
Grounding Systems



250.4 (A)



NEC IEC CEC

1 Grounded Conductor Protective Earth Neutral (PEN) Grounded Conductor

2 Bonding Conductor or Jumper Bonding Jumper Bonding Conductor

3 Conductive Electrical Equipment 

Enclosure

Exposed Conductive Parts Non-Current carrying metal parts

4 Building Steel, Metal Fence, Metal 

Pipe

Extraneous Conductive Part Building Steel, Metal Fence, 

Metal Pipe

5 Equipment Bonding Jumper Equipment Boning Jumper Bonding Conductor

6 Ground Bus Earthing Bus Ground Bus

7 Equipment Grounding 

Conductor(EGC) 

Protective Earth Conductor(PE) Grounding Conductor

8 Grounding Electrode Conductor 

(GEC)

Earthing Electrode Conductor Grounding Conductor

9 Grounding Electrode Earth Electrode Grounding Electrode

10 Main Bonding Jumper Main Bonding Jumper Grounding Conductor



IEC V NEC

IEC Terminology

• IT

• TN

• TT

NA EC Terminology

• Ungrounded

• Solidly Grounded

• Impedance grounded

• Hybrid High Resistance 
grounded
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IEC TN System
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Ungrounded System



Ungrounded System

•

•
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•
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Ungrounded System

•

•

• Various detection schemes are used to detect the presence of a 
single line-to-ground fault. The simplest scheme employs three light 
bulbs rated for line-to-line voltage, each connected between line 
voltage and ground. Under normal operation, the three bulbs are 
illuminated with low equal intensity.



Ungrounded System
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Ungrounded System

•
•

• Various detection schemes are used to detect the presence of a 
single line-to-ground fault. The simplest scheme employs three light 
bulbs rated for line-to-line voltage, each connected between line 
voltage and ground. Under normal operation, the three bulbs are 
illuminated with low equal intensity.



Ungrounded System

• Ground Detectors. Ground detectors shall be 
installed in accordance with 250.21(B)(1) and (B)(2).

• (1) Ungrounded ac systems as permitted in 250.21(A)(1) through 
(A)(4) operating at not less than 120 volts and at 1000 volts or less 
shall have ground detectors installed on the system.

• (2) The ground detection sensing equipment shall be connected as 
close as practicable to where the system receives its supply.





Ungrounded System
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Ungrounded System
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Ungrounded System

LOW MEDIUM HIGH
Unscheduled Process Interruptions on first 
ground fault. Typically $7,000 to $30,000 
per hour

Loss of Critical Process due to power 
interruption (second ground fault)

Arc Flash Hazard – frequency / 

probability

Capital Equipment Damage –

NFPA Average $45,000.

Arc Flash Hazard – magnitude of 

destructive arc

1

6

5

5

3

6

Unable to locate the first ground fault in a 
timely manner

LOW MEDIUM HIGH

LOW MEDIUM HIGH

LOW MEDIUM HIGH

LOW MEDIUM HIGH

LOW MEDIUM HIGH

1             2               3  4              5                 6       
26



Solidly Grounded

•
•

• Solid grounding refers to the connection of a system conductor, 
usually the neutral of a generator, power transformer, or grounding 
transformer directly to ground, without any intentional intervening 
impedance. Two examples of solidly grounded systems are shown in 
Figure 20. Acknowledging the impedance of the source  and the 
unintentional impedance in the connection to ground leads to 
reference of these systems as effectively grounded.



Solidly Grounded
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Solidly Grounded

• 230.95 Ground-Fault Protection of Equipment. 
• Ground-fault protection of equipment shall be provided for solidly grounded 

wye electric services of more than 150 volts to ground but not exceeding 
1000 volts phase-to-phase for each service disconnect rated 1000 amperes or 
more. The grounded conductor for the solidly grounded wye system shall be 
connected directly to ground through a grounding electrode system, as 
specified in 250.50, without inserting any resistor or impedance device.

• The rating of the service disconnect shall be considered to be the rating of the 
largest fuse that can be installed or the highest continuous current trip setting 
for which the actual overcurrent device installed in a circuit breaker is rated or 
can be adjusted.

https://nec2020.nfpa.org/code/eb61ef8f-b559-487b-8499-9f0b11e56c6d/463bba44-7758-420d-9060-6c7e40d0fd5a/8d5a6e98-0e30-487e-8747-46b9e5b67cae/np_e3bc25d0-7ca4-11e9-b18c-f700bda2dd08.html#ID000700001234


Solidly Grounded



Solidly Grounded



Solidly Grounded



Solidly Grounded



Solidly Grounded

According to Industrial Power System Grounding Design 

Handbook - 95% of all electrical faults are phase to 

ground faults.

Solidly grounded systems are most susceptible to arc 

flash incidences
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Vb 2500 kVA 13.8kV Primary/
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2500

3 ∗.48
=3007 A



Solidly Grounded

Va

Vc

Vb 2500 kVA 13.8kV Primary/
480 V secondary

5% Z

𝐼𝐹𝐿 =
1

.05+0.02
=14.29

𝐼𝐹𝐿 =14.29*3007= 43kA

IFL

𝐼𝐹𝐿 =43 *480/= 43kA

𝐼𝑃𝑅𝐼 = 43 ∗
480

3 ∗13800
=863 A



Solidly Grounded

LOW MEDIUM HIGH
Unscheduled Process Interruptions on first 
ground fault. Typically $7,000 to $30,000 
per hour

Loss of Critical Process due to power 
interruption (second ground fault)

Arc Flash Hazard – frequency / 

probability

Capital Equipment Damage –

NFPA Average $45,000.

Arc Flash Hazard – magnitude of 

destructive arc
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Unable to locate the first ground fault in a 
timely manner

LOW MEDIUM HIGH
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LOW MEDIUM HIGH

1             2               3  4              5                 6       
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Solidly Grounded/ w mitigation

LOW MEDIUM HIGH
Unscheduled Process Interruptions on first 
ground fault. Typically $7,000 to $30,000 
per hour

Loss of Critical Process due to power 
interruption (second ground fault)

Arc Flash Hazard – frequency / 

probability

Capital Equipment Damage –

NFPA Average $45,000.

Arc Flash Hazard – magnitude of 

destructive arc
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Unable to locate the first ground fault in a 
timely manner

LOW MEDIUM HIGH

LOW MEDIUM HIGH
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LOW MEDIUM HIGH

1             2               3  4              5                 6       
21



Resistance Grounded

•
•

• In a resistance-grounded system, the neutral of the transformer 
or generator is connected to ground through a resistor. A typical 
resistance-grounded neutral system is shown in Figure 11. As 
commonly installed, the resistance has a considerably higher ohmic
magnitude than the system reactance at the resistor location. 
Consequently, the line-to-ground-fault current is primarily limited by 
the resistor itself.



Resistance Grounded
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Resistance Grounded
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Resistance Grounded

IR

Va

Vc

Vb

Voltage (v) Charging current (A) NGR (OHMS) HRG/LRG

480 2 55 HRG

4160 15 160 HRG

4160 25 6 LRG



Resistance Grounded

• NEC 250.36 High-Impedance Grounded Neutral Systems.

• Highimpedance grounded neutral systems in which a grounding 
impedance, usually a resistor, limits the ground-fault current to a low 
value shall be permitted for 3-phase ac systems of 480 volts to 1000 
volts if all the following conditions are met:

• (1) The conditions of maintenance and supervision ensure that only 
qualified persons service the installation.

• (2) Ground detectors are installed on the system.

• (3) Line-to-neutral loads are not served.



Resistance Grounded

• NEC 250.186 Impedance Grounded Neutral Systems.

• Impedance grounded neutral systems in which a grounding 
impedance, usually a resistor, limits the ground-fault current shall be 
permitted where all of the following conditions are met:

• (1) The conditions of maintenance and supervision ensure that only 
qualified persons service the installation.

• (2) Ground detectors are installed on the system.

• (3) Line-to-neutral loads are not served.



Resistance Grounded

How Does HRG reduce Arc Flash?

95% of all electrical faults are phase to ground faults.

By limiting the fault current to a low level, 10 amps or 
less, there is insufficient current for the arc to re-
strike and it self-extinguishes.





Resistance Grounded



Resistance Grounded
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Resistance Grounded

Main 
Transformer #1

HRG

A
V

• Minimum Requirements
• Resistor to limit Fault
• Ammeter to measure current 
• Voltmeter to measure voltage
• Pulsing Contactor



Resistance Grounded (STD HRG)

LOW MEDIUM HIGH
Unscheduled Process Interruptions on first 
ground fault. Typically $7,000 to $30,000 
per hour

Loss of Critical Process due to power 
interruption (second ground fault)

Arc Flash Hazard – frequency / 

probability

Capital Equipment Damage –

NFPA Average $45,000.

Arc Flash Hazard – magnitude of 

destructive arc
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1
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Unable to locate the first ground fault in a 
timely manner

LOW MEDIUM HIGH

LOW MEDIUM HIGH

LOW MEDIUM HIGH

LOW MEDIUM HIGH

LOW MEDIUM HIGH

1             2               3  4              5                 6       
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Resistance Grounded (SMART HRG)

• Minimum Requirements

• Resistor to limit Fault

• Pulsing Contactor

• Option for resistor monitoring

• Feeder Indication

• Easier  fault location

• SIFT/ adjustable timer

• Arc Flash Monitor

Main 
Transformer #1

DSP

64



Resistance Grounded

Main 
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64 64 64 64 64 64 64 64
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Resistance Grounded

LOW MEDIUM HIGH
Unscheduled Process Interruptions on first 
ground fault. Typically $7,000 to $30,000 
per hour

Loss of Critical Process due to power 
interruption (second ground fault)

Arc Flash Hazard – frequency / 

probability

Capital Equipment Damage –

NFPA Average $45,000.

Arc Flash Hazard – magnitude of 

destructive arc

1

1

1

1

1

1

Unable to locate the first ground fault in a 
timely manner

LOW MEDIUM HIGH

LOW MEDIUM HIGH

LOW MEDIUM HIGH

LOW MEDIUM HIGH

LOW MEDIUM HIGH

1             2               3  4              5                 6       
6



HHRG
Reliability and
Safety Impact

Ungrounded Solidly Grounded High Resistance
Grounded

Smart
SENTINEL HRG

Smart
SENTINEl HRG
c/w ADM Module

Process continuity 
under ground fault 
condition

Control transient 
over-voltages

Ability to locate 
ground fault

Process continuity
of critical process 
with second ground 
fault

Arc Flash Mitigation 
for safety



HHRG



PART 1 : FIG.6-TYPICAL GENERATOR GROUND 
FAULT
[Author = Powell]

400a

400a

13.8kV distribution bus
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Single point ground switched 

• Very complex, switching required, danger of system 
becoming ungrounded if supply main breaker trips

• NOT Recommended

Grounding
Resistor

R

Grounding
Resistor

R

Utility

Grounding
Resistor

R

Grounding
Resistor

R

Grounding
Resistor

R



Common neutral low resistance Grounded

• Circulating currents will flow causing generator de-
rating

Utility

Grounding
Resistor

R



Single point ground at the main bus 

Utility

Grounding
Resistor

R

• Known fault current for L-G faults, independent of number of generators 
in circuit



Hybrid grounding of multiple generators 

• Reduces generator damage. Sufficient current to overcome 3Ico, selective 
relaying easy to apply

• HRG can be 5A  and LRG can be reduced to suit

Utility

R

RRR

HRG
10 A.

R

HRG
10 A.

HRG
10 A.

HRG
10 A.

LRG
400 A., 10 s.

.
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* PHASE RELAYS
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•

•
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Questions

https://www.i-gard.com/



