o “[‘I* “/ﬁ”g‘ By oo o8 R 48 % Hi 13 M)
—] ry 1l Ll
J “} Z ELECTRONIC MEASUREMENT TECHNOLOGY 2025 4 7 H

DOI:10. 19651/j. cnki. emt. 2518575

ZERH ARG EREGSHRERREEAR"

% B £ A 4B EéF & B
(WM KFBAETEFR KA 610065)

B Sl RGO R A e G 2 S G B R T 7 S B TR PP N [ OB S IS AT L O 3 AR
AR E R BRI . “%%ﬁﬂ {55 P T 0T DLW DR 1 ) FR 5 78 38 ) i B S 15 I @Zﬁxﬂﬂtm‘%ﬁlﬁz’ﬁ
WA T, HulL R RGP R RS BB N A vk S R T A B T B A H s A
VAT AR | S AL TR B A T T AR B R AE Lnﬂ:,%?L\H%ﬁ%m_‘mMﬁlﬁ?ﬂﬁﬁﬁﬁ#ﬁ%ﬂ%éﬁufr DL 40 v ] Ak
N EH ST R A T AR —F R TRENROEREERNRAELZREFSZRERE L, — G EREHIWAES5 K
B s L L 7R DR LA b, g W SR e B e D B AR ﬁﬂ+ﬁf1L4TJ%f¢ﬂﬁ1:%Fﬁu 5 UE FT H R 0 e 3
V(A B S R RO B2 L T i 22 A S DR T A o L R £ 5L R A7 T IR, 45 R 2 W L
A TE B BRAE 5 (AR S fIE %5 %5 L #0A ﬁaﬁwﬂﬁﬁ‘%é&ﬂ%ﬁmmz,,ﬁéé&{ﬁ A I TP 2 8 b A
g Fe e, BUE S AR TS BEA N ik, a8l iy ﬁ{zeﬁuﬁlawx%uﬁ«zt 17 1 35 F B 364
IR f"%ﬂ%%ﬂﬁ%ﬂfﬁﬁk
KR KAWL NIZTT; i&mmﬁ%ﬂ;Tz%?ﬁﬁ?ﬂ%éu%%ﬁﬁ%%@mﬁ%
hE 4 ES. TM623; TNII9. XEFRIRAD: A EXRirEZR LRI 510.8060

%*)Ek!:lfﬂlﬁ

Research on the redundancy signal voting algorithm of safety control system

Zhang Yan Lan Jie Yang Jinhui Wang Jianyu Miao Qiang
(College of Electrical Engineering, Sichuan University,Chengdu 610065, China)

Abstract: The control system. as a safety-critical system in nuclear energy equipment, often needs to operate without
human intervention for a long time in actual engineering. It demands extremely high levels of automation and
operational reliability. The highly robust signal voting algorithm can ensure that the control system can automatically
respond and return to normal operation when it encounters a fault or abnormal situation. At present, the signal voting
algorithm commonly used in nuclear energy control system is threshold detection method. This kind of method is
simple in structure and easy to understand, but its control accuracy, reliability and automation are not good.
Therefore, based on the design of the nuclear energy control system under the condition of long period unmanned
operation, this paper proposes a multi-level voting algorithm for the redundant signal of the nuclear energy control
system based on voting mechanism to meet the high reliability and automation requirements of the system. The first-
level monitoring algorithm determines the signal fault point, and on this basis, the second-level monitoring voting
algorithm outputs the final voting value. In this paper, the signal sequence in the simulation process is intercepted, and
the functions of the proposed algorithm such as output voting value, fault count, fault point elimination and recovery
and output safety value are verified. At the same time, a variety of test signals are simulated for comparative
verification. The results show that the proposed algorithm can effectively reduce the error probability of voting on step
signals, ramp signals and sine signals. Its voting result is generally superior to that of traditional voting algorithms
such as average and median, and the threshold operation result is better than that of traditional threshold detection
methods. Finally. by discussing the time complexity of the algorithm and the average running time of the algorithm.
the method is verified to meet the real-time requirements of the nuclear energy control system.

Keywords: run unattended for a long time;voting mechanism;safety control system;redundant signal voting algorithm
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First-level monitoring algorithm flow
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Fig. 2 Second-level monitoring algorithm flow
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Table 3 Measurement point exclusion and recovery
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Fig. 3 Error rate of different algorithms with step signal
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Fig.5 Error rate of different algorithms with sine function signal
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Fig. 6 Figure of step signal input and voting output at type 1
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Fig. 7 Figure of step signal input and voting output at type 2
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Fig. 8 Figure of ramp signal input and voting output at type 1
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Fig.9 Figure of ramp signal input and voting output at type 2
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Fig. 10 Figure of sine signal input and voting output at type 1
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Fig. 11 Figure of sine signal input and voting output at type 2
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