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ABSTRACT 

A significant and growing problem within the global nuclear industry is the aging of 
motor control center (MCC) components. MCC’s have a very important role in the safety and 
critical to generation requirements of a nuclear power plant. Although many OEM’s MCC’s 
such as ITE/Telemechanique, GE, Westinghouse, Cutler Hammer, Klockner Moeller, etc. 
have been used throughout the global nuclear industry, they all have one common 
aspect……..obsolescence. 

 
Obsolescence of various components within the MCC’s such as molded case circuit 

breakers, starters, relays, heaters, contactors, etc. are impacting the reliability of the MCC to 
serve its intended function. 

 
The paper will discuss the options which the nuclear industry is faced with to increase 

the reliability of the MCC’s while maintaining design control, qualification and meeting 
budget constraints.  

 
The options as listed below shall be discussed in detail with examples to enhance the 

readers understanding of the situation: 
 

1) Component by component replacement: The hurdles associated with trying to find 
equivalent components to replace the obsolete components while still working 
(mechanically and electrically) in the original cubicle will be presented.  

 
2) Complete MCC cubicle with new internal components replacement: The process of 

supplying a replacement cubicle, with all new internal components and new door to 
replace the original cubicle will be discussed. 

 
The presentation will conclude with a comparison of the advantages and dis-advantages 

of the two methods to bring the MCC to an as new condition with the overall goal of 
increasing reliability. 

 

1 INTRODUCTION 

Independent of the plant technology, all nuclear plants rely on motors to perform critical 
to generation and nuclear safety related functions within a nuclear plant. These motors are 
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Standard Motor 
Control Center 

used for pumps, fans, actuators, and cranes just to name a few important applications. They 
all require motor control centers designed to provide starting power, continuous power, 
monitor power integrity and control of  the motors as required for plant operation. 

 
The motor control centers consist of several components used in conjunction with each 

other to serve this function. A typical motor control center cubicle can consist of: 
 

• Molded Case Circuit Breakers (MCCB) 
• Contactors 
• Starters 
• Heaters      
• Fuses 
• Fuse Blocks 
• Terminal Blocks 
• Control Power Transformers (CPT) 
• Auxiliary Relays 
• Timing Relays 
• Ground Fault Detectors 
• Wire/Lugs 
• Etc. 

 
 
Many motor control center OEM’s have provided equipment to the nuclear industry, 

including but not limited too: 
 

• ITE/Telemechanique 
• GE 
• Klockner-Moller 
• Westinghouse/Cutler Hammer 
• Federal Pacific Equipment 
• Square-D 
• Siemens 

 
Many of the OEM’s have sold off product lines or merged with others companies 

through out the years. This has complicated the procurement of replacement parts needed to 
maintain reliability of the motor control centers. Independent of OEM they all share one 
common issue which is component obsolescence.   

 
Most power plants within the global nuclear fleet are 1970’s vintage. This means the 

majority of the motor control centers within the global nuclear industry are approaching 30 
years of age.  

 
The combination of aging installed equipment, component obsolescence and 

surveillance testing (required by technical specifications) is forcing many plants to 
aggressively address motor control center refurbishments or face unplanned outages due to 
unavailability of critical motors. 
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2 OPTIONS 

 
The refurbishment of motor control centers yields two options: 
 

1) Component by component replacement. 
 

2) Complete MCC cubicle with new internal components replacement. 
 
Component Replacement Option: 
 
Most power plants start off by trying to replace components as they fail within the 

motor control center cubicle (often referred to as a bucket). A component is either found to be 
defective during surveillance testing or during normal required operation. The first course of 
action is to replace the failed component with the same component either from plant stock or 
the OEM. If the same component is available and passes required testing there is no problem. 
The component is replaced and the motor is put back in service. 

 
Unfortunately, in more and more cases the component is not available as the same as 

currently installed. This is primarily due to component obsolescence. This situation forces the 
plant to find an equivalent replacement of the item from the available commercial market for 
said component. 

 
This involves a thorough search of the available OEM’s subject components to find the 

most suitable replacement. Once a suitable replacement is found a detailed equivalency 
evaluation is performed in accordance with the guidelines of EPRI NP-6406. The equivalency 
documents a comparison of the original component’s critical characteristics to the newly 
proposed components critical characteristics. Any differences need to be evaluated making 
sure the difference will not adversely alter the critical function of the motor which the motor 
control center cubicle is controlling. 

 
Difficulties can arise due to space limitations within the existing motor control center 

cubicle. There either is not enough of a foot print available for the new component or the new 
component fits but does not allow for a proper bend radius of the connected wiring. This is 
most evident when replacing a molded case circuit breaker or starter with a new up-to-date 
component. These components have actually increased in size over the years to keep pace 
with new NEMA, UL/CSA and IEC requirements. 

 
Hidden problems can also be encountered. For example many early OEM designs 

incorporated “unitized” starters which incorporated a starter and thermal overload in the same 
case. Most new designs do not offer unitized starters which means these components are now 
separate requiring more space in the cubicle. 

 
The newly selected component may fit and work electrically with no adverse 

conditions. The immediate condition is corrected, however available space and or wire bend 
radius tolerance is consumed with the new component. As a result the next component which 
fails is even more difficult to replace if an equivalent replacement is needed again. 
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Verification of Molded Case Circuit Breaker 
Safety Function 

MCC cubicle Fit-Up 

If the MCC is safety related, the new component must be qualified for its intended 
application in accordance with IEEE Std. 344, seismic, and IEEE Std. 323, environmental 
qualification requirements. 

 
The safety function needs to be verified for all safety related applications. If commercial 

grade components are being used then the safety function must be verified in accordance with 
the guidelines of EPRI NP-5652 and the applicable JUTG (Joint Utility Task Group) CGI 
(Commercial Grade Item) evaluation for the respective component. 

 
Many early MCC refurbishment 

projects started with component by 
component replacements. Many engineering 
hours were spent looking for suitable 
replacements only to discover that many 
cubicles requiring refurbishment did not have 
the additional space required and or the 
cubicle would require a complete redesign to 
have the new component(s) fit in the cubicle 
with the existing components. Other 
problems such as electrical coordination, 
starter functions or control power 
transformer (CPT) VA rating were not 
adequate for the new components. As a result 
the refurbishment either could not be done or 

could be done once but when another component required an equivalent replacement in the 
same cubicle there were no options left to keep the existing design going. The early lessons 
learned from MCC refurbishments have educated the industry to look at other options for 
maintaining and improving the reliability of the MCC’s. 

 
Complete MCC Cubicle/Internal Replacement: 
 
Current MCC refurbishment programs involve the replacement of the entire MCC 

cubicle (just the cubicle which inserts in the free standing switchgear) with a new cubicle 
containing newly available components. The components are selected to best match the 

existing design attributes while considering new plant concerns such as 
degraded voltage requirements. 

 
Each component (MCCB, starter, fuse, fuse block, terminal block, 

relay, etc.) is selected based on the original design and the application 
requirements while considering the cubicle space requirements.  

 
Replacement blank MCC cubicles are manufactured to fit into the 

existing switchgear without modification. Replacement blank cubicles are 
manufactured with thicker gauge steel providing longer life and increased 
seismic rigidity.  

 
 

New cubicles are installed in mock-up switchgear ensuring a proper fit when installed at 
the client location.   
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Detailed equivalency evaluations are generated in accordance with the guidelines of 
EPRI NP-6406 documenting the critical characteristic comparison of each component. 

 
A completely new design package is generated for each new MCC cubicle consisting of 

the following: 
 

• General Arrangement Drawing (component layout of the new cubicle) 
• Wiring Diagrams 
• Bill of Materials (BOM) 
• Instruction Manual 

 
By replacing all of the components with new components there is no concern of 

electrical interface problems between the old components and the new components within the 
same cubicle. There is also no longer a space or bend radius problem since the new cubicle 
layout is designed based on the new components vs. trying to fit a new component into an 
existing layout. 

 
The old cubicle is then removed (either unbolted or in most cases racked out) and the 

new cubicle with internal components is then inserted into the switchgear. The final step is the 
replacement of the old door with a new door designed to interface with the new cubicle 
components specifically the molded case circuit breaker and reset button push rod for the 
overload relay.  

 
Early MCC entire cubicle refurbishment 

programs involved reusing the existing blank 
cubicle and door and installing/aligning the new 
components. This proved too difficult and 
unreliable. New cubicles and doors are now 
mandatory where it used to be an option when 
performing entire MCC cubicle refurbishments.  
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As with the component replacement option new 
ated MCC cubicles are qualified in accordance with IEEE Std. 344 and IEEE Std. 
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 safety function needs to be verified for all safety related applications. If commercial 
ponents are being used then the safety function must be verified in accordance with 

lines of EPRI NP-5652 and the applicable JUTG (Joint Utility Task Group) CGI 
cial Grade Item) evaluation for each component. 
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3 CONCLUISION 
 
Motors are extremely critical to the safe and reliable operation of a nuclear power plant. 

If the Motor Control Centers do not have extremely high reliability the motors can not 
perform their function, as a result causing unplanned outages.  

 
The combination of aging equipment and component obsolescence are mandating that 

proactive refurbishment programs be undertaken on Motor Control Centers. The replacement 
of entire MCC cubicles is slightly more expensive in the beginning as compared to 
component replacement only. This increased cost is immediately justified with increased 
equipment reliability and less dependence on obsolete equipment within the nuclear power 
plant.  
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