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Fig. 1  Calculation flowchart of structural failure probability
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Table 1 Calculation results of failure probability for

Example 1
ViR PR AHXT R 2%/ % FEA KL
MCS 0.0280 107
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Table 2 Parametric statistical characteristics of

ten truss
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Table 3 Results of failure probability for Example 2
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Structural reliability analysis based on dimensionality reduction and
Edgeworth series

MENG Guangwei, FENG Xinyu, LI Feng® , ZHOU Liming

(School of Mechanical Science and Engineering, Jilin University, Changchun 130025, China)

Abstract: A reliability analysis method based on the dimension reduction algorithm and the Edgeworth
series was proposed to treat the complicate structures with implicit and high dimensional nonlinear limit state
functions in practical engineering. By utilizing the dimension reduction method, the n-dimensional function
was expanded to n unidimensional functions and the random variable were made to subject to the independent
normal distribution with mean value being zero and variance deviation being 0.5 by means of the variable
transformation. The origin moments of the unidimensional functions were obtained after the Gauss-Hermite in-
tegration. In this case, the central moments of the limit state function of the structure were achieved success-
fully and applied to the Edgeworth series expanding expressions, from which the cumulative distribution func-
tion of the limit state function could be generated and finally the probability of failure could be obtained. Avoi-
ding gradient computation, the proposed method requires less definite reanalysis and is proved to be effective
and correct via numerical examples.
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Design of control law for ejection seat under adverse attitudes

MAO Xiaodong" * , LIN Guiping®, YU Jia
(1. College of Aerospace Engineering, Shenyang Aerospace University, Shenyang 110136, China;
2. School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: The escape performance of ejection seat under adverse attitudes is the key technology for the
4th generation ejection seat, and the design of control law algorithm is the core problem for attitude and trajec-
tory adjustment. A new control law design method was presented. Firstly, a simulation model for the entire
ejecting process was established and a control parameter optimization model was designed, through which an
optimum parameter set was obtained as the discrete control law. Then, by utilizing multi-layer feedback of the
error back propagation ( BP) algorithm based neural network model, the ultimate continuous control law can
be acquired under the whole ejecting conditions. The roll attitude ejecting condition was exampled to design
and validate the approached method. The results indicate that the performance of ejection seat by adopting the
control law designed by the proposed method is higher than the multi-mode control law and the K36J1-3.5 ejec-
tion seat, which also satisfies the performance demand of GJB under most conditions. Consequently, the
design method is simple and clear, and the final algorithm is close to the theoretical optimum result. There-
fore, it is proved to be a useful method for the design of the 4th generation ejection seat control law.

Key words: ejection seat; adverse attitude; numerical simulation; escape performance; control law;

neural network
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Table 1 Results of experimental computation
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' ! h A s / f s h 1 s
10 62 54.6 1316 38 52.4 2618 22 63.4 1438 18
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50 234 206.3 3846 209 233.1 7468 174 263.9 4102 158
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150 744 480.5 8396 417 514.1 15874 312 661.1 8541 198
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Table 2 Algorithm performance comparison results
\ v/ % SP 7
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Hot-rolling batch scheduling in round steel production with
flexible maintenance planning
WANG Lei"?, ZHAO Qiuhong®* | XU Shaoyun’

(1. Department of Public Order, National Police University of China, Shenyang 110854, China;
2. School of Economics and Management, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;
3. Institute of Microelectronics of Chinese Academy of Sciences, Beijing 100029, China)

Abstract: A hot-rolling batch scheduling problem of round steel with flexible maintenance planning was
studied. For obtaining an effective cooperative scheduling with machine maintenance and batch production, a
multi-objective integer programming model was built with the objectives to minimize the makespan, the earli-
ness and tardiness of orders. With the consideration on the feature of the model, an improved multi-objective
particle swarm optimization (IMPSO) algorithm was proposed to solve the problem. In the proposed algorithm,
an insertion algorithm based on fitness assignment with chaos weighting was designed to generate the initial
solution. According to the constraints in the model, some rules were proposed to repair unreasonable solutions
emerging in the genetic progress of the population. With the elitist strategy, advanced individuals are pre-
served in evolution process, and the extremums for every individual’ s updating were also selected from elite
set. In addition, with considering the discrete characteristic of variables, genetic operators were introduced to
update particles. Experimental results show that the model and algorithm are feasible and effective.

Key words: hot-rolling batch scheduling; flexible maintenance planning; multi-objective optimization;

particle swarm optimization (PSO) ; round steel
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Heading sensitive drift behavior model for platform inertial navigation
system under long-term storage
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Abstract: The heading sensitive drift of platform inertial navigation system varies with the degradation of
performance and the coupling characteristics under long-term storage conditions. Such heading sensitive drift is
different from those under working conditions, which makes it difficult to analyze the stability for allocating
resources for the calibration and maintenance in engineering application. The theory and expression of heading
sensitive drift caused by servo loop zero and structure disturbing torque are firstly presented and derived. Sec-
ondly, the drift characteristics of influence parameters are analyzed thoroughly, and the integrated behavioral
model of heading sensitive drift under servo loop zero and disturbing torque influence is concluded. And then,
the long-time drift characteristic, acceleration performance, as well as the stability of heading sensitive drift
behavior are analyzed with actual storage condition profile. Results indicate that heading sensitive drift on the
X, Y and Z axis has the similar long-term drift characteristics without acceleration response, which is different
from the response characteristic in actual use and therefore has great significance for allocating resources for
the calibration and maintenance of inertial platform system.
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i . 44 Smm B Ti-6Al-4V 4k & 4 F R T R B 8 o 20 4 #OR 5 I 0, B R 2
A Y B A ko 4 R IR (UHFP-GTAW ) 5 o % T 07 & 20 A7 , 5 % AL GTAW (C-GTAW) #5 3
FHBREFAAHATTHR, ERZXN  EH N EEAWMBEFH20s 5B T,5 C-GTAW T Z
b, UHFP-GTAW # 3 (20 kHz 40 kHz) 1 il Ty M 0k W Z M EE w7 10 ~30 K;
77 VA A Tl i E (678 K 823 K A 968 K) Jy £ A (A Il & 45 3 & T &Y & I ¥ #t X 3, UHFP-GTAW
FrARENERY HERENTEAN13% ~30%, £ETHhE HEAMEALHUNEEZEZNE
THMBEALPNTEBEG AR TEERERBBEEAHA,

X 8 W\ BEAkor SR E IR (UHFP-GTAW) ; B34 ; Wil BE o475 4
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hE S ES . TG402
X EKFRIRED . A

B 4 PRHC IR 0 2 PR R A PO ol M BB R
AULE M RE v 25 R AP A28 S PERE, A 20 Tih4D 50 45
FRIT AV Sy — T o 2 09 25 A R A 2% > U0 b
mreet, 1% 47 IR AR ( Gas Tungsten Arc Weld-
ing, GTAW) J& o + B BUAH Ti-6Al-4V £k & 4 & %
FHI B0 T 97 3% , 1713 B GTAW ( Conventional,
C-GTAW) T/ m A M R B %, 5 & Wl
Ti-6 Al-4VER A 4 dikL B 1K, 52 5K & 45 A5 48 4
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GTAW ,UHFP-GTAW ) #5 4% I & 7o A, 38 i i 5 71
Br B0 LA T Bt 5 C-GTAW J& it it ) 37 ik 47
PO AL, B9F 5 i ALK i 0 4 445 Y 3L 88 0 A R AR R
PEFA, 2 AR X v A0 Dk o K 422 i 9IRA T Sy it it 3
N R R -

1 REHE
UHFP-GTAW % t iy 3 ik vl 41 % 1 ~ 80 kHz
AT Wk o A U 40 R T i 50 A/ s, JLAR B
L P B M DT A 1 R R R
S JR KR S mm 1) Ti-6AL4V Bk S 4L TR,
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Fig.1 Welding power schematic and current

waveform with UHFP-GTAW
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Table 1 Welding parameters

R I,/A 1,/A /kHz D/%
1 60
2 40 80 20 50
3 40 80 40 50

T =Rk oA s D— =S 1,

L e b 3 B8 3 4 A A o M T 3 5 (A
U580 B, v A5 4 Y A3 A W D Fl £ 4 S Bl
Wil 22 55 5290 (56 F FLUKE Tid00 £1 41 44 i 124X
P A sr it SR AR B WIS &), niE 2 TR, DU
P I 6 kg XoF R il g S S — 4 (2-D) A 4
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Fig.2  Observation with thermal imager
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Fig.3 Welding molten pool 2-D model
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Table 2 Physical properties of Ti-6A1-4V

Wy B 1k HE
WAL IRE T, /K 1928
[ AHZR IR B T,/K 1878
W p/(kg-m™?) 4450
?ﬁgll,'/(kg'm's’l) 0.0049
BRI B S Rk /(T - m s KT 5.4
ARG SR/ (J-m-s™ - K™ 15.9
BAAR LI Cpg/ () - kg™' - K1) 879
WM Cpp /() - kg™ - KTH) 678
Pk 7 % g/K ! 0.00001
FI IR L/ (N - m - K ~0.00028
HAMFRp/(N-A?) 1.26 x 10~
KAl L/ () - ke ™) 3.57 x 107

2 HR5UE

2.1 UHFP-GTAW Bt R ERESNT

Sy PR E W o R A 5% 2k e R R E M, HE R
B RAEBIE T E LT 2 AN B IE . B e g
Ui M4 (y =4.918x —1115.46 K,R> =0.999)
o ) e Y R R AT OE WS R T AL A R A R
— Mk 0.20 ~0. 35, 37 5 3% 2 v R a5
B RS F 0 0,95, H i 7 7% -3k B 2% 2 o A
AL AEHHRE W = 8,0 T, = 8,01, Hor e, N SLPR
R e, W BRI 0 WMHEIT-PH LS
WR T, BRI EE s T, Jy S/ i B, 00 0 4y 3=
T B S I BNl T, = T/[ (1 - Ae/e, ) T 3EAT
R IE , DT 3R A5 fe 2 1) W &85 1L, v 7 0y 2
W EE 5 Ae i i o 56 5 S PR s S R i 25 (8, A
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DX IRAEAE R K 2200, BT Smart View 4 $2 BV
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(a) C-GTAW

(b) UHFP-GTAW, 20 kHz

(c) UHFP-GTAW, 40 kHz
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Fig.4 Temperature of molten pool center surface with

spot welding
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JO(T,, D) Sy rb ot 3 T B s B2 BT 78 oL
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[F) S5 Jm B ) 2% AR R, U BE A 968 K 20 kHz,
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Fig.5 Surface temperature distribution of

molten pool with spot welding
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Table 3 Surface temperature distribution in molten pool with spot welding

‘ o R R HOE % /mm o7 B BN 3/ %
H T Y o 2 1 3 2/ K
678 K 823 K 968 K 678 K 823 K 968 K

C-GTAW 2055 12.65 8.78 6.05
UHFP-GTAW ,20 kHz 2064 11.35 7.61 5.39 19.5 24.9 20.6
UHFP-GTAW ,40 kHz 2087 11.80 7.77 5.07 13.0 21.7 29.8

B [12] 3 > s v .
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B ECX e g REuESe ) , HogEd s o, A
AT AT 3R A BOR 1 AR A TR 5 L o [) I, R 6 AF
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FE—E R R Lol R R 0 A SUB B, OF A AR
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Fig.6 Temperature distribution in welding molten pool
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Surface temperature distribution of molten pool by
ultra high frequency pulsed GTAW
YANG Zhou, QI Bojin*, YANG Mingxuan

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

Abstract: Thermal observation of molten pool was carried out with Ti-6A1-4V plates (with thickness of
5mm). The molten pool surface temperature distribution of ultra high frequency pulsed gas tungsten arc weld-
ing (UHFP-GTAW ) was collected and analyzed by infrared imaging monitor. Compared with conventional
GTAW (C-GTAW), the test results indicate that the surface temperature of molten pool center increases by
10 =30 K with UHFP-GTAW (20kHz, 40 kHz) after heating the base metal 20 seconds; meanwhile, the areas
of the elevated temperature distribution were measured referring to varying temperature (678 K,823 K,968K) ,
which are reduced by the range of 13% —30% . A two-dimensional numerical model of molten pool was estab-
lished, considering the essential factors such as heat flux, force and mixed heat transfer, to explore the char-
acteristics of the temperature distribution in the molten pool. The calculated results of the above model are
basically consistent with the test data.

Key words: ultra high frequency pulsed gas tungsten arc welding ( UHFP-GTAW ) ; welding molten

pool; arc welding; temperature distribution; infrared thermal image
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Abstract: As a generalization of cold and hot standby technique, warm standby has been widely used in

the system design. This paper focuses on the reliability modeling of warm standby systems and extends a multi-

valued decision diagram (MDD) based system reliability modeling approach. By concentrating on the failures

in the system, the existing method first constructed the failure level MDD and system MDD, and then obtained

the analytical expression for the system reliability based on the system MDD. However, the system reliability

expression is a mixture of integrals of different dimensions, which requires some manual rearrangement to cal-

culate the system reliability at given time. Based on the existing work, we suggest an MDD splitting procedure

after obtaining the system level MDD and a reassignment for the probabilities of the edges in the system MDD.

With this extension, the numerical value for the system reliability at any given time can be easily obtained and

the MDD based reliability evaluation approach for warm standby systems is completed.
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Phase retrieval for multiple-wavelength in-line digital holography
LI Yan, XIAO Wen" , PAN Feng

(School of Instrumentation Science and Opto-electronics Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: In-line digital holography, because of its most simplified holographic recording architecture
without extra reference beam, has a larger field of view compared with off-axis digital holography. Thus, it has
been applied in many fields. However, both the defocused conjugate images and zero-order autocorrelation are
superimposed on the real image of the object in the reconstruction process, which blurs the real image and
degrades the measurement accuracy. A phase retrieval method is proposed to eliminate the unwanted conjugate
image based on four diffraction intensity patterns recorded at different illumination wavelengths for in-line digit-
al holography, in which the appropriate constraints are imposed both on the hologram plane and object plane.
A synthetic wavelength is used to retrieve wrap-free phase distributions with a much extended vertical measure-
ment range, thus the reconstructed phase distribution directly provides the height distribution of the surface of
the sample after eliminating the twin image. In comparison with previous research, the proposed method re-
quires a fewer number of illumination wavelengths and has a faster rate of convergence, as well as a better
elimination effect, which is demonstrated by the simulation and experimental resulis.

Key words: digital holography; conjugate image eliminated; phase retrieval; multiple-wavelength

image reconstruction techniques
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Large angle maneuvering control for missiles based on
improved Terminal sliding mode method
MA Yueyue, TANG Shengjing, GUO Jie"

(Key Laboratory of Dynamics and Control of Flight Vehicle of Ministry of Education, School of Aerospace Engineering,
Beijing Institute of Technology, Beijing 100081, China)

Abstract: Based on compound sliding surface and disturbance rejection mechanism, a novel design ap-
proach of nonsingular Terminal sliding mode ( NTSM) controller is proposed for large angle maneuvering con-
trol during an air-to-air missile intercepting a target in the rear hemisphere of the carrier. Firstly, the mathe-
matical model of an air-to-air missile equipped with reaction-jet control system (RCS) is established consider-
ing the aerodynamic uncertainties. Subsequently, a missile attitude control law is designed by the traditional
NTSM method. On this basis, taking original states far from equilibrium during large angle maneuvering into
account, a compound sliding surface is adopted to accelerate the convergence of control system. To solve the
problem of severe chattering caused by the aerodynamic uncertainties at high angle of attack, extended state
observer (ESO) methodology is introduced to online estimate and compensate the system uncertainties. Fur-
thermore, the stability analysis to the proposed method demonstrates the finite time convergence property of the
control system. Eventually, the designed controller is applied to the large angle maneuvering control for agile
turn of air-to-air missile. Simulation results reveal that the proposed method is able to make the convergence
faster and effectively attenuate chattering caused by unmodeled dynamics.

Key words: air-to-air missile; large angle maneuvering; Terminal sliding mode control; compound slid-

ing surface; extended state observer (ESO)
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Power upshift control strategy of torque-assist AMT

LU Jiapeng, LI Youde® , HAN Peng, CHENG Xiusheng

( College of Automobile Engineering, Jilin University, Changchun 130022, China)

Abstract: The power upshift control strategy of torque-assist automated mechanical transmission ( AMT)
is researched. A torque-assist mechanism is equipped in the traditional AMT of commercial vehicle, which is
made up of an assist clutch and automated control unit. The dynamic model of torque-assist AMT is estab-
lished. According to the evaluation criterion of the shift process, the power upshift control strategy is devel-
oped. The simulation research is carried out based on the state from the second gear to the third gear, and the
vehicle test is taken to verify the validity of the control strategy. The simulation and test results show that the
torque-assist AMT can output power during the shift process and improve the shift quality.

Key words: automated mechanical transmission ( AMT) ; torque-assist; power upshift; control strategy ;

simulated analysis
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Heat transfer characteristics of axial piston pump slipper pair

TANG Hesheng, YIN Yaobao® , LI Jing

( College of Mechanical Engineering, Tongji University, Shanghai 201804, China)

Abstract: To explore the distribution law of oil film temperature field at slipper pair for axial piston

pump, a thermodynamic model of slipper pair was built through the conservation law of heat flux after analy-

zing its transfer mechanism in detail. The effects of slipper structure parameters on film temperature under dif-

ferent piston chamber pressure and shaft rotational speeds were discussed. The results show that the film tem-

perature distribution is non-uniform and show decreasing tendency along slipper radius. The maximum film

temperature takes place in the slipper region where oil film thickness is thinnest. The phenomenon occurs

mainly in discharge stroke, and causes slipper partial abrasion. When the slipper radius ratio is set from 1.5

to 2.0, the smaller radius ratio is selected to decrease film temperature and improve slipper lubrication per-

formance under high shaft rotational speed. When the orifice length diameter ratio is set from 3.50 to 8.75,

the lower orifice length diameter ratio is useful to decrease film temperature and improve the cooling effect of

pump.
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Table 2 Description times of different methods

Id RRAE R

TR i /s

SIFT GLOH R3C Ring
1 2025 1.235 1.358 1.078 1.008
2 1853 1.219 1.275 1.053 1.054
3 1329 1 1.137 0.906 0.897
4 1237 0.937 1.082 0.828 0.831
5 1126 0.875 0.897 0.781 0.774
6 902 0.723 0.816 0.662 0.652
7 784 0.614 0.593 0.532 0.498
8 522 0.359 0.341 0.328 0.307
9 368 0.265 0.254 0.218 0.220
10 235 0.219 0.206 0.187 0.190
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Local feature descriptor based on nonparametric marginal
integration estimation

ZHENG Mingguo, WU Chengdong” , CHEN Dongyue, JIA Tong, JIN Yonghu

(College of Information Science and Engineering, Northeastern University, Shenyang 110819, China)

Abstract: A statistical model for the feature descriptor of local region was suggested to improve the image
matching performance. This model is a marginal integration function model based on the gradient magnitude
and orientation distribution. The marginal integration function on the discrete gradient orientations is the same
as the magnitude accumulation orientation histogram of gradient vector field. Using the nonparametric estimator
based on kernel function, we estimated this function and applied it to scale invariant feature transform ( SIFT)
descriptor. To enhance rotation invariance and distinctiveness and to reduce computational complexity for
descriptor, local region around the feature point was selected as circle and partitioned to the 8 sub-regions by
radial sampling grid. The marginal expectation functions are estimated in each sub-region and the feature vec-
tor consists of the function values on the 8 orientations for 8 sub-regions. Experiments show that this descriptor
can improve detective rate (recall) for rotation and reduce computational complexity.

Key words: gradient distribution ; nonparametric estimation; marginal integration; scale invariant feature

transform ( SIFT) ; image matching
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Fault diagnosis method based on extension rule-based reasoning
WEN Tianzhu, XU Aiqiang*, WANG Yiping

( Department of Scientific Research, Naval Aeronautical and Astronautical University, Yantai 264001, China)

Abstract: Aimed at low inference efficiency, difficult knowledge acquisition and unsuitability for multi-
fault diagnosis in production rule reasoning method, the fault diagnosis method based on extension rule-based
reasoning is studied. Firstly, the expression of extension rule is obtained by combining basic-element theory
with production rule. Secondly, the matching degree formula of extension rules is given, and the hierarchical
matching method according to the difference of antecedent mode and data type is proposed. Furthermore, the
conflict resolution strategy of “first cut, then sort” is put forward for all extension rules which are matched suc-
cessfully , and the time complexity of this method is discussed. Finally, the whole process of expression, matc-
hing, reasoning and conflict resolution for extension rules is explained by an application case, and the results
show that this method can be used for the multi-fault diagnosis of airborne equipment.
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Correction of contrast distortion image based on
nonlinear transform of histogram
GAO Ming, QIN Shiyin "

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

Abstract: In the practical imaging, the image contrast is distorted due to influence of multi-factors,
which degrades image quality greatly. A contrast correction method is presented based on nonlinear transform
of histogram and parameter optimization in order to improve image quality and enhance the visual effect. First-
ly, in view of the limitation of conventional histogram equalization method, a nonlinear transform model of his-
togram was established based on the prior constraints of image histogram through the analysis of human visual
perception characteristics. Then the parameters of transform model are optimized with the evolutionary search-
ing of genetic algorithms to achieve optimal corrective effect so that a high performance contrast distortion cor-
rection algorithm emerged. A series of correction experimental results for real images with severe contrast dis-
tortion from different scenes demonstrate that the proposed algorithm outperforms the conventional correction
methods in both of objective quality assessment and subjective visual effect and is provided with distinct advan-
tages.

Key words: correction of contrast distortion image; human visual perception characteristics; nonlinear
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Fig. 1  Flowchart of missile competing failure prediction
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Table 1 Normality testing of performance degradation data
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Fig.2 Regression curve of mean value prediction
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Table 2 Contrast between mean value prediction and

actual value

RN TR U 1 SIWE AxFRE MR
2013 4f 11.0561  11.0020  -0.0541 0.0049
2014 4 11.0405  10.9340  -0.1065 0.0097

x3 FAEHMEZME L
Table 3 Contrast between variance prediction and

actual value

DK ) B STME xiRZE O MXTRE
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2014 4 0.6374 0.5980  -0.0394 0.0658
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Table 5 Contrast results of each prediction method
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Missile competing fault prediction based on degradation data and fault data
CONG Linhu', XU Tingxue" ", WANG Qian’, DONG Qi'

(1. Department of Ordnance Science and Technology, Naval Aeronautical and Astronautical University, Yantai 264001, China;

2. Unit 71687 of PLA, Xinxiang 453000, China)

Abstract: Aiming at the problem of missile competing fault prediction which has multivariate degradation
data, the characteristics of missile degradation are analyzed and missile competing fault prediction model which
has multivariate degradation data is established considering the correlation between sudden fault and degrada-
tion fault. The distribution patterns of performance degradation data and sudden fault data are determined
through statistical inference, and on this basis the parameters for competing fault prediction model are solved.
Aiming at the distribution parameters of performance degradation data having the feature of small sample and
nonlinearity, least square support vector machine (LS-SVM) prediction algorithm is used to predict the distri-
bution parameters of performance degradation data in order to get the future distribution function. Aiming at
the correlation between sudden fault and degradation data, the correlation parameters of sudden fault and deg-
radation data are obtained using location-scale model to analyze the relations between sudden fault and degra-
dation data. Furthermore, the future missile competing fault probability can be obtained according to the mis-
sile competing fault prediction model. The efficiency and validity of missile competing fault prediction model
are verified by case analysis and contrasting with other prediction methods.

Key words: competing fault; performance degradation; missile; least squares support vector machine

(LS-SVM) ; location-scale model
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Body-flap attitude control method for lifting re-entry vehicle
WANG Zhi', LI Huifeng""* , BAO Weimin'’

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

2. China Aerospace Science and Technology Corporation, Beijing 100048, China)

Abstract: An attitude output tracking control method is proposed for a lifting re-entry vehicle with a non-
minimum phase property. Such problem is caused by body flaps which are the only actuators to be used for
controlling three-channel. By using local differential homeomorphism, the attitude input-output model is trans-
formed into normal form, and internal dynamics are obtained. A criterion of non-minimum phase is developed
by analyzing the internal dynamics’ stability, and this criterion is used to predict the non-minimum phase phe-
nomena when aileron reversal exists. To solve this problem, the normal form is decomposed into a minimum
phase subsystem (longitudinal channel) and a non-minimum phase subsystem (lateral-directional channel).
And then, dynamics inversion is used to design the state-feedback controllers for these two subsystems. Moreo-
ver, a nonlinear auxiliary control input is introduced to stabilize the overall attitude control loop by both Lya-
punov function and a minimum-norm control strategy. Simulation results demonstrate that in the case where
body flap actuators are employed for attitude control, the control commands can be tracked and internal
dynamics can be stabilized by the proposed method.

Key words: lifting re-entry vehicle; body-flap attitude control; criterion of non-minimum phase; aileron

reversal ; minimum-norm control strategy
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Stage-wise multidisciplinary design optimization for
multi-stage solid launch vehicle
MA Shuwei, LI Jinglin, CHEN Xi, CHEN Wanchun"

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

Abstract: Because of the strong coupling of multi-disciplines and the complicated algorithm and the low
design efficiency, the integral optimization design of solid launch vehicle is a difficult, but important problem.
To solve this problem, the multidisciplinary models of a multi-stage solid launch vehicle, including geometry,
mass, aerodynamic, propulsion and trajectory/guidance systems, were established. Then, the multi-stage
solid launch vehicle was divided into several sub-stages which were connected by the continuous requirements
of the flight states. Thus, the system-level and subsystem-level solution frameworks were constructed. Further-
more, two types of optimization processes, named parallel and serial methods, were presented to solve the
multidisciplinary design optimization ( MDO) problem where the objective function is to minimize the gross
weight. The results show that via the stage-wise formulation, the number of iterations can be reduced and bet-
ter results can be obtained,compared with the traditional multidisciplinary feasible (MDF) method, and thus
we verify the feasibility and superiority of the proposed approach applied to MDO problems for multi-stage solid
launch vehicles.

Key words: multi-stage; solid launch vehicle; multidisciplinary design optimization ( MDO) ; stage-

wise; parallel; serial
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Improved Jacobi iterative method for hybrid grid and its application
HUANG Yu', YAN Chao" ", YUAN Wu’

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

2. Super Computing Center, Computer Network Information Center, Chinese Academy of Sciences, Beijing 100190, China)

Abstract: LU-SGS scheme is widely used today because of its robustness and cheap memory cost. How-
ever, the original LU-SGS shows less competitive convergence rate; in order to apply paralleled codes on hy-
brid unstructured grid, the grid reordering and regrouping procedure must be carried out beforehand. In this
paper, an improved implicit method suitable for complex hybrid gird is developed to achieve fast convergence
rate and to parallelize the algorithm without grid reordering and regrouping procedure. This method is simple
for coding and easy to use OpenMP for code parallelization. The numerical results of Euler and viscous flows
show that the method has a reliable performance, and it is able to achieve a significant efficiency improvement

over implicit counterparts such as LU-SGS scheme with less requirement of extra memory, and parallel compu-

tation produce exactly the same result as serial case.
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Table 1  Fiducial points coordinates
A g 22 [H] x/mm ¥/mm z/mm
91.903256 -96.666 10 628.6399
126.583750 32.45904 538.6166
113.081520 -57.80070 580.7874
RS 7 100.987710 -16.97080 664.8106
100.267 250 -58.89560 692.2673
71.121134 —146.694 00 748.033 2
88.195925 -73.02570 776.2479
125.181 000 15.28276 738.9809
594.063475 —157.225966  322.797628
581.325489 1.551304 348.461613
582.653762 -99.276822 350.217200
N 584.792773 —100.864280 256.164 144
AR 579.309419 -149.879246  250.264 059
593.787355 —255.967798 236.468432
577.895234 -200.807907 180.335079
552.693035 -100.741871 177.916597
THER I 5 B MG A5 Sk 25 1] B AL A A\ 25 [ Y ke
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Vision guide based teaching programming for industrial robot
NI Ziqgiang, WANG Tianmiao* , LIU Da

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

Abstract: Most industrial robots used in manufacture are based on teaching programming and offline pro-
gramming. The shortcomings of these two programming methods limit the further application of industrial ro-
bots. A vision guide based programming method was introduced to solve the problem. The singular value de-
composition (SVD) algorithm was used to calculate the registration matrix between computer vision space and
robot space. The positions and orientations of robot’ s end-actuator were obtained by measuring the teaching
tool, which is the key process to realize vision guide programming. Analytical the format of executable file
which running on robot controller, and then transform the positions and orientations’ data into executable file.
An experiment was introduced to verify the feasibility and reliability of the programming method. The results
indicate that the maximum error of trajectory tracking is — 1. 18 mm, and the root mean square error is

0.47 mm.

Key words: industrial robot; teaching programming; vision; weld; singular value decomposition (SVD)
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Cold standby n-component repairable system with repairman vacation

WEN Yanging'?, CUI Lirong™ ", LIU Baoliang’

(1. School of Mechatronical Engineering, Northwestern Polytechnical University, Xi’an 710072, China;
2. College of Mathematics and Computer Science, Shanxi Datong University, Datong 037009, China;

3. School of Management and Economics, Beijing Institute of Technology, Beijing 100081, China)

Abstract: The reliability for a cold standby n-component repairable system with a repairman having mul-
tiple vacations is studied. If all of units are in normal state, the repairman may take his vacations, and the va-
cation time is a random variable. During the repairman’s vacation, if a unit online fails to work, one of cold
standby components becomes the component online immediately the failure unit will not be repaired until the
repairman comes back from his vacation. The operational time of the unit online, the repair time and the vaca-
tion time of repairman are governed by different phase-type ( PH) distributions, respectively. The system is
studied in a transient and stationary regime. The reliability, availability, rate of occurrence of failures and
busy probability of repairman are derived by Kronecker operator and Markov process theory. A numerical
example is given to illustrate the results obtained.

Key words: repairable system; multiple vacations; reliability; phase-type distribution; rate of occur-

rence of failures
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Fig. 1 Step-stress accelerated degradation test

loading process
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Table 1 Simulation degradation data of laser mA
25°CiB kit 50°C iR fk &t 75°CiBfk

150h  300h 450h 600h 750h 900h 1050h 1200h 1350h 1500h 1650h 1800h 1950h 2100h 2250h

1 0.296 0.636 0.954 1.240 1.500 2.152 2.954 3.811 4.329 5.057 6.542 7.726 9.014 10.219 11.213

2 0.489 1.018 1.653 1.994 2.551 3.447 4.488 5.386 6.417 7.277 8.974 10.598 12.382 13.776 15.415

3 0.156 0.534 0.718 1.142 1.456 2.061 2.539 3.325 3.904 4.589 5.803 7.253 8.492 9.734 10.924

4 0.386 0.898 1.169 1.737 1.842 2.459 3.391 4.288 5.094 5.762 7.013 8.473 9.640 11.096 12.214

5 0.344 0.600 0.798 1.238 1.443 2.291 2.795 3.553 4.329 4.962 6.206 7.535 8.779 9.820 11.272

6 0.411 0.827 1.069 1.455 1.785 2.442 3.042 3.965 4.438 5.081 6.084 7.039 8.277 9.153 10.224

7 0.361 0.767 1.204 1.500 2.186 2.872 3.629 4.291 4.841 5.526 6.596 7.687 8.962 10.181 11.413

8 0.117 0.432 0.658 0.883 1.331 1.754 2.172 2.624 3.167 3.603 4.363 5.327 5.860 6.587 7.236

9 0.522 0.832 1.336 1.521 2.110 2.853 3.417 3.927 4.646 5.044 6.382 7.572 8.555 9.893 11.212

10 0.428 0.453 0.720 1.127 1.489 2.116 2.769 3.317 3.806 4.446 5.350 6.332 7.247 8.393 9.638

11 0.111 0.302 0.520 0.755 0.990 1.661 2.243 2.875 3.484 4.221 5.034 6.221 7.468 8.878 9.971

12 0.280 0.285 0.554 1.021 1.392 2.180 2.899 3.589 4.184 4.628 5.946 6.967 8.130 9.170 10.073
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Fig.3  Step-stress accelerated degradation trajectories
FR2 WOMALAGBITER
Table 2 Two-step maximum likelihood
estimation results
ik o o b c InL(O)
HYH 12.54 7.723 2600 1.000
M1 12.91 7.183 2390 1.035 200.3
M2 11.44 4.689 2505 197.2
M3 10.19 2516 162.4

My 22 2 AT, 24 ¢ BU 1. 035 mb, ) 4kt R

AR Lk kAR A0 K HE AT B e g b B2
3) PEAGEE R
AR AS SCIT AL 3153 ) Wiener 3 72 (1 52
P BB HOR B b 53 i B G THE (MTTE)
FIE AR B 95% #Y X a3+ (CI) , L3& 3.
x3 TARAAEWITEER

Table 3 Assessment results of different methods

K ow, /107" ¢2/1077 o3/107* MTTF/h  CI(95% )/h
B 2.037 2.039  1.094 4909 [3338,8843]
M1 2.097 1.976  0.778 4766 [3293,8179]
M2 1.859 1.238  1.024 5379 [3809,8752]
M3 1.641 1.924 6092 [4903,7485]

4) BRI 55 A

SR R RO AICE (W% 4) , &
M1 AIC /), BT M1 AR DL 5 PR B 4T
TEMFE] O ~ 10 000 h P43 S 10,1001 000 /> ]
LR RN T 8 TMSE i (W% 4) , kI
M1 ) TMSE {8 i Zed5e/0n, 6B M1 75 Al 1 H {8
T T B

%4 AEFAZEH TMSE #1 AIC &
Table 4 TMSE and AIC of different methods

TMSE/10 ~3
v AIC
¢=10 q =100 ¢ =1000
M1 0.59 0.59 0.59 -392.6
M2 5.35 5.37 5.38 -388.4
M3 38.32 38.51 38.53 -318.8

Tioh AT EE 4 (LT 4) 7] LU, M1
AR LT S B E M L E S BT
M2 I M3 A 5 B il 25 b UG T K SE (M2 A
M3 A 52 B2y £ A U s AR T 0SS (B AN M2 i



5 3 3]

B0 5 AR D i 3B Al B 1Y T AR PR IEAG O vk

A AT AR
581

W T M3 TR 2, BT M SR DL PR AL
b HLnlSE PR DAl PR AT, 5 TR S BRSO AR AT

WA A B4 (UL S) AT LA Hh, ML i
R 2 B M2 AR AR R g A A T S {E
2, T M3 AR A5 B i 2k 50 S A 2 Al 22 K
5 3 FOrk BT 5 I B TMSE {EAHAT, BEHT 3 Fil
D7 ¥ 1 BB AU 5 I 45 HE Y O ML, M2, M3, ML
Ao

I S T N I s v
mil/A(10°h)

P4 ATl J5 ik AT 5 ol 2

Fig.4 Reliability curves of different methods
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Reliability assessment method of nonlinear step-stress
accelerated degradation data

CAT Zhongyi, CHEN Yunxiang* , ZHANG Zhengmin, XIANG Huachun

(Equipment Management & Safety Engineering College, Air Force Engineering University, Xi’an 710051, China)

Abstract: Aiming at nonlinear degradation data in the occasion of step-stress accelerated degradation test
(SSADT) , a reliability assessment method for degradation data based on Wiener process is put forward in con-
sideration of individual performance degradation variation. Firstly, the process and performance degradation
data model of SSADT are analyzed. Secondly, the nonlinear Wiener process is used to describe the nonlinear
degradation process of products. The time scale model is used to change nonlinear data into linear data, and
the drift coefficient of Wiener process is regarded as a random variable. A lifetime model of nonlinear degrada-
tion data is built in consideration of individual variation. According to the collected SSADT data, the two-step
maximum likelihood estimation method is used to determine the unknown parameters in the lifetime model. Fi-
nally, an example of laser degradation data is analyzed to show that the presented model is matching well and
the assessment result is more accurate.

Key words: accelerated degradation modeling; reliability assessment; Wiener process; nonlinear degra-

dation data; individual degradation variation
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Effect of pneumatization degree of temporal bone air cell on
vascular pulsatile tinnitus
YANG Jiemeng">** | WANG Lizhen'?? | TIAN Shan"*’, LIU Zhaohui’, FAN Yubo'*>*~

(1. School of Biological Science and Medical Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;
2. Key Laboratory for Biomechanics and Mechanobiology of Ministry of Education, Beijing University of Aeronautics and
Astronautics, Beijing 100083, China;

3. National Key Lab of Virtual Reality Technology, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;

4. National Research Center for Rehabilitation Technical Aids, Beijing 100176, China;

5. Department of Radiology, Beijing Tongren Hospital, Capital Medical University, Beijing 100730, China)

Abstract: To quantify the biomechanic relationship between the degree of pneumatization in the temporal
bone air cell and vascular pulsatile tinnitus, the numerical simulation upon a typical vascular pulsatile tinnitus
patient’ s data were conducted in this study. First, the two 3D geometric models of temporal bone air cell,
including the basic model and the over-pneumatization model, were developed based on the same patient’ s CT
images individually. Second, the models were meshed with tetrahedral elements by Hypermesh, and computed
3D finite element (FE) models were generated. Then two FE models were imported into Virtual. Lab Acous-
tics. Third, the same velocity boundary condition was loaded, and then the sound intensity of vibration
response was achieved by Virtual. Lab Acoustics. Finally, the sound intensity amplitude at the vestibule was
computed. A comparative analysis of two models was done based on the biomechanical numerical simulations.
It was shown that the sound intensity amplitude of the over-pneumatization model was 3. 02 dB lower than the
basic one at 250 Hz. It was found that the difference of amplitude between two models could be perceived by
vascular pulsatile tinnitus patient under the condition of same frequency. These would provide a new theoreti-
cal basis for innovative treatment of vascular pulsatile tinnitus.

Key words: vascular pulsatile tinnitus; sigmoid sinus; temporal bone air cell; pneumatization degree;

effect
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Scattering characteristics simulation and experimental analysis of
precession cone target
YE Taoshan', HUANG Peilin"* , SHU Changyong', WANG ying', PENG Yaokun®

(1. School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;
2. 93617 Troops of the CPLA, Beijing 101400, China)

Abstract: The micro-motion and structural parameters of the ballistic target play an important role in bal-
listic target recognition. And correctly acquiring scattering characteristics of precession targets is essential to
obtain these parameters, such as time-frequency distribution (TFD) , range profiles and inverse synthetic ap-
erture radar (ISAR) images. Scattering characteristics of the precession cone target under narrowband and
wideband are analyzed, especially on the case where the specular scattering exists, and the theoretical expres-
sions of TFD, range profiles and ISAR images with respect to strong scattering centers of the target are given
briefly. In addition, a dynamic measuring system in anechoic chamber was established to collect the electro-
magnetic response from the precession target. The simulation and experimental results are verified with theoret-
ical deductions, and so as for the feasibility of the proposed model and imaging algorithm.

Key words: precession; time-frequency distribution ( TFD ) ; range profiles; ISAR images; anechoic

chamber
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Spacecraft electrical signal classification method based on
improved artificial neural network
LI Ke" ", WANG Quanxin', SONG Shimin®, SUN Yi’, WANG Jun'

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

2. China Academy of Space Technology, Beijing 100094, China)

Abstract: To solve the problem of multiple data and arduous task in the aircraft test and intellectualize
the management of the testing work, an intelligent classification system based on artificial neural networks was
designed. The system can classify the original test data intelligently, reduce the workload and reliance on tes-
ting experience and store the nonlinear debugging experience in the form of expert database. This system has
many deficiencies, such as, long training time and high dependence on the initial threshold. To this end, the
principal component analysis was used to compress the raw data and auto-encoder in deep learning was applied
to initialize the network weights. Experimental data indicates that compared with traditional methods, the ac-
curacy, stability and response speed of the improved learning system are significantly increased.
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nal; gradient descent method
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Table 2 Elastic constants for M,CoA type Heusler alloy

GPa
%27 ‘n ‘12 Caq
Mn, CoAl 241.8 112.1 153.9
Mn, CoSi 285.4 181.2 154.3
Ti, CoAl 185.2 111.2 96.1
Ti, CoSi 236.5 120.6 93.5
A
3 & it

AR — M IR B U5 1k XE M, CoA B
Heusler 4 4: Mn,CoAl, Mn,CoSi. Ti,CoAl F
Ti,CoSi 17 T RGNV MW ST, IF A 0 T E 4]
ML TS5 4 RS ERE S AR B e R E .
BB -

1) 7EELZS T, Mn, CoAl LN H Jie Jorl Bl 2
5K, Mn,CoSi,Ti,CoAl 1 Ti,CoSi F F K H JiE
&R RHE

2) M,CoA %I Heusler & 41 A Jig A & F A7
Bt - S8 B - AR IR T M, T, M, T Co
JR 7 dH ] Y i 2R B

3) AR R M,CoA B Heusler & 4 /Y 2
¥ 454 Slater-Pauling B0

4) M,CoA 1 Heusler &4 1E b ¥ 3h 7124 1 1
 EEA R EE

S Z Lk (References)

[ 1] GRAF T,FELSER C,PARKIN S S P. Simple rules for the un-
derstanding of Heusler compounds[ J]. Progress in Solid State
Chemistry,2011,39(1) :1-50.

[ 2] FELSER C,FECHER G H,BALKE B. Spintronics: A challenge
for materials science and solid-state chemistry[ J]. Angewandte
Chemie International Edition,2007,46(5) :668-699.

[ 3] HEUSLER F, STARCK W, HAUPT E. Magnetisch-chemische
studien[ J]. Verh DPG,1903,5:220-223.

[4] WUY,WU B,WEI Z,et al. Structural , half-metallic and elastic
properties of the half-Heusler compounds NiMnM (M = Sb, As
and Si)and IrMnAs from first-principles calculations[ J]. Inter-
metallics,2014,53:26-33.

[ 5] AHMADIAN F, SALARY A. Half-metallicity in the inverse
Heusler compounds Se,MnZ(Z = C,Si,Ge,and Sn) [ J]. Inter-
metallics, 2014 ,46 :243-249.

[ 6 ] SHAN R,SUKEGAWA H,WANG W H, et al. Demonstration of
half-metallicity ~ in  Fermi-level-tuned ~ Heusler  alloy
Co, FeAl, 5Sig 5 at room temperature[ J]. Physical Review Let-
ters,2009,102 (24 ) :246601.

[ 7] BOMBOR D,BLUM C G F, VOLKONSKIY O, et al. Half-me-
tallic ferromagnetism with unexpectedly small spin splitting in
the Heusler compound Co,FeSi[ J]. Physical Review Letters,
2013,110(6) :066601.

[9]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[20]

[21]

[22]

[23]

[24]

Review Letters,1996,77(15) :3185-3188.

KAINUMA R,IMANO Y,ITO W, et al. Magnetic-field-induced
shape recovery by reverse phase transformation [ J]. Nature,
2006,439(7079) :957-960.

MANOSA L,GONZALEZ-ALONSO D,PLANES A, et al. Giant
solid-state barocaloric effect in the Ni-Mn-In magnetic shape-
memory alloy[ J]. Nature Materials,2010,9(6) :478-481.
BISWAS A,SINGH G, SARKAR S K, et al. Hot deformation
behavior of Ni-Fe-Ga-based ferromagnetic shape memory
alloy—A study using processing map[ J]. Intermetallics, 2014,
54:69-78.

SEAMAN C L, DILLEY N R, DE ANDRADE M C, et al.
Superconductivity and magnetism in the Heusler alloys MPd, Pbh
(M = rare earth, Th,and U) [ J]. Physical Review B, 1996,
53(5) :2651-2657.

WINTERLIK J, FECHER G H, FELSER C, et al. Ni-based
superconductor: Heusler compound ZrNi, Ga[ J]. Physical Re-
view B,2008,78(18) :184506.

FU C,XIE H,LIU Y,et al. Thermoelectric properties of FeVSh
half-Heusler compounds by levitation melting and spark plasma
sintering[ J ] . Intermetallics,2013,32:3943.

KIM S W,KIMURA Y,MISHIMA Y. High temperature thermo-
electric properties of TiNiSn-based half-Heusler compounds
[J]. Intermetallics,2007 ,15 (3 ) :349 — 356.

CHADOV S,QI X, KUBLER J, et al. Tunable multifunctional
topological insulators in ternary Heusler compounds[ J]. Nature
Materials,2010,9(7) :541-545.

LIN H,WRAY L A, XIA Y, et al. Half-Heusler ternary com-
pounds as new multifunctional experimental platforms for topol-
ogical quantum phenomena[ J]. Nature Materials,2010,9(7) :
546-549.

VAN ENGEN P G, BUSCHOW K H J, JONGEBREUR R.
PtMnSb, a material with very high magneto-optical Kerr effect
[J]. Applied Physics Letters,1983,42(2) :202-204.
KRENKE T,DUMAN E,ACET M, et al. Inverse magnetocaloric
effect in ferromagnetic Ni-Mn-Sn alloys[ J|. Nature Materials,
2005,4(6) :450-454.

DE GROOT R A,MUELLER F M, VAN ENGEN P G, et al.
New class of materials: Half-metallic ferromagnets[ J]. Physical
Review Letters,1983,50(25) :2024-2027.

KUBLER J,WILLIAMS A R, SOMMERS C B. Formation and
coupling of magnetic moments in Heusler alloys[ J]. Physical
Review B,1983,28(4) :1745-1755.

BARTH J,FCHER G H,BALKE B, et al. Itinerant half-metallic
ferromagnets Co,TiZ ( Z = Si, Ge, Sn) : Ab initio calculations
and measurement of the electronic structure and transport prop-
erties[ J ]. Physical Review B,2010,81(6) :064404.

LIU G D,DAT X F,LIU H Y, et al. Mn,CoZ ( Z = Al, Ga, In,
Si, Ge,Sn, Sb) compounds; Structural , electronic, and magnetic
properties[ J]. Physical Review B,2008,77(1) :014424.
GALANAKIS 1,0ZDOGAN K, SASIOGLU E, et al. Ab initio
design of half-metallic fully compensated ferrimagnets: The case
of Cr,MnZ (Z =P, As,Sb,and Bi) [ J]. Physical Review B,
2007,75(17) :172405.



b At 4R

U i~ v om [ R
608 Jb 5B R K ¥R i 2016 4
[25] XING N,GONG Y,ZHANG W et al. First-principle prediction 311-317.

[26]

[27]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

of half-metallic properties for the Heusler alloys V,YSbh(Y =
Cr,Mn, Fe, Co) [ J]. Computational Materials Science, 2009,
45(2) :489-493.

LUO H,ZHU Z ,MA L, et al. Electronic structure and magnetic
properties of Fe, YSi(Y = Cr, Mn, Fe, Co, Ni) Heusler alloys: A
theoretical and experimental study [ J]. Journal of Physics D
Applied Physics,2007,40(22) :7121-7127.

WANG W,LIU E,KODZUKA M, et al. Coherent tunneling and
giant tunneling magnetoresistance in Co, FeAl/Mg0O/CoFe mag-
netic tunneling junctions [ J ]. Physical Review B, 2010,
81(14) :140402.

NIKOLAEV K, KOLBO P, POKHIL T, et al. “ All-Heusler
alloy” current-perpendicular-to-plane giant magnetoresistance
[J]. Applied Physics Letters,2009,94 (22) :222501.

XING N,LI H,DONG J, et al. First-principle prediction of half-
metallic ferrimagnetism of the Heusler alloys Mn, CoZ( Z = Al,
Ga, Si, Ge) with a high-ordered structure [ J ]. Computational
Materials Science,2008,42(4) :600-605.

OUARDI S,FECHER G H, FELSER C, et al. Realization of
spin gapless semiconductors: The Heusler compound Mn, CoAl
[J]. Physical Review Letters,2013,110(10) :100401.

WANG X L. Proposal for a new class of materials: Spin gapless
semiconductors[ J |. Physical Review Letters,2008,100(15) :
156404.

PICOZZ1 S,CONTINENZA A, FREEMAN A J. Co,MnX (X =
Si, Ge, Sn) Heusler compounds: An ab initio study of their
structural , electronic, and magnetic properties at zero and ele-
vated pressure[ J]. Physical Review B,2002,66(9) :094421.
SINGH M,SAINI H S, THAKUR J, et al. Disorder dependent
half-metallicity in Mn, CoSi inverse Heusler alloy[ J ]. Journal of
Solid State Chemistry,2013,208:71-77.

BAYAR E,KERVAN N, KERVAN S. Half-metallic ferrimag-
netism in the Ti, CoAl Heusler compound[ J]. Journal of Mag-
netism and Magnetic Materials,2011,323(23) :2945-2948.
BIRSAN A,PALADE P,KUNCSER V. Prediction of half metal-
lic properties in Ti, CoSi Heusler alloy based on density func-
tional theory[ J]. Journal of Magnetism and Magnetic Materials,
2013,331:109-112.

CHEN Y,WU B, YUAN H, et al. The defect-induced changes
of the electronic and magnetic properties in the inverse Heusler

alloy Ti, CoAl[ J]. Journal of Solid State Chemistry,2015,221;

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

FENG Y,WU B,YUAN H,et al. Magnetism and half-metallici-
ty in bulk and (1 0 0) surface of Heusler alloy Ti, CoAl with
Hg, CuTi-type structure[ J]. Journal of Alloys and Compounds,
2013,557:202-208.

SKAFTOUROS S, OZDOGAN K, SASIOGLU E, et al. Search
for spin gapless semiconductors: The case of inverse Heusler
compounds[ J . Applied Physics Letters,2013,102(2) :022402.
HAFNER J. Ab-initio simulations of materials using VASP:
Density-functional theory and beyond[ J]. Journal of Computa-
tional Chemistry,2008,29 (13) :2044-2078.

PERDEW J P, BURKE K, WANG Y. Generalized gradient ap-
proximation for the exchange-correlation hole of a many-electron
system[ J | . Physical Review B,1996,54(23) :16533-16539.
PERDEW J P,WANG Y. Accurate and simple analytic repre-
sentation of the electron-gas correlation energy [ J ]. Physical
Review B,1992,45(23) :13244-13249.

SKAFTOUROS S,0ZDOGAN K,SASIOGLU E, et al. General-
ized Slater-Pauling rule for the inverse Heusler compounds[ J].
Physical Review B,2013,87(2) :024420.

GALANAKIS 1I,DEDERICHS P H, PAPANIKOLAOU N. Slat-
er-Pauling behavior and origin of the half-metallicity of the full-
Heusler alloys[ J]. Physical Review B,2002,66(17) :174429.
MEINERT M,SCHMALHORST J-M,REISS G. Exchange inter-
actions and Curie temperatures of Mn,CoZ compounds|[ J].
Journal of Physics:Condensed Matter,2011,23(11) :116005.
SUN Z M,AHUJA R,LOWTHER J E. Mechanical properties of
vanadium carbide and a ternary vanadium tungsten carbide[ J].
Solid State Communications,2010,150(15-16) :697-700.

WU Z,ZHAO E ,XIANG H,et al. Crystal structures and elastic
properties of superhard IrN, and IrN; from first principles[ J].

Physical Review B,2007,76(5) :054115.

EERE I
WOER BB A . BRSO I MRS RO

Tel. : 18020765058

E-mail: dblin@ stu. xmu. edu. ¢n

Bk B ML RIAR. BRSO 2R A,
Tel. : 010-82339256

E-mail: jzhou@ buaa. edu. cn



b AL 5 4R
Ll [

53 MRIESH, %5 Heusler 4 4x M, CoA(M = Mn,Ti;A = Al,Si) (55— 609

First-principles investigation of Heusler alloys
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Abstract: The electronic structure and magnetic properties of the M,CoA type Heusler alloys Mn,CoAl,
Mn, CoSi, Ti,CoAl and Ti,CoSi were systematically investigated using first-principles calculations based on the
density functional theory. The results show that Mn,CoAl is a ferrimagnetic spin gapless semiconductor;
Mn, CoSi and Ti, CoAl are ferrimagnetic spin half-metals, while Ti,CoSi is a ferromagnetic spin half-metal. The
total spin magnetic moments of the M,CoA type Heusler alloys are integers, obeying the Slater-Pauling rule.
By analyzing the band structures and electronic density of states, the origin of spin gapless semiconductor as
well as half-metal were revealed. The calculation results of phonon dispersion curves and elastic constants
show that all the M,CoA type Heusler alloys are stable in the lattice dynamics and mechanics.
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Fig.5 Influence of foundation vibration frequency and
foundation vibration amplitude on pressure

fluctuation amplitude
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Fluid-pipe coupling axis vibration characteristics induced by
foundation vibration

LIU Sen', ZHANG Huailiang">* | PENG Huan'

(1. College of Mechanical and Electrical Engineering, Central South University, Changsha 410083, China;
2. State Key Laboratory of High Performance and Complex Manufacturing, Central South University, Changsha 410083, China)

Abstract: In view of the effect of axial foundation vibration on pipe and fluid fluctuation, an axial cou-
pling vibration mathematical model of direct hydraulic pipeline was used to deduce boundary conditions under
four different pipe end constraints, and method of characteristics was adopted to study the fluid fluctuation in
pipe induced by foundation vibration under different constraints. The influences of bound manner, restraint
stiffness, foundation vibration parameters and structural parameters on pipe outlet pressure fluctuation ampli-
tude were analyzed. The results indicate that the outlet pressure fluctuation amplitudes increase a lot respec-
tively when export axial and entrance axial are free, compared with fixed constraints of both ends. And the
greater the exit restraint stiffness is, the smaller the pressure fluctuation amplitude is; the higher vibration fre-
quency is, the stronger fluid-solid interaction is; the pressure fluctuation amplitude increases linearly with the
increase of foundation vibration amplitude; the longer the distance of fluid flowing through the pipe is, the
severer the fluid fluctuating is. The analysis results could provide a theoretical basis for the formulation of cor-
responding pipe vibration control strategy.

Key words: foundation vibration; hydraulic pipe; liquid-solid interaction; pressure fluctuation; method

of characteristics
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Table 1 Solder flux of stainless steel

RN FE RS
A 100wt% H, PO,
B 50wt% H, PO, ,50wt% H, O
C 10wt% CdCl, ,5wt% SnCl, ,41wt% H, 0,40wt% H i,
4wt% Eh TR
D 50wt% Z, 1% ,25wt% H, PO, ,25wt% bR & — It
E 90wt% ZnCl, ,8wt% NH, Cl,2wt% NaF
F 75wt% ZnCl, ,23wt% NH, Cl,2wt% NaF
G 75wt% ZnCl, ,25wt% NH, Cl

k2 BEEHN

Table 2 Solder flux of aluminum alloy

RIS FE Ay

a 50wt% H, PO, ,50wt% H, O

b 40wt% H,PO, ,60wt% H, 0

c 35wt% H; PO, ,65wt% H, 0

d 30wt% H; PO, ,70wt% H, O

e 25wt% Hy PO, ,5wt% LR £ — W , 70wt% H, 0
f 75wt% ZnCl, ,25wt% NH,, CL, I 4 78 B A 1K
g 50wt% H, PO, ,50wt% £, .

1.2 K@ H*

FEHTH LD30 $R5 4 5 304 AN M E 178 A
BEUE K 3 MEF RS 7 FEFRI (A ~ G) 2l 21
A TR RHE R 5 0 304 1 F 25 T B T P i
B, MASEEEER 3 FE RS 7 &R
(a~g) 4 &, a4 % 0m o 17 7
5,

H R WO H BEL b o, A 230°C T 4% 1]
Bk 0.5 mm SR JG AT AT R . SR AT X S 24K
PACXT R 88 AT 4R 45, R H] Olympus BXS1IM 4 4f
B R AT A 4 A A LR AT LI, SR ] JSM-5800
39 TE FEL B X Ak ) B HEAT A3 AT T BT A T

2 RBWERSHM
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Fig. 1 Wetting effects of different solder and solder flux

(b) Sn-3.5Ag5D  (c) 35Sn-40Pb-25BiFA

combinations on solder flux of stainless steel surface
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Table 3 Brazing material spreading area on

stainless steel specimens cm?
LR B S
FPH
B C D E F G
60Sn-40Pb 1.80 1.10 1.02 1.50 1.32 1.10 0.77
Sn-3.5Ag 0.70 0.60 0.78 1.30 0.70 0.90

35Sn-40Pb-25Bi 1.60 1.22 0.80 1.39 1.24 1.10 0.71

60Sn-40Pb 47 B 7E 230°C I 5 7 Fh4&F I 2H 4,
FEAN B 0 2 i Y RE IR, A & K Sn-3. 5Ag I
35Sn-40Pb-25Bilif i) i i 4 , il R 11 B, AT RE K
HEA M BRI 1 (a) AT LLE W,
SR SR RO i R S TR AR R AT

Sn-3.5Ag 5T RHE 230°C BT 5 A ~ F iX 6 F4T
UV, 76 NG5 00 32 10 5 BE VIR , ¥ Uk ) B RL 2
JEIE TR MR K 60Sn-40Pb , i R TE B IR /), 4R
SR . BT (b) Al LU Y K SO R, i
FURESE ERYERE R LE, 5 G BRI LA R BN R
% . 35Sn-40Pb-25Bi 4FkHE 230°C It 5 7 Fh4F 3
WA EARGE N R B REHE M, HE 1 () /T LA
AR ST U 3 R S TR M e R AT, R
1] AR (X T 60Sn-40Pb £F &L, (H 1 F I A T Bi ot
B A s A, SO IS TR R AT SRR

A~F X 6 FEFRI I aE S 3 FhEFRIAL G, T W
AR, IR RO & 7, TR SOR B 4 1Y 551
S A(H,PO,) RG>, HNE K5
TV BT B R T rp @l R O A (0 RIS, T 1 K
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Fig.2 Wetting effects of different solder and solder flux

(b) Sn-3.5A¢g'jg

(¢) 358n-40Pb-25Bi jg

combinations on solder flux of aluminum alloy surface
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Table 4 Brazing material spreading area on

hot nickel plating aluminum alloy specimens c¢m’

LR S
A1k
a b c d e f g
60Sn-40Ph 1.41 1.37 0.90 0.75 0.80 0.48 1.31
Sn-3.5Ag 0.58 0.51 0.46 0.40 0.46 0.34 0.59

35Sn-40Pb-25Bi 1.28 1.27 0.68 0.52 0.55 0.40 1.24

3FETRS a ~ g 3X 7 MAET R 2 B4 & AT
TR PE IS , 3R 4 Rl DU Y, AT AR AE A B
B A SR RN . WA 2 B, R RB R
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Fig.3 Internal inspection photographs of brazing

welding workpieces with Sn-3.5Ag
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Fig.4 Internal inspection photographs of brazing
welding workpieces with 60Sn-40Ph
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Fig.5 Internal inspection photographs of brazing
welding workpieces with 35Sn-40Pb-25Bi
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Fig. 6 35Sn-40Pb-25Bi braze welding head
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Fig. 7 Line analysis of 35Sn-40Pb-25Bi solder and

nickel plating layer
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Fig. 8 Line analysis of 35Sn-40Pb-25Bi solder and

stainless steel layer
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Fig.9 Point analysis of 35Sn-40Pb-25Bi solder and
nickel plating layer
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Table 5 Point 1 composition analysis results

JLHE JLE G /% JEF 5 H/at%
Ni 2.51 5.63
Cu 14.42 29.94
Sn 24.55 27.28
Ph 38.28 24.37
Bi 20.25 12.78

6 m2EDDNER

Table 6 Point 2 composition analysis results

JLHE JLHE & /% JRF 5 H/at%
Ni 2.46 4.17
Cu 20.20 31.714
Sn 74.89 62.94
Ph 0.79 0.38
Bi 1.67 0.80

35Sn-40Pb-25Bi £FRHE —F A & A9 AR 2k &
34 HAUE 10 FoR , 77 78 58 6 X IR
IR €8, DX 2 Fif b 22 5 K i) IX R, P o £ X3
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B-BiPb, , I & [X 45k ( A5 4 ) EDS A6 I 15 %1 () 3= 2 g
Gy DL 8 2 41 TRy ) I s A

i AT RS
10 35Sn-40Pb-25Bi & 44 L4URE
Fig. 10 35Sn-40Pb-25Bi alloy organization state

&7 35Sn-40Pb-25BisFRIE I O DHER
Table 7 35Sn-40Pb-25Bi solder point 3 composition

analysis results

JTER JLE /% JRT i  at%
Sn 2.8 4.8
Pb 65.29 64.12
Bi 31.91 31.07

#£ 8 35Sn-40Pb-25Bi Rl 4 O DMER
Table 8 35Sn-40Pb-25Bi solder point 4 composition

analysis results

TLHR TER & /% JE o L/ at%
Sn 95.90 97.63
Bi 4.10 2.37
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Low-temperature brazing wettability research of LD30 aluminum alloy and
304 stainless steel

the wettability research. Through wettability study contrast,

XIONG Huan, QU Wengqing "

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

Abstract: LD30 aluminum alloy with 304 stainless steel using low temperature brazing was performed in

three kinds of low melting point solders

60Sn-40Pb, Sn-3.5Ag and 35Sn-40Pb-25Bi which were suitable for LD30 aluminum alloy and 304 stainless

steel were chosen, and solder flux was selected. The joint of microstructure, phase composition, X-ray inspec-
tion were analyzed. Results show that the 60Sn-40Pb and 35Sn-40Pbh-25Bi combine with H,PO, have good
wettability on 304 stainless steel; the 60Sn-40Pb and 35Sn-40Pb-25Bi combine with 50% H,PO, and 50%

glycol have good wettability in the brazing experiment and the Sn-3.5Ag has relatively poor wettability.

Key words: LD30 aluminum alloy; 304 stainless steel; wettability ; low-temperature brazing; solder
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Table 1 Fourier expansion coefficients of

boundary temperature

P n a,/C b,/C
1 -62.675 —-42.275
2 1.5987 x10 " 7.1054 x10°"
3 -0.43798 2.0606
4 -7.1054 x10°" 5.3291x10°"
5 -3.5376 0.62377
6 8.8818 x10°1° -8.8818 x10°1°
7 -0.52260 -0.83633
8 -1.1102 x10'® -8.8818x10° "
9 0.53535 -0.38895
10 4.4409 x 10 ' 2.2204 x10 1
11 -0.70952 -0.17690
12 3.5527 x10°"° 8.8818 x10°'°
13 ~1.0451 x10 2 —~7.4364 x10 72
14 4.4409 x 10 ' -8.8818 x10°1°
15 -0.30396 0.17549
16 3.3307 x10°'¢ 1.8041 x 10 '°
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Table 1 Pressure on plate changes with zone
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Table 2 Pressure on plate changes with time

t/s p/MPa
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Abstract: In order to calculate the electro-magnetic force on skin and changes with time more accurately,

the working mechanism and process of the electro-impulse de-icing ( EIDI) system were studied. The current

in circuit of the system was calculated and analyzed. The electromagnetic field of the system was simulated by

solving the Maxwell equations. Electromagnetic force time history was calculated and analyzed. The distribu-

tion of flux density, eddy current density and transient electromagnetic force density on skin was acquired.

Meanwhile, it was accurately acquired how electromagnetic force changed with time by simulating the real cir-

cuit working whose inductance was influenced by skin. Moreover, considering that skin effect affects the eddy

current and electromagnetic force density, finite element method is more reasonable for calculating the distri-

bution of electromagnetic force on skin.
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