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Definition of an Atmosphere

Atmosphere can be classified as:

Non-explosive atmosphere; the atmosphere does not 
contain explosive elements and all types of standard 
products can be used

NON-HAZARDOUS AREA

Explosive atmosphere; the atmosphere contains potentially 
explosive elements, either gas, vapor, mists or dust and 
only certified products can be used

HAZARDOUS AREA



The phenomenon of explosive atmosphere

A potentially explosive atmosphere:

An explosion is defined as a sudden 
reaction involving rapid physical or 
chemical decay accompanied by an 
increase in temperature or pressure, 
or both.



Potential ignition sources

In industrial electrical equipment:
hot surfaces, electrical sparks, friction and impact sparks

Other sources of ignition:
flames and hot gas
chemical reactions or biological processes
lightning
intense electromagnetic radiation
ionizing radiation
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Hazardous environments - group II

> 1000 hours/year 10 - 1000 hours/year < 10 hours/yearGAS 
PRESENCE
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4 essential questions to determine a zone

Basic approach: Reduce to an acceptable level the probability of coincidence    
of a flammable atmosphere and a source of ignition
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Example of different zones
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IEC and EN standards

Apparatus groups
Group I - Mines susceptible to fire 
damps (Methane)
Group II - Other places

Gas groups 
(needed only for Ex d and Ex e)
IIA (e.g. Propane)
IIB (e.g. Ethylene)
IIC (e.g. Acetylene and Hydrogen)

Zones
Zone 0 - continuously
Zone 1 - occasionally
Zone 2 - in abnormal conditions

(*) Not suitable 
for motors

Ex d
EEx d

Exd e
EEx e

Ex p
EEx p Ex p

EEx p
Ex e
EEx e

Ex d
EEx d

Ex nA
EEx nA

Temperature classes



Gas and vapor subdivisions
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Group of gas 
(subdivisions)

MESG (Max. Experimental 
Safety Gap) Combustible substance

A > 0.9 mm ~120 gases and vapors: ethane-propane-butane, benzene-
methanepetroleum, diesel, oil-ethanethiol

B 0.55 – 0.9 mm ~30 gases and vapors: ethylene-dimethyl, ether, coke oven 
gas

C < 0.5 mm 3 gases: hydrogen H2-acetylenen C2H2, carbon disulphide 
CS2

10 tests to be done without 
any explosion transfer 
between box 1 and box 2

25 mm

The group of gas according to the 
Maximum Experimental Safety Gap 
(MESG)



Comparison between division and zone system
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Explosive atmosphere is unlikely to occur 
or, if it does occur, is likely to be of short 

duration and not in normal duty

Atmosphere Zone Definitions Presence of explosive 
atmosphere per year

Gas 0 Explosive atmosphere is present continuously 
or for long periods or frequently > 1000 h

Dust 20

Gas 1 Explosive atmosphere is likely to occur in 
normal operation occasionally 10 h...100 h ...1000 h

Dust 21

Gas 2 Explosive atmosphere is not likely to occur in 
normal operation, but if it does occur it will 

persist for a short period only
< 10 h

Dust 22

Explosive atmosphere is present 
continuously for long periodsDivision 1Gas or dust

Division 2
Gas or dust

DefinitionsHAZLOC area NEC 500Atmosphere
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M
G

ATEX & IEC standard

Standards
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Non sparking motors (Zone 2)
Ex n

What does it mean Non Sparking enclosure ?
Parts which could ignite an explosive gas are 
manufactured in such a way that to prevent ignition of 
flammable gas

No spark in 
normal

conditions

No dangerous hot 
surfaces in 
normal conditions
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Increased safety motors (Zone 1)
Ex e

No spark in 
normal/fault 

conditions

No dangerous hot 
surfaces in all 
conditions

What does it mean Increased Safety enclosure?
Parts which could ignite an explosive gas are 
manufactured in such a way that to prevent ignition of 
flammable gas
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Pressurized motors
Ex p

Inlet
inert gas

Outlet
inert gas

po

p > po

What does it mean Pressurized enclosure ?
Parts which could ignite an explosive gas mixture are 
housed in an enclosure which is flushed and 
pressurized by a protective gas, e.g. clean air
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Flameproof motors
Ex d

What does it mean Flameproof enclosure ?
The enclosure is designed in such a way that an 
explosion inside the motor will not cause any permanent 
deformation and will prevent the flame propagation 
outside

seals and
labyrinths

strong housing
(frame and shields)
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0 100 1000 10000 100000

kW

LV motors

HV Cast iron frame

HV Welded frame

Synchronous

Motors & generators for hazardous locations

Hazardous areas
Flameproof Ex d/Ex de 
IEC 80-710, up to 4500 kW
Increased safety Ex e 
IEC 80-500, up to 1500 kW
Pressurized Ex px/Ex pxe
IEC 355-2500, up to 60 MW
Non-sparking Ex nA
IEC 71-2500, up to 60 MW
Class I Div 2/Zone 2
up to 60 MW, 80000 HP

(full data on the complete range
available on request)
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Certifications used as global
IEC certificate
IECEx Scheme certificate
ATEX certification
CSA and/or UL certification

Typical national certifications
GOST to Russia
Inmetro to Brazil
CQST for China
KOSHA for Korea
CCE / DGFASLI for India

ENENCSA/CECSA/CE
C CodeC Code

NEMA / NEMA / 
NECNEC ASAS

/N/N
ZSZS

JISJIS

G

Certification for hazardous area motors
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Local certifications
Based on IEC or ATEX

Local certifications are mainly obtained based on IEC or ATEX

Local market
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Ex-standards
Approval process

0081
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Single source for all protection types
When specifying motors or generators, 
correct protection type has to be selected 
acc. to the operating and ambient conditions.  
ABB have 2 x software packages we use for 
sizing Hazardous Area motors.  One 
dedicated to catalogue L.V motors and the 
other is for L.V to H.V machines

The ABB Library is an extensive data base of 
drawings, certificates, test reports etc
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Full compliance with standards

All protection types
Ex d(e) - flameproof

Ex nA – non-sparking

Ex e – increased safety

Ex p – pressurized

Class I Division 2

Class I Zone 2

Class I Zone 1

Global and local certifications
All motors supplied by ABB are certified as meeting 
official requirements

ATEX certified

IECEx certified

Comply to US and Canadian standards

Complying also several national standards like 
Russia, Kazakhstan, Australia and China
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Certified for use with drives

ABB’s Ex motors are tested 
for safe use with drives and 
ABB offers tested/blanket 
certified drive and motor 
combinations.
No need for earth brushing
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Custom features in standard products

Developed in close co-
operation with customers in 
the oil, gas, petrochemical 
and chemical industries.

Compliant to Shell DEP 
specifications

Customized to provide 
enhanced reliability, safety 
and energy economy as 
standard.  Factors taken 
into consideration when 
Shell signed 5 year EFA 
with ABB for motors up to 
4MW (Aug, 2011)



Fin Fan Design – Ex Certified
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International IECEx Certification
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Maintenance by authorized local partners

Inspection and maintenance of Ex 
motors can be carried out only by 
authorized service shops.
Authorized servicing available on a local 
basis thanks to ABB’s worldwide 
organisation and network.
ABB Service workshop at Eagle Farm 
for all motor and generator service, 
including field service, for LV & MV/HV 
requirements.



Safety Improvements of Non-Sparking 
and Increased Safety motors
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Background

During 1984-1992 there were 6 
incidents reported involving HV 
motors in UK
Root cause identified as sparking 
between motor parts and electrical 
discharges in stator windings
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History of accidents involving electric motors in the 
UK

Further investigations revealed:
- discharges likely to occur at > 3 kV
- bar-to-bar currents during start ups
- contamination of HV insulation

Result: Priorities of risk assessment have been defined
Immediate responses by End Users:

- high risk areas identified (compressors in hydrocarbon service)
- need for equipotential bonding is identified and applied
- no Ex e for Zone 1 areas, only Ex d and Ex p
- pre purging of old motors
- winding contamination checks scheduled (ABB’s L.E.A.P tests)
- EEMUA guide for risk assessment



© ABB Group 
December 1, 2011 | Slide 38

Where does sparking occur in motors?
Extensive studies by manufacturers revealed that sparking can occur at stator 
windings, at rotor bars and between parts of enclosure.
Stator Winding
Partial Discharges (PD) – ionization of air inside or on the surface of HV insulation
Inception voltage can be low subject to structure of insulation
When? All the time when motor is energised
Why? Electrical stress distribution is inversely proportional with material 
permittivity

- improper stress grading
- inadequate clearances
- aging of insulation
- network voltage transients
- dirty surfaces

How to avoid PD?
- Corona protection by correct stress grading (avoid electrical field differentials)
- Correct clearances to winding components (RTD wiring)
- Correct routing of winding leads
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Where does sparking occur in motors? - Stator

Intense sparking observed at the edge of 
lamination (sharp corners intensify electric 
field)

Photograph courtesy of PTB test 
laboratory

Conductors, turn insulation, phase 
insulation

Effective stress grading plays
crucial role in prevention of PD’s
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Where does sparking occur in motors?  Rotor

Stray current switching (current flows between bars through lamination)
When? During start ups
Where? Between bars and lamination at each ends of core
Why? Stray current interrupted by relative bar movements due to start up stresses 
and vibration
How to avoid it? 

- Specific know-how applied for bar fixation
- Reduce start up stresses by keeping Is/In low or use VSD’s

Note: Sparking does not take place between stator and rotor, i.e. across the air 
gap!
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Where does sparking occur in motors? - Rotor

Rotor bars can be swaged for a
tight fit in the slot.
Photograph courtesy of Notified Body

Sparking on the rotor surface.
Photograph courtesy of PTB test 
laboratory



© ABB Group 
December 1, 2011 | Slide 42

Where does sparking occur in motors? - Circulating 
currents

Where and When:
Between separate parts of enclosures
When motor magnetized and running
Over-voltages

Why:
Parts get unequal charges from the 
magnetic flux created by the stator
If parts are not equipotential bonded, they 
are ‘floating’ on own potential
Improper grounding
If equipotential cables are disconnected 



© ABB Group 
December 1, 2011 | Slide 43

Evolution of Standards
Directive 94/9/EC (ATEX)
“State of the art” principle: manufacturers must go beyond requirements of 
standards to maximise safety

ENV50269:1997
Risk identification, equipotential bonding, principles of risk assessment even gas 
environment testing formulated
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Recent developments: IEC/AS/NZS60079-15:2005 (Ex n) and 
IEC/AS/NZS60079-7:2001 then 2006 (Ex e)

Standard with verification requirements
Risk assessment tables appear
Manufacturer’s and end user 
responsibilities
“Product standards” and 
“installation standards” (Part 14)
Complex, hard to follow 
requirements
General conditions standard 
(Part 0)
Problem: product standard 
include end-user activity
Problem: rapidly changing 
standards
Positive: definite safety 
improvements with risk reduction 
achieved
Negative: inconsistencies
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Stator risk assessment – Ex e increased safety motors

Risk assessment must be carried out for 
practically all motors at > 1kV

If factor numbers are higher than 5 or 6 
special measures must be applied

Special or further measures include pre 
purging, continuos purging or gas testing

Assessment is difficult as manufacturer 
has no control over user practices as 
conditions, application, ownership may 
change

End users confused with construction 
details

Requirements differ for various gas 
groups, voltage / power levels and frequency 
of start ups

Risk Assessment Table
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Stator risk assessment – Ex n non-sparking motors

Further measures to be applied if the sum 
of risk factors is greater than 6: 

Stator design shall pass the required 
gas environment non-sparking tests 
(para 33.14.2.3), or
Motor shall be equipped with a 
provision pre-start ventilation (Note!
operator needs to make decision 
whether to use it or not, affected by 
their possibility accept the risk)

Note, the table will be moved to IEC 60079-14 in the future, and the stator gas testing will be compulsory for all random-
wound high-voltage stators and all high-voltage form-wound stators in gas groups IIC and IIB, as well as in gas group IIA if 
the nominal voltage is greater than 6.6kV
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Non-sparking motors (IEC 60079-15:2005)

Rotor risk assessment
Increased safety motors (IEC 60079-7:2006)

Special measures shall be applied if 
the sum of risk factors is greater than 5

Special measures shall be applied if the 
sum of risk factors is greater than 6
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Tests to verify that the designs are non-sparking per 
IEC 60079 standards:
1.  Stator test / Sinusoidal voltage test

Insulation systems and connection cables shall 
be tested in an explosive gas mixture 
comprised of (21 ± 5) % hydrogen-in-air or (7,8 
± 1) % ethylene-in-air, v/v
U = Sinusoidal voltage of 1.5 times the rated 
RMS line voltage for 3 min
The maximum rate of voltage rise shall be 0.5 
kV/s
No explosion shall occur
In this test, insulation will be tested between

Phase to earth
Phase to phase
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2.  Stator test / Voltage impulses test 

Insulation systems and connection cables 
shall be tested in an explosive gas mixture 
comprised of (21 ± 5) % hydrogen-in-air or 
(7,8 ± 1) % ethylene-in-air, v/v 
U = 10 voltage impulses of three times peak 
phase voltage with tolerance of ±3 %
Voltage rise time between 0,2 s and 0,5 s
Time to half value which is at least 20 s but 
normally not exceeding 30 s
Electrical connection same as a sinusoidal 
voltage test
No explosion shall occur
In this test, insulation will be tested between

Phase to earth
Phase to phase
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3.  Rotor test
Aging before tests

The rotor cage shall be subject to an ageing 
process comprising a minimum of five locked 
rotor tests 
The maximum temperature of the cage shall 
cycle between the maximum design 
temperature and less than 70°C
The applied voltage >/= 50 % of the rated 
voltage

Tests
The same gas mixtures as for stator testing
Motors shall be subjected to 10 direct-on-line 
uncoupled starts or 10 locked rotor tests. 
Duration of at least 1 s
No explosion shall occur
Terminal voltage >/= 90 % of the rated 
voltage. The concentration of hydrogen or 
ethylene shall be confirmed after each test

An ageing process for test motor
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Options available under IEC/AS/NZS60079-15:2005 
(Ex n) and IEC/AS/NZS60079-7:2001 then 2006 (Ex e) 
:
1. To perform Risk Assessment for each case together with Manufacturer 

and keep fingers crossed, or

2. To have a Provision for pre-purging if risk factors limits are exceeded, or

3. To require manufacturers to carry out gas testing and provide certification 
based on that
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Scenario 1 – To perform Risk Assessment for each case

In most of the cases, the risk factor limits are exceeded, and special measures 
are needed.
Lack of information flow

Effective co-operation is needed between End User and Manufacturer during 
the motor design phase (through OEM and EPC contractor)
All information is not typically available at that time

Changing specification
Risk assessment results might change many times during tendering

Varying conditions during the machine’s life time
Easy for manufacturers, just advises the relevant items of the list

Easiest and most attractive procedure for Manufacturer, but in practice it 
brings some issues:
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Scenario 2 – Provision for Pre-Purging when Risk Factor 
Limits Exceeded

Another easy and economical solution for manufacturers

Manufacturer provides flanges and End User / Operator takes the responsibility to 
decide to use them or not

Safety engineers typically require purging if the risks are indicated

If pre-purging is selected by end user

Does NOT protect against stator partial discharges, which can still occur all 
the time. That’s the reason why IEC 60079-7:2006 requires stator gas 
environment testing for all Ex e motors above 1kV

10 to 60min delay before each start

Additional investments to purge control device, piping and air compressor

Additional cost for operator to run air compressor

Overall reliability is reduced due to additional components
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Scenario 3 – Gas testing and Certification

No onus of responsibility on end user for motor safety
Verified confirmation that motor design is non-sparking as per international 
standards
No start up limitations in motor use
No need to consider risk assessment factor sums as motors are already tested to 
worst outcome
No need to review risk assessment, if user conditions are changing e.g. starting 
frequency or maintenance strategy
Longer life-time for stator insulation due to no surface discharges (PD’s)

Most difficult and demanding exercise for manufacturers: Gas environment 
testing for Rotor & Stator is probably the best and safest way for End Users & 
Operators
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ABB’s approach: The required gas tests are performed for 
most of HV motors
The gas test covers:

LV Motors < 1kV (rotor test is applicable)

Induction Machines produced in Helsinki or 
Shanghai (stator & rotor test passed)

Synchronous Machines produced in Helsinki 
(stator test passed)

Results of the test

All rotor test passed (LV & HV)

Stator test passed (HV)

13.2 kV with IIC gases

15 kV with IIA and IIB gases

Motors not covered by these tests are equipped 
with a provision for pre-start purging.
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Benefits of gas tested motor for Operators / End Users

Streamlining the risk assessment 
process (no need of risk factor 
calculations)
Reinforce the insulation system to 
increase the life time of products (lack 
of PD’s)
The alternative to gas testing and 
certification involves preparing motor 
with provision for pre-purging 

Investment in a higher capacity air 
compressor, piping, and a purge 
control unit
Represent time delay during 
purging, every time the motor is 
started
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Benefits of the ABB approach:
Reduced

…initial capital expenditure

…lower operating costs

Faster, no delay starting

Reliability is improved as no 
additional components are required

Most importantly, ABB’s certified 
motors offer proven safety, as testing 
represents the only way to verify that 
equipment is really safe

M
G Danger is often marked with black and yellow. 

That´s why our machines are blue!

Benefits of gas tested motor for Operators / End Users


