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~_INTRODUCTION -

Electricity is our mogt versatile and widely used form of energy. Elec-

\tricity 1ights our bui]din and streets, heaty and cools our'homes and'work-nf*;’
places, provides a med1um for commun1cat1ons and computers, and- drives elec- '
tric motors for machinery. iOur society has advanced, 1ndustry has prospered
and the physical demands on workers have been reduced because we ‘have put

) 'e1ectr1c1ty to work for us. ° X . "

’// However, when electricity is m1sused due ‘to 1gnorance and d1sregard or
if an_electrical tool or c1rcu1t ma1funct1ons, eTectrﬂc1ty can become a dead-
ly hazard, When electricity comes into dfﬁgct,contact,w1th the human body,
an injury or death may‘resilt. Ele€iricity is only safe if it is used and
controlled prop¢r1y, it is not some;h1ng to fear, but 4t should be respected
And, respect for electricity can only come from adequate knpw]edge and a

. healthy attitude about e1ectr1ca1 safety. . -

. 'This module describes e1éqtr1c1ty and how it can affect the human body -
It identifies potential electrical hazards, safety dev1ces, :nd procedures

R to follow that w111 reduce the. possibility of an e1ectr1ca1 aecident.
' ’ A ‘_ . ' . - . s . ' = ' .
. | : o ) OBJEC.TLVES_

r . : (s o ‘ o

'
) Upon completion of this modu1e, the student shou]d be able to
1. Explain what electricity. is. (Page 3).

2. Define voltage, current, resistance, andy power (Page 3) !
3. Differentiate between conductors and 1nsu1ators, and descr1be their func-

, tions. * (Page 6) B -8 ;.
v ’ 4. Name the major components of an e]ectr1c c1rcu1t' and major types (bage‘
, 8). g R C ! o
‘Name five common electrital hazards. (Page 10) :'. L ‘ , -

* 6. ‘Describe the body S react1ons to e]ectr1ca1 shock, and list the\proper
first a1d procedures that shoald be app11ed 1n order of Qhe1r 1mportance
(Page 12) . ‘ v , : ) PR
7. State six OSHA requ1rements for’ e1ectr1ta1 safety (Page 17)

"
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8. List and discuss at least five safety features available for electrical . '
7 : A , . .
, equipment. (Page 20) - T )
‘9. List the prescribed OSHA ryles to follow ghen using lockout procedur:es L
as a method of protection. (Page 28)- s "
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R . . SUBJECT MATTER

OBQECT}VJE 1 tJ‘Exm‘ain what electrigity is.
J
In order to protect y0unseLf from e]ec‘r1ca1 hazards, you must first un- ,
derstana how e1ectr1c1ty works: E1ectr1c1ty is a form of energy; it is tiny,
charged partxc]es, called e1ectrons, that move in thé same direction through
The electron, — one of the basic, building, blocks of an. atom —
E1ectrohs can move in-solids, liquids,

a 'material.
‘carries a negative e1ectr1Ca1 charge.
or gases; *and’ when a large number of them move together in the same direction

at the same time, they create an electrical current

i—— ACTIVITY 1: — ‘
Circie the letter of the selection that best answert or . _l :
‘ completes the numbered Statement or question. L ¢
1.  Electricity is: (a) a form of work, (b) a form of ‘
) : energy,‘(c) a movemeft of atoms, (d) none of the - ! oo
above.r . ‘

(a) are smaljer than the atom, (5) car-
charge, (c) are movable, (d).

2., . Electrons:
ry a ndgative electri
- =2l of the above. : Z,

§ 'Q a

t

L]

K

’ . power.

&

¢

ad

7 M L) .
OBJECTIVE 2: pefine vo1tqgezrcurrent, resistance, and

-

v

E1ect;1ca1 current is e1ectrons f10w1ng 1n a material past a part1cu1ar
p01nt 1n a g1van t1me current 15 measured in AMPERES (represented by the Sym-:
bol I) t flows through a material in a manner similar to’
water flowing through a pipe.. "The presSure that causes an e1ect{1c current
to flow is ca]]ed VOLTAGE (representeg ¢Svthe symbo] V) Some vo1tage sources
are batter1és generatgrs, and wa11 p1ugs .

. When Curfent flows through a mater?q]
#31led RESISTANCE . (represgnteé by thé symbol1°R). .
varies accord1ng to ghe type oiﬁpater1a1, 1ts size, and its shape.
’ : AH-03/Page 3
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« The three fundamental quantities of e]ectr1c_1ty — current, vof\ tdge, and ‘
Tesistance — are sho,wn symbohcaﬂy in the c1rcu1t in Figure 1. .

‘ .
I,

. " R
. . E : . )
\ b T .
. y -

Figure 1. £1ectr1ca1 c1rcu1t for Ohp's Jaw. ,:

[N

The re1at1onsh1p between these quant19\es is a simple equatwn called

Qhm's law, which states that current (1) is direttly proportional to the ap- ,

p‘iied ,vo1tage (B) and is invérseiy proportiona]lto the resistance (R).” This.

means that, shou1d ~the‘.v01tage atross any material ipcrease, then the current

flowing th?'0ugh the materjal also would increase as long as the resistdnce of

the mat?'!"a"] remalned the same. And, if the voltage across two different re-
-sistances “were the same, current wou]d be the greatest through the smallest -~
resistance. . Ohm' s law can be represented in a mathemat1ca1 equat1on by use '

of the symbols I, E, and R (CUrrent voltage, and resistance, respectively) o .
n three different arrangements. ‘The resulting three equations of--Ohmi's law [

are as follows: ' . . s : °
’ . ot B xR Eén.a:tion [ .
. [=E/R ' Equation 2 =
y ' "R = E/T o Equatign 3 -
\
- 3hm s law equations allow ls to determine the, amount of any one of the B
\ quant1t1es if we know the value of the other. "two. l’ he folfowing are examp]e 2. ’
useSaof Ohm's 1aw RN ' N .
- 1. Given: Th& toaster in the kitchen is attached to a voltage.source ey
' ) ,that provides *120 vo¥ts-and 8 amperes of current. Using L ' l
©> R=E/1,° ' S :
;  Find: The. resistance of the toaster. _ T e T
Solution: R = E/I . o - . / .-
R = (126 volts)8 amperes) , I
R =" 15(ohms. ‘ o e
o ! N A S -’
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. » - ‘ '
. 2. Given: - The incandescent 11'gf1t bulb in a -1amp has a resistance of 192
' ‘ i ohms ‘an®¥has 120.v\o1ts‘appT1‘ed to it. Using f = E/R.
) "Find: " The .current8flowing through the light bulb. .
Solution: I = ER . o ,
- I = (120 volts)/(192 ohms) )
,') [ = 0.625 amperes.
: . ¢ - )
/ -3.  Given: A c1o§:k has-a resistance of 7200 ohms, and a .curren‘i of *
. 0.016667 amperes-is flowing through it. Using E=1xR,
Find: The voltage that is present across the clock.
_ " Solution: E =1IxR : oo !
. . E = (0.016667 amperes)x(7200 ohms) '
. E = 120 volts. P T .
. < * . ,
+» . Two important facts about e1ectr{c1‘ty are demonstrated by Ohm's law; Ehey
©oarey . - : ‘ . :

> 1. ’W}'re‘nt will always flow through the pathw%y of the least resistance.
, 2. ".If there is enough voltage, therg will be some current,flow regardless

‘ ' of the amount of resistance present in a substance.

These facts bear heavily on‘a person's safety when we consider the effects of
electricity. ' ‘ . ] -~ .,
. To fully hppreciate the effects of electricity in equipment and o the
’ . human body, we must examine one 'additional quantity — electrical power. You
. . have noticed that 1ight bulbs are available in different "wattages,"-and you

R Rnow that a 100-watt 1ight bulb provides more 1ight than a 80- or 75-watt
_ light bulb. h; watt is thejum‘t of measure for power, which is represented
by the’ 1ettw/£. In simple resistance _circdits\ such as for light bulbs,
toasters, and heaters, poweft is the product of current and voltage and is cal-

*

culated from-the equgtign,

P

I xE -, -Enrationtl

»

-

Thus, you can sée that the 1ight bulb in the s@ond example use oP Ohm's law
.above must have a power rating of 75 watts as shown in the following example.

~ -

~
N A}
. . {:
. .

T N i ' S¥4-03./Page 5
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G1ven . E =120 volts, I = 0.625 amperes’ and Equgtion 4.
) F1nd - . . . :
v Solution: P =1xE ' . RN | =
L ’ P = (0 625 amperes) X (120'voj\f) . '
L ) P = 75 watts. - ) |
~ The effect;,of e1ectric?ty are &efermined not oﬁ]y by the %current flow-
| : ing rough a substance, but by the voltage applied across it, and the amount
| * of p‘r used by it. The effects ‘of e1ectr1c1ty tha‘; are most important to
this module«are those that result in hazards to human 1ife and property.
R l. ’ )
' —— AC;'IViTY 2 ———
; I: 1. Match the term in Column A to the correct defini-
' ‘tion found in umn B by fi11ing the' blanks with -
the appropri letters .
;L ” " Column A S ., | Colum
| ____ Voltage a. 11 = E/R -
: . ___ Power b. R=1I/E . oy [
| ' ‘ ___ Current c. The-force that causes elec- '
| ___ Resistance _ tron flow
} 1 _omm's Taw d. Itgng1rect1ona1 flow of elec-
y ‘ e. IxE .
| - f.  The opposition of electron
| “Tmovement in a material
. - 2. /State Ohm's law. ' ]
?’ . -
=
LA ~ , : | A

¥ -

oo . : . N T
* OBJECTIVE 3: Differentigte between conductors and in-~

sulators, and descripe their functions.

N . .
_ Some materials provide very little resistance to the f1owﬂof’e1ectrica1

[ ~
current; these materials are called conductors. Examples of conductors are

Page 6/SH-03‘




‘ meta} wire and tubes,.Salty or dirty water,"and"io\niked gases.(such=as in
f]uorgscent 1Tgbts).-f .
iOthér materials have a very high resistance to the flow of electrital . \
. Current; these materials are called insulators? . Examples of good insulatdrs
are dry rubber, paper, leather, glass, and plastics. When insulators are wet .
(with water) they sometimes become good conductoré. Air is usually a good '
insulator. When a wire <n an e1ectri£a1 circuit is cut or brokeﬁkand there v
is an air gap (one-half inch or more) between the ends of the wﬁref‘current
will not flow in the circuit. However, if the wires are brought very close
together, the e1ectr1c.cqrrent will "arc* across the remaiming gap anpd\cur-
rent will flow through the air. ‘ A
An electric switch is usually a mechanical device inserted iMto a Cir-

, cuit that has a closed (or ON) ‘position and an open (or OFF) position. When
the switch is c10$ed: current flows through it; when the switch is open, an’
air gap separates two, ends of a metal conductor and current will net flow iﬁ
the circuit. Figure 2 shows a simple electrical circuit with™a switch.

. " OPEN SWITCH

CLOSED SWITCH

_—E "\ ‘~' .§
R - | W R ’
¢ . .

m

. " -Figure 2. Circuit with switch.

A common example of where both in5u1afors‘aﬁd conductors are used can‘be \
found ih the ordinary e1e£tr1c cord. The copper wires in the cord are con-
ductors through whiqﬁ electrons move. An insulating material, such a§)rubber,
is wrapped a(dhnd each wire to prevent electricity from flowing anywhere ex-
ceptjlong the conductors. - . - | -
\ - :

»

E—— ACTIV‘TY 3 _— ’

; Briefly define the following terms:
’ 1. Conductor ~ .
. : 2. Insulator
. )‘ - g -
® . T | |
: ‘ , i _SH-03/Page 7
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os.leci'lve 4: Name the major -components Jof an electricatl i ’ i

c1rcu1t and the major types. . ’ . !
. . ; N %.

-— .

Because electrjcity is so versatile there is not a single system or~c1r-
cuit that is representatiye of all e1ectr1ca1 applications. ‘Howevel/, a11 the
c1rcu1ts_that exist can be classed into three Categories., Eurthermore; all

& circuits have three major components. These three components are:, °
* .« A source of electrical enérgy. R .
s » ° s
+ A path formed by a conducCtor or conductors. ., L,

» A Joad (usually represented by a reSiStance) that,converts.the elec-

N trical energy into work.

when these three components'aqi»present an'électrica1 circuit exists. For :
the c1rcm1t to work, the enérgy Source must provide a voltage to cause current
to flow.* As noted by Ohni's law,; the greatest current will always flow through
the conductor that presents the least res1stance These conditions. dre va1ui. &

. for both alternating currenf_(a.c.) and direct current ﬁd.c.) electrical cir-
‘cuits.* . ’\ , . ' o ' ‘ ,'. y

A clos=ad circuit is formed when there, is a complete, unbroken path for N .
the flow of current from the source to the 1oad and back to the source.’ In
a d.c. circuit this flow is always in one d1rectaon, in an a.c. circuit the
directton changes back and forth. Because each closed circuit is the same y
(functionally) regardless of the type.of e1ectric1t¥, alT closed circuits can
k\he representad by Figure 3. | S
' ' The epposite of a closed -

- >
—— CONDUCTORS . ., . L .
= " circuit is an open-circuit.

L_j] ’ Current cannot flow in an
l LOAD

» open cigcuit because there

? ' ) is no complete pathway for 4
enérgy to transfer from the

Figure 3ir’A closed circuit. ', source Yo the load and back
- AN

i

*"A.c. and d.c." refer te the two major types of electric current. D.c. is
direct current — electron movement is in one direction. A.c. is alternating
current — electron movement changes at regular intervals from ond& directien to
tie opposite direction: A battery is a source of d.c., and the wall outlet 1n
your nome is a solrce of a.c. . .- '
Page 8/SH-03 - b 11
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“ .- to the source An obeq—ﬂr%c,u/vt/capoccur atc1denta11y or by des1gn When a

. , Switch 1s p1aced in one'of fﬁe‘conduct1ve paths between the source and the
16ad, 1t is pdss1b1e to control whether the carou1t is open or’ c1osed When
) you turn on a radio, 1amp, dr11],&br\any eJectr1ca1 device, the swjtch closes
an electrical circuit. When a 1amp tord becomes frayed and- one conductor is .
broRen, or when the -filament of a 11ght bu]b in the 1amp breaks, the circuit
has been opened accidentally. Noe” A _ " -
K , A third type of c1rcu1‘.1s a short c1rcu1t The short circuit, occurs
'~ when a path is 1ntroduced 1nto a circuit: that drast1ca11y (or significantﬁyi
| o < .- o . lowers the #gta] resistance N
. : o ] . pf thecircuit and, diverts
CONDUCTORS . Jmost of the currant away from
’ ' ' ' the intended- 1oa"The block
' , fsworT / d1agram in Figure 4 shows a
. ] simple short circuit, 'The -
~ . ~short circuit in Fidure 4,
T o ; . although ¥imple, reoresents
‘ . L - 7. the most serious type Because
‘ ’ < o Dot ’ : the short reduces the appar-
/ Figure.4. A short circuit. ent res1stance of tHe C1rCu1t

.

r

¢ to nearly zero ohms, resu1t1ng in a very 1arge current Short.c1rcu1ts often
occur ,accidentally and by “different means,,such as\ .

" t

v - 1. The 1nsu1at1on separat1ng the two conductors in a lamp cord breaks down” .

. and a11ows the two conductors to come in cdntact. . .
\\,2. A gl $S of water is t1pped over on top of a TV set; some of the water
d
T gets 1nside the power supp]y and shorts“he two conductors of the h1gh-
»
v 3. A crane\operator at a construction: s1te'acc1deyta11y swings the~boom of .
the crane so ‘that it.comes 1ntoﬁcontact with the high- vo1tage line*of & <

LY

L]
« Lhe pub11c service company.’ . g

af

* In each of these s1tuat1ons, a 1ow res1stance. path i's iserted into the

circuit. The lower res1stance prov1des a new path for current o return to

R the source, and more current is drawn from ‘the. source/than its norma] opera-
- . tion. -, o . ’ !
L] : M = :, - r . v R
: . . - ° -

v ' ] . . . , i ' -~ "
. o v — . 'SH-03/Page 9
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U ’ It can-not be overemphasued how easily and how qu1ck1y 3n open c1rcu1t - 4t ‘
can be changed'to p c]osed circuit or to a short Circuit by the breakdown of '

some 4nsula§¥on or the 1ntroduct1on of a new conductive . path. The condutt1ve'

- path does not have to be metal; it can Be moisture, vegftab]ejnatter or a

human body The_ earth “on wh1ch we stand fan represent a fonductive path to
d"raw current from A, c1rcu1t Thus, 1f a conductwe pathway is provided. from
a source ofwo1tage to the earth there will be current f1dw as’ if there were €
§““ S a simple c]osed circuit. Connect1ng 2 conductér from a load or-seurce to the \

v’ ) . ” r » -
’1 To be ahle to understand- -thg hazards that ‘exist with electricity and =

e1evctr1ca1 circutts, it is véry important to remember two basic facts.

- earth is, caHed "gr0und1ng .2 -

-

e |

1. When a cirouit'is "closed" and current f1ow's, electrical energy is ‘trans- .

- mitted from the voltage source to the load (resistance). _
< AT substances are potential conductors of électricity. CL »

N
n

"' ., ‘ “ e . ‘ ' - ‘ . - ’ p .
. oo '— ACTIVITY 4; osssssssssssssses " .
. B (Briefly define the following terms.) . .

ot }" AR A ,»C19.se~'d'c1"rcuit . L N o

2. Open circuit , A i . N

” BN - ) - - -

o ' 3.t Short circuit \

-

>
) { . e u

OBJECTIVE 5:  Name five common electrical hazards. -

‘\ ) : ¢ K3
. \ ! <! .
Electricity poses-‘a w'rde number of hazards to both people and equ1pment. .
'E]ectrm shock is a major hazard — under certain conditions, e]’ctr1c1ty ‘can-

cause severe burns ‘and. even death The intensity and effects of shock depend
on t‘he path of ¢he current, the amount of the <:urrent, and the length of time *°

in Contact with the current - / ’ ' Lot
. Industrial fires are another magor electrical hazard. According to the \
' ' Nat1ona1 F{re Protection Agency and Factory Mutua1 s elbctrical ignition is

the most commor rqg:se of 1ndustr1a1 fires. Ign1t1on of flammable materials  °

>

i

|

|

l

* N P . \/ : -~
Page 10/SH-03.
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‘ - may Kr due to defectwe or faulty w r1ng, insulation failure, motor trou—
.bles; or 1mpcpper circuit breakers and\switches. ~Insulation failure mdy re-

-su]; from misuse, overloading, dg\ng, or attack by a foreign subst&nce. /
Another sourle of electrical hazard is the accidental starting of equip- w
N ment Besides encountering "electrical shock from circuits that shoy]d have
i ~ beén 1eft d1sconne;ted persons ‘have been injured by acc1d’hta1 start1ng of
// mechanical equipment T1ke presses and Cdnveyor belts when power was 1nadVe§;
- tent]y‘regkored Proper contro}9 on hazardous equ1pment and tagging- switches

. to c¢ircuits that are to be d1sconnected remain ihe best ways to avoid this,.
hazdrd. . . . = -7 - . S ’ Tt
-,t . .
R * The improper use of electrical equipment i5 anotHfer common electrical

. /hazard. Persoys who are to operate'any electrical equipment should be in-

,,. " “structed in its proper usage and care. . /' . ,
- "Befause the.use of electrical power creates heat due to resistance, over-
. Gn‘khea¢1ng of equipment can produce a hazardous s1tuat1on Overheating can cause,
materials to reach their tempdrature of autoignition, 1gn1t! flammable vapors
present, or cause equipmeﬁt to fail. Oderheating may, also cause surfaces of
equ1pment to ihsome hot enough to cause therma1 contact burns. Even common
dry-cell batteries, used to power f1ash11ghts, portable radios, and camera
flash atpiitggnts, ca//cause prob]eps when improperly stored or carried. Any
conductor accidentally placed- imto contact with both battery termipals could
poss1b1y produce enough heat to cause a burn or.heat ﬁntense enough to start
a fire. In one instance, a smok1ng n1ne -volt battery was'refmoved from a
purse where aftet having been removed from a portable radio and dropped into ~
contact with co1ns 1n the change compartment, @ short circuit occurred and
produced enough heat to create a hazardous situation.. Y e

Many electrical incidents are caused by faulty ‘or improperly used tools
and equ1pment Examp]es inciude worn or frdyédrpower éords, remaval of three-
prong plugs, and an_electrical short to the metal- case of the equipment. A
program for ma1ntq|ance and 1nspect1on of electrical equipment would be help-
ful in avoiding potentially dangerougsttuations. An estab]isfed testing pro-
gram of e]éotriCa1 components will reveal problem areas in equipment, pro-
cesses, or uSgge that can prevent serious incidents. Annual or semiannual
1ns;‘t1oﬁ and ‘testing of circuits and permanent]y méunted equ1pment as well
as more frequent’ testing of portable tooTs, cordsets, plugs, and so forth,

' ' sH-03/Page 11\
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. migbt be performed,. depending upon frequency and tybe of usage. }/’ - .

, .. " . L —— ACTIVITY 5 s

List five common electrical hazards.

e

—.‘f"‘/f
! .1, . v ’ ' ) | ’ 4
PP S TN
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’ . ORIECTIVE 6: Descr1be the body S react1ons to e1ectr1ca1

o //sh k, and list the proper first aid procedures that
" should be applied in order of their importance.

. Accidents invoTQing electricity occur every day. Approximate]y 1000 ac-
. ' cident&]ﬁe]ectrocutions occur in the United States annually, with one-fourth
being, occupationally related. gAdditiona]]y, thousands of other persons re-
ceive burns and other injuries as the result of unplanned contact-with elec} .
tricity. f- o 5 ' o~
Electrical shock is the sudden and accidental stimu]ation:of the body's

nervous system by an electric current. As stated previously, effects of elec-
_ trical current Zepend upon the path of the current, the amount of current,
and the length of time in contact with the current. A person can become, a
part of an.electrigdl circuit by touching both ends of -an open Gircuit at the
“same time, by contact with a short circuit, .or by contact with a tprrent- .
,carrying conduétor while in cofitact w{th‘ground (earth). ’ ’ S . .
The effects of current on-the human body range from a mild tingling sen-
. ' sation to death. Contact with current can cause severe muscu]ar'contragtions
\ . strong enough to break bones, as well as deep tissue-burns and heavy bleéding.
. A commonly held misconception is that hidh voltage is more dangerous than
Tow voltgge. Low voltage (down to appreximate]y-gb volts) can kill just as T

2!

quickly as high voltage; severity of shock is dependent upon current. Less
than one ampeﬂb of current can cause death because current flow is related to
yoltage and nés1stance Ohm's Taw demonstrates that specific conditions at - ,
) K ’ * - \ i |
, 'V o
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the*time of the incident determine the degree of hazard.
The current that flows through a”Body depends on the resistance between
the body and ghe po1nts of contact,, ‘2% well as on the resistance of the body
itself. Dry, clean, unhroken humanuségh‘has an e1ectr1ca1 resistance of\~ -~

* [

100 ,00Q to 600,000 ohms, depend1ng on th1ckness Wet or broken skin has a
reésistance of approximatély 500 ohms. Thus, w1th the same vo1ta?e source one

» could receive 200 times more Gurrent,w1th wet sk1n than with dry skin. If
the current stays on the outside of ‘the skin, a person may only receive minor
,burns, but/1f the Current-can penetrategthe skfn, the damage can be more seri- ’

ous. ) . I ) /
Thotagh current is the primary“s§urce Sf electrica1 damage to body tissue,

the commort 60- hertz a.c. Tine voltage provides a unique danger to the heart.

Because 60 hertz is c1ose to the frequency at which ventricular fibrillation \ 9
,’of the heart often occurss 60 hertz ¥s more’ disruptive t0 the human nervous
system than pure dsc. Ventr1Cu1ar f1br111at1on occurs when each individual
muscle fiber of the heart contracts‘”h an 1rregu1ar, random tw1tcthg manner
that resu1t"1t no pump1ng of’b]ood " The danger of ventr1cu1ar f1br111at1on
is far less with a.c. that is h1gher or 1ower than 60 hertz in frequency.
— ‘The effects of current, sgeclf&£a11y 60 Hz a.c., an the human body can -

- be~better understood by examihfng the facts presehted in Table 1. 4
/ . ' ?)‘1%. 0 )
. . O TABLE 1 - ) 'y
Do EFFECTS OF 60-HZ A C ELECTRICAL SHOCK
' ® 0.001 ampere — The s ock 1s barely felt. The major hazard is high '
probab111ty that the personvw111 make a sudden, involuntary J

*~ . mavement that w111,cause h1m Or her to fall or to come into
. contact with someth1ng~more hazardous.. - .

e 0.002 to"0.025 amperes Z Muscles will be para1yzed if the current
" . path is through the bgdy. With muscle control paralyzed, a
person will be unable {0 break contact. Men's muscles become -
paralyzed at a minimumcurrent of 0.009 amperes’, and women's .
. muscles become paralyzed at a minimum current of,o 006 amperes
I g - on"the average. ~

" 0.025 to 0.075 amperes —The electrical shock\ can ‘be very painful,
aMd severe muscular contractions can,occur \that are strong
enough to break bones. Pro]onged contact will produce uncon--
sciousness and death ip approx1mate1y thre minutes if paraly-- .
: _sis of respiratory musc]és pecurs. ..

>._ ' ) . 'L‘ 4

LEA , )
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. e 0.075 to 0.3 amperes.'— Death is a nean certamty 1f expOsure to . . ‘
Py this level of current extends toylonger than one-quarter :of .
f . '/ a second. - . '
- ® 2.5 amperes ‘or greater — The heartbeat of a person. expesed to this >
. level of current will stop 1mmed1ate1y, with sévere tissue’ dam-
age a certalnty
- ) vq" : ' ‘
The 1nterna1 re51stance of sthe bodX a]so contributes. to the paéfnt1a1 <;—"’
§%ver:ty of shoek. Interndl body resistance, due to the conductanc of bOQy *
, ' Yo ‘ - ) f1u1ds, may be 300 ohms for
; ‘ ‘ . K ' crrent, flow from head to foot. '
. a ' “ The path.of current is impor- . '
vl ‘. : tant when discussing shock’
STe=—=== J,-----— ——————— N dama'ge.‘ Most fatal electrical
e ' shocks travel through the’ ‘
£ . - N -
P~ 4 / \ ‘ «  heart. This means that hand
K \ - " - to hand, either hand to the v
, o / W > left foot, or head to foot )
S .“ ! \\ ) : shockg, have the most potent1a1 ' o
o . / \\ \‘x - for serjous injury. (See Fig- ‘ .
) o Ny ~ uré 5.) (/ -
. / W\ . ' ,
‘ \ / 5 W There is Tltt]& time to '
] / / \ waste in the event of severe U
. : . ' , P ~ electrical shock.  The vfctim- o

should bé removed from4com- ?

- Figure 5. Fatal injuries can tact with the C%:FQDt 35 Fon

. -occur when shock:current ] - as poss1b1e and in a manneﬁ -

?isses Fhrough your body. / . that will not posef; shock

>

|
. . i, : : hazard to the rescuer. Lf the ‘

victim is near or touching live w1res, the Wires should be removed with a dry, |

‘ noncdnduct1ng obJect If the power cannot be shut’ of f, the victim Should be ™ . ‘
‘< pushed or dragged from contact with dry woad, rope, or other insulating mate-
w» rials. After the'victim has been removed -from contactwith the electricity, ‘
call for medical help and.begin first aid procedures immediately. Resuscita- ]
tion efforts should always be attempted and continued. There is po way to ‘
l

I

l

|

tell what démage the victim has sustaineds but efforts should be ‘ade to give

z ’
. - - .

[ %)
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T LT T thaty person the best.possible chance
CURVE.SHOWING POSSIBILITY L :

OF SUCCESS PLOTTED AGAINST for swrvival. Figure & demonstrates

ELAPSED TIME BEFORE START : L .
OF ARTIFICIAL RESPIRATION the importance of beginning rev1va1

" efforts immediately.

)

w
[

N Detailed instruction in PR
\ .~ (cardiopulmonary re5u's'c1'tat1'on) isybe-
| yond the scope of this module; it re-
LN ‘quires special training in the recog-
ﬁus IN.MINUTES nition of cardiac arrest and in" the

hure 6. Thé possibility of‘AC- ,  performance of CPR. Instruction in-

cessful revwa] decreases . cludes ‘practice of proper individual
P . With time.

POSSIBILITY OF SUGCESS

- 7

and tgam resuscitation of a special
)’ .o . mannequin. CPR should be performed .
only .by trained and cert1f1ed persons, Trafning through the Amerifcan Natfona]
\Red Cross 1s offered throuﬁhout the nations a,call to the local Red Cross chab-
ter will p1ace you in contact w1th those who can provide training in CPR and
~in mouth- tp-mouth bre3¢h1ng, as we]] as other First aid procedures. The im-
.portance 'of receiving such training is that 1t can mean thgsd1fference between
sav1ng a life and letting a person die. J
"To perform first aid to a person who has -come 1hto contaét with e1ectrie7'
1ty and whb is unconsc1ous, the following steps must be taken:

1. " Remove the pers?n from contact/with the current w1thout coming into con-
. -tact with it

Check tb see if the victim is breathing and if there Ss a heart beat pres-
ent.  [f thé person #%s not breathing, y 1s not breathing weﬂradmmster
mouth to-mouth breathing. If theretis no pulse, administer CPR.

When the ‘person s breathmg on his or her own, check for other problems
that may need immediate attent1on [f the person is b1eed1ng excessive-
1y, stop the b ing by use of pressure on the wound or on pressure
points .in majof arteries or veins.

-
] L4

. 4. Determine severity of burns. Burns are common.in electrical accidents.
and can be quite serious. .Severity of burns is dependent upon depth,
area and 1dcation.+ The treatment required is different Ffor each degree /
« gf sever1ty, and the correct first aid-procedure should be followed.

5. If there are any broken. bones or severe sprains, the best ided is to im-
mobilize the limb sa that the break cannot exper1ence mot1on and cause
greater damage- .

¢

«1n addition to"following the preceding steps, the person admimste‘Hné
. . . ' /
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fir’st &7d %should check the victim for. signs of physiological shock (not elec- - .
trical shock). Shock results from the depression of vital bbdy functions.

It can be life-threatening even though the actual iﬁjury might'not be fatal’
ofhérwisé. Vital functions are depressed when a large amount of blood is
lost, when the rate.of blood flow-is reduced, ofr when‘thé oxygen supply is
insufficient. Shock can be caused by any type of severe injury. In}hry; ‘
retated shock is different from electric shock. The symptom$ of injury-re- %
lated shock.include pa]e‘(gr bluishft skin, rapid pulse, and rapid breathing.
The victim should be left lying down, ad&icovered\jﬁgi enough to maintain th€

[N

body temperature. Medjca] help should be obtained as soon as p&ssib]ex

This objectife has shown what happens when the body 1s'exposed {o elec-
tric current, what should be done for a victim of accidental electrical cpn-
tact, and what order'spou1d~be fo]lowgd: Obtaining.the information ang train-
ing necessary to be effective in giving first aid is qvai]aB\e; either throggh
one's employer, the YMCA, the 'YWCA, or the Amervican Red Cross. Co

: - J
._- ACTIVITY 6 so—

1. . Identify the thtee greatest dangers {hat can arise’

from accidental conta&t\wi;h'e1e;tric current.
L~ Lo -

&
"

(

a.

b. LN o '
c. o /\ ' ) 1 »
Number‘ppe foTToQing refu1ts of dlectrical shock and.
‘the order in which they shouid be treat®d to save

“the victim's Tlife.
Shallow cut to arm."

a

Burns qn hand. .
_— [ ) '] \
No heart beat. / .

, Deep cut on thigh, with severe bleeding.

____ Rapid putse*and breathing.
L] .

___ Broken leg. )
___Severe burns @n head and neck.:

, ' Person.cannot breathe on own.-

A

R
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. - | oesEcTivE % State §ix OSHA requirements for electrical
o Safety R | - i

.. g ) o - ya 3
\\ e PEREr R . g
) . The OcCUpat1on Safety and ,Health Administration (OSHA) has determined
that £1ectr1ca1 hazirds in the workplace Create significant risk of injury or

death for emp]oyeEs and that regu]at1ons are necessary to provide protection
from these hazards OSHA has reyised the electrical standards found in Sub-

- ‘

E™ctric Code. ' ;
To be approved by OSHAf electrical equ1pment and conductors must . be ac-"

part S{pf 29 CFR Part LSIO and 1ncorporated requ1rements from the Nat1ona1

ceptable to the Ass1stant SeCretary of Labo To.be' acceptab]e. equ1pment
must be either: . ' \ ) ‘ 1

1. Accepted, certified, iisted, 1abe1ed,for otherwise determined fo be safe
by a nationally recognized testing laboratory (such as Und fwriters' Lab-
orator1es, Inc., Factory. Mutual Eng1neer1ng Corp., or so forth). .

\\-’ o7 'Found in comp11ance with the Nat1ona} Electric Code by a government agen-
y . €y responsible for enforc1ng the Code, - « .

’ 3. Determined to be 2afe for its 1ntended use by its manufacturer on the
. basis of test datéd kept By the employer and availadble for 1nspect1on oy
¥ the Ass1stant Secretary.or his author1zed representativey.

“

OSHA has several requ1rements‘to increase electrical safety. fhese,re- ?
quirements 1nc1ude the uséLof 1nter1otks, phys1ca1 arriers, guards, and warn-
. ing signs on machinery; ¥solation of high-voltage equipment; and routine in--
v sPections. 7 L .- ;;;2/ ’
— Inter]ock! are c1rcu1t switches- 1nsta11ed on‘a panel,* door, etc., ¥ an
-enclosure. When the enc]osure is opened the circuit is de- energ1zed because
+ the c1rcu:t is broken. Inter1ocks/§hou1d be provitded to 1nterrupt power when,
',/’ access to inerg1zed équ1pment 1nter1ors may occur. The interlock should be ’
+ . fail-safe. This means that failure of the 1nter1ock mechanism, loss .of power,
shQrt c1rtu1t “or ma1funct1on of equ1pment must cause the 1nter10ck to inter-
rupt the c1rcu1t — despite these conditions ,7;:; 1nterlock should cont1nue to .
funct1on and, therefore, protect “The interlock a1so shduld provide a visible
gjsconnect1on 1h the pr1mary power ¢ircuit and an arrangement ‘that makes any {
(f .‘attempt to. overr1de or chcumvent the 1nter1ock 1mpract1ca1 Inter]ocks shou]d
' ‘ never be removed mod1f1ed, or tampered ‘with. ’ ‘
Physical barr1ers prevent aec1denta1 contact with equipment. Barriers,

‘

- , ‘t ' A
. - : \ A SH-03/Page 17
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,  may be made of any numbe-r of mate- % ‘
rials. Although wodd«1s flammable,
it is nonconductive,-as are certain

v, y -
. (. plastics. Barriers may bg metal, :
. ' metal mesh, wood, p1a3t1c, or any \ ‘
’ combination of these moteﬁ\e1s .
Guards ém mach1nery will allow suf- "' '
v ficient access to equ1pment while !
R preventing contact}q'nh energized
s , ) . N ’ : parts. No mach1nery shou1d be op- .
T Slrds ans Barriers STENC  aratag with quards renoved or moci-
equipment. , " fied. Figure 7' 1ustr§tes the
T, - v . use oX guayfs and barriers.
‘ Warning signs should be 1arge eas11y read, visible from allk ap-

proaches to danger. They should be placed At a11 haZardous and dangerous /’,
" areas such as high-Vo]tage equipment or exposed, current-carry1ng parts. In

. J .
add1t1oﬁ marking of pomQts of access to hazardous equ1pment should -be made © o
‘obvious.

- Iio]ation of equipment will preve‘nt untrained or umauthorized persons .
) N Ed

from com{ng‘into contact with hazardous equipment. " Fenced areas, for example,
- prevent unauthorized persoAs from contact with 1arge electrital transformers

Large motors, generators, bus bars, and panels shou]d be enclosed by some iso0-
A1l uninsulated conductors.should be in vdults, or should.be

1at1ng meang.
. enclosed bf some other typé of s 1ty Acdess should be by trained person-

‘nel only/ Doors andygates shouﬂ locked / and only e1ectr1ca1 technicians -

or persons familiar with the hazards~invol e yould have access to keys.

Imp1ement1ng and fo]low{mg all requirements stated by OSHA may not be

_ enough.- W1th natural wear and tear on equipment and the effects, on eguipfient

: rom the envaronment and time, hazards can develop unnoticed. For this rea-
_;/’,//”//:on, 1t is 1mportant that all e1ectr1ca1‘€oo1s and equipment be inspected at

regh]ar 1nterva1s by persons-gqualified to recognvze and correc¢t hazards. The ™

’ ded1cate¢ maintenance person is 1nd1spehs1b1e to this step. Table 2 is a
check list for inspection of ha;prds in electrical equf/ment .

~

A4
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® TABLE 2. INSPECTION OF ELECTRICAL EQUIPHENT.
; CHECK WIRING FOR: o : ’
{ ) Electrical 1nstall t1ons in hazardous areas- not Conform1ng to codes. _
L Damp or wet wires,
< {) splashing of corrgsive solutions and vapors on wires. . ' ~ .
° ('} 011 or grease on wiing. .
- ‘') B8roken fittings and Tostres. |
v () wWeakened 1nsu‘lat]£h '
.. { ) Weak armored cabe attachment to switch boxes.
‘ [ ) Absence of protective busing when open wires enter boxes.'
() Wear on drop cords of pendant lamps.
"'} Cables group€d in a junction box, pull box, cableway, trench, manhole. without
srotection or safequards.
"} Prpsence of abr#sive and ducting dusts, or metatlic chips, on equ1pnnnt
{ )} Insulated wiring that fee?@nwarm to the hands whef a cirrent is passing througn.
1 [} Installation of new Current drains w1thout compensating with helv1er Wiring. .
CHECK MOTORS AND GENERATORS FOR
+ ' Overdoading. / T - ‘
» f ) Too freauent starting and jog9ging, or sim11ar misuse.
{ ) Dirt-clogged ven™lating spaces. ?
"} Syhgle-phasing due to poor contacts 1n motor contro11grs or 2 blown fuse 1n 3
‘nree-ohase supoly circurt, h
“ Y Dirs, o011, moisture, old ade, or mechanical damage 'hat can cause ~1nding failures.
"' Imoprooer notor alvgnment , <
i , Zxcessive vibration,
! . Worn insulation or o1l-soaked insulation, )
. "1 garks from commutator-type motors. .
. . ", Absence of orotective fuses, circuit breakers, zherfh) overload reiays.
THECK SWITCHES AND LONTROLLERS FOR: ¢ .
. ' Lsose connections at terminals that may cause overheating and arcing,
"} Loose parts that may cause short circuits or grounds ! .
. ! Y Ixcessive arcindtdue o burned contacts or to low or dire 2y 211 1n switches, < rcui’

Sreakers, and starting Xompensators.
; Shorz-circuits due to leakage of water, oil, or conductive dusts i1nto Switch 2nclosures.
© Use of srdinary switches where exolasionproof or 1ntr1ns1ca1’yésafe switthes are ~equired.
. < inadequate.interruptive capacity. ’
: Jnorotected, poorly-fitting, or damaged covers on exploS1onnroof enclosures, ow:s'no////
knockouts 'n switch enc! losures,
Severe v'bration caus1ng loose connections.
Absenca of tght-fitting covers secured,y hasos, 'ocks, or otHer means.
.nusual acises ‘rom 2 switch, or a switch or junction box that feels w~arm %o *he nands

SAECK LAMPS, ZLEMENTS, TRANSFORMERS “OR. ~

, Absence of wire Juards an a2iectric lamp$, when lamps could come *n contacs ~1%h 2om-
Sust-bles or mght be easily droken by pnysical contact,

“a1lure %o use 2xplosionproof gloves :n combusTible vapor areas.

Fatlyre %0 use Justproof osuter gloves 1n areas of combust:ble dus:s.

‘radequate 'nsdiation of portabie grélls, ranges, industrial ovens,

J Jverneated.allast units of ¥luorescent lights.

' Jther gverneated transformers. -

. T=EZC SLANT VEHICLES FOR: . ’ - .
7'} Upose wiring connections. r s
’ . . Detericrated nsulazion, .
- r 0 Jefsciive switcies. N
.Y Jefsctive barriers, 6

N '
~ .

3T=ER UZCTRUTAL HAZARCS T 'JE < FCR .

fuse Srigeing,

“uses rated oo high for the lcad,

°="oc1. zleaning 3% 3'r “1lter olates ind 0] tanks 1ot ze-“atmed sn 2jectrastacec
3'r 2 saniag equ-oment.

acr 2omIAg 1n zontact w1%h Or coming toc close %o tne charzed alactrodes 3¢ a'actrae
. 5237°¢C zarmt soriye ﬂglbcu ‘oment, :

. ) : SH-03/Page 19
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—— ACTIVITY 7: ————

State six OSHA requirements for eiectrica] safety.

] . 4 ! -

e

OBJECTIVE 8: List and discuss at least f1ve safety fea-
'tures ava11ab1e for electric edu1unent

-«' Due to our increased awareness of how people suffer accidents with elec-
trical equipment, manufacturers have adopted many features that can lessen ‘
' risks of exposure to hazards. .Some of these features include, specially de-
signed receptacles and plugs, extension cords des1gned for spec1f1c uses,

bonding, double insulation, explosion-proof sw1tches and 11ghts, circuit ‘

yl

breakers, and color coding‘of wires.
Industry and many domestic applications of electrical energy require ) ..
differéﬁt yoltages and cwrredts;ftherefore, a piece of equipment rated for
one voltage and current shpuld sot be.plugged into a higher voltage or cur-
rent capacity power system. To avoid‘b} at least minimize just-5uch an ocgur-‘
ance, unique plug&/aqureceptac1es have been designed for different voltages
and current capacities. Figure 8 shows a partial ‘assortment of the most com- .
mon plugs and receptacles as configured by the National E]ectr{ca1 Manufac-
ures Association (NEMA). It {5 recommended .that both p1ﬁgs and receptacles
‘ undef@o,per1od1c inspectien and testing to disclose any problems that may have
developed due t&®wear and tear or poss;b1e errors in rewiring. [t is not suf-
ficent to v15ua11y inspect plugs or receptac]es, especially In the instances .
where there is a grounding wire. Check;the ground pin on receptacles for
effectiveness by seeing if a closed c1rcuL; can be formed between a known
ground {such e a water pipe) and the groued pin of the receptac]e

< "."‘ | ‘.2‘13' . ' "
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‘ . . 120/240-VOLT, 50-AMPERE
RECEPTACLE AND PLUG

120/240-VOLT, 30-AMPERE
RECEPTACLE AND PLUG

20-AMPERE PLUG
' 126-VOLT RECEPTACLES

AND PLUGS

¥

"“340-VOLT, 30-AMPERE
. RECEPTACLE AND PLUG

. Figure 8. Receptacles and plugs with NEMA configuraTions. . ~—

[ '
Y . To enable one to ide‘ntify individGal wires and pins in approved commer-
Aia] and residential wiring, the use of a standardized color code has been

— Y

widely adopted.. This standardized.color code, when applied, will properly
- cidentdfy the ?hni" (vol;age-carrying), neutral, and ground wires found in N
commercial and;fesident{a] inita11at}ons. Red or black is‘geneﬁa11y the hot
. wire, which is .,the 'conductor iﬁatusupp1ie ”;he highest vo1%age from the v
source. White or grey denotes thé”ﬁgﬁfz 'wire, which is the conductor %hat
provides the return path to the source and may.carry a much lower voltage.
Gkggd or green with yellow ;tripes dgnotes the grounding condu;tor, whicp is
connected to a local highly reTiable ground. ﬁ(proved hoyseho]d wiring is
‘ governed by the National E1e§}ric Code; in this\system black is the hot wire,
‘ white is the neutral, and green is always the s#éty conductor.
In addition to fo1ﬁw1‘ng°co1or coding, manuféﬁ‘t{urers of 'e1ectr1'ca1 plugs
and recep#acles have agreed tﬁét certain positions Will be standardized for
placement 6f the hot, neutral, and ground wires. Figure 9 illustrates the

® \ ’ 24 SH-03/Page 2F
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e —— 2
HOT LEAD
s {BLACK) .

\ 4 N
, . NEUTRAL
: LEAD —_— BRASS-COLORED
oot (WHITE) ~ TERMINAL

+

N|CKLE-C0L0R$
TERMINAL

GROUND
LEAD
(GREEN)

GREEN-COLORED
TERMINAL ’

- .

. Figure 9. Common house plug and’ receptacles.

stahdard,position of these wires in the normal house receptacles and plug.
In addition to this-placement it is common practice to make the neutral wire,
pin and slot’ in the receptaé]e 1£rger than the hot wire pin as also shown in
Figure 9. " o
. Extension cords are so common that everyone should be familiar with the \
safety procedures for ug‘%g them. Only approved;gitension cords should be -,
.used: To prevent the wire strangs from breaking, an effoxt shou]d be made to
avoid kinkg or unnecessary bending of the éord.‘ Broken wires caﬁﬁpierce the
insulation and become a shock or short-circuit hazard. Extension\mords are ’
‘ designed for specific purposes, and it is nécessary to use the cor%gct cord
for a particular usage. An extension cord must also be suitable #or use under
specific environﬁenta] conditions. Regular jnspection is necesséry to detect
any cracks or breaks in the insulation. : - '
The third wire seen in the cord plugs and recepiac]es prescribed today
versus the two wire cords of somé years in the past is for the specific purpose

of deViding'a ground pathi from electrical appliances or tools. This wire
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‘ carries no current’ except in the case of ah acc1denta1 ‘short c1rcu1t in the a
device. The ground wire 1s connected to the metal case of the device. ' Thus,
if the gutral wire happens “to open and a hot conductor makes contact w1th

21e case there jg a low res1stance conductwe path to* carry ‘the current, / .

5 -~

protecting the user. ‘ Co, . “
Grounding not anty pr‘ov1des a means of carrying potent1a11y harmful cur-_ o
rent away from an unintended path, such as a person. It a]sQ 1essens the
chance of acc1denta1. arcing. In the presence of flammable 1iquids or vapors, -
an electric arc or spark is most dangerous. An arc or spark will occur-whenz
ever the difference in electric vo]tage"between two conductors is such that a /
. conductwe path can be created through the 1nsu1at1ng material separat1ng
them. o th1s d1fference in pressure can be prevented, no spark ‘will occur.
The source of the e1ectr1c voltage 1s most often from static electricity. It
is produced by two mater:a]s rubb1ng together or flowilg past &:another “
Cormect1ng a ground w1re”from a metal container to a water pipe or a ground-
ing rod assures that no static charge'or electric vo]tage djfference can exist
befween the container_and ground. When transferring flammable ‘substances from
‘ one metallic container to another, it is common practice to ground one con- .
tainer and then connect the otryer <ontainer to the fivst. This is called '
bpnding. Examp1es of grou‘nding and bonding with respect to flammable 1iquid
tanks ar‘é shown in Figure 10. .
. N

-

~ .
- -

< A

3
.":'(-m R
3
. .

y i : _WIRE TO GROUND ROD TRANSFER PUMP
PAINT OR SOLVENT DRUM &

HOSE MAY BE EITHER

CONDUCTING OR .
- NON-CONDUCTING .

-» +

BONO WIRE’ e F . .

WIRE TO
BUS BAR

- _GROYNO |} gono ~L]! T ST
- ROD—»{| WIRE SAFETY CAN

*

' ' I

Im‘l

o/
v . . PAINT OR SOLVENT DRUM

Figure 10. Grounding and bonding of flammable 1iquid tdnks.
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To be effective there must be.adequate meta]-t'o-met;] comtact for ground- ‘~

ing or bonding. Surfaces of drumg or cans with a heavy coat of “paint or other

material will not allow.an adequate bong, since the coating acts as an insula- ® ‘

tof. Although ?stnd1ng will not be eFfective in all cgses, it is recommended

that a1J equipment containing f1ammab1e liquids or vapors Qe electrically

grounded espec1a]1y at p61nts of transfer from one container to another :
Portab]e tools and ‘appliances can be brought today that do* not have a ’j
th1rd w1re ground These devices must be protected by an approved system of Eﬂb .

doub]e insulatior. . Tools in th1s category are marked with the words "d0ub1e

.1nsu1ated " and those dev1ces that have been tested and listed with Under-

wr1ters Laborator1es will Earry the UL Tlabel. "!bme ¥.S. manufacturers will

‘use the international symbol for double 1nsu1at1on - "A11 electrical tools,

equ1pm(t and appliances have funct1ona1 1n$u1at1on, double pmsulated tool

have protective 1nsu1at1on which protacts the user shou1d the functional

sulation fail. . = _
Dotble insulation isolates the energized®parts of the tool or appliance

by a nonconductive liner! These isolated parts are enclosed in a nonconduc- !

tive casé a1s'o Doulﬂe'insu]ated or all-insulated tools do not require sepa- .

rate ground;connéct1ons due to” the low probability of both systems of insula-

. t1on f61!1ng-ar’the same time. F1gure 11 shows®a drill w1th doub]e insulation.

Most peop1e recognize the hazard 1nvo1ved in a11ow1ng electrical sparks,
arcs, or overheated cond to come in contact withoair filled. gasol1ne

L ] B
-vapors or gases 1ike propane, ydrogen, ‘or natural gas. However, it is léss
common for peop1e to realize that air filled with f1ne dust or lint’is Just

as dangerous under the same circumstances. In any s1tuat1on where there is

a likelihood of fTammaﬁ]e gases, vapors, dusts, T other easily ignitable ma-

terials being present;,1t is important that the ectrical equipment be ex-

plogey proof. ’ ‘
s1on proof equ1pment is made of heavy st materials desﬁgned to

withst high 1nterna1 pressures w1thout burs i and 1oosen1ng, and they

must prov1de goqd thermal insulation between the 1nterna1 c1rcu1try and the . .

,;outs1de atmosphere There should be no way in which any electric spark .or

|
arc can cause ignition 0uts1de the equ1pment “Due to the highly techqﬁfa] . _ ‘

nature of the equ1pment and its se1ect1on for such env1ronments, it isWimpor-

tan& that competent eng1neers conduct the selection and 1ns+a11at1on of the
. . ' ‘ .

P - . -
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. BRUSHES AND COMMUTATOR ARE
INNER CONDUCTING LINER SURROUNERO’SY HIGH-IMPACT -,

INSLULATING MATERIAL . r

. 4

. BACK CAP OFFERS PROTECTION
- AGAINST POSSIBLE LOOSE OR
FRAYED BAUSH WIRES
NY LON GROMMET !
. “
INSULATED SWITCH . INSULATED HANDLE
R v / '
—y . [
e 4 N v

Figure 11. Double ipsulation.

explosion proof equipment. An-explosion proof switch box is shqwngin Figure
12. Examples of exp]osic?nAproof equipment Can be, found at flour mills, grain

silos, tex.tirffactories, and refinerj-e\s,t—o/nanie a few 1oca't1'ons(7;

-

» 4
L4 - g
- ‘ ’ ' - ¢ SEALS LIMIT THE J
: . EXPLOSION TO AN
AREA CLOSE TO

ARCS AND SPARKS
CONTAINED WITHIN AN
_APPROVED HG®SING

T ‘
v

’ 1\\
* {' ~ ~ -

.

UIPMENT IS DESIGNED SO THAT @NLY
. L GASES ARE ALLOWED TO VENT TOPTHE
. SURROUNDING HAZARDOUS AREA

\ Figure iZ. Explosion proof equipment. .
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Electricity has been shown to move in closed circuits. If the cireuit'
is interrupted, cqrredt ceases to*flow. In the'case of.an Qver1oaded or
short circuit, overcurrent devices protect personnel and equipment from dam-
age by interrupting the circuit: .Ihe major types of overcurrent devices are
fuses and circuit breakers: Each device has its own aﬁp]ication and reaEts

’to 1ts own special set of circumstances, but all act to open the” c1rcu1t ag;ﬁh\

thus stop current flow. ~ i .
Fuses are e1tngr renewable or nonrenewab]e and come in dlfferent types

- Two types are shown in Figure 13. Flses are constructed so that the current

CARTRIDGE
FUSE

e

ﬁ SOCKET TYPE

-

: Figure 13. Common types of fuses. ..

+

in the c1rcu1t must flow through a metal 'strip whfch w111 melt ft some temper-
ature and then open the circuit. Every conductor has some resistance and heat -
is generated when current flows through a resistance. The metal strip in a
fuse is of a type of material and of such a size that if more than a desired
amount of current flows through 1t enough excesg heat is generated to melt the
strip. After a fuse opens, the proper procedure for rep]ac1ng the fuse is as

-

follows: .
. _ ) -
+ Deactivate the circuit which has the open or blown «fuse; i.e., turn
the power off. : s 7
-+ Remove the fuse using insulated fuse pullers.
» Replace the fuse with the same size and type of godd fuse, being
sure that the current ratings of the new fuse is the same as the
N old fuse. _ : ‘
. o,

Another type of device that is commonly used for protection from over
current situatifns is, the circuit breaker. There are two generat types of
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- ers) the ground fault c1rcu1t interrupter . (GFCI) is used in many circuits.

circuit bregkers: therma] and magnetic. Both types are desidﬁbd so that
- when more than a specific amcynt of current f1ows in the c1rcu1t a pair of

switch contacts open and- current stops f1ow1ng in the c1rcu1t The circuit
breaker is prefered 1n manys circumstances over the fuse because the.brea
can berreset after a de]a)." ‘Cincu‘it br‘(ers are designed for many differen
circuit conditions and shou]d be' selected on the basis of these conditions by
qua11f1ed engineers and chec?éd by exper1enced maintenance personnel to make
sure they are in good operatfng condition at a11 t1mes

In addition &0 overcurrent protect10n dev1ces {fuses and circuit break-

The GFCI detlkcts current ]éakage to ground-wetl be1ow the level! of human sen-

~sation .and when detected 1nterrupts current flow. In hazardous locations

such as consfruction sites -and sw1mm1ng pools it is recommended that GFCIs
be employed. The lnterrupters can detect insulation failures as well as con-

*nect1ons between hot connectors and ground; however, they cannot prov1de pro-

tect1on in the event that. a “person makes contact between a hot line and a .

neutra1 liner ijz : »
Whenever current i nterrupted by one of the three devices prev1ous1y
discussed, such 1nterrupt1on is an 1nd1caﬁnon that there is something wrong
“with the circuit affected It is 1mportant that this circuit be de-energized -
and kept de-energized unt11 the trouble has been located and corrected. A
procedure for, keeping the c1rcu1t safely de- energ1zed is d1scussed in the next
section. .;
. oAb ) . 5Y Y
— ACTIVITY §: SO
' (Circle the,Jetger of the best ansyer.) ’
* 1. "To prevent” the accidental connection of low vdltage
equipment to h1gh voltage sourcés, plugs and recep-
tacles are:
a. Color coded to indicate the voltage level.
b.. Indexed_by p1acement size, and-shape of ,‘ ‘
R conductor pins ‘and slots. . ;
‘ : Both a and abéve. \ * T g
d. None of the above selections. ’ ’
L é’ .
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‘.To prevenﬂ'the_ﬁbi]d up of static electric charges
on containers of flammable substances and to pro-
tect agaifst sparks transferring from one container
to another it 12 common practice to use: . o
a. Groundirg.

b. Bonding.
N

.c. Insulafing.

d. . Both grounding and banding. : ‘

Adcgrding to the National Electric Code, color .-‘ . K
of wire in housewiring-used to designate thé hot :
conductor Tlead is: —

a. White.

b. Green.

c. Grey.

d. Black. -

C1rcuvt breakers-and fuses are devices that:

a. Detect cqrrent leakage to.é?ound and open
.. the circuit.

. . Isolate a person from current sources.

Interrupt'cdrment flow when that current
flow. is greater than a specified amount.

Are used in atmOSpheres pf flammable
substanc!s

Double 1nsu1ated electrical devices:

a. Do not need.the additional ground wire.
b. ' Have fungtionaﬁ insulatfon.

c: Have protective insulation.

d. . A1l of the above.

\oeJec11vé39: /List the prescribed OSHA rules to follow
when using lockout ﬁrocgdures as a method 6f protection.

5 g [

, /
As mentioned in the'previous section, when protective devices such as

GFCI, circuit breaker, or fuse-are activated and a circuit is opened, it

. »

. f
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1nd1cates that there 1s a" hazardous condition ex1st1ng in the c1rcu1t that
requ1res attention.

}
malfunction in a rec¥ptacle or in some devﬁce;
ence what the treuble is; it is important that maintenqnce personnel be in-
formed and that the circuit bg fnspected.

“,

-

L]

' operated of f the samé supply circuit, or it may be as complex as a concealed

maximum degree of protection, it is important that the Yrcuit be open so

that no current is flowing In industrial aAnd\residential situations it is
1mportant that -a procedure be adopted that ensures that once a circuit is de-
energ1zed it stays de energ1Z€d until it has beeh inspected, and the trouble

is corrected. " To enSure that a circuit being inspected stays de- -energized,

OSHA recommends that-a lockout procedure be adopted. The basic operating

v

rules for this procedure are as follows: . ) o-

1.

-

The circuit that is to be worked on has its power switch pad]ocked
in the off position. .

The circuit is tagged with fnformat1on 3s to who is working on the
Circuit, the type of- work being performed the date,.and the depart-
ment perfonm1ng‘the work.

" There is only one key to the padlock and,1t is in the possession of

the person working on the circuit.

If there are numerdus people working on the same c1rcu1t for dl(
ferent reasons a.multiple padlock hasp is employed so that each
section performing the needed work is protected Figure 14 shows .
3n example of Just such a hasp. - ‘

»

/ -
Figure 14.1/*u1tip1e lockout hasp.

. . 1
N 39 : SH-03/pa93 29

The trooo1e may .be as’'simple as too many dev1ces be1ng
It does not make any differ-

To inspect t¥e circuit with the

-
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. o o - . ,
Accidentdl or-unexpected acti!at+6ﬁ/g} circuits can be avoided by tfaining
persons to stric%]y follow 1ngout procedurqi. . ‘ (//‘ .

-

—— MTlVlﬁs . . O’

‘. (Answe each quest1on as briefly .as poss1b1e ) ’ ' ..
1. Why isn't.it enough to put a s1gn on a c1rcu1t . ‘
powar switch when working on a c1rcu1t2
A .
\ :
2. Why should d?]y one key £o7% Jockout padlock be
1n<§x1stence

) N | ‘!
3. Why would a person want to have the only key to

a‘'lockout padlock if he were the person working

on a circuif
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ANSWERS TO ACTIVITIES

ACTIVITY 1
1. b,

2. d.
: 14 ( ;
ACTIVITY -2

T.  Conductors are substances in which free electrons are easily formed
and will flow readily through the material.

2. Insulators are substances in which free electrons are not formed easily
and flow is difficult

* \‘\ N
® © ACTIVITY 3 . -

) o 'Co'1umnA - —~
_Cc. Voltage - ., ' L~
. _e. Power . :
_d. Current
. _f. Resistance ‘ \
- _a. “Ohm’s law ’// , )
§ 2. Current is directly proportional to the applied voltage and if inversely
_ proportional to the resistance. . i
ACTIVITY 4 .
1. A c1rcu1t which provides an unbroken path of cdrrent f1ow from the
- source to the load and back to the source.
2. A circuit which has a source, load, and conductors but one n which
there is a break in the conduct1ve pathway that prevents the flow of .

. current. . .
3. A circuit formed when an alternate pathway of current flow is introduced
in such a way that less current than before flows through the load.

. v
® >
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ACTIVITY 5 )

1. Improper use of equipment. oo
2. Accident!*;ig;ivation of equipment.
3. -0Overheating: of electri 31 equipment.
4 Fire caused by e]ectrita] icnition.
5. Elegtric shock. - '

" ACTIVITY 6

1.

-

|& fo Jor = | o S oo 0 &

A

a. .Heart stoppage.
Stobpage of breath.
Burins. -

Shallow cut 6n«arm.

Burns on hand.

No heart beat. -

Person cannot breath on own.
Rapid pulse and breafhing.
Broken leg.

Severe burns on head and neck.

ACTIVITY 7 -

Deep cut in thigh, with a lot of bleeding.

1. Use of interlocks.
2. Use of physical barriers.
3. Use of guards. .
4.  Use of warning signs.
5. tsolation of high voltage equipmént.
6. Réutjne inspections.
ACTIVITY 8
1. b
2. d.
3. d.
4 C. ’
¢
5 d . :
' . :355
¢
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CACTIVITY 9 | J .

1.

- . '
There is-no certaint§ that the sign will not be removed accidentally or
on purpose, nor is there any guarag}ee that anotker person will read or
comply with %he sign. . )
This ensures that the person who puts the padlock on the lockout is the
one who takes it off and no one else can activate the circuit in between
times. - !
This would remove of minimize the possibility of the ‘circuit being en-
ergized while someone is working on it. ’

>

/\

~ O

:

-

-



