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ADDITIONAL NOTICES AND DISCLAIMERS

UP-cl:IinE of NFPA Documents

Users of NFPA codes, standards, recommended practices, and guides shoubd be aware that
these documents may be superseded ar any tme by the ssuance of new editions or may be
amended from tme o Bme 1|111:|ng|1. the msuanee of Tent@abve Intenm Ammendments. An odhis
cial NFPA document at any point in time consisis of the current edition of the document
Iugr'lllr'r with any Tentative Interim Amendments ancd any Errata then m effect. In order o
determine whether a given document is the corment edition and whether it has been amended
through the ssuance of Tentative lntenm Amendments or corrected through the saance of
Erruta, consult appropriste NFPA publications such as the National Fire Codes® Subseription
Service, visit the NFPA website an www.nipa.org, or contact the NFPA an the address listed
Blonw,

Interpretations of NFPA Documents

A statcment, wiitien or oral, that is not processed in accordance with Section 6 of the Reg-
ulations Governing Committee Projects shall not be considered the official position of NFFA
or any of its Committees and shall not be considered to be, nor be relied upon as. a Formal
Interpretaton.

Patents

The MFPA docs not ke any FH:lxil:il:lll with respect 1o the 'u'.lI'u.HI}' ol any paatent righs
wsserted in connection with any items which are mentioned in or are the subject of NFPA
codes, standards, recommended practiees, and guides, and the NFPA disclaims lability for
the infringement of any patent n's|||li|1g fromm the wse of or reliance on these documents.
Users of these documents are expressly advised that determination of the validity of any such
peuent righs, and the nsk of mfnngement of such nghts, i entirely thetr own responsibiling.

NFPA adheres to applicable policies of the American National Standards Institute with
II:'th.'I:'I Ly I.Wlll.'lllh. Fﬂf !-'I:II |!!I:'I i:I:II'UI I:I'Iilli“l'l conbcl |III.' HFP'\ H1d ltl.t' ill:l.tl.ll.'.\'\ I.i.‘\lI:'I:I IH.'IJJ\\'.

Law and Regulations

Users af these documents should consult applicable fecderal, state, and local laws and reg-
ulations. NFPA does not, by the publication of is codes, standards, recommended practioes,
el gu:in:lr.\. mnterd o urge actiore that s not m ﬂ'lclltrﬂiill'l{!' with :||:|:Iin|1:|l{~ Lvws, soned these
docurments may not be construed as daoing so.

Capyrights

This docwment is copyrighted by the NFPA, It is made svailable for a wide variety of both
puiblic amd private wses. These include both wse, by reference, in laws and regulations, and
[1L0 4 i.l1 Eil.'i'l.'al.l.l." M'I.t‘.“l'\i'gl.llilllﬂlt. H‘H:I:Iililrl:'ll&itlllliﬁ. H:I:Iil ||11" Fiﬂ:llll.lﬁiﬂll ﬂ!’ K.'II'L" I:II'.II.'l.i.i'i'K iIIII:I
methods. By making this document available for use and adoption by public authorities and
private users, the NFPA does not waive any righits in copyright to this document.

Use of NFPA documents for regulatory purposes should be accomplished through adop-
tion by reference, The term “adoption by reference” means the cting of title, edition, and
publishing information onlv, Any deletions, additions, and changes desired by the adopting
iILLlEMJI.I[:l' hlli:ll.l.li! hll.' IIU[L'I.I. .‘MI'FMI'.III:'EF i.II the ili.l.i]l:l[i.l:l.H :ill!ﬁ[!l.l.ﬁ:ll:'lt!. ill 1HIIIII.'I: Loy iIM.L\-‘I !’\'H"; .III
following the uses made of its decuments, adopting authorities are requested o notify the
NFPA (Auention: Secretary, Standards Council) in writing of such use. For technical assis-
tance and |:|1:||'s:|:i.11:|:|x :'rmrrrning :||:|.1:||:|I:i.-|1|| of NFPA documeents, contwet NFPA a1 the address

below.

For Further Information

All queestions or other communications relating to NFPA codes, standards, recommended
practices, and guides and all requests for information on NFPA procedures governing its
I:'tl(ll'h H:I:Ill hLiI.I“]'-“ I:L\ III'\'I.'IHI.NIII."II! IIII.H'I.'M., il11.'||.|.1|:i:|:|ﬁ III[EFEII1H|iE?IL “m l]:ll' I:III.H'I:'I:EI.I.I'I.".\ 'EJI
requesting Formal Interpretations, for proposing Tentative Interim Amendments, and for
proposing revisions o NFPA docwments during regular revision oveles, should be sent 1o
NEPA Ilr:u'lqu:l.rtrn. sldressed toy the attention of the H'rrﬂ:ir!.', Standards Counail, NFPA,
1 Banerymarch Park, PoO. Box 9101, Cuincy, MA 022650101,

For more information absout NFPA, visit the NFPA website at hh'w.:l:ll]m.urg.
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DEFINITIONS 799

5.3.35 BElectromechanical.  Any device inowhich electrical ens
ergy is used to magnetically cawse mechanical movement.
5.3.36 Electronic Etluil'm'bunL That ert ol clectrical o
ment contuning circutry waanly based on electronic devices
anul componenis.

3.3.37 Emergency Switching OFf. An emergency operation in-
tended to switch off the supply of the electrical energy to all or
part of an installation.

3.3.38 Enabling Device.  Manually operated control deviee
used in conjunction with a start control, when continuously
actuated, will allow a machine o function,

3.3.39 Enclosure. The case or howsing of apparats, or the
fenee or walls s |'|:l|||:|.11i|||g an installation o prevent person-
nel from accidentally contacting encrgized parts or to protect
the equipment from physical damage. [70:100]

3.3.40 Energized. Electncally connected wo, or is, a source of
valtage. [ T0:100]

3.3.41 I-'qui:mel. A F:I'III."!'.IJ ferm i:|:|r|1:|:l'tng nusterial, s
lings. elevices, Hl]ElﬁittH’!'BG. lum res (fixiures), Appanins,
arrel the like useed 25 2 part o, or m conneciion with, an elecs
triczal inseallation. [70:100]

3.3.42 Exposed (as applicd to live parts). Capable of heing
inadveniently touched or approached nearer than a safe dis-
tance by a person. Itis applicd w pars not suitably goarded,
weolated, or insulated. [70:100]

3.3.45" Failure (of equipment).  The termination of the ability
af an item to perform a required function.

1-!'.-4‘1’ Fa.u]l. Illll.l.' stale I:I{ an .Ell.'lll I:'I‘I'-ﬂill: |1.'I:i.f.l'i| h} 1
o perform a required functon, excluding the inablity, dur-

ing preventive maintenanee or other planned actions, or due
[ L] ]ill. k l:il- exler 11“' Iesoarces.

3.3.45 Feeder  All circuit conductors between the service
equipment, the source of a separately denved svsem, or other
power supply sowrce and the final branch-cirenin evercurrent
device, [Fl;100]

346 Flame Betarcbmnt, S0 constrmected or treated that o wall

not suppont fame.

3.3.47 Ground. A conducting connection, whether inten-
tisnal or accidental, beiween an clectrical drcuit or cquip-
weent and the earth, or 1o some condoctin 0 |:|-ur|.1_.' Ehuak srves in
|:|!:|v|'|:' af the earth, [T0:116)]

3.3.48 Grounded, Connecved to carth or tosome conducting
baody that serves in place of the earth. [70:1040]

5.3.49 Grounded Conductor. A system or cirenit conductor
that i intentionally groaded. [70:100]

3.3.50 Grounding Conductor. A conductor used 1o connect
equipment or the grounded circuit of a wiring system to a
grounding electrode or elecirodes. [70:100]

3.3.51 Grounding Conductor, Equipment. The conductor
used to connect the noncurrent-carmying meetal parts of equip-
meent, raceways, and other enclosures to the system grounded
conductor, the grounding electrade conductor, or both, at
the service equipment or at the source of a separately denved
svstem, [T 100]

3.3.52% Guard. Pan of a machine specifically used w provide

|:|n:|-11,'11ir|-11 !r_!.' means ol @ Erhw'u::l herner,

5.5.5% Humrd. A source of possible injury or damage o
health.

5.5.54 Harardows Conditon. A circumstance in which a per-
sonn s exposed 1o a hazard (sh that has the potential o result in
b immeditely or over a long |:u:'rim:| of timee.

5.5.55" Identified {mes ag_:np]icd (3] cqm'Fn'mI]. an:gn'tm.hlr' as
suntabde for the h||¢'|:'i|-ld' purpose, ECLIG, WS, nviranment,
application, and so forth, where described in a panticular code
or stngdard requirement. [70:100]

5.5.56 Industrial Machinery (Machine). A power-driven ma-
chime [or a group of machines working together in 2 coorci-
nated manner). not portable by hand while working, that is
[Te 4 W TH] PriHess mutterial In_.' |:'|.|11i|1g; 1'1:|r|r|'i||g'. ressure; elecins
cal, thermal, or |:s|l1i¢'.'|.'| I::'r'|111i|:|_|:|l'x' anuination; or o combings
tion of these processes. Machine can include associated cquip-
ment used fo fransder maienal or 11:u:r|:i|||‘:. i11|:'||||:|i|:|.g Frciures,
1o wsemble Sdisssemble, 1o i|1x!s|'1'l or test, or fo j]iu'kﬂ“l'.
[ The associated elecirical equipment, incliding the logic con-
troller(s) and associted software or logic together with the
machine aciuators and sensors, are constcbered as part of the

industrial machine.] [T0:670.2]

5.5.57 Industrial Manuf: System. A systematic arvay of
one of more industrial machines that is not portable by hand
andd il es zn!.'.'muwi:llt'n:l nuienal '|1:.'|||||:||i|:g. 1:||:|.|1'i|:||||:'|l:i|||g._
gauging, measuring, of inspeclion equipment. [T0:670.2]

3558 l:rlpuf. The termarels where current, 1.'u!|!:|g|:'. PoweT,
of driving force may be applicd o a cirouit oF device: the state
o ﬂ'cllwllﬂ-4d'sl:||:'mu'n:|rring K13 xin'riﬁr :i|||:||.|.l channel; or
the device or collective set of devices used for bringing data
into another desvice.

3.3.59 Inrush Current (Solemoid). The inrush current of & so-
lenoid is the steadystate current taken from the line at rated
n::|1:|gl' amncl Erc-qu:-nq.' with the |1|1:||R:'r blocked in the mted
AL QD position,

5.5.60 Inrush Locked Botor Current (Motor).  See 3367,
Lacked Rotar Currend.

3.3.61 In Sight From (Within Sight From, Within Skght). Where
this standard specfies that one equipment shall be "in sight
from.,” “within u'ghl froan,” or “withun sighi,' s =0 lorih, of an-
other equipment, the specified equigment is wbe visible and not
mare than 15 m (50 fit) distant from the other, [70:100]

5.5.62 Imterlock (For safeguanding). An arvangement that in-
Perconnecls gl:l:mrll.'h:l or device(s) with the control system or
all or part of the clectrical energy distributed o the machine.
5 .35.63™ Imgnupqing B.:ling. The Ii':g!u-n current et rated voli-
age that a deviee is intended 1o intermapt under stamdard test
conditions. [70:100]

5.5.64 Jogming (Inching). The quickly repeated closure of the

cirewd fo stert 2 motor from rest for the [rarpeose ol accome=
plishing small movements of the driven machine.

3.5.65 Live Parts. I'Zl:u-:r|.:'i..'1-|:l1'rm|:l1:|r1i\'¢-1'4'u|r|1|:|u:|."|1ls:. [?'IJ:H}IZIJ
3.5.66 Location.

%.5.66.1 Dr_'p Loceltonr. A location nod normally \1:|I:j:'|:'l [1%]
dampness or wetness, A location clasafied as dry may be
temporarily subject to dampress or wetness, as in the case
ol @ I'm'tldiug vncler construcison, ['IEI:II'.HH
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CONTROL CIRCUITS AND CONTROL FUNCTIHONS

T9-25

§.254% Em:rgcnl:}- {'}Pcnlinm [le'gmc}rﬁlrrp, E‘m:lg\cnl:}-
Switching Off). Emergency opemlion requirements ane as
Toalloaws:

(1} Thissection specifies the requirements for the emerngency

stop and the emergency switching off functions of the

emergency operations histed i Annex E, both of which

are, il'l !IIL\ H'I:'Eillll., ||Ii.|.i.i|11'1! Il:l H Hil'lxl!' h.l.llllil.l'l ill.'l:"::lll.
(2) Onee active operation of an coscrgency stop {sar Seetn 1007}
or emengency switching ofl {we Setion [LS) actuator Bas
li'iml EIIIE“\'iIIH . 1'Llc|l|.|luul|:|. 1||':' l"ﬂ: 1:[ 1|'|.|.\- l":nlll:liullt
shiall ber sustained wnnl i s reset. This reset shall be possable
I.lcl!ll.'!."-ll that location where the command has been initiared.
The reset of the command shall not restant the machinery
bait only permit restaning.
It shall not be possible to restan the machinery wnil all
cmergency stop commands have been reser It shall not
be possible o recnengize the machinery untl all emer-
gency switching off commands have been reser.

|8

9.254.1 Fm:lg\cﬂl:}- filnpn. F.I1Il'lHl."I:I.l.'_\-‘ stop funciions pree
vicled 1 awccordamee with 9.2.5.3 shall be designed to be mitis
ated by asangle human action.

§254.1.1 In addiwon o the rr'|:|_1:|'|rr'|:|1:'||lx (T SLOHE, the
emergency stop shall hve the following requirements:

(1) 1shall everride all other functions and operations inoall
Il'“:l:l.l'ﬁ.

| 12) Power to the machine actuators, whech causes a hasrd-
ous condimonis), shall be removed as quickly as possible
witheut creating other harards {e.g., by the provision of
mechanical means of stopping requinong oo extemmal
power, by reverse current braking for a Category 1 stop).

I (3) The reser of the command shall not restan the machinery

bt only permil restarting.

9.2.54.1.2 Where n;!quin:vrl. ]Jr:n‘ixirmx to connect addittonal
CMETEENCY stop devices shall bhe pn'.-.'il:l,l_ﬂ'l m accorcance with
Section 10,7,

9.2.5.4.1.3 The CIETEENCY SLOp shall function as either a Cats
egory 0o @t [hl.lr'gn:n'_v ] stop (s 8922 The choice of the
cittegrory of the emengency stop shall be determined by the nsk
wssessmnent of the machine.

9.2 54.1.4* Where a {'_'itr'gnrg.' Iihu'{'_'l!:'g:srg.' 1 stop 1% vl for
the CMETEency stop function, 1 shall have 2 r.in:'u:il:?.' :h-x'q.;ll.
(ineluding sensors, logic, and actuators) according to the rel-
evant risk ax regquired by Sectton 4.0 and 94,1, Final remaoval
of power to the machine actuators shall be ensured and shall
be by means of clectromechanical components. Where relays
are wsed 1o accomplish a Category 0 emengency stop funeton,
they shall be nonretentive relays.

Exeeplion:  Ihives, or solid date ovtpud devices, designed for sajfely-
relipfedd frmetions shall be allowed to be the fined suitching slement,
wher desigmed according to relrant safety standards,

9.2.5.4.2 Emergency Switching OFf. Where the emergency
switching off flunction is used. it shall be initiated by a single
human action,

9.2.54.2.1 Emergency switching off shall be permitted as

follows:

| (1) Where protection against direct contact {e.g., with collec
toor wares, collecior bars, xli])-ring asseanhlies, contral gear
in electrcal n];w'r.l.ling areas) s achieved |:|-|1I:|.' 11:\.' |;|liu"t|1g
out of resech or I1[|.' ohastacles

() Where other hasrds or |:|.:|.|:||:|.g¢- caused by r'|1'1'|:r'r,|'|I:r wre
prssstble

9.2.54.2.2 Emergency switching off shall be sccomplished by
cdisconmecting the incommng supply creut of the machine ef-
fecting a Category O stop, Where the machine cannot tolesue
the Category O stop, it shall be necessary to provide other pros
rection (e, against direct contact), so that emergency switch-
ing off is not necessary.

9.2.5.5 Hold-to-Run Conirols,

9.2.5.5.1 Hold-to-run controls (e.g.. jogg, imnch lunctions) shall
||.1:||.|.i|1.' continios achaalion of the control deae cis] o achieve
OpPCTALGN.

92552 _Frrg or inch lunctions shall opentte n:l:ll!_\.' mn thae
izl modke, Manus)] reverse shoell b consadered :|_'|u1-g fuenes
grcen. The prevention of run or autoomueine CpeeTIEC :inring_'in:rg
or inch shall be accomplished by an operator interfivce and a
sepanite jog or inch selection meet hooed,

9256 Two-Hand Control. All two=hand conirods shall have
the following features:

(17 The provision of two control desices shall require the con-
current actuation by both hands.

(2) Tushall be necessary to actuate the comrol devices within a
certain time limit of cach other, not exceeding 0.5 secomds,

(3) Where this time limit is excecded, both contral devices
shall be released before operation is initiated,

(4) The control devices shall require continuous actuation
I.I.IJI .IIIR ||I1.' IIILA'.EI.I 1!|:FI.I.‘| t'tbllil‘ll‘ll.lﬂ:lh.

(5} Machine operation shall cease upon the release of cither
contno] device when hazrdous conditions are still present.

(B Machine |.r|}c|'.|.[i:1.m shall :l.'l:lll:il'r.' the release of both con-
trol dhevices, before the machine operation is reinitated.
(Rer Anmex B. )

9.2.5.7 Enabling Comol.

92571 An 1'|1:||r'|i||g conirol funciion i11:'m'|:u:rrJl:i||g the use
of an enabling device shall, when actnated, allow machine
|:r|11':|'.||:i,| v o be nisded 113':| seprrale start control and, when
eleacirated, st the machine and prevent matnion of mae
chine opeaion. An enabling deviee provided as a part of the
enabling control function shall be deagned to allow motion
when actuated in one position onby. In any other position,
maotion shall be inhibied.

9.2.5.7.2 Emnabling controls shall have the following features:

(1} Connect toa Category 0 or a Category 1 stop (s 9.2.2)
(2} Diesign follows ergonomic III:iJ:H'ilJ‘]I:'h
(3} For two-posation types, the positions are as follows:
() Position b s the ofl function of the switch (actuaor s
e ciperated).
(b)) Position 2 is the enabling function (actuator s

1r]:u:'|'.|.l.-|.1|].
(4) For three-position tvpes, the positions are s follows:
{a) Position | s the off function of the switch (actuator is
i rl]:li'l'.itl;‘rl.:l.
{b) Position 2 is the 1'|1:J|I:I:i:|g Furecitacane (actumsior s T
st inies mid posation ),
{c) Position 3 is the off function of the switch (actuator is
aperated past its mid position).
(3) A three-position enabling control shall require manual

n]x'r.l.linn o reach Positien 3, When ﬂ_"lllT.HiII“ from Posis
tron 3 o Posation 2, the funcizon shall mot be enabded,
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OPERATOR INTERFACE ANV CONTROL BEVICES

79—

Table 10.%.2 Machine Inclicator thhl.!:z.m:l loons

Purposes
Safety of
Persons or Condition of State of
Caolor Enviromment Process Equipment
RED Danger Emergency Faulty
YELLOAW \'L'ilrning.-" Abaorl Abmnormal
(AMBER) | Chiotion

GREEN Safe Normal Mol
BLUE Mandarory action
CLEAR Mo specific meaning assigned
WHITE
GRAY
BLACK

(3) Indicate a discrepancy between the command and actual
slziles
{4) Indecate 2 rhm:ﬁ:' m process I:I'I'.lxhing tlIITiIIH transiiond

104 Tuminated Pushbuttons, [Huminated pushbumon acmea-
tors shall be color<oded in accordance with Table 10.3.2, The
eolor RED for the emergency stop actuator shall not depend
o the illumination source,

105 Rotary Control Devices. Devices having a0 rotaonal
mermbser, such ax potentiometers sind selector swatehes, shall
In" ll'“:ll.l.ll“."i i]l “l.“.'ll A 'ﬁ'ﬂ'l-“." [ {4 IF"'T‘.’““ rodation ol |h1' Alaticna-
ary membeer, Friction alone shall not be relied upon w prevent
rolilion,

10.6 Start Devices, Actuators used to initiate a start function
ar the movement of machine elements (e.g.. slides, spindles,
carriers) shall be constructed and mounted o minimize inad-
vertent operation. Mushroometvpe actuators for two-hand
contral initiation shall conform to 9.2,5.6.

10,7 Devices for Stop and Emergency Stop.
10.7.1 Location and Operation.

10.7.1.1  Stop and cmergency stop pushbutions shall be con-
timuosly operable and readily acccssible.

10.7.1.2 Stop or emergency stop pushbuttons shall be locared
at cach operator control station and at other locations where
emergeney stop s regquired.

10.7.2 Types.

10.7.2.1 The types of devices for emergency stop shall in-
clude, but are pot limited to, the following:

(1) Pushbuttosroperated swatches i accordance with 10,722
aned 10,73

{2 Pulleos :i-::l[u'lulrl:l switches

(3) Fooroperated switches withouwt a mechanical guard

{4) lehIi—h.u-upu.'r‘Mt'l! swilehies

(3) Rodoperated switches

I MLT.2.2% Pushin RNty devices bor CIMETECNCY Stog shuall o aal
| the Ih.:llI'-I:|l;.|:I||i11F{ hpe saned shall b direct 11-|s|,l:|i.|1g 11!u'nl1iru|.

10.7.2.% l':llu-rgl':l:lq' Loy pawatches shadl not be fat switches or
|.|;r.|ph:i|:' representations Bised on soltware ilpp]imlil:ms.

10.7.5 Emergency Stop Actuators. Actuators of cmergency
stop devices shall be colored REL. The background immeds-
ately around pushbuttons and disconnect switch actwators
wsre s emergency stop devices shall be colored YELLOW. The
actuator of a pushbutton-o perated device shall be of the palm
or mushroon-head type and shall effect an cmergency stop
when depressed. The RED/YELLOW eolor combination shall

.H.' resen '“.'il l'M'II.L'A.!'\:'I"F !’1 H CINCrgency hlill:l HI]FF‘I.II:'-“:i“I:L\.

Excepeon:  The REINYELLOW color combingtion shell be permilted
_||'i':-r' emeTEeney stofe eolialors iR accordanoe wih IO, 4,

10.7.4 Lescal Operation of the Supply Disconnecting Means to
Effect Emergency Siop.
10.74.1 The supply disconnecting means shall be permied

o b locally operated to serve the Tunction of cmergency stop
s foslloavs:

(1) Where it 15 readily accessable to the operior
(2) Where it s of the type described i 5.3.201), 5.3.2(2), or
h3.2(3)

10.7.4.2 Where used s an emergency stop, the supply discon-
necting means shall meet the color requirements of 17,3,

10,743 Disconnecting (isolating) electrical devices as de-
scribed in 5.5.4, where accessible to the operator, shall also be
permitted to serve the function of emergency stop,

10.8 Devices for Emergency Switching OfF.

In.a.l Lmlin"n. F.llll.'l“l"l“'!«' m'.i:l]li.l'l“ ':h“. dl.'\'il:l'h als 1!:5‘:1 :Ihl'l:l
i 902542 shall be bocated as necessay for the gven apglication.

10.8.2 Types.

10.8.2.1* The types of devices that initiate an emergency
switching off operation shall be permitied to include, bat are
not limited 1o, the Following:

(1) Pushbation-cperated switches
4] pl.lll—ful‘tl—u|h't"'.|.h1'] swilclies

10.8.2.2 "The mel:l.hllun::n-rl]wr.ttwl switch shaill he |wn:||ittrrl
in a breaksgles enclosure,

10 H.2.5 1".1m,-r1.;\1~|1|1.' m‘.il:'iting efl dbevices shall mest b Elat
switches or graphic representations hasisd on software applice
EIEHITS,

10.8.3 Restoration of Normal Function After Emergency
Switching OFF. It shall ot be possibile 1o restore an emengency
switching off circuit until the emergency switching off circuit
has been manually reset.

10.8.4 Actuators,

10.8.4.1 Actistors of emergenoy switching off devices shall be
colored RED. The background immediately around the de-
vice actuator shall be perminted o be colored YELLOW.

10.8.4.2* Where the emergency switching off initiating deviee
is separate from the emergency stop device, the emergency
switching off initiating device shall be lunctionally identified.

10.8.5 Local Operation of the Supply Disconnecting Means to
Effect Emergency Switching OFF. Where the supply discon-
necting means is to be locally operated for emergency switch-
ing off, it shall be readily accessible and shall meet the color
recuirements of 10.8.4.1.
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