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Health and safety at work and in the workshop

Contact of a person with an electrical equipment

If you touch a part of live equipment, electric currentt flows through the circuit: part of
the impedance voltage — finger + body resistance + contact resistance foot - ground
+ ground - the other pole of the source.

Current size = voltage size on the part and total circuit resistance 1=U/R
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Impact of el.current on human organism

When the current flows through live organism there are following phenomena:
* heat rises and may cause burns.

» current causes cell decomposition that causes e.g.blood decomposition .

* el.current causes muscle spasms

« alternating current causes heart fibrilation which leads to the cardiac arrest.

Impact of el.current on human organism depends on:
* current size

« current type



« current frequency

+ impedance of human body

* current direction

* transit time flow

 physiological and psychological state of the organism

+ size of the touch voltage

Current type:

Human heart frequency is around 70 pulses per a minute.When the AC flows at
frequency around 50 Hz, heart tries to adapt to this frequency i.e. around 50 pulses
per a second and fibrilation and cardiac arrest appears.

Alternating current is much more dangerous for human organism than direct current.

Current size:

* The bigger current size and the longer transit time of flow, the worse the impact of
current on human body.

* Current value of 20mA is considered to be the limit when unpleasant feeling turns
into dangerous injury or state.

» Current value of 100 mA causes death in almost all cases.

Current frequency:
Dangerous frequency bands - 10 - 100Hz and 200 - 500 Hz.

Impedance of human body:
* Average value is 2000 Q

» About 30 s later, the body impedance is lowered by 1/5, so the current rises.

Current direction:

Most dangerous current direction are: Head — arm, head - leg

Transit time of flow:
The longer time the current flows, the more serious consequences and injuries it

causes.



Physiological and psychological state of the organism:

Impedance of human body also depends on physiological and psychological state
When a person is tired, depressed, sick etc, body impedance lowers (sometimes up
to the value 400 Q).

Note: safe current value is 10 mA of AC and 25 mA of DC

Size of the touch voltage :

» Various parts of organism are different in conductivity and sensitivity to electric
current. Human skin behaves as a not very perfect insulant sleeve of the body,
because it is 20x less insulant than mucosa or soft inner organs.

« Voltage higher than 60V affects this skin it becomes conductive.

« That’s why limits for save and dangerous voltage are set.

Touch voltage limits in dependence on space characteristics

Live parts INon live
e By position e By position
e By obstacle e By obstacle
e By shield (min IP2x e By isolation
resp. IP4x) e By additional isolation
e By isolation e Automatic disconnection from the source
e By additional isolation e Doubled or strengthened isolation
e Additional protection e Electrical separation from other equipment
by RCD
{For supervision by qualified personnel also:
e Protection by dielectric environment
e Protection by sepatation of power supply for more
than 1 equipment. Ungrounded local interconection

Spaces from the view of risks of electric injuries are divided :
« Safe spaces (dry, with nonconductive surrounding)
» Dangerous spaces (permanent or temporary risks - wet, with conductive
surroundings).

« Spaces with high risk (permanent risk of electrical injuries - wet).

Dangerous contact with electrical equipment
1.Accidental 2. Conscious



Dangerous contact with electrical equipment:

A) bipolar contact with live parts (direct touch)

B) single-pole contact with live parts (direct touch)

C) indirect contact drifting of the inanimate

Basic rules to prevent electrical injuries
 dangerous live parts must be covered.
* accesible conductive parts must be safe in normal conditions and, also when there

is one malfunction

How to protect a person from electrical injuries
* Prevent access to live parts of equipment
« Limit the current to a safe value

« Early disconnecting from the source

Protection class electrical equipment

Class I: basic insulation, protective terminal must be brought out and connected
(iron, PC,motor)

Class II: basic and protective insulation,no other protection needed

Class llI: charging by low safe voltage, no other protection needed

Protection by low voltage — safest.



Equipment must be supplied by small safe voltage - no dangerous current flows

through the body when touching it.

Protection class electrical equipment:
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Safe low voltage limits

Touch with | Maximum low voltage of live
Areas parts of parts _ _
equipment | alternating direct
Normal and live 25 60
also covers
dangerous | isolated from 50 120
live parts
live - -
Especially
Covers
dangerous isolated from 12 25
live parts




Protection against accidental contact

Live parts Non live

e By position e By position

e By obstacle e By obstacle

e By shield (min IP2x e By isolation
resp. IP4x) e By additional isolation

e By isolation e Automatic disconnection from the source

e By additional isolation e Doubled or strengthened isolation

e additional protection e Electrical separation from other equipment
by RCD |For supervision by qualified personnel also:

e Protection by dielectric environment

e Protection by sepatation of power supply for more than
1 equipment.

e Ungrounded local interconection

Protection by disconnecting from the source
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Examples — Circuits for power net
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Socket bonding:

For the security it is necessary to keep the proper bonding of movable plug into the
socket.
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Electrical equipments covers:

0 — 8 grades
IP XY— | protection
o against ingress of
International water
Protection
0 — 6 grades
protection
against ingress of
solid objects
Protection against ingress of solid objects: IP XY
Protection grade
X - First Importance for protection Importance for protection of
nu-mlbrgr of equipment humans
Protection against Ochrana pred dotykem
ingress of solid objects: S nebezpecnou casti:
0 Without any protection Without any protection
1 250 mm in diameter With palm of a hand
2 212,5 mm in diameter With a finger
3 22,5 mm in diameter With a tool
4 21 mm in diameter With a wire
5 Dust protection With a wire
6 Complete dust protection With a wire
Protection against ingress of water: IP XY
Y protection description
0 No protection No specific protection
1 gr_ote_ctmn agaist vertically Vertically dripping water must be safe
ripping water
2 Protection agaist vertically Rain falling on the cover tilt 15° mustn 't
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dripping water by the cover tilt damage the el.equipment
15°

Protection agaist vertically

3 dripping water by the cover tilt

Rain falling on the cover tilt 60° mustn 't
damage the el.equipment

60°
4 Protection against splashing Water splashing on the cover in various
water direction mustn 't damage the el.equipment

Spraying water mustn 't damage the

5 Protection against water flow )
el.equipment

6 Protection against intensive Spraying water mustn 't enter and damage

spraying water the el.equipment
. . When the equipment is immersed water

Protection against temporary . .

7 . . under certain pressure mustn’t enter under
immersion .

the cover damage it.
8 Protection against permanent Protection against permanent immersion

immersion

Safe operation and work with electrical equipment:

Requirements:

* Before starting any operation- evaluation of electrical risks

* Training on security and local operational rules

» Re-testing of complicated operations

« Suitable dress and personal accessories are essential

* Only experienced and trained personal staff is allowed to operate in areas with

special el.danger.

In laboratories and workshops:

* It is not allowed to wear loose clothes

« It is not allowed to wear bracelets, rings, chains and other metal accessories

« Students are allowed to perform operations only with non live circuits, the
connection of power supplies is done by a lecturer after the final check.

« While measuring it is allowed to touch only the isolated parts that are necessary
for the manipulation

« The person who disconnects power supply in the case of accident or injury and
the place must be strictly selected before. It is also necessary to check if the tools

and appliances aren’t damaged.

First aid for electrical injuries
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* Pull out the injured person of reach of el. Current. Immediately switch off or interrupt
the el. circuit.

« Start to rescue by artificial respiration if the injured person does not breathe.

« If the puls is weak or non palpable , start cardiac massage.

« Call the doctor

* Report to supervisor about the acciddent or injury

Treatment of other injuries

 Other injuries are treated only after restoring breathing and heartbeat

» Only when there is severe arterial bleeding stop it by using pressure dressing.

* In the case of open fracture take away the clothes on the bleeding site and cover
with a dressing

 Put sterile drape, dressing or towel on burns of 2 and 3 degree to prevent infection

during the transport of injured person. Pour cold water on the small burns.

How to extinguish electrical equipment
« Itis appropriate to switch the equipment off before extinguishing
*  When the equipment is live use :
« fire apparatus: - snow
- powder
- halon
» Don’t extinguish fire with water or foam
Attention: on fire of el.equipment, there might be toxic gases

Always immediatelly report the fire

Zdroj:

poznamky z pfedmétu Zaklady elektrotechniky - 2. a 3. roCnik SPS elektrotechnické v
Ceskych Budéjovicich

11



Bezpecnost prace a ochrana zdravi pred Urazem el. proudem - Health and

safety at work and in the workshop - slovnicek odbornych terminti

Vocabulary

accident , accidental
applience, device
appropriate
average
bleed, bleeding, blood
bond
breath, breathing
bulb
cardiac arrest
cause
check
circuit
conductive, conductivity,
insulate, insulant, insulator
conscious
consequence
cover
current
alternating current AC
direct current DC
current size
decomposition
disconnection
equipment
extinguish, fire extinguisher
first aid
flow
heartbeat
immerse

impact

Slovnicéek

nahoda, nahodny
pristroj
vhodny
prumér, primérny
krvacet, krvaceni, krev
spojeni, pfipojeni
dech, dychat, dychani
zarovka
zastava srdce
zpusobit, pfi¢ina
kontrolovat, kontrola
obvod
vodivy
izolovat, nevodivy, izolator
védomy
nasledek
obal
proud
stfidavy
stejnosmérny
velikost proudu
rozpad
odpojeni
vybaveni, zafizeni
uhasit,hasiCsky pfistroj
prvni pomoc
proudit, prochazet
tlukot srdce
potopit
dopad
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impedance
ingress
injure, injury
loose clothes
malfunction
measure
necessary, essential
obstacle
plug
precaution
pressure
remove
requirement
resistance
rule

shield
socket
source

state

supply
touch
treatment
value

voltage

odolnost
pronikat, /voda, plyn/
zranit, zranéni
plandavé Saty
disfunkce
méfit, mira
nutny, povinny
prekazka
zastrCka
upozornéni
tlak

odstranit
pozZadavek
odpor

pravidlo

Stit

zasuvka

zdroj, pfipojeni
stav

napajet, zasobovat
dotykat se
péce

hodnota

napéti
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