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PREFACE

This Rlustrated Electricn: Safety Standards guide was developed by the Occupational
Safety and Health Administration (OSHA) to serve as a supplement to OSHA’s Electrical
Safety Stt;ndards, 29 CFR 1910, Subpart S, Electrical, 1t is ir;;ended to serve as a guide to
the glmtrical Safety Standards to address the needs of the layman, both employer and
emplc;f;ee alike. This safety standards g,uide provides additional explanation and clarification
for use by individuals who have little or limited training or familiarity with the field of
electricity. Howev;r, no attemp. has be;en made to explain t.he basie principles of elec-
tricity, and an, understanc!i.ng of these principles would be useful.‘ -Some of the more tech-

niegl provisions are explained to a levei of detail appropriate to achieve an appreciation

of the hazards involved and an understanding of the correct safeguards or precautions

that should be employed.

The_illustrated-guide follows the format of 29 CFfi'lQlO, Subpart S as it would appear

in the Federal Register. A number of sections in the standards, which are marked with

bullets (8), have been singled out for explanation, Explanations and illustrations, whicﬁ follow -
these provisibns, are printed in different type and are offset by lines -framing the te:-ct and
associated figures. Additionally, the table of contents is kgg;e\d with bullets to show which

paragraphs are explained. '

This document is designed to be used for many phrposes: training, education, infor-

‘mation, a=d assistance in complying with the reguiations. It-can be used by a variety

~
of people in a variety of positions: the layman, worker, employer, compliance safety

and health officer, union official, educator, and others. The intent, no matter how it is

used or who uses it, is to provide a better understandipg of the OSHA safety requirements

. in hopes of reducing the prospects of electrical injury.
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§1910.303 General requirements.
{a) Approval, The conductors and equ-pment required or permitted by this subpart shall

be acceptable only if approved. ~ a

{(b) Examination, installation, and use of equibment.

(1) Examination. Electrical eguipment shall be free from recognized hazards that
are likely to cause death or serious physical harm to employees. Safety of equip-
ment snall be determined using the following considerations:

(i)  Suitability for installation and use’in conformity with the provisions of
this subpart. Suitability of equipment for an identified purpose may be

. evidenced by listing or labeling for that identified purpose.
(i) Mechanical strength and durability, including, for parts designed to enclose
v and protect other equipment, the adequacy of the protection thus provided.

(iiif Electrical insulation.

(iv) Healing effects under conditions of use.

(v) Arcing effects.

{vi) Classification by type, size, voltage, current capacity, specific use,

(vii) Other factors which contribute to the practical safeguarding of eniployees
using or likely to come in contact with the equipment.

{2) Installation and use. Listed or labeled equment shall be used or installed in
accordance with any instructions included in the listing or labeling.

@ (¢) Splices. Conductors shall be spliced or joined with splicing devices suitable for the
use or by brazing, welding, or soldering with a fusible metal or alloy. Soldered splices
shall first be ed or joined as to be mechanically and electrically secure with-

shall be covered with an insulation equivalent to that.of the conductors or with an
\ insulating device sujtable for the -pu.pose.

¢ SPLICES
/ WHEN ELECTRICAL CONDUCTORS AREJOINED TOGETHER BY SPLICING, THE
CONNECTION MUST BE STRUNG AND SAFE. {T MUST ALSO PROVIDE A PATH FOR THE
CONTINUOUS FLOW OF [.:'.LECTH!C!TY THESE REQUIREMENTS CAN BE MET BY USING A
MECHANICAL SPLiCING DEVICE OR BY WELDING, BRAZING, OR SOLDERING THE
CONNECTION.

MECHANICAL SPLICING DEVICES RANGE FROM COMMON WIRE NUTS TO THOSE
THAT EMPLOY A COMPRESSION-TYPE FITTING TO HOLD THE CONDUCTORS SECURELY
AND TO&ROVIDE A SUITABLE, SAFE SPLICE. FIGURE 1 SHOWS SOME OF THE MORE
COMMON MECHANICAL SPLICING DEVICES.

A SAFE SPLICE CAN ALSO BE MADE BY WELDING OR BRAZiNG THE ENDS OF THE
" CONDUCTORS TOGETHER, FORMING A PERMANENT BOND BETWEEN THE METALS.
SOLDERED SPLICES, HOWEVER, ARE NOT SECURE CONNECYIONS UNLESS THEY ARE
FIRST PROPERLY JOINED MECHANICALLY BEFORE SOLDERING TO ACHIEVE THE SAME

g




1510.203(c}

Quter Insulation

onductor

Special Tool Required to
Mechanicat Splicing Device Crimp Connector to

Conductor

o

Solderless scfew-on connectors [commonly called wire
nuts) can be used insteed of soldering joints. Thege connactors

Split:bolt ere mede of plastlc, bakefite, or porcelein and are threedsd
gap-loitm inside to screw onto bere wiras forming a pigtail splice. {The bars
onnector

ends of the wire are first twisted together. then.
the wire nut is threaded on in thesams direction,)

FIGURE 1. SAMPLE MECHANICAL SPLICING DEVICES

STRENGTH AS THAT OF THE CONDUCTORS BEING JOINED, THIS CONNECTION MUST
ALSO PROVIDE A PATH FOR THE CONTINUQUS FLOW QOF ELECTRICITY, THE SOLDER
CAN THEN BE APPLIED. ONE PROPER SPLICING METHOD IS ILLUSTRATED IN FIGURE 2.

TO PREVENT ELECTRIC SHOCK OR FIRE, ALL SPLICES AND FREE ENDS OF CON-
DUCTORS MUST BE COVERED WITH AN INSULATION THAT WILL WITHSTAND THE SAME
ENVIRONMENTAL CONDITIONS AND VOLTAGES TO WHICH THE ORIGINAL CONDUC-
TORS ARE SUBJECTED. SUITABLE INSULATION FOR LOW VOLTAGE CONDUCTORS

17
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Step No. 1 ) Step No. 2

Step No. 3 St'e No. 4

FIGURE 2. %‘DNDUCTOF{S MECHANICALLY JOINED AND SOLDERED

{LESS THAN 600 VOLTS} INCLUDES ELECTRICAL TAPE, END CAPS THAT ARE
APPROVED FOR THE PURPOSE, AND SHRINK SLEEVES. SHRINK SLEEVES PROVIDE A
TIGHT-FITTING, UNIFORM INSULATION WHEN HEATED. FIGURE 3 ILLUSTRATES THE

PROPER APPLICATION OF ELECTRICAL TAPE.
ﬁ"’i‘ .

FIGURE 3.. INSULATING A SPLICE WITH ELECTRICAL TAPE

s 18
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(d) Arcing %arts. Parts of electric equipment which in ordinary operation produce arcs,
sparks, flames, or molten metal shall be enclosed or separated and isolated from
all combustible material.

(e) Marking. Electrical equipment may .t be used unless the manufacturer’s name,
trademark, or other deseriptive marking by which the organization responsible for
the product may be identified is placed on the equipment. Other markings shall be
provided giving voltage, current, wattage, or other ratings as necessary. The mark-
ing shall be of sufficient durability to withstand the environment involved.

o (f) ldentification of disconnecting means and circuits. Each disconnecting means required
by this subpart for motors and appliances shall be legibly marked to indicate its pur- ‘
pose, unless located and arranged so the purpose is evident. Each service, feeder, ‘-,
and branch cireuit, at its disconnecting means or overcurrent device, shall be legibly
marked to indicate its purpcse, unless.located and arranged so the purpose is evident.
These markings shall be of sufficient durability to withstand the environment involved,

o IDENTIFICATION OF DISCONNECTING MEANS

A DISCONNECTING MEANS IS A SWITCH THAT IS USED TO DISCONNECT THE CON-
DUCTORS OF A CIRCUIT FROM THE SOURCE OF ELECTRIC CURRENT. DISCONNECT -
SWITCHES ARE IMPORTANT BECAUSE THEY ENABLE A CIRCUIT TO BE OPENED, STOP-
PING THE FLOW OF ELECTRICITY, AND THUS CAN EFFECTIVELY PROTZCT WORKERS
AND EQUIPMENT. )

" EACH DISCONNECT SWITCH OR OVERCURRENT DEVICE REQUIRED FOR A SERVICE,
FEEDER, OR BRANCH CIRCUIT MUST BE CLEARLY LABELED TO INDICATE THE CIR-
CUIT'S FUNCTION, AND THE LABEL OR MARKING SHOULD BE LOCATED AT THE POINT
WHERE THE CIRCUIT ORIGINATES. FOR EXAMPLE, ON A PANEL THAT CONTROLS
SEVERAL MOTORS OR ON A MOTOR CONTROL CENTER, EACH DISCONNECT MUST BE
CLEARLY MARKED TO INDICATE THE MOTOR TO WHICH EACH CIRCUIT IS CONNEC-
TED. IN FIGURES 4 AND 5, THE NUMBER 2 CIRCUIT BREAKER IN THE PANEL BOX SUP-
PLIES CURRENT ONLY TO DISCONNECT NUMBER 2, WHICH IN TURN CONTROLS THE
CURRENT TO MOTOR NUMBER 2. THIS CURRENT TO MOTOR NUMBER 2 CAN BE SHUT
OFF BY THE NUMBER 2 CIRCUIT BREAKE R OR THE NUMBER 2 DISCONNECT:

IDENTIFICATION SHOULD BE SPECIFIC RATHER THAN GENERAL A BRANCH CIR-
CUIT SERVING RECEPTACLES IN THE MAIN OFFICE SHOULD BE LABELED AS SUCH,
NOT SIMPLY LABELED “RECEPTACLES.”

IF THE PURPOSE OF THE CIRCUIT IS OBVIOUS, NO IDENTIFICATION OF THE DIS-
CONNECT 1S REQUIRED. (SEE FIGURE 6). "

ALL LABELS AND MARKINGS MUST BE DURABLE ENOUGH TO WITHSTAND

WEATHER, CHEMICALS, HEAT, CORROSION, OR ANY OTHER ENVIRONMENT TO WHICH
THEY MAY BE EXPOSED. '

FIGURE 6 SHOWS A DISCONNECT SWITCH WHICH IS LOCATED ON MACHINE AND
- THUS ITS PURPOSE 1S EVIDEQNT.

ERIC ‘ 19
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Pansel Schedule

1. Motor No. 1
2. Motor No. 2
3. Motor No. 3
4. Motor No. 4

"Motor No. 1 is Controlted by
Disconnect No. 1 and Circuit
Breaker No. 1

NOTE: As shown in dlagram, the purposes of thess dlmnﬁaéting switches are clearly evident. In such cases
identification may be omitted. In the actusi insiallation however, the motors may not be within sight of the
disconnects or arranged in such a way that the purpota is not evident and identitication would be-reqyired.

FIGURE 4, E:‘\CH_ DISCONNECT AND CIRCUIT REQUIRES IDENTIFICATION

4%
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Disconnect Switch
Located on Machine

FIGURE 6. DISCONNECT SWITCH LOCATED ON MACHINE: NO LABEL REQUIRED

(g) 600 Volts, nommal, or less.
(1) Working space about electric equipment. Sufficient access and working space

shall be provided and maintained about all electric equipment to permit ready

and safe operation and maintenence of such equipment.

(i) Working clearances. Except as required or permitted elsewhere in this subpart,
the dimension of the working space in the direetion of access to live parts
Operating at 600 volts or less and likely to require examination, adjustment,
servicing, or maintenance while alive may not be less than indicated in Table
S-1." In addition to the dlmensmns shown in Table 5-1, workspace may not

p be less than-30 inches wide in-front of-the eleetric-equipment. Distances
shall be measured from the live parts if they are exposed, or from the enclo- M
sure front or opening if the live parts are enclosed. Concrete, briek, or tile
walls are considered to be grounded. Working space is not required in back of
assemblies such as dead-front switehboards or motor eontrol centers where
there are no renewable or adjustable parts such as fuses or switches on the
baek and where all connections are accessible from locations other than
the baek.

”EKC S S -1 2N
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Table S-1
Working Clearances
"¢ Nominal Minimum clear distance for conclition2
Voitage to Ground . fa) ' (b) (o)
(Feet) (Feet) (Feet)
~ 0-150 - 3 SR & 3
151-600 _ 3! 31/2 4

lI‘.r‘iinimum clear distances may be 2 feet 6 inches for installa%ohs built prior to April
16, 1981, o o h

o 2Co‘nclitions (a), (b), and (c) are as follows: (a) Exposed live parts on one side and no
live or grounded parts on the other side of the working space, or exposed live parts
on both sides effectively guarded by suitable wood or other insulating material. Insi-
la: 2d wire or insulated busbars operating at not over 300 volts are not considered live
parts. (b) Exposed live parts on one side and grounded parts on the other side, (g) Ex-
osed live parts on both sides of the workspace [not guarded as provided in Candition
a)l with the opera*or between.

o WORKING CLEARANCES

TABLE S-1 ESTABLISHES THE MINIMUM CLEAR DISTANCES THAT ARE REQUIRED
AROUND ELECTRICAL EQUIPMENT RATED AT 600 VOLTS OR LESS. MINIMUM CLEAR
DISTANCES ARE THE SHORTEST DISTANCES WHICH MUST BE PROVIDED TO AFFORD
A WORKER ENOUGH ROOM TO WORK SAFELY NEAR ENERGIZEL ELECTRICAL EQUIP-
MENT. SPECIFICALLY, THESE DISTANCES ARE ESTABLISHED ACCORDING TO THE

' TYPE OF ELECTRICAL HAZARD PRESENTED BY THE ARRANGEMENT OF EQUIPMENT,
AS DESCRIBED IN COMDITIONS (a}, (b}, AND (c).

CONDITION (a} DESCRIBES A LOCATION, WHERE THERE ARE LIVE ELEGTRICAL
PARTS ON ONE SIDE OF THE WORKER AND NO LIVE OR GROUNDED PARTS ON THE
OTHER SIDE (SEE FIGURE 7). IF, FOR EXAMPLE, A WORKER IS SERVICING A PANEL-
BOARD THAT HAS EXPOSED LIVE BUSBARS AND THERE IS AWALL CONSTRUCTED
OF NON-CONDUCTIVE MATERIAL SUCH AS WOOD OR SHEETROCK BEHIND HIM, A
MINIMUM SAFE WORKING CLEARANCE OF 3 FEET, MEASURED FROM THE LIVE PARTS
TO THE WALL, IS REQUIRED. ADDITIONALLY, IF THERE ARE EFFECTIVELY GUARDED
LIVE ELECTRICAL PARTS ON BOTH SIDES OF THE WORKER, THEN CONDITION {2) FOR
SAFE CLEARANCES ALSO APPLIES. LIVE PARTS THAT ARE EFFECTIVELY GUARDED




{2-1/2 FEET FOR EQUIPMENT INSTALLED PRIOR TO APRIL 16, 1981). FOR EQUIPMENT

1910,303(g)i1)(i)

Minimusm clear \'-;orkin(i space measured from
the live perts. The distance varies with the
voltage as provided in Tebles §-1 and 5-2. .

——1

e

/ Exposed Live Busbar

5660 N

Wall Not Grnunded,
¢.g. Plasterboard on

FIGURE 7. CONDITION (a) — LIVE PARTS ONONE SIDEANDNO"
LiVE OR GROUNDED PARTS ON THEOTHER SIDE

INCLUDE INSULATED CONDUCTORS (OPEHAT\ING AT 300 VOLTS OR LESS} AND
EXPOSED SWITCHGEAR GUARDED WITH AN INS\\{LATING BARRIER.

HOWEVER, ELECTRICAL EQUIPMENT INSTALLED BEFORE APRIL 16, 1981, IS PER-
MITTED TO HAVE A MINIMUM CLEAR WORKING S\lsmwce OF 2-1/2 FEET UNDER
CONDITION {a). ,‘ .

CONDITION {b} DESCRIBES A SITUATION WHERE THERE ARE EXPOSED LIVE PARTS
ON ONE SIDE OF THE WORKER AND GROUNDED PARTS ON THE OTHER. FOR EXAM-
PLE, IF LIVE SWITCHGEAR OR OPEN CONDUCTORS OPERATING AT 150 VOLTS TO GROUND
OR LESS ARE IN FRONT OF THE WORKER AND A GROUNDED EQUIPMENT ENCLOSURE
IS BEHIND (SEE FIGURE 8, THE MINIMUM CLEAR WORKING DISTANCE MUST BE 3 FEET

s S ) 4 . . ——
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Minimum elear working space me{:sured from
the live parts. The distance varlas with the
voltage as provided in Tables S-1 and §-2.

Expesed Live Switch
.and Conductors

L

Grounda{d J_

Surface =
{No Access to Liva Parts}

FIGURE B. CONDITION (b} —~ EXPOSED LIVE PARTS ON ONE SIDE AND GROUNDED
PARTSON THE OTHER SIDE ,

OPERATING AT 1561 TO 600 VOLTS TO GROUND UNDER THE SAME CONDITIONS, THE WORK~
ING DISTANCE MUST BE 3-1/2 FEET. THESE PISTANCES ALLOW ENOUGH ROOM TO WORK,
REDUCING THE POSSIBILITY OF SIMULTANEOUS,CONTACT WITH THE LIVE PARTS

‘ | - —w*—-— ST T SO

AND GROUND. CONCRETE, BRICK, AND TILE WALLS ARE CONSIDERED TO-BE

‘GROUNDED, ALONG WITH ELECTRICAL BOXES, CABINETS, AND ENCLOSURES THAT

ARE GROUNDED. )

CONDITION {c} DESCRIBES A SITUATION WHERE THERE ARE EXPOSED LIVE PARTS
ON BOTH SIDES OF THE WORKSPACE. FOR EXAMPLE, IF TWO SWITCHBOARDS ARE IN-
STALLED OPPOSITE EACH OTHER THE MINIMUM CLEAR WORKSPACE BETWEEN THEM
1S REQUIRED TO BE 3 FEET FOR EQUIPMENT OPERATING AT 150 VOLTS TO GROUND OR
LESS. FOR EQUIPMEMNT OPERATING AT 151 TO 600 VOLTS TO GROUND, THE MINIMUM
CLEAR WORKSPACE IS 4 FEET. THE REQUIRED DISTANCE INCREASES WITH THE VOLTAGE

. AT WHICH THE EQUIPMENT OPERATES AND IS GIVEN IN TABLES $-1 AND $-2. SEE FIGURE 9.

[
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B Minim;:m clear working spﬁ{;e measured from .
" the live parts; the distance varies with the voltage
as provided in Tabies S:1 and §-2. B
2 t
‘k/ Ya,
e Motor control ct;'nters with live parts .
. . of relays and conductors exposeii._
FIGURE 8. CONDITION {c) - EXPOSED LIVE UNGUARDED PARTS ON BOTH SIDES

oy

: b

(ii) Clear spaces. Working space required by this subpart may not be used for .
storage. When normally enclosed live parts are exposed for inspection or
* serviecing, the working space, if in a pASsageway or general open space, shall
be suitably guarded, .
(iii) Access and entrance to working space. At least one entrance of sufficient
area shall be provided to give aceess to the working space about electric
equipment. : ‘
{iv) . Front working space. Where there are l;ve parts nor mally exposed on the
. front of switehboards or motor control centers, the working space in front
. of such equipment may not be less than 3 feet, \H-v( : \ .
, (v) lllumination. lllumination shall be provided for al-working spaces about
service equipment, switchboards, panelboards, and motor control centers ,
" installed indoors. N
(vi) Headroom. The minimum headroom of working spaces about service equip-
ment, switehboards, panelboards, or motor control centers shall be 6 feet
3 inches. . ) "
NOTE: As used in this section a.motor control center is an assembly
of one or more enclosed sections having & common power bus and
principally containing motor control units. - ’
(2) Guarding of live parts.
1)  Except as required or permitted elsewhere in tnis subpart, live parts of
electri¢ equipment operating at 50 volts or more shali be guarded <

o
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agalist aceidental contact by approved eabinets or other forms of approved
en~losures, or by any of the following means: v
(a) By location in a room, vault, ¢r similar enclosure that is
accessible only to qualified persons.’
(Q)' By suitable permanent, substantial * *titions or screens
so arranged that only qualified persons will have access
to the space within reach of the live parts. Any openings
in sueh partitions or sereens shall be so sized and located
that persons are not likely to come into aceidental econtact
with. the live parts or te bring conducting objects into contact
a : with them. ¢
. : (¢) By location on a suitable baleony, gallery, or platform
so elevated and arranged as to exelude unqualified persons.
(g) By elevation of 8 feet or more above the floor or other -
- working surface. '
(i) In locations where electric equip ment would be exposed to physical
damage, enclosures or guards shall be so arranged and of such strength
as to prevent such damage. - -
{h) Over 600 volts, nominal. )
) General. Conductors and equipment used on cireuits exceeding 600 volts,
nominal, sha(l comply with all applicable provisions of paragraphs {a)
through (g) of this séction and with the following provisicns whijeh supplement
or modify those requirements. The provisions of paragraphsv(h)(z), (1'5 3),
and (h)4) of this section do not apply to equipment on the supply side
of the service conductors. v C

{2) Enclosure for electrieal instgllations. Electrieal installations in a vault, room,
closet or in an area surrounded by a wall, sereen, or fence, access fo which is
controlled by lock and key or oth% approved means, are considered to be
accessible to qualified persons only. A wall sereen, or fence less than 8 feet

. " in height is not considered to" prevent access unless it has other features that
provide a degree of isolation eduivalent to an 8 foot fence. The €ntrancesto
all buildings, rooms, or-enclosures containing exposed live parts or exposed
eonductors operating at over 600 volts, nominal, shall be kept locked or shall

' be under the observation of a qualified person at all times. . )

(i} Installations aceessible to qualified persons only. Eleetrieal installations
having exposed live parts shall be accessible to qualified persons only and
shall comply with the applicable Pr‘ovisions of paragraph (h}(3) of this
seetion. / o e , T

(i) Installations accessible to unqualified persons. Electrical installations
that are open to ungualified persons shall be-made with metal-enclosed
equipment or shall be enclosed in a yault or in an area, access to which’
is eontrolled by a lock. 1f metal-enclosed equipment is installed so that
the bottom of the enclosure is less than 8 feet above the floor, the door
or cover shall bz kept locked. Metal-enclosed switehgear, unit substations,
transformers, pull boxes, eonnection boxes, and other Similar associated
equipment shall be marked with appropriate eaution signs. 1f equipment
is exposed to physical damage from vehieular traffie, suitable guards shall
be provided to prevent such damage. Veniilating or similar openings in
metal-enclosed equipment shall be designed so that foreign objects inserted

* through these openings will be deflected from energized parts.
_(3) Workspace about equipment. Sufficient space shall be provided and maintained

. # about electric equipment to permit ready and safe operation and maintenance
of such equipment. Where energized parts are exposed, the minimum clear work-
space may not be less than 6 feet 6 inches high (measured vertically from the

floor or platform), or less than 3 feet wide {measured parallel to the equipment).
. ”.

. ' 27
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- The depth shall be as required in Table S-2. The workspace shall be adequate
) to permit - :ast a 90-degree opening of doors or hinged panels.

® (i) Work’ g space. The minimum clear working space in front of electric equip-
. ment such as switchboards, control panels, switches, circuit breakers, motor__

controllers, relays,and similér equipment may not be less than specified

in Table $-2 unless otherwise specified in this subpart. Distances shall be

measured from the live parts if they are exposed, or from the enclogure

front or opening if the live parts are enclosed. However, working space

is not required in back of equipment such as deadfront switchboards or con-

trol assemblies where there are no renewable or adjustable parts (such as

fuses or switches) on the back and where all connections are accessible from

locations other than the baclk. Where rear aceess is required to work on

deenergized parts on the back of enclosed equipment, a minimum working

space of 30 inches horizontally shall be provided.

® WORKING SPACE IN BACK OF EQUIPMENT

TABLE S-2 SHOWS THE MINIMUM CLEAR WORKING DISTANCES REQUIRED IN FRONT
OF ELECTRIC EQUIPMENT THAT IS RATED OVER @00 V. HOWEVER, WORKING SPACE
IS NOT REQUIRED BEHIND ELECTRIC EQUIPMENT SUCH AS DEADFRONT S'JVITCH-
BOARDS OR CONTROL PANELS WHERE PARTS THAT MAY NEED TO BE REPLACED OR
ADJUSTED, AND ALL CONNECTIONS, CAN BE REACHED FROM LOCATIONS OTHER
THAN THE BACK. IF IT IS NECESSARY FOR WORKERS TO GO BEHIND ENCLOSED EQUIP-
MENT T.O WORK ON DE-ENERGIZED PARTS, THERE MUST BE A WORKING SPACE NO
LESS THAN 30 INCHES WIDE SO THAT THE WORKER HAS ENOUGH ROOM TO MOVE
AROUND AND TO ESCAPE IN AN EMEFIGENCY SITUATION. FIGURE 10 DEPICTS BOTH
SITUATIONS. .

30"
/ All electrical work can Minimum
be done through access -

In the front.

Dead front switchgear Cabinet where rear access is

w’“.' no working space \required te work on de-energized
behind. -
Parts only.

/ AN

FIGURE 10. WORKING SPACES BEHIND ELECTRIC EQUIPMENT

13 28




1910.20310hH 3D

Table S-2
Minimum Depth of Clear Working
= — -Space in Front of Electriec Equipment

T e e P T T P T
Pt b et R e et e e i e e e et

Nominal o Conditions

Voltage to Ground ¢ (a) (b) (e)

_ (Feet) (Feet) (Feet)
601 - 2,500 3 4 6]
2,501 - 9,000 4 6] 6
9,001 - 25,000 6] 6 9
195,001 - 75KV 6 8 10 .
Labove 75KV 8 10 12

lMinimum depth of ~lear working space in front of electric equipment with a nominal volt-
age to ground above 25,000 volts may be the same as for 25,000 volts under Conditions (a),
(b), and (c).for instailations built prior to April 16, 1981.

o ZConditions (a), (b), and (c) are as follows: (a) Exposed live parts on one side and no live
or grounded parts on the other side of the working space, or exposed live parts on both
sides effectively guarded by suitable wood or other insulating materials. Insulated wire
or insulated busbars operating at not over 300 volts are not considered live parts. (b}
Exposed live parts on one side and grounded parts on the other side. Concrete, briek, or
file walls will be considered as grounded surfaces. (¢) Exposed live parts on both sides of
the workspace not guarded as provided in Condition {a) with the operator between,

¢ MINIMUM DEPTH OF CLEAR WORKING SPACE

CONDITIONS (a}, (b}, AND (c} OF THIS TABLE ARE DESCRIBED IN FIGURES 7, 8,
AND 8. THEY ARE {DENTICAL TO THOSE PICTURES FOR LOW VOLTAGE SYSTEMS.
ONLY THE DISTANCE VARIES ACCORDING TO THE DIFFERENT SYSTEM VOLTAGES.

(i) Nlumination. Adequate illumination shall be provided for all working spaces
about electric equipment. The lighting outlets shall be so arranged that
persons changing lamps or making repairs on the lighting system will not
be endangered by live parts or other equipment. The points of control
shall be so located that persons are not likely to come in contact with any
live part or moving part of the equipment while turning on the lights.

(iii) Elevation of unguarzed live parts. Unguarded live parts above working
space shall be maintained at elevations not less than specified in Table
§5-3.

23
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Table §-3
D Elevatioti of Unguarded Energized Parts Above Working Space

o A e sy . i ok A i A M gty S o S o - T T T o 1y

Nominal Voltage Minimum
Between Phases Elevation
= SSZsSS=s==zsS===Zxa : EE PR R P PR P P F T T BT
601 = 7,500 8 feet 6 inches
7,501 - 35,000 9 feet
Over 25kV 9 feet + 0,37 inches per kY above 35kY

e P Y Y T Y Y L Y Y Y Y Y Y L T T Y TN e Y Y Ny e N e T 1231 T XY Py

NOTE: Minimum elevation may be 8 feet 0 inches for installations built prior to
April 16, 1981, if the nominal voltage between phases is in the range of 601-
6600 volts.
(4) Entrance and access to workspace. (See §1910.302(b)(3).)
® (i} At least one entrance not less than 24 inches wide and 6 feet 6 inches high
shall be provided to give access to the working space about electric equip-
ment. On switchboard and control panels exceeding 48 inches in- width,
there shall be one entrance at each end of such board where practicable,
Where bare energized parts at any voltage or insulated energized parts
above 600 volts are located adjacent to such entrance, they shall be suitably
guarded.

¢ ENTRANCES AND ACCESS TO WORKSPACE

IN ANY WORKSPACE WHERE THERE IS ELECTRIC EQUIPMENT OPERATING AT OVER
600 VOL‘ITS, THERE MUST BE AT LEAST ONE ENTRANCE/EXIT LARGE ENOUGH TO
ALLOW [THE WORKER TO SAFELY ENTER THE WORK AREA AND TO EASILY ESCAPE
FROM IT; IN THE EVENT OF AN ENMERGENCY. THIS ENTRANCE MUST BE AT LEAST 24
INCHES WIDE AND_6 FEET, 6 INCHES HIGH. IF A SWITCHBOARD OR CONTROL PANEL IS
MORE THAN 48 INCHES ‘WIDE, TH=RE GENERALLY HAS TO BE ONE'EN.TRANCE AT EACH
END Or THE BOARD. BOTH OF THESE ENTRANCES SHOULD ALSO BE AT LEAST 24 INCHES
WIDE AND 6 FEET, 6 INCHES HIGH. FIGURE 11 SHOWS THE REQUIRED TWO EXITS FOR
A SWITCEBOARD WITH INTERNAL WORKSPACE. \ -

ANY EXPOSED ENERGIZED ELZCTRIC PARTS OPERATING AT ANY VOLTAGE AND
LOCATEL NEAR THE ENTRANCES MUST BE GUARDED TO PREVENT ACCIDENTAL CON-
TACT BY.THE WORKER. ANY INSUI:ATEB ENERGIZED PARTS OPERATING AT MORE
THAN 60(le VOLTS AND LOCATED NEXT TO THE DOORS MUST ALSO BE GUARDED.
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Onse entrance at each and
atleast 24" wide and 66" 11,

‘ 7

:
q 2 e B

|

- Greater than 48" >

FIGURE 11, SWITCHBOARD WITH INTERNAL WORKSPACE

(ii) Permanent ladders or stairways shall be provided to give safe access to
the working space around electric equipment instatled on platforms, bal-
conies, mezzanine floors, or in attic or roof rooms or spaces.
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§1910.304 Wiring design‘and protection. S —

(a) Use and identification of grounded and grounding conductors.

e () ldentification of conductors. A conductor used as a grounded conductor shall
be identifiable and distinguishable from all other econductors. A conductor used
as 4n equipment grounding conductor shall be identifiable and distinguishable
from all other conductors.

¢ THE GROUNDED CONDUCTOR IS AN ENERGIZED CIRCUIT CONDUCTOR :I'HAT IS
CONNECTED TO EARTH THROUGH THE SYSTEM GROUND. IT IS COMMONLY REFERRED
TO AS THE NEUTRAL. THE EQUIPMENT GROUNDING CONDUCTOR {8 NOT AN ENER-
GIZED CONDUCTOR UNDER NORMAL CONDITIONS. THE EQUIPMENT GROUNDING CON-
DUCTOR ACTS AS A SAFEGUARD AGAINST INSULATION FAILURE OR FAULTS IN THE
OTHER CIRCUIT CONDUCTORS. THE EQUIPMENT GROUNDING CONDUCTOR IS ENER-
GIZED ONLY IF THERE IS A LEAK OR FAULT IN THE NORMAL CURRENT PATH, AND IT
DIRECTS THIS CURRENT BACK TO THE SOURCE. DIRECTING THE FAULT CURRENT
BACK TO THE SOURCE ENABLES PROTECTIVE DEVICES, SUCH AS CIRCUIT BREAKERS
OR FUSES, TO OPERATE THUS PREVENTING FIRES AND REDUCING THE HAZARD OF
ELECTRICAL SHOCKS.

THE GROUNDED AND EQUIPMENT GROUNDING CONDUCTORS OF AN ELECTRICAL
ACIRCUIT MUST BE MARKED OR COLOR CODED IN A WAY THAT ALLOWS EMPLOYEES TO
IDENTIFY THEM AND TELL THEM APART FROM EACH OTHER AND FROM THE OTHER
CONDUCTORS INTHE CIRCUIT.

FIGURE 12 SHOWS A CUTAWAY ILLUSTRATION OF A DISTRIBUTION PANELBOARD.
ONE MEANS BY WHICH EACH CONDUCTOR'S USE IS IDENTIFIED AND MADE DIS-
TINGUISHABLE FROM THE CTHER CIRCUIT CONDUCTORS 1S THE USE OF COLOR
CODING. ACCEPTABLE COLOR CODING INCLUDES THE METHOD REQUIRED BY THE
NATIONAL ELECTRICAL CODE, SECTION 210-6, THE CODE STA;FI.ES: “THE GROUNDED
CONDUCTOR OF A BRANCH CIRCUIT SHALL BE IDENTIFIED BY A CONTINUOUS WHITE
OR NATURAL GRAY COLOR.” ALSO, “THE EQUIPMENT GROUNDING CONDUCTOR OF A
BRANCH CIRCUIT SHALL BE IDENTIFIED BY A CONTINOUS GREEN COLOR OR A CON-
TINUOUS GREEN COLOR WITH ONE OR MORE YELLOW STRIPES UNLESS iT 1S BARE.”
BARE COPPER OR ALUMINUM WIRE 1S PERMITTED FOR USE AS A GROUNDING CON-
DUCTOR.

17
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Power Supp!y

- Circuit Breaker

Ungrounded Conductors May Be Any Color
Other Than Those Used for the Grounded
Conductor or the Equipment Grounding
Conductor

g N
/ Branch
-~ Circuit
H—
\\
x — 8. Equipment
Grounding
N~ Conductor -
Green or Green
A. Grounded Neutral With YeI!OW Slripe
Conductor — ‘ or Bare

White or Gray

-~ A. The grounded conductor is identified and distinguished
from other cor}ductors by using white or gray color-
coded insulated wires.

8. Theequipment grounding conductor is identified and distinguished

from other conductors by using green, or green with
yellow stripe, color coding on wires of run as a bare conductor,

FIGURE 12. DISTRIBUTION PANELBOARD

(2) Polarity of connections. No grounded conductor may be attached to any terminal

or lead $o as to reverse designated polarity.
(3) Use of grounding terminals and devices. A grounding terminal or grounding-type
device on a receptacle, cord connector, or attachment plug may not be used for

purposes other than grounding.

¢ WHENPLUGS, RECEPTACLES, AND CONNECTORS ARE USED IN AN ELECTRICAL
BRANCH CIRCUIT, CORRECT POLARITY BETWEEN THE UNGROUNDED (HOT} CON-

34
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DUCTOR, THE GROUNDED (NEUTRAL) CONDUCTOR, AND THE GROUNDING CON- |

DUCTOR MUST BE MAINTAINED.

REVERSED POLARITY IS A CONDITION WHEN THE IDENTIFIED CIRCUIT CON-
DUCTOR {THE GROUNDED CONDUCTOR OR NEUTRAL} IS INCORRECTLY CONNECTED
TOTHE UNGROUNDED OR ‘HOT' TERMINAL OF A PLUG, RECEPTACLE, OR OTHER TYPE
OF CONNECTOR. A CORRECTLY WIRED CIRCUIT IS SHOWN IN FIGURE 13A. IF THE
IDENTIFIED CONDUCTOR 1§ REVERSED WITH THE HOT CONDUCTOR, THE CURRENT
PATH DOWNSTREAM OF TI:|E IMPROPER COMMECTION IS REVERSED. FIGURE 13B
ILLUSTRATES REVERSED POLARITY. UNDER THESE CONDITIONS MOTOR WINDINGS
OF TOOLS AND APPLIANCES AND THE SCREW SHELLS OF LAMPHOLDERS REMAIN LIVE
AFTER THE EQUIPMENT 1S TURNED OFF. SiMULTANEOUS CONTACT WITH THESE

"PARTS AND GROUND WILL CAUSE A SHOCK, AND THE ONLY PLACE TO TURN OFF THE
POWER WOULD BE AT THE BRANCH CIRCUIT DISCCNNECT.

" FIGURES 73C AND D ILLLUSTRATE TWO OTHER POSSIBLE INCORRECT WIRING CON-
DITIONS WHICH ARE PROHIBITED BY PARAGRAPH (a)(3}. THE GROUNDING TERMINAL
MAY BE USED ONLY FOR ATTACHMENT OF THE GROUNDING CONDUCTOR. THE
EXAMPLE IN FIGURE 13C WOULD NOT BE HAZARDOUS AS SHOWN WITH A SINGLE
RECEPTACLE. HOWEVER, UNDER CERTAIN CONDITIONS, SUCH AS THAT RECEPTACLE
PLACED IN A CIRCUIT FOLLOWING A RECEPTACLE WITH REVERSED POLARITY, A
HAZARD WOULD EXIST. THE EXAMPLE IN FIGURE 13D IS THE MOST HAZARDOUS
CONDITION SHOWN WITH THE UNGROUNDED CIRCUIT CONDUCTOR CONNECTED TO
THE DRILL HOUSING. .

\ 4 _
] A — . “ =" 3 - f
1T T T

=

Grounded =N\
Conductor \
Equipment

Grounding
- Conductor

Corregt Polarity
Normal Current Path

A,

FIGURE 13, CORRECT AND INCORRECT WIRING OF DUPLEX RECEPTACLES
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R _— . If Fault Occurs
Here Motor Will Continue
Live or Hot ) To Run
Conductor - '-
\ A ) =
‘ L2
. " ; e ~
Source | & 2 . 3
/ ® — -

L~ Grounded

Conductor
Equipment
Grounding
- Conductor
Raversed Polarity
The Hot and the Neutral are Reversed
The current Path reversed. If switch is off
most of the circuit inside tool remains energlzed.
B.
Live or Hot

Conductor

--------

Grounded , — et \_\.. _________________________ N )
Conductor

Equipment
Groundin
Conducto&

Ground and Neutral Reversed
Showing Current Path Throush EquiPment Grounding Conductor

Under ¢ertain conditions, this condition could be hazardous.

C.

#IGURE 13. CORRECT AND lNCORRiECT WIRING OF DUPLEX RECEPTACLES
(CONTINUED)
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Live or Hot

Source | L ‘

Grounded

Conductor \

Live Drill Housing Will Cause a

g‘r‘:ﬁ;‘l‘n’: Potentislly Fatat E)ectric Shock
- Conductor to Anyons Who Attempts To

Handle Drill While in Contact
. With & Grounded Sutface.

Hot and Ground Reversed
Showing Current Path to EquiPment
Housing.

D'

FIGURE 13. CORRECT AND INCORRECT WIRING OF DUPLEX RECEPTACLES
’ (CONTINUED)

CORRECT POLARITY IS ACHIEVED WHEN THE GROUNDED CONDUCTOR IS CON-

" NECTED TO THE CORRESPONDING GROUNDED TERMINAL AND THE UNGROUNDED
CONDUCTOR IS CONNECTED TO THE CORRESPONDING UNGROUNDED TERMINAL. THE
REVERSE OF THE DESIGNATED POLARITY IS PROHIBITED. FIGURE 14 ILLUSTRATES A

~—mem———— Black Wire

‘White
Wire
Brass-colored Terminals

Nickel or Light
Cotored Terminals

Green or Bare
Grounding
Conductor

Green —
Hexagonal ————————i=-1]
Head Terminal
Screw

FIGURE 14. DUPLIé)( ﬁECEPTACLE CORRECTLY WIRED TO DESIGNATED TERMINALS
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DUPLEX RECEP'I.'ACLE CORRECTLY WIRED. TERMINALS ARE DESIGNATED AND IDENTI-

FIED-TO-AVOID CONFUSION, AN EASY WAY TO REMEMBER THE CORRECT POLARITY

IS “WHITE TO LIGHT” —THE WHITE WIRE SHOULD BE CONNECTED TO THE LIGHT OR
/ NICKEL COLORED TERMINAL; “BLACK TO BRASS”—THE BLACK OR MULTI-COLORED
WIRE SHOULD BE CONNECTED TO THE BRASS TERMINAL; AND "GRZEN TO GREEN,”
THE GREEN OR BARE WIRE SHOULD BE CONNECTED TO THE GREEN HEXAGONAL
HEAD TERMINAL SCREW. OTHER METHODS USED TO IDENTIFY DEVICE TERMINALS
ARE GIVEN IN NATIONAL ELECTRICAL CODE SECTION 200-10.

(b) Branch eircuits.
(1) Ground-fault protection for personnel on construction sites. The employer shall
use either ground-fault circuit interrupters as specified in paragraph (b)(1)(i) of
_this section or an assured equipment grounding conductor program as specified
in paragraph (b)(1Xii) of this section, to protect employves on construction sites.
These requirements are in addition to any other requirements for equipment
grounding conductors,
(i) Ground-fault circuit interrupters. All 120-volt, single-phase, 15- and 20-ampere
_receptacle outiets on construction sites, which are not a part of the perma-,
nent wiring of the building or structure and which are in use by employees,
shall have approved ground-fault circuit interrupters for personrel protection.

Receptacles on a two-wire, single-phase portable or vehicle-mounted gener-

ator rated not more than 5kW, where the circuit conductors of the generator

are insulated from the generator frame and all other grounded surfaces,
need not be protected with ground-fault cireuit interrupters.

(i) Assured equipment grounding conductor program. .The employer shall
establish and implement an assured equipment grounding conductor progragp

on construction sites covering all cord sets, receptacles which are not a

part of the permanent wiring of the building or structure, and equipment

connected by cord and plug, which are available for use or used by employ-

ees. This program shall comply with the following minimum requirements:

(a) A written description of the program, including the specific procedures
adopted by the employer, shail be available at the jobsite for inspection
and copying by the Assistant Secretary and any affected employee.

(b) The employer .nall designate one or more competent persons {as defined

in 29 CFR 1826.32(f) to implement the program.  _

{¢) Each cord set, attachment cap, plug and receptacle of cord sets, and
any equipment connected by cord and plug, excepi cord sets and receptacles
which are fixed and not exposed to damage, shall be visually inspected
before each day's use for external defects, such as deformed or missing
pins or insulation damage, and for indication of possible internal damage.
Equipment found damaged or defective may not be used until repaired.

(d) The following tests shall be performed on all cord sets, receptacles which
are not a part of the permanent wiring of the building or structure, and
cord- and plug-connected equipment required to be grounded:

(1) All equipment grounding conductors shall be tested for continuity
and shall be electrically continuous.

(2) Each receptacle and attachment cap or plug shall be tested for
correct attachment of the equipment grounding conductor. The
equipment grounding conductor shall be connected to its proper
terminal.

(e) All required tests shall be performed:

(1) Before first use;

@ Before equipment is returned to service following any repairs.
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(3) Before equipment is used after any mcldent which can be-reason~
ably suspected to have caused damage (for example, when a cord
set is run over); and

(4) At intervals not to exceed 3 months, except that cord sets and
receptacles which are fixed and not exposed to damage chail be
tested at intervals not exceeding 6 months.

(f) The employer may not make available or permit the use by employ-
ees of any e?ulpment which has not met the requirements of this
paragraph (b)(1)(ii) of this section.

(g) Tests performed as required in this paragraph shall be recorded.

This test record shall identify each receptacle, cord set, and cord-

and plug-connected equipment that passed the test, and shall indicate

the last date it was tested or the interval for which it was tested.

This record shall be kept by means of logs, color coding, or other

effective means, and shall be maintained until replaced by a more

current record. The record shall be made available on the jobsite
for inspection by the Assistant Secretary and any affeéted employee.

(2) Outlet devices. Outlet devxces shall have an ampere rating not less than the load
to be served. :
o{c) Outside conductors, 600 volts, nominal, or less, Paragraphs (e)1). (e)2), {e)(3), and
{e)4) of this section apply to branch circuit, Teeder, and service conductors rated
600 volts, nominal, or less and run outdoors as open conductors. Paragraph (e)(5)
applies to lamps installed under such conductors.

£3

3

& OPEN CONDUCTORS ARE WIRES THAT ARE RUN AS SEPARATE CONDUCTORS IN
CONTRAST TO WIRES RUN THROUGH CONDUIT, CABLES, OR RACEWAYS. THEY CAN BE
E!THER INSULATED, COVERED, OR BARE BUT WHEN RUN OUTDOORS THEY ARE .
USUALLY COVERED TO PROTECT AGAINST WEATHER OR PHYSICAL DAMAGE. OPEN
CONDUCTORS MUST BE INSTALLED ON INSULATORS. FIGURE 15 SHOWS@SAINSTAL-
LATION ON A BUILDING WHERE INSULATORS ARE USED TO MAINTAIN SEPARATION ,
FROM THE SURFACE OF THE BUILDING AND BETWEEN OPEN CONDUCTORS.

THE FOLLOWING FOUR PARAGRAPHS, {c){1) CONDUCTORS ON POLES, {c}{2}
CLEARANCE FROM GROUND, {c}{3} CLEARANCE FROM BUILDING OPENINGS, AND {c){4}
CLEARANCE OVER ROOFS, COVER SAFETY REQUIREMENTS REGARDING LOW VOLT-
AGE CIRCUITS RUN OUTDOORS AS OPEN CONDUCTORS.
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Insulators

Ties hold
condyctors on
Insulators

f

. - T Covetingte protect against

L9 . .
Bare conductor . - ‘weathersnd mpghanical damage —
under covering - not insulat[oﬁF ’

FIGURE 15. OPEN CONDUCTORS INSTALLED ON INSULATOR
ON THE SURFACE OF A BUILDING .

4
LY
L

LI

R .? . -
e (1) Conductors on poles. Conductors supported on poles shall provide a horizontal
ehimbing space not less thansthe following: .
(i)  Power conduetors below communication conductors—30 inches.
(ii) Power conductors alone or above communication eonduetors: 360 volts
. Orless—24 inehes; more than 300 volts—30 inches.
(iii) Communieation conduetors below power econductors: with power conductors
300 volts or less—-24 inches; more than 300 volts—30 inches. ©

¢ CONDUCTORS ON UTILITY POLES PRESENT A SERIOUS ELECTRICAL SHOCK
HAZARD TOWORKERS WHQ}ARE REQUIRED TO CLIMB THESE POLES. THESE CONDUCT- ‘
ORS MUST BE INSTALLED TO ALLOWA WORKER ENOUGH ROOM TO SAFELY CLIMB

~ BETWEEN THEM WITHOUT MAKING ACCIDENTAL CONTACT WITH THE CONDUCTOR

(SEE FIGURE 16}. THE M}NIMUM SAFE SPACE THAT IS ALLOWED VARIES WITH THE
TYPE CONDUCTOR, THE ARRANGEMENT OF CONDUCTORS, AND THE VOLTAGE IN-
VOLVED. TABLE 1 SHOWS THE SAFE CLIMBING SPACES BETWEEN CONDUCTORS AS

'DESCRIBED IN THE REGULATION,
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TABLE 1
SAFE CLIMBING SPACES
BETWEEN LOW VOLTAGE CONDUCTORS
{600 VOLTS OR LESS)

ARRANGEMENT ' MINIMUM SAFE CLIMBING SPACE
MEASURED HORIZONTALLY

BETWEEN POWER  BETWEEN COMMUNICATION

. CONDUCTGCRS CONDUCTORS
POWER CONDUCTORS RELOW -
COMMUNICATION CONDUCTORS:

600 VOLTS OR LESS ~ 30 INCHES NO REQUIREMENT
POWER CONDUCTORS ALONE: .
300 VOLTS OR LESS 24 INCHES N/A
301-600 VOLTS 30 INCHES N/A
POWER CONDUCTOR ABOVE
“OMMUNICATION CONDUCTORS:
300 VOLTS OR LESS 24 INCHES 24 INCHES
" 301600 VOLTS 30 INCHES 30 INCHES

Power Conductors Oparating at 300 Volts or Less Thet - ——

Are Mounted Above Communication Conductors Must
Also Have a Ctimbing Space of at Least 24 Inches.

If Power Conductors (Logated Abovel Are Rated @ 300 Volts
or Less

; L)

Al

FIGURE 16. SAFE CLIMBING SPACES FOR POW™R CONDUCTORS
LOCATED OVER COMMUNICATION CONOQUCTORS

-
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{2) Clearance from ground. Open conductors shall conform to the following minimum
clearances:

(i} 10 feet--above finished grade, sndewalks, or from any platform or projection
from which they might be reached.

(i) 12 feet-—over areas subject to vehicular traffie other than truek traffie.

(iii) 15 feet-——over areas other than those specified in paragraph {e}(2)iv) of this
section that are subjeet to truek traffic..

{iv) 18 feet—over public streets, alleys, roads, and driveways.

{(3) Clearance from building openings. Conduetors shall have a elearance of at least
3 feet from windows, doors, porches, fite escapes, or similar locations. Conductors
run above the top level of a window are considered to be out of reach from that
window and, therefore, do not have to be 3 feet away.

¢ (4) Clearance over roofs. Conduetors shall have a clearance of not less than 8 feet
from the highest point of roofs over which they pass, except that

¢ QUTSIDE BRANCH CIRCUIT, FEELZER, AND SERVICE CONDUCTORS WHICH PASS
OVER ROOFS, MUST BE AT LEAST 8 FEET ABOVE THE HIGHE™T POINT OF THE ROOF
(SEE FIGURE 17).
am— s
e —— e
——— =
2’ or More
A
/7
/oy
P FIGURE 17. 8 FEET OR MORE ABOVE A FLAT ROOF
® (i) Where the voltage between conduetors is 300 volts or less and the roof has

a slope of not less than 4 inches in 12, the clearance from roofs shall be
at least 3 feet, or

.® [F THE VOLTAGE BETWEEN CONDUCTORS !S 300 VOLTS OR LESS AND IF THE
INCLINE OF THE ROOF 1S AT LEAST 4 VERTICAL INCHES FOR EVERY 12 HORIZONTAL
INCHES, THESE QUTSIDE CONDUCTORS CAN COME NO CLOSER THAN 3 FEET OF THE
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HIGHEST POINT OF THE ROOF (SEE FIGURE 18}, EMPLOYEES ARE NOT LIKELY TO
WALK ON ROOFS WHERE THE PITCH IS 4 INCHES iIN 12 OR GREATER.

s

H;

. ; rd
Overhead Conductor Rated at
» 300 Volts or Less
12 .
. 3
o % %
.
' - / -

I -
/—”/

i __ e

o - I

e e e e I

FIGURE 18. MINIMUM DISTANCE OF 2 FEET FROM SLOPING
ROOF TO OVERHEAD WIRES

® (i) Where the voltage between conductors is 300 volts or less and the conductors
do not pass over more than 4 feet of the overhang portion of the roof and
they are terminated at a through-the-roof raceway or approved support,

the clearance from roofs shall be at least 18 inches.

s

\\

® FIGURE 13 SHOWS ACCEPTABLE INSTALLATION FOR SLOPING AND FLAT ROOFS.

Approved
Support

L1

lope Roof Service Drop

Mot Over
18" Min. Required Clearance 300 Voits

48" Max.
-

- — — —

FIGURE 18. MINIMUM CLEARANCE FROM ROOF
TO WIRES OVER ROOF OVERHANG
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Conductors, 300 Volts or |ass

\Q + Approved
——— 18" Min Through-the Roof
' Raceway

Overhang — - —

Soervice Riser
Exterding
Through Roof

Metar

FIGURE 19. MINIMUM CLEARANCE FROM ROOF
TO WIRES OVER ROOF OVERHANG (CONTINUED}

%
(5) Location of outdoor lamps. Lamps for outdoor lighting shai: be located below
all 1ive conductors, transtormers, or other electric equipment, unless such eqdip-
ment is controlled by a disconnecting means that ean be locked in the open position
or unless adequat:: clearances or other safeguards are provided for relamping
operations.
(d) Services.
iseonnecting means.

. (i) General. Means shall be provided to disconnect all conductors in a building
or other structure from the service-entrance conductors. The diseonneeting
means shall plainly indicate whether it is in the open or closed position and
shall be installed at 4 readily accessible location nearest the point of entrance
of the service-entrance conductors.

¢ A READILY ACCESSIBLE MEANS OF DISCONNECTING CONBPUCTORS IS REQUIRED
TO BE LOCATED AT A POINT NEAR THE SERVICE ENTRANCE. THE SERVICE ENTRANCE
IS THE LOCATION WHERE THE SERVING CONDUCTORS ENTER A BUILD-
ING. THE DISCONNECTING MEANS CAN BE A SWITCH OR CIRCUIT BREAKER, AND MUST
BE CAPABLE OF INTERRUPTING THE CIRCUIT FROM THE SOURCE OF SUPPLY.
THIS WILL DISCONI\JIECT THE ELECTRICAL EQUIPMENT WITHIN THE BUILDING FROM
ITS SOU'RCE OF SUPPLY IN THE EVENT OF AN EMERGENCY OR DURING NORMAL
SERVICING OPERATIONS.

THREE ACCEPTABLE ARRANGEMENTS PERMITTED BY THE NATIONAL ELECTRICAL
CODE FOR SERVIQE-ENTRANCE DISCONNECTS ARE SHOWN IN FIGURE 20. THE FIRST
IS A SINGLE DISCONNECT THAT OPENS ALL UNDERGROUNDED CONDUCTORS OF A
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Supply
J
Branch
Circuits
T | ON
m Branch
OFF Circuits
} i ——
j-——— Panel board

Single disonneact switch must open all
ungrounded gonductors simultaneously.

Supply
a | o
/

. ] tOjiee————
-~——— I ]] (O —s—
g1 CcC8

Up to aix switches or circuit breakers that eneble disconnecting with no
more than six movements of the hand are parmittad. See National Electrical Code Saction

384-16{a} for lighting antj appllance panaziboards.

Branch
Subbly r Circuits

i o l
;%lg%]? ¥R
AL n G » G s

Up to six disconnacts may be grouped in ons location near the po.at whare
the service antars the building.

i FIGURE 20. THREE ACCEPTABLE ARRANGEMENTS FOR SERVICE-
ENTRANCE DISCONNECTING MEANS
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FEEDER SIMULTANEOUSLY. THE SECOND IS A CIRCUIT BREAKER PANEL WITH UP TO
SIX CIRCUIT BREAKERS THAT WILL DISCONNECT ALL UNGROUNDED CCNDUCTORS TO
A BUILDING WiTH NO MORE THAN SIX MOVEMENTS OF THE HAND. THE THIRD IS A
GROUP OF UP TO SIX INDIVIDUAL SWITCHES LOCATED NEAR WHERE THE SERVICE
ENTERS THE BUILDING TO DISCONNECT ALL UNG RdUNDED CONDUCTORS THAT
SUPPLY A BUILDING. WHEN MORE THAN ONE SWiTCH OR CIRCUIT B8REAKER IS USED,
EACH MUST SHOW WHETHER IT IS TN THE ON OR OFF POSITION AND MUST SIMUL-

TANEOUSLY OPEN ALL UNGROUNDED CONDUCTORS OF THE CIRCUIT IT IS INTENDED
TO OPEN. )

1 (i} Simultaneous opening of poles. Rach service disconnecting means shall
simultaneously diseconnect all ungrounded conductors,
(2) Services over 600 volts, nominal. The following additional requirements apply
to services over 600 volts, nominal.
(i)  Guarding. Service-entrance conductors installed as open wires shall be
guarded to make-them accessible only to qualified persons.
(if) Warning signs. Signs warning of high voltage shall be posted where
other than qualified employees might come in contact with live parts.
(e) Overcurrent protection.
(I 600 Volls, nominal, or less. The following requirements apply to overcurrent
protection of ecircuits rated 600 volts, nominal, or less.
. (i) Protection of conductors and equipment. Conductors and equipment shall
be protected from overcurrent In accordance with their ability to safely
conduet current,

e ELECTRICAL CURRENT iS THE FLOW OF ELECTRONS THROUGH A CONDUCTOR.
THE S1ZE OF THE WIRE IS THE MAIN DETERMINING FACTOR AS TO HOW MUCH CUR-
RENT CAN SAFELY FLOW THROUGH A CONDUCTOR. THE LARGER THE WIRE, THE
MORE CURRENT CAN FLOW SAFELY. IF TOO MUCH CURRENT FLOWS THROUGH A CON-
DUCTOR, EXCESS HEAT IS PRODUCED. IF THE CIRCUIT IS NOT PROTECTED THE HEAT
MAY CONTINUE TO BUILD AND REACH A TEMPERATU RE HIGH ENOUGH TO DESTROY
INSULATION AND CAUSE A FIRE.

CONDUCTORS AND EQUIPMENT ARE REQUIRED TO BE PROTECTED FROM OVER-
CURRENT CONDITIONS ACCORDING TO THEIR ABILITY TO SAFELY CONDUCT
ELECTRIC CURRENT. CIRCUIT BREAKERS AND FUSES ARE PROTECTIVE DEVICES
DESIGNED TO DISCONNECT A CIRCUIT FROM ITS SOURCE OF SUPPLY WHEM A MAXI-
MUM ALLOWABLE HEAT LEVEL IS REACHED. IN ADDITION, OVERCURRENT DEVICES
MUST HAVE ADEQUATE INTERRUPTING RATINGS TO PREVENT HAZARDS TO EMPLOYEES
DUE TO SHORT CIRCUIT CURRENTS, A FUSE FUNCTIONS TO DISCONNECT A CIRCUIT
WHEN AN ELEMENT INSIDE THE FUSE BODY, A METAL RIBBON OR LINK, MELTS FROM
THE HEAT PRODUCED WHEN TOO MUCH CURRENT PASSES THROUGH IT. WHEN THIS
RIBBON MELTS THE CURRENT FLOW THROUGH THE CIRCUIT IS STOPPED (SEE FIGURE 21}.
A CIRCUIT BREAKER FUNCTIONS TO DISCONNECT A CIRCUIT WHEN |
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Metal Ribbon designed to maelt
when axcessive current flows

SOCKET TYPE
FUSE

+

Current Path

.
+ .
LIRS

LA »

*
ooooo

Current Path

Current Path

CARTRIDGE \
FUSE

[

Fuseble Link Designed to Melt and’ Open
the Circuit When Too Much Current Flows.

FIGURE 21. COMMON TYPES OF FUSES

&

EXCESSIVE CURRENT FLOWS. SOME BREAKERS SENSE OVERCURRENT BY
MEANS OF A BI-METAL STRIP. WHEN EXCESSIVE CURRENT IS SENSED, THE BI-METAL STRIP
MOVES AND RELEASES A SPRING-LOADED SWITCH THAT OPENS THE CIRCUIT, THUS
STOPPING THE CURRENT FLOW. {SEE FIGURE 22}, OTHER TYPES OF CIRCUIT 8REAKERS
USE DIFFERENT MEANS OF SENSING OVERCURRENT.

EITHER OF THESE METHODS OF CIRCUIT PROTECTION ARE ACCEPTABLE. CIRCUIT
BREAKERS CAN BE RESET WHEN THE HANDLE IS MOVED FROM THE “TRIP" POSITION
TO THE "OFF” POSITION AND THEN MOVED TO THE "ON" POSITION TO RESTORE CUR-
RENT TO THE CIRCUIT. 8Y CONTRAST, FUSES MUST BE REPLACED, THUS REQUIRING

3
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et Spring Loaded
- Switch Opens
Cirouit When

Overcurrent
Occurs

" Bi-metal Strip
Senses Overcurrent

Multi-Colored
Wire Connection
in Papel Box

Connects to Terminal Strip
in Panel Box A Current Path

FIGURE 22. CUTAWAY VIEW OF A CIRCUIT B‘HEAKEH

A SUPPLY OF REPLACEMENT FUSES TQ BE ON HAND. IN CASES OF HIGH VOLTAGE
{OVER 600 VOLTS), REPLACEMENT OF A FUSE MlUST BE DONE ONLY 8Y QUALIFIED
PERSONS.

THE NATIONAL ELECTRICAL CODE SPECIFIES THE ALLOWASLE CURRENT FLOW
PERMITTED IN CERTAIN-SIZED CONDUCTORS. AMPACITY IS THE TERM USED TQ
DESCRIBE THE CURRENT-CARRYING CAPACITY OF A CONDUCTOH.‘THE. SIZE OF THE
CIRCUIT BREAKER OR FUSE REQUIRED TQ PROVIDE PROTECTION IS DETERMINED BY

'HE AMPACITY OF THE CONDUCTOR {N THE CIRCUIT TQ 8E PROTECTED AND THE
TYPE OF LOAD THAT IS ON THE CIRCUIT.

(ii) Grounded conductors. Except for motor running overload protection, over-
current devices may not interrupt the continuity of the grounded conductor
unless ail conduetors of the circuit are opened simultaneously.

48 32
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- L (iii} Disconnection of fuses and thermal cutouts. Except for service fuses, all
. cartridge fuses whier: are accessisle to other than Qualified persons and
all fuses and thermal cutouts on circuits over 150 volts to ground shall be
provided with disconnecting means. This disconnecting means shall be in-
stalled so that the fuse or thermal cutout can be disconnected from its
supply without disrupting service to equipment and circuits unrelated to
those protected by the overcurrent device.

. ® ALL CARTRIDGE-TYPE CIRCUIT FUSES THAT ARE ACCESSIBLE TO UNQUALIFIED
EMPLOYEES MUST BE EQUIPPED WITH A DISCONNECTING MEANS TO ALLOW THE FUSE
TO BE SERVICED SAFELY. IN ADDITION, WHERE CARTRIDGE-TYPE FUSES ARE
LOCATED IN SYSTEMS THAT OPERATE OVER 150 VOLTS TO GROUND, A DISCON-
NECTING MEANS IS ALWAYS REQUIRED REGARDLESS OF THE QUALIFICATIONS OF
THE PERSONS HAVING ACCESS TO THE FUSES, THE DISCONNECT SWITCHES MUST BE
INSTALLED SO THAT'ONLY THE CIRCUITS THAT ARE PROTECTED 8Y OR OTHE RWISE
RELATED TO THE OVERCURRENT DEVICE WILL BE SHUT OFF. {N THIS WAY POWER TO
OTHER CIRCUITS AND EQUIPMENT IN A SYSTEM WILL NOT 8E UNNECESSARILY DIS-
RUPTED WHEN ONE OVERCURRENT DEVICE !N THE SYSTEM MUST BE SERVICED OR
REPLACED (SEE FIGURE 23}, THESE PROVISIONS DO NOT APPLY TO SERVICE FUSES.

Sarvice Conductor

Feader Disconnects

Conductor ——e~

Fuses - -

| | | |
1 E 2 é 3 é
-—— Branch Circuits

IF PROCESS MOTOR NO., 3 DEVELOPED AN OVERCURRENT CONDITION AND BLEW A FUSE,
THEN DISCONNECT NO. 3 WOULD BE THE ONLY SWITCH ACTUATED TO SERVICE THE FUSE

FIGURE 23, DISCONNECTS FOR OVERCURRENT DEVICES.
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(iv}) Location in or onpremises. Overcurrent devices shaill be readily &cces%e\
to each employee or authorized building management personnel. These ‘
overcurrent devices may not be located where they will be exposed to phys~ *
ical damage nor in the vicinity of easily ignitible material. . y

(v}  Arcing or suddenly moving parts. Fuses and circuit breakers shall be so
located or shielded that employees will not be burned or otherwise injured
by their operation. . - )

{vi) Circuit breakers.

ta) Circuit breakers shall clearly indicate whether they are in the open
(off) or closed (on) position.

(b) Where cireuit breaker handles on switchboards are operated vertically
rather than horizontally or rotationally, the up position of the handle
shall be the closed (on) position. (See §1910.302(b)(3).)

{e) If used as switches in 120-volt, fluorescent lighting cireuits, cireuit
breakers shall be approved for the purpose and marked "SWD."
(See§1910.302(b}(3).} . ) .

(2) Over 600 volts, nominal. Feeders and branch circuits over 600 volts, nominal,
shall have short-circuit protection.

__ % (f) Grounding. Paragraphs (1} through (£)(7) of this seetion contain grounding require-
ments for systems, circuits, and equipment.

* GROUNDING ELECTRICAL CIRCUITS AND ELECTRICAL EQUIPMENT IS REQUIRED

TO PROTECT EMPLOYEES AGAINST ELECTRICAL SHOCK, SAFEGUARD AGAINST FIRE,

AND PROTECT AGAINST DAMAGE TO ELECTRICAL EQUIPMENT. THERE ARE TWO

KINDS OF GROUNDING. FIRST, ELECTRICAL CIRCUIT OR SYSTEM GROUNDING, AND

SECOND, ELECTRICAL EQUIPMENT GROUNDING. ELECTRICAL SYSTEM GROUNDING IS

ACCOMPLISHED WHEN ONE CONDUCTOR OF THE CIRCUIT IS INTENTIONALLY CON-
NECTED TO EARTH. THIS IS DONE TO PROTECT THE CIRCUIT SHOULD LIGHTNING
STRIKE OR OTHER HIGH VOLTAGE CONTACT OCCUR. GROUNDING A SYSTEM ALSO

- STABILIZES THE VOLTAGE IN THE SYSTEM SO "EXPECTED VOLTAGE LEVELS” ARE NOT
EXCEEDED UNDER NORMAL CONDITIONS. THE SECOND KIND OF GR.OUND 1S EQUIP-
MiENT GROUNDING. THIS IS ACCOMPLISHED WHEN ALL METAL FRAMES OF EQUIPMENT
AND ENCLOSURES CONTAINING ELECTRICAL EQUIPMENT OR CONDUCTORS ARE
GROUNDED BY MEANS OF A PERMANENT AND CONTINUOUS CONNECTION OR BOND.
THE EQUIPMENT GROUNDING CONDUCTOR PROVIDES A PATH FOR DANGEROUS '
FAULT CURRENT TO RETURN TO THE SYSTEM GROUMND AT THE SUPPLY SOURCE OF
THE CIRCUIT SHOULD AN INSULATION FAILURE TAKE PLACE. IF INSTALLED PROP-
ERLY, THE EQUIPMENT GROUNDING CONDUCTOR IS THE CURRENT PATH THAT
ENABLES PROTECTIVE DEVICES, SUCH AS CIRCUIT BREAKERS AND FUSES, TO OPER-
ATE WHEN A FAULT OCCURS. FIGURE 24 ILLUSTRATES BOTH TYPES OF GROUNDING.
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Transtormer

] g Secondaty

Most Metallic Racewsys, Cable Sheaths, and Cable
Asmor Which 2re Continuour and Utilize ProRer

- - Fittings May Serve as the Eqiipment Gicunding
Conduetor. A Separate Grounding Conductor s
Neaded When Plastic Condult, Non.mafallic
Sheathed Cable, or Other Wiring Methods Are
Usad Which Are Not Approved as Grounding
Methods.

Primaty Service

Entrance

4

Grounded
Conductor or
Neutral

J//
Equipm 1t

Gr Pl
“wirdv 1op

" [=+— S¥stem Grounding ——= ‘

kS L Electrical Symbol
- - "'."_" Far Ground

FIGURE 24. SYSTEM AND
EQUIPMENT GROUNDING

(1) Systems to be grounded. The following systems which supply premises wiring shall
be grounded:
® (1) Al 3-wire DC systems shall have their neutral conductor grounded.

® A3WIREDCSYSTEM ISGENERALLY USED IN HEAVY INDUSTRIAL APPLICATIONS
TOPROVIDE FOR SMOOTH STARTING OF MOCTORS AND SPEED CONTROL. THREE-WIRE
DC MOTORS ARE COMMONLY USED TO OPERATE LARGE MILLS AND EXTRUSION
MACHINES. WITH A 3-WIRE CIRCUIT, THEY CAN RUN AT HALF SPEED OR AT FULL
SPEED, DEPENDING ON THE VOLTAGE SELECTED. A 250 VOLT DC 3-WiRE SYSTEM, FOR
EXAMPLE, CAN SUPPLY BOTH 126 VOLTS DC AND 260 VOLTS DC TO A MOTOR. FIGURE
25 ILLUSTRATES A SCHEMATIC DIAGRAM OF A 3-WIRE DC SYSTEM THAT RUNS THREE
MOTORS, TWO SINGLE SPEED MOTORS (ONE AT 126 VOLTS DC, THE OTHER AT 250
VOLTS DC) AND A MOTOR WITH TWO SPEED RANGES (A LOW SPEED AT 126 VOLTS DC,

.~ ®51
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ANO HIGH SPEEO AT 250 VOLTS.DC). THE NEUTRAL CONDUCTOR.IS.THE CONDUCTOR
WHICH REQUIRES A GROUNO CONNECTION TO EARTH. THIS CONNECTION MUST BE
MADE AT APOINT NEAR THE DC SOURCE OF SUPPLY.

DC Generator with
Center Winding Tap

1 T T T
128v 250V
¥ _
i 1
125v
) | B ¢
Nautral Conductor Grounded
at tha Source of Supply
" small 125 Voit
DC Motor
.ﬁ_L Large 250 Voit
E‘\' 1 D¢ Motor
125 Volt
- ¢ Motor
FIGURE 25. 250-vOLT THREE WIRE-OC SYSTEM. THE
NEUTRAL CONOUCTOR IS GROUNDEO AT THE SOURCE
» (i} Two-wire DC systems Operating at over 50 volts through 300 volts between

conductors shall be grounded unless:
(a) They supply only industrial equipment in limited areas and
are equipped with a ground detector; or
(b) They are rectifier-derived from an AC si;stem complying with
paragraphs (f)()(iii}, (£)(1)(iv), and (1)()(v) of this section; or
(¢) They are fire-protective signaling circunts having a maximum current
of 0.030 amperes.
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. 2. WIRE' DC SYSTEMS THAT OPERATE BETWEEN 50 VOLTS AND 300 VDLTS AND
SERVICE PREMISES MUST 8E GROUNDED. COMMON 2-WIRE DC SYSTEMS INCLUDE BAT-
TERY CHARGING, ELECTRDPLATING, AND SDME CRANE DPERATIDNS. GRDUNDING 1S
ACCDMPLISHED 8Y MAKING AN ELECTRICAL CONNECTION TO GRDUND AT THE
SOURCE AS SHDWN IN FIGURE 26.
THERE ARE THREE EXCEPTIONS TD THIS REQUIREMENT. FIRST, IF ADCSYSTEM
POWERS ONLY INDUSTRIAL EQUIPMENT IN A LIMITED AREA ANYD IS EQUIPPED WITH
A SENSOR TO DETECT ANY CURRENT LEAKS TO GRDUND, THEN ND GRDUNDING 15
REQUIRED. iN SUCH CASES A GROUND FAULT, RESULTING FRDM AN INSULATIDN
{ FAILURE, CAN BE EASILY DETECTED, LOCATED, AND CORRECTED BEFDRE SOMEONE
- IS INJURED. SECOND; IF ADCSYSTEM IS DERIVED FROM A RECTIFIER, THAT IS AN AC
TO DC CONVERTER, AND THE AC SYSTEM CDMPLIES WITH PARAGRAPHS (){1)(ii),

“-I;FEN-NO GROUNDING 1S REQUIRED IN THE DC SYSTEM.
RECTIFIERS ALSO SERNICE LIMITED AREAS WHEN THE AC SYSTEM WHICH

SUPPLIES THE RECTIFIER IS PRDPERLY GROUNDED A GROUND FAULT CAN BE
EASILY LOCATED AND CORRECTED. THESE SYSTEMS MUST BE PROPERLY MAIN-
TAINED TO ASSURE THAT GROUND FAULTS DO NOT DCCUR. THIRD, FIRE PROTEC-
TIVE SIGNALING CIRCUITS THAT DPERATE UNDER 30 MILLIAMPS DD NOT REQUIRE
GRDUNDING BECAUSE DF THE LOW CURRENT FLO;N. THIS LOW CURRENT FLOW
MEANS THAT ND SERIDUS SHDCK HAZARD EXISTS. FIGURE 26 ILLUSTRATES A DC
PDWERED ELECTRDPLATING OPERATIDN WITH THE GRDUNDING CDNNECTION AT THE

SDURCE.

{+)

Anode -

———f— Cathode

(+} =

 af—————— Elactrolysis
Tank

Groungding Connection
at the Source

FIGURE 26. GROUNDED 2-WIRE DC SYSTEM SUPPLYING
AN ELECTROPLATING DPERATION
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b (iif) AC circuits of less than 50 volts shall be grounded if they are installed &s
overhead conductors outside of buildings or if they are supplied by trans-
formers and the transformer primary supply system is ungrounded or exceeds
150 volts to ground.

® ONLY UNDER CERTAIN CONDITIONS ARE LOW VOLTAGE AC SYSTEMS REQUIRED
TO BE GROUNDED. THESE ARE CONDITIONS WHERE THERE IS A LIKELIHOOD OF
FOREIGN HIGHER VOLTAGE — SUCH AS LIGHTNING OR HIGHER PRIMARY VOLTAGES
BEING CONDUCTED ACROSS DAMAGED TRANSFORMER WINDINGS CREATING A SERI-
OUS SHOCK-HAZARD TO SOMEONE WORKING WITH THE LOW VOLTAGE SYSTEM. IN
EACH CASE, GROUNDING IS REQUIRED AT THE SECONDARY SIDE OF THE LOW
VOLTAGE TRANSFORMER. \

THE FIRST CONDITION REQUIRES GROUNDING WHEN THE CONDUCTORS ARE RUN
AS-0VERHEAD CONRUCTORS.OUTDOORS. IN.THIS.CASE, THE LOW VOLTAGE SYSTEM_

MUST BE PROTECTED AGAINST HIGH VOLTAGE SURGES RESULTING FROM LIGHTNING
STRIKES AND AGAINST CONTACT WITH HIGH VOLTAGE OVERHEAD LINES. THE SEC-
OND CONDITION REQUIRES GROUNDING WHEN LOW VOLTAGE SYSTEMS ARE SUP-
PLIED BY TRANSFORMERS THAT ARE SUPPLIED BY AN UNGROUNDED PRIMARY
SYSTEM OF.ANY VOLTAGE OR WHEN THE PRIMARY VOLTAGE TO GROUND EXCEEDS
160 VOLTS. FIGURE 27 ILLUSTRATES EXAMPLES OF CIRCUITS OPERATING AT LESS
THAN 50 VOLTS THAT ARE REQUIRED TO BE GROUNDED BY THE SECOND CONDITION.
IGROUNDING OF THE LOW VOLTAGE SYSTEM ON THE SECONDARY SIDE OF THE
TRANSFORMER WILL PREVENT ENERGIZING OF THE SECONDARY CIRCUIT WITH

THE HIGHER PRIMARY VOLTAGES SHOULD THE TRANSFORMER WINDINGS BE
DAMAGED.

Transformar

Primary Secondary
] .
Any ai <
Voitage q: S 50 Valts or Less
C8d
l Sacondary Cireuit
EETEE————t Must be Grounded

Lingrounded Primary =
Supply Circuit

Primary Circuit Ungrounded s

~ FIGURE 27. AC CIRCUITS UNDER 50 VOLTS REGUIRING GROUNDING
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Trar}vormar
Primary " Secondary ‘ :
o .
e || '
an pALS )
150 Volts q:l,h * ; 50 Volts or Less

415

_L l . Secondsry Circuit
Must be Grounded

— “w—

Primery Supply Cireuit
Opérating at More Than
1t Volts to Ground : -

Foanl

Primary Circuit More Than
150 Volts to Ground

FIGURE 27. ACCIRCUTS UNDER 50 VOLTS REQUIRING GROUNDING (CONTINUED)

° (iv) AC systems of 50 volts to 1000 volts shall be grounded under any of
the following conditionﬁi unless exempted by paragraph (f)(D{(v) of this
section: "
{a) If the system can be so grounded that the maximum voltage
to grotind on he ungrounded conductors does not exeeed 150 volts;
(b) If the system is nominally rated 480Y /277 volt, 3-phase, 4wire in
whieh the neutral is used as a eireuit eonduetor;
(e) I the system is nominally rated 240/120 volt, 3-phase, 4-wire in which
~ the midpoint of one phase is used as a eireuit conduetor; or
(d) If a sceviee eonduetor is uninsulated.

4

‘@ THE MOST COMMON AC SYSTEMS IN USE IN INDUSTRY INCLUDE SEVERZL SINGLE
AND TH R‘EE-PHASE SYSTEMS. GROUNDING OF THESE SYSTEMS IS REQUIRED TO
PROVIDE FOR THE PROMPT OPERATION OF OVER-CURRENT DEVICES, TO ALLOW FOR
THE QUICK ISOLATION OF FAULTS, TO PROVIDE FOR POSITIVE LIGHTNING PRO-
TECTION, AND TOAFFORD PROTECTION FOR THE EQUIPMENT AND FOR PERSONNEL.
TABLE 2 SUMMARIZES THE REQUIREMENTS FOR THE FOLLOWING SYSTEMS:

(1} 240/120 VOLT SINGLE PHASE 3-WIRE SYSTEMS USED MOST OFTEN FOR
GENERAL LIGHT AND POWER CIRCUITS; 3

" {2) 208Y/120 VDLT, 3-PHASE, 4-WIRE SYSTEM USED TO POWER INDUSTRIAL EQUIP-
MENT, LIGHTING, AND RECEPTACLES.

{3) 480Y /277 VOLT, 3-PHASE, 4-WIRE §YSTEM WHICH IS USED IN HEAVY DUTY
INDUSTRIAL AND OTHER APPLICATIONS; AND

B ) 2 39
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TABLE 2 AC SYSTEMS 50 TO 1,000 VOLTS REQUIRING GROUNDING

S:YSTEM SCHEMATIC DESCRIPTION ' COMMON USES
SINGLE PHASE VOLTAGE BETWEEN UNGROUNDED GENERAL LIGHT AND
TRANSORMER CONDUCTORS IS 240 VOLTS vOLT- POWER SYSTEMS.
AGE TO GROUND IS 120 vOLTS MEETS CONDITION (a}
e ",126\! 240V
-s— Grounded Coenductor
I‘(- :‘120\1’ ,

=" Ground

1) 120/240 VOLT, SINGLE PHASE 3 WIRE SYSTEM

WYE(Y) CONNECTED  VOLTAGE BETWEEN UNGROUNDED GENERAL LIGHTING,

TRANSFORMER CONDUCTORS IS 208 vOLTS: VOLT- RECEPTACLES, SMALL
AGE TO GROUND I8 120 VOLTS MACHINES, MEETS
a CONDITION {a)
120V xay
v 1
By A
i'”"‘ ::;:; 1Nk

= Groued

2) 20&Y/120 VOLT, THREE PHASE, 4 WIRE SYSTEM

WYE(Y) CONNECTED VOLTAGE BETWEEN UNGROUNDED GENERAL LIGHTING

TRANSFORMER CONDUCTORS 1S 480 VOLTS; VOL