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Abstract  

 

Recently, modern power electronics devices for electrical component were steadily increased in 

electrical systems which used for main power control and protection. To upgrade the system reliability we 

recommended the redundancy for electrical equipment trip system. The past several years, Korean Nuclear 

power plants have changed the electrical control and protection systems (Auto Voltage Regulator, Power 

Protection Relay) for main generator and main power protection relay systems. In this paper we deal with 

operating experience involving modern solid state power electronics failure in Korean nuclear power 

plants. One of the failures we will discuss the degraded phenomenon of power electronics device for 

CEDMCS(Control Element Drive Mechanism Control System). As the result of the failure we concerned 

about the modification for trip source of main generator excitation systems and others. We present an 

interesting issue for modern solid state devices (IGBT, Thyristors).         

 

 

1. Power Electronics Devices in NPPs  
 

With the growth of power generation capacity, the capacity of each generator unit has amazingly 

increased. Also, progress in semiconductor technology has invited use of the thyristor for an excitation 

system. In generally, power electronics device mainly was used for power conversion for specific sources. 

Uninterruptible Power System (Charger, Inverter), Auto Voltage Regulator (generator), Control Element 

Drive Mechanism Control System (CEDMCS) were consisted.  

Generator AVR has changed the rotary type into excitation type for development of digital 

technology. There have been three or four groups of rectifier system for excitation controller. Each group 

rectifier is composed of six-thyristor components.  

During plant operations, each control rod group is moved by a Control Element Drive Mechanism. 

Four electromagnetic coils are used within each CEDM to move and hold a CEDM in place. The voltage 

applied to each coil is controlled by the Control Element Drive Mechanism Control System (CEDMCS). 

CEDMCS receives three phase voltage from a motor-generator set. To convert the three phase AC voltage 

provided by the motor-generator set to DC voltage needed to control each CEDM coil, the CEDMCS uses 

trio of silicon controlled rectifiers (SCRs) that are located within the power switch assembly of CEDMCS. 

So power electronics have difficulty about judging a given life time of working condition. Though 

some manufactures recommend defining replacement period of electrical components such as electrolyte 

capacitors, resistors, relay and so forth, Plant’s staff have checked electrical characteristics during 

overhaul.  We have taken various actions to prevent transient plant condition and improve the reliability of 

operation.  

This subject accounts for the fault trip and cause of CEDMCS, AVR which made of the electronics 

device lately. We also present corrective actions for long term or short term.  
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2. Recent Power Electronics Failure in Korea NPPs  
 

Title 1: Shin-wolsung Unit 1 Reactor Trip by CEA position deviation due to CEDMCS failure  

Event Description 

 

         

Fig1. SCR and Opto-Isolator Card Configuration 

At 10:53 on August 19 in 2012 during normal operation, #24 Control Element Assembly (CEA) fell 

due to failure of A phase Silicon Controlled Rectifier(SCR) which is in actuating coil logic of the CEA 

belong to #6 subgroup of shutdown group. The reactor protection signal occurred due to the position 

deviation among CEAs, and the reactor was tripped. Upon investigation, the leading-in breaker was opened 

by excessive fault current due to short between A and B phases after the failure of A phase SCR in 3 phase 

logic powered by a MG set, and the fuse of A/B phase blew. As a result, there was power loss in #24 CEA 

actuating coil and the CEA fell.  

 

Title 2: Shin-Kori Unit 1 Reactor Trip by CEA position deviation due to CEDMCS failure  

Event Description 

At 8:10 on October 2 in 2012 during normal operation, the reactor was tripped automatically due to 

reactor protection signal by Control Element Assembly (CEA) falling. Upon investigation, there was 

fusing in the Power Switch Assembly (PSA), and actuating power loss occurred due to failure of silicon 

controlled rectifier in #7 CEA upper gripper A phase circuit of #3 PSA in the Control Element Drive 

Mechanism Control System (CEDMCS). Position deviation among CEAs occurred by #7 CEA falling and 

the reactor was tripped due to reactor protection signal (DNBR-low) in the core protection calculator. 

 

Title3: Yonggwang Unit 1 Reactor Trip resulted from Excitor and Generator Trip due to Grounding at 

Yonggwang Unit 4 

Event Description 

On June 3, 2009, a grounding occurred at the phase-‘A’ Gas Insulated Bus (GIB) of Yonggwang Unit 

4 (YGN-4) which was resulted from a flashover between the GIB external enclosure and the internal 

conductor. The grounding resulted in opening of the power circuit breaker (PCB) and trip of the 

turbine/generator (TBN/GEN) and caused the reactor power cutback system (RPCS) to actuate for YGN-4 

which could reduce the reactor power only and thus escaping from the reactor trip. However, the 

grounding caused YGN Unit 1 to experience a phase difference for the main excitor and to actuate the 

phase differential relay which resulted in the exciter and the main generator trip. Subsequently, the reactor 

was tripped by the turbine trip. All the safety systems functioned as designed, however, the non-safety 
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13.8kV bus was transferred from the Unit Auxiliary Transformer (UAT) to the Startup Unit Transformer 

(SUT), not in a ‘fast transfer mode’(within 6 cycles) but in a ‘slow transfer mode’ (30 ~ 60 cycles) due to 

the difference of phase angle between the UAT bus and the SUT bus. Upon investigation, as a result of the 

YGN-4 grounding, three out of three phase differential relays were found to be actuated for YGN-1 

causing the excitor and generator trip while one out of three those relays was actuated for YGN-2 not 

causing any transient. The grounding at YGN-4 was found to be due to a bad contact of the ‘tulip contact’ 

inside the GIB which appeared to be due to incomplete manufacturing or fault construction of the ‘tulip 

contact’. There was an indication of flash-over inside the GIB which caused to experience such grounding. 

The phase angle difference was due to phase-‘A’ grounding. Also, it was found that one non-safety class 

Uninterrupted Power Supply (UPS) showed a momentary power loss during the electrical transient. A 

detailed investigation is to be followed. The Main Control Room (MCR) operators followed the 

appropriate Emergency Operating Procedures (EOPs) in response to the reactor trip and confirmed safe 

reactor shutdown. All the safety functions were not challenged and there was no adverse effect on the plant 

safety or radioactive material release to the environment as a result of this event. 

 

 

3. Consideration of Trip Causes and Corrective Action   
 

Title1 and title2 have similar phenomenon for reactor trip by CEA position deviation due to 

CEDMCS failure. The gap between the two events is the fault mechanism due to the continuous time of 

fusing current and breaker open operation characteristic. The main causes are over-temperature conditions 

for operating devices.  

We may be several conditions that could result in an SCR failure due to an over-temperature 

condition :  

(1) Exceeding maximum repetitive peak or off-state voltage due to notches on the 3 phase MG bus due 

to misadjusted phase firing. Overheating would result from slower than normal turn-on of the SCR 

(2) Exceeding maximum critical rate of rise of the off-state voltage due to notches on the 3 phase MG 

bus due to misadjusted phase firing. Overheating would result from slower than normal turn-on of the SCR 

(3) Excessive operating temperature within the CEDMCS cabinet. For example, overheating could occur 

if air flow in the cabinet was blocked. 

(4) Insufficient gate voltage input to the SCR can cause an over temperature condition and create a short 

in a SCR junction, thus causing the SCR failure.  

The following corrective actions were implemented the replacement of broken Power Switch Assembly 

(PSA), and operational test inspection of total PSAs, and CEA verification test. As for long term corrective 

action, the old CEDMCS will get to be replaced by the redundancy system of CEDMCS’s power source. 

Recovery blocking voltage of SCRs devices was increased from 800V to 1,200V. That is to minimize the 

probability of thermal damage and enhance the reliability of equipment.  

 Title 3 is the event that YGN-1 reactor trip was due to the grounding occurred at YGN-4 and the 

grounding was found to be due to a bad contact of the ‘tulip contact’ inside the GIB which appeared to 

have resulted from incomplete manufacturing or fault construction of the tulip contact. YGN-1 also 

experienced non-safety UPS failure momentarily during the electrical transient which resulted in a loss of 

power for the plant computer. Hence, there were not enough data for the sequence of event (SOE).  

For the electrical safety of domestic Nuclear Power Plant (NPP), the following corrective actions were 

implemented and planned. 

(1) Replaced the failed GIB with a new one  

(2) Plan to establish comprehensive and systematic study for the UPS integrity 

(3) review the excitor system protection function in relation to one single fault events 

      - removing the synchronization transformer fault trip signal of excitor controller  
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      - review thyristor capacity which can be operable possibility for two phase excitor controller on a 

phase fault  

 

 

4. Results and discussion   
 

Some laboratory researched the study that was defined a methodology that allows to establish the 

correlation between accelerated ageing tests and the real working conditions of a thyristor[1][2]. As part of 

the preventive maintenance, we need to replace these components periodically after a fixed number of 

years of operation. However, it has been observed that their electrical parameters are still within the 

specifications. Actually the residual lifetime of these devices is not known and perhaps the maintenance 

period could be widely lengthened. Their evaluation methods were presented by tests of the lifetime of a 

thyristor.  

From these events, we can conclude that the improvement of the modern power electronics is as 

follow. In the case of type1 and type2, we should change CEDMCS into dual power controller and  supply 

a close loop current method  by the feedback control the power converter circuit.  

The type 3 case was reviewed in every a point of view of the synchronization transformer fault signal 

for DS-DEX exciter controller. Consequently, a phase unbalance detection function of synchronization 

transformer faults was removed due to the protection of controller itself. On operating two phase a phase 

fault, we verified that thyristor load current can be operable possibility for two phase excitor controller.    

Through the improvement of CEDMCS and Excitor, we should have been informed the uncertainties 

in the real stress values and the equipment capability.  
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