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Research and Analysis of Cushioning Performance of New
Multistage Aluminum Honeycomb Buffer

CHEN Jinbao' >, QIAN Jiacheng', JIA Shan'??® ZHOU Jinhua', XU Yanan'

1.School of Astronautics, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;

2.Aerospace Enters Deceleration and Landing Technology Laboratory, Nanjing 210016, China;

3.Key Laboratory of Deep Space Astronomy Exploration Agency Technology Ministry of Industry and Information Technology,
Nanjing 210016, China

Abstract; To improve the safety and stability of the planetary detector during the landing buffer process, a novel
structure of multi-stage aluminum honeycomb buffer is proposed. The buffer belongs to a bidirectional tension and
pressure buffer that has the characteristics of simple structure, high reliability and high generalization. The impact
simulation test of the three-stage aluminum honeycomb buffer of three materials has been carried out by Ansys/Ls-
dyna. Compare with the traditional three-stage aluminum honeycomb of two materials, the results show that after the
compression of the primary aluminum honeycomb is completed, the reverse acceleration peak of the impact platform
is significantly reduced, and the acceleration curve is smoother, which is beneficial to improve the overall safety
characteristics of the planetary detector during landing. On this basis, considering the actual structural engineering
application, the rotating orthogonal combination test of three materials of three-stage aluminum honeycomb has been
carried out to select the most reasonable matching schemes. The collocation scheme was applied to the new
configuration of the whole machine environment using Adams for impact simulation, and compared with the

traditional cantilever lander simulation results to verify its cushioning performance.

Keywords: landing buffer; buffer ; multi-stage aluminum honeycomb ;reverse acceleration; machine simulation
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Research on CubeSat Launch Technology

WU Hanling, FAN Shuqun, DENG Mengran, XIE Xuan

(Beijing Institute of Astronautical Systems Engineering, Beijing 100076, China)

Abstract; In view of the important role of CubeSat launch technology in promoting the development of CubeSat
technology, three current launch methods for CubeSat are proposed: piggyback launch, orbiting platform launch
and dedi-cated launch. The technical characteristics and typical applications of each launch method are introduced.
Its advantages and disadvantages are analyzed and compared. It is pointed out that CubeSat disintegration, hazard-
ous materials in CubeSat, electromagnetic compatibility, and separation attitude are the main factors affecting the
safety and reliability of CubeSat launch. The paper discusses the measures to improve the safety and reliability of
launch; deployment technology, the selection requirements of components and materials, and test verification
methods. Based on the future development of the CubeSat technology and application fields, it is of great sig-
nificance to analyze the research content and technical challenges faced by CubeSat launch technology and then

explore the standardized CubeSat launch technology with high safety and reliability.

Keywords: CubeSat; piggyback launch; orbiting platform launch; dedicated launch; CubeSat deployer
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Application of Heat Conduction Band of Graphite Film in Low
Temperature Optics of Space Remote Sensor
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Abstract; In order to guarantee the cryogenic optical system of space remote sensor working normally, the
temperature of the front lens should be low, and the temperature difference between each lens should be reduced.
Hence, high thermal conductivity products are needed to transport the heat to the heat sink. At present, traditional
products, including heat pipe or copper braid, limited by the effect of stiffness or thermal conductivity, do not meet
the requirements of temperature control. Hence, flexible heat conduction band of graphite film is used to dissipate
the heat of front lens. Its performances are verified by the theoretical calculation and thermal vacuum tests. Results
of testing for graphite film brand indicate that the heat transfer efficiency increases and the temperature difference of
lens reduces and at the same time the product has better flexibility. Its thermal resistance is only 48% and its weight
is only 23% which is compared with copper braid in the same size. Meanwhile, in order to analyze the effect of
vibration during the satellite launching on the heat conduction band of graphite film, its heat transfer property is
tested during the mechanical vibration test of lens components. Results indicate that the vibration has no effect on

the heat transfer property of the band of graphite film.

Keywords: heat conduction band of graphite film; heat transfer performance ; thermal resistance; vibration; low

temperature optical
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Review on the Development of SIBCN Ceramic Materials and
Its Application in Non Toxic ADN Based Engines

WANG Meng'?, CHEN Jun'?, ZHANG Tao'”, YANG Zhihua’
LI Daxin®, WANG Zihuan'*, XIE Fang'”

1.Beijing Institute of Control Engineering, Beijing 100190, China;

)

2.Beijing Engineering Research Center of Efficient and Green Aerospace Propulsion Technology, Beijing 100190, China;
3.Harbin Institute of Technology, Harbin 150001, China

Abstract: The high temperature and resistant oxidation of nozzle material is an important content in the non-toxic
propulsion system, which determines the performance level of non-toxic thruster, and is also an important index to
measure the maturity of non-toxic propulsion technology, as one of the key technologies of non-toxic ADN thruster.
High temperature and oxidation resistant of SIBCN ceramic nozzle material has become the bottleneck technology in
the development of non-toxic ADN thruster, which needs to be further studied. This paper first reviews the
development course and existing problems of SIBCN ceramic materials, and the ignition experiments are carried out

based on this material ADN based high performance non-toxic thruster.

Keywords: SiBCN; material; ADN; thruster; ignition
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Aerothermodynamics and Aerodynamics Analyses of Plates with
Sharp Leading Edge in the Hypersonic Rarefied Flow

ZHANG Shuai, FANG Shuzhou, XU Yang

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

Abstract ; The aerothermodynamics and aerodynamics of the two-dimensional plates with a sharp leading edge were
analyzed in hypersonic rarefied flow via DSMC method. The models with different wedge angle and bluntness radius
were selected for calculation and analyses, aiming to reveal the influence rule and mechanism. The numerical
results show that wedge angle and bluntness radius have the same influence on the flow field structure near the
leading edge, which induces the influence rule of wedge angle and bluntness radius on aerothermodynamics and
aerodynamics on the surface very similar. Wedge angle and bluntness radius have less effect on heat transfer
coefficient and skin friction coefficient, while the pressure coefficient was more influenced by that. When the wedge
angle and bluntness radius are relatively small, the maximum value of aerothermodynamics and aerodynamics
parameters appears downstream from the lip edge. With the increase of wedge angle and bluntness radius, the
position of the maximum value of the parameters moves forward continuously until the lip edge. In addition, the

maximum value of aerothermodynamics and aerodynamics parameters also increases with that.

Keywords : hypersonic rarefied flow; DSMC; sharp leading edge; aerothermodynamics and aerodynamic
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Study on Longeron Deformation Analysis of a Coilable Mast

MA Haibo', MU Yugiang', HUANG Hai*, ZHAO Xurui’

1.Aerospace Science and Technology Space Engineering Development Co., Ltd., Beijing 100854, China;
2.School of Astronautics, Beihang University, Beijing 100191, China

Abstract; A mathematic analysis method was proposed for study on longeron deformation of a coilable mast
deployed in local coil mode. The method was based on elastic rod analysis theory and conducted with discretizing
the mast longeron into a series of rods under the cylinder assumption. Boundary conditions of ideal rods were
analyzed, then rod integral conditions in critical state were achieved. Given with a set of initial values, iterative
calculations aiming at the first four rods were carried out to obtain the longeron deformation. Subsequently, micro-
gravity deployment tests with the existed model and deployment simulations based on finite element model were
developed. Through the result comparisons of longeron deformations in critical state, the rationality and validity of
the proposed analysis method were evaluated. The results revealed that the mathematic results obtained by the
proposed method were approximately consistent with the tested and simulated results, and suitable for the reference
of future coilable mast design. Furthermore, the coiling radius decrease during the mast deployment could affect the

accuracy of mathematic results, which should be taken into consideration during the method application.

Keywords: longeron deformation; elastic rod analysis; micro-gravity deployment test; dynamic simulation
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Research on Integration Technology of Heterogeneous
Data of Satellite Assembly Process

WANG Zhi, WAN Feng, WU Jianfeng, XING Xiangyuan, ZHAO Wenhao

( Shanghai Institute of Spacecraft Equipment, Shanghai 200240, China)

Abstract; Aiming at the problems of low correlation of various manufacturing resources and non-transparency of
information in the process of satellite assembly, combined with the IOT, this paper studies the integration
technology of heterogeneous data, and a data management system is designed. First, the data collection based on
IOT is adopted to realize the integration of multi-source heterogeneous equipment / system / unit. Second, the data
management model for satellite assembly process is constructed to realize the data association fusion and analysis
application. Then, based on the architecture of Internet of things for satellite assembly process, the data
management system of satellite assembly process is designed and developed. The system has been successfully used

in the development of several satellites and good application results are achieved.

Keywords: satellite assembly; internet of things; data collection; data management
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4 &£ i 300~330 W, A TR B DR 8 H1 =600 W I/

292200 W, A SCHHORFNTT 20T LUHE) 2 HAB AR

WK B Y RGN RE IR AT AR 52, A fxi o AT RIRIRLITHTS
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A Power Management Technology for Spacecraft
Thermal Control Subsystem

LU Wei'?, CHEN Zhonggui', FAN Hanlin', PANG Bo'

1.Beijing Institute of Spacecraft System Engineering, Beijing 100094, China;
2.Beijing Key Laboratory of Space Thermal Control Technology, Beijing 100094, China

Abstract; A new thermal control technology based on total power and temperature binary parameters coupling
management is proposed in this paper for the large complex spacecraft, which appears large on-orbit fluctuation and
peak value in electrical energy consumption of the thermal control subsystem (TCS). In this method, the real-time
statistics and monitoring are made on the electrical energy consumption value of TCS, and the thermal control
components such as electrical heaters are controlled on top layer, therefore the total power of TCS can be stabilized
near the target value and the energy consumption of TCS can be lower and high stable. According to the application
in the TCS of Beidou-3 IGSO satellites, on-orbit flight results show that this technology can effectively reduce the
peak power consumption and power fluctuation and of TCS, which the peak power reduced 290 to 360 watt and the
power fluctuation reduced from +500 watt to nearly =100 watt of TCS in IGSO satellites. In addition, the whole

energy consumption of the satellite also tends to be stable.

Keywords: spacecraft; thermal control; power; management
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RLA, A2, 2@, LEF, £X
(B EIREETET, i 200245)

W OB ERAANEAERERAGARALAEGDMETREER AL E A@mENT A THER
WAk fe i R B R — A5 R A GAR T A3 Btk T &R Btk 8 550 40 b A i
W, RACVMFAT BASMANMEZT R ERZAABTHESRG TEETRAR, TESHT
NEMREZHE IR EERAIFEN T TS BNAENELE BERFRBTZRELR AR DM THAE
WA R IR Fo B A FIRKZ B EFZRECR A GABIEFHBARARD L bBTE
E, AREAALEHLET T LR AAEETESRIZ LR A2 LR fotr ) 2 7 @Il
KRR B RAEE AR R R R A L B ERAE ML,

x &
HE S ES V422 SCERARIRAD : A

i R NS R A 1R R AR AL
R KRG 25 [a) (space station) — 2R T R e
BITA: . PREERE IR AL 25 Y 25 18] B R R 4, a7 kv 1
A5t (electrical power system, EPS) R i
FE 84 IS R E HL BB A A, XA R AT: 55 1 g
T I 2 G, U AR ri 5 AR 8 A A AR ] £
ME T, PR TAE e 2 TO0 N frife e
H Al ZR G S S B R e — N E R, 7
BOHZIE R B IR R GEI], BRI 2000 22 8 47 10
5] B A2 R P [R) @ ( stability issues) T A 7043 K3k, IF:
FEAT R X PR3 Br FIRE T

LR AR AR XS 25 (8] L P R G T e 1 R 1Y)
PSS WF A AR S (R A 25 (B R R G/ ME SR
FE M (small signal stability ) 20U}, 5 UL 4 17 B9 25 M
SCES H AT AR BN 2B, ke = I 12 U i
KA RGN S . BT I 5 A SO e dd
TS A HL R R G 0 — R TR T HAAE I /IME
SEEMERIR, H AR R G RR e MRS |
TR FHABR R E 3 AT T B BUIR AT 1A
SR T E NS ZERE | B SR T RS [A) HL U R B¢
IMESRUEMEMT R KRGS, &5, 4565 ETE
AF 423 ()3 HL IR R 8 SOl 2R H TR I

%5 B #5:2020-09-01

W R R AL, AR/ ARTHRE  DMETAT N LIk
MEHS:1000-2758 (2020 ) S0-0058-12

RGE, AT BRI T L

1 ZEEERGARRLMESHRE
14 13

1.1 ZTEBIERSAHEN

23 ) L IR 2R G — M ik R LB AR B RE T AR AN )
RAR 58 1) 5 £ (power conditioning unit, PCU ) £H
B & H R A% 3E H oA K BH R It B ( photovoltaic
arrays , PV arrays ) ; fifi BB 1% #5380 & 0 5 HL 4 ; D%
PSS T T A8 U El R i Y UL U S 4 4% ( direct-
current to direct-current converter, DC/DC converter)
28 A3 VA 1T BT (shunt regulator, SR) 58 i% K BH
F, Vi o A AL 4 N 22 4 RE i 1 20 AR I Sk e 9
9 51 JC ( battery charger, BCR; battery discharger,
BDR) 5230 &5 A b 2H 4 78 580 FR 5 0 28k 2 48 % R O 1Y)
o e D) 4 31 S R 0 28R e 4 R A ] B 2485 3 )
3R, B 1 B s B9 E PR 25 (8] 3 (international
space station, ISS) HLJf 2 4t B 3h ZH i /s = K 2
K2 Fros i E < RE —5 5 A" R
(AN B LS R R S ) HE TR
FIRHLIR R Ge s B n i, 2K i IR R g LA

YEZ B AT Ik SN (1995—) , bt s () L IRIIF IS BT - AT 980 | 2 2 NS ) i I R e R e MERIT AT
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ST REE 2 5 i, B . O & 24> DC/DC 728
Hedie | 1A A AR R FT AR B (19 2,
IR RAL AR IR QAR e Z [ B R T AR A%
B B GUE JFIC BRI A A

B2 “RE"—S5 MR WAL a AR IR R G B

DC/DC e i AT S 1 1) Rt
ERE BB IRR G — R AR R S, T
RREP T R GERIAH AT, B 5 TR L U R ST
MG TA], HAERE P RE 2 T, EE = R A BEL
BRI, RGCTCIE IR ARG DL, Bt A T 28

(] L IR R G A E TR L
1.2 ZEBRRS/MESEEMS R

SE I RRUE P [ L A L AR AR S 0T /M S
T ME AT MRS SR EPE T . /IME S b ks
ELRAME R G — RS TAE s & et 3
IITRFEIZE R GRS E TR T, 2SI IR R G
SEFET AR AR R G, HARIEAT RAF 5 0 &
PO RRAMERZ R, TR Rt T/ IME
SREME TR, SR i AR G G ORI A Y
I BER W 57 S5 O e 17, 36 ME 2R S A 2 P 00 B9 AR
TEVERR, 2SR IR R G RIFRE , R WA TT BAG )
SE S, —BALLR 2 AN JE AR T — S RGN
TR TAR DA A 5, AN DA b 45 b 47 i 27 % 1] AR
LA R S SO R 11 i R A R BRT
TR TERARIARG, HA R T SRR E R
NAER IR SN, iy A A s i AR AL S 3l
BT LA AR R A R A ORI
1 W5 2 % 3 ORIk

B2 (] LR AR 48 A R AR E ME S L B AR AR

MG, —MLIE 2 s ks — R RGN
s IR B R B S T I B R SR E T
R — & VA IR 7 1E 31 R 671 2% ( constant power load
CPL) FrHA I SR ™ o PAER R BRIR R 1
DC/DC A5 2 | DK Aty R 78 H 45 1 56 %
Vi, 7 Pl A R B 1 D)3 00 3, i 28 1 B i AR
PUOEAT B 2R TR 0 (B BB S A 2 Y .
WK 3 fis, Y e R CPL I Bk RS g is
7T A SRR 20 5 2 S K, CPL i A FL .
R, /N T R S U U CPL g A LR @ i —
AHE R A5 2R G032 W 2 IR AN R E AR s R 2
FEME RZ IR BRI, R RS TR R s
H B Ae e 1Y, (H T R AR e 4 1 5 R G 2 Y
AR ARG, AR 58 KA ENE, TRES KR
(AR A RIS, FRH ™ A T B] FL R AR G e T

1]

B3 RIS DR G u-i R

2 ARFRFMIR

21 FHBEBERS/MESHEEHERHRER
FEA7C 20 i Middlebrook 232 T 1976 4EAE#T
8 AR g i A U8 U AR 1B 1T I 4R HY (Middlebrook F]
W) 0 1Tk R e A DE Dl 3 A PR R
| Z, | FEA A B I /N AR s 119 i A BHL
Bilgfli | 2,1 B0 Z, 1<) Z, 1, RAEEE X (1) =
FESC ARV ISR G B2 B R L 10
HIERIRTBARFRZR T 6 dB(20192=6) I A AE [X 7R
A,
Z 1

o
| <

7 (1)

Middlebrook F¥& H % 1& T FHPT A9 8 (8 55, &

| 7, 1=l
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SRRV TR (BN Z AR IR RS
FEPE AT R TR B IR S, AR A
DRI A LA IR AR S s (ULIEL 5) | DU ag 45 25 A 17 2%
A I R R G . AR SF AT AR R (2)
IR B A A B i 1 A% 328 R

Im

Middl ebrook
Al

s |049[ rz Gy(s)| VLo

Bl5 IR T RS e A SRk R T

6(s) = v, _ G.(s)G,(s) _ G.(s)G,(s) (2)
v, 1+Z7,/7, 1+T,
R, T, =27 /7, FAEPTH (EROR L %5 , minor
loop gain) , BHFLAHIEENTE G, (s) G, (s) NEE
REAL R REETEE R, X T i3 Nyquist F 3 7F
PR EPE BT 7 1 | 2R 8 A0 RH 0 B2 1 oh AH AR AR
F£ &, (phase margin,PM) F134 25 #8 B G, (gain
margin, GM) RE .
LL Middlebrook BHATL He 46 B AT A= H 14 5 A1
TR BB g BEAl, H A 2 2 % oL U R GE A E
FOBIFFE A R e B I | I R 2 X RS
AV MR S5 F ) A 3 AT T
2.1.1 ¥ 35 Fo 48 A # J& #) % ( gain margin and phase

[10]

margin criterion, GMPM)

1995 4F, 3¢ [ DUJR 50 96 = f9 Wildrick 42 i
GMPM 4, [RS8 T T, AR (ELRE P FIAR £ 5
P e 2 —E A LR HTER T, FeiFha i BT

B 1 Z, | 7R 5SS 3 B N R T A B R

| Z 1, GMPM H 45 Lk (3) 2N %E 1 A X A3 %E 1Y

RN

1

G, (3)
| arg(Z,) —arg(Z,) | < 180° - ¢,

WE, G, B2, BRI LL 10 A BB Ak bR &R
Th6dB, o, H60° & W AF I EESE, A&l 6 iR,
WL AL R T, B Nyquist fRZZEIX BIS T £
TRRARH 0.5 By I8l 2 SR, FOAH MRS 180° 2 /b
o 60°,

ZO
| T 1=l —1<
Z,

m

GMPMEJEE

5= 2
N
N

It hi dB
N \ N
o \ -
)

1§t deg

: ag(Zo)

o [ =
<UL

i
fit
i

K6 GMPM H¥Emn &K

2.1.2 AERTERRT RN F)E

1) MPC( maximum peak criterion)%UfE[“]

MPC |45 5 % T H 45 1 Y ( voltage mode
controlled , VMC ) 7% . £ F, [T 2 4% 14 25 (1) i {8 5 4H
FAAR AR E S i IR 0 R (B A BRIR G 2R | HoAS E 4%
X A& 7 g X TR, BRE T T, B9 Nyquist i
F R (-1,j0) WIEE  IERFHA —E T E

Im

/2 MPC

K7 MPC ESAC 1 RESC HIH%% X 75 2 K]

ESAC [EZARESC
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2) ESAC ( energy source analysis consortium )
H g

ESAC HIERYESIX HY 2 4% B0 B 31 T0 55 3 1Y)
AT TS S LR, DA R 2 S B [T B A (-
1/G,,,i0) WILRBCA A, I 7 X s, v L
AHEE Middlebrook I, HiFa 2 25 X /N | (R 5711
NG ONUE

3) RESC ( root exponential stability criterion )
F g

TE ESAC IS A I, )7 22 AT A T RESC
Hd €5 o BE Ak s e SUEE XY ESAC X il
TE T8 PELE G BRAIUE SCT SR DA 11 X
Z IR (AL 7 X)) |
2.1.3  Ahat AL gk el T FI

AL IR R GEh IRk R A SR A A T UL
8 Fr /s g — IR Jm He 2 A I IR A L A
G5, P, s eas b th DR P, S AR A A A )
R, Z, 7 dn i t BELBT, Z, O AR 4 4 A B
G RS 8 M M FIHE A OA (opposing
argument criterion ) F| 45" | PBSC ( passivity-based
stability criterion ) J| Pulis) st

Zy
b k-4 :
Z
A it
P b
2, =
E *'i , X
z [
P it
B0y
Tm
P! L k-4 .

B8 1A RARES n AT AR LR A

1) OA H|#
OA FlfliH , T3R5 0 2% B ABHAL N Z, =
Zy ) Zy Y ) 2 AT T, 0 R
Z, 7, Z, Z,

T = — = — 4+ — 4+ oo +
n-or Zi Zil Zi2 Z

in

(4)

el o
z)7¢

ImA Im A

et 041

X0 / (lvcm\ﬁﬁ@
(-]

>

\ J )

b) ZJ/Zx HDTEE

q;

]

a) ZJZERTEE

E9 OA AFEEX R E R

OA F4 T HO RS E 1k 23 B th W38 o3 2H A, — 2
BRI Z,/Z, R (5) 2, A 9a) Fis ; X
TR BRGS0 T DR INALT R LR,
RIS G i i Y TR BT A A A8 e i A\ D TR
Wi (6) MFMT, B ABERSG TN 2,72,
BEs e (7) =X, T, o4 19 Nyquist fhZAHEAUnE 9b)
Fr7R AR X

PUBPil+Pi2+..'+Pin (6>
Zu 1 Pik
R =- — 7
(ZJ Gm(Poj 7
2) PBSC H¥5

B IRRG T, 10 R i 24 IR 7 808
BeaS A N IERELR IR W ULASHE | 7, e feas i
FHYT, 2, e e ABHIT

Zy

%

B
i
d

10 L BRI EMGEN R ERS
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XTI A5 M N 19 R Ge A M4 BT a8, Sk
[ 15] 32 FHit FV RIS 7645 B E: A REZR 1) i A A8 Ha e
(AR AEFN AR sty 1 BHBTREE G, I BELE IE 671
TR KA 28 B AR 1A — i 11 J6 V5 R0 2% (&
11), X6 £ T 78 46 4 B A BEL B 5 6 A5 3] 1 RF 2 B
Pt Z,, TR AIW RG R E e, Hd,z,, i
(8) A3, ALK Ny 7, T V-1 (right
half plane, RHP) 5, &M R H N Re(Z,,.) =

0,
Zhus :Zn // Zi :an // Zoz // ce //
Zom—l // Zom // Zm+1 // e // Z/n+/z <8)
Zps
+
G| RO
e m:re
inj
BLTT 2201 o T R 4%
3) # F BVCC ( bus voltage controlled

converter) \BCCC (bus current controlled converter) 73
138 FH BT e
BT I 2% R AR SCHER[ 16 ]

AN DX PR 8 o R D AR A T o A s
DR il B AN 3 11 R PR AR B BVCC A il B2k
M3 11 FEL I A ZE e 2 BCCC, 45 Fh A A I S v LA
Gi— il B 2, AU i 1/ ME SR e T
F G ta v nm HIBEGTA G i (9) spr R, HARE
P S 11 R s ] 2R Al 1 R T o A
Hgsigm B2 L T, 2702 Nyquist 46k

#U%ﬁ@
m 1 -1
=)

ﬁ
(121 ZWJ
xib b 3 ARG E P B Pk S B T AR

T AR AR R AR ) S M R Y A )
U ZR B8 U, D A ] — B T O 1 RE R 1
Middlebrook F4f 7 {57 FH AN e 5 (8, H— %
AL TR 7 B 1 SRR E TR A R AT
Ho IR T B S RA TR A R K
WINERA—E ST

SCHR [ 17-18 ] i 45 T NSSC | ¥ ( necessary
and sufficient stability criterion ) , T-SI ( three-step

impedance ) J# %5

(9)

m_vc

Z,
T = — =
ZC

R1 BREMFFERRL LR

A P e B
R Lt e
Middlebrook #! 1976 W FH ) TR
diebrook J1 7 R, T LR T H 9132 D % 1 B
GMPM F4t 1995 RAPHEAEEIE | BEE WL S B
(RS B3 U 2P 43 T o
ESAC # 2000 W 52 T K5
o A LI T 537 o B
%t GMPM HHERIEGH BT 2 080F BB R S e il i
OA A 2002
YR B2 ok
\ . ‘ \ Tt SB35 T RE B Nyquist
TR A R AR P R R S
PBSC H1HE g TR MR oo miotn m it
S e DL 5 SURA G
(AP PEAR B B3 7SR L9 R . .
SG G AR
MPC K3 013 EMAREAMES R ) ) LR AR BT
. FHATIEA AT
Yok
JEF BVCC BCCC s EPTSACRGERE AT SR 5 TS0 57 47 % 50 69 L5 R4, 400

Sy &Y E B SCA s

58 HLAN 32 D AR 1) PR )
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22 ZTHEBEFERG/MESHEEMIENATR

& [E [ i 25 i K R ( national aeronautics and
space administration, NASA ) S FHAKFEHLFG TR s
23 [ L IR AR G e M I T 3 1 L 1SS S UER Y
LR TR LR T RIS A g

1993 4, 3. JJ5 523123 7] (‘analex corporation ) H
Igor Lazbin F1 %' 3¢ 55 /K /3 7] ( rockwell international
rocketdyne division ) A Bruce R Needham 7£ 3C ik
(19 ] v, Xof [l B2 1] g (4 B 1 #7249
A4 (space station freedom electrical power system,
SSF EPS) Fa e MEWESE 3 M i, #8351 BEHT He i A9 10
AL, X EPS —UCHL IR AR GEA 1Kk i A
S A4, I ST TR SR 5 I e B A DG A
T BT T AT EPS HRLSE B A AR E Pk B, 1+
W T WATE I S RE AR (B RELJE Oy T ik A o
JE R IR]

1999 4F | F-fji /> Fl (the aerospace corporation ) [
J H Ly Fll C Truong 7£3CHK[ 20 ] v, LIALS 0 5A 1Y
AT AR AL IR R S8 1, 35 ] SABER™ AR iR AT
P A T A A BT, DA S A
AT BB TEA [F] S AR A T B R, J5 8 2
AR ek g R ) BELEC S0 120 i A 24 ] Matlab ™ 7E
FTemis (S5 2 rp %F 5A EPS ik 35 A gl
(AL A | XU 1T H 547 55 ) 19262 143 Fh 847
HEHITUH TR RGN T BIREN 7 545
RUN KA A IFAF R AE 20 ~ 30 kHz A5 A
WIS Z s TR a5 2, REE AT RE 2 R AR
PeAR G A58

2003 4F, % % /A 7 (the boeing company ) HY
Harold D Fassburg 1 Harry O Aintablian 7£ [€ 5 68 i
R Sx b, % B as [B) 3l (1SS) A 80 3w 1) i A
DRI F0H M BT PE AR & B g Hh LA 1SS B
JT YRt T 0 v A R U 2R e e 11 e it BEL
A BT RLE E R = 2 1007245, 280 A & 30
Je LTI i 2 e P oR T FR B A v i
ZIEL, ATEMR R GEREERTIR T, BB UL
€ NCEHTBOT LS, BF S0 N DU E S T A T 63
LC \CL DA K e BB 5 e ¥ 4 D A0y g A LIRS, 2
TR B T M AR A i A BB R Y
FOE PR e TR Tt

2004 4F i E oL T 3h 1 B A R ) (boeing
electron dynamic devices, Inc) FY Jae R Lee £ 3CHk
[22] xS an &l 12 Fir 7 i 5 i B R o v IR R 4

T PSPICE™ {5 B, iz FIBHAT L FI , X NiH, Hith
A e Z2 B0 5T 0 i, 8 35 2% ( BDR, 3 3C P FR A
BDC, battery discharger ) i Adfif N F 2 PEIEAT T 53
Bro XFURIET 13 s % A UE R Al BDR R 5t
HEAT T A0A 5 B e T BE BT AT B3k 6 dB IR ERE
£ XOATEL 14 Fis iy 14 > BDR 8K R Ge7E HL 1t i
BHENER S NTTPSE SRR S ER S i % - I N A
LT RGAE MR 2 ) N YA E MR OL AT T &
S3HT, JEBIE T E BDR i A i A L 25 S B BH BT 43
BIRA RLE

K12 AR e L IR R SR A

LEIRVES
TR A B

L1 R
Ty T

Rcé Zs  Zin
L

K13 5 BDR BERBHGTH EAE I 7 e &l

Ly/14 R/14

CZ*HT “| |"
Rc/l4§ Zs Zin
L

LA rL A

Ls

R

I

K14 Z4 BDR BBEHGTAH G A HI /AT HE A

2011 4F NASA Jift T MEI B} 4% 2% 7 #4 Bright L
Wang 1E3CHK [ 23] 4 44 T — Bl TR & DC/DC
PSS el o T2 I A B AG I H R  iZBAR IE T 2
GG IT 2R E AR 5 R BE/ B AR ] ( AM/FM)
PRI, DR S AR O AR Y AR e A A H s
Mg 7 v f IR 9 15 55 RO 1 R OR AR T
BT J7 155 0 A/ AR B D7 ¥ 22 ] 1Y 845 AH OGP
B ST — R e P2 e 148 bR e 8 TR 2 W R 4L
( stability diagnosis index, SDI) , F A€ &4 R 48
FERRE, ZHOREB A T DC/DC 2B He 3 1E
WIB TR T S AR .
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2016 4, T/ Al JAE R LEE 75 3CHK[ 24 ]
Fi - 722 (6] F Y AR 8 PR 2 T YR Y L b A E
TR AR FHAE FR B RS AN [R] IR A AN ) 7 8 ) K
AR AL B AL RV E TR 2 7E 42 0 PR ES Y Bode
b A 3 45 TR 2 5800 dB FRALINR 2 5
B 180° HYARARIEIL R A AH AL A £ 1h £, D) 55 AH 437
T T I £ 4 B 1 ML A T BE R B R S AR E MR
FOR AW, T FE R GBI G . EWE
Nyquist 174 1 2 HE B 09 R PR B, L AR R
% SR, fH R Ji4% 10 A~FFHK BDR M), S8 1 4n
Al € Bode EIRYAESRAEIEAR

BRI S 55 ( European space agency , ESA ) X 25
IF] H P AR A E VTN TS« SCHR [ 25 #8541 Al
15 Jfr 7R (4 2 A B H 78 o g SR R 400« IR/ He 4 0
40 VIR H A LR R 55 28 V, AR AR 28 V 1Y
HUEREFE S 12 V., fEERE ESA AR AR iE ) iy
BORN AT R G Gl XF 2 /728 g 110 45 6l
SHGHATVOE AT 1 3 P 5T R RS
FasE e, X T 19 Nyquist BIHEFF 00T, 30 T 54
Rk

““““““

K15 2 AR IR AR el 4R A Bk &R 52

H A5 1 il 25 BF 58 FF & WL (Japan aerospace
exploration agency , JAXA ) 7£ [E 523 (8] 35 71 H v 47 5¢
W 19 44 SN “ Kibo ™ 1) 52 56 ( Japanese experiment
module , JEM) T 2008 4 6 J il 2 & 5 5 5 [ b 25
s A e X T R IR 2248 (JEM electrical
power system, JEM EPS) J& & 5 25 [8] 5l B I R 52 1
—&B45r, K16 A JEM EPS /R, Hirf DDCU 2
1SS F— YR LR ] A 42 11, 5% F R AR BT o0 5
TRk Z,<Z, iEBRWAEM ., B 17 1 A, B F1 C
SR T BT E MR GRS e,
JAXA 7674 [ #E 47 JEM 42 1 & 46 0 1), 4l
JEM K47 R G M NASA/DDCU Bl feix 2642 11 F
HEAT T BHATI & A0 A3 AT, e A RIS SRl iR T
2003 4 8 J 753 [E k% HLIA M Y NASA + J2 i fiit
KAtitbay , 25 R FR W HWE 2 /ME St

DDCU: ERERFRATRE PN: nER
PDU: Ex3H PS: nESS
PDB: E# EF: #58%
RMS: |oHe EIN ZTeTXiEs

TTTT17
PM 75 ) (78]

EfEdARE, _ SERAK
gaguEs 1T ER EMER  ARMER
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Review of Research on Small Signal Stability in Space
Electrical Power System

ZHANG Wenjie, QIAO Weixin, WANG Tian, MA Jijun, HUANG Min

(Shanghai Institute of Space Power-Sources, Shanghai 200245, China)

Abstract: Focusing on the stability issue of space electrical power system ( EPS), the paper clarifies the
composition of EPS and its small signal stability issue first. The development of major stability criteria based on
impedance ratio analysis and stable forbidden region theory is reviewed. Aiming at applying these criteria on the
judging stability in space EPS, the characteristics of criteria are summarized and compared, giving advice on
selecting criteria.The review of the practice in small signal stability engineering in space EPS of major aerospace or-
ganizations in the world shows that China has a gap with European countries and the U.S. in the stability dynamic
design, testing and evaluation as well as related standards.The status and trends of small signal stability issue in
space EPS are summarized. Focusing on the stability issues of China’s space station in re-search and production as
well as Moon landing project in pre-development, the paper gives suggestions. The small signal stability issue in
space EPS is comprehensively reviewed for the first time in the paper,which has reference value for carrying out

research on technologies in space EPS stability.

Keywords: space electrical power system; DC/DC converter; small signal stability; minnor-loop gain
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Research on the Framework of Social Dependence
Model for Intelligence Missile Swarm

CHEN Yidi, CAI Da, HUANG Bei

(China Academy of Launch Vehicle Technology, Beijing 100076, China)

Abstract: The intelligent cooperative operation of missile swarm is an important combat style of intelligent warfare.
This paper focuses on the bottleneck of integrated and adversarial combat tasks in a complex dynamic environment
of missile swarm. Inspired by the cooperative behavior of gregarious animals, the social dependence model for
intelligence missile swarm is proposed. The social dependence model seeks to reveal the mechanism and method of
group synergies from three levels: physical domain, social domain, and combat domain. The paper also expounds
relevant supporting key technologies, and constructs a social dependence model framework for missile intelligent

swarm collaboration, which provides theoretical reference for intelligent cooperative operations.

Keywords : missile swarm; intelligent coordination; cooperative operations; social dependence model framework
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Research on Parallel Intelligent Missile Cluster System

XU Rui, LIU Zhongshi, ZHANG Yuling, SONG Tianli

(Troops 96901 of PLA, Beijing 100094, China)

Abstract; Intelligent missile cluster is the general trend of future war. In This paper, firstly, the history of missile
clustering is reviewed. Secondly, the concept image of the intelligent missile cluster system is given. Then, the
parallel intelligent missile cluster system ( PIMCS) is proposed based on the parallel system theory. The PIMCS
contains reality system, artificial system, computational experiments and parallel execution. The V&V model of
PIMCS is proposed, and the application model of the PIMCS in program stage, development stage, test verification

stage, and operational used stage are discussed in detail.

Keywords : parallel system;parallel intelligent ; missile clustering; V&V model
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Research on Target Detection in Space Station Cabin Based on
Convolutional Neural Network

CAO Zhe', CAO Yucong®, LI Jianfei’, XU Chaofan’, TAN Qimeng’

1.China Aerospace Science and Industry Corporation, Beijing 100048, China;

2.Zhengzhou Aerospace Electronic Technology Co., Lt, Zhengzhou 450000, China;

3.Beijing Key Laboratory of Intelligent Space Robotic Systems Technology and Applications,
Beijing Institute of Spacecraft System Engineering, Beijing 100094, China

Abstract; In order to meet the demand of object perception in space station, an artificial intelligence object
recognition model is established by using the darknet-53 network. The object recognition research based on machine
vision is carried out based on COCO data set. The object recognition experiment is carried out by using the video of
life in the in-ternational space station. The accuracy of frame division and category classification in object
recognition is analyzed. The results show that this method has good recognition effect for typical objects in space
station. The correct rate of boundary division is 95.45%, and the recognition accuracy of object categories is
79.54%. This method provides an effective solution for object perception in space station. It is easy to construct and

implement in engineering, and can also be extended to the task of object recognition outside the cabin.

Keywords: intelligent perception ;space station ;neural network ; machine vision
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An Improved Variational Autoencoder and Its Applications on
Fault Detection of Aerospace Craft

XIANG Gang"*?, TAO Ran"?, QU Chen'?, HAN Feng'?, GAO Xiaoying'”
1.Beijing Aerospace Automatic Control Institute, Beijing 100854, China;
2.National Key Lab on Aerospace Intelligent Control, Beijing 100854, China;
3.School of Automation Science and Electrical Engineering, Beihang University, Beijing 100191, China

Abstract; Fault detection technology is the prerequisite for realizing intelligent fault diagnosis and health
management of spacecraft. In view of the large amount of test data, the scarcity of fault labels and the real-time
requirements in the field of spacecraft fault detection, an improved unsupervised fault detection model based on
Variational Autoencoder ( VAE) is proposed. The algorithm uses Long Short-Term Memory ( LSTM) recurrent
neural networks to extract features such as time dependence and correlation between test data, and uses VAE to
learn the correlation features of multiple test data. The network is trained on the training set containing only normal
data, and reconstructs the data on the training set with a high probability. When the reconstruction probability of the
input data in the test dataset is lower than the pre-set threshold, the corresponding input data is considered fault

data. Experiments show that the proposed method is feasible and can effectively detect faults.

Keywords: fault detection; long short-term memory ; variational autoencoder; neural networks; spacecraft
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Research on Software Defined Satellite Payload Technology

ZHOU Yuan'?, ZHANG Xunying', ZHI Yongfeng', MEN Yongping®

1.Northwestern Polytechnical University, Xi’an 710072, China;
2.Xi'an Institute of Space Radio Technology, Xi'an 710100, China

Abstract: With the rapid development of computer and electronic information technology, the computing and
processing capabilities of the hardware platform of modern spacecraft payloads continue to increase, and the
functions of payloads mainly depend on software implementation. At present, the development of spacecraft payload
is still mainly based on hardware development. The software development is embedded in the hardware development
process. All hardware and software functions are debugged and tested before the satellite is launched. This kind of
development mode is long period, the sofiware state reuse is low, the development efficiency is low, the interface
protocol is not uniform, which is not conductive to batch production, and the maintainability on the orbit is
inconvenient. In order to solve these problems, a solution for software-defined payloads is proposed, and a variety of
payload function requirements are coordinated, Software-defined high-speed data transmission, satellite TT&C,
satellite communications, navigation enhancement and other payload functions are integrated into the same hardware
platform, and the hardware architecture and software architecture are given, the on-orbit dynamic switching of
different payload functions is realized. The payload hardware is mass-produced, and the load functions are mainly
implemented through software, which meets the requirements of rapid integrated development and low cost of
payload equipment. This method can effectively overcome the shortcomings of the traditional satellite development
mode, and is especially applicable to the field of deep space exploration and low-cost short-period micro satellite

payload manufacturing.

Keywords: satellite system; payload; software defined; RTOS; modularization
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PR AEIR | Ar 155K ) FE AR ] 22

NN
T,=T, + At + T, (1)
T,=T, - At + T, (2)
TERA HA T AR LT

Ty =Ty (3)
RN AN
At=((T,-T,) - (T, -Ty))/2 (4)
Ty=Ty=((T,-T) + (T, -T;))/2 (5)
TR AR GEH , Y s A Bl [l &5l Ak
PRI E AR R AT A E

T, =T, (6)
NI AT A5 3 YT SRR A 220
At=T, - (T, +T,)/2 (7)

B SCFE T AR N T A SO B (s T AR
100 s, A5 55 200 s, B 22 4 -100 s) , =757 5 B[] R
TS S IE (AN, 9545 200 s, A5 A5 100 s, f 22
A+100 s)
22 E 55 GNSS #ZY#l 2z ia) gy 3 1= i (8 b 3t

'k

T GNSS #E W HLER st 8], A 55 = HLEE e Ay
6], 1 L 45 ML 2 CAN Bk 32715 5, IRt A fiE
BB 555 AL [A]A88Lw] B a] H X 5%

RIERZ] £ VG E

T, T-At T, EHWA
Ty T
MH R
T+ At T, T,
BB % RIEZ

3 B 555 GNSS Z[a)BUa] i i) Hex 337 K

5K 2 ML, K 3 4T 2455 GNSS Z 8] XL
A RN R, T E N ERAE T AES EV0T
BB R N3] [ Bt E] B AR LA AL,
3 REMIT

RIS B TR ZZ AT IE
1) e IR AN E
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Ty # Ty, CAN BERAE JO SURER ARA Lk
P R B R W) T MAB R SR AN —FE A
K2 AT 2 UCRIE, B oA RO BR BT (E
INJE AT BN, — RO T 2o - s IS Y
REAKT 0.5 ms,

2) BAAMEFAEIR

TSR SR R 2 R 2 A A T RE A R
25, B IR 2 T A v A 3 bR AR
B[] — A A0 T IZIR 22 AT 100 ps, KK IR
FE g A b BRI ], — R B %R 22 N A
100 s, IR 22 B Ay [ 8 A, T3l AL R 1 77
AT . ATT R R SGR 22 R 3615 25— ikl
ANt 200 ps,

U, AT CAN R L] B[R] L% 7 i A T o
][] 20 R 22 /N T 1 ms,

4  SCMIEAIE

YRR LA A A A R v AT
S

Z 5 7 LS 2 5 EVLREAE T AL,
B FHUER CAN B4k 707 8, I T HLE R
CAN BT i, A5 FHUMAET AL &
W 75 B 55 LRI T (LY 7 B R i
LRI 22000 B R IOk o R FH s 8 s I o 8 B 251X
B 22 R0k CAN SRR 8] [F] 20 )5 1B 25
4.1 EBEENHREFEIT

B EVVRAF RO R BRI E 4 Fios, &% EL
[EE 2 &N R TN N -8 v S22 5 3 Y VA VTN
TSR [ 2B e ) JE 3R ] Ay 1 R, ] A
B JFFER LA R 2 o BN AAAE T AL 5] Y
B 1) 2 1103t B 223 ] 25 25 T AL,

T PR R T BEAFAE A N 45 SR | B 45 EHLE T
FARE 2R AT N B

1) EiHitH5E 10 1k

2) EBREKRME FH/ME

3) & T REIEBCEAE

4) 1B T AL 22
4.2 HIETAHNZKEEIT

PP AL R AR A 5 R EE TR
PEHLCER 55 L& 2% BYIHAE] S, S 1R A Hi ]
IR [FT 45 B 55 FE ML, 12 A S0 A, 7 00 1 A Sy 15 25 T
TR N AR P h i TR 2B E . AT AL

I 2 45 ML S 1 2 M B A T 22 08T 7
AR PR BB B R 4 R ML T
B R R

( I )

C o) Y

v A
A I ) v
FEMCEE 55 =ML 1]
L2 ik
RALE PIE TP 2
) 22 4% EHLIR M A
‘ v , H 1 )
PR R HLR v
& VU 55 T
L2 o 2
TETIN % v
14 HEAT 2R OE

< il ) "
( Lhifi )

K4 R5ENEMREE B S BT LR

4.3 CAN BZ&@EEHhIUEIT
1) B4 PSR EGE T,
*1 BSINEEMEEE T, HEER

ik il HBHEY)
1 2
IDI0~  ID2~1DO,

D3 RTR,DLC

4AH 08H 80H WO~ W5 SUM

AR X WO~ W3 i 2R, WO by s 1y
W3 KT, W4~ W5 Jy BE 2R, Wa sy
W5 AR,
2) I NAMLKE A BB T, 555
F2 HETANKXESHE T, EER

ks FEhi% AR
1 2
IDI0O~  ID2~1DO,
ID3  RTR,DLC
8AH 68H 90H W0~ W5 SUM




) B S — PG R AR CAN BRI 8] [F] 2507 12 105

A G X WO~ W3 Ry #dE S A LA [ RS, WO
RN W3 RKFTT, Wa ~ W5 3 T AL
[ ZE 7D, W4 R0 W5 IR,

3) B RSN EHWE AT BT AL

ARCEEIX WO ~ W3 Rt A FP 226, WO b
FAT W3 R TAT, Wa~ W5 N[ Z R 21, W4
HEFH WS KT,

%3 ESEEREHIE AT AR SERMIERR

i3 Feiil s A A
1 2
ID1I0~  ID2~IDO,

ID3  RTR,DLC

4AH 08H AOH W0~ W5 SUM

4.4 MiXER

55 FHURIAEE T AL FE AP BT 205 th A ik
(7R B 2SR K IR 25 0 151 s, SR/ D IR
22290 70 ws,

WK 6 frzs, B 55 FHLE AT 7 /0 I 22 Bl
()G — 2 (A | ][] 20 380k RE 8 1 1k Fh I 8 i

SEH

160

120r

80

3% /us

40t

IR /us

K6 B[] [E) AL i i S 2 SR
FHBIE AT TR A SR 1B 4T
5 & it

ARSCHE T —Fh L3R CAN Bkt a] [ 25 )5 ik
HFZ DT 2D CAN G2 1Y 55 32795 A I ]
[FIAEE] 160 s LA, 0] DLGRAIESS S Y s EAZ IR |
B 55 FHLHYITA] R FZ T AN ZAE R K {5
TR T LR, e T TRERER, N
SMESRAKF | H BT % T LR UE CAN BN
28BS a] [F] 22 1R 227N T 160 s

(1] ZGN, (hfRIE. 26T CAN SRR/ TR RIS LT ][R 20 053 €1/ /N TR BOR S 22, JEat, 2011 110-114
LI Zhigang, WU Baofeng. High Precesion Synchronizating Method Based on CAN Data Bus in Small Satellites [ C ] // Small

Satellites Symposium, Beijing, 2011; 110-114 (in Chinese)

[2] JoH, E3CF, 5. HXMT RN RED RGBT )], LR S5 1Em, 2018, 26(10) :160-164
YUAN Yong, WANG Wenping, PAN Teng. Design of Time Synchronization System for Hard X-Ray Modulation Telescope[ J].
Computer Measurement & Control, 2018, 26(10) ;: 160-164 (in Chinese)

[3] MACII D, FONTANELLI D, PETRI D. A Master-Slave Synchronization Model for Enhanced Servo clock Design[ C] //

International IEEE Symposium on Precision Clock Synchronization for Measurement, Control and Communication Brescia, 2009

95-101 (in Chinese)

[4] JENG Hongchen, LINDSEY W C. Mutual Clock Synchronization in Global Digital Communication Networks [ J ]. Mobile

Techology for the Human Race, 1996, 2(4) . 1244-1148

[5] VERISSIMO P, RODRIGUES L. A Posteriori Agreement for Fault-Tolerant Clock Synchronization on Broadcast Networks[ J].

Fault-Tolerant Computing, 1992, 20(2) : 527-536

[6] COUVET D, FLORIN G, NATKIN S. A Statistical Clock Synchronization Algorithm for Anisotropic Networks[ J]. Reliable

Distributed System, 1991, 20(10) ; 42-51

(7] kA, B2 FERK. P4 CAN WS B L0 R0t oe [ 1], 7D 5082 = 4k, 2011, 25(2) : 147-152
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An Enhanced Synchronization Model for Onboard CAN Data Bus

LI Guojun', SU Chenguang', LI Zhigang' , ZHANG Dongchen', LI Zihao'

(DFH satellite Co, LTD, Beijing 100094, China)

Abstract; An Enhanced synchronization model is proposed in this paper for onboard CAN data Bus. Time
synchronization is usually used to synchronize onboard OBDH and other computers. Adopting the method proposed
in this paper, we can improve onboard time synchronization precision to 160 us without any hardware. By two way
time transfer, the propagation error is eliminated. Using smoothing filter, uncertainty error in data bus competition

is eliminated. The method is tested for more than 10 hours, 160 us is guaranteed.

Keywords: CAN data bus; time synchronization; time delay; two way time transfer
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R A MMC HFF BN DB A BB EHEART 5

WAR, L', EH, AP
(LR EFADEARAT, bl 100094 ; 2.+ [ 2 [0 5 AR BT B 2250 Be, BEVE P42 710000)

i EATHRNDDLENERAMBERE T AKRA S ERENE R, AR W ZAGEER A
KA F, NERFX BB E THERE ST @RETHIN B A LE A 25Tk AR Ens
o ERE A NH X SR AT RRBB AT RONAEI G T E, 43 ZREE&G 2 AEXA
E RIS A N X SR AS TS A B R E R A B RARX R R B0 SR
PHEHR, Al EA A TREX SBAAFTEANEIBRRETAHE EARZ, ZHLER
ARG ERA—FZERATIIEEEZHF S ORBRAR  TEAERY S beb E A AT E,

x 8 WD E;ERGME, AR ZEARGMT SARY AR
FE 455 TN927 X ERFRINAD: A X EHS:1000-2758(2020) S0-0107-06

Supplement

Bt 2 (BRI e AR AN T &, /N TR A R
faf AERINBE ST AT =, X B B A7 A A5 1 i T Rl
OO, H AT TR KA A7 i 3 >R ] NAND
INAF-(NAND Flash) fEAi#HTG il i 22 7 IFA7 4 AT
fift B2 1) 7 2R e A 28 B it oK o {HJ2 NAND
Flash 1 T 4540 J T2 25 ] @A {f HI b 25 5 7 2R 36
By BhAE ) Bl AT 00 B R KT K, OF
PR A B AR SRR I T K LA SO [R) ) 28088
2 145 S48 KT A8 (0 T R A RS [ T

Nk 2 2 BEAR FE 4% < (embedded multi media
card, eMMC ) J&5 F (1 H BB T NAND Flash 7 %
BRbE , HAERS A 358 iR P Bl S5 IR 5 1
Hr S BRAE | TR X A0SR FH e — R 42 10 RIbR o (R 1AL
fE T 5 B 0T &, B IS EL: 255 THEE
B, B2z BT AL AADLAE 2520 98 17
AR Ml T A AN [, HCTHT I 52 4% 114 4[]
FRSPREE H A A AT R R, T H AT eMMC
i E R RSO Tl Z, AR T F AL AR 5
2B A3 (AR SR SE R, DR O R A fith i ) S A TR AP I
TR HAE/ N TR -6 08— E 51

AR SRR H Fi/N TR AR % 09 2 5 R
LERLE ) eMMC g0 ] T B 2A0UER, 255 A2 300
PR R E AT 25 () 4R S A8 B OR3P e i, BFSE eMMC

%5 B #5:2020-09-01

()4 1 DR 10 FH s A% B B X Chigh speed 400,
HS400) , S E5 0 10 = Ak 38 fE IRl |
FKHEET FPCA E R T4l s, Bt L 8l —Fh L T
eMMC A8 FEA I B RR AR A en . T EA R
BLAS RS S MR i PR PR A TR YRR A
AfLATRL , FEF eMMC o5 I R A5 A7 R AR & A
e/NTLR R EAF A &k Ji B v I a3

1 EHEFEHEFRAK

F T 1 7 3 36k P B A o5 3 0 b L'
ol SAR TR 7E 558 A 00 31 i B s BB A7 6if 7E 2L
AT A b, TR e B FRRe KU [l e, IR e 2
EARAH A

INAFC T HA S AR e Ak 3 IR
FE AR e BRSO H AT N Ah 3 SR
284, NAND Flash 5 NOR Flash J& 2 32 i 19 2F
SRAERE AR . NAND Flash ELA B8 /)N 77 200
N NS N R N o S (1 S £ VAR o ) o N 2414
SEPUHECPLAYE A FIEERR G E , {HJE NAND Flash /)
PRAE 5 B R ROR, O R B S AT R, e
SEPRUEHAE A RS T B IEH T AR, & 2R ] — 4
KHEM PR VRS BB AR A48 . RS 3 2 8 G/ i

PEF A R (1984—) , 20 FURAR T 40 TR AT RO B TREIN , 3220 /N TR 3 B e A o
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i Gk R S S B A

[ i B T NAND Flash 85 284 BR % TR
RN TR E 2 R AT, B B 4
KA [ELAE X 25 i RV 7 ik 26 5 R DRt 4 v
FEATHY R EGRE] 20 4 B, O FARFE B D) FEZ B
(/N TR R PP 6 R BRI R BRI, 17 H. NAND
Flash ;s A A A REFLRE T, WA G — Wil 5t
i NAND Flash o5 5 JF47 Uh ) 457 B0 AL 480K 45 1 A7
fitt 5 B TF A3 1 T EL R R

E AR AT A2, AT ik P A e e 1
TR RAEAET 217 2 - NAND Flash Jth
R TR A B2k 20 R, K b A
B RST, It i 1 A% Gt 1Y) v R A% 1A 48 7 2 IX 43
AR AR AR A AR L TR AR S 2 AR R S L
1 B E A A AR RN R R

2 eMMC B E#HN

eMMC Jts R — PO B A FERE Ol 228 T i
PALGEINAE 0 A2k 26 VR AR v A HIE S
Kk s R A L 128 T2 5123 (joint electron
device engineering, JEDEC ) 20 2L (1) ¥ 21~ il %2 19 4%
ARTFEB A RRHERTE . B 1 430 T eMMC A7
ZERRERE . U B A HATE T NAND Flash 13
PO B A A XN A SN A
RSN R R4 O, AT B A T
NAND Flash HeA 4k S A FELE] P 329885 17 fif X B
FOR IRPAE I P PR30 S 2 R N BREOR |

eMMC 214
MMC | < » CMD
it A SANAND Flash$7 ) 8% 123
o ECCH%: HE | CLK
o M K= %
o JREER@ | g RESET
o LYY .
o o DS
ot S
| | vCCQ

vee

Bl 1 eMMC g5 HE &

2013 4£ 9 A ,JEDEC #H4UfEH T eMMC 5.0 t
W, bR E 4R T B BT A9 HS400 TAE R X, 7E
200 MHz# B30 N HA T 8U 3 K [5] 2 ( double data
Rate, DDR) 15 , IS I 15 2] 400 MB/s, 2015 4
2 H,eMMC C&H B 2] T HE#TN 5.1 A, £ RS0

R NI A EUE S AT T LR,
BAH m ke ST S,

JIiA eMMC (8 78 ms 24T S AR ny Bl o
FHE5 0 Lk 1 iR, PRI AN 5 S 31H J
TE SURBEA 752 LA Bts i B85 s 45 i A ()
M7AE A, HA B i R PR R ] RS AR

F1 eMMCEREOBEZRENX

5% 170 TE X
D[7:0] /0 B B2k, FTHE 1/4/8 bits
CMD /0 A/ i 2%
CLK I ARl S 2 SR LA
RESET I BAES TR AL
DS 0 BB L, 00 b i L e R 2P
VCe FL IR PN A LU B
VCCQ ZER 1/0 H 5

F2PHHT eMMC it i EA R 1 80E
Kt F, ] LIE HTE eMMC 5.0 & 5.1 Bhil tf Ay
HS400 TAER, B 17 58 8 17, A& 5 Iy sUBG i 1%
iy | e NP R AT 3k 200 MHz , A% 06 v] 3k
400 MB/s, T & H i K HB 73 B 20 et 50 47 TRk

#2 eMMC HIiEEHE

SRt iitj}mg A g/ f?%ﬁ%ﬁ_ﬁ/
G5/ MHz (MB - s™")
MMC 1/4/8 0~26 26
= % SDR 1/4/8 0~52 52
3% DDR 4/8 0~52 104
HS200 4/8 0~200 200
HS400 8 0~200 400

3 ET eMMC HNEH FiE=551T

ZE LR 3T eMMC 1Y 5 46 WU F1 5 T I &
BRI S AL G0 BB A A5 i TH A AR
SCHE —FP LT eMMC BT RLE H F/NTEF &
IR RAEE R, AT Y)6e

BRI D HERAE T 1Gb/s;

- fAfE R A AR/NT 4 Th;

- Kk H SAMSUNG /A F] MTFC64GAKAEEY-3M
WT it R 4 F 4l eMMC FRII/E MR oT, 2 F
I 75

- H4 DDR3 m i B A7 ;

- RIRPESHIAER I FPGA | R HAE IR Y HET



B Rt WAE R, 25 R eMMC ASHT BN TR RS G RIS 109

3.1 REHHEL

Rk H — 2 S Al ) MTFC64GAKAEEY-3M
WT VE MG A, 250 512 GBS A A eMMC
5.1 brifl, 5 S0 FF HS400 3 E AL, eMMC 771i%
BEHCR 4 R k51, =4S, 454008 B S s
PPk AT WL B A A Lo A T
% FPGA, B AR, M IAE] 512 GBx2x8 =
4 Th, 78 HS400 £ 0T, B 5 ¥l 5 A W (H K
400 MB/sx4=1 200 MB/s, F-AbFH &Sk I FE 7% B
A Virtex-7 R85 i, 1200 7oA % N A = 8 44
AP, Rl A DDR3 G H A v A RO8a
I AE , $ o B () b B R T 1

ACTEL
B HFPGA

I
DDR3#% R B URT
) I — —
—4
S ¥k [+
i K= FPGA 453 =
| | eMMCH 7

[

| R |

B ik

El 2 T eMMC B R ARG R HE &

3.2 ETF FPGA Wyi=#Iz5i&it

eMMC [45132 5B FPGA 5 25 AU A% 0,
X R D REAL ) S W IR AT A g st |
A4 LU BRI [R) 20 A BRASE R DL K eMMC 1325
Pl

Bl 5 £ B

32bit 4 4% BB

i i3
l—— TG

Skl Y4 AL LR

eMMC [ %1

CM
N

BB N e it 42 Sl U B

2N
— i e A

Kl 3 FPGA #iil#sHER]

3.2.1 A%t
WAL 52 1, eMMC 352 45 1 F 3R 5] Hodik
e S BT RE DL M R G T AR U &, #I R

EAEIAE eMMC B 45 b HL IS 8 56 58 w6 Ak ok ik
£ BE % 7% A0 X M diE ( relative device address,
RCA) , 58 Wi 50 J= TiC 8 5 2k ol 32 1) HS400 #0,
7 B, TE WG AR R AR R S 2
(comand line, CMD £8) 5¢ its i 5 EMLAI AL H., B
BT 0~ 400 KHz, Y1453 HS400 #X 5
TAEBT T ZE D3] 200 MHz, #7461k KA = D) 4
PRI 4 s

B b

. fISI0BA )
(?‘Eﬁr#{&) e CMD21
; T
CMD2 4
1 B ) 200MHz R e i 4R
! %
BiAE Y
BT > iR
cnlm ‘ ‘ ‘
. CMD6: b1kt IDELAY+] HHADELAY fi
M HS400B
! f
CMD6: 55 R,
CMD? -
-
CMD6: b1
Cfﬂm}(& s

K4 wriafemie

A i 4 B HR A2 B Ak 8 WL AR 5 (]
DI IR BAE LR E 1 B hma it 3 2 Th RefH
AR R EORIATEAE S A L R R A
1E . Bl AL fisi s 58 BB 15 AR, REEM)
BT HS400 TARERE, i 7 v 8 i, B dls
He R/l 512 Bytes, R DDR J7 20AE R4 - TR I
TR AR A TR AR . S 0 s BRAAR Y
IEIRL AL, AR B PE A 2 > CRCI6 1
5, EAHEACE: EHEEERE , T REITRS T BRI EEE .

A A LRI 32 2 50 i & R IR e 4, 4%
48 bits JFATar A Fe ¥l AT AR 4 K ik B eMMC X
%o [FEPKE eMMC 13 3R [0 ) 5B 17 i 07 5% 6 I
A g AT | SR e e 2 £ i 26 00 s A A e A o
PR
3.2.2 &3 Rkt

Z J eMMC BYFAT A0 [ 50 132 ORI I, ol T



110 W odb Tk ok

o

38 #

A5OSR RN RIS SE AN [R] PR IG5 8 2 A X B i A7
[ AE4RAE . FE%CdE 5 T, Al IR AR5 DDR3 1

AR 42 ] 45 1) D RERE I 73, 76 RAML BT LAY
A LU H 5 5 2 b A7 B A i, DL B

FEAT PE I IERRPE
T3 EHHEIZITESIIR
o swrvol [ | [uerro | i ; EEAR FmEE e {258/ bit
eMMC.5 /1 [«-CMD cMp—| eMMCiEf3 N
T RS ANBHR
srvo) | [5rro SAgEk wEy
i ’
; ) oy cARAE A
122 T R R IIGER * 16
x| izFFo | ™ | izFiFo [tk PRI DR FAIT i B[] A
eMMCA5 42 lecmp—] < CMD-—— eMMCi5 /4 B oAk Bl BRI
el | s Wil EEEEH ML
FPGA¥ 2 e - BRI R
B Hi B 32
5 ik SEATH P~

K5 FEsIEL 2T

WE s s, AR FPGA NEBRY FIFO
VERBAE, MR eMMC 5.1 090 K H T & 0 I i
256, il 16 bits IEHEH . AEHIEE AR, A
Wr FIFO M5 {5 5, 4 BIL I T A FIFO #RA S i
BHFAR TR FIFO w255 A 8dE , i A FIFO Hh4L
P 512 FATWM FIFO H RS A eMMC
TEICEICHE 1 3 A AR R A LAY, 8 T S M S A
JIFA FIRO Hh3545 0 ot ] e 27 H e 0 e ) 25 13 1
Bt | 75 AT fo] — B FIFO 352 25 ) A g 1 BE Fr A5
FIFO,

4 BHBFHBREIPIRT

H1 T eMMC 258 N TE T 85 5246 A Fn 2 1
(error correcting code , ECC) HL#l, BET7E — € fE & I
PRUEAEAf U P 3R A58 1) mT 58, i i B0
(4 8% SRAM % FPGA , HiAE Hy vl g B g1, %
23 [ SR 000 AEURR , TR L, 5 X FPGA B0 45 4l
A E T AR I E T
4.1 HHFEESHEIET

MREHTTH AL T FPGA il &s ) T Rg it , £ 4
G R RIIR A B RS AR A A O
FRI A i LA B S 20 4 55 FIFO 4% ] 5 D) fig
HR A H 32 45 98 UR 5F 0 40 T RAM 28 Bk S ML
KK,

XFT RAM R¥E6, 785 A KA A se OB 3ok
(LAY E ol SR aw g QA I A G DA 2 VA
Bt B DT A RO S, AR AR
T BN AT AL 3

XF FiRMES R G BICREBR (EDAC) 58 ik
i At S M At A BOHR A% B T 2R A T A A, TR T
MG B FEEE L 5 58 S PR T AR, 2 IE R 5
SRR AR P i B RS R . R P AS SE A
XoF BB ARG A 2 4

IR

IEXET |<—‘S+”b" |

6 RAM f R e 21 s

eMMC 4% D HIZ A -2 REHL, )
Al BCHE 1 S A A R DL o =BT AR R
(triple modular redundancy, TMR ) 5Z B4R 25 27 77 %%
PEATZRAE ORI BT, DRAUER AL T AR i A%t A ]
T3
x4 RKEN=ZERRIE

SRR FrEsb ik 37 58/ bit
5 R 2 H 5%

wIRIRA Wik PG LR B AR 4
zh#| HS400 E
GO B =B

TR ARkl B 0 o B i 3
(-1 eyl =

LR o
ER AR S 2 32




) RAER, 55 R eMMC BT RSN TR R A A BORIT S 111

TR IE I X ZN A ) ST s T
=gyt 3 B oE e AR ] HL IRk AR, AR b
i L1 S e g HEAT R P A RO R il —
PR A A DR TS HL 6 2 B PR 52 ), A Tad e 4
DR L S T AR B F e S0 T R B G 2 I, D
[[0F7 5482 iU RTE T3 d

| R
PR

B 7 REHLE TMR it

1E FPGA B RE b 86 248 E R B Al
I AR 22 B TG B4 RRT L, TG L PR AN BT 8 BT
TNo RGEHGEESLS R MM G S AR E
SCHR) FPGA, 58 B HC B 152 Fb 38 FPGA i s b
AAF A RS T LA S B A4 b 08 , an i
AR EE 52 AT )32 Ll e e R 5 U)X . 8 2 A7 4
FHE  DINRA L R b S T e 8 5 5
AT , ARIEsT B & A B B AT 2 1E

£
2 A L
2| ®| =
B R
wml & &
sl &
Xilinx FPGA
Xilinx PROM
<«—{ DATA[0:7]
Data[0:7] > »| CCLK
CCLK B T 0 SEROGES
ACTEL AS4 571 » RDWR_B
ct " » CS B
CE > - DONE
- INIT B
SET_B > < -

8 AL R
42 BRFHSRPIET

R VB R R I A2 1 T H iR 3
PRI, AT AR A DN AR R ) Bk e, 5 SR T B

SE

(single event upsets, SEU) AH Lt , Bk T [ 8 ( single
event latch-up , SEL) A EE 3R K5 a4 = A K
FL UL , X1 FL UL T A 2 e ek s P i R R Fl U LA
e SO AR A A R 2 e A B, QSRS B i
FTAh RO 2 X 8% 1L 22 BRI AR R AME R0

THBR SEL Rk T 02 S Y s I i O, 76K
HL It & A JR AT BRI B X B A AT F S G A e
S IR T AR

A\

RN s s e
Pttt > J, l—f -CMMCMN
TRREEH Wi o

it

K9 BT BB 4 HE &

b R 3 9 O B R G o P
VKT A o i B A7 A DGR A L 225 i W)
H, BT ., P OG5 il Fh, J866 42 T Pl B T T 0 46
Jsn b FEARFF DI B IR RS | BER A Sk 2 Ak
HL BT R T, 24 2E B B35 3 ) IS Sh Pk A2 e %
B IR ALAE S R LA | SR B b
13D B B A RN

5 & it

ASCHT /N TR R eMMC 8 FAE b B 3k
FAFRE AR ATATYE, FIH 4 B eMMC ot 7 5281
ik E 4 b, Bl mtE KT 1 Gh/s R RAE
AR A, [FIR, 78RR SR A4 5 8 v T g Tt
25 (A FE S I 22 VR T, T 2 R R I AR
BUA R AR | B s Ak R A e L, 7R
SRR = S DR & B4 /0N TR R Ml A K 43 sk
S AT R R 2 [

(1] R, B b 23 S AP EEORITFE [ D] ISR I R Tl K%, 2016 :39-40
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Research on New Mass Storage Based on eMMC for Small Satellite

TAN Weifeng', WANG Gan', DOU Jiao', CUI Yaozhong’
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2.China Academy of Space Technology(Xi'an), Xi'an 710000, China

Abstract: A research on the widely used on-board storage is taken on the demand of the mass storage, low cast and
highly integrated for small satellite. Study on the difference of the manage way, read/write rate and reusability
shows a better way to establish mass storage using eMMC that can self-managements and error rectify to instead the
FLASH array. According to the analysis on features of the eMMC and the space radiation environment study on the
fault-tolerant reinforcement technology for on-board memory on eMMC was taken. A study on HS400 of eMMC 5.1
the data rate can be 400 MB/s. Based on all that a new mass on-board eMMC array with FPGA controller is

designed which are highly integrated and fault-tolerant able for small satellite.

Keywords: small satellite ;on-board mass storage ; embedded multi media card ;fault-tolerent ; high throughput rate
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A DTN Packet Routing Strategy for Satellite Networks

MAO Yiding, TIAN Zhou, ZHAO Yu, SUN Hanwen, XU Weilin, ZHAO Yi

( China Academy of Space Technology(Xi’an), Xi’an 710100, China)

Abstract: In the space delay tolerant network ( DTN ), the node motion is not typically random due to the
limitation of the orbit of the satellite. There is a positive correlation between the length of historical contact time and
the probability of future contact between nodes, and according to the similarities and differences of satellite orbit,
the possibility of contact is also quite different. This paper aims at the above characteristics, combined with the
advantages of existing DTN routing algorithms, designed a DTN packet routing strategy based on historical
information statistics. By grouping satellite nodes into operational orbits, the contact probability is calculated by the
historical contact time, and adapt to the motion of satellite network. To get more accurate contact probability
predict, and improve the accuracy of next hop selection. The simulation results show that compared with the existing
routing algorithm, this routing strategy has lower cache consumption, higher message delivery rate and better

delivery delay.

Keywords: delay tolerant network (DTN ) ; packet routing; contact probability
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Effect of the MoSi, Coating Preparation Quality on Performance
and Reliability of Bipropellant Centrifugal Engine

ZHANG Zhen'? | CAI Kun'?, JIA Zhonghua®, WANG Na’, YU Yusong*,
WANG Fengshan'>, MAO Xiaofang'*

1.Beijing Institute of Control Engineering, Beijing 100190, China;

2.Beijing Engineering Research Center of Efficient and Green Aerospace Propulsion Technology, Beijing 100190, China;
3.Aerospace Research Institute of Materials and Processing Technology, Beijing 100076, China;

4.Beijing Key Lab of New Energy Vehicle Powertrain Technology, Beijing Jiaotong University, Beijing 100044, China

Abstract: The MoSi, coating on the chamber surface of the bipropellant engine is mainly used to prevent metal
substrate from forming low-melting metal oxide under high-temperature oxidation atmospheres in the firing process.
The MoSi,coating is made by vacuum ion plating and infiltration siliconization. In this way, it can make the coating
much denser and more uniform, getting the better performance to keep effective under the harsh conditions of high
temperature and scouring. In the static high-temperature test, the sample with MoSi, coating can withstand more
than 20 hours under the of 1 800 degrees Celsius, which is far better than the temperature resistance of the other
sample made by the traditional slurry or spray method. Meanwhile, the MoSi,coating surface based on vacuum ion
plating and infiltration siliconization is smoother and denser. Experiments show that under these conditions, the
cooling liquid film is easier to spread and survive and has better evaporative heat transfer effect, which is conducive
to achieving highly efficient cooling for weakening the heat flux to the engine injector. It is verified in the firing test
that the bipropellant centrifugal engine covered with MoSi, coating on chamber has passed the life-span test of
40 000 seconds at a throat temperature of 1 400 degrees or more. Therefore, the protection of MoSi, coating shows a

great significance for improving engine performance and extending its life for spacecraft. However, the thickness and
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uniformity of the molybdenum layer made in the process of vacuum ion plating has been found as a key in the
preparation. And then, the compatibility of the infiltration siliconization to the molybdenum layer thickness also has
an important impact on the reliability of the bipropellant engine. Once the molybdenum layer remains unexpectedly
in the coating, it could seriously cause structural abnormalities of coating diffusion layer and significantly affect
coating quality. In this case, the combination of unbalanced thermal stability and weakened binding force may result
in penetrating cracks in the firing process, furthermore leading to a serious consequence in the working operation. In
particular, this problem is more likely to occur in the area downstream of the throat. Because the temperature
gradient here is large and the oxygen concentration is low, it tends to generate large temperature stress, leading to
structural damage without enough self-healing. Therefore, it is proven to be important to strictly control the
thickness of the molybdenum layer, properly prolong the infiltration time, and comparatively use the weighing
inspection. Those methods aim to ensure that the MoSi, coating has a sufficient molybdenum to keep the enough
thickness of the coating, and all molybdenum can simultaneously be silicified completely without residue. The
quality of the coating preparation can be improved and the engine’s working reliability can be guaranteed in

this way.

Keywords: bipropellant centrifugal engine; MoSi, coating; coating diffusion layer; liquid film cooling
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Design of Connecting Rod Separation
Mechanism for Small Satellite

LI Tengfei, ZHANG Hongliang, CHEN Yinxin, WANG Ruixian,
MA Lingxi, SHAN Tilei

(DFH Satellite Co. Ltd., Beijing 100094, China)

Abstract; A design of connecting rod separation mechanism for small satellite is proposed in this paper for the
locking and releasing of 100~200 kg minisatllite. According to the crank-slide principle, a clamp-band sepration is
connected with a crank-slide structure, a bolt is used to control the pretightening force. A SMA pin puller is used as

a lock to reduce the unlocking impact. It offers a new idea for design of small satellite separation devices.

Keywords: connecting rod; separation mechanism; SMA ; small satellite
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PEAY LE A e, AR SOR JH B A it R O O 2R Y
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S TAEAG 5 IE R FH AR T AR o A 2 i ek
APERE

, 2018, 1. 39-42

HU Gefeng, XUE Lijun. Exploration and Development of Cost-Effective Commercial Microsatellites [ J]. International Space,

Shanghai: Shanghai Jiaotong

2018, 1: 39-42 (in Chinese)
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Electronics, 2013, 28(8) : 3845-3859
[10] LYDEN S, HAQUE M E, GARGOOM A, et al. Review of Maximum Power Point Tracking Approaches Suitable for PV Systems

under Partial Shading Conditions[ C] // Australasian Universities Power Engineering Conference, Tasmania, Australia, 2013

A Global MPPT Optimization Algorithm for Commercial Aerospace

XU Yiyuan, XU Qifeng

( Shanghai Institute of Space Power-Sources, Shanghai 200245, China)

Abstract; Under the condition of uneven illumination and temperature, when the solar wings and body-mounted
solar panels are combined into one branch in parallel used in the Commercial micro-satellite, the multi-peak
phenomenon of the output power of the branch would appear because of the bypass diodes. As a result, it is difficult
for the conventional maximum power point tracking ( MPPT) algorithm to track the global maximum power point
(GMPP). A fast and stable voltage closed loop MPPT optimization algorithm is proposed without adding any
additional hardware circuit. According to the proportion between the peak point value of parallel solar array and the
open circuit voltage and short circuit current of solar unit, local searching is used instead of global searching. When
it is applied to the power module of unregulated bus, it can successfully realize the global maximum power point
tracking of parallel solar array. An experimental platform is built based on a hundred-watt superbuck converter to

verify the effectiveness of the fast and stable MPPT optimization algorithm.

Keywords: power module; parallel solar array; voltage closed loop control; multiple peak value points; global

maximum power point
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W EREHR—FTEOLEE S FER KA RATERES ZE&EF A LRER EEMNXFY
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1) BURALEETFTK <Pl 400 mmx1 500 mm;

2) MR BT K : <160 kg;

3) BEFULR 2T K : <5 mm;

4) HRNIEER R : —Birin] =25 Hz, —Brghin
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5) B AE TR TR IR AZ X B, w
7 R SR SR IR B R R SR AR i ok
A BB PGS M Fom i PR S I B L it
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VLD EVALRES QR RS S WN k- F I EI QTSI WN
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ReF R, s E UL 3 i 4.
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3) WEEFRERRKEL . <P1 398 mmx1
100 mm;
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LIU Dongmei, BAI Zhaoguang. Design of Configuration and Layout for HJ-1A/1B Satellites[ J]. Spacecraft Engineering, 2009,

18(6) :31-36 (in Chinese)

[4] Rz, BEM, AT, % S0—5 DR MMRIEA RIS ]. SURE TR, 2014, 23(34T)) .32-35

XU Yunfei, DI Guodong, BAI Zhaoguang, et al. Design of Configuration and Layout for GF-1 Satellite [ J].

Engineering, 2014, 23(suppl) : 32-35 (in Chinese)

Spacecraft

[5] BREWT, BbhE, BRI, 4. Wm e TR TR R S 45 B0 TR C1 / PR R E A A R R 2
KA BB 2017 AF-EARBT 22, I P EATR BRI AR, 2017: 501-506
CHEN Yinxin, SHAN Tilei, GE Yimin, et al. Research on Truss Configuration and Structure Design for Micro Satellite
Development[ C] // Symposium of the System Technology of Spacecraft, Shen Zhen, 2017 501-506 (in Chinese)

(6] HhZ7% J4EH , TJH. Patran Fl Nastran A3 BRICAMr b2 M]. LA, FERR RS AL, 2005
MA Aijun, ZHOU Chuanyue, WANG Xu. Patran and Nastran Finite Element Analysis[ M ]. Beijing: Tsinghua University Press,

2005 (in Chinese)



Hi) BB A NS DR AL S SOt 145

Optimal Design of Configuration and Structure for BF-1 Satellite

SHAN Tilei, BAI Zhaoguang, CHEN Yinxin, DI Guodong,
GE Yimin, FENG Zhenwei

(DFH Satellite Co., Ltd, Beijing 100094, China)

Abstract; According to the technological requirements of BF-1 satellite mission,the satellite restraint condition of
launch vehicle, flight attitude , equipment layout, energy , assembly-test are analyzed. The configuration and layout of
satellite are designed and the satellite size is determined through the solar array optimization. The structure is
detailed design according to the configuration result, and the main bearing embedment, structure mass are
optimized. Then the mechanical analysis and verification are carried out. The result shows that the high stiffness,
strength and good quality characteristic of satellite are achieved, and has been validated through transportation and

launch environment on the sea.This provides the reference to the similar satellite configuration and structure.

Keywords: BF-1 satellite ; configuration ; structure ; optimal design
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A Convolutional Neural Network Architecture for
Small-Scale Object Detection

CONG Longjian, LIU Yanxin, JIN Songzhi, HAO Mengxi,
LIU Yanyangshuo, ZHOU Bin, ZHANG Hui

(Beijing Aerospace Automatic Control Institute, Beijing 100854, China)

Abstract; Due to the constraint of distance and imaging technique, the intellisense technology for aerospace
equipment is facing a problem that objects to be detected is small-scale. Deep Convolutional Neural Networks
(CNN) is the most popular technique for object detection, but when the small-scale object is calculated in the
inference phase, most feature will be lost because of the network architecture with plenty of down sampling layers.
Feature Pyramid Network (FPN) has been widespread used in small-scale object detection, which build high-level
semantic feature maps at all scales. In this paper, an architecture with feature map scale up is proposed, separating
the high-level and low-level feature maps to match the big-scale and small-scale objects, which is called a Feature
Funnel Networks (FFN). It is con-firmed by experiment that compared with other network on the VisDrone dataset,
the Feature Funnel Networks has higher mAP performance while does not decrease much more the speed of

detection.

Keywords: intellisense; CNN; small-scale object detection
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The Research Development of CubeSat Solar Array

LAN Zhicheng, LIN Junyi, CUI Xinyu

(The 18th Research Institute of China Electronics Technology Group Corporation, Tianjin 300384, China)

Abstract; CubeSat was applied widely as its cost was low and designed period shortly, which belongs to
Picosatellite. This paper mainly described CubeSat solar array from three parts which were solar array basement,
locked and released mechanism and solar array deployable device. In the end the future development of solar array

technology was discussed.

Keywords: CubeSat; solar array; deployable device
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