect of aerodynamic distribution.
With this formula, graphs illustrating hydrodynamic resistance and pitch angle varying with the volume Froude
number were obtained and the reasons for the varying were analyzed. Take-off running distance was calculated
with the hydrodynamic resistance and pitch angle that calculated from the formula. As the calculated take-off
running distance is in consistent with experimental results, the validation of the formula was verified indirect-
ly. And a method to calculate the take-off running distance of a flying boat was also proposed at the same
time.

Key words: flying boat; “IIATM” method; hydrodynamic resistance; aerodynamic correction; take-off

running distance
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Table 2 Variable data of double views coupling

process by interfering with occlusion

B Wit T F Bty — 3 W W w
462 2 2 YES 1.00 1.00 1.00
463 2 2 YES 1.00 1.00 1.00
464 2 1 NO 0.50 1.00 1.00
465 2 1 NO 0.50 1.00 1.00
466 2 1 NO 0.50 1.00 1.00
467 2 1 NO 0.50 1.00 1.00
468 2 1 NO 0.50 1.00 1.00
469 2 1 NO 0.50 1.00 1.00
470 2 1 NO 0.50 1.00 1.00
471 2 1 NO 0.50 1.00 1.00
472 2 1 NO 0.50 1.00 1.00
473 2 1 NO 0.50 1.00 1.00
474 2 1 NO 0.50 1.00 1.00
475 2 1 NO 0.50 1.00 1.00
476 2 1 NO 0.50 1.00 1.00
477 2 2 YES 1.00 1.00 1.00
478 2 2 YES 1.00 1.00 1.00
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Fig.8 Double views coupling corrections process of

multi-user identification by interfering with occlusion
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Table 3 Variable data of double views coupling

*®3

process by interfering with partial contact

Bdnwr T FoooBh—3 Wy Wy w
637 2 2 YES 1.00 1.00 1.00
638 2 2 YES 1.00 1.00 1.00
639 2 2 YES 1.00 1.00 1.00
640 2 2 YES 1.00 1.00 1.00
641 1 2 NO 1.00 0.50 1.00
642 1 2 NO 1.00 0.50 1.00
643 1 2 NO 1.00 0.50 1.00
644 1 2 NO 1.00 0.50 1.00
645 1 2 NO 1.00 0.50 1.00
646 1 2 NO 1.00 0.50 1.00
647 1 2 NO 1.00 0.50 1.00
648 1 2 NO 1.00 0.50 1.00
649 1 2 NO 1.00 0.50 1.00
650 1 2 NO 1.00 0.50 1.00
651 1 2 NO 1.00 0.50 1.00
652 2 2 YES 1.00 1.00 1.00
653 2 2 YES 1.00 1.00 1.00
654 2 2 YES 1.00 1.00 1.00
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Fig.9 Identification effect of coupling double views and single view by interfering with partial contact
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Fig. 10 Double views coupling corrections process of

multi-user identification by interfering with partial contact
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Table 4 Identification effect of various views for

multi-user
e N BN IE/BRRE W
oA 141 3 Q,-0, 40/0 1.00
JIEAE] 3 Q,-0,-0, 40/0 1.00
T AR & 3 Q,-05-0, 18/22 0.53
e 3 0,-0,-0,-05-0,  24/16 0.67
AL 3 0,-0, 40/0 1.00
GIEAE] 3 Q,-0,-0, 23/17 0.77
RG] 3 0,-05-0, 38/0 1.00
GRS 3 0,-0,-0,-05-0, 21/19 0.70
WU & 3 Q,-0, 40/0 1.00
XA 3 0,-0,-0, 40/0 1.00
XA P 3 Q,-05-0, 40/0 1.00
XU 3 Q,-0,-0,-05-0, 40/0 1.00
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Multi-user identification based on double views coupling in
cooperative interaction scenarios
YANG Yuhui', WANG Weijie’, WAN Huagen **

(1. Modern Educational Technology Center, Zhejiang University, Hangzhou 310027, China;
2. State Key Laboratory of Computer Aided Design and Computer Graphics, Zhejiang University, Hangzhou 310058, China)

Abstract: An approach of multi-user identification based on double views coupling was proposed for the
problem of identification error in cooperative multiplayer caused by occlusion and contact, in cooperative inter-
action scenarios. Double views motion tracking was established by the method of skeletons motion tracking and
Kalman filter, with the depth cameras. Correlative finite-state machine was build using the motion tracking da-
ta of double views, to analyze the specific user motion status of coupling relationship and set up algorithms,
the value of true or false tag was introduced to monitor and coupling correct multi-user identity in real-time.
The new approach was compared with that of multi-user identity based on single view by experimentation, it is
indicated that, the approach of multi-user identification based on double views coupling in cooperative interac-
tion scenarios is more robust.

Key words: cooperative interaction; identification; Kalman filter; motion tracking; finite-state machine
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Optimization of drag-reduction by suction using multi-island
genetic algorithm
ZHAO Dejian, WANG Yankui® , ZHOU Ping, LI Qian

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

Abstract: To overcome the drawback of large suction mass requirement, the suction control for drag re-
duction was optimized. Computational fluid dynamics ( CFD) in conjunction with multi-island genetic algo-
rithm was employed as the tool to achieve the optimization. E387 airfoil was employed as the physical model.
The suction location and mass flux of slot were set as the design optimization variables. The goal was to mini-
mize both the airfoil drag and suction mass requirement by identifying the optimal suction location on the upper
airfoil surface. The results show that the suction location and the suction mass requirement could be optimized
by multi-island genetic algorithm. When the suction location is optimal, the mass flux of slot reaches the lower
limit of the optimization interval with the airfoil drag reduced up to 8.3% . The occurrence of transition is not
delayed by suction control so that friction drag is not reduced and the airfoil drag reduction is mainly due to the
reduction in pressure drag.

Key words: multi-island genetic algorithm ; airfoil ; suction; drag reduction; numerical simulation
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Study on the ellipsoidal reflector interception methods for
quasi-optical systems
LIU Dawei” , WU Zhengxun, WU Zheng, LIU Kai

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

Abstract: For quasi-optical system, in order to improve the application performance of quasi-optical sys-
tem on weather satellites, a new method of intercepting ellipsoidal reflectors that can effectively reduce extra
energy loss in transmission and decrease the sizes of reflectors was proposed. Ellipsoidal reflectors are impor-
tant optical elements for light beam transmission in quasi-optical system. The traditional method of intercepting
ellipsoidal reflectors would introduce extra energy loss which deteriorates the performance of the whole system.
To solve this problem, by building a Gaussian beam transmission model, traditional method of designing ellip-
soidal reflectors was improved—translating ellipsoidal reflectors according to the beam waist radius. Simula-
tions reveal that improved method performs better than traditional method—it not only reduces the maximal e-
lectrical level from —30 dB to —35 dB but also decreases the size of mirror by 10% to 30% which will bene-
fit the electrical performance of quasi-optical system as a whole. All in all, improved method makes for de-
creasing the size and increasing signal-to-noise ratio (SNR) of the whole system, which ensures energy main-
tenance of weak meteorological signals during transmission process and improved method is of great signifi-
cance to improve the properties of the quasi-optical system.

Key words: ellipsoidal reflector; quasi-optical system; Gaussian beam theory; reflector interception; en-

ergy loss
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Fig.2 Hydraulic diagram of landing gear retraction system
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Fig.6  Test model of landing gear retraction mechanism
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Fig.7 Actuator pressure curves of simulation and test
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Fig. 10 Actuator displacement varied with

crosswind parameters
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Fig. 15  Actuator velocity varied with liquid slug parameters
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Fig. 17  Actuator pressure varied with friction
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Fig. 19  Actuator displacement varied with friction
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Retraction system performance analysis of landing gear with
the influence of multiple factors
YIN Yin, NIE Hong® , WEI Xiaohui, NI Huajin

( State Key Laboratory of Mechanics and Control of Mechanical Structures,
Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: The landing gear retraction system is a mixed complex system consisted of mechanism, elec-
tricity and hydraulics. The retraction performance is affected by various factors. In most of the current studies,
the subsystems are not well combined. Thus, a set of method combining theoretical analysis, multidisciplinary
simulation and test verification was put forward, which provided a more accurate analysis method for the land-
ing gear retraction system. Firstly, the dynamics equations of the retraction system were derived by power bond
graph in detail. Then, a multidisciplinary simulation model was established, which combined the mechanism
dynamics with the hydraulic system. This virtual prototype was verified by contrasting its results with the test
results. At last, the key parameters’ influence on the landing gear retraction performance was studied. The
results show that, the pressure curves of the co-simulation model agree well with the ones of the test. Mean-
while, some key parameters, including crosswind, friction, damper orifices, liquid capacity and oil leak,
affect the landing gear retraction performance in different degrees. Some meaningful results are concluded,
which can be used as the guidances of the determination of retraction system parameters, the retraction fault
analysis and the reliability study.

Key words: landing gear; retraction system; dynamics; co-simulation; test
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