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and Appendix B.

controf application as contemplated by the National
Electrical Code.

Al though these machines may be completely
automatic, they are constantly attended, when operating,
by highly skil led operators. The machine usually incoi-
porates many special devices to protect the operator, pro-
tect the machine and building againsr f ires of electi ical
origin, protect the machine and work in process against
damage due to electrical failures, and protect againit loss
of production due to failure of a machine component. To
provide these safeguards, it may be preferable to deliber-
ately sacrif ice a motor or some other component, rather
than to chance injury to the operator, the work, or rhe
machine. It is because of such considerations that this
standard varies from the basic concepts of motor protec-
tion as contained in the Nafeonal Electrical Code.

As NFPA 79 evolved, it became apparenr that cerrain
classes of l ight industrial machineiy (i.e., small dri l l
presses, bench grinders, sanders, etc.) were not ap-
propriately covered. The NFPA 79-1977 standard recog-
nized this problem and purposely excluded tools powered
by two horsepower or less.

. Subsequent to publication of the 1977 standard, a l ight
industrial machinery standard development acrivity ;as
init iated by the Power Tool Instirute. Nf'pe 79-1985
reflects this activity and appropriate requiremenrs are
now included in the standard.

In 1975, the Society of the Plastics Industry requested
that this standard be enlarged in scope to include plastics
machinery. A formal request was received by NFPA in
September, 1978 and, through the combined efforts of
the NFPA 79 committee and represenratives of the So-
ciety of the Plastics Industry, the scope was broadened to
include such machinery in the 1980 edition.

-InJune 1981, theJoint Industrial Council QIC) Board
of Directors acknowledged the dated stare of the elec-
trical and electronic standards and requested that NFPA
79 incorporate into its standard the material and topics
covered by theJIC Electr ical  (EMP-l-67, EGP-l-67) ind
Electronic (EL-l-71) standards with the intention that
the JIC standards eventually wil l be declared superseded.
The NFPA Standards Council approved the request with
the stipulation that the material and topics incorporated
from theJIC standards be l imited to areas related-to elec-
trical shock and fire hazards. The 1985 edition reflected
the incorporation of the appropriate material from the
JIC-Electr ical  (EMP-l-67, EGP-l-67) standards not previ-
ously covered.

Preface

In September I 941 , the metalworking machine tool in-
dustry wrote i ts f i rst elecrr ical standard ro make machine
tools safer to operate, more productive, less costly to
maintain,  and to improve the qual i ty and performanie of
their  e lectr ical  components.  ihat 'part i iu lar  standard
served as an American "War Standard."

To study the special electr ical problems involved with
machine tools,  in 1941 the Electr ical  Sect ion of  the Na-
t ional Fire Protecrion Associat ion sanctioned a Special
Subcommittee on Wiring, Overcurrent Protection, and
Control of Motor-Operated Machine Tools. This Sub-
committee, cooperating with machine tool bui lders,
manufacturers of control equipment, and Underwriters
Laboratories Inc., conducted tests and investigated the
peculiar condit ions involved with machine tools that
might warranr exceprion to certain specif ic National
Electr ical Code@ requirements. This invescigation
resulted, on August 4, 1942, in a Tentative I i ter im
Amendment and f irst appeared in a 1943 Supplement to
the 1940 Edit ion of rhe National Electr ical Code as Art i-
cle 670, "Machine Tools." I t  remained essenrial ly un-
changed through the 1959 edit ion.

Meanwhile, manufacturers of other types of industr ial
equip.ment erroneously began to fol low^ the special ized.
practices permitted by Art icle 670. Late in 1952, a Tech-
nical Subcommittee on Fundamentals of Electr ical ly
Operated Production Machinery and Marerial Handling
and Processing Equipment for Fixed Locations was orl
ganized to attempr ro group the special requirements of
th is broad f ie ld into one arr ic le.  The extremely broad
scope introduced so many problems thar, in December
1956, this Technical Subcommittee was reorganized into
an NFPA Committee whose scope was l imited to Machine
Tools and whose objective wa! the preparation of this
NFPA standard with corresponding revisions in Art icle
670 in the National Electrical Codi.

Modern machine tool electr ical equipmenr may vary
from that of single-motor machines, such as dri l l  presses,
which perform simple, reperit ive operations, and-thar of
very large, mult imotored automatic machines that in-
volve highly complex electr ical control sysrems, including
electronic and sol id-state devices and equipment. Gener-
al ly these-machines are especial ly designtd, factory-wired
and tested by the bui lder, and then erected in the plant in
which they wil l  be used. Because of their imporrance to
plant production and their usual ly high cosi,  they are
customari ly provided with many safeguards and other
devices not often incorporated in the usual motor and

Chapter I General

l-l Purpose.

- 
(a). 

-The purpose of this electrical srandard is to provide
detai led informat ion for the appl icat ibn of
electrical/electronic equipment, apparatus, or systems
supplied as part of industrial machinery or mass pioduc-
tion industrial equipment that wil l promote safety to l ife
ancl proPerty.

(b) This srandard is not intended to l imit or inhibit the
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advancement of the state of the art. Each type of machine
has unique requirements that shall be accommodated to
provide adequate safety.

l-2 Scope.
(a) The provisions of this standard shall apply to the

electrical,/electronic equipment, apparatus, or systems of
industrial machinery oi mass ploduction industrial
equipment as defined in Section l-3, operating from a
nominal voltage of 600 volts or less, and commencing at
the place of connection of the supply to the electrical
equipment of the machines.

NOTE l :  In th is standard,  the term "electr ical"  includes both
electrical and electronic equipment. Requirements which apply
only to electronic equipment shal l  be so ident i f ied.

NOTE 2: The general terms "machine" and "machinery" as
used throughout th is standard include industr ia l  machinery and
mass product ion industr ia l  equipment.

(b) This standard shal l  not be considered adequate for
machines intended for use in areas defined as hazardous
(classif ied) locations by NFPA 70-1987, National Elec-
tr ical Code.

(c) This standard is not intended to apply to:

l .  Fixed or portable tools judged under the re-
quirements of a test ing laboratory acceptable to the au-
thor i ty having jur isdict ion.

2. Machines used in dwell ing units.

(d) The instal lat ion of a machine and the wir ing be-
tween component machines of mass production industr ial
equipment shal l  be in accordance with N.FPA 70-1987,
National Electrical Code.

l-3 Definit ions. For the purposes of this standard, the
fol lowing definit ions shal l  apply:

(a) A machine tool is defined as a power-driven
machine not portable by hand, used to shape or form
metal or plast ic by cutt ing, impact, pressure, electr ical
techniques, or combination of these processes.

(b) Plastics machinery is defined as a power-driven
machine not portable by hand, used to shape or form
plastic by appl icat ion of thermal and/or mechanical
e.nergy, by cutt ing, impact, pressure, or a combination of
tnese Processes.

NOTE: See Appendix C for such types of plastics machinery.

(c) Mass prbduction industr ial equipment is defined as
a systematic array of one or more machine tools, plast ics
machinery, and/or assembly machines which are not por-
table by hand and which includes any associated material
handling, manipulat ing, gaging, measuring, or inspec-
t ion equipment.

(d) For purposes of this standard, definitions of some
other terms are given in Appendix A.

l-4 Other Standards. On any point for which specif ic
provisions are not made in this standard, the provisions of
NFPA 70-1987, National Electrical Code, shall be ob-
served. Other organizations having standards that may
provide addit ional information are I isted in Appendix B.

NOTE: NFPA 70E, Electrical Safety Requirements for
Enployee Workplaces, contains additional information.

Chapter 2 Diagrams, Instructions, and Nameplates

2-l Diagrams.

| (u) Diagrams showing the electrical circuits on the
. machine shall be provided. Any electrical symbols not
I shown in ANSI y3'Z.Z shall be separately shown and de-

scribed on the diagrams. The symbols and identif ication
of components and devices shall be consistent throughout
all documents and on the machine.

NOTE: See Appendix E for examples of electrical diagrams.

(b) A cross-referencing scheme shall  be used in con-
junction with each relay, solenoid valve, l imit switch,
pressure switch, etc.,  so that any contact associated with
the device can be readi ly located on the diagram.

| (.)  Switch symbols shal l  be shown on the electr ical
schematic diagrams with al l  ut i l i t ies turned off (electr ic
power, air,  water, lubricant, etc.) and the machine and
electr ical equipment in i ts normal start ing condit ion.

I (d) Direct ly interconnected conductors shal l  be
' designated with the same alphanumeric reference. Con-

ductors shal l  be identi f ied in accordance with Chapter l4
of this standard.

Exception No. 1: Conductors of 18 AWG or less used in
electronic assemblies need not be identified by an
alphanumeric designation.

Exception No. 2: Where multiconductor cable is used,
color coding shall be permitted to be substituted for the
a lp hanumeric designation. If co lor - co de d multic onduc -
tor cable is used to wire identical components (e.g., limit
suitches), the color code shall be consistent throughout.
When color coding is used, it shall be clearly indicated on
t he electrical diagrams.

(e) Circuits shal l  be shown in such a way as to faci l i tate
the understanding of their function as well  as mainte-
nance and fault  location. Special characterist ics relat ing
to the function of the control devices and components
which are not evident from their symbolic representation
shall  be included on the diagram adjacent to the symbol
or referenced to a footnote.

(0 A" interconnection diagram shall  be provided on
large systems having a number of separate enclosures
and./or control stations. It shall provide full information
about the external connections of the entire electr ical
equipment on the machine.

(g) Plug/receptacle pin identi f icat ion shal l  be shown
on the diagram.

2-2 Instructions.

(a) Information referr ing to the instal lat ion, sequence
of operations, explanation of unique terms, l ist of recom-
mended spare parts, maintenance instruct ions, and ad-
justment procedures of the machir ie's electr ical equip-
ment shall be furnished.

(b) The instal lat ion drawing(s) shal l  provide informa-
tion necessarv for preliminarv machine and control set-
up. This includes ihformation on supply cables, part icu-
larly if they are to be supplied by the end user; the size
and purpose of any cable duct, raceway, or wireway that
must be supplied by the end user; and the amount of
space required to mount and maintain the machine and
its electr ical equipment.

1987 Edi t ion
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(c) The descript ion of the sequence of operations is re-
quired only for electr ical equipment comprising several
interrelated functions. Where the machine can perform

several sequences, the descript ion of operation shal l  ex-
plain each of them and their interrelat ionship. Informa-
t ion necessary for the understanding of the electr ical
operation in conjunction with the mechanical,  hydraul ic,
undlo. pn.rrrnul i .  operation of the inachine'shal l  be
given. When the sequence of operations is program con-
trolled, the information on programming the system for
operation, maintenance, and repair shal l  be provided. A
block diagram shall  be permitted to be used to faci l i tate
the understanding of the sequence of operations. The
block diagram shows the electr ical equipment together
with i ts functional interrelat ionships by the use of symbols
or blocks without necessari ly showing al l  interconnec-
t ions. References to the appropriate electr ical schematic
diagram(s) shal l  be included on the block diagram.

(d) The parts l isted shal l  i temize recommended elec-
tr ical.spare parts together with the necessary data for
orcterrng.

(e) Maintenance instruct ions and adjustment pro-
cedures shal l  include the schedule of preventive mainte-
nance, instruct ions for replacement of parts, and adjust-
ment procedures expected to be performed by the end
user. A device location diagram shall  be included for
systems having mult ip le control  panels and/or
enclosures.

2-3 Markings. Nameplates, markings, and identi f ica-
t ion plates shal l  be of suff icient durabi l i ty to withstand
the environment involved.

2-4 Warning Marking.

(a) A warning marking shal l  be provided adjacent to
the disconnect operat ing handle(s) where the
disconnect(s) that is interlocked with the enclosure door
does not de-energize al l  exposed l ive parts when the
disconnect(s) is in the "open (off)" posit ion.

(b) When an attachment plug is used as the disconnec-
t ing means, a warning marking shal l  be attached to the
control enclosure door or cover indicating that power
shall be disconnected from the equipment before the
enclosure is opened.

(c) Where the disconnecting means is remote from the
control enclosure, a warning marking shal l  be attached to
the enclosure door or cover indicating that the power
shall  be disconnected from the equipment before the
enclosure is ooened and that the enclosure is to be closed
before the poier is restored.

material) shal l  be attached to the control equipment
enclosure or machine where plainly visible after instal la-
t ion. Where more than one incoming supply circuit  is to
be provided, the nameplate shal l  state the above informa-
t ion for  each circui t .

Exception: Where only a single motor or motor con-
trol ler is used, the motor nameplate shal l  be permitted to
serae as the electrical equipment nameplate where it is
plainly visible.

(b) The ful l- load current shown on the nameplate
shall  not be less than the ful l- load currents for al l  motors
and other equipment that can be in operation at the same
time under normal condit ions of use. Where unusual
loads, duty cycles, etc.,  require oversized conductors, the
required capacity shal l  be included in the ful l- load cur-
rent specif ied on the nameplate.

(c) Where overcurrent protection is provided in accor-
dance with Sect ion 6-2,  the machine shal l  be marked
"overcurrent protection provided at machine supply ter-
minals." A separate nameplate shal l  be permitted to be
used for this purpose.

, 2-7 Equipment Marking and Identification.

(a) Where equipment is removed from its original
enclosure or is so placed that the manufacturer 's iden-
t i f icat ion plate is not easi ly read, an addit ional identi f ica-
t ion plate shal l  be attached to the machine or enclosure.

(b) Where a motor nameplate or connection diagram
plate is not visible, addit ional identi f icat ion shal l  be pro-
vided where i t  can be easi ly read.

(c) Nameplates, identi f icat ion plates, or warning
markings shal l  not be removed from the equipment.

(d) Al l  control panel devices and components shal l  be
plainly identi f ied with the same designation as shown on
the diagram(s). This identi f icat ion shal l  be adjacent to
(not on) the device or component.

Exception No. 1: Where the size or location of the
devices makes individual identification impractical,
group identtfication shall be used.

Exception No. 2: This section need not apply to
nxachines on which the equipment consists only of a single
motor, motor control ler, pushbutton stat ion(s), and
worklight(s).

(e) Al l  devices external to the control panel(s) shal l  be
identi f ied by a nameplate with the same designation as
shown on the diagram(s) and mounted adjacent to (not
on) the device.

Exception: Dedces coaered by Section 2-8.
(l) Terminations on multiconductor plugs and recep-

tacles shall be plainly marked. The markings on the
plug,/receptacles and on drawings shall correspond.

2-8 Function Identification. Each control station
device (pushbutton, indicating l ight, selector switch, etc.)
shall be identif ied as to its function on or adiacent to the
device.

NOTE: Consideration shall be given to the use of IEC symbols
for pushbuttons (see Appendix D for examples).

2-5 Machine Marking. The machine shal l  be marked
with the bui lder's name. trademark, or other identi f ica-
t ion symbol.

2-6 Machine Nameplate Data.

(a) A permanent nameplate l ist ing the machine serial
number, supply voltage, phase, frequency, ful l- load cur-
rent,.ampere rat ing of the largest motor.or load, short-
circuit  interrupting capacity of the machine overcurrent
protective device where furnished as part of the equip-
ment, and the electr ical diagram number(s) or the
number of the index to the electr ical diagrams (I": t l  of
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)

Chapter 3 General Operating Conditions

3-l General. This chapter describes the general re-
ouirements and conditions for the operation of the elec-
ti ' ical equipment of the machine. 

'

3-2 Electrical Components and Devices. Electrical
comDonents and devices shall be used or installed assum-
ine ihe operating conditions of ambient temPerature,
ali i tude, lrumidiry, and supply voltage outl ined in this
chapter, and within their design ratings, taking into ac-
count any de-rating stipulated by the component or
device manufacturer.

3-3 Ambient Operating Temperature. .The electrical
equipment shall-be capable of operating-in-_an ambient
temperature range of 5 to 40oC (41 to l04oF) under no
load to full load conditions.

3-4 Altitude. The electrical equipment shall be
suitable for operating correctly at alt itudes up to 3300 ft
(1000 m) above sea level .

3-5 Relative Humidity. The electrical equipment
shall be capable of operating within a relative humidity
range of 20-95 percent (noncondensing).

3-6 Transportation and Storage. The electrical equip-
ment shall 

-be 
designed to withstand storage and transpor-

tation temperatures within the range of -25 to 55.oC (-13
to + 131oF) and up to 65oC (149oF) for  short  per iods-not
exceeding 24 hourl. Suitable means shall be provided to
prevent -damage from excessive moisture, vibration,
itress, and mechanical shock during shipment.

3-? Installation arid Operating Conditions. The
electrical equipment shall be installed and operated in
accordance wiih the manufacturer's instructions.

3-8 Supply Voltage. The electrical equipment shall
ooe.ate iatisfactori lv at full- load as well as no-load under
tfie following condiiions:

90-110 percent of  rated
voltage.

t 2 percent of rated fre-
quency.

(c) Harmonic Distortion 
HflrirllTi.,i:, ;ju,.'"t
through 5th harmonics. UP
to an additional 2 Percent
RMS sum of the 6th
through 30th harmonics.

(d) Radio Frequency 2 percent RMS above
Voltages I0KHZ.

(e) Impulse Voltage 200 pe-rcent peak. voltage
uo to 1 ms duration with a
ri ie t ime of 500 ns to 500

l ls.

Chapter 4 Safeguarding of Personnel

4-l  General.  The electr ical equipment shal l  provide
safeguarding of persons against electr ical shock both in

normal service and in case of fault .

4-2 Safeguarding Against Electric Shock in Normal
Service.

(a) Live parts shal l  ei ther be located inside enclosures
as described in Chapters 9 and l0 or be completely
covered by insulat ion that can only be removed by
destruction (e.g., interconnecting cables).

(b) Enclosure interlocking as described in Sections 5-9
and 9-8 shal l  be provided.

(c) Grounding and bonding of the electr ical equip
ment and machine members shal l  comply with Chapter
l7 of this standard.

4-3 Safeguarding Against Electr ical Shock by Machine
Extra Low Voltage (MELV). Circuits of which not al l
l ive parts are protected against direct contact in normal

service shall f;lfill all of the following conditions:

(a) The highest voltage (with respect to ground) shal l
nor exceed 30VAC (RMS) or 30VDC (with less than l0
percent r ipple).

(b) The source of supply and al l  l ive parts and conduc-
to.r of such circuits t t iui l 'b" s"putut.d'  or isolated from

circuits with higher voltages by insulat ion rated for the

maximum voltage used in the same part of the electr ical
equipment.

(c) One side of the circuit  or one point of the source of

supply of that circuit  shal l  be connected to the grounding

cifcui i  associated with the higher voltages used on the

machine and i ts related exposed conductive parts.

.  (d) Plugs and receptacles used in MELV circuits shal l
be chosen-to preclude accidental connection to circuits
having higher voltages.

4-4 Safeguarding Against Electrical Shock from
Residuaf Voltagls. Where the equipment includes
elements that mly retain residual voltages after being
switched off, the voltage shall be reduced to below 50

volts within one minute after being disconnected

Chapter 5 Supply Circuit Disconnecting Means

5-l General Requirements. A disconnecting-means
shall  be provided for each incoming supply circuit .

(g) Micro-interruption Supply disconnected or at
zero voltage for 3 ms at any
random time in the cycle.
More than I second be-
tween successive reductions.

(a) Voltage

(b) Frequency

Reduction of 50 Percent of
peak voltage fs1 r/2 cycle ot
20 percent for I  cycle.
More than I second be-
tween successive reductions.

(f) Voltage Drop
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5-2 Type.
(a) The disconnecting means shal l  be manualiy

ooerable and shal l  be a fusible or nonfusible motor cir-
cuit  switch or a circuit  breaker in accordance with Sec-
t ions 5-3 through 5-10.

(b) An attachment plug in accordance with Section
5-1 I .

5-3 Rating.

(a) The ampacity of the disconnecting means shal l  not
be less than 115 Dercent of the sum of the ful l- load cur-
rents required foi al l  equipment that may be in operation
at the same t ime under normal condit ions of use.

(b) The interrupting capacity of the disconnecting
means shal l  not be less than the sum of the locked-rotor
current of the largest motor plus the ful l- load current of
al l  other connected operating equipment.

(c) Fusible motor-circuit  switches or circuit  breakers
shall  be applied in accordance with Chapter 6 of the stan-
dard.

5-4 Posit ion Indication. The disconnecting means
shall  plainly indicate whether i t  is in the open (of l ,1 or
closed posit ion.

5-5 Supply Conductors to Be Disconnectbd. Each
disconnecting means shal l  disconnect al l  ungrounded
conductors of a single supply circuit  simultaneously.
Where there is more than one source, addit ional in-
dividual disconnecting means shal l  be provided for each
supply circuit ,  so that al l  supply to the machine may be
interrupted.

5-6 Connections to Supply Lines. Incoming supply
l ine conductors shal l  terminate at the disconnecting
means with no connection to terminal blocks or other
devices ahead of the disconnecting means.

5-7 Exposed Live Parts. There shal l  be no exposed l ive
parts with the disconnecting means in the open (off) posi-
t lon.

NOTE: See Except ion to Sect ion 7-I .

5-8 Mounting.
(a) The disconnect ing means shal l  be mounted within

the control enclosure or ad jacent thereto. Where
m6unted within the control e.,cios,rre, the disconnecting
means shall be mounted at the top of the control panel
wi th no other equipment mounted direct ly above i t .

Exception No. 1: In plastics extrusion machinery (ex-
truders, film casting machines, film and sheet winding
equipment, uire coating rnachinery, and sheet l ine and
pull roll equipment ONLY see Appendix C,
Paragraph C-2) where the design configuration of the
enclosure may preclude mounh:ng the disconnect as the
uppermost component:

a. Liue parts shall be guarded against accidental con-
tact .

b. Barriers shall be placed in all enclosures to i.solate
the supply circuit conductors and tern'Linals from other
internal conductors and components.

Exceptz'on No. 2: Machines uith motor(s) totall ing two

horsepower or less shall be permitted to be connected to a
remotely mounted disconiecting m.eans through a Jlexi-
ble cord, cable, or conduit provided the disconnecting
meens is within sight of and readily accessible to and no
more than twenty feet (6 m) from the machine operator.

(b) Where two or more disconnect ing means are pro-
vided within the control enclosure for multiple supply cir-
cuits, they shall be grouped in one location.

5-9 Interlocking.
(a) Each disconnecting means shall be mechanically or

electrically interlocked, or both, with the control
enclosure doors. Interlocking shall be reactivated auto-
matically when panel doors are closed.

Exception No. 1: A disconnecting means used only for
maintenance lighting circuits within control enclosures
shall not be requtlred to be interlocked with the control
enclosure. The marking requirements of Sectz'on 2-4(a)
shall apply.

Exception No. 2: Where an attachment plug is used as
the disconnecting means in accordance uith Section 5- I 1 .

Exception No. 3: A disconnecting means used for
pouer supply circuits within control enclosures to
mentory elernents and their support logic requiring power
at all times to maintain the storage of information shall
not be required to be interlocked with the control
enclosure doors. The rnarking requirements of Section
2-4(a) shatl aPPU.
Exception No. 4: Where a renotelj mounted discon-
nec,ting nxeans is permitted als per Section 5-8, Exception
No. 2, interlocking shall not be required provided that a
tool is required to open the enclosure door, and a label is
attached to the control enclosure warning of dangerous
aoltage inside and advising disconnection of the power
before opening.

Interlocking shall be provided between the disconnec-
ting means and its associated door to accomplish both of
the following:

l. To prevent closing of the disconnecting means
while the enclosure door is open, unless an interlock is
operated by del iberate act ion.

2. To prevent closing of the disconnecting means
whi le the door is in the in i t ia l  latch posi t ion or unt i l  the
door hardware is fully engaged.

Al l  doors on mult io le-door enclosures shal l  be inter-
locked simultaneously with the door that is interlocked
with the main disconnect ing means.

(b) Where there are two or more sources of power to
the equipment or where there are two or more indcpen-
dent disconnectins means, power wiring from each
disconnect ing means shal l  be run in separate condui t  and
shal l  not  terminate in or pass through common junct ion
boxes.

5-10 Operat ing Handle.

(a) The operat ing handle of  the disconnect ing means
shal l  be readi ly accessible.

(b) The center of  the gr ip of  the operat ing handle of
thc disconnect ing means, when in i ts highest posi t ion,
shall not be more than 6/2 ft (2 m) above the floor. A
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t lon.

(e) The open (off) posit ion of the operating handle
shall  be down or to the r ight; rotary handle motion shal l
be clockwise for open (ofQ posit ion.

permanent operating platform, readi ly accessible by
means of a permanent stair or ladder, shal l  be considered
as the floor for the purpose of this requirement.

(c) The operating handle shal l  be capable of being
locked only in the open (off) position.

(d) When the control enclosure door is closed, the
operating handle shal l  posit ively indicate whether the
disconnecting means is in the open (of l)  or closed posi-

and is not broken unti l  al l  current-carrying poles of the
attachment plug have been disconnected. A grounding
pole shal l  not be used as a current-carrying part.

(g) The attachment plug shal l  be in sight of the
operator 's stat ion and readi ly accessible.

(h) The marking requirements of Section 2-4(b) shal l
aPPly.

Chapter 6 Protection

6-l Machine Circuits. Diagram 6-l shows typical cir-
cuits acceptable for protection of machine motors,
resist ive heating loads, and controls. Protective interlocks
are not snown.

6-2 Supply Conductor and Machine Overcurrent Pro-
tect ion, The overcurrent protection as shown in l ine C
of .Diagram 6-1, Figures I through IV inclusive, may or
may not be furnished as part of the machine. Where fur-
nished as part of the machine, i t  shal l  consist of a single
circuit  breaker or set of fuses and the machine shal l  bear
the marking required in Section 2-6(c).

6-3 Additional Overcurrent Protection. The addi-
t ional overcurrent protection shown in l ine D of Diagram
6-1, Figures II I  and IV, shal l  be provided as part of the
machine control.  Such overcurrent protection (fuse or
overcurrent tr ip unit  of a circuit  breaker) shal l  be placed
in each ungrounded branch-circuit  conductor. A circuit

5-l l  Attachment Plug and Receptacle. An attach-
ment plug and receptacle shal l  be permitted as a discon-
necting means providing al l  of the fol lowing condit ions
are compl ied wi th:

(a) The motor(s) on the machine shal l  total two
hoisepower or less.

(b) The supply voltage shal l  not exceed 150 volts to
grouno.

(c) DC shall  not be used.

(d) The ampacity of the attachment plug shal l  not be
less than I l5 percent of the sum of the ful l- load currents
required for al l  equipment that may be in operation at
the same t ime under normal condit ions of use.

(e) The attachment plug shal l  be single voltage rated.

(f) The attachment plug shal l  be provided with a
grounding pole and so constructed that the grounding
pole is made before any current-carrying poles are made

Diagram 6-l Protection of Machine Electrical Circuits
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breaker shall open all ungrounded conductors of the
branch circuit.

6-4 Location of Protective Devices. Overcurrent pro-
tective devices shall be located at the point where the con-
ductor to be protected receives its supply.
Exception No. l: Where all of the following conditions
are complied with:

(1) the conductor has an ampacity of at least one-third
(t/j) that of the conductor from which it is supplied

(2) it is suitably protected from physical damage

Q) is not oaer 25 ft (7.6 m) long
(4) terminates in a single circuit breaker or set of fuses.

Exception No. 2: Where all of the following conditions
are complied with:

(1) the conductor has an ampacity of not less than the
sum of the maximum continuous load currents supplied

(2) is not ouer 70 feet (3 rn) long
(3) does not extend beyond the

enclosure.

6-5 Motor Branch Circuits.

control panel

(a) The overcurrent protective device for a branch cir-
cuit  supplying a single motor shal l  be capable of carrying
the start ing current of the motor. Overcurrent protection
shall  be considered as being obtained when the overcur-
rent device has a rating or setting not exceeding the
values given in Table 6-5(a). Where the overcurrent pro-
tection specified in the table is not sufficient for the start-
ing current of the motor, i t  shal l  be permitted to be in-
creased to a maximum of 400 percent of the motor ful l-
load current for inverse t ime circuit  breakers and non-
t ime delay fuses, a maximum of 225 percent for t ime
delay or dual element fuses, and a maximum of 1300 per-
cent for instantaneous tr ip breakers.

Exception: Where the aalues for the branch-circuit
short-circuit and ground-fault protectiue deuices deter-
mined by Table 6-5(a) do not correspond to the standard,
sizes or ratings offuses, nonadjustable circuit breakers or
therrnal protectiae devices, or possible settings of ad-
justable c;rcuit breakers adequate to carry the load, the
next higher size, rating, or setting shall be permitted.

(b) Two or more motors and their control equipment
shal l  be permitted to be connected to a single branch cir-
cuit  provided the rat ing or sett ing of the overcurrent pro-
tect ive device shal l  be as low as practicable, and shal l  not
exceed the values in Table 6-5(b) for the smallest conduc-
tor in the circuit .

6-6 Motor Overload.

(a) Overload devices shal l  be provided to protect each
motor, motor control ler, and branch-circuit  conductors
against excessive heating due to motor overloads or
fai lure to start.

-  
(b) Resett ing of the overload device shal l  not restart

tne motor.

Exception: Where there is only a single motor of two
horsepower or less on the machine, an ot)erload reset
operator rmounted on the motor shall be permitted to
restart the motor provided that the distance between the

1987 Edi t ion

Table 6-5(a) Maximum Rating or Setting of
Motor Branch-Circuit Short-Circuit and Ground-Fault

Protective Devices

Percent of Full-Load Current

Tvoe of Motor

Nontime
Dclay
Fusc

Dual.
Element
(Time-
Delay)
Fuse

Instan-
taneous lnversc

Breakcr Breaker

Single.phase, all types
No code letter 300 175

All ac single-phasc and polyphasc squirrel-
cage and synchronous motor.with full.
voltaSe, resrslor or rcactor starltnS:

No code letter
Code lettcr F to V
Code lctler B to E
Code lerter A

Al l  ac souirrel .cagc and svnchronous
. l

motors wl ln aulotranslomer star"-" '
Not more than 30 amps

No code letter
More than 50 amps

No code lettcr
Code lcttcr F to V
Code letter B to E
Code lettcr A

300 175
300 175
250 175
150 150

250 175

200 t75
250 175
200 t75
t50 t50

700 250
700 250
700 200
700 150

700 200

700 200
700 200
700 200
700 150

700 250

700 200

700 150

High-reactance squirrel-cage
Not more than 30 amps

No code lctter 250 175
More than 30 amps

No code letter 200 175

Wound-rotor - No code letrer 150 150

Direct current (constant voltage)
No morc than 50 hp

No code lettcr t50 150
Morc than 50 hp

No code lct:er 150 t50

250 150

175 150

NOTE: Rating or Setting for Individual Motor Circuit. The
motor branch-circuit short-circuit and ground-fault protective
devices shall be capable of carrying the starting current of the
motor. The required protection shall be considered as being ob-
tained where the protective devices have a rating or setting not
exceeding the values given in the above table.

An instantaneous tr ip c i rcui t  breaker shal l  be used only i f  ad'
justable,  i f  part  of  a combinat ion control ler  having motor-
running overload and also short"circuit and ground-fault protec-
t ion in each conductor,  and i f  the combinat ion is especial ly iden-
t i f ied.

Table 6-5(b) Relationship Between Conductor Size and Maximum
Rating or Setting of Short-Circuit Protective Device for Power Cir-
cuits

Conductor

i:1Y_'__

Max. Rat ing
Non-Time Dclay

Fusc or
Invers€ Time

Circui t  Brealer

Time Delay
or

Dual Elcment
Fuse

l4
t2
l0

8

60 30
40
f ,U

250
300
350
400

500
600
700
800

80
100

80
100
t25

150
l t )

200

0
210
3/0
410

150
200
250

300
350
400
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Kind of
Motor

overload reset operator and the rnachine start pushbutton
operator is 12 in. ()00 mm) or less and a suitable warning
label is attached on or adjacent to the oaerload reset
operator.

(c) The minimum number and location of running
overcurrent units shall be determined from Table 6-6(c).

Table 6-6(c) Running Overcurrent Units

branch circuit and shall be permitted to be protected by
either a supplementary or branch-circuit overcurrent
protective device(s).

(b\ Conductor Protection.
(l) Conductors larger than No. 14 shall be pro-

tected against overcurrent in accordance with their am-
pacities. The ampacities for control circuit conductors
No. 14 and larger shal l  be those given in Table 13-5(a).

(2) Conductors of  Nos. 18, 16 and 14 shal l  be con-
sidered as protected by an overcurrenr device(s) of not
more than 20 amperes rat ing.

Exception No. 1 for (1) and (2) aboae: Conductors that
do not extend betond the enclosure shall be considered
protected by the- load branch-circuit short-circuit and.
ground-fault protectiae device(s) where the rating of the
protectiae deuice(s) is not more than 400 percent of the
ampacity of the control circuit conductor for conductors
No. 14 and larger, or not more than 25 amperesfor No.
18 and 40 amperes for No. 16. The ampacities for con-
ductors No. 14 and larger shall be the aalues given in
Table 13-5(a).
Exception No. 2 for (1) and (2) above: Conductors of
No. 14 and larger that extend beyond the enclosure shall
be considered protected by the load branch-circuit short-
circuit and ground-fault protective device(s) where the
rating of the protectiae device(s) is not more than 300
percent of the ampacity of the control circuit conductors.
The ampacities shall be the ualues givenin Table 1)-5(a).
Exception No. 3 for (1) and (2) above: Conductors sup-
plied by the secondary side of a single-phase transformer
having a 2-wire (single:ooltage) secondary shall be con-
sidered protected by oaercurrent protection provided on
the primary 6"PFly) side of the transformer, provided
this protection is in accordance with Section 6-12 and
does not exceed the ualue determined by multiplying the
secondary conductor ampacity by the secondary-to-
primary aoltage ratio. Transformer secondary conductors
(other than 2-wire) are not considered, to be protected by
t he primary oaercurrent prote ction.
Exception No. 4 for (1) and (2) aboae: Conductors of
control circuits shall be considered protected by the
motor branch-circuit short-circuit and ground-fault pro-
tectiae deuice(s) uhere the opening of the control circuit
uould create a hazard, asfor exarnple, the control circuit
of a magnetic chuck and the ltke.

6-10 Lighting Branch Circuits. Overcurrent protec-
tion for l ighting branch-circuits shall not exceed l5
amperes.

6-ll Power Transformer. As used in this section, the
word "transformer" shall mean a power transformer or
polyphase bank of two or three single-phase power
transformers operating as a unit to supply power to loads
other than control circuit devices.

(a) Primary. Each 600 volt or less transformer shall
be protected by an individual overcurrent device on the
primary side rated or set at not more than 125 percent of
ih. .ut"d primary current of the transformer.

Exception No. 1: 
' 

Where the rated primary current of a
transformer is 9 amperes or rnore and 125 percent of this
current does not correspond to a standard rating of a fuse

Supply System

Number and Location of
Overcurrent Unia (such

as tr ip coi ls,  re lays,  or
thermal cutout!)

l -phase ac
or dc

l  -phase ac
or dc

I  -phase ac
or dc

3-phase ac

I  in ei ther conductor

I  in ungrounded
conductor

I  in ei ther ungrounded
conductor

*3,  one in each phase

tExcept ion:  Unless protected by other approved means.

Norr: For 2-phase power supply systems see the Naltonal Electrical
Code, Sect ion 430-37.

6-7 Motor Overload, Special Duty. Short-time rated
motors or high-reversing duty motors that cannot be ade-
quately protected by external overload devices shall be
protected by a thermal device mounted in the motor and
sensitive to the temperature of the motor, or to both
motor temperature and current.

6-8 Resistance Heating Branch Ciicuia.
(a) If the branch circuit supplies a single nonmotor-

operated load rated at 16.7 amperes or more, the over-
current device rating shall not exceed 150 percent of the
load rating.

(b) Electr ic machines employing resistance-type
heating elements rated at more than 48 amperes shall
have the heating elements subdivided. Each subdivided
load shall not exceed 48 amperes and shall be protected
at not more than 60 amperes.
Exception: A single sheath-type heating element re-
quiring more than 48 arnperes shall be protected at not
more than 125 percent of the load where the element is
integral with and enclosed within the machine housing.

(c) The supplen.entary oaercurrent protectiue devices
shall be: (1) installed within or on the machinery or pro-
uided as a separate assembly; and (2) accessible but need
not be readi\ accessible; and (i) suitable for branch-
circuit protection.

(d) The main conductors supplying these oaercunent
protectiae deuices shall be considered branch-circuit con-
ductors.

6-9 C,ontrol Circuit Conductors.
(a) General. A control circuit tapped from the load

side of branch-circuit short-circuic and ground-fault pro-
tective device(s) and functioning to control the load(s)
connected to that branch circuit shall be protected
against overcurrent in accordance with this section. Such
a tapped control circuit shall not be considered to be a

2-wire,  l -phase ac or
dc ungrounded

2-wire,  l -phase ac or
dc,  one conductor
grounded

3-wire,  l -phase ac or
dc,  grounded-neutral

Any 3-phase

)
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or nonadjustable circuit breaker, the next higher stan'
dard rating shall be perrnitted. Where the rated primary
current is less than 9 amperes, an oaercu,nent device
reted or set at not nxore than 167 percent of the primary
current shall be permitted.

Where the rated primary currentt is less than 2
amperes, an ouercurrent device rated or set at not more
than 300 percent shall be permitted.

Exception No. 2: An individual ouercurrent device shall
not be required where the primary circuit ouercurrent
deuice provides the protection specified in this section.

Exception No. 3: As prouided in (b) below.

(b) Primary and Secondary. A transformer, 600 volts
or less, having an overcurrent device on the secondary
side rated or set at not more than 125 percent of the rated
secondary current of the transformer shall not be re'
ouired to have an individual overcurrent device on the

frima.y side if the primary feeder overcurrent device is
rated or set at a cur:rent value not more than 250 percent
of the rated primary current of the transformer.

A transformer, 600 volts or less, equipped with coor-
dinated thermal overload protection by the manufacturer
and arranged to interrupt the primary current shall not
be reouired to have an individual overcurrent device on
the primary side if the primary feeder overcurrent device
is rated or set at a current value not more than six times
the rated current of the transformer for transformers
having not more than 6 percent impedance, and not
more than four times the rated current of the transformer
for transformers having more than 6 but not more than
l0 percent impedance.

Exception: Where the rated secondary current of a
transformer is 9 amperes or rnore and 125 percent of this
current does not correspond to a standard rating of a fuse
or nonadjustable circuit breaker, the next higher stan'
dard rating shall be pernxitted.

Where the rated secondary current is less than 9
amperes, an ooercu,rrent device rated or set at not more
than 157 percent of the rated secondary current shall be
pernxitted.

6-12 Control Circuit Transformer.

(a) Where a control circuit transformer is provided,
the transformer shall be protected in accordance with
Table 6-12.

Exception No. 1: Where the control circuit transformer
is aiintegral part of the motor controller and is located
uithin the motor controller enclosure, and where an ouer'
current deuce(s) rated or set at not rnore than 200 per'
cent of the rated secondary current of the transformer is
provided in the secondary circuit.

Exception No. 2: Where the transformer supplies a_
Clasi .1 power-limited, Class 2, or Class 3 remote-control
cxrcuat.

Exception No. ): Ouercurrent protection shall be omit-
ted where the opening of the control circuit would create
a hazard, as for example, the control circuit of a
magnetic chuck and the like.

(b) Where the circuit is grounded, the protective
device(s) shall be located only in the ungrounded side.
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(c) Where multiple overcurrent protective devices are
used to protect individual branch circuits, and the sum of
the current ratings of these overload protective devices
exceeds the current al lowed in Table 6-12, a single
overload protective device complying with Table 6-12
shall  be placed in the circuit  ahead of the mult iple pro-
tect ive devices. The rat ing or sett ing of the overcurrent
orotective device shal l  not exceed the values in Table 6-12
ior the rat ing of the control transformer.

(d) Control circuit  voltage derived from a Power
transformer shal l  be permitted.

Table 6-12 Control Transformer Overcurrent Protection
(120 Volt Secondary)

Control Transformer Size,
Volt-Amperes

Maximum Rating,
Amperes

50
100
150
200
250
300
500
/  cu

l  000
1250
l 500
2000
3000
5000

0.5
1.0
r .o
2.0
2.5
3.2
5
8

IO
t2
lc

20
30
50

NorE: For transformers larger than 5000 volt-amperes, the protective
device rating shall be based on 125 percent of the secondary current
rating of the transformer.

6-13 Common Overcurrent Device. The use of the
same overcurrent device to provide the protection called
for in Sect ions 6-9,  6-10, 6- l l ,  and 6-12 shal l  be per-
mitted.

6-14 Undervoltage Protection.
(a) In cases where a voltage drop below a specified

level can cause malfunctioning of the electrical equip-
ment, a minimum voltage device or detector that ensures
appropriate protection at a predetermined voltage level
shall be provided.

(b) The electrical equipment shall be designed to pre-
vent automatic restart of any machine motion or cycles
after power has been restored to required operating
levels.

Exception No. l: Blower motors uhere moving parts
are fully guarded.
Exception No. 2: Coolant pumps.

Exception No. 3: Pumps utilized to maintain the raw
materials in a workable condition.

(c) In an unsupported extrusion system such as blown
film, sheet, or pipe, and where the operation of the
machine can allow for an interruption of the voltage dur-
ing a fraction of a second, a delayed no-voltage device
shill be permitted. The delayed interruption and the
reclosing ihatt in no way hinder instantaneous interrup-
tion by ihe control and operating devices (l imit switches,
relays, pushbuttons, etc.).
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6-15 Adjustable-Speed Drive System. The incoming
branch circuit or feeder to power conversion equipment
included as part of an adjustable-speed drive system shall
be based on the rated input to the power conversion
equipment. Where the power conversion equipment pro-
vides overload protection .for the motor, additional
overload protection is not rdquired.

6-16 Motor Overspeed Protection. Unless the inherent
characterist ics of the motor and/ or control ler are such as
to adequately l imit the speed, drive systems motors shal l
include protection against motor overspeed.

Overspeed protection means include, but are not nec-
essarily limited to, the following:

A. A mechanical overspeed device incorporated in
the drive to remove armature voltage on motor
overspeed.

B. An electr ical overspeed detector that wi l l  remove
armature voltage on motor overspeed.

C. Field loss detection to remove armature voltage
upon the loss of f ield current.

D. Voltage-l imit ing speed-regulated drives that
operate with constant ful l  f ield. In this case, protection is
obtained individually for the loss of field or tachometer
feedback; however, protection against simultaneous loss
of f ield and tachometer is not provided.

The safe operating speed of the driven equipment may
be less than that of the motor. In this case, the user
should coordinate with the drive manufacturer to obtain
the most suitable means of limiting operation to safe
operating speed.

6-17 Equipment Overspeed Protection. Where the
safe operating speed of the equipment is less than that of
the drive motor, means shal l  be provided to l imit the
speed of the equipment.

Chapter 7 Control Circuits

7-l Source of Control Power. The source of supply for
all control circuits shall be taken from the load side of the
main disconnecting means.

Exception: Power supply to memory elements and their
support logic requiring power at all times to maintain the
storage of information shall be permitted to be taken
from the line side of the main disconnecting rrLeans or
other power source. The marking requirements of Sec-
tion 2-4(a) shall apply.

7-2 Control Circuit Voltages.
(a) Alternating-current (ac) control voltage shall be

120 volts or less, single phase, obtained from a
transformer with an isolated secondary winding.
Exception No. 1: Other aoltages shall be permitted,
where necessary, for the operation of electronic, preci'
sion, static, or similar devices used in the control circuit.

Exception No. 2: Exposed, grounded control circuits
shall be permitted uhen supplied by a transforrner having

a primary rating of not more than 120 aolts, a secondary
rating of not more than 25 aolts, and a capacity of not
more than 50 uolt-amperes.
Exception No. 3: Anj electromechanical magnetic
deuice hauing an inrush current exceeding 20 amperes at
120 aolts shall be permitted to be energized at line aoltage
through contactor or relay contacts. The contactor or
relay contacts shall break both sides of the line uoltage
circuit to the magnetic dedce. The relay coil shall be con-
nected to the control circuit.

(b) Direct-current (dc) control voltage shall be 250
volts or less.

Exception: Other voltages shall be permitted, where
necessary, for the operation of electronic, precision,
static, or similar devices used in the control circuit.

7-3 Grounding of Control Circuits. Grounded or
ungrounded control circuits shall be permitted as pro-
vided in Section 17-7. Ground faults on any control cir-
cuit shall not cause unintentional starting or dangerous
movements, or prevent stopping of the machine.

7-4 Connection of Control Devices.
(a) All operating coils of electromechanical magnetic

devices and indicator lamps (or transformer primary win-
dings for indicator lamps) shall be directly connected to
the same side of the control circuit. All control circuit
contacts shall be connected between the coil and the
other side of the control circuit.

Exception No. 1: Electrical interlock contacts on
multispeed rnotor controllers where the wiring to these
contacts does not extend beyond the control enclosure.
Exception No. 2: Oaerload relay contacts where the
uiring to these contacts does not extend beyond the con-
trol enclosure.
Exception No. ): Contacts of multipole control circuit
switching devices that simultaneously open both sides of
the control circuit.
Exception No. 4: Ground test suitching deuce contacts
in ungrounded control circuits.
Exception No. 5: Solenoid test su;tching device con-
tacts in ungrounded circuits.
Exception No. 5: Coils or contacts used in electronic
control circuits where the uiring to these coils or contacts
does not extend beyond the control enclosure.

Exception No. 7: "Run" pushbuttons for two'hand
operation, such as for presses having ground detection
ctrcuits and ouercurrent protection in each conductor'

(b) Contacts shall not be connected in parallel to in-
crease amPaclty.

7-5 Stop Circuits.
(a) Stop functions shall be init iated through de-

energization rather than energization of control devices.

^ 
(b). Stop functions shall override their related start

tuncuons.
(c) Each machine shall incorporate at least one emer-

gency stop device which, when actuated, shall deenergize
il l electi ical power circuits which provide electrical
energy to sustain machine motion without creating other
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hazards. The functioning of any braking sysrem f i t ted to
the machine to stop i t  more rapidly shal l  not be prevented
by actuating the emergency srop.

Exception: Where an enlergency stop deuice would ex-
actly duplicate the function of the stop deuice(s), a
separate enlergency stop deuice shall not be required.

(d) Al l  machine motions stopped by emergency srop
function or other stop functions shal l  be resrartable only
by del iberate operaror acrion. The resett ing of the emer:
gency stop function or stop function shal l  not resrarr any
part of the machine.

7-6 Cycle Start.

(a) The start of a cycle or operarion shal l  only be possi-
ble where al l  the safety measures for personnel, the
machine, and the work in progress are fulf i l led.

(b) Suitable interlocks shal l  be provided ro secure cor-
rect  sequent ia l  starr ing of  cycles and operat ions. .

7-7 Jog Circuits. Jog circuits, where used, shal l  be de-
signed to preven! continuous run or automatic operarion.

7-8 Mode Selection. Mode selecrion alone shal l  not ini-
t iate operation. A separate acrion by the operaror shal l  be
required before a machine wil l  restart or cycle:

(a) After mode selection.

(b) After restorat ion of control voltage fol lowing a
power fai lure or a srop condit ion.

7-9 Sequence Control by Pressure Switches. Pressure
switches alone shal l  not be used to init iate the nexr prede-
termined oDeration.

7-10 Feed Interlocked with Spindle Drive. Interlock-
ing shal l  be provided so that the spindle drive motor con-
trol ler is act ivated before the tool is driven into the
workpiece.

7-l  I  Machinery Door Interlocking. Hinged or sl iding
doors providing ready access to compartments containing
belts, gears, or other moving parts that may expose haz-
ardous condit ions shal l  be interlocked through l imit
switches or other means to prevent operation of the
equipment when the doors are not closed.

7-12 Motor Contactors and Starters. Motor contactors
and starters that ini t iate opposing motion shal l  be both
mechanical ly and electr ical ly interlocked to prevent
simultaneous operation.

7-13 Relays and Solenoids. Relays and solenoids that
are mechanical ly interlocked shal l  be electr ical ly inter-
locked.

7-14 Set-up Mode. Where necessary for set-up pur-
poses and when under supervised control, interlocks shall
be permitted to be bypassed by qualif ied personnel pro-
vided that other Drotective interlocks for the safetv of per-
sonnel  shal l  remain oDerat ional .

Chapter 8 Control Equipment

8-l Connections. Means for making conductor con-
nections shal l  be provided on or adjacent to al l  control
devices mounted in the control enclosure.

8-2 Subpanels. Subpanels with concealed or rnaccessr-
ble internal wiring or devices shall be mounted and wired
to be removable.

8-3 Manual and Electromechanical Motor Con-
trol lers.

(a) Each motor control ler shal l  be identi f ied and shal l
be capable of start ing and stopping the motor(s) i t  con-
trols and, for alternating current motors, shal l  be capable
of interrupting the stal led rotor current of the motor(s)
per the manufacturer 's l isted rat ings. Control lers rated in
horsepower shal l  be used for motors rated % HP or larger.
The motor control ler shal l  be sized in accordance with
Table 8-3(a).

Exception: Other motor controllers shall be perrnitted
prcvided they are identified as suitable for the intended
use and protected in accordance uith nameplate
rating(s). The provisions of Section 6-5(b) uith respect to
motor grouping shall not apply.

NOTE: See definit ion of Identi f ied in Appendix A.

Horsepower Ra ti ngs t"" tilXl5l;ur!])si'gl.-sp".a, Fur I voltage
Magnetic Controllers for Nonplugging and Nonjogging Duty

Service-Limit
Currena

Size of  Motor Rat ing
Controller Amperes*

Three-Phase Horsepower at
200 .230 460/575

Volts Volts Volts

00
0
I

2

4
5
6
7
8
I

2

l0
25
JU

100
200
400
600
900

t 600

l l
2 l
\,
52

104
156
3I1
621
932

t 400
2590

t ta

7W
l0
25
40
IJ

150

t ta

7W
IJ

30
50

100
200
300
450
800

Reference ANSI/NEMA ICS.2-1978. Table 2.321-1.
*The service- l imi t  current rat ings shown in Tables 8.3(a) and
8-3(c) represent the maximum rms currenr,  in amperes. the con-
trol ler  may be expected to carry for  protracted per iods in normal
servlce.

(b) Al ternat ing current motor conrrol lers shal l  open
all of the supply conductors leading to associated morors-

(c) Where machine operation requires a motor con-
troller to repeatedly open high motor currenr, such as in
plug-stop, plug-reverse, or jogging (inching) duty, re-
quiring continuous operation with more than five open-
ings per minute,  the control ler  shal l  be de-rated in accor-
dance rv i th Table 8-3(c).
Exceptton: Other motor controllers shall be permitted
provided they are identif ied as suitable for thi intended,
use and protected in accordance with the nameplate
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Continuous
Current

Size of  Rat ing*
Controller Amperes

200 230 460 or 575
Volts Volts Volts

rating(s). The prouisions of Section 6-5(b) with respect to
nrotor grouping shall not apply.

NOTE: See def in i t ion of  Ident i f ied in Appendix A.

Horsepower R",,"srI:llii;'"!'-'*n"*, Single-speed,
Full Voltage Magnetic Controllers for

Special Duty Applications

Horsepower at 60 Hertz
Service-limit

Current Rating**
Amperes

constructed to prevent the entrance of any deleterious
substance normal to the operating environment and shal l
prevent the escape of sparks or burning material.

9-2 Nonmetal l ic Enclosures. Nonmetal l ic enclosures
identi f ied lor the purpose shal l  be permitted. For ground-
ing provis ions,  see Sect ion l7-3.

9-3 Compartment Location. Compartments for bui l t-
in control shal l  be completelv isolated from coolant and
oil  reservoirs. The compartment shal l  be readi ly accessi-
ble and completely enclosed; i t  shal l  not be considered
enclosed rvhere i t  is open to the f loor. the foundation
upon which the machine rests,  or  other compartments of
the machine that are not c lean and dry.

9-4 Wall  Thickness. The walls of compartments shal l
not be less than the fol lorving: No. l4 MSG gage for sheet
steel ;  / ,  in.  (3-2 mm) for cast  metal ;  or  %z in.
(2.38 mm) for mal leable i ron.

9-5 Dimensions. The depth of the enclosure or corn-
partmcnt including doors or covers shal l  not be less than
the maximum depth of the enclosed equipment plus the
required electr ical clearances.

9-6 Doors. Al l  enclosures or compartments shal l  have
one or more hinged doors that shal l  swing about a vert ical
axis and shal l  be hcld closed with captive fasteners or
vault-type hardware. The thickness of metal l ic doors
shal l  not  be less than that indicated in Sect ion 9-4.  The
width of  doors shal l  not  exceed 36 in.  (914 mm).

Exception: Where the rnotor(s) on the machine total
two horsepower or less, couers held on with captiae screu-
type fasteners shal l  be permitted.

9-7 Gaskets. Where gaskets are used, they shal l  be of
an oi l - resistant mater ia l  and shal l  be securely at tached to
the door or enclosure.

9-8 Interlocks. Any door(s) that permits access to l ive
parts operating at 50 volts or more shal l  be so interlocked
that the door(s)  cannot be opened unless al l  power is
disconnected.

Exception No. 1: External interlocking circuits
operating at less than 150 volts need not be disconnected
provided that the circuit condu,ctors are identified with a

lel lou-colored insuLatlon as described in'  Sectt lon 1a'1@)
and a warning marking is attached to the door in accor-
dance with Secti .on 2-4(a).

Exception No. 2: I t  shal l  be permitted to proutde rneans

for qualified persons to gain access withou! remouing
power. The interlocking shal l  be reactiaated automati-
cal ly when the door(s) is closed.

Exception No. 3: Where an' attachment plug is used as
the disconnecting rneans and a uarning m'arhing zls at-
tached to the door in accordance with Sect ion 2 '4(b).

Exception No. 4: Where the motor(s) on the machine
totals tu'o horsepouer or less, an external, non'
interloched disconnecting nreans shal l  be permztted pro'

vided that the dzlsconnecting means is u,t ' thin sight and
readily accessible, the control enclosure door or couer ts
marhed u,i th a warning ir tdicating that the power shal l  be

0
I
2
J

5
6
9

l8
27
45
90

135
270
540

2250

2
5

l5

30
60

150
300

I 600

2l
32
52

104
I  t rO

311
621

2590

lt /2 \W
JJ

7V2 i0
15 20
25 30
60 75

t25 150
800

Reference ANSI/N-EMA ICS 2'1978, Table 2 '321'3.
NOTE: Refer to ANSI/NEMA ICS 2'1978 for horsepower

rat ings of  s inele-phase, reduced vol taqe, or mult ispeed motor

control ler  appl icat ion.
*The cont inuous-current rat ings shown in Tables 8-3(a) anct

8-3(c) represent the maximum rms current.  in ampcres,  the con-

trol ler  may be expected to carry cont inuously wi thout exceeding
the temperature r ises permit ted by Part  ICS l -109 of  NEMA

Scandards Publ icat ion No. ICS 1.
*  *The service- l imi t  current rat ings shown in f 'ables 8-3(a) and

8-3(c) represent the maximum rms current.  in amperes, the con-

trol ler  may be expected to carry for  protracted per iods in normal

service.  At  service- l inr i t  current ral  ings,  temPerature r iscs may

excecd those obtained by test ing the control ler  at  i ts  cont inuous

current rat ing.  The cur ient  rat ing of  over load relayi  or  the t r ip

current of  other motot  protect ivd devices usecl  shal l  not  exceed

the service- l imi t  current rat ing of  the control ler .

(d) Several motors shal l  be permitted to be operated
from one motor control ler where separate overload Pro-
tect ion is provided for each motor, and the horsepower
rat ing of the control ler is not exceeded.

8-4 Marking on Motor Control lers. A control ler for a
motor rated t/s horscpower or more shal l  be marked with
the vol tage, phase, horsepower rat ing,  and such other
data as may be needed to proper ly indicate the motor for
which i t  is  sui table.

Chapter 9 Control Enclosures and Compartments

9-l Type.
(a) Enclosures and compartments shal l  be nonven-

t i lated and constructed to exclude such mater ia ls as dr.rst ,
f ly ings,  o i l ,  and coolant.

Exception: Equipment requiring uentiLation shall be
permztted to be:

1. housed in a separate uentilated portion of the
enclosure or compartment, or

2. housed |n a separate aentilated enclosure or com-
partment.

(b) Vent i lated enclosures ancl  compzrr tments shal l  bc
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9-10 Warning Mark. Al l  control enclosures and com-
partments that do not clearly show they contain electr ical
devices and that are not electr ical ly interlocked shal l  be
marked with a black or red l ightning f lash on yel low
background within a black or red tr iangle as shown iD
Appendix D, Sect ion D-1.

Chapter l0 Locatiorr ltrd Mounting of Control
Equipment

l0-l General Requirements.
(a) Control equipment shall be so mounted and

located that it wil l not interfere with machine ad-
justments or maintenance.

(b) Pipelines, tubing, or devices for handling air,
gases, or l iquids shall not be located in enclosures or com-
partments containing electrical control equipment.
Exception: Equipment for cooling electronic detrices.

l0-2 Control Panels.
(a) All devices mounted on the control panel and con-

nected to supply voltage, or to both rrlppiy and conrrol
voltages, shall be grouped separately from devices con-
nected only to control voltages.
Exception: Where supply uoltage is 150 aolts or less.

(b) Terminal blocks for power circuits shall be
grouped separately from control circuirs.
Exc.eption: Crouped power terminals shall be permitted
to be mounted adjacent to grouped control teiminals.

(c) Terminal blocks shall be mounted to provide
unobstructed access to the terminals and their conduc-
tors.

remoaed by the disconnecting means before the enclosure
is opened, and further prouided that a tool is required to
open the enclosure.

Finish. The interior of control enclosures
surfaces of panels mounted therein shal l  be
l ight  color.

An enclosed motor control ler for a single

(d) The stat ionary part of each mult iconducror con-
trol cable plug,/receptacle shal l  be mounted to provide
unobstructed access.

(e) The panel shal l  not be ser to such depth from the
door frame or other project ing port ion of machine as to
interfere with inspection and servicing.

(f) Starters, contactors, and orher control devices shal l
be front mounted on a r igid metal panel. Equipment
shal l  be mounted so that any component can be-replaced
without removing the panel. No components shal l  be
mounted behind door pi l lars unless adequate space is
provided for replacement and servicing.

(g) Test points, where provided, shal l  be mounted to
provide unobstructed access, plainly marked ro corres-

pond with markings on the drawings, adequately in-
sulated, and suff iciently spaced for connection of tesr
leads.

l0-3 Subpanels and Electronic Subassemblies. Sub-
panels and electronic subassemblies mounted on the con-
trol  panel  or  on other support ing means, e.g. ,  rack or
shelf,  shal l  be mounted so that adequate space is pro-
vided for replacement and servicing.

l0-4 Control Enclosure. The enclosure shal l  be
mounted in a manner and posit ion to guard i t  against oi l ,
d i r t ,  coolant,  and dust,  and to minimize the possibi l i ty  of
damage from f loor trucks or other moving equipment.

I  
tO-S Ct.utance in Enclosures and Compartments.

(a) Enclosures or compartments for mounting control
panels shal l  provide adequate space between panel and
case for wir ing and maintenance.

(b) Exposed, nonarcing, bare, l ive parts within an
enclosure or compartment, including conduit f i t t ings,
shal l  have an air space between them and the uninsulated
walls of the enclosure or compartment, of not less than }{
in. (12.7 mm). Where barriers between metal enclosures
or compartments and arcing parts are required, they
shall  be of f lame-retardant, noncarbonizing insulat ing
mater ia ls.

l0-6 Machine-Mounted Control Equipment.

(a) Control equipment, such as l imit switches, brakes,
solenoids, posit ion sensors, etc.,  shal l  be mounted r igidly
in a reasonably dry and clean location, shal l  be protected
from physical damage, and shal l  be free from possibi l i ty
of accidental operation by normal machine movements
or by the operator. Such equipment shal l  be mounted
with sufficient clearance from surrounding surfaces to
make i ts removal and replacement easy and shal l  have a
suitable enclosure for the termination of conduit as well
as provisions for making electr ical connections.

Exception No. L: A solenoid sealed in an individual oil-

filled container shall be permitted.

Exception No. 2: Prewired devices, such as limit
switches, proxirnity switches, etc., prouided uith an iden-
tifted cable need not be prouided uith prouisions for ter-
mination of conduit.

(b) Al l  l imit switches or posit ion sensors shal l  be so in-
stal led that accidental overtravel by the machine wil l  not
damage the l imit switch or sensor.

(c) Solenoids for operating devices shal l  be mounted so
that l iquids shal l  drain away from the electr ical compo-
nent enclosure.

l0-7 Rotary Control Devices. Devices such as poten-
t iometers and selector switches having a rotat ing member
shall  be mounted to prevent rotat ion of the stat ionary
member. Frict ion alone is not suff icienr.

9-9 Interior
and exposed
finished in a

Exception:
rnotOr.
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Chapter I I Operator's Control Stations and
Equipment

I  l - l  Pushbuttons,
Lights.

Selector Switches, Indicating

(a) All pushbutton and selector switch operators, in-
dicating (pilot) l ights, and il luminated pushbuttons shall
be of the oilt ight type.

Exception: Except on machines identified for the en-
vironment.

(b) Pushbutton operators, indicating (pilot) l ight
lenses, and il luminated pushbutton lenses shall be color
coded in accordance with Table 11-1.

l. The color RED shall be used for Stop, Emergency
Stop, or Off operators only.

2. The preferred color of Start or On operators is
GREEN, except that BLACK, WHITE, or GRAY shall
be permitted.

3. Pushbuttons that, when pressed, act alternately
as Start and Stop or On and Off shall be BLACK,
WHITE. or GRAY. RED or GREEN shall not be used.

4. Pushbuttons that cause movement when pressed
and stop movement when they are released (e.g., jogging)
shal l  be BLACK, WHITE, GRAY, or BLUE with a
preference for BLACK.

5. Reset pushbuttons shall be BLUE, BLACK,
WHITE, or GRAY except when they also act as a Stop or
Off button, in which case they shall be RED.

Exception: Stop function operators of the wobble-stick
or rod-operated types in the bottom of a pendant station
need not be colored red.

---i- (.) Emergency pushbutton operators shall be of the
palm or mushroom type.

:> (d) Pushbutton operators used to init iate a stop func-
tion shall be of the extended operator or mushroom head
types.

(e) Pushbutton operators used to init iate a start func-
tion or movement of machine elements (slides, spindles,
carriers, etc.) shall be constructed or mounted to
minimize inadvertent operat ion.

Exception: Mushroom-type operators shall be per-
rnitted to initiate start functions when installed in accor-
dance with Section 11-3.

Table l l - l
Color Coding for Pushbuttons, Indicator (Pilot)

Lights, and Illuminated Pushbuttons

9"tr. l"rt" fyp. fypt

RED Pushbutton Emergency 5top, Stop,
off

Emergency Stop button,
Nlaster Stop Button, Stop
of one or more motors.

Table I  l - l (cont inued)
Color Coding for Pushbuttons, Indicator (Pilot)

Lights,  and I l luminated Pushbuttons

Device Type Typical Function ExamplesColor

YELLOlV
(AMBER)

Pushbutron Return,Emergency
Return,  Interuent ion.
suppress abnomal con
d i r  ions

Return of  machine ele-
ments to safe position,
override other functions
prcviously selected. Avoid
unwanted changes.

Pi lot  L ight Attent ion,  caut ion/

marginal condit ion.

Change or impending

change of condit ions

Automatic cycle or motors
running; some value (pres
sure, temperature) is
approaching i ts pemis-
sible l imi t .  Ground faul t
indicat ion.  Over load
that is pemitted for a
l imi ted t i rne.

I l luminated Attent ion or caur ion/

Pushburton Start  of  an operanon

intended to avoid dan

gerous condit ions.

Sornc value (presure,
temperature) is approach
ing its pemissible l imit;
presing button ro over-
ride other functions pre.
viously selected.

CREEN Pushbutton Start .Ol General  or  Machine

Start ;  start  of  cycle or

parr ia l  scquence; start

of  one or more motors;

start  of  auxi l iary

sequence; energize

control  c i rcui ts.

Pi lot  L ighr Machine Ready;

Safety

Indicat ion of safe condi-

t ion or authorizar ion to

proceed. Machine ready

for operat ion with al l

condit ions nomal or cycle

complere and machine

ready to be restarted.

l l luminated lVlachine or Unit ready
Pushbutton foroperation/Start

or On

Start  or  On af ter  aurhor i -

zat ion by l ight;  start  of

one or more motors for

auxi l iary funct ions; start

or energizat ion of  machine

elements.

BLACK Pushbutton No specif ic funct ion

assigned

Shal l  be pemitted to be

used for any funct ion

except for buttons with

the sole funct ion of Stop

or Off ;  inching or jogging.

WHITE Pushbutton Any function not cov.
or ered by the above

CLEAR

Control of auxil iary func.
tions not directly related
to the working cycles.

Pilot Light Nomal Condition
Con6mation

Nomal presure,
tcmperature.

l l luminated Conf irmation that a

Pushbutton circui t  has been ener

gizcd or funct ion or

movcment of  the

machine has bee"

started/Start .On, or

any preselect ion of a

fu nc t io n.

Energizing of auxil iary
function or circuit not
related to the working
cycle: start or preselection
of direct ion of  feed mot ion
or speeds.

Pilor Light Danger or alam
Abnomal condir ion
rp." i r ino immerl iate

atrent ion

Indicat ion that a protec-

t ive device has stopped

rhe machine, e.9. ,  over.

load-

BLUE Pushbutton, Any funct ion not
or Pilot Light, covered by the above

GRAY or l l luminated colors.
Pushbutton

For i l luminated pushbuttons the funct ion(s) of  the l ight  is  separated

from the function(s) of the button by a virgule (/).

ll-2 Emergency Stop Controls.
(a) Emergency stop pushbuttons shall be located at

each operator control station and at other oPerating sta-
tions where emergency shutdown shall be required.

I l luminated

Pushbutton

i! [achine stal led becau* of

overload, etc.  (use of RED

il luminated pushbutton

shal l  not be pemitted for

emergency stop).
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79-20 INDUSTRIAL MACHINERY

(b) Stop and emergency stop pushbuttons shal l  be con-
t inuously operable from al l  control and operating stat ions
where located.

l l -3 Two-Hand Control.  Two-hand control,  where
required, shal l :

(a) Be protected against unintentional operation.

(b) Have the pushbutton contacts connected in series
and shal l  be arranged by design and construction or
separation, or both, to require the concurrent use of both
hands to init iate the machine operation.

(c) Incorporate an anti-repeat feature for machines
that would present a hazard i f  an unintended repeat cycle
occurred.

NOTE: See ANSI Bl1 series standards.

I l-4 Foot-Operated Switches.

(a) Foot-operated switches shal l  be protected to pre-
vent accidental actuation by fal l ing or moving objects
and from unintended operation by accidental stepping
onto the switch.

11-5 Control Stat ion Enclosures. Al l  operator control
stat ion enclosures shal l  be dust-,  moisture-, and oi l t ight.

Exception: Non-oiltight control station enclosures shall
be permitted on machines where suitable for the entiron-
rnent.

I  l -6 Arrangement of  Control  Stat ion
Components. Al l  Start pushbuttons shal l  be mounted
above or to the left  of their associated Stop pushbuttons.

Exception No. 1: Start pushbuttons in series, such as
operating pushbuttons on punch presses.

Exception No. 2: Wobble-st ick or rod-operated emer-
gency stop pushbuttons mounted in the bottom of pen-
dant stations.

l l -7 Legends. Alegendshal lbeprovidedforeachcon-
trol stat ion component to identi fy i ts function and
located so that i t  can be read easi ly by the equipment
operator from the normal operator posit ion. The legends
shall  be durable and suitable for the operating environ-
ment.

l l -8 Location of Control Stat ions.

(a) Al l  stat ions shal l  be mounted in locations that wi l l
minimize exposure to oi l ,  coolant, and other con-
tamlnants.

(b) Controls shal l  be within normal reach of the
machine operator, and shal l  be so placed that the
operator does not have to reach past spindles or other
movrng Parts.

(c) Controls shal l  be located so that unintentional
operation by normal movement of the machine,
operator, or work wil l  be unl ikely.

I  l -9 Pendant Stat ions.

(a) Pendant operator control stat ion enclosures shal l
be oi l t ight.

(b) A wobble st ick or rod operator at the bottom of the
station shall be permitted for Emergency Stop cor... ol ,.

1987 Edi l ion

(c) Pendant pushbutton stat ions shal l  be supported by
suitable means other than the f lexible electr ical conduit
or mult iconductor cable.

(d) Grounding and bonding shal l  comply with Sections
17 -2,  17 -3 ,  17 -4,  and 17 -6 .

Chapter 12 Accessories and Lighting

l2-l  Attachment Plugs and Receptacles External to
the Control Enclosure.

(a) Attachment plugs and receptacles shal l  be of a
locking type to prevent accidental disconnections, and
approved for the voltage applied. Where used on 300
volts or more, they shal l  be skirted and constructed to
contain any arc generated when a connection is made or
broken.

(b) Attachment plugs and receptacles shal l  be pro-
vided with a grounding pole and so constructed that the
grounding pole is made before any current-carrying poles
are made, and is not broken unti l  al l  current-carrying
poles of the attachment plug have been disconnected. A
grounding pole shal l  not be used as a current-carrying

Part .
(c) Attachment plugs and receptacles shal l  be de-

signed to prevent the entrance of oi l  or moisture when in
the operating posit ion. Means shal l  be provided to cover
the receptacle when the plug is removed.

Exception: Where temperatures require the use of
high-temperature attachment plugs and receptacles.

l2-2 Receptacles Internal to the Control Enclosure.

(a) Receptacles internal to the control enclosure shal l
be permitted only for the following:

l .  Maintenance equipment.

2. AC power distr ibution within the enclosure to
electronic assemblies designed and approved for cord and
plug connection.

(b) Receptacles shal l  be of the paral lel-blade
grounding-type rated 125 volts, 15 amperes.

(c) Receptacles shal l  be supplied from a 120-volt ac
source and shal l  have overcurrent protection not ex-
ceeding l5 amperes.

(d) Receptacles for maintenance equipment shal l  be
separate from receptacles for other purposes and shal l
have individual overcurrent protection not exceeding l5
amPeres.

(e) The source of power shal l  be the equipment control
transformer, a separate isolat ing transformer, or, in the
case of receptacles for maintenance equipment only, one
of the maintenance l ighting circuits permitted in sub-
paragraph l2-3(b)3 and l2-3(b)5.

(f) The receptacles shall not be accessible when the
equipment doors or covers are in the closed position.

l2-3 C,ontrol Panel, Instrument, and Machine Work
Lights.

(a) The lighting circuit voltage shall not exceed 150
volt-. u. i ' ,r c, in conductors.



(b) Lights shall be supplied from one of the
sources:

Chapter l3 Conductors

following

)

.  ,  
l . .  

.A separate isolat ing transformer connected to the
Ioad slde of  the machine disconnect ing means. Overcur_
rent protection shal l  be provided in the*secondary circuit .

2. A grounded 120-volt machine control circuit  with
separate overcurrent protection for the l ighting circuit .

.  3.  The plant l ight ing c i rcui t  shal l  be permit ted for
the.supply of  a maintenance l ight ing c i rcui t  in control
enclosures only.

4. Where the motor(s) on the machine total two
horsepower or less, i t  shal i  be permitted to connect the
machine work l ight to the plani l ighting circuit .

l ine side of the machine disconnectin.q means shal l  be
pe rmitted for the supply.of a maintenanie l ighting circuit
rn conlrol  enclosures only.

6. The l ine side of the main disconnecting means

:!: l :  "  
separate,primary disconnecring means, isolat ing

translormer, and secondary overcurrent protection arE
furnished in an enclosure and mounred wirhin the control
enclosure, adjacent to the main disconnecting means.

(c) The conducrors to srarionary l ights used as an in-
tegral part of the machine shal l  be Ty"pe MTW, and the
conductors within the f ixtures shal l  r iot be smaller than
No. 18 AWG.

,-(d) Flexible cords shal l  be Type SO, STO, SJO, or
SJTO and shal l  not incorporare i , i - t ine switches.

. (e) Grounding shal l  comply with the provisions of Sec-
t lon I  / -u.

(f) Lampholders shal l  be identi f ied and shal l  not in-
corporate a switch or receptacle.

(g) Stroboscopic effects from lights shall be avoided.

, 
(h) Reflectors and. protectors shal l  be supported by a

bracket and nor the lampholder.

l3-l General.

, .!1l.TF.-.- _-requiremenrs cover thermoplasric Type
IUT.\A', THHN, THW, and THWN 600_V wires ind
cables as specified in NFpA Z0-19g7, National Electrical
Code, UL 1063-lg8l , Machine-Tool Wires and, Cables,
and ASTM Standards B 8-86, Standard, for Concentric-
Lay - S t r an d e-d C o p p e r C on du c t o rs, H ard,," M e d,ium - H ar d.,
or Soft, B 33-81 (R-1985), Tinned Soft o:r Annealed, Cob,-
lr., Y.h, for Electrical 

-purposes, b lZ+-Zt (R-1985'),
!! e c tfi c a t rc n fo r B un c h - S t r ai d e d C o p p e r C on d. u c t o rs fo rE^lectr ical  Conductors, .and B 286-74'(R-1985),  Copper
Conductors for Use in Hookup Wie for 

'Btectiinzc

Equipment. The insulation and'the finiJhed wires and
cables,shall be suitably flame retardant and have temper-
ature l imits and characteristics as l isted below:

l .  MTW - Moisture-,  Heat- ,  and Oi l_Resistant
Thermoplastic

60oC (l40oF) Wet Locations
90oC (l94oF) Dry Locations

CONDUCTORS 79 -2r

2. THHN - Heat-Resistant Thermoplastic
90oC ( l94oF) Dry Locat ions

3. THW - Moisture- and Heat_Resistant Ther_
moplastic

75oC ( l67oF) Dry and Wet Locat ions
4. THWN - Moisture- and Heat-Resistant Ther_

moplastic

75oC ( l67oF) Dry and Wet Locat ions

_ (b) Multiconducror flexible cords, Type SO, SJO,
STO, or SJTO, shal l  be permit ted.

- 
(c) Mineral-insulated, (metal-sheathed) cable, Type

MI,  shal l  be permit ted.  Temperatur.  iurrg.  _ S56C
(l85oF) Dry ar id Wet Locat ion! .

l3-2 Conductors.

(a) Conductors of AWG sizes 22 through 4/0 and,
MCM sizes 2b0 throu.gh 1000 shall be only"of srranded
soft-annealed coppe.. 

"Conductor 
..orr-..., i 'or"f lr.", i i

resrstance, and stranding is l is ted in Table l3-2(a).
Except ion No. l :  Conductors ui th insulat ion
characteristics consistent wth the prouisions of this
chaF-ter but with stranding other thajn that specijied in
Table 13-2(a) shall be peimiued on individial1evices
purchased com,pletely iired (i.e. motor starters, etc.).

!1Lr_P_Uo" 
tt2 Zt Conductor.s.subject to temperatures,

uo lt ag e s, envir o n m e n t al _c o n d i t io nsi o r Jle xttng exceediini-Fii'ns'-i;i,iii"i"-ii,i"ii'"i\,'i;",:/,';,-';::":-:::flT,r,
charac teristics.

- 
(b) Where constant flexing service is required, con-

ductor stranding shal l  conforir to Table tZ-b,G). 
'

(c)- Sol id conducrors AWG 24-30 of sofr-annealed cop_
per shal l  be permitted for use within control 

"". fo."r i ,when nor subject to f lexing.
(d) Printed wire assemblies of f lame-retardant

material shal l  
.be - 

permitted in place of conductor
assemoltes provlded they are within control enclosures
and are mounted in such a way to minimize f lexing or
stress.

(e) Shielded conducrors, shal l  consist of strand.ed, an-
nealed copper of 25 AWG or lar.qer for single conductors
used in subassemblies and 22 AWG or largEr for al l  other
uses. The conductors shal l  be in accordaice with Tables
l3-2(a).and. l3-a(c),  and have a metal l ic  shield and an
otl- and morsture-resistant outer covering such as vinyl
plast ic.

(f)  Special conductors such as RG-/U rransmission ca-
ble shal l  be permitted where necessary for the proper
funct ioning of  the equrpmenr.

I 3-3 C,onductor Sizing.

Conductors shal l  not be smaller than:
(a) Powercircui ts .No. 14
(b) Lighting and control circuits on rhe machine and

ln raceways

Exception: In a jacketed, multiconductor
assernbly, No. I8 shal l  be permitted.

(c) Control circuits No. lg
(d) Electronic, control conducrors in raceways . No. 24

No. l6

cable
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79-22 INDUSTRIAL MACHINERY

Size

(AWG/MGM)

Cros-Sectional Area
Nominal

(CM/mmr)

'fable l3-2(a) Single

DC Resistance
at 25'C

(ohms/1000 ft)

Conductor Characteristics

Minimum Number
Stranding (ASTM Clas)

Nonflexing Flexing
Constant f lex

(ASTM Clas/AWG Size)

22AWC
20
l8
l6

l2
l0
8
6
4
3
2
I

t /0
2/0
3,/0
4/0
250MCM
300
350
400
450
500
550
600
650
700
750
800
900

1000

t7 .2
r  0.7
6.77
4.26
2.68
1.68
1.060
0.6663
0.4t92
0_2636
0.2091
0. I  659
0. l  315
0. I  042
0.08267
0.06658
0.05200
0.04401
0.03667
0.03 1 44
0.02751
0.02445
0.02200
0.02000
0.0 I  834
0.0 l  692
0.0t372
0.0t467
0.0 I  375
0.0t222
0.01 l0 l

7(,)
l0(K)
l6(K)
r e(c)
r e(c)
l9(c)
l9(c)
le(c)
le(c)
re(c)
l9(c)
l9(c)
le(B)
l9(B)
le(B)
l  e(B)
le(B)
37( B)
37( B)
37( ts)
37(B)
37( B)
37( B)
6l(  B)
6 l (B)
6l(B)
6r(B)
6r(B)
6l  (B)
6l(B)
6l(  B)

i ( ' )
l0(K)
r6(K)
26(K)
4r(K)
65(K)

104(K)
(\)
(\)
(\)
(\)
(\)
(\)
(\)
(\)
(\)
(\)
(\)
( \ )
(\)
(\)
(\)
(\)
(\)
(\)
(\)
(\)
(\)
(\)
(\)
(\)

l9(M, '34)
26( M /  34)
4r(Mi34)
65( Nl  i  31)
4 l (K/30)
65( Kr30)

104( K,/30)
( - ,
( - )
( - )
( ' )
( ' )
( ' )
( - )
\ ' ,

640/0.324
I 020/0.5 I  9
1.620/0.823
2580/ l .3 l
4 l  l0/2.08
6530/3.3 l

l  0380/5.26 l
I  65 I  0/8_367

26240/ t3.30
4r7 40/2t.'t5
52620/26.67
66360/33.62
83690/42.4r

l  05600/53.49
I 33 I  00/67.43
l  67800/85.0 l

2tr600/ t07 .2
/ 127
/ t52
/ . t77
/203
/228
/253
/279
/304
/329
/355
/380
/405
/456
/ 507

(A, B) ASTfvl Clas f)esignation B and C per ASTM B 8-8t.
(K) Class Dcsignation K per ASTM B 174-71 (R1980).
(t) A cfass designation has not been assigned to this conductor, but it is designated assize 22.7 in AS'l ' l !1. 8286'74 ( 1979) and is composed ofstrands l0 mils in

diameter (No. 30 AWG).
(\) Nonflexing construction shall be permitted for f lexing service.
(-) Constant f lexing cables not constructed in these sizes.

Exception: For jumpers and special uiring applications
(e.g. solderless urap or wire-clip type connections or
shielded conductors), conductors No. 30 or larger shal l
be permitted.

l3-4 Wire Insulat ion.

(a) Where " thermoplast ic"  or  "PVC" appears in th is
Standard, the intention is to designate a synthesized com-
pound whose characterist ic consti tuent is polyvinyl
chloride or a copolymer of vinyl chloride or vinyl acetate.
Every wire requir ing insulat ion and intended for use as a
single conductor or in a cable shal l  be insulated for i ts en-
t ire length with properly compounded homogeneous
PVC mater ia l .

(b)  The color of  the insulat ion shal l  be sol id or i t  shal l
have one or more str ipes of dif ferent colors.

(c) The average and the minimum thickness of the in-
sulat ion in constructions A and B shal l  be in accordance
with Table l3-4(c).

(d) Construction B shal l  have a nylon jacket appl ied
direct ly over the insulat ion. The jacket shal l  be snug on
the insulat ion and shal l  be at  least  as th ick as indicated in
Table l3-4(c).

(e) Wire insulat ion shal l  be ident i f ied and adequate
for rhe voltage on that conductor. Where the conductors
are run with or adiacent to other conductors,  a l l  conduc-

tors shall have insulation rated for the maximum volraee
involved.

Exception: Bare conductors such as capacitor or
resistor leads, jurnpers between terminals, etc., shall be
permitted where the method of securing protndes elec-
trzlcal clearance.

Table l3-4(c) Single Conductor Insulat ion
Thickness of  Insulat ion

In Mi ls*
IAverage/Minimum (Jacket) ]

Wire Size A

22AWG
20
l8
t6
l4
12
l0
8
6

1.4/0
250-500MCM

550. I  000

30/27
30/27
30/27
30/27
30/27
30/27
30 /27
45/40
60/54
60/54
80/72
95/86

l  5/  l  3(4)
t5/  t3(4)
r5l  r3(4)
r5l13(4)
l  5/  l  3(4)
l  5/  r  3(4)
20/ t8(4)
30/27(5)
30 /  27 (5)
40 / 36(6)
50/ 45(7)
60 /  54(8)

1 10/99 70/63(9)

(-)  UL 1063 Table l . l  NEC Construct ion
A No outer cover ing
B Nylon cover ing
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Table I3-5(a) Conductor AmPacitY
Based on Copper Conductors wi th 60oC Insulat ion in an Ambient Temperature of  30"C

Ampacity In+ Ampacity In*

Conductor Size
AWG

Cable or
Raceway

Control
Enclosure

Conductor Size
AWG/MCN(

Cable or
Raceway

Control
Enclosure

225
260
300
340
375
420
455
515
5/f ,

630
655
680
730
780

145

195
2t5
240
260
280
320
355
385
400
410
435
455

2/0
3/0
4/0
250
300
350
400
500
600
700
750
800
900

I 000

0.5
0.8

l0
20
25
40***
60
80

105
120
l , l0
165
195

t0
l5
20
30* *
40
55
70
65

95
n0
t25

30
28
26
21
22
20
l8
l6
l4
t2
l0
8
6
4
3
2
I
0

'S iz ing of  conductors in wir ing harnesses or wir ing channels shal l  bc bascd on the ampaci ty for  cables

'*See National Electrical Codeo , Table 310-16.

'*"See Nat ional  Electr ical  Codea .  Table 310'17.

l3-5 Conductor Ampacity.

(a) The continuous current carr ied by conductors shal l
not exceed the values given in Table l3-5(a).

(b) Motor c i rcui t  conductors shal l  have an ampaci ty
not less than 125 percent of the ful l- load current rat ing of
the highest rated motor in the group plus the sum of the
ful l- load current rat ines of al l  other connected motors
and apparatus in the group that may be in operat ion at
the same t ime.

(c)  Combined load conductors shal l  have an ampaci ty
not less than 125 percent of the ful l- load current rat ing of
al l  resistance heating loads plus I25 percent of the ful l-
load current rat ing of the highest rated motor plus the
sum of the fu l l - load current rat ings of  a l l  other connected
motors. and apparatus that may be in operation at the
same t lme.

(d) To l imi t  faul t  current,  the maximum size of  a con-
ductor selected from Table l3-5(a) and connected to a
motor control ler  shal l  not  exceed the values given in
Table l3-5(d).

Table l3-5(d) Maximun Conductor Size for

Given Motor Control ler  Size*

Motor Control ler  Size lVlaxinrum Conductor Size
AWG or MCNI

the insulat ion of construction A, on the outer surface of
the nylon jacket of construction B, on the outer surface of
the insulat ion under the jacket of construction B (only i f
clearly legible through the nylon), or on the outer surface
of the jacket of a mult iconductor cable shal l  be repeated
at intervals of no more than 24 inches (610 mm)
throughout the length of the single-conductor or the
mult iconductor cable.

Exception: Size smaller than Nurnber 18 shal l  be per-
mitted to be marked on the reel or srnallest unit of shipp-
zng carton.

(b) The legend shal l  include the manufacturer 's name
or trademark, the wire, type, voltage rat ing, and gage or
size.

(c)  Where the conductor s ize is AWG 16-10 and the
stranding is intended for f lexing service, the legend shal l
include " f lexins" or "Class K' .

Chapter 14 Wiring Methods and Practices

l4-l  General Requirements.
(a) Conductors shal l  be ident i f ied at  each terminat ion

to correspond with the identi f icat ion on the diagrams and
shal l  be color coded as fo l lows:

BLACK - Line, load, and control  c i rcui ts at  l ine
vol tage.

RED - AC control  c i rcui ts,  at  less than l ine vol tage.

BLUE - DC control  c i rcui ts.

YELLOW - Inter lock control  c i rcui ts suppl ied f rom
an external power source.

GREEN (rv i th or rv i thout one or more yel low str ipes) -
Equipment grounding conductor where insulated or
covereo.

*Sec At, !SI /NEl\ lA ICS 2-1983' I 'able 2,

13-6 Wire Markings.
(a) A durable legend printed on

l0
8
4
0

000

!99 -
I t0- l .

the outer surface

00
0
I
2
3
4
5
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WHITE or NATURAL GRAY - Grounded circuit
conductor.

Exception No. 1: Internal wiring on indiuidual deuices
purc hase d c o mp Ie t e Iy uir e d.

Exception No. 2: Where insulation is used that is not
aaatlable in the colors required.

Exception No. 3: Where mult iconduc-tor cable is used.

Exception No. 4: Conductors used to connect elec-
tronic, precision, static, or similar deaices or panels.

Exception No. 5: Where local conditions require that
the control circuit be grounded, it shall be sufficient to
use a green (with or without one or more yel low str ipes) or
a bare conductor from the transformer terminal to a
grounding terminal on the control panel.

Exception No. 6: Addit ional colors shal l  be permitted
to be used to facilitate identification between control
panels and devices on the equipment; howeaer, black
shall be used for all wiring at line uoltage.

(b) Conductors and cables shal l  be run without spl ices
from terminal to terminal.

Exception: Spl ices shal l  be permitted to leads attached
to electr ical equipment, such as motors and solenoids,
and shall be insulated with oil-resistant electrical tape.

(c) Terminals on terminal blocks shal l  be plainly iden-
t i f ied to correspond with markings on the diagrams.

(d) Shielded conductors shal l  be so terminated to pre-
vent fraying of strands and to permit easy disconnecrion.

(e) Identi f icat ion tags shal l  be made of oi l-resistant
material.  Where wrap-type adhesive str ips are used, they
shall  be of a length not less than twice the circumference
of the wire. Sleeve-type tags shal l  be applied so they wil l
not sl ip off  the wire.

(f l  Terminal blocks shal l  be wired and mounted so the
internal and external wir ing does not cross over the ter-
minals. Not more than two conductors shal l  be ter-
minated at each terminal connection.

Exception: More than two conductors shall be per-
mitted where the terminal is identified.

l4-2 Panel Wiring.

(a) Panel conductors shal l  be supported where neces-
sary to keep them in place. Wiring channels shal l  be per-
mitted where made of a f lame-retardant insulat ing
mater ia l .

(b) Where back-connected control panels are used, ac-
cess doors or swingout panels that swing about a vert ical
axis shal l  be provided.

(c) Mult iple-device control panels shal l  be equipped
with terminal blocks or with attachmenr plugs and recep-
tacles for al l  outgoing control conductors.

I4-3 Machine Wiring.
(a) Conductors and their connections external to the

control panel enclosure shal l  be total ly enclosed in
suitable raceways or enclosures as described in Chapter
15, unless otherwise permitted in rhis section.

(b) Fit t ings used with raceways or mult iconductor ca-
ble shal l  be l iquidt ight .

Exception: Liquidtight fittzlngs are not required where

Jlexible metal conduit is permitted by Exception to Sec-
t ion 14-3(d).

(c) Liquidt ight f lexible metal conduit or mulr iconduc-
tor cable shal l  be used where necessary to employ f lexible
connections to pendant pushbutton stat ions. The weight
of pendant stat ions shal l  be supported by chains or wire
rope external to the f lexible conduit or mult iconductor
cable.

(d) Liquidt ight f lexible metal conduit or mult iconduc-
tor cable shal l  be used for connections involving small  or
infrequent movements. They shal l  also be permitted to
complete the connection to normally stat ionary motors,
l imit switches, and other external ly mounted devices.

Exceptzon: Where subjected to temperatures eeceeding
the limits for liquidtight Jlexible metal conduit, flexible
metal conduit shal l  be permitted.

(e) Connections to frequently moving parts shal l  be
made with conductors for f lexing service as shown in
Table l3- l (a) .  Flexible cable and condui t  shal l  have ver-
t ical connections and shal l  be instal led to avoid excessive
flexing and straining.

Exception: Horizontal connections shall be pernxitted
where the Jlexible cable or conduit is adequately sup-
ported.

( l)  Where f lexible conduit or cable is adjacent ro mov-
ing parts, the construction and the support ing means
shall  prevent damage to the f lexible conduit or cable
under al l  condit ions of operation

Exception: Prewired devices such a.s limit suitches, pro-
ximity suitches, etc., provided uith an identified cable
need not be protided with provisions for termination of
conduit.

(g) Al l  conductors of any ac circuit  shal l  be contained
in the same raceway.

(h) Conductors connected.in ac circuits and conduc-
tors connected in dc circuits shal l  be permitted in the
same raceway regardless of voltage, p.ouided they are all
insulated for the maximum voltage of any conductor in
the raceway.

( i)  Connection through a polarized grounding-type at-
tachment plug and receptacle shal l  be permitted where
equipment is removable. The male plug shal l  be con-
nected to the load circuit .

( j)  Where construction is such rhat wir ing musr be
disconnected for shipment, terminal blocks in an accessi-
ble enclosure or attachment plugs and receptacles shal l
be provided at the sectional points.

(k) The instal lat ion of f lexible conduit and cable shal l
be such that l iquids wil l  drain away from the f i tr ings.

( l)  Where l iquidt ight f lexible meral conduit is used for
f lexible appl icat ions, f i t t ings shal l  be identi f ied.

l4-4 Wire Connectors and Connections.

(a) Pressure connectors shal l  be used to connect con-
ductors to devices with lug-type terminals that are not
equipped with saddle straps or equivalent means of re-
taining conductor strands.

Exception No. 1: Solder connections shall be permitted
to be used within the protectire shell of a plug or recep-
tacle and for internal connections of a subassembly that
can be reTnouedfor bench service [see Section 14-4(b)J.
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)

Exception No. 2: Wire-wrapped connections shall be
perrnitted to be used where circutnstances permit and
where applied by use of a tool specifical\ reiommended
for the purpose.

. (b) Soldered connections shall conform to the follow-
rng:

l. For manually soldered connections, rosin shall be
used as flux.

2- Where printed circuit boards or other componenr
assemblies are dip or wave soldered, special f luxes shall
be p.e_rmitted to be used following techniques developed
specifically for these methods of fabrication.

3. All parts shall be pre-tinned before soldering
unless the part is specifically plated to ensure a good
solder joint (e.g., MS-type connecrors having gold-plated
contacrs).

4. Each soldered connection shall be made with the
least amount of solder that wil l assure a secure, high-
conductivity connection.

5. Insulation shall not be damaged by soldering.
g Components that may be damaged by heat shall

be suitably shielded from heat during soldering.

Chapter 15 Raceways, Junction and Pull Boxes

l5-l General Requirements.
(a) All sharp edges, f lash, burrs, rough surfaces, or

threads with which the insulation of the conductors may
come in contact shall be removed from raceways and fit-
t ings. Where necessary, additional protection consisring
of a flame-retardant, oil-resistant insulating material
shall be provided to protect conductor insulat-ion.

. (b) Drain holes of /a in. (6.a mm) shall be permitted
in raceways, junction boxes, and pull boxes subject to ac-
cumulations of oil or moisture.

NOTE: Raceways and iunction boxes are provided for
mechanical protection on[y. See Chapter 17 fdr acceptable
means of  equipment grounding.

l5-2 Percent Fill of Raceways. The combined cross.
sectional area of al l  conductois and cables shal l  not ex-
ceed 50 percent of the interior cross-sectional area of the
raceway. The f i l l  provisions shal l  be based on the actual
dimensions of the conductors and/or cables used.

l5-3 Rigid Metal Conduit and Fittings.
(a) Rigid metal conduit and fittings shall be of galva-

nized steel,  meeting the requiremenrs of ANSI Standards
C80.1-1977, Specif icat ion for Rigid Steel Conduit,  Zinc
Coated, and ANSI/NEMA FB l -1983 (Rev. Sept.  1984),
Fittings and Supportsfor Conduit and Cable Aisemblies,
or o[ a corrosion-resistant material suitable for the condi-
t ions. Dissimilar metals in contacr that would cause
galvanic action shal l  not be used. Conduit shal l  be pro-
tected against corrosion excepr at the threaded jointi.

Exception: Threads at joints shall be pernitted to be
coated with an identified electrically ionductiae com-
pound.

(b) Conduit smaller than \$ in. electrical trade size
shall not be used.

(c) Conduit shall be securely held in place and sup-
ported at each end.

(d) Fitt ings shall be threaded unless srructural dif-
ficulties prevent as-sembly. When threadless fittings must
be used, conduit shall be securely fastened to thJequip-
ment.

(e) Running threads shall not be used.
(! Where conduit enters a box or enclosure, a bushing

or fitting_ providing a smoothly rounded insulating surl
face shall be installed to prorect the conductors-from
abrasion, unless the design of the box or enclosure is such
to afford equivalent protecrion. Where conduit bushings
are constructed wholly of insulating material, a locknut
shall be provided both inside and outside the enclosure to
which the conduit is attached.
Exception: Where threaded hubs or bosses that are an
integral part of an enclosure provide a smoothly rounded
or flared entry for conductors.

(g) Conduit bends shal l  be so made that the conduit
wi l l  not be injured, and that the internal diameter of the
conduit wi l l  not be effect ively reduced. The radius of the
curve of any field bend shail nor be less than shown in
Table l5-3(g).

Table l5_B(g)
Minimum Radius of Conduit Bends

Size of Conduit Radius of Bend Done Radius of Bend Done
(In.)  by Hand ( In.) '  ty  Machine ( In.) t

,54
%5

rb

lY+ 8
rW lo
I  19

zt$ t5
318
\ta 2l
424
4W 27
530
o5b

4
4tA
)Y4
7%
8V+
9t/6

r0r$
l3
l9

l6
20
24
30

For SI uni ts:  (Radius) I  in.  = 25.4 mm
NOTE l: For field bends done bv hand. the radius is measured
to the inner edge of  the bend.
NOTE 2: For a single.operation (one-shot) bending machine
designed for the purpose, the radius is measured to the center
l lne Ol tne conclurt-

(h) A run of conduit shal l  not contain more than the
equivalent of four quarter bends (360 degrees, total).

l5-4 Intermediate Metal  Condui t .  Intermediate
metal (steel) conduit shall be permitted and shall be in-
stalled in conformance with the provisions of Sections
15-3(b) through (h).

l5-5 Liquidtight Flexible Metal Conduit and Fittings.
(a) Liquidtight flexible metal conduit shall consist of

a.n oi l-resistant, l iquidt ight jacket or l ining in combina-
t ion with f lexible r iretal ieinforcing tubingl
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(b) Fittings shall be of metal and shall be designed for
use with l iquidt ight f lexible metal conduit.

(c) Liquidt ight f lexible metal conduit smaller than 3/,
in. electr ical trade size shal l  not be used.

(d) Liquidt ight f lexible metal conduit shal l  be per-
mitted to be of the extra f lexible construction.

(e) Flexible conduit shal l  be instal led id a manner that
l iquids wil l  tend to run off the surface instead of draining
toward the f i t t ings.

l5-6 Liquidtight Flexible Nonmetallic Conduit
Fittings.

(a) Liquidt ight f lexible nonmetal l ic conduit is a
raceway of circular cross-section having a smooth inner
surface with integral reinforcement within the conduit
wall . .This conduit is oi l- ,  and water-, and f lame-resistant
and, with f i t t ings, is approved for the instal lat ion of elec-
tr ical conductors. Conduits that have been recognized as
having suitable physical characterist ics are:

l .  Those having a smooth, seamless inner core and a
cover bonded together and having one or more reinforce-
ment layers between the core and cover; or

2. Those having a smooth inner surface and a rein-
forcement imbedded in the conduit wall .

(b) The conduit shal l  be resistanr to kinking and shal l
have physical characterist ics comparable to the jacket of
mult iconductor cable.

(c) The conduit shal l  be suitable for use at rempera-
tures of 80oC in air,  and 60oC in the presence of witer,
o i l ,  or  coolant.

(d) Fittings shall be suitable for use with liquidtight
f lexible nonmetal l ic conduit.

(e) Liquidt ight f lexible nonmetal l ic conduit smaller
than 3/s in. trade size shal l  not be used.

(f) Flexible conduit shal l  be instal led in such a manner
that l iquids wil l  tend to run off the surface instead of
draining toward the f i t t ings.

l5-7 Flexible Metal (Nonliquidtight) Conduit and Fit-
tings.

(a) Flexible metal conduit shal l  consist of f lexible
metal tubing or woven wire armor.

(b) Fit t ings shal l  be of metal and shal l  be designed for
use with f lexible metal conduit.

(c) Flexible metal conduit smaller than % in. electr ical
trade size shal l  not be permitted.

Exception: Thermocouples and other sensors.

l5-8 Wireways.

(a) Exterior wireways shall be permitted where rigidly
supported and clear of al l  moving or contaminating por-
t ions of the machine.

(b) Metal thickness shal l  not be less than No. l4 MSG.

(c) Covers shall be shaped to overlap the sides; gaskets
shall  be permitted. Covers shal l  be attached to wireways
by hinges or chains and held closed by means of captive
screws or other suitable fasteners. On horizontal
wireways, the cover shal l  not be on the bottom.

(d) Where wireway is furnished in sections, the joints
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between sections shal l  f i t  t ightly, but need nor be
gasketed.

(e) Only openings required for wir ing or drainage shal l
be provided. Wireways shal l  not have unused knockouts.

l5-9 Machine Compartments and Raceways. Com-
partments or raceways within the column or base of a
machine shal l  be permitted to enclose conductors pro-
vided the compartment or raceway is isolated from
coolant and oi l  reservoirs and is entirely enclosed. Con-
ductors run in enclosed compartments and raceways shall
be secured and arranged so they will not be subject to
physical damage.

l5-10 Junction and Pull  Boxes. Junction and pul l
boxes shall not have unused knockout or openings and
shall  be constructed to exclude such materials as dust, f ly-
ings, oi l ,  and coolant.

l5- l l  Motor Terminal Boxes. Motor terminal boxes
shall  enclose only connections to the motor and motor.
mounted devices, such as brakes, temperature sensors,
plugging switches, or tachometer generators.

Chapter 16 Motors and Motor Compartments

l6-l Access. Each motor and its associated couplings,
belts, and chains shall be mounted where they are accessi-
ble for maintenance and not subject to damage.

l6-2 Mounting Arrangemenr.
(a) The motor mounting arrangement shall be such

that all motor hold-down bolts can be removed and re-
placed and terminal boxes reached. Unless bearings are
permanently sealed, provision shall be made for
lubricating the bearings. The motor nameplate shall in-
dicate where permanently sealed bearings are used.

(b) Sufficient air circulation shall be provided so that
the motor will not exceed its rated temperature rise at
rated operating conditions.

(c) All motor-driven couplings, belts, and chains shall
be easily replaceable.

(d) Pulley hubs on belted drives shall not extend
beyond the end of the motor shaft.

16-3 Direction Arrow. Where reverse rotation can
produce an unsafe condition, a direction arrow shall be
installed. The arrow shall be adiacent to the motor and
plainly visible.

l6-4 Motor Compartments. Motor compartments
shall be clean, dry, and adequately vented direttly to the
exterior of the machine. There shall be no opening be-
tween the motor compartment and any other compart-
ment that does not meet the motor compartment re-
quirements. Where a conduit or pipe is run into the
motor compartment from another compartment not
meeting the motor compartment requirements, any
clearance around the conduit or pipe shall be sealed.

and
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l6-5 Marking on Motors. Motors shall be marked in
accordance with Section 430-7 of NFPA 70-1987, Na-
tional Electrical Code.

Chapter l7 Groufrded Circuits and
Equipment Grounding

l7-l General. This chapter applies to grounded cir-
cuits and the protective or grounding circuit of the equip-
ment. The grounding circuit consists of conductors
and/or structural parts of the electrical equipment and
machine that are all electrically connected or bonded
together at a common point.

l7-2 Grounding Conductors.
(a) Conductors used for grounding and bonding pur-

poses shall be copper. Stipulations on stranding and flex-
ing as outl ined in this Standard shall apply. lSee Section
13-)  and 14-)0.1

(b) Grounding conductors shall be insulated, covered,
or bare and shall be protected against physical damage.
Insulated or covered grounding conductors shall be iden-
tif ied with a continuous green color with or without one
or more yellow stripes.

(c) The minimum size of the grounding conductor
shall be as shown in Table 17 -2(c). Column "A" indicates
maximum rating or setting of the overcurrent device in
the circuit ahead of the equipment.

Table l7-2(c)
Size of Grounding Conductors

Column "A", Amperes Copper Conductor Size, AWG

l0
t f ,

20
30
40
60

100
200
300
400
500
600
800

I 000
I 200
I 600

l6* or 18*
14, l6* or 18*

12,14*,  l6* or l8*
l0
l0
l0

d

6

2
I
0

2/0
3/O
4/0

* Permitted only in multiconductor cable where connecte d to por'

table or pendant equipment.

(d) I t  is permissible to use machine members or struc-
tural parts of the electr ical equipment in the grounding
circuit  provided that the cross-sectional area of these
parts is at least electr ical ly equivalent to the minimum
cross-sectional area of the copper conductor required.

l7-3 Equipment Grounding. The machine and all ex-
posed, noncurrent-carrying conductive parts, material,
and equipment, including metal mounting panels that

are l ikely to become energized and are mounted in
nonmetall ic enclosures, shall be effectively grounded.

l7-4 Exclusion of Switching Devices. The grounding
circuit shall not contain any switches or overcurrent pro-
tective devices. Links or plugs in the grounding circuit
shall be permitted if properly labeled or interlocked with
the control circuits.

l7-5 Grounding Terminal. The entire grounding cir-
cuit or network shall be interconnected such that a single
point for an external connection wil l be conductively con-
nected to all grounded parts. A terminal suitable for con-
necting an external grounding conductor shall be pro-
vided at this point.

Exception: Where an attachrnent plug and receptacle
are used as the disconnecting n'Leans, Section 5-11(f) shall
aPPlv.

l7-6 Continuity of the Grounding Circuit .

(a)  The cont inui ty of  the grounding circui t  shal l  be en-
sured by effect ive connections through conductors or
structural members.

(b) Bonding of equipment with bolts or other iden-
t i f ied means shal l  be permitted where paint and dirt  are
removed from the joint surfaces or effect ively penetrated.

(c) Moving machine parts, other than accessories or
attachments, having metal-to-metal bearing surfaces
shall  be considered as bonded. Sl iding parts separated by
a nonconductive f luid under pressure shal l  not be con-
sidered as bonded.

(d) Portable, pendant, and resi l ient mounted equip-
ment shal l  be bonded by separate conductors. Where
mult iconductor cable is used, the bonding conductor
shal l  be included as one conductor of the cable.

(e) Raceways, wireways, and cable trays shal l  not be
used as grounding or bonding conductors.

(f) When a part is removed, the continuity of the
grounding circuit  for the remaining parts shal l  remain in-
tact .

l7-7 Control Circuits. Control circuits shal l  be oer-
mitted to be grounded or ungrounded. Where grorr.,di.rg
is provided. that side of the circuit  common to the coi ls
shit t  be grounded at the control transformer i f  al ter-
nating current, or at the power supply terminal i f  direct
current. For color coding of conductors see Section
l4- l (a) .

Exception No. 1: Exposed control circuits as permitted
by Section 7-2(a), Exception No. 2, shall be grounded.

Exception No. 2: Oaerload relay contacts shall be per-
mitted to be connected between the coi l  and the ground-
ed conductor where the conductors betueen such con-
tacts and coik of magnetic devices do not extend beyond
the control enclosure.

l7-8 Lighting Circuits.

(a) One conductor of al l  machine l ighting and mainte-
nance l ighting circuits shal l  be grounded. The grounded
conductor(s) shal l  be identi f ied with a white or natural
gray insulat ion.
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(b) Where the l ighting circuit  is supplied by a separate
isolat ion transformer, the grounding shal l  occur at rhe
transformer. Where the equipment maintenance l ighting
circuit  is supplied direct ly from the plant l ighting circuit ,
the grounding shal l  occur at the grounding terminal.

(c) The grounded conductor, where run to a screw-
shell  lampholder, shal l  be connected to the screw-shell .

Chapter l8 Referenced Publications

l8-l The following documents or portions thereof are
referenced within this document and shall be considered
part of the requirements of this document. The edition
indicated for each reference shall be the currenr edition
as of the date of the NFPA issuance of this document.
These references shall be l isted separatelv to facil i tate uo-
dat ing to the latest  edi t ion by th 'e user.-

l8-2 NFPA Publication. National Fire Protecrion
Association, Batterymarch Park, -O_uincy, MA 02269.

NFPA 70-1987, National Electrical Code

l8-3 Other Publications.
(a) ANSI Publications. American National Standards
Inst i tute,  Inc. ,  1430 Broadway, New York,  NY 10018.

ANSI C80-l -1983, Specifications for Rigid Steel Con-
duit. Zinc Coated

ANSI C84.1-1982, Voltage Ratings for Electrical
Power Systems and Equipment (60 Hz)

ANSI Y32.2 1982, Graphical Symbols for Electrical
and Ele ctronics Diagrams

(b) NEMA Publication. National Electrical Manufac-
turers Associat ion,  1201 L Street NW, Washineton, DC
20037 .

NEMA FB l-1983 (Rev. Sept. 1984), Fitt ings and Sup-
ports for Conduit and Cable Assemblies

Appendix A Glossary of Terms

Accessible (As applied to Equipment). Admitt ing
close approach: not guarded by locked doors, elevation,
or other effect ive means. (NFPA 70-1987, National Elec-
tr ical Code)

Accessible, Readily (Readily Accessible). Capable
of being reached quickly for  operat ion,  renewal,  or  in-
spections, without requir ing those to whom ready access
is reouis i te to c l imb over ol  remove obstacles or ro resorr
to pbrtable ladders,  chairs,  etc.  (See "Accessible.")
(NFPA 70-1987, National Electr ical Code)

Adjustable Speed Drives. An electr ical device or
group of  e lectr ical  devices that al ter  the dr ive motor out-
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I  put speed over a range in a control led manner. This in-
I cludes ac and dc voltage modes and frequency mode con-

trols. Belt,  chain, or rol ler shif t ing contiol lers are not in-
c luded.

Alphanumeric. Pertaining ro a character ser thar
contains both letters and digits, but usually some orher
characters such as punctuat ion marks.  ( IEEE Standard
No.100"1984)

Ampacity. The current in amperes a conductor can
carry continuously under the condit ions of use without
exceeding i ts temperature rat ing. (NFPA 70-1987 , Na-
tional Electrical Code)

Attachment Plug (Plug Cap) (Cap). A device which,
by insert ion in a receptacle, establ ishes connection be-
tween the conductors of the attached f lexible cord and
the conductors connected permanently to the receptacle.
(NFPA 70-1987, National Electr ical Code)

- 
Bonding. The permanent joining of metal l ic parrs ro

form an electr ical ly conducrive path which wii l  assure
electr ical  cont inui ty and.the capaci ty ro conduct safely
any current l ikely to be imposed. (NFPA 70-1987, Na-
tional Electrical Code)

Branch Circuit .  The circuit  conductors between the
final overcurrent device protecting the circuit  and the
outlet(s). (NFPA 70 1987, National Electr ical Code)

Circuit  Breaker. A device designed ro open and
close_a circuit  by nonautomatic means and to open rhe
circuit  automatical ly on a predetermined overcurrent
without injury to i tself  when properly appl ied within i ts
rat ing. (NFPA 70-1987, National Electr ical Code)

Circui t  Interrupter.  A nonautomat ic operated
device designed to. open (under abnormal condii ions) a
current-carrying circuit  without injury to i tself .

Conduit.

Rigid Metal Conduit.  A raceway special ly con-
structed for the purpose of  the pul l ing in or the wi thdraw-
ing of wires or cables after the conduit is in place and
made of metal pipe of standard weight and thickness per-
mit t ing the cutt ing of  standard threads. (ANSI/ IEEE
Std.100-1984)

Interrnediate Metal Conduit. A metal racervay of
circular cross section with integral or associated cou-
pl ings, connectors and f i t t ings approved for the instal la-
t ion of  e lectr ical  conductors.  (NFPA 70-1987, Nat ional
Electr ical Code)

Control  Circui t .  The circui t  of  a control  appararus
or system that carr ies the electr ic signals direct ing the
performance of the control ler, but does not carry the
main power current. (NFPA 70-1987, National Electrzl.cal
Code)

Control Circuit  Transformer. A voltage trans-
former ut i l ized to supply a voltage suitable for the opera-
t ion of  control  devices.  (ANSI/ IEEE Std.  100-1984)
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Control Circuit Voltage. The voltage provided for
the operation of shunt coil magnetic devices.

Control Compartment. A space within the base,
frame, or column of the machine used for mounting the
control  panel .  (ANSI/ IEEE Std.  100.1984)

Control Enclosure. The housing for the control
panel, whether mounted on the machine or separately
mounteo.

Control ler. A device or group of devices that serves
to govern, in some predetermined manner, the electr ic
power del ivered to the apparatus to which i t  is connected.
For the purpose of this standard, a control ler is any
switch or device normally used to start and stop a motor
by making and breaking the motor circuit  current.
(NFPA 70-1987, Natelonal Electr ical Code)

Device. A unit of an electr ical system which is in-
tended to carry but not ut i l ize electr ic energy. (NFPA
70-1987, National Electr ical Code)

Disconnecting Means. A device, or group of devices,
or other means by which the conductors of a circuic can
be disconnected from their source of supply. (NFPA
70 I987, National Electr ical Code)

Dwell ing Unit.  One or more rooms for the use of
one or more persons as a housekeeping unit with space for
eating, l iv ing, and sleeping, and permanent provisions
for cooking and sanitat ion. (NFPA 70-1987, National
Electr ical Code)

Electr ic Control ler. A device or group of devices
which serves to govern, in some predetermined manner,
the electr ic power del ivered to the apparatus to which i t  is
connected. (ANSI/ IEEE Std.  100'1984)

Electromechanical.  Electromechanical is the term
applied to any device in which electr ical energy is used to
magnetical ly cause mechanical movement.

Electronic Control .  That Dart  of  the electr ical
equipment containing ci rcui t ry whereby conduct ion of
electrons takes place through a vacuum, gas, ()r semicon-
ductor substance.

Equipment.  A seneral  term includine mater ia l ,  f i t -
t ines,  devices,  appl iances, f ix tures,  apparatus,  and the
l ike used as a Dart  of .  or  in connect ion wi th,  an electr ical
instal lat ion.  (NFPA 70-1987, Nat i .onal  Electr ical  Code)

Exposed (As applied to l ive parts). Capable of being
inadvertent ly touched or approachecl  nearer than a safe
distance by a person. I t  is  appl ied to parts not sui tablv
guarded, isolated, or insulated. (NFPA 70 1987, Na
tional Electr ical C ode)

Feeder. Al l  circuit  conductors between the service
equipment or the source of  a separately der ived sls jgm

arid ihe f inal  branch-circui t  overcurrent device'  (NFPA

70-1987, National Electr ical Code)

Flame Retardant. So ct>nstructed or treated that i t

wil l  not  support  or  convey f lame. (ANSI/ IEEE Std.
1 00-r  984)

Grounded. Connected to earth or to some conduct-
i .g body that serves in place of  the earrh.
(NFPA-70-1987, National Electr ical Code\

Grounded Conductor. A system or circuit  conductor
that is intentional ly grounded. (NFPA 70-1987 , National
Electrical Code)

Grounding Conductor. A conductor used to con-
nect equipment or the grounded circuit  of a wir ing
system to a grounding electrode or electrodes. (NFPA
70-1987, National Electr ical Code)

GroundingConductor, Equipment. The conductor
used to connect the noncurrent-carry ing metal  parts of
equipment, raceways, and other enclosures to the system
grounded conductor and/or the grounding electrocle
conductor at the service equipment or at the source of a
separately derived system. (NFPA 70-1987, National
Electrical Code)

Grounding Electrode Conductor. The conductor
used to connect the grounding electrode to the equip-
ment grounding conductor and/or to the grounded con-
ductor of the circuit  at the service equipment or at the
source of  a separately der ived sysrem. (NFPA 70-1987,
National Electrical Code\

Identi f ied (As applied to equipment). Recognizable
as suitable for the specif ic purpose, function, use, en-
vironment,  appl icat ion,  etc. ,  where descr ibed in a par-
t icular code requirement. (See "Equipment.")

NOTE: Suitabi l i ty o[ equipment for a specif ic purpose, er)-
vironnrent,  or  appl icat ion may be determined by a qual i f ied
resr ing laboratory,  inspect ion agency, or other organizat ion con.
cerned with product evaluat ion.  Such ident i f icat ion may include
label in.g t r r  l is t ine.  (NFPA 70-1987 ,  Nat ional  Electr ical  Code)

Inrush Current (Solenoid). The inrush current of a
solenoid is the steady-state current taken from the l ine at
rated vol taee and frequency with the plunger blocked in
the rated maximum open posi t ion.

In Sight From, Within Sight From, Within
Sight. Where this standard specif ies that one equip-
ment shal l  be " in s ight  f rom," "wi th in s ight  f rom," or
"wi th in s ight ,"  etc. ,  of  another equipment,  one of  the
equipments speci f ied is to be vis ib le and not more than 50
fr  (15.24 m) distant f rom the other.  (NFPA 70 1987, Na
tional Electrical Code)

Interconnected Conductors. Refe rs to those connec-
t ions between subassemblies, panels, chassis, and remote-
ly mounted devices and does not necessari ly apply to in-
ternal  connect ions of  these uni ts.

Intermittent Duty. Operation for alternate intervals
of  ( l )  load and no load; or (2) load and rest ;  or  (3)  load,
no load, and rcst .  (NF'PA 70-1987, Nat ional  Electr ical
Code)

Interrupt ing Capaci ty.  Interrupt ing capaci ty is the

)
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highest current at rated voltage that the device can inter-
rupt.

Jogging (Inching). The quickly repeated closure of
the circuit to start a motor from rest for the purpose of
accomplishing small movements of the driven machine.
(ANSI/ IEEE Std.  100-1984) 

.

Locked-Rotor Current. The steady-state current
taken from the l ine with the rotor locked and with rated
voltage (and rated frequency in the case of alternating-
current motors) applied ro the motor. (ANSI/IEEE Std.
l  00- l  984)

Moisture Resistant. So constructed or treated that
exposure to a moist atmosphere wil l not readily cause
damage. (ANSI/ IEEE Std.  I00-1984)

Motor-Circuit Switch. A switch intended for use in a
motor branch circuit.

NOTE: I t  is  rated in horsepower,  and i t  is  capable of  interrup.
ting the maximum operating overload current of a motor of the
same rat ing at  the rated vol tage. (ANSI/ IEEE Srd. 100-1984)

Operating Overload. The overcurrent to which elec-
tric apparatus is subjected in the course of the normal
operating conditions that it may encounter.

NOTE l :  The maximum operat ing over load is considered to
be six t imes normal fu l l - load current for  a l ternat ing current in-
dustr ia l  morors and conrrol  apparatus:  four t imes ionnal  fu l l -
load current for  d i rect-current industr ia l  motors and control  ao-
paratus used for reduced-voltage starting; and ten times nomal
full-load current for direct-current industrial motors and control
apparatus used for full-voltage starting.

NOTE 2: It should be understood that these overloads are cur-
rents that may persist for a very short time only, usually a matter
of seconds.
(ANSI/ IEEE Std.  100-1984)

Overcurrent, Any current in excess of the rated cur-
rent of the equipment or the rated ampacity of the con-
ductor. I t  may result from overload, short circuit ,  or
ground fault .  (NFPA 70-1987, National Electr ical Code)

Overload. Operation of equipment in excess of nor-
mal, ful l- load rat ing, or of a conductor in excess of rated
ampacity which, when i t  persists for a suff icient length of
t ime, would cause damage or dangerous overheating. A
fault,  such as a short circuit  or a ground fault ,  is not an
overload. (See "Oaercurrent.") (NFPA 70-1987, National
Electrical Code)

Panel. An element of an electr ic control ler consist ing
of a slab or plate on which various component parts of the
control ler  are mounted and wired. (ANSI/ IEEE Std.
l  00- l  984)

Power Wiring. The circuit  used for supplying power
from the supply network to equipment or components
used for the productive operation.

NOTE: A motor is one example of  equipment or component
used for product ive operat ion.

Precision Device. A device that wi l l  operate within
prescribed l imits and wil l  consistently repeat operations
within those l imits.

1987 Edi t ion

Qualif ied Person. One familiar with the consrruc-
tion and operation of the equipment and the hazards in-
volved. (NFPA 70-1987, National Electrical Code)

Raceway. An enclosed channel designed expressly
for holding wires, cables, or busbars, with additional
functions as permitted in this standard.

NOTE: Raceways may be of metal or insulating material, and
the term includes rigid metal conduit, rigid nonmetall ic con-
dui t ,  intermediate metal  condui t ,  l iquidt ight  f lexible metal  con-
dui t ,  f lexible metal l ic  tubing, f lexible metal  condui t ,  e lectr ical
nonmetal l ic  tubing, electr ical  metal l ic  tubing, underf loor
raceways, cellular concrete floor raceways, cellular metal f loor
raceways, surface raceways, wireways, and busways. (NFPA
70-1987, National Electrical Code)

Receptacle. A contact device instal led at the ourler
for the connection of a single attachment plug. (NFPA
70-1987, National Electr ical Code)

Relay. An electr ic component designed ro interprer
input condit ions in a prescribed manner and, after
specif ied condit ions are met. to resDond to cause conracr
o'peration or similar abrupt change^ in associated electr ic
control circuits.

NOTE l :  Inputs
thermal,  or  other
not relays.

NOTE 2: A relay consists of several units, each responsrve to
speci f ied inputs,  the combinat ion providing the desired perfor-
mance character ist ic.

Short-Time Rating. The rat ing defining the load
that can be carr ied for a short and definitely specif ied
time, with the machine, apparatus, or device being at ap-
proximately room temperature at the t ime the load is ap-
pl ied.

Splashproof (Industr ial Control).  So constructed
and protected that external splashing wil l  not interfere
with successful  operat ion.  (ANSI/ IEEE Srd. 100-198a)

Static Device. A device that has no moving parrs, as
associated with electronic and other control or
information-handling circuits.

Subpanel. An assembly of electr ical devices con-
nected together that forms a simple functional unit  in
i  tself .

Tight (Suff ix).  So constructed that the specif ied
material is excluded under specif ied condit ions.
(ANSI/ IEEE Std.  100-1984)

Undervoltage Protection. The effect of a device,
operative on the reduction or fai lure of voltage, to cause
and maintain the interruption of power.

NOTE: The principal objective of this device is to prevent
automat ic restart ing of  the equipment.  Standard undervol tage
or low-voltage protection devices are not designed to become ef-
fective at any specific degree of voltage reduction.

Ventilated. Provided with a means to Dermit circula-
tion of air sufficient to remove excess h;ar. fumes. or
vapors. (NFPA 70-1987 , National Electrical Code)

Wireway. A sheet-metal trough with hinged or
removable covers for housing and protecting electric

are usual ly elecuic,  but  may be mechanical ,
rypes. Limit switches and similar devices are
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wires and cable and in which conductors are laid in place
after the wireway has been installed as a complet" syit"-.
(NFPA 70-1987, National Electrical Code)

Appendix B Refe'renced Publications

B-l The following documents or portions thereof are
referenced within this document for informational pur-
poses only and thus are not considered part of the re-
ouirements of this document. The edition indicated for
each reference should be the current edition as of the
date of the NFPA issuance of this document. These
references should be l isted separately to facil i tate up-
dating to the latest edition by the user.

B-l. l NFPA Publications. National Fire Protection
Association, Batter).rnarch Park, Quincy, MA 02269.

NFPA 70-1987, Nat ional  Electr ical  Code

NFPA 70E-1983, Electrical Safety Requirements for
Employee Work Places

B-1.2 Other Publications.

B-1.2.1 Underwri ters Laborator ies Inc. ,  (UL) 1285
Walt  Whitman Road, Melvi l le,  Long Is land, NY 11746;
1655 Scott  Blvd. ,  Santa Clara,  CA 95050; and 333
Pfingsten Rd., Northbrook, IL 60062.

UL 508-1982 , Standard for Safety, Industrial Control
Equipment

UL 1063-1981 , Standard for Safety, Machine Tool
Wires and Cables

B-1 .2.2 American Nat ional  Standards Inst i tute
(ANSI),  1430 Broadway, New York,  NY 10018.

ANSI Bl l . l -1982. Mechanical  Power Presses

ANSI Bl I .2- 1982, Hydraulic Presses

ANSI Bl l .3-1982, Power Press Brakes
ANSI Bl  1.4-1983, Shears
ANSI Bl l .5-1975 (R1981),  I ron Workers

ANSI 811.6-1984, Lathes
ANSI Bl l .7-1985, Cold Headers and Cold Former

ANSI Bl  1.7a (Supplement)

ANSI B11.8-1983, Dril l ing, Mill i ,ng and Borz)ng

ANSI Bl  1.9-1975, Grinding Machines

ANSI Bl l .10-1983, Sauing Machines

ANSI B11. l l -1985, Gear Cutt ing Machines

ANSI Bl l . l2-1983, Rol l  Forming and Rol l  Bending

ANSI B11.13"1983, Automat ic Screw/Bar and Chuck'
ing

ANSI Bl l .14-1983, Coi l  Sl i t t ing Machines
ANSI Bl l . l5-1984, Pipe, Tube, and Shape Bending

Machines
ANSI Bl l . l7-1983, Hor izontal  Hydraul ic Extrusion

Presses
ANSI Bl l . l8-1985, Coi l  Processing Systems

B-1.2.3 American Society for Testing and Materials
(ASTM), l9 l6 Race Street,  Phi ladelphia,  PA 19103.

B 8-86, Standard for Concentric-Lay- Stranded Copper
Conductors, Hard, Medium-Hard, or Soft

B 33-81 (R-1985), Tinned Soft or Annealed Copper
Wire for Electrical Purposes

B 174-71 (R-1985), Specification for Bunch-Stranded
Copper Conductors for Electrical Conductors

B 286-74 (R-1985), Copper Conductors for Use in
Hoohup Wire for Electronic Equipment

B-1.2.4 Electronic Industries Association (EIA), 2001
Eye Street,  NW, Washington, DC 20006.

EIA RS-281-B (1979),  Electr ical  Construct ion Stan-
dards for Num.erical Machine Control

EIA RS-431 (1976), Electrical Interface Betueen
Numerical Controls and Machine Tools

B-1.2.5 Institute of Electrical and Electronic Engi-
neers,  Inc.  ( IEEE),  345 E. 47th Street,  New York,  NY
10017.

IEEE STD 9l-1983, Graphical Syrnbols -for Logic
Functions

IEEE STD 100- 1984, Standard Dictionary of Electrical
and Electronics Terns

B-1.2,6 Internat ional  Electrotechnical  Commission
(IEC), l, Rue De Varembre', Geneva, Switzerland
(surssE).

IEC 204-l-1981 (2nd Edition), Electrical Equiprnent of
Industrial Machines

IEC 204-2-1983 (2nd Edition), Appendices D and E of
Pub lication 204 - 1 - I 98 1

IEC 550-1977, Interface Betueen Numerical Control
and Industrial Machines

(ANSI distributes IEC publications in US)

B-1.2.7 National Electrical Manufacturers Association
(NEMA), 2l0l L Street NW, Washington, DC 20037.

NEMA ICS-2-1978, Standards for Industrial Control
Deuices, Controllers, and Assembiies

NEMA MG-l-1978, Motor and Generator Standards

Appendix C Examples
Covered

C-l Machine Tools

l .  Metal  Cutt ing
2. Metal  Forming

of Industr ial Machinery
bv NFPA 79

C-2 Plastics Machinery

l. Injection Molding Machines

2. Extrusion Machinery

3. Blow Molding Machines

4. Specialized Processing Machines
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5. Thermoset Molding Machines

6. Size Reduction Equipment

C-3 Wood Machinery

1. Woodworking Machinery
2. Laminating Machinery .
3. Sawmill Machines

C-4 Assembly Machines

C-5 Material Handling Machines

l. Industrial Robots
2. Transfer Machines

C-6 Inspection/Testing Machines

1 Coordinate Measuring Machines
2. In-process Gaging Machines

Appendix D Graphical Symbols

D-l Warning Sign on Enclosures
(4r7-IEC-5036)

D-2 Ground Conductor Terminal
(417-rEC-5019)

D-3 Start or On
(417.rEC-5007)

D-4 Stop or Off
(417-rEC-5008)

D-5 Alternatively Act as Start and
Stop or On and Off
(417-rEC-5010)

D-6 Movement When Pressed and
Stop Movement When Released
(]ogging) (41 7-IEC-501 l)
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Appendix E Sample Electrical Diagrams

ELEMENTARY (SCHEMATIC) DIAGRAM
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This sample diagram is based on an electromechanical relay logic system. The present state of the
art uti l izes programmable logic ladder diagrams or computer-generated logic ladder diagrams-
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PANELS AND CONTROL STATION LAYOI. 'T
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SAMPLE ELECTRICAL OIAGRAMS

SEQUENCE OF OPERATION

A. Machine Operar ioni  press "MOTORS START" pushbutton "ZPB".  Motors Start .

B.  Select  spindle speed by turning selector switch " lSS" to " lNC",  energiz ing "3 SOL",  to increase
or to "DEC", energiz ing "4 SOL".  to decrease sett ing

C. With correct  spindle direct ion selected. l imi t  switch "1LS" is actuated. Press "SPINDLE START"
pushbutton "4P8" energiz ing relay " lCR" which energizes "1 SOL".  Spindle starts and pressure

switch "1PS" is actuated. " lPS" energizes "1TR" and af ter  a t ime delay "2 SOL" is energized
permit t ing movement of  machine elements at  selected feed rates.

D. Pressing "SPINDLE STOP" pushbutton "3PB" stops spindle and feeds movements s imultaneously

E. Lubr icat ion Opetat ion:

F.  Pressure Switch "2PS" ls Closed.
1 .  Timer "2TR " c lutch is energized when motors start .
2.  Contact  "2TR-1" c loses and energizes t imer motor "MTR" start ing lube t iming per iod.

3.  Contact  "2TR-3" c loses and energizes t imer "3TR ".

G. Timer "2TR" Times Out.
1.  Contact  "2TF-1" opens, deenergiz ing t imer motor "MTR".
2.  Contact  "2TR-2" c loses, energiz ing "5 SOL".
3.  Contact  "2TF-3" opens, deenergiz ing t imer "3TR".
4.  Lubr icat ion pressure actuates pressure switch "2PS",  de-energiz ing and resett ing t imer

"2TR".  Contacts "2TR.1",2TR-2" and "2TR-3" open.
5.  Contact  "2YB-2" opening, deenergizes "5 SOL".

H. Reduced lubr icat ion pressure deactuates pressure switch "2PS" and sequence repeats.

SWITCH OPERATION

1 LS (4) Actuated by spindle direct ion lever engaged
1 PS (  1 1 )  Operated when spindle c lutch engaged
2PS ( 1 3) Operated by normal lube pressure

1 FS {  1 6) Operated by adequate lube supply

For panels and control  stat ion layout ru" ! ! ig!1
For hydraul ic diag.am see

For lubr icat ion diagram see

Last wjre number used ?1

Last relay number used -]-9!-
Suppl ier 's dwg. no. -
Suppl ier 's name -
Purchase order no. j ! .9] !-1j*

ser ia l  no.  of  machine TYP 121314

These diagrams used tor machine no. -
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Index

@ 1987 National Fire Protection Association, All Rights Resewed.
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National Fire Protection Association. Inc.

Definition
Lighting, overcurrenr prot""ti"" iot
Motor, overcurrent protection for . . .
Resistance heating, protective devices

Color coding
Pushbuttons and indicator l ishts .  .  .  .
Wir ing.

APp.A
.  -  -b- lu

.11-I ,Tablel l - l
.  .  .  .14. t

-A-

Accessible
As applied to equipment

*"o";ll;"'"" 'APP'A
Defini t ion .App. A

Accessor iesandl ight ing . . . . . . .Chap. 12
Adjustablespeeddr ives . . . . . . .seeDrives
Alphanumeric

Def in i t ion . . .App.A
Altitudes, equipment operating at . . . . . . . . . . . 3-4
Ampacity

Def in i t ion. . . . . App.A
.. tz- lAttachment plugs

Definition
Disconnect ing means, use as

App.A
.  .5- l  l

-B-

Bonding
Def in i t ion . . .App.A

Branch circuits

Def in i t ion .  .  .App.A
Groundingof .  . . . . . .7-3,17-7
OverloadDrotect ion . . . . . .6-9
Source of power supply for . . . . . . . . . 7- l

Control compartments . Chap. 9
Def in i t ion . . .App.A

' Control devices
Connect ionof . . . .7-4
Rotary,  locat ionandmount ingof . . . . . .  . . . .10-6

Controlenclosures. . . .  . . ' . . . . .Chap.9,10-4,10-5
Def in i t ion . . . . . . . . . . .App.A

Controlequipment. . . .  . . . . . . . .Chap.8
Horsepower rat ings for  .  .  .  .  .  .8-3,  Tables 8-3 (a) and 8.3(c)
Locat ionandmount ingof . . . . . .  . . . . . .Chap. I0
Machine-mounted.. . .  . . . . . . . . . . I0 '5
Operator . .Chap. l l

Controlpanels .  .  .10-2 thru I0-4
Lights. .  . . . . . . .12-3
Wir ing.  . . . . . . .14-2

Controlstat ions . . . . . .  . . . . . . . .Chao. l l
Components,  arrangement of  I  I -6, '1 I  -7
Enclosures . . . . . I1-5
Locat ionof . . . .11-8
Pendant . . . . . . .11-9

Controllers
Def in i t ion . . .App.e
Electric

Def in i t ion .App.A
Motor .  .8-3 thru 8-4

Controls
Emergencystop . . . . . . . . . l l -2
Two-hand . . . . .11-3

Cyclestart  . . . . . . .7-6

-D-

Devices
Def in i t ion . . .App.A

Diagrams
Block. .  . . . . . .2-2(c)
Circui t .  . . . . . . . .2- l
Electr ical .  . . .App.E

Disconnect ingmeans.. .  . . . . . . .Chap.5
Def in i t ion .  .  .App.A
Inter lockingof . . . . . . . . . .5-9
Mount ingof . . . .5-8
Operat inghandleof . . .  . . . . . . . . . .5-10
Rat ing.  . . . . . . . .5-3
Twesof .  . . . . . . .5-2

Dooii
Control  enclosure and compartment -  .  .  .  .9-6,  9-8
Machinery,  inter locking. . . . . . . . . .7- l l

Drawings, instal lat ion . . .2-2(b)
Drives

Adjustable-speed.. . . .  . . . . . . . . . .6-15
Def in i t ion .App.A

Spindle, feedinter lockedwith. . .  . . . . . . . . . .7-10
Dwilling unit

Def in i t ion .  .  .App.A

-E-

Electr icshock. . . . . . . . .Chao.4
Electrical components 

""a 
a.ti..t,

operadngcondi t ions.  .  . . . .  .  - .  . . .  .3-2
Electr icaldiagrams.. .  . .App.E
E lectromechanical

Def in i t ion .  .  .App.A

-c-

C"p.. .  . . .seeAttachmentplugs
Circuit breakers . . . . . . . . . . . . . see also Disconnecting means

Def in i t ion . .  .App.A
Circuit interrupters

Def in i t ion .  .  .App.A
Circuits . . . .see specific type such as Branch circuits

Conductors . . . . Chap. 13; see also Wiring
Ampaci ty . I3-5,  Table l3-5(a)
Controlc i rcui t ,overcurrentprotect ionof . . . . . .  . . . . . .6-9
Grounded

Def in i t ion . . . . . . . : .App.A
Grounding 17"2,  Table l7-2(c)

Def in i t ion .App.A
Equipment

Def in i t ion . . . . . . .App.A
Sizeof . .  . . . . .Table l?-2(c)

Grounding electrode
Def in i t ion .App. A

Interconnected
Definition

Machine wire type MTW
Sizing..  . .13-3,Tablel3-5(d)
Supply.  .5.5 thru 5-7

Overcurrentprotect ion.  . , . . . . . .6-2
Wireinsulat ion . . . .13.4.  Table l3-a(c)

.  .  .13-0Wiremarkings.. . .
Conduits and fittings

Bends, minimumradiusof . . . . . . .Table l5-3(g)
Def in i t ions .  .App.A
Flexible metal (nonliquidtight) . . . . . . . . . . . . l5-7
Intermediatemetal  . . .  . . .15-4,App.A
Liquidt ight f lexiblemetal  . . . . . . . .15-5
Liquidt ight f lexiblenonmetal l ic  . . . . . . . . . . .15-6
Rigidmetal  .  . . . . r5-3,  App. A

Connectorsandconnect ions,wire. .  . . . . . . . . .14-4
Controlc i rcui ts . . . . . . .Chao.7
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INDEX 79 -37

Electronic control
Definition

Electronic subasemblies

Feeder
Def in i t ion . App.A

..6-r6Field loss
Fi t t ings . . . . . . . .seeConduitsand f i t t ings
Flame retardent

Def in i t ion . . .App.A

-G-

Grounded
Def in i t ion . . .App.e

Grounded circui ts . . .Chap.17
Grounding .. . . .Chap. 17

Control  c i rcui ts,  of
Equipment . . . . . . . .Chap. l7
Light ingcircui ts,  of  . . .  . . . . . . . . . . I7-8
Terminal  . . , . . .17-5

Heating, resistance
Humidity, relative

-L-

Light ing . . . .Chap. 12
t i [ht in! t ranchcircui ts," ' "" io"af . . . " . . i " " . . .
Lighting circuits, grounding. . . . . . . 17-8
Lights

Controlpanel ,  instrument,  andmachinework . . . . . . . . . . . . . . .12-3
Indicat ing .  .  . l l -1,  Table l l - l

Live parts
Access to
Exposed

Locked-rotor current
Def in i t ion

-M-

Machine compartments
Machine tools

Def in i t ion

App.A
. .  .10-3

App.A
. . t r -J

APP.A

Equipment
Definition
Grounding

Exposed
Def in i t ion .

-F-

. . . . . , . .9.8

.  .  3-  /

. . . . .App.A

l6-a

.  .  .  .  .  .  t .3(a)
Machineworkl ights. .  . . . .12-3
Machinery . . . . . . r " . rp. . i i i . ' ,y 'p"*J".Plast icsmachinery
Maintenance, instruct ions for  . . . . . .  . . .2-2(e)

.  .2-3 thru2-7Markings.. . . . . .
Motor controllers

-H-

6-8
N{ounting arrangement
Overload protection . .

- ,Warning.: . . . . . ._.Massproduct ionindustr ia lequipment . . . . . .

Moisture resistant
Def in i t ion . . .App.A

Motorcompartments. .  . . . .16-4
Motorterminalboxes .  . . .15-11
Motors.  . . . . .Chap. 16

Branchcircui tsfor. . . , . .  . . . . . .6-5,Table6.5(a)
Contactorsandstarters, inter locks . . . . . . . . .?.12
Markingon . . . .16-5

. . . . . .16-2
6-6 thru 6-7

qA

. . . . .seeIndustr ia l
equipment

-r-
ldentif ication . see also Markings

Control  stat ioncomponents . . . . . . . I1-7
Equipment . . . . .2-7
Funct ion

-N-

Nameplates.  .  .  .2-3,2-6 thru 2-7

-o-

Plates
. . . .2.8
9-.1 9-7

.  l -3(c)
APP.C

Operating conditions
Overcurrent

Def in i t ion
Overcurrent devices .

Location
Overcurrent protection

Adjustable speed drive
Controlc i rcui ts. . .  .  . .

.  Chap. 3

.  .APp.A
. see also Overcurrent Drotection

6-13

6-9

.  -  b-b tnru b. , /
. . . . . . . . .6-8

6- l l  thru 6-12

Wiring, tagson. . . . . . . la-1(e)
Identifild (a"s applied ,. 

"q"ii-"",)Def in i t ion . . .App.A
In sight from

Defini t ion
Inching
Indicat ingl ighs. . . .
Industrial equipment,

-"* 
p.oa"iii""

Defini t ion .  .  . Light ingbranchcircui ts.  . . . . . . . . . .6 '10
IuichinE circuits . . . . . . . . . . . . . . . . . . e- i , Diagram 6- l
Motorbranchcircui ts. .  . . . . . . .6-5,Table6-5(a)

Common

. . .APp.A
seeJogging
. .  .  .  .  . l l - l

Industr ia l  machinery.  .  .  .
Inrush current (solenoid)

Def in i r ion App.A
Instal lat ion 3-7

Drawinesfor. . . . .
I  nstruct ions,  equipment.
Instrument l ights.  .
Inter ior  f  in ish.  control  enclosures
Inter locks

Disconnect ing means
. . .9.8

ApP.A

Doors to contr l  equipment
Intermittent duty

Motor over load. f rom .  .  .
Resistance heat ing branch circut ts
Transformers
Undervoltage

Overload
Definition
Motor .  .
Operat ing

Def in i t ion
Overspeed protection

Equipment
Motor.  .  -  .

Panels
Control  .
Definit ion

Personnel ,safeguardingof .  .  . . .  . .
Plastics machinery

Def in i t ion. . . . .

. . .6-14

APP.A
6-6, 6-7

App A

2-2(b)
.  .  .2-2
. .12.3
.  .  .9.9

) -v

Definition

Jogcircui ts .  .  .
Jogging

Def in ic ion.  .
Junction boxes

6-17
o- loInterrupting capacity

Def in i t ion .  .  App.A

-P-

App.A
. I5-10

see Control panels
.APP. A

. ChaP. 4

l  -5

-J-
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Plugcap.. . . . . .
Precision device

Pull boxes
Purpose of standard
Pushbuttons.. . . . .

Emergency stop . .

.  .  . .  .  .seeAttachment plug

.  .App..A

Protecaron
. .  .  .15-10
. .  .  .  .  . l - l

Motor-c i rcui t  . . . . . .seealsoDisconnect ingmeans
Definition . App. A

Pressure,  sequence control  bv .  .  .  .  .  .  .  .  .  .  .  .  .  .  7-9
Selector .  .  .  ,  .  i I - I .  Table l l - I

Symbols,graphical .  . . . .App.D

-T-

Temperature
Ambient operat i rg .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  3-3
s,orug. urh,.ur.fio.,u,ion, ;;;;;i;;. . . . . . . . . . . . . . . . . . . . . . . . 3-6

Terminalblocks. . . , .  . .14- l (O
Terminals,grounding . . . .17-6
Tight (as suffix)

Def in i t ion .  .  .App.A
Tools. .  . . . . . .seespeci f ic typesuchaslMachinetools
Transforners

Contro'l circuit
Def in i t ion App.A
Overcurrentprotect ion . . . . . .6-12, Table6-12

Power,  overcurrent protect ion.  .  .  .  .6- l  I
Transportat ionof equipment . . . . . . .3-6

-u-
Undervol tageprotect ion .  .  . .  .  .  .  . .  .6-14

Def in i t ion . . .App.A

. I  l '1,  Table

Chap. 4

l l - l
r1-2

8-2

-a-
Qualified p€rsons

Def in i t ion

-R-

Raceways
Definition

App.A

Chap. l5
APP.A
. .  .15-9

I  K-9

Receptacles
Def in i t ion . . .App.A
Disconnect ingmeans, use as . . . . .  . . . . . . . . .5- l l
External  tocontrolenclosure . . . . . .12' l
Internal  tocontrolenclosurc . .  -  - . .12'2

Relays
Def in i t ion . . .App.A
Inter locksfor.  . . . . . . .7-13

Resistanceheat ingbranchcircui ts . . . . . . . . .  .6 '8

Safeguards, for personnel. .
Scopeof standard.  . . . . .  . .
Set-upmode, inter locks . .  .
Shock, safeguarding against
Short-time rating

-s- Ventilated
Definition

Voltages
Control  c i rcui t .

APP.A

.  .  .  .  . l t -J

.Chap. 14

.. . . .14.2

Machine.. . . .
Percent f i l l  of.

cheP
. . . .1

Definition
Solenoids, interlocks for . . . . . . . . . .7-13

ApP.A
. .  t - tJ

Splashproof
Def in i t ion . . .APP.A

Static device
Def in i t ion . . .APP.A

Stopcircui ts . . . . . .7-5
Storageofequipment .  . . . . .3 '6

Def in i t ion .App.A
Supply .  . . . . . . .S-S

-w-
Wireways . . . . . . .15-8

Definiiion . .App. A
Wiring

Connectors and connec
Machine.
Methods and pract ices

Ann A

Supply circuits
Disconnect ingmeansfor . . . . . .Chap.5

Switches
Foot-ooerated - ' ' ' ' ' ' '  I I -4

Subpanels . .
Def in i t ion. Panel

Power
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