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Fig.2 Flowchart of FSAFT imaging for immersion ultrasonic

testing with spherically focused transducer
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Fig.3 Contour dimensional drawing of specimens
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Fig.4 C-scan image of Specimen 1
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Fig.5 Amplitude profile of C-scan image of Specimen 1 at

y=17.5 mm
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Fig.6 B-scan image of Specimen 1

K7 A 1 FSAFT fiifg C HHlE&
Fig.7 C-scan image of Specimen 1 with FSAFT imaging
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Fig.8 Amplitude profile of C-scan image of Specimen 1 at
y =17.5 mm with FSAFT imaging
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Table 1 Quantitative results of defect size of Specimen 1

evaluated with 6 dB drop method

R sF/mm
LS — - AH TR 22/ %
’ i W
1 1.5 2.00 33.3
2 1.5 2.00 33.3
3 1.5 2.00 33.3
4 1.5 2.21 47.6
5 1.5 2.50 66.7
6 1.5 2.07 38.1
7 1.5 2.50 66.7
8 1.5 2.07 38.1
9 1.5 2.43 61.9
10 1.5 2.14 42.9
11 1.5 2.00 33.3
12 1.5 1.64 9.5

iz Ffl FSAFT J5iHE 1 () B 4 B & an & 9
Fimo XTI 6 R 9, FSAFT A4t e T B
GG T i, FSAFT Ji AR 45 5% 303 Wi, 1= i
X A v 7 Sl B 67 B AL, AN TR BB 22 18] 5 43 B
DAL 9 A2 I A iy et e L ok BE 4, LTS v i A B
KASE B AE Ry e B A 8 4 AR 0, 4% 5k B 1) o7 8 o
AR 2 Pron, PR 2 4510, B KW
BB AL E E R 22 A T 0.5 mm, [ F FSAFT J5
B A R

B9 ke 1 FSAFT sifR B £14H K&
Fig. 9 B-scan image of Specimen 1 with FSAFT imaging
x2 HABIRBUNEEELER

Table 2 Quantitative results of defect position of

Specimen 1
Lae AL R/ mm E R mm
L I 211 R+ o () N O 1 ) R 21 RNz 3 i 4]

1 7.5 9.2 0 0
2 12.5 11.8 0 0.1
3 17.5 13.9 0 —0.3
4 22.5 16.7 0 0
3 27.5 19.0 0 Coa
6 32.0 21.6 ~0.5 —0.5
7 37.5 24.1 0 0
8 42.5 26.6 0 Cos
9 47.5 29.0 0 0
10 52.5 31.6 0 05
11 57.5 34.1 0 0
12 62.5 36.5 0 _0.5
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Fig. 10 C-scan image of Specimen 2
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Fig. 11  B-scan image of Specimen 2
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Fig. 12 Amplitude profile of C-scan image of Specimen 2

at x =14.75 mm
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Table 3 Quantitative results of defect size of Specimen 2

evaluated with 6 dB drop method

) . A3z Ffl FSAFT iZ il FSAFT
FIHB I/ SR — \
LTS AR )4t i o)
mm M Rb/mm 225/%  RoF/mm i225/%
0.25 3.2 5.50 71.9 3.38 5.6
0.50 3.2 5.50 71.9 3.50 9.4
0.75 3.2 5.63 75.9 3.75 17.2
1.25 3.2 5.63 75.9 3.75 17.2
1.50 3.2 5.25 64. 1 4.50 40.6
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Fig. 13 C-scan image of specimen 2 with FSAFT imaging and

image with frequency domain interpolation

x4 HAE2HEBERGRERTEESR
Table 4 Quantitative results of defect size of specimen 2

with frequency domain interpolated image

B RSf/mm

R P IR/ mm —— —— AHXF IR 22/ %
bR RS

0.750 3.2 3.75 17.2
0.375 3.2 3.38 5.6
0.250 3.2 3.50 9.4
0.186 3.2 3.47 8.4
0.150 3.2 3.45 7.8
0.125 3.2 3.38 5.6
0.107 3.2 3.38 5.6
0.093 3.2 3.38 5.6
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Application of synthetic aperture focusing technique to defect
guantification for immersion ultrasonic testing

ZHOU Zhenggan” , ZHOU Jianghua, ZHANG Kuanshuang, MA Liyin, SUN Guangkai
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Abstract: Among the common defect quantification methods for immersion ultrasonic testing, some are
high cost while others have relatively large quantitative error. Given the problem, a new 6 dB drop defect
quantification method based on frequency domain synthetic aperture focusing technique ( FSAFT-DQM) was
studied. The FSAFT imaging method for spherically focused transducer used by immersion ultrasonic testing
was established. Experiments conducted on specimens containing either circular cylindrical cavities or flat bot-
tom hole show that defect depth has little effect on FSAFT-DQM’ s accuracy; compared with 6 dB drop meth-
od, flat bottom hole’ s quantitative error of FSAFT-DQM drops from 71.9% to within 10.0% with step length
below half-wavelength of transducer’s center frequency and the error decreases from 17.2% to 5.6% by im-
age interpolation algorithm with step length between half-wavelength and wavelength. The research results
show that FSAFT-DQM improves the precision of defect quantification effectively.
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Fig.1 Structure of multi-electromechanical actuator
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Fig.4  Flowchart of power dispatch of

multi-electromechanical actuator
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A T AR SRR T 2 LR A 3 R GE R B RE A TR

6 Zra sl AR 2L i 3

Fig. 6 Change tendency of comprehensive load rate

®1 ZHBENRGEHERE

Table 1 Power dispatch of multi-electromechanical actuator

R AW VESh 8% 32 bR TAESh /W Za HAE T B} JRAR G
1Edh#% 1 Ezh#% 2 fEzh#s 3 YEsh#s 4 TR/ % AR TR/ % MR/ %
125 125 0 0 0 50.0 50.0 5.2
227 0 227 0 0 75.7 75.7 9.5
272 0 0 272 0 77.7 77.7 11.3
318 159 159 0 0 58.1 53.0 21.2
500 250 0 250 0 84.5 71.4 20.8
545 0 272.5 272.5 0 84.1 77.9 22.7
590 196.7 196.7 196.7 0 66.2 56.2 24.6
818 0 0 0 818 54.5 54.5 34.1
1364 250 0 0 1114 86.2 74.3 56.8
1591 0 300 0 1291 92.7 86.1 66.3
1636 0 0 350 1286 92.6 85.7 68.2
1682 250 300 0 1132 91.0 75.7 70.1
1864 250 0 350 1264 94.5 84.3 77.7
1909 0 300 350 1259 94.3 83.9 79.5
1954 250 300 350 1054 91.6 70.3 81.4
TR b o A 4 R M O 30 A7
.
4 & it S X R T O AL B e o A B R

oy R 1R A T HIL FL AP 3 AR 48 A 0R s/ L
PFE, LB LR RE AL AL , AR G T 2 AL AR
S R G CHLAE T B T7 58, SR R W

1) DAZHLALAE 3 &R 58 00 25 & 30 0 37
TEAREE S 100 A V8] B2 1) Bl Y 038 2R 4 19 1
AE, B T RHLAL RERI DAL A

2) g R e R TR (1 SR A L RIOAS S5, o A

WA Bt R et i ) 9 A TR SRR A e AL
(B, 5 2R s 08 1 AL G 5 vk By S R i 5
B, BE AR B N 8] AT B8 2 AL Bh R G
AL I

i B AT, Z2 ML A B R SERE W A AR
AE , /N RBLE R, AT LATE — B R L oRAN 2
BLHLAE Bl 2 48 H Bk 428 ) X JBE e ) S 2
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Power dispatch of actuator of aircraft based on improved
particle swarm optimization algorithm

SHI Shan* , LIU Depeng, LI Chengmao

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

Abstract: In view of the large amount of electric energy waste caused by the small system load of aircraft
electromechanical actuator, an electromechanical actuator system is designed. In order to make the system
work in the near optimal efficiency, according to the nonlinear relationship between motor efficiency and load
factor, a mathematical power dispatch model is also established. An improved basic particle swarm optimiza-
tion algorithm and an improved binary particle swarm optimization algorithm are proposed, which has better
global optimization ability and faster convergence speed. The proposed method takes the improved binary parti-
cle swarm optimization for outer unit combination and improved basic particle swarm optimization algorithm for
inner economic load dispatch. The minimum number of running system was used to deal with power balance
constraints , which simplifies the operation; in order to solve the spare constraint, a priority table of the system
was established, which effectively improves the capability of optimization. The results of simulation experiment
show that the improved particle swarm optimization algorithm is effective for power dispatch of electromechani-
cal actuator and it is conducive to the energy optimization of aircraft.

Key words: improved particle swarm optimization algorithm ; power dispatching; multi-electromechanical

actuator; combination optimization; energy optimization
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IR Ak 1 TR 20 S 0T S5l vl K a0 o
6 1 A A AT TR £ A 5 2R 50 4 7 AR AR 22 4%
A 0.994 4 F15.455 1 x 10 7, 7 fif) i 0] 45 71
AT T T 0 O RS BEE TN A A B W L S
I o7 JH 5

T2 B B O A — TR R,
R 2 A 3 MR A A, 2 2 2 N e
TR T ASHLI I R 14 [ o YR 2% 5%, e 75 900 R
3] P JRE 48 2 A BSOS DR IR BSOS T VR
TN MBS T 8 A Al 9 AR IR 4 T B0 38 3 B
FE L PR SR T A IOHR 0K 15 S 40 XA 28 3
B 9 5% M L, SR T FE B A o 1904406 :1999"¢)
1 S 0 TR TS e B b v TR 24 4R ) 95 e B 1 A
S UREHRE O X 5 FE B8 T RE 3E AT 12 3 B ik
(40°C ) PR, BT 55 5 UKL 175 S JiE Xof A5 289132 3
B R ML, RS 4 PLS YRR SVM 3 i
B 7 il RE R [RDRL A A i 9 R R TS Y
53 RE B9 12 3 B B B0 R A0 BT I E T AR )

KA 5 i AR BURE 15 T X iz 3 B 5
M MR, Sy S5 R AR s i 1o 9 7 M 0 B 1 Al

1 £ I

1.1 UBERAFH

AP 257 75 T % 3t (G 32 2 80 Ak 4 B 5 b 4
FVFR) Zeid 8 J2 PR B AR HE AT o U b 2R A4S 21
REFE R JELRG R, , R FH HIACS012 i 5 35 e Ji ) it
A0 o T ) AR TR 4% B f) 5 ) O e A 4G
A5 )75 YL BT A5 % 14 ~ 21 (L 104406 :1999'') )
FHIRE 5 5% ) KQ-400KDB 78l 25 Ty 3% % 2 8 75 3k R
Vit (B 95 35 M 75 A RS, D) 400 W, i K R
40 kHaz ) X A 7] 75 2 J3£ (9 25 A 2% 5% 1) it 2 A i 4
PH R T SYD-265H A7 {11 7 i 12 3l 2 00 5 % ( b
o RN R A PR 2N W) % A B A 24 4 A
SRR HEAT 12 B0 B 5 MR (40°C) , B AT AR
0.8 mm, £ B 15 5080, 043 54 mm® /57

®1 X'TERHMEZTRHEEER

Tablel Main physiochemical performance index of 25" transformer oil

FALE g (20 )/ BHEEE/ (mm® - s7h) S e T
B , i 5./ C HE M/ C N/ C
=Lz (kg-m™) 40C -10C R/ (mgKOH « ¢~ 1) IR/ %
Jh 895 9.425 182 -29 -36 164 0.18 0.02
GB/T GB/T GB/T

VRS GB/T 1885-1998117)  GB/T 265—1988!'%

SH/T 0206—1992 (22

3535—2006' "' 510—19831%°) 261—2008'2!’

1.2 XWHZE
1.2.1 FEEMNXF R HHFRE

TR T R BORE /N 5 43 A Ky R AR T
D B R 2505 B 3R RO 2 )l 't BEL Y
UKL B AR LK 1904406 ;1999 ¥5 s i 45 o 47
o ELAEE R A < R e — 2 /N AT X R, 5
VBRI 1) 2 P A S ER T ANV M Ok T B
P4, T A SR 25 i 1 A5 5 28 Ak, X A5 5 A2k 5
738 1o Y TR B ) R T B R S BE R me H E T
(RSN 5 TR) B A — A b 38 2o Y AR 5 | A — A L R
Jik w5 5, Wk A 5 1 22 20 Rt TR i B0, A
1717 52 B X YA R T G ) 1 43 A 14 40 AT

FRELO0.02 g Sk 5 1 L 25748 J 2% R A& 1)
M2 8 h A R s R o Ik, B IR % 1
AR RE 42 HIAC8012 i1 5 15 e J I A 25 A7
R, skt Bof 3ok 98 A A5 R Ay i g B AR 2 23 1 il
FE 5 R F HIAC8012 v iy V5 44 B Pl A 4% E 17 A
W75 8] 14/11 ~ 21718 B 35 e 3 55 901 il B
(324 ) Zr B A 500 mL S 5, BE 5 Uk
RN 2 FiR . N RIET RS 5T K BT RE A
BB IRG A TR 8h J5TEH .

x2 MAWMBERNEE
Table 2 Particle concentration of 24 groups of

oil samples

FLAE/ um
Y £
>5 >15 >25 >50
1 14/11 97.0 16.0 2.0 0
2 14/13 130.0 49.0 16.5 1.0
3 14/10 155.5 15.5 1.0 0
4 15/11 206.5 17.5 4.0 0.5
5 15/11 302.5 16.0 3.0 0.5
[ 15/12 319.0 27.0 3.0 0
7 16/12 366.0 35.5 4.0 0.5
8 16/12 484.0 32.5 2.0 0
9 16/13 597.5 51.0 11.0 0.5
10 17/13 756.0 60.0 6.5 0.5
11 17/13 904.0 61.5 3.0 0
12 17/14 1226.5 111.5 13.0 0.5
13 18/14 1556.5 135.0 16.5 0.5
14 18/15 1951.5 187.0 23.0 1.0
15 19/15 2560.0 234.0 19.5 0.5
16 19/15 3000.0 223.0 23.5 2.5
17 19/16 3805.5 463.5 79.5 7.5
18 19/15 4528.5 298.5 17.0 0
19 20/16 6022.5 495.0 40.0 0.5
20 20/16 7196.0 481.0 24.5 0
21 20/17 9022.0 855.0 85.0 2.5
22 21/17 12273.0 1073.0 80.0 0.5
23 21/18 15092.0 1366.5 75.5 0.5
24 21/18 18352.0 1861.5 152.5 3.5
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1.2.2 435 3h 5 4008

K4 GB/T265—1988" "' % A1 47 it = it iz 5
Bl S X T Ak A 1 24 LR [ ORL A i
] R THRE JE T 32 355 B MR (40°C ) |, ST RE
HEAT 4 YOSz 8e, B 4 YT 39 830 3% i BF 19328 2
B

2 HR5UE

Xt 2k 8 h R 7R AR T I 24 0 RE EAT
40°C 1 iz 2h 25 B M R 48 br 52 35 s, AR A3 AN W] V5
YU i S0 1Y) 24 ZH AL 40°C 13 B B BE 5 bR A8 4k 4
1 iR,

B T [ 95 B 52 45 2 R 11932 3 3 B2 A2 4k (40°C)
Fig. 1  Kinematic viscosity of oil samples with different

pollution degrees(40°C )

P L a] O B A TS L B A RGN, AR R 2% I
iE BB R R R I N R R X IR
15 Z) R R 3 18] Y P R AR T AR, & i URL
MR AE B AIR G AR, 8 T iR 4, ik 4
PO IO, A AU Ry 4 FBORE 5 HIOAH 0 342 452 A 1) AL T
A — 8 W FEH 5K 7, 43 BIOR B A A A 22 AH A
[ AV T ) A2 55 I 2kl . M5 B/ T 17713 45
R, BT TS G ORI B A ORI 43
[/ I 77 B 52 e 88 /0 Tl Bl i) 43 TR Y N
JE 8 ) B AR AR | iz B ) U 1) 72 A A 5 1]
B, HBUEAE 9. 42 mm® /s e A7 AR Ak 5 T 24 75 Y E
Kz 19/15 ZE 900, JURL AW 43 5 8] 7 A2 Y
FETH RE 1S TR, (A5 I R 3 ) A 4R D080 0N | P R
P 198005, DT SO R 2 3 B A SR R RE
T REEEE M 0. 058 mm® /s 5 41 HA A9 5 Y B 34 F
19/15 S5 2 J5 , B & 15 Y B2 B35, i Wiz 2h 26
FEAR T A, 3 2 P R JURE AL i o3+ 7 AR 3R
T e 59 43 8] 0 4 H 0 38 31— 3l 258
THIV 43T 181 1) P JEE 488 7 A X A2 e, DA T TV 1Y) 2
Bl BB T TR

3 HREMFERENEISSN
3.1 RERME

N T RN A FURLAR 5 4 WK TS G )
AR s A5z 3 36 B R 52 R ML, SR PLS Y&
SVM 3k 73 31 S S7 3 v A [R)RE AR |k 4 5 UL 15
Qe 55 i R 12 Bl B 22 18] A 07 EREA

1) PLS Y7 507 A R0l 5 v 2 — o iz T A
WZ W ITE . BEALIEH 24 Ll EE RS 19 41k
BE R 19 213l R 00 5 URE TS e W B S TR R AR L
AR PLS AR A AR &, 035 6% %8 7 il AR 7Y 2
) 6 FEAELAE Dy B B By A A S il v BOREL 5
Yyt PLS R F T Ay 5 4L R 1 Ay 455 7 ) 1500
BEREAS I FIATEE 52 Y PLS AR LX) 5 A% 5 41 4 9
KL EE A9 42 2 B R RO UE AT B0 . R A OC R L
(R) FIFTI 32 7 MR 4% 22 (RMSE ) £ J 15 R (9 3 4y
FEAR, B Y R O R RO, BN 4 O AR 45 2% B
ZIN U i A AR ) R B R

2) SVM k2 iy Cortes I Vapnilé23J F 1995
AR SRR I — PR M o O IR TE R U/ R
AR ARZ A K i A5 R S ) R AR B A R Y O
P BEALYE 24 AR 19 4y AR # Sl R
[F)RL AR | 75 i A W0RL TS e 9 5 iR 1 02 B 3
Z 8] SVM AL, DL A A [RDRC A% | 35 28 09 i o
KL B WA by R R Y i A 0 B 68 il A
(43 ) 3 B (R D A5 2 iy o 8 i O R T S Y
RERIXF A% 5 ALIh AR 3z 2 3 (R AT B0 L
R PEMF8F5 A R A RMSE 5 I% (1) 1510 25 77 4R
R 25 MR i 9 A 5 2% 80 00 58 T i s A RS JRE o
1o HENL R PLS AR SVM A AU 15 3] 1) A% 1F £
36 TIE 4R B P04 58 L3k 3

£3 PLS B SVM L FN 4 R
Table 3 Predicted results by PLS and SVM models

" B IE4E AN
F5 75

RMSE R RMSE R
PLS 1.0296x10°2 0.9269 1.4657 x10°%  0.9629
SVM 1.5025x10°* 0.9993  4.597 x10 ~° 0.9626

e 3 1, A T Y e ORI W TS G B i
NGB Z [H] 1Y PLS BALAT SVM A AU (1 4H 5C 5 4
HRIBE]T 0.9 LU L, B A i Al Horfr PLS £
RIS Y, F IE AR RN 58 F A 38 O AR R 22 4 Sl 2
1.0296 x 107> 1. 4657 x 10 %, M 3& & ¥/ 5l 34
£]70.9269.0.9629; #7 1) SVM FLH LRI AL IE
AN UE 42 35 5 MR 22 40 S 1.5025 x 1077,
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4.597 x 10 7, M1 Z 504 M35 5] 0.999 3.0. 962 6 ;
b PLS WU A1 SVM PR AR AL D7l 2 B0A] A1, AR 4
SVM k& &7 1Y I W 32 2 2 B2 1000 455 7Y 34 Oy AR 5%
ZE4/INT PLS [8] 5 0 A5 D, AH G 28 B50AH XF o A
Jird AT LAE H SVM #5580 Hr PLS A5 Y (14 75 I (.
BT S PR R, PRI ORS B B s . PLS A SVM i
DUAE AN SN E 4 1 2 e (1 ~5 2 5 4yl AR 0w
WESE) .

KI2(a) FE 2(b) &I UESE R PLS Fil SVM
A 55 A0 f 00 2% SR 5 S E Y 3, BT LUE
FENT Y PLS [l U 4508 A5 78 350 00 {8 5 S 04 A iR
27 ARIEE Dy 0.028 , T SVM AR AR Y 1Y 151 I

FEAFNSZIAE W) A, 0000 5 S5 00 {0 1 i3 25 72 b
JE A 0.006, A8 48 4 Hb BR 25 A8 4% 7 i3 ) 3
AR Al KL 2 (o) DL R BT 2 (d) 7 A5 78 (4 T )
5 5 AE 5 R E e LUE Y, PLS F1 SVM 4 13
DS 78 7y 55 TiF A A% 9 34 7 815 B 4k B O, T
55 I AR VT, He P PLS (0] )5 A5 R0 A G & 8K
R=0.973 0, # 77 2% RMSE = 0. 014 7, ff & %
Bias = -0.0103,SVM #i# R =0.9811, RMSE =
0.0044 Bias = —0.002 1; 7] L&t SVM # 5 1)
oI A B B R, U N R SVM AR BB 8 78 43 )
JH I VR B Y e BE AR R, DT S B A A T
B B R R R A

P2 PLS FI SVM 00 RS0 1 B4 e %2
Fig.2 Comparison of PLS and SVM predicted and measured values
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AR T A A 2 R IO R v AN TR R A% | B Y
R UKL X iih W12 B B R 2, A 1AL 3 iR

LR G AN TR TR EL DR Ik V- G et b R 1R
18 B R (40°C) SE M A A DL W8] 3 Bz, [ 3 (a)
15,25 .50 pm KA AURE 55 k23 ) O R Y B
AMERE, S wm AR 5 ORL 5 5 X I B B B Y
FLN ZR R 2, al DU RS o KA
KX I 12 B b RE 7 AR 5 ) 8 A B0RL £ IXC (8] Sy
4200 ~ 6800, 7 & X ] PN JURL X il 112 3l &
LR AT S R NV AN DR S R
S ok A2 5 FURE ) X0 I 4 200 i = 5 500 I,
TR A iz Zh 26 N O JF 4R 32 Wi 38 K, I A6 il J9AE

Bk oy 5500 B A F B K fE 4.5 mm’ /s, B PN
S o UKL R0 A I DX TR] A A 0046 300 90 Y P JEE
FEHIIGKR 25 pum KL AR AR IURL ) X0 A 5 500 4
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Influence of copper particle pollution on transformer oil kinematic viscosity
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(Engineering Research Centre for Waste Oil Recovery Technology and Equipment,

Chongqing Technology and Business University, Chongqing 400067, China)

Abstract. Copper particle pollution in the transformer oil is easy to affect the physical and chemical prop-
erties of the oil, and even leads to major accidents. On the basis of ISO4406:1999, 24 groups of samples of
different pollution particles containing copper were made up, and the kinematic viscosity (40°C ) of the sam-
ples was tested; the influence rules were achieved between copper particle pollution and oil kinematic viscosi-
ty. A simulation model was established between the different particle sizes, content copper particles in the
sample and the kinematic viscosity of oil samples using partial least squares ( PLS) method and support vector
machine (SVM) method. The influence laws of the different particle sizes and content copper particle pollu-
tion on the oil kinematic viscosity were investigated. The results show that the oil kinematic viscosity decreases
with the increase of copper particles’ pollution degree. Copper particle pollution within the particle size range
of 15 —25 pm has obvious influence on the oil kinematic viscosity, and the oil kinematic viscosity increases
with the increase of particle size. The correlation coefficient and root mean square error (RMSE) of the estab-
lished SVM model are obtained to forecast the validation set, which are 0.962 6 and 4.597 x 10 °, respec-
tively. This provides a new way to eliminate the experimental error, reduce the influence of artificial factors,
and know the copper particle pollution impact on oil kinematic viscosity more accurately.
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squares ( PLS)method; support vector machine (SVM) method
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Table 1 Calculation parameters for rough flat plate cases

s U,/(me+s™ ') Re,/(10°m) o ,/% k/pm

18 8.6 5.8 0.5 e
2R 8.6 3.1 0.5 150
3R 7.0 3.1 1.4 400
4R 4.6 3.1 5.2 400

TE: S, R—2lt it BE w1 L ML AE BE w1 8% 57 05 U, — ok 0 S
Re,, —K P WAL,

BT HRE B B R S SR (E B L
Fig.1 Comparison between heat transfer coefficient on

rough flat plate and experimental data
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2SR K ¢ =93.95 mm , R HE W HLRe,, =
1.4 x10° SRR E 0, =3.5% o A A R L
REFESH0n R 2 frios .

#x2 HPTVEGINEEERESH

Table 2 Surface roughness parameters for HPTV case

LB 2% 1 55 51 k/pm
e R 0
HPTV_20a 72
HPTV_40b 129
HPTV_70 238

¥ :HPTV_20a, HPTV_40b , HPTV 70— k& %5 1 S2 56 T. 00
.

FHECR N E 2 FF R 4R 458 A%, BT
SECH 24 000, BE T B 3T 35470 b B PRIE f R
y© <0.8, WRTRHLIEIR T , il 2 Fl R G 3 A7 B
R T A S B 32, 283 T DI S P 6 b o A% ik A2
IHREK

K3 R BE R HPTV M R 2 T 15 PR
2k 5 LB AE X L, s S M IS (8T ep B 7 Dy i
Fr W T ) , Nu, S 5538 880, HoE ok

2 HPTV 5 f W 4%
Fig.2 Computational grid for HPTV case

3 MRS Wi e R AL AR B
Fig.3 Heat transfer coefficient of turbine vane with

rough surface
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S0 45 SR BT sk, = 129,238 wm HOHLEE BE R, Wi
BB 5 5 5 5 R T (L K i,
SR AAT — 5 22 . BT AR SO S i
Il e 2% RELRE & 75 5 10 300 U2 5 B 3 A e
AL {1 TR

3 HEERSHH

HFAS SCRE Y X N ¥ 1 48 5 Mark 11 A9
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BE AT Bl S A% TR R BE A9 52 T
3.1 ABEEEZMGTHRIE

HGFS B2 7 v i/ il & 11530 4 B8 75 3 O 1
S TR 3 SR A, 7 B AT A5 BB A, Mark 1T
T 3 R I AL/ A £ T AR T 1 28 R4
FC5411 T80 F 20 L BN 3 R

THRCR A 4 iR 1 4 25 4 I A%, e
iR BB 0 A Bk 87 000, AR FIN Y T 1E
0.4 ~0.9 JE R A, BB IT B 12000,

#3 Mark 1 8M 5411 TRGBREH
Table 3 No. 5411 boundary condition of Mark II

turbine vane

- o, 4
T na/K Piinie/ Pa T 1u_inter” % Poue/ P2

788 337000 6.5 169850

ﬁ: :pt_mleliﬁ [BPSYES ;U'I'II_ixllvliiE M “'#a h}'—’: B3P outler ™ 'LH I ﬁ%H: o

K4 Mark 11 S032 R

Fig.4 Computational grid for Mark I turbine vane
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Sy AN S-A R k-0 SST 57 LU K y-Re,
FRARAERIXT Mark T i3 (Ol T BE 10T ) B9 9 30 2E 4T
BUERLRL, P55 B B9 TR 7 il B2 R B 59 oA
e s (a) ~ B SCe) B Lol sZ K, 1AL bn
0 fCFERATL S, 220 (B x/L <0 BYTE ) Fom e
17, A7 2675 FE 3T, S ~ 1819 4R FAH TR] 9 %
ATk o AN [ Y R4 B g4 BE T T g A T A0
— 20, B 5 S RAE AT & AR b o T o3 A )
ARRM 2N, FEIFEHAET S-A 5 k-o SST 55

po— M RIAE J) 5 p,— R UL EE s H— M R
FS OGi BE W A5 1F T B9 S TE

Fig.5 Verification in smooth surface condition

i R AL A 45 R R R AR B, HARE 5
S Az I TN R P AR A T R I R T S
MELS (b) FIE S (e) RIS RKF X 2 AR
(301 B IR AR W R W g L MR % UL B 2
B, FEO ~50% fh 17 5% 4 (LR RAR 0 52K ) BE
TE 38 JEE O 5 o y-Re, A5 2R TN 014 B PR A7 B A5 S0 0
SERAR W AT, B IR AT AE 50% 5RO B R
MR LA —E R 1T LA {H R I Y i
JEE R AL B A 20 A A5 S (AT A AR AT
FIFT y-Re, e ARAE R L E AU AT 21 59 3 3 n
K6 i, e 181 6 (a) ~ 181 6 (c) 205 Mk JE (T)
B SR (Ma) = B LA RLER A 5 (y) = 8.

P 6 I y-Re, A58 K AR U453 2 10
Fig.6 Numerical simulated flow field by y-Re, model
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BETAAH G, HLUBE BE Ry 5 wm A BE T8 7 12 X daf B 1 AH
XTI BD T,/ (811K) FHim T £ 0. 007 , 48 X} i f
Frn 2 5.7 KRR BE 2y 100 pum B9 BE T A AR XoF
U5 B TR 29 0. 035, 246 X i B T sy 28. 4 K 3 IR 2
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JI T A R BE T 2 0. 023, 46 %R B T
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1) Bl 2 2% TR B2 7 185 I, i O 14 A 2 e 4R
BACRAT B R B o, S BRORE TR T =, M e A
J2 T30 B I DX P R T L B R RS AR R
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2) I B)E N, BE 2 3R EORDRS B 0 1,
T 1) 78 A R T A 2 e Pk 1, R JE R R O 52
M 2050 SR 5557, A i REL A 2 179 % ¥ 15 R, YR 8 m
P14 W 5 A 326 W /)N, AR T A A R ) ) R

3) M A ZE N R ER A oA (LR 9) K E
k, =5 ~100 wm 3 [ A it 0 T JF R & AR G R
G2 R R T, 8 2 TEHDRS B X ) T 20% 5% K
B B G 1 X B AT — 2 R A, 16 B X8 A i
J2 52 B — 2 1 i I K B R

7 T BE TS B2 2% AF T AOIREE 23 AR (B, =5 ~ 100 pm)
Fig.7 Distribution of wall temperature in different

surface-roughness conditions (k, =5 - 100 pm)
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S4BT DA L Lk, B 160 s B0 3 5 45 43
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P8 AN [ BE ThTRLAS JEE 2% 1F T O 2 E 3 A
(k. =100 ~175 pm)
Fig. 8 Distribution of wall temperature in different

surface-roughness conditions (&, =100 — 175 um)

1 50% 5% K AL HiTF B 15% 5% K BT, e o ' 22
Ja 31 5 T2 Hh TR U A i A, e R RE 7 B0 4 o 0
BE T T

KI8(c)H, 2 k4 nE] 150 pm LA L0, 5 g
1T I8 0 A il 2 AE 80% ~ 90% %K Ao B 19 T i

BEREH, NI O T LU HY 5 v 11 BE T AFURS 2 ff
FIH AR R T R
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Fig.9  Distribution of intermittency factor in boundary layer
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Effect of surface roughness on flow transition and heat transfer of
turbine blade

LI Hongyang'" *, ZHENG Yun' *"*

(1. School of Energy and Power Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;

2. Collaborative Innovation Center for Advanced Aero-Engine, Beijing 100083, China)

Abstract . For the purpose of researching the effect of surface roughness on flow transition and heat trans-
fer of turbine blade, a roughness modification method for y-Re,transition model was proposed through self-de-
veloped CFD code. Verification was conducted referring to the experimental data of flat plate and turbine vane
cases, and satisfactory results were obtained. Taking surface roughness effect into consideration, No. 5411
working condition of Mark II turbine vane was simulated and the result was analyzed in detail. Main conclu-
sions are as follows: surface roughness has little effect on heat transfer of laminar boundary layer, while it has
considerable effect on turbulent boundary layer. Compared with smooth surface, 5 wm equivalent sand rough-
ness increases the suction side wall temperature by about 5.7 K in turbulent boundary layer, while 100 pm
roughness increases the temperature by about 28.4 K, reaching an increase of 5% . Under low roughness de-
gree, effect of shock wave on boundary layer transition process of suction side plays a dominant role, while af-
ter reaching a critical degree, effect of surface roughness abruptly changes the transition position, and the crit-
ical degree is around 150 pm in the current case.

Key words: roughness; transition; turbine; intermittency factor; boundary layer
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(MSSG)#h A ¥ A AN EXRERZFEHRATTERIN., HRTHEFTHERRENEN
HEEAXZNERE, AN BRI THARR T XEB A S ) ERFHER 2T #
FHANFHERESETFHAFRESOYIE, A F ANSYSH B HO AR TG EE R G H#
ANEEREAY L, AR ER E NER X ETFERPEZ BB LI # B AEZ 2 H
FERZBEHOT I 2N BT TRAEBN XA, HEXW . B FERBBRLSY
BHATHBISAAAHEFBRNERZANTERNZ, KANMET VB ETHAREN
TR I 5 AT 3R 3 A BRI R

X 8 W mAFHRRE(MSSG);
A #r

hE 42 S, V448.2; TJ761.7
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REBasw; B0%N; FRHBRE; R£2E

B #E B 7 Bl 7K (Active Magnetic Bearings,
AMBs) HATIE 45 fih | 5 5% o K 77 i IR D AE A E
TS S AR A RS R R A
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Dynamic modeling and key error sources analysis of magnetically
suspended sensitive gyroscopes
XIN Chaojun1 , CAI Yuanwen', REN Yuan" ", MIAO Cunxiao’, ZHANG Liyuam2

(1. Department of Space Equipment, Equipment Academy, Beijing 101416, China;
2. School of Mechanical Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: The mathematical model of a new magnetically suspended sensitive gyroscope ( MSSG) with
rotor of double spherical envelope surfaces is established based on rotor dynamics, and the key error sources of
the gyro in sensing angular rate are analyzed theoretically. First, structural features and sensing principles of
the MSSG are described. Second, the theoretical models of electromagnetic forces and moments acting on the
rotor are built respectively. The influencing mechanisms of rotor translation and titling on its mechanical state
are analyzed. Simulation results by finite-element method software ANSYS are basically in agreement with the
calculated results. Finally, two key error sources of rotor asphericity and Lorentz force magnetic bearing
process errors are analyzed, and the analytical expression of the disturbing torques has been constructed. Cal-
culation results show that the rotor aspheric factors and the inhomogeneous magnetic field in Lorentz force mag-
netic bearing are the major factors inducing disturbance torques. The model provides a valuable theoretical ba-
sis for further research on optimization design and analysis of the MSSG.
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Numerical study on nonlinear characteristics of Rayleigh-Taylor instability

KANG Ning, LI Yikai*, HE Xu

(School of Mechanical Engineering, Beijing Institute of Technology, Beijing 100081, China)

Abstract: The research on the nonlinear dynamics of Rayleigh-Taylor ( RT) before mainly focused on de-
ducing and measuring the constant penetration velocity of the bubble and had little detailed analysis of the non-
linear dynamic characteristics in the liquid spike region. An accurate numerical simulation of the single-mode
RT instability was carried out based on the coupled Level-Set and Volume-of-Fluid ( CLSVOF) interface cap-
turing method. The detailed information on the pressure fields and velocity fields was obtained. In addition,
the steady-state dynamic characteristics in the nonlinear development stage were analyzed. Simulation results
show that a local maximum pressure point which is caused by the horizontal impinging flow with the action of
inertial force appears at the root of the spike. The dependence of the different characteristic parameters of the
steady flow on the initial perturbation wavelength and the inertial acceleration is determined. This work may
extend the relevant classical theories of the low speed jet to the RT instability inducing atomization field.

Key words: Rayleigh-Taylor instability ; nonlinearity ; steady state; CLSVOF method ; numerical simula-
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Fig.2 Impulse load distribution in space and time
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6 568. 82 12 1596.4
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Fig.5 Transient response of model centroid
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Fig.8 Maximum skin response within one electro-impulse period ( EIDI system parameters: capacitance equals to

200 wF, voltage equals to 600 V, spacing equals to 2.5 mm)
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Fig.9 Maximum skin response within one electro-impulse period ( EIDI system parameters; capacitance equals to

400 pF, voltage equals to 700 V, spacing equals to 2.5 mm)
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Performance analysis on structural dynamics of EIDI system
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Abstract: As an electromechanical de-icing system, electro-impulse de-icing ( EIDI) technology has

broad application prospect. In the present paper, structural dynamics characteristics of a simplified EIDI sys-

tem consisting of coil and metal plate were numerically and experimentally studied. A finite element simulation

model of an EIDI system was constructed, and the structural dynamics was analyzed by FEM software MSC/

NASTRAN. The inherent characteristics ( modal and frequency) as well as the transient response of the model

were analyzed. The simulation was then validated by the experimental measurement. The structure dynamics

characteristics of an EIDI model were studied. The maximum strain and displacement of the skin surface char-

acteristic locations were evaluated with different capacitance, voltage and clearance between the skin and the

coils. Tt is found that under the electro-impulse, the maximum displacement of the metal plate presents a sad-

dle-like distribution. Increasing the capacitance and voltage will increase the impulse peak value and the

structural deformation, and meanwhile, the strain of fixed location will be decreased.

Key words: aircraft anti-icing and de-icing; electro-impulse de-icing ( EIDI) ; finite element analysis;

modal analysis; stress-strain
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Qualitative analysis of a food chain model with alternative prey
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3. School of Mathematics, Peking University, Beijing 100871, China)

Abstract: Studies in ecology show that alternative prey has important effects on predator-prey system in
the aspects of system stability, species persistence, etc. For species at the intermediate level of a food chain,
they are prey of top predators, while predating the bottom prey at the same time. Therefore, the effect of chan-
ges in intermediate predators’ population on the system cannot be ignored. We set up a three-dimensional food
chain model composed of top predator, intermediate predator and prey, assuming that the intermediate preda-
tor had alternative choice of prey. The existence and stability of the equilibria were derived through dynamical
study of the system. The existence of Hopf bifurcation was explored in depth. The numerical simulations used
the prey choice parameter as the bifurcation variable to study the possible Hopf bifurcations. The effect of al-
ternative prey on the stability of the food chain system was derived through the theoretical and numerical re-
sults.
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cation
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Multiple maneuvering targets tracking with unknown
clutter density using PHD

YUAN Changshun, WANG Jun” , ZHANG Yaotian, BI Yanxian, XIANG Hong

(School of Electronic and Information Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: The jump Markov system (JMS) based on the random finite set ( RFS) is an effective ap-
proach for multiple maneuvering targets tracking. However, these approaches assume that the clutter density is
known and priori. This is unrealistic for real applications, as it is often previously unknown and its value may
be time-varying as the environment changes. To solve this problem, this paper proposes a novel algorithm for
multiple maneuvering targets tracking with the linear Gaussian models in the case of unknown clutter density.
The proposed method models the clutters and actual targets based on the Gaussian mixture probability hypothe-
sis density filter with unknown clutter rate (A-GMPHD) , which removes the need of the prior clutter density,
describes the maneuvering process by the linear Gaussian JMS and derives a closed-form solution to the
GMPHD recursion for multiple maneuvering targets tracking under unknown clutter density. The simulation re-
sults indicate that the proposed algorithm can accurately estimate the target number and corresponding multi-
target states as well as the clutter density.

Key words: random finite set; unknown clutter density; multiple maneuvering targets tracking; jump

Markov system; probability hypothesis density filter
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Structure design and performance analysis of a new buffering leg

ZHANG Ziqgiang, CHEN Diansheng* , CHEN Kewei

(School of Mechanical Engineering and Automation, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: The leg structure is an important component to achieve good buffering performance for bionic
locust jumping robot, so the structure design and analysis of the leg has important significance. In order to
achieve the better landing buffering performance, a new buffering leg is designed based on the physiological
structure of the locust’ s leg and the structure of bionic series buffering leg. After the kinematic and mechani-
cal property analysis for the buffering leg, the structure parameters are analyzed and optimized according to the
buffering performance evaluation principle, and the buffering performance of the new buffering leg and bionic
series buffering leg, which are in the optimal state, is compared and analyzed. Compared with the bionic
series buffering leg, the amplitude of the force that the new buffering leg is subjected to from the ground re-
duces by 25.3% , and the energy storage capacity increases by 34. 6% . It provides a basis for the develop-
ment of robot and other landing mechanism.

Key words: bionic robot; buffering leg; structure design; parameter optimization; performance analysis
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Fault diagnosis of particle filter nonlinear systems based on
adaptive threshold

JIANG Dongnian'®, LI Wei''>"

(1. College of Electrical and Information Engineering, Lanzhou University of Technology, Lanzhou 730050, China;

2. Key Laboratory of Gansu Advanced Control for Industrial Processes, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: In view of the problem of actual nonlinear system that the traditional method is difficult to ob-
tain reliable fault diagnosis, this paper uses the particle filter method and applies the logarithm likelihood
function as evaluation index to study the nonlinear non-Gaussian system fault detection and fault isolation with
the aid of adaptive threshold design. The selection of threshold value is the criterion for accurately judging sys-
tem failure. This paper analyzes the statistical properties of residual error, determines the residual error statis-
tical property of normal distribution, and designs an adaptive threshold method based on particle filter fault di-
agnosis, which reduce the miss alarm and false alarm ratios of fault diagnosis. Through the simulation example
of non-constant temperature continuous stirred tank reactor, the accuracy and feasibility of this method in fault
diagnosis are verified.

Key words: adaptive threshold; particle filter; fault diagnosis; false alarm ratio; miss alarm ratio; nor-
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inverted pendulum system
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Abstract: This paper investigates the event-triggered control for single linear inverted pendulum system
from theoretical, simulation and experimental points of view to illustrate the feasibility and practicability of
event-triggered control. Firstly, the parameter in event condition was designed based on linear matrix inequali-
ty, and the estimation of lower bound of inter-event times was provided. Secondly, the feasibility of theoretical
results without quantization is illustrated by Simulink simulations. Finally, the influence of quantization was
studied by experiments, which is quite negative on the system with model-based controller. According to the
experiment results, the mixed event condition and zero-order-hold controller are more suitable for practical in-
verted pendulum system. They can guarantee the stability with efficient reduction of communication frequency,
which reflects the potential practical value of event-triggered control.
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astrodynamical experiment for spacecraft relative motion
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experiment system for spacecraft relative motion
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Research for ground-based astrodynamical experiment for
spacecraft relative motion
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2. Shanghai Aerospace Control Technology Institute, Shanghai 200233, China;
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Abstract: This paper proposes a method to build the spacecraft relative motion’ s ground-based astrody-
namical experiment and figures out an approach to prove the reliability of ground-based experimental results.
First, the spacecraft relative motion’ s ground-based astrodynamical experiment is carried out with the help of
similarity theory, then the compensation method for making up the dynamical difference between space envi-
ronment and experimental environment, after that the dynamical model of experimental disturbances is given
for further counteract. Second, an experimental control method similar to space control system is designed for
controlling the relative motion and compensating the inertia forces, and both the numerical simulation and ex-
perimental results show the effectiveness of control system. Finally, a similarity function used for measuring
the similarity degree of experimental result will be helpful in proving the reliability of spacecraft relative mo-
tion’ s ground-based astrodynamical experiment. According to the results of simulation, the experimental
scheme is available and reliable. This method is helpful for the development of ground-based astrodynamical
experiment.
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Fig.7 Three overlapping reconnaissance missions’

path planning
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Fig.8 Three overlapping reconnaissance missions’

convergence curves comparison
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Fig.9 Two overlapping reconnaissance missions’

path planning
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Fig. 10 Two overlapping reconnaissance missions’

convergence curves comparison
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Table 1 Simulation parameter setting
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Table 2 Simulation performance comparison
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Table 3 Simulation result statistics for

two mission overlapping
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Table 4 Simulation result statistics for

three mission overlapping
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Cooperative path planning with reconnaissance duration time constraints
ZHU Qian, ZHOU Rui”

(School of Automation Science and Electrical Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: When performing reconnaissance tasks, unmanned aerial vehicles (UAVs) keep reconnoite-
ring the targets during different reconnaissance time for acquiring effective target information. It is assumed
that UAVs fly in a straight line, which is suitable for better reconnaissance results during reconnaissance mis-
sions. A new simultaneous reconnaissance scheme was proposed by geometrical analysis for less than or equal
to three reconnaissance mission overlapping. For the purpose of minimizing cooperative reconnaissance path
length, modified hybrid particle swarm optimization algorithm with elitism mechanism was used to optimize the
reconnaissance sequence, and the path planning was implemented between consecutive reconnaissance mis-
sions by Dubins path, with consideration of reconnaissance missions overlapping and reconnaissance duration
time constraints. Simulation results demonstrate the effectiveness of the proposed method.

Key words: unmanned aerial vehicle; reconnaissance missions overlapping; cooperative path planning;

elitism mechanism; hybrid particle swarm optimization algorithm
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Production plan and integrated dispatch optimization of
aircraft digital assembly

ZHAO Limin”

(School of Mechanical Engineering, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: The aircraft assembly is a long-time complex procedure with multiple steps. In consideration of
quality and efficiency demands of aircrafts, it is necessary to reasonably plan the steps and schedule resources,
such as devices and workers, in assembly process. Production planning and resource scheduling in aircraft as-
sembly were analyzed in order to change the current inefficient assembly management state. A production plan-
ning method was proposed considering the characteristics of aircraft assembly and factors affecting assembly ef-
ficiency. As resource scheduling is relatively complex due to the existence of dynamic condition in assembly
procedure, an integrated dispatch optimization method, based on ant colony algorithm, was developed for re-
source scheduling. Mapping relationships between structure chart and assembly cycle are defined to abstract
the issue and give path reference for artificial ants, and the basic steps of assembly cycle mapping were also
given. By optimizing the move path of artificial ants, resource scheduling could be optimized.

Key words: aircraft assembly; production plan; dispatch optimization; ant colony algorithm; dynamic

resource problems
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Fig. 1  Flowchart of MIL tracking algorithm based on weight distribution and joint multiple feature representation
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Tracking approach based on online multiple instance learning with
weight distribution and multiple feature representation

YANG Honghong, QU Shiru”™, MI Xiuxiu

(School of Automation, Northwestern Polytechnical University, Xi’ an 710072, China)

Abstract: When most existing tracking algorithms are used, target drift problem is easy to occur under a
complex environment such as occlusion, pose and illumination change. This paper proposes an online visual
target tracking algorithm based on the framework of multiple instance learning ( MIL) tracking. The MIL track-
ing algorithm cannot describe the target appearance accurately because it only uses single haar-like feature,
adopts the same weight during the process of learning sample packages which contain positive samples and neg-
ative samples, and ignores the characteristic of different positive samples and negative samples having different
importance to the sample bags. Therefore, this paper combines the multiple features to represent the target,
constructs the classifiers, integrates the complementary characteristic of multiple features to the MIL online
learning process, exploits the characteristics of complementary properties to establish more accurate target ap-
pearance model, and overcomes the problem of MIL tracking algorithm that it is insufficient to describe the tar-
get appearance. Simultaneously, the weights are assigned based on the importance of different positive samples
and negative samples to the sample bags, and the tracking precision is improved. The experimental results
show that the proposed algorithm can effectively handle video scene occlusions, illumination changes and scale
changes with high accuracy and strong robustness. Compared with incremental learning of visual tracing
(IVT), MIL and online AdaBoost ( OAB) tracking algorithms, through the different challenging video se-
quences, the average center position error of the proposed algorithm in 5 groups of test videos is far smaller
than the other three algorithms, which is only 10. 14 pixel, while those of IVT, MIL and OAB algorithms are
17.99, 20.29 and 33. 64 pixel, respectively.

Key words: multiple instance learning; joint multiple feature representation; weight distribution; target

tracking; classifier
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Formation control-based adaptive update algorithm of HELLO message
HUANG Shaocheng, MA Linhua®, RU Le, CAI Zhao, ZHANG Song, HU Xing

(School of Aeronautics and Astronautics Engineering, Air Force Engineering University, Xi’ an 710038, China)

Abstract: In the unmanned aerial vehicles (UAVs) formation ad hoc network, in order to solve the in-
stability of formation control problem and reduce the large control overhead, both of which are caused by un-
reasonable update cycle of the position information, a formation control-based adaptive update algorithm of
HELLO message is proposed. The algorithm employs the maximum tolerable delay which is deduced by the
formation control stability theory for formation control, and combines with the formation stability theory to set
an adaptive HELLO update cycle. The simulation results demonstrate that, compared with the fixed HELLO
update algorithm, the proposed algorithm not only ensures the stability in the formation forming stage, but also
maintains the link availability in the formation stability stage and effectively reduces the unnecessary control
overhead.

Key words: unmanned aerial vehicles (UAVs) formation; control overhead ; maximum tolerable delay;

adaptive; HELLO
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Table 1 Critical parameters and acentric factors of

nitrogen and fire extinguishing agents''*’

AR FNK K H p./MPa T./K w
AR 3.40 126.26 0.039
Halon1301 3.97 340. 15 0.171
HFC-227ea 2.91 374.80 0.357
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Fig. 1 Calculation flowchart for filling mass of nitrogen
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3.1 & S71 Halonl1301

SCHRL7 14T % Halon1301 BE4T T %058 BUK
B, 5 K KR A A RO (52,2
0.3) em’, Fi Iy & AR 1 43 HE 3N 6. 9 kPa, K B4k
FL A BRORT BE = 1°C 2R P R 1 ) 2 a2
B R R JA B R A, B R 0. 1 g, R
FHAR SCHR H 1 T 7 %k IOKGR T8 172 KK
MFEHE 2/3 KIOH T T BRI E AT 11T
BELOFSSCRR LT ] il 8 3T 5 (2 AT TR
PO, e 2 MIEe 3 fron . IeAh, 3% 2 MISk 3 [A I 45
T T OCHR 4] HELOW 8P (9 e 3 J7 3 e
TF R R4 R

& 2 Halon1301 #3E 1/2 T AKX TR
Table 2 Test conditions of Halon1301 filling one-half of
fire agent bottle

KA FERR/ ARSI .
Fit/e Py irgtn Scik[4) SCRI7] RSO
40.9 2.89 0.7 0.748 0.75 0.719 2.71
40.9 4.29 1.4 1.511 1.53 1.479 5.64
40.7 4.29 1.4 1.512 1.53 1.480 5.71

TE 328 = (RSGHSE - B {E) /18 i x 100% .

%3 Halonl301 71 2/3 T A MK TR
Table 3 Test conditions of Halon1301 filling two-thirds of
fire agent bottle

KKF] R/ ARG/ g

- R#E/%
Bt/ MPa  geuo(q Scik[4] SCKL7] A SCHSEME

54.9 2.92 0.7 0.725 0.76 0.704 0.57
54.8 2.87 0.7 0.689 0.74 0.680 -2.86
54.9 4.25 1.4 1.413 1.48 1.393 -0.50
54.8 4.25 1.4 1.413 1.49 1.394 -0.43

HI2E 2 ISR 3 AT, A SCHR I A9 2 T PR U7
FEAT WS R & ML A B J7 %, X Halon1301 K
KT FAT RN IO N R T e R, 5
BAEY) & B

X7 Halon1301 K kISR 1/2 K KR, A
AN AR R HEN P IREAR 4. 7% , 1k
F3CHik[ 7] # PROFISSY (- 44 1% 2% 8. 7% , SCHik
(4] HFLOW 1y F ¥R 22 7. 6%, X T
Halon1301 583 2/3 KA, A SCIF- 312 22 29
1.1% , i+ 845 308 T 3¢k [ 7 ] h PROFISSY [~
WiR226.6% , 53CHR[4 1R R ERM Y . A
Y33 7 B i 22 /0N W A2 TR I H A B Rl
AT KKK FTIE 2/3 KO T80, 8 KK
F G0 RN /TSI B R B SO LR 1)
Fe G % o
3.2 ®KF HFC-227ea

Xt F HFC-227ea KK FH|, 08 THL 3.1 95
1 Halon1301 K k5|, X} F HFC-227ea 7 IH 1/2
KKHAN 273 KO TH T, R AHEE A
5B LB an e 4 FsR S FoR .,

%4 HFC-227ea FIE 172 R AR TR
Table 4 Test conditions of HFC-227ea filling one-half of

fire agent bottle

KIH s/ A AR g e
Blit/e MPa g ER[7) ASFEE
36.5 2.90 1.2 1.24 1.251 4.25
36.6 2.93 1.2 1.26 1.272 6.00
36.5 4.29 1.9 1.95 1.965 3.42
36.6 4.28 1.9 1.94 1.966 3.47

*5 HFC-227ea £iE 2/3 AR TR
Table 5 Test conditions of HFC-227ea filling two-thirds of
fire agent bottle

KAH JER/ RASLHER g s
Fht/e  MPa gt k(7] ASGREG

48.7 2.87 1.1 1.16 1.163 5.73
48.7 2.98 1.2 1.21 1.216 1.33
48.7 4.25 1.8 1.81 1.820 1.11
48.7 4.25 1.8 1.82 1.820 1.11

H 2 4 FZk 5 458X Ll A1, 55 Halon1301
KAKFRUARTR] A SC 1345 21 K O P9 &R e
i, 5 = Y5 R

X T HFC-227ea K K| 78I 172 K KA1
2/3 KO R R T00, F341R 22 500 R 4. 3% F
2.3% , 5 3CHk [ 7] PROFISSY [y i155 45 5 AT .

SR SR U, AR SO A T T v T LR O
TR [/ T3 F , Halon1301 K & 5 #1 HFC-227ea
KKFNE R IR Pl R eI ®, T — 21t
SRR PR R SORN K KGRNR & 0 ) R 0 2 DA e T
MLEN IR K K R G TR BE e T 564l
3.3 ERMEENTHUXR

BT T HLAE SR A 55 00 75 2, KO P b 1
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Fig.2  Variation of total pressure with temperature
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Table 6 Calculation cases for different pressure in

fire agent bottle

o KK KK FH i
KAKH  JE#R/MPa , K ol
ﬁifﬂ/ cm’ fﬁi/g &g/ C
Halon1301 4.17 53.2 32.0 23
HFC-227ea 4.16 53.2 26.3 23

AT 2 AT B I R S i 1 K KOfR
(Y 5 iR S 2 B HE L R 5912 Halon1301 2K UG
Wil 9L 174 3 o S e 1% i ) B R R, 2
PN IR B 3K 1) 50°C i), 7% Halon1301 (%) P9 &
PR IR 6.0 MPa, A SCHY TN 7 3, 1T LLAR 45
KK FR G FH AR B 9 B T 4 1 2K O 5T
BEAAME T REAT B K IO P 3 A8 1b 1S B, 35 Bl
KK RGN A Bk B KK MR, B Ak
R A B e 3 AR
3.4 REERSBERENXR

Bl 3 25 T K KOf A Halon1301 2K K5
HFC-227ea K IS AH 25 18] 5030 JEE IR 43 5 1 AR
fithZe it TR 6,

F 1 3 AT, Bl R EE Y 38 3 N, JC IR 2
Halon1301 K k 7| il HFC-227ea K & 5, i N <,
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3 RUREIR O RO A R AR

Fig.3 Variation of nitrogen mole fraction with temperature
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Predicting filling mass of nitrogen in fire agent bottle based on Peng-Robinson
equation of state with Wong-Sandler mixing rule

CHEN Mengdong', XIE Yongqgi''> ", GUO Xiangxiang', YU Jianzu'*, MA Wei’

(1. School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;
2. Fundamental Science on Ergonomics and Environment Control Laboratory, Beijing University of
Aeronautics and Astronautics, Beijing 100083, China;

3. Science and Technology on Space Physics Laboratory, China Academy of Launch Vehicle Technology, Beijing 100076, China)

Abstract: Nitrogen supplies driving force for the rapid discharge of fire agent in the fire extinguisher of
the helicopter. Calculating the filling nitrogen and its mole fraction is one of the key issues to be solved in the
design of fire extinguishing system of the engine nacelle in helicopter. Based on Peng-Robinson ( PR) equation
of state and Wong-Sandler ( W-S) mixing rule, a prediction method to calculate the filling mass of nitrogen is
proposed. To different filling cases of Halon1301 and HFC-227ea, the mass of filling nitrogen is obtained after
three layers iteration relation and compared with the experimental and literature data. Also the change of pres-
sure and mole fraction of nitrogen with temperature in the fire agent bottle is analyzed. The results show that,
for the one-half and two-thirds filling conditions of Halon1301, the calculation errors of nitrogen are about
4.7% for one-half condition and 1. 1% for two-thirds condition, and the calculation results are better than
those of the PROFISSY and HFLOW software. For the one-half and two-thirds filling conditions of HFC-
227ea, the calculation errors of nitrogen are about 4.3% and 2.3% , respectively. This method can be used
in the design of aircraft fire extinguishing system.

Key words: fire extinguishing system; Peng-Robinson ( PR) equation; Wong-Sandler ( W-S) mixing
rule; Halon1301; HFC-227ea; gas liquid equibrium
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Fig. 1
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Table 1 Ply sequences of stiffened composite panels

Schematic diagram of stiffened composite panels’ structure

®2  SA BRI R

Table 2 Debond size of stiffened composite panels

X 35 iR IE 2 45 RS B /mm BKG 9E B/ mm B
A [45/0/ -45/90/0/45/0/ —45 ] IN 0 0 3
B,C [45/0/ -45/90/0/45/ -45] FD-50 50 50 3
D [0/0/0] HD-100 100 25 3
E [45/90/ -45/0/90/45/ -45/0] , FD-100 100 50 3

R3 SAMBERENREMRELE"

Table 3 Material properties of composite materials’ unidirectional tape and cohesive

[17]

R R & P E, /GPa E,,/GPa v G,,/GPa  X,/MPa  X./MPa  Y,/MPa  Y,/MPa S,,/MPa
B ] A R R Bl 145 7.7 0.323 4.5 2700 1400 75 350 132
%2 B K,.=K.=K,/(N-m™") 1%/ MPa © =¢2/MPa GE/(k]-m™") GE=6/ (k) -m™")
1k B 10° 80 90 0.3 0.8

TEEy By — R A MR A1) 1 A i v, — 52 5 BORETET IR A 1L 5 G, — 55 BB P4 B DDA & 5 X — 52 B 2T 48 43 i 3

X —&

B BB VS 5 0RE 5 Y o — S A R 16 R B 5 Y o — SR BRI 1) T A iR 5 S, — 2

A BORLTE A BT DR B K, — = A b

b J2 10 J 2025 1) W BE 5 K, K — 5 A 0 e J2 10 J 2 670 1) W EE 5 ) — 32 b 2 D B J2 05 1o 0 BE 50, o) — 5 )22 I e J22 U0 1) 38R B 5 6 —
B2 BRI T I8 22925 1) R b B IR 5 G5, 67 — 52 A B JeH U2 100 J5e )22 1) 1) it A2
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Fig.2 IN group specimens’ buckling mode and strain measurement results
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Fig.3 FD-100 group specimens’ buckling mode and strain measurement results

®4 EEMHBEMFEEHRTRBMTEER
Table 4 Test and computational results of

buckling loads of single-stiffened composite panels

W Jet il WM T i W 5iH5R
45 [F Hr/kN A /kN MR/ %
IN E2(a)  79.33 79.58 0.32
FD50 & 2(a)  78.00 77.66 0.42
HD-100 [@[2(a) 74.67 75.48 1.08
FD-100  [3(a)  67.33 68.54 1.80

2.2 EEMAZFRBERRBLER
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5 IN ZH R 1 i SR A X

Fig.5 Failure mode of IN group specimens

P4 S5 BERHIm g AR o0 R 2 Ay - 2 7% 0 S S 46 L6 52 MR BRI A5 A B 0 1 B0 K 7 45 2R
Fig.4 Test and computional load-displacement curves of Fig. 6  Debond propagation results of single-stiffened

stiffened composite panel specimens composite panel specimens
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Table 5 Test and computational results of

peak loads of single-stiffened composite panels

W SE R RRRE HRRE RS HE
ik R/ %  BAT/kN  BfE/kN MR 22/ %
IN 128.13  133.44 4.14
FD-50 -1.53  126.27  120.19 4.82
HD-100 -8.55  117.17  115.54 2.64
FD-100  -42.25 74.00 72.05 1.39

Li LB IR WK RS B4 389 O 3 T A A 9
JiE o R A I S g R 08 A, DA T S SRR 2 E
T 19 R JE A
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Table 6 Intralaminar damage criteria and property reduction for composite materials
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Fig.7 Finite element model of stiffened composite panels
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Fig.8 Load-displacement curves of stringer and skin of IN
group specimens and deformation and debond growth of

stringer and skin of specimens in different loading phases
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Fig.9 Distribution of resultant moment per width on

debond initiation section of IN group specimens
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Fig. 10  Interlaminar stress of onset position at debond

propagation imitation moment of specimens
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Fig. 11 Distribution of interlaminar shear stress on
IN group specimens
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Effects of debond size on compressional behavior of
single-stiffened composite panels

JI Zhaojie' , GUAN Zhidong" * , LI Zengshan', XUE Bin®

(1. School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;

2. Shanghai Aircraft Design and Research Institute, Shanghai 201210, China)

Abstract: In order to research the effects of debond size on buckling and post-buckling behavior of sin-
gle-stiffened composite panel under axial compression, four types of I-section stringer-stiffened composite pan-
els containing different debond defects were investigated by test and numerical simulation. Strain measurement
and ultrasonic scan were conducted to monitor the deformation and defect propagation in the process of buck-
ling and post-buckling. Finite element analysis( FEA) models were established based on ABAQUS. LaRC03
criteria were introduced for the judgment of intralaminar damage and cohesive elements were used to simulate
the damage of the interface between stringer and panel. Buckling wave was introduced by initial geometric im-
perfection. Processes of buckling and post-buckling of specimens were simulated by the FEA models. The sim-
ulated results are coordinated with the test results very well. Failure process and mechanism of debond propa-
gation were analysis and discussed based on the tested and simulated results. The results indicate that debond
size has significant effects on the buckling and post-buckling behavior of the specimens instead of the final fail-
ure mode. Loading capacity decreases rapidly with the increasing debond size, which needs to be focused on
in the damage tolerance design of stiffened composite structures.

Key words: polymer-matrix composites (PMCs) ; damage tolerance; debond defect; post-buckling; me-

chanical testing; finite element analysis (FEA)
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Table 2 Forebody strakes

S H/mm L/mm
1 25 100
2 25 50
3 12.5 50
4 5 100
5 5 30
6 2 30
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Fig.9 Effects of different forebody strakes on

static directional stability
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Fig. 11  Effects of strake 5 on longitudinal and Fig. 12 Comparison of yawing moment with and

lateral aerodynamic characteristic (B =4°) without forebody strake under different sideslip angles
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Fig. 22 Comparison of PIV results of section x =0.4 m
with and without forebody strake (a =26°, B =4°)
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Effect of forebody strake control technology on static directional stability

WEN Jing, WANG Yankui® , DENG Xueying

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

Abstract. When static directional stability of an aircraft is unstable, the typical effectiveness of the verti-
cal tail and rudder to the yawing moment falls off because the vertical tail gradually becomes enveloped in the
wake of wing and fuselage. Meanwhile, the forebody remains in the undisturbed flow field, and therefore the
static directional stability can be enhanced though addition of forebody strake at the forebody. From the results
of a series of experiments on forebody strake, it was found that the angle of attack for static directional stability
from stable to unstable was increased by about 8° when chord of the forebody strake being 3% of the length of
the fuselage was used. Moreover, as the sideslip angle became smaller, the more angle of attack for static di-
rectional stability from stable to unstable rose. The positive effects of forebody strake on static directional sta-
bility is due to the vortices of the forebody strake, which could affect the front part of fuselage and thus result
in the reduction of negative pressure value on leeward side of forebody. Hence, the unstable yawing moment of
cross sections of forebody also decreases, and the static directional stability increases.

Key words: static directional stability; wake of wing and fuselage; forebody strake; yawing moment;

vertical tail
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Joint optimization of maintenance time and carrying spare parts for
k-out-of-N system
ZHANG Yonggiang''?, XU Zongchang”* , HU Kaikai' , HU Chunyang'

(1. Department of Technical Support Engineering, Academy of Armored Force Engineering, Beijing 100072, China;
2. Xingcheng Station, Naval Air Force Institute, Huludao 125000, China)

Abstract: Maintenance support of repairable warship k-out-of-N system during a task was researched. A
method of how to trade off maintenance frequency, carrying spare parts and repair capacity was given. Taking
the three parameters as decision variables and combined with the using and maintenance processes of k-out-of-
N system, a joint optimization model of maintenance and carrying spare parts was established, in which opera-
tional availability was taken as a constraint condition and minimal maintenance costs as objective function, and
repair initial condition, numbers of carrying spare parts and numbers of repair men were taken as decision var-
iables. A modified marginal analysis algorithm was applied to solve the model through improving some draw-
backs of the traditional one, and the drawbacks and corresponding improvements were also listed. Three tests
were done; firstly, in order to verify the proposed model, a simulation for k-out-of-N system was implemented ,
and the results show that the absolute error of the proposed model is very small; second, using the optimal so-
lution of enumeration as benchmark, performances of traditional marginal analysis algorithm and its modified
algorithm were compared, and the results show that the modified algorithm has lower error and can enhance
optimizing probability; third, the contribution of each modified item to marginal analysis algorithm was respec-
tively tested.

Key words: k-out-of-N system; carrying spare parts; joint optimization; repairable components; margin-

al analysis algorithm
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Fig.1 Basic scheme of underactuated robotic arm
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Differential planetary gears based underactuated arm for
capturing moving target
WANG Qingchuan, QUAN Qiquan” , DENG Zongquan, HOU Xuyan

(State Key Laboratory of Robotics and System, Harbin Institute of Technology, Harbin 150001, China)

Abstract: A novel underactuated robotic arm was proposed for moving target capturing, which has the ca-
pability of collision energy absorption. The proposed underactuated three-degree-of-freedom robotic arm has
base joint, median joint and distal joint, and three joints are driven by two actuators. The base joint is driven
by a single motor. The median joint and the distal joint employ a set of one-input-dual-output planetary gears
to distribute power. Upon the occurrence of a collision in the process of capturing a moving target, part of the
collision energy can be transmitted to the distal joint through the planetary gears as kinetic energy. Even
though the time delay exists in the control system, the underactuated joints can also move cooperatively with
the collided target through the mechanical passive response. Moreover, the impedance-based control algorithm
of the underactuated robotic arm is presented for capturing the target after the collision. Capture experiment for
moving target was carried out to confirm desirable characteristics of the proposed arm and feasibility of the con-
trol strategy.

Key words: moving target capturing; underactuated robotic arm; differential drive; planetary gears; im-

pedance control
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Fig.4 Dynamic strain of gear B root, rim and web
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Dynamic meshing characteristics analysis of spur gears based on LS-DYNA
LIU Yanxue, WANG Jianjun* , ZHANG Tao

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

Abstract: Based on contact finite element analysis theory and explicit calculation method, the dynamic
meshing process of gears could been simulated with high-fidelity by using LS-DYNA software. The precise fi-
nite element analysis model of a meshed gear in one experiment is built, its dynamic meshing process in exper-
iment is simulated by using the above methods, and the dynamic vibration characteristics of gears are obtained
through studying the numerical results. The results of numerical simulation through LS-DYNA software have
good consistency with experiment results. The gear with thin rim and thin web has more chances to produce
structural vibrations and its rim vibration is more obvious. The gear meshing load shared by rim and web would
increase when the thickness of rim and web are reduced. When the web is not located at the center of face
width, the axial force will appear in spur meshing process. Besides, the conditions of gear resonance and the
method for determining gear resonance state are summarized.

Key words: contact finite element analysis; explicit calculation method; gear dynamic meshing; vibra-

tion characteristics; gear resonance

Received: 2015-09-17; Accepted: 2015-12-18 ; Published online: 2016-01-21 14 .32
URL: www. cnki. net/kems/detail /11.2625. V.20160121. 1432.002. html
+ Corresponding author. Tel. : 010-82317411 E-mail: wangjianjun@ buaa. edu. cn



2016 4= 10 A
B2 B 10

tEMEMRKEFR

Journal of Beijing University of Aeronautics and Astronautics

October 2016
Vol.42 No. 10

http: // bhxb. buaa. edu. ¢n
DOI. 10.13700/j. bh. 1001-5965.2015. 0618

jbuaa@ buaa. edu. cn

— M Ih gt £ Timoshenko 2 gy $5 {5712 5 7%

PR, BT

(AEE R TR R iz fhes 5 TR Be, Jbat 100083)

i B: AT REHRBEM N EEERGRA Tk, AXE T hF7 ik, AL
MRAZERERATRES &, KT T B4 w3804 00 3h i 4 F Timoshenko 3 oy 1% ¥ 4
M BT MR EMRBER N AA AR EEURIANEMRH LN T, #
3L T oh e B Timoshenko W X MR AL H AR G HBF T AL ARLAGT LB R E R
MA, BB FEEETRARMC IS - E@BhRE B, R TRHEEES 208
o FEME G EMBATRE RG] WHEELOARY, AXREE T L ARET RSk ER
ROHERTARAREAHT ZREER R R,

X # W:RIREGEEEE; BHE R s IR RS AR RSN

hE SRS TV312
N akFRINAD . A

TREPAETEE K Z MM R, T 08 8
A4 P JBT N — A Ao U 381 O — A, 3 H LE PO AR AR Z
() {7 FH 7 P 1o 728 Ak %) D R AR FE A RL . DD RE M
JEE AR R R A5 TR AR A RE 22 B A £ 7 W B g 32 S
AT, PRI 3k £ 1 b Rk 52 Pl 8 A i o B g 1 g 4R
TG, TIRERE M RLE F 4>k 2 Bl —FP 2 A
IV BT T TR BE 7 ) AR Ak 5 O — O bR BT T A
LI . EARK, A K& O T R dil )
5 B0/ A5 1 Timoshenko B2 ®F5E" " o Xof T U fal
2% 77 11 25 4 B b1 R, Elishakoff " 3 aof 22 106 fift 12 25
T R -1 55 ) 5 00 A ORGSR (89 1 4
B 1 i Sl 1) 5 B2 Ak ) 25l M RE B R R R B
JFE W BR 7 2 AE AN [6) 301 3L 55 B9 % B il . Wang
2 VOS50 fily 1) 5 45 K072 Ak EL A A B I 5
R P11 %% ) 92 ) FE PR A5 . Sankar! ! g 57
TR g 1 S T R R R KR A ) BRI B A AT
TEEM B S R /8, Esmailzadeh F Ohadi'™! iz
JH Frobenius %07 1% 43 M1 1 52 il 0] 28 4 Timosh-
enko F2 ¥R SRRk 5 4 E . Huang 251 35 ]

XEHS: 1001-5965(2016)10-2214-08

— R Y J7 35315 T A2 A Timoshenko 22 ()
AR DL T [ A A 00 T vk 1 s TR
{77 45 B AU 0 4T 7 3 o I, T Tang!
S 38 o AT 0 T VAR B0 T OROREE il ) 48 R0 A
Timoshenko 3% [ 4 2l 40 2 4G 0 it . I 4F ok, G T
FEAE B0 T RE B BE A RS2 3 T2 G TE . X T4
TEZLBCI) A58, SCHR [ 17-19 ] 3 2o fiff 4 v 8 5ok
AR AL 30 X 45 49 SR IR BE B Bk . Hisu' ™ SR ik
Gy B3 (DQM) R A5 1 8 ik M 3 1 77 70 3 1 24
0 1R BT -1 5% 1) 2 B A R BB A . Yang 2171 %
FHFH % 5 S54SR 1 ST 7 A7 AE 2L S0 T R A B B hr
RIS EARL IF HWFSE T AR R ) A% B s 5
I 2R AR R 45 M B sh A i B . Wed 25 3 i
ST WY R BE T 1) M OREE T 4 B0OAE Ak Y T e AR B
Timoshenko 32 (FGB) 1% 138 45 PR 455 A4 | 38 & % B T
PARAR T R A AE RGN T REBE B Timoshenko
PR . SR, B AR L TAF A R A 4L
A U il £ [l A8 Ak B 2 fE 6 B2 Timoshenko
PR

WS EEI: 2015-09-22; A HHE: 2015-12-25; ML HERATiE : 2016-04-01 1412
M 28 H R i HE . www. enki. net/kems/detail/11.2625. V.20160401. 1412.001. html

= BWAEE : Tel. : 010-82310409 E-mail: cheng_wei@ buaa. edu. cn

SIAEIt: WR, B — 3 # £ Timoshenko By 3 17 R 5 77 % [J]. b F A ZE AKX A ¥ %K, 2016, 42 (10) : 2214- 2221.
DENG H, CHENG W. Damage identification method for functionally graded Timoshenko beams [J ]. Journal of Beijing University of
Aeronautics and Astronautics , 2016 , 42 (10 ) ; 2214- 2221 (in Chinese ).


Administrator
全文下载

www.cnki.net/kcms/detail/11.2625.V.20160401.1412.001.html

#5010 H# PR, % —Fh I REAL B Timoshenko 4

B 05 IR B v 2215

AR S b RS 23 ) A% 3B S P (SSM) s ST T
Gy PRI EAY | I SR T 2R HH 7 o AT 40 2L 0%
SRR B R DT, BN T R M R ARMET
A6 BE Timoshenko B2 Z 1 (A Y, I H A H T
— iz FH 25 5y A0 B 0 5 R 405 1A T IR Y
P THAESE R R, A SO 0y 7 B B B

1 ERES
1.1 BAHE

7 SRR LI Bl 15 45 K K B4 D) BEAE S Timo-
shenko %t , BEAYJE L, A BOAMG PR AE 1, T

TR AR BY s PEASE f | B VDA o 9% 5 S 1Y
il 7 T RO KR i s f R 1 BF
N KT RALEI 4

E=Ee’, G=Cel, p=pye’ (1)

. B g TC A AR B T ZR K5 a0 Sy T Bl e ) A R
Eqpo F1 Gy 53 5 R A8 A o = 0 Ab 0 i A4S e 4 3
ULTRYIE ST

OB BT U R ECH K, B2 (1) T, %’sﬁ =0
W, G0 ¥ 5 b4 kL. Timoshenko 22 Bl igy, n]
LM%?'J%EI’\J?J&@%"??E?@

8w

= ke, A(— ) 2

[ ¢ T o (2)
2

2 v aﬁ]_chA(ﬂ )_ Froe g

8x[(Ee )[ax M TP e
(3)

S 2w T 53531 Shy T AT 1) 1) A2 T N A
R 2 it R M AT T1 Q Al RLROR

B
M=FEet]—+— KGerA| =— 4
e 0= el (6 +¢) (4)

1 A0 Al 6] 4 03 A B9 DI REAS B2 Timoshenko 5
Fig. 1 Functionally graded Timoshenko beams along

axial exponential distribution

1.2 RE= EE35E MK

FAEM(2) ~30(4) Joik A5 214 128 40 M4
RO ARAETT e, D I X 45 4 R 25 78 AT
B, %

Bx

W=we%, Y =gpe’ (5)
)i

r')W (')w/L 'BW (6)
dx 6x

W _de B

E)x_axe " Ll// (7

2 (6) 3 (7) AT 175
b By

axe dx (8)
dpn_ap B
o’ Taw LY (9)

FE SCRREL f () B 1 5L i AR 46 Ry
Fo)=[ fx)e™da (10,
ftq:':wj{j/ﬁ%o

PRI b PR A e B P 33 A28 46 Ay

1 = o

f(x) :ﬂfﬂc F(w)e dw (11)

XER(2) ~ 3(4) T30 I 0 BT )
LI DR (8) (R (9) FRAR(2) ~ R (4)
P EALE T LRSI T Wog M A Q MRS A

I
£ 1
E%g 2% 10 By
0o B L %S(m
GuO O L EI H
x5 50 el 0 1 FoU
00O Hpde® 0 0 o U
Ly D
A (10) A LG siin Mg
av
Q:Av (13)
oy FRRAS Wi A L AR
P RG240 R 43 AT AT 3
X=e"-X, (14)
2 X, S SR 0 B R A T
e“=kzoA";:—' (15)
Xt [ S 30 A S B AR A B
FEA R
w=0, ¢=0 (16)
w=0, M=0 (17)
Q=0, M=0 (18)
R4 = (5) A] LLA 3
W=0, =0 (19)
W=0, M=0 (20)
0=0, M=0 (21)

iz i A AR (19) ~ S (21) A% i o B
T LS B 45 g 1 S5 0 R SR A I A 6 5
AT LA B [F] 30 S A5 AT 4R [0 A 003 (R 0 0 A
1.3 RYMNENFBIEERFIN

S 235 4 R T A T 11 24 802 (i 2R 80 ) i X O
(0 A8 RE 4R R I R 25 R SR R R Y 4 i,



2216 b5 fin =

S it KR % % i

2016 4F

Attar'™ 5 H4 SR TG 2 (1 35055 S A5 980 284 0 X 35
Xt 45 Je R 2R BE Y TRk o 1R 2 A (BT 4 T AR JE
WM AR R B BE, RECEATT 2 k2
B fh 1) 44 P, FNGY Sy P, Py A IR P, Py AN

A% 156 Py s < =0 B nT LA 21 24 80 X 3k =
AR B A Sy
et ([ )

U 280 X N AR fiE 5 A, O RELIX 5w,
T I3 P, 7 1) RS i R BEEIE RS 5 T S B AR
A i ol g LB

[55) - (2%

U+w(sz)] (23)
Hopov ARt P E R SRS T B = E, P
RIS F B = Ev Ko (n=1,1,10) %A
n AR R F ) ) P, 2S00 75 /D
K.=c/mdF, n=11,M;=1.2,,6 (24)
Kb o, MR S 5d NEBRE; F, 0

5 LIRS B REOE AR T
PRI, 22 5 AR RmT LA E S

2

¢ 2o " [ a4 (25)
7P, ‘aPan ‘

OB R BE R O 6 x 6 A4, i T AR 3
A2 I8 Y- ThT DAL A 257 2, 0 T TS R
Py ysX(25) B9 2R R DRI x - T 25
RS B 7 5 P A

K15:05V“§F15’ Os =

A ¢ i
MR
At , 480 g 3 DX 8K 4 52 R 8 g g

Psh
21
P SR8 JE T 1) B AR 5 b SRy R TR

(26)

2 ZEH R RBOR A

Fig.2 Schematic diagram of structural surface crack

2 K a2 e
Css = 6(3%[[1( E['S) C] oP; [jfm( ')d d{]
(27)
APeb R BUW I s i R BCE TS
AEFR
Hea(26) FOA(27) , 7 U B RLB0H0 i 5t ik
FTRUSY T 48T 24 2 0 IX I8k 1) Sy 3 S g o

6’1Th fd/h¢(H(A)) dd)] (28)

.ﬁ/&ﬁmﬂi’il:ﬁﬁﬂﬁﬁiﬁifujﬂ
= 55—16D{J [f¢¢ (1_47)

2 +/T=47 - D)ty |ao ) 29)

o, AT AR L 1, = bR /125D S [
A H AR 1, = wD* /64 Sy [ 4 (1 451 1k
H X THEE I ¢ = /D, % FIRIE 8 ¢ =7/
D;y=mn/D,

K (28) 1, H(A) AT LR A
H(A) = /(2/mA)tan(wA/2) {0.923 +

0.199[1 - sin(mwA/2) 1"} /cos(wA/2) (30)
ArbX THIE M, A = ¢, % T RIJE# T, A 7T
D

_2¢ +/1 |
2/1 -4y’

2L x, AR SRR R E = Ee o
1.4 R X EEERE

SL L0 iy I D\ ) 2 B8 R RN B ) BLA % 2
P, {8 2 2L 50 3 1Y) B 1 BN AEAE 3 B, AR SCR
L% 936 55 ok 5 00 284 80 %o 65 A Jey 8 32 1 T K
LR E W ARl «,, R
Q(x,) =0, (x,), M(x)=M,(x.)
w (x,)=w, (x,), @.(x)-¢(x)=CM(x,)

(32)

C:Cssz

A

(31)

i 28 (32) 7] DAAS 2 24 0 3 o 4% 356 S Bl
() O 0 0 0pfY
i ( (t)B: @ 1 ¢ ol ( ")D (33)
SR I=INT BRI s = A=
q)in(xu)lzl @ 0 0 1
f X (5) At (32) o] DL

ﬂi+](x(<)|:| |j 0 0 Oﬂ;(x )D
WD ELR e TG0 D
i+1(%)@ @ 0 1 0 i(%)@
@Hl(xc)lj @ 0 0 1%;’(95(:)':'



5510 1

AR — P DI REHE I Timoshenko Z2 X451 473 1151 77 14 2217

1.5 E#ihFR&EMH S EINEEHREE Timoshenko
RiRTHIER
R TN SR AR YR B BE Timosh-
enko ZERY R B AY, B pE b Rl B S B kAN, 4R
hEEA 2 DN, BNEPREN m (=12,
n) AR T (i=1,2,,n) o FUIRFRSEA m
AT g Ao X T IR S 5
Fri i AR R R A« A
Jo i i TR T S
Wei(x,) =W(x,)
{l//m(xm) =¢,(x,)

Bim
L

{—msz(xm) =(0Q;,,(x,) —0,(x,))e
o (35)
]iwqu(xm) :(M:+|(xr.,) _Mz(xm))eT
B30 (35) B A% 3 56 [ 2] U452
W (v O ! . ACS s
(xy0 8o 1 0 0
+1 m D:I:l R B
ij ](xm)l:' L] 0 ‘]iw e’
|
(v, O %}—miw2 0 0
(36)
[ B AT DUAS 2 7 He 58058 1) pS AL 6 46 [ H
O 1 00 0
. 0O o 1 0 003 37)
=0 9 0o 1 oY
=| - S|
LLKe ™ 0 0 14

s, BT T AL B AR AR Ky 5 LR
BJIJEO
THEE TR AL AR H

b 0 0 0
[Q 1 0 001

H =[] o | (38)
M -Ke’™ 1 0§

-+ 0 o 1Y
AH K, O L O W 5, by LA B B A
HARFR .

H ] B8 32 AR I S AR B AR B H

9 0 0 0
0O

m-g 003 (39)
B0 1 0
ld o 0o o

1.6 EHEAR

YIfERS JE Timoshenko 2 M\ — A~ i1 5 4 14 5|
Gy — A BRI Zoit — A 1 TT A — B
Bty ik HY st (14) 77 LA 2], 95 0 1 1
G A B HY T LA B — B A —
AT TR A A H

H =H -H (40)
PAL I 3% A4S 28 G0 1 15 356 [ AT LA

H:Hx . H‘P] o eee o Hi . Hiil o eee o I{2 . Hl (41)
H A S AT, B R G WAL SR I H &2 —1> 4 x4
B HE R, AT LA B an R IE
4, H, H, H,r]
%{21 H, H, H, S
giﬂ H, H, H,U
(#, H, H, H,O
HRPEAS 7] 9 s S 46478, 4 = (42) (ALK (19) ~
K21, TR REHIRE T F(w) =0,3K
fife AR R ] DR B R 4 B R 2 5 T RE
F6 FE Timoshenko 3% [ 45 ZK5 iff ff

1.7 RGHEGIRF

1.7.1 B8 a7k

HELNATAE S UURE R TTHE F(w) =

H = (42)

Ed Cra) B0, 3 FLAE 26 H O BEAS IR0 5 [ 4 03 7 0
O LEMCon) sz Xt £ 2L 5055 10 B0 0500, 8000
er 0 ) Dl o (=12, ,N) G d,(i=1,2 ,N) By 22

W LN B S H . TG 0 T A AR AR R T
YR 92 50 I 30OKS B2 B, DRI A SR T A
AR S A FEAT I 05 TR o S AR B [ A AT LA
SlIBUR P G IR I S R NV S E]
2N A PRt Ry 2 D A5 A5 4 B HE 2N B AR
o, (i=1,2,-2N) . HZHEHT 2N Bir i 0] LA
AT K TR PN S8R 2N D AEL T 2
F. =F(w,,x,,%,, ,%y,d,,d,,-,d,) =0
i=1,2,-,2N (43)
N R AR M g7 B 4H (43), Grosan
Abraham ™"l 28 1 5 B2 (43) #6460 2 H A1
Ak 1)
rminabs(F, (%, ,%,, - ,xy,d, ,dy,,dy)) =0
%in abs(F,(x,,x,, " ,xy,d,,d,, - ,dy)) =0
L]
H
Ldin abs(F,y(x,,x,,,xy,d,,d,,-,dy)) =0
(44)
HeAb X (44) B 2R T 4/ FRX A
S5H M52, RS 5 B 2H (43) 9. SR
T, 2R FH 22 B bR A0 AK B8 75 36 38 0 H 3RS S 8
BAk. A 1, Pourrajabian %571 1 i T — Fh B Y
KARAEL T A B Pe Ak 07 vk, B R Lt 7 /2
AR T — H AR R B A AR IR, f Ak )
LIRS INESE V)
F (X) =abs(F (X) + F,(X) + - + F (X)) (45)
X = (%,,2,,,0,,d,,d,,,dy) o



2218 G| AN T Nl N R 4

2016 4F

YRS (43)

T K 2 A A ) R (43) B Ak S TG 29 R Y
R AP E B R N S R 7 SR < RGN E B
BRESE SR
@uJJ)ﬂmx)+ZAJ,+Znﬁ (46)
K B8 A, MAEA R B H I+, 7] DL
X (47) AT HEH
A=) 2rF (A7) (47)
Horbrej 08 B CEG r S IE B S 28 T DL
X (48) FHATHHrzH .
d>1 (48)

BHEF— KRS A, Mo MR R M —K e
Jr oAk Y - [R]

1.7.2 Zp#icik

Jia & REE R —JE R g 4 R 0 Ak I R g
2, A B A R SRR T, MAEAR 2 )8 K
Kk, 2 b BLE - METRKkER
(9 & B R . 2L A
TR TR 4 R 1 R A W, SR S B g A L
T2 53 W A7 BRE S B AR N — X — Y 3 A A AR
W, BEAR T st A R AE 0 52 et o IRl B, 22 43 i Ak
SRV A I A2 RE A AT DL gl 2 R Y T Y
RGO, LR R O RO, HA BRI 2R
W SKRE T FN B M, HORS T L B R) B A R AR
5 R, 25 45 B AL B vk 2 SRk D B R
TSR R R 22 50 BE AL L Y HE AL AR
RS A MR $E . 25 sy AL B Ty 25 4y
R BV 38 3k SR FH AN AR TR] 9 25 5 (CRP 22 43 1) 6 ) X
MEFATH S, TR AZ S X T
[F) 1

minf(xl 9x21.“ ’xn)

ria =dr,

(49)

X < x, < 3=1,2,,n
2 en s ) A AR ) R x A B G
FEIA B A
224y AL AR R
1) WIRALRIRE . 4R FhRE
{x,(0) | x][l < «x;,(0) < xﬁi,izl,Z,---,NP;
j:1,2,---,k}
BEHL ™ A
x; . (0) =x;;i + rand(O,l)(ijji - lel)
Ao, (0) A RETR S 0 FURY SR @ 4% 4 (o 1k
x, (0) 5 0 AURYES @ R G RAYSE j AN JE A s NP
HFPRER /N srand (0, 1) 78 X E] (0, 1) ¥ 2] 73 A
I BEHLEL
2) AESHRAE ., 2oy R A R A 22 03 SR

AR AR R, X5 R A X )
i o

FE 22 00 AL 5k b, B UL 22 43 OR I 2 B
B IBCRR B o 08 2 A S [m] 08 A 44, o 1) B 22 9
DLAa e K M, JF 5 ¢ 28 S 09 S K i A7 m) &
G
vi(g+1)=x,(g) + M (x,(g) -x,(g))
Kx, (g) B g FBES S @ AR &
v.(g+ 1) 8 & m &,

TE AL B b 72 v 38 R SR T A 2 R SR
A, W20 Ui G 0 4 v i 45 S S TR 1 i R 3 B
Ze AN B R i B SR DU DR R S 0 s A
AR R (o B ATL 2B B 35 o

5 g ARBIRE [ x,(g) [x) <x,,(0) <x),,i=1,
2, NP;j=1,2, - k{48 5 5 7= A —
[EIRZ N
wxg+1)uhswﬂg+1)svgJ=L2¢,NR

j:1’2,...’k}

3) XX WA F WP EE v, (g +
1) LRSS g ANFPRE {x, (@) | 2547 A 1) /9 22 X
BAE

v,,(g +1) rand(0,1) < CR B =
uj,i(g +1) :{

x,(g) HAth,
HP:CR N MR N [1,2,
R, AR LIS 0 SCEk[20]

4) EPEERAE . 2250 SR L G R H S A
VLR BEIE AT — 0B 1A
xxg_+1):{uxg-+l) flu (g +1)) <f(x,(g))
x,(g) HoAh

Lo OR N ik AR E 3 PR .

ok 1) BE AL

3 RO Oy ik

Fig.3 Crack damage identification method



5510 1 AR — P DI REHE I Timoshenko Z2 X451 473 1151 77 14 2219

2 g fi

2.1 HE Hl1

2 1T Sy B 1 PR i S Y T R B
Timoshenko %, B JE # M H4& D =0. 03 m, 2 K
L=5m,ifi Pk & E, =71 GPa, 5§ Y L & G, =
27.31 GPa,% i p, =2 780 kg/m”, 8§ ] R K =
0.9, BERE B =2, M BHF » Iy f8 8 A o B
RIMAFAE 2 W0, R R 7 & K 4 i, H
WL RO R AR ER v, = 0.2 L, RERE d, =
0.5D; 2440 2 BB AL AR x, =0. 8 L, REBREd, =
0.2 D, ZLr4 05 P J7 2 v, W1 0A S ks I H 3k
FAY =1, ma i S Y =10, HEHHG
PRI R AR A SR, K1~ 3£ 3 2
FoR B0 U i AR R R B S R BOR
(19 P 45

4 TH SRR T AFTE RGP T REAR S
Timoshenko %%
Fig.4  Functionally graded Timoshenko beam with cracks

under simple-supported boundary conditions

PSR SC30 AR BB M U O s ARG AR
Fig.5 lterative process of crack damage identification

method under simple-supported boundary conditions

x1 HXBREFHETHRAERNBANEE
Table 1 Damage identification input frequency under

simple-supported boundary conditions
Hz

S i A @ w; w3 Wy

BUE 22.1225 60.1605 116.9788 192.1001

2 MXBAEGTHRYUME x/LIRFNER
Table 2 Identification results of crack position x/L

under simple-supported boundary conditions

LRy SEPRAE WA PRHR4EER RE/%
| 0.20 0.25 0.20145 0.725
2502 0.80 0.25 0.79633 0.459

3 BXBUREZGFTRLUREJDIRANER
Table 3 Identification results of crack depth d/D
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Damage identification method for functionally graded Timoshenko beams

DENG Hao, CHENG Wei~

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

Abstract: To acquire high precision damage identification method for functionally graded materials,

based on the state space variable replacement, the transfer matrix of the functionally graded Timoshenko beam

along the axial exponential distribution is obtained. By analyzing the influence of crack on the local flexibility

of structure, the contribution of the crack to the local stiffness of the structure is simulated by the torsion

spring. The surface crack transfer matrix of functionally graded Timoshenko beams is established. And the the-

oretical model of multi-span beam under complex boundary conditions is derived. In this paper, the nonlinear

equations are transformed into a single objective function optimization problem. The generalized Lagrange algo-

rithm and differential evolution algorithm are combined to identify the damage of the structure. Computational

examples show that the proposed algorithm has the characteristics of high precision and fast convergence and is

suitable for damage identification of multi-damage model under complex boundary conditions.

Key words: state space transfer matrix method; damage identification; functionally graded materials;

exponential gradient; complex boundary condition
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Mathematical simulation and assessment of airworthiness compliance of
climb gradient during takeoff of civil aircraft
MENG Xiangguang', WANG Lixin>* *, LIU Hailiang®

(1. Large Aircraft Advanced Training Center, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;

2. School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: The climb gradient along the takeoff path reflects the civil aircraft’ s ability of flying over the
ground obstacles to reach the safe height. According to the requirements of airworthiness regulations for takeoff
procedure and climb performance, an airworthiness compliance assessment method of climb gradient with one
engine inoperative was proposed based on the pilot-in-loop flight simulation and calculation. A nonlinear air-
craft model, a landing gear model and pilot control models were established and assessment criteria were set
up. A simulation task of takeoff with one engine inoperative as well as the control procedure of the pilot was
designed. The climb gradient of various states was assessed based on the closed-loop digital flight simulation.
This method can be applied to the preliminary design phase of civil aircrafts to provide support for the configu-
ration design and the determination of takeoff weight limit, and offer theoretical references for flight tests of
climb performance with one engine inoperative.

Key words: climb gradient; airworthiness; one engine inoperative ; digital flight simulation ; pilot control

model
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Solution of output feedback u controller based on LMI
LI Zhe, GAO Yuanlou” , LI Peilin

(School of Automation Science and Electrical Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: D-K iteration is the main implementation method of structured singular value (@), which has
problems of strict solution conditions and poor system suitability. Aimed at overcoming limitation shortage of D-
K iteration application, the linear matrix inequality ( LMI) was proposed to improve D-K iteration, which uses
Schur’ s lemma and bounded real lemma to get LMI criterion of upper boundary of structured singular value,
and elimination method was developed to obtain H_ controller in output feedback system. Based on improve-
ments related to LMI, D-K iteration was adopted to solve u controller in output feedback system, which avoids
solution limitation of Riccati equation and influence by selection quality of some uncertain parameters, en-
hances its applicability in general system, and improves the solution efficiency of controller in output feedback
system. Numerical results show that this method gets not only robust stability but also robust performance supe-
rior to the traditional D-K iteration of output feedback system.

Key words: structured singular value; linear matrix inequality ( LMI); output feedback; controller;

robust performance
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Table 1 Double-beta decay half-lives and

decay energy "’
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Table 2 Comparison between phasespace factor and

decay energy of double-beta decay[”]
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Fig.1 Relationship between phasespace factor and

decay energy of double-beta decay
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Table 3 Number of protons, neutrons and corresponding

shell corrections for double-beta decay nuclei
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*“Ca 20 28 48 2

8 Ge 32 44 76 0

828 34 48 82 0

% 7 40 56 96 0

10 Mo 42 58 100 -2
ecd 48 68 116 -2
1287 52 76 128 0
130 52 78 130 0
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Fig.2 Deviation between calculated and experimental

values of logarithms of double-beta decay half-lives
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Abstract: In order to study the physical interpretation of a phenomenological formula which can well de-
scribe the available experimental data and connects double-beta decay half-lives and decay energy, a convinci-
ble explanation for the source of the inverse relationship between the logarithm of the double-beta decay half-
life and the decay energy in the phenomenological formula is proposed based on the analyses of double-beta de-
cay phasespace factor. In addition, based on shell model theory, a slight modification to the phenomenological
formula is proposed, which can further improve the description of the experimental data. The results indicate
that double-beta decay phasespace factor is the source of the inverse relationship between the logarithm of the
double-beta decay half-life and the decay energy in the phenomenological formula. By using the new formula,
the average deviation between theoretical and experimental values of the logarithms of the double-beta decay
half-lives reduces from 0.486 to 0.408.
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Fig.1  Corrosion potential and time curve of aluminum
alloy in ethylene glycol-water solution containing

0.01 mol/L chloride ions at room temperature
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different concentrations of chloride ion
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Tablel Fitted electrochemical parameters of polarization
curves of aluminum alloy under different

concentrations of chloride ion

- T b,/ b./
(;ilc l L)’/') Boun/m¥ (,LA\- em %) n:V n;V

0 -508.2 0.726 37.41 -207.92

0.01 -521.8 1.360 32.22 -162.71

0.05 -550.0 2.090 31.77 -218.96

0.10 -563.5 6.320 27.78 -241.79

0.50 -615.4 8.970 16.42 -863.14

AL 1 25 5, I e o RS, — I O
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JIt 22 BEL F1 BEAG , BE AR S 0 25 5 b AT o S ik L 3
WRE i, AR, B ol L 3 BE N 0. 726 pA - em
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Fig.3 Nyquist diagrams of aluminum alloy in ethylene
glycol-water solution containing different concentrations of

chloride ion at room temperature
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Fig.4 Polarization curves of aluminum alloy in ethylene
glycol-water solution containing 0.01 mol/L chloride

ions at different temperatures
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Table 2 Fitted electrochemical parameters of polarization

curves of aluminum alloy at different temperatures

T/°C E../mV i /(wA+cm™2) b,/mV b,/mV
30 -577 0.77 45.9 -317
40 - 584 0.92 38.2 - 402
50 -585 1.59 31.7 - 545
60 -589 2.49 27.5 - 656
70 - 608 3.87 26.5 -458
80 -618 3.91 19.3 -287
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KSR g e & A 0. 01 mol/L B T-H) &
TR KRR AR R A9 Nyquist B M
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Fig.5 Nyquist diagrams of aluminum alloy in test ethylene
glycol solution containing 0.01 mol/L chloride ions

at different temperatures
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Fig. 6 Metallurgical photographs of aluminum alloy after
polarization in solution containing different

concentrations of chloride ion
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Effect of chloride ion and temperature on corrosion of
aluminum alloy in coolant

CHEN Xin, TIAN Wenming, LI Songmei”, GAO Shulun, LIU Jianhua

(School of Materials Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: The effect of chloride concentration and temperature on the corrosion of aluminum alloy in the
stimulated coolant was studied by potentiodynamic polarization and electrochemical impedance spectra. The
surface characterization of aluminum alloy after polarization was featured by metallurgical microscope and scan-
ning electron microscope. The results show that chloride ions would be involved in the film formation, and de-
crease the stability of the film. Under a certain temperature (30°C ) , when the concentration of chloride ion is
higher than 0.01 mol/L, the adsorption of intermediate was significant. Inductive loop emerged in the low fre-
quency part of Nyquist diagram, and pits initiate. With the increase of chloride ion concentration ( more than
0.0lmol/L), the corrosion resistance of aluminum alloy decreased. With the increase of temperature, as the
resistance of anodic and cathodic reaction decreased, the rate of anodic and cathodic reaction increased, and
corrosion rate increased. When the temperature rose, the dominant effect of diffusion in corrosion process was
weakened due to the content of oxygen decreased,the adsorption effect of intermediate was enhanced and in-
ductive loop emerged in the low frequency part. Temperature affects the size of single pit and facilitates the
growth of pits.
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Received: 2015-09-23; Accepted: 2015-10-30; Published online: 2015-12-08 14 .53
URL: www. cnki. net/kems/detail/11.2625. V.20151208. 1453.005. html
Foundation item : National Natural Science Foundation of China (51271012)

* Corresponding author. Tel. ; 010-82317103 E-mail: songmei_li@ buaa. edu. cn



2016 4= 10 A
B2 B 10

tEMEMRKEFR

Journal of Beijing University of Aeronautics and Astronautics

October 2016
Vol.42 No. 10

http: // bhxb. buaa. edu. ¢n
DOI. 10.13700/j. bh. 1001-5965.2015. 0649

jbuaa@ buaa. edu. cn

ETHEETMZEHERNED BiRFFIERR

i .

S D2k — \
BX, §L4a, HFEHM -, RE=Z, ZAW
(ZHETERE Pz $¥6, P 710051)

MAREEREER RN EREFMEZL —, ST EREFER, BHT —

HETHREHRHMECWROEKHAFTERNNUASERR T E, EL . ERALNMBEERERF
BREAgFOHMELEH RN ENER L AABMS LS M2 L LI T F B AH FEE R
BT AR, EAMATESHU S EHERR T RA, RREERE ROt A,
KHEFE REFTEFLE G- FHERSRE T RE G LS RERREZ RO X RM®
THEHR. RE, TEERAXN AU LSRR EFE —ERZH, ENRSEEIHHKEN

B o

X B W MHEA; HHHE; MELH; BRG] FHRAR

HESES: TN9ST
XERARIRAD: A

LI 3 5L A 5 X B0 A4 S BREATS 2 X ARt Bl A
L5 SRR A R B, TR I8 T AR SR IR
P, 38 H #R T 2 C A F AR A4 2E Bl AR Bl B L A A
ZHO BB SO AR AR i T AR A A
FIbr , Jx 4 2 B f 00 Mk LB A0, DA it i 3 5
EICHEA o FAT, %5 18 2w 1k 21 R fE A K
FE HARIAE R, 32 = B A R S Bt 3 AR o
B B AT UE G IR e 1 vk g L IR T 42 S

SCHRL7 17 981 41 W AR T, PR A 20 B 7 A
(7 HR 3 ORI ] 2 o o A 1 A 1) — &4 L 2 4 o
P, 5 T I i B B 03 A o A A T T E AR
PREGFFAEZ B, SCHR 8 ] 3 5 — ol — 4k i e 14
B SEEL T HERR H bR R S 4E A R S BRI, Sk
(O JFE7E 7 L R AR ), 4 = 7 AN [ 90 A A v
O B I AR AR A 5 AR, R G 0 S B T RO
B VERCSCHR , I #E — 25 38 T 25 T B oL B
I AR AR S B9 H AR S RO U i o AR, Bk

XEHS: 1001-5965(2016)10-2250-08

b e i £ JCS k2 2 A B — (Ao 7 3k I o R AT
B, JE TR A TR ) R A 4L A H bR S B BUBE 5T
MR XD o 25 B8 B AE S PR AR SR AE TR R A
[l ¢4 i 7 2 65 F AR [ B 2R A5 0000 4 1T RE PR K
LR A 1 7 325 0 A o — 75 0k o 8 B e ot 52 3 4
23 Bl S AIUBE 1 H AR IR S U L B K b B s B A R
GRS BB BT T CPERE, Il BEAT IR A IR TR
B H AR BT e B . HAT, [
N EA T RIS TS B B, SCHER [ 10 ] 7 S 45 T
AT A P A A R K ) R Bl sl R A B T
FEBUAR A FER -, XoF e T 58 7 4 1R AR Tl 8 3k 1
(5 3E FAR R BR ZEAT T IR AR, I 44 B
A IS TARRERI A2 1 1 2 FhR 5 AR i 5 s 1
BRI % . ELRFFE R F AR ) — Bt rh
T, 2 5 7 8 20 IR ol 22 35 By i £ T L 45 2%
o B A R I8 AR A A B 5 ik 2k T eR B, SCRR
[ 12 JIE 2 1 o S ARG 9 7 Al JR 3 A ] 7 3% oo

Wi B 2015-10-08; A BH: 2016-01-15; M4 H A E ;. 2016-04-01 17.07
W 2% R Mtk . www. enki. net/kems/detail/11.2625. V. 20160401. 1707. 006. html
E£TH: HEXAARSEES (61372166) ; PRVEH A AR 5 Al i 52 1% (2014JM8308)

= BIWAEE : Tel. ; 029-84789131 E-mail: fengcunqian@ sina. com

SIAWENX: AN, E04, BEw, ¥ RTREFUSLEHER NS GFFERRII] L FMEMKAFFH, 2016,42(10) :
2250- 2257. ZHAO S, LU W H, FENG C Q, et al. Feature extraction of precession targets based on wideband and narrowband
micro-Doppler information [J ]. Journal of Beijing University of Aeronautics and Astronautics, 2016, 42 (10 ) : 2250- 2257 (in

Chinese ).


Administrator
全文下载

www.cnki.net/kcms/detail/11.2625.V.20160401.1707.006.html

5510 1

AR, 56 T S 7 A (2 35 A L ARk 3l 1 8 R 412 2251

HROE B FL B 9 B 22 3 8 8O AT 0 A, R SR L T
AR = 4 8 8h 4 AE B9 SR B, [ 41, Linde ™ 3 3%
i A A TR VAR A IR A AR S AR H AR U R
HEAT TR AR, JRAR I8 LA & 8 TAER W) 20
Pt T PIRR A A T s A T 56 Heh—
P AE L [E Senrad 35 B2 1, IF H AT
AL B AR BB AT 1A SE I
ARSCHESCHRL T ] Y BERT b, FE— 28 %) 5 7% 7 R
AR TR R S BRBET T TS, &
SEHESE T HEOR AR BE SR TRAN 3BT T S8 AR
LEREN Ui PON TR R E RS d AN E R DR €4
AN 22 HE S BT [ AR R O b G B DR EE G
R, IR Tl A — 0 T s A — R A Al A K
AR ARSEE L. Ba, U5 BB TR
HO TR BRI 22 06 H AR 2 B IORS B2 52

1 #EhiEE

TS S T A A TR A AT TR 2k o O A AR 4
Bl 1 BTN, 0 -xyz AR B bR 255 R, D8 7R 38 I Y
TR SET IR, = 1,2, Nyn, HE @ BB A
f BN AR DT ) o 25 TR 8 R 23 (B A7 A 24 H
PR, AR SO s H AR IE IS E 28 58 1, H4% ik 2 16]
F18 SF 1) [] A5 JEE 8 6 A 75 3 PR 5 WL 220K . B
PR — TR B AT, 0-XYZ 2% b
Z, HAg i@ N 5 SCHk [ 14 1 AR TR . D pg 23 51
HEMR Y 3 AN SR HUN b, o, i HEE M
(e, B) 7390 0 T B MRk 55 b HIE T Al 6 K Bl 1)
S Sy, 0 MBS, e JFEHEAM, b ONHEAR L, 1
MR AR, by ARy W35 O 555 HETILL K
JTH DR RS, RIS 500 T, ik 5 0
B ES M R, .

XTHAEHEIRME, 4 BHAL Be (0,6) U
(m/2,m = &) I HEMR 3 A HUR A O R B al L, L

I AMEERE
Fig. 1  Sketch map of netted radar

W e BN A S F B AR AN B e
(m/2,m - &) WIEATHIEWTIE
¢ BF 22, BBOHE (A Ak il L % B 77 1] [ N
L=[sinfsin(w,t+¢,),cos,sinfcos(w,t+¢,)]"
(1)
Ko, ARG
Ak 5 AR IR T 1] 1] g SOl

F,=[sina,,cosa,,0]" (2)
Ao, N ARE IR L S HEBE R 00 S A . th
A (1) K (2) " B AL
cosB(t) =L - F/(|L||F.|) =

cosfcosa; + sinfsina;sin(w,t + ¢;) (3)

T AT A5 4% O O 1 2R ) BE B R Gk X4y
P
R, =R, + h,cosB(1)
[Rp’ = R, - h,cosB(t) + rsinB(1) (4)
Rq’ = R, — hy,cosB(t) — rsinB(¢)
waC(4) i LA W, HET D A A% ) R 2 28 4
IR N AESZ R, T p g 04458 1) B 25 B 3F 20 2% A I
BRSO, H =015 AR 4519 2 80 i 3
£ T IR LZ AR A DG, I 2 SR R o R B RO
w42 1) B B A Ak it e S B, 8 RT S BN H A gk
B FIEE R AR A 5K A

2 5858
2.1 EFEESER
R Ik R SRR SN
K . |
s, (t,,t,) =rect(;p)- exp[ﬂq’r(fltk +7'ytk)] (5)

-T, T,
rect(i‘)z {1 2 $Zk$7 (6)
0 HoA

Kiej= /=15 T, Mk GEE f M55 3y
RVAIAE 0, =0 —mT, g PRI E], T, Sk Jbk o o 52 J
Wom =01, M -1 RFRFIKPIF S50, =mT, K
P, fBse BARAY-F- 3 © A5 258 ks e, I 2]
8 LB T S RIS R N R, (1) , 2 Z
FHE R, =R, R, (1,) =R, (1,) =R, WP AF
S RO IR L BRUIER AR T (RVP) R4 45 4}
B, A) DA R H AR AR R R s

. 2
s.(fi,t,) = z {a‘,Tpsmc[ Tp(fk + 77 . RM(tm))] .

exp - jl“Tcrf}RA,<t.“>)} (7)

L oy BAs B AR RO O B ARG ¢ B
o, R LA B R B R R, o — 20 g ]



2252 b w0 = R KR

2016 4F

A 1 0 W 1450 0
N (8)

XFEC(8) P [ ) 3fe L R ELH 7 - ¢/ (2y) B
A SRR B E b, SO PO R R R AR b (A
B 5 EARF—B SSE ()RS 1T
kA H bR A B O O B8 AR A 2Rk =R
R, =h,cosB(t)
R, =~ h,cosB(t) + rsinB(t) (9)
R, =~ h,cosB(t) - rsinB(t)
2.2 EHEESER
R 7 I8 & S BRAIK o A S, 7 R A UL Y
ST, H bR E00 7 IXEO RRE , B AR 7138 7T 2558
SR LA B B s [l 3 =2 A0S 3 HARES AN
SErpoTE N2 S TR IR O R, (1) , 2RSS
30 g A TS LA 3 [l Bt 5 S
s, (t) = [zl" U',exp[j 4

f&uﬁ (10)
S, WA, X (10) 4T I 55 B T
5 LB 1 20 WA fl S i
2
S =2 d

= ERZ(” (11)
Rl H AR -F 3 245 2] 58 4 A2, 45 A 50 (4)

AIASEE 1O PR AR A B O ) B 22 3 0

Ui =2w h, sin @sin a;cos(w t + ¢,;) /A

%ﬁ —2w.( = h, - r/tanB(1) )sinBsina, -

1 cos(wt +¢,)/A (12)

%L, =2w, (- h, + r/tanB(t) )sinfsinq, *
L1 cos(w.t +¢.)/A
MF(12) v LU Y, £, AR 9 19 1E 5% 73
AT £y, B0 62 51 r/tan B (1) 60 1
AL AL F e DL H 0 T B R S 80K i
PE— B M S (9) A (12) & B, Ji 1
PIASTBCRT Hh O B9 BUEE B B T 2 3 B s R 1 B
XPRREE K o P B 0 B BOEE B8 OE 5% T [R]
R, = —hycosB (1), W £ & i) A Y 1E 5% 5 [7) S
fa = —2w_ h,sin @ sin acos (w,t + @, ) /A, M AE I 5%
T R A AART 5 A B, AT AR SO B A %N
PRAER AL H bR S HOR 3%

3 BEMBUESHENEEFMEREN

3.1 Bt KBRS
ARG ER 2 19 23 mT A, 5 ) 58l 7 s A
A B 38 73 ) DA T R A 0 A s A WL 7

A5 31 10y B AR IRE 51 A P PP K L 3 A TSl
PA T o35, e T UL R AR B R IR A AN TR A% HCG
HRCs B8 HE SR O 4 A A8 22 S, PRI 7 X A
EFEAT R P2 HORT, B o AT O R0 A DT S
Kl MEEX(9) MK (12) Al A, & k= (R, +
R) /Ry ky = (fo, +fo)) /fun, PIETH AL :
k, =k, =-2h,/h, (13)
LAk ke, 357 A Bl T 3 UL A £ A 0L
AR AL Ry hy A XFE(9) MK (12)
ik — 20, %4 R = (R, +R)/(R, -R,)).
Joo = Uy +10)/ Sy = fog) S TEF AR

R, =- hs (14)
T rtanB(t)
fdk:M (15)

.

MTPARXEBRMW Be (n/2,m-¢), Tl
tanB(t) <0, H rih, N HIREHW S KR TZE,
PRI, 7 UL B (8] N R, fo 20 008 A2 R, >0, f,, <
0, A4 R, f, b pog WY, 45 R R4
AHIZ o FHAE AT SEB p g W A0 SC IR U0

25 F TR B T 2 A ) RN 22 FL A A Al DT
e G BR AL D BRI T

Step 1 %[l ff g Wi 4b # . R H] ESPRIT %
OB BTE A R A AR v B — i % 3 AN T
AR ) A R SRS H AT PR AR ) R S 2 R
555 3 5% ) B ES 1 EU A .

Step 2 [BF 451 = 11 Ak B, R FH R A v 4 B
AE AT TR TR I AT P v R — B 1 3 AN HIC O B 5 A
A SRAFH PR B S BRI R 2 RS 5 3 N
H5 431 23 1Y) LU AE

Step 3 W25 SCHK H A T0U IS bt o X AR
B 0 B0 R AT b A, AR 3 (13) TR H A T
S

Step 4 XJ 2 />4 i B thoo AT 4
e X 40 A TOBCET e 1 RS b 0 R A5
A2 AT O 1 AR ) BE R ORN 22 L | R A 0 3R
MEL B (14) (KX (15) X0 2 S HERE
NIRRT
3.2 #E5HEHMSHRK

FE 3.1 AT A SR L IR — 3R
KRN —FB 7 Al B Ak X H bR RRAE S 51T Rl G 4R
B, Bk s 1 RS RBmES, Fik 2 &4
FST K 055, IR A 0N o« 1 o, Nl
— S EOR R, v o IR IR 1
A Z ¢, R B RO A e BB TR K 2
P H 0, B 200 %68 07 A FC ST O B IS SR S AT



5510 1

AR, 56 T S 7 A (2 35 A L ARk 3l 1 8 R 412 2253

BELH o B g3 R cos (wt, + @) =1,
cos(w,t, + ¢,) = 1,545 (3), X (9) M
FC12) AT 0 At TT S v o0 A8 1) 37 B A 2
(B, R AT AR AR AR AL ) (1,) A
fan(t,) =2w_h, sin fsina, (16)
H R o BB IHE 2350
h,cosf cosa,

R (1) = - (17)
s rJl - cos’fcos’a,

1 - (cos” fcos’ a,)

h,
fdk(zz)= (18)

rcos 0 cos a,

Z I, MBS T AR U 0 RO B AL
ZEHMARB AWK ST, HRMY R
Hough 724 52 URR 1K 1 R4 1 R85 45 b HE T S
HhC A T R S Al it S 8, th X (9) W gt £k
T A, =hsinfsina,, % m, =A,/f,,(t,),m, =
R (1)) /fu (1), THEAG 2]

| Asin «,

%1 2w, sina,

L1 2

% _ cos fcosqa,cosa,
Cr

1 - cos’fcos’a, Jl - cos’fcos’a,
(19)
K1) PHET o, 00, 4 DRFE, K
ST AT w0, FIR T SCHRL 17 ] HP A9 3 A O R K™
SR AT X PR A A OG0 e £ A 2
SR, L P R, e i 2 [z 20 ) 45 21 Y
SR SR 289 IV RT A A 3R RS B A T o, o
SR, FE IRl A0 — AR R (0 Bl |, o LA A
T AE LA S B HAB LA Z RO SK . % IE 6e [5°,
15° 1}, cos® 0 [ HRAEL DX 1] Ay 0. 99 ~0. 94, %A fk

Xof 7 RRLE SR i 4 R R ok T, B4R
HEEAETTE T .

Step 1 XJ o, .o, HFATHAGTF . B0E 6 B
HAEE S 50 ~15°, BEL KR 0.5°, = (19) /]
RAGE 0 MHFTXF LB o, e, , PE T SR P 34 7T 154
i o ;.

Step 2 Xt r.0 FATHAL T, & A=R (1)) -
R, (1), B=f,,(t;) =fi,(8,) B o, o, 53 B A
A B il e /N Z IR AR T AR rL 0 B TTE
0, LIt 0 B P B, 7.0 IR IAR N

an . 2
(r,0) =argmin [(A -2r /1 —coszﬁcoszal) +

4w, rsin @ cos 0 sin @, cos a, 2
(B+ )] (20)
Step 3 L EIHR LK @, .r 0 HATHE

i3t . #F Step 2 K15 6 M ILRL L, 3 — B4/ 0

AR L O B 52 A A K O 0..05°, 3 7] Step 1
TR @ e TR R SR R . A Step 2,
MITSEEL T 6 BORE B 2

Step 4 At by by ho TERSHAE T @
o, 70 B ER -, 3 (17) (3R (18) AT SR A3 A, Y
2 HOR T HE 8 R P 218 80 h, (9338500
rcos Bcos a,fy, (1)
R (1,) /1 - cos’Beos’a, (21)

cos feos &,
e (13),% k= (k +ky)/2, 0 LIRS
hy = =2h,/k, HE— B E) b @GR b K
f=h, -2,k (22)

fl-l

L)

4 {(FESH

4.1 BirsHMAit

iEEEE BRS8N b, =2m,h, =0.5m,
r=0.5m,h=2.5m,0 =13° HEfig§i & f. =4 Hz,
BEEESH N FE 1 RHESRM /=
10 GHz, 45 55 4 4 GHz, ik wh & S 45 % Jy 1 kHz; 55
ik 2 REHE S B R f, =8 GHz, ik vl 8 & 45 %
2 kHz, 2 35 35 00 I 40 28 5 5 5% 4 %) 2 £ o0 1 oA
a, =120° «, = 135° , LA @ BN 1s, FiLfF
Mk (SNR) #5°410dB E2 (a) I K13k E M H

2 O [ AR A WL 45 2

Fig.2  Observation results from different perspectives



2254 b w0 = R KR

2016 4F

B 1] 5 6 DB B A5, P 2 (b) ik 2 A i
T EA RO TR o A IR AR X
i o I I AR A SRS R B AT AR R A I

XHE 2 #EAT RAE, I 0 B K B ESPRIT 53 3k
AR VA R RO B 38 1A IS v A8 1) 67 2 R 7
I5 2B HICR P I IR AR, BE— 2P aE 3.1
HER) SRS R S BB DG T 9 DU 5 JSCHICST H 0 DE TR A
B3 frs , 22 1 O I s i JBCAS 2% I e of 7 A
[ 7 R I AR A . P 4 D9 R 9 Hough 42
LI P 2 () o o DO AP0 42 1) 07 8 22 fk it
LTS B M 2R IR | i S s ) SR IS )
IE L L ARME 9 0. 4125 m, AR FE N 2.44%

Zia R 1 BRI E R AKX 1) P FHA
3.2 WEIE ARG AR S RUEWNER 2 s, K
Wy o 0 BYRE TR BEBC R T Bk Ry BOATE
i BEAR X B, X 20 T = AT Tk
RO E T ARG TSR T A TR EM R A,
B A SCT7 5 Ho b B bR Z 80RO kA7 Bk

302 BRI A I )R AR A AR
Fig.3 Sampling results of two radars at different time
£1 FEESE RS DR LR
Tablel Sampling results of scattering center in
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i It fili il L fliiHE
D5 -0.6665  -0.6532  426.4240  423.8281
p 0.6380 0.6270  -5.2647  -3.9063
q 5 -0.3048  -0.2914 -207.9472 -205.0781

B4 )& Hough 254 — 2 24 ]
Fig.4 Two-dimensional parametric space of expanded

Hough transform
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Table 2 Estimation results of cone-shaped warhead’s

feature parameters

ZH IS AH i MAXHR 22/ %
a,/(°) 110 111.2509 0.23
a,/(°) 135 134.4057 0.44
6/(°) 13 13.3098 2.38

r/m 0.5 0.4907 1.86
hy/m 2 1.8864 5.68
hy/m 0.5 0.4748 5.04

h/m 2.5 2.3612 5.55
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Fig.5 Influences on parameter estimation caused by

different curve parameters
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Feature extraction of precession targets based on wideband and
narrowband micro-Doppler information
ZHAO Shuang, LU Weihong, FENG Cunqian® , HE Sisan, LI Jingqing

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

Abstract: Micro-motion feature is one of the crucial features used for ballistic target recognition. Aimed
at the model of cone-shaped target, a novel algorithm based on hybrid-scheme radar network combining wide-
band radar with narrowband radar is proposed to extract the micro-motion parameters. First, on the basis of
analyzing the micro-Doppler change rule of the equivalent scattering centers on the precession cone-shaped tar-
get in detail, each scattering center in different system radar echoes is matched and identified by utilizing the
micro-Doppler sum-difference ratio. Second, the associated systems of equations of micro-Doppler information
are established, and parameters including the precession angle, radius of undersurface and height of cone-
shaped target are extracted jointly. Furthermore, comparative study on the relationship between parameter esti-
mation accuracy and error change of curve parameter extraction is made. Finally, the simulation results show
that even though errors occur in curve parameter extraction, the parameter estimation accuracy of target is still
enough.

Key words: ballistic object; precession feature; micro-Doppler; object recognition; radar networking
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Short-frame prior scheduling with weighted round robin transmission
strategy in AFDX terminal system
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Abstract: A new scheduling strategy of terminal system virtual link ( VL) is put forward, which is based
on the short-frame prior scheduling and integrated with weighted round robin ( WRR). The new approach en-
sures the priority of the important short-frame and balances the delay upper bound of other different priority
signals. Based on the theory of network calculus, the paper derives the delay upper bound of different virtual
links through the new combinatorial scheduling strategy and researches the relation among the maximum delay
upper bound, weight ratio and frame length. The Avionics Full Duplex Switched Ethernet ( AFDX) network
model based on OPNET is established, and the terminal system data transmission delay under the three sched-
uling strategies is simulated and compared. The results show that the new scheduling strategy can reduce the
maximum delay time of short-frame virtual link, and improve the processing bandwidth of relatively important
task in long-frame data transmission. It is feasible and applicable to airborne system network with more short-
frame and different priority data flow.
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Precise measurement of PN code phase by accumulative least
square method
ZHANG Bo'?, GUO Ying'* ", QI Zisen', ZHANG Dongwei' , ZHANG Kunfeng'

(1. Information and Navigation College, Air Force Engineering University, Xi’ an 710077, China;
2. Information Countermeasure Department, Aviation University of Air Force, Changchun 130022, China;

3. Science and Technology on Information Transmission and Dissemination in Communication Networks Laboratory, Shijiazhuang 050081, China)

Abstract: As least square (LS) method, which is applied to precise measurement of PN sequence phase
in high-accuracy, is limited in narrow range condition of coarse synchronization, it is difficult to satisfy the
needs of practical project. A novel realized structure of accumulative LS method for PN sequence phase meas-
urement is presented. According to the characteristic of phase discrimination curve, the accumulative maximal
value and minimal value of the phase discrimination curve are viewed as the characteristic reference position,
and the samples between the maximal value and the minimal value are fitted by LS method. A high-accuracy
measurement of the PN sequence phase can be achieved in half-width of the chips under the condition of
coarse synchronization. It is proved that the characteristic of phase discrimination is linear in theory, and can
use accumulative LS method suitably. The simulation results indicate that the proposed method has wider range
of coarse synchronization and higher measurement precision.

Key words: direct sequence spread spectrum ( DSSS) signal; PN code; precise measurement; least

square (LS) method; phase discrimination curve
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