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1. Introduction 
 

The circuit simulation analysis and diagnosis methods are 
used to assess instruments in detail when they give apparently 
abnormal readings[1-4]. In this paper, new simulator through 
an analysis of the important circuits modeling under severe 
accident conditions has been designed, the designed simulator 
which was composed of LabVIEW code as a main tool and 
then out-put file of the PSpice code as an engine tool exported 
to in-put file of the LabVIEW code. A procedure of a 
simulator design was divided by two design step, of which the 
first step is the diagnosis methods, the second step is the 
circuit simulator for the signal processing tool. It has three 
main functions which are a signal processing tool, an accident 
management tool, and an additional guide from the initial 
screen. This simulator should be set up in a laboratory and the 
signals evaluated under various degraded conditions. 

 
2. Design Step of the Circuit Simulation and 

Diagnosis Methods 
 

2.1 Design Step of the Diagnosis Methods  
 
When an instrument which is providing information for 

managing a severe accident is apparently malfunctioning, a 
series of steps can be taken which include a direct diagnosis of 
the instrument and an indirect method of determining the 
value of the parameter. These methods are identified by 
eleven step processes and five of the steps are called 
operational aids. They are combinations of diagnostic actions 
and other means of measurement. These can be applied when 
instrument readouts are suspectful or faulty. The five types of 
aids are the diverse indication, parameter inference, portable 
instrument, circuit diagnosis, and the portable circuit readout. 
Figure 1 is flow chart of the design step for the circuit 
diagnosis methods.  

 

Fig. 1 Flow chart of the design step for the circuit diagnosis 

 methods  
 
2.2 Design Step of the Circuit Simulator 
  
Figure 2 shows a flow chart of the design step for the 

simulator. It has three main functions which are a signal 
processing tool, an accident management tool, and an 
additional guide from the initial screen. The signal processing 
tools have main position information obtained from 5 areas in 
the containment building which include information needs of 
the instruments, and circumstance parameters from the 
accidents class. As the next step, we need the decision making 
from some signals which mean three kinds of signal patterns, 
of which first one is normal condition signals, second one is 
abnormal signals, and third one is out of control signals. In 
case of abnormal signals, they have been processed to the five 
step and finally they can be shown on CRT screen with 
enhanced signals. There are two codes to be used, the 
designed simulator which was composed of LabVIEW code as 
a main tool and the PSpice code file as an engine tool which 
should be exported to the LabVIEW code file.      

  

 
 

Fig. 2 Flow chart of the design step for the simulator 
 

3. Design Requirements and Functions 
 

3.1 PSpice Requirement and functions 
 
The Pspice circuit analysis program was used to study the 

effects of the instrument loop hardware degradation on the 
measurement. This information is useful for obtaining a 
correlation between the observations in the control room and 
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the actual circuit conditions. Although the goal was to develop 
a simple model, the intricacies of developing the appropriate 
waveforms and incorporating the effects of the induced noise 
into the circuit turned a degraded circuit loop into lines and 
lines of netlists, as a 4~20mA loop were used to measure the 
reactor coolant pressure. Figure 3 represents the circuit model 
as modified to run in Pspice. 
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         Fig.3 Circuit model as modified to run in PSpice. 

 
3.2 LabVIEW Requirement and functions 
 
There are many built-in steps available for immediate  

use in the code. Measurement can be quickly performed on a 
signal by selecting a step from the following step. 

- Signal input/output-generation and acquisition of 
signals from a variety of hardware or software 

- Time domain-amplitude and level measurements, 
timing and transition, and histogram 

- Frequency domain-measurement for power, 
frequency response, tone, and distortion 

- User-defined step-call any LabVIEW-VI 
measurement or analysis function   

- The additional functions of the signal analysis also 
have oscilloscope function, FFT, IFFT, filtering, 
averaging, and scaling and so on.  

 
 4. 4~20mA Loop Circuit Modeling, Simulation, and 

Evaluation 

The loop circuit was composed of three functions which 
included the pressure transmitter section, the twisted shielded 
pair connection cable section, and the receiver section. The 
pressure transmitter has been simplified to obtain an 
equivalent representation of the resisters, capacitors, and 
inductors. It also includes voltage or current sources that can 
be varied through the circuit analysis program to obtain 
realistic circuit responses from environmental changes in the 
containment. The specific parameter includes: Input leakage 
(shunt) resistance that is affected by damages to the 
interconnecting cable. Input series resistance to represent the 
spliced connections that might be affected by corrosion. Input 
capacitance is easily increased by water intrusion into the 
cable or the transmitter housing. Capacitance for the ground is 
easily increased by the presence of water. A diode and load 
resistors represent the power supply current. A current 
generator represents the actual transmitter output signal. The 
typical cable is represented to describe the wire inductance 

and resistance and the dielectric capacitance. The shield is 
represented as a third conductor. It is simplified to eliminate 
all the resistance and to model only the inductance and 
capacitance. The voltage source drives a current to a voltage 
sensing resistor in series with the transmitter. The negative 
sides of the voltage source and the shields are attempted for 
the ground in this analysis. Figure 4 shows input and output 
signals from the simulator with 4 channels.  

 

 Fig. 4  4 channels each signal from circuit simulator  
 

5. Summary and Conclusions 
 

In this paper, we provided a design step of the circuit 
simulation and diagnosis methods and showed how a circuit 
evaluation fits into the process as design requirements and 
functions.  
To check malfunctions or abnormal indications from the 
instruments, three loops of the circuit modeling were 
simulated by the PSpice code, and then the PSpice code file 
was used as an engine tool which should be exported to the 
LabVIEW code file. In case of abnormal signals, they have 
been processed to the five steps and finally they can be show 
on CRT screen with enhanced signals. Using the results, a 
simulator can be also developed by the diagnosis logic in the 
severe conditions  
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