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Objectives

When trainees have completed this lesson, they should
be able to do the following:

Explain the purpose of grounding and bonding and the scope of NEC Article 250.
Distinguish between a short circuit and a ground fault.

Define the National Electrical Code® requirements related to bonding and grounding.
Distinguish between grounded systems and equipment grounding.

Use NEC Table 250.66 to size the grounding electrode conductor for various AC systems.

Explain the function of the grounding electrode system and determine the grounding electrodes to
be used.

Define electrodes and explain the resistance requirements for electrodes using NEC Section
250.56.

Use NEC Table 250.122 to size the equipment grounding conductor for raceways and equipment.

Explain the function of the main and system bonding jumpers in the grounding system and size the
main and system bonding jumpers for various applications.

10. Size the main bonding jumper for a service utilizing multiple service disconnecting means.
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Objectives and Performance Tasks

11. Explain the importance of bonding equipment in clearing ground faults in a system.
12. Explain the purposes of the grounded conductor (neutral) in the operation of overcurrent devices.

Performance Tasks

1. Using the proper fittings, connect one end of a No. 4 AWG bare copper grounding wire to a length
of ¥," galvanized water pipe and the other end to the correct terminal in a main panelboard.

Install two lengths of Type NM cable in a switch box using Type NM cable clamps:
« Strip the ends of the cable to conform with National Electrical Code® requirements.
» Secure the cable in the switch box and tighten the cable clamps.

« Connect and secure the equipment grounding conductors according to NEC® requirements, and
secure to the switch box with either a ground clip or a grounding screw.

Size the minimum required grounding electrode conductor for a 200A service fed by 3/0 copper.

Size the minimum required equipment grounding conductor in each conduit for a 400A feeder gap
using two parallel runs of 3/0 copper.

Size the minimum required bonding jumper for a copper water pipe near a separately derived
system (transformer) where the secondary conductors are 500 kcmil copper.
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1.0.0-3.0.0

Introduction; Purpos

e of Grounding

and Bonding; NEC® Requirements

 Circuits are grounded to limit the voltage on the circuit and
ensure the stability and continuity of the electrical system.

« NEC Article 250 covers the requirements for grounding.
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1.0.0-3.0.0
What’s wrong with this picture?

26209-14_SA01.EPS




4.0.0-4.2.0

Short Circuit Versus Ground Fault

« A short circuit is a conducting connection, whether
Intentional or accidental, between any of the conductors
of an electrical system, whether it is from line-to-line or
line-to-ground.

« The maximum value of fault current depends on the

available capacity the system can deliver to the point of
fault.

EQUIPMENT

o UNGROUNDED

o o x
% é GROUNDED + l
o UNGROUNDED x




4.0.0-4.2.0

Ground Fault

A ground fault is an unintentional, electrically conducting
connection between an ungrounded conductor of an
electrical circuit and the normally noncurrent-carrying
conductors, metal enclosures, metallic raceways, metallic
equipment, or the earth.

EQUIPMENT
B UNGROUNDED ¥
E GROUNDED
N E UNGROUNDED ¥

EQUIPMENT | ¥

—  GROUND
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5.0.0-5.2.5

Types of Grounding Systems

* There are two categories of
grounding: system grounding
and equipment grounding.

« System grounding relates to the
service-entrance equipment and
Its bonded components.

« Equipment grounding
conductors connect the
noncurrent-carrying metal parts
of equipment, conduit, boxes, or
enclosures to the system
grounded conductor, the
grounding electrode conductor,
or both.

7,200V
PRIMARY INSULATOR
CONDUCTOR
SOLIDLY-GROUNDED
NEUTRAL FROM 7,200/240/120V TRANSFORMER
7,200V SOURCE
NEC Section 250.184
TRANSFORMER CASE
GROUNDING TAB
INSULATOR
SPLICE
120/240V

SECONDARY

GROUNDING WIRE RUNS DOWN TO
THE BOTTOM OF THE POLE AND IS THEN
CONNECTED TO A GROUND ROD,
GROUND RING, OR GROUND PLATE

GROUNDING WIRE IS USUALLY
RUN EXPOSED ON SIDE OF POLE
AND STAPLED AT CLOSE INTERVALS

26209-14_FO4.EPS




5.0.0-5.2.5

Wiring Diagram of a 7,200V to 120/240V
Single-Phase Transformer Connection

« This transformer steps

down the power line
voltage to 120/240V
single-phase service
suitable for residential
use.

« LegsAand B are
ungrounded
conductors, while the
neutral is the
grounded conductor.

om :
= :
=3 :
= ; LEG A
(=3 . °
o=, !
=3 -
= :
=3 -
= :
=3 :
o=, o— ot 120V NEUTRAL 240V
= : 1 (GROUNDED)
=3 :
(= :
=3 :
=3 : 120V
< °
=3 3 LEG B
= -
=3
= oo
! —— GROUND
___________________________ i CONNECTION
TRANSFORMER




50.0-5.25
Typical Service Entrance and

Related Service Equipment

SERVICE-ENTRANCE
NEUTRAL CONDUCTOR

EQUIPMENT
GROUNDING
CONDUCTORS

GROUNDING
ELECTRODE

CIRCUIT
NEUTRAL CONDUCTOR
CONDUCTORS NEC Section

250.64

GROUNDED
NEUTRAL BAR

DISCONNECTING
MEANS
NEC Section 230.70

MAIN SERVICE
PANEL

ELECTRIC

METER _“'Nec section 90.2(B)(5) 4
26209-14_F06 EPS y I \




5.0.0-5.2.5

Systems Less than 50V
that Must be Grounded

Certain systems operating at less than 50V require
grounding, as shown here.

! %% } OVER 150V SUPPLY

<50V WITH LESS THAN 50V
| SECONDARY

<50V WITH LESS THAN 50V

! ! UNGROUNDED SUPPLY
| SECONDARY

OVERHEAD CONDUCTORS
OUTSIDE OF BUILDINGS

26209-14_F07.EPS




5.0.0-5.2.5

Systems that Must be Grounded

« 50V to 1,000V systems require
grounding under the conditions

shown here.

AC systems over 1,000V must
be grounded if supplying
mobile/portable equipment.

Separately derived systems

(including generators,

transformers with no direct
connection between the
primary and secondary, and
power derived from inverters or

rectifiers) also require
grounding.

e
150V MAX.
:

WHERE THE SYSTEM CAN

BE GROUNDED SO THE
MAXIMUM VOLTAGE TO GROUND
DOES NOT EXCEED 150V

THREE-PHASE, FOUR-WIRE WYE
SYSTEMS WHERE THE NEUTRAL IS
USED AS A CIRCUIT CONDUCTOR

THREE-PHASE, FOUR-WIRE DELTA
SYSTEMS WHERE THE MIDPOINT
OF ONE PHASE WINDING IS USED
AS A CIRCUIT CONDUCTOR

WHERE THE GROUNDED SERVICE
CONDUCTOR IS UNINSULATED

26209-14_F08.EPS




5.0.0-5.2.5

Next Session...

NEC® Requirements




6.0.0-6.1.0

NEC® Requirements

g = —=~—— PANELBOARD
| ) NEUTRAL BUS
ALL GROUNDING ELECTRODES [
THAT ARE PRESENT ON THE
PREMISES MUST BE BONDED
TOGETHER TO FORM THE m.?l\lllt\ll?gg NDING
GROUNDING SYSTEM X
NEC Section 250.50 NEC Section 250.28
GROUNDING
ELECTRODE
CONDUCTOR
EFFECTIVELY GROUNDED
METAL FRAME OF BUILDING
METAL WATER PIPE (— ___ NEC Section 250.52(A)(2)

NEC Section 250.52(A)(1) /
[ | |
l L& CONCRETE-ENCASED

REBARS
NEC Section 250.52(A)(3)

RODS OR PIPES
OF IRON OR STEEL
NEC Section

250.52(A)(5) T~

/\\

PLATE ELECTRODE MUST L REBARS MUST BE AT
EXPOSE NOT LESS THAN 2 LEAST 20' LONG
SQUARE FEET OF SURFACE TO 2 NEC Section 250.52(A)(3)
gﬁ;ﬁ“&%@%ﬂ;ﬁé‘%ﬁkﬁf GROUND RING MADE OF AT LEAST

RSl 20' OF NO. 2 OR LARGER BARE COPPER
283 s BURIED NO LESS THAN 2.5' BELOW GRADE

= < NEC Section 250.52(A)(4)

NEC Section 250.52(A)(7)

26209-14_F10.EPS




6.0.0-6.1.0 |

Floor Plan of the Grounding System
for an Industrial Building

COLD WATER PIPE

METAL FRAME OF BUILDING
| L= BONDED TO GROUND RING
ELECTRIC
PANEL

GROUND RING OF BARE COPPER

FLOOR PLAN
OF BUILDING NOT SMALLER THAN NO. 2 AWG

ELECTRODE ENCASED IN AT LEAST
2" OF CONCRETE AT THE BOTTOM

€ OF THE FOOTING CONSISTING OF AT
LEAST 20' OF ONE OR MORE 2"

STEEL BARS, OR BARE COPPER
—F AT LEAST NO. 2 AWG

IF MORE THAN ONE METHOD EXISTS IN ONE
BUILDING, THEY MUST ALL BE BONDED TOGETHER

26209-14_F11.EPS
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6.0.0-6.1.0

Grounding Requirements for
Non-Industrial Buildings

[— MAIN PANELBOARD
==

T NEUTRAL BUS
!: -7_,,.._,_\\
, GROUNDING | ==
. ELECTRODE |
5 CONDUCTOR U
1 l J
: Y
1
+ .|
UPPER END OF ROD ? :‘Q GROUNDING CLAMP (CONNECTION MUST
MUST BE BELOW ] BE MADE WITHIN 5 FEET FROM THE POINT

PERMANENT MOISTURE
LEVEL IF PRACTICABLE 9
NEC Section 250.53(A)

WHERE THE PIPE ENTERS THE BUILDING)

\vj

METAL COLD WATER PIPE

METAL UNDERGROUND GAS PIPING SYSTEM

NOTE: GROUNDING MAY NOT BE USED AS A GROUNDING ELECTRODE
ELECTRODES TO BE NEC Section 250.52(B)(1)

SPACED AT LEAST

6' APART !

NEC Section 250.53(B)

26209-14_F12.EPS
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6.0.0-6.1.0

Requirements for Ground Rods

Supplemental grounding

electrodes must meet the T o

following requirements:

« Withstand and dissipate i e e
repeated surge currents O

s
. . STAINLESS STEEL, IRON OR PIPE OR CONDUIT %
* Provide corrosion N OR EQUIALENT BODS  CBE GALVANIZEDOR | =
OTHERWISE METAL-COATED 9
1 1 FOR CORROSION
resistance to various PROTECTION

soil chemistries

* Be rugged enough to
drive into the soil with
minimal effort and
damage

RESISTANCE TO GROUND, 25 OHMS OR LESS

.

ALUMINUM ELECTRODES
MUST NOT BE USED

NEC Section 250.52(B)(2)




6.2.0-6.3.0 '

Grounding Electrode Conductor

» NEC Section 250.64 list | SYSTEN
e? 10N T ISIS _ CONDUCTOR
the requirements for installing \
grounding electrode O)%
conductors. 77 EQUIPMENT
] GROUNDING
« A common grounding electrode | CONDUCTOR
conductor is required to ground a AN EONDING
both the circuit grounded |
. RACEWAY AS
conduc_tor and the equipment - EQUPNENT
grounding conductor. CONDUCTOR
GROUNDING
- ELECTRODE
- CONDUCTOR
Performance Task 26200-14_F14.£PS

Trainees practice sizing grounding electrode conductors.
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6.2.0-6.3.0 |

Methods of Splicing
Grounding Conductors

« Wire-type grounding
electrode conductors =1

O IRREVERSIBLE COMPRESSION- | @ """""

1 TYPE CONNECTORS BUTT CONNECTION“
may be spliced at any iR g e

WELDED JOINT

® EXOTHERMIC WELDING

location by means of sPARK CHAMGER - J &

irreversible compression  |WEone

fittings or exothermic | .o S —T/ _

3-WAY CONNECTION

GROUNDING GROUNDING ﬂzﬂ
ELECTRODE TO ELECTRODE TO
BE WELDED

We|d|ng BE WELDED

UNUSED CHAMBERS
MUST BE PLUGGED 4-WAY CONNECTION

i EXOth e rm I C We I d I n g m ay WARNING: NEVER USE AN EXOTHERMIC WELD UNLESS THE MOLD IS HEATED TO REMOVE THE

MOISTURE, OTHERWISE MOLD CAN EXPLODE. FOLLOW COMPANY'S SAFETY RULES

Only be performed by AND MANUFACTURER'S PROCEDURES. R
gualified individuals.

Grounding and Bonding 26209-14



6.2.0-6.3.0 |

Protection of Grounding
Electrode Conductors

« The size of the grounding electrode conductors depends on
the size of the service entrance.

« NEC Table 250.66 lists the proper sizes of grounding
electrode conductors for various service sizes.

PROTECTION OF GROUNDING ELECTRODE CONDUCTORS

1

Grounding electrode conductor or enclosure must be securely

fastened to the surface. I

No. 4 or larger — If exposed to severe physical damage.

s 3
No. 6 — Run along surface, securely fastened or protected.

Smaller than No. 6 — Must be protected from damage (must
be enclosed in rigid metal conduit).

Bare aluminum — Not allowed in contact with masonry, where subject to
corrosive conditions, or within 18 inches of the earth.

26209-14_F16.EPS
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6.4.0-6.4.1

Other Electrodes

* Other types of electrodes
Include rod and pipe,
plate electrodes, and
other local metal
underground systems
such as water piping.

« NEC Section 250.52 lists
the requirements for
these electrodes.

|

LOCAL METALLIC
UNDERGROUND SYSTEMS
SUCH AS PIPING, METAL
WELL CASINGS, AND TANKS

PIPE OR CONDUIT
ELECTRODES NOT LESS
THAN 8' LONG

PLATE ELECTRODES
MINIMUM 4" THICK IF
IRON OR STEEL; 0.06"

IF NONFERROUS METAL

26209-14_F17.EPS
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Equipment Grounding

A GROUNDED CIRCUIT
CONDUCTOR IS PERMITTED

TO GROUND NONCURRENT-
CARRYING METAL PARTS OF
EQUIPMENT, RACEWAYS,

AND OTHER ENCLOSURES

ON THE SUPPLY SIDE OF THE
SERVICE DISCONNECTING MEANS
NEC Section 250.142(A)(1)

EFFECTIVE BONDING
JUMPER MUST BE
PROVIDED AROUND
GROUNDING ELECTRODES
(WATER PIPE) AT ANY
LOCATION THAT IS LIKELY
TO BE DISCONNECTED
NEC Section 250.68(B)

GROUND CLAMP,
TYPICAL

WATER METER

UNION, TYPICAL

*CHECK WITH LOCAL JURISDICTION FOR REQUIREMENTS

AN UNSPLICED MAIN BONDING
JUMPER MUST BE USED TO
CONNECT THE EQUIPMENT
GROUNDING CONDUCTOR

TO THE GROUNDED CONDUCTOR*
NEC Section 250.24(B)

METAL ENCLOSURES FOR SERVICE
CONDUCTORS AND EQUIPMENT

MUST BE GROUNDED TO THE GROUNDED
SYSTEM CONDUCTOR
NEC Section 250.80

FOR AC WIRING SYSTEMS, THE NEUTRAL
CONDUCTOR MUST BE GROUNDED ON
SINGLE-PHASE, THREE-WIRE SYSTEMS

A GROUNDING ELECTRODE CONDUCTOR
MUST BE USED TO CONNECT THE
GROUNDED SERVICE CONDUCTOR TO
THE GROUNDING ELECTRODE

|_ NEC Section 250.24(D)

4

NEC Section 250.68(B)

GROUNDING ELECTRODE
(WATER PIPE IN THIS CASE)

26209-14_F18.EPS
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7.1.0-7.12 |

Equipment Grounding Conductor

The equipment grounding conductor (EGC) is the conductor
used to interconnect and bond the noncurrent-carrying
metal parts of equipment, raceways, and other enclosures
to the system grounded conductor and/or the grounding
electrode conductor at the service equipment or the source
of a separately derived system.

o i fian

GROUND FAULT IN UNGROUNDED SYSTEM
GROUND FAULT IN GROUNDED SYSTEM 26209-14_F19.EPS

\AANL
CYTY Y )

®

),
— X —
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7.1.0-7.1.2

Installation Requirements
for Flexible Metal Conduit

Flexible metal conduit can be used as an equipment ground
If it meets the NEC® installation requirements.

CONNECTORS MUST BE LISTED FOR FLEX
/ AND GROUNDING

NOTE:

WHERE USED TO CONNECT
EQUIPMENT WHERE FLEXIBILITY
IS REQUIRED, AN EQUIPMENT
GROUNDING CONDUCTOR MUST
BE INSTALLED.

O

K

@

SUITABLE FOR GROUNDING; MAXIMUM 6' IN
GROUND RETURN PATH AND MAXIMUM 20
[I AMPERE OVERCURRENT PROTECTION
o

26209-14_F20.EPS
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7.1.0-7.1.2

Installation Requirements for
Liquidtight Flexible Metal Conduit

Liquidtight flexible metal conduit can also be used as an
equipment ground if it meets the NEC® installation requirements.

FITTINGS LISTED FOR GROUNDING REQUIRED

// PERMITTED IN EARTH WHERE LISTED AND MARKED
(o)

Cl=[>

I

ACCEPTABLE FOR GROUNDING IF LISTED AND:
* MAX. 20 AMPERE OC FOR %" TO 2"
* MAX. 60 AMPERE OC FOR %" TO 1V4"
* FITTINGS LISTED FOR GROUNDING
* WHERE USED TO CONNECT EQUIPMENT WHERE
FLEXIBILITY IS REQUIRED, AN EQUIPMENT
GROUNDING CONDUCTOR MUST BE USED

26209-14_F21.EPS
Grounding and Bonding 26209-14




(.20-721

Grounding Enclosures

« A grounding clip or
other device is used to
secure _the equipment —
grounding conductor to  GROUNDING
each receptacle to TR
ensure continuity of
the grounding system.

« NEC Section 250.8
lists the requirements
for connecting these
grounding conductors
to enclosures.

METALLIC
OUTLET
BOX

GROUNDING CLIP

Grounding and Bonding 26209-14



(.20-721 '

Grounding Receptacles With
Different Wiring Methods

CONNECTOR,

TYPICAL GROUNDING
SCREW

N =

/

GROUNDING TERMINAL
ON WIRING DEVICE, TYPICAL

IG

GROUNDING
CLIP
NONMETALLIC BOX CABLE WITH METALLIC BOX CABLE WITH
INTEGRAL GROUNDING CONDUCTOR INTEGRAL GROUNDING CONDUCTOR
GROUNDING
SCREW
‘@ I (%) |

GROUNDING
CLIP

RACEWAY SYSTEM

26209-14_F23.EPS
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Next Session...

Bonding Service Equipment

Grounding and Bonding 26209-14



8.0.0-8.1.0

Bonding Service Equipment

« The bonding of multiple service disconnects is covered
In NEC Article 230.

« This table shows various sizes of bonding jumpers
based on the size of the service-entrance conductor.

Service-Entrance Bonding Jumper
Conductor (Copper)
500 kcmil in service mast 1/0

1,000 kemil in wireway 2/0

300 kemil No. 2

3/0 No. 4

No. 2 No. 8

Grounding and Bonding 26209-14



8.2.0-8.2.3
Bonding of Enclosures and Equipment

Circuits over 250V must meet the bonding requirements
shown here.

FITTINGS THAT SEAT FIRMLY
THREADED HUB  AGAINST THE ENCLOSURE;
ONE LOCKNUT INSIDE

TYPICAL ENCLOSURES WITH
CIRCUIT CONDUCTORS OVER
250V TO GROUND

FULL METAL CONTACT;
DOUBLE LOCKNUTS

BONDING JUMPER AROUND

BONDING-TYPE CONCENTRIC OR ECCENTRIC

26209-14_F25.EPS (&

LOCKNUT KNOCKOUTS

Grounding and Bonding 26209-14



8.2.0-8.2.3

Bonding Multiple Raceways

NEC Table 250.102(D)
allows the use of a single
conductor to bond two or
more raceways or cables
when the bonding jumper
IS sized In accordance
with NEC Table 250.122
for the largest overcurrent
device supplying the
associated circuits.

//\\v//\\\\__//«

NEUTRAL BUS

CONNECT EQUIPMENT BONDING JUMPER
TO NEUTRAL BUS AT SERVICE OR TO
EQUIPMENT GROUNDING BUS OR
ENCLOSURE

000000

_ EQUIPMENT GROUNDING BUS

/ FEEDERS OR CIRCUITS (TYPICAL)

26209-14_F26.EPS
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8.2.0-8.2.3
Individual Bonding Jumpers

 Individual bonding jumpers may be installed from each raceway
to equipment grounding terminals on a main grounding bus.

« Each bonding conductor is sized in accordance with NEC Table
250.122.

W

EQUIPMENT GROUNDING BUS

SSEEENC NS

OVERCURRENT  EQUIPMENT
PROTECTION BONDING JUMPER

400 AMPERES NO. 3 COPPER - NO. 1 ALUMINUM
300 AMPERES NO. 4 COPPER - NO. 2 ALUMINUM
225 AMPERES NO. 4 COPPER - NO. 2 ALUMINUM
125 AMPERES NO. 6 COPPER - NO. 4 ALUMINUM

(A) (B)
26209-14_F27A.EPS 26209-14_F27B.EPS ‘
4 Cer)
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8.2.0-8.2.3

Bonding Jumper

* An equipment bonding
jumper may be installed
either inside or outside of
a raceway or enclosure.
Jumpers installed outside
of the raceway may be no
longer than six feet and
must follow the routing of
the raceway.

« Equipment bonding jumpers
must be sized for the
overcurrent device.

METAL ~

CONDUIT

NONMETALLIC
ENCLOSURE ——

—— GROUNDING
BUSHING

—— BONDING
JUMPER

GROUNDING
BUSHING

/

/-

METAL /\J
CONDUIT

26209-14_F28.EPS
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9.0.0-10.0.0

Effective Grounding Path;
Grounding Conductor

* An effective ground fault path
provides a permanent, continuous
path to safely conduct fault
current, and has low enough
Impedance to limit the voltage to
ground and facilitate the operation
of circuit protective devices.

« The grounded conductor or neutral
permits utilization of power at line-
to-neutral voltage and provides a
low-impedance return path for the
flow of fault current.

%é

LOW-IMPEDANCE
PATH

HIGH-RESISTANCE, HIGH-IMPEDANCE PATH

26209-14_F29.EPS
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11.0.0-11.2.0

Separately Derived Systems

« Atransformer-type
separately derived system
has no direct electrical
connection to the premises’
power source.

« Grounding of separately
derived systems is covered
In NEC Section 250.30.

TRANSFORMER

i

—
/

EQUIPMENT
GROUNDING
CONDUCTOR

FEEDER PANEL

Grounding and Bonding 26209-14



11.0.0-11.2.0

Separately Derived System
Grounding and Bonding Locations

The grounding electrode for separately derived systems must be:

* As near as practical to the system
* The nearest available grounded structural metal member or water pipe
« Other electrodes per NEC Sections 250.50 and 250.52

SYSTEM BONDING JUMPER _ EQUIPMENT BONDING
— / EQUIPMENT BONDING | ¢ JMEeR
1 E = JUMPER* —h g /
1 e d ’ ] 2 )J |
’ 9 XO IS NOT
EQUIPMENT BONDED
GROUNDING
EQUIPMENT | CONDUCTOR o) 0)
ggggsg%% b BONDING AND
= ") ‘) GROUNDING AT
BONDING AND GROUNDING PANELBOARD
GROUNDING AT  ELECTRODE -
TRANSFORMER  CONDUCTOR : FEEDER PANEL
= =
FEEDER PANEL—— s SROLINERIG d
GROUND BAR — ELECTRODE SYSTEM BONDING
: ; CONDUCTOR Al

NEUTRAL IS NOT BONDED ——! COMDUGTORS NOT St
26200-14_F31.EPS ‘ |nccen
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11.0.0-11.2.0

Next Session...

Grounding at More Than One Building;
Systems Over 1kV

Grounding and Bonding 26209-14 4



12.0.0 -13.0.0

Grounding at More Than One Building;
Systems Over 1kV

* When installing grounding at more than one building, the
grounding circuit conductor and equipment grounding
conductor must both be extended to the second building.

« The number and type of conductors that must be taken

from the first structure to the second structure are shown
here.

Equipment
System Ungrounded Grounded Ground

120V 1 1 1
120/240V 2 1 1
208/120V 3 1 1
480/277V 3 1 1

Grounding and Bonding 26209-14



12.0.0 -13.0.0

Grounding Neutral at Second Building

* When no grounding electrodes are available at the
second structure, they must be installed per NEC

Section 250.52.

« NEC Article 250, Part X lists grounding requirements

for systems over 1,000V.

J

FEEDER
e, o
) ) SERVICE PANEL
g = SUBPANEL
- EQUIPMENT
4

GROUNDING
CONDUCTOR

5 E
=

()

o

Grounding and Bonding 26209-14




14.0.0

Testing for Effective Grounds

* An earth ground resistance tester is used to measure
soll resistivity and the resistance of the installed
grounding electrode system.

e Ground testers may only be used by qualified
personnel.




15.0.0-154.0

Measuring Earth Resistance

« Connections to the earth -
are made with grounding ;:\s:
electrodes, ground grids, g’%’
and ground mats. :‘2’,3

* A poorly grounded jf“”
system can result in 't*' é
serious injury or death ; G
due to hazardous step ,g;;%(/{,{ ‘Q :
and touch voltages. 2o O\

EARTH GROUND

Grounding and Bonding 26209-14



15.0.0-154.0

Fall-of-Potential Method of Testing

« The fall-of-potential method

CURRENT
measures the voltage drop i e
between the grounding I = AUXILIARY
electrode and an auxiliary VOLTESTER  UxiLARY | ELECTRODE
potential electrode. (D— Ercrrone
Incorrect readings may be

obtained where there are
natural soil currents caused
by electrolytic action, or
Induced currents in the soll, 52

Instrument, or electrical
leads.

Grounding and Bonding 26209-14



15.0.0-154.0

Next Session...

Three-Point Test for Single Electrode/Triad

Grounding and Bonding 26209-14



Three-Point Test for
Single Electrode/Triad

GROUNDING
AUXILIARY
ELECTRODE POTENTIAL
ELECTRODE AUXILIARY
CURRENT
/ ELECTRODE

|
|
T
FEEE S Ter S F =1 - ESTABLISHED
=TT T~ ~ BAND OF ERROR
w o
% 1] ilc
g BT P1 = DISTANCE TO
7] t
m L
. QT‘ C2 = DISTANCE TO

DISTANCE

POTENTIAL ELECTRODE

CURRENT ELECTRODE

26209-14_F3BEPS
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Plotted Curve Showing
Adequate Electrode Spacing

GROUNDING
ELECTRODE

AUXILIARY
POTENTIAL
ELECTRODE

AUXILIARY

CURRENT
/ ELECTRODE

r = RADIUS OF
EQUIVALENT
HEMISPHERE

RESISTANCE
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Auxiliary Electrode

DISTANCE IN FEET FROM GROUNDING ELECTRODE
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16.0.0

Next Session...

Wrap Up
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Wrap Up
3-2-1
3 — Write 3 important things learned during class

2 — Wirite 2 questions you have about the material
1 — Write 1 thought you had about the material
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Next Session...

MODULE EXAM

Review the complete module to prepare
for the module exam. Complete the Module
Review as a study aid.
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