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Grounding is a subject that can and does fill books, so it would be impossible to cover the subject in a 
single Technical Brief.  The purpose of this document is to identify what is meant when we say electrical 
equipment is grounded, define the basic purpose for grounding, and explain the basic functions of the 
grounding required in equipment provided by Powell. 
 
So lets begin with the basic definition: 
 
Ground – A conducting connection, whether intentional or accidental, between an electrical circuit or 
equipment and earth, or to some other body that serves in place of the earth. 
   
Power systems use system grounding, the intentional connection of a neutral conductor to earth, for 
numerous reasons; 
 

1. To control the voltage with respect to earth or the ground point within predictable limits. 
2. To reduce the electrical shock hazard to personnel. 
3. To provide adequate current-carrying capability, both in magnitude and duration, for any level of 

ground-fault current permitted by the overcurrent protection system without creating a fire or 
explosive hazard to building or contents. 

4. To provide a low-impedance return path for ground-fault current necessary for the timely 
operation of the overcurrent protection system 

 
The National Electric Code (NEC) requires certain system grounding connections to comply with the 
code.  Powell follows the guidance found in IEEE 142 (Green Book) Grounding of Industrial and 
Commercial Power Systems to meet these requirements. 
 
Additionally, specific equipment such as Metal-Clad Switchgear, as defined by IEEE C37.20.2, require 
mechanical and thermal testing for the equipment ground bus.  The Momentary Current Withstand Tests 
and the Short-time Current Withstand Tests have requirements for ground bus performance under short-
circuit conditions.  Here the ground bus must meet the same current and duration levels as the primary 
conductors to align with the permissible delay allowed by the switching device for protection coordination.  
The switchgear ground conductor is therefore considerably larger than the other conductors required for 
the grounding system grid.  Additionally, the Construction clause provides the requirements necessary to 
provide the static safety ground connection to all metallic components. This is not the same as the 
switchgear ground bus, even though they are all tied together, and should not be confused with the 
short-circuit requirements applied to that ground bus.  
 
Outside the switchgear the ground-fault duration is often much shorter as there is typically ground-fault 
detection on the incoming circuit.  It is a common assumption is that once the fault current from the 
equipment conductor(s) reaches the ground grid conductor to which it is attached, the fault current 
divides equally. Therefore, the grid conductors need to be sized to carry only one-half of the total fault 
current.  The conductor size may be calculated using the following formula: 
 
 

A = Kf × I × √tc 
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Where, 
 

A is the conductor cross-section area in kcmil 
I is the fault current (assuming a bolted fault) in rms kA 
tc is the fault duration, including relaying and tripping time in s 
Kf is a factor that takes into account the ground bus material fusing temperature. 

 
The grounding grid conductor is made from 1/4” × 2” hard-drawn copper in Powell Power Control Rooms 
(PCR).  Kf  equals 7.06 for hard-drawn copper. 
 
In the worst possible scenario with no ground-fault protection, allowing the fault to last for the full 2 
second duration (available tripping delay for the PowlVac Circuit Breaker) and the highest available 
short-circuit rating of 63kA rms, the calculation shows the ground conductor is adequately sized ¼” × 2”.  
It will get very hot; a bit over 500°C, if the fault lasts the full 2 seconds, but this temperature is less than 
half the melting point of the copper.  If either the 50% reduction in current assumption is used or ground-
fault protection is employed, the conductor temperature stays well below 500°C. 
 
Admittedly, it may look a little strange to see the switchgear bus at double the size of the grounding 
system bus, but it is all correctly sized based on the national standards. 
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