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Fig.2  Flowchart of experiment
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Interannular flow characteristics of coaxial rotational conical cylinder

BAO Feng” , LU Yuan, ZENG Hualun, TU Li

(School of Aerospace Engineering, Xiamen University, Xiamen 361102, China)

Abstract: In order to solve the problem of complex flow between annulus of coaxial rotating conical cylin-
ders, the flow characteristics of fluid between annular spaces were studied experimentally. Experimental stud-
ies were carried out for the complex flow characteristics of fluid between annulus of coaxial rotating conical cyl-
inders. Emphasis was placed on staining fluid visualization experiment and PIV flow field measurements. The
experimental results were analyzed qualitatively and quantitatively concerning the effects of rotating speed and
annular width on interannular flow characteristics. Staining fluid visualization experiment and PIV flow field
speed measurement experiment displayed the generation and variation of interannular spiral vortices qualitative-
ly and quantitatively respectively. The period of motion of spiral vortex core under different inner cylinder
speed and annulus width was analyzed. The results reveal that the period of motion decreases with the increase
of inner cylinder speed, and the period of motion increases with the increase of annulus width. Instantaneous
and time-averaged flow field were checked to analyze the mechanism of interannular spiral vortex motion and
generation. The influence of inner cylinder speed and annulus width on three kinds of Reynolds stress and
their distribution were studied. The radial normal Reynolds stress is always the largest when the inner cylinder
speed is variable, and the Reynolds shear stress stays minimum when the annular width changes.
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Table 1 Parameters of lunar orbit descent control for nominal orbit
i blir =X W/ (°) 0/(°) A/km AT/s A (°) T Av(m - s 1)

0 180 1791.000 0.27 175.97

TP1 2018-12-30T08 ;54 .00 23.250
-1.00 162.98 1790.984 0.08 175.97
0 180 1791.000 -42.16 175.96

TP2 2018-12-30T08 ;59 .27 23.590
-2.12 -163.85 1790. 838 -0.06 175.97
0 180 1791.000 0.27 175.97

P 2018-12-30T08 :54 :06 23.187
0 163.52 1790.982 0.15 175.97

LAT 0 180 1791.000 0.27 175.97 2018-12-30T08 ;56 .35 22.535
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Table 2 Parameters of lunar orbit descent control for negative deviation orbit

by =X W/ (°) 6/(°) A/km AT/s A (°) T Av/(m-s™1)
0 180 1791.000 149.17 176.03
TP1 2018-12-30T08 :47 .00 27.189
-3.19 140. 06 1791.472 -0.01 175.97
0 180 1791.000 67.66 176.02
TP2 2018-12-30T09 :00:30 27.584
14.57 -145.72 1791.173 0.17 175.97
0 180 1791.000 535.61 176.09
P 2018-12-30T09:02 .34 26.699
0 136.17 1792.027 -277.74 175.97
LAT 0 180 1791.000 535.61 176.09 2018-12-30T08 :54 :01 22.101
®3 +REXNANRENTARNEHSH
Table 3 Parameters of lunar orbit descent control for positive deviation orbit
k=t W/ (°) 6/(°) A/km AT/s A/ (°) T Av/(m s~ ")
LAT 0 180 1791.000 -355.30 175.89 2018-12-30T08 :59:07 22.970
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Control strategy of lunar orbit descent to achieve lunar landing

LI Gefei'** , LIU Yong'?, MA Chuanling’, HAO Dagong’

(1. Science and Technology on Aerospace Flight Dynamics Laboratory, Beijing 100094, China;
2. Beijing Aerospace Control Center, Beijing 100094, China)

Abstract: Aiming at the problem of the probe’s lunar landing, the control strategy of lunar orbit descent
is studied. According to the control equations of the lunar orbit descent, the three kinds of relationship be-
tween the different combinations of the single-pulse control variables of the lunar orbit descent and the parame-
ters of the lunar landing target are established. Three control strategies for lunar orbit descent, which are the
fixed-point landing at the fixed time, the fixed-point landing and the landing at the target latitude area, are es-
tablished. The algorithms and the procedures for solving the lunar orbit descent control strategies are presen-
ted. For the fixed-point lunar landing, the solutions of the single-pulse combined control of the semi-major axis
and the lunar perigee height are analyzed. The control calculations of three kinds of lunar landings with the
fixed-point at fixed time, the fixed-point, and the target latitude area are carried out respectively for the nomi-
nal orbit, the negative deviation orbit, and the positive deviation orbit, and the control strategies of the lunar
orbit descent are verified. The strategies can be applied to the orbit control of the lunar landing mission, such
as lunar landing, lunar sampling return, and manned lunar landing.

Keywords : lunar landing; lunar orbit descent; power descending; orbit control strategy; fixed-point

landing at the fixed time
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Fig. 1  Schematic diagram of Earth-to-Mars flight trajectory
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Fig.2 Earth-to-Mars launch trajectory geometry illustration
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Study on Earth-to-Mars direct transfer trajectory by the
Long March launch vehicle
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(1. School of Astronautics, Beihang University, Beijing 100083, China;
2. Beijing Institute of Astronautical Systems Engineering, Beijing 100076, China;

3. School of Astronomy and Space Science, Nanjing University, Nanjing 210023, China)

Abstract; In order to solve the problem of searching for optimized launch period lasting 2 — 3 weeks for
an engineering-oriented Earth-to-Mars transfer trajectory, with constraints from the launch azimuth scope and
the longest coast time on parking orbit of the cryogenic final stage, adding coast constraint into models firstly,
a forward-backward bi-directional differential correction scheme which is different from the B plane vector
method is proposed. It also greatly reduces the required time to accurately design and match all the six orbital
elements at the separation point with probe. The hyperbolic orbital elements at the injection point of launch ve-
hicle are directly solved from the boundary velocity at the sphere of influence of the Earth. Meanwhile the
flight arc of the ground track is given analytically as a function of the coast time. Initial launch trajectory satis-
fying the constraints are quickly found. The problem of launch trajectory optimization is solved when consider-
ing a small deep space maneuver of Mars probe. High-precision results are obtained using this bi-directional
differential correction scheme in the high-precision mechanical model. The analysis shows that the accuracy is
matched with the commercial software STK under the same condition. The transfer trajectory starting from lift-
off to the nominal periapsis of Mars probe is optimized as a whole, which ensures that our first Mars exploration
mission implements successfully.

Keywords: launch trajectory; Earth-to-Mars transfer trajectory; launch azimuth; coast time; bi-direc-

tional differential correction
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Table 1 Basic information of geomagnetic observatories

B fis B4 HE /() ZE/(°)
BDV  Budkov 5 49.08 14.02
BEL  Belsk 2% 51.84 20.79
BFO  Black Forest T 48.331 8.325
FUR  Furstenfeldbruck 7 [H 48.17 11.28
HLP  Hel i 54.61 18.82
HRB  Hurbanovo Hrig k. ow 47.86 18.19
LON  Lonjsko Polje A 45.4081 16.6592
NCK  Nagycenk &) F F| 47.63 16.72
PAG  Panagjurishte A5 I ) I 42.5 24.2
SUA  Surlari X5 Je . 44.68 26.25
THY  Tihany ] 5 46.9 17.89
WIC Conrad Observatory 8 1 ] 47.9305 15.8657
WNG  Wingst ik 53.74 9.07
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Table 2 Precision statistics of calculated results by

direct average method

Wi g ROKME RME S PIE fRER HUTRERE
X/nT 2.6l -9.97 -1.18 3.14 3.35
Y/nT 2.43 -2.24  -0.35  0.93 1.00
Z/nT 2.30  -0.69 0.65  0.74 0.99
F/nT 2.89 -3.17 0.20 1.26 1.27
H/nT 237 -9.77 -1.21  3.05 3.28
D/(") 0.49 -0.37 -0.03  0.19 0.19
/(") 0.68  -0.10 0.10  0.20 0.23
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Table 3 Correlation coefficient statistics of calculated results by direct average method

BRI X Y A

F H D I

HH T 2 % 0.87969 0.99713 0.99547

0.98677 0.84831 0.996 93 0.93753
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Table 4 Precision statistics of calculated results by

reverse distance weighting average method

WRiER WK BUME PRE bREZR BUrMRE

X/nT 3.53 -5.60 -0.40 2.17 2.21
Y/nT 2.41 -2.11 -0.43 0.92 1.01
Z/nT 0.80 -0.85 -0.11 0.29 0.31
F/nT 2.07 -1.77 -0.11 0.87 0.88
H/nT 3.39 -5.54 -0.43 2.13 2.17
D/(") 0.39 -0.33  -0.05 0.16 0.17
/(") 0.36 -0.21 0.02 0.14 0.14
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Table 5 Correlation coefficient statistics of calculated results by reverse distance weighting average method

b ik L2 X Y Z

F H D 1

I R 0.95675 0.997 34 0.998 69

0.99294 0.93728 0.997 69 0.98544

x6 SEEMIFEHETEERBEST
Table 6 Precision statistics of calculated results by

latitude difference weighting average method

WREE R EBORE BoME CPRIE RRMER BISRERE
X/nT 370 -6.40 -0.48 2.44 2.49
Y/nT 0.73  -2.69 -0.73 0.70 1.01
Z/nT 0.99  -1.21 -0.17 0.40 0.44
F/nT 2.06 -3.73 -0.32 1.18 1.23
H/nT 3.60  -6.65 -0.59 2.48 2.54
D/ (") 0.11  -0.36 -0.10 0.10 0.14
/(") 0.41  -0.23  0.03 0.16 0.16
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Table 7 Correlation coefficient statistics of calculated results by latitude difference weighting average method
Ho G 2R X Y Z F H D 1
LEESEEX S 0.94016 0.998 68 0.99807 0.99134 0.90708 0.99872 0.97754
®8 ETHAEMEBENNEFENLEITHE F10 EFHEMEBENNEFEEITHE
HR¥BE S (DD1) HRBEE St (DD3)

Table 8 Precision statistics of calculated results by Table 10 Precision statistics of calculated results by
bifactor weight determination method based on bifactor weight determination method based on
direction and distance (DD1) direction and distance ( DD3)

WHEER  BKE RME CFHE fRMER HOTRGRE WHEER RKRE RAME P bR BITRIRE
X/nT 4.55 -1.15 0.67 1.34 1.50 X/nT 4.08 -2.86 0.21 1.59 1.61
Y/nT 2.35 -1.88 -0.46 0.94 1.05 Y/nT 2.71 -2.03 -0.57 1.08 1.23
Z/nT 0.60 -0.86 -0.14 0.26 0.29 Z/nT 0.87 -0.83 -0.10 0.31 0.33
F/nT 2.34 -1.06 0.15 0.79 0.81 F/nT 2.34 -1.06 0.16 0.79 0.81
H/nT 4.49 -1.17 0.62 1.35 1.49 H/nT 4.02 -2.76 0.17 1.56 1.57
D/(") 0.38 -0.33 -0.05 0.15 0.19 D/(") 0.42 -0.34 -0.06 0.17 0.19
7(") 0.08 -0.29 -0.03 0.08 0.09 /(") 0.19 -0.26 -0.01 0.10 0.10
R ETHAEMERENNEFENGEHTHE x11 EFAHEOMEEHNEFENAETE
HERBES(DD2) HRBEE S (DD4)

Table 9 Precision statistics of calculated results by Table 11 Precision statistics of calculated results by
bifactor weight determination method based on bifactor weight determination method based on
direction and distance (DD2) direction and distance ( DD4)

WH#EER BRI RAME CFE ARdER B mRE WHEER R RME CFE bRMER HUrRE
X/nT 4.54 -1.14 0.66 1.34 1.50 X/nT 4.57 -1.11 0.69 1.34 1.51
Y/nT 0.73 -2.69 -0.73 0.70 1.01 Y/nT 0.72 -2.69 -0.73 0.70 1.01
Z/nT 0.50 -0.86 -0.16 0.25 0.30 Z/nT 0.50 -0.86 -0.16 0.25 0.30
F/nT 2.34 -1.06 0.15 0.79 0.81 F/nT 2.35 -1.06 0.16 0.79 0.81
H/nT 4.47 -1.18 0.61 1.35 1.48 H/nT 4.51 -1.14 0.64 1.35 1.49
D/(") 0.11 -0.36 -0.10 0.10 0.14 D/ (") 0.11 -0.36 -0.10 0.10 0.14
/(") 0.08 -0.29 -0.03 0.08 0.09 /(") 0.07 -0.30 -0.03 0.08 0.09

x12 EFAFAMEBHNEFERAEZHELERNEXERE ST
Table 12 Correlation coefficient statistics of calculated results by bifactor weight determination method

based on direction and distance

T X Y Z F H D !

DDI1 0.98524 0.99761 0.99876 0.99292 0.97906 0.99772 0.988 66
DD2 0.98532 0.998 68 0.99879 0.99293 0.97930 0.99873 0.98875
DD3 0.98245 0.99712 0.99855 0.99293 0.97396 0.99739 0.99133
DD4 0.98508 0.998 68 0.99879 0.99295 0.97886 0.99873 0.98846

13 AEHENEFSHIT
Table 13 Statistics of weight factors for different methods

7k X Y VA F H D I
S BB B BT 3 2.35 0.49 3.88 2.21 2.33 1.74 2.39
2 B 25 BT 343k 25.0 6.13 2.15 4.0 5.73 7.56 1.54
, DD1 0/50 1.42/1 x107* 3.29/1 x10~* 2.17/1.07 0/50 1.57/1 x10 74 0/50
3 7 16 AR X X X
N 0/0 0/6.14 7.82/9.98 2.14/1.0 0/0. 14 1.53/9.96 0/0
B R F

DD3 0/1 x10~* 1.43/1 x10°*% 3.82/1 x10°* 1.33/1x10°* 0/1 x10~* 1.33/1 x10°*  0/1 x10~*

Bk DD4 0/0 0/7.87 6.62/9.80 1.19/1.05 0/0 0.45/10.07 0/0
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R I, 4 3C L DD2 60 (i 1153 285 S 5 % 8 05 9k 1
Xof o7 5 S HEAT R EL DT X BT S A B 1 A R
I

9 RILLE i, kT J7 ] FE B8 0 XL
FEA Ty ¥ v DD2 BETRORS BE b g Ik ) 43 X
WK V48 HALT 1.5 o, HUBE AR 1 40 B Y AR T
L1 nT, Hifg 258 B F LT 0.9 oT, i 3 H 4
ZART 0.3 0T, Bifw s D LT 0. 15" @i ff 11k
F0.1',

5) ANFJT kg RAT

W A SO & A7 8 5 4% 98 0 bk i AT R
it B RmE 1~ BT iR

M1 g oy X TR AR
Fig.1 Calculated results of northern component

X of geomagnetic field

K2 Mg o Y A
Fig.2 Calculated results of eastern component

Y of geomagnetic field

WRAEIE 1~ B 7 AT LUE A7 AT 1L Sl
P B RS 2493 | S B JInAS - 22 0k M 26 3 22
BV 2730 AR SCHE H 1) T 7 1) 0 5 A9 XA 5
RERUTT I, FAH B 45 2R 5 S 0 KA 1) A A B —
B UL TR AR TR ST ik o KR AR
36 b 1 30 75 A 9 0 B P TR 0 T2 ) M 8 JE R
AN — B, Mg B AR T R 0 K P A A

K3 g H O Z RS
Fig.3 Calculated results of vertical component

Z of geomagnetic field

B4 g BRI F LR
Fig.4 Calculated results of total geomagnetic

field strength F

BS  MumiKp-or i H it E 4R
Fig.5 Calculated results of horizontal component

H of geomagnetic field

PRI E] 22 TR G A . L, 7R E AL
WAL JE T R 5 o 22 8] A R R A A (R R Y 5T
R, T LK i 75 3 1 20 15 R 28 1 T 1) 1) 2 A P
17 SR BRY 5 2 RS HE R T LAAS [R] g AL P, 3
25 T 1) AL

ANTR) T 45 0 LB 245 SR 5 S0 B 1) A S
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XI5 M, 25 < 56T D 1) B 1 %) X K] AL ) b T 5047 A

A fnF 4

s

BN 8 PR o

B 1~ 8 i, TO Fn NCK H#bfif & 3k 52 I %
i, T1 Fom BT 3436 52D B , T2 R0 I IR 5
TASCP 3830 52 DU B340 , T3 67 26 13 25 AT 4 12
S KA, T4 RN S T 1] AR B 5 e ) LR
FEAN Ty ¥ (DD2 AL ) S A 4

P8 145 S T W] &, A SCHR Y R T 5 1)
IR B8 0 0L IR 7 A 5 1 5 S T 5080 1 A DG 1 R

K6 wkdifh Dt as

Fig.6  Calculated results of geomagnetic declination D

(EI R AT R

Fig.7 Calculated results of geomagnetic inclination /

P8 ANIal Jy 45 B Ay T3 45 5 A DG PR R AL
Fig. 8 Correlation coefficients of calculated

results by different methods

BB AT Tr ik, se ik W 1 HE Bl P AAY
&ﬁll\—,—:t o

4 & ®

1) 5EZVFEENTH A R, A SOy
PG a2y X PR K o H AR T
29 1.9nT, M@ HE 5y it Z #2055 T 29 0.7 o, 3l
SRR F RS T 05T, WA D RS T A
0.05", ®ififa 1§25 129 0. 147,

2) 5B NG S i TS 45 A LA,
ALV ) H R AL 1) 4y i XOR R K T4y i H
BET40. 7T M SR E F &S T20. 1T,
Widwm A D 3R T 003", B T B T
0.05',

3) 5 2GR AT 4 1 B T 25 A LA
AR SCTT V) H R AL 1) 4y i XORT R OK T 4y i H
Pewm T L T, MR E R ZRE T
0.1 nT, M@ SoREE F 325 729 0.4 nT, BEM A 1
HEET40.1,

4) ASCHE BT O 1 AR B Y U
BT, TR EE R 5 i oK ARS8 B 1 1% D S 5540 1
AAOCMEAR 2 (ARG M RBOEAHRTE 0.98 L |),
TR R NS B Hb g 0 A Y AR 9 PR
J&
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Bifactor weight determination method based on direction and
distance in geomagnetic data assimilation

LIU Xiaogang'> ", XU Jinglin'*, GUAN Bin"?, MA Jian'>, DUAN Weichao'"

(1. State Key Laboratory of Geo-Information Engineering, Xi’ an 710054, China;
2. Xi’ an Research Institute of Surveying and Mapping, Xi’ an 710054, China;

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

Abstract: In the geomagnetic data assimilation, we analyze the weight determination weakness of the di-
rect average method, reverse distance weighting average method and latitude difference weighting average
method which are widely used in the previous work. Considering the geomagnetic field strength has a close re-
lationship with the changing of latitude,, we propose a bifactor weight determination method based on the direc-
tion and distance. Concretely, it not only utilizes the distances among the geomagnetic observatories but also
takes into account the changes from the latitude and longitude directions simultaneously, which assigns the dif-
ferent weights to the above three factors to improve the precision of geomagnetic data assimilation and obtain
the more precise diurnal variation correction for the satellitic, airborne and seaborne geomagnetic measurement
data. Furthermore, we use the geomagnetic observatory data supplied by Intermagnet website to validate the
proposed method. The experimental results demonstrate that the proposed method is superior to the existing
methods in the accuracy of calculation result. Thus, this paper proposes a novel and reliable weight determina-
tion method which has a potential application in the diurnal variation correction of geomagnetic measurement
data in the regions where the ground survey is implemented difficultly.

Keywords: geomagnetic field; geomagnetic observatory; diurnal variation correction; bifactor weight de-

termination ; correlation coefficient
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R 45 T 1] InSAR 9 23 S A8 3y 5% i L3R 1 A2 TP i L

Je A4
y

£t . W Kain F1 Cloutier'® ¥ 11 11 42 4 K /K &
AP 18 M HRhs s RE R, AR 2,1t
SERCRAR o %05 15 Ry BRVEAE T B8 2 i T sk
PRI , oK 18 A T 40728 A X L3 AR TE 7Y 52
i) 537

92 KR HAEW L, WY ik, K
SR AT AT 0 e A B B, 32 T R e
26 E ) SRTM'' ( Shuttle Radar Topography Mis-
sion) o TEMLAS AU, i T HLIE AR IE i RECR AR
M), 485 52 BIL T I e xfe A PRI 7 A BOE A, i Ak T
FE£F Y6l ( Fiber Bragg Grating, FBG ) 1% J&& #§ ) 1L
AR TE M i, A8 B FBG B0 N A8 5 B, 115 L3
AT, 25 0 PR AE AL e W i

853 RBILT AT BB, AR
JoAh B2 3 T8 K 11 % ( Computational Fluid
Dynamics, CFD ) & 1 55 4% #4) 77 2% ( Computational
Structural Mechanics, CSM) [ 7 [ #5 & H i & B
B R A, i U R ARG | T A s, W T
A TROML SR Sy R g e R S 2 A i
P BRI A RGO RS PR
52T B B A G il AL R A R A OG5 5Kk e
41 URI ) Nastran 8023 B KR 3% H B4 b0 RERT
PHLEL A5 SOMLE A T gh & 7 R B Ui e
ARG L o

PLEHE i A2 F 2R T WAL sh (0 & sh il
PR3l WS A5 S b w55 ) RN R 3l (s 4
) IR, WAL S B RAT P B R E T
N — e i, AN B — DR A i
T o A SCH A BROTHE AT B 2 A0 s 0 HLIL 45
g 04 gl 52 i 5 45 A Wi IO 9 AT 0 F0OR g, ST
E 2SS T 1 HLIE Bt R TR AR, I £ B
JO7 AR A T L B B 5 2 2 i D BN A B HE AT 50 I
.

1 ZSHHEBRZMERSHT

1.1 =2SHIMERSHEHE

XFF ML 2 H 2k InSAR & 48, H K 2454y 1
B 15 7% , DLR BF i E-SAR™ TAE R h 3 ~
5km, NASA Bl i) AIRSAR"' F1 TOPSAR""® 4y
S TAEAE 8 km 19 km 5 BE 5 v [B B} 27 g i T 2%
BIF 5 T T Al 1) HL 3 = 2 4 InSAR™™ T/E7E 3 km
it b, 3% WF 9 MiNiSAR™ T/E7E 0.5 ~
3kmFE, 45 AR SCH EHLE InSAR R 48 &
R EEYE [ R 0.5 ~ 9 km , 7 b TAE X N 19 25 <A
3l 35 8 2 RIS R

K1 LA s InSAR R4
Fig.1 Airborne distributed InSAR system

1.1.1 #ARME

A XD AS 45 19 2 3 B2 B ORI A 2
fi) XL ) 0 XU ) 28 SR A8 Ak TR A KR
AS = S, - 8, (1)
KHr:8,.8, 5512 ] A B WS XU A .

B ) AS 58 B R 15 D AE i AT
ASHRE N [8S| = [AS|/H, H g AB W £
BB

AR GIB 5601—2006"2 24 H 1) 1 B XU B
P18 H =30 .50 .70 100 m T /f = 5 28 7% fir 5 | 42 14
KN RN G E 2 Frs .

2 RIR] e AR G R Y 2 KD AR
Fig.2 Vertical wind shear caused by

different height changes
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0.1 m/s; HRHE [ bR [ AL 41 200 16 5 X D) A28 /N T
Im/s (00T 5 W) AS 58 B /NF 0.033/s X
PIAR SR N R o B =2 b, T I K
YA 5 M 2 AT 7 e AU ML A o B, 4
AL AR A B A e B AR, Gn e B XD AR 5
AR R BT R D B v 2 A DA AR TR
T34 w2 B A e BE 5 i ORI R B B
TAEE /N HLBh AT RN 228 A JE AR, 38
WA T BN AS B IR RS B
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Kl 3 1-cosine [ X455

Fig.3 1-cosine gust model
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JEIR A SEARG, B — DT B AR R .
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ARSI T B TSR RS L
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—
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it 0 0 B LR AT R B L, v O R L B 2 2R
IR (= R A 1 AR F= | N (I (5
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(SB35 B N 28 NG 0.0l | Y R 7
(1 FL53HT o

B AL JE T CFD B S2 B0 X KA
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Fig.4 Wing model
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Table 1 Aluminum alloy 7075 material properties
2 Bofl
HE/ (5 em™?) 2.81
W IR 58 B/ MPa 524
A% BRI ik 55 2/ M Pa 455
R/ GPa 71
R EE 0.33

K5 LI AT I B X
Fig.5 Wing flight flow field area

7 K AR

PLEAL T AF = B2 3 km 3 BE 200 m/s i 441,
Fluent 158 5¢ B¢ 8l 2 A7 K it L 1 2 A2 4k, Un 141 6
B 7, Static Structural 138 B 22454 Y [n) (45 )
LRSI 7 s [T v 2 s 2 A i ) 28 A R
PLEASIE B AR

2 FRAIESELMASHESH™
Table 2 Atmospheric physical parameters at

different working altitudes'”’

TAEREE/ &)1/ T B/
km Pa WRE JFRIX (grem™)
2.0 79810 2.35 275.5 1.009
3.0 70510 -3.25 269.9 0.9087
3.5 66100 -6.27 266. 88 0.8625
4.0 61950 -9.29 263.86 0.8181
4.5 58070 -12.3 260. 85 0.7756
5.0 54420 -15.32 257.83 0.7348
5.5 51000 -18.34 254.81 0.6956
6.0 47680 -21.62 251.53 0.6589
6.5 44520 -24.97 248.18 0.6237
7.0 41580 -28.32 244.83 0.59
7.5 38770 -31.65 241.5 0.5577
8.0 36080 -35.07 238.08 0.5268

6 LI BT 32 Sh B A K I A
Fig.6  Changes in aerodynamic loads and

turbulent velocity on wing

7 HLILESH Y A
Fig.7  Y-direction displacement of wing structure
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Fig.8 Deflection of wing at different working speeds
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Fig. 9 Wing deflection deformation at measuring point 15

under different conditions
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Fig. 10 Aerodynamic load distribution on skin surface
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Fig. 11  Schematic diagram of wing skeleton

structure deformation
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Table 3 Parameter identification results of

carrier speed

g, u = Av* R? SSE

2 u=6.492 x10 ~7¢? 1.000 7.22x10°1°
7 uw=1.001 x10 "% 1.000 1.57 x1077
12 u=2.407 x10 ~%? 1.000 8.96 x 107
15 u=3.424 x10 ~%? 1.000 1.82x10°°
A5 u = Av* O R? SSE

2 u=6.022 x10 ~8,% 014 1.000 1.33x10 "
7 u=9.284 x10 7> 1.000 1.52x107°
12 u=2.233 x10 %> 1.000 7.67 x107°
15 u=3.176 x 10 ~¢* 1 1.000 1.52x10°%
BIp= u = Av* " R? SSE

2 u=5.99 x 10 ~8,2 1.000 4.57x10° "2
7 u=9.234 x10 7> 1.000 3.34x10 !
12 uw=2.221 x10 ~6>" 1.000 1.74 x10~°
15 u=3.159 x 10 %> 1.000 2.98 x10°

12 @R e A, A, REL

Fig.12 A, and A, at different heights

T4 BIITESEZLMHNSEH
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Table 4 Parameter identification results of

carrier’ s working height

W A PROPRB u = ae’” R SSE

2 w=2.286 x 10 ~F!- 308 x10 77 0.996 1.42 %108
7 w=3.522 x 10 7l 368x10 73" 0.996 3.52x10°'°
12 w=8.467 x 10 7! x10 730 0.996 2.05x10"°
15 w=1.205 x 10 6l 368x10 75" 0.996 4.16 x10 "
W A RV uw=aP +b R? SSE

2 u=7.27P x10"" +8.696 x10~°  1.000 5.08 x10 %
7 w=1121Px107" +1.339x10°7 1.000 1.51x10°"
12 w=2.696P x10"" +3.215x10°7 1.000 9.16 x10~"
15 u=3.834Px10"" +4.585x10~7 1.000 1.89 x10~'®
W A5, TR u = aP™ P R? SSE

2 u=5.484 x10 -2 p-83 1.000 8.60 x10 %
7 u=8.454 x 10~ p>-83 1.000 2.82x10"°'®
12 u=2.033 x10 10 p-83 1.000 1.80x10""
15 u=2.892 x10 10 p"-83 1.000 3.74 x10°"

KL 4 TR AR SSE U B R BT
L8 0 W o ) 6 A e AR A I R B A, A

T 2 -
A , = a YPO, 833
AZ — aZPO, 833

(10)
(11)

a,(z) =-7.74z x 1077 +5.12° x 107" +
1.352 x 107" =2.50 x 107"
a,(z) =2.862 x 107" =2.292 x 107" +
6.01z x 1077 - 1.186 x 107"

(12)

(13)
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3 MEXR

3.1 ETEURBMNERBERRENE
o
FIAA(14) K (15) X F A TAE S B A [
A R R A Bt AT WO, R S FIk 6
FUH T 7 12 0 1S R AR TR R
x5 AXEBRTN Y @ER
Table 5 Y-direction deformation predicted by

proposed model

TV THE ANSYS Workbench AR S A Y
R/ =S Y [0 728 & &/ mm Y [0 A8 & B/ mm

(moe s ™) Zkme g7 W12 WA 1S AT W 12 1S

250 1.5 3.85 4.38 4.30 3.85 4.37 4.31
1.5 2.45 2,79 2.74 2.46 2.79 2.75
2.0 2.33 2.65 2.60 2.33 2.65 2.61
6.5 1.44 1.63 1.61 1.43 1.63 1.61
200 7.0 1.36 1.54 1.52 1.35 1.54 1.52
7.5 1.28 1.46 1.44 1.28 1.45 1.43
8.0 1.21 1.38 1.36 1.20 1.37 1.35
185 2.5 1.89 2,15 2.12 1.89 2.15 2.12
235 2.5 3.07 3.48 3.44 3.06 3.48 3.44
285 2.5 4.52 5.14 507 4.52 5.14 5.07

F6 ANERTNZ TR
Table 6 Z-direction deformation predicted by

proposed model

T  THE ANSYS Workbench A AR A
W/ wps 2 DB E/mm Z [ 72 %/ mm

(mes™h) kmo g7 WA 12 R 1S P T WA 12 W 1S

250 1.5 73.36 176.36 250.83 73.24 176.14 250.56

1.5 46.80 112.48 159.97 46.72 112.35 159.82

2.0 44.44 106.81 151.91 44.37 106.69 151.77

oo 65 2731 65.67 93.41 27.28 65.61 93.33

7.0 25.81 62.08 88.31 25.77 61.98 88.17

7.5 24.38 58.64 83.43 24.31 58.47 83.17

8.0 23.01 55.35 78.75 22.90 55.07 78.34

185 2.5 36.04 86.66 123.28 36.01 86.60 123.19

235 2.5 58.36 140.34 199.63 58.32 140.24 199.49

285 2.5 86.05 206.92 294.36 86.02 206.86 294.26

3.2 ETESENEENVNERBATHIREZHR
=i

XA SC A AR AR T B8 InSAR 2 HL
TAEHERE 5 B R AL £ il AR T (R T, AR S

IR 2 i D B SRR ASE 2595 ) o0 G 3k P ROk
JE HEAT A o A5 S B 0 B E Y AR A AR
ER AR DA N VA A 6 4o
D = DST-S (16)
KD NS TR AR 5 S Dyl 53 B AL A s DST
LS A B B A B b 6] (2 B8 B DST, =
[, ) (Lo, 1 L, 1) 7 Lp, 17, B i) 30 85 B
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FL b, 13501 Sy el 1) 137 A8 A2 AFIVRSE [ 57 % 66 I
FIH ANSYS Workbench 45 2% 43 #71 W] $ 15 &
O S5 K AR L RS RS, A 13 TR o Ak T

K13 B ARES R I R A R A

Fig. 13 Skeleton structure strain and displacement mode
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Table 9 Comparison of error values calculated by

proposed model and modal superposition principle

RS FIHBLSE N R B 2 Y Z 1
T 1k — P
y . g, TF ANSYS B . ANSYS By
xRT YREERESEMREITELR R e, BN ORI 23] [
(m - 1 B [ 15 B . F
Table 7 Y-direction deformation calculated by . km o pge,  ONUEOENES e, R iR/
s i3 N A e, R
S R/ mm R/
it 1 3 mm mm mm
modal superposition principle mm mm
TH i ANSYS Workbeneh — 250 1.5 4.30 0.004 0.011 250.83 0.520 0.303
gy, s Y BT/ mm Y ST /mm 1.5 2.74 0.004 0.013 159.97 0.426 0.182
(m-s1) km 2.0 2.60 0.004 0.011 151.91 0.388 0.169
250 1.5 3.85 4.38 4.30 3.85 4.37 4.30 7.0 1.52 0.002 0.004 88.31 0.078 0.146
1.5 2.45 2.79 2.74 2.45 2.79 2.74 7.5 1.44 0.002 0.007 83.43 0.054 0.251
2.0 2.33  2.65 2.60 2.33 2.65 2.60 8.0 1.36 0.002 0.010 78.75 0.031 0.415
200 6.5 1.44 1.63 1.61 1.44 1.63 1.61 185 2.5 2.12 0.002 0.002 123.28 0.155 0.091
7.0 1.36  1.54 1.52 1.36 1.54 1.52 235 2.5 3.44 0.003 0.003 199.63 0.232 0.148
7.5 128 146 144 128 146 144 285 2.5 5.07 0.004 0.003 294.36 0.341 0.109
8.0 1.21 1.38 1.36 1.21 1.38 1.36
185 2.5 1.89 2.15 2.12 1.89 2.15 2.12
N AN = N .y P
235 2.5 3.07 3.48 3.44 3.07 3.49 3.43 P Y riy 2 A L BRI UE 1A ST IR Y BT AT
285 2.5 4.52 5.14 5.07 4.52 5.14 5.06 P, UXFEE T 2 R O5 i T EORS B

®8 ZHEHESEMREITHELER
Table 8 Z-direction deformation calculated by

modal superposition principle

TH T  ANSYS Workbench L7 2 s 2
e/ wprs 2 AR/ mm Z 102 B /mm
(m-s™") k

AT P12 P 15 WAL T PAR 12 AT 15

250 1.5 73.36 176.36 250.83 73.24 176.03 250.31
1.5 46.80 112.48 159.97 46.70 112.23 159.54
2.0 44.44 106.81 151.91 44.35 106.58 151.52
6.5 27.31 65.67 93.41 27.28 65.60 93.31
20050 2581 62.08 88.31 25.80 62.02 88.24
7.5 24.38 58.64 83.43 24.37 58.60 83.37
8.0 23.01 55.35 78.75 23.01 55.32 78.72
185 2.5 36.04 86.66 123.28 36.00 86.56 123.13
235 2.5 58.36 140.34 199.63 58.31 140.18 199.40
285 2.5 86.05 206.92 294.36 85.97 206.70 294.02
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Fig. 14  Wing structure in laboratory
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Fig. 15 Loading experiment in wing
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Table 10 Total station measurement values

16 RIS 105 BER(E X L

Fig. 16  Comparison of modal and fitted values

F11 BANES2WEGNEEN L
Table 11 Comparison of predicted and

total station measurement values

Y [a] {57 %/ mm Z |61 {\i ¥/ mm

Y jil {3 # / mm Z 0 fi %%/ mm

WA BN gy K wy pw K
wade R owmm R
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Air disturbance affecting wing deflection deformation modeling for INSAR

ZHU Zhuangshengl’2'3’* , ZHANG Mengl‘z’3

(1. School of Instrumentation and Optoelectronic Engineering, Beihang University, Beijing 100083, China;
2. Science & Technology on Inertial Laboratory, Beijing 100083, China; 3. Key Laboratory of Fundamental Science for
National Defense-Novel Inertial Instrument & Navigation System Technology, Beijing 100083, China)

Abstract: For the problem of multi-node InSAR wing deflection deformation error, a method based on
mechanism modeling integrated parameter identification is proposed for the layered modeling of wing deflection
deformation induced by air disturbance. First, this model takes atmospheric turbulence as the main air disturb-
ance in the InSAR imaging working section, and based on Dryden model, it is analyzed that the working
height and speed of the aircraft are the main factors affecting atmospheric turbulence. Therefore, the modeling
of wing deformation affected by atmospheric turbulence is transformed to the layered modeling of wing deforma-
tion under different working conditions ( height change, velocity change). Second, the wing deformation
mechanism model is established based on the combination of the aerodynamic theory and the cantilever beam
deformation theory. The parameters of the model are identified by the experimental data obtained from the sim-
ulation analysis of computational fluid dynamics and computational structural mechanics. Finally, the simula-
tion experiments show that, calculated by both the proposed method and the mature modal superposition prin-
ciple, the lateral displacement error is better than 0.6 mm (relative error 0.3% ) and the axial displacement
error is better than 0. 015 mm (relative error 0.2% ). In addition, based on the distributed fiber Bragg grating
measurement system of wing structure built in the laboratory and the principle of modal superposition, the de-
formation is calculated to verify the proposed method, the lateral displacement error is better than 0.3 mm
(relative error 1% ) and the axial relative error is better than 0. 06 mm ( relative error 3% ).

Keywords: InSAR; wing deflection deformation; atmospheric turbulence; parameter identification; re-

gression analysis; modal superposition principle
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Fig.3 MATLAB circuit simulation model of multi-channel near-field wireless energy transfer system
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Fig.5 Secondary current curve
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Fig.6 Transmission efficiency curve
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Fig.7 Magnetic field simulation model of multi-channel

near-field wireless energy transfer system
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Fig.8 Coil flux density main view
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Fig.9 Coil flux density top view
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Table 1 System parameters

T AR5 %/ kHz 50

WKL 1 iy AHLE/V 100 +10
B EFERE NNV 0-~10
LRI 2 i i TR/ W 50 ~300
R e 2 fth g =/ V 28 +1
R LR TB 3 TR /W 300 ~500
S EAEIRE kN VA 42 +1
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Fig. 10 Photo of multi-channel near-field wireless

energy transfer system

11 13 P £ B 7 2 1A

Schematic diagram of a disc coil

Fig. 11
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Fig. 12 Rectangle-racetrack coil
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Table 2 Coil size parameters

2 LR 1 L 2 2R 3
HhE Dy/mm 238 238 238
W& D, /mm 167.4 105 105
LB ZH e 2 2 2
4% d/mm 3.5 3.5 3.5
BRI [T NV 8 15 15

x3 ZREEBESH

Table 3 Coil distance parameters

X R £ Bl BT B RS ¢/ mm f 1) #E B h/mm
1 fi2 119 100
1 fi13 119 100
2 13 238 0

P13 [ Fal £ P 46 Y

Fig. 13 Non-coaxial coil model
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Fig. 14 Actually wound original secondary coil photo
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Fig. 15 Waveforms of input voltage and current
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Fig. 16  Waveforms of output voltage and current
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Table 4 Single coil horizontal movement

experimental results

S i1 il 1 L g_gg ;t;‘l;;
- N 7“‘ . AN L'A 3
WE/V /A BB /Y A R/ % gﬁﬁ%@/%

100 7.87 0 77.80
100 10.17 1/4 90.50
100 10.50 3/8 91.93
100 9.43 172 87.13
100 9.37 5/8 86.17
100 8.20 3/4 80.07
100 7.47 0 76.93

.57  74.83 70.34
.63 75.96 71.40
.77 76.76 72.15
.43 77.90 73.22
.23 75.74 71.20
.73 75.51 70.98
.30 75.22 70.70

~N 3 0 o o e

17 Rk e o B AR R kR
Fig. 17 Single coil position change

transmission efficiency

RS BEEWMABHIBER1
Table 5 Single coil axial movement

experimental results 1

Eh o Bl 1 Bty j][l/\ DC;DC
v o B em v xR AR I 1Y
HIE/V HLFL/A PEEZCM Y /A 2 AR %

100 8.03 5 84.03 8.03 84.03 78.99
100 7.83 10 77.50 7.40  73.21 68.82

100 4.27 15 48.70 4.60  52.50 49.35
100 3.47 20 30.07 2.80 24.28 22.83
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Table 6 Single coil axial movement

experimental results 2

HE/V B /A PR/ cm HE/V B R/A B ER/ % 1L % %

0]

WA WL gy MR DODE
[ JTE:#%/cm o HR% /S L)
HBE/V R/ M/ V O/ eI
100 7.13 5 80.10 7.57 84.97 79.87
100 8.73 10 84.33 7.93 76.61 72.01
% 7= [a] Ax o T %R
100 5.03 15 56.27 5.27 58.88 55.35 Pl 18 2 s I 2 Al A A Ao
100 3.03 20 35.17 3.23  37.49 35.24 Fig. 18 Transmission efficiency when single
coil space change
7T BEEMABHLRERS 10 Q, 735 kA2 B 2 1 55 @0 2 %6 J5 30 ) A% 1) B
Table 7 Single coil axial movement B ,DC-DC 7“2 25 1% B 30 % N 94 % ), 52 56 4%
experimental results 3 E XN
ik LI R T R o JEL0 TAESR A f =50 kHz, J 31 TR 100V, i
A 1 HY

BOLEH R, =10 Q&I 1 5 R0 2 142 ) B B Of

100 7.73 5 82.27 7.77 82.62 77.66 }—# 10 ¢m I@:\%@@z Eﬁlgﬂ R2 2109,3&@}%%@ 1
100 8.97 10 85.37 8.03 76.48 71.89 E/JEE,EER],DC—DC Q}ﬁ%%&f?ﬁ%{}zﬁ 949% Eﬂ‘,g@
100 5.47 15 59.47 5.53 60. 19 56.58 .
100 3.27 20 37.53 3.43 39.45 37.08 E/ﬁéﬁ%ﬂﬂ% 9Fﬁ‘ﬂ<°
x8 WEAEHMMEBIHLEER
Table 8 Double coils’ axial movement experimental results
Vi i1 bl 2 f&4f  BIA DC-DC AsHiss

WIE/V  BI/A BEBEE/em BFE/V RIE/A BUWBEE/em BV /A AE/% JREOIEHECR/%

100 5.40 5 46.37 4.33 5 51.97 4.87 84.04 79.00

100 7.53 5 70.67 6.83 10 39.47 3.67 83.34 78.34

100 7.80 5 78.67 7.63 15 24.43 2.17 83.75 78.73

100 7.80 5 81.33 7.83 20 14.30 1.20 83.84 78.81

100 9.90 10 65.33 6.27 10 61.53 5.70 76.80 72.19

100 8.33 10 70.67 6.77 15 38.30 3.47 73.39 68.99

100 7.37 10 70.33 6.73 20 23.37 2.03 70. 66 66.42

100 6.20 15 47.40 4.53 15 42.97 3.90 61.66 57.96

100 4.97 15 47.83 4.57 20 25.73 2.27 55.73 52.39

100 3.83 20 30.93 2.90 20 28.50 2.57 42.54 39.99

TE Rl 28 B A DC-DC AR 4 25 98 5 FL R, S oo b R 40 0 Ry < (28 £1) V FI(42 1)V,

R9 VWEEHHETULRER
Table 9 Double coils’ load change experimental results
J il i1 A2 &5y JmA DC-DC 78 i g%

WME/V  dm/A BE/V O /A R/ mE/NV O mR/A RO AR % J& W A5 o R/ %

100 9.10 49.20 9.37 5 52.70 4.90 10 79.02 74.28

100 9.90 65.33 6.27 10 61.53 5.70 10 76.80 72.19

100 10.10 71.00 4.50 15 70.97 6.73 10 78.94 74.20

100 10.73 75.40 4.17 20 74.53 7.03 10 78.11 73.42

100 9.83 76.33 3.13 25 75.60 6.90 10 77.37 72.73

100 9.73 77.67 2.47 30 76.67 7.37 10 77.71 73.05
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Transmission efficiency of double coil

when load change
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Design of spacecraft multi-channel near-field wireless
energy transfer system

LIU Zhigang', ZHU Liying" ", ZHANG Xiaofeng' , YANG Shichun®, LIU Qingjun®"’

(1. Beijing Institute of Spacecraft System Engineering, Beijing 100094, China;
2. School of Transportation Science and Engineering, Beihang University, Beijing 100083, China;

3. School of Technology, Beijing Forestry University, Beijing 100083, China)

Abstract: For the non-cable requirement in space rendezvous and docking, spacecraft power distribu-
tion, and on-orbit service and maintenance, the multi-channel near-field wireless energy transmission system is
proposed. The multi-channel magnetic coupling near-field wireless energy transmission mathematical model is
established, the important parameters that affect the transmission efficiency of the system are analyzed, and the
simulation analysis of the influence of key parameters on system efficiency is carried out. Through the efficient
coupling design of the coil, the efficiency of the near-field wireless energy transmission system is optimized.
The multi-channel near-field wireless energy transmission system proposed in this paper solves the problem of
wireless transmission of energy and realization of multi-load reception. Finally, an experimental study was car-
ried out on a 1000 W multi-channel near-field wireless energy transmission prototype. The experimental results
show that the proposed multi-channel near-field wireless transmission device has high transmission efficiency
and solves the multi-load problem of spacecraft wireless energy transmission.

Keywords : high power; high efficiency; step-up/step-down converter; control; transition
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Mechanism of spray in gasoline direct injection engine
based on laser diagnostics
SHANG Yong, JIN Wei"

(Ministry of Industry and Information Technology Equipment Industry Development Center, Beijing 100846, China)

Abstract: It is important to study the direct injection spray penetration and spray cone angle characteris-
tics of gasoline for the occurrence and development of spray and combustion characteristics in gasoline direct
injection engine. Based on the design and building of gasoline direct injection ( GDI) system, the constant
volume combustion bomb system and the optical testing system are established, and based on LSD measure-
ment technique, the influence of injection pressure and back pressure on the spray characteristics of GDI en-
gine is studied in this paper. The experiment shows that with the increase of injection pressure, the penetration
at the same injection time gradually increases. With the increase of back pressure, the penetration at the same
injection time decreases gradually. Under different injection pressure and back pressure, with the development
of injection time, the penetration gradually increases, and the spray cone angle is between 38° and 50°.

Keywords : laser diagnostics; spray; internal combustion engine; direct injection; image processing
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Table 1 Parameters of rotor system with thick disk

2 B fE
WP E E/(N - m™?) 2.058 x 10"
HER /=TS 0.28
PR p/ (kg « m ™) 7800
B39 i m/ ke 100
35242 R/m 0.12
42 R /m 0.03
P 0> &/m 0.3x10°*
LE Bl BH Je 2 %L B, .8, 0.2x1073
R [/m 1.5
B 1y/m 0.6
B Ly /m 0.9

B8 Tl £k

Fig.8 Temperature rising curves
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Fig.9 Axial length variation
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Table 2 Bending restoration stiffness affected by 7'

T /K k, /(107N - kyy/ (10°N - k,,/ (10°N -
m-') m-!) m-')
248 3.7706 5.8693 -4.0784
356 3.7517 5.8637 -4.0582
428 3.7392 5.8600 ~4.0447
482 3.7298 5.8573 -4.0347
536 3.7205 5.8545 -4.0246
572 3.7143 5.8527 -4.0180
608 3.7018 5.8509 -4.0113

®3 THREMERT,, NN
Table 3 Bending restoration stiffness affected by T

7.0 /K k, /(107N kyy/ (10°N k,,/ (10°N -
m-") m-") m-")
1472 3.6926 5.8624 -3.9856
1652 3.7018 5.8509 -4.0113
1742 3.7158 5.8451 -4.0242
1796 3.7205 5.8417 -4.0319
1868 3.7267 5.8372 -4.0422
2012 3.7392 5.8281 -4.0629
2192 3.7549 5.8168 -4.0888
x4 THRENEZEEEEHNZM

Table 4 Bending restoration stiffness

affected by disk thickness

. k,/(10"N - kyy/ (10°N - k,,/ (10°N -
m™") m™") m~")
0.05 3.7549 5.0707 -2.5532
0.08 3.7549 5.5007 —3.4745
0.1 3.7549 5.8168 -4.0888
0.12 3.7549 6.1565 -4.7030
0.15 3.7549 6.7104 -5.6243
0.2 3.7549 7.7516 -7.1599
0.22 3.7549 8.2093 -7.7741
3.2 AWKKEW THFHEINIME

H1 7 i (8) SR 4% 76 A [R] % 2 0 i )
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Fig. 10 Precession frequency of rotor

RS ERAEERT,, HEIME
Table 5 Cirtical angular velocity affected by T,

T,,/K w, /s w, /s w; /s
248 566 620 2219
392 564 618 2218
482 563 617 2218
608 562 615 2217

B4 0=00,0, = -0, =0, H o, =
—w, =g, B AN 25 08 BE 02 7 4 A9 i S A
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BN w, oy ¥V [ 3R 800N 78 675 s J5 it T+

R, REHEAREN THERE, 0, 0, I&1F
A
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Table 6 Cirtical angular velocity affected by T,,
T,y /K w,/s”" w,/s”" wy /37!
1472 561 614 2220
1652 562 615 2217
1832 563 616 2214
2192 565 619 2209
1L IR ARE o, 0, 21

Fig. 11 Changes of cirtical angular velocity », and w,

3.3 HHMEWEEX R
S WIF S B b AT A X JRE L B T R B R



AL HLF W

%513 R, 55 ABUR A U TR 25 15 30 J1 24 itk 73
W, % T AL B T,, =302 K, T,, =1652 K; % #%
JEJE 26 =0.2m DA R 0, b 51 222 ) A ] 4% Al A
THT B AR DL V5 B 1 AR G L A A, B e
A Al £, I 12 Fros AR 8] T 36 7.
Wl 12 Je 3 T Fros, B O A B A2 d,
S W R ) WA (LD LU R 0T I )
AR R . %5 /N T 383 7B, 0 I i 6
B EL AR AE 0. 04 ~0.06 m i [ A4 i g s/ ) 5 25 5%
KT 568 s, 1R 1 P i % il EL AR 7E 0. 04 ~
0.06 m {5 Fil A 38 i i 484 0
P13 T, B0 T RS, B A3l 26
Fig. 13 Amplitude-frequency curves of response
x, under influence of T,
*8 13 H I 1B R H 3 B 5% 5
Table 8 Peak value and corresponding
rotation speed of Fig. 13
T,,/K Qs A,/(10 *m)
302 459.2 2.7179
572 456.5 2.7394
932 452.9 2.7682
12 TRl AT AR 5 WA T WAL v, ) T AT B 2k
Fig. 12 Amplitude-frequency curves of response x, under
influence of shaft diameter
®7 B 12 PUEE R H X R R
Table 7 Peak value and corresponding
rotation speed of Fig. 12
dy/m Qs A,/(10 *m)
0.04 291 4.1757
0.05 455 2.7369
0.06 658 1.9283
3.4 ITRIBREXENFEN D B 14 T, 50 T WRE x, 0 5 2
SR GE T 00 X R R s, LA Fig. 14 Amplitude-frequency curves of response
N, x, A, HAEHETHRIEE T, =1652K, «, under influence of T,,
RS 20 = 0.2 m, R RLI A AZ dy =0.05 m, FO [ 14 P R
22 i AN [] 000 3t TIWf%ﬁF)Eﬁ%%%éﬁﬂﬁ]@ Table 9 Peak value and corresponding
WS L e 2 T AR Al it £k, an 8] 13 BT s (O 4k R0 A rotation speed of Fig. 14
RN I 28 Ak 2 =456.6 ™", 5228 Il HE 28 1) 58 a4 Ty /K Qs A,/(10 *m)
hb Q=459.8s") MR IEAE S T 32 8; Hk % & 1832 453.7 2.7580
TS T, =932 K, 56 {4 JE 20 = 0. 2 m, 5 ) 2192 455.2 2.7370
2732 459.8 2.7330
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Fig. 15 Amplitude-frequency curves of response

x, under influence of disk thickness
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Table 10 Peak value and corresponding

rotation speed of Fig. 15

2b/m 0,007 A,/(10 *m)
0.2 453 2.7575
0.4 429 2.3511
0.6 405 2.0528
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Variable structure and dynamics properties of mixing
rotor due to thermal expansion

PAN Jianzhi'>** | WEI Dasheng’, HU Weinan'
(1. School of Science, Nanjing University of Science and Technology, Nanjing 210094 , China;
2. School of Energy and Power Engineering, Beihang University, Beijing 100083, China)

Abstract: According to complex and changeable high-temperature environments of large rotating machin-
ery, such as aero engines or steam turbines, the main rotor system of the unit has a variable structure due to
thermal expansion under operating conditions, which could also affect the operation characteristics. First, con-
sidering high stiffness of turntable-drum mixing, compared with the rotating shaft, the structure is simplified
and a single-thickness disk rotor dynamic model is established. Second, aimed at the variable structure char-
acteristics of the system caused by thermal expansion, Hermite interpolation method and curve fitting method
are used to depict the bending condition of rotating shaft when the thickness table is at any position, and then
bending restoring force provided to disk and the bending restoration stiffness of the shaft are calculated by
using numerical methods, basing on elastic potential energy stored in the bending. Finally, through numerical
analysis of precession frequency, critical angular velocity and response amplitude of thick disk rotor system, it
is verified that axial movement induced by thermal expansion is one of the main factors that affect the dynamics
properties of thick disk rotor system.

Keywords : mixing rotor system; thermal expansion; thick disk; bending potential energy; bending stiff-

ness
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Longitudinal stability analysis for X-37B like trans-atmospheric orbital
test vehicle based on aerodynamic derivatives
ZHANG Qing', YE Zhengyin®*

(1. School of Aircraft, Xi’ an Aeronautical University, Xi’ an 710077, China;

2. School of Astronautics, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: In order to quantitatively examine the dynamic characteristics in pitching direction of the tans-
atmospheric orbiter under different flight conditions, on the basis of the Etkin aerodynamic model, the effects
of Mach number, reduced frequency, oscillation amplitude, and average angle of attack on longitudinal dy-
namic performance of the orbiter were studied in detail. The results show that the average angle of attack and
the Mach number determine the basic characteristics of the flow filed, so they have a great effect on the aero-
dynamic derivatives. The reduced frequency and oscillation amplitude determine the strength of the unsteady
disturbance and that of the unsteady hysteresis effect, so they have a great effect on the unsteady aerodynamic
forces. For X-37B like trans-atmospheric orbiter, with the increase of the average angle of attack, the effect of
the vortical structure at the leeward side of the afterbody is larger and the longitudinal stability is increased. In
the subsonic range, as the Mach number increases, the stability increases, and in the supersonic range, as the
Mach number increases, the stability decreases. Although the amplitude has some effects on the flow field, it
has no significant effect on the value of the aerodynamic derivative. The influence of oscillation frequency on
dynamic characteristics is also not obvious. And we hope that these conclusions would provide some technical
guidelines and reference for the future research and development of similar vehicle in China.

Keywords: aerodynamic derivative; dynamic characteristics; flight envelope; uncertainty; trans-atmos-

pheric orbiter
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Table 1 Basic information of carbon fiber/bismaleimide

resin composite unidirectional laminates
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Fig.1 Moisture absorption curves of four kinds of
T700-grade JH carbon fiber/bismaleimide resin
composite unidirectional laminates under different

hygrothermal conditions
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Fig.2 Moisture absorption curves of four kinds of T700-
grade JH carbon fiber/bismaleimide resin composite
unidirectional laminates under the same

hygrothermal condition
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Table 2 Equilibrium moisture absorption content and
balance time of four kinds of T700-grade JH carbon
fiber/bismaleimide resin composite under different

hygrothermal conditions
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Table 3 Diffusion coefficient of four kinds of T700-grade
JH carbon fiber/bismaleimide resin composite under

different hygrothermal conditions
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JH/5429 70°C 7K & 1.01 x10°
70°C /85 % A7 X} it JEF 3.15x10°7
100°C 7K % 2.23 x10°°
JH/QY9512 70°C Kk 3 9.78 x10 77
70°C /85 % HH X 5 i 4.04 x1077
100°C 7K 7. 2.36 x10°°
JH/QY89114 70°C K8 1.19 x10~°
70°C /85 % X5 2.03x1077

JEERE A 2 mm, w1 LLIA A K 43 3 B R R O A g
15 30 08 /R B 26 b RHE BE J7 ] 9 4 K
RE B HCRBACAK (2), WAy PUT A 3
FEAH BT SEAE T, AS 5] R 38 B[R] T A R 3 2t

X [a] — MR R #e /IR B KNI T 5
S W — 3, B 100°C K & > 70°C KB >
70°C /85% AHXHR B ; LA R M BHA R 9P 8L R
B, JH/QY8911-4 3 5 K1 JH/QY9611 i 3k
BN, VLW AE W 04 00 46 B B, AN [ B4 R HA 2 1
BAThZERRCE R,
2.2 SEMBENFNERETANEME

4 FSE A R AR A B 2% S X R R
U5 T W R 5L T80 AR PR AN TR) B[] B o 200 5 3
o1 T 4 B G R IT R B 2 4548 TR 20R 7K 28
BORORA], JLJF M RE 2R SR T AW ANR X 4
| A A A RE P 4 R ) AS [R] S T 5 e W B
1, AR 2 0 W Y B 7 A S R, A R T S 4 R
EEMEER MR (LK 3 K4, EEHF
SRR T I AR T R ) R BURGR 5 O R
HE PR B B T B A BB Ul IR 5 R Y 1
FIAS DA A 3 55 e 14 K00 e (R R 6 % o s Y
Tfke 2T 4 / X ST o

ICANAT LLE B, BOAR 4 Fh 2 & MORHZ R
BB R ARV AR LA B B 2
RS (W3R 4) 524k o A U AR T
JH/QY9611 5 JH/5429 1A Z % Fi 1 B0 ) W12 R/
PRHE T2, U HL A 2 & i HLJZ W4T 2%
S22 VE MR, BT AR 4R U I BELAS T K S i
JE AR BE T 1) 4 R B VR R R 3
BN JH/QY9512 F1 JH/QY8911-4 SR Ji B[] & 4
LY TR LR T, e 4 Ik, HL 2 3

B3 WRR G A bR R AR 100 £ 3 4 AH IR
Fig.3 Metallographic photos of 100 times magnification of

composite unidirectional laminates after moisture absorption
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Fig.4 Metallographic photos of 500 times magnification of
composite unidirectional laminates after moisture absorption
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Table 4 Fiber volume fraction and porosity of

composite laminate
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JH/QY89114 60.49 0.11
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Fig.5 Comparison of infrared spectra of four kinds of
T700-grade JH carbon fiber/bismaleimide resin

composite before and after hygrothermal treatment
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Table 5 Glass transition temperature of four kinds of
T700-grade JH carbon fiber/bismaleimide resin
composite before and after 70°C water

immersion for 390 h
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BEHE R : LA %
JH/QY9611 236 184 28.3
JH/5429 234 182 28.6
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Fig.6  90° tensile property of four kinds of T700-grade JH
carbon fiber/bismaleimide resin composite at 23°C and

150°C before and after 70°C water immersion
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Hygrothermal property of domestic carbon fiber/bismaleimide
resin composites for aeronautic application

XU Weiwei' , WEN Youyi', GU Yizhuo™* , LI Bo', TU Jiayi’, ZHANG Zuoguang’

(1. Chengdu Aircraft Industrial ( Group) Co. , Ltd., Chengdu 610092, China;
2. School of Materials Science and Engineering, Beihang University, Beijing 100083, China)

Abstract: For a kind of domestic T700-grade carbon fiber and four types of bismaleimide resin
(QY9611, 5429, QY9512, QY8911-4) used in aeronautic field, three hydrothermal conditions, including
100°C boiling water, 70°C water immersion and 70°C /85% relative humidity, were adopted to treat these uni-
directional composite laminates. Moisture absorption content, diffusion coefficient, microstructure, chemical
groups, resistance to temperature and mechanical property were studied to evaluate hydrothermal property of
composite. The results show that the moisture absorption of the four types of composites under the three condi-
tions all follows Fick’ s second law. Moisture equilibrium content and diffusion coefficient are the largest under
boiling water condition, while they are the least under the condition of 70°C /85% relative humidity. Obvious
differences on the speeds of moisture absorption among the four bismaleimide composites have the relationship
with material type and molding method. Hydrothermal treatment does not result in damage inside composite
and chemical change, and the resulting plasticization effect results in decrease in glass transition temperature.
The test results of 90° tensile properties of the composites show that the coupling of elevated temperature and
moisture absorption causes more serious degradation in composite’ s mechanical property, and its failure mode
transforms from matrix cracking to debonding and fracture at interface region.
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Fig.4 Solving iterative process of improved response

surface method in Example 1

M5 RBMRIT SRR (R 1)
Fig.5 Comparison of failure probability calculation

results in Example 1
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Table 1 Comparison of calculation results in Example 1

PR AR B S
Ik KR RE/% RE R NEA
UL
B#EZRRP % 0.0075753 0
L IATTRES A
PR (H 2 3 I B AT 0..007 5753 0 10 0.027
ARSIk 0.0075753 0 10 0.026

2 EO2HHENTELRITER
Table 2 Statistic information of random

variables in Example 2

As it Sy A e 2 ¥ H s i 22
%) XPROE 120 12
%) PROE 120 12
3 X BE A 120 12
%y X HOE S 120 12
%5 XPROE 50 15
%6 Xt A S 40 12

PE 6 B A R I 3 SR A %k A AR (S5 2)
Fig. 6  Solving iterative process of improved response

surface method in Example 2
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Fig.7 Comparison of failure probability calculation

results in Example 2
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Table 3 Comparison of calculation results in Example 2
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A ik 0.012325  0.86 286 0.119

K8 ATHIZR A

Fig.8 Ten-bar truss structure
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N(9,0.9) o R A5 HAt 2 5008 il 7 P A2 &
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S5 H4 1 DI RE R BN
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9 2R AR S5 153 igp mT 58 Ak 4 s 19 2 AR
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ANBAF R AT SEPESE AR o 181 10 25 M TSR T A% G
JO THT 552 P A8 FRCAR 285 B BIR A SC 7 05 2R BB R 1Y
SR RPIFRER . ATRLA N, AR SO TR S bR
AR R T AR SR BEAR 47 3t 45 B 0 35
4R

DA B i BIRODR 25 o8 B 540 2 3 50 25 R AR
OISR AR R ALY AR 8 D I

PO Bl ) e T SR A 2 A AR (B 3)
Fig.9  Solving iterative process of improved

response surface method in Example 3

K10 REMRITEL R IR (B 3)
Fig. 10  Comparison of failure probability calculation

results in Example 3
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Table 4 Comparison of calculation results in Example 3
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Improved response surface method of reliability analysis based on
efficient search method

HONG Linxiong, LI Huacong” , PENG Kai, XTAO Hongliang, ZHANG Xu

(School of Power and Energy, Northwestern Polytechnical University, Xi” an 710072, China)

Abstract: Aimed at the problems of large amount of calculation and low iteration efficiency of response
surface method which is widely used in structural reliability calculation, an improved response surface method
based on hybrid weighting of sample points and variable-direction search of reliability index is proposed. First-
ly, based on the weight selection strategy of the traditional response surface function, a hybrid weighting meth-
od considering not only the distance between the sample point and the design point but also the limit-state-
function value of the sample point is constructed. Secondly, due to the inefficiency problem of the traditional
first-order second-moment method in each iteration of response surface, an effective search of design points
based on the variable-direction search algorithm in each iteration process of response surface is realized. The
numerical examples show that the method has good convergence and greatly reduces the number of iterations
under certain calculation accuracy. And the maximum failure point and reliability index can be obtained accu-
rately.
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Integrated design model of secondary power system
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Table 4 Result comparison of different sample allocation methods
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Integrated design scheme for fault sample size
determination and allocation
WANG Kang, SHI Xianjun®, HAN Xu, LONG Yufeng

(Naval Aviation University, Yantai 264001, China)

Abstract: For the current testability verification field, the relationship between the fault sample size de-
termination and the sample allocation is not taken into consideration, and the existing sample allocation
schemes have no uniform framework for the selection of the impact factor, which lead to the problem that the
determined sample size and sample allocation are unreasonable, so an integrated design scheme for fault sam-
ple size determination and allocation is proposed. Firstly, the prior information of each node’ s testability indi-
cators was integrated to obtain the fusion distribution of top-level testability indicators, which could be used to
establish a fault sample size determination process based on the hierarchical Bayes network model. Secondly,
the structural importance was introduced as the sample allocation influence factor. At the same time, the fail-
ure modes, effect and criticality analysis (FMECA ) information was used to determine the sample allocation
influence factor of the nodes and the failure modes. Then the secondary allocation framework based on the
nodes and failure modes was proposed to implement the sample allocation. Finally, a comparative analysis was
carried out through actual cases. The results show that, compared with other sample allocation schemes, the
proposed scheme can fully consider the system structure and its prior information, and realize the integrated
design for fault sample size determination and allocation, which ensures the reasonable sample size and alloca-
tion with better engineering applicability.

Keywords ; testability verification ; fault sample size; sample allocation; hierarchical Bayes network ; pri-

or information; failure mode
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Negative ambiguity function characteristics simulation of FDA
WANG Bo', XIE Junwei" ", ZHANG Jing’, SUN Bosen’

(1. Air and Missile Defense College, Air Force Engineering University, Xi’an 710051, China;
2. Shaanxi College of Communication Technology, Xi” an 710018, China;

3. School of Information, Xi” an University of Finance and Economics, Xi’ an 710100, China)

Abstract: Considering that the existing extensive research on frequency diverse array ( FDA) is mainly
working on the assumption that single-carrier frequency signals are transmitted under narrow-band conditions.
And there is a lack of relevant research on the issue whether linear frequency modulation signals are suitable
for FDAs. Considering that ambiguity function based optimization is an important means of radar’ s waveform
design, based on the establishment of FDA data model, this paper establishes FDA negative ambiguity function
under linear array transmission and single-antenna reception model and analyzes its main characteristics sys-
tematically. On this basis, the characteristics of FDA negative ambiguity function based on rectangular pulse,
linear frequency modulation ( LFM) signal and different nonlinear frequency offset are simulated and com-
pared. The performance of target range-angle two-dimensional joint estimation of FDA using different nonlinear
frequency control functions is compared. The simulation results verify that the FDA ambiguity function is cor-
rect, and the performance of FDA with sinusoidal frequency offset is the best. This lays an important founda-
tion for the complex signal FDA waveform design based on ambiguity function and the transmission waveform
design based on FDA beampatten decoupling technology.

Keywords: frequency diverse array (FDA) ; ambiguity function; nonlinear frequency offset; rectangular

pulse signal; linear frequency modulation signal
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Fig.8 Results of single- and dual-frequency
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YNMZ station on March 26, 2016
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Fig.9 Results of single- and dual-frequency
positioning error between 14 h and 14.25h at
YNMZ station on March 26, 2016
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Outlier detection of ionospheric anomaly data in China

LIU Yutong', LI Rui"*" | BAO Junjie', LIU Yaxi'"

(1. School of Electronic and Information Engineering, Beihang University, Beijing 100083, China;
2. Suzhou Institude, Beihang University, Suzhou 215200, China)

Abstract: To solve the problem that continuously operating reference stations’ receiver’ s outliers in Chi-
na will interfere with ionospheric anomaly event extraction of satellite-based augmentation system (SBAS), an
outlier detection method based on the ionospheric vertical delay time gradient is proposed. First, ionospheric
delay data extraction method was introduced. Then, the ionospheric vertical delay time gradient outlier was de-
tected based on the different spatio-temporal correlation characteristics of outlier and ionospheric anomaly. The
correctness of outlier detection was verified by single-frequency and dual-frequency positioning error results.
Finally, the detection results were analyzed. The results show that the method can effectively distinguish be-
tween outliers and ionospheric anomalies; among more than 200 reference stations of crustal movement obser-
vation network of China, the number of reference stations rejected by the outlier detection is about 3 to 10,
and the effect on the spatial distribution of the ionospheric penetration points is within an acceptable range.

Keywords: China region; satellite-based augmentation system ( SBAS); ionosphere; abnormal delay

value; outlier detection
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Modeling of GNSS-R signal under effects of swell and rain
WU Di, ZHANG Bo" , LI Bowen

(School of Electronics and Information Engineering, Beihang University, Beijing 100083, China)

Abstract: The simulation of global navigation satellite system ( GNSS) signal reflected from the ocean
surface mostly uses wind-driven wave spectrum, which ignores the effect of swell and rain in real complex en-
vironment. For this reason, a model of GNSS signal reflected from the ocean surface under the effect of swell
and rain is proposed. First, Elfouhaily spectrum, swell spectrum and rain spectrum are simulated respective-
ly. The effects of swell and rain on GNSS-R signal are analyzed form the perspective of wave spectrum. Then,
the method of modeling the GNSS-R signal after introducing the factors of swell and rain is designed. The noise
model is established. Finally, the delay-Doppler maps(DDM) and dely waveform(DW) simulated in the spa-
ceborne scenario are analyzed and compared with the results of the UK TDS-1 measured data. The validation
results show that the swell mainly forms the large-scale rough sea surface which has great influence on the
GNSS-R signal, while the rain has little influence on the GNSS-R signal. The simulated DDM has good consis-
tency with the measured data, and the correlation coefficient between simulated DW and measured data is
0.92, which is better than the comparison result of the uncorrected model. The simulated reflected signal is
more real, which proves the feasibility and effectiveness of the proposed GNSS-R signal modeling method. It
has certain reference significance and practical value for the modeling of GNSS-R signal in real complex envi-
ronment and the application of GNSS-R spaceborne detection.
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MSCSG attitude measurement method based on
inverse system decoupling
YU Chunmiao', WANG Zhou®, REN Yuan®", WANG Weijie’, FAN Yahong’

(1. Company of Postgraduate Management, Space Engineering University, Beijing 101416, China;
2. Department of Space Science and Technology, Space Engineering University, Beijing 101416, China;
3. Beijing Institute of Control Engineering, Beijing 100190, China)

Abstract: Magnetically suspended control and sense gyroscope ( MSCSG) is a new type of gyroscope
which combines attitude control and attitude measurement functions and uses Lorentz force magnetic bearings
(LFMBs) to drive the rotor to tilt. To solve the problem of coupling between two measuring axes of MSCSG, a
measurement method based on inverse system decoupling is presented. First, the basic structure of MSCSG
composition was analyzed. Then, the LFMB-rotor system dynamics model was established based on the basic
structure of MSCSG composition. The principle of MSCSG for two-degree-of-freedom attitude measurement was
deduced and the coupling between two measuring axes of MSCSG was analyzed. The inverse system is used to
decouple two measuring axes of MSCSG. Finally, the effectiveness of the proposed method is verified by simu-
lation. The simulation results show that the coupling effect between the two measuring axes of MSCSG is re-
strained well and the measurement accuracy is improved.
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1.27 3.84
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7.76 0.32
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Fig.2 Miss distance contrast curves of first-order system for
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maneuver and adjoint simulation results

Bl 6 b R GEH AR A HL Bk i A X L il 26
Fig.6 Miss distance contrast curves of high-order
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Optimal maneuver penetration strategy based on power
series solution of miss distance
WANG Yafan, ZHOU Tao, CHEN Wanchun” , HE Tailong

(School of Astronautics, Beihang University, Beijing 100083, China)

Abstract; Aimed at the proportional guidance missile, the state space model of high-order guidance sys-
tem was established, and the optimal maneuver penetration strategy and influencing factors were studied based
on power series solution of miss distance. First, when the missile guidance system was linear first-order and
high-order, the simulations of optimal target maneuver penetration were carried out. The results show that the
accuracy of the missile guidance model has an impact on the penetration effect, and the high order has larger
miss distance and is more realistic. Then, the results were compared with step maneuver and weaving maneu-
ver, the optimal maneuver penetration effect is the best. Furthermore, a two-dimensional nonlinear missile-tar-
get engagement model was established, and the simulation shows that the miss distance curve of optimal ma-
neuver is highly identical with the linear system, and the linear system is selected appropriately. Finally, the
impacts of effective navigation ratio and time-to-go estimation error on the optimal maneuver penetration effect
were studied. The effective navigation ratio estimation error has little effect on the optimal maneuver penetra-
tion effect, the time-to-go estimation error makes the target optimal maneuver penetration performance decline
greatly, and in some cases it is even worse than the weaving maneuver penetration effect.

Keywords: penetration; optimal maneuver; power series solution of miss distance ; estimation error; ad-

joint method; simulation analysis
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125, 208 30k I T fih e EAT TC P R AR AR K
WL AR e B S PR B R HBE A I B R Y
P, SMT 3K fige 25 09 18 28 3005 W 35 AR, 4k i iy
BT T Ak 7 ik i PR ST, RAE R AR
eGSR AR Y SR T B SR N T
SMT ff) ## 2% 25 6] , Tamas-Selicean 2™ 7g SS
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Fig.1 Schematic diagram of off-chip

interconnection topology structure
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A cstim (ab,) AR ab, BYBUR L sa b it 5
Z R aff(ab, ) S PUAASE FEE 5 den (ab,) Jy Hip (9
JE o PR R AR AT U B A B R T 5 7
mF,
2011 R FE AR SR ik
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DR R TR L T B AL A R LA R R
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A (S) THE A B B TT 5 eR B D PR R
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H(S) I C gy (T) D988 F 0] 25
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L AR B T8, 1T LA IR A2 TP B B BBk #R
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KOS Cpeane () D 155 W 45 1 I R Y
TR EE T RE a1 R 4 A i e (] R a A
1SR 27, BRI
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i=i
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A caff(ab,, ab,) HUiR @ SHUA MR FEE ;6
AR RN RE B o AR SCR R T R IR 8 1 e A 1)
PRMET R Tk
2.2 TRS #EMRFE
TRS ZiG MR Tk s 1 s, Bk
AW B HER I IA] i A2 RS M R 2% R Y
B B NodeNum B 45 A48 Fr 19 3 1 £
i d Ao TERR A EARG R T 4% BOH B R



%513 TE f ity , &5 <85 (R B[R] Ak 2 388 5 £ 5 MU0 O ¥ BCH AR

Je AL 4
s

R 22 TE b % /8 1% 42 (k Shortest Paths, kSP)
B R P47 (As Soon As Possible, ASAP) Ji I
o o 3 A% i T R B I B, O 7E A Uk AUS AR
AR AT R BE, DUORTIE AR B R #1 Fh 6 2 2
i S e

HiE1 TRSZigMul.

A CHEFP R TT MRS M, 85 7 % No-
deNum,

Bty IFHIE Cost, SLALKRE op, TN T,
e R, MER S,
1 .function SYNTHESIS
R—J, S« ,op<0
T«—CreateFullTopology ( NodeNum )
while M_ () do

[\

3
4
5: flag«—0, k<0, 0p«0

6: path  «—kShortestPath (T, m)

7 while flag = =0 do

8 ke—k +1

9. route, «—path (k)

10 [ S,flag]«—Asap(S,m,route, )
11: end while

12; if flag = =0 then

13 op«1

14. end if

15. R+—RUroute,,

16 remove m from M

17 T<«—UpdateGraph(T,R)

18: end while
19: T<ReducePorts(T,R)
20: Cost«—CalculateCost(T,R,S)
21. return Cost,op,T,R,S
22 .end function

A B ARG B HE R AR < B A
L, DR S 5 0T J] SR ] A . o R
PSS . RS m i B e A B, X e A
T AW B R B — RS DL, 7 A A
AR H A B R 00T B R 5y 4R B a] 8 B Ay
[ Bt

TERE b, B 15 247 NodeNum A5 g3
R e il [ | S (N A S I RN (R g he VI B N R S
WRE, YfEm kR ad — N m, A%zl
WO o

XFFEHEE R M, b AT R T ASP
R ENE R m TEEFR NG T TR b SR
B e A R O X e A K O L 15 3 A 4R
& path, o TES—AG R, 18] v & 0 1R #R

1, DR A2 4 2 R Ry k8K s 76 I 2R 30, 3 ]
T & 0 A ASUIEL S B BRI, B AR K R AR BT B AR
AR B AUE Z

Asap oREETH B 4R A 19 JE 1 (Hyperperi-
Od) W ,%ﬂ: ASAP JEN'JEE%& route, J:jﬂ(ﬁ E\ m
FARBE A VR B B A BR . — AR B3R 1 B[R]
Bt K flag By 1, JF 5300 R B2 3%, DR A7 24 /i 09 2%
12 route, K m N M BEG HMER . BRAT Y
AT, K — EAAR RS R R
T3 i A 5 A3 H R S R Y AR AN RE 4R
B AT AR BE 4 T B, LR RS B 7 ZE A .

HRAE YA/ 0 B2 R, TR Y R Fh 254 T
BARGS R A E e B SR I T b g AT
R, RIS 32709 A AH T 1 O 000 10 B B A 8. A
T R EEAE T d I BR 5T AR O 1 AR
JIT A A U0 i B, DADR IR B G0 B 08 B3 O 1R
R d A o AT B DM BR S AN AT
o SR JE BT A5 L BUE, RIRE 45 6% B 1 ) %
S5 A 2% i I AL, R R R ACER A U AH
TR AR R, E R — A0 26 P B B B
i FH 9 0] RE A DN o

Bt Ao F AL d =4, 151 2 2545 3 W] Update-
Graph pRELH AT B . EWIROIRAS T, BT A %
PEARAL T AR BTERAS A 2(a) Fim. HJE
A T U AT 2] 15 170, B4R B3 T 40 2 &
1F ) B8 AR route,, , BATTEB B G , & 2 (b) FR,
WG v, 5 SR BRSO 40 BT RS R By i E
BRI 4 4,0, 55 BN BE A B 10 4 1 Bk
OSBRI, I BR 5o, 3% 30 T A R 0N 1 34

B2 b s s E

Fig.2 Schematic diagram of topology update process
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B BT T A BE AP U0, UORIE 5 B4
AH I 1Y) 55 PR RO B 4 4

YA I B AR AL HE S, 7598 ] ReducePorts
BRI ESCRE 21 Fi 0 I B BT Y BN R L DAY
BEREROIR . I JE AR (5) TR T 6 R L, PEAN
fi PR 7 E W PEBE o

WA 2 e B AR Ak 59 TRS 284 M X J7 32 fiE
B AE WA LA TR A 00, A B 45 2008
P2 AR D T AL A LT B R
S il RS T B[] fih 388 A5 ) 2 1L 1 W] A 1
VI
2.3 TRS &MY A EMRL

RAOCACHT TRS 2545 R J7 3 X5 1 B k17 3
T A5 0HE T, HE P 761 03 B Re 8% 08 Je 9 o i
FIR] B, A R HE P 7 20 225 TR 3 S BiDIRAS T
e P T A 25 I B 43 TC WY 78 Ak I X R 48 1Y
. UL TRS 256 MR 5 2 R o 9 38 1%
P EHE S S A M, BEAT IR B i — 2D U T
BRIER (R, DLAR I 2,

s Ak 2 —Fh ot 8 & 2 (meta-heuristic ) &
BEM AL S B R BRI R SR g, I
TAHPBE R G XL F5 PR 31T v B &2 1 I8 12 BL
il , 7 A B — AR RO, T R B AL TS A A, LUGRAIE
SR Y i R A A e 0 AR R W SIOE 5 ) B  ad
P oA B AR R SAC B LR B 00 RAE AL A A
ik Z2 77 A, AT RE 8 S BT IR ) 2 A . Jl it
BRI B, T BE AL Y TRS 254 MR 7 v e DL
R ARE 3845 3] S5 A0 1) U2 20 SR, DA RE 4% fid
TRAR AR T JC A 52 ™ A ) 30 B A 1 O o

BiE2 itk TRS ZE5 4.

fACTT B 4G M, 8 R % NodeNum

Byt FFEIE Cost, s 3D T, & 5 B 1% R,

T S,

1 .function OPTSYNTHESIS

2. M,

3. M _<SortMsg(M)

4. [Cost,op,T,R,S]«Synthesis(M_,NodeNum)
5: ifop= =1 then

6: randomly generate initial population M,

7. Stim g «—stimulation of M,

8. while termination condition not reached do
9. // immunization operation

10; for each M, in M, with the least 1/2 stim-
ulation do

11; Mﬂ<—lmmune(an)

2020 4F
12, M, «—M,UM,
13 end for
14 . Stim , «—stimulation of M,
15. // population refresh
16 . randomly generate new population M
17 . Stim ; «—stimulation of M,
18 // combine immunized population with
new population
19: M,«—Merge(M, , M)
20 Stim  «—Merge ( Stim, , Stim,, )
21. end while
22, M, <—element in M, with the least Cost
23, [ Cost,op,T,R,S ]« Synthesis(M,,, , Node-
Num)
24 . end if

25. return Cost,T,R,S
26 .end function

2 BSERAT 2.2 W R O 0T B HE
P A B M, IR G % o A AR AR S SRR T
ZLAL W BEHLAE BOH B A MR NP ASHEF (R
M) I8 M, G TE My, b o R (4) 315
X NP AN HE RS R A 800 J3E o 308 ROl 2 A /) Y
AT A R AAE M JEAT v B 2 S v
W 410 ) 25 e R A, AT A B A0 2 S B AR M
(UniE 3 frn) o o 1 B IR R B AR AR AL, B
BUA BT Rl AE M , B S B2 Bl B FUB R R 508, 1
UCHEAT SR e R AR MDA B, B B0 2 4 1k 5 1

5510 R T U 8 B SRk 1 A LG, Rk 2
DU T IF R TE 0 2% T b B SR g U, i ke 15
A 1 ek R B R R B R R GUOIR S, IRt — 2P
U/ NAS Wb E R F N TR A

K3 iR EE
Fig.3 Schematic diagram of immune operation
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o1, 2, ALK EAER B AZ &, XN 5
TE4 bR B (B o DR AR 5, T DL AR 2 T Y R ECAE
B 2HES 25 | e Lo % ) #8UJ& — 4> NP-hard
7] &5 ( Non-deterministic Polynomial hard) "*' | 15 ¥k
FHAREBT B J5 35K 3 T8 R g Rk X A 0 95
ZE kAT 2 R R S 28 B2 O (n)) 2 n
BOREE 5525 1 Ty i AN A #E32 o AH S22 K 5
55, 0] LA 22 1 n BN T B eR B0 R

DL R iE B EA 0. ZIHRES T
A5 10 ZR I il &0 B 7E 6 AN 1 s =z [l
Tfledi . B )7 SRIAT AL =3 628800 i,
A —RIF KR AT 0. 06 s, 38 i #8 R4 A K
HEFFE2 0.06 x Alo =217 728 s = 60. 48 h, it i B[]
HIREE O(n))H n M{H 2 10,95 28 1 T i AN 7]
%2,

ZHEBEATHEBEMHEN XA
12345678910, 12345678109, 12345679810, ---,
10987654321 ; H: xf [ 1y -+ — #F il % 53 9 hy
123456789A, 12345678A9, 123456798A, -,
A987654321 , W/NBI K HEF o #4555 1 FiHE 51 4
g 1 ZAHES R ) TF 8 S Cost (1) 555 2 FhE51]
ity 2, % HEZ R R ) FF S A Cost (2) 5 DA ZE
#E, AT LA B IR R B I L I . Bl TR =
F] A8 K, 5 B 90 A HE 21 31 58 — R O 4 , 459 B T 4
BRI BN 1 3 AL 15T 4 R .

TFHY oK B B 12 3, 73 Oy S 70 SR A XA L R
B X, KR T C g () BB B, — HH

®1 HEEATH

Table 1 Example of message set

WEHT  JHl/us KE/Byte AT SRR
1 400 23 1 4
2 400 683 2 4
3 100 433 3 4
4 400 1429 1 2
5 100 183 2 4
6 400 233 1 5
7 200 483 2 6
8 50 43 2 1
9 100 124 5 3

10 400 345 6 2

M4 IR REURER
Fig.4 Schematic diagram of cost function
SN TT R B2, T R R (R 38 Ok R R |
2B g3 % AN AT R B A R A B HE R, R R
38 AT A AT B S B HER o AR SCHY H AR 2
3 I 5 40 T 08 B A I 2 HE R, BN T 1R R
FIE o

3 ZWEiTie

3.1 XBSHIFE

B B AR 0 Fr (8] . % ) 45 vh 1) 4% B e 580y
100 Mbit/s, 5 B K JE L F# & 10 ~ 1483 Byte, ith j
Xof I Y EL 3% v 1V BORN B A 40 Sy T AR H P A&
MR E - ENASAB R HBBAZH
P, LB T, =27 x5 ps, Hor o Al y Dy 8
B, HO<sx<4,1<y<2,T,e[50,400] ps, HF5
THE RIS SR E R AL IR, THR RS
HAASHn3k 2 s,

DO S = .5 K S S 11 K S 7 R 1 LY
JE B TRS Z54 KL J7 85 A= 10 e 2% 40 b T 2L
1% i A% AR B2 %, I 0 B B AT R 0 AE
AN TR T 5 I 1) T 5 o BT L T 8 B2 B A1) i 3 iy A
B LR o 5 kAR A

x2 ZWARNSH

Table 2 Parameters of experimental groups

TH SV G B B R T BV BV L Byte S IV B/ s

1 6 10 ~ 40 23 ~ 14383 50 ~400
2 8 10 ~ 40 14 ~ 1468 50 ~400
3 10 10 ~40 13 ~1454 50 ~400
4 12 10 ~40 11 ~1465 50 ~400
5 14 10 ~40 35 ~ 1457 50 ~400

3.2 FRHEREE S WTEE B o

3 A G A A A fE S 19 TRS 25 5 &)
D7 TR AN )9 S 4L B T 4 R B (E A AT 8 B2 L
BlmE s pros .
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Fig.5 Cost function values and schedulability rates at different message numbers under various chip numbers
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Integrated planning method and optimization for off-chip
time-triggered communication
WANG Jingjing, LI Qiao” , XIONG Huagang, LI Ershuai

( School of Electronics and Information Engineering, Beihang University, Beijing 100083, China)

Abstract: As the processing capacity of system-on-chip (SoC) is getting close to the traditional integrat-
ed core processing module, the avionics system is developing towards the miniature, integrated off-chip sys-
tem. Time-triggered switched interconnection can guarantee the strictly time deterministic property of off-chip
message transmission. Considering the off-chip interconnection characteristics of lightweight switch structure
and limited port number on a chip, an integrated planning method for off-chip time-triggered communication
was proposed under the condition of interaction among topology planning, routing and scheduling. Given time-
triggered message sets and port configuration, the off-chip interconnection network topology, message routing
and scheduling table were obtained at the same time. Then the message allocation order is optimized using im-
mune algorithm to further improve the performance of the algorithm. The simulation results show that, com-
pared with the integrated planning method without consideration of overall optimization, the optimized method
reduced the congestion on message transmission paths, reduced the message end-to-end delay and increased
the schedulability of message sets while generating the off-chip interconnection topology with low costs.
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Fig. 1  Framework of proposed method
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Fig.4 Loss map of training set and validation set
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Knowledge discovery of telemetry data cross-correlation structure
based on ensemble learning

SHI Mengxin'*, ZHI Jia', GAO Xiang'*>, YANG Jiasen" "

(1. National Space Science Center, Chinese Academy of Sciences, Beijing 100190, China;

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

Abstract; Aimed at the problem that traditional telemetry data correlation analysis methods can only dis-
cover relevant degree knowledge and cannot provide relevant structural information, an extreme gradient boos-
ting (XGBoost) and neural network ensemble learning method is proposed to discover the cross-correlation
structural knowledge of telemetry data. Based on the dimension related structural information annotated by lin-
earity, monotony, order pair consistency and scatter diagram shape, an algorithm combining hybrid sampling,
cost sensitive matrix, neural network and XGBoost is developed to directly measure the telemetry data. The
data is classified to obtain knowledge of relevant structural categories or related relationships. The results of
experiments using quantum satellite mission data indicate that compared with the original XGBoost model, and
the fusion-mixed sampling and cost-sensitive XGBoost model, the XGBoost model with neural network ensem-
ble has higher classification accuracy on the performance indicators such as receiver operating characteristic
(ROC) curve and Fl-score. The proposed method is not sensitive to categorially imbalanced data, making it
an effective method for the discovery of cross-correlation structural knowledge of telemetry data.

Keywords: telemetry data; correlation; mixed sampling; cost sensitive matrix; neural network ; extreme

gradient boosting ( XGBoost)
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Table 1 Test results of PSNR and SSIM

PSNR/dB, SSIM

SRGAN A CHE Yk
Set5 29.50,0. 841 30.63,0.897
Setl4 25.95,0.740 26.94,0.771
BSD100 25.16,0. 669 26.91,0.728

%2 FSIM #1 UIQ iR 45
Table 2 Test results of FSIM and UIQ

FSIM , UIQ
EIEITE S
SRGAN A
Set5 0.907,0.925 0.929,0.935
Setl4 0.891,0.973 0.900,0.978
BSD100 0.828,0.981 0.832,0.984
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Fig.3 Test results of “bird” image in Set5 dataset
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Fig.4 Test results of “barbara” image in Setl4 dataset
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Fig.5 Test results of “monarch” image in Setl4 dataset
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Fig.6  LBP feature distribution of reconstructed image
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Table 3 Variance between LBP feature map of reconstructed

image and LBP feature map of original image

LR
F& SRGAN AR
bird 0.124 0.061
barbara 0.261 0.216
monarch 0.187 0.121
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Abstract: Deep learning technology has developed rapidly in the field of super-resolution reconstruction.
In order to further improve the quality and visual effect of reconstructed images, this paper proposes a super-
resolution reconstruction based on wavelet transform and generative adversarial networks ( GAN) for the unnat-
ural problem of texture reconstruction based on the super-resolution reconstruction algorithm of GAN. In this
paper, each component of the wavelet decomposition in the GAN is trained in separate subnets to realize the
prediction of wavelet coefficients by the network. Effectively reconstruct high-resolution images with rich global
information and local texture details. The experimental results show that the peak signal-to-noise ratio ( PSNR)
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Mechanism of voltage spike production during switching transients and
its suppression methods in Boost converter

YU Zhaolong, GE Hongjuan” , LI Shang, YANG Fan

(College of Automation Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China)

Abstract:; Boost converter is often used as the pre-stage circuit in double-stage inverter. Because of the
existence of parasitic parameters in the circuit, the output voltage will be superimposed with transient spikes,
which reduces the waveform quality and even affects the operation of inverter. In order to suppress the voltage
spikes, the switching transient of Boost converter is studied. Aimed at the switching characteristics of transient
circuit and the operation status of switching devices, an analytical model of commutation unit based on metal-
oxide-semiconductor field-effect transistor (MOSFET) and Schottky barrier diode (SBD) is established, and
the influence of parasitic parameters on the current characteristics during switching transient, as well as the
mechanism of causing voltage spikes, is analyzed. The relationships between the parasitic parameters and the
output voltage spikes are analyzed and compared by simulation, and two methods are proposed to suppress the
output voltage spikes, which are “slowing down the switching speed” and “reducing the output terminal para-
sitic inductance”. The validity of these two methods to reduce voltage spikes and improve output voltage per-
formance of Boost converters has been verified by simulation and experiments.

Keywords: Boost converter; switching characteristics; voltage spikes; transient model; parasitic param-

eters
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Fig.2 An instance model of drilling

analysis of fuselage docking belt
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Table 1 Parts’ material properties

Z At HibE AR i E/MPa AR
Kt 78620 0.31
AR 72400 0.33
i W % [ 210000 0.33
3k 71030 0.33
HE 71820 0.33
E3:4 72400 0.33
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Fig.3 Simulation data analysis of electric drive and pneumatic drive
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Table 2 Specific data for analysis scheme

HilfLE S /N
IR /N
i J1 4 150 N Afiie] 7324 100 N
250 100 150
350 200 250
450 300 350
550 400 450
600 450 500
750 600 650
900 750 800
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Fig.4 Comparison of response values of analysis results
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Table 3 Response value data of analysis results
i g3/ . AN T SR Bl 7 ) 0 7
N 250 N 350 N 450N 550N 600 N 750 N 900 N

I K fil 18] B/ mm 0.01229 0.008 88 0.008 06 0.00757 0.007 13 0.006 88 0.006 66
I KA F/mm 0.20276 0.276 15 0.35130 0.42689 0.46490 0.576 89 0.69824
100 # KW f1/MPa 13.76011 17.02030 20.64438 24.31568 26.35910 32.546 80 37.85230
1] 3 4/ mm 0.08629 0.08388 0.08324 0.08271 0.08262 0.08257 0.08252
AR I g/ m) 15.07772 22.186 64 29.34537 36.53690 40. 14580 50.97251 62.06676
Fe KA il ] B/ mm 0.03489 0.02036 0.01519 0.01306 0.01263 0.01185 0.01128
e KA/ mm 0.21889 0.28668 0.35930 0.43393 0.47176 0.58587 0.700 86
150  # KW J1/MPa 17.76517 19.922 66 22.96121 26.40089 28.23701 33.75551 39.35515
[A] 3+ /mm 0.13906 0.13058 0.12739 0.12599 0.12553 0.124 64 0.12399
AR I e/ m] 20.966 45 31.26166 41.89020 52.64029 58.03272 74.22601 90.57133
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Fig.5 Comparison of elastic deformation energy
3.3 EENZEHERK

AR 3.2 715 W) O AEL 45 SR 43 B, BT R O Y
WK, 2 (45 5 J2 (A 422k 1] Bt A i/ (R4
FOAPE AR TE BB 3G K, IF HOG LRI 7 AR R R
M, ME 6 vra] DLW 2], He 5 07 %) 4 fi 1)
Wit R ] 58 ) 52 ), Ay A 30 A /0N T 4 f 1] B {1 R 5
PEARTE RE , I 42 v i AL W PE , 55 20 R 5 ) #EATI0
A6, H Tl 23 2 150 N AT 100 N Al 35 4l
] ) — 5 W], 43 3k 3R AT B Ak .

6 % filt[A] 555 1% I [2] 5582 0 X
Fig.6 Comparison of contact gap and

instantaneous springback effect
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Fig.7 Test platform

S S AL P A B, SR R I A R
o 34 L 70 L 32 % 5 0 T T 4 3k 1 AR R — B, T
SIBUNAE 5l i Pacwa ) KIS D ORI S R R ]
JE 5, feJa AR AUBE = By 2 70 258 BURTFLER A

Foe BRA 43 B Hictle , e 78 i 50 & Fox sl A
AT . M % V) B oy A dh Ak — 1 Bl B, il
] JJBEE 2 100 N, He I3 18043 330 4 BR 43 A1 7 28 e
Y % 77 AL 200 N 38 K 21 900 N #4751 ) & %%, B
SR, Ae g B B 5 B A 1 AR T &
Wk R AL A ok AR 2 R S 4 R ) 600 N L)
s BN AL 58 B ) R TR R 6 I R [
T Al 455 ) FL T L, 5 35OR il BRAT 4 R 48 T Ik b 2
HEAT AL A 5 1 7T B BRAE S5 B Sl ) 07 5
150N, 4 % 73 K 3] S00N L b, K g7 25 i
T IR EsF (] 3T B AL A P R T O

7RG R 37 38 S W7 b R 3K O 2 AT K 50 R
WE >R PR A6 &5 B, e 5 1 e o B et M
314.54 N, i35 25 S A 1 B B T B B [l 3 5 3
B A TR R 20 ) 3 Bk AL P g R e
AL BT o R A R TR B I E S 300 N A2
A 6 r ks B0 0 AR S A SR A s ik —
IR, ke o B B (8 362. 73 N, [
T A A P SR T R B ) 1R O 350 N 22 47 i, 3
6 T 3K B I TR AT
4.2 HZRiTie

i B R A BT, B BRI R R 1S
BOE, (H 2T DLk X 45 A4 B AR eR £ T R oK
FS, BT 18 A T R B0 A A — o 1) 20, Y
A A ZR O AH R 1) e At 2 A BT AR AR s 55
HMESE BRI T, T A R R 5 A A0 i A
A B PR3 LR R e BE AR TR AR N B S
G307 T 45 3] 1 o 0 1B 7E 52 Bl 36 AN — 2 e
{8, oI X F AR )il T3 46 R8s, ir A T2
B A 552 1T AE — A3 PRl PN S B

FE R0 50 UE B 38 A TR A Ak T A5 2 Y B
T e A R B A% 3 20 AL T K, il AR iR 15
F A EACEAE Ry B e s Z 8B Y R R B ad — 8
(ELES , Fh T 458 A W ) [ 580 6 358 4 A0 o] LR A

AN, B L Ry ik i L A e M o KA B €
/NF—E{E 100 N5 i1 T H 5 77 (it 2%, X T 45 L
A A A Mk 31— AR T, BT DA 8 ) e/ ME
BE5E H 300 N,

Ik IR, EESOCR FRRAE B T HL Bl m)
FIBEE N 150N, B i & B BV 1B 300 ~
400 N; & 1 @ 20 fb — f & wf, Bl J) 3 A
100 N, &% J7 09 A B3 B Y5 H 2 300 ~ 500 N,



218 b5 M = MK k% F M

A A7 1
I
W ) Y020 45

5 & i

2 JE R I [ 555 e, X 52 e N ) e 5K AR AL
TERHEE 347 eAb . 38 2 i L R 4 A,
BT A R ICo b 7 i @ A7 B4 A, DU P R
R CHLE A QR Y 48 A X 42 B Ry S A5 75
VE S 43 A1 S5, X685 A~ Wil 1 A 43 BT 1 58 0 i A
S, G N7 2 AR AR BB RL SR AS S O A O
B e . IFFeas R

1) SRS IR S A T ok sl , S B fL i
B3 G2 F AR BT, 1T 52 B2 R B i L DX ST R
R ) R RS K 7 A TR AR 1 AR T B AN
HE AR AR I N [ B 4R

2) 5 R A T ) Ak 1) BB A R R )
F14) 388 KT 326 0 /N O i T AR 5 [l SR o L Pk AR
TE & N A7 Bt 25 R 55 0 1 486 R T 2 2 0k 3 K5 R
57 B 8 ROE [l 55 1) A A R L R, TR g i
P O T Bl ) 3 B KN o

3) LR 5 R Al (] B e 55 ) R A L
P 2 B AR AR 23 BT, R4S L2 S 8L
) Sk 150 N B, % ) fe R ik 314,54 N,
25l 32 100 N i, B 58 e L fé oy 362.73 N,

4) EFXFEARM I TSR A sk &, v T
BHM LS80 E N BT, 2 TR
150 N B}, H % 3% 7 1 45 #5302 300 ~ 400 N
Mt 32 100 N B, % 35 1 A R LY
300 ~500 N,

S Z 3 Hk (References)

[ 1] vFEpe. KRB A SR RC AR [T ] i %8 2% 41,2008 ,29
(3) :734-740.

XU G K. Automatic assembly technology for large aircraft[ ] ].
Acta Aeronautica et Astronautica Sinica,2008,29(3) :734-740
(in Chinese) .

[ 2] EHBR3CH, 5kAEAL, 4. WHLERR B 3 il 9L &R 48 KO

PRI AU B ,2012(19) :40-43.
WANG M, CHEN W L,ZHANG D L,et al. Light-weight auto-
matic drilling system and key technology for aircraft[ J]. Aero-
nantical Manufacturing Technology ,2012 (19 ) :40-43 (in Chi-
nese) .

[ 3] EHG BT BRICE, 4. T 1 AL A 30 e iy 5 1] TR 5
AL BRI EALT]. 02 HilE HAR ,2011(9) :26-29.
WANG M,XUE S D,CHEN W L,et al. One-side pressed bur-
tless drilling technology for aircraft automatic assembly [ J].
Aeronantical Manufacturing Technology, 2011 (9 ) :26-29 ( in
Chinese) .

[ 4] GILLESPIE L K,BLOTTER P T. The formation and properties
of machining burrs[ J]. Journal of Manufacturing Science and

Engineering,1976,98(1) :66-74.

[5] ETM. G JmUIHl SR A BB A W8 RO R R [T ], i E
B T ,1994,5(6) :7-8.

WANG G C. Studying and development of burr formation mech-
anism in metal cutting[ J]. China Mechanical Engineering,
1994,5(6) :7-8 (in Chinese).

[ 6] BRELT, 50N BAMDI IR K EBREARLT]. BAH
& T2 ,2004(2) . 126-128.

CHEN Z Y,WANG G C. Studying status of burr and deburring
technology[ J]. Machinery Manufacturing Engineer, 2004 (2) .
126-128 (in Chinese).

(7] e Bhwin 16 A i 2 s i e D5 3 (0] B THLAR,
2007,25(1) :85-87.

XIE J F. Formation and solution of burr in drilling[ J]. Light
Industry Machinery,2007,25(1) :85-87 (in Chinese) .

[ 81 L4, £ TR, SBAIAS. B Hl AN A BRI 5 5% B 52 i
[J]. THAA ,2007,41(8) :8-13.

WANG L, WANG G C, MA L J. Overview of finite element
modeling of drilling process [ J ]. Tool Engineering, 2007, 41
(8) :8-13(in Chinese).

[ 9] OLSSON T,HAAGE M,KIHLMAN H,et al. Cost-efficient drill-
ing using industrial robots with high-bandwidth force feedback
[J]. Robotics and Computer Integrated Manufacturing, 2010,
26(1) :24-38.

[10] MELKOTE S N,NEWTON T R,HELLSTERN C, et al. Interfa-
cial burr formation in drilling of stacked aerospace materials
[ C] // Proceedings of the CIRP International Conference on
Burrs. Berlin : Springer,2010 :89-98.

[11] EH, BT 0T, 55, CHLR AR X 2 3 3l L 1

TEEJi2 M [1]. B AU 28 K K24 22 4R, 2012,44 (4)
553-558.
WANG M,XUE S D,JIANG H Y, et al. One-side pressure-force
analysis of automatic drilling of aircraft fuselage section-Joint
assembly[ J ]. Journal of Nanjing University of Aeronautics &
Astronautics ,2012 ,44 (4) :553-558 (in Chinese) .

[12] ZZWaE, BRSCsE , £HE, 55 B R L T 2Ry 1B 5 R o
AT [T]. P [ HLBR T ,2015,26 (23) :3156-3161.
JIANG L P,CHEN W L, WANG M, et al. An approach to adap-
tive response surface optimization of one-side process[ J]. Chi-
na Mechanical Engineering,2015,26(23) :3156-3161 (in Chi-
nese) .

[13] A, WKHE Bk oR0E. TUE B N T HEEBE S HILZH S

TR (] A PR S B 3h b T8 R, 2014 (2)
110-113.
LIY,HU Y X, YAO Z Q. Experimental investigation of the
effect of clamping force on the inter-layer drilling burr of
stacked aluminum alloy sheets[ J]. Modular Machine Tool &
Automatic Manufacturing Technique, 2014 (2): 110-113 (in
Chinese) .

[14] PEATS, FELLA, WRSCE , 55 L 2 W0 BE (4 1 £L B o) 2R K 5 11
T2WFoE )], P E ML T2 ,2012,23(19) :2312-2316.
HONG H Z,WEI H Y,CHEN W L, et al. Control process for
drilling burr growth of aerospace thin-walled workpiece [ ] ].
China Mechanical Engineering,2012,23 (19):2312-2316 (in
Chinese) .

[15] BREG KRR, W], 4. &R 5 ML o A il 9L K 5 0 3



AL HLF W

%513 FR, A 75 R RE A 1) T ] AL I I [ 3 AY IR i Ak 219
[J]. WivL A 2240 (T2 A7) ,2015,49(12) :2282-2289. LI X. Pressure-force optimization in the process of robotic auto-
CHEN W,ZHU W D,ZHANG M, et al. Clamping force predic- matic orbital drilling [ D ]. Hangzhou: Zhejiang University,
tion for robotic drilling of stacked structure[ J]. Journal of Zhe- 2015:13-37 (in Chinese).
jiang University ( Engineering Science ) ,2015,49 (12 ) ;2282- [20] Heamd, 20, 4R, 25, 1 i W8Ue 2t i £L 1o B2 Y i %
2289 (in Chinese). A TTT # IR %% 2 4l (5% i), 2016, 50 (1) :

[16] Z=H. mrmpLas A A &2 Hl L B RS ik D]. 102-110.
Bo Wi A2 2016 :28-35. BIY B,LI X,YAN W M, et al. Pressure-force optimization of
LI C. Clamping force optimization of stacks for robotic automatic press-foot device for orbital drilling process[ J]. Journal of Zhe-
drilling system [ D ]. Hangzhou: Zhejiang University, 2016 ; 28- jiang University ( Engineering Science) ,2016,50( 1) :102-110
35(in Chinese). (in Chinese).

[17] B YL A E RS LA BRI [ D 1. B 5. B a2z i [21] XI5 8. ML A LR R I WE5E (D] AU Wi K2,
K K,2013.:52-63. 2017 :24-34.
ZENG Z. Research of autonomous mobile mechanism for aircraft LIU X F. Clamping force research on robot drilling[ D]. Hang-
assembly[ D ]. Nanjing: Nanjing University of Aeronautics and zhou ; Zhejiang University 2017 :24-34 (in Chinese) .
Astronautics,2013 :52-63 (in Chinese) .

[18] X% WHLEEAR B R MR S ML LZEBFE (D] M at: 1 EEEAN:
AL KA (2015 :28-59. ER OB BCLBSUA . O G 8 A
LIU Z. Research on precision hole making process for laminated R B S A e B AR %,
materials of aircraft panel[ D ]. Nanjing: Nanjing University of
Aeronautics and Astronautics,2015:28-59 (in Chinese) . FIR OB W ARG, ST A KL A 3h ik 2

(197 Z=R. HLES A 1B 3 L8 Bt i L A IR R S ik [ D] A,

BoM W VT K 2% ,2015 :13-37.

Optimization of pressing force considering instantaneous
springback in skin-side pressed drilling
WANG Wei', WANG Min"* | CHEN Wenliang' , XU Qinghe', HUANG Wen®, JIANG Hongyu’

(1. College of Mechanical and Electronical Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;

2. Institute of Aeronautical Manufacturing Technology, Shanghai Aircraft Manufacturing Co. , Ltd. , Shanghai 200436, China)

Abstract: The automatic drilling for the docking of large parts of aircraft adopts the skin-side pressed
drilling technology, and the instantaneous springback of the lamination material in the common automatic drill-
ing system has serious influence on the drilling equipment and hole quality. The optimization analysis of the
pressing force of the skin-side pressed drilling was carried out for this problem. The finite element simulation
analysis method was used for the simulation of hole making process. According to the springback phenomenon
in different environments, the optimal analysis scheme of pressing force was determined. Considering the influ-
ence of contact gap, instantaneous springback and drilling rigidity, multi-objective optimization analysis was
carried out to obtain the optimal pressing force process parameters. The calculation results show that, in the
automatic drilling of the docking area between the common frames of the aircraft, the optimal solution of the
pressing force is 314.54 N when using twist drill with an axial force of 150 N, and 362.73 N when using auto-
mated integrated drill with an axial force of 100 N. Through on-site test, it was verified that the pressing force
optimization analysis results meet the production requirements, and the actual optimal pressing force is less
than 20 N lower than the pressing force optimization analysis results. Therefore, the different processing envi-
ronments and other factors were considered to construct a reasonable range of process parameters.

Keywords; aircraft assembly; automatic drilling; skin-side pressed; springback; parameter optimization
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Table 1 Comparison of simulation test results

before and after optimization
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Fig. 18 FPGA resource used for algorithm implementation
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Fig. 19  Sequence chart of algorithm function simulation
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Optimized two-dimensional FFT signal processing
algorithm for millimeter-wave FM fuze
GUO Chenxi, HAO Xinhong ", LI Ping, LI Guolin, JTA Ruili

(Science and Technology on Electromechanical Dynamic Control Laboratory, Beijing Institute of Technology, Beijing 100081, China)

Abstract: In this paper, a two-dimensional fast Fourier transform ( FFT) signal processing algorithm
based on relative distance evaluation function optimization is proposed for the joint estimation of target range
and velocity information of millimeter-wave frequency modulated fuze. The relationship between the accuracy
of the actual ranging and velocity measurement and the number of FFT points is analyzed first. Then an optimi-
zation mathematical model is established. The mathematical model is solved by utilizing relative distance eval-
uation function. After obtaining the optimal solution of the number of FFT points, the beat frequency signal is
sampled into two-dimensional data matrix. The corresponding FFT transformation on the rows and columns of
the matrix is performed respectively. Finally, the target range and velocity information is estimated by extrac-
ting the coordinates of the peak points. The simulation and discussion analysis demonstrate that the proposed
algorithm can effectively improve the accuracy of the actual ranging and velocity measurement of the traditional
two-dimensional FFT algorithm and meet the real-time requirements. The algorithm can extract the target range
and velocity information of millimeter-wave frequency modulated fuze simultaneously.

Keywords; millimeter-wave frequency modulated fuze; relative distance evaluation function; two-dimen-

sional FFT; range and velocity joint estimation; signal processing algorithm
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CFRP # 7 ¥ 31 & B& &5 4L ( Ultrasonic Vibration
Core Drilling, UVCD) ( L F AR B RS E )
WESE, VIHI Ry A28, 3R A5 1 B i RS HEJE &
FOBYIR R T CFRP AL TR A 2,
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V& RL YT 71 E AT — 35 B A X T A 1B 3 L

Kl 1 CFRP i ik 8 2 8 i 3R 7 ]
Fig.1 Schematic of UVCD principle of CFRP

K2 UVCD i 2% ) 5SS ALz 3 Bl s 7
Fig.2 Schematic of motion trajectory of single grain on

diamond core drill in UVCD process
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Fig.3 Comparison of synthetic cutting velocity and
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Fig.4 Model of single grain cutting and chip adhesion of

core drill end face in CCD with continuous cutting process
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Fig.5 Model of single grain cutting and high-efficiency
chip removal of core drill end face in UVCD with

separated cutting process
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Fig. 6 Model of single grain cutting and chip adhesion of
core drill lateral face in CCD with continuous

cutting process

K7 UVCD 73 &5 U)Wl 72 2 77 ] B # J0
VB R DT B e 20 T R A Y
Fig.7 Model of single grain cutting and high-efficiency
chip removal of core drill lateral face in UVCD with

separated cutting process



AL HLF W

me |
%1 A, 4 CFRP i 7 IR 8l 2 5 4 AL i e 8 AL B A5 46 233
ARSI E BT Fo=pF DT HE RS B IHEE SR (B 1k U8 k42 5 B T T0 5 R

I R = uFl BRIE J1 F, i T 3% 58 0 5 R )
LAY B0 PG KRR S P, A E )
F o RFEEERA, LTI, 48 CFRP 7% R 3)
L R IR 3 U BB T RN S ) T
I3 4 A7 5 R 25 T F0 6 S5 HE P R

4 RIS S0H7 T 0050 25 5 i e W) o P £
73 T P 1 5 70 6 A 3o 8 7 4
o 5 e A S T o 70 S0 ) )
T AT P 6 R T 40T T 305 5 5 i 4 )
3 1 0 B P ) 1 0 T 6 3o A
R S 4 0B o R D 0 B )
KT o WA T e O R 5 S B 4 3
o5 71 70 R % B0 AL A R 3 FFL o Ao A 2
I HE B A 190 1 0, 2000 e B (A 4 o @
FIE 6 h @) I HLBEZ L b 00 R I T 5
Y o 1L T 5 28 7 70 0 5 R 2 i
LY E BB (UL 4 sh ORI 6 h @ %) T
B S T 5 71 70 90 R 1 5 IR 2 ) AL T A5 01 )
S B T K44 A I A0 25 70 70 5 i
VB 7 I 25 25 55 i L 10 4k S 46 8 B 70 70 3
i 2 T 17 1 0 2 5 0 LA % 7
I B I 1 2 44 4 R 1 J

KT, A8 P R S 2 B DM Al i, o T 5 70 71
s 7 R 5 T AR 2 R L 1 94
il 53 55 40 30 25 ok o 2% o 0 6 45 111X
SR JEL SO0 PE T T A 4 T O 30 75 4 1 R
I LR 7 8 5 7 ool A B A s T X
F S 3 T 77 A 85 7 D, 5 75 P A ) 05 f 7
YT I AU 242 0 3 2 S5 B AR O 30,
B 5 sh QA 7 @ %, 76 4 7 4R 3 4 o 7
YA B T I T F 0 I BB (75 )
I 5T A0 40 0 25 2 177 A 1 0 M 42 A 75 3
L 25 o T L) 55 75 A PR AL 6 R S
HEH SN SC BB U 3, I LG 25 T T 0 L )
UG 4305 I T Bl A2 2 WA T S T
1 B A P 3 0 2 2 5 4 2 T e
VB 5 TR T 5 A IR AT AR
TYVB B R B TR AR T b
B S LN A 1 68 7 4 5 2 1 3o 2 o
5 75 P T B 000 3025 55 M3 01 i 2t X
T3 7Y A T 0 M 427 7 e o
/0 T 5 500 R R
B 2540 75 L0 B 0 5 £ 1) 700 B 2 T
F 1) 8 2 BT HE T 9 R (P 5 b Al 7
@R ) B, 8 75 B 25 B A 0% AT A4 5 B

EJiDEE

WA K0 2 11 6 A A U0 18 s 2 A I 2
A BHE B 0 it in RS R SO R R R
2y 7 A Wk 25 K A 3 2 2 25 el 5 B
(B3l ) (A5 2 B D18 5 5 T 3T 2 (8] f4 5 1
PR L F3 e M R AR A R 80z, mT 1 A I ¢ 31
A5 ] 2 THI R R A U 18 A5 2 R P S B S B4R S 1B 18]
S A R IR Sl TR L 3R (R ) (U
HE Xt SO ] T S R BB R A R
DI A AR RUBEES (4 HE T8 ROR L Bl 1k YD S % B AR

MIEL 6 TP 7 AT SR8 T UL 75 ik 3l & i
Rt FRUR R U M) 98 5 L, KT A U
REOIHISEIE Lo B9 L, = L, +2A, [AJ I, dy TR
PRsh & AR E TR Yk e (BRI 1)) % 3h, &)
PRy B/ B 2 T < T A PR LB 2 10T R AT 2 170
TSP 42 - v 1 ) 25 R B V) AN AE B i
bR T 5 AL BE T, DA T A5 A R 3
T2 IORT FLBE o T 3% T AR A 7 A2 R ' T DI OR
Kl P18 S D' T SR A L BE A o T 3R A A
SO EE D6 35— B, FRAT B I S
TSN T 5B {4 2 T PN A AR ES 3% T
ARTFHINP-HE G o) — Emi A R T R RS
O HE I ROR

AR EREREE LI LK S MK 7 hR
G- 00 0 8 oy A HlE A5 R D) TS RO B R AR,
DIHI X 2 S shad 7, an el 8 firase M 8
HORT AL P AR B R I i I S ) R R A 0
P fik U 1 -7 75 25 U0 A Bk ok sl S UTHI XA 2%
e T UTEI DX PR I S 1S 0 R A A B Sl
FHE AR o A8 A ik 3 R T 0 4 el B o A
PN s a2 B S el % AR L 38 Ok T DI EI X
PRI 9 R AR e i o P S s AT 3 DD

P8 AP Ak - 23 B 1Y UVCD 918 4 1
25 2 AL )
Fig. 8 Model of air and chip dredged to flow and eject in

UVCD with periodic contact and separation cutting process



234 b5 M = MK k% F M

A fu S 4R

2020 4F

PR 6] 71 0 L 20 9 B R HE 5 R IR Sl E R Y
e YIS AR, N Az B S AR B A
I X PN 8 0 H 1 1 T, DR 3 R A SR s BT
118737 = 1 R P i e DR W R e R KR N
aly, T 42 5 1 V08 by A2 i AIOR (AR T
FRUTHIML I o PR R 3 R A AR
VYA A 22 B HE HZ8OR | B 1k U0 B 4 10 26 B A
ZE AR PR OT R L

Kl 9 g CFRP 75 Ik 2 5 B £ i oRhE HE i A
B A RHE S 28 B U] AR . A H T B
H TR ik 3l B O R R4 U A AR HE T RCR
I 75 8 I D T AR AR RS A B T N 32 F
14 5% AR TR B A IR AR R BR324 B IOl
R OBHES SRR IR Bl 10 B T P BE 2 ] 0 AR £
SRS, TG, A 27 1k 1 REES I ZE B TT N FLEL
G FEAR TRLE SR AL MR R R & T
THE Y HE H ROR o

F I, £ LA BB ol B A5 0, fhy Tl
B R S RO B 2, B A O D) )
FI8 ST ol 45 D10 H0 ik JEE DR S T gy T A S X
3 P S R I 2R 5 L B b T A T A
gy S AR V1) IS B2 5 b B A 2 ) 70 S R A T
EEVIPIE Y e L& ] IR IR A
J1 T1ER KL D) I R LT 58 4z ek i 3 2 )
PRI T 286 A D10 78 100 2 205 SR T, R LG Tl e S O
P 25 1) HE T ROR 55 B AY 2E 45 R0 1 3 12 T
L5 TR R S B I T RLAE U HEJE RCR |
B 11010 8 %ok B AR 35 28 B ROR R IR B B
B0t — 2 38 T ok 2 S A0 D) 5k 52 M s — 22
P v B A ALACR [R5 SR RE 8 IR IR B S i A
R e 1) TS S5CR 7 R By 3 R,

19 UVCD 4 gk HE A ikt
W SE s T BT
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rod jammed into core drill in UVCD
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Fig. 10 Diamond core drill in experiment and

associated grain distribution
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Experimental platform of UVCD of CFRP
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Fig. 12  Comparison of removal effects of chip and rod
after the first, fifth and eighth drilled hole
in CCD and UVCD of CFRP
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Mechanism and experiment on high-efficiency chip removal in ultrasonic
vibration core drilling of CFRP
LI Zhe', WANG Xin', ZHANG Yi', HOU Bo', ZHANG Deyuan® *

(1. Aerospace Research Institute of Materials & Processing Technology, Beijing 100076, China;
2. School of Mechanical Engineering and Automation, Beihang University, Beijing 100083, China)

Abstract: To solve the problems of poor chip removal effects like the chip adhesion and rod jamming of
core drill tool that would have a significantly negative influence on machining efficiency and machining quality
during common core drilling ( CCD) process of carbon fiber reinforced plastics ( CFRP) using a core drill, the
novel ultrasonic vibration core drilling (UVCD) technology was employed so as to carry out the basic theory
and experiment study of high-efficiency core drilling CFRP. The core drilling principle and high-efficiency
chip removal mechanism of UVCD were analyzed by theoretical method, meanwhile the machining effects of
high-efficiency chip removal in UVCD of CFRP was verified by experimental method with a designed ultrasonic
vibration air drill and lathe platform. The results indicate that compared with the CCD of CFRP, in the UVCD
process, the chip removal effects of chip and rod are greatly improved, the problems of chip adhesion and rod
jamming of core drill tool are effectively prevented, the thrust force, cutting temperature and hole surface
roughness decrease by 12% —-20% , 16% —-24% and 33% - 39% respectively, the machining quality of
CFRP hole is obviously improved, and the tool life of core drill will be evidently prolonged.

Keywords: carbon fiber reinforced plastics (CFRP) ; diamond core drill; ultrasonic vibration core drill-

ing (UVCD) ; high-efficiency chip removal; machining quality

Received: 2018-10-29; Accepted; 2019-02-16; Published online; 2019-02-22 13,50
URL: kns. cnki. net/kems/detail/11.2625. V.20190221.1707.006. html

* Corresponding author. E-mail: zhangdy@ buaa. edu. cn



(IERMMZ=MRKFEFH) MR E

(AFMEMEKXFFR)ARLTMEMERF IS AMEREAAFZHRAABF EH %
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#9F), 5t 4% Ei Compendex % B M IMAUR Lk & R4k k., AR @B A ShATF L 4T, A3t —
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