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Research on processing method of undersampling signals in turbine tests

MEI Yiming!, HUANG Weidi?, GU Weifei*, ZHU Bao!, CHEN Jie*

(1. Zhejiang Key Laboratory of Energy Efficiency and Pollutant Control Technology for Thermal Power Generation, Hangzhou 311100, China;
2. Mechanical Engineering Institute of Zhejiang University, Hangzhou 310027, China)

Abstract: During signal sampling process of steam turbine digital electric hydraulic control system (DEH) tests,
situations that the instrument can not meet the requirements of Nyquist sampling due to the frequency of the primary
components is over high may occur. To solve this problem, the envelope of the signal is calculated through Hilbert
transform, and the valve closing time is calculated according to the envelope signal. However, the calculation
accuracy is limited due to the time interval of the peak points. To improve the calculation accuracy, the undersampled
signal is reconstructed, the primary frequency is analyzed by using fast Fourie transform (FFT), and the primary
frequency of the signal is determined based on the nature of the frequency domain. On this basis, the initial phase
of the AC signals is calculated using the initial value, and the undersampled signals is reconstructed according to
the frequency and initial phase. The closing time is calculated according to the difference between the reconstructed
and sampled signals based on Akaike information criterion (AIC). In comparison with the Hilbert transform method,
the reconstruction method can improve the calculation accuracy. The reconstruction and analysis method can be
used in all kinds of undersampled periodic signals, which can make up the shortcomings of hardware in DEH tests.
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Fig.1 The undersampling signals in DEH tests
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Fig.2 The Hilbert transform result of the original signals
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Fig.5 Comparison between the simulated and real signals
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Fig.6 Difference between the simulated and real signals in
the beginning time of valve closing
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Fig.7 Signal difference and its AIC value in the beginning
time of valve closing
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Fig.8 Signal difference and its AIC value in the end
time of valve closing

|
[=]
[

ALCH/(X 109
=




1 kA% R 2023 4F
A AT
> 0
0T HE B REASO AL, RIET % , , . .
S RTINS 5, R &S S0 = o0 ° -
7T RSB BT %6, ST FET 3 i

A T B, A 7R 500 Hz St BSEdh f5 %
£ 199 Hz PRI . 25 G A1 sl 5 4R A1 0 L AU 26
KIRfE LVDT %t 2SS 59 )y 3 199 Hz [t
e HIK, XRGESIATEMEAT— A2, I
WRAR A5 5 RS S AR E T H A BE 5 s
ALY 1.166 4n. f)m, MRAEAS 5 AL RLATIE
AESCRIME S HATEM, FFHT R/ —ofik i
G MR, A EME TS SE T I E R
N, IR T RSERAE Y 3 199.336 Hz. HEHJH
RS 5 5 SIS S B an i 9 P . M 9 AT
LA, EMESSEETEAR 2.

15

S £
T B
i 0.5F
o=
> Of
o 0.5
1.0+
;]5 1 1 1 J
50 100 150 200

i [1)/ms

9 BRSPS ST S texd

Fig.9 Comparison of simulated and real signal in validation test
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Fig.10 Signal difference and its AIC value in the beginning
time of valve closing in validation test

5.0 5.5 6.0 6.5 7.0
i [/
a) (55 %M1

AICTE/(X10%
b L

5.0 5.5 6.0 6.5 7.0
I /s
b) AICTH
11 BHERE I EALEREZIRESEER AICE

Fig.11 Signal difference and its AIC value in the end time of
valve closing in validation test
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Fig.12 Hilbert transform of the signals in validation test
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