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Fault-tolerant and redundant technique-based monitoring of electric energy measurement
error of pumped storage hydropower station
XIAN Huizhu LI Rui SHI Pengbo WU He
( State Grid Beijing Electric Power Research Institute Beijing 100162 China)

Abstract: Aiming at the problem of poor accuracy of the monitoring of the electric energy measurement error at present the fault—
tolerant redundancy technique is adopted for the monitoring of the electric energy measurement error of hydropower station. By
means of introducing a dual-machine fault-tolerant redundant conversion logic monitoring system two industrial control machines
are selected for the system host to realize the switching between the hosts through the detecting and switching logic components.
When all the templates of the host CPU controller bus normally operate the normal information is to be transmitted from the
working host to the standby machine through the parallel serial port. If fault occurs on the working host the working host is to be
controlled by the switching logic circuit to log off from the operation of the system meanwhile the working host is replaced by the
standby machine for the operation; and hereby the fault-tolerant and redundant technique is realized to ensure the accuracy of
energy measurement. The system operates based on the dada collection of the in situ information while the error of the measured
watt-hour meter is calculated through accessing to the pulse signal of analog watt-hour meter. The experiment result shows that the
application of the method for the monitoring of the error from the energy measurement of the hydropower station with the fault-tol—
erant and redundant technique can make the data packet loss rate be controlled below 2% with the normal data reception probabil—

ity above 98% thus the monitoring accuracy rate is effectively enhanced with a high reliability while the relevant countermeas—
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ure for the problem from the energy measurement is given out as well.
Keywords: fauli-tolerant and redundant technique; pumped storage hydropower station; electric energy; measurement error mo—

nitoring; influencing factor; experiment

» PEGORARO °

e PMU
( PMU)
>3 LI ’
o Pockels o
o 100 V/m~27 kV/m
3db 20 Hz~10 mHz o
4
o 12% o Narda—
~ N o NBM_SSO
22% .
2 o Stacking
5
o Spark
CPU STD
o Spark ;
C

51 2020 10 97



/

IRIG-B

-0.2% ~0.2%

o

-10°~10°

11-12
o

98

E =P xt = Ulcosgp (1)
E, - E,
AFE = x 100% (2)
P
E, ; Ep o
o (1) (2)
U.ltcosp, — Ultcos
AE = T ? % 100% =
Ultcose
Ul +r)I(1+7r)tcos +¢) - Ulicos
( D 1 ) tcos(p + @) ?  100%
Ultcose
(3)
ru
) ri
.2
13-14
e = Vn,[nCOS( 0 + AH) - VnIHSin( 9 + Ae) (4)
Vn ) [n °©
2 kHz
5% 10°
5% 10°,
2 180°
51 2020 10



1.3

15-16

CPU
CPU
17
STD
o CPU
CPU
1.3.1
CPUA B
o A
CPU A X B
CPU B o 2
2 AA A
A A BB
B B
1.3.2
A B o
1.3.3
1.3.4
A/D 1/0
A
B
1.3.5
CPU A

51 2020 10




61850

100

/

18-19

IEC

1 min,

3 4
00
10 min
51 2020



/

. 3 7
. 1%
1 2.9
2 5.5
' 3 5.3
; 4 2.6
5 4.6
6 2.3
(2) o 7 2.8
1h 8 4.9
9 4.5
10 4.7
4 8
20-21
o 1%
1 7.8
2 3.2
3 6.5
o 4 7.1
5 8.6
6 3.9
7 8.2
8 7.3
o 9 7.5
. 10 4.1
N N o 2
DTSD51
2.5%
1. 7% o
485
RS232
7 . 8
10
o 3. 4 7
2— 4 0
4. 0%
8
Iz 6. 4%
1 1.2 °
2 1.1
3 2.1 3
4 2.4
5 2.2
6 1.5 °
7 1.3
3 1.9 o
9 1.8 .
10 1.1

51 2020 10 101



102

/

+0. 5%

10%

+0. 2%

(1)
(2)
166-170.
J.
(11): 162-166.
J .
(4): 968-977.

I.

2018(7) : 65-69.

I 2019 36(6):

2017 33(9): 113-117.

I 2018 430

Spark
2016 35( 11): 72-80.

I 2016 39

2018 38(03): 7-15.

PEGORARO P A BRADY K CASTELLO P et al. Compensation of

51 2020 10



10

11

12

13

14

15

systematic measurement errors in a PMU-based monitoring system for
electric distribution grids J . IEEE Transactions on Instrumentation
and Measurement 2019 68( 10) : 3871-3882.

LIZ YUANH CUIY

et al. Measurement of distorted power-re—

quency electric field with integrated optical sensor J . IEEE Transac—

tions on Instrumentation and Measurement 2019 68( 4): 1132-
11309.
J. 2016 39(4): 135-138.

J . 2017 54(9): 35-39.

STANCIC I JUKIC J MUSIC J. Prototype of the energy efficient de—

vice for measurement and analysis of impacts during small parcel ship—

ping J . Journal of Testing and Evaluation 2019 47(2): 1259-
1270.
I 2017 54(11): 57-65.
J. 2017 54(17): 40-45.
Petri J . 2018 32(6) :_

51 2020 10

16

17

18

19

20

21

/

678-684.
SID WANG J WEI G et al. Method and experimental study of
voltage measurement based on electric field integral with Gaussd.eg—

endre Algorithm J . IEEE Transactions on Instrumentation and Meas—

urement 2020 69( 6) : 2771-2778.
IEC 61850
I 2017 35(8): 190-194.
J.
2019 43(6): 1962-1968.

LIANG Y CHEN H. Circuit-based flux linkage measurement method

with the automated resistance correction for SRM sensorless position

control J . IET Electric Power Applications 2018 12(9): 1396-
1406.
J. 2018 42(5): 1613-1619.

J . 2018
13(6) : 93-99.

103



