ELECTRICAL SAFETY

Eledric Shock
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An eledric shock is experienced by a personwhen an —

eledric aurrent flows throughtheir body as a result of —
being conneded to an eledricd suppy voltage. The [ orenting. Stops
measure of an eledric shock's intensity is based onthe

amournt of current (amperes) flowing throughthe body o
and itsduration. 0.1
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The magnitude of the airrent is propartional to the suppy voltage (i.e. 240V in the cae
under consideration) and inversely propartiona to the impedance of the aurrent path
(i.e. Current = Voltage/lmpedance). A complete arrent path must be avail able for the
current to flow andin genera with eledric shock situations, this path is provided bythe
current flowing throughthe bodyto the general groundeath, or to aloca eath such as
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awater pipe. A simple pictorial view of atypicd eledric shock situationis s1ownin
Fig. 17.
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Fig. 17 Simple pictorial view of eledric shock situation

Current path through earth

Thevictim of Fig. 17 istouchinga 240V adive conduwctor and the aurrent which flows
will depend uponthe bodyresistance and the impedance Z between the body and eath.
Predicting the aurrent that islikely to flow isvery difficult because of the many fadors
which influenceit, for example, whether the body skin is moist or dry, the contad area
and presaure (i.e. whether the objea istouched or gripped) and the impedance between
the bodyand general massof eath. The skin resistance may vary from 1,000 Ohms for
wet skin to over 500,000 0hms for dry skin. Table 1 shows human resistancefor
various Kkin-contad condtions and Table 2 shows the resistance values for various
materials.

TABLE 1

Human Resistancefor Various Skin - Contad Condtions
CONDITION RESISTANCE  OHMS
(AREA TO SUIT) DRY WET
Finger touch 40k - 1M 4 - 15k
Hand hddingwire 15k - 50k 3- 6k
Finger thumb grasp 10- 30k 2 -5k
Hand hdding diers 5- 10k 1-3k
Palm touch 3-8k 1-2k
Hand around 3Tnm pipe (or drill hande) 1-3k 0.5- 1.5k
Two hands around 3Thm pipe 0.5- 1.5k 250- 750
Handimmersed | s 200- 500
Footimmersed | s 100- 300
Human body; internal, excluding skin 200to 1,000 ohms




TABLE 2
Resistance Values for Equal Areas (130cm?) for various materials

MATERIALS RESISTANCE, OHMS
Rubber gloves or soles More than 20V

Dry concrete @ove grade 1-5M

Dry concrete on gade 0.2 - 1M
Leaher sole, dry including foot 0.1 - 0.5M
Leaher sole, damp, including 5k - 20k

foat

Wet concrete on gade 1k - 5k

Consequently a multitude of posshiliti es exist, depending uponthe resistanceto eath,
which could theoreticdly be alow as 1,0000hms (or even lesg for wet skin, alarge
contad areawith the adive mnnedionand dred contad with eath, or ashigh as
several million Ohmsif the bodyiswell i nsulated from eath.

Taking the cae of 1,0000hmswould gve 240mA, which is potentialy lethal as may
be seen from Fig. 15. The 240mA isnat sufficient to blow the fuse and theoreticdly
this current could flow indefinitely satisfying the duration requirements of Fig. 16. If
the extreme of high resistanceto eath istaken, then the dedric shock would be below
the threshald of sensation and would na even be deteded.

One danger of eledric shock in apradicd situation cccurs when the eguipment has a
metal frame and the adive termina comes loose and touches thisframe. The metal
frame conducts the dedric aurrent from the adive wmnductor to all parts of the frame
and a person touching any part of the frame can recave an eledric shock (seeFig. 18).

To help overcome this danger of eledric shock, in the many milli ons of examples of
such equipment used throughou the World, all exposed metal parts are normally
required to be onreded to eath via aspedal conduwctor provided for the purpose (see
Fig. 18).
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Fig. 18 Simple pictorial view of protedion against eledric shock situation
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Douldeinsulation

Doubeinsulationis often used as a method d helping revent acadental contad with
live parts. With doube insulation there ae two levels of insulation; one is functional
insulation which insulates the dedricd condictors and the secondis protedive
insulation onthe caing. This yystem has the alvantage that it does nat rely uponeath
continuity being maintained. Note that with eathed equipment, if eath continuity is
lost the egquipment will perform normally and if nat regularly chedked, the eguipment
could operate for yeasin this manner urtil apotentialy lethal fault occurs. Doulde
insulation works well with equipment such asradios, but is difficult to apply to an
eledric drill becaise of its exposed metal portions. Thedrill i spatentially dangerous
becaise it ispaosshle to drill i nto ahidden 240Volt condictor in awall and the metal
chuck isthen at 240V olts with resped to eath. This g/stem is only fully safe when
there isno exposed metal.

Earth le&kage drcuit bredkers

Earth le&kage drcuit breskers (ELCBS) are devices which interrupt the arrent in the
circuit whenever a predetermined level of current (usually 30 mA) to eath is deteded.
Their purposeisto help prevent eledrocution acadents for the cases where the arrent
flows throughthe bodyto the general groundmasseath.

Fig. 19 Diagram of Principle of Core-Balance Protedion

Under hedthy condtionsthe arrentsin the cnductors passng throughthe toroidal
transformer are balanced, there is therefore no flux induced in the core and no vdtage
induced in the seaondary coil of the transformer.

Shoud some aurrent flow to eath througha fault and thus return to the suppy
transformer withou returning throughthe gpropriate primary of the core-balance
device then the vedor sum of the arrents throughthe primaries will be equal to the
eath fault current. A magnetic flux will then be generated in the toroidal core anda
voltage induced in the transformer secondary. This voltage is used to trip the drcuit
breder.

Eledricd fires
All pradicd conductors of eledricity exhibit some resistanceto the flow of eledricd
current. The power disspated in this resistanceis given by 2R, where | isthe arrent
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flowing throughthe mndwctor and R isits eledricd resistance The product of power
andtimeis energy and this energy manifestsitself in the form of hea. The production
of hea istherefore inherent in any eledricd system. Normally an eledricd system
will be designed and bult so that the hea generated will be minimized and dsspated
safely.

If the hea developed within the system is not disspated eff edively, it may buld upto
adangeroudly highlevel, which may ignite asurroundng bulding a its contents, or
aternatively cause failure of the dedricd system itself, which may in turn cause
ignition to the surroundngs.

Eledricdly initiated fires can be separated into two major classfications, asfoll ows:
(@) Firesoriginating within the dedricity suppy system of a building.
(b) Firesoriginating within the dedricd utili zation equipment.

The dedricd supdy system comprises the permanent part of an install ation and
includes eledricd cables, the meter panel, junction boes, power and light sockets and
switches. Eledricd utili zation equipment includes appliances and fixtures conreded to
the dedricd supgy system. Such equipment may be permanently conneded, such as
stoves, or cord conreded with aplug, suchasaTV set.

If properly installed and maintained the dedricd supdy system of abuilding shoud
produce very minimal fire risk, the work being carried ou by alicensed contrador, in
acordance with spedfic wiringrules. Nevertheless firesinitiated bythe dedricd
supdy system do accur athough in the opinion o the writer, considerably lessoften
than claimed.

In an attempt to remove some of the mystery attached to the use of eledricity andin
particular its ability to start fires, some of the more common eledricd fireinitiating
medhanisms will be considered.

Short circuits

Fig. 20 shows a simple schematic diagram of athreephase dedricd suppy system.
The voltage (suppy presaure) between the conductors conreded to ead o the three
phases, of household and many industrial three phase systems, is415V, athoughfor
househadlds, only asingle-phase 240V supdy isnormally used. The arrent flowingin
the suppy system is given bythe supgdy voltage divided bythe impedance(i.e. | =
V/Z). The airrent which flowsin most household eledricd loadsis afew amps and
therefore this resistanceistypicdly of the order of 1000hms (i.e. | =240100= 2.4A).
Most of this resistance occurs within the dedricd load (utili zation equipment), but a
very small part is due to the resistance of the a¢ual supdy condictors. The predse
resistance of the supdy condctors will depend uponthe type of material (i.e. copper or
aluminium), cross ®diona area ad length o the cale.
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Fig. 20 Threephase suppgy showing fault condtions
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For convenience, assume that the resistance of the supdy wiringis one Ohm (this will
be gproximately corred). If now an eledrica conductor is conreded between the two
supdy wires, the flow of current now has an aternative, and very much easier path, as
shown in Fig 20 Under this condtionthe dedricd supdy is sid to be short circuited,
and the resistance of the aurrent path is now only approximately one Ohm and the
current isincreased to | = 240’1 = 240A. The arrent has been increased by afador of
100and because the power disspated in the supdy conductorsis equal to I2R, the
power disspated in the conductors as hea, has been increased by afador of 10,000 If
thisamount of power were dlowed to be disspated in the dedricd wiring for any
more than afew seands, the temperature rise in the dedricd conductors would be
very large and would undoulbedly set fire to the condwctor insulation.

Eledricd short circuits are rendered harmless by limiti ng the duration o the power
disgpationto ony afradion d asecond Thisisadieved by dadngafuse or circuit
breaker in the supdy. Normally the fuse ruptures, or the drcuit breger operates,
extremely quickly andthere is no ndicedleincrease in suppy conductor temperature.
Normally the aurrent due to the short circuit is 9 large that even with incorred fuse
wire, therisk of fireisminimal. Inrare caes, the fuse has effedively been bypassed
by the use of the proverbial nail or penny, in which case therisk of firein ashort
circuit condtion becomes very red. Short circuits can also occur from the live (adive)
condwctor and eathed metal, such as water pipes, becaise the supgy neutral conductor
isalso conreded to eath, bad at the supdy transformer. (seeFig. 20)

High resistance short

Often the short circuit described above, hasitself significant resistance, in which case
the short-circuit current which flowsis reduced, often to a value lessthan the normal
eledricd load and therefore too low to operate the fuse or circuit breger. Thistype of
eledricd fault will persist urtil it cleasitself, or aternatively may worsen passbly
causing eledricd arcingandignition d the insulation system, or adjacent combustible
material.

High resistance ®nredion

Before it readies the dedricd |oad, the dedricd suppy wiring passes through
eledricd conredions sich asthaose in the supdy meter panel, junction boes, plug
sockets, etc. If these mnnedions are alequately seaured, the resistance d the point of
conredionislow. However, if the seauring screws are loose, the resistance d the point
of conredionis often high. Because the power is given by 2R, for the same arrent,
which can be within the rating d the system, the power absorbed bythe wnredionis
correspondngly larger.

Because the aurrent isnormal, the fuse or circuit bresker canna deted this type of
fault, and the energy dsspated in the mnredion can be large, resulting in a subsequent
risein temperature. Eventualy eledricd arcing acaurs at the mnnedion and the fault
iseither deteded, normally due to poa performance of utili zation equipment, or
aternatively the fault worsens and causes an ignition d adjacent combustible material.

Utili zation equipment

From afire investigatory standpant, eledricd appliances can be separated into two
caegories, thase gopliances which produce and utili ze significant quantiti es of hea for
some spedfic purpose such as gaceheaing, cooking, etc. and those gpliances which
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do nd. Examples of the former are dedric heaers, eledric blankets, solderingirons,
deep-fat fryers, etc. and examples of the latter are televisionrecevers, radios, eledric
lights, food mixers, refrigerators, vaauum cleaners, etc.

In the former case, the hed that is produced is a product of passng eledricd current
througharesistance 1n some of the gpliances, the hea output is controlled or
regulated by athermostat or other device, so asto remain within a safe operating range
(e.g. eedric blankets, irons, degp-fat fryers). In aher appliances, the hea produced is
not controlled bu isamaximum for the arrent/resistance @mbination d the
appliance Because of the high temperatures produced in these gopliances, guarding,
shielding, fan codling, or careful placanent of the heaing element are used to prevent
acddental ignition d neaby combustible materials.

In genera, there ae four fail ure modes in these hea-producing appli ances which may
lead to fires. These ae:

a) Thehed regulating mechanism fails, allowing an overhea condtionto develop,
e.g. thermostat failure in a dee-fat fryer.

b) Combustible materials are brough too close to the gpliance, e.g. clothes draped
over a dhair in front of an eledric heaer.

c) The gplianceisingalled or used withou adequate dearances to combustible
materials, e.g. table-top kroil er used under wooden kitchen cabinets.

d) Shiedinginstalled to prevent transmisson d hed to adjacent surfacesis
removed, e.g. removal of the metal plate on the bottom of a hotplate dl owing the
heaing coil to radiate downward as well as upwards.

With resped to the second classof equipment, which are not designed to produce hed,
these can be divided into two types, those that use dedric motors e.g. vaauum cleaners,
washing madhines etc. and those that predominantly use dedronic drcuitry, e.g.
televisonreceavers, radios etc.

Motorsin appliances rarely cause fires which extend beyondthe gplianceitself. Inthe
case of eledronic eguipment, most problems occur at the power entry end o the
equipment, which usualy involves atransformer, redifier and associated filtering
cgpadtors.



