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3) s Tab.1 Frequency and error before and after updating
. N 3 N “ ”
/Hz /Hz /% /%
1 225.70 206.64 6.25 1.18 X102
3 2 253.41 224.36 11.27 7.25X10°*
3 334.66 306.98 5.70 6.85X107°
N 4 368.10 336.43 7.08 1.29X1072
’ ~ ’ 5 404.94 345.97 15.78 9.29X10°*
o 6 488.95 456.17 4.01 —8.51X107°?
Nastran s 7 496.21 470.92 3.43 —1.62X10°?
1 8 523.03 474.33 8.93 2.96X10
9 528.08 494.40 4.09 —1.58X107¢
s bush , ‘
10 595.96 577.40 1.46 —1.24X10°*
Tk o ] ,
b
15.78% 9.29X10 %%, 8.
35% 3.42X107% %, .
8.93% 2.96X10 %%,
4.48% 1.85 X

107 %,

Fig.1 Finite element model of stiffened wall plate
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Tab.2 MAC before and after updating

DMAC SMAC DMAC SMAC
1 0.997 0.959  7.73X107°  7.33X107°
2 0.987 0.889  2.97X10°"  5.04X10°°
3 0.981 0.955  2.18X10°*  3.69X10°
4 0.968 0.920 4.46X107" 4.37X107°
5 0.896 0.836 6.98X 107" 4.28X107°
6 0.945 0.954 8.68X10° 4.02X1073
7 0.888 0.843 4,30x<107* 4.95X107°
8 0.939 0.889 3.63X10* 3.79X10*
9 0.980 0.953  8.96X10°°  7.40X10°°
10 0.993 0.988  9.91X10°°  4.70X10?
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fectively improve the coupling efficiency.

Keywords micro-vibration; conical structure; space optical communication; coupling efficiency

Synchronous Construction Networked Control System Based on
Improved Smith Predictor

BIAN Yongming', YANG Meng', Fang Xiaojun', CUI Weiwei’
(1.School of Mechanical Engineering, Tongji University Shanghai, 201804, China)
(2.Electrical and Mechanical Department, Shanghai TongXin Mechatronic Technology Co., Ltd. Shanghai, 200949, China)

Abstract Depending on the principle of synchronous construction networked control system (NCS), the
effect of time-variant, random and uncertain network delay on the synchronization error is analyzed. Then,
the blemish and disadvantage of traditional Smith predictor, which is used for synchronous control of the
multiple controlled plants, are also analyzed. An improved Smith predictor is proposed to realize multiple
Smith predictive compensation for the network delay, controlled plants with pure delay and the controller
of synchronization error, eliminating the delay of feedback path from the control system totally. The pre-
diction model does not contain network delay, so it does not have to be estimated or measured. With the
synchronous NCS of segment erector for shield based on CAN (controller area network), the simulation
comparison between the conventional PID (proportion integral derivative) networked control and the one
based on improved Smith predictor is carried out, and the experiments are performed to evaluate the per-
formance of the proposed method. Finally, the results show that the conventional PID networked control
and the one based on improved Smith predictor behave with synchronization error of —3~3 mm, —1.5~
1.5 mm respectively. The latter can improve the performance of the synchronous construction networked

control system significantly.

Keywords Smith predictor; multiple controlled plants; network delay; synchronization error; networked

control system

Finite Element Model Updating Using Strain Mode
and Genetic Algorithm-Based Method

ZHAN Ming', GUO Qintao', YUE Lin', ZHANG Baogiang®
(1.College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics and Astronautics Nanjing, 210016, China)

(2.College of Aeronautics and Astronautics, Xiamen University Xiamen, 361005, China)

Abstract Based on strain modal assurance criterion, a model updating method is proposed. Strain modal
assurance criterion, on one hand, is a satisfactory approach to evaluate the correlation between finite model
simulation and experiment. On the other hand, strain modal assurance criterion offers global frequency er-
ror and local mode shape error for model updating. The basic theory of strain mode and finite element mod-
el updating is briefly introduced. Then, take a stiffened structure as example, the process of model upda-
ting based on strain mode is illustrated. Firstly, strain modal frequencies and mode shapes are obtained
from simulation and experiment, respectively. And then, modal assurance criterion of strain modes and er-
ror of modal frequencies are calculated. The objective function for model updating is constructed based on
above errors and unknown parameters are estimated utilizing genetic algorithm. Finally, the estimated pa-
rameters are substituted into the finite model to validate the accuracy and effectiveness. The results show

that: the proposed method can reproduce the response in the updating domain and have an excellent ability
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to predict the response outside the updating domain.

Keywords strain mode; modal assurance criterion; model updating; genetic algorithm; stiffened struc-

ture

Milling Chatter Online Monitoring Method Based on Energy Accounting Percentage

LI Hongkun', ZHOU Shuai', WEI Zhaocheng', ZHAO Ming?, DAI Yuebang'
(1.School of Mechanical Engineering, Dalian University of Technology Dalian, 116024, China)
(2.Technology Center Process Research Laboratory, Shengyang Liming Aeroengine Corporation L.td.  Shenyang, 110043, China)

Abstract In the finishing stage of thin-walled parts, due to the tool overhang, the workpiece stiffness is
low, so it is easy to deform during machining and cause flutter. Therefore, a reliable standard is needed to
monitor the machining state and determine whether the machining parameters are reasonable. In this stud-
y» the sound pressure data including chatter phenomenon are collected and analyzed. The time domain ef-
fective value and power spectrum of frequency domain are analyzed. The characteristics of different states
are compared, and these characteristics are used as the basis for monitoring. When the flutter occurs, the
energy concentration shifts at the frequency band. After the wavelet packet decomposition, the characteris-
tic quantities reflecting the feature are constructed. The wavelet transform time-frequency map is used as
the state judgment basis, and the correlation threshold is set up by off-line analysis. After setting multiple
standards to meet the requirements of the time domain effective value and the frequency domain energy ra-
tio threshold, the eigenvalues are calculated and the processing status is judged. The flutter phenomenon
can be identified accurately, and the acoustic pressure signal can reflect the flutter characteristics. After the
threshold setting, the invention can provide a judgment standard for the on-line monitoring of the subse-
quent processing and avoid the damage to the workpiece or the machine tool due to the unreasonable selec-

tion of the processing.

Keywords chatter; acoustic pressure; energy accounting percentage; online monitoring; wavelet trans-

form

Vibration Characteristics for Unbalance of Turbomachinery
Shafting with Three-Rotor and Four-Support

SHEN Yiping, BIN Guangfu, WANG Gang, LI Xuejun
(Health Maintenance for Mechanical Equipment Key Laboratory of Hunan Province,

Hunan University of Science and Technology Xiangtan, 411201, China)

Abstract In the light of the unbalanced vibration in the shafting with three-rotor and four-support such as
the steam turbine unit and compressor unit, the vibration characteristics of each rotor with mode shape un-
balance is developed. First, the dynamics finite element model of shafting with three-rotor and four-sup-
port is built. The first and second bending mode shape unbalanced excitations are applied to each rotor of
shafting respectively, and the shaft response analysis of shafting are taken. The relationship between the
unbalanced excitation type of each rotor and shafting response is confirmed. Then, the rotor simulation ex-
periment rig for shafting with three-rotor and four-support is designed to investigate the support responses
and analyze the resonance points, magnitude- frequency and phase-frequency characteristics due to unbal-
anced excitation. It shows that the vibration characteristics of shafting with added unbalance inside of rotor
is determined collaboratively by mode shape and excitation type. Additionally, the overhung rotor vibration

characteristics is obvious. It is beneficial to suppress the unbalance vibration fault of this kind of shafting



