: v , , o A

DOCUMENT RESUME - y '
+ED 213 865 ' ' CE 031 488
TITLE, ' Overcurrent and Electrical Shock Protectxon. Module
4 . SH-31. Safety and Health.
.+ INSTITUTION . ' Center for Occupatxonal Research and Development

. k + Inc., Waco, Tex. -
, ° SPONS AGENCY Office of Yorational and Adult Education (ED).
: ' ‘ Washington, DC. va. of National Vocational

-

.- Programs .- . L
PUB DATEe - 81 .
. CONTRACT - 300-79-0709 _
NOTE 25p.,,Foq’re1ated documents see CE 031 450-507.

AVAILABLE FROM The Center for Occupatxon.l Research and Development,
- 601 _Lake ‘Air Dr:, Suite .C, Waco, TE 76710. (Ingtructor
. > . Guxdes, $9.75 each; Learnxng Modules, $3.00 each.
o ‘Entire set of Learning Modules avaxlab&e as two
- . subsets: SH-21, SH-41, SH-43, SH-45, and SH-48,
' : /812, 00, remaining 45~modu1es, $97.50).

EDRS PRICE MFO01 Plus Postage. PC Not AYaxlable from EDRS.
DESCRIPTORS *Accident Prevention; Behavioral Objectives;
7 . *Electrzcxty, *Fire Protection; *Health Educztion; ,

Learnang Activities; Learning Modules; Postsecondary

Education; *Safety Education; Secondpry Educatxon'

Vocational Education . f:
IDENTIFIERS *Hazards;. *Occupatxonal Safety and Health Shoek
ABSTRACT ' -

. This student module an ovencurreﬁffghd electrical ,
shock protectxon is one of 50 modules concerned with job safety and
health. This module discusses saf:’iigﬁées and techniques that may
reduce the number of home and ind fires and electrical
accidents. Following the 1ntroductxon, five objectives (each keyed to
a page in the text) the student is expected to accomplish are listed
(e g., Describe systems and equipment, grounding). Then each objectxve,
is taught in deta:l sometimes accompanied by illustrations. Learning
activities are iMcluded. A.list of references and. answers to learning

activities complete the module. (CT) - N
for . [ 4 . . .
. * ) )
» //_Q o J
{
\ “‘ » -
| ' )
t - , N - . j

> . .
A -

**************************3***************************************/})**

* Reproductxons supplied by EDRS are the best that can be made *

* . . from the original document. *

' *f*****’************‘************t‘f***********************************
> ‘ . by . ‘

-~ ; J)




¥

€ .
‘ ) -, « S

 DOCUMENT RESUME - { ‘
~ 4ED 213 865 ‘ ' | CE 031 488
TITLE, ' Overcurrent and Electrxcal Shock Protection. Module
d . SH-31. Safety and Health.
INSTITUTION . ' Center for Occupatxonal Research and Development,

. ‘ +« Inc., Waco, Tex. -
SPONS  AGENCY Office of pratxonal and Adult Educatxon (ED).
B Washington, DC. Div. of National Vocational

-

. Programs.- . L
PUB DATEe - 81 :
- CONTRACT - 300-79-0709 )
NOTE 25p.;, For/ related documents see CE 031 450-507.
AVAILABLE FROM The Centér for Occupational Research and Development, .
. 601 Lake Air Dr:, Suite -C, Waco, TX 76710.(Instructor
b . Guxdes, $9.75 each; Learnxng Modules, $3.00 each.
‘Entire set of Learning Modules available as two
- . subsets: SH-21, SH-41, SH-43, SH-45, and SH-48,
: /$12.00; remaining 45~mbdu1es, $97.50).
EDRS PRICE MFO01 $1us Postage. PC Not Available .from EDRS.
DESCRIPTORS *Accident Prevention; Behavioral Objectives;
’ . *Electrzcxty, *Fire Protection; *Health Educztion;
Learnang Activities; Learning Modules; Postsecondary
Education; *Safety Bducation; Secondpry Educatxon°
Vocational Education . i
IDENTIFIERS *Hazards;. *Occupatxonal Safety and Health Shoek
ABSTRACT ' -

.This student module an ovencurreﬁf’;hd electrical ,
shock protectxon is one of ‘50 ‘modules concerned with job safety and
health. This module discusses. aafe‘mes and techniques .that may
reduce the number of home and ind fires and electrical
accidents. Following the 1ntroductxon, five objectives (each keyed to
a page in the text) the student is eéxpected to accomplish are listed
(e.g., Describe systems and equipment grounding). Then each objectxve
is taught in detaxl sometimes accompanied by illustrations. Learning
activities are ificluded. A.list of references and. answers to learning
activities complete the module. (CT) - L. )

*
LY

- ) -~
. 3 -
. . -
\ ‘ > M
\
******************************************************************,‘***

* Reproductxons supplied by EDRS are the best that can be made %

* - + frow the original document . *

*ﬂ****’************‘************U***********************************
‘v i by N

- ’ /




A »

.
-~

. . /

. SAFETY AND HEALTH .

.

i Wt

N\ . .

-

ED213865

“OVERCURRENT AND ELECTRICAL SHOCK PROTECTION :

s

° [
- .

< .
.
P 4 ¢
.
.-
' -
- @
'
. . .
. N
! .
N
LEY
U 8 DEPARTMENT OF EDUCATION § -
- NATIONAL INSTITUTE OF EDUCATION PERMISSIQN TO REPRODUCE THIS ,
FOULATIONAL RESUURCES INFOBMATION *MATERIAL IN MICROFICHE ONLY
- . T centgR gRe ~AS BEEN GRANTED BY .
/v,.., Foogmare Yo b eprad et as ! i . N
. 1 N A S T st ‘) HM !’ ) ) s .
oy M .
K har 1‘.' for taen qHEA L T e R . . N
N o Dy i3 - T T \
¢ P I P TorTHE EDNCAT|ONAL F FSOURCES - . *
I NPT TS THFEE I T3 INFOHMATION CENTER ERIC ~ J‘
. . . N |
! . . !
RD cenrenron OCCUPATIONAL RESEARCH AND DEVELOPME /o
4 . " N , ‘
-t A '3 n * IS 4 ‘
‘ LT " D] . . . |
) - T Ee i L . ! . - _
N : TN . .
B R . 3
ERIC - .. o5 |
' : " ., ‘ .
- 2 . .




[ 5

ERIC,

’

Ve

? ment of Education, Office of Yocational and Adult Education,

DISCRIMINATION PéOHIBITéD — No person irr the United States shall, on the
ground of race, color, or national origin, be excluded from participation in, be de-
nied the benefits of, or be subjected to dl’ﬁcriminauo’n under any program or ac: ,
tivity receiving Federal financial assistance, or be so fredted on the ‘basis of sex
under most education programs or activities recervmg Federal assistance.

- .
The activity which is the subject of this document was supported in whole or in *
part by the U. S. Department of Educeuoﬁ,. However, the opinions expressed
herein do not necessarily reflect the position or policy of the Department of
£ducation, and no official endorsement by the Departm¥nt of Education should
be inferred, ¥ .

.- N f] .
This work was developed under contract number 300790709 for the'U. S. Depart-

Y

. The U. S. Department ‘of Education and the Canter for Occuparrorral Research

and Development assume no liability for personal 1njury or property damage
incurred by eny person or organization making use of the materiai contamed/
. herein. Usa of the materials herein 1s for educational and training purposes
and 1s Aot t0 bp corisidered as an exemption from either Federal or State R
N ulatlons and rs to be considered as advisory only. Q&)

-«

Au'rights reserved. No part of this work covered by the cofyrights hereon may

bé reprdBuced or copied in any form or by any means — graphic, electronic, or L
mechanical, including photocaepying recording, taping, & inforenation and
ratrieval systems — - without the express permission of the "Center for Occupational
Research and Dovelopmem.
) - ) ) ¢ , . K * -
. . corymeur © 1981 ' !
, ’ ) - - ’ -
) » < .
The Center for Occupational Research and Revelopment .
. 601 Lake Air Drive, Suite C .
v - Waco, Texas 76710
. ; . - . . R
/‘ 3 ) ' 4 l ’ ‘ } ~
RN . .
. o ) ~ “" ’g s




‘
..

® - .. . INTRODUCTION
- \ . : .
~ Each year in the United States ﬁore than 1,060 people are killed and
‘thousands more are Jnjured as a result of misuse of electricitysor by-stray‘
electrical currents resulting from défective equipment.” Many of these
fatalities and injuries could -have been eliminated with proper’grounding and .‘
ground-fault protection. further every year thousands of home and
/;/ p industrial fires are Eaused by igcorrect electrical bond1n9 and grounding
procedures. ‘ . )
= This module discusses -safety rules and techn1qpes that, if put into
g ~ usg, would reduce the number of home and industrial fires and minimize the
number of injyries and'fataJ1ties that result from electrical accidents.
A persbﬂ reading this module should have a basic qnderstanding of .
e]ectr1c1ty and the relationship between. voltage, current, and res1stance,
.‘ or'they should have successfully completed Module SH- 03, "F’ﬁdamenfa1s of

Electrical Safety." . . ‘ : & g

L . " OBJECTNVES

* Upon comp]et1'g of this madu]e the student shou]d be able to:

oo L Dist1nguish between series and’ paral]e] circuits and calculate voHtage,
‘ amperes or resistance given two of the tQp‘g,var1ab1es. . (Page 3)
2. Describe overcurrent protectign devices,’ (Page 6) ' ,t' .
3. Discuss factors that cguse e]Z:tr1ca1 shock .and the effects of current
-on the human body. (Page 9) s 2
-4, Descr1be systems and equipment gr;hnd1ng (Page 13)
5. ° Descrlbe ground-fault circuit 1nterrupters and how they work o

* (Page 18) ; ‘ .
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SUBJECT MATTER

* - / . . 0
[ OBJECTIVE 1: Discuss current flow "in paraHe] dircuits.

) o N . | (

- ‘1,.
. i [} ¢

- .
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Al electric circuits nave a source, a load, and connecting conduc-
tors. In addition, all electrix circuits have a vo]tage that causes current
to f10w through the resistance of the conductors and the 1oad The current
can be e1the¥ d.c. (current which flows in one dtrection all the time, from

egative terminal to a posit1ve term1nal) or a.c. (current which changes
direction back and forth at a specific rate with 60 cycles per second being
‘typ1cal) However,, since circuits ‘can have more thgn one lvag ‘and more than
one séurce,la1l circuits need not have the same arrang ment.. - e

SR There ar two-basﬁc types\of'

circuit arrangements; series and

parallel. To understand the parai-

| «LOAD 13 - lel circuit, which 1s the major type

of circuit used for commercial power
d1str1butidnj\4t is helpful to “com-
pare it to a series circuit. A se-

4  ries circuit is one with two or more)
LOAD 32—

loads hut only one path for current

> .to t]ov from the source. through the

%  10ads and back to the source. Fig-

Figure 1. A simp]e seriés . ure 1 shows a simple series circudt.
C1rCU1t' ) Ohms Taw states that the |

e amount of current f1ow1ng through a

load is dependent upon the amount of voltage and res1stance.» If the c1rcu1t
has a source vBltage of 15 volts.and the 1oad has a resistance of three

*

ohms, then the current drawn wil] be five amperes. Hha ‘happens if. anothpr i

load, this one with two ohms pf resistance, is put in geries with the firgt
load? Could the circuif ‘sti11 have the same five amperes of current flow?
No, to haueﬁfiye amperes of current flow through the two loads that total to

five

[




. . » -

-Thus, if the'voltage:remains‘at 15 volts, the current must drop to three ¢
'ampereﬁ.‘ Therefore, the sériés cf?cuit is totally unsuitable for use if a
constant voltage is desised across many 1oads that havé different resis-

-tances, Another drawback to the ser1es circuit

3 [

4N ‘
e -

is that if a break shou]d occur at any point in

all the loads are de-energized.

are generally wired in paralled arrangement.
simple parallel circuit is shown in Figure 2.

o

Three 1#ght bulbs are connected to the battery.

! o f ’ v
T. . ¢ ’ &
ohms of *resistance, the voltage, sopurce would have to be 25 volts according
to the equation: DT e ’ .
L N . ' N *
' N . E = %,x R ..
‘ ’

the circuit, then all current stops flowing and .

Modern homes, offices, cars, and factori%; ’
x

Y " Electrons leaving the battery"can pas;'tﬁrough
. e _either lamp A, B, ar C. ' If lamb 8 is discon-
. nected, $1ectrons can still flow-through A or .
BN A \ ) C. .The amount of current in the 1émps depends \
upon the voltdge of the battery and the resis-
Figure 2. A §imple ‘tance of each Tamp. The examp]e.be1ow il-

~

lustrates this point,

" @ paralle} circuit..

A

»

A

: Example 1:

.

[

‘For the ffgure shown, what is the current

s drawn through’ each 1amp aﬁd the total current drawn’ S

sthrough the p]ug’

14

/

B C o
.l . '\ 7
100 VOLTS o . >

F
AR 00 250

- [ s : \

A .. ¥ s . . ' ,
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® ) d . .
® Lamp A 122100V, | :
2T R . P | f
’ oV _ 100 - !
Lamp B: Il =2 = — = 2 amps
® R 50w P /
. ' : Ve v
J v 100V - «
Lamp C: l=_ _____=4
i R ma P ‘
. ' ha
~ The total current through the plug: . s

'ftota1 = 4a + 2a + 4a = 10 amps

.
L4
. . .
\ * '
[ . =

In the previous example, if a fourth’]amp of 20 ohms were connected in
par;aj]e]‘, it would draw an additional five amps since I = 100V/2Q @ = Sa, .
and a total of 15 amps would then be dra@m/through the plug and the wire
delivering current to the plug. ) N

The mere appliances or lamps that are connected in parallel, the mqreé
current is drawn from the voltage source and 'the'dejivery‘wi res.” The higher:
the current in the delivery wire, the hotter the wire becomes. If the wire
‘ ! becomes too hot, it may melt or possibly cause a fire. o

“

-

] e

eesssss——— ACTIVITY 1:¥ cs— . o e
Fill in the blanks.- . /"\
, ' 1. . A circuit with only one path for the current to .
& ] « flow back to the lource is known as a ‘ '
© /- circuit. . ' ) :
- . ( * A circuit with more than one path-back to the ‘

e source is_called a circujt.

3.+ The more Mus o" 1amps thIt are connected in

' parallel, the more will be drawn from the

o,

'voltage source andvthe delivery wires.

’

L )
! *Answers to Activities begin on page 23. -
‘ N -
- SH»31/Page 5

~




| OBJECTIVE 2: [Discdss overcurrent protection deviée;. I

-
L d

»
A *

.In order to protect‘ wimng in a circuit from overheatmg because of
hlgh current, an overcurrent protect1on device 1s installed on the line
“ (wire).

-

. Either a fuse or a circuit breaker may be used. '
A ;Pse is made from a highly resistant type of material with a low
melting point. If there is sudden surge of current greater than a certain
safe amperage, the high current me]ts the fuse at once, thus open1ng the |
pircuit and prevent1ng further damage such as melting of wires or a fire,
Figure 3 shows two types of fuses: (a) cartr1dge and (b) screw-in or Plug.

chh type of fuse should be used only -in the type of circuit for wh1ch it is

designed, ~ .
- . ,
FUSE
) = METAL WINDOW
} - —
. 4
- : v INSULATING
' ) MATERIAL . , .
. GLASS ENVELOPE
”.
. ' l ) . SCREW CONTACT
’ . \ - ——, - N
===
: a CONTACTS BASE CONTACT
= N ‘
Figure 3. Fuse wire melts when current exceeds
- ’ 15 amps, and current then stops.\
! ’
- s ‘
In the circuit shown in Figure 4 the total current exceeds the limits
1 ; *
of the fuse, The circuit is “overloaded," and the fuse “blows" because a
. . ] )
total of 25 amps is attempting to pass through a 20 amp fuse. : b
. i ¢

.. . Page 6/SH-31 ] . )
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o / .~ Jueaten  Jcorree TOASTER
i .
| . OPENED . ' :
| . SOURCE FUSE « 8 AMP 7 AMP 10 AMP
z N S
B 20AM% .
e
b ‘ “. . . ’
. - Figure 4. A total of 25 amps is attempting.to pass through a
20 amp fuse; as a resu]t the fuse Dlows, ' .
‘ -

i

¢ - .
In the c1rcu1t ShoYD in Figure 5 the total current exceeds Lhe 11m1t;\J
of the fuse. In this case, a Tow resﬁstant short occurs 1n the clock.

-

Instead of traveling around the c1rcu1t _the large current encounters a path

. of 1ow resistance andgtravels a]ong th1s.short circuit instead. The large
!
current causes the blow, . ’ '
- r
/ RADIO LoCK TV
- SHORT CIRCUIT
N L
‘ | source : cuse 1 AMP \ 3 AMP .
- : . 201;}“r . \

h'. .

Figure 5. The current takes the short circuit.

Safety experts recommend that a switch be placed in any circuit that
¢ can be opened to deenergize the fusesvto be handled. Insutated fuse pullers
should be used as an added precaution. Fuses should never be -inserted in a
live circuit an& hlown fuses should be replaced with others of fike size and

type. Before any attempt is made to rep]ace fuses, the circuit should be,

4 * logked out and the cause of the overload should be discovered.

Circuit breakers are of two genera] types: thermal and magnetic. The
thermal type works on the basis of temagrature r1se, therefore it is subject
. to variations in the temperature of the room in which it is installed. Mag-
netic-type tircuit breakert are responsive to the amount of current passing

. . .”
?
B

-

SH-31/Page 7
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through the cifcuit. Only qualified engineers shoyld select circuit
» . Y

\

~breakers for 1nsta11at1on.

The plug receptacles in today's homes are generally wired w1th a 110
volt 11ne (hot wire) and a zero voltage line (neutra] -wire). When an appli-
_ance is tonnected acrdoss the neutral and the hot line, a current is drawn. g
The applidnce is the lodd. The greater the 1oad, the smaller the re51stance
and the gregater the current in the circuft Norma]]y, current;f]ows through
the hot wire and the loads, returning through the neutra] w1re.‘ Remember
that electricity runs in a closed loop system, and that current will flow ‘
where a complete path 1s provided.

To ensure that a good conductive path is ma1nta1ned throughout’iﬂ/e1ec-
trical circuit, connect1ons between conductors mustsbe secure. Good °
physichl contact is necessary and can onlysbe assured if approved conductors
and connectors are properly joined. . o

EE—— ACTIVITY !.: —
Circle the letter of the answer that Hest completes.the
statement:

1. Fuses and circuit breakers are examp]es of devices
that provide... '

a. short circuits.
-~

_b. voy:;e sources.
Ce ovéfvoltage protection,
d. -overcurrent protect1g\. )
2. A fusé blows when... T '}

a. the circuit is overloaded.
N4 b, the total current exceeds the limit of the .

v fuse. "
. * C. the fuse‘me1ts and openg the circuit.

d. all of the above. ‘

' . %

(
. ' * L]
{
in

Page 8/SH-31




¢—--experienced at even tRese Tow voltages. .
' Most fatal currents are the result of contact w1th the common 110 volt-"

".OBJECTIVE 3: Discuss the factors 'that cause electric  {.
shock and the effects of current on the human‘body. .

w . «~ 7
. . ‘ » -

N -

the damaging effects bfvelectrical. shock are caused by current passing
through the body. The hazardous “and fatal levels of ourreng are very spatl.
compared to the amount of current normd%]y present fin most circu1ts a‘ﬁzs}-
pliances. ‘In fﬁct hazardous levels are so "small thht the. current va1ues
are expressed in ‘milliamperes (1000 mildiamperes = 1 amp). ’CUrrents as 1ow
as 60 M1111amperes may kill a hea?thy person if they are a]]owed to cont1nue
for twq ‘or three $econds. +A current of 333 m1111amperes or one third of an

amp Jasting for-as little as one-fourth of a second may be equally deadly.
The muscular reactions of persons experiencing “nonlethal (not qgad1y

amounts of carrent (6 milliamperes to 25 m{11iamberes) are especially haz-. '

ardous. ,The’current can cause a tontraction of muscles that “freeze" the
person to the\source of the shock. Thus, the current continues to travel
through the body. . ’

Norma]]y the  resistance of a,person 's dry outer skin is enough to limit
currents to a safe Ieve] when handling 1ow vo]tages. When handling the’ ter-
minals of a 12- vo]t car battery, a person would not normally feel any cur-
rent. A s11ght t1ng11ng sensation is felt at voltages of approximately 30
volts. However, if the sk?h is wet or moist, an uncomfortable shock can be

ages and a wet grounded surface. There must be an electrical potential dif-
ferente between one part of the body and another part 1h order for a person
to receive an electrical shock. If a person were to come in contact‘with a
WM gh voltage l1ine and were completely isolated, no current "would flow. -The
squirrel standing on the high yoltaae line (see Figure 6) has no current/
flowing through it®. Since both feet are at the same potential, there is no
voltage between'the'squirre1's feet and, hence, no current flows through its
body even though there may be current in the wire.

- '

SH-3f/Page 9
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* ' Figure 6. Both' the feet are at the same potent1aL‘ . (1
R heaag there ts no Current f1ow. - .
) . ., L

’ ”'

If the squ1rre1 stood w1th ohe fgot on one wire and one on the other, ‘.

see F1gure 7, a current wod1d flow through its body. The' amount o? current . ol
would depend on the squirrel's res]stance; 1f~1ts feet were wet, there would . !
- be déss resistance and, th efore more current. T ’
\ resigtance and, hereforg more currere. i @
. ’ "'/a .
¢ . . '
“ GROUNDED ' bt
¢ = I '
. - P " A . ~ e - . »
. ©oe S ,/f—\\ { v e . RN N
'3 ' AR
. ‘ . . y, . R
\ ~ , r.O ‘, A - . ”,
} ] s v. 2%' e N . : ’
’ o ?igure 7. Curientlwould flow through the‘body. .

- . - L
- 3

< It is possible for exposed metal parts of 2 system tqrpecome energ1zed .

through cantacy with-'thre 110 yolt "hot" 11ne.
grounding, a potential hazard is present.

‘: L . . * . .//
¥ iy .
.Page '10/SH-31
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if a pe‘son were .to- touch a

TN

‘In the absence’ of adequate




fau]ty 110 vo]t appl1ancé'w1th one hand and both feet ‘weré on the ground ,
there wou]d ‘be a voltage between the hand and ground of 100 volts. NormaT]y

the res1stance is h1gh enough between .one's. feet and ground that any current ) ; /
that does flow is not great enough to do ser1ous harm. However, if * e
- someone S. hands and feet are wet and the ground is wet, the overaH
res1stance is greatly reduced, and, harmfu] ‘current may be created. Ofteﬂ
. the victims -of electrical shock are contact1ng a wet surfac@ ‘with the feet .
. or hands‘ the bathtub water.faucet “or standmg on the wet ground or flogr. ™~
, ' S A ‘
A ser1ous electrical shock affects the nervous system érd resu]ts in a ’
loss of musc]e control., Tab]e 1 lists the effects of 60 hertz ac current

-

vnth wet shoes. '

on the nervous syStem. Note that the number of milliamperes varies wtth re- -
- si,stance.' In turn, sk1n resistance varies with moisture, For examp]e, 1f )
’ body res1stance were 1000 ohms’ when wet and, 50 valts were across the body, , ’
. <50 mﬂhamperes -3 fatal amount, wou]d f]ow. , '
. % Yy - - -
" "TABLE 1. EFFECTS OF ELECTRIC SHOCKS. o e
' F e b Ac 668 Hz Effects on NéFious System o
v - . h - ’ : \ “ . M . '
. o 2 - 5ma painful - muscle control retained . .
) ’ ;5 - 20 ma - painful .- loss of muscle control - cannot . - ‘
. .- . .
v . - let go : . (
3 Py 20 -- 75 ma very painful -sparalysis of breathing mus-
N - * . cles .
“150 - 100 ma  ventricular fibrillation rfesults ’
, . Over 100-ma  heart stops (3-4 minutes - permanent stop- .
' A . page)
. . -
SAFE\FY RULES ~ : _ .

When working wi/th electrical equipment, .a person shou]d be familiar
with basic handling procedures.. The 'foHowing is a brief list of some of

., _these importént procedures ’ , . L
1. anw the location of the QN/OFF switches. ' / ' : .

"¢

-~ .
SH-31/Page 11
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‘2, Never handle e]ectr1ca1 equ1pment when hands, feet, or body are wet or

) %ersmrmg, or when stamding on wet floor.
3.

itk high vo]tages, regard all floors.as conductive and grounded unles’s j
they aFe covered with well-maintained ‘and dry rubber matt1ng of suit-
‘able type for electrical-work. .

4, whenever possib]e, use'only, one hand when working on circuits or con- W
‘ trol devices. '

5. When touching electrical equipment, (for example, w,kn %hecf%hg for
. overheated-fmotors), use the bac&%of the hand. Thus§ if accidental
“shock were to cause muscular con ract1on "you would not “freeze" to the
coAductor. oy " -

6. Wear safety glasses where sparks or arcing may occur.

7. Avoid wearing rings, metallic watchbands, etc., when work1ng with e]ec- ’
- trical equipment or when 1n the v1c1n1ty of strong indufed fields.

. 8. Learn the rescue procedures for he1p1ng a victim of electrocution.

When anyone is working with exposed poss1b1y fatal or hazardous,volt-
- ages, a second person should be present who is able to help in an emer-
gency. The following is a set of procedures for helping a victim of

electrocution:
- ,/bon t touch victim unt11 he -is separaten from tnF gnergized cir-
cuit. ’ . T

b. Kill the circuit (know locagion of power switches)

< Rgmove victim with a nonconductor 1f still in.contact with an en:
_erdized circuit or if status of circuit is unknown. Use labora-
tory coat or shirt ‘or trousers as a loop', but hurry!

&. If ag ens/gdzed power line is on victim, rémove it with a noncon-
ductor suth as a §t1ck’cr broom handle.

e. Begin artificial” (mouth to mouth) resp1rat1on.\_A course in first
. aid for respiratory and circulatory emergency (CPR) i's recom-
0 mended, The local Red Cross has such courses.

f. .Have someone call for emergepcy medical aid.

9, There are several electrical components”that offer unique possible haz-
ards.' For example, capacitors can be extremely shazardous even aftsr
n-

‘. the power is shut off. Do not handle these e]ectrica] components

less properly trained. _ (

-
.

ACTIVITY 3: sssssssssssssss———

Cirglgone: True or False
1. Hazardous and fatal 1eve1s of current are very

’

hd

* large cpmpared.to the amount of current present in
; .
& most circuits. ‘ True False

o

° ‘e
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‘ 2. There must be an electrical potential difference v
between one part:of your body and anotheg part in . % o
. "7 order for you to be "shocked.". True- .False . B

* 3, .If someone's .nands and feet are wet, overall resis-

= o tance is greatly increaseds True tFalse

4, A rescuer using bare' hands méy safe1y remer,theJ
v1ct1m of electrical shock from’ the current

"“;z ‘ | «. Ty ggur;e. Trug~ False | | ;‘ "_ﬂ;’/,;‘

OBJECTIVE 4: Descrihe systems and equipment grounding.
) . <

.

t .
\! . 5 ’
. -
v rd
.
. “

A w{ring system must be so designed that it will protect life .and prop-

erty against faults caused by electrical failures, power surges, and natural
’ disasters. This protection can be achieved by énsuring.that 5ﬁ1 metal en-
- c]osures of the wiring sy!tem and the noncurrent -carrying or neutral conduc-.
tq;§ are coanected to a common earth potent1a1 This connection to the
‘ earth potential is commonly referred to as grounding. One méthod of groﬁd-
ing a device is to bond it to the local cold water supply, beiween supply .
and meter. ’ . '_
| Whether it occurs intentionally or accidentally, a groupd is a conduci-
iﬁg\connection between an electric circuit.or piece.of equipment and the )
eart or to some conducting body that serves in place of the earth. There
are two distinc ivision§/of grounding: systems grounding and equipment -
grounding. ; ' ‘
Systems 'grounding is the connect1on of the neutral wire,to the earth. .
This is done by bonding the neutraL wire to the metal pipe coming 1n§o the
building from an underground cold water supply. There should be at,least 10
feet or more of buried pipe. Before the connection is made, there should be
( an.ess nce that the metal p1pe has no insulated couplings or changes to
nonme 1ic\g\;1ng. Plastic p1p1ng systems are not conductors and cannot be

used fo groun 1&3\\\\ ' y
/

.
o
-
.
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Underground gas p1p1ng has been used in the past to ground electr1caT
‘circu1ts because of its garth contac{ There exists a clear, hazard in this
type of. ground1ng -If an 1nproper gbnnection is made, an‘arc of elegtr1ca1
discharge may occur if the current flow1ng in thé system is large enough.

This arc can‘not only 1gn1te a gas 4£ak, 1t can burn a hole in the pipe that
. cowld result in an explosion and,f1re. Grounding to gas p1pes is unaccept-

. able.
- i . ~ . /
] - Hhen no satisfactory x£old water pipe is available, one or more ground
‘} y, rods may be used. ‘These’ rods must be driven into the ground at sué¢h loca-
. Al ' 0 t e
i tions and'at such depths to endurd a conngction of no higher 25 ohms of -

' resistance between them and the earth, The National Electrical Code shoqu
’ be cénsultéd for the necessary condwt1ons for this type of grounding. "
‘ Equipment grounding help$ to eliminate electrical fire hazards and re-
"~ moves the ddngers of alectrical shock Dangerous shack results when a per-
v son copes in contact with the metal frame or casing of electrical apparatus
- that has become’ energ1zed due to a breakdown or failure of the insulation or
curr‘ht-carry1ng wires. ATT equfpment grounding should be connected to the
met!? frame or casing of eTectr1caT equipment and to the metaT conduits car- |
~ry1ng service w1r1ng to eTectrica] apparatus.
Exposed metal parts of fuxeé equipment that are not désigned to carry
‘current, -as well as’portable cord and plug’connected equipment that is like-
/ ly to become eneroized, shaﬁl oe'grounded under conditions specified inlsec- )
tion 250 of the: National Electrical Code. . ] ..
. There are certain cond{tions—when an exception to equipment ground1ng
R may be made. One of thgﬁe exceptﬁons is for listed portabte tools and
listed appliances protected by an approved system of double insulation or by
an equivalent syStem. These 1tems shall not be required to be grounded.
Hhere'such a system is empToyed, the equipment shall be distinctively
narked.’ A

1)
»

GROUNDING FOR HAZARDOUS LOCATIONS f

“

Special precautions must be made when grounding an'electrical system or
¢ « .
piece d{ equipment in Tocations*where ther& are flammable or combustible
. vapors, Tiquids-or gases, on;compustible”dusts‘or zibers. These fire haz-

’ ) a 2
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o . e e T L.
ards may be found in gasol1ne stations, pa?nt-f1n15h1ng process p]ants,
hea]th care fac111t1es, agr1cu1tura1 stonage areas, marinas, petroleum and
chemica] processing p]ants, as well ds many other locations. - : . .
The 0ccupat1onal Safety and Health Adm1n1strat1on (OSHA) of the U.S.

Department of }abor has assigned certa1n c]ass1f1cat1ons and w1r1ng proce-

dures for these hazarqous locations.‘ E[ectrica] wiring in these locations -

should be done' in a manner to ensure that electrical sparks or arcing will
be tsolated from the combustible mater1a1s. For example, switches can pro-
duce arcing,iprimarily when they are opened

Further, statig'elegtricity can be a seriou; hazard in these 1ocation§
. because 6f possible arcing. :To e11m1nate this possibitity, special proce-

dures are ‘recommended in addition to grounding, These procedures are

covered more thorougb]y in Module SH-30 entitled, "Safe Handling and Use'of‘

Flammable. and Combustible Materials.”
¢1fThe Nationa1 E]ectrica) Code conta1ns gu1de11nes for determining. the’
type and design of equipment and installations which meet,tnrs requirement.
. There are a variety of methods ‘for grounding .conduits and electrical

‘ equipment. dfounding is often aq&omp]jshed‘by'running a third w1re,‘ca1led

the/ grounding wire," a]ong with the conduit wires and connecting the
grounding w1re~to all exposed metal enclosures, frames, conduits, raceways,
etc., with which a person may come in contact. Portable electrical equip-

ment tbét is grounded“will have what is commonly called a three prong plug .

(see Figure 8). _Since the "y grounding blade is longer than the
cunrent carrying blades, it ensures a’ ground connection while the cord is

11nserted or removed from/fne’receptac1e. The green ground1ng !}ce in a
~ flexible cord is: donnected to the hex scréw in the plug cap and gpus to the

“U¥- grounding blade. ’ -
Grounding is also accomplished by using metal conduit as a means of

supplying a possible path for electricity -to flow from electr1ca1 equipment -

metal housing to'the ground potential (See Figure 9).

The grounding wire and metal conduitedo not normally carry current,
They provide a path of low resistance to ground when any faulty ‘leak age
current develops. If the current is high, enough, the circuit may try to

-draw currents in excess of the.circuit breaker or fuse 1imits. .When this

4,
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happens, the'fuse will blow or the circuit breaker will trip -and electrical « . '
. power will b\gﬁt off to the appliances. ! : . - . )
) ’ ‘l‘ - ' .
4 ‘ ' : NEUTRAL LEAD ... Lo .
. ’ . ‘ _IWMITE) . .
NEUTRAL TERMINAL ) )
Y - " -
= ] ‘- ’ 4 ‘#_ .
r. \ o
@:.mmm" . GROUND TERMINAL .
. ] M . , , « . N .
, . GROUND LEAD O. SEEE - :
: . {GREEN) (BLACK) . TR TERMINAL -
. i e i '
. . , : g ' . ) :
- \ , 0. ‘/ ' ) .
' Figure 8. Disassembled three prong plug.
5 . , i . | :
f I( ’ " . -
, Co o BUSHING & - . .
~ . .
FU$E OR J
CIRGUIT BREAKER ) . , APPLIANCE OR MOTOR .
. ‘ % . |
GROUNdr ﬁ p, N i
~ jpe——— ( :
' . HOT C <
NEUTRAL ﬁH WIRE
* . 2 - *
— . METAL
: : ~ " HOUSING
. . GROUND ——{ « , .
. L] LT - . ' » ~' . ‘- 3
‘ ——" - conour
' Figure 9. Grounding using metal“conduit.
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In’Figure 10, the frame of the motor (or ‘app]iance) is not groundecL
As a result, contact between the motor winding and the frame causes ,the~

-
* - s
<
Y ‘k N
-‘ll ) . ~
S »
| RR
| GROUND oW f s X
L - h =
OPEN _»
WIRING ) v
A APPLIANCE
r OR 4
. : MOTPR ,
S A y
(S 4
4
A
A [
) = e - - < - - ) . ]
AN . \ .

'Figure 10.° Appliance that has not been grounded.
<t ———.

’
current to flow through th person S body to the ground " thus makmq a com-

Such a shock can cause ser1ous harm or prove. fatal
‘the frame of the motor (or appliance) is grounded through
A similar fault currenf, therefoce causes the overcurrent

plete c1rcu1t.
In Figure 11,
the steel conduit.

.

protective device ‘to open. .

v : ’

FUSEOR /
=" CIRCUIT-BREAKER . ' LA

GROUND

WIRING
. IN STEEL 7
RACEWAY

,
vs

Grounded appliance,

Figure.1l.
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LT ) §‘ — ACTIVITY &: ————
0, o "1, “Fill in"the blanks: ) b

Cah ‘Cdpnecting of the neutral wire to the earth is

-
k4 L ‘. ) -~ .
. T A\ d -

EdJipment grounding is not necessary for tools

- K T
.+ - or appliances having : .
v - ) c. The part of elec§r1ca1 equ1pmﬁnt that needs to
- - oy be grounded. is ' -m R .

.. ; T2 Ident1fy three 1ndustr1es in which part1cu1ar care
must be faken 1n ground1ng gystems or equ1pment

’ .
a.
b. \\‘ ’ 2 ,‘
Ce o, 7 i . r/
. b s -/
R 3. Explain why. this is so. ’
% : ‘ A N
- ™ .
v 3 Jas . - . N
. OBJECTIVE E::SDescribe ground fault circuit 1ut€rrupterg ,
4 ang how they work. = : \ . g
' - . /—- - M '
. . / ’ " \ ’ /’\” '

. Equibhent grounding, fuses, and circuit breakers"cqnnot be solely
relied upon to protect:peop1e from dangerous electrical shocks, nor are they
‘totalTy effective in eliminating possible electrical.fires. . .

ngréurrent profection dev%Ebs are effective only when fault currents"

exceed fuse and circuit breéier current ratings, Most fuses and c1rcu1t
breakers in.the home are rated at, 15 amps - and higher Many sma]], streng
fault current can be extremely harmful to vaep]e, and such currgntg may have
sufficient power to ignite combustible materials. Theég'smq11 fault cur-

« rents may not activate the overcurrent protection devices and in these

caées, electrical powér would coﬁtinhe to the electricat appliance,

- g
e r‘ *
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‘neutral.

..

A ground fau]t interrupter (GFI), also known as a ground fau1t c1rcu1t
inte’rupter GFCI) is a device that prov1des protection agdbnst stray fault
currents even when these currents are small, The GFCI will respond as soon
as the fault current xceeds five milltamps, which is s11ght1y abgve "the -
threshold of seﬁsatio?. The power will then be d1sconnected within approxi-
mately 1/40 of a segond. " A ground fault interrupter mon1tors the §urrent l . :
flow .through the hot w1re and in the. grounded nebtral. when there is an .
equal amount of current in both wires, the circuit is- safe. When. a ground
fault occurs, part of the current from the hot w1re will f}o\ %n the
grounded neutra], and a part will flow in'the ground fault. Consequent]y,
there w111\be a differénce in current in the hot wire and in the grounded
The GFCI will detect this difference and in a very short time cut
(See Figure 13). S

Figure 13-shoys a typical GFCI sensor installed on a circuit for the

off current in th!‘circuit.~

detection of ‘fault currents. The line codductors (neutral and hot) are ,/ ~

passed through a EOi] of wire and connected 'to a tripping device. As long

as the current 'in"each cohductor remains equal, the device remains in a -
closed position. If one of the conductors comes in contact with a grounded

objecl, some of the current returns by an alternative path and an imblance
4

in the current is detected by the sens1ng coil or sensing transformer. The

imbalance 1n the circuit is sensed by the coil, and 3 currént is ‘established
in the co11 The current w111pflow to the tr1pp1ng dev;ce that opens or
disconnects the circuit. : ’ '

In summary, GFCI seASors may be installed in several different loca-
tions: For permanent applications, wired-jn'mode1s can, be installed around *
all ¢dircuit conductors, or around the bond?ﬁﬁ ‘jumper conductor on]y.--Port-
able GFCIs (see Figure 14) Qan offer protec;{on at the point-of-use; p]ug-in
units-are small enough to be carried in a too]bdg. Portable umits have”a ~
test switch o that ‘thé unit can be checked periodically to ensure proper’
continuous operation. Equipment shoyldybe selected carefully according to
1ntended use. Regu]ations-regardindy1ocation and installation of GFCIs are

d1§cussed in ‘ National E]eetrica1 Lode ‘section 21b.8.
, . . s/

7

4
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GF| “WATCHES"

~
GROUND FAULT
CIRCUIT !
INTERRUPTER

.

14

CURRENT FLOW

GROUND FAULT

. '(
GROYNDED STOVE .
DANGER: GROUND FAULT CHANGES CURRENT IN
ONE WIRE - GF CI "SEES" DIFFERENCE .
- % X& (. \ GROUND FAULT -
‘ - S v SITUATION
: -

v CIRCUIT
R S% INTEQUPTER
L]
i .
i - - L] |
Y ~ N ;
L R . |
K 4
| - GROUNDED STOVE .
. -~ oL . t/, '
) ) ’GECI CO%S OFF CURRENT 1/40 OF A
, SECOND LATER TO PREVENT SHOCK?
[y (4 >
| GROUND FAULT
CIRCUIT . |
. l:l.TERRUPTER AMOUNT OF CURRENT }
+ ’ m v |
— 1 M — "
- . \/ "
+ . < = -
‘ © 1 ¢ ‘
‘\ -
Figure 12. Ground fault. circuit interrupter cuts off current
about 1/40 of a second after ground fault occurs.
N, . -~
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, ) TRIPPING .
" AND TEST .
’ . MECHANISM N » -
b Y -
GFCI CONTAGTS ON)
(CLOSED PQSITION iy
- \ -
SENSING TRANSFORMER / 1 EQUIPMENT
. = GROUNDING :
. Sl CONDUCTOR \
‘ » . " “ ‘

. . . 3

’

¢ Figure 13. The circuitry and components for a typica]<
ground-fault circuit-interrupt.

The*Occupational Safety
and Health Administration put
into-effect on April 16, 1981,
_ the revision of 29 CFR Part

. 1910, Subpart S on Electrical
Standards. The requirehent on
the use of ground-fault circuit
interrupters is based upon sec-
tion, 210-8 of the National
Electrical Code.

The 1qw specifies the
Tocations in plants and dwel-
ling-units that mudt have
ground fault circuit protec-

' - tion. Where used, GFCIs will

%

BN

NN
23

5

.\\:\:

{:

A

S
\.&

N

s
NS
\:‘.\
\\:g:. N

m&% N
R

1

A

27

> AN

-.\

N

¥
7%
2

27 %

¥
7 fa%/,f'ff»‘-%'s Y
,

Ve &
7.

%
o
7
7

R

E:
2

g

S

. provide protection against
-Figure 14, Plug-in ground fault Tine-to-ground shock Bazard.
-»* circuit_interrupter. @ :
: Because a grouad fault

interrupter does an entirely '

. \
’ 2'3 SH-31/Page 21



l" f [ )
* (

. ]

A - 3 ] .

different jbb'Trom other gvercurrent protection devices, it should be used
¢ . intaddition to fuses or circuit breakers and not in place of them,
& . \ ‘ - X .
. ‘ , o

— ACTIVITY 5 —

. . 1. R épsund fau]t circuit interrupter is different

from a fuse or c1r£§1t-breaker in all excqpt ““iﬁh

* one of the following ways: .

a. GFCIs can detect small, strong fault currents
. (five milliamps and above). ’ ’
b. GFCIs react to _ground faults rdther than short

) circuitss . .
¢, GFCls break or open the c1rcu1t to stop cur-
~
' -~ rent flow. . b
d. GFCIs react to an imbalance of current between
" hot -and neutral wires. ‘
- 2. Ground fault circuit interrupters react (open the
} circuit) to which one of the following:
_ :

a. A short circuit, -~

<o b. An imbé]ance of current between hot- and neu-
tral wires.

c. An equal amount of current in the hot and neu-
tral wire. °

- a -

d. A current in the neutral wire.

- »
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- ANSWERS TO ACTIVITIES
ACTIVITY 1T ' : 'S '
1. Series. o ' ‘ )
2. Parallel. . . s .
3. Current.
1‘ dl ’ '
2. d. .
s ‘ } ’

ACTIVITY 3 -
1. False. ' ‘

2. True.
3. False,
4, . False,

ACTIVITY 4

1. a. Systems .grounding.
b. Youble insulatien.
. The metal césipg that is not designed to earry current safely.

4

2. a,b,c, may be éhbsen from this list: gasoline stations (f]ammable
gasoline), paint:{jnishiné plants (flammable 1iquids), health care
facilities (flammab]e gases such as dxygedY? agricultural storage areas
(combustible dusts and vapors), petFo]euﬁ-and chemical processing

plants (combustible liquids). 0

3. Because of the double hazard of electrical shock and fire or explosion « -
hazard. : ' _ o

ACTIVITY 5

1. (o ‘ : .

2. b.
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