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Abstract 

Reactor TRIGA PUSPATI (RTP) undergoes safe operation for more than 30 years and the only research reactor 

in Malaysia. The main safety feature of Instrumentation and Control (I&C) system design is such that any failure 

in the electronic, or its associated components, does not lead to an uncontrolled rate of reactivity. There are no 

best models for RTP simulation was designed for study and research. Therefore, the comparison for I&C 

parameters are very essential, to design the best RTP model using MATLAB/Simulink as close as the RTP. The 

simulation of TRIGA reactor type already develop using desktop reactor simulator such as Personal Computer 

Transient Analyzer (PCTRAN). The experimental data from RTP and simulation of PCTRAN shows some 

similarities and differences due to certain limitation. Currently, the structured RTP simulation was designed using 

MATLAB and Simulink tool that consist of ideal fission chamber, controller, control rod position, height to worth 

and RTP model. The study on this paper focus on comparison between real data from RTP and simulation result 

from PCTRAN on I&C parameters such as water level, fuel temperature, bulk temperature, power rated and rod 

position. The error analysis due to some similarities and differences of I&C parameters shall be obtained and 

analysed. The result will be used as reference for proposed new structured of RTP model. 
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INTRODUCTION 

Rector TIGA PUSPATI (RTP) is TRIGA Mark II reactor and the only research reactor in Malaysia. It undergoes 

safe operation since it was installed in 1982. The RTP are capable to operate power from 0 to 1 MW thermal. 

 

OBJECTIVES 

The objectives of this study are: 

1. To study the concepts of simulation and real RTP by comparing different approach between Personal 

Computer Transient Analyzer (PCTRAN) and MATLAB/Simulink simulator. 

2. To find the advantages and disadvantages between PCTRAN and MATLAB/Simulink simulator by 

referring from the real RTP result. 

3. To find the best line data to build up the best RTP simulation model. 

 

 

 

 

 



SCOPE OF STUDY 

The scope of this project will cover the concepts of simulation and real RTP performance by comparing the 

PCTRAN, RTP simulation and real data from the RTP. The PCTRAN and RTP MATLAB/Simulink simulation 

will be set as in real RTP parameters and the running time for simulation are faster than real time. This research 

will focus on five Instrumentation and Control parameters which is: 

1. Power rated 

2. Temperature of fuel 

3. Temperature of Bulk 

4. Rod Position 

5. Water level 

PROBLEM STATEMENT 

RTP has operate more than 30 years and rationally it undergoes ageing process that cause the drop off the 

performance. Therefore, RTP need some development for upgrading the performance to get the best result. Since 

there are any direct testing are not allow at RTP, the result from the PCTRAN will be used to study the 

performance of the RTP. Besides that, by comparing the result also will help for RTP simulator development in 

future. 

 

LITERATURE REVIEW 

The Reactor TRIGA PUSPATI (RTP) is a TRIGA Mark II type reactor installed in the year 1982. This reactor 

has power capacity 1MW thermal. Proper RTP simulation are very important for training and educational purpose 

to explain the students and operators how the RTP works. Furthermore, any direct testing and maintenance are 

not allow through RTP due to safety factors. Research base on Digital Instrumentation and Control Failure Events 

Derivation and Analysis for Advanced Boiling Water Reactor were done. This research used method by 

incorporated MATLAB into PCTRAN to enhance the pressure control system, feed water control system, 

recirculation control system and automated power regulation control system [1]. 

Ramin Barati (2015), stated that simulator functioning to simulate the kinetics and dynamics of a research core. 

Simulator will present a model with result close to reality by decreasing common interpretation in reactor 

modelling to be used in various analyses such as reactor control functional reliability safety and etc. [2]. This 

paper does not state about the type of reactor simulator. Currently, simulation for reactor TRIGA Mark II 

specifically RTP are on developing process by using MATLAB/Simulink software to convert numerical equation 

into block diagram. 

The previous research on Development of a Simulator Program for the Training Reactor of The Budapest 

University of Technology And Economics from Iran were done. The main for this project to ensure high quality 

of education of education for engineers and physicists. Besides that, the simulator training reactor builds on the 

base of ReMeg software. In addition, this simulator also capable to run in real time calculation and authorize user 

interaction using simulation István Soma Kovács (2015) [3]. These factor are very important in order to get the 

best data response. In order to build the best simulator, RTP simulation obtained data will be compared with 

PCTRAN and real data from the RTP.  

Reactor simulator use to gain experience in the operation of nuclear power plants. The concepts of simulator is a 

‘desktop’ simulator and training material accessible to all Member States, to assist in their training programme 

for nuclear power. PCTRAN present a reactor transient and accident simulation software program that runs on 

user personal computer [4]. Furthermore, PCTRAN able to run faster than real time and this factor will save time 

to get the outcome. 

Antonio (2013) states that, main objectives of the simulation system to give knowledge and enhance the 

understanding of how the operation variable interconnected. This research used LabVIEW software to build up 

the simulation. By studied the reactor simulation result, it will help in improving in security, reliability and quality 

in operation by explaining how these parameters interrelated in nuclear reactor [5]. 

 



RESEARCH METHODOLOGY 

The MATLAB/Simulink model for RTP already built by coupling the neutronic and thermo hydraulic equation 

but does not gives good performances result as RTP. While, the PCTRAN software parameters will be set as in 

RTP parameter by using Safety Analysis Report (SAR) as reference. Generally, PCTRAN was built for 1MW 

TRIGA Mark II and it clearly shows that it functioning closed to RTP behaviour. The data from the PCTRAN 

will be compared with real RTP data and MATLAB/Simulink for RTP model and the result will be analyse by 

calculating the error. PCTRAN user can choose from set of initial conditions relating to various power, flow and 

time of life conditions of the plant. Moreover, user also can select auto mode or manual mode of operation. 

Operator also can initiate and analyse failure that include all possible interruption to a plant. In this paper, five 

Instrumentation and Control (I&C) parameters of RTP will be focused such as power rated, temperature of fuel 

temperature of bulk, rod position and water level. 

RESULTS 

In this research, five Instrumentation and Control parameters result will be discussed and comparing among 

PCTRAN, MATLAB/Simulink RTP simulation and real data from RTP. The five parameters including power 

rated, temperature of fuel, temperature of bulk, Rod Position and water level. The data was compared only at the 

steady state. 

Table below shows the comparable data between PCTRAN, MATLAB/Simulink and the real RTP data.  

 MATLAB Real Data Error 

Reactor power 75.00% 75.00% 0.00 

Control Rod Position(mm) 259.80 mm 252.00 mm -7.80mm 

Fuel Temp 196.00 deg.C 286.00 deg.C 90.00 deg.C 

Coolant Temp 59.00 deg.C 42.00 deg.C -17.00 deg.C 

Water Level incomparable 6.34 Incomparable 

Table 1: Data comparison MATLAB and real data 
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Table 2: Graph comparison MATLAB and real data 

Water level are incomparable due to lack of level pool water block in MATLAB/Simulink RTP simulator. 

 

 PCTRAN Real Data Error 

Reactor power rated 77.30% 75.00% -2.30% 

Control Rod Position(mm) 330.33 mm 252.00 mm incomparable 

Fuel Temp 245.40 deg.C 286.00 deg.C 40.60 deg.C 

Coolant Temp 32.22 deg.C 40.33 deg.C 8.11 deg.C 

Water Level 6.50 m 6.34 m -0.16 m 

Table 3: Data comparison PCTRAN and real data 
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Table 4: Graph comparison PCTRAN and real data 

 

 Simulation Data 

MATLAB 

Simulation PCTRAN Error 

Reactor power rated 75.00% 77.30% 2.30% 

Control Rod Position(mm) 259.80 mm 330.33 mm Uncomparable 

Fuel Temp 196.00 deg.C 245.40 deg.C 49.40 deg.C 

Coolant Temp 59.00 deg.C 32.22 deg.C -26.77 deg.C 

Water Level 6.50 m 6.0 m 0.5 m 

Table 5: Data comparison MATLAB and PCTRAN 
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Table 6: Data comparison MATLAB and PCTRAN 

 

The control rod position from MATLAB/Simulink and real RTP data are not able to compare because the 

algorithm of moving control rod are different from the PCTRAN. Block for Pool water level, were not built and 

incomparable. The MATLAB/Simulink shows faster response than PCTRAN and the final result are quite big 

error.  

 

 

 

 

 

 



Table 7 below shows the advantages and disadvantages between PCTRAN and MATLAB after comparing with 

real data. 

 PCTRAN MATLAB 

Advantages 1. Run by real time (slower than 

MATLAB). 

2. User can access during running the 

software. 

3. The simulator already built for users  

4. Consist water level and poisoning 

parameters. 

1.  Run faster than real time and 

PCTRAN. 

2. Good in analysis the result (zoom in 

the result to get precise value). 

3. User can study the mechanism of the 

simulation by referring the block. 

Disadvantages 1. Bad in display and analysis result. 

2. The result are not able to zoom in. 

3. The pool water level does not shows the 

right value as shown in PCTRAN GUI. 

1. User are not able to access during 

running the program. 

2. Does not display the GUI of RTP 

result. 

3. Lack some block such as poisoning 

and water level. 

Table 7: Advantages and Disadvantages 

 

This figure 1 shows the GUI of the PCTRAN at 77.3% power rated, with 85% position demand and 1%/min rod 

speed movement. 

 

Figure 1: Graphical User Interface (GUI) of the PCTRAN 

 

CONCLUSION 

From the result above, shows that some parameters error from the PCTRAN smaller than MATLAB/Simulink. 

This result will help in upgrading the RTP model in MATLAB/Simulink to get the best performance model. For 

example by adding up the poisoning block and pool water level for RTP simulation. 
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