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Abstract

s .Most Misunderstood Element of Power o..History
System design « Solidly Grounded

» Ungrounded

Introduction

Present Practice NEC Article 250-5

e Industrial / Commercial ».(b). . AC Systems 50V-1000V - Shall be
* NEC Art. 250-1 Scope Grounded

¢ Grounded to Limit Voltages due to;
— Lightning rmil0V
=aline Surges
— Unintentional.Contact with Higher Voltages — 3 phasCRRG@g
— Stabilize V| ; During Normal Operation
— 3 phase/4 wire Delta




NEC Article 250-5
s..(b)_Continued

— Exception 5 High Impedance Grounded Shall
be-Permitted

— Qualified Maintenance Personnel Only

— Service"Continuity Required

— V, x Loads Not Served

Detinitions (IEEE “Green Book™)

Ungrounded System
Grounded System
Grounded Solidly
Resistance Grounded
Effectively Grounded

Figure.2:..Ground Fault on an
Ungrounded System

NEC Article 250-5
o.lclAC Systems > 1KV

— Where Such'Systems Are Grounded, They
Shall Comply With Article 250

What Comprises a Ground
System?_Figure 1

120V 1 Phase

Figure 3:.Voltages During Ground Fault
on an Ungrounded System

l Ground

a) No Ground Fault b) Ground Fault
on 1 Phase




Figure.4:-Ground Fault on a
Solidly. Grounded System
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L= lf = 29, 200 A

Table I
Solid Grounded vs. Ungrounded

System
Grounded Ungrounded
Voltage
Phase A to Phase C 480 480
Phase A to Phase B 480//3 480

Phase C to Phase B 480/3 480

Phase A to Ground 480//3 480
Phase B to Ground 0 0
Phase C to Ground 480/~3 480

Fault Current - Amperes

Phase B 29,200
Phase C 0
Phase A 0

Solidly-Greunded Systems
Figure 6:(Industrial/Commercial)

120v l 120V

a) 480/277V Wye b) 120/208V Wye c) Center Taped
240/120V Delta

Figure.S:-Veltage Profiles for
Solidly. Grounded System

a) No Ground Fault b) Ground Fault

To Ground-the-System or Not to
Ground

* V, Loads Served?

¢ Service Continuity Importance?

Ungrounded Systems

o . Multiple Ground Faults
* Resonant Conditions
* Transient Overvoltages




Fig. 8. Transtent Overvoltage
from.Restriking Ground Fault
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Figtre 7: Series Resonant Circuit
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ESP-MOTOR FAILURE DUE TO ARCING ESP MOTOR-WYE POINT FAILURE
GROUND FAULT DUE TO ARCING GROUND FAULT

UNGROUNDED GENERATOR
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Figtrc 9

e _Inductance

Grounded

Figure-l1:-Grounding
Transformers

a) 3 Auxiliary Transformers/
Wye Broken Delfa

b) Zig-Zag c) M.V. Wye Source

Table II
Xo/ X, and R,/ X, for
Low Transient Overvoltages

»_Ungrounded

e=Solid.Grounded

¢ Reactance Grounded

No Ratios Available
Produces High

Vtruns ients
Xo/X; Very Low
Unless Wye-Wye

¢ XX, < 3.0

Figtrc 10: Resistance Grounded
«_L.R.-200A to 1000A

¢ H.R.-Lessthan"10A

Fig..12:The-Effect of Grounding
Impedance on Transient Overvoltages

FIGURE 120
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Table II
Xo/ X, and R,/ X, for
Low Transient Overvoltages
* ] ow Resistance * Ry/X, > 2.0
Grounded o XX, < 20

s.High Resistance o Ip > Do




Table Ill:System Characteristics
With Various Grounding Methods

Ungrounded Reactance
groundi

o _Mechanical Stress in Generators o reaor

e
A N Curertfor | Less han 1% Varies, maybe | Ustaly designed | 510 25% 51020%
* Selective Relaying pee eorgear | toprodes o o
in percent of

Other Factors

¢ Surge Protection

Very high Not excessive Notexcessive

Yes No Yes

Grounded-neutral | Ungrourded Ungrounded Ungrounded
neural type reutral type neural type

Bestsutedfor | Generall usedon
excessiveover- | fighwoliage over- | industral systems
voliages of 2410 15V

nonsegregation of
fauit

Practicable-System Grounding Practicable-System Grounding
Selections Selections

e L. Voltage (< 1000V) ¢ M. Voltage ¢ Medium Voltage
— Solid — Solid . Res g — H. Resistance
“H»Resistance * 3PH/4W / Generators * < 5 KV-No Tripping
« Aerial Lines ¢ Shielded Cables e > 5KV - Tripping
* Unshielded Cables exNo., V. Loads * No V;y Loads
* H. Voltage G15°KV)

— Selid

Ground. Fault-Protection Using Residual. Ground Fault Detection
3 Wire




Residual. Ground Fault Detection

) Soturce Neutral Ground Detection
4 Wire

Zero Sequence HTReSistance / Pulsing Contactor

600/347V (Max} Wye, Ungrounded

HY
T .
Equipment
N A
[ [
CLE!
Control
Circuit
CLF

@ Pulser Grounding
Resistor Resistor
e

CURRENT IN AMPERES

Zone Interlocking

» NEC Art. 230-95

¢ L.V. Ground Fault
Protection
Coordination

B— TIME DELAY INPUT

TIME IN SECONDS

:

100 1K

APPADS tcc  Ref. Voltage: 480 Current Scale X 101




