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Feedback-terative Channel Estimation Algorithm for Aeronautical

Communication System

ZHANG Jiankang ZHAO Youyou SHANG Yingbo MU Xiaomin

( School of Information Engineering Zhengzhou University Zhengzhou 450001 China)

Abstract: The existing channel estimation algorithms have witnessed the disadvantages of high estimation error
due to the fast time-varying channel and large propagation delay in the aeronautical communication system.
This paper proposed an feedback iterative channel estimation algorithm based on the two-path Rice channel
model for the en—route scenario. The proposed algorithm only used a small pilot overhead for rough least square
(LS) channel estimation and signal detection after being modulated and encoded the obtained signals were
fed back to the channel estimator used as pilot symbols again. Finally the proposed scheme was capable of
converging to a stable performance with two iterations. The simulation results demonstrate that the proposed
channel estimation scheme was capable of achieving about 2 dB mean square error when the signal-to-noise ra—
tio ( SNR) was less than 20 dB  which verified that this algorithm could improve the accuracy of the aeronauti—

cal channel estimation.

Key words: aeronautic communication; pilot; OFDM; channel estimation; feedback iterative
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Table 1 The experimental data of resonant frequency

(impedance) and anti-resonance frequency (impedance)

/kHz
I I I I
( 1 988 1 044 985 1 045
2 987 1 044 985 1 045
3 988 1 043 985 1 045
4 988 1 044 985 1 045
5 986 1042 985 1 045
Q)
I I I I
1 40 1 480 39 1 480
2 39 1 478 39 1 480
3 40 1485 39 1 480
4 38 1 480 39 1 480
1 5 41 1482 38 1480
Figure 11 The amplitude testing schematic of sensor ]
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Table 2 The experimental data of static capacitance Table 4 The output amplitude test results of
pF self-sending and self-receiving sensor A%
100 500 1000 1500 2400 30°C 40°C 50°C 60°C 70C 80 °C 90 C
[-1 104 502 1011 1492 2463 1 1.83 1.81 1.8 1.8 1.78 1.71 1.63
I2 108 501 1014 1495 2467 2 .77 1.75 1.73 1.72 1.69 1.61 1.54
13 107 508 1018 1496 2468 3 1.66 1.63 1.61 1.58 1.53 1.48 1.44
[4 109 502 1017 1495 2467 4 1.58 1.56 1.53 1.51 1.48 1.42 1.33
15 107 504 1015 1496 2467 5 .56 1.54 1.49 1.4 1.36 1.24 1.15
-4 105 495 1010 1500 2440
-2 105 495 1010 1500 2440
3 105 495 1010 1500 2440
4 105 495 1010 1500 2440 %
-5 105 495 1010 1500 2440 %
3.3 —
3 5 o
3
12
Figure 12 The data gragh of self-sending and
. self-receiving
3 5

Table 3 The experimental data of the sending wave

amplitude and the returned wave amplitude V

Table 5 The output amplitude test results of sensors

with one sending and one receiving A%

30°C 40°C 50°C 60 °C 70°C 80 °C 90 C

1-2 1.56 1.56 1.54 1.51 1.49 1.44 1.33
2—1 1.57 1.56 1.54 1.52 1.50 1.46 1.34
3—»4 1.54 1.53 1.52 1.50 1.46 1.41 1.32
4—3 1.53 1.53 1.51 1.49 1.47 1.40 1.30

I I I I
1 0.34 0. 26 2.50 1. 86
2 0.34 0.25 2.50 1.85
3 0.34 0.24 2.51 1. 86
4 0.28 0.22 2.48 1.91
5 0. 36 0.26 2.50 1.90
3.4
11 5
1)
10 min 1 2)
30 °C~90 C
10 °C; 3)
4 12 .
4 12 1 2
3 4 o
1 2
3 4
5 o “1—-27

i L W EL v

R/ C
13
Figure 13 The data gragh of one sending and one
receiving
5 13 1 .2
3 .4
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Research on Ultrasonic Sensors Characteristics and Testing Method

WANG Zhu LIU Chunlong LUO Qinghua

( School of Information Science and Engineering Harbin Institute of Technology at Weihai Weihai 264209 China)

Abstract: The accuracy of flow measurement could be affected by the consistency of the pair of ultrasonic sen—
sors. In view of the problem of poor consistency of different ultrasonic sensors this paper aimed to analyze the
influence of several closely related parameters and provide theoretical basis for the selection of the pair of sen—
sors used in the same flowmeter. At the same time the transmission line method alternative method and vari—
able frequency excitation signal were used to realize the test of ultrasonic sensors and the specific circuit de—
sign method to realize the test was given. The experimental results showed that the proposed method was stable
and reliable and a pair of ultrasonic sensors with good test performance consistency could ensure the flow
measurement accuracy.

Key words: ultrasonic sensor; performance matching; resonance frequency; antitesonance frequency; reso—

nance impedance; antiwesonance impedance; static capacitance
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Table 1 The resource consumption of FPGA

/ / 1%
LUT 53 064 203 800 26. 04
LUTRAM 3924 64 000 6. 15
FF 50 077 407 600 12.29
BRAM 103 445 23.15
DSp 60 840 7.14
10 138 400 34.50
BUFG 12 32 37.50
MMCM 3 10 30. 00
PLL 1 10 10. 00
10 MODELSIM
o RAM
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data ( O0x71.0x72 ) ;ram_wr_cnt

( 0x4100(16  )).
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High Resolution Video Image Real-time Enhancement System Based on FPGA

LIU Huajun' ZHANG Ruijue® LIU Jianfeng® WANG Sheng’ XIA Qiaogiao'

( 1.School of Physical Science and Technology Central China Normal University Wuhan 430079 China; 2.Shanghai Institute of
Space Electronics Technology Shanghai 201109 China)

Abstract. Most defogging systems mainly focused on single image lacking in stability and real-time perform—
ance. Besides the traditional image haze removal algorithm had high complexity and the histogram of bright
area was overexposed it was difficult to be applied to real-time video image restoration. Facing this problems
a 1080P full-hd video image real-time enhanced defogging system based on FPGA was designed and construc—
ted. At first the histogram statistics was conducted in RGB color space by using blocks and dividing the chan—
nels.And then the combined histogram of multi-channel was clips at a predetermined value thereby limiting
the contrast amplification. Finally the bilinear interpolation is performed between the new histogram. We sim—
ulated the improved CLAHE algorithm and tested the system for foggy video image and outdoor scenes. Ex—
perimental results showed that the system can real-time process 30 frames per second 1 920x1 080 resolution
images compared with the mainstream methods the defogging effect was better and more stable. The system
power was less than 5 watts so it could be applied to low power consumption.

Key words: image dehazing; video image; FPGA; real-time; low-power dissipation
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Sensorless Control of BLDCM Based on Improved Sliding Mode Observer

BAI Guochang YAO Jiliang

( School of Mechanical and Power Engineering Zhengzhou University Zhengzhou 450001 China)

Abstract: When the traditional sliding mode observer was used to observe the line back electromotive force
( line back-EMF) of brushless dc motor ( BLDCM) a low-pass filter was required because of the excessive
chattering of the system. However the phase delay caused by the filter could not be accurately compensated
resulting in inaccurate commutation. This paper proposed to apply the sigmoid function to the sliding mode
observer and used its smooth and continuous characteristics to reduce chattering. At the same time a variable
sliding mode gain was deduced to further weaken the chattering of the system based on the Lyapunov theorem.
Through these measures the line back4:MF observations observed could directly determine the commutation
signal. The simulation and experimental results showed that the improved sliding mode observer reduced the
peak value of line back-EMF observation errors at 400 r/min and 3 000 r/min by 70% and 54. 8% respective—
ly obtained more accurate commutation signals and improved the brushless dc motor positionless control sys—
tem performance.

Key words: brushless dec motor; sensorless control; improved sliding mode observer; the system chattering;

the sigmoid function; variable sliding mode gain
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Vegetable Recognition Algorithm Based on Improved YOLOV3

WEI Hongbin ZHANG Duanjin DU Guangming XIAO Wenfu

( School of Information Engineering Zhengzhou University Zhengzhou 450001 China)

Abstract: The queuing and weighing problem was common in bulk vegetable area of supermarket. If weighing
equipment could automatically recognize vegetable it would effectively improve the operational efficiency of
supermarket. Therefore a vegetable recognition method based on improved YOLOv3 was proposed. Firstly
vegetable pictures were collected by using high-definition camera and web crawler technology. Secondly 15
groups of anchors suitable for vegetable datasets were obtained by K-means clustering analysis. Thirdly a new
bounding box regression loss function DIoU was proposed to improve the precision of detection task. Finally as
there were many large objects in vegetable datasets 5 groups of feature pyramids with different scales were ob—
tained by enhancing feature extraction network to realize vegetable detection task. The mAP of the improved
YOLOvV3 algorithm on the test dataset was 93.2% and the recognition rate was 35 fps. This method improved
the recognition of mAP while guaranteeing real-time object detection.

Key words: vegetable recognition; K-means; convolutional neural networks; feature pyramid; YOLOv3
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Numerical Simulation of Weld Fatigue Life of Moving Components of Lifting Platform

GAO Xianglin WANG Jianming WANG Yan LI Bozhi

( School of Mechanical Engineering Shandong University Jinan 250061 China)

Abstract: Aiming at the prediction of weld fatigue life of moving components of scissors lifting platform a
simulation method of weld fatigue life of moving components based on BS7608 standard was proposed. Firstly
the time-varying load at the hinge of the moving component is obtained by multi-body dynamics simulation a-
nalysis. And the load was mapped to the local coordinate system of the component to be analyzed by coordinate
transformation. Then the FEM model of the fatigue life prediction was established in the local coordinate sys—
tem of the component to be analyzed. The modeling process involved the key problems such as reasonable se—
lection of hinges to define the static constraints of displacement and the application of time-varying loads on
the hinges in the local coordinate system. According to the SV curve provided by BS standard the fatigue life
distribution of base metal and weld was predicted. The correctness and validity of this method were verified by
the fatigue test results. It shed new lights on the fatigue life prediction of weld of components with wide range of
rigid body motion.

Key words: lifting platform; moving component; weld; fatigue life; BS standard
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1 18CrNiMo7-6

Table 1 The mass fraction of chemical composition of 18CrNiMo7-6 alloy Yo
C Si Mn P S Cr Mo Ni
0.15~0.21 0. 40 0.50~0.90 0. 025 <0. 035 1.50~1. 80 0.25~0. 35 1.40~1.70
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Table 2 Material parameters of 18CrNiMo7-6 alloy

/GPa /MPa /MPa
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Constitutive Parameters of 18CrNiMo7-6 Alloy Determined by a Polycrystalline Model

WANG Gang' > SONG Jian' > ZHANG Jianwei’ WANG Bingbing’

( 1.School of Mechanical and Power Engineering Zhengzhou University Zhengzhou 450001 China; 2.Henan Province Engineer—

ing Laboratory for Anti-fatigue Manufacturing Technology Zhengzhou University Zhengzhou 450001

China; 3.School of Me—

chanics and Engineering Science Zhengzhou University Zhengzhou 450001 China)

Abstract: Grain geometry models with inhomogeneity of microstructures and crystal plastic finite element

methods ( FEMs) have attracted more attention over recent years. To obtain constitutive parameters anisotropy

elastic and plastic constants of 18CrNiMo7-6 alloy steel were studied by using a crystal plastic FEM with soft—

ware ABAQUS. Further based on a polycrystalline FEM  sensitivity analysis of plastic parameters was carried

out with a crystal ratio-dependent hardening model. In line with numerical calculations and tensile tests a cost

function was proposed and applied to determine a set of optimal plastic parameters. The results provided neces—

sary material parameters for analysis of uneven stress concentration induced by microstructures.

Key words: 18CrNiMo7-6 alloy steel;

material parameters

crystal plasticity;

finite element analysis;

stress-strain curve,
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Dynamics Modeling and Simulation of Compliant Mechanisms
Using Absolute Nodal Coordinate Formulation

ZHANG Zhigang ZHOU Xiang FANG Zhanpeng XIAO Yanqiu

( Henan Key Laboratory of Intelligent Manufacturing of Mechanical Equipment Zhengzhou University of Light Industry Zheng—
zhou 450002 China)

Abstract: The modeling method for the compliant rod with large deformation was studied by using absolute
nodal coordinate method and the rigid-flexible coupling dynamic equations of the compliant mechanism were
established. Considering the deformation characteristics of the compliant rod at the external connection the
new ANCF beam element with end deformation constraints was proposed. Based on the locking alleviation tech—
nique the effect of the locking phenomenon of the absolute nodal coordinate beam element on the dynamic
simulation of compliant mechanism was investigated. Finally numerical examples were given to verify the ac—
curacy and effectiveness of the absolute nodal coordinate method for the dynamic problems of compliant mecha—
nisms.

Key words: compliant mechanism; absolute nodal coordinate formulation; large deformation; rigid+flexible
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Study on Diffusion Coefficient of Carburizing Process
Simulation of 18CrNiMo7-6 Steel

QIN Shengwei ZHANG Yufang ZHANG Bang

( Henan Engineering Laboratory of Anti-fatigue Manufacturing Technology Zhengzhou University Zhengzhou 450001 China)

Abstract: The gas carburizing process of 18CrNiMo7-6 steel was simulated based on DEFORM-HT software.
Two different carbon diffusion coefficient models the D( T C) model considering the effect of temperature and
carbon atoms as well as the D( T M C) model considering the combined effect of temperature alloy and carbon
atoms were compared in this study. Moreover numerical simulation and experimental verification of three car—
burizing processes with different depth of carburized layer were carried out in this study. The mechanical strip—
ping method was used to measure the distribution of carbon content along the depth under different carburizing
processes and the comparison with simulation results showed that simulation accuracy with D( T M C) theory
was higher. However when the case depth reaches 4mm a big difference was appeared between the experi—
ment and simulation results of the surface carbon content. The diffusion coefficient of carbon atoms was re—
duced due to the Cr and Mo elements could easily combine with carbon atoms to form carbides in the case of
long time carburizing. Meanwhile the formation of carbides led to the high surface carbon content of 1. 0%
which was higher than the ambient carbon potential ( 0. 8%) in the last stage of carburizing process.
Keywords: DEFORM-HT sofiware; 18CrNiMo7-6 steel; carburizing simulation; diffusion coefficient; alloying
element; carbide
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Voltage Reactive Power Coordination Optimization of Distributed
New Energy Network Considering DR

ZHANG Jian' ZHANG Yuxiao' XIONG Zhuangzhuang® ZHU Yongsheng’ XIE Jiaxin'

( 1.School of Electrical Engineering Zhengzhou University Zhengzhou 450001 China; 2.State Grid Shanxi Electric Power Com—
pany Jincheng Power Supply Company Jincheng Shanxi 048000 China; 3.School of Electronic and Information Engineering
Zhongyuan University of Technology Zhengzhou 450007 China)

Abstract: Aiming at the influence that the high penetration rate of distributed power sources brings to the sta—
ble operation of the distribution network a method was proposed to analyze the coordination and optimization
of voltage and reactive power on the demand side by adding demand response. Based on the models of inter—
ruptible and translatable loads etc. a voltage and reactive power coordination and optimization model for dis—
tribution networks was established. The second-order cone method was used to linearize the original mixed-inte—
ger nonlinear model and a mixed-integer second-order cone programming model was established. The effects
of voltage and reactive power and the stability of the electrical network before and after the demand response
were analyzed. The results showed that the model could effectively absorb distributed energy improve energy
efficiency reduce system operating costs and significantly improve voltage.

Key words: distributed power supply; demand response; interruptible and translatable loads; voltage reactive

power coordination optimization; mixed integer second-order cone programming mode
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3 3
Table 3 Calculation results of three criteria corresponding to the model
AIC BIC HQC
ARMA( 0 0) 616. 129 977 668 620.991 611 266 618. 084 313 453
ARMA( O 1) 616.713 923 055 624. 006 373 452 619. 645 426 732
ARMA( 1 0) 617.287 849 302 624. 580 299 699 620. 219 352 979
ARMA(1 1) 619. 565 819 477 629. 289 086 673 623. 474 491 046
ARMA( 1 2) 617.420 318 781 629. 574 402 776 622.306 158 242
ARMA(2 1) 616. 618 160 310 628. 772 244 305 621.503 999 771
ARMA(2 0) 614.861 352 414 624.584 619 610 618. 770 023 983
ARMA( O 2) 616. 099 303 415 625. 822 570 611 620. 007 974 984
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Time Series Prediction Method of Dissolved Gas Content
in Transformer Oil Based on ARIMA Model

JIA Rubin GAO Jinfeng

( School of Electrical Engineering Zhengzhou University Zhengzhou 450001 China)

Abstract: The dissolved gas content in transformer oil was an important index to measure the operating state of
transformer. Prediction method of gas content in transformer oil was explored by using differential
autoregressive moving average model. In this method the time corresponding to the gas content value was used
as the index input model to predict the time series by python programming. In the process of modeling the unit
root test of the stationary time series was carried out by augmented dickey-fuller test statistic. The original non—
stationary time series was transformed into stationary time series by differential processing. Then by using the
principle of parameter selection of auto correlation function and partial auto correlation function several groups
of models were obtained and the akaike information criterion bayesian information criterion hannan-quinn
criterion were used in the process of selecting several groups of models. Finally the residual error of the opti—
mal selection model was tested by the correlation test method and the gas content was predicted by the model
which meets the residual requirements.The experimental results showed that the proposed prediction method
has high prediction accuracy and could provide valuable reference for the reasonable arrangement of
transformer condition maintenance.

Key words: transformer oil; gas content; time series; ARIMA model; prediction
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Optimization Method Based on Depth-first Search and Grey Wolf
Optimization Algorithm for Reconfiguration of Microgrid

ZHANG Qinglin  XIN Xiaonan CHENG Zhiping

( School of electrical engineering Zhengzhou University Zhengzhou 450001 China)

Abstract: In order to solve the problem of continuous load supply and stable operation of the system when the main
network with unplanned faults and the microgrid shifted from grid-connected to the island mode from a global per—
spective of coordinating and controlling the equipment in the power network a microgrid reconfiguration model was
established and a reconfiguration method combining depth first search and gray wolf optimization algorithm was pro—
posed. This method took the switch state and the power of the adjustable equipment as the optimization variables.
Aiming at the problem of nonradiative grid structure in the process of reconstruction and optimization the method
used depth first search to identify analyze and process the grid structure. The method used forward and backward
method to calculate the network power flow distribution and took gray wolf optimization algorithm to obtain the re—
construction scheme. The simulation results showed that the proposed hybrid reconfiguration method had stronger
global search ability and its reconfiguration results were feasible and better. Moreover it was more advantageous
than the only switch state or power variables for system optimization and adjustment that the reconfiguration strategy
took the combination of switch state and power as the optimization variables.

Key words: microgrid; reconfiguration; depthfirst search; grey wolf optimization algorithm; network struc—

ture; radial structure

( 49 )

Performance Analysis of Surface Modification Layer of 18CrNiMo7-6 Gear
Steel Treated by Ultrasonic Rolling

LIU Zhihua ZHANG Tianzeng YANG Mengjian DAI Qilong ZHANG Yinxia

( School of Mechanical and Power Engineering Zhengzhou University Zhengzhou 450001 China)

Abstract: The performance and processing technology of surface modification layer of 18CrNiMo7-6 gear steel
after ultrasonic rolling were studied. The measurement instructions such as 3D surface topography measure—
ment system microhardness instrument super depth of field 3D microscopy system and high power X—ay dif-
fractometer were used respectively to observe the variation of surface modification layer of the sample. The
effects of ultrasonic rolling process parameters on surface modification layer were studied by single factor test.
The results showed that after ultrasonic rolling the surface roughness of the specimen is decreased from the
untreated 3. 003pum to 0. 468 um. Significant work hardening formed on the surface of the material after ultra—
sonic rolling. Surface microhardness increased by 22. 7% from 360. 9 HV to 442. 9 HV and the high hardness
layer reached 300 pwm. Flat surface appeared after ultrasonic rolling. The maximum residual compressive stress
occured at a distance of 40 pm from the surface which was about —=790. 97 MPa. Ultrasonic rolling technology
significantly improveed the properties of the modification layer.

Key words: ultrasonic rolling processing; 18CrNiMo7-6; surface roughness; hardness; residual stress
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The Stability Analysis of Reinforced Concrete Shear Wall under Vertical Compression

SONG Linjian ZHAO Jun

( School of Mechanics and Safety Engineering Zhengzhou University Zhengzhou 450001 China)

Abstract: With vertical load buckling failure of reinforced concrete shear walls might occur because of its
insufficient stability. The excellent load capacity and seismic performance of shear wall could not take effect.
The boundary conditions were analyzed to be simplified reasonably based on the loading features of reinforced
concrete shear wall in practical engineering. An analytical model of orthotropic slab with two simply supported
boundaries and two free boundaries was built. The critical stress formula of shear wall at out-of-plane buckling
failure under vertical load was obtained using the principle of stationary potential energy. According to the crit—
ical stress formula obtained the influences of the height and thickness diameter and space of longitudinal re—
inforcement of shear wall on the critical stress were discussed. The further research about the effective
measures to improve the stability of shear wall under vertical load was completed.

Key words: reinforced concrete; shear wall; stability; orthotropic; principle of stationary potential energy
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#a ﬁﬂﬂ/ Table 1 Mechanical properties of steel bar and steel
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1 ¢l6 022 Q345D
Figure 1 Embedded connector with flange plate S, IMPa 445.2 470. 6 384.4
f./MPa 615.3 635.4 517.1
1 E_/GPa 200 200 206
1.1 2
Table 2 Mechanical properties of concrete
1:1 . C40 C55
) fuu/MPa 46. 4 57.5
° E./MPa 3.25%10* 3.55%10*
o Q345D
1600 ( 3) 5 3
HRB335 16 mm 22 mm Table 3 Parameter list of test specimen
HRB335 22 mm( 2)
/ / / / /
1 mm mm mm mm mm
) ’ bwAl €55 250 8 4 2 2
C40 C55
bw-A2 C40 250 8 14 22 22
° 3e bw-A3 C55 250 10 14 22 22
1.2 bwA4 €55 250 10 14 16 22
bw-AS5 C40 250 12 14 22 22
. bw-A6 C55 250 14 14 22 22
6 4 bw-A7 C55 250 14 14 16 22
bw-A8 C55 250 20 14 22 22
1.3 5 °
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Table 4 Test results of test specimens
/mm T, /kN T,/kN Q,/kN Q,/T, Q,/kN Q,/T, Q,/kN  Q,/T,
bw-Al 4.12 400 1 090 1385.07 1.27 529. 69 0.49 2561.59 2.35
bw-A2 4.63 420 1220 1212.22 0.99 481. 60 0.39 2186.07 1.79
bw-A3 7.89 480 1 420 1385.07 0.98 529. 69 0.37 2561.59 1.80
bw-A4 7.06 460 1 425 1385.07 0.98 406. 67 0.29 2307.74 1.62
bw-A5 5.44 650 1710 1212.22  0.71 481. 60 0.28 2186.07 1.28
bw-A6 4.98 570 2125 1385.07 0.65 529. 69 0.25 2561.59 1.21
bw-A7 4. 67 550 1925 1385.07 0.72 406. 67 0.21 2307.74 1.20
bw-A8 2.89 600 2 200 1385.07 0.63 529. 69 0.24 2561.59 1.16
T T ;O (2) ; Q2 (3) ; Qs
(1) .
(1) T, 0, bw-A5 "
4 Ql °
(3) r, Qs
; T2 03 Q3
1.5 20%
(2) r, (2) .
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Experimental Study on Shear Bearing Capacity of Embedded
Connector with Flange Plate

ZHANG Zhe' SHI Jin' LI Guogiang® TANG Yi’ LI Feiran® WANG Yan® SUN Dongsheng’

( 1.School of Civil Engineering Zhengzhou University Zhengzhou 450001 China; 2.School of Civil Engineering Tongji University
Shanghai 200092 China; 3.Henan Provincial Communications Planning & Design Institute Co. Ttd Zhengzhou 450001 China)

Abstract: A embedded connector with flange plate was proposed. According to the actual project eight speci—
mens were fabricated and tested and their relationships of load-slip curve in different stages were analyzed. The
influence factors of the shear bearing capacity and failure modes of the connector were studied. The results
showed that when the width-to-thickness ratio of the steel flange plate satisfied certain conditions the shape of
the crack in the thickness direction of the slab was a straight line and the shape of the crack in width of the
concrete slab was corrugated. Otherwise the buckling of the flange plate was occurred and concrete cracks
were not fully developed. The loading could not be implemented due to the buckling of flange plate and the
tests were finished prematurely. The shear capacity of the specimens that the flange didn’t buckle in advance
was about 1. 5 times of the theoretical value of the current theory on embedded connector which proved that
the flange plate significantly improved the shear capacity of the innovative connector.

Key words: composite structure; embedded connector; flange plate; push-eut test; load-=slip curve; ultimate
bearing capacity
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Table 1 Geometric dimensions for main DS-TBM
components
DS-TBM DS-TBM
/m 12.2 /m 5
/m 12. 13 /m 6
/m 12.07 /m 0.03
/m 11. 17 /m 2
/m 0.75 /m 0.45
3DEC burgers
( CVISC) .
14 2.
TBM

’ . TBM

2

Table 2 Creep constitutive parameters of rock mass

Maxwell G" /MPa 0. 566
Maxwell 1" /( MPa*a) 27.98
Kelvin G" /MPa 498.1
Kelvin 7" /( MPa+a) 4.26
o,/MPa 0.008 5
37,

3
Table 3 Physical and mechanical properties of main

components and lining

/ / /
GPa GPa (kgem™)
167 76.9 7 600
167 76.9 7 600
20 15 3 000
0.417 0.192 2 400
0. 833 0. 385 2 400
12.2 m 4
50 m 1 m
50 . 3 .
1.3
TBM F, TBM
(1) .
R(1) +Ry +F, > F, (1)
“R,(t)  TBM P R,
TBM ,F,  TBM
R(1) (2) o
R(1) =R(1) ~p-p (2)
R(t)  TBM ;u TBM
B .
R (1) FISH
TBM \ -
0.15~0.30° w=0.30. B
r
R ! 0.988.0.983  0.978.
R, (3) .
Ry =uW (3)
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2.1 TBM

A 0.8~1.5, A
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Figure 5 The impact of A on the total resistance E=1.12.24GPa TBM
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Impact of Lateral Pressure Coefficient and Backfilling Material on Double Shield
TBM Jamming Control

WEN Sen JIA Shuyao GAO Xingpu

( Institute of Geotechnical and Rail Transport Engineering Henan University Kaifeng 475004 China)

Abstract: In order to study the impact of lateral pressure coefficient ( A) elastic modulus of backfilling mate—
rial ( E£) and length of soft backfilling ( L,) on TBM jamming control in deep squeezing ground models were
established by 3DEC to explore the interaction between DS-TBM and surrounding rock mass. The Modified
Burgers ( CVISC) model was adopted to simulate different excavation stages of TBM in the numerical calcula—
tion and the main conclusions were drawn as follows: (1) the greater the A was the more disadvantageous to
TBM jamming control: when A <1 its influence on jamming control was small; when 1<A <<1.2 its influence
was increasing gradually; when A=1.2 the total resistance of TBM increased sharply and its very adverse for
TBM jamming control; (2) The greater the E was the less the total contact force and total resistance of TBM
were and the more favorable to TBM jamming control; ( 3) the longer the L, was the greater the total resist—
ance and probability of TBM jamming were; In TBM driving the length of L, should be shortened as far as
possible in order to reduce the probability of TBM jamming.

Key words: DS-TBM; TBM jamming control; lateral pressure coefficient; elastic modulus of backfilling mate—

rial; length of soft backfilling
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