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Abstract

To address the challenge in nuclear power plant pressure transmitter reliability assessment where
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traditional methods (e.g., qualification testing, circuit simulation) struggle to quantify the impact of
random component failures on system reliability, this study proposes a knowledge base-driven
model-based reliability assessment approach. By employing the FIGARO modeling language, a
knowledge base describing failure modes and consequences of pressure transmitter circuit compo-
nents is constructed. Based on this knowledge base, a graphical descriptive model is developed in
the Model Builder platform, from which a fault tree is automatically generated. Component failure
rates are calculated using the FIDES reliability model, followed by quantitative fault tree analysis
and Monte Carlo simulation through XFTA and YAMS software, respectively. Results demonstrate
that the system unavailability at 360 hours post-severe accident is 0.00415858 (XFTA) and
0.00405161 (YAMS), with a relative error of 2.58%. Minimal cut set analysis further identifies op-
erational amplifiers as critical components in the circuit. This method validates the effectiveness of
the model-driven approach for reliability assessment of complex instrumentation systems, signifi-
cantly enhancing the standardization and efficiency of reliability evaluation for critical nuclear
power plant instruments.
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Figure 1. Schematic diagram of the pressure transmitter circuit
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Figure 2. Graphical model of pressure transmitter circuit
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Table 3. Failure rate of components
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Table 4. Proportion of component failure modes
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Table 5. Basic events of pressure transmitter fault tree (partial)
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Figure 3. Pressure transmitter circuit fault tree
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Figure 4. Pressure transmitter voltage stabilization circuit fault tree
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Figure 5. Post-Accident pressure transmitter circuit unavailability variation curve over time
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MBI LA BT 57 S 45 AR, 753805 360 h i, XFTA THE AN AT FH B2 4 0.00415858,
YAMS THERIANAT FHEEA 0.00405161, P AN R ZEHN 2.58%. YAMS 5 XFTA (172 58 T J7 54 i 72
S SOBUE VR, R ERAE TR R VFTE RN, X — 45 SR IR T B B AG R B Ak i v 55 25
I HE Tff 1
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Table 6. Minimal cut sets of the pressure transmitter circuit fault tree

6. ENTEREBEHIEMRNEIE

NO. probability contribution/% Minimal cut sets
1 6.48423E-04 15.5637 Ul_OPENFAIL -
2 6.48423E-04 15.5637 U2 _OPENFAIL -
3 6.48423E-04 15.5637 U3_OPENFAIL -
4 6.48423E-04 15.5637 U4 OPENFAIL -
5 2.77947E-04 6.67139 Ul_SHORTFAIL -
6 2.77947E-04 6.67139 U2_SHORTFAIL -
7 2.77947E-04 6.67139 U3 SHORTFAIL -
8 2.77947E-04 6.67139 U4 _SHORTFAIL -
9 3.17416E-05 0.761875 Q5_OPENFAIL -
10 3.17416E-05 0.761875 Q6_OPENFAIL -
11 3.17416E—-05 0.761875 Q7_OPENFAIL -
12 3.17416E-05 0.761875 Q1 _OPENFAIL -
13 2.86018E—05 0.686513 Z1 PARAMETERFAIL -
14 2.62214E-05 0.629376 Q3 SHORTFAIL -
15 2.62214E-05 0.629376 Q6_SHORTFAIL -
16 2.62214E-05 0.629376 Q1 _SHORTFAIL -
17 1.80317E-05 0.432804 Z1_SHORTFAIL -
18 1.80317E-05 0.432804 D3_SHORTFAIL -
19 1.55446E—-05 0.373107 D3 _OPENFAIL -
20 1.55446E—05 0.373107 D2 OPENFAIL -
21 1.55446E—05 0.373107 Z1 OPENFAIL -
78 6.85547E-08 1.64548E-03 U4 PARAMETERFAIL Q3 OPENFAIL
79 6.85547E-08 1.64548E-03 U3 PARAMETERFAIL Q3 OPENFAIL
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