
> www.i-gard.com

Time to Upgrade Your Ungrounded 

Electrical Distribution System

Speaker: Daleep Mohla

Copyright: I-Gard Corporation

1



> www.i-gard.com

VHistorical rationale for the application of ungrounded electrical systems

VPros and Cons of this technology

VApplication of Insulation Monitoring

VComparison of High Resistance and Ungrounded Systems

VRecent advances in HRG Technology 

Webinar Agenda
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System Grounding Decision

Two Key Questions :

1. How important is service continuity?

2. Are there many line-to-neutral loads?
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Ungrounded Systems

ÅUngrounded systems do not have an intentional

connection from the source generator or transformer to 

ground

ÅTypically a three wire delta system

ÅCan be a four wire system where the source neutral is 

not connected to ground
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BØAØ

CØ
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IEEE Standard 242 -2001 (Buff Book)

Recommended Practice for Protection and Coordination of 

Industrial and Commercial Power Systems

8.2.5 Ungrounded low-voltage systems employ ground detectors 

to indicate a ground fault.  These detectors show the existence of 

a ground on the system and identify the faulted phase, but do not 

locate the ground, which can be anywhere on the entire system.

Ungrounded Systems
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Deriving Neutral for Delta 

Transformer
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IEEE Standard 242 -2001 (Buff Book)

Recommended Practice for Protection and Coordination of 

Industrial and Commercial Power Systems

8.2.5 If this ground fault is intermittent or allowed to continue, 

the system could be subjected to possible severe over -

voltages to ground, which can be as high as six to eight 

times phase voltage. Such over-voltages can puncture 

insulation and result in additional ground faults.  These over-

voltages are caused by repetitive charging of the system 

capacitance or by resonance between the system 

capacitance and the inductance of equipment in the system.

Ungrounded Systems
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IEEE Std 141-1993 (Red Book)

Recommended Practice for Electric Power Distribution for 

Industrial Plants

7.2.1 Accumulated operating experience indicates that, in general 

purpose industrial power distribution systems, the over -

voltage incidents associated with ungrounded operation 

reduce the useful life of insulation so that electric 

current and machine failures occur more frequently 

than they do on grounded power systems.

Ungrounded Systems
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Ungrounded?
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ÅUnintentionally grounded through system capacitance

ïSuch as cables, transformers, motors, surge suppressors, etc.
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Ungrounded Systems
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ÅGround fault current distribution (minimal current)
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Arcing Ground Faults Intermittent 

or Re-strike

Å Intermittent ground fault: A re-striking ground fault can create a high 

frequency oscillator (RLC circuit), independent of L and C values, causing 

high transient over-voltages.

ï i.e. re-striking due to ac voltage waveform or loose wire caused by vibration
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Transient Over -voltages
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Case Study

Automotive Facility Troy, Michigan

Phase to Ground voltage monitored for 4 weeks ungrounded and 4 

weeks high resistance grounded.

485 events with peak 

voltage above 700 

volts due to intermittent 

ground faults.

Peak voltage 1050 

volts.

Transients lead to 

insulation failure.
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Impact of Transient Over -voltages

Insulation failure 

resulting in phase 

to phase fault and 

equipment damage 

in excess of 

$200,000.
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Install Insulation Monitoring

Upgrade to High Resistance Grounded

System Grounding Options
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The Insulation Monitoring Device continuously monitors the impedance to 

ground (resistance and capacitive and reactance) by injecting both a DC and 

an AC current through the neutral point of the system.

If such impedance decreases below a predetermined value, due to a first fault 

to ground, an audible/visual alarm will be initiated.

Insulation Monitoring Device
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VSeveral pieces of hardware required for this: 

Å Low frequency current injection 

Å Zero sequence detection equipment

ÅZero Sequence CTôs around all feeders.

VA low frequency current signal is injected into the electrical system 

and detected with zero sequence CTôs.

üNot effective in intermittent faults. 

üDoes not limit transient overvoltage's. 

üMay interfere with solid state equipment.

Find a Fault with Insulation 

Monitoring
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Install Insulation Monitoring

Upgrade to High Resistance Grounded

System Grounding Options 
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High resistance grounding of the neutral limits the ground fault current to a very low level 

(typically from 1 to10 amps) and this is achieved by connecting a current limiting resistor 

between the neutral of the transformer secondary and the earth ground and is used on 

systems, up to 5kV (nominal).

By limiting the ground fault current, the first fault can stay on the system until it can be 

located and removed quickly. 

High Resistance Grounding
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IEEE Standard 141 -1993 (Red Book)

7.2.2.   High-resistance grounding provides 

the same advantages as ungrounded 

systems yet limits the steady state and 

severe transient over-voltages associated 

with ungrounded systems. 

IEEE Std 242-1986 Recommended Practice for the Protection and Coordination 

of Industrial and Commercial Power Systems  

7.2.5.   Ungrounded systems offer no advantage over high-resistance grounded 

systems in terms of continuity of service and have the disadvantages of transient over-

voltages, locating the first fault and burn-downs from a second ground fault. For these 

reasons, they are being used less frequently today than high-resistance grounded 

systemsò.

High Resistance Grounding
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Resistor (HRG) in lieu of wire adds significant amount of resistance to lower ground fault 
to a predetermined value preventing destructive fault currents and shut-down!

High Resistance Grounding
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Advantage of return path - ground fault location

Contactor shorts out part of the resistor changing the resistance, hence, changing the 

current.  Ground fault current now is a pulse signal that allows for detection!

High Resistance Grounding
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