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Ultrasonic imaging method for distribution uniformity of
reinforcement in SiCp/Al composites
SUN Guangkai'?>, ZHOU Zhenggan'*"""

(1. Key Laboratory of Nondestructive Testing, Ministry of Education, Nanchang Hangkong University, Nanchang 330063, China;
2. School of Mechanical Engineering and Automation, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;
3. The Collaborative Innovation Center for Advanced Aero-Engine ( CICAAE) , Beijing University of Aeronautics and
Astronautics, Beijing 100083, China)

Abstract: In order to improve the accuracy for ultrasonic characterization of the uniformity of SiCp/Al
composites, the imaging methods based on ultrasonic attenuation and velocity for the distribution uniformity of
SiCp particles were studied. SiCp/Al specimens with different volume fractions of SiCp were prepared. Ulira-
sonic attenuation imaging for the specimens was carried out by water immersion ultrasonic system, and the re-
lation of ultrasonic attenuation with SiCp volume fraction was analyzed. The quantitative relation of ultrasonic
velocity with SiCp volume fraction was analyzed experimentally, and ultrasonic velocity imaging of the speci-
mens was carried out. Metallographic method was used to observe the micro characteristics of the specimens,
and the material uniformity of the specimens with different SiCp volume fractions was analyzed. The applicabil-
ity and accuracy of the imaging methods based on ultrasonic attenuation and velocity were comparatively ana-
lyzed. The results present that the ultrasonic attenuation imaging method is suitable for the basic analysis of the
distribution of SiCp particles, and the ultrasonic velocity imaging method is more accurate and suitable for the
quantitative analysis of SiCp particle distribution.
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electro-hydraulic brake system
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Booster algorithm and functionality validation of an integrated
electro-hydraulic brake system
GAO Feng, YONG Jiawang, DING Nenggen " , XU Guoyan

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

Abstract. Because the conventional vacuum booster brake systems cannot be applied to electric vehicles
directly, an integrated electro-hydraulic brake (IEHB) system, which consists of a hollow brushless DC mo-
tor, a ball screw assembly, a 3-chamber master cylinder, a pedal cylinder and a pedal stroke simulator, was
developed. The TEHB meets all the future requirements of electric vehicles and active safety technologies,
such as electric brake booster, brake-by-wire, coordination with regenerative braking, etc. A sliding mode
controller was proposed to improve brake booster performance of the system and Lyapunov function approach is
used to ensure the controller robustness. The experimental results show that the proposed controller can control
the motor to generate hydraulic pressure in the 3-chamber master cylinder quickly, and force the screw to fol-
low with the push rod well to provide comfortable pedal feeling; the system can also realize brake-by-wire and
manpower backup brake functions, and meet the requirements of the regulation; the pedal stroke simulator can
generate smooth and continuous pedal feeling.

Keywords: electro-hydraulic brake; electric booster brake; brake-by-wire; electric vehicle; sliding

mode control; pedal feeling
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Table 1 Frequency parameters of non-conforming

clamped square plate

h/1=0.1 h/1=0.2
LS B4
LU Liew 45060 S U 40 #1 Liew 45010
1 3.2970 3.2954 2.6884 2.6875
2 6.2705 6.2858 4.6809 4.6907
3 6.3047 6.2858 4.7021 4.6907
4 8.8106 8.8098 6.2986 6.2985
5 10.3771 10.3788 7.1743 7.1767
6 10.4843 10.4778 7.2783 7.2759
7 12.5394 12.5529 8.5070 8.5155
8 12.5700 12.5529 8.5227 8.5155
9 15.2960 15.2918 10.0089 10.0126
10 15.3057 15.2918 10.0177 10.0126
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Isogeometric analysis of Mindlin plate with local gap and
overlapping feature
ZHAO Gang, DU Xiaoxiao, WANG Wei "

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

Abstract: In the frame of isogeometric analysis (IGA), non-uniform rational B-spline (NURBS) serves
as both the description of geometries in computer aided design (CAD) and the shape function in finite element
analysis (FEA). The common problems of gap and overlapping in NURBS models increase the difficulty of
analysis. Based on Mindlin plate theory, the NURBS plate models with gap and overlapping were analyzed by
IGA method. The Nitsche method was employed to solve non-conforming problem along models’ interfaces.
The simulation results of benchmark problem obtained by IGA method were compared with analytical solutions
to verify the validity of the presented method. It is demonstrated that Nitsche based IGA method can be used to
analyze non-conforming Mindlin plate models with local gap and overlapping feature. Higher NURBS polyno-
mial degrees will produce more accurate IGA results and faster convergence.

Keywords: isogeometric analysis ( IGA ); Mindlin plate; non-conforming; Nitsche method; gap

and overlapping
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Hobbing method of face gear based on spherical hob

WANG Yanzhong" "™, TANG Wen', YIN Yongyao', LAN Zhou', HOU Liangwei', JIA Shuang’

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

2. China North Vehicle Research Institute, Beijing 100072, China)

Abstract: Face gear transmission has outstanding advantages, and has broad application prospects in the
field of aviation. In order to improve the machining efficiency of face gear, the spherical gear hob and hobbing

of face gear based on spherical gear hob were studied. The forming process of gear shaping was derived

according to the forming principle. The process of the evolution from the cylindrical gear to the basic worm of

spherical gear hob was studied, the forming method of spherical hob was analyzed, and the surface equation
and spiral angle of the basic worm of spherical gear hob were deduced. A coordinate system was built for face
gear machining process based on spherical hob, and the formula of face gear obtained by hobbing was de-
duced. The machining simulation of two cases was carried out using VERICUT. The hobbing was performed
and the detection results show that the spherical gear cutter can be used in the machining of face gear.

Keywords: face gear; spherical hob; worm; hobbing; machining simulation
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High-accuracy static aeroelastic analysis of fighter’ s transonic
aileron efficiency and test flight verification
HE Fei'”", YANG Chao', DAN Dan’, LIU Hai’, WANG Ming’

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

2. Department of General Design, Chengdu Aircraft Design & Research Institute, Chengdu 610000, China)

Abstract. The transonic aileron efficiency is a hotspot and difficulty in the field of static aeroelastic anal-
ysis. The computational fluid dynamics ( CFD)/computational structural dynamics (CSD) interaction method
can supply high-accuracy resolutions, but it still has problems of mesh deformation robustness and lack of veri-
fication. Aimed at the above issues, a new method of mesh deformation based on dummy grids and dummy
deformation was developed, and for the problems of non-physical oscillation and non-uniformly convergence in
the process of interaction, the lax iteration method and comprehensive residual criterions were used. Based on
the methods, the transonic (Ma =0.95) aileron efficiency of a fighter was analyzed, and the shock position/
strength and the pressure distribution due to the static aeroelastic deformation were presented. The ration of
elastic and rigid aileron efficiency was compared to the results of flight identification, which proves that the
methods can meet the requirement of high-accuracy analysis for transonic static aeroelastic problems of control
surfaces. The methods are of great significance for static aeroelastic engineering design capability enhance-
ment.

Keywords: static aeroelasticity; CFD/CSD interaction; transonic; aileron efficiency; test flight identifi-

cation
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Dynamic modeling and constant power control of wind
turbines with trailing-edge flaps
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(1. School of Automation Science and Electrical Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;
2. Beijing Institute of Astronautical Systems Engineering, Beijing 100076, China)

Abstract: The wind turbine systems with trailing-edge flaps have broad prospects in application of large-
scale wind turbine system. In the smart wind turbines with variable trailing-edge flaps, the aerodynamic char-
acteristics of the blades can be regulated by using the trailing-edge flaps, and then the purpose of the constant
power output of the wind turbines can be achieved. In this paper, the aerodynamic model of wind turbine
blades with variable trailing-edge flaps is presented firstly by blade element moment method. Then a nonlinear
dynamic model of smart wind power system is established. The nonlinear model is linearized by dynamic inver-
sion method. Based on the linearized model, the feedback controller is designed through H_ control. Finally,
simulations are carried out for cases with 12 = 16 m/s step wind and actual wind based on four component
model. Simulation results show that the control strategies are capable of controlling output power of wind power
system effectively.
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Abstract: Two-switch cascade converter is the most appropriate solution for efficient high-power applica-
tions among the existing converter topologies. However, the cascade structure and the nonlinear dc gain of
Boost circuit are more likely to cause severe oscillations if the criterion for the selection of the operation mode
is chosen improperly during step-up/step-down transition. A novel high-power IPOSBHB converter was pro-
posed. The circuit structure and basic relations were analyzed. And the open-loop small-signal model of Buck
mode and Boost mode was established. The carrier wave parallel-shifting combinational control method was de-
signed. The inconformity of the transfer functions, the discontinuity caused by duty cycle and the disturbance
of input voltage were analyzed and the methods for compensation were also proposed. The carrier wave paral-
lel-shifting combinational control strategy and the compensation methods proposed were easy to be carried out
to achieve effective control at steady state and achieve smooth transition at step-up/step-down mode change,
and also reduce the adverse effect caused by the disturbance of input voltage. A 15 kW prototype is used to
validate the proposed theory.
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Abstract: Aimed at solving the problem of big error between the measured data and the calculated results
of traditional adjacent interference model, the model of signal-to-noise ratio and the model of nonlinear re-
sponse at receiver radio frequency front end are combined. Considering the noise generated by frequency mix-
ing between adjacent frequency interference signal and the local oscillator phase noise, the model of the reduc-
tion of very high frequency ( VHF) radio sensitivity is proposed by giving a noise correction factor. The error
of the approach is about 3 dB compared with the typical measured data. The comparison between the calculated
results and test data shows that the approach can describe the sensitive characteristics of adjacent channel in-
terference accurately. The assessment method of the adjacent channel interference between airborne radios is
presented by giving the calculation flow with helicopter fleet application example, which verifies the applicabil-
ity and effectiveness of the above methods and shows that the approach and assessment method have certain en-
gineering application value.
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