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Introduction 

Electrical grounding is probably the most over-looked, ignored, and 
misunderstood part of electrical energy source circuits. A faulty ground circuit 
can have lethal potential to the worker, can damage electrical equipment ‘or 
components, and can lead to higher consequences. For example, if the green-wire 
ground return circuit (in a three-wire power circuit) is faulty or is open (someone 
cut the prong, etc.) a person can receive an electrical shock by touching the 
conductive enclosure, and the result can be lethal. If high explosives are involved 
in the process, sneak electrical energy paths may cause electrical threats that lead 
to ignition, which results to higher damage consequences. Proper electrical 
grounding is essential to mitigate the electrical hazard and improve work place 
safety. A designer must ask the question, “What grounding is proper?” 
continuously through a process design and in its application. This question 
must be readdressed with any process change, including h m  layout, equipment, 
or procedure changes. Electrical grounding varies h m  local work area grounding 
to the multi-point grounding found in large industrial areas. These grounding 
methods become more complex when the designer adds bonding to the 
grounding schemes to mitigate electrostatic discharge (ESD) and surface 
potentials resulting from lightning currents flowing through the facility structure. 
Figure 1 shows a typical facility power distribution circuit and the current flow 
paths resulting fkom a lightning discharge to a facility. This paper discusses 
electrical grounding methods and their characteristics and identifies potential 
sneak paths into a process for hazardous electrical energy. 

Grounding Methods and Their Hazards 

Three major types of grounding methods are found in industrial facilities to 
manage stray electrical charges in work areas: local and facility single- and multi- 
point grounding. Table 1 summarizes the features of each grounding method. 
Local ground equalizes voltage potential in the immediate process work area with 
conductive surface inter-bonding and the connection to the local facility ground. 
This ground connection is usually through the electrical third wire, the “green- 
wire” circuit in the power cord. For multi-linked systems, the designer may use 
a separate wire circuit that bonds each enclosure by looping between them and 
with a short jumper bond to facility ground at the receptacle box or some other 
local location. This bonding provides a drain path for static charge and a return 
path for the electrical line to enclosure or chassis faults [required by the National 



Electric Code (NEC)] for worker safety. The singlepoint return path to ground 
mitigates circulating current and unwanted current flow through the conductive 
enclosures. The local grounding interfhx with the facility single and multi- 
point grounds used by the electrical facility electrical power distribution or other 
systems. 

Another local bonding scheme may be an ungrounded network that is 
allowed to electrically float at a voltage above ground refemce. This method 
bonds a small network together for a equal potential plane and relies on isolation 
for safety. Bonding to protect from static discharge uses a conductor having some 
type of connector at each end and a series resistor to limit discharge current. The 
purpose of bonding is to reduce the energy to a safe level with a slow discharge 
and without damage. An example is a technician bonding to a sensitive device 
to equalize any static potential while working on it. Any violation of the 
isolation criteria may cause damage to the item being protected fiom a static 
charge difference. It is difficult to maintain the isolation integrity of this method 
because any item entering this network may contain a static charge or cause a 
discharge (because the network is ungrounded) and possible disruption s ~ c i e n t  
to cause damage. The charge accumulation drains to the facility ground by an 
additional high-impedance bond to facility ground, thereby limiting potential 
discharge current magnitudes and potential damage to sensitive components. 
This additional drain circuit often is ignored by the designer. 

Electrical circuits have a "green-wire" return circuit required by the NEC that 
provides an electrical return path to ground for any conductive surface that may be 
energized. In contrast to the high resistance conductive circuit for static 
discharge, the green-wire circuit requires a low-impedance fault current capacity 
conductor to activate the circuit's protective devices. This green-wire circuit 
routes with the power (line and neutral conductors) circuit in the power cord or 
conduit to a wall receptacle and the receptacle box that contains a bond to local 
facility ground. These circuits return to the electrical panel containing the 
protection devices and the neutral bus, which has a direct electrical connection to 
ground. The bonding at each receptacle that grounds the green-wire circuit 
locally to the electrical box, their common green-wire connection at the neutral 
bus, and the neutral bus connection to ground form the multi-point ground circuit 
of the power distribution network. 

The electrical panel may contain protective devices for circuits supplying 
power to many locations of the facility and may cover a large area within the 
facility. This panel provides the common path to ground for the green-wire 
circuits for each of the loads supplied by the panel. A single line-to-ground fault, 
at any of the loads supplied by the panel, returns its current on the green wire to 
the neutral bus or through other ground paths. Any current in the neutral circuit 
has some voltage drop across its characteristic impedance, so any fault current 
causes an increase of the neutral bus voltage to ground. This voltage can be 
significant if surges and transients are shunted to the ground circuit by surge 
protection devices. Frequently, the designer uses the same neutral bus grounding 
circuit for the shunt to ground. This causes the disturbance energy to flow on 
each of the green wire circuits to facility grounds at the load. This kquent 
current flow causes corrosion and circuit deteration. 
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Table 1. General Ground Methods and Their Characteristics 

Grounding 
~ Method 
Local 
grounding 

Single- 
point 
grounding 

Multi-point 
grounding 

Description Pro and Con 
May be a common 
usage of un- 
grounded, single- 
point, and multi- hazardous energy. 

point grounds 
A conductive 
network that 

at a single location. 

Pro: Provides equal potential 
between conductive surfaces 

Con: Allows conductive path for 

Pro: Provides conductive path to 
ground for hazardous electrical 

connects to ground energy 
Con: Reliability question and allows 

hazardous voltage to exist with 
high current conditions. 

paths to ground for hazardous 
A conductive Pro: Provides multi-conductive 
network that 
connects to ground electrical energy 
at multiple Con: Allows circulating currents. 

The electrical green-wire circuit bond at the electrical box with a single 
connection causes reliability and potential safety issues. If this bond is missing 
or corroded, the enclosure ground refmce is at the electrical panel neutral bus 
some distance away. This distance reference brings any neutral bus disturbance 
locally to the enclosure surface. Further, test cables usually have their shields 
attached to the enclosure ground, which means these disturbances exist at the 
device under test (DUT). Of concern is the high-voltage switching surge that is 
shunted to the neutral-to-ground circuit by the overvoltage protection devices. 
The high voltage appears at the DUT causing possible damage. The worker also 
is exposed to this voltage transient and the results can be lethal. This bond is 
verified in the initial installation, and its integrity is ignored for the life of the 
facility because testing is not required and is difficult to verifl. For sensitive 
devices, a separate bond circuit should be made to the facility ground to locally 
refmce the green-wire circuit and clamp voltage differences. This separate 
circuit provides a verifiable bond thereby improving reliability and safety. 

Lightning Discharges and Their Pathways 

A greater safety issue occurs with a lightning discharge to the facility. High- 
hquency lightning current flows through the walls and floor to ground. 
Dielectric breakdown occurs to conductive circuits entering the facility because of 
their remote ground refmce and the resulting voltage gradient. Equipment 
attached to the floor or wall provides a conductive path for discharge currents, 
causing significant damage if the equipment is attached to the power circuit. 

Such a lightning discharge to a facility scenario is shown in Fig. 1. Here the 
discharge occurs to a facility that contains ac-voltagesupplied tester devices. 
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Discharge current flows through the walls and floor, creating a voltage gradient 
across those surfaces. The floor gradient causes dielectric breakdown to the tester 
enclosures to occur, and current flows through the green wire circuit back to the 
electrical panel. A voltage gradient exists between the tester cable and the floor 
and wall, so ifthe test cable is attached to a sensitive device fkom the tester, 
potential dielectric breakdown and damage the DUT may occur. 

The primary method for protection against a lightning discharge is isolation. 
Power isolation transformers can provide suGcient isolation to protect sensitive 
circuits. Each transfomer must have internal shielding to mitigate primary-to- 
secondary capacitance coupling. The floor or wall voltage gradient is mitigated 
through distance isolation fiom those surfaces. For a facility with good bonding 
between wall and floor, a few inches of isolation can eliminate dielectric 
breakdown. For older, less well-bonded facilities, a dielectric withstand of 40 to 
70 in. may be necessary. 

Safety Devices to Reduce Ground Current 

Several methods and devices atle available to reduce ground current in 
equipment and improve safety. One method is to use an external third-wire 
circuit that is verifiable to ensure that the equipment is grounded locally. A 
second method provides isolation between the energized equipment and a 
grounded surface. 

More important is the need to isolate the devices from the power system. As 
discussed earlier, an isolation transformer with shielding provides isolation h m  
the facility power sources. The shield shunts capacitance coupled energies to 
ground before they reach the secondary. This isolation eliminates the remote 
ground of the power circuit and reduces the stray currents of the system. The 
transformer shell and shield@) are grounded to the facility. The secondary has a 
three-wire circuit and may be grounded at the load to shunt any static charge. 
The equipment still has to be grounded locally for worker protection. A second 
safety device for protection of people and equipment is the Ground Fault 
Interrupter. This device interrupts the power circuit with a difference in line and 
neutral current or with a green-wire current of as little as 5 ma for human 
protection and 20 ma to protect equipment. There are separate devices for human 
and equipment protection because of the difikent current trip thresholds. They 
are more sensitive and trip faster than the protection circuit breaker. This device 
is placed in series with the load and can be portable or installed permanently. 
These interrupter devices are required by the NEC in some areas but should be in 
common usage for workplace safety. 

Summary 

This paper attempts to resolve some misunderstanding in electrical 
grounding and its resulting ground potential rise by discussing some d 
grounding methods and characteristics and provide some methods to mitigate 
damaging energy through ground potential differences. Some ways to protect 
fkom these differences are by additional parallel groundmg, and physical isolation. 
More importantly, is the application of transformer isolation to reduce and 
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localize ground current and the addition of the ground fault interrupter in the 
power circuits for worker safety and equipment protection h m  damage. In the 
end, the grounding designer must ask the question, “Is the grounding proper?” 
The discussion above should help to answer this question. 
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