
Types of explosion protection of 
electrical equipment

MODULE III



Explosion-proof equipment -

Special-purpose electrical equipment that is
designed in such a way that the possibility of
ignition of it and the surrounding explosive
environment due to the operation of this
equipment is eliminated or hindered.

Definition



IP degree of protection:

The measures applied to the cases of the devices provide,
firstly, protection of people from contact with living or moving
parts inside the case and protection from ingress of solid
foreign bodies and, secondly, protection of the devices from
ingress of liquids.

Definition



Protection against 
Solid Objects and 

Dust
7 levels: from 0 to 6

Protection against  dust, water and solid objects

Protection against 
WATER 

10 levels: from 0 to 9



Protection against dust and water

Protection against solids



Protection against water and dust

Protection against water



Protection against water and dust

Protection against water



Protection against water and dust

Minimum IP rating for explosion proof equipment

IP rating for explosion-proof equipment commonly found

FGP is normally IP66 unless
Engineering specify
otherwise. 



Protection against water and dust

If either numeral is represented by an “X,” it means the 
product has not been tested in that category. It does not 
equate to a ranking of 0, but it does not guarantee any 
protection.



Protection against water and dust

Level Protection against access to dangerous parts

А Back of the hand

В Fingers

С Tool

D Wire

Letter Meaning

Н High-voltage equipment

М Moving device in testing with water 

S Static device in testing with water 

W Environmental conditions



Group I (Mine)
Group II

(Gas)
Group III

(Dust)

IEC

АТЕХ

Application areas

Classification of explosion-proof equipment



Group I (Mine)
Group II

(Gas)

Group III
(Dust)

IECАТЕХ

Sub group IIА

Sub group IIB

Sub group IIC

Sub group IIIА

Sub group IIIB

Sub group IIIC

By category of explosive mixture (gas group)

Classification of explosion-proof equipment



Equipment marked IIC or II can be used with gases in 
divisions IIC, IIB and IIA;

Equipment marked IIB can only be used with gases in 
divisions IIB and IIA;

Equipment marked IIA can only be used with gases in 
division IIA.

Classification of explosion-proof equipment



Group I Group II Group III

IECАТЕХ

1G/D Da

Equipment protection level

2G/D

3G/D

Db

Dc

Ga

Gb

Gc

M1Ma

M2Mb

М 0

М 1

0

1

2

0

1

2

CU TR

Classification of explosion-proof equipment



Equipment protection level

high

Very high

Normal

The level of explosion protection assigned to electrical
equipment depending on the danger of becoming a source of
ignition and the conditions of use in explosive gas, dust-air
environments



Class of 
zone 

АТЕХ 
(category)

IEC (EPL) CU TR

0 1 a 0

1 1, 2 a, b 0, 1

2 1, 2, 3 a, b, c 0,1,2

Classification of explosion-proof equipment

Property of Horizon INC



Classification of equipment by type of protection

Property of Horizon INC



Flameproof enclosure Ex d

IEC 60079-1 

(The equipment contains sparks, arcs or high heat)

Classification of equipment by type of protection



Flameproof enclosure Ex d

The equipment is of Solid and Robust construction.
Usually 4 times the reference pressure of an internal 

explosion



Pressure piling

Flameproof enclosure Ex d

Clean, unpainted, free from any damage and correctly greased using a non-
setting grease (FGP specifies the use of HTL4 grease)



Flameproof enclosure Ex d



Flameproof enclosure Ex d



Flameproof enclosure Ex d



Flameproof enclosure Ex d

Gasket



Flameproof enclosure Ex d



Flameproof enclosure Ex d

Types of sealing for electric motor shafts



Flameproof enclosure Ex d

Parallel Thread Entries
Enclosure Entry not less than:

• 8 full Threads 

• 8 mm Axial length

Gland Engagement:

• Not less than 5 full threads

– external metric threads with a threaded part of at least 8 mm in length and at least eight full threads. If the thread is provided with 
an undercut, then a non-detachable and non-compressible washer or equivalent device shall be fitted to ensure the required length 
of thread engagement;

IEC 60079-1 (Ex d) Section 13.1 General:

NOTE 1 The requirement for at least eight full threads is to ensure that at least five full threads will be 
engaged when the part is installed in a threaded entry – taking into account the presence of any chamfer or 
undercut.

Internal thread

External thread

Joints



Flameproof enclosure Ex d

NPT

Needs to be fully wrench tightened! 

Joints



Flameproof enclosure Ex d

Property of Horizon INC

Болты крышки оболочки
должны быть смазаны и
протянуты в соответствии с
требованиями производителя



Flameproof enclosure Ex d

Property of Horizon INC



Flameproof enclosure Ex d

IIB gases gap 
between joint 
surfaces not 
to exceed 
0.1mm.



Flameproof enclosure Ex d

Crouse Hinds - HTL 4

Approved for project!



Flameproof enclosure Ex d



Flameproof enclosure Ex d

Exd equipment 
only to be repaired 
in accordance with 
IEC 60079-19 so in 
all cases the 
manufacturer must 
be contacted. 



Flameproof enclosure Ex d

The gap measurement is carried out by an appropriate verified
measuring device



Flameproof enclosure Ex d

IIA

IIB

IIC

10 mm

30 mm

40 mm

Property of Horizon INC

ROK for IIC required 50мм



Требования к монтажу видов защиты

Drilling additional holes

Drilling additional holes is not allowed for the type of 
protection Ex d

Property of Horizon INC



MODULE III
Types of protection

Increased safety Ex e

(NO ARCS, SPARKS OR HOT SURFACES)



Increased safety Ex e

• Ingress protection IP54, normally  > IP65

• Impact resistant per IEC 60079-0

• Solvent resistant

• Can be Plastic or metal

Increased safety Ex e

"Ех е“ enclosures – key features



Increased safety Ex e



Terminal row

Creepage distance is the shortest
distance along the surface of an
insulating material between two
electrically conductive parts
Clearance distance is the
shortest distance in air between
two electrically conductive parts

Increased safety Ex e



Increased safety Ex e

Property of Horizon INC

The partition between the terminals is broken



Increased safety Ex e

Enclosure with a drain hole



Increased safety Ex e

Nickel-plated brass;
Stainless steel;
Plastic;
Cable entries of the alloy 
conforming to the alloy of 
the enclosure.

Bi-metallic corrosion.



Increased safety Ex e



Increased safety Ex e



Increased safety Ex e

Ex e Installation and Maintenance

Enclosure content should not be modified. For all damages repair or allowed 
modifications it needs to be consulted with manufacturer documentation and 
technical representative.

Only specifically approved components should be fitted in enclosure

ALL terminals, used and unused, should be tightened!!!

Conductor insulation should extend to within 1 mm from the metal throat of 
the terminal

Only one conductor should be fitted to each terminal side unless as specified 
in the documentation, of two conductors specified by documentation, special 
crimping ferrules reguared

Partitions should be fitted at either side of terminal linking assemblies

Grouping of more than 6 conductors is not recommended.



Increased safety Ex e



Increased safety Ex e

Cable glands or conduit entries must be 
acceptable by type of protection and minimal 
requirements of area of installation



Increased safety Ex e

Creepage distancess, clearances and separations



Increased safety Ex e

Ex e Installation and Maintenance

If Ex e enclosure contain any parts of IS system:

• Needs to be marked “WARNING – DO NOT OPEN WHEN NON-
INTRINSICALLY SAFE CIRCUITS ARE ENERGIZED” or all non IS circuits 

needs to be covered by additional IP30 (minimum) protection. For 
this internal cover additional marking “WARNING – DO NOT OPEN 
WHEN ENERGIZED” needs to be done.

• On Main label needs to be mentioned that IS circuits inside 

enclosure have additional IP30 cover.

• IS and non-IS circuits needs to be segregated 50 mm minimum



Increased safety Ex e

Keep the cores as short as possible as these long cores may cause the temperature to rise 
above the designated level marked on ex plate

Avoid grouping more than 6 cores together, it may cause the temperature to rise above the 
designated level marked on ex plate!!!

As the application of increased Safety 'e' Ex 
Components can often affect temperature rise
and creepage/clearance, Ex Component certificates 
shall include the necessary technical information to 
allow the appropriate evaluation of the application 
of the Ex Component in equipment.



Increased safety Ex e



Increased safety Ex e



Increased safety Ex e

Property of Horizon INC

The ending "U" in test certificates, such as PTB
09 ATEX 1107 U, means that the device in
question is incomplete equipment. Such a
partial certificate, which is issued, for example,
for empty cases, does not certify complete
devices, but only individual components. Why?



Increased safety Ex e



Время te

Increased safety Ex e

Property of Horizon INC



Increased safety Ex e



Pressurized equipment Ex р

MODULE III
Types of Protection



Pressurized equipment Ex р

"WARNING! DO NOT OPEN IN AN EXPLOSIVE AREA“



3 types of Pressurization:
• Static pressurization
• Constant flow
• Leakage compensation 

Ex px ATEX category 2 (EPL Gb)
Ex py ATEX category 2 (EPL Gb)
Ex pz ATEX category 3 (EPL Gc)

Pressurized equipment Ex р



The PV protection method is reduced to protection by dilution and can be used in a 
non-hazardous area.

Pressurized equipment Ex р

Property of Horizon INC

Pv

As a result, non-certified equipment is allowed to be used in ventilated, sealed rooms

However, it is necessary to take into account equipment with an internal gas source.



Flammable substance in a 
containment system

EPL/category 
of external 

area

Enclosure contains 
ignition-capable 

equipment

Enclosure does not 
contain ignition-

capable equipment

No containment system(i.e no 

potential for an internal release)

Gb / 2 Type “px” Type “py”

No containment system(i.e no 

potential for an internal release)
Gc /3 Type “pz” No pressurization 

required

Gas / vapour Gb / 2 Type “px” Type “py”

Gas / vapour Gc / 3 Type “px” (and ignition

capable equipment is not 
located in the dilution 

area)

Type “py”

Liquid Gb / 2 Type “px”(inert) Type “py”

Liquid Gc / 3 Type “pz”(inert) No pressurization 
required

Pressurized equipment Ex р

Pressurized equipment Ex р



Pressurized equipment Ex р



Pressurized equipment Ex р



Pressurized equipment Ex р

4.    Pressure relief valve set to a defined value stated in the equipment 
instructions established by test or calculation.  



Pressurized equipment Ex р



Pressurized equipment Ex р



Pressurized equipment Ex р



Pressurized equipment Ex р



Pressurized equipment Ex р



Pressurized equipment Ex р



Pressurized equipment Ex р



Pressurized equipment Ex р



MODULE III
Pressurized equipment Ex р

when the protective gas is air.



Intrinsic safety Ex i

Intrinsically safe equipment falls into group II equipment , 1G 
(ia) EPL Ga or 2G (ib) EPL Gb or 3G (ic) EPL Gc categories

MODULE III
Types of Protection



Intrinsically safe equipment falls into group II equipment , 1G 
(ia) EPL Ga or 2G (ib) EPL Gb or 3G (ic) EPL Gc categories

MODULE III
Types of Protection



MODULE III
Types of Protection

What is the Temperature class?



Intrinsic safety Ex i



Intrinsic safety Ex i

What is the type of protection?



MODULE III
Types of Protection

Basic principles of IS:

Low power levels

Limitation of current and voltage

Resistance, inductance and capacitance are considered

No any hot surfaces, electrical sparks energy –
insufficient to ignite flammable mixture

Advantages:
Safe – controlled low energy
Maintainable – without gas free certificates or isolation
Cost effective
Useful for zone 0 (only Ex “ia”)



MODULE III
Types of Protection



MODULE III
Types of Protection



MODULE III
Types of Protection



MODULE III
Types of Protection



MODULE III
Types of Protection



MODULE III
Types of Protection



MODULE III
Types of Protection



MODULE III
Types of Protection

IP 20 minimum reguared, but 
environmental conditions may require 
higher rating

All enclosures and simple apparatus should 
be marked that “contain IS circuits”

Cable glands needs to be suitable for 
enclosure



MODULE III
Types of Protection



MODULE III
Types of Protection



MODULE III
Types of Protection



MODULE III
Types of Protection

Passive field equipment does not have to be certified

However, the design shall comply with requirements of IEC 60079- 11.

• Is independent of EPL. 

• Shall be clearly identifiable by durable labelling.

• Labelling  may be done by any party:
the manufacturer, an expert or the installer.

• Any marking or code preference is permitted, provided that it is clearly 
recognisable as a simple apparatus. 

• Additional information, such as a reference to the instrument loop number for the 
identification of simple apparatus can be considered. 



MODULE III
Types of Protection

For simple apparatus the maximum temperature can be determined 
from the values of  Po of power to obtain the temperature class .

T = Po Rth + Tamb

The maximum surface temperature shall be calculated in 
accordance with formula:

The simple apparatus with a total surface area 
above 20mm2 may be assigned a temperature 
class T4 if the maximum power supplies does 
not exceed the values in Table below

Maximum power dissipation – Equipment Group II

Max.  Ambient temperature oC 40 50 60 70 80

Maximum power dissipation W 1.3 1.25 1.2 1.1 1.0

T = surface temperature
Po = the power marked on 

associated apparatus
Rth = the surface temperature 

rise  (K/W) 
(specified by the 

component  manufacturer)
Tamb = the ambient 

temperature 



MODULE III
Types of Protection

Small components may be 
assigned  to the 
temperature class T4 of 
T5 as per following 
limitation:

Note:  Cannot be applied for Group III.

• Terminal boxes and switches in IS circuits:

temperature rise < 40 K;
and temperature classification:

Component surface Temperature
class

Maximal 
temperature

≤ 20 mm2 T4 ≤ 275 °C

> 20 - ≤ 1000 mm2 T4 ≤ 200 °C

< 1000 mm2 T5 ≤ 150 °C

Temperature class Ambient temperature

T6 ≤ 40 °C

T5 ≤ 55 °C

T4 ≤ 80 °C



MODULE III
Types of Protection



MODULE III
Types of Protection



MODULE III
Types of Protection



MODULE III
Types of Protection

IS and non-IS cables should not be able to reach the
terminals of each other



MODULE III
Types of Protection

IS and non-IS cables should not be able to reach the
terminals of each other



MODULE III
Types of Protection



MODULE III
Types of Protection

Have a volume resistivity at 25 °
C, equal to 1·1012 Ohm

A flash point (in a closed cup) of 
at least 200 ° C

An ignition temperature not less 
than 300 ° C

Have a puncture strength of not 
less than 27 kV for voltage above 
1000V and at least 10 kV for 
voltage up to 1000 V

A pour point of not more than -
30 ° C

Oil immersion Ex o



MODULE III
Types of Protection



MODULE III
Types of Protection

The maximum gap in the enclosure with quartz filling
«q» shall be less than the minimum size of the filling
material by not less than 0.1 mm.

Equipment that is immersed in powder refers to 
equipment of group II, category 2G (Zone 1) / 
Gb.equipment protection level.

IP 54

Powder filling Ex q



MODULE III
Types of Protection



.

Encapsulation Ex m

MODULE III
Types of Protection



Encapsulation Ex m

MODULE III
Types of Protection



MODULE III
Types of Protection

Слайд № 108

Encapsulation Ex m



MODULE III
Types of Protection

Слайд № 109



MODULE III
Types of Protection

Слайд № 110



MODULE III
Types of Protection

Ex n

not causing arcing device causing arcing device

Reduced risk Ex n



MODULE III
Types of Protection

Ex n not permitted on FGP/ WPMP per specification. 



MODULE III
Types of Protection
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Types of Protection
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Types of Protection



MODULE III
Types of Protection



MODULE III
Types of Protection



MODULE III
Types of Protection



MODULE III
Combined Protection



MODULE III
Combined Protection



MODULE III
Combined Protection



MODULE III
Combined Protection

All parts what can be possible sources of ignition

Maintainable termination

Unmaintainable joint

Ex de



MODULE III
Combined Protection



MODULE III
Combined Protection



MODULE III
Combined Protection



MODULE III
Combined Protection



MODULE III
Combined Protection



MODULE III
Types of Protection



MODULE III
Ex certification plate

EAC Certification details is mandatory to be showed on certification plate for RoK



MODULE III
Ex certification plate

EAC Certification details is mandatory to be showed on certification plate for RoK


