MPHYGB17: Electrical Safety
Second Lecture

Nick Donaldson
(Module Organiser)



Last week: Effects of Electricity on the Body
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Mains Distribution, Protection and Macroshock



Electricity Distribution

.
-
1
-
-
2]
-
|
-
o

Transformer with 3-phase (3-wire)
input and 4-wire output:

3-phase supply: Phase 1, Phase 2, Phase 3 &
120° phase difference Neutral
Usually, houses, hospital wards, live
etc are supplied by one phase, neutral
called live, plus neutral and an earth

earth wire.



How should we regard the source?

240V (r.m.s.), 50Hz sinusoidal
voltage source, grounded at one

side.
(p.s. this is 240xV2=340V peak). wiring between sub-station
and socket
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Why are there three wires?
near zero voltage

terminals inside across man
box (inaccessible)

terminal ""'-,,.-"'"._.-"" R |~

at wall -
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ce

sa0v)  load current (<30A)

DR

protective earth

\ \

enclosure

near e_arlth Class | Protection
potentia e.g. Electric Cooker

Why go to the expense of the 3" wire?



Earth Leakage Current (1)

Water, etc, accidentally
poured into cooker

terminal l A
at wall y

5/

Earth leakage U

Here: leakage current approximately in phase with mains voltage

measured in the protective earth



FN9260 IEC950 2 fused inlet filter,2A X

Earth Leakage Current (2)

ELC measured in the protective earth

Filter capacitors

terminal MMM

at wall C

0

CN Here: leakage
- current
approximately
in quadrature

with mains
voltage

O
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Which capacitor causes most ELC?



Earth Leakage Current (3)

terminal
at wall

surge current
IS earth wire

time (ms)

current (kA) l‘ e.
T_

Short-circuit:
broken
Insulator,
loose
connection,
failed
Insulation on
cable, loose
metal parts,
etc.



Two pathways to ground

terminal
at wall

0\—”

= 677kQ,

1 Ohm

;//r

ELC = 240V / 677kQ = 0.37 mA

Man current = 0.037uA



Fault Condition (1): broken protective earth

terminal MMM

at wall C

C, e = 4.7nF still, what current through the man?

Xc = 677kQ, Man current = 240V / 677kQ = 0.37 mA

What effect on the man?



Fault Condition (2): broken protective earth, then short from live

terminal | MM
at wall

i




Fault Condition (3): enclosure live

terminal MR g
[ LY |.|' )
at wall N v

10 KOhm

i

Current no longer controlled by capacitive reactance but by resistance
through man, which depends on contact area and wetness of the skin.



Fault Condition (4): Single- and Double-Fault Conditions
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No Fault
/ a
‘A’ Fault ‘B’ Fault o
A 4 A 4
ELC surge Person touching case
passes ELC to ground
(not dangerous if
v <1mA)
Fuse Blows

N

/

SAFE

‘A’ Fault

v

Case live (240V)

v

Person touching case
liable to severe shock
(determined by body
resistance)

£

The distinction between single-fault conditions and double-fault or multiple-fault
conditions is important. It is much easier to design so that equipment is safe
under alist of single-fault conditions than after combined faults.




Class Il Protection: Double Insulation

insulation

\

fuse in case L-N
short-circuit

socket
at wall
L
B ————
@ load current
— N
: AN
O
2 wires only
e.g. Hair Dryer
No protective earth terminals inside

so no ELC box (inaccessible)



Fault in Class Il Protection | =

Shock current controlled by
resistance through body.

Either insulation has failed -
or it has been bypassed. -

lead to a power tool (lawn
mower, electric jig saw, etc).

Hint: do not use machine

Example cutting through the Yk
tools with bare feet.




Residual Current Device: Principle

L & N wires wound in
opposite directions

L L

o <>/v O ‘ \ 0
2-pole toroidal é Load
switch core "T'

N 5 ‘ \ N ‘

o O/:lC o)

Amplifier



Microshock



The Faulty Bed & the Drug Infuser (1)

Bed in Intensive Care Unit

» Motorised to adjust height

» Mains filter with 4.7 nF capacitor

* Class | protection

 Steel bed frame designed with connection to mains earth

» Broken protective earth connection

socket
at wall



The Faulty Bed & the Drug Infuser (2)

Patient recovering from cardiac surgery
* He is holding the bed frame
_A « Drug Infuser catheter comes from

socket
at wall heart through chest wall



The Faulty Bed & the Drug Infuser (3)

Cardiologist attends to patient

 Holding the Infuser so that he is touching the drug reservoir

» Touches earthed tap with other hand

socket
at wall

Result
e Cardiologist feels nothing, but
e Patient’s heart goes into VF



How many causes contribute to this accident?



The Vacuum Cleaner Accident (1)

socket

socket

mains
supply

patient
In ICU

socket




The Vacuum Cleaner Accident (2)

socket

socket

mains
supply

patient
In ICU

> ECG amplifier
L7

arterial pressure
monitor




The Vacuum Cleaner Accident (3)

socket

socket

—

| sl

T~

plug wired
_@_ incorrectly

vacuum
g 0.2 cleaner

mains
supply

> i ECG amplifier
L

patient
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catheter—_ (
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32510~ monitor




How many causes contribute to this accident?



Proper Earthing

Patient-equipment grounding point
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-Viso OUT (5)
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|solation Barriers equipment equipment
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Summary

You should now know enough about:
* the effects of electricity on the body,
e impedance calculations,

 Classes of protection,

 causes of macro-shock,

e causes of micro-shock,

to be able to understand the Regulations that Dr Fry will describe next week



