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Resilience-based component importance and recovery
strategy for system-of-systems
PAN Xing® , JIANG Zhuo, YANG Yanjing

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

Abstract: System-of-systems ( SoS) is always under the influence of both intra and exira disruptive
events. SoS architecture is the foundation of SoS design and construction, whose resilience is not only an sig-
nificant indicator to reflect the ability to recover from disruptions, but also an important embodiment of evolu-
tion of SoS. Based on resilience, an effective SoS architecture evaluation method was proposed to conduct
component importance measures ( CIMs). In the method, the resilience of SoS architecture was defined in de-
tail, relevant mathematical models were built, and influence of performance loss and recovery time on compo-
nent importance were comprehensively weighed. Then, according to analysis of various disruptive events and
recovery strategy, an optimized model for SoS resilience based on CIMs was proposed, and the optimized result
of the proposed model on recovery capability of SoS was mainly analyzed. Finally, an example of evaluating
resilience of SoS was introduced to validate the availability of the proposed model and method, and the final
result shows that the optimized recovery strategy contributes to improving the recovery efficiency of SoS greatly.
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Research on transient evolvement and modeling method of
cavity with rotating orifices
DING Shuiting, PU Junyu, QIU Tian", YU Hang

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

Abstract: Rotating orifices and cavity are important parts of the air system of gas turbine engine, and
their transient response might induce dangerous instantaneous transient load. To investigate the transient
evolvement of the cavity with rotating orifices, a CFD model of the cavity with rotating orifices was built to
research the cavity in front of the rotating orifices. Based on the steady flow characteristic of the rotating ori-
fices, a transient one-dimensional model was built to simulate the transient process. The comparison of the re-
sults between the one-dimensional model and the CFD model shows that the former can conduct the transient
process simulation satisfactorily and satisfy the elementary engineering needs. Finally, the analysis of the rea-
son for the result errors of one-dimensional model is presented in this paper.

Keywords: air system; cavity with rotating orifice; one-dimensional model; transient evolvement; dis-

charge coefficient
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Frequent reset suppression algorithm of digital phase
ramp in fiber optic gyroscope
SONG Ningfang* , LIU Pengcheng, PAN Xiong, WANG Xiaxiao, ZHANG Shaobo

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

Aeronautics and Astronautics, Beijing 100083, China)

Abstract: In view of the problem that the digital phase ramp in fiber optic gyroscope resets frequently at
the small angular velocity measurement, the reset phase error is modeled under the condition of the gain drift
of the modulation chain. Then the mechanism and condition are analyzed for the frequent reset of the digital
phase ramp. It is proved that the frequent reset is one of the factors generating the dead band. A hysteresis re-
set algorithm of the digital ramp is proposed, which has the similar characteristics with the Schmitt trigger.
The algorithm suppresses the frequent reset and resulting dead band by means of separating the positive and
negative ramp accumulation interval. The experimental results show that the hysteresis reset algorithm can de-
crease the dead band from three times to one time measurement noise when the modulation gain lessens
by 1% .

Keywords: fiber optic gyroscope; gain drift; automatic reset; dead band; hysteresis reset algorithm
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Fig. 1 Adaptive grasping based on Gaussian process
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Table 1 Training data
. WL 7% X AT BE/(°)
’ /1B R /18 % 0/(°) HE JA R Jif 2y JoE 5 1 JhE 5y 2 i G TT 3
1 805 647 87 3.2 -120.5 -78.5 -63.2 115.9 -78.4
2 964 700 70 14.7 -121.4 -80.8 -50.2 107.6 -62.7
3 919 557 80 13.0 -110.5 -96.2 -50.2 107.6 -62.7
4 951 632 32 16.7 -116.1 -91.4 -39.5 99.7 -15.4
5 895 577 9 19.3 -112.3 -95.9 -39.4 89.2 7.24
6 969 483 12 26.5 -105.3 -104.6 -39.4 90.0 7.7
7 809 516 16 15.7 -108.8 -101.2 -39.5 91.5 -2.2
8 873 593 31 18.2 -111.5 -102.2 -28.9 91.6 -12.4
9 975 584 52 21.87 -111.2 -101.6 -31.1 95.9 -26.1
10 820 711 63 10.2 -120.4 -83.9 -45.4 103.6 -49.8
11 1044 655 29 5.9 -113.2 -99.8 -32.3 109.0 -31.6
12 803 594 39 5.9 -113.2 -99.8 -32.3 109.0 -31.6
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Fig.7 Observation variables of target object
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Table 2 Joint angles corresponding to target

objects in Fig.7

T A OGS/ (°)

%5

R AT R WEOCTY 1EOCTY 2 MO 3
1 16.3  -104.4 -109.1 -33.9 89.9 5.4
2 12.6 -121.3 -81.5 -50.7 110.3 -65.5
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Fig.8 Adaptive grasping of robot
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Table 3 Information of testing samples

. SO A XL ) T A/ (°)
YR
/B ER y/18E 0/(°) I JAE CEST] I PShl i &5 1 i &5 2 Jii &5 3
1 831 630 6 15.0 ~115.6 ~94.4 -32.6 91.9 -32.6
2 966 646 16 21.9 ~116.6 -92.5 -33.5 90. 6 5.2
3 906 558 28 18.5 ~110.7 -99.3 -37.7 94.0 -10.5
4 774 472 18 13.1 -104.8 -107.7 -37.2 94.1 -8.6
5 712 637 52 2.5 ~117.0 -89.4 ~45.5 108. 1 -47.5
6 903 666 30 16.1 -118.3 -89.2 -37.6 96.7 -13.1
7 1012 616 54 21.1 ~114.9 ~92.0 —42.7 98.6 -30.2
8 1020 489 77 21.4 ~106.2 -101.7 -49.1 102.2 -52.5
9 722 429 33 9.0 ~102.1 ~110.1 ~41.8 98.9 ~27.0
10 649 610 27 1.9 ~114.9 ~93.9 ~40.1 103.0 -26.2
11 908 749 51 12.6 ~124.4 -79.8 —42.4 103.6 ~34.2
12 637 780 15 -0.7 ~126.7 -79.4 -36.3 103.3 -15.3
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Table 4 Testing samples that could not be grasped

R T A5
ErRe
/1B R y/ 1B ER 6/(°)
1 1063 968 9
2 968 692 3
3 526 813 59
4 840 853 43
5 852 453 25
6 519 671 11

x5 TN BERYEALRE
Table 5 Predicted pose of target object

i R 00 75
/MR F y/ 1B ER 6/(°)
1 813 653 88
2 966 701 69
3 906 547 80
4 941 629 31
5 884 569 9
6 977 485 13
7 816 524 14
8 870 589 32
9 983 593 51
10 818 709 63
11 1045 655 29
12 806 594 39
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Adaptive grasping strategy of robot based on Gaussian process
CHEN Youdong® , GUO Jiaxin, TAO Yong

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

Abstract; When robot grasps an object, the pose of the object maybe change frequently. In order to
make the robot adapt to the change of the pose of the object in the process of motion, an adaptive grasping
strategy of robot based on Gaussian process was proposed. The proposed method maps the observation variables
to the joint angles, which makes robot learn from samples and eliminates the calibration process of robot vision
system and the robot inverse kinematics computation. First, the robot was dragged to grasp object. The obser-
vation variables of object and corresponding robot joint angles were recorded. Second, Gaussian process model
was trained with the recorded samples, which correlates the observation variables and joint angles. Finally, af-
ter new observation variables were acquired, joint angles for grasping operation can be obtained by the trained
Gaussian process model. The experiments show that UR3 robot can successfully grasp objects after training.

Keywords: Gaussian process; adaptive grasping; robot control; robot vision; learning from demonstra-

tion
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Design pattern instance identification flowchart
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21 TE&E B, AR AR VTR i (2) .
AN AR A 2k A V = { AbstractFactory, ConcreteFactoryl,
i, ConcreteFactory2 | (1)
K 2(a) H—"PFrUERY Abstract Factory fEz, V = { Context, State, ConcreteStateA ,
HABE VA RR X (1), MHE 2(b) N State ConcreteStateB | (2)
: Context State
client L | AbstractFactory -
+ConcreteFactory 1() i O

+ConcreteFactory 2()

JAN
[ |

ConcreteFactory | ConcreteFactory 2

+ConcreteProductA()
+ConcreteProductB()

+ConcreteProductA()
+ConcreteProductB()

(a) Abstract Factory ¥i:{,

JN

State. Handle()

ConcreteStateA | | ConcreteStateB
+Handle() +Handle()
(b) Stateffi s,

Kl 2 Abstract Factory £ 5 5 State 525 &

Fig.2 Class diagram of Abstract Factory pattern and State pattern

2.2 A RE&E

AR C VDL R AR A VO OR [E] ff (o E)
R G 2R, T T R A T A S 481 ) il R AR L AR
SCLL Guéhéneue 457 AR 1 R I 2 SR B A
S XN IR, 3 2 R T State B L H4E
WG 1 MR SRR UL, 32 2 vh 02 17 R 7 7E
— A state f1 65,03 T R8P EARY
state S 7 7E 4k 7K G 72,04 1T ~ 08 F7 4K I F 24 3
LT RN TR, A IE WL T 45 #ERY State
B AR

£1 HkEmesRn-
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Table 1 Constraint set notation classes
55 i ik
super-class( ) ETN B
sub-class( ) FRTFH

has-method (¢l ,m2) kel AT m2

el A%k

Ti i ml g — MR Ir
el % M I L e 5 05 %
TR — AR Y J7 i m2
J7¥k ml S iR A7k

15 el 2 B W EUR 28 7 parl
HAn A parl IR 2
Ji ik ml 577k m2 [ 4

P 7 m2 [ 45E A ml
% 2 inherit % cl

Fel 5E 2 HFAEREGRAR
J5 % ml 7k m2

% el 52 2 fFERBKLR
K2iyml FEHES

abst-class(cl)
abst-method (m1)
Interface(cl)
protected-method ( m2)
final-method (m1)
par-Declared (¢l , parl )
par-Parent( ¢2 , parl )
same-Signature (ml ,m2)
dominate (ml ,m2)
inh(c2,cl)
aggre(cl,c2)
invoke(ml,m2)
asso(cl,c2)

override( ¢2,ml)

2.3 B &
WEDRBEWTE ML XRWES, T T

&2 State EBHARERT

Table 2 Constraint set representation of State pattern

01 State Design Pattern:

02 super-class ( state-role) // fE{E B 2

03 inh( concrete-class-role , state-role) // 4k /& % &

04 aggre ( context-class-role , state-role) // ffi &, [0] B & % &

05 has-method ( state-role , abstr-method ) // 2% HP #£ 1€ J5 1

06 abst-method ( abstr-method ) // 25 £ 7E il 52 )7 1=

07 override( concrete-class-role , abstr-method ) // J7 i S

08 Not( state-role = = context-class-role) // ffj {0 J& & — i L 4%

AT USRS R A IS SR ARG . &3 g i — A ISk
P&, 3 5k 2 o i b e AL B S5 SR L3R 3

# 3,01 175 02 47K R T H Tool K ff
e 2 A AR B 7 1 methodl 5 method2 ,03 4738/~
FAE—> selectAbstractTool [l 4 2%, 1 04 17 ~
AT FoR M A RIFE R R C R 12 ~22 T RN &
NRPFTEAR I 23 47 ~ 28 AT RANAFAE R 44
7,29 47 ~ 32 AT R R f B R AF TE SR &
KRIR IriE MR LR
2.4 ZiEEE

CSP 2y sUAR WA SR AR D rh 9 58 R e 6 RN
HWZHEMO,RKAMRTE I b2 5% 5%t
B BT SCF o N, 45 1% % DrawControl 3
T State K30 Context £ {7, & £ 2 Tool #7318
T State L3 A7 Y State £ 4, {5 %£ 2 createTool |
cancelTool .selectAbstractTool #3357 1 State £
Hi () ConcreteState ffi . SR 177 3¢ 26 % 25 4 H 475
T RE A7 TE B PR M 45 R . o i AR SCHE Guéhéneuc
SR U 3 T CSP RV AR Iy i A I
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DrawControl Tool Toolchient
-draw : Tool H@pr———— - Tool
} +method 1() +
Ty
fovel) ! +method 2() Y |
draw.method () l I |
createTool cancelTool selectAbstractTool
+method 1() +method 1() +method 1()
+method 2() +method 2() +method 2()

receiver

—T

receiver operation () ConcreteToal 1 ConcreteTool 2
+operation ()
+method 1() +method 1()
+method 2() +method 2()
3 HBEIZE

Fig.3 Example class diagram

X3 HTF CSPHIflEBERT
Table 3 Domain set representation of

an example by CSP

ol
02
03
04
05
06
07
08
09
10

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

has-method ( Tool , method1) // Tool 2 Ff 77 7E J7 % method]1
has-method ( Tool , method2 ) // Tool 2& H1 {7 {£ J7 % method2
abst-class ( selectAbstractTool ) // selectAbstractTool J& 3 % 2
inh( Tool, createTool) // createTool 5 Tool 2K fE7E 4k 7k 3o &
inh( Tool, cancelTool) // cancelTool 5 Tool 277 7F 4k 7k 3¢ &
inh( Tool, selectAbstractTool)

inh( Tool, cancelTool)

inh ( selectAbstractTool, ConcreteTooll )

inh ( selectAbstractTool, ConcreteTool2)

inh ( selectAbstractTool, ConcreteTooll )

inh ( selectAbstractTool, ConcreteTool2)

has-method ( createTool, createTool . methodl )

has-method ( createTool, createTool . method2 )

has-method ( cancelTool, cancelTool . methodl )

has-method ( cancelTool, cancelTool . method2)

has-method ( selectAbstractTool, selectAbstractTool. methodl)
has-method ( selectAbstractTool, selectAbstractTool . method2 )
has-method ( ConcreteTooll , ConcreteTooll. methodl )
has-method ( ConcreteTooll , ConcreteTooll. method2 )
has-method ( ConcreteTool2, ConcreteTool2. methodl )
has-method ( ConcreteTool2, ConcreteTool2. method2)
has-method ( receiver, receiver. operation )

same-Signature ( createTool. methodl , Tool. methodl )
same-Signature ( createTool. method2, Tool. method2)
same-Signature ( cancelTool. methodl, Tool. methodl)
same-Signature ( cancelTool. method2, Tool. method2)
same-Signature ( selectAbstractTool. methodl, Tool. methodl )
same-Signature ( selectAbstractTool. method2, Tool. method2)
aggre ( DrawControl, Tool)

asso( Toolclient, selectAbstractTool )

asso ( createTool, receiver)

invoke ( createTool. method2, receiver. operation)

x4 ETCSPHLHMREEERT
Table 4 Candidate set representation of

an example by CSP

(1) State 2 :

Context: DrawControl
State: Tool
ConcreteState;  createTool, cancelTool, selectAbstractTool

(2) Abstract Factory #5\; ;

AbstractFactory:  selectAbstractTool
ConcreteFactory:  ConcreteTooll , ConcreteTool2
Client; Toolclient

g 3G I 2R RS A% e CSP ik HUAS (19 4 38 o 4
g iE — A5 9 7 32 o

3 ETLZZFEMRITERXLFRT

FEXS AL G CSP J7 ik A6 I 445 SR8 0 M A s Y
), A SO — R A A B X BRI RS
LRI PR BB AS H5EH M ORI R AT
FAFLR I E L R RS A B TR
B BRI 5 35 e LUAZ 3 09 A 2 fR B R B T
XL GE CSP J5 B A I 45 R i — A0SR A .

3.1 ZERHEK

MARBOT L R R R B A, BT s It
PEESSR B9 A R AT 0 1, D0 e e R o A R
(4, I Fe 4 g CSP B A 4R, 2k 3 n] DUJE fif o2
B S 2 RAE B, T AR o DA 4 Y 3 A Y R
fREAF . ASCHPIZ L R M 2 T kAU, X
AR FTRRETE LA A AHG L, 5] 5 245)
fifk M i BBOA BEORS 90 A9 45 2R o
3.2 HRRMSE

AL RER L Rl 3 2,
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1) HELR

SRR VO RS R A28 7k R T
AR R R EE R . ML RE NP Rt 2
M AN ) Bt 05 B T A B T ik
TR e # 4E . E SR BT R U TR R
REAG I A B e 1 i A AR R, T — 28 & X
WA 52 A Rk RARMERAZ I, 3% AR 5 2o o X
K1 sE LHTHE, JFEd TR
237 RIR LI, RS I T AR

LI 3 R, selectAbstractTool 2 & 1 £ 25,
ZZE 9 J7 % method] 5 method2 1 24 4l 3 U7
B, BB 52 B 75 %38 i ConcreteTooll 5 Con-
creteTool2 2K §7 1 J7 7% methodl 5 method2 5E Ji%,
& Ge BRI 77 AN 7% TS i AR 7R OC & A i
— LB R P IR T MR ITE? Ik ZEi
PR G J5 WORE i fr 7 A 2R 5 b R RS AR
S-Cluel , it selectAbstractTool 2% AN ifi 4§57 i State
B 1 1 ConcreteState £ €, 3 1M #ifi Y& #7115
WL S 5%

2) HELR

) 25 R A E B A S 8] D vk U A I
Fr BRGSO LUE PR K E X

6 HTHELR,

LI 3 R, 352 312K Tool H )5 3 method2
T M createTool 25 H1 Y method2 Jy ¥k, (HiZ J5 1
F= createTool 2% H1 ) method2 J7 7% 8 FH receiver 2%
f) operation J5 ¥k Z 5 A4 BE S B, 4% &8 1 75 ¥4
A % ISR 2 2z 18] 7 g 98 iU, i dl 2% 6
AL ZE D-Clue3, i createTool 25t A& & 94 1
State 5 2 H1 ) ConcreteState ff {4, , M 1 3 — & i
WIS A RO BONREHEBR IRk S 5%

®5 BEEKER
Table 5 Static clues

P AT ARG B i SRR 5 B B L R Z M
LRAERMBR , XL R~ BMEEL XL R A
P B A A [ E A, B R AR LR W
A BT P R B AN A 1 i B R R ik 2
HE&E,RTHMIE T My LERERLR.

TER IR 2238 3 K& R o B BLg A i it e
K 3 g it A e e 25 R 3R 8 i s create-
Tool . cancelTool | selectAbstractTool 3 & £ &= 5
# H A cancelTool 1& &35 7 ConcreteState ffi (4, it
& 3 VKB T — State LK, 55—~ Abstract Fac-
tory

xk6 BMELKE

Table 6 Dynamic clues

=2 KRR B AR TR
AT 7 m2 220 B .
D-Cluel dominate(ml ,m2)
i 7 i ml
class(A)
class(B)

Jrik ml Bk m2 A,
D-Clue2  H.hZiifE 3k 7] — A~ 2 b iy
Jrik m2 &L E AT 2T

has-method (A, ml)
has-method ( B, m2)
invoke(ml,m2)
dominate(ml,m2)

class(A)

class(B)

class(C)
has-method (A, ml)
has-method (B, m2)
has-method ( C,m3)
dominate (m2,m3)

A PR ITE ml 7RI A
%K B Tk m2 Z 0T, 4
AeikZe B 7 ik m2
P2 C 75 m3

D-Clue3

dominate (m2,ml)
invoke(ml ,m2)

invoke(m2,m3)

RT ERERRZE

Table 7 Expert experience clues

haes LR MR (R

B LR PR IR
abst-class(B)
N abst-method ( m)
KA Bk : a
;: AR B/ Eﬁ% has-method( B, m)
S-Cluel = ’LE- A TFN )ik has-method (A, ml)
ml GEEEJ B

inh(A,B)
override( A, m)

[l 44 J5 % m

same-Signature (m, ml )

KARE—PHE class(A) = abst-class(A) V

5-Clue2 RKagdEn Interface( A)

class(A)
has-method (A, ml)
has-method (A, m2)
invoke(ml,m2)

[f]— A2 A iy
S-Clue3 ¥ ml # {5
Hb—FhJ5 1 m2

class( A)

has-method (ml)

classes( Al,---,An)
inh(Al,--,An, A)

Not( override( Al,:-+,An,ml))
has-method (Al ,:-+,An,m2)
Not ( same-Signature(ml,m2) )

TRPWITEARE

B-Cluel o i 4 Jr i

x8 MUBKERITERRLEE
Table 8 Optimized design pattern candidates

(1) State #EA L :

Context: DrawControl

State:  Tool

ConcreteState: cancelTool

(2) Abstract Factory #& z0 Mgtk % +
AbstractFactory:  selectAbstractTool
ConcreteFactory:  ConcreteTooll , ConcreteTool2

Client: Toolclient
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( Very Negative ) . N ( Negative ) , NS ( Not Signifi-
cant) .P(Positive) ,VP( Very Positive ) {K IX 3 715 1%
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Table 9 Selection of clues

VN 5t/ N f e/ NS 5/ P S ER/ VP S E/

©RHA % % % % % HEF
S1-C1-P 0 10.2 20.3 40.5 29 P8
S1-C2-N  22.4 54.2 10.4 10.6 2.4 N5
S1-C3-N 41.3 26.7 21.4 10.6 0
S1-C4-p 0.9 6.1 40.3 31.5 21.2
S1-C5-P 4.1 9.6 23.2 41.5 21.6
S1-C6-P 1.2 3.1 19 4.6 32.1 P4
S2-C1-P 8.2 8.9 30.9 26.6 25.4
S2-C2-P 1 3.1 10.2 49.6 36.1 P2
S2-C3-N 36.8 29.5 28 3.7

S2-C4-N 29.5 41.8 19 7.2 . N8
S2-C5-N 37.1 46.3 8 6.6 2 N3
S2-C6-P 0 11 19 48.7 21.3 P7
S3-C1-N  37.8 48.4 12.3 1.4 0.1 N2
S3-C2-N 22 47.6 16.3 8.1 6
S3-C3-N 29.6 49.4 17.6 3.1 0.3 N4
S3-C4-P 0.2 2.1 19.1 57.3 21.3 P3
S3-C5-P 3 7.3 18.6 51.9 19.2 PS5
S3-C6-P 0.8 7.9 20.2 61.3 9.8 P6
S4-C1-P 4.1 12.6 19.7 42.3 21.3
S4-C2-N 35.6 52.6 2.3 0.5 N1
S4-C3-P 6.6 12.6 18.8 46 16
S4-C4-N 41.6 34.9 9 9.2 4.4 N6
S4-C5-P 0.2 0.2 49.6 49 P1
S4-C6-N 22.9 49.8 21.5 4.2 1.6 N7

7~ 7% (Scheme) ,S1 B 7% 1,C1 iy C Fon
Jr%E S1 &L & (Clue) ,C1 RN LR 1,P K
JNPHPESE SR N FORBAPESS B @ RO 4 A4
T7 I 24 F R AMCHE BH M 45 SR 5 B o 45 SR ik
I 0084 12 5, )5 % VP 5 P AH N iy 45
3 MR 7 AT HE P, OF 2 B 08 7 PH R 45 R HE 4
Hi 8 ML, Hlanss 1 47 S1-C1-P &R, ih T ix
LRAME 3 FHZ P AL R, Rt
BHP 5 VP g5 R M, Horh P 5l 40. 5%,
VP i ok 29% , RINEE RN 69.5% . [FIFEH K9
VN 5N I 25 SR AR 147 HE T, B e B
JPHEA T 8 BB PESS RAE LR, BN R S1-
C2-N, i TIZ& R AR 3 o AN LIt
AH N5 VN WS RZ M, Hh N sk
54.2% , VN (5l H22.4% , 2InsE R K 76. 6% .
9 PRI LR R B TR G A M ENLR,
“HeFF T HH P~ P8 2R BH MR £k K 0 1k 45 R E Y
A 8 445 [ HE, “HE/F " 8 i) N1 ~ N8 KR [ 2k
RIGHELE R ET AT 8 4. M xf kit 16 FL &R
AT T HT CSP T 5 KR, iR S R il of T
H 737 ik,

5 ZWRITEZHR

PG AR SC A R T Junit v3. 8 454 A~
TR R G AT T vt B I 52 56 . SR 1048 b
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Table 10 Characteristic parameters of

open source system

R4 a4 TATE % H
JhotDraw 6.0bl 300 19
Junit v3. 8 56 4
Apache ant v1.6.2 79566 895
QuickUML2001 8792 203

1K SE TR FR G R E S 8, T R B X 2L TT IR AR
PFRGEMRIE R : ORG R T AR BB
HEAT TF A, 8045 o Ao T % A8 =X 52 ) 2L & 22 A
QM Z B TAE B LA Ry ) 320 47 150 3 A A
S, AR — DAL B HE] T, T (45
RIS ;@KL R G2 THE R I H , AT LA 2% #5147
B AU, DT AR B AS s @3k 28 R G A7 Y
i 22 e 1, R B HAR R M . AT SR R AE R
4%l Windows XP, CPU S AMD # ¢ I X4
650, F 4 3.2 GHz, N 7£ 16 G,
5.1 SKIWIER

S VAL R RS B R (Pr) (A IR (R)
F-score (F) %58 5 o BLAh, 0 2 3] 24 15 I 3k
RGBT, R B FP(False Positive) (fi B
P4 FN ( False Negative ) B f il 45 2R &) 7= A4 iR 25
K3 Pr FLH [n] A8 ROA A 25 2Rt g AR SO v
OB TR R I E I S = S N
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Table 11 Benchmark of design patterns in
open source systems
R R Bt 155 X 2 491
Adapter 65
State
Apache ant vl1.6.2

Command

Singleton 3
Adapter 35
State 3

JhotDraw 6.0bl

Command

Singleton 2
Adapter 38
State 2

QuickUML.2001
Command 1
Singleton 1
Adapter 14
State
Junit v3.8
Command
Singleton
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Table 12 Detection results of design pattern in traditional CSP method and static clue stage
f&4e CSP J7 ik i Be SRR B
Bt RS
TP %0 FP A% FNADEL Pr/% R/ % F/% TP A% FPAKL FNAYNEC Po/% R/% F/%
Apache ant v1.6.2 46 22 18 68 72 72 60 16 4 79 94 92
JhotDraw 6.0bl 30 12 5 71 86 84 33 10 2 77 94 92
Adapter  QuickUML2001 27 15 11 64 71 70 30 12 8 71 79 78
Junit v3.8 10 6 4 63 71 70 11 5 3 69 79 78
S 4 {5 66.5 175 74 74 86.5 85
| Apache ant v1.6.2 0 22 4 0 18 4 0 0
JhotDraw 6.0bl 0 18 3 1 16 2 6 33 22
State QuickUML2001 0 13 2 0 6 2 0 0
Junit v3.8 0 0 0 0 4 0 0
S 0 0 0 1.5 11 22
Apache ant v1.6.2 1 6 3 14 25 23 1 4 3 20 25 24
JhotDraw 6.0b1 0 4 2 0 0 1 2 0
Command QuickUML2001 0 4 1 0 0 0 3 1 0
Junit v3.8 0 6 0 0 0 3 0 0
S {H 3.5 8.3 23 5 6.3 24
Apache ant v1.6.2 0 8 3 0 0 0 1 4 2 20 33 31
JhotDraw 6. 0bl 0 6 2 0 0 0 0 3
Singleton  QuickUML2001 0 4 1 0 0 0 0 3 1
Junit v3.8 0 4 2 0 0 0 1 3 1 25 50 45
Sl 0 0 0 11.3  20.8 38
R PELENRSEREREENERLVER
Table 13 Detection results of design pattern in dynamic clue stage and expert experience clue stage
EL R B LRERWL R B
BT M R 58
TP ™40 FP A% FNANE Pr/% R/% F/% TP AE FP A8 FN A8 Pr/% R/% F/%
Apache ant v1.6.2 63 12 1 84 98 96 64 0 1 100 98 98
JhotDraw 6.0bl 34 7 1 83 97 95 35 0 0 100 100 100
Adapter  QuickUML2001 38 6 0 86 100 98 38 0 0 100 100 100
Junit v3. 8 13 2 1 87 93 92 14 0 0 100 100 100
S H 85 97 95 100 99.5 99.5
Apache ant v1.6.2 3 12 1 20 75 57 3 0 1 100 75 77
JhotDraw 6.0b1 3 3 0 50 100 90 3 0 0 100 100 100
State QuickUML2001 1 4 1 20 50 43 2 0 0 100 100 100
Junit v3.8 0 2 0 0 0 0 0
S 22.5 75 63 100 91.7 92.3
Apache ant v1.6.2 3 3 1 50 75 71 4 0 0 100 100 100
JhotDraw 6. 0bl 2 1 0 67 100 95 2 0 0 100 100 100
Command QuickUML2001 2 0 33 100 81 1 0 0 100 100 100
Junit v3.8 0 2 0 0 0 0 0
S 37.5 91.7 82.3 100 100 100
Apache ant v1.6.2 2 1 1 67 67 67 3 0 0 100 100 100
JhotDraw 6.0b1 2 1 0 67 100 95 2 0 0 100 100 100
Singleton  QuickUML2001 1 1 50 100 90 1 100 100 100
Junit v3.8 2 0 100 100 100 2 100 100 100
S HME 71 91.75 88 100 100 100
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13 LR LI, S BL R B Adapter 1)
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W — LSRR GRS L R AME L)L BLAF R
FIAZR Bk — 25 HERR T IR 45 5 FP 5 |
B S FN, 000 25 5 b o i okG i, b B B S
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Table 14 Design pattern instance overlap

statistics in four systems

Gl
BB
Adapter State Command Singleton
Apache ant v1.6.2 4 1 1 1
JhotDraw 6.0bl 2 1 1 0
QuickUML2001 4 0 1 0
Junit v3.8 1 0 0 0
ik geit 11 2 3 1
Singleton
Command 6%

State

12%

Adapter
65%

IR W= o S ) N

Fig.5 ldentification percentage of four types of

pattern overlapping instances
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Table 15 Instances of shared pattern in JhotDraw

(1) State BEX I // ILZE T4 920 6
Context: CH. ifa. draw. framework. DrawingView
State: CH. ifa. draw. framework. Painter

(2) Comand BB : 7/ Heme 4358 52 91 ) 6
Command: CH. ifa. draw. util. Command
Receiver; CH. ifa. draw. framework. DrawingView

Invoke: CH. ifa. draw. util. CommandButton
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Table 16 F-score index comparison

A 3 LLES PEAEES F-score
BT e wme T
AT 100 97.8 97.95
THk[8] 93.8 62.1 64.57
Tk 12] 91.14 67.21 69.27
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A multi-stage approach based on interactive clues driven for
design pattern identification
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Abstract; Aimed at inaccuracy and difficulty to extend the traditional design pattern automatic detection
method, and in order to improve the accuracy of the design pattern instance recovery, an interactive clue-driv-
en approach for design pattern detection was presented. Concept of clue was introduced based on the constraint
satisfaction problem ( CSP) of traditional design pattern detection, and expert experience feedback mechanism
was proposed by investigation. The significant clues were converted into the information based on CSP in the
refining stage, the clues were classified by information characteristics, and the clues were added in design pat-
tern detection process until the candidate sets of design pattern instance were produced. Experimental results
show that the proposed method can gradually reduce the false negative results and the false positive results of
design pattern detection instance, and further more, the novel method can solve design pattern overlap prob-
lem. Compared to the F-score index of other well-known algorithms, the proposed method shows better detec-
tion effect.
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HF TIMED/SABER 2002 4E 1 H % 2013 4
13 11 AR KA BB, S it 345 31 1 38°N
Ik 30z 2 T) R A0 %85 BB A A 1 129 1 R0 bR o 22 12 48
0° ~360°(4r#FEZ Ny 5°) (5 B 20 ~ 100 km ( 43 FF
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MR AT LLE F], 1 A 4 38°N 90°E i K<
355 UST6 M E R /N, A 22 E 43 L iR AE
80 km =5 B [ ik e K, Al ik - 28.02% , Z J5 Bl &
JIE 26 B0 0 /)N 5 B B b E 25 A F UST6 19 43 L B
1R 3G N B AR 2 R K, #E 100 km 5
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Table 1 Statistical characteristics of atmospheric density at 38°N, 90°E in January

15 B /km TR/ (kg - m ™) BHEARMEE/ (kg - m ) OPIEEEMRT USTE 2/ % EEARMEZEHIXT USTE H 4 H
20 0.08525 0.001968 -4.118 2.214
25 0.0381 0.0009265 -4.934 2.312
30 0.01731 0.0005393 -5.967 2.93
35 0.008 003 0.000293 1 -5.448 3.463
40 0.003 826 0.000168 8 —4.247 4.224
45 0.001921 8.461 x10 3 -2.294 4.304
50 0.001 008 4.928 x10° -1.874 4.799
55 0.0005433 3.343 x10 —4.343 5.886
60 0.000284 5 2.015x107° -8.115 6.508
65 0.000 1414 1.059 x10~? -13.37 6.487
70 6.53 x107° 4.467 x10°° -21.16 5.393
75 2.935x10°° 2.663 x10 ¢ -26.49 6.672
80 1.329 x10°° 1.395x10°° -28.02 7.557
85 5.984 x10 ¢ 6.546 x 107 -27.19 7.965
90 2.707 x10° 2.839 x1077 -20.63 8.325
95 1.249 x10°° 1.361 x10 77 -10.23 9.788
100 5.39 x10°7 7.51 x10 8 -3.652 13.43

F2 38°N90°E XEZEE 8 AMBISITIFE
Table 2 Statistical characteristics of atmospheric density at 38°N, 90°E in August

WRE/km SRR/ (kg mTY) WIEARMEZRE/ (kg m ) EXITEEMN UST6 ML/ % W ERREZE X UST6 H Ay L
20 0.095 14 0.00127 7.006 1.428
25 0.04136 0.0003903 3.187 0.9739
30 0.01909 0.0001835 3.682 0.9969
35 0.008991 8.957 x 10 ~° 6.23 1.058
40 0.004309 5.803 x10°° 7.835 1.452
45 0.002152 3.312 x10 7° 9.461 1.685
50 0.001 126 1.897 x10~° 9.659 1.847
55 0.000605 6 1.151 x10 73 6.626 2.026
60 0.0003234 9.916 x10 ~° 4.442 3.203
65 0.000 1645 6.453 x10 ¢ 0.7688 3.954
70 8.006 x 10 ~° 3.916 x10 ¢ -3.329 4.728
75 3.724 x10 3 1.984 x 10 ¢ -6.714 4.971
80 1.626 x10°° 1.061 x10°° -11.93 5.746
85 6.64 x10° 6.488 x 107 -19.22 7.894
90 2.71 x10°° 3.082 x10 77 -20.52 9.038
95 1.156 x10 ~¢ 1.457 x10 77 -16.92 10.48
100 4.922 x10°7 7.302 x10 % -12.01 13.05

FHLG , 7E 20 ~ 65 km 55 B2 0 A K, 5 K i 22 e
HBLZE 50 km, AT 3K 9. 659% , 7 66 ~ 100 km & Ji
T R /D, B K e 25 i EE OB 7E 90 km, ] 3k
—20.52% ;% FE bR 22 A0 X UST6 B9 A 43 L Bl =
EREREMEE, 51 AGKHE S AL,
8 F 0y w22 T 4 LB 7 85 km LU T 3/, 0
HOEAE 55 km & 1,8 AR 2.026% ,1 H 44
ik 5.886% ,7F 85 ~ 100 km /5 £ 3 6,8 H iy 4r
WEXES 1 H O EEA Y, 76 100 km 5 fF
A5 13.05% o X SEHRAE 5 51 R IE i 25 [ K<
S P IR R — B RRE I EEATRE
W AL REPEAT B I LA R R i S R R
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H R B 1 8 T {E AT 0, KR B M
VbR 22 Bk 1 Bl fap B A0 245 A8 Ak Ah , W 7K 7 O )
(B2 ) o2 A by, H AR RR AR A2 R R =

TS B LT R B (R A v 22
£ 20 .50 .90 km & B2 AR 2= (1 AARERA 2
4 AUERKEKE .8 ANEKRZE) Ak
JELL

M T AL B 78 20 km & 8 1, R4
WHEAE 8 Ak, 1 A/, 4 ABEd, bz
BEERA AL W A 2 KL bR fE 22 4E 8 A
/AN 1A BB, 4 A fEd, b4 Ay
W 25 B 5ol i 3 . FE 50 km 5 B L, KACE %
JRE VAR 1 2 A 4% A A0y R80fEL 22 0 K, A2 A3 B
WA LS, RTFEERE S Hinmok, 1 Ak
N4 T E R Bl 2 S A B g, L R A
8 Ay, B2 AL s KE R ELEE 8 A
e/, 1 A ek, 4 Ay, 1 A EE B
Fo AE 90 km BB, RV B MBS E 22 AE
FA A Gy b2 B2 W AR AR AR 2 R, BURTIT S, RS
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Fig. 1  Longitudinal variations of averages and standard deviations of atmospheric density at 38°N
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Fig.2 100 simulated examples of atmospheric

density at 38°N, 90°E
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Fig.4 A simulation example along supposed flight trace
*3 B NRBREMES ANERRKSEENHELE
Table 3 Simulation data of atmospheric density along supposed flight trace at 38°N in August

Zg/ Bk - 34 % B/ WEb 2, TEBERSE, FEREELM, UST6 bR HE/ KARHE
(°E) i e /KM (kg-m";) (kg-m’3) (kg-m_3) (kg-m’3) (kg-m_s) M 2/ %

1 90 20 0.09514 0.00127 0001946 0.09533 0.08891 7.225
2 85 35.56 0.008 304 8.674 x 1077 000125 0.008 429 0.007 794 8.151
3 80 50.22 0.001 096 1.941 x10°° L4111 x 1073 0.001 082 0.001 8.207
4 75 64 0.0001884 6.354 x10°° .692 x 10 °° 0.0001867 0.000186 0.373
5 70 76. 89 2.717 x10 73 1.615x10 ¢ L123x10°° 2.829 x10°° 2.999 x107°  -5.661
6 65 88.89 3.344 x10 ¢ 3.336 x10 77 .023 x10°7 3.141 x10 ¢ 4.162x10°°% -24.53
7 60 100 4.997 x10 7 7.820 x10 % .066 x 107 6.064 x10 7 5.594 x 107 8.397
8 55 100 5.058 x10 7 7.763 x10 % 373 %1077 6.432x10°7 5.594 x 107 14.97
9 50 100 5.028 x10 7 7.943 x10 % .045 x 1077 6.073 x10 7 5.594 x 107 8.557
10 45 100 4.943 x10°7 7.739 x10 ~® .044 x10°7 5.987 x10 7 5.594 x10 7 7.032
11 40 100 5.019 x10 7 8.076 x 10 ~® 450 x10 78 5.164 x10 7 5.594x10°7  -7.684
12 35 100 5.012 x10 77 7.309 x10 °* 436 x 1078 5.756 x10 77 5.594 x10 7 2.898
13 30 100 4.936 x10 7 8.246 x 10 8 283 x107° 4.979 x10 7 5.594 x10°7 -11

14 25 100 4.927 x10 77 6.966 x 10 % L191 x 1078 5.246 x10 7 5.594x10°7  -6.215
15 20 100 4.864 x10 7 7.377 x10 % L104 x 10710 4.868 x 107 5.594x10°7 -12.98
16 15 100 4.889 x10 7 7.340 x 10 ~® .052 %1078 5.794 x10 7 5.594 x10 7 3.583
17 10 100 4.864 x10 77 6.865 x10°® .041 x107° 4.834 x10°7 5.594x10°7 -13.59
18 5 100 4.910 x10 7 7.274 x10 % 459 x 1078 5.456 x10 77 5.594x10°7  -2.464
19 0 100 4.884 x10 77 7.715 x10 °® 546 x10 78 4.529 x10 7 5.594x10°7 -19.03
20 355 100 4.874 x10°7 7.358 x10 8 477 x10 78 4.126 x10 7 5.594 x10°7 -26.24
21 350 100 4.839 x10°7 8.645 x 10 ® 498 x 10 8 3.889 x 107 5.594x10°7 -30.48
22 345 100 4.853 x10°7 8.262 x10 8 .750 x 10 78 3.878 x 107 5.594x10°7 -30.68
23 340 100 4.899 x 10 8.115x10°8 824 %1078 5.381 x10 77 5.594x10°7  -3.8
24 335 100 4.880 x10 7 8.184 x10°* 1240 x 10 ~° 4.892 x10°7 5.594 x10°7 -12.54
25 330 100 5.026 x10 7 8.033 x10°° .913 x10 78 4.835 %1077 5.594 x10°7 -13.57
26 325 100 4.969 x10 7 7.662 x10 ~® 842 %1078 4.285 %1077 5.594x10°7 -23.4
27 320 100 4.883 x1077 7.899 x10 °® L075 x 1078 4.475 %1077 5.594x10°7 =20

28 315 89.7 2.973 x10°° 3.369 x 107 .661 x10 77 3.239 x10 ~° 3.611 x10°% -10.31
29 310 78.18 2.239 x10 7 1.412 x10 ¢ 841 x10 ¢ 2.055 x10°° 2.458 x107° -16.41
30 305 65.45 0.000155 1 6.633 x10 ¢ 634 x 10 ~° 0.0001454 0.000 154 ~5.547
31 300 51.52 0.000929 1 1.755 x10 °° 237 x 10 ~° 0.0009258 0.0008547 8.327
32 295 36.36 0.007313 7.660 x 10 ~° 940 x 10 =3 0.007 233 0.006 886 5.037
33 290 20 0.09251 0.001 049 0001742 0.09233 0.08891 3.851
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I R BTER AR R KARE i SRR AT R
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FLIW 7 AT SABER SR F7E Hb Oy B R ZE B I
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R U B4R BUSCR KT 96% o I I, 91 485 Ak
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PURTHEYLYE SN o SR, I T 25 18] R U4 3 B
THEHLIL B Z 50, A LS IR, il nok [ TR
1 E AT B AL R AT B L RO
S5 P BN A Wy B AR AR IR A, S 2T AR
F: o 4 1y B HIE S R 4 B8 TR AT Bt R U S B
BERY X T H A RS B (ORI TR X
) it KR E A SCHEIAL, 2 4% 2 () 1 4 B
F il DR TP Y O BB [, A R 42 S Y i o S
(] R R 0 FLARE A, 7 5 B o o AR B 584 R
275, ] A T {7 RS P A 2% A AR B I O =S
) A AR A 5 1 R L WA S B v o
LAXS FE S E , P B AS A8 TE RS R fi 2l 7 SA 45 5K
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Bigt  E s TIMED/SABER T4k 41 42 fit By 45
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Characteristics of atmospheric density at 38°N in near
space and its modeling technique
XIAO Cunying"*, HU Xiong', YANG Junfeng' , YAN Zhaoai'"*, LIU Tao""?>, CHENG Xuan''’

(1. National Space Science Center, Chinese Academy of Sciences, Beijing 100190, Chinaj
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract; The environment of near space atmosphere is very complex. Its spatial and temporal changes
are hard to be characterized and modeled. With 11 years of TIMED/SABER atmospheric density data, the cli-
mate means and standard deviations at 38°N in 20 — 100 km were obtained by the method of global gridding
and mathematical statistics. Quantitative results were used to represent and analyze the characteristics of static
slow climate changes and dynamic transient atmospheric disturbances. The results show that the atmospheric
density at 38°N varies remarkably with altitude, seasons and longitude. A modeling method was set up, where
the atmospheric density in near space can be represented as the sum of the climate means and atmospheric dis-
turbances. A self-regression model was established for the atmospheric random disturbances. Model simula-
tions were taken and compared with the lidar-observed density data, showing that the modeling method is feasi-
ble.
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Sputtering model of SiO, for low energy Ar" and Xe ™ bombardment

ZHANG Jianhua™ , XIA Yong, DING Li, SHANG Shengfei

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

Abstract: In order to obtain the more accurate sputtering model of SiO, for bombardment with low energy
Ar® and Xe" , three existing models, Pencil model, Bach model and Seah model, were investigated and the
deficiencies were analyzed. On the basis of Seah model, the sputtering parameters and surface binding energy
were calculated by equivalent atomic method. Meanwhile, a new calculation method of sputtering threshold
was applied to form a new advanced model. Combined with the experimental data of SiO, for bombardment at
normal incidence with Ar™ and Xe ", the calculation results of the four models were contrastively analyzed.
The results show that, for both Ar” and Xe ™ bombardment, the root mean square error of the new advanced
model is the smallest and the goodness of fit is the largest, which means the new advanced model is better than
other three models. Under the low energy condition, the new advanced model can calculate the sputtering
yield of Si0, bombarded by Ar” and Xe* more accurately.
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Multi-classification spacecraft electrical signal identification
method based on random forest
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Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: The spacecraft electrical signal characteristic data have problems such as large amount, high-
dimensional features, high computational complexity and low identification rate. The feature extraction method
of principal component analysis (PCA) and random forest (RF) algorithm was proposed to reduce the dimen-
sionality of the original data, improve the computational efficiency and identification rate, and achieve rapid
and accurate identification of spacecraft electrical signal data. The random forest algorithm has superior per-
formance in dealing with high-dimensional data. However, considering the time complexity, the method of
PCA was used to compress the data and reduce the dimension in order to ensure the accuracy of the classifica-
tion and improve the computational efficiency. The experimental results show that compared with other algo-
rithms, the proposed method shows excellent performance in accuracy, computational efficiency, and stability
when dealing with spacecraft electrical signal data.
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Performance simulation of a 76 km simulated high-altitude test system for
liquid attitude-control engines
WEI Qiang, LIANG Guozhu*

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

Abstract: To study the performance of a 76 km high-altitude test system for attitude-control liquid rocket
engines, a transient test system simulation model with lumped parameters was built, which considers the phase
change of the exhaust. The system model consists of a vacuum pumping sub-model, a liquid nitrogen flow sub-
model and a condensing pipe sub-model. The sub-models were coupled through the heat and mass transfer
process between the gas, frost and liquid nitrogen. The system working parameters during the steady and the
pulsed tests of a bipropellant nitrogen-tetroxide/mono-methylhydrazine attitude-control engine were calculated,
and effects of the important system design parameters on working performance were explored. The results show
that the current test system could provide environment for the engine pulse tests and 6 x 10* s steady tests with
a maximum propellant flow rate of 6.4 g/s (trust is about 16.5N) ; in long-term test, the frost on the surface
of condensing pipes will get saturated and lose the ability to absorb carbon dioxide and water vapor, leading to
the gradually increase of the vacuum tank pressure; during the engine pulsed test, the vacuum tank pressure
will fluctuate with the pulses, up to about 70% in the 15 ms pulse case. The conclusion of the study could be
a guide in the design and upgrade of the high-altitude test system for the liquid attitude-control engines.

Keywords ; simulated high-altitude test; test system; liquid attitude-control engine; system simulation;

pulse test
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Research on deception jammer against monopulse radar based on
compressed sensing

WANG Caiyun” , HE Zhiyong, GONG Jun

(College of Astronautics, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: Deceptive jamming is a common radar jamming technology. This paper presents a novel decep-
tion jammer against monopulse radar. First, the characteristics of angle deceptive signal is analyzed. Then,
according to energy aggregation properties of the linear frequency modulation ( LFM) signal in fractional
domain, a digital radio frequency memory ( DRFM) under compressed sensing ( CS) framework is proposed in
order to generate angle deceptive jamming signal. In order to achieve effective jamming against the monopulse
radar tracking system, the angle pull-off jamming and glint jamming achieving method is considered by control-
ling the power of jamming signal. Simulation results show that origin signal can be recovered with the proposed
method very well, and the jammer can achieve a stable angle pull-off and blink jamming.
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loop without DC component interference
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Abstract: Grid synchronization is one of the key technologies to improve the fault ride-through capability
for grid-connected converter. To achieve fast and accurate phase or frequency tracking under unbalanced grid
voltage, a kind of improved first-order generalized integrator based on frequency-locked loop ( FOGI-FLL)
method is put forward. A mathematical model of grid-connected converter is established. Its separation princi-
ple of positive and negative sequences under unbalanced grid is also analyzed. The separation structure of
fundamental negative and positive sequence components is simplified. Its core module configuration of FOGI is
discussed. Integral compensation function which can eliminate the interference of DC components for FLL
tracking is parallelly added to the basic structure of FOGI filter. Finally, the proposed method is verified by
contrast simulation under unbalanced grid voltage with DC components. Simulation results present that the
proposed method is capable of achieving better performance for synchronization under unbalanced grid voltage.
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Magnetic dipole target tracking based on recursive update Kalman filter
WU Yuanfu, SUN Yue"

(School of Automation, Chongqing University, Chongqing 400044, China)

Abstract: The magnetic target tracking problem is addressed in this paper by establishing the discrete
state-space model on the basis of the equivalent magnetic dipole model in order to formulate the real-time mag-
netic dipole target tracking problem as filtering estimation problem of state-space model. Then a novel filtering
approach with the recursive update process is proposed to address the divergence problem of magnetic target
tracking under large prior error condition when using present Kalman-type filters. The one-step measurement
update is replaced by recursive update process; hence the large nonlinearized error caused by large prior error
is reduced in each recursive step. The proposed algorithm is tested by simulation and real-world magnetic da-
ta. Both results validate the superior performance in comparison with present filters in terms of accuracy and
convergence, and the capacity to suppress the divergence problem caused by large prior error in magnetic di-
pole target tracking.
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Table 3 Different initial minor disturbances and corresponding output errors at end of interception

E (x,y,2)/km V(m-sTh) /() /() Bt /m  E,/(°) E,/(°)  CPU SR /s
1 (105,105,8.883) ( +5% ) 566 0 ~133 0.231 0.119 0.163 0.0115
2 (100,100,8. 460) 594.3( +5% ) 0 ~133 0.437 0.147 0.203 0.014 5
3 (100,100,8. 460) 566 2 -133 0.195 0.298 0.097 0.013 7
4 (100,100,8. 460) 566 0  -130.3(+2%) 0.275 0.147 0.359 0.013 9
5 (105,105,8.883) ( +5% ) 594.3( +5%) 2 —130.3( +2%)  0.493 0.510 0.529 0.015 2
FLI®)  (105,105,8.883)( +5%) 594.3( +5% ) 2 —130.3( +2%)  1.543 1.589 1.641 0.009 2
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Trajectory tracking method based on predictive control in virtual domain

FAN Yu, YAN Liang” , ZHU Wuxuan, BAI Guangzhou

(Institute of Aerospace Engineering, Beijing 100094, China)

Abstract: A trajectory tracking method based on predictive control in the virtual domain is proposed for
the algorithm of online real-time trajectory planning. The method uses polynomial approximate system model
and introduces virtual path and inverse dynamics to convert time domain into virtual domain. Its advantage is
that the decoupling effect is good and it takes less compute time than the control method of approximate model
in the time domain. Through inverse dynamics, the import configuration of nonlinear programming ensures the
continuous controls, which cannot be guaranteed by the nonlinear predictive control of traditional soft con-
straint method. In the background of intercepting ballistic missiles, simulation verification is carried out under
the condition of initial minor disturbances and terminal condition change. The simulation results demonstrate
that, compared with nonlinear feedback tracking method, the curve is smooth, the miss distance, pitch angle
error and yaw angle error are small, and instantaneity can meet the control requirements.

Keywords : missile; control theory; nominal guidance law; trajectory tracking; predictive control; inter-

ception
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Fig. 1  Oxidising paste with different content of modifier
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Fig.2 SEM photographs and EDS spectra in corresponding

areas on samples’ surface under three different treatments
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Cr,03”" +8H" +6e —2Cr(OH), +H,0 (2)
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Table 2 Surface elements of samples with three

different treatments

b 375 5 RMILHE
KE A Al,Cu,Mg
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PR A5 PF T AR B, DY It i 4R T Ak B 2 5K
735 9 i 8] 3 min, 3 ) 10,20 30 °C

P 3 O A [ A B 2% AR T R B0 T 0 0K 4G
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SACIKFERY 4 175, 5 S A0 I Ak FR IR B9 5 08 1 [R]
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Fig.3  Drop test results of samples with different treatments
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Fig.4 Surface topography of samples before and

after drop test
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Fig.5 Tafel curves of samples with different treatments
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Table 3 Electrochemical parameters of Tafel curves

¥y E,./V(versus SCE)  j /(A -cm™?) n/ %

KEtL -0.898 2.582x10°°
Al -0.904 3.491 x10 77 98.6
AE -0.880 3.334 x10 77 98.7
-700 10
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a |
% -800 {10%
Z i1 5
g B <
e e L
] El‘r" | F
53}
950 =
1 000 = — L -7
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Fig.6 Variation range of £ and j_ of samples
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samples with different treatments

hE R/(Q - Co/(pF - R /(Q- Co/(pF - R,/ (Q-
Fr= (:m72) (:mfz) (:mfz) cmfz) (:mfz)

KA 1.557 1.214x10°°  7.17
S 1.544 7.420x1077 1171
B 1.947 6.619x1077  6.936

o fF 0 B g R R AT RS RS HLBE R, B, )
72 W S0 AK R %) A e e e A PR 5 0 VR T )
i e R M 5 15 O, BRIV S AR B T A O < B R BHLE
B SR TN U R A P YNE s L I S s I N =
b R B SR A I AR R, 4300 R 1,556
10° 6.103 x 10* }% 1.347 x10° Q/cm’, Ui B T 765
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Table 5 Water contact angel, surface free energy and

1.483 x107° 1.556 x 10°
3.879 x10 % 6.103 x 10*
4.557 x107° 1.347 x10°

work of adhesion of samples

Ak By =X 6/(°) y/(mJ + em~?) W, /m]
KEA 83.7 32.7 36.3
A 54.5 41.6 65.7
AT 14.4 55.7 109.7

K9 SRyl RE Y 3D 4 B B A i I
Mo M9 Je 5 thal &, K F AL R 26 1 1Y
FEfb f o 83.7°, & S AL K A A A B | 4 ik
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Ay R T 70% F1 202% | i35 B T4 AR R Ab B S
F 2 T b JC A BE A4 10T B 5 SRR A

P T 4R Ak B 1% B2 3R 4 B RT 2 i 3% T FR
fig, R MER RS m T RE A LLR 3 SR — 2
RUARER LB T4 A &M A L2 b R w1
FM A AEANE K M R A Ak B S S A R I
T K G EAY , IF 5K o T A R R
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Table 6 Strength properties of adhesive in shear by

tension loading ( metal to metal)

Ak 5 X P/N B/mm L/mm 7/MPa
T &k 3500 25 12 11.7
Ak 3600 25 12.0 12.0
AT 4500 25 12 15.0

Hov, AL Ak B BRI B K08 A R
R NTIE AL AN RIIE Y% - NI A 2 S TR
ISR 790 =2 18] ) G 2 5 A BT 8 s o B U0 ) 4
A REA LUR 3 R — R g AL R A B S R
F RS R 1k BE SR A RE A, A
(1 11 1 e, O 6 P88 U e 5 — R ARG 4G 0
SR 1) TR AL 45 A T R 5T 8 AR R 2
(o5 45 4 5 R O g 5 = S AR I TP A0 5 R A A A
16 y-AL O HR T T JBOR 771 22 18] 119 5 5 A
fede 7 R s AT -5k 590 v B A R A 2 ] T
SCAN R RS R bE 5 TR 7908 o AH I P B i 2 AT IE
I TR R T R ) A A2 DR TR 1 BE T AT

3 & i

1) #l&HBABE ARG G S S5 N E
AT ) F AR AL AL B, =R T 1 ~ 5 min PN A] 7R
2024-T3 84 4 R Y WA AR

2) AR it sk A R G S, AR S B T
AACTRARIE o 5 R A AR AR BE, 50T B R] Sy
445 L —0.898 V JF i & —0.880 V, i
PR R 2.582 x10 7 A/em” AR ZE 3.334 x
1077 A/cm’  FHFLME T 1.556 x 107 Q/cm’® #2755 %)
1.347 x10° Q/cm’,

3) B2 i AT A RO LR 25 4 K 2% TH AL
(A5 R0 1 F AR FURS R 20 23 51 32,7 m)/em® A1
36.3 mJ $2 55 F) 55.7 mJ/em® F1109.7 mJ, $i7 i 5 4]
SR 11.7 MPa $25+°515.0 MPa, 35 5 T A2
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Influence on surface performance of 2024-T3 aluminum alloy
processed with oxidising paste

ZHANG Qi', LI Weiping', WANG Xinkun'>* |, FENG Jianbo', LIU Huicong', ZHU Liqun'

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

2. Beijing Aeronautical Technology Research Center, Beijing 100076, China)

Abstract: Oxidising paste was prepared for in-situ local oxidation treatment of coatings on aluminum alloy
skin surface and its film-forming performance on 2024-T3 aluminum alloy was studied. Morphology and chemi-
cal composition, corrosion resistance, and adhesive performance of the oxidation film were investigated by
SEM, EDS, stereomicroscope, drop test, electrochemistry test, contact angle and tension loading method.
The results show that oxidation film can be obtained rapidly on aluminum alloy surface after treated by oxidis-
ing paste, and the film has microscopic pore structure, including Al, F, Cr, O, etc. Corrosion resistance of
the film is similar to that gained by Alodine solution. Compared to the bare sample, corrosion potential increa-
ses from —0.898 V to —0.880V, corrosion current density decreases from 2.582 x 10 > A/cm’ to 3.334 x
1077 A/em’, and impedance improves from 1.556 x 10° Q/cm’® to 1.347 x10° 0/em’. Surface free energy and
the work of adhesion rise from 32.7 mJ/cm® and 36.3 mJ to 55.7 mJ/cm’ and 109.7 m], respectively. Strength
properties of adhesive in shear is promoted from 11.7 MPa to 15.0MPa. The results indicate that morphology and
chemical composition of the oxidation film can enhance interface bonding strength and adhesive performance.

Keywords ; oxidising paste; 2024-T3 aluminum alloy; oxidation film; corrosion resistance; adhesive per-

formance
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Fig. 1 Directed information flow for sample system
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Table 1 D, matrix for sample system

B HREVE (& Tl )
BT

1/5 2/10 3/11 4/12 5/14
1 1 0 0 0 1
2 1 1 0 0 1
3 0 1 1 1 1
4 0 0 1 1 1
5 1 0 0 0 1
6 0 1 0 0 1
7 0 1 1 1 1
8 0 0 0 1 0
9 0 0 0 0 1
10 0 1 0 0 1
11 0 0 1 0 1
12 0 0 0 1 0
13 0 0 0 0 1
14 0 0 0 0 1
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Fig.2 Implementation process of multi-fault fuzzy diagnosis
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Table 4 System state matrix D, before launch of Apollo spacecraft

L RZ: R E Y
BB A

1 2 3 4 5 6 8 9 10 11 12 13 14 15
1 0 0 0 1 0 0 1 0 1 1 1 1 0 0
2 0 0 1 0 1 0 0 0 0 1 1 0 1 0
3 0 0 0 0 1 1 0 1 1 1 1 0 0 1
4 0 1 0 0 0 1 0 0 0 0 0 0 1 1
5 0 1 0 1 0 1 1 1 1 0 0 1 1 0
6 0 0 0 1 1 0 1 1 1 0 1 1 1 1
7 1 0 0 1 1 0 1 0 0 1 0 1 0 1
8 1 1 1 0 0 1 0 1 1 1 0 0 1 0
9 1 0 0 1 1 0 0 0 0 0 1 0 1 1
10 1 1 1 1 0 0 0 0 0 1 0 1 1 0
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Multi-fault fuzzy diagnosis for complicated system based on grey theory
ZHANG Tao" **, WANG Jinbo', ZHANG Tao', WANG Jianmin'
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2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract. The failure probability is usually hard to collect for complicated systems in aerospace or nucle-
ar power, which makes fault diagnosis based on Bayesian model inapplicable. By surveying this problem in
test space, a novel multi-fault fuzzy diagnosis method based on dependency matrix and grey theory was
proposed. A fault-testing dependency matrix was described first, and the fault alarm probability matrix with
interest priority was developed. By calculating grey correlation degrees between test vectors and fault feature
vectors, suspect faults can be located. Experimental results show that the proposed method can support diag-
nosis parameters’ adjustment and report interested faults first, and the diagnosis conclusion has suitable accu-
racy, which can meet the practical demand.
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Fig. 6 Flowchart of ship detection method using convolutional neural networks
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Table 1 Test results on different step sizes of sliding windows ( when score threshold is 0.5)

S5 PRAAER KRWEHSE EESE AR T 4 % M K 2/ % MR/ %
1 100 39 0.2688 25 27 7 48.08 13.46
2 80 44 0.2204 32 20 9 61.54 17.31
3 60 52 0.2139 32 20 15 61.54 28.85
4 40 71 0.1952 45 7 23 86. 54 44.23
5 20 98 0.1896 46 6 36 88.46 69.23

®2 SVMOSEBARSBHENRER(H KA 40 BK)

Table 2 Test results on different score thresholds of SVM classifier ( when step size is 40 pixels)

S5 B RWHEHGE EESE AR LR o34 MR il 2/ % MRS %
1 0 104 0.1997 48 5 41 92.31 78.85
2 0.5 71 0.1952 45 7 23 86. 54 44.23
3 1.0 42 0.1887 26 26 6 50.00 11.54
4 1.5 34 0.1961 26 26 2 50.00 3.85
5 2.0 19 0.0837 12 40 0 23.08 0.00
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Fig.7  Object detection results of civil ships
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Table 3 Warship object detection results obtained on

different training sets
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Fig.8 Object detection results of warships
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different ship detection methods
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Ship object detection in remote sensing images using
convolutional neural networks
HUANG Jie'?, JIANG Zhiguo'>* , ZHANG Haopeng', YAO Yuan'’

(1. School of Astronautics, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;
2. Beijing Key Laboratory of Digital Media, Beijing University of Aeronautics and Astronautics, Beijing 100083 , China)
Abstract. Object detection in remote sensing images is mostly suffered from complex background and
multiple interferences of environment. In this paper, a new method of ship detection is proposed, which com-
bines convolutional neural networks ( CNN) and support vector machine (SVM) to complete the ship detection
task. Convolutional layers were adopted for feature extraction, taking advantages of independent feature extrac-
tion of CNNs and avoiding the process of complicated feature selection and extraction, which leads to better
detection performance in complex background images. Meanwhile, since the samples of warship are difficult to
acquire, samples of civil ship were employed as assistant samples for warship detection based on transfer learn-
ing theory. And this transfer learning method is proved to be effective by the experimental results, which per-
forms better than the model trained only with warship samples. According to the parameter tuning and experi-
mental validation, this method achieves a precision of 90.59% on testing dataset established by ourselves. In
conclusion, this method possesses feasibility and robustness under different conditions of illumination and envi-
ronment.
Keywords: convolutional neural networks ( CNN) ; support vector machine ( SVM) ; ship detection;

feature extraction; transfer learning
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Control characteristics analysis of split rudder of elastic forward swept wing

MA Binlin', SU Xinbing""* , FENG Haoyang'>, WANG Ning' , ZHANG Yaguang'

(1. College of Aeronautics and Astronautics Engineering, Air Force Engineering University, Xi’ an 710038, China;

2. Unit 93427, The Chinese People’ s Liberation Army, Beijing 101100, China)

Abstract; Aimed at the influence of elastic deformation on the control characteristics of split rudder for
the forward swept wing (FSW) aircraft, the computational fluid dynamics/computational structural dynamics
(CFD/CSD) loose coupling static aeroelastic numerical calculation method was adopted. The calculation and
analysis on control characteristics of the split rudder with rigid and elastic wings were performed under the sub-
sonic condition. The simulation had highlighted the influence of wing deformation on the control characteristics
of the rudder. The calculation result shows that, when the right side split rudder opens, compared with rigid
wing, the stall attack angle of the elastic wing advances about 2°, the attack angle of maximum lift-drag ratio
advances about 1°, the yaw effect at small attack angle is enhanced, the “pits” phenomenon of right-roll
moment and roll moment appears, and the trend of yaw at high angle of attack advances about 8° with more
violent roll action; under the influence of sideslip, the decrease extent of the yawing moment with the increase
of sideslip angle is larger than that of the rigid wing, and the roll moment has completely opposite result;
under the action of down moment proving by rudder, the increase extent of the yawing moment with the in-
crease of sideslip angle is larger than that of the rigid wing. By comparison, the control characteristics of split
rudder for the elastic FSW have a distinct difference with rigid FSW.

Keywords: forward swept wing (PSW) ; elastic deformation; computational fluid dynamics/computation-

al structural dynamics ( CFD/CSD) loose coupling; split rudder; control characteristics
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Precise docking technology in full-automatic quick hitch coupling device
TANG Zhidong', YUN Chao™ "

(1. School of Mechanical Engineering and Automation, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;

2. Robot Institute, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract; When the full-automatic quick hitch coupling device (full-AQHCD) of the rescue robot wrist
automatically locks tightly the attachment interface, i. e., the lower coupling parts ( LCP), it must synchro-
nously dock precisely with and switch on the hydraulic pipelines of the LCP automatically, for this reason, the
precise docking theory (PDT) based on digital measurement and the PDT based on analog measurement are
proposed for guiding the manufacturing at the product stage and the prototype stage respectively. The PDT at
product stage is: the full-AQHCD is regarded as a passive target, and the LCP is regarded as an active target;
the full-AQHCD is connected with the LCP through 4 coupling points; the position-orientation relationships be-
tween the passive target coordinate system (X,0,Y,), the active target coordinate system (X,0,Y,) and the
precise docking coordinate system (XOY) are established by measurement; the coordinates of docking points
(CDPs) in X,0,Y, are transformed to the CDPs in XOY, and then transformed to the CDPs in X,0,Y,; the
postures of the docking points on the active target are adjusted according to their CDPs in X,0,Y, to achieve
the precise docking with the docking points on the passive target; finally, the docking points on the active tar-
get are fixed. The PDT at prototype stage is: the fulll-AQHCD is regarded as a passive target, and the LCP is
regarded as an active target; the oil-lines cabin of the full-AQHCD is not constructed to expose the operation
space (like wrench space) of the working cabin of the full-AQHCD; the full-AQHCD is connected with the
LCP through 4 coupling points; the additional oil source is supplied for first “docking” hydraulic lines in the
operation space, and then “measuring, posture adjusting and finally fixing” hydraulic lines of the active tar-
get; the oil-lines cabin of the full-AQHCD is completed. Regarding the above two theories under two condi-
tions, simulation and verification are carried out.

Keywords ; precise docking; coordinate transformation; full-automatic quick hitch coupling; attachment;

rescue robot
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Short-term conflict detection algorithm for free flight in low-altitude airspace

LIU Yang, XIANG Jinwu" , LUO Zhangping, JIN Wanzeng

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

Abstract; Considering the autonomous route of free flight in low-altitude airspace, a probabilistic short-
term conflict detection algorithm is proposed. The trajectory prediction error caused by navigation error, con-
trol error and wind disturbance was taken into account. A reasonable error model was constructed to compute
the conflict probability between aircraft in the short term. By using coordinate transformation and extending the
conflict zone, an approximate analytical expression was presented to estimate the conflict probability of maneu-
vering flight in three-dimensional airspace. By comparison with Paielli and Erzberger ( P&E) approximation
algorithm and the Monte Carlo simulation algorithm, the presented algorithm was proved to increase the accu-
racy of conflict probability estimation and decrease the computational consumption. The result shows that this
algorithm can reach the real-time requirement of free flight in low-altitude airspace and realize the conflict de-
tection in complex environment.
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PEXUES , Z R A3 T U AE R EHIRZE M
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Table 2 Average increase of protection level ( PL)

with traditional bounding method

PL 7 ¥4 i /m
o R i A X
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¥Rt GPS
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Fig.7  Flowchart of real-time bounding method
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16" Table 3 Average increase of PL with real-time
L]
o}a‘ bounding method
fa)
& PL - 118 5 /m
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<Q B AR k3T AKX
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< GAST C 1.42 1.33 1.63(VPL)
: X 3k BDS
= GAST D 1.39 1.15 1.27(LPL)
-
) GAST C 1.64 1.60 2.04(VPL)
48k BDS
GAST D 1.56 1.27 1.48(LPL)
05 = GPS GAST C 1.71 1.62 1.99( VPL)
Bl s 7N ~
- CVPLL, - VPL, GAST D 1.41 1.22 1.29(LPL)
VAL-GAST D VPL,, VPL_, . GAST C 1.81 1.66 1.96( VPL)
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GAST D 1.54 1.31 1.32(LPL)

K9 SEHbu gy B VPL( 428k BDS £ ,GAST D)
Fig. 9  VPL with real-time bounding method
(global BDS constellation, GAST D)
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Table 4 Average increase of bounding accuracy with

real-time bounding method

L4 T R 5 /%

A e R
Ly PR I 223 [X.
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X 3 BDS
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GAST C 12.30 26.42 31.20( VPL)
4 ¥k BDS
GAST D 34.60 36.39 40.42(LPL)
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Fig. 10  Fitting results of non-nominal troposphere error
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Table 5 Average increase of PL with fitting
bounding method

PL SF ) 15 /m
g iR/ @i Sl L X

] GAST C 1.03 1.19 1.33(VPL)
X 4, BDS

GAST D 0.85 1.07 1.14(LPL)

‘ GAST C 1.20 1.37 1.64(VPL)
4Bk BDS
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R GPS
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. GAST C 1.36 1.61 1.67(VPL)
M7 GPS

GAST D 1.01 1.12 1.34(LPL)
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Table 6 Average increase of bounding accuracy with

fitting bounding method

BLEE NG RE 3 4w ik / %

B T 2 A

Bk AR R L X
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GAST C 32.30 46.92  51.40(VPL)
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Impact of non-nominal troposphere error on GBAS integrity
XIN Pumin, WANG Zhipeng "

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

Abstract; In current ground-based augmentation system ( GBAS), the average vertical protection level
(VPL) increase caused by non-nominal troposphere error is 2.29 m, the accuracy of bounding is reduced and
the integrity risk is increased. Faced with the above problems, a real-time method was proposed based on the
modified Hopfield model. With real-time method, the non-nominal troposphere error was calculated according
to the real-time weather changes, satellite elevation angle and the distance between aircraft and ground station.
Given the high requirement of the real-time method for very high frequency data broadcast( VDB) transmission
bandwidth, a fitting method was proposed, in which error is a function of distance and elevation angle. Simu-
lations compute the VPL under the flight scenarios of single point, approach area and terminal area with the
aim of evaluating the impact of non-nominal troposphere error on GBAS integrity. The results show that, with
the real-time bounding method, VPL is averagely increased by 1.55 m and the accuracy of bounding is in-
creased by 32.52% ; with fitting method, VPL is averagely increased by 1.27 m, the accuracy of bounding is
increased by 44.54% , the VDB transmission data is less, and the GBAS integrity risk is decreased.

Keywords: ground-based augmentation system ( GBAS); integrity; vertical protection level ( VPL) ;

non-nominal troposphere error; Hopfield model
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High-immunity high-precision longitudinal flight control for
UAV’ s carrier landing

LIU Xianfei', WANG Yong" ", ZHANG Daibing’

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

2. School of Mechatronic Engineering and Automation, National University of Defense Technology, Changsha 410073, China)

Abstract: Research on the control strategy, control structure and control law parameter design method is
developed in this paper to realize flight control with high-precision performance in the longitude channel of
UAYV, aimed at solving the impact of sophisticated landing environment, including both the air-wake disturbance
and the deck motion disturbance, on touchdown points. First, longitudinal control strategy and structure based
on direct force control (DFC) and multi-surface for UAV’ s carrier landing are proposed on account of insuffi-
cient disturbance rejection ability of regular control structure. Second, an approach for designing control law pa-
rameters is presented. Control law parameters obtained by this approach which gives priority to the stability mar-
gin of the control system, make the position deviation from the ideal touchdown point to be the lowest under the
sophisticated landing environment. A problem of optimum design based on this approach is constructed so that
control law parameters with high-precision and high-immunity performance could be produced through particle
swarm optimization (PSO) algorithm. The power spectrum densities of both the air-wake disturbance and the
deck motion disturbance are analyzed to reduce the conservatism of the approach. Finally, the performance of
the proposed longitudinal control strategy and structure is illustrated through being compared with the regular
one. And the validity of the presented approach is also proved by calculation example and simulation.

Keywords: carrier UAV ; carrier landing; direct force control (DFC) ; control law optimization design;

power spectrum density ; particle swarm optimization ( PSO)
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Detection of welding crack in blisk blade based on ultrasonic phased array

MA Liyin', LI Yang', ZHOU Zhenggan'***
(1. School of Mechanical Engineering and Automation, Beijing University of Aeronautics and Astronautics, Beijing 100083 , China;
2. Collaborative Innovation Center for Advanced Aero-Engine (CICAAE) , Beijing 100083 , China)

Abstract. Crack is a type of common defect in welding area of blade appearing in the process of blisk
manufacture. Due to the complex structure of welding area in blade and the small size of crack defect, it is
difficult to detect the welding crack. In order to satisfy the application requirement of this new process, a com-
pletely covered testing method, based on ultrasonic phased array inspection technique, to welding area was
proposed. Finite element simulation models for phased array testing of welding area were built. The effects of
crack parameters and ultrasonic beam focal position on the detection program were researched to testify the fea-
sibility and validity of the detection program. A roboticized phased array ultrasonic testing system was estab-
lished to simulate the propagation of ultrasonic beam in linear friction welding blade specimen and to achieve
the recognition of prefabricated crack defects. The research results show that the proposed detection program
can fulfill the requirement of rapid detection for linear friction welding blisk blade.

Keywords ; ulirasonic phased array detection; blade; linear friction welding; crack; finite element simula-

tion
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Table 2 Parameters of boundary and initial conditions
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Detection of skin desoldering defect in Ti-alloy honeycomb using
linear frequency modulated infrared imaging
FAN Jin', ZHAO Hanxue', LI Gen', ZHOU Zhenggan'* "

(1. School of Mechanical Engineering and Automation, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;

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

Abstract; Ti-alloy honeycomb with variable skin thickness has been widely used in the aerospace field.
Skin desoldering is one of the most common defects of Ti-alloy honeycomb sandwich. Because of single
frequency, traditional lock-in thermography cannot defect desoldering under skin with a variety of thicknesses
in one time and has low detection efficiency. To solve this problem, linear frequency modulated infrared ima-
ging and excitation parameter selection method were studied. The finite element simulation model of Ti-alloy
honeycomb was established by using ANSYS. Phase difference between desoldering region and normal region
was calculated through correlation algorithm and the relationship between freqnency bandwidth, chirp time,
skin thickness and maximum of phase difference absolute value was analyzed. Honeycomb sample with prefab-
ricated desoldering defects was experimentally studied using linear frequency modulated exciting. Phase dia-
grams with different frequency bandwidth and different chirp time are obtained. The results show that one-time
detection of Ti-alloy honeycomb with skin thickness 0.6 — 1.2 mm can be realized using linear frequency mod-
ulated signal with the frequency range 0.01 - 0.21 Hz and chirp time 22 s. These results provide a technical
guidance for the practical detection of Ti-alloy honeycomb sandwich structure.

Keywords: linear frequency modulated; Ti-alloy honeycomb; skin desoldering; correlation algorithm

infrared detection
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Numerical algorithm for POCET optimal phase search
ZHANG Meijun, KOU Yanhong”

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

Abstract. Usually a modern navigation satellite needs to combine multiple signal components at the same
carrier frequency or even two/three adjacent frequencies into a constant-envelope signal before its high power
amplifier. The phase-optimized constant-envelope transmission (POCET) technique can deal with any number
of signal components and achieve the highest power efficiency. The existing numerical algorithms for POCET
phase searching, however, have some problems such as large amount of computation, slow convergence rate,
and possible failure of convergence when the initial point is far from the optimal solution or when higher accu-
racy is required. Aimed at the argumentation of optimized multiplexing for satellite navigation signals, this pa-
per firstly introduces the augmented Lagrange multiplier method to ensure convergence with smaller termination
error. Next, the inexact line search algorithm based on Armijo criterion is adopted instead of the exact line
search for determination of search steps. Then, the characteristics and applicability of several search direction
optimization algorithms are comparatively analyzed, such as the steepest descent method, the conjugate gradi-
ent method, and the quasi-Newton method (including the BFGS method and the symmetric rank 1 method).
Finally, the high accuracy, low computational complexity, and strong convergence of the improved algorithm
are validated by its application in the search of optimal phase-table and evaluation of combining loss of BDS B1
signals under different power allocation and phase constraints. The study provides a reference for the design
and optimization of the navigation signal modulation.
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rithm

Received: 2016-09-02; Accepted: 2017-01-03 ; Published online; 2017-01-19 1021
URL: www. cnki. net/kems/detail /11.2625. V.20170119.1021. 001 . html
Foundation item ; National Natural Science Foundation of China (61271197)

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



2017 4

43 % Ho

9 A tEMEMRKXEFER

jb'ﬁ#ﬁ September 2017
Journal of Beijing University of Aeronautics and Astronautics M ] Vol.43 No.9

http : // bhxb. buaa. edu. cn
DOI: 10.

£R

jbuaa@ buaa. edu. cn

13700/j. bh. 1001-5965.2016. 0664

TEHKSIMEREN QUSTREEMRL
WEH ., EWE, FAA, £EA, T8

A3
Iﬁ (1. JEmi AR R 2 iz phee S TaE2Epe, duat 1000835 2. HE AT K S AHIE IR, db st 100081)

i B ZEARAATBEAR(ECS) AENMHERBEWTRARARK, TEZEHHE

AEREPTAESH, AREMAREG L EAEERN, ZAREH BT ERATH
MAAW I AT DK P ERETERECS A HER MR F RN LAE/TH Y. 4
M EENEE T RFRL, TRT AR ECS RABTRBEEAAR, W THRESAKS
Bttt A, B LT ARECSH R R EMYHEEE R BT FF £ 0 %A KF
sk, RAUNFFENTRERAH KR AMBRFRRDNVERBEE, AT RATHNEZAT
SEARMCEE ERELRAT SR LG RT, XA ek LB A7 %% H % (NSGA-
Il )3k 1% 7 ECS Pareto 5 tf # % , 3 W 3k 13 T Pareto (R 773 (POF) . &1 T % H 7 & $# A A A

FEZEE,RATNPOF LRBT AR ECS M AETRE, RUFRERELN L F Eik%
RATRERFATETRANNRALERA IR NI ALENARN T RAARGLE
WEATE,UREZARGEAR KR ERFRNER,

*x
B HE 73k 2 k-1 (NSGA-T)

HES S, V423.7; V444.3; V57

XERARIRAD . A

KARERG (ECS) 2 H MUK &% B2 1 4
WES " HARG R ORI
SRR R R A AR 4 R TR R
) MR AR E mE MR E AR, 52
EFHTPR T HBAM KA = A5 &5 5 e
F, Lk #E R R R G s AT aE Y . R
RS Sy as () AR AL e g B e SR T AR KA AT
A AT RE 23 T IG 28 & S50, 1 AR VR R G ik
BEARST N K5 R G W IEH T
PR B, RBIR R gk R R A EE LT k=S
[ 3 A 2R G I A 4 o SR W, %ok 1 4 B A8 I
Rg ), A E B bR o BT, £ X KRR
BRGAL Z N R R A B AL

W KAHERAL(ECS); BAZATHS; £ B AL; Pareto K tE#E &5 X

XE4HS: 1001-5965(2017)09-1924-07

" SR GEIE H A AT A AR A T B A
% 2 SRR DL N 2B AT SR LA i T D o

1 REFERZFIIERE

KA R G 235 8 4% 6 &R 5
(THCS) \ A ALk 2% bR ¢ B (CDRA) | R fift il 440
Z 4 (SPES) ft il [k R 48 (ACSS) #1 LiOH ¥k
BE XS5 AT R = KSR A
o, JF P R R G B T AR

1) Mo S8 o7

OERREN g N E

5
dm,
]
ds - z (win,ixin,i,j - wn\ll,ixr)\n,j) + W erew,j
i=1

(1)

Wi HEH: 2016-08-17; A BH: 2016-12-30; M4 H AR E : 2017-04-25 11:21
M 2% H AR # ik ;. kns. enki. net/kems/detail /11.2625. V. 20170425.1121.002. html

EE&WB: AW TREAIREIF IS (SYFD14005181K)
* BIE®E : E-mail. pangliping@ buaa. edu. cn

51 hxwg, Wi, FAF, %

FEHEKRAFERL N RBITRERAA[T]. HFEMEMKAFFH, 2017,43(9) : 1924-
1930. CHEN Y P, PANG L P, YIN Y L, et al. Emergency strategy operation optimization for atmosphere environment control sys-
tem in space station [J ]. Journal of Beijing University of Aeronautics and Astronautics, 2017 , 43 (9 ) : 1924- 1930 (in Chinese ).


Administrator
新建图章

www.cnki.net/kcms/detail/11.2625.V.20170425.1121.002.html

At AL AR

59 1) MR 2, 25 2 ] kB4 2R 0 2008 1 0 W O A 1925
KPR i BT REHR T, i=1,2, 5, FhR] Py o B, EAORA I K AT KRR N
KR M5 s m AR kg w, B ow,, 5300 R No,m,

B A DR U AR R ke s, F v b 0wy, (©

ik
VPSR O R T B R W N I == 80 - G TS ) A B it
miE, ks,

it = AR 2 U Y BT A

dU,,
d = Z (win,ih‘imi - w()ul,ih’oul) + G, (2)
=i

Krf U, AN ZS SRR, T h, TR, 0 500 R 45
RGEXEEA DA DR, 1/kg; q,, N2
SRR, W,

g AT N R N RE O A
o, N BURCHR R E OR 51TE Bl S Y S5 A e
T2, A0 BE R 2 P R RE P AL 28 DR, TR A TR
R A TR 0, TR U o AR SO 5T POl A 1R
AR B8 TOUHBOAE T T At & b2,

2) IR AR AR

e 2 R B g o B R AR R G e
BEHAN RSB,V B AR e i ST AE T R o

dTair,nu' _ wTHCShair.in - wair,nulhair,nul =W i Pirain = Qo
d G
(3)
dT(:old,oul _ Weold,in ( h’(:ol(l,in - hz-old,nut) + Q.. (4)

At peiVedCooa + Mo i, C oy
O T P T g o 23500 A T SO IR B4 1
FUREE K Q, 0 B TR EE R il R MR iE, W
W s A T 00 B2 48 1) R 40 30 XUk B, ke/s w0 N

AR ke 55 Ry T b, 0 B RS
A VR AR FE KR 3 ke s by, A BEIK T KR

V/kgs M, . R BEHARES BT i, ke C,,, 1R BEH
IAF LR, 1/ (kg » C) 5w 5 IR 15 1) R 52
RRA DL kg/s 5w 00,0, 0 THC BV AR 1
CU A kg/s 5 b0 o0 0 R 8 ) 2R 40 10 78 B 1A
AN I/kgs by o VR BRI O HEAS 1/ kg
Pt HE R kg/m’ s, R BEK R

3) LA AR

b4 A A o SR AR TR SRR, R
il AR AR SRR N
’%ms=8w"§?5°1ﬁ&> (3)
T w s I i kg/s580, WA ML ISR 50
by L F AR A B F OB AR H B, C/mol ; Z L
2 B 2 R AT 1) P ORI L spes R0 PR FELIAE L A
M, Sy S F I BE JR 5T i, g/ mol,

Mt E A AR TSR R P, L B T
ACSS S HE S Bh it 50, B % Ao Rk s il 1 BR

Ao Lo, RS, dsm, 00 46 7T 4l 46
ST kg N, R 8 SO I A 55 w0, R S80SO
B i kg/d

4) AR L bR T

it 2 R AR T B A R L R R
FEE A LIOH e fb e B A 45 o

PR AUk e 2 B 2B R DO K 43 - O
PR, Herfr CO, W BAF A 9 2 1 e 23 ol

aq _
Py =B(k.C - q)
(7)

at 0z 0z &y at
A g g BT I BRI 8 B SR A Bl o, kg kg
B AWM R, 1 /s 3k, R FERRE, m’ kg € NS
Ry CO, W B2, kg/m s D Bl 4 R HL
m’/syu A RGH, m/s gz SRy W R DR 2 Al i) A R, m
e, WIRIZA B 5p, AL RSB kg/m’

M CO, W BE & T vk FE R, A 3h Ak A
LiOH e 2 48 i By #5  CO, B2, f 4> LiOH
AL HE T ik CO, B B o O A
Mo, = ELion¥ioadMrion 0 (8)
A cmeo, A LiOH AL AT 25 R CO, &L
i, kg, A BT LIOH & oK Al il €O, 1y
Btk ke/kgs & 00 N LIOH 2 HAA s my 0 N B
A~ LiOH ¥ AL P 2 S5 LiOH Ji 4

LiOH AL FT 6 F IS (B d)

NmHmco7

Leg, =——— (9)

W,
e Ny 27 LIOH H AL (9 4 %5 w0, v LiOH
H AL HER I CO, P X ke/do

5) TRGAEREHY

KA R G I S 82 9 PRl i i
B WAL I | A o AR B A
T IAERR A E AN )5 R B, WK iR 8
i JEIAE R B A MG s Pl AR 2. I,
THCS \SPES F1 CDRA F 3 BET 3K 1 73 267

3

WTHCS = (ﬁ) Wr.l + WT,O (10>
W,
Wepps = (UHZU + IR + UHz + UOZ)ISPES + W,
(11)
3
Wepra = (M) Wr,l +
wr,Z
C m _+C (T, . - T
( P‘sms vaxmw)( des 0) + WCVO (12)
Thea — To



1926 b B = R KR

Ae A

2017 4

N Woes  Weprs F1 Wepns 53 51 5 THCS | SPES il
CDRA [ HL AT SR, W3 Wy o W o Fl W 53 51X B
3 ARG A E HLRETH FE R A, Wi, Flw, , 0
54 THCS F1 CDRA ) il 22 I &, kg/s; W, I
W.,53 5]y THCS #1 CDRA v XUHL &R E Zh 38, W5
Uypyo A7K BRI S, VSR D9 L HE SRR, Q5 U,
Uy 58300 BRI B LG, V3 C, I C,
3590 R W B A R FII B R Y CO, AR EE A2, 1/
(kg + C) sm Ml m 73 551 Shy W R RA L0 I8 B PR 1A
PRI TR, kg s T, AU T 53531 S W52 R R gk A 1L 2 A1
R B PRA0) 0 30 32, °C. 5 7 g VR RS R VA RS 138, 85 7,
R W B R e 0 s

ACSS HI LiOH #4625 & F iy 25 1l R 58,
TR R PR, R GE L BRIHAE W 8. R,
KRAHERG DA K] KR H
Woo=Weps + Wepra + Wanes + Wion + Wiess (13)
AW, N ECS AT R W5 W0 1 W, 5
S0 AE R LiOH Ak & G2 AL <0 J 28 48 1Y [
JE HLRE R, W

2 MRBITREMLL
FII U132 17 190 55 60 38 9 S8 T W A S 2

AR T R YT HEH M B 1T R, X2 —
Pkl

2.1 RRUTEMHEREHE

RGEMMACA B ST RGN TGS
B, 43 5k THCS (38 KU w05 , SPES 1Y L i
HL W Lpes» PA & CDRA 19 3 K3 B8 weppy, T
TN
X =[x,,%,,% ] = [ Wines » Lsprs » W epna ) (14)

R 2 [0 i e T 45 AR B SR S PR g A AT
T BRI ARG O, 1 R G AR AR i AR AR
B, nf DA% 3 1, Horp  THCS R XE =28 T
PRAE AR 2 PN BE AR (19 25 S06 20 5 2% 18 3 1A i # 4%
PERE L cppa ML TR

NGB AT T E S AN EEAE S 0N TR 2
RV . 2% [ PR as ) 3 36 [ B bs of, IEF
FNL 2R T 1K S B il

®1 RUEEBERTAER

Table 1 Optimization variables and adjustable range

A /ME

KA

fin

woyes/ (kg + min ™) 5 14
Ispps/A 0 16
weppa/ (kg = h™"h) 5 22

2.2 HirEH
A 4 % A7 P I R R B T SR E A

AR AR NS EASR TN W AR 5 G I =Rk 7/ N S L
B B A 4SO it i AT S A LiIOH m] i i
K, HARGEAR AR BT I KO P e/ ME

B 1A B AR £ (X)) S RGEAR A4 Bl
FIIK L R KL
fi(X) =max L =max(min(L, ,Lg,)) (15)
R R 2 1 B 8 B B R 2 B i) e IR R HL BB 5K
T LAE RS 2 Ak B AR s &L S (X)), Bl de/hk
KA R G R W R
L (X) =min W, (16)
2.3 fRiF=E

ARSCHRE T AR S HE e a8 4% 53511 (NSGA-TD)
Bkt A A ORI R G 2B AT R
WAL TT 2. TERVE R TIM BRI RSN Y
WL Lh wiyes s Lspps wepns HEALAE B AEFRAEY)
BEAd AN e K L BE R SR B/ R B AR B, AR A
ML 25 B RE % L T R S8 Pareto S AL R4,
ZITEE 1R

| HNSGA- I ZHCNG. PP, |

| BIRPIR I RAEP, |
HR ARG BUREA 57
HERHAAL: /(%) . £,

[ 1 LB |

:

EEEETTE

AT R A BT AR
R=PUQ,

l EEESETTR
PEFRET N
AR P,

HUAE R e BB T
H RS : £, (X), £,(0)

HELY A AR i A 1 T
(P, Po,, Peo,. T, @) 1)y Bl A e
—T— 2) T

A f

Paretodg {/Lfift 4
N—FPHERLEE ; G—iE 08 P.—8 XM P, —7E SRR
Qo—25 0 AT e CRIAAREE) 5 O, — D TAUFRE; R, —58 ¢ D22
fORIFACE I BB A s P,—255 ¢ N AOAUFhRE; P—R AR

BJE; Po,—8 AT 5 Poo,— 5B ETT 5 T—RE I ;

e— R ENRE .
12 as AT ALt i 2

Fig. 1 Flow of emergency operation strategy optimization
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Fig.4 Results of principal gas composition control under

four given electric energy conditions
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Emergency strategy operation optimization for atmosphere environment
control system in space station

CHEN Yunpeng', PANG Liping" ", YIN Yongli’, LI Guoxiang', WANG Jun'

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

2. Institute of Aerospace Composite and Technology of China ( Aviation Industry Corporation of China), Beijing 100081, China)

Abstract: Environment control system ( ECS) in a space station is an essential system for the astronaut
life safety. Composed of a number of coupling subsystems, the ECS functions as the controller of the cabin air
condition and the environmental parameters, which are essential parts to the astronauts’ life safety. As its sub-
systems are power-consuming, the system’s regular operation highly relies on the stability of the power supply
system and the ECS should have the ability to reconfigure operation strategy in some emergency conditions. In
this paper, the emergency strategy optimization method of ECS is studied under potential insufficient power
supply condition. To study this issue, we establish basic ECS mathematical models involving its substances,
energy as well as consumption, and the non-regenerative substance lifetime conception, which represents the
remaining amount of non-regenerative life support substance. A multi-objective optimization method is devel-
oped to search the ECS emergency strategy. The maximum non-regenerative substance lifetime and the mini-
mum power consumption are chosen as the optimization objective functions. Some adjustable key variables are
chosen as the optimal variables, which represent the way to reconfigure the operation strategy. With the con-
straints of 5 main environmental parameters, the non-dominated sorting genetic algorithm-[[ ( NSGA-Il ) is
adopted to obtain the Pareto optimal solution set and the Pareto optimal frontier (POF). The results of optimi-
zation research show that the presented optimal method can obtain the optimal emergency electric energy allo-
cation strategy for subsystems under different insufficient power supply conditions, and the optimal reconfig-
ured operation strategy can meet the maximum system lifetime and minimum system supply energy require-
ment.

Keywords: atmosphere environment control system (ECS) ; emergency strategy; multi-objective optimi-

zation; Pareto optimal solution set; non-dominated sorting genetic algorithm-[[ ( NSGA-I[ )
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FR 2 S T A T R U A R AT AR A ) A%
1B, %) b ST B THE S L B R A
W B LT A AR AL 3B o [R) I, Xof T i 2T 4 2 ik
B BEE B 1 AE R B 2 B 3 , e B 3 T A i
THES AR TR, 52 T e 2 & bR
PRI ST B 2T 4 5 A F BORH LU, B 2T 4 4 R U RE fE
i BTV 0 b 00 A gk 2T 4 B 1) S IR R B, HLAS Z
L YRR BRI

S [ ] 25 % T i 21 2 A IR JRE B X 5
MR 52 W o> g g T KR R O 3.4 AN
S5 mm B RE L Bk 27 4 1A FR 03 B0 2y 60% , H T 4
PELE R ILIE 3(b) o 3 mm JE Y ik 2 4 5 AR £
PHARECN 44. 9 mm’ /s, 24 BURE R 55 4 mm A
5 mm , B £F 4 42 I HICR BOR E 78 40. 0 mm?/s
ZeA IERAT B Bk £F 4k T R R KA O 52.0 WY/
(m -+ K)o 30T AED Ay ik £F 2 4R o AR A7 7R B
R FL B A, K 88 Lt 7 1R TG 0 A 80T Bk e 4
T ] REAF AR — 5 B 25 C PR D 1R S JEE /N, 52
M R o PRI SR Ttk 2T 44 41 SR 45 P 107 3 P A o
i JE= 9 B i

HEAh AT YR Y o5 — D H S BUR R AT 4
W Bt Bk 27 4 R R B AR, Jm) 7 ik 47 4 o
ELBETTREREAR o 44 B 2T 24 ol 1) 15 4 AROCRE T il
& o M AR IR K, SR 4T IR

Bk K, 068 K)) KRR R
K, =K cos’dp + K sin’¢ (10)

A1 15 e 2T 2 2 1] 5 A A 1) g 25 — FREAS e
5°, M TR AT il ) S AR BUE R TAR ], 2200 ik
LA I IR E TR, B =X (10) AR 1 2 A M
RS AR 2Z AT 0. 1% , 32 W] R Bk 21 4
B TRy 1 I R 2T 4 T 3R R B T R
2.3 BRALSHEREELEHMXBEEDT

S0 SR FH e 2T A A SRR 340 B T MR £
DI NE B v B AH 5 T S e 41 4kl ) S AR B
TR B £F 2 PR L0 B3 49 60% I 45 SR WL
& 5,9 45 {5 T700 , T8OO . M40J . M55J ., XN-90-60S
Pt £ A AR BRI 43 90 4.5.6.3
40.0 .91.7 F1297.3 mm*/s, /1 [6] 4 Wi 75 5L 5k £ 4
AR A w8 v S A Bl 2T 24 YR 2 T ey i TR T 4 A
Pl R BOH SR AR o TH 545 B Bk 27 4 2 30 R 4L
SR [R] Y A2 {6 B HE, T700 , TSOO , M40J , M55]
XN-90-60S 44 il 27 4 S R B 3 R 9.6 .13.7 .
52.1.148.9 f1449.2W/(m - K)

& 6 & M55) Fll XN-90-60S i £F 4 4 o i K
R THE S SRR O R L, W LLE
M55J  XN-90-60S ffi £F 2 2= Fh i B 18] 4 vk B A% o
A ¢ =0 B2 Rk 2F 4 0 0 B0 T W A9 15 5
W, HW BT 4E(E I oW B, X — R AE
B A A AR R R A AR R B 28 0 Y ik 2R
RHIE

[, SR XRD 4387 1 e £F 4 (9 SO0 4544
SRR 1 PR o IR sm A | v AR AR B (] AH U
R S/ T IR 1 W NI TR AN
SR RGO R B W AR bR R A R
XN-90-60S & £ 4k 1) dyy, 294 0. 338 5 nm, 1fij s Kr
RSE(L,) ik 14,83 nm , 3t J2 v 6] AH 07 7 3 ik
2T 2f B AR T AE 0% 00 5% B BT A0 AR R 1Y) T
PR Bk 21 24 Ay A0 R bR vy ot TR ) AR/ it bz
RATRR , S AP RE AT

N 7 A TR) 28 780 g 2T i S P 25 Sk RO S5
WSS T ik 21 Ae R A, LR T RN g B
e £ 2 48 T 22 P S 1 SR RO B, 3R BH R RS
AR A8 /0N 5 T w160 AF 90 7 356 Wl 2T 4 8 1m mT 08 2% 31
RTS8 00 450, OF B S8 30 T 2 i 4F
RO S S B U N P i R (T NI UEU N NN
s kL e HC T B 2T Ak Bk 1] s B BB Im] 1) RS H 2AA
I 7 - W Rl 2T 2 Sl 1) A% 328, DAL ot o ) A 30 7 5
T 21 4 AT B = 1 R IR AL

RIS AE AR SCH IR T v il %5 T XN-90-60S
W Lk 2F 4t 5 ) 525 BERHE A, ol Sk T R



A R

1936 S S L 2017 4¢
500
300 | , B
VA 10 R i
~ 250} (T 534 5 5% / 1400 ~
E 200 / 1300 %
5 / :
o 150 1 / 4200 E
® B
§ 100 | / 1100 i
® sl / ) - ———
o _m ,,,Wﬂl E l % (a) T700

T700  T800 M40 M551 XN-90-608
LT AT

5 e i SR TN 965 I B R v TR R 0 7 R e 2T 4 11
PR RO 3 PR B
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typical PAN-based and mesophase pitch-based carbon fibers
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PAN-based and mesophase pitch-based carbon fibers
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Characterization on axial thermal conductivity of carbon
fiber and its influence factors
WANG Tingting, GU Yizhuo, WANG Shaokai” , LI Min, FANG Zenong, ZHANG Zuoguang

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

Abstract: Two measurement methods for carbon fiber’ s axial thermal conductivity are compared, which
use fiber bundle and unidirectional fiber reinforced composite samples, respectively. The influence of fiber
volume fraction and sample thickness on the measurement was discussed. The applicability of the method
based on fiber bundle was investigated by testing polyacrylonitrile-based high-strength and high-modulus car-
bon fibers, and mesophase pitch-based carbon fiber. The relationship between thermal conductivity and micro-
structure was further discussed. The results indicate that unidirectional composite shows lower axial thermal
diffusivity than fiber bundle sample due to the thermal conduction between fiber and polymer matrix in compos-
ite. Accurate thermal conductivity can be obtained by using fiber bundle sample, while unidirectional compos-
ite sample yields bigger thermal conductivity. For the measurement with unidirectional composite, the calculat-
ed thermal conductivity increases with the increase of fiber volume fraction and sample thickness. On the con-
trary, fiber bundle samples result in stable thermal conductivity which is not affected by fiber volume fraction.
Moreover, the thermal conductivity increases in the order of mesophase pitch-based carbon fiber, high-modu-
lus and high-strength carbon fiber. Lower lattice spacing and larger crystallite size leads to bigger thermal con-
ductivity. These results may contribute to the accurate characterization on axial thermal conductivity of carbon
fiber and the structural design of highly thermal conductive fiber composite.

Keywords: composite; thermal conductivity; thermal diffusivity; polyacrylonitrile-based carbon fiber;

pitch-based carbon fiber
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