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Fig.2 Classification of non-free-choice constructs
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Fig.3 Rules to judge indirect relations
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Fig.4 Steps of process mining based on statistical a-algorithm
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P B A RIS Ry T AE T 45 6 Bl AN g At g

BT, s 2 b, R PR R, W 7 RASE 42 iR
5% 10% F120% 3 Fpofe b A7 525, 52 56 %5 P 4 HE
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(BRI S — =R IE) MR (E
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TRIEAT ] ) o 1 5K B (9 4 BB A Herbst Al
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B EEFERG R - — 0, v A8 th T E 4 06 s ORIt
ANEZWRFR, W FAEX 2 AT A AT 2 5
FEIZATH ] b, A SO 0 B0k A F Sk 6]
S RN AR SCHE 3 44305 Sl R e, DA sl 44E
/AL, WD T SRR AR LU N A, B
(8] _E A B

3 EREDANEERIEXBMBRYE

Table 3 Experimental data arrangement for cognominal

activity identification algorithm verification

By WP SRR

EI R VR
G K A %

WAL % SR

Cl 22 200 ® 5 Levell
Cc2 22 200 ® 10 Levell
C3 22 200 ® 20 Levell
C4 42 200 ® 5 Levell
Cs 42 200 ® 10 Levell
C6 42 200 ® 20 Levell

x4 ERBRIRNEEWNEIBRER

Table 4 Comparison of experimental results of cognominal activity identification algorithm

AR SR SCHk[6 ] 51 3
BEas  EAWESRE
WA/ % HEH 2R/ % I8 A7 I i)/ ms WA/ % HEH 2R/ % IBAT I ] /ms
C1 2 %t 100 100 10. 12 100 100 15.12
2 3%k 100 100 10. 14 100 100 15.36
3 5 %t 100 100 10. 80 100 100 15.66
C4 3 %t 100 100 21.33 100 100 30.54
Cs 5 % 100 100 21.35 100 100 30.87
C6 9 %t 100 100 21.55 100 100 31.03
2.1.2 %t o Fixafie K5 RS Hit a EERIEXEHERH

HFIEE H BRI E ST o Bk
ZJEHEAT, AR B i R % AR B R A
BIsZm L B R G — i E N Levell, T4
it o BEAEE A G SR Y il 2 b B B
MR R E D ~ @, FEFEHTLRER N
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— R LA 1 56 50, B S 30 B 2 HE 3k S
JiR o LR MRS A 3 Az g (A3
FEE R 273 AF BRI GRre A R R 19 1/3
B AT Az tEg = N,/ N, + noise , N,

Table 5 Experimental data arrangement for statistical

a-algorithm verification

Bln WEPLE HAEHE L MR LR

i 5 KB B K HE % FSR
S1~85 42 200 ~1000 @O ~@ 5 Levell
S6 ~S10 42 200 ~1000 @O ~@ 10 Levell

S11~815 42 200~1000 @O ~@ 20 Levell

AR IE S EH N, S FRE S B 95
ZHRCH , noise /R MR R . ¢ AY(E ML 1 8
U g R T 1 R 5515 2 A BB i e i
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Gy Ko T BE A S AR N, GE 3T o B AE AT
[ERCR AN B TREZE N 7 [~ O NE P S N
A5 ,HAC-PSO iz 47 i ] 3z 8 50 i 2 Fp ik o
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BT AN o Hk, 5 HAC-PSO HEA K-,
{HRAE 5 vk 2 17 i) ] B 21 B & 4 F HAC-PSO,
BA G Mo A A TR LA, L

R6 HitaHEXWEIBER

Table 6 Comparison of experimental results of statistical a-algorithm

Bl AWM (a=0.05) Zi o Bk HAC-PSOL!®!

BT A% MEWER/% BTN /ms AN/ % WEWER/%  BANE/ms EAME/%  MERAR/ % BATHEE/ms
S1 99.10 97.98 3350 105.00 92.98 2289 99.65 98.56 12651
S2 99.16 98.88 5830 104.90 93.86 4820 99.58 98.96 33624
S3 99.52 98.82 7316 104. 88 93.82 9213 99.58 99.19 75623
S4 99.36 99.25 9833 104.95 94.22 15632 99.69 99.69 136362
S5 99.88 99.65 11369 104.36 94. 65 30205 99.78 99.96 206534
S6 101.02 97.23 4069 111.02 86.88 2441 99.16 98.03 12543
S7 100. 56 97.79 6151 110.56 87.25 4922 99.23 98.15 34123
S8 100.23 98.56 8536 110.23 88.36 9365 99.26 98.45 76245
S9 100. 20 98.33 10623 110.20 89.12 15664 99.32 98.32 132013
S10 99.93 99.21 12988 109.93 89.35 30157 99.49 98.98 214756
S11 100.98 97.56 4419 114.98 82.36 2674 98.52 97.23 13025
S12 100. 56 97.88 6496 114.56 83.65 5155 98.62 97.53 34216
S13 100.23 98. 65 9441 114.43 82.98 9998 99.15 98.68 77487
S14 100. 59 98.98 14 635 115.09 84.98 17897 99.48 99.32 140259
S15 100. 20 99.52 19062 114.35 83.66 32390 99. 60 99.56 219874
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N g Eym //
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P 6 A [a] P RUASE T 19 0 3 45 SR L

Fig.6 Comparison of algorithm results under the same noise scale
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Fig.7 Comparison of algorithm results under the same event log scale
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Table 7 Experimental data arrangement for non-free-

choice construct identification algorithm verification

Bmgis  WEPEKE  HEREME SR
F1 50 600 Level4
F2 60 600 Level4
F3 70 600 Level4
F4 80 600 Level4
F5 90 600 Level4

®8 FEHHARFLEWRNEEMNLIWER

Table 8 Comparison of experimental results of non-free-choice construct identification algorithm

LS LD AR SCH % at o+ FE
gi  AECR nmim R s/ MEBERBSH EFRE/ms  RBEH MERR/%  EEBRBEH B E/ms
F1 5 5 100 14 1025 5 100 20 1562
2 6 6 100 18 1365 6 100 32 1845
F3 7 7 100 20 1852 7 100 36 2214
F4 8 7 100 22 1955 8 100 42 2456
F5 9 9 100 28 2123 9 100 50 2814

2.2 EXHEXBSHHN BATHF I ¢ SEROX AR o + + KT

AR SCH IR A T 5 =W BB R
ARG RS H S, X RSN E
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BEPR AU R fr A B R B A5 H HE R R fa AN

FHAE LR T RS (GA) " SClik[6] 5 1%
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SR EE RN 10 FroR . FTRLE B A SCHE
ST 4 Q0 F P 3 D AT LAAL B 22 11 5 0K 25
9, N 206 3 AR B B SRR A A A QA U R
MU 2 E 5 AR EMHEEIFRAMFA
ZEE 5 O FE LR UE HE B 2R 11 00 [ AR QR IE T 38
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Table 9 Description for event logs of acute appendicitis
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Table 10 Experimental results for real data
o ‘E%‘Zﬁﬁ] ii%‘?ﬁfd] B Y ‘ P 1FI?LIEEJE+§ ik E‘Hﬂii% iéf?
PR/ % MR/ %zt % HER 3/ % RN/ % SE R A R/ % IR ]/ ms
AR 100 100 100. 56 99.36 100 100 4036
o+ +Epkl?] 106. 88 94.50 100 100 3855
GA! 99.89 99.36 100 100 39558
SCHk (61580 100 100 103.33 89.89 2011
HAC-PSO!®’ 98.78 96.85 50 50 10254
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Abstract: Workflow technology is widely used in business process management. However, there are still
many problems during the execution of business process because of the imperfect workflow model. Process
mining is the most useful tool of workflow modeling, which can obtain objective and valuable information from
event logs and build process model. Nevertheless, the existing process mining algorithms still have some
problems, such as low accuracy, long operation time and overfitting, which will decreace the accuracy of the
workflow model. This paper proposed a new process mining algorithm based on statistical a-algorithm, which
can not only ensure the accuracy and suitable fitness, but also decrease the operation time. First, cognominal
activity identification rules were proposed to be the pre-treated process of process mining, which could improve
the accuracy of algorithm. Second, statistical a-algorithm was proposed as the core algorithm of process mining
to eliminate the influence of noise in event logs. Moreover, a new algorithm was proposed to identify non-free-
choice constructs, which improved the robustness and accuracy of the algorithm. The accuracy and efficiency
of the algorithm are verified by simulation and real case.
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Removing baseline drift in vibration signal of autopilot
based on morphology

ZHANG Jingyuan, HE Yuzhu”®

(School of Instrumentation Science and Opto-electronics Engineering, Beijing University of Aeronautics and

Astronautics, Beijing 100083, China)

Abstract; The baseline drift and heavy pollution for vibration test of missile autopilot are still problems.

The requirement of denoising is difficult to be achieved by traditional time-frequency method. In this paper, to

filter out the baseline drift noise, a new morphological filtering method based on the basic principle of general-

ized morphology is proposed. The proposed method is composed of three-level structure: the former two are

based on the morphological principle, and the third level is designed for cancellation and smoothing. Thus,

baseline drift can be effectively suppressed by cascading. In addition, the proposed method is more adaptive

by introducing particle swarm optimization ( PSO). In the final experiments, the real signals of autopilot and

ECG signals are denoised by the proposed method and reference methods. The experimental results show that

the proposed method is better than wavelet denoising and traditional morphological denoising in suppressing

baseline drift.

Keywords: morphological filtering; vibration signal; baseline drift; threshold denoising; particle swarm

optimization ( PSO)
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Fig. 10  Test results of Module 1-9
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Detection and identification method of electromagnetic
interference elements in limited-space

LING Bo'?, LIN Yun’, SUN Hongtao2 , SU Donglinl‘*

(1. School of Electronic and Information Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;
2. AVIC Chengdu Aircraft Design & Research Institute, Chengdu 610091, China)

Abstract. It is an inevitable trend that more and more divided RF systems are integrated into one rack for
the new generation airborne electronic equipment development. However, the “module-based” electromagne-
tic compatibility requirements, evaluation methods and other new electromagnetic compatibility issues have
been inevitably brought out by the RF integrated technology’ s change from “device-based” design to “mo-
dule-based” design. According to the principals of electromagnetic interference ( EMI) element, the EMI de-
tection theory and testing techniques for emission features of RF module in limited-space of integrated racks are
researched and discussed, as well as the simulating measures of RF function thread. A novel methodology is pro-
posed for EMI detection and identification in limited-space from the far-field radiation features of integrated
racks, near-field emission features of function module and the conducted current emission features of integrated
racks’ interfacing cables. Many experimental tests are carried out upon one real airborne RF integrated racks by
the research team, including far-field radiation tests, near-field emission tests of function module as well as ca-
ble current emission tests of the RF integrated racks. This method finally realizes the electromagnetic compatibi-
lity test of the function module under the integrated environment, and also is proved to be feasible and accurate.

Keywords: integrated RF; limited-space; RF module; electromagnetic compatibility; electromagnetic
interference ( EMI)
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An adaptive CRPF fault diagnosis method under strong noise condition
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3. National Experimental Teaching Center of Electrical and Control Engineering, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: Aimed at the problem of low precision in fault diagnosis of nonlinear non-Gaussian system due
to serious noise interference under the actual working condition, this paper puts forward a new fault diagnosis
method, which can adaptively update the state transition density variance of a cost reference particle filter
(CRPF). By designing the correlation discriminant function between the measurement value and the prior
state, the variance of the state transition density was adjusted adaptively according to the magnitudes of noise
and error, and the adaptability of the algorithm to strong noise interference is dramatically enhanced. Further-
more, the method for designing adaptive threshold of residual was studied, and the sliding window was also in-
troduced to calculate the mean of interval instead of the mean and variance of the adaptive threshold based on
parameter confidence interval, which was expected to reduce the calculation time under the premise of ensu-
ring the accuracy of fault diagnosis. Taking 160 MW fuel unit as an example, drum level sensor fault diagnoses
under different strong noise conditions were analyzed. From the results, it is found that the accuracy of fault
diagnosis in the complex noise environment is obviously improved and the computation time is greatly reduced.
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Fig. 10  Relative position of task trajectory
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Industrial robot system based on CPS approach
CHEN Youdong™ , CHANG Shilei, FENG Qiangguo

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

Abstract; Industrial robot system based on cyber-physical system ( CPS) is a key and enabling technolo-
gy for intelligent manufacturing. This paper presents an industrial robot system based on CPS approach, which
is the fusion of physical world and information world. The system is divided into physical layer, network layer,
control layer and application layer. Data from the physical layer are sent to the control layer via the communi-
cation layer to update the data in the information world. The application layer analyzes and optimizes these
data to make decisions. In the control layer, the decisions are transformed into the device control data. The
control data are sent to the physical layer to control the devices through the communication layer. A machining
experiment is conducted to validate the feasibility of the method by using the ER3A-C60 industrial robot, MI-
CRO-6013CM smart camera and in-house industrial control system.
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Numerical simulation of hybrid lubrication characteristics of
slipper pair of aviation fuel piston pump
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Abstract; The aim of this paper was to solve the slipper pair lubrication problem of the aero fuel piston
pump under the mixed support of dynamic and static pressure. Based on the mathematical model of kinematics
and dynamics of slipper pair, the mathematical model of the hybrid lubrication of the slipper pair was estab-
lished based on the dynamic pressure effect caused by the static pressure support and the irregular spatial
curve of sliding shoe movement. Then the lubrication characteristics of slipper pair were simulated based on
the finite volume method, and the variation law of the oil film thickness, the influence factors of the oil film
pressure distribution and the anti-sliding performance of the sliding shoe were analyzed. The simulation results
show that the variation trend of the oil film thickness obtained by the hybrid lubrication is consistent with the
actual lubrication state, the thickness of the oil film, the maximum inclination angle of the slipper and the ro-
tor speed have an important influence on the dynamic pressure effect, and the inlet pressure of the slipper pair
mainly affects the static pressure of the oil film. The anti-overturning ability of the sliding shoe can be en-
hanced by increasing the working radius of the bottom surface of the sliding shoe or reducing the radius of the
oil pool of the sliding shoe center, so as to counteract the overturning moment of the sliding shoe.
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An improved approach for odd-arrangement structure with
narrow transition band based on FRM

ZHANG Wenxu" , ZHAO Wentong, CHEN Tao, CHEN Yajing

( College of Information and Communication Engineering, Harbin Engineering University, Harbin 150001, China)

Abstract; In order to solve the problem of high computation complexity of narrow transition band filter

bank, an odd-arrangement non-maximally decimated efficient structure with narrow transition band filter bank

based on frequency response masking ( FRM) is proposed. Firstly, when the prototype filter of this structure is

designed, the FRM filter of the upper arm is obtained through the interpolated prototype filter. Secondly, the

complementary filter of the lower arm is obtained by the delay signal subtracted from the interpolated prototype

filter. Then the masking filter is used to shield the mirror caused by the interpolated filter. Finally, the desired

FRM filter is obtained. The improved structure is simulated by MATLAB, and the simulation results verify the

correctness of this improved structure. This efficient structure saves 80% of the multiplier resources compared

with the polyphase filter bank architecture. Because the decimation module is located at the front of this im-

proved structure, the limited condition of the sampling rate of the system is reduced and it can be directly used

in the high-speed sampling system.

Keywords : narrow transition band; prototype filter; frequency response masking ( FRM) ; filter bank;

masking filter
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Table 1 Calculation conditions
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WAEKEH/ (g-m™) ARSI /kPa P/ C
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Numerical simulation of 3D hot-air anti-icing chamber based on
Eulerian wall film model
LI Yan™ , GUO Tao, CHANG Hongliang

('The First Aircraft Institute, Aviation Industry Corporation of China, Xi’an 710089, China)

Abstract; A new computation method of hot-air anti-icing chamber performance based on Eulerian wall
film (EWF) model was presented in this paper. User defined scalar (UDS) of FLUENT software was used to
calculate water droplet impingement efficiency by solving droplet governing equation. Mass balance analysis of
water collection rate and film evaporation rate was performed to get the mass flow rate of each micro unit,
which was used as boundary condition in calculating 3D film thickness distribution driven by air, and then the
dynamic model of film flow on anti-icing surface was set up. Based on the above work, conjugate heat transfer
model for 3D anti-icing surface was built, and under-relaxation factor was used in solving the loose coupling of
inner/outer flow field, water film flow and skin heat conduction. The method of this paper was used in the cal-
culation of a nacelle anti-icing chamber performance, and the results show good compliance with the physical
phenomenon. The method in this paper can be used in 3D hot-air anti-icing chamber performance calculation.

Keywords; Eulerian wall film (EWF) model; hot-air anti-icing; loose couple; anti-icing heat load ; wa-

ter film; numerical simulation; three-dimensional
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Table 1 Computation models in two test cases

W 4 KRS [LEPAEN

1 Y"1 (x) =y (%,0=1.5)
1A 2 y"2(x) =y (x,0=1.6)
3 y"2(x) =y (x,0=1.7)
4 )""4(37):y"(x,9~]\7(1.5,0.152))
2 5 y"5(x) =y (x,0 ~N(1.5,0.3%))
6 y"6(x) =y (2,0 ~N(1.6,0.3%))

Woey™i(x) (i=1,2,+,6) FK7R 5 i AT 4 3w B &
*2 HFHONERITHEER
Table 2 Metric computation results of

numerical test case

a4 B iy 5 & br fH
1 0.0076
14 2 0.1551
3 0.3320
4 0.0502
504 5 0.1635
6 0.2767




%55 3

A S e, 45« BE LA X [A] 22 i LA 2% 1R T A AR B A A 8 A

A R
A 971

RUBf AN PR B K BT % . H AR 2 AT LAY
) AEA 1 RYFEARMEL(0. 007 6) FE A E X —[0]
RO 77 A T TR 2 TE A b SR A ok B2 o, R (2) AN
Sy x(2) B 1R BRI i A R AL T A5 X
FEDLIR O 77 A — i IR 25 o (HAN R 3 — 20 1 R
AL, R A S IR A Fyy (y,2)
Fyiy(y,z) BEF AR SR/ &8 T 3,
[T AR A TR EE R Sl T, Rt I,
TER R S HUAAE 22 S I D0 T, A [R] A5 780 15 4 1
S 22 R0 22 5 R AR A2 FH i S 4 AR HEA T A AR
FEH I RE O IE# I BT Z MRS .

2) 552 K4

55 2 MR A A 4G 3 DNECARR, 5
RUAH G M0 4 00 5 RIS 6 3945 S50 0 1 R
BEALAS &, B 4 FIAEAL 5 th 280 0 A R
LS [HEERL 4 b0 By J7 22 LUREAY S A/ 18 S
B 6 24 0 1 J7 22 M A (HEEAL 6 h 6 1Y
WERTHALS vhoo RYIMH . WARAEIX 3 LAY
B 4 AR e, FEROE A SRR 6 i
250 55 2 ML T 50 e AL AL R S50 43 A bR
BORAT RN 22 5 0 AF B0 T 4 A 2 KSR AT
AR

) 3, 7658 2 a4 r , 0 RO Y 1y BB AL i A
AR AR AS A B My =10 000, 5256 Bl L 4 A 2 &
IREAS 258 My, = 1000, [X ] 4 A 72 Y 25 B 5
N, =300, ¥ H8 2. 3 5 5 04 6 A5 oK AR O 1 0 3R
1 2 MK 3 A BERURR A A8 bR 1 115 45
Rk 2,

H1 3¢ 2 Al SRS 4 (Y8 bR B B/ (0.0502)
BERL S 2 (0.1635) , T #4581 6 Y 45 b {8 fic K
(0.2767) , BV i 1 A5 78 1 DA $8 b 1) 285 2R T LA A DB
A RL 4 AR XS B ft, HOUOR A S A B 6 B
28, X4 e ra R e . I, T
AR AR RE % X 43 A RS B AR AR /N 22 5 B AN )
TR () 16 25 AT T 4 1 1 B
3.2 TEEfH

XL ZS B ENHL 5, d5c ol &5 1) — A~ % 2h 38
PRl s 5 A, & S HLAE R 3 R o A v e e
LR Z AR R R B0 1, OB IR AR K 4
NS B TR R E B 2%, TAEREEE S, A
I TAE— Beimb (] J5 , — 26 R AL (G A A A8 I (59 5T
fLAF) 25 5y B B b i R B0, 18] 3 O K
R 28 22 SAL I 0 45 1 ME A R IS M 8UR L

B RIS R B HLAE e R % ol AR BT, B 1
T3 %6 25 1) R 8 R U oI 52 e O AT 1) S5 0 R 40 e i
MroTRes(4) 77 4

2
F:Ca)
2

+2p0° ] + &, (4)

Kfip Coo T T 5300 0 K Sl AL 58 4% 1 0T o 25
BECRB R S o o A AR L p . C T
HBEPLAE B, BT A S8R 3. B g i
fE o =2nm HXEZER, K ne 180,220 ] i
KEEGPHR, MEIRZE e, ~N(0,1.1x10")

s Tl &R @S T 3 AR A LA & shbl
R AN AL, 5 IR B ARLA L, 01X 3 A
R BEBLAS AR — o 25 5, BRI 3k 4.

B35 4 AT I3, 59006 38 UM L, #5701
S — AN A IE A B RL SR 2 Hp (1 Bl ML AR Y
AR5t RBOR A T AR A R 3 i B AR S AR
SERBCRA T AL, W H Y EB LA T AR, W
I, AT M O AR 1 AR TR 2 SR 2
PETHia 3,

Ivi) 5027 400 A AL, 7 A 00 3 3 BBOCRSE T8 ) i
ML AZE R RE AR 25 My =10 000, 5256 Ff ML

B3 s A shplin 48 SR B R BUR B K
Fig.3 Schematic diagram of crack of an aero engine

turbo blade model

R3 RPNRREMANLTESTSH

Table 3 Distribution parameters of input variables of

engine turbo blade

W AL 2% Gy A J R ¥ofH A5 5 R AL
p X EGE &S 8240 0.1
c P HOE S 5.67 0.1
J FA& 1.22 x10 0.1

x4 MEEAHINARARERBEGANTENHSH
Table 4 Distribution parameters of input variables of

models of aero engine turbo blade
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Table 5 Model validation metric computation
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A validation metric for model with mixture of random and interval variables

ZHAO Lufeng', LYU Zhenzhou'* | KAN Lijuan’

(1. School of Aeronautics, Northwestern Polytechnical University, Xi’ an 710072, China;

2. Equipment Management and Safety Engineering College, Air Force Engineering University, Xi’an 710051, China)

Abstract: The existing model validation methods under uncertainty based on theory of probability are only
applicable to validate model with random variables, but inapplicable to validate model with the mixture of ran-
dom and interval variables. To address this issue, the validation method for model with the mixture of random
and interval variables is studied in this paper. First, the characteristics of the mathematical model with the
mixture of random and interval variables are analyzed. Second, a new validation metric is proposed by using
interval theory and probability method. This metric provides a comparison between the cumulative distribution
functions ( CDFs) of the upper and the lower bounds of the model responses and the empirical CDFs of the
upper and the lower bounds of the experimental responses to show the disagreement between the quantitative
predictions from a model and the physical observations. The mathematical properties of the new metric are dis-
cussed, and its estimation method and procedures are presented. Finally, the feasibility and effectiveness of
the proposed validation metric are illustrated by a numerical test case and an engineering application with mix-
ture of random and interval variables.
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Table 1 Gearbox component parameters

Z B X M % 17 B % WA % 54 % %5 % % 6 w47
VA 21 38 99 84 23 92 24
M, 10 10 10 8 8 5 5

a,/(°) 20 20 20 20 20 20 20

B/(°) 7.5 7.5 7.5 14 14 14 14

al/(°) 22.6 22.6 22.6 21.5 21.5 21.5 21.5
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Table 2 Gear surface contact stress
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Table 3 Gear system life andstatistics moment under

various constant torque

i Al A/ iy 7 fir

(10* N + mm) FrRUEZ/ eycle H{E / cycle
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6 2.2 x10° 5.9 x10°
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Table 4 Comparison of characteristic life of

three methods

24 B PLa BZMEE Lha BE R
Ik AHmBMEs HabndizEs  HEAXE  ARuEZEHIRS
(10*cycle)  (10*cycle) RE/ % R/ %
a 9.8 4.0 0 0
b 9.5 3.5 3.1 12.5
c 11 5.3 12.2 32.5
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Assessment of gearbox fatigue reliability based on system PSN curve
MA Hongyi, XIE Liyang"

( Institute of Modern Design and Analysis, Northeast University, Shenyang 110819, China)

Abstract; To improve the efficiency of Monte Carlo simulation applied to evaluating the common cause
failure probability of complex mechanical system, the concept of system fatigue life PSN curve was set up first,
and then a Monte Carlo method for system reliability assessment based on this concept was proposed. With a
given constant load, based on the correspondence of probability percentiles between specimen fatigue lives as-
sociated with different cyclic stress levels, every single PSN curve of component can be extracted stochastical-
ly. According to the linear cumulative damage rule and the corresponding system reliability model, the fatigue
life distribution of gear-series-system was acquired. System PSN curve can be obtained by fitting constant load
and life distribution. The system can be treated as a component, and the life analysis process of component-
system-component has been completed. By means of damage equivalence principle between random load and
constant load, the problem of reliability assessment of a complicated series system under random load can be
converted to the problem of reliability assessment of component under constant load.
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Target tracking algorithm based on adaptive strong tracking CQKF

LIU Chang', YANG Suochang" ", WANG Liandong”, ZHANG Kuangiao'

(1. Department of Missile Engineering, Ordnance Engineering College, Shijiazhuang 050000, China;

2. State Key Laboratory of Complex Electromagnetic Environment Effects on Electronics and Information System, Luoyang 471003, China)

Abstract: As cubature quadrature Kalman filter ( CQKF ) is easily influenced by uncertainty of state-

space model and need to know exactly noise statistics, a new type of adaptive CQKF algorithm with strong

tracking behavior is proposed. Based on the theory of strong tracking filter, the new algorithm introduces fa-

ding factor to adapt to covariance matrix and reinforces residual sequence to be orthogonal, which effectively

suppresses the filtering divergence caused by the model uncertainty. In the process of filtering, processing

noise and measurement noise should be estimated online by the Sage-Husa noise statistics estimator, which will

improve the filter precision under the circumstance of unknown time-varying noise. Simulations of target track-

ing demonstrate the efficiency and robustness of the algorithm.

Keywords ; target tracking; cubature quadrature Kalman filter ( CQKF) ; strong tracking filter; noise sta-

tistics estimators; adaptive filter
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Care robot indoor navigation method based on hybrid map
ZHANG Lizhi, CHEN Diansheng” , LIU Weihui

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

Abstract: When the care robot is navigating in the indoor 3D structured environment, it is faced with the
disadvantage of the large computational cost for map building and the lack of semantic information in the map.
This paper presents a hybrid map building method based on point and plane features, which combines the ad-
vantages of point and plane features in the map building. Furthermore, an indoor navigation system is built
based on the proposed hybrid map. First, point and plane features are fast extracted, and then data association
is achieved using the interpretation tree approach. The smoothing and mapping tool is utilized to construct the
factor graph and jointly optimize robot poses and landmarks, and the hybrid map is refined and updated. Sec-
ond, the indoor navigation system is built, which implements the 3D obstacle detection, path planning and
motion control. Finally, the indoor navigation experiments were carried out in a corridor environment. With
the 2D occupancy grid map constructed by laser as the reference, the performance of map building and robot
localization accuracy were analyzed, which proves that the indoor navigation system based on hybrid map
shows its advantages in indoor structured environments.

Keywords: care robot; indoor navigation; simultaneous localization and mapping; data association; ob-

stacle detection; path planning

Received: 2017-05-17; Accepted: 2017-07-13 ; Published online: 2017-09-22 15.07
URL : kns. cnki. net/kems/detail/11.2625. V.20170922. 1507.007. html
Foundation item: Major Subject of Beijing Science and Technology Program ( D141100003614002 )

# Corresponding author. E-mail: chends@ 163. com



2018 4 5 H
F44 4 5

tEMEMRKEFFR

Journal of Beijing University of Aeronautics and Astronautics

:Ib*ﬁ May 2018
| B4 B3 |volL44 No.s

http: // bhxb. buaa. edu. cn
DOI. 10.13700/j. bh. 1001-5965.2017. 0342

jbuaa@ buaa. edu. cn

& T RS-TOPSIS By = 1 B 5 B BTG

&, TE, AR, ik

(ZEELBRY MZSMR LR, 19% 710038)

1 B ZYERRM TR TN Z ARRBWEM TR E . xR
T L A AN EVLME S AL, & &6 MR R (RS) 32 6 v 38 27 32 8 A 4 JF 7% (TOPSIS)
Wy Al £, 707 RS-TOPSIS = BAR AP R AL, & 1 RS H b 3 B A7 B WA, B A
A EREF MR G a6 g 58 o F K, 3 W 4 & TOPSIS 24T W 4L & OF 1T 5 1% 2| B A7 & i 12
Bo BBETHERS, 7 TEAFELERFHLHME, GRERXA R T ERAZTHEE
TRMEE, AZF ORI REEN SR TERMET -0 TRARET &,

X # W ME%E (RS); BAEEMEHETE (TOPSIS); BB iFM; HEHZX; =7

E A7
HESES: TP39I
XERFRIRAG: A

JR VAL A Sy 56 [ = 7 S 0 A PSR KO 2
(JDL) 47 10 155 JEL Rl A 8 ol 1 55 = 0 A
3 R T LT B 25 AR G0 Y A T BT R LR
AL AR R P 2 H AR B A
RCR BT

25 FRH bR P A S R Y 22 R P R SR 1)
R LB BE T B 2 B T AR AR AR SRR (3 ]
P2 R (R ISR ATy i, 73 M 45 B 22 AL X ol 1 7
JEE 1A 53 W 0 A AR AR 45 A 119 28 B, S B X =S H
R AR HE 7 5 SCHR [ 4178 22 J2 000 P Al 52 78 o
FIABRI A & B, I 25 & B[R] H As n] fE A B
AR TR SE A B 14 25 5, A S AR 45 A S B P
I7 25 5 H A 1A B A 5 SRR [ 5-6 1 41 68 Jal iy P Al
[ea] R P 8 AN T A S AR B T ROR AR B
B TR AR 1t 22 Ja A sl ol DA A TR ot S el O
U 1) LB R0 R, S5 BRGE A b R B Y A
T AT ASEBUXT H AR 64 B PR A HK 3
BRI IS XN EMN RS S, 20T

XEHS: 1001-5965(2018)05-1001-07

PR AN [ B AR S5 1 22 30 28 BRI AS A i 4, £
RATHAEEE R Z B E WA R, SCHk[7-8 ] 5
XS VAL R 0Tk Bl 25 R R DR A R 1), 4545 BP
2 1 2 L KB T R o B 2 B U B A
B3 SCHR[9-10 41 Xt H AR BB P A5 b A B E 19
AN R T [T 0 7R S g g AL 5k AR IR
JE S FRAR Y AR Lk R A 56 &, X AR B At B2
AT ARVl o 22 0 46 R S35 ) B AL 7 vk 48 HAY
RLAF B AR B AR A B8 7, (7 2R A RS
BAERINGAEA, B A ZRAEA o K2 5 3805
TR BE ST XE L 2 5 25 AR T oK

Btxh BRI AR R AN AR, AR SOR TR 4R -
18 T PR A f# P 1 ( Rough Set-Technique for Order
Preference by Similarity to Ideal Solution, RS-TOP-
SIS) 52 BLx 25 v H bp 19 BB PF Al . RS FE AL T
R W8 Bl G X A E R A K i Ak B T
BREE IO, BEAT 215 & 1, 32 BRSO NI+
JEYERCHE . TOPSIS 1 2 — Fl 2 J& 4 U 5 1 o 1]

WA 2017-05-22; A BH: 2017-06-16; M4 HAATIE : 2017-08-04 16 .24
M 2% H AR # ik ;. kns. enki. net/kems/detail /11.2625. V. 20170804. 1624. 007. html

E&WAB: HRARFFEESE (61472443)
= BI51EE. E-mail; yl_panda@ 163. com

S| ik, F&, AT R, ¥ £ T RS-TOPSIS 85 = B gl i [J]. At Z At X A # %40, 2018, 44 (5 ) : 1001-
1007. YANG Y Z, YU L, ZHOU Z L, et al. Air target threat evaluation based on RS-TOPSIS[] ]. Journal of Beijing University of
Aeronautics and Astronautics , 2018 , 44 (5 ) : 1001- 1007 (in Chinese ).


Administrator
新建图章

kns.cnki.net/kcms/detail/11.2625.V.20170804.1624.007.html

1002 b5 M = MK k% F M

Ae A 4
NEEEE

2018 4F

T RE L5 b B 22 AR H ) 24 1) DR SR o B S
G 2 A Al AR 7 3 76 AL 2 U — b R e, AL
BRI BHERAGSE, W TR E RN
WERR I R 7% 5 R IS e PR A S
¥ RS 5 TOPSIS #H45 4, i RS #f 2 J&@ PE AL
AL A TOPSIS, ¢t 37 5t F RS-TOPSIS (75 H #x
JER VT Ak A5 AR S B B bR A R HE R, 0 5
TOPSIS 75 ¥k b i) & A .

1 ETRSHERBEUENETE

RS FHE B HE &L i I 22 B R Pawlak'' T
1982 4F 2 H SR Y, S A JEAB 3 1 540 6 R 15
BRGIAT 02, S BB A2 8 AU R & B, 35
FAHRHE ATEE G B ARG, BA B w1 S
P BRER R HL S T B SR RS HLIS AR
TOPSIS H (1 AT [n] 1 , {57 5% W 25 o B b g oy A
JE I T M T RE AR B A H R (5 B R 4, O
3 3 A00HHE S ORI P 20 17 S5 A0 R R A T
1.1 BixEMEMN®HE

W He s Hp H A 0 a0 T 25 34 ST B A B
R, R H AR H AR H AR AL E
bR Heae 1 Bbr s BARE S 6 > 2 fe
HEhR

HARZE T KA H bs (2 4EHL) N H
B CAnS A S 580 ) A B FH ML 25 P H bR s B AR
L% F B Mo 18 B 45 2R G0 10 SN R T BB 45 AR
5 H ST A 2 18 B bR B A K 1 R A
X B bR AL TE B S REEEL I His T
RE 138 H AR 1 B IR LI 55 M 1 B A R S
FXIHLAIRE ST 5 B bR B2 48 HARHHXT T8 %5 &
G 9T 46 K SF- 1 T LB S 5 H bR BE RS AR H bR
Mo T B 75 R GE I LRI B, e T H AR G B A
Pl o i 9 AT fig
1.2 RS EAXHES

EX 1" FRIUAF, DI RRERRS,
HA U= ,x,, x| ANEHES, KRN
W, A={a,,a, 0, HEEMESERES.

F=if:U=V,(Ism){ HUHAZEBRRE,

Ho v, ha,(Ism) WEE, D:U—V, UK,

V, AR, BADRETE «CARE T A
XA RFR i(A)

i(A) ={(x,y) e UxUl Ya e A,a(x) = a(y)}

(1)

KA ()BT UM—1503 M U/ia)

FRo

EX 2" FRIUAF, D ERRFEE B RS,
X FiLE BCA,id
Ry=1(x,,x)|f(x,) =/(x)(a, € B)| (2)

R, H U EM%EMER D
[xi]g={xj‘(xi,xj)€ R, (3)

W U/R, =[x, [xeUl & U EHR4G.
[A]
R, =1{(x;,x,) | D(x,) = D(x,) | (4)
1.3 HEREEMNEWRERE

B, KB RN E &R R
PR Ferh, K AT 5 PR 5 8, T p) e e
e

i SIS A L I N R R 7
VE R B A5 B 22 04 K, R 45 18] B 125 % 254
HEAT BB

H|3 e IR
D,=(D,([x; ], [%]0) | [x],,[x], € UR,)

(5)

SBA4 R ATE, B PR TALE,
HEACYX TR D, ([« ],,[x]0) 2D, A
BND,([x],,[x],) =D (6)
H B T BT EHR YR I RER 7k B H
PR A R4 BIAT LA 2RO M R E R R S

SB|S WHAGEME A SRKENE D LT
W 32,153 U/i(A) 5 U/i(D) .

SB|6  RIR L35 4% 0 5 1R 8 o 15 308
532 U/i(A-a),i=1,2,,n.

HWT R PRRIRYE D A SR A 1%
e
k=1,(p) = P2 (7)
! U

A UL P(D) [ 35193838 U FIIES P, (D)
9 K, B AL 35 0 2 AN KR

B3R P, (D) 325 i R 2 M 4 I 1k 0 U] SE
BERT « 1 U b i R 4RI e KB4
}E:{er‘[x],iQU% (8)

BB A IR SR 0 T
e
Sy =1(D) ~ 1, (D) (9)
oL, (D) BRI D KR o, JR 1S 9
IR

BB IR AL
w(a)=5,,/3 8., (10)



%55 3

Wit 4 LT RS-TOPSIS (925 b F A7 W A 5 1003

2 E-F RS-TOPSIS ¥y = &1 HErEL
B A

TOPSIS & £ Ja 1t ok 5 [n) 80 ) — Rl B O 2 o
Horpop UV Se i 345 8] — A4 IE B AR R — A 1
PRARAR , 4R 5 0 AR i R HL 5 00 PR i R
I ff o K% RS J7 k49 200 & M AL E A A TOPSIS,
¥y 5L F RS-TOPSIS (1) 25 v H b5 5l W 2 Al A5 Y,
HAAB R gL T

F]|1 @RI R

WEVIGBIFNHE H = (hy) ., L5 b
Bom DV RIS n D HAREYE( =1, 2,
mi;j=1,2,-,n),

Ijll h’lnl:l

He(h) - B ' { (1)
h,, |:|
YE2 @iﬁ(ﬁﬂiﬂiﬂﬁ%ﬁﬁ

Xp H FE R B bR g AT i WA — b B,
TH BR 8 PEAN R A () T P 2 T 1 o 20 22 5
AP BRI E H R b & H bR & M 2R
A, — e M E ok, 8 PR K, H A R4k
ORI (12) #EAT A
h; = N\h,
AP AR BBV T R IE R .
75— 2RI AR M, R PR EOR , B AR R
Bobi/, ay A 13) #EA7HE
Vh, —h,
¥i =W (13)
L (12) X (13) B35 B AT 15 2 5 fE 1k
RRHEFE Y = () o
W3 AR AE L PSR
XPARVEAL TR SR AR B Y AT A Ak B, o 6
Y (5 —175 RS HiE R MNALE R o, HH3k,
75 BN AUR Ak R 3R 5 B
TR C] 0
C=(c). = R o (19
P4 ﬁ%;%ﬁﬁ‘ﬁ%*ﬁxﬂﬂﬁﬁr;o
B AU bR HE AL D SRR B C 1Y 25 2F B Jes 1
TR KR /AN A, 43 S O IE BAR A% C
e C

C" = {maxc,{ = {¢,¢;, ¢,

I<ism

(12)

+

(15)
(16)

|

|
THE A A M X g B OE | o B AR A B
878

C = {minc;f = {e ,¢;, ¢,

I<ism

S; = (17)

S, = (18)
TR AT LAY W L,

L, =S /(S +S) o0<IL <1 (19)

F]RS B FLIT
AEOAT I 30 B SF i XoF G2 8 jgl W B2 i EL, T
2o BAR U BB R T, , ] LAR7R K
r =[L, L, L, L, 1] (20)
*ETEEEHJJ SEGRE TN N B BA S T
K Fr HEZ A5 3 B PP AL 25 2R T
T!=sort[T. ] =sort([L,,L,,,L;,~-,L 1) =

[TLI vTLZs“' vT:'a'“

3 B_&Hj]‘ﬁz 13 ﬁ 2 UIL *EE

# RS #it 5 TOPSIS M 454, fy gt == v H bk
A P A5 TR L Ak Ak B AR AN T ORTOR o

T I B A RSB S T HARE R,
#ES7. TOPSIS {94 4 3 f M4 F1 RS 38 19 ) IR
PSR 2, o0 I [ B 2R AT G B R AT AR, — R A
RS b B S , i A7 B4 B A1k A e 24 a7 Ab 3
3 200 Ja8 M I 1T T8 M RO B, AT A 21 i
B [ it o5 — B A TOPSIS 4b B, % i B
AT R — b F S, 5 RS Ab FEA He A5 2 11
R[] 5 AH 3 , 75 2 AR HE Ak D SR B, 2F— 2P
TR IE | O B AR R LR B I 1 B30 AH X I 3
o JE O RE T I ST B AT HE R A B 25 v H B U HE
JPa R,

P U P b B R

Fig.1 Processing flow of threat evaluation



1004 b5 M = MK k% F M

A A 4R

2018 4F

4 fhESHSH

AT 25 H RS-TOPSIS 725 v H AR g b PFAh o
OS2 o NSCHR [ 12 ] Fir Sk ARG 1S 4 H A5
i 5 T2 i e B O 2 LR BN A ol AR S L
SIMTREARE (WK 1),

MR ] LUE H, HARZRE  H AR TR ) LA
B H AR i BE 3 T4 Am B8 02 a8 R R, 10K B
FAMERLE J 2 1, T5 B ad mtfuab B, DA
RS By ab ¥ 5 o FESCHR 11,18 ] iy L filf I,
FEOr 5 B8 3 TAE AR i AN [ 6 R B T 1 R
M), X 45 46 AR R AT 23 BT R i fl Ak 3

1) HARZER, MRS HFRRRAE S I 0 72 B
P Miller' ™ fiy A2 A 0 BLIE O Ak A B, 4 45 H
P 28 B 1 M A AR 15 5 40 BIAE G R B AR AR B /)
R H AR Cln&n 3 ) KRB H AR (ISR FENL) L H
FEHUAR IR SR 3201,

2) HirTHeae 1. HEsEA W THLRE )
S, LT B 25 RGO PLRE S A ) 2
FHPR T, S B8ORS R g0 B bR i 1 b iR
FA, PR ks TP RE iR P 55 BRI AR
4.32.1,

3) HbREEE . 25 BARBR e, BE B b 1 By s
R YL, A] LASR IO H0 A it A B [ R,
TR EE BRI, PR OHCKE AR 8 B2 A s o IR B AR AR IR
wikh4.3.2.1,

AL Z S AR e A ) B B A vk B
Ak 3, W] LA 3 B Btk e Y BlE an 3k 2 R,
RFIRITE K 6 A B bR & 2k & H AR U E S
WKL H a, \a, a; a, a5 .a, D,

TERUHE BRI B Al 1, AR 4 X (5) M A
e 3 TR 0 R SR HE R B, DA 24 T i 4k

R (6) X 3 FEAT LY, Al LAAR B L
JBYER a, a5 a,, BV HARZE AL H bR & A H AR
iR,

2 A T 1 DA B R 5 X 8 38 B 43 2 43 A

U/i(A) ={1,2,3,4,5,6,7,8,9}
usi(D) =1{1,(2,3,6),(4,5),(7,8,9) 1

WK B g a, a5 cag TREBII 53K N
U/i(A-a,)=1{1,2,3,4,5,6,7,8,9}
U/i(A-a5)=11,2,3,4,5,6,7,8,9}
U/i(A-a,)=1{1,2,3,4,5,6,7,8,9}

AT A 1 e, IR
P,(a,)=1{1,2,3,4,5,6,7,8,9}

[Fi] B
PAfﬂl(a4) =1{1,2,3,4,5,6,7,8,9]

PA-,,S(%) =1{1,2,3,4,5,6,7,8,9}
PAf%(aA‘) =1{1,2,3,4,5,6,7,8,9]

MRAEE(7) ~ X (10) o] LA AS 240w 1
AT Dy
w(a,) =w(as) =w(as) =0.3333

HARMEwH TA RO, X HBALE 0,
AT A5 38 4% i 4 A [ i
W=[0.3333,0,0,0,0.3333,0.3333]

R 10 b aG B T AR 5K (1) T kR
AR PEA AR B, A S (12) S (13) X H 4R
e e AT B AU — A AL B, 159 2R HE AL DR SR AR B Y,
SRR (14) B AEFE Y 5480 0] 7 W OAH 3,
R MAR AL R AR M C (W3R 4) .

H(15) A (16) 1545 2 1E | 7 B A o

Fillb]
C* =10.3333,0,0,0,0.3333,0.3333}
€ =1{0,0,0,0,0,0}

I (17) 30 (18) 144 IE | 6 B AR g ) B
B85S, (19) A& HARM X €7 1 AH
XPIG S BE L, I AR 4 2 (20) (2 (21) X AR X i iz
FESEATHEY 15 BB BN 25 R (W3R 5) o

R R XoF 00 3 B A 3 1 BU S R T e 4y 25 B
FIRET 2 S IR Ay A TR bl , R PR 2556 — 218K
P LA 58 42— 350, 3X AT BB 1 1 TR 4G AR AR B HiE
A B 1l B oy AR TR R 15, U LS R IE A R
£ 88.9% LA I B UE T A SOy i A R0k .

®1 BirEbSIEELE"
Table 1 Data of target threat database''”’

H H bR 2 A HARHEAEE/(m-s™")  Hisfi A/ () HAr T Htae Ty ERTNEES BFrEE R /m  H b MHE
£ F#H b 500 130 i [ 360 0.5212
I KA H AR 550 90 i i 160 0.5828
ty F I H bR 650 110 Ci 1% 280 0.6465
i JNELH AT 600 50 i B 160 0.6853
15 SN H AT 750 150 o AT 400 0.7541
t JNTH AT 640 180 Ci i 280 0.6764
i HFHL 80 6 55 = 180 0.3471
Ig HIHHL 88 140 ¥ A 320 0.3592
ly HIHHL 90 180 5 1% 170 0.3474
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Table 3 Decision discernibility matrix
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Table 5 Prediction results of model
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Air target threat evaluation based on RS-TOPSIS
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(Aeronautics and Astronautics Engineering College, Air Force Engineering University, Xi’ an 710038, China)

Abstract; Air target threat evaluation is the foundation for weapon allocation and resource management
within the ground surface air defense system. Aimed at the problems of real-time and human subjectivity for
threat evaluation, an air target threat evaluation model based on RS-TOPSIS is established according to combi-
ning rough set (RS) theory and technique for order preference by similarity to ideal solution ( TOPSIS). RS
theory which can avoid the influence of subjective factors and the requirement for prior information is used to
determine the weight of target attribute, then close degree is analyzed with TOPSIS, and threat degree of air
target is obtained. The model driven with data is easy to implement and has good real-time performance. The
simulation results show that this method can effectively evaluate the threat degree and thus provides a new
engineering decision-making method for real-time evaluation of air target threat degree.
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Table 1 Model parameters of microburst
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800 101.0 33793 -8.6 360
900 100.5 33708 -8.4 358
1000 100.2 33672 -8.2 356
1100 99.8 33662 -8.2 355

*6 AEAFLEEFSNETHEFRELR
Table 6 Ballistic simulation results with different

central vertical induction wind velocities

bk EIE R, kAT R VAN 7 i/

(m-s™ ") i (6] /s m m (m-s™")
5 103.0 34102 -8.6 360
10 100.2 33672 -8.2 356
15 97.4 33203 -8.1 354
20 94.5 32724 -8.0 350
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Table 4 Launching conditions of rocket
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Table 7 Ballistic simulation results with different

maximum wind velocities of low-level jet

TSN 7T Y it/
(m-s™') W/ m m (m-s7)
6 92.8 32277 -2612.1 348
10 90.9 31914 -2849.9 346
14 89.0 31535 -3078.2 344
18 87.2 31144 -3293.2 341

8 AFAREMSETHEREER
Table 8 Ballistic simulation results with different

height of low-level jet

J2TH ®fF S/ 45/ T/
1 B /m I ] /s m m (m-s™")
400 91.7 32052 -3 005.2 348
500 90.9 31914 -2 849.9 346
600 90.2 31807 -2703.5 345
700 89.7 31721 -2572.9 344
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different maximum wind velocities of low-level jet
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Influence of two typical kinds of low-level wind shear on
ballistic performance of rockets
CHEN Jianwei, WANG Liangming* , LI Zijie

(School of Energy and Power Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: According to the wind field features of low-level wind shear, the engineering models of micro-
burst and low-level jet are established based on the principle of fluid mechanics. The wind field models are
combined with the six-degree-of-freedom ballistics model of rockets based on exterior ballistics theory. As an
example, a kind of empennage-rocket was studied on its ballistic performance of prior trajectory influenced by
these two kinds of wind shear. The simulation results show that both of these two kinds of wind shear have im-
pact on the flight time, range, side-slip, falling velocity and attack angle of the rocket. Compared to the mi-
croburst, the low-level jet has a higher effect on the ballistic performance of rocket. Improving the strength and
scale of these two kinds of wind shear makes a greater impact on the ballistic performance of rocket, and
meanwhile , the strength of wind field is the determining factor for wind shear to affect the ballistic performance
of rocket.

Keywords: rockets; low-level wind shear; microburst; low-level jet; ballistic performance
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Anti-periodic modulation jamming performance of pulse Doppler fuze

LIU Shaokun, YAN Xiaopeng*, LI Ping, YU Honghai

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

Abstract: The jamming effect of periodic modulation signal on pulse Doppler ( PD) fuze is studied based
on the parameter of processing gain to quantitatively analyze and characterize the anti-jamming performance of
PD fuze and obtain the factor that affects the anti-jamming performance of PD fuze. The processing gain of the
procedure from echo reception to correlation detection under the interference of typical periodic modulation
jamming style is derived. The quantitative relation between the anti-jamming performance of PD fuze and the
characteristic parameter that affects the anti-jamming performance is obtained. It provides a theoretical basis
for the improvement of interference performance of PD fuze and technical support for the interference perform-
ance assessment of PD fuze. Theoretical derivation, simulation and measurement results indicate that the anti-
jamming performance of PD fuze to periodic amplitude modulation is worse than its anti-jamming performance
to periodic frequency modulation, and the anti-periodic modulation jamming performance mainly depends on
range gate pulse width, Doppler filter bandwidth and filter type.
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TDOA localization of multiple disjoint sources based on
a calibration emitter
QIN Zhaotao' , WANG Jun', TAO Leiyan’, WEI Shaoming'*

(1. School of Electronic and Information Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;

2. Beijing Remote Sensing Equipment Institute, Beijing 100854, China)

Abstract: The passive source localization accuracy can be greatly reduced due to the sensor position er-
ror. A localization algorithm using time difference of arrival (TDOA) for multiple disjoint sources was pro-
posed, which improves the localization accuracy by means of a single calibration emitter. The sensor position
error was first reduced by using the calibration emitter, and the corresponding error statistical knowledge was
estimated. Then based on the updated sensor position, TDOA localization of multiple disjoint sources with high
accuracy was realized by utilizing the algorithm of two-step weighted least squares ( TS-WLS). The Cramer-
Rao lower bound ( CRLB) was theoretically derived to analyze the localization performance of the closed-form
algorithm. And the theoretical derivation was validated by the simulations. The simulation results indicate that
the localization accuracy of multiple disjoint sources is obviously improved by using calibration correction tech-
nique. Moreover, the solution performance is shown to reach the CRLB under small TDOA observation error
and sensor position error. The developed estimator is computationally attractive because it does not require ini-
tial solution estimation and iterative computation. Furthermore, joint estimation between source positions and
sensor positions is not needed, which reduces the calculation amount.

Keywords: calibration emitter; multiple disjoint sources; time difference of arrival ( TDOA) ; localiza-

tion accuracy; Cramer-Rao lower bound ( CRLB)
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Table 3 Six constraint conditions for LEHA
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Matching design rules of linear-driven electro-hydrostatic actuator

WANG Zimeng, JIAO Zongxia® , LI Xinglu

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

Abstract: Electro-hydrostatic actuator (EHA) is a highly integrated pump controlled transmission sys-
tem, and it has been successfully applied to A380 and F35 to drive main flight control surface. However, the
traditional EHA composed by rotary motor and axial piston pump has limited dynamic response. This paper in-
troduces a novel linear-driven electro-hydrostatic actuator ( LEHA ) with fast dynamic response, and studies
the parameter design rules of LEHA. The key feature of LEHA is the novel linear pump with collaborative rec-
tification principle. Pistons and valve spools in collaborative rectification pump are directly driven by linear
motor. The parameter design rules of LEHA are firstly considered from the static index matching rules, and the
constraint conditions of the maximum no-load speed, the constraint condition of the maximum static output
force and the constraint condition of the maximum pressure of the system are deduced. According to LEHA s
mathematic model, the influence of each parameter on the bandwidth of the LEHA is analyzed, and the dy-
namic performance design rule of LEHA is obtained, which is the constraint condition of the LEHA bandwidth
index to the resonance frequency of the linear motor. The power constraint condition of LEHA is analyzed fi-
nally, and the power envelope condition of LEHA for inertial load, elastic load and viscous damping load is
given in the output force-velocity coordinates, from which the power matching design rule of the LEHA is ob-
tained. In conclusion, the 6 matching design constraints of LEHA parameter design rule can provide a theoret-
ical basis for the design process of LEHA.

Keywords; electro-hydrostatic actuator (EHA) ; design rule; parameter design; linear pump; linear oscilla-

ting motor
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Simulation of analog distortion of dual-frequency multiplexing
signal generated by navigation satellite

YU Xiaolong, KOU Yanhong”
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Abstract; The non-ideal components of the signal generator of a navigation satellite payload can distort
the transmitted signal. On the one hand, no applicable analytical model about the ranging performance loss
caused by such signal distortions has been established by far. On the other hand, the existing simulation stud-
ies about the analog distortions of wide-band dual-frequency multiplexing signals are not quite comprehensive.
Taking the correlation loss, S-curve bias, and carrier phase bias as evaluation index, this paper simulates and
evaluates the effects of the payload analog components including the high power amplifier (HPA ), pre-HPA
filter, and output multiplexer (OMUX) on the ranging performance of 4 different dual-frequency multiplexing
modulations including AItBOC, TD-AItBOC, ACEBOC and AItLOC. In the simulation, we employ a memory
behavioral model of HPA instead of a memoryless model, taking the effects of different pre-HPA filter band-
width and HPA operating points into account. In addition, the performance loss of the distorted signal relative
to the ideal signal is evaluated for both the double sideband and the single sideband pilot tracking methods.
The study provides a useful reference for not only the comparison and evaluation of different signal modulation
schemes but also the optimization design of the payload signal generator.
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Table 1 Parameters of harmonic reducer dynamic model

J,./ (kg - m?) 3.2x107*
Ji/ (kg + m*) 8.5x107*
B,/(N-m-+s-rad™") 1.7 x10~*
B/(N+m-s-rad™") 5.0x10°*
B,/(N+m-s-rad™") 2.8x10°*
k/(N-m-rad™") 7160
ky/(N - m - rad™?) 21576

N 90

®2 BSREEBESHY

Table 2 Parameters of static error model

Z #oOH
Z, 182
Z, 180
«,/(°) 20
E/m 3.1x1077°
E./m 1.78 x10~*
ky,/m 2.05x107*
AF,,/m 3.6x107°
Afp/m 1.14x10°*
AF, /m 3.6x107°
Affy/m 1.14 x10~*

£33 TEBRNANATHSREXRESHER
Table 3 Experimental values and simulation values of

dynamic errors under different motor input corners

L IR = FAIRE  HIRE/ X

A/ () SHRfE/ () TEA/ () ) RZE/ %

50 0.023473 0.021908  0.001565 4.7
100 0.018379 0.017472  0.000907 4.9
200 0.016727 0.015486  0.001241 7.4
300 0.018503 0.017256  0.001247 6.7
400 0.016205 0.017369  0.001 164 7.1
500 0.019181 0.018688  0.000493 2.5
700 0.017 800 0.019320  0.002820 8.5
800 0.01979%4 0.017913  0.001881 9.5
1000 0.020950 0.022243  0.001293 4.1
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[, 2 1 R AR AN B 5 PR A, 80O 5 RIS e
e 5 M s 22 2 i o [ 5k 0 2 48 U0 1) RSB 04 255 5 1R
ZENTENES BLIFE R o IR Ul 4% A ) 2 B
PLinit & =[¢,,&6,.& 1 =B, Ji.k kB, Ey,
E L EAfL ] K RCI e ATk 4 frs . 23R
T JE T 1) i o A B 2 1, = 5.7 s U U A Bh A
WA, BB iR v 2 0 A0k R B 2 s g
n=9,p=2 ZWAIRMEIT B 7 E R LN 55 1,
= Hermite ZI XK t = [7,,7,, 7] =
[V =173,0, V1731, 0 PCE 4 /i B 75 4k f) FiL
SIS R
FEREPLE A & = (&, .6, & IR T L
RO FRIEAT 110 YCAREDS 2L, SR A3 3l 545 B2 0L+,
£ "B Z IR IR T — R TR B 6 B .
AR J T 3 — U T 2 B nT LAAS 31 4% B AL A
XS ASHERE O ¢, & 12 K /NIGF UK
ky>J>Ay>E, >B,>E >k, >E >B
A LA 2l A5 0 22 RS IR BsE S 1 3
FSROA Ko e HBLEL S 8 e W
ke, i A S 3R R DD ) A AR A 25 R
x4 BRBEERIHELESEERS®
Table 4 Uncertainty parameters and distribution of

harmonic reducer

Z B 4 i ¥oA bR 22
B, EXZ/MM 1.7x10*N-m-s-rad”’ 0.00003
S IERS A 8.5 x10 *kg + m* 0. 00005
by IEASA S 7.16 x10° N+ m + rad ™! 200
ky  ERSA 0 2.1576 x10* N + m « rad > 500
B, IEAMM 2.8 x10°*N-m-s-rad”! 0.000 04
B E&S A 3.1 x10 > m 0. 000005
E, & 1.78 x10 *m 0. 000 04
E, EXSA 2.05 x10*m 0.00005
Afy IERS A 1.14 x10 * m 0. 000 04

x5 BEBREZTARERAXES
Table 5 Collocation of dynamic accuracy polynomial

chaos expansion

Z M EZ2UE AT S N

B, (0.000 187,0.000 17,0.000 152)

Ji (0.000 879,0.000 85,0.000 821)

k, (0.000 721 8,0.000 716 0,0.000 710 2)
k, (0.020 999,0.021 576,0.022 153)

B, (0.000 303,0.000 28,0.000 257)

E, (0.000 033 8,0.000 031,0.000 028 1)
E (0.000 201,0.000 178,0.000 154)

E, (0.000 176 3,0.000 205, 0.000 233 7)
Afy (0.000 116 9,0.000 14,0.000 163 1)
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FER AR A PR 28 2 W 22 5 1) D) 1) AR 48 147 25 13 1R
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A BE R RO i R A O R e BT R
Kt

N T WD B RN E PR TS R, e R
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B, ],PCE WiR A S 5K BEAE t =5 ~ 65 PN 5 ] B
50 /s 18] A (905 FLARL, B4 I T 00 B il B 42 4>
BEAR S, & 13 45 5 T PCE J7 2 il 1000 YK Monte
Carlo J7 % I 45 21 (14 1 I ook o % 2 25 1 22 1Y B9 1L,
AR X 2 RO L IR NS R0 & o 1B 14
T 2 R OT IR B SR ZERI I TT 25 3% 2 FhOT Ik
SRAF I T7 25 Z B IR2EAR /N, PCE J5 160 BE #2 ikt
T Monte Carlo J7 LRGSR , 11 PCE J5 ik 42 1k
i H AT A 2] T Monte Carlo J77% 1000 ¥ f)j
AT RA R AR W BT Monte Carlo J73% .

®6 HEWEO EISTARETRAXNEH

Table 6 Polynomial chaotic expansion coefficient of

dynamic accuracy 0[¢,,£]

T E T E ¢
1 0.0125 & 0.0009
& 0.0328 & 0.0140
& -0.1540 & 0.0749
£ 0.3576 £ 0.0072
& -0.0093 & 0.1023
0.03
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Fig. 10 Dynamic error curves at

different torsional stiffness k,
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Fig. 11 Dynamic error curves at different output
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Fig. 12  Dynamic error curves at different flexible wheel

tangential adjacent gear comprehensive error Af}

0.03
-+~ Monte Carlo 5%
f = PCERE
1 ]
=~ . /4 A
‘EE 0.01F ;j, 1 4 {"
Fi o9 [ f
i ‘_| I:rill f 1‘:‘ \ I:_ m‘ I
Yood e | . | S I R
R AT A A YA " IS AR
o 1V 1 b ¥ ¢
R oafd ¥ \ 4 v o9\
L b
wh fn
_0'035_0 52 54 5.6 58 6.0
Aif (] /s

B 13 2 Rpr ik s AR 2 B T A
Fig. 13 Dynamic error mean comparison

between two methods
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JEE 1] S A D) AE pR KR R
G(LisLosds) =0y, - 0[1,,¢] (37)
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Fig. 14 Dynamic error’ s mean square error comparison
between two methods
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Table 7 Polynomial chaos expansion coefficients

of dynamic error 6[¢, ,(]

Tt 7 M T 7 M i E i
1 0.024151 || £, -1 -0.0008 || &.¢s ~0.0053
o -0.2361 4 -1 0.0490 | &,¢5 ~0.0054
Lo 0.0366 Lo-1 —0.0002]| .44 0.0001
& 0.7209 -1 -0.0015| .5 0.0015
Ly -0.0236 e 0.0037 | &34 0.0039
Zs  -0.0218 G¢ 0 —0.0365| ¢s¢s 0.0042
& -1 0.0365 I 0.0006 || £.¢5 ~0.0005
WEN IR ZER HEE N 6, =0.027°, H G —

J;it(38)ﬁ€ﬁ%1jﬁ§1%&f

—

ZFrAE FORM 3% 5@
AR REB

G4 955) + 2 [
9G 117
[;(%g*all‘) ]

(38)
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RIEE R py, ,crg or B RERLAS B ¢ B {E A

Wi, ¢ AT (39) K1
GG‘
ac e 0y
&/ =My, +ﬁ0'; % T (39)
3 ) o)
AR A @JZﬁJ i E YR RS
ﬂn%% 8 F)fmo
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FLH 15 B S AR 2 i Ze e 15 s o

KA P, = n/n, SR80 25 W5 I 45— 7 I LY
10 2R B S, DAy ) 285 15 2 44 ) (I g R (BB i 1)
ERRE,n, R OB, R 9 Sl T n, =
500 ~ 10000 ¥ (1) 15 #0145

M2 9 A LIF L2 n =8000 I}, P, Yk,
Monte Carlo {jj F 52 % 153 1 2l 25 K B2 nJ 52 2 O
0.9619, F| ] PCE J5 % F1 FORM 345 2| fry ] §¢ i
0.958 4, P & 5K A% 19 45 SR AR, i PCE J7 3% AT
B 42 YA BE B 20, 2R W1 AE F Monte Carlo
Tiitko

*8 FORM #ZHEEIHHER
Table 8 Reliability calculation results based
on FORM method

A UCEK B o E
1 2.783 0.9973
2 1.782 0.9626
3 1.737 0.9588
4 1.732 0.9584
5 1.732 0.9584

ENZRRIENC)

-0.03

5.0 55
Bal/s
K15 B4R K Monte Carlo {jj 2Ll 2%

Fig. 15 Monte Carlo simulation curves of dynamic error

%9 Monte Carlo {F E LBl R E
Table 9 Failure probability estimation under

Monte Carlo simulation experiment

n, n P,

500 14 0.0280
2000 61 0.0305
4000 126 0.0315
6000 205 0.0342
7000 254 0.0363
8000 305 0.0381
10000 381 0.0381

4 & it
ARSI T A R P P R TR 4
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M 203 250 J3E 1) = B8 2 O SR 8 A S M BRE i el
SR MR M AR A AR, TR
H SR A N RS BE X Bl 0K B R W AR .l i
FAPE 3 W 16 U MR B3R 14 2 B R AT ANl o 1 03
A, AT LA A AN 1 23 M 9 3

3) MM PCE J5 345 2] 3 545 B (i BE ML 4t 3t
Rtk , K PCE J7 3k 512 48 Monte Carlo J7 3 Lt
B R . FIH PCE J5 i Al FORM 35—
SE IS8 N 1Y) Bl 25T BE AT R B L AR 42 Monte
Carlo J7 1 1159 A 52 FERCR T iR o

S 2k (References)

[ 1] NYE T,KRAML R. Harmonic drive gear error: Characterization
and compensation for precision pointing and tracking[ C] // Pro-
cessing of the 25th Aerospace Mechanics, Symposium. Washing-
ton, D. :NASA,1991.:237-252.

[ 2] EMELYANOV A F. Calculation of the kinematic error of a har-
monic gear transmission taking into account the compliance of
elements[ J]. Soviet Engineering Research,1983,3(7) :7-10.

[ 3] GRAVAGNO F,MUCINO V H,PENNESSTRI E. Influence of
wave generator profile on pure kinematic error and centrodes of
harmonic drive [ J]. Mechanism and Machine Theory, 2016,
104 :100-107.

[ 4] UhefR, JEICHy. 18 D 25 % 3 1 2 i OF 9T [T ] HUAR
i ,2015,44(5) :50-54.

SHA X C,FAN Y X. Study of transmission error of harmonic
drive reducer[ J]. Machine Building Automation,2015,44(5) :
50-54 (in Chinese) .

[ 5] HSIA L M. The analysis and design of harmonic gear drives
[ C] // Processing of the 1988 IEEE International Conference on
Systems, Man, and Cybernetics. Piscataway, NJ: IEEE Press,
1988:616-620.

[ 6 ] TUTTLE T, SEERING W. Kinematic error, compliance, and
friction in a harmonic drive gear transmission[ C] // ASME De-
sign Technical Conferences 19th Design Automation. New
York : ASME, 1993 :319-324.

(71 Wesatan , PR 25 0Bl 22 DR 3 A3 Il 1 48 1% 3h 3 25 1R 22
LT FM2AR ,2010,31(5) 1 1297-1282.

YOU B D,ZHAO Y. Study on dynamic error of harmonic drive

with nonlinear factors [ J]. Journal of Astronautics, 2010, 31

(5):1297-1282(in Chinese).

[ 8 ] PREISSNER C,ROYSTON T J,SHU D. A high-fidelity har-
monic drive model[ J]. Journal of Dynamic Systems, Measure-
ment,and Control,2012,134(1) :011002.

[ 9] KIRCANSKI N,GOLDENBERG A, ANGELS J. Nonlinear mod-
eling and parameter identification of harmonic drive gear trans-
missions[ C] // Processing of the 32nd IEEE Conference on Ro-
botics and Automatic. Piscataway, NJ: IEEE Press, 1995
3027-3032.

[10] EZZR. Hlas AWk 56 1% gl ke BRI HTID].
bt rﬁﬂ‘%[%,ZOOl :11-15.

WANG A D. Kinematic accuracy analysis of gear transmission
for harmonic reducer of robot[ D ]. Beijing: Chinese Academy of
Sciences,2001 :11-15(in Chinese) .

[11] FATHI H,PRASANNA S, FRIEDHELM A. On the kinematic
error in harmonic drive gears[ J]. Journal of Mechanical De-
sign,2001,123 (1) :90-97.

[12] WIENER N. The homogeneous chaos[ J]. American Journal of
Mathematics, 1938 ,60(4) :897-936.

[13] BT, @ IELL, BIL ¥, 4. 6 T PCE Jy i i 32 80 A i 5E 1

IR B AR BT[], J1 24,2014 ,46 (1) < 11-19.
ZHAO K,GAO Z H,HUANG J T,et al. Uncertainty quantifica-
tion and robust design of airfoil based on polynomial chaos tech-
nique[ J]. Chinese Journal of Theoretical and Applied Mechan-
ics,2014,46(1) :11-19 (in Chinese).

[14] LOEVETT T, PONCI F, MONTI A. A polynomial chaos ap-
proach to measurement uncertainty [ J ]. IEEE Transations on
Instrumentation and Measurement,2006,55(3) :729-736.

[15] BENJAMIN L, HOSAM K, JEFFREY L. Recursive maximum
likelihood parameter estimation for state space systems using
polynomial chaos theory[ J]. Automatica,2011,47 (11) :2420-
2424.

[16] B Il , ok BS. £ T Dymola fY) JC M B 1 AL 07 2L 1
[J]. 3 HLfT 5 ,2005,22(5) :63-65.

TAO H C,LAI X M. Computer simulation of brushless DC mo-
tor system based on Dymola[ J]. Computer Simulation,2005,22
(5):63-65(in Chinese).

[17] SUDRET B. Global sensitivity analysis using polynomial chaos
expansion [ J ]. Reliability Engineering and System Safety,
2008,93(7) :964-979.

[18] PENG W S,ZHANG J G,ZHU D T. ABCLS methods for high-
reliability aerospace mechanism with truncated random uncer-
tainties[ J]. Chinese Journal of Aeronautics,2015,28(4) :1066-
1075.

fEER N
W& U BRI A . ERATTE I )  HUT R

EE U B, A 3RS O ) AU
sty S PR LR T RS

ZXH B WP EEBTOT A AU S LA
LIE:3>a708



ALHLF M

%5 WA T, T PCE 085 5 30 A5 K6 S 22 53 7 1065

Dynamic accuracy uncertainty analysis of harmonic
reducer based on PCE
ZHANG Jinyang'?, ZHANG Jianguo'>" , PENG Wensheng'’, LIU Yugiang', WANG Long’
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Abstract: The dynamic accuracy of the harmonic reducer is related to the parts’ tolerance and assembly
clearance as well as the flexibility and friction of the harmonic reducer. Most of the published literatures con-
sider only a single factor and do not take into account the influence of model parameter uncertainty. In this pa-
per, the dynamic accuracy is researched considering static factors ( machining and assembly) and dynamic
characteristics (flexibility and friction). The nonlinear dynamic model is established, which contains static er-
ror and flexibility term. Polynomial chaos expansion ( PCE) is used to handle the parameter sensitivity and un-
certainty. By comparison, PCE is more efficient than Monte Carlo. Dynamic accuracy reliability is finally ob-
tained through reliability analysis based on dynamic accuracy PCE.

Keywords : harmonic reducer; dynamic accuracy; polynomial chaos expansion (PCE) ; sensitivity anal-

ysis; reliability analysis

Received: 2017-05-12; Accepted: 2017-06-16; Published online: 2017-07-11 11 .46
URL : kns. cnki. net/kems/detail/11.2625. V.20170711. 1146.003. html
Foundation item: National Basic Research Program of China (2013CB733000)

# Corresponding author. E-mail: zjg@ buaa. edu. cn



2018 4 5 H
F44 4 5

tEMEMRKEFFR

Journal of Beijing University of Aeronautics and Astronautics

:Ib*ﬁ May 2018
| B4 B3 |volL44 No.s

http: // bhxb. buaa. edu. cn
DOI. 10.13700/j. bh. 1001-5965.2017. 0332

jbuaa@ buaa. edu. cn

Wi xS W AR T 1R R L ) B — 1 R IR R 5%

N 1 - 1,2 1,2, =
TiEE, Bk, AR
(1 b s zs iR K2 bHBRL 2 5 TR Be, dbat 100083
2. JbEtAZs AL R R E PR A8 LR ARG Be 48 S p R TR el , dE5t 100083 )

i E: M(Se)BRTURBREFH (CeTe) HEF@HM AN FLEREL EHLA
AEGWNRAARE A AR RFFS AT Se 5 43+ GeTe #4549 Fo i % M T #Y % v AL
HEAFERE, XAE - FREITEF &, % Se 57 CeTe MR F AR B LT A & B 1 T
Fil FURHATTERFTAE, EREFN, X T GeTe T X Gk, B 4t Se JE T £ B K Te &
Fo WX &AM Ge ZALE GeTe K 5 ,Se i THMAKE Ge DAL RIALM Te R T, Se RT 5
Ge ML AARIER,MHT Ce ZUMBH NTRBGEELRZEL., Se BRFHE Ce X
fL % 7 AR AR, IR, T4 CGe RALIE QS 7 HEBRIK, W IR A, Se B £
BT GeTe A B ERER, HHLERAMELIRY Se bR FHMATRMEEREMRT

EELE,

X B WH:Sei s CeTe; Ge Zfi; MAFMMM; ¥ - HFEEIHE; TEH L

HMES %S, TB34; 0474
XHERFRIRAG: A

ARG AR LR R 2= F R
FE4#% 4 %, i DVD-RW 1 DVD-RAM %' i 4F
K, HABg T MR FRAR RN T —RIES
Je VWL 15 B A At A , AH 72 £74if 45 ( Phase Change
Memories, PCM) " 45 47 fit 7 A1) FH AR 25 17 it
MEHEME S RN ERSSSH S SR
S 23R 0 i A 22 TR PR A AR B R Ok SE LA B A
fitto B9 AH A8 A At A R £ A b T GeTe-
Sh,Te, th —AHZE b, (35 57 F P4 % 19 BF 74 b4
GeTe . Sb,Te, DA & = JCHJ Ge,Sb,Te, . Ge,Sb,Te,
il Ge,Te,Shy %% Horh | GeTe J& — Fh 1 RE AL
S M TE 6 AR . M BT Ge,Sb, T
(GST) ,GeTe HA7 % =5 1) P 45 5 il & (189°C) 0l
B A (700°C) T LB BB AE 105°C 2 A K
WIOR 3, AT PR T M5 B A2 SR, Bl
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TR Se 24410 (GeTe),_ Se, Wi, 15 i Se
IR R IR B CeTe 17245 55 1 L 69 HL 3%
AR N1 (S 57 I AL S GeTe 4 & 0 OE
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" T GeTe fin] LUFAE R ik 8% ~ 10% (Y
AAE Ge 25 "> Vinod F1 Sangunni I 45 A )
Se J5L 1 A fE 5 # Ge 25 2 A9 2 &, DT 410 ] 1
GeTe FY%5 & " o SR, X 46 52 16 BF 75 3 B2 41 X
Se 1B 2% Ja 1 W) AH 2H A8 H 2 1 B Ot A 1 Jo AN A
HETERTAE . Se 528X TR & 19 744 AL | A o
175 190 S5 SOUL A SO %) 5% 1 L K% P R 34 i 1) 4 T AL 7
T AN BT o 3 S U AP B 7 20 e 5 — s B
SARLALIOR HE — 20 LA, DT BE - 1 O R Ok S 36 4
HEEIBE T . AP, 5 GeTe [A R4 1) Ge,Te,Sh;
() Se £ LY K W], 24 GST, _ Se, H Se 5 « ji#
it 10% i), B T A3 4 B AR B R PR B AR R Y
GST B BHE 32 A 1 £ i TC 8 BB 45 d o Fa 8N
J5, Tk sk o (] %) M B2 T A0 7. 5 M (face-centered
cubic, fee)™' . i Wang 25 #t 7 T Sh,Se 5 42
Ge,Sh, Tes HIBFFE, 45 th 24 Se J5l 7% 7t M it 9%
IR, SRS T O 37 7 AH B 28 O R 7 O AH Y o R B
M Se 45 2% PCM o AR % 75 1 B2 1 5 0 4
Ko X RS WAL A B8R Se 48 ZR k4T
THERWTSE , ol LA Ay fiff F8 AH 22 77 it 4 R & A 1822
PL P2 LR

A SCR o — PR R 1 X Se #5854 58
% GeTe M & AL Ge 2321 GeTe Y JL AT 44 7Y |
BB DUFN TP BT AT TOF S, SRR X
T 583 GeTe, Se L e AR Te J5i 7. 1 XF T 4778
AAE Ge 25 (L f GeTe firfAh, Se BRI T A& b 4
Ge 25z, Mifi 1] T~ WA Ge 23 (i fe L 4B Te it 1o
Se Ji ¥ 5 Ge 25 AL By AH B W51, B 8 1 58 1Y)
Ge—Se Ml 1 GeTe AHAZ 7 it A4 FH I 45 5, A
e 1 HBE OR A5 BE ) FIRBE IR B o Se Ji 15
AAE Ge 73 i fig T AR I, 158 79 A 1) H, 5 Jm) Ja o K
( Electron Localization Function, ELF) 43 fji FI{A&FH 5
INAEI , v] RE S 5 B Ay 5 A e 22 1 ot Ay i 22 D A

1 HEAZE

AR S5 T A 40 R T R B Sk B AR
B £ ( Vienna Ab-initio Simulation Package,
VASP) "' IR AR T Ge(4s’4p®) Te(5s°5p")
bR PAW 5. 5EHTHY GeTe T+ — 2, A
SCREF T B BEJE B GGA-PBE! ™ R il ik 42
ORIz o, BUBTRE I Bl 350 eV, k HIE N
3 x3 x3 K Gamma HLr b g PO o EIBTREF £ A1
B E AR IEAT TSI . A A TR RIS
P E R T RE I 22N T 1077 eV, 1 25 44 5
BOCSCH 4 W o A4S T Bk AR N ) SN T
0.1 eV/nm,

GeTe £ 2 2 A~ dh AH, 43 7 8 F2 25 28 Jr #H
(thombohedral ) Fi1 % i W &4 10 5707 K10 15 8L
FEf EZ T GeTe A fH A MARZE I AHZ [ 1Y
PO S st B . Bk, A SC EE WG Se B
FAS T 22T, JF 5 Se 15244 (1418 /L 57 J7 AH
BT TR0 M. GeTe 25 J7 M2 — Fh Lt 19 &
feghgitey , v LB ik i GeTe [0 37 J7 AHH Ge J5
T L5 Te 5 W 4549 5 [ 111 ] J7 [ 4 5 —
SERR BT R L X B g A 28 T B TR UK 7 A
J% ( Peierls distortion) '™’ . GeTe 3£ H MK B T
LR 3 A Ge—Te KBEM 3 4> Ge—Te fi i, M
(111 ]J7 [ W%, GeTe Al DL Y U2 AR 2540 5 3L
o, Ge—Te i % 42 (1 J5t + ] 40 2 Ak 75 7] —
2o HET GeTe 22 )7 Z5 M9 (10 F M, # 1 1 2 x
2 X2 (M, AL 64 AR SR AN 1 (a) BT
TN o X GeTe AL A RIAER A T 2 x2 x2 1)
AN, WA 1 (b) FroR o T A R BB R AT T 454 b
B RS B0 R A% BCE R 1 TR .
XF T TCHR B R 22 J7 AR AT O 7 07 A TS B
& W ORI B AR B2 53 R e = 0. 608 6 nm, =
88.14°Fla, =0.6019 nm, o =90°5 3L 15 &

(@] X 0 X
(a) GeTe5 Jr &k (b) GeTelfij.Lxa7 Jr &5
o Gelji1 O Telii+
B 1 GeTe f5b{A 25 #

Fig.1 Crystalline structure of GeTe

x1 HESINEKRRIEEE
Table 1 Calculated crystal lattice datas of single cell

LI | ag/nm  o/(°)  V/nm® E,/eV

0.6086  88.14
0.6083  87.94
0.6058  87.77
0.6062  87.82
0.6084  88.12

0.22505 0.62
0.22462 0.58
0.22188 0.58
0.22234  0.59
0.22486 —

Z 7 GeTe
#2771 Ges, Tes, Se,
2 J7 1 Ges, Tes, Se,
I A Ges, Tes,
251 Ges, Se, Tes,

T 0> 37 J7 ] GeTe 0.6019 90 0.21808 0.38
T /0> 37 7 Hil GeyyTey Se,  0.6003 90 0.21634 0.40
M0 57 7 H Geyy Tey, Se,  0.6024 90 0.21852 0.52
T 0 37 )7 M Ges, Tes, 0.5994 90 0.21537 0.31
[0 57 J7 M GesySe Tes,  0.6010 90 0.21704 —

TE S W R ao ML o UHTIUAR AR V LA B B,
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AR BT BB A K IR X T4 2T B RE
S, 24 Se B Te Wf, 76 & Te 15 0L T, # LA
(1) Te J5LF 4k 5 7R AH Te BT 1 (1) — A~ Te J5+
G545 Ge [HOLT , BHUR Y Te 57 AN 5
PRAH Ge BT P i) —A> Ge JELF 454, FBTE UM
1) Ge—Te HLIC, BLMAEE Te [FH T, Te Ji 1k
SEHRNA Te PRAH 5T B A 7 (1 RE &L, AT Ge
JEAFACEHE NN we. =t = Breo HH pown. N
GeTe faA A Ge Te i+ XF B9 fig & , e, N Te Jii T
fbédh . RZ IEE Ge fHULT ,Ge T2 N
Ge MAH BT Hh B A 7 RE 1, T Te Ji 1 1k 2% 34
N Mo = Peere = Meeo

2 GRS

2.1 GeTe TEREH Se iz

AT T Se $B9% GeTe 5EHKfMIk, XHBH:
Se LI, B BE MY i A0 DL A B Ge JEL 7 (HX
R Te 8 5P I BR AL E . T Se B B Ji+ 1k
DR N ETY i3 R S W S =15 0 s e O N
THEAS B R R A7 BT AR E, angk 2 iR,

M2 FTLLE Y, X T GeTe Y22 J7 Al AT
SEOTH L RIS TE R Ge B Te WG AL T, B A1
Se JR TR HUR Te i+, Se 824 HIIE WL fiE>
7,% W Se [R T A S BAF GeTe i, NFE 1 H
T LAF Y, D i SedB A X T GeTe 58 3 fi /K 22 7

F2 SeispZTE GeTe FEIEK L BT B &
Table 2 Formation energy of Se doping at different

substitution positions in ideal GeTe eV
E (RN |
Se & 7t
w Ge & Te H Ge & Te
B Ge 1.05 0.88 0.67 0.50
B Te -0.41 -0.24 -0.54 -0.37

45 R IV TET O N7 5 5 R T 1A BRRE IR AR /N 3 A R
R4 . EZH T Se T 242 /N T Te,
AN, BAR A TE B RE AT /N 1 b A% 22 Ak, 3R B e
GeTe HRESE B Rk BE A Se #2155 52 50 WL
—E, g Se B IAF] 20% B, KR A 1E
JK GeTe 5 IMEIR "

Xf GeTe 58 3 fh A1) Se B4 AT 1T L T Ry B
BRE T, AN 2 R, BT Se Te J& TR 32 %
JLRK,Se Ji ¥ 5 Te Ji F HA T LAY o 5 5
BeR B Al o X T GeTe 2205 M, i T IR 2K B
A Y Ge—Te i § 8 K& R, 4, = 0. 286 nm,
Ge—Te KK Riopr =0.325 nm, 5K (H 1
SPEE o XSe BUR Te i, 3 5 B K
HEACRE BN O, SR T, Hoh Ge—Se % A2 43 B J
(Rgus. =0.266nm) , il Ge—Se < ## 48 1 K
(Ris. =0.334nm) o XJE T Se it B A7 8ok
ML, 5 A2 B 4B Ge T (Gel ) JE R T
Bk ) Ge—Se B, AW Se J5l 54/ Y I T 2F
72, i3I 5 AR R I AR Ge Ji T (Ge2) BB A A8
$o Se BIRMMBEKER PR T Z2HAMHA LT
PILIRETR

WA, GeTe [HI.Cr 57 J7 S5 H9 W HA 6 A~ 25 [A] 1Y
Ge—Te ¥t ,R, ;. =0.301 nm, {N&E 2(c) Frn, Se
B Te J5iF2Z )5, Se Ji 1 L J& 3 pR 01K 48
SRR B 6 A SE R 1Y Ge—Se ## R, =
0.292 nm, #EK 5 Ge—Te $E2 5 . PiFHH, Se &
FEIE L T B9 Ge—Se i, X Ge J5L 1 1Y% 5)

BB A Ge—SeJil 1 2N LM 45 &,

oI )

S WY

(b) ZE I Ge,, Te,, Se,

(¢) WLr STHGe,, Te,,  (d) Tl ar 7 HiGe,, Te, Se,

Kl 2 523 GeTe diKiBZRHIETE (100) M LfY
ELF 1 & (55 £ e 4 0. 14)
Fig.2 ELF contour plots on (100) plane for Se doped ideal
GeTe crystal (interval is 0.14)
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Tey, , 363 M5 ) o X Se (54l Ge 25 i Fl Se HX
R Te 5 I OUAE T 5 A AL

RAEBAN Se Jf 5 Ge 25 i B 25 1Y A [A]
T Z A A B IR BRE an Kl 3 P
No Y Se i #li Ge S l), Se 5 Ge 5 i ff
BHIN O, X T2 M, Ge B ALEIESS Te J&FH
2 Tl 530 Ay T J2 B 30 48 AR )22 B e 4, BT AL A
A2 R R EL DI T W%, WK 3wl LUE
t, JCIR XS T 22 U7 A I S TH G 57 5 A YA TE Ge
BALE B2 Se R F KRR 25 48 Ge ZS i fiL
B R TR Ge 23 LR T 4B 1Y Te JE ¥
XFF 2207 A, WL S O Ge 25 ii [m] J2 B i 4B 1Y
Te Jfi ¥ o NI —DAERE,Se BT 5 Ge
LA — s EAIWGIER . XA 20
il Ge i3 .

0.6

0.4 F
N |
L 02k
= L
e 0F
N [}“— A2
' INE: Zam H =
S . S S T R A Y T Y [N TN Y S | S S B 1
0 0.2 0.4 0.6 0.8 1.0
Selii T LiGe=s (it {91 2 mm
(a) 22 J5
0.4
3 |
3 0F
= L
= [
B 04}
_0_8_ 1 1 | 1 1 1 1 1 I I
0 0.2 0.4 0.6 0.8 1.0
Self T-5jGezs (Y H 5 /nm
(b) LAz 5

K3 Se B¢ Gey Tey, 25 J5 AHFN Gey, Tey, 10 37 J5 AH
HITE R AERE Se JF 75 Ge 28 {22 [i] B B8 i 28 4k
Fig.3 Formation energy of Se doping in rhombohedral
Ge,, Te,, and fcc Ge,, Te,, versus distance between

doped Se atom and Ge vacancy

4 FyzE 7 A Se WU Ge 23 fii[7] )2 fi il 46
Te J5i+ B (AL #4 58) F 4B J2 fe 4B Te Ji +
(A2 M8 5L T 4540, REZRIF RN Ge &L, IR
R AR R Ge Te 5,1 S 1K
Se, JEMURETT 45 R KB, Se Ji 1 S [n] T 5 4%
Ge i [a] 2 i L B AL E . Al 5 A2 Z B K
FE2Z 7 TE 50 meV/supercell ££45 ., HE 4 7] DL &
W, Ge =3 0 4k 22 B L T AR 1) 2 7] Ge—Te
B AR TR T Ge AL R AR . AL MY BLRY
BHEE B N3 A Ge—Se HE (R, = R, =
0.256nm,R,, =0.297 nm ) ,2 4~ JZ [A] Ge—Te %%
BRI Ry, = Rpy = 0. 312 nm) . A2 4570 G B L
H:3 NGe—Sei# (R,, =0.282 nm,R,, =R, =
0.260nm) ,3 4~ JZ [A] Ge—Te # (R, = R,, =
0.312nm,R,,, =0.309 nm) . fiF Se Bt [l 5 i1
IR AR Te Ji 5 (A1) AL T 48 )2 1 5 i 48 Te Jit
T (A2) JIr 5l 2 /Y A% e 722 B /N IR B 2 5
2

b2 X & Ge 23 (30 1Y 2& J5 AH FTH > 7. J5 A
f) Se B4 AT 1 HL ¥ Jm S ek B0 A, QAL S B
Ao HAES(a) ~ () HZETTM, B 5(d) ~ (f)
NI R e NS (a) sia] LU Y, X T 2207
HH, Ge LX) ELF B0+ 3 Jmidl. Ge AL 2
4B Te J5iF (Tel ) , 54F)Z 11 Ge JiiF (Gel ) JE
AR 2 ] Ge—Te 45 4 (Reyy, =0.3110nm)

El 4 Se 1844 GeTe [ty 2 Flify
Fig.4 Two configurations of Se doped GeTe
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(d) HLLAE T HGe, Te,,

Bl 4hif(Ge,, Se, Te,, )

(b) 2577 HiGe,, Te,, Se, (A1H47)

(c) ZE 7 HirhSe i B GeZs {if
(Ge,, Se, Te,,)

74

= s

(e) WLCor F AT Se 5 Gezs kb e (6) TI.Coar J7 TP Se di i Gezs {ir

(Ge,, Se, Te,,)

KI5 Se B2 ® Ge il GeTe (K RIYTE(100) i F i ELF #1455 £k Wl 0. 12)
Fig.5 ELF contour plots on (100) plane for Se doped GeTe systems with intrinsic Ge vacancy (interval is 0.12)
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First-principles study of Se doped GeTe phase-change material
FANG Zhiqian' , MIAO Naihua'?, ZHOU Jian'?* "

(1. School of Material Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;
2. Center for Integrated Computational Materials Engineering, International Research Institute for Multidisciplinary Science,

Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract; Doping Se can significantly improve the recrystallization temperature of GeTe phase-change
material according to recent experiments, endowing GeTe with a higher working temperature and better data re-
tention. However, the impact of Se on the structure and electrical properties of GeTe is not clear. In this pa-
per, we investigated the effect of Se on the microstructure, bonding characters and electrical properties of crys-
talline GeTe using first-principles calculation. The results show that the doping Se atom prefers to replace Te
in ideal GeTe, while for GeTe systems with intrinsic Ge vacancies, Se tends to replace the Te atoms which are
the nearest neighbors of Ge vacancy. The attraction between Se atom and Ge vacancies hinders the movement
of Ge vacancies, and thus increases the recrystallization temperature. Furthermore, a shrink of lattice volume
and a small reduction of band gap are found in rhombohedral GeTe with Ge vacancies through doping Se,
while in face-centered cubic GeTe with Ge vacancies, Se doping causes an expansion in lattice volume and an
increase in band gap. Doping Se reduces the volume discrepancy between the two crystalline phases. The cal-
culation results provide clues for explaining the unique phase transformation phenomena of Se doped phase-
change materials.

Keywords: Se doped GeTe; Ge vacancy; phase-change materials; first-principles calculation; elemental
doping
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Loss and recognition accuracy

curves of model training
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A deep learning based interactive recognition method for
telephone numbers
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(1. School of Information Science and Technology, Beijing Forestry University, Beijing 100083, China;

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

Abstract: Some sectors such as logistics, insurance and intermediary agents need to make calls frequent-
ly. Manually callings lead to low efficiency, so that telephone number recognition has important practical val-
ues. The traditional methods for printed number recognition involve complicated templates designing, which
cannot meet the requirements of practical applications. An interactive method based on deep learning is pro-
posed to recognize telephone numbers. Through double-clicking the phone number in an image, this method
automatically crops the target area which contains the number and performs preprocessing operations such as
grayscale, binarization, target area localization, character segmentation and image padding. An improved
LeNet-5 convolutional neural network ( CNN) is utilized to make image recognition, which supports the recog-
nition of printed numbers in a variety of fonts, glyphs and font sizes. The recognition speed is optimized
through multiple means such as interactive recognition and memory pool. Experimental results show that the
accuracy of recognition for a single character is 99. 86% , the accuracy for a telephone number is 99.50% ,
and the average recognition time of a telephone number is 91 ms. Comparing with the traditional methods, the
new method has relatively higher accuracy and faster speed in recognition, which can be widely used in many
sectors.
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Table 1 EGTM monitoring data of a certain

model of engine

T B[]/ R HLG 5
cycle 1 2 3 4 5 6 7
100 69 70.8 74 67 67 61 69

200 63.3 56.2 70 65 61.4 65.3 63

3600 21.6 19 8 -0.3 15 13.9  19.4

3700 18.7 17.1 5.6 0.4 12.5  16.5
3800 9.5 16.4 -0.1 2.8 6.8 13.6
3900 1.2 10.4 ~0.9  10.7
4000 -0.8 6.8
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Fig.2 Degradation path of aeroengines

TETHEE SR AL 25 A S L& B Btk 58 1R AL B 7Y
SR S0 oA Je , vT LAas Y DU 307 5k, i 1 5
NP BE R Ak 40 X 5 B 2 B0 I 6 o0 A R AT B
Wro VA5l 6 BRI 0, 1 3R AT SE I HERE IR
P s i, 22 DL S8 5O S AR RS SR 1 B
BOFSS 2 By Beflfiih a5 R oy ank 3 sk 4 s .

TEAR 3 T 8088 G A ITHE S, 7T LA &
S HLIEBE IR AL A5 B B 70 4% A7 i 047 52 I F0

K3 FE 4 23l 2 1 95 6 RS K Eh
BLAESS 1 RSS2 Wi By S i 30 4 77 i 5 % 2 43
il .

BB W B T 2 B B AR R Wiener (1Y
IR AL AR 5 15 48 1 B [ Be R M Wiener BE AL 2
e 75 i U 1] 880 v F oG s 4, 2 SCHR A 2 22 (Reel-
ative Error, RE) 3545 K
_lL -7

L
S L Ay SO A% 5 i 5 T b S5 BRI AR 754

2 FPELRL A AR 2ZE T A R R 5 R .

HEAE 2 5 I AR X 13 22 %) F 45 21, v] 11815 3
B B 2 B BeAE R 0 F B R 22 03 B
0.3728 F10.250 6 .3 T Z B Bt AE i M Wienersd 2

RE (24)

x2 BSYWERMEE

Table 2 Prior estimates of hyper parameter

Mo B a b c d r

1 1.8758
2 0.9711

0.0457
0.0196

0.5613 -1.0007 0.4438
0.0698 -0.1665 0.7919

x3 NHHEFEHSHE 1 HRMEITER
Table 3 Bayes updated parameter estimation results

at the first stage

L R fh it
i iF] /
eycle a b c d u P

1000 6.8758 0.8303 0.3825 -1.1262 -1.1262 0.1208
1500 9.3758 6.9966 0.3773 -1.2123 -1.2123 0.7562
2000 11.876  7.2086 0.3774 -1.2244 -1.2244 0.6070

x4 NMMHBEFENSHE 2 MRGEITER
Table 4 Bayes updated parameter estimation results

at the second stage

T W2 H -
)/
a b ¢ d N ol

cycle

2500 3.4711 0.4523 0.0221 -0.0803 -0.0803 0.1303
3000 5.9711 1.9884 0.0153 -0.0834 -0.0834 0.3330
3500 8.4711 3.2986 0.0122 -0.0958 -0.0958 0.3893
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Table 5 Relative error comparison results of two models

S i i i/ LiERORE T =

cycle B B M LW B AR Lk b
1000 0.0466 0.0186
1500 0.0721 0.0379
2000 0.0768 0.2642
2500 0.1821 0.175
3000 0.6244 0.49
3500 1.2350 0.518
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B4tk Wiener 5o i 4y 2 9 14 fE 1B 6 8L R 5 i
FE SEBRAL 25 K s LAY PE REIR AL Bk A . L1, T)
RIS S HL Hy T BRI RIS RS R B 22 AR
AN 22 S 2 I R 25 S M O 0 S O S L
AR A il LI 45 R TR

6 & it

1) AR TR T ZH B AEZ M1 Wiener
o Aok T T A R SR 1 R IR LA AL AR S A
B M R 25 R Sh AL I S B R L B AR

2) 5ARFZIEANKZE R Wiener 1t 72 11 g
IRAEBERUAE L, % S 1A 22 S P Y Wiener o 72 5
REHIR 2 R R b2 72, 380 A% 77 i 1 Al 53 25
R ) HE A o
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Multi-phase residual life prediction of engines based on Wiener process

HUANG Liang, LIU Junqiang® , GONG Yingjie

( College of Civil Aviation, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China)

Abstract: Due to the fact that the research on the life prediction of the engine does not take into account
both the nonlinearity and the multi-stage problems at the present stage, a method for forecasting the residual
life of aeroengines in real time based on multi-phase nonlinear Wiener process is proposed. This method can
effectively fuse the historical performance degradation monitoring data of the same type of aeroengines with the
real-time monitoring data of the individual aeroengine. Firstly, the nonlinearity of performance degradation is
considered, and the multi-stage Wiener process was used to establish the performance degradation model of en-
gine. Secondly, according to the historical performance monitoring data of the aeroengines, the prior distribu-
tion of parameters is estimated by using maximum likelihood estimation and one-dimensional search method.
Thirdly, according to the real-time performance degradation data of individual aeroengine and the prior distri-
bution, the Bayesian method is used to update the model parameters. Finally, the real-time predicted values
of the residual life of the individual aeroengine are obtained. By the test of the actual data, the results show
that the proposed method is accurate.

Keywords: residual useful life; multi-phase; nonlinear; Wiener process; real-time prediction;

Bayesian method
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BRI SCERI16 ] ) o AR AR He Al RUAH 4 3 4>

RGN 8 AL i TR 190

M, ={A, A}
M, =1{B,,B,,B.|
My=1{C.|

M, =1{C,|
M;=1{6G,,G,|
My=1{C,,C,|
M;=1{D,,D,|
My ={F}

For oM, gl 2B, JoMh o i SRR 25 B Bl
(15 BDD LRI WL SCHk [ 16 1, - #5 e fy A o & 4
20K BDD BRI 1 B, B M RRTE5 i B
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By M, ™. =B.B, + BB, + BB,
3t (6) A AL AR PR R R Ik 2 B o =,
o HIRSE BDD R R G KM RIOE G - ¢,
Yk May My, My My Moy Mo F M 5. -ce, (5)
L L R =
W, HEoR M, ~ M, R BDD K B 1 5 Ak o
Pl (9) BF s, B0 Marko B 2 7 BT D
7 R Markov BUB B 80 B st (10) 3¢ T = F
P, IRFARAS S, HO e W% 5 7 55 S A 3K 5 %%FL_Mf“”
HRAD. () RO 0wk o
ABEHe A S5 P 2 RO T R A, I 3 e () - AL P (1) (10)
% 3R 0 & o o
P (1)
Oy - Ay P, (1)
Poseran 50 =1 = Myg + My, = My, = My, + M, -
Mg, - M, - M, (11)

A (1) , B % 3% 3 BB il A3 R G AE B AL
SEIN R B3R P2 T 19 25 AR 2R B =R (R B 10 L
AT

P(HBMH‘“) = 0.0001259982
P st 5, = 0.0847337058
P oyisaite | £y = 0.017107707 3
P oysiie 5, = 0.009764 7737
P st | £y = 0.100278 4504
P(mwm“‘%) =0.0795109022
K1 Z% BDD il P st | By = 0.0265827793
Fig. 1 BDD model of system P(PMS‘ails | By = 0.0951443501
R2 HEGEHFRMEE
Table 2 Conditional failure probability of components
o 4 E, /107 E, E, E,/107° Es Eq E, E,
B, 1.086 1.086 x107° 1.086 x10~° 1.086 1.086 x107° 1.086 x10 > 1.086 x10 > 1.086 x10°
M,, By, 1.068 1.068 x107° 1.068 x 107> 1.068 1.068 x10 7> 1.068 x107° 1.068 x107> 1.068 x10 >
B 1.068 1.068 x107° 1.068 x 10> 1.068 1.068 x10~° 1.068 x107° 1.068 x10~° 1.068 x10 >
Iy Cas 4.746 4.746 x107° 4.746 x 10 ~° 4.746 4.746 x107° 4.746 x10~° 4.746 x10 > 4.746 x10~°
o C; 4.746 4.746 x10 > 4.746 x10° 4.746 4.746 x107° 4.746 x 107> 4.746 x 10> 4.746 x 10>
M, C., 5.478 0.0354  5.478 x10°° 5.478 0.0354 0.0354  5.478 x107° 0.0354
My, Cy 5.478 0.0354  5.478 x10°° 5.478 0.0354 0.0354  5.478 x 10’ 0.0354
. G, 1.068 0.0806 1.068 x 10 ~> 1.068 0.0806 0.0806 1.068 x10~° 0.0806
# G, 1.068 0.0806 1.068 x10~° 1.068 0.0806 0.0806 1.068 x10~° 0.0806
n{ D, 1.891 1.891 x107° 1.891 x10~° 1.891 1.891 x107° 1.891 x107° 1.891 x10~° 1.891 x10 >
" Dy 1.891 1.891 x10~° 1.891 x10° 1.891 1.891 x107° 1.891 x10~° 1.891 x10~°> 1.891 x10°
My Fy 1.643 1.643 x10°° 0.0170 1.643 0.0170 1.643 x10°° 0.0170 0.0170
N, N > =N S5 D
/\ A /\ (1) B R G S 2
o . S‘ L S
5 \ >/ e R =0.9323242726
1 2 3 TEAFZ G ) 0T, TR E KA
B2 M, XEREA) ) Markov 47 HIAT 45 BT A R R 0. 999 881 49" (H i F 0 &
Fig.2 Markov model of M, 16 SRATAE 55 10 12 o 7 16 36 DR 5 0, R B L 3G T
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Table 3 Conditional failure probability of modules

K b E, E, E, E, E; Eq E, Eq
M5 1.000 x 10 ~* 0.009 87 1.000 x10 % 0.009 64 0.009 87 0.004 22 0.009 64 0.004 22
M, 3.422 1071 3,422 x 1071 3,422 x 107" 3.422 x107"° 3.422x10°" 3.422x10°" 3.422x10°" 3.422x10°"°
Mg, 2.252x1077 2.252x107% 2.252x1077 2.252x107% 2.252x107° 2.252x107° 2.252x10°°  2.252x10°°
My, 5.478 x10 ~° 0.0354 5.478 x10 7> 5.478 x 10 ~° 0.0354 0.0354 5.478 x10 ~° 0.0354
My, 5.478 x10 ~° 0.0354 5.478 x10 > 5.478 x 10 ~? 0.0354 0.0354 5.478 x10 ~° 0.0354
Ms, 1.141 x107'°  0.0065 1.141 x107'° 1.141 x10°'° 0.0065 0.0065 1.141 x10 710 0.0065
Moy 3.576 x10 7' 3.576 x10 7' 3.576 x 10 ~'* 3.576 x 10" 3.576 x10 ~'* 3.576 x 10 ~'"* 3.576 x10 '  3.576 x 10~ '°
Mys 1.643 x107° 1.643 x10~° 0.0170 1.643 x107? 0.0170 1.643 x10°° 0.0170 0.0170

SRR IEA 7, (A R 6 1 AR 48 9 AT 55 A
IR PBEAK 729 6.8% , H B F TAE I [a] i) B FL,
FO W O R 2 B W g Ok Pk, X T R SE
PMS i3t , BHLIE P 2 7 & — A A 3 Z A9 7T 5
PEF A R .

5 & i

1) R DSy B8 7 e 1T PMS Bt LG
RS R R fil L LA B R B3 Y

2) PR TREEPLICA KRG A PMS Al FEPEE
T EREA R IR 25 1 T TR A AT SRl 20 3R

3) g3 7 20 5 A BDD I Markov #5874 LA
S AR AT SR LR AR AL

4) i A, —J7 IR T 05 % A AT AT
YRR R, 75— J5 A N T RS 5 I R
R, o] S PR PEAl 2598 R 0 TR

TEJGSEM e, BB M A% B R G A AE
HEME G 3 A S B R RO ARG UL, R 5T A o 3f
PMS [ FEPEREAT AN, O 3 — 2 AL A SO I 1Y
FEA I3 M 7, (S RO A A
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A reliability modeling and analysis method for PMS considering
common cause failure

WU Huan, JTIAO Jian™ , ZHAO Tingdi

(School of Reliability and Systems Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract; Common cause failures (CCFs) in a system destroy the hypothesis that the failures are inde-
pendent, which may significantly impact the reliability evaluation of the system, especially the phased-mission
system (PMS). Aimed at the impact of probabilistic common cause failure ( PCCF) on reliability of mission in
PMS, this paper discussed the relationship between common cause events and extended the probabilistic model
of common cause events using Bayesian theory to make the model fit for different statistical relations including
mutually exclusive, s-independent and s-dependent. Moreover, a module-based modeling and analysis method
using binary decision diagram ( BDD) and Markov model was proposed. First, the fault tree of each phase was
constructed. Then, considering CCF, BDD and Markov model were used to deal with the static and dynamic
module in PMS respectively. Third, mission reliability was evaluated using total probability law. Finally, a
case study of satellite for its orbit transfer was supplied to verify the effectiveness of the method. In addition,
the result of this paper was compared with the existing case to analyze the influence of CCFs on mission relia-
bility.

Keywords: phased-mission system (PMS); probabilistic common cause failure ( PCCF) ; binary deci-
sion diagram ( BDD) ; Markov model; dynamic
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T 6-PSS FEHEHLAR A B3l J7 2p 5 5 Pl /N 5 4
X 6-PSS I I HL 2% A B9 2 BT T 48 Ak 3 i
Wang 25" 3t F Hexaglide 7 3 B L4 15 31 £ 4k
TR B I FL R A AR HEAT 0T L (HUR I R
XN 2 S AT 2 4 1 IR B

RSCHE H —Fh 3L T 6-PUS ALK 19 2 4 )
I A H bR R A . SRR
B 0 BB % A N B 4 T 6-PUS Bk
HUR I3 | IE A3 30, O o e BAE 8 5 7 LA Y
3B Bl R 7 2 B 5 SR S AR R Th s PR A Sy T
HLRA IR B 725 B0 3 T A7 405 LU0 TF 5 5% I % 2 4
T3 AT 2 4 AR T

1 6-PUS HEXHHMIETFER

1.1 BZhFFERE

WE 1 FrR,6-PUS ML th 8 °F & 87
G M 6 M M E M R . K, s FaxE
BEREHL B (i=1,2,,6) kRN,
6 NERECHES R 3 41, Uy IR R 4 A, AL Z ) A
120056 M EH LW K #H OG5 A K Wi
C(i=1,2,,6)FFN 3 AEFHTH LIFHE
JE 4 A7, B 20 0K Bl 1 22 BT T AR B B T R
BTEAL, B AWK S A kR R o,

B SBEPIIER RN L.
AT — STk, (0 FH i) 42 2 il i 1240 Sl B A
a, +ds, + Lk, =p +Rb/ (1)

St ca, = OA5d, #9432 3l 32 5 R 30 Rl 19 96 3l
1L, A E KR EF IR 55, AR & P A2 2l Al
1475 180 ) 55 ke, O AR bR AR R T O AT T 1) Y R
BLl) HE s p MR IY A S AEFR RO (" y" 2" | M

B L4y s A R K A bR AR E SOUR B

Fig.1 Schematic of structure and coordinate system

definition of tested multi-dimensional loading device

XFTHALR R Ofa,y, 2! BY 5 S0 R AR AR R JE
B 3 76 3 A 4R R X b = 0B

% p + Rb/ —a, =h,  RIEHUE YR FZ S
HEEEMER AR (1) 15
d;=hs, - /(h +s)" - (hi - L) (2)
1.2 EZHZIERE

s sh# i i A I, 22 4 00 N 4% B 3
IR T 6 iz 3 SCHE Y ALIK ) &, SR
MRS S5 L 8 R MK st d, (i =1,
2,,6)  KIGEZFEH LM O WAL EN R p =
(p. p, p.) FEEZmMEO=[0, 0, 6] H
thin o p MO W3 A gl RIS vy .z
) o B R SR B R 1 e A o

BahEamiEERNQ=[p 61,1
DIAR 98 225 ) B SR it tH i Fe 45 FF R = (@) , i3
Bl IS AT RN
[(Q)=(p +Rb] —a, —ds,)" -L =0 (3)
A e S AL R T W ook R, A EL R A, AT
A OEE AT S ) A, Gl R, TR Y oo EoE Xk
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meoe=p A" A=[a, a, a, a,],

¥ R AKX, 5K 4) a3 7 407
& B AR A ik AC 0k B AT oK AR A5 47 & ) i
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e s BRI % Q, , AR Ja T ARtk A 2R
IR Q, (n HERKRE,n=0), 24 o1 K I
EARAIEE Q, AT MK 5 AR M2 1(E
i A =[fi £ £ TRIBLH 2 0, | <
E=10""" m i}, BP AT A N B AF A& AR A2 28 @, AT LA
VER RT3 F & SR i % & Q, kR4h
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T-EENE O,
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[ ke s eyt £ |

af(0,)
oaQ
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Fig.2  Flowchart of forward kinematics of mechanism
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ERNT=[v o], HPvH o5&
B B e R X A AR R YT F5 R R e B AR
M,

FH e 2 7 AT 15
T = l'ill- 3+ éiZ 3.+ éi3 $s + é,4 S+ éiS 85 + éis 8

(5)

siT]T;Si,':[k; (ciinj>T]T(j:
(biinj)T:lT(j =4’5,6);ci =
,6) 4351 o ¥ )
L Jy 140 160 ik A %, L ke = ks, il
53 50 R 7% Sl @I Y 5 18] ) RS Bl R

B (5) /9 P i ) B 'ﬁiﬁu

[kiT (¢ ><k) s EXFLE'J

4=Lg (6)

Xf.g, =[0"
2,3),8, =Lk,

— — :
0'C.;b,=0'B, ,k,M0,(j=2,3,

JETE RS =
Sij:O(.]:

Kb B TER O, = (v, o] HRE
W =[d, d, d, 1" sk R AT H I T =
[J"1 JI*Z J ]exa’J k'il'si T ]

(i=1,2,-,6),

3 0 T 20 O R TR
F =JfT=J,T,7 (7)
K F=[f m']" i Inte s F & 5o 4

Wi f Ry ,m e =7, 7 o 1]
AL Bl R Y SRS g a5 T, O T3 HE AT ECRRL R

P03 SEEAR bR AR e B oy A s T
Fig.3 Schematic of branched-chain coordinate system and

velocity screw distribution
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Dynamic modeling and loading experiment of
multi-dimensional loading device
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(1. School of Mechanical Engineering and Automation, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;

2. Technical Center, AVIC Chengdu Aircraft Industrial (Group) Co. , Ltd. , Chengdu 610092, China)

Abstract; A multi-dimensional loading device based on a 6-PUS parallel mechanism was designed to

apply time-varying multi-dimensional loads to target. Firstly, according to the principle of vector superposition

and Newton-Raphson method, the inverse and forward kinematics of loading device were analyzed. Secondly,

based on the screw theory, the velocity and static force Jacobian matrix, which represent the kinematic and

static mapping between the moving platform and actuations, were derived. Thirdly, according to the principle

of virtual work, the dynamic model of loading device was established and validated by comparing the actuation

forces derived from Adams and MATLAB simulation models. Finally, the multi-dimensional loading tests were

designed and completed to verify the multi-dimensional loading ability of the device. The loading device pro-

vides a new loading method and theoretical basis for the loading tests of numerical control machine tools.

Keywords: parallel mechanism; kinematics; dynamics; multi-dimensional loading device; numerical

control machine tool
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Fig.2 Schematic of geometry and computational
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Table 1 Flow condition of baseline state
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Fig.6  Wall heat flux comparison under different grid levels
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Table 3 Results of uncertainty quantification

AR BEAE S, =0 JAHB Si = 1817 mm
SEE g/ (MW - m™2) 0.2201 0.2230
FrMEY op/ (MW - m~?) 0.0223 0.0195
2 -0 KA (0.1764,0.2638) (0.1848,0.2612)
AT 7 B/ % 19.8 17.3
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F(17.3% ) 35 3 1A
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Table 4 Sobol index of each input variable at

stagnation and shoulder

Sobol 5 %% 445 S, =0 JEH Sy =1817 mm
U, 0.2867 0.268 1
T, 0.0325 0.0003
0.0312 0.003 4
Pu 0.7580 0.7295
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Uncertainty quantification analysis in hypersonic
aerothermodynamics due to freestream
ZHANG Wei, WANG Xiaoyong, YU Jian, YAN Chao”

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

Abstract; The CFD calculation is usually deterministic. However, errors and uncertainties always exist
in the numerical simulation of complex engineering. Analysis and identification of source of uncertainty, and
quantification of uncertainty play important roles in assessing the credibility of simulation results. Uncertainties
are generally ubiquitous in highly complex aerospace systems. To obtain more reliable aerothermodynamics
prediction, the uncertainty quantification and sensitivity analysis were carried out for the returning capsule hy-
personic reentry flight. First, four uncertainty input variables (freestream velocity, freestream temperature,
wall temperature and freestream density) were selected, whose variation ranges are + 120 m/s ( +2% ),
+10% , +10% and =+ 10% respectively. And the samples were generated by Latin hypercube Design.
Then, the thermochemical non-equilibrium numerical simulation method was used to calculate the aerodynamic
heat. Finally, methods based on non-intrusive polynomial chaos ( NIPC) and Sobol index were applied to
uncertainty quantification and sensitivity analysis. The results show that the wall heat flux is not less than
15.9% under the given condition of uncertainty input variable uncertainty, and the peak value of the stagna-
tion and shoulder are about 19.8% (0.087 MW/m’) and 17.3% (0.076 MW/m?) respectively. The uncer-
tainty of heat flux is more sensitive to freestream density and velocity, and meanwhile freestream temperature
and wall temperature variations almost have no impact on heat flux.

Keywords: aerothermodynamics; thermochemical non-equilibrium; polynomial chaos ( PC) ; uncertainty

quantification ; sensitivity analysis
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Exploration of tornado maintenance features
DI Haoyu, XU Jinglei®, GAO Ge

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

Abstract: A numerical model of the tornado was established by using computational fluid dynamics
(CFD) method. Based on the speed type of the tornado in the plane, which was fitted to be the function rela-
tion, the initial velocity field and the related boundary condition were set in the 3D CFD program. Different
initial temperature fields were carried out on a series of numerical simulations of tornado maintenance and
development. The Ranque-Hilsch effect of the whirlpool and the convergence heat transfer principle were used
to analyze the changes of the internal flow field variables of the two different temperature types in the tornado.
It reveals the possibility of how the tornado was produced and continued, that is, the hot and cold air flow mix-
ing and heat transfer which generated a temperature field may be the direct cause for producing and continuing
a tornado. And a method to make tornado weak or even disappear was proposed, that is, destroying the tem-
perature field.

Keywords: computational fluid dynamics ( CFD); tornado; numerical simulation; convergence heat

transfer principle; temperature field
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