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Abstract

A DCS initialization method for nuclear power digital twin system is proposed, which enables the
digital twin simulation model to track the state of the nuclear reactor at the specified time. This
method establishes a mapping relationship between the parameters of the digital twin system si-
mulation model and the operating data of the unit. After data analysis, the equipment to be initia-
lized and its target state are identified. Based on the characteristics of different equipment, they
are controlled separately to ensure consistency with the unit state.
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Figure 1. DCS initialization system composition structure diagram
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Figure 2. DCS initialization tool module relationship diagram
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Figure 3. IC retrieval logic process
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Table 1. The corresponding relationship between equipment status and equipment basic status
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Table 2. Initialization object classification table
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LOOP_VALVE_FC AIN_S2 oy
CIN_1 Comm1A/SET
CIN_2 Comm1B/RESET
CIN_3 Comm1C/MODE1
SELECTOR
CIN_4 Comm2A/MODE2
CIN_5 Comm2B/MODE3
JR— CIN_6 Comm2C/MODE4
HPEFF ISR P
CIN_7 Comm3A/MODE5
CIN_8 Comm3B/MODE6
CIN_9 Comm3C
MULTI_COMMANDS
CIN_10 Comm4A
CIN_11 Comm4B
CIN_12 Comm4C
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Figure 4. The flow chart of the initialization of ordinary switch equipment
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Figure 5. Flow chart of regulating valve initialization
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Table 3. Device initialization configuration table containing complex logic

* 3 AAEMEEHREVRMERESR

(IR PRfERA Hi B A Ja B A
3CET101ZV CLOSE 3CET020KC:201ZV
3CET201ZV OPEN 3CET020KC:201ZV

3GFR111DB:DEBLOCK; 3GFR111PO:START;
3GFRO11PO CLOSE 3GFRO10KC:MANUAL,; 3GFR011PO:STOP; 3GFRO10KC:AUTO
3GFRO10KC:111PO

3GGR020Z2V OPEN 3GGR020KC:020Z2V; 3GGR020KC:MANUAL
3GGR120z2V CLOSE 3GGR020KC:120ZV; 3GGR020KC:MANUAL
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Figure 6. Device state consistency during initialization
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Table 4. Important parameter deviation table

* 4 EESHIRER

Fe e T4 ML AR {E AR 2 E MZEE i 22 Le A1)
1 S i HE IR 2831 2893.70 62.7 1.79%
2 1 R PR 309 309.333 0.333 0.48%
128 5%
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3 2 B 309.5 309.428 -0.072 —0.10%
4 3 IR PRI 309.5 309.642 0.142 0.20%
5 1 IRER A B 293 292.025 -0.975 —0.28%
6 2 IR B FE 293.7 292.214 -1.486 —0.42%
7 3 MRV B E 293.2 292.645 —0.555 -0.16%
8 1 FRER AR BRIR B 325.1 326.674 1.574 0.45%
9 2 R HBLIR 326 326.672 0.672 0.19%
10 3 IR B 325.7 326.672 0.972 0.28%
11 1 FRER VA KR & 97.95 98.425 0.475 0.40%
12 2 ERAH 99.34 98.366 -0.974 -0.81%
13 3 MBS A E 99.49 98.265 -1.225 -1.02%
14 REAES 15.41 15.523 0.113 1.62%
15 TR B (A S5 ) -2.032 -2.504 -0.472 —4.82%
16 SG1 iz -0.007 —0.243 -0.237 —6.58%
17 SG2 Wit —0.004 -0.225 -0.221 -6.13%
18 SG3 Wiz -0.006 -0.237 -0.231 —-6.41%
19 SG1 E4/Kif & 1878 1901.68 23.68 0.97%
20 SG2 EL /K 1900 1933.39 33.39 1.37%
21 SG3 L4 /K 1887 1910.43 23.43 0.96%
22 SG1 fih4h KR & 0 0 0 0.00%
23 SG2 fih4h KR & 0.988 0 -0.988 -0.62%
24 SG3 i Bheh /KR & 0 0 0 0.00%
25 SG1 F &R 1890 1879.02 -10.98 —0.45%
26 SG2 F AR E 1889 1910.58 21.58 0.88%
27 SG3 F AR E 1903 1887.53 —15.47 —0.63%
28 KBS 6.361 6.564 0.203 2.03%
29 RN IR 1073 1089.06 16.06 1.40%
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