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This handbook is based on the documentation for the explosion pro-
tection seminar „Planning and safe operation of explosion-proof elec-
tric drives” led by Dr.-Ing. Lehrmann/Dipl.-Phys. Seehase/Dipl. Ing. 
Sattler at the „HAUS DER TECHNIK“ in Essen and internal training ma-
terials from VEM motors GmbH, taking into account the PTB test rules. 
  Explosive atmospheres are frequently formed in chemical and 
petrochemical plants as a result of process engineering pro-
cedures. They are caused, for example, by mixtures of gases, 
vapours or mists. However, mixtures with dust, such as tho-
se found in mills and silos, often prove to be explosive. This also 
requires attention in the food industry (flour dust explosion), for 
example. For these reasons, electrical equipment for potential-
ly explosive areas is subject to special guidelines and national and 
international standards. Explosion protection specifies rules that 
aim to protect people and objects from possible explosion hazards.  
 Integrated explosion protection means that explosion protec-
tion measures have to be taken in a specific order. This basically 
means preventing explosive atmospheres from forming, avoi-
ding the ignition of explosive atmospheres, and limiting the ef-
fects of an explosion to a safe level. Preventing the formation of 
explosive atmospheres, also known as primary explosion pro-
tection, is the responsibility of the facility designer and operator.

Which areas outdoors or indoors are to be considered potentially ex-
plosive within the meaning of the relevant regulations or provisions 
must be left entirely to the operator or, if there is any doubt about the 
definition of potentially explosive areas, to the competent supervi-
sory authority. Directive 99/92/EC – ATEX 137 (formerly ATEX 118a), 
the Occupational Safety Directive, specifies the responsibilities of the 
operator of such installations. The basis for explosion-proof products 
is Directive 2014/34/EU – ATEX 114 (formerly 94/9/EC – ATEX 95 or 
100a), (Quality Directive). This directive specifies the requirements 
for products intended for use in potentially explosive atmospheres.  
 
Electrical machines for use in zones 1, 2 or 21, 22 can be designed 
with different types of ignition protection, the aim of each of these 
types of ignition protection being to reliably prevent ignition of any 
explosive atmosphere that may be present at the place of use of the 
electrical machine. 

1 	 The explosion-proof drive – Introduction

An explosion-proof device is characterised by its ability to prevent 
the ignition of any explosive atmosphere that may be present at the 
place of use when operated within the permissible parameter limits 
for the gases present (e.g. ambient temperature, current, voltage, 
etc.). Since electrical machines always contain a potential ignition 
source, the aim of explosion protection measures is to prevent them 
from becoming an effective ignition source. Electrical machines can 
become an ignition source due to hot surfaces, electrical discharges 
and mechanically generated sparks (grinding).  

The requirements for the effort required to prevent the ignition hazard 
depend on the location of use. Potentially explosive areas are divided 
into zones.  

An explosive atmosphere may occur continuously or for long periods 
in Zone 0. Rotating electrical machines are not used here. Zone 0 
usually occurs inside tanks and equipment.

In Zone 1, an explosive atmosphere may be present occasionally and 
for a short period of time. An example of this zone is the area around 
the ventilation opening of tank installations. Equipment used in Zone 
1 must not become a source of ignition during normal operation or in 
the event of a fault.

In Zone 2, an explosive atmosphere is only to be expected for a 
short time in the event of operational faults, e.g. leaks. The equip-
ment used must not constitute an ignition source during nor-
mal operation, but this is tolerated in the event of a fault. It is as-
sumed that the probability of an explosive atmosphere and an 
operational fault occurring simultaneously is sufficiently low.  
In the event of an explosion hazard due to ignitable dust, zones 
20/21/22 are classified in a similar manner.

The following types of ignition protection are considered to ensure 
explosion protection for rotating electrical machines: In gas explosion 
hazard areas of Zone 1 – increased safety “eb”, flameproof enclosure 
“db/db eb” and pressurised enclosure “pxb” and for Zone 2 the type 
of protection increased safety “ec” and pzc. In areas at risk of dust ex-
plosion, “protection by enclosure” tb for use in Zone 21 and tc for use 
in Zone 22 are widely used types of protection for electrical machines. 

With the type of protection known as pressure-resistant encapsu-
lation „db“, ignition is possible inside the enclosure, but the design 
prevents the explosion from spreading to the surrounding area. The 
enclosure must be able to withstand the explosion pressure, and fla-
me propagation through feed-throughs must be prevented by using 
flame-proof gaps. A further condition is that the ignition temperatures 
of the gases occurring at the installation site must not be reached or 
exceeded on the surface of the enclosure. The implementation of this 
type of ignition protection is complex and expensive due to the need 
to comply with very small manufacturing tolerances.

With the „p“ type of protection, the interior of the enclosure is flus-
hed with an inert gas under pressure, preventing it from entering any 
flammable atmosphere. To ensure explosion protection, the pressure 
of the inert gas must be monitored and excessive surface tempera-
tures must be prevented.

In the event of a failure of the ignition protection gas supply, it must 
be ensured that all internal ignition sources are eliminated before an 
ignitable mixture can form inside the enclosure due to the ingress of 
the external atmosphere. Due to the cost of the ignition protection gas 
supply, this type of ignition protection is only used for machines with 
a power rating above approximately 1 MW.

Foreword
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With the “eb” type of ignition protection, the surrounding atmosphere 
can penetrate the interior of the enclosure. To avoid the risk of igni-
tion, no effective ignition sources can be present inside the enclosure 
with this type of ignition protection. This type of ignition protection 
can only be implemented with equipment that does not generate 
sparks during operation. To implement an asynchronous machine 
with this type of protection, the electrical inactive parts can essential-
ly be based on the non-explosion-proof standard motor. For the active 
parts, the reduced permissible heating and requirements regarding 
partial discharges must be taken into account. The implementation of 
this type of protection in a frequency converter-fed drive is discussed 
later in this handbook. 

The “ec” type of ignition protection is based on the “eb” type of igni-
tion protection, but the requirements are less strict due to the lower 
probability of an ignitable atmosphere being present in Zone 2. For 
example, the machine can be used at higher temperatures becau-
se the “safety margin” of 10 K relative to the maximum permissible 
winding temperature according to the thermal class no longer ap-
plies. Furthermore, the fault condition “blocked state” does not have 
to be considered and,  e.g. in operating mode S1, the start-up does 
not have to be monitored. Motors of this type of protection must not 
be put into operation if an ignitable mixture is present at the motor’s 
installation site.

In addition, standard EN 60079-14 also applies here, according to 
which the motor must be protected against overload and short circuit, 
i.e., a motor protection switch must be installed. These monitoring 
devices do not have to be functionally tested in accordance with di-
rective 2014/34/EU for category 3 devices, e.g. ignition protection 
type “ec”, but the authors recommend using functionally tested mo-
nitoring devices in these applications as well. The standard IEC/EN 
60079 Part 15 (or, for the type of protection “ec,” the standard EN 
60079-7) provides detailed information on the relevant requirements. 
In accordance with Directive 2014/34/EU (formerly Directive 94/9/
EC), the manufacturer carries out the test on its own responsibility 
and places the device on the market. Unlike the “eb” type of protec-
tion, type testing by a notified body is not required here. 

The temperature class is a very important factor for the “eb” type of 
ignition protection. Depending on the composition of the potentially 
flammable atmosphere, a temperature class classification from T1 to 
T6 is used. The temperature classes indicate temperature ranges into 
which gases are classified according to their ignition temperature. In 
the case of mixtures, the component with the lowest ignition tem-
perature is decisive for the classification. The maximum permissible 
surface temperatures for the temperature classes can be found in the 
IEC/EN 60079-0 standard. 

The information is based on an estimate by the Explosion Protection 
Certification Authority of the PTB Brunswick.
 
For mains-powered drives, standard motors show an estimated dis-
tribution across the individual types of ignition protection as shown 
in the Image 1.1. For frequency converter-powered drives, the ratio 
between increased safety “eb” and flameproof enclosure “db/db eb” 
is reversed. 

The reason for this is the fixed coupling of motor and frequency con-
verter in the past, with the associated restrictions for the user and 
the high cost of testing. The total costs are lower for a drive with type 
of ignition protection “db” (flameproof enclosure), even though the 
costs for manufacturing the motors are significantly higher. Due to 
the extremely high potential damage in the event of an explosion, the 
corresponding protective measures must be given very high priority 
when designing a drive system in potentially explosive areas.

increased safety “eb”

pressure-resistant enclosure “db”

increased safety “ec”

1.1 	 Overview of the legal basis for explosion protection  

Procurement requirements Operating requirements

European law ATEX 114
2014/ 34/ EU

ATEX 137
1999/ 92/ EG

Laws Product Safety Act
(ProdSG)

ArbSchG
Occupational Safety and Health Act

Regulations 11. ProdSV
Explosion Protection Products Regulation

BetrSichV - Industrial Safety Regulation
GefStoffV - Hazardous Substances Regulation

Technical rules, regu-
lations, standards

IEC/EN 60079 ff. Explosion protection rules BGR 104, TRBS

Device categories and zones

Device 
group

Device 
category Zone Device 

group EPL Definition according to BetrSichV Mandatory 
certification

2014/ 34/ EU according to IEC/ EN 60079-0

for flammable gases, vapors and mists

II 1G* 0 II Ga Zone 0 covers areas in which an explosive atmosphere consisting of 
a mixture of air and gases, vapors, or mists is present continuously, 
for long periods, or frequently.

yes

II 2G 1 II Gb Zone 1 covers areas where an explosive atmosphere consisting of 
gases, vapors, or mists is likely to occur occasionally.

yes

II 3G 2 II Gc Zone 2 covers areas where an explosive atmosphere of gases, 
mists, or vapors is not likely to occur, but if it does occur, it is likely 
to be only occasionally and for a short period of time.

no

for explosive dust atmospheres

II 1D* 20 III Da Zone 20 covers areas in which an explosive atmosphere consisting 
of dust/air mixtures is present continuously, for long periods, or fre-
quently.

yes

II 2D 21 III Db Zone 21 covers areas where explosive dust/air mixtures are likely 
to occur occasionally.

yes

II 3D 22 III Dc Zone 22 covers areas where an explosive atmosphere is not likely to 
occur due to airborne dust, but if it does occur, it is likely to be only 
very rarely and for a short period of time.

no

Image 1.1: Distribution of ignition protection types for mains-powered drives

1.1.1	 ATEX

* Not common for electric motors
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Dust explosion protection IEC/EN 60079-0 and IEC/EN 60079-31
W

or
ks

ite

Presence of an explosive dust atmosphere occasionally rarely or temporarily

Dust type all kinds electrically conductive elektrisch nicht leitend

Zone 21 22

Op
er

at
in

g 
re

so
ur

ce
s

Device group according to RL2014/34/ EU

Device group n. 
EM 60079-0 IIIC IIIC IIIB

Device category 2D 3D 3D

EPL n. EN 60079-0 Db Db, Dc Db, Dc

Protection class IP 65 IP 65 IP 55

Temperature Maximum housing temperature 125°C

Certificate EU type exam. certificate 
from the testing lab EU Declaration of Conformity from the manufacturer

Labeling n. RL 2014/ 34/ EU II 2D II 3D II 3D

Labeling n. EN 60079-0/ EN60079-31 Ex tb IIIC T125°C Db
(alt.: Ex tb IIIC T125°C)

Ex tc IIIC T125°C Dc
(alt.: Ex tc IIIC T125°C)

Ex tc IIIB T125°C Dc
(alt.: Ex tc IIIB T125°C)

1.2 	  Overview of ignition protection types for gas explosion protection

General requirements 
(gas and dust) IEC/EN 60079-0

Pressure-resistant enclosure 
“db”

Ex „d“

ϑ
IEC/EN 60079-1

Ignition protection type pressure-resistant 
enclosure “db”

Pressure-resistant enclosure 
“q”

Ex „q“

ϑ
IEC/EN 60079-5

Device protection through sand enclosure 
“q”

Overpressure enclosure “pxb, 
pvb, or pzc”

Ex „p“

ϑ
ϑ

Zündschutz-
gasversorgung

Druck-
überwachung

IEC/EN 60079-2
Ignition protection type overpressure enclo-

sure “pcb, pvb, or pzc”

Moulding enclosure “m”

Ex „m“

ϑ
IEC/EN 60079-18

Ignition protection type moulding enclosure 
“m”

Oil enclosure “o”
Ex „o“

ϑ

IEC/EN 60079-6
Device protection through oil enclosure “o”

increased safety “eb”
Ex „e“

ϑ IEC/EN 60079-7
Ignition protection type increased safety “eb”

increased safety “ec”  
(alt.: ignition protection type 

“n”)
Ex „n“

ϑ IEC/ EN 60079-7 (IEC/EN 60079-15)
Ignition protection type increased safety “ec”  

(alt.: ignition protection type “n”)

Intrinsic safety “ia/ ib”
Ex „i“

IEC/EN 60079-11
Device protection through intrinsic safety “i”

1.1.3	 IECEx - Scheme

IECEx stands for: International Electrotechnical Commission Sys-
tem for Certification to Standards Relating to Equipment for Use 
in Explosive Atmospheres. Here, certification bodies (ExCB) issue 
certificates for electrical and non-electrical products (Certificate of 
Conformity (CoC)) in accordance with IECEx rules IECEx 01-S / IE-
CEx 02. The aim is to achieve worldwide recognition of the certi-
ficates issued. However, this is currently only the case in Australia 
and New Zealand. In many other IECEx member countries (cur-
rently 32), though, the certificate can form the basis for a simpli-
fied approval procedure for the respective national certificate.  
 
It is important to note that, in contrast to the ATEX directive, even 
Category 3 devices for use in Zones 2 or 22 must be certified by 
an “Ex CB, Certification Body.” A declaration of conformity from the 
manufacturer is not sufficient in this case.

The ATEX regulations are implemented within the EU through 
national laws. Compliance with EU standards (series 60079) 
is not mandatory, but is usually applied by manufacturers. 
This automatically triggers the presumption of conformity; ot-
herwise, this must be proven by the manufacturer. For IECEx, 
compliance with all applicable IEC standards is mandatory. 
 
The EU type examination certificates required for the operation of 
protective systems and equipment in potentially explosive atmosphe-
res within the EU are issued to accredited notified entities (Notified 
Bodies) after successful completion of the conformity assessment 
process. The IECEx Certificate of Conformity (IECEx COC) is issued 
and published by certification bodies (ExCB – Ex Certification Body) 
in an online procedure.

1.1.2 	  United Kingdom  – SI 2016 Nr. 1107

As part of Brexit, new approval regulations for explosion protection 
were introduced with the Equipment and Protective Systems Inten-
ded for Use in Potentially Explosive Atmospheres Regulations 2016: 
Great Britain (SI 2016/1107) for the territory of the United Kingdom of 
Great Britain. They are closely based on the ATEX Directive 2014/34/
EU.

The EU Exit Regulations 2019, SCHEDULE 25 (Amendment of the Equip-
ment and Protective Systems Intended for Use in Potentially Explosive 
Atmospheres Regulations 2016) transposed the directive into UK law. 
 
It applies to equipment and systems delivered to or within the UK 
from January 1, 2021.
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Temperature class

IEC/ EN 60079-0
Explosion group IIA; IIB; IIC

Ignition temperature of the medium to 
the limit temperature Temperature class Permissible surface temperature of the operating equipment 

including 40°C ambient temperature (limit temperature)

over 450°C T1 450°C

over 300 - 450°C T2 300°C

over 200 - 300°C T3 200°C

over 135 - 200°C T4 135°C

from 100 - 135°C T5 100°C

from 85 - 100°C T6 85°C

Gas explosion protection Dust explosion protection

EPL Ga Device with a “very high” level of protection for use in gas 
explosion hazardous areas where there is no ignition ha-
zard during normal operation, foreseeable or rare faults/
malfunctions.

EPL Da Device with a “very high” level of protection for use in 
combustible dust atmospheres where there is no risk of 
ignition during normal operation, foreseeable faults, or 
rare malfunctions.

EPL Gb Device with a “high” level of protection for use in areas 
where there is a risk of gas explosion, but where there is 
no risk of ignition during normal operation or foreseeable 
faults/malfunctions.

EPL Db Device with a “high” level of protection for use in combus-
tible dust atmospheres where there is no risk of ignition 
during normal operation or foreseeable faults/malfuncti-
ons.

EPL Gc Device with “enhanced” protection level for use in gas ex-
plosion hazardous areas where there is no ignition hazard 
during normal operation and which have some additional 
protective measures to ensure that there is no ignition 
hazard during normally foreseeable malfunctions of the 
device.

EPL Dc Device with „enhanced“ protection for use in combustible 
dust atmospheres where there is no ignition hazard du-
ring normal operation and which has some additional pro-
tective measures to ensure that there is no ignition hazard 
during normally expected device malfunctions.

Potentially explosive atmosphere according 
to Directive 2014/34/EU

Device group and category according to 
Directive 2014/34/EU

Device group and Equipment Protection 
Level (EPL) according to IEC/EN 60079-0

Zone 2 II 3G II Gc

Zone 1 II 2G II Gb

Zone 0 II 1G II Ga

Zone 22 II 3D III Dc

Tone 21 II 2D III Db

Zone 20 II 1D III Da

Mining (high level of safety) I M2 I Mb

Mining (very high level of safety) I M1 I Ma

Subdivision of equipment group III1.3 	 Explanation of the general requirements of the types of ignition protection  
	 and areas of application

1.3.1	 General requirements (gas and dust)  

IEC/ EN 60079-0 (VDE 0170-1)
•	 Distinction between Group I (mining), II (gas), and III (dust)
•	 Requirements from dust areas transferred from EN 61241-0
•	 Classification of dusts into three categories (IIIA, IIIB, and IIIC)
•	 Explosion groups for Group II (IIA, IIB, and IIC)
•	 Introduction of equipment protection levels (EPL...Equipment 

Protection Level)
•	 Ambient temperature range -20 °C to +40 °C
•	 Max. operating temperature (max. ambient temperature + self-

heating + external heat sources)
•	 Max. surface temperature (temperature classes T1 to T6)
•	 Mechanical strength
•	 Opening times (capacitors, hot components)
•	 Circulation currents
•	 Seal fastening
•	 Equipment with electromagnetic and ultrasonic energy

•	 Requirements for non-metallic enclosures and enclosure parts
•	 Operating instructions, marking
•	 Tests

Subdivision of equipment group II
Gases and vapors have previously been classified according to IEC/
EN 60079-0 based on their particular flammability in ignition protec-
tion types “d” and “i” into three explosion groups IIA, IIB, and IIC. The 
danger increases from explosion group IIA to IIC. (The higher explo-
sion group, e.g., IIC, includes the lower groups IIB and IIA.) From IEC/
EN 60079-0 onwards, the designation II for all gas protection types 
is replaced by the designations IIA, IIB, and IIC (i.e., now also ...Ex eb 
IIC T3 or ... Ex ec IIC T3).
•	 IIA, typical gas is propane
•	 IIB, typical gas is ethylene
•	 IIC, typical gas is hydrogen

•	 Explosive mixtures can enter the device and be ignited. The ex-
plosion does not spread to the explosive atmosphere surroun-
ding the device. (Ex db)

•	 The device has an enclosure that prevents explosive mixtures 
from entering and coming into contact with effective ignition 
sources. (Ex m, Ex o)

•	 Explosive mixtures can penetrate the device, but must not be 
ignited during normal operation of the device. Sparks and high 
temperatures above the ignition temperature of the respective 
gas must be prevented. (Ex ec)

•	 Explosive mixtures can penetrate the device, but must not be 
ignited even if a foreseeable fault occurs. 

        Sparks and high temperatures above the ignition temperature of                                                                                                                                  
the  the respective gas must be prevented during normal operation 
and  and in the event of foreseeable device malfunctions. (Ex eb)
•	 Explosive mixtures may enter the equipment, but must not be 

ignited. The electrical circuits are limited in their energy. Sparks 
and high temperatures may occur to a limited extent, so that 
gases of the explosion group permitted for this device are not 
ignited. (Ex i)

•	 Explosive mixtures must not enter the device, or at least not in 
harmful quantities. The decisive factor is therefore only compli-
ance with the maximum temperature of the outer surface. (Ex 
tb, Ex tc)

Definition of the principles of protection

Subdivision of equipment group III

Group III electrical equipment is further subdivided according to the 
characteristics of the explosive atmosphere for which it is intended. 
The potential danger posed by dust increases in connection with the 
operation of electrical equipment from IIIA to IIIC. Equipment marked 
IIIC is also suitable for groups IIIA and IIIB.

•	 IIIA, combustible lint
•	 IIIB, combustible, non-electrically conductive dust
•	 IIIC, combustible, electrically conductive dust

Device protection level
Equipment Protection Level (EPL), definition according to IEC/EN 
60079-10-2
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1.3.2	 Types of ignition protection

1.3.2.1		 Ignition protection type pressure-resistant enclosure “db”

Definition/Protection principles:
Ignition protection type in which the parts that can ignite an explo-
sive atmosphere are enclosed in a housing that can withstand the 
pressure of an explosion of an explosive mixture inside and prevents 
the explosion from being transmitted to the explosive atmosphere 
surrounding the housing.
•	 Compliance with explosion group
•	 Pressure-resistant housing
•	 Compliance with the required gap widths and lengths
•	 Connection box Pressure-resistant enclosure “db” or increased 

safety “eb”

•	 The temperature of the outer surface must be lower than the 
ignition temperature of the gases present in the environment.

•	 An explosion may occur inside, but the enclosure must with-
stand this pressure and no flame or flammable hot gases may 
escape through gaps.

Testing
•	 Cover pressure, compressive strength
•	 Ignition flashover
•	 Leak test of bonded gap

Scope of application
Equipment Zone 1 and 2,
Category 2G and 3G (Gb, Gc)

Building regulations: IEC/EN 60079-1 (VDE 0170-5)

1.3.2.2		 Ignition protection type increased safety “eb” 

Building regulations: IEC/EN 60079-7 (VDE 0170-6)

Definition/Protection principles:
Ignition protection type in which additional measures are taken to 
prevent, with an increased degree of safety, the possibility of im-
permissibly high temperatures and the formation of sparks or arcs 
occurring during normal operation or under specified exceptional 
conditions.
•	 Prevention of sparks and other ignition sources
•	 Enclosure at least IP54 for bare, live parts in the interior
•	 Enclosure at least IP44 if all live parts inside are insulated
•	 Temperatures of the outer and inner surfaces must 

be lower than the ignition temperature both du-
ring normal operation and in the event of a fault 
(motor blockage)

•	 Observation of crawl and air distances

•	 Particular attention must be paid to insulation materials and 
seals.

•	 Protective devices (temperature monitoring and/or overcurrent 
switch with IA/IN-tE time characteristic curve) are required at 
the user‘s site.

•	 Frequency converter operation, see Chapter 3.

Testing
•	 Insulation test
•	 Temperature measurement for defined faults
•	 Additional tests for certain equipment (TMS full protection for 

electric motors)

Scope of application:
•	 Equipment Zone 1 and 2,
•	 Category 2G and 3G (Gb, Gc)

1.3.2.3		 Ignition protection type increased safety “ec” (formerly: “nA”)

Building regulations: IEC/EN 60079-7
(alt.: IEC/ EN 60079-15 (VDE 0170-16))

Definition/Protection principles:
Ignition protection type for electrical equipment in which, during nor-
mal operation, the equipment is incapable of igniting a surrounding 
explosive atmosphere. The design ensures that the risk of arcing or 
sparking, which could cause an ignition hazard during normal use, is 
minimized.
•	 Prevention of sparks and other ignition sources
•	 Enclosure at least IP54 for bare, live parts in the interior
•	 Enclosure at least IP44 if all live parts in the interior are insulated
•	 Observation of crawl and air distances
•	 Special attention to insulating materials and seals
Temperatures of the outer and inner surfaces must be lower than the 
ignition temperature during normal operation.

•	 For rated voltages up to 1 kV and a housing protection class of 
at least IP44, the terminal box may be open to the interior of the 
motor.

Temperatures of the outer and inner surfaces must be lower than the 
ignition temperature during normal operation.

Testing
•	 Insulation test
•	 Temperature measurement
•	 Additional tests for certain equipment (FU operation)

Scope of application:
•	 Equipment Zone 2, 
•	 Category 3G (Gc)

1.3.2.4		 Ignition protection type overpressure enclosure “pxb, pyb, pzc”

Building regulations: IEC/EN 60079-2 (VDE 0170-3)

Definition/Protection principles:
Ignition protection type for electrical equipment in which the in-
gress of the surrounding atmosphere into the enclosure is preven-
ted by maintaining an ignition protection gas inside the enclosure 
at a pressure higher than that of the surrounding atmosphere.  
The overpressure is maintained with or without continuous ignition 
gas purging.
Minimum overpressure 50 Pa for protection levels pxb and pvb 25 Pa, 
for protection level pzc
•	 Enclosure at least IP4X
•	 Monitoring devices
•	 Gas leakage
•	 Containment system

Testing
•	 Pre-rinsing time
•	 Leakage losses
•	 Overpressure test (1.5 x P)
•	 Minimum flow rate

Scope of application:
Protection area pxb: Equipment Zone 1 and 2, Category 2G and 3G 
(Gb, Gc) and EPL Mb (mining)
Protection level pvb: Equipment Zone 1 and 2, Category 2G and 3G 
(Gb, Gc)
Protection level pzc: Equipment Zone 2, Category 3G (Gc)

Other types of gas ignition protection without detailed consideration,  
which are not relevant for electric motors:

1.3.2.5		 Ignition protection type sand enclosure “q”

Building regulations: IEC/EN 60079-5 (VDE 0170-4)

Definition/Protection principles:
Ignition protection type in which the parts of a piece of equipment 
that could become an effective ignition source are fixed in position 
and completely surrounded by the filling material to prevent ignition 
of an external explosive atmosphere.
•	 Filling material
•	 Closures
•	 Distances
•	 Housing at least IP54
•	 Energy storage

Testing
•	 Pressure test (50 kPa)
•	 Insulation capacity of filling material
•	 Flammability of plastics

Scope of application:
Category 2G (Gb)
Capacitors, primary elements, transformers, ballasts, and sensors
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1.3.2.6		 Ignition protection type oil enclosure “o”

Building regulations: IEC/EN 60079-6 (VDE 0170-2)

Definition/Protection principles
Ignition protection type in which the electrical equipment or parts of 
the equipment are immersed in a liquid enclosure in such a way that 
a potentially explosive gas atmosphere above the liquid or outside the 
enclosure cannot be ignited.
•	 Protective liquid
•	 Minimum filling level
•	 Protection type IP66
•	 Fill level monitoring device
•	 Energy storage device

Testing
•	 Overpressure test
•	 Temperatures

Scope of application:
Category 2G (Gb), 
Transformers, switching devices, starting resistors

1.3.2.7		 Ignition protection type intrinsic safety “ia/ ib and ic”

Building regulations: IEC/EN 60079-11 (VDE 0170-7)

Definition/Protection principles
An intrinsically safe circuit is a circuit in which no sparks or thermal 
effects occur that could cause ignition of a specific explosive atmo-
sphere under the test conditions specified in this standard (which 
include normal operation and certain fault conditions).
•	 Separation distances
•	 Insulation
•	 Components

Testing
•	 Spark testing
•	 Insulation testing
•	 Ignition testing for small components
•	 Performance assessment

Scope of application:
Categories 1G, 2G, and 3G, 1D, 2D, and 3D,  
EPL Ga, Gb, and Gc, measurement and control electronics, sensors, 
PC interfaces

Protection level ia: EPL Ga, Gb, and Gc
Protection level ib: EPL Gb and Gc
Protection level ic: EPL Gc

1.3.2.8		 Ignition protection type moulded enclosure “m”

Building regulations: IEC/EN 60079-18 (VDE 0170/0171-9)

Definition/Protection principlesIgnition protection type in which the 
parts that could ignite an explosive atmosphere through sparks or 
heating are embedded in a casting compound in such a way that the 
explosive atmosphere cannot be ignited under operating and instal-
lation conditions.
•	 Casting compound
•	 Protection level
•	 Distances and cavities

Testing
•	 Water absorption
•	 Heat and cold resistance
•	 Thermal cycle testing
•	 Insulation testing

Scope of application:
Category 1G (ma) and 2G (mb)
EPL Ga and Gb
Low-power switching devices, sensors, solenoid coils, signaling and 
control devices

1.4	 Overview of ignition protection types for dust explosion protection

General requirements IEC/EN 60079-0

Protection through housing
(tx IIIY T --- °C Dx)

ϑ

Ex „td“

ϑ IEC/EN 60079-31
Equipment dust explosion protection through 

“t” enclosure

Overpressure enclosure “pxb, 
pyb, and pzc” 
(„p IIIY Dx“) Ex „pD“

ϑ
ϑ

Zündschutz-
gasversorgung

Druck-
überwachung

EN 61241-4
(IEC/EN 60079-2)

Device protection through overpressure 
enclosure “p”

Intrinsic safety “ia, ib, and ic”
(„ix IIIY Dx“)

Ex „iD“

IEC/EN 60079-11
Device protection through intrinsic safety “i”

Moulded enclosure “mD”
(„mx IIIY Dx“)

Ex „mD“

ϑ
IEC/EN 60079-18

Device protection through moulding enclo-
sure “m”

x = EPL, Y = explosive group
Example labelling for protection by enclosure:	        II 2D Ex tb IIIC T125 °C Db
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The other types of dust ignition protection that are not relevant for electric motors:

1.4.2	 Ignition protection type overpressure capsule „pxb, pyb and pzc”  

Building regulations: EN 61241-4/ IEC/EN 60079-2 („p.. IIIY Dx“)

Definition/Protection principles
Ignition protection type for electrical equipment in which the ingress 
of the surrounding atmosphere into the enclosure is prevented by 
maintaining an ignition protection gas inside the enclosure at a pres-
sure higher than the surrounding atmosphere (at least 50 Pa for pro-
tection level pxb or pyb and at least 25 Pa for protection level pzc). 
The overpressure is maintained with or without continuous ignition 
gas purging of the casting compound.
•	 Enclosure at least IP4X.
•	 Monitoring devices.
•	 Gas escape.
•	 Containment system.

Testing
•	 Pre-rinsing time
•	 Tightness
•	 Overpressure test (1.5 x P; > 200 Pa)
•	 Impact test

Scope of application: 
Switchgear, transformers, complex equipment, cabinets

1.4.3 	 Ignition protection type intrinsic safety „ia, ib and ic”

Building regulations: 
IEC/EN 60079-11 (VDE 0170-7) („ix IIIY Dx“)
 
Definition/Protection principles
Limitation of electrical energy (voltage, current, induction, ca-
pacity) and thus of the surface temperatures that occur, so that 
no ignition of a dust-air mixture occurs due to sparks or ther-
mal effects in intrinsically safe devices during normal operation 
and under certain fault conditions in accordance with IEC/EN 
60079-11.
•	 Separation distances
•	 2/3 utilization
•	 Immunity to interference

Testing
•	 Spark test
•	 Insulation test
•	 Ignition test for small components
•	 Performance assessment
•	 No IP required

Scope of application: 
MSR technology, sensor technology, mobile measurement technology

1.4.4 	 Ignition protection type moulded enclosure „mD”

Building regulations: 
IEC/EN 60079-18 (VDE 0170/0171-9) („mx IIIY Dx“)
 
Definition/Protection principles
Ignition protection type in which the parts are embedded in a 
casting compound in such a way that the explosive atmosphere 
cannot be ignited under operating and installation conditions.
•	 Minimum requirements for casting compound (TI value)
•	 Minimum casting thickness (3 mm “ma” and 1 mm “mb”)
•	 Fault analysis in the casting
•	 Protection level
•	 Distances, cavities
•	 Rated values

Testing
•	 Water absorption
•	 Verification of maximum surface temperature
•	 Heat and cold resistance
•	 Thermal cycle testing
•	 Insulation testing

Scope of application: 
Low-power switching devices, control and signaling devices, sole-
noid coils, ultrasonic sensors

1.4.1	 Ignition protection type by enclosure „t“  

Building regulations: IEC/EN 60079-31 (VDE 0170-15-1)

Definition/Protection principles
•	 Devices with potential ignition sources for the surrounding 

dusty atmosphere are enclosed in a housing. This prevents 
contact with the external explosive atmosphere. Verifica-
tion of the maximum surface temperature according to 
category. Minimum protection class IP5X/6X (EN 60529)

New:  Pressure test before dust test with an overpressure of:
•	 4 kPa for devices with protection level “ta”
•	 2 kPa for devices with protection level “tb” or “tc”

Limitation of the assumed short-circuit current 10 kA for EPL 
Da Temperature limitation depending on the EPL Determination 
of the surface temperature for EPL Da with a dust layer of at 
least 500 mm on all accessible surfaces.

Testing
•	 IP protection class testing
•	 Aging resistance of the plastics used in the device
•	 Impact testing
•	 Tightness
•	 Thermal testing with overload or fault conditions

Gruppeneinteilung:
•	 IIIA, combustible lint
•	 IIIB, non-conductive dust
•	 IIIC, conductive dust

Protection against dust penetration according to Table 1, IEC/EN 
60079-31

Group Level of protection Enclosure protection rating

III A
(Lint, fibers)

ta IP 6X

tb IP 5X

tc IP 5X

III B
(non-conductive dusts)

ta IP 6X

tb IP 6X

tc IP 5X

III C
(conductive dusts)

ta IP 6X

tb IP 6X

tc IP 6X

1.5	 Labeling according to different editions of standards

Motors in category 3 are only marked with the CE mark on the ra-
ting plate. The identification number NB for QS n. 2014/34/EU 
(formerly: RL 94/9/EG) must not be indicated on this equipment. 
One of the changes in EN 60079-0:2009 (DIN EN 60079-0:2010) 
compared to previous editions was the introduction of the equipment 
protection level (EPL). In this context, the previous labeling of explosi-
on-proof motors is changing with the addition of the Equipment Pro-
tection Level to the explosion protection labeling.  

In addition to the information required by the ATEX directi-
ves (e.g., Ex II 2G for motors with increased safety “eb” ig-
nition protection), the device protection level (Ex eb IIC T3 
Gb) will also be indicated on the type plate in the future. 
Under certain conditions, the standard allows an alternative (abbre-
viated) marking in addition to the actual EPL marking. This is not used 
by VEM motors.

Labeling according to Directive 
2014/34/EU

Old designation 
(invalid)

Designation according 
to(invalid)

Designation according 
to(invalid)

current designation 
according to

EU Nr.
NB

Group/Category 
G (Gas) o.D. 
(Dust/Fume)

EN 50014 ff.;
EN 50281, ...

EN 60079-0:2006;
EN61241-0:2004

EN60079-0:2009 with 
EPL EN IEC 60079-0:2019

0102 II 2G EN 50019
EEx e II T2, T3 or T4

EN 60079-7
Ex e II T2, T3 or T4

EN 60079-7
Ex e IIC T3 Gb

EN 60079-7
Ex eb IIC T3 Gb

II 3G EN 50021, IEC 79-15
EEx nA II T2, T3 or T4

EN 60079-15
Ex nA II T2, T3 or T4

EN 60079-15
Ex nA IIC T3 Gc

EN 60079-7
Ex ec IIC T3 Gc

0102 II 2D EN 50281-1-1
IP 65 T 125°C

EN 61241-1
Ex tD A21 IP 65 T 125°C

EN 60079-31
Ex tb IIIC T 125°C Db

EN 60079-31
Ex tb IIIC T 125°C

II 3D
EN 50281-1-1
IP 55 T 125°C
(IP 65 conductive dust)

EN 61241-1
Ex tD A22 IP 55 T 125°C
(IP 65 conductive dust)

EN 60079-31
Ex tc IIIB T 125°C Dc
(Ex tc (IIIC T 125°C Dc)

En 60079-31
Ex tc IIIB T 125°C
(Ex tc IIIC T 125°C)
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Combination of gas or dust

0102
II 2D IP65 T 125°C

EEX E II T2, T3 or T4
Ex tD A21 IP 65 T 125°C
Ex e II T2, T3 or T4

Ex tb IIIC T 125°C Cb
Ex e IIC T3 Gb

Ex tb IIIC T 125°C
Ex eb IIC T3II 2G

II 3D IP55 T 125°C
(IP 65 conductive dust)
EEx e II T2, T3 or T4

Ex tD A22 IP 55 T 125°C
(IP 65 conductive dust)
Ex e II T2, T3 or T4

Ex tc IIIB T 125C Dc
(Ex tc IIIC T 125°C Dc)
Ex e IIC T3 Gb

Ex tc IIIB T 125°C
(Ex tc IIIC T 125°C)
Ex eb IIC T3 GbII 2G

0102
II 2D IP65 T 125°C

EEx nA II T2, T3 or T4
Ex tD A21 IP 65 T 125°C
Ex nA II T2, T3 or T4

Ex tb IIIC T 125°C Db
Ex nA IIC T3 Gc

Ex tb IIIC T 125°C
Ex ec IIC T3 GcII 3G

II 3D IP55 T 125°C
(IP 65 conductive dust)
Ex nA II T2, T3 or T4

Ex tD A22 IP 55 T 125°C
(IP 65 conductive dust)
Ex nA II T, T3 or T4

Ex tc IIIB T 125°C Dc
(Ex tc IIIC T 125°C Dc)
Ex nA IIC T3 Gc

Ex tc IIIB T 125°C
(Ex tc IIIC T 125°C)
Ex ec IIC T3 GcII 3G

[When specifying a maximum surface temperature: Zone 2 (gas): Entire surface including rotor and windings; for Zone 21, 22 (dust): external 
surface (housing, shaft)]

Notified body identification number 	 0102… Physical-Technical Federal Institute Braunschweig  
                			   0637… IBExU Institute for Safety Technology GmbH, Freiberg  
                			   0158… DEKRA EXAM GmbH

The identification number must be the number of the notified body that carried out the QS audit (production monitoring). This is not always 
the same as the EU type examination certificate.

Example of a type plate

Motor for use in Zone 22 Motor with dual marking for use in Zone 2 and 22

Motor for use in zones 1 and 21 Corresponding additional type plate without Ex labeling

Some customers (and perhaps also manufacturers) believe that la-
beling has been mandatory under the new standards since June 1, 
2012, the date on which the old standard expired. This view is in-
correct. The only document that declares the conformity of our Ex 
motors with the ATEX regulations is the EU Declaration of Conformi-
ty. The explosion protection pages of the PTB Braunschweig contain 
documents that confirm this fact (commentary on the significance 
of the requirement of EU Directive 2014/34/EU (formerly: Directi-
ve 94/9/EC), Annex II, Part A, Effects of the replacement of existing 
standards by new harmonized standards, Notes on the issuance 
of EU declarations of conformity in accordance with EU Directive 
2014/34/EU after the publication of a new edition of standards). 
Second type plate for Ex motors enclosed separately. In some ca-
ses, customers also request a separately enclosed type plate for Ex 
motors.  This usually applies to machines or systems where the type 
plate attached to the motor is no longer legible when installed. Howe-
ver, current standards do not permit the delivery of a loose, complete 
type plate.
The labeling of Ex products is regulated in IEC/EN 60079-0 Chapter 
29. The following principle applies: “It is essential that the labeling 
system described below is only applied to electrical equipment or Ex 
components that comply with the relevant standards listed in Section 
1 for the respective type of protection.”

This means that no Ex marking in accordance with  
IEC/EN 60079-0 may be affixed to components or products that do 
not comply with the Ex-relevant standards and are therefore not cer-
tified by the manufacturer or a notified body.
Furthermore, IEC/EN 60079-0:2018, Chapter 29.1  
regulates the marking location. “The electrical equipment must be 
clearly readable on the main component on the outside of the enclo-
sure and must be readable before the equipment is installed.” This 
means that the component of a machine/system bearing an Ex mar-
king is considered the main component of the ATEX-certified device.

It is therefore not permitted to supply a second nameplate with Ex 
marking and Ex information with the motor for attachment somew-
here outside the motor housing.
As an alternative, e.g., if the main motor nameplate is difficult to read 
when installed, a second or additional motor information plate wit-
hout Ex marking (see examples below, with motor number and all 
electrical information) can be supplied.
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1.6 	 Electric motors – mechanical structure and key design features for compliance  
	 with explosion protection requirements

The IEC/EN 60079-0 standard forms the basis for the mechanical 
design of all electrical machines for use in potentially explosive at-
mospheres. For the “enhanced safety” (eb) ignition protection type 
(IEC/EN 60079-7), the focus is on the following areas, which must be 
subjected to the corresponding tests: 

Cable and wire entry: 
Conducting tensile tests, hardness increase of elastomers: IEC/EN 
60079-0 

Material combinations:
Prevention of friction and impact sparks

Air and crawl distances: 
Compliance with air and crawl distances in accordance with IEC/EN 
60079-7 to prevent ignitable electrical discharges and sparking

Distance between moving parts:
Prevention of mechanical wear during operation. In asynchronous 
machines, for example, the minimum air gap values between the sta-
tor and rotor specified in IEC/EN 60079-7 must be observed.

Impact testing: 
Ensuring sufficient protection against mechanical damage

Fan testing: 
Checking the mechanical stability of the fan

Plastics testing: 
Verification of the heat and cold resistance of the materials used

Plastics, checking the temperature resistance of seals. For plas-
tic surfaces with a contiguous area larger than specified in IEC/EN 
60079-0 depending on the explosion group, the issue of electrostatic 
charges must be considered.

IP protection:
Verification of the IP protection class of the equipment against 
solid foreign bodies and liquids. If the test confirms that the ab-
ove points are fulfilled in accordance with the normative require-
ments, the testing center issues a mechanical test report, which 
forms the basis for the EU type examination certificate. This also 
includes a review of the operating instructions and documents 
describing the mechanical design of the series. Subsequent 
changes by the manufacturer are only permitted after consulta-
tion with the testing laboratory; under certain circumstances, ad-
denda or new EU type examination certificates may be required. 

Winding design and electrical-thermal testing:
No part of electrical equipment may reach a temperature higher than 
the temperature resistance of the materials used. In addition, no sur-
face of any part of the equipment, including internal parts that may 
come into contact with the explosive atmosphere depending on the 
type of protection, may reach a temperature higher than the maxi-
mum surface temperatures specified in IEC/EN 60079-0..

The limit temperature of insulated windings in motors with increased 
safety “eb” type of protection must not exceed the values specified in  
IEC/EN-60079-7:2015 (Table 4), which are based on the thermal re-
sistance of the insulating materials.

Temperature measurement 
method

Heat class of insulating materials according to IEC 60085

105 (A) 120 (E) 130 (B) 155 (F) 180 (F)

„eb“ „ec“ „eb“ „ec“ „eb“ „ec“ „eb“ „ec“ „eb“ „ec“

Maximum operating tempera-
ture (°C) during normal ope-
ration Single-layer, insulated 
windings

Resistor or thermometer 95 105 110 120 120 130 130 150 155 174

Maximum operating tempera-
ture (°C) during normal opera-
tion other insulated windings

Resistor 90 100 105 115 110 120 130 145 155 165

Thermometer 80 N/A 95 N/A 100 N/A 115 N/A 135 N/A

Built-in sensor
Output power > 5 MW 
or 5 MVA

95 105 110 120 120 125 135 150 160 170

Built-in sensor
> 200 kW or 200 kVA ≤Output 
power ≤ 5 MW or 5 MVA

95 105 110 120 120 130 135 155 160 175

Highest temperature of the 
motor winding (°C) a, end of 
time tE or switch-off time via 
built-in sensor

Resistor 160 N/A 175 N/A 175 N/A 210 N/A 235 N/A

Figure 1.2: Exploded view
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Table 4: Limit temperatures for insulated windings (according to IEC/EN 60079-7)
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In addition to the mechanical design, the electrical-thermal de-
sign and testing is a very important step on the way to obtaining 
EU type examination certification for an explosion-proof elect-
ric machine. The data determined during the testing of the motors 
forms the basis of the data sheet for the EU type examination cer-
tificate and, if complied with, ensures safe operation of the motor. 
The electrical-thermal testing covers the following points: 
 
•	 Verification that the winding design meets the criteria for 

the “eb” type of protection
•	 Determination/verification of the machine‘s rated data
•	 Determination of continuous operating temperature rise

When performing the heating measurement, the test specimen is loa-
ded with the specified mechanical load and, during the test, the elec-
trical power absorbed, the mechanical power output, as well as the 
current, voltage, speed, and torque are measured and automatically 
recorded. The measurement can be terminated when the tempera-
tures measured on the housing during operation change by less than 
2 K per hour (thermal steady state according to IEC/EN 60034). The 
temperature of the stator winding is calculated from the temperatu-
re-dependent resistance change from a winding resistance measure-
ment when the machine is cold before the test and when the machine 
is at operating temperature after reaching thermal steady state. The 
rotor temperature is measured after the test using a sensor inserted 
through an opening in the bearing shield at the short-circuit ring.

Temperature measurement:
The temperature measurement on the housing is carried out using 
thermocouples, which are embedded in small drill holes to ensure the 
best possible heat transfer. In addition, the temperature is measured 
at elastomer seals, cable entries, and wire branches, as well as at any 
attachments that may be present. It must be ensured that both the 
limit temperature of the temperature class for which the motor is to 
be certified and the permissible continuous operating temperatures 
of the plastics and attachments used are not exceeded. Temperature 
measurement of the stator and rotor is required for the ignition pro-
tection types increased safety “eb” for Zone 1 and increased safety 
‘ec’ (formerly “nA”) for Zone 2. For the ignition protection types pres-
sure-resistant enclosures “db” and protection by enclosure (dust), 
only the heating of the outer surfaces needs to be checked. Another 
important measurement is the determination of the heating in the 
blocked state (only ignition protection type increased safety “eb”). 
Figure 1.2 shows an example of the temperature curve determined 
on the enclosure during a heating measurement. The measurement 
is completed when the “thermal steady state” is reached, i.e., a tem-
perature change rate of less than 2 K/h. 
In order to evaluate the measurement in terms of the limit tempera-
tures of the elastomers used, the highest temperature occurring after 
the engine has been switched off must be taken into account for each 
such measuring point (e.g., seal).

Checking the machine protection/determining the time 
tE and the ratio of starting current to rated current 
This fault can occur, for example, if a working machine is blocked. 
A characteristic feature of this is that the motor current reaches a 
multiple of the rated current (e.g., seven times) and the machine he-
ats up very quickly within a very short time. Without motor protec-
tion, the permissible temperature limits would be exceeded within 
a few seconds. Therefore, the machine must be protected against 
impermissible heating due to overload by means of a time-depen-
dent overcurrent protection device (motor protection switch) or PTC 
thermistors embedded in the winding.
To measure the machine heating in a locked state, the rotor is equip-
ped with thermocouples staggered along its length and the blocked 
motor is switched on for a defined time, e.g., 15 s. The temperature 
curve of the rotor is recorded by a temperature recorder, and the 
stator winding temperature is determined after shutdown based on 
the increase in winding resistance. The blocking test is performed 
with both directions of rotation, whereby measurable differences in 
heating occur in the rotor with skewed rotor bars. The rotating field 
with the highest heating is used for further evaluation.
For machines with type of protection “db” (pressure-resistant enclo-
sures) there is no need to consider the possibility of jamming, as 
it is assumed that, with state-of-the-art motor protection, the high 
heat capacity of the stator laminations and the housing prevents any 
ignition-hazardous heating from occurring on the housing surface.

With the ignition protection type increased safety “ec” (formerly “nA”) 
for Zone 2, the fault condition, i.e., the blocked state, also does not 
need to be considered.

Time tE
The time tE is a very important parameter in the data sheet of the EU 
type examination certificate for the ignition protection type increased 
safety “eb”. This value specifies the maximum time after which the 
overcurrent protection device (motor protection switch) must switch 
off the motor in a blocked state.

To determine these values, the continuous operating temperature and 
the rate of temperature rise in the locked state are required for the 
stator and rotor. The calculation is based on the continuous operating 
temperature and the maximum permissible temperatures for the rotor 
and stator to determine the maximum permissible temperature rise in 
the locked state and, using the rate of temperature rise, to calculate 
the maximum duration of the locked state for both directions of rota-
tion. The smaller of the two numerical values minus a safety margin 
of at least 5% gives the time tE. If the machine is protected by a device 
for direct temperature monitoring, e.g., a PTC thermistor, an overload 
test and a shutdown test with the machine locked must be carried out 
to verify that no impermissible temperatures occur even in the event 
of a fault. The tA time is then included in the EU type examination 
certificate instead of the tE time; the IA/IN is not specified. The maxi-
mum permissible temperatures are specified in the standards IEC/EN 
60079-0 (temperature classes) and IEC/EN 60034 (heat classes for 
winding insulation).

invalid temperature range

continuous operating temperature

permissible temperature range in the event of a fault

Chart 1.3: Definition of time tE
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Bild 1.2: Beispielhafter Verlauf der Gehäusetemperatur während des Versuchs

Raumtemperatur

Gehäusetemperatur
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Gehäuse Öse

Lager B-Seite

Aderverzweigung

Ambient temperature 
Housing temperature 
Cable, wire entry 
Bearing A side 
Housing eyelet 
Bearing B side 
Wire branching

Chart 1.3: Example of the housing temperature curve during the test
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1.7	 High-voltage testing of windings using gas

These tests are required if the following criteria apply:

•	 The machine is a high-voltage machine (rated voltage > 1 kV).
•	 An ignition risk assessment in accordance with IEC/EN 60079-7 

Table G.1 resulted in an ignition risk factor > 6.

The high-voltage test consists of an AC voltage test and an impulse 
voltage test. The windings are tested individually, with the unused 
strands and the stator laminations being grounded. The test speci-
men is located in an explosive mixture. Hydrogen is used for explo-
sion group IIC, ethylene for IIB, and propane for IIA. The minimum 
ignition energies increase from explosion group IIC to IIA. The test is 
considered passed if no ignition occurs during the AC voltage test and 
the surge voltage test when testing two winding strands.

Image 1.4: Impulse voltage test on a winding model under gas (photo: 
PTB Braunschweig)

Risk assessment of possible discharges at stator windings – ignition risk factors according to IEC/EN 60079-7

Risk assessment regarding possible sparking in the air gap of cage runners - ignition risk factors

Features Value Factor

Construction of the rotor cage

non-insulated dust runner cage 3

Die casting with open slot ≥ 200 kW per pole 2

Die casting with open slot ≤ 200 kW per pole 1

Die casting with closed nut 0

Die casting with insulated rods 0

Number of poles

2 poles 2

4 to 8 poles 1

> 8 poles 0

Rated power

> 500 kW per pole 2

> 200 kW to 500 kW per pole 1

≤ 200 kW per pole 0

Radial cooling slots in the rotor

yes : L < 200 mm (see a) 2

yes: L ≥ 200 mm (see a) 1

no 0

Runner or stand bevel

yes: > 200 kW je Pol 2

yes: ≤ 200 kW je Pol 0

no 0

Parts around the runner‘s winding head space
not fulfilled (see b) 2

fulfilled (see b) 0

Limit temperature

> 200 °C 2

135°C < T ≤ 200°C 1

≤ 135 °C 0
a) L is the length of the end bundle of the core. Experimental investigations have shown that sparks occur preferentially in the cooling slots 
near the end of the bundle.
b)

 Parts in the winding head space of the runner must be arranged in such a way that intermittent contact is impossible and that they opera-
te within the temperature class. If these conditions are met, the factor is 0; otherwise, it is 2.

1.8	  Installation and electrical connection

Buring installation and commissioning, always observe the safety 
instructions supplied with the motor. Installation work may only be 
carried out by qualified personnel who, due to their professional trai-
ning, experience, and instruction, have sufficient knowledge of
•	 safety regulations
•	 accident prevention regulations
•	 guidelines and recognized rules of technology (e.g., VDE regula-

tions, standards).
Specialist personnel must be able to assess the work assigned to 
them and identify and avoid potential hazards. They must be autho-
rized by the person responsible for the safety of the facility to carry 
out the necessary work and activities. The installation of electrical 
systems in potentially explosive atmospheres in Germany requires 
compliance with the following regulations:
•	 BetrSichV - “Industrial Safety Regulation”
•	 TRBS - “Technical Rules for Operational Safety”
•	 GefStoffV - “Hazardous Substances Ordinance”
•	 IEC/EN 60079 ff. “Explosive Atmospheres”

Outside Germany, the relevant national regulations must be fol-
lowed!
The permissible coolant temperature (room temperature at the instal-
lation site) according to IEC/EN 60034-1 is a maximum of 40 °C and a 
minimum of -20 °C without labeling, and the permissible installation 
altitude is up to 1000 m above sea level (deviating values are indica-
ted on the motor nameplate and, if necessary, certified separately).

It should be noted that the cooling air must be able to flow freely into 
the air inlet openings and out through the air outlet openings without 
obstruction and must not be sucked back in immediately. The intake 
and exhaust openings must be protected against contamination and 
rough dust.

Image 1.5: Minimum distance at the air inlet

The minimum distance between the air inlet of the fan cover and 
any obstacle (dimension Bl) must be observed. For designs with the 
shaft facing upwards, the operator must prevent foreign objects from 
falling vertically into the fan. The same applies to the “shaft facing 
downwards” installation – in this case, a protective cover is required 
above the fan cover grille. When installing surface-cooled motors, 
ensure that the condensation drain holes are located at the lowest 
point. If the condensation drain holes are closed, the screws must be 
replaced with sealant after the condensation has been drained.

In the case of open condensation holes, direct exposure to water jets 
or splashing water must be avoided. Careful installation of the motors 
on a perfectly level surface is essential to prevent tension when tight-
ening the screws. Machines that are to be coupled must be aligned 
precisely. Elastic couplings should be used wherever possible.

Motor connection
The connection must be made by a specialist in accordance with the 
applicable safety regulations. Outside Germany, the relevant national 
regulations must be applied.

The information on the type plate must be followed!
•	 Compare the type of current, mains voltage, and frequency!
•	 Check the circuit!
•	 Check the rated current for circuit breaker setting!
•	 For motors with increased safety “eb” ignition protection, obser-

ve the tE time!
•	 Connect the motor according to the terminal diagram provided 

in the connection box!

Depending on the design and type of motor, there is an grounding 
terminal on the housing or flange bearing shield for grounding. All 
motors also have a protective conductor terminal inside the termi-
nal box. Unused cable glands in the terminal box must be sealed 
to protect against dust and moisture. The general safety and com-
missioning instructions apply to the electrical connection. The cable 
glands or screw plugs must be certified for use in hazardous areas. 
The installation torques, sealing ranges, and clamping ranges of the 
strain relief specified by the gland manufacturer must be strictly 
observed. Connection cables must be selected in accordance with 
DIN VDE 0100, taking into account the rated current and the sys-
tem-dependent conditions (e.g., ambient temperature, type of ins-
tallation, etc., in accordance with DIN VDE 0298 or IEC/EN 60204-1). 

At room temperatures above 40 °C, cables with a permissible opera-
ting temperature of at least 90 °C must be used. This also applies to 
motors in which the supplementary sheet to the EU type examination 
certificate refers to special requirements for cable design with an X. 

When connecting the motors, particular care must be taken to ensure 
that the connections in the terminal box are made carefully. The nuts 
on the terminal screws must be tightened firmly without using force. 
For motors with a terminal board with slotted bolts in accordance 
with Directive 2014/34/EU, only cable lugs in accordance with DIN 
46295 may be used for the motor connection. The cable lugs are 
fastened with pressure nuts with integrated spring washers. Alter-
natively, a solid round wire with a diameter corresponding to the slot 
width of the connection bolt may be used for the connection.
When inserting the supply cables into the connection box, ensure that 
the cables are strain-relieved. Keep the inside of the connection bo-
xes clean. The seals must be intact and fit correctly. The connection 
box must always be closed during operation.

Protective measures against excessive heating 
Unless otherwise specified in the EU type examination certificate data 
sheet or on the nameplate, electrical machines are designed for con-
tinuous operation (duty cycle S1) and normal, infrequent starts that 
do not cause significant start-up heating. The motors may only be 
used for the operating mode specified on the nameplate.

Bl
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In general, Ex motors are designed and certified for voltage and fre-
quency limits in accordance with IEC/EN 60034-1 (DIN VDE 0530, 
Part 1) – voltage ± 5%, frequency ± 2%, waveform, mains symmetry. 
Increasingly, Ex motors are also being manufactured for larger supply 
voltage tolerances. This should be indicated on the motor nameplate 
and, if necessary, on the EU type examination certificate. There are 
numerous data sheets and supplementary sheets for EU type exami-
nation certificates with a voltage tolerance of ±10% according to ran-
ge B. The specified tolerances must be strictly adhered to in order to 
keep the heating within the permissible limits. Larger deviations from 
the rated values can increase the heating of the electric machine to an 
impermissible level. The motor must be protected against impermis-
sible heating during start-up, e.g. with a motor protection switch, i.e. 
impermissible heating must be prevented in all phases by a current-
dependent delayed circuit breaker in accordance with DIN VDE 0660 
or an equivalent device. The protective device must be set to the ra-
ted current. Windings in delta connection must be protected in such a 
way that the triggers or relays are connected in series with the wind-
ing strands. The selection and setting of the triggers must be based on 
the nominal value of the phase current, i.e., 0.58 times the rated mo-
tor current. If such a circuit is not possible, suitable circuit breakers, 
e.g., with phase failure monitoring, must be used. For pole-changing 
motors, current-dependent delayed releases or relays must be provi-
ded for each speed stage, which must be interlocked with each other.  
With the “eb” type of protection, the start-up is also monitored. The 
protective device must therefore switch off within the tE time speci-
fied for the respective temperature class when the rotor is blocked. 
The requirement is met if the tripping time (which can be ta-
ken from the tripping characteristic curve (initial temperature 
20 °C) for the IA/IN ratio) is not greater than the specified tE time.

Electrical machines with increased safety “eb” ignition protection for 
heavy starting (start-up time > 1.7 · tE time) must be protected by 
start-up monitoring in accordance with the information in the certifi-
cate of conformity and must also be certified as such.

Thermal machine protection through direct temperature monitoring 
of the winding is permitted if this is certified and the tA time is spe-
cified on the rating plate. Explosion protection is ensured by tempe-
rature sensors in accordance with DIN 44081/44082, in conjunction 
with triggering devices with protection class II (2) G. 

Reactivation
If the overload switch is triggered, qualified personnel must determi-
ne the possible cause. Once this has been eliminated, the motor may 
be switched on again. One problem that is not clearly described in 
any standards or regulations is the time period after which this restart 
may take place. This time is determined by a variety of factors, such as 
the start-up time, the tE time according to the nameplate, the heating 
of the motor, the current coolant temperature, and so on. If the motor 
is switched on too early, especially if it blocks again, the temperature 
could exceed the temperature permitted for the respective tempe-
rature class and ignite any explosive mixture that may be present. 

With very short start-up times, the motor can be switched on repea-
tedly without risk until the total start-up time reaches the tE time. If, for 
example, the tE time specified in the EU type examination certificate is 
15 seconds, but the start-up takes only 3 seconds, five consecutive 
starts could be performed before a sufficiently long pause is required. 

In studies on this topic, which we conducted together with PTB 
Braunschweig, a rule of thumb for safe restarting was determined. 
Multiplying the ratio of ramp-up time to tE time by 300 gives the mi-
nimum pause time in minutes. In the example above, this results in: 
3s÷15s∙300min=60min. This time is significantly longer than the 10 
minutes often used in “practice.” 

Optional equipment     
Explosion-proof motors can be equipped with optional additional fea-
tures: 

Additional thermal motor protection
Temperature sensors (PTC thermistors, KTY, PT1000, or PT100) may 
be installed in the motor to monitor the stator winding temperatu-
re. Appropriate auxiliary terminals for auxiliary circuits are available 
for connecting these sensors in either the main terminal box or in 
additional terminal boxes. Connect them according to the enclosed 
terminal diagram.

Thermal motor protection as full protection
The use of thermal winding protection as full motor protection is only 
permitted if this operation has been separately tested and certified by 
a notified body. In this case, the type plate is marked with the tA time 
instead of the tE time and the text “Operation only with functionally 
tested PTC release device with protection class marking II (2) G”. 

Standstill heating
The heating cables must comply with the requirements of Directive 
2014/34/EU. The heating power and connection voltage are specified 
on the motor type plate. Appropriate terminals for auxiliary circuits 
are provided for connection either in the main connection box or in 
additional connection boxes. Connection is made to these terminals 
in accordance with the enclosed terminal diagram. The standstill 
heating must only be switched on after the motor has been swit-
ched off. It must not be switched on while the motor is running. This 
must be ensured by means of a locking mechanism in the circuit.

External ventilation unit
The forced ventilation fans must meet the requirements of Directive 
2014/34/EU and be suitable for the intended type of ignition protec-
tion. The forced ventilation unit ensures that heat loss is dissipated 
when the main motor is in operation. The forced ventilation motor 
must be switched on during operation of the main motor. After swit-
ching off the main motor, a temperature-dependent overrun of the 
forced ventilation must be ensured. In the event of a malfunction of 
the forced ventilation fan, the main motor must be switched off.
For motors with external fan units that are dependent on the direction 
of rotation, the direction of rotation must be observed (direction of 
rotation arrow). Only external fan units supplied by the manufacturer 
may be used. The external ventilation unit must be connected in ac-
cordance with the valid terminal diagram supplied in the connection 
box. 

External heat and cooling sources
No additional measures are necessary for existing external heat and 
cold sources if the permissible ambient temperatures at the installa-
tion site are not exceeded. If these are exceeded, or if effects on the 
operating temperature or maximum surface temperatures are to be 
expected, suitable measures must be taken to maintain and verify 
explosion protection. Information on this can be found in VDMA Stan-
dard Sheet 24263:2014-03, see also Section 2.4. In case of doubt, 
consult the manufacturer.

General information on operating the frequency converter
Explosion-proof three-phase motors may only be operated on fre-
quency converters if they have been manufactured, tested, approved, 
and specially marked for this purpose. The manufacturer‘s specific 
instructions must be observed. For the ignition protection types in-
creased safety “eb” and protection by enclosure “tb,” EU type exa-
mination certificates are required in which operation with a frequen-
cy converter is explicitly approved and in which the conditions and 
parameter settings to be observed for the motor, frequency converter, 
and protective device are listed. For the types of protection increased 
safety “ec” and protection by enclosure “tc”, motors that are supplied 
by converters with variable frequency and/or voltage must also be 
tested with the specified converter or a converter that is comparable 
in terms of output voltage and current specifications.

The necessary parameters and conditions can be found on the name-
plate or in the motor documentation.
To prevent excessive temperatures, the motors are equipped with 
thermal winding protection, which must be evaluated using a sui-
table device. The motors must not be operated as a group drive. 
The manufacturer‘s instructions and operating manual must be 
strictly observed when installing and commissioning the frequency 
converter.

1.9	 Electrostatic hazard 

1.9.1	 Introduction

In recent years, products with plastic parts, especially plastic hou-
sings, and powder-coated metal parts have become increasingly 
important and are gradually replacing products made of wood and 
glass or bare or liquid-coated metal. Unlike metal, wood, glass, and 
most liquid-painted surfaces, however, plastics and powder-coated 
surfaces can in most cases become electrostatically charged through 
friction. Such surfaces can become highly electrostatically charged 
through friction with clothing or when attempting to clean them with 
a cloth. 

If a grounded counterelectrode, e.g., a person‘s finger, approaches 
these charged surfaces, electrostatic discharges that can ignite sol-
vent vapors may occur.
The following section shows how such ignition hazards can be iden-
tified and controlled. There are numerous long-established sets of ru-
les and regulations for this purpose, which differ only in minor details. 
Compliance with the provisions of these rules and regulations gives 
rise to a “presumption” that a sufficiently high level of protection is in 
place that complies with all higher-level rules and regulations.
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1.9.2 	 Regulations                                                                                                                                                                           

IEC/EN 60079-0
An entire chapter of this standard deals with electrostatic require-
ments. However, it should be noted that these requirements have 
been more or less copied from earlier electrostatic regulations and 
therefore do not represent a text written by electrostatic experts. As a 
result, there may be ambiguous or misleading wording.
For example, the standard requires surfaces to be cleaned with liquid 
before measuring surface resistance. However, this typically results 
in deposits from the liquid, which significantly affect the surface 
resistance. For this and other similar reasons, it is recommended 
that the test be carried out in accordance with IEC/TS 60079-32-1 
Amendment 1, Section 14, using the test method specified in IEC 
60079-32-2. This largely avoids such measurement inaccuracies. 
For example, the surface of the test sample is only cleaned with a 
brush. Otherwise, exactly the same result is obtained in both cases 
(-0 and -32).
The weaknesses of IEC 60079-0 mentioned above are known to the 
testing experts and are usually taken into account during testing. 
Therefore, it is not necessary to check the measured values obtained 
according to -0.

TRGS 727:2016
TRGS 727:2016, formerly TRBS 2153:2009, and before that 
BGR132:2003 and ZH1/200:1989, is the German-langua-
ge set of rules for preventing electrostatic charges. It is cur-
rently the most up-to-date set of rules regarding electrostatics.

It was previously the set of regulations from which European and 
international regulations were copied. Even today, you can be sure 
that the latest findings published here will be incorporated into inter-
national standards. However, TRGS 727 is a set of regulations for 
the entire industry and everyday life with all its everyday processes 
(e.g., refueling motor vehicles). It is therefore often difficult for exter-
nal parties to find the right chapters, as there is no specific chapter 
for electrical equipment.

IEC/TS 60079-32-1 with Amendment 1, IEC 60079-32-2
IEC/TS 60079-32-1 is an international specification derived from 
TRBS 2153:2009 for the prevention of electrostatic charges. It repre-
sents the current best internationally recognized state of the art for 
the prevention of dangerous electrostatic charges in textbook form. 
Since this specification prescribes numerous operational measures, 
this set of rules cannot be published as a standard.
The most important chapters for electrical equipment are Section 14 in 
Amendment 1 and the flowchart for electrostatic testing in the appendix to 
IEC/TS60079-32-1 (Figure 1.9). Detailed test specificati-
ons for determining the required parameters can be found in  
IEC 60079-32-2.

Electrostatic charge due to seperation processes (e.g. manuel rubbing), chaged praticles (e.g. HV electrodes), 
or induction by charged objects expected?

Tests for conductive/ dissipative 
materials, parts and sockets 

according to Table 1

Provide a warning 
„Clean with wet cloth only and allow 

to dry naturally“

Tests for insulating materials and 
parts according to Table 1

no (side)

1* 2*yes (down)

Parts isolated (13) and capacitance 
exceeding Table 2? TEST PASSEDn

Sharp conductive 
tips present 

(A.3.3)
TEST PASSED

n
n

y

Experimental charging test 
passed (6.3.9)?

Coating backed with conductor 
(6.3.4)?

Powders or liquids present and 
handled safe (7, resp.9)? 

n n

y y

Thickness within border limits 
(6.3.4.3) or group III?

Experimental 
charging 

test passed 
(6.3.9)?

y n

n

Stronger charge generation than 
manual rubbing (6.3.4.2)? TEST PASSED

y

n

y

y

None of the saftey measures 
6.3.4.3 a to d etc. is applied?

Powders present 
and fi lled unsafe 
into container or 

silo (9.4.4)?

y

n

n

PROPAGATING 
BRUSH DISCHARGE
Serve ignition and 

health hazard

CONE DICHARGE
Ignition hazards for 
gases, vapors and 

dust 

BRUSH DISCHARGE
Ignition hazard; for 
gases and vapors

SPARK DISCHARGE
Ignition hazard; for 
gases, vapors and 

dust

CORONA 
DISCHARGE 

No ignition hazard

y

y y n

1. Surface area exceeds border limits (Table 3) 
and group I or II or

2. Coating (e.g. paint, plastic etc.), or
3. Streaming insulating powder or liquid?

1.9.3 	 Test procedure

The following describes the typical procedure for an electrostatic test 
in accordance with the flowchart in IEC/TS 60079-32-1 for a plastic 
enclosure of electrical equipment that is to be used in a specific zone 
(in the example, Zone 1, Group IIC) (Figure 1.9.). It should be noted 
that the reference chapters specified in Figure 1.9 are summarized in 
Section 14 in the case of electrical equipment. During the test proce-
dure, particular attention must be paid to the specified sequence, as 
the requirements mentioned are all linked by “or” and contradictions 
may arise if the sequence is incorrect.
1.	 Is the test sample exposed to manual friction, e.g., through 

contact with work clothing or during cleaning proces-
ses with a cloth? Or to flowing particles (e.g., liquids 
or dust)? Or is it located near high-voltage electrodes? 
Yes, the test sample is exposed to manual friction, e.g., from 
work clothing. Continue with 2.

2.	 Are there any conductive or semi-conductive parts with an 
impermissibly high electrical capacity on the test sample? 
Yes, there is an electrical screw contact on the test sample that 
is accessible from the outside. However, its electrical capacitan-
ce measured in accordance with IEC 60079-32-2 is only 2.5 pF, 
which is below the required limit value for Zone 1 Group IIC of 
less than or equal to 3 pF. Continue with 3

3.	 Is the surface resistance of the test sample, measured in ac-
cordance with IEC 60079-32-2, greater than the permissible 
limit value of 100 gigaohms, measured at a maximum relative 
humidity of 30% and a minimum measuring voltage of 500 V 
(preferably at least 1000 V)? Yes, continue with 4.

4.	 Does the maximum possible friction-exposed projected 
area of the test sample exceed the specified maximum va-
lue (in our example, max. 2000 mm² for Zone 1 Group IIC)? 
Yes, the value is significantly exceeded. Continue with 5.

5.	 Is the interior of the housing coated with a conductive material?  
No, the interior of the housing is not coated with a conductive 
material. Continue with 6.

6.	 Is the maximum possible charge transferred by a pro-
voked discharge, measured according to the met-
hod specified in IEC 60079-32-2, no more than 10 nC? 
Yes, during the discharge test, no discharge and therefore no 
transferred charge could be observed. The enclosure is therefore 
sufficiently antistatic and meets the requirements of all regula-
tions mentioned in 1.9.2. Alternatively, it could have been deter-
mined at point 3 and a measurement voltage of 10,000 V that 
the surface resistance breaks down at higher voltages and that 
the test sample cannot be dangerously electrostatically charged 
at the high electrostatic voltages present.

The further procedure for alternative answers can be found in Figure 
1.6.

1.9.4 	 Further information

Often, one is faced with the problem: How do I make a rechargeable 
test sample that meets the surface criterion in 1.9.3, point 4, for IIB, 
also safe for IIC? There are various options for this, which are listed 
below as examples:

1.	 Covering the test sample with a leather bag, paper/cardboard/
antistatic film, or antistatic paint, etc.; antistatic sprays last at 
least one year but cannot be used outdoors.

2.	 Conductive grounded coating of the test sample on the inside 
(only in the absence of electrostatic charges stronger than those 
possible through manual friction and with a housing thickness of 
no more than approximately 0.2 mm).

3.	 Prevent electrostatic charges by using the test sample in a base-
ment or a hole in the ground with a permanent puddle of water

(a relative humidity of more than 60% at all times means that 
electrostatic charges are not possible under these conditions), 
by mounting it on the ceiling (manual friction is not possible 
here, but a sticker stating “Clean only with a damp cloth” is 
provided) or use within an area where explosive atmospheres 
are prevented from entering by means of positive air pressure.

4.	 Use of liquid paints on conductive substrates (primers for elec-
trostatic painting of top coats are typically conductive) - unlike 
powder coatings, liquid paints typically have a sufficiently low 
dielectric strength to prevent electrostatic charging, but are not 
as corrosion-resistant.

Figure 1.6: IEC/TS 60079-32-1, Figure F.1 – Flowchart for a systematic electrostatic evaluation with reference to the respective chapters
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2	 Technologies for protecting induction machines from unreliable heating due to  
	 overload – an overview from the perspective of explosion protection

2.1	 What legal/regulatory requirements exist regarding the protection of electrical machinery in  
	 potentially explosive environments?

Directive 2014/34/EU:
Directive 2014/34/EU states the following about Category 2 equip-
ment (Equipment Group II), which includes electrical machines ope-
rated in Zone 1: “Category 2 comprises equipment which is designed 
to be operated in accordance with the parameters specified by the 
manufacturer and which ensures a high level of safety.” It further 
states: “The equipment explosion protection measures in this ca-
tegory ensure the required level of safety even in the event of fre-
quent equipment malfunctions or fault conditions that are normally 
to be expected.” It follows from this that all Category 2 equipment 
must not become a source of ignition in the event of frequent or ex-
pected faults and malfunctions. Furthermore, article 1, paragraph 
2 states: “The scope of this directive also covers safety, control, 
and regulation devices for use outside potentially explosive areas, 
which are necessary or contribute to the safe operation of equip-
ment and protective systems with regard to explosion hazards.” 
The provisions of the directive require that all Category 2 en-
gines must be protected against excessive heating and that all 
devices and equipment used to protect the engine must be cer-
tified.

ATEX guidelines:
The ATEX guidelines specify the requirements of the directive and 
are drawn up by the Commission‘s standing committee on the di-
rective. Chapter 3.10 states: “Safety, control, and regulation devices 
are subject to the Directive if they contribute to or are necessary 
for the safe operation of equipment or protective systems with re-
gard to ignition hazards or the risk of an uncontrolled explosion.” 
It goes on to say: „These devices are also covered if they are in-
tended to be used outside potentially explosive atmospheres. These 
devices are not classified into categories according to Article 1.“ It 
goes on to state: ”The essential requirements apply to these devices 
only insofar as they are necessary for the safe and reliable functio-
ning and handling of these devices with regard to ignition hazards or 
the risk of an uncontrolled explosion.“ An explicit example is given: 
overload protection devices for electric motors with increased sa-
fety protection type “eb.” There is no statement regarding the pro-
tection of motors with ignition protection types “db,” “p,” and “ec.” 
The guideline states that motors with increased safety “eb” ig-
nition protection must be protected by a monitoring device cer-
tified in accordance with Directive 2014/34/EU..

IEC/EN 60079-14:
The operation of electrical equipment for explosion protection is de-
scribed in IEC/EN 60079-14. Application of the standard is not man-
datory. Chapter 7.1 first states the following for all electrical equip-
ment: “All electrical equipment shall be protected against the harmful 
effects of short circuits and earth faults.” It goes on to say: “Precau-
tions must be taken to prevent the operation of multiphase electrical 
equipment (e.g., three-phase motors) if the failure of one or more 
mains phases could lead to overheating.”

In addition to electrical machines, section 7.2 states: „Rotating elec-
trical machines must also be protected against overload, with the 
exception of motors that can carry the starting current at rated vol-
tage and rated frequency, or generators that can continuously carry 
the short-circuit current without excessive heating. The following 
overload protection devices must be used: a current-dependent, ti-
me-delayed protection device for monitoring all three phases, set no 
higher than the rated current of the machine, which must respond 
within 2 hours at 1.2 times the rated current and must not respond 
within 2 hours at 1.05 times the rated current, or a device for direct 
temperature monitoring. times the set current within 2 hours and 
must not respond at 1.05 times the set current within 2 hours, or 
a device for direct temperature monitoring by means of embedded 
temperature sensors or another equivalent device.“ Section 11.3.1 
further states: “In order to comply with the requirements of 7.2a), 
current-dependent time-delayed overload protection devices must 
be designed in such a way that not only the motor current is mo-
nitored, but also the locked motor is switched off within the time tE 
specified on the rating plate.” For machines with delta connection, 
it is additionally stated: “Therefore, machines with delta-connected 
windings must be equipped with phase failure protection that detects 
current imbalances before they lead to excessive heating effects.” 
In summary, it is recommended that all electrical machines in 
potentially explosive atmospheres be protected against overlo-
ad, short circuit, and phase failure, and that the protection for 
the “eb” type of protection must also be effective in the event 
of a blockage..

IEC/EN 60079-7:
Section 5.2.4.4.1 of the requirements for the increased safety “eb” ig-
nition protection type states the following about the time tE: “The time 
tE must be long enough for the current-dependent protective device to 
be able to switch off the locked machine within this time. This is gene-
rally possible if the minimum values for tE specified in Figure 2 (of the 
standard) as a function of the starting current ratio IA/IN are exceeded.“ 
It follows from this that the range of the ratio of starting current 
to rated current is limited for machines with the “eb” ignition 
protection type, and that the time tE must comply with the mini-
mum values shown in Figure 2.4..

IEC/EN 60079-1:
The standard for the ignition protection type flameproof enclosure 
“db” does not contain any information on the protection of rotating 
electrical machines. To determine the maximum surface temperature 
(Table 5), a test voltage of UA ± 10% (or UA ± 5% if the area of appli-
cation is specified on the equipment and mentioned in the operating 
instructions) is required. There are no requirements for overload or 
fault conditions.

IEC/EN 60079-2:
The standard on pressure-tight enclosures does not contain any 
statements regarding the protection of rotating electrical machines..

IEC/EN 60079-7 (Ex ec):
In contrast to the above-mentioned types of ignition protection, de-
vices with increased safety “ec” ignition protection fall into category 
3 of Directive 2014/34/EU. Devices in this category must not have 
any ignition sources during normal operation. The temperature of 
any external or internal surface that may come into contact with an 
explosive atmosphere must not exceed the limit temperature of the 
specified temperature class under normal operating conditions.

The temperature increase during start-up does not need to be taken 
into account when determining the temperature class if operating 
mode S1 or S2 is specified in accordance with IEC/EN 60034-1. It 
is permissible not to take the starting conditions into account when 
determining the temperature class for machines that do not start fre-
quently and for which the statistical probability of an explosive atmo-
sphere being present during the starting process is considered to be 
acceptably low.
The machine only has to maintain the specified temperature 
class during normal operation. The start-up does not have to 
be monitored. There is no direct statement regarding errors that 
may occur.

2.2 	 Causes of unreliably high temperatures in an electrical machine

The most common cause of impermissibly high temperatures in an 
electric machine is overload, i.e., loading with a torque higher than 
the rated torque of the machine. This can be caused by incorrect 
drive design, sluggishness of the working machine, bearing damage, 
excessive viscosity of the medium in agitators, etc. When the load 
increases, the currents in the stator winding and the rotor cage in-
crease, with the current heat losses increasing quadratically with the 
current. Another cause of impermissible heating of the machine is 
operation outside the electrical design parameters of the machine. 
Examples of this are:

Operation at low voltage: 
When operating at reduced voltage, the stator currents of the ma-
chine increase in order to provide the power required by the driven 
machine plus the motor losses. Due to the reduced voltage across 
the main inductance in the equivalent circuit diagram of the machine, 
there is also a reduction in the magnetic flux density in the air gap, 

which leads to an increase in machine slip even at constant load 
torque. The relationship PVCu2= s∙Pd also leads to a sharp increase in 
electrical heat losses in the machine‘s rotor. The extreme case is the 
“tipping” of the machine, whereby the speed drops sharply and the 
stator current rises to the order of magnitude of the starting current.

Operation during overvoltage: 
If the voltage is increased beyond the rated voltage range, magnetic 
saturation of the machine occurs. As soon as the operating point in 
the B-H characteristic curve of the sheet metal moves into the linear 
range and the value of µr approaches 1, very high magnetizing cur-
rents flow and the iron losses and stator winding losses increase 
significantly. This can result in unacceptable heating of the machine. 
Chart 2.1 illustrates the situation.

Chart 2.1: Curve of no-load losses as a function of voltage
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Voltage imbalances/phase failure:
A voltage imbalance and, in extreme cases, the failure of one phase 
does not necessarily cause the motor to stop. With a low mechanical 
load, this merely results in increased slip. There is therefore a risk 
that this fault will remain undetected for a long time. However, with 
only two phases remaining and the corresponding counter-torque, 
the motor will no longer start.
If the motor is connected in star configuration, an increase in current 
will be recorded in the remaining phases. If the current exceeds the 
rated current of the machine, impermissible heating may occur. The 
motor protection switch must detect the overcurrent and switch off 
the motor.
In a delta-connected motor, a phase failure as shown in Scheme 2.2 
means that a winding strand no longer carries 1/√3 times the con-
ductor current, but 2/3 times the conductor current. This means that 
thermal overload of this winding strand is possible without the pro-
tective device registering an overcurrent. 
However, IEC/EN 60079-0 requires that the protective device must 
detect machine imbalances before impermissible heating occurs. 
This fault must therefore be detected by a certified motor protection 
device. The cause of the phase failure can be a tripped fuse or a loose 
terminal connection.
The interruption of a winding strand within the motor in a delta con-
nection is particularly critical. In this case, the undisturbed winding 
strands are loaded with the full conductor current. To reliably detect 
this fault, the motor protection switch must be connected directly to 
the winding strands and set to 1/√3 times the rated motor current in 
order to prevent ignitable heating and thermal damage to the winding. 

Insufficient cooling: 
If the cooling air passages are blocked or the motor is operated at 
too high an ambient temperature, there is a risk of impermissible 
temperatures even without overload. This fault can only be detected 
by means of direct temperature monitoring.

Converter operation: 
Frequency converter-fed machines, if self-ventilated, are operated 
with variable speed heat dissipation to the environment. Here, the 
balance between fundamental vibration losses plus harmonic losses 
and heat dissipation to the environment and the heat storage capaci-
ty of the machine must be maintained at all times in order to prevent 
impermissible heating.

Voltage drop during start-up:
If voltage drops occur during the start-up process with high network 
impedances, this leads to an approximately linear reduction in the 
starting current with the voltage and to a quadratic reduction in the 
starting torque. There is therefore a risk that the machine will no lon-
ger start up if there is a corresponding counter-torque. Furthermore, 
the lower starting current shown in Chart 2.4 results in an extension 
of the shutdown time of the motor protection switch when the machi-
ne does not start. It must be ensured that the machine does not reach 
impermissible temperatures within the extended shutdown time.

Scheme 2.2: Delta connection in the event of a phase failure

2.3	 Protection concepts for network-powered machines, protection requirements 
	 for explosion-proof drives

2.3.1	 Ignition protection types pressure-resistant encapsulation „db“
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With this type of ignition protection, the concept is based on the fact 
that an explosion can and may occur inside the motor, but due to the 
design of the housing, it is not transmitted to the surrounding explo-
sive atmosphere. From an explosion protection perspective, the only 
requirement for these motors is that the outer surfaces do not exceed 
the certified temperature class during normal operation and in the 
event of malfunctions, and that the seals, connection cable, and other 
attachments are not thermally overloaded. These motors can be ther-
mally protected both by a time-dependent overcurrent release and

by PTC thermistors embedded in the winding. Directive 2014/34/
EU and standard IEC/EN 60079-14 stipulate that motor protection is 
mandatory. However, the case of blockage is not considered separa-
tely, which is not necessarily required due to the large heat capacities 
of the housing. Even if the rotor and stator windings have heated up 
above the ignition temperature when the motor protection is trigge-
red in the event of a blockage, the housing will only reach significant-
ly lower temperatures due to the distribution of heat energy over a 
larger heat capacity.

2.3.2	 Ignition protection types overpressure capsules „pxb, pyb and pzc”

This type of ignition protection can be considered similar to 
pressure-resistant enclosure. Here, too, only the external sur-
face temperature is relevant for explosion protection. No ignita-
ble mixture can penetrate the interior of the motor, as an igni-
tion protection gas, e.g., air, is kept under positive pressure here.

However, as an additional condition, it must be ensured that, in the 
event of failure of the ignition protection gas supply and shutdown 
of the engine, internal parts are cooled to values below the ignition 
temperature of the diffusing mixture when the mixture reaches this 
temperature.

2.3.3	 Ignition protection types increased safety „eb“

With this type of ignition protection, the flammable mixture may 
penetrate the interior of the motor, but must not come into contact 
with any ignition sources. Therefore, in accordance with IEC/EN 
60079-14, special requirements are imposed on the motor protection

to ensure that no impermissible stator or rotor temperatures are rea-
ched even in the event of a blockage at rated voltage. Direct tempe-
rature monitoring or a time-dependent overcurrent release can be 
used as protection principles. 

2.3.4	 Ignition protection type increased safety „ec“ 

For the ignition protection type, according to IEC/EN 60079-
7 (formerly IEC/EN 60079-15), the machine must only com-
ply with the temperature class under “normal operating condi-
tions.” The standard explicitly states that in operating modes 
S1 and S2, the blocking case does not need to be considered. 

Overload conditions are not mentioned. Operating conditions that 
cannot rule out overload conditions without protection and could re-
main undetected for a very long time are contrary to the philosophy 
of this type of ignition protection. Overload protection similar to the 
“eb” type of ignition protection is sufficient.

2.3.5	 Ignition protection type by enclosure „tb“ and „tc“

For dust explosion-proof machines in accordance with the IEC/EN 
60079-31 standard, in addition to the inspection of the enclosure pro-
tection type already described, compliance with the maximum surface 
temperature specified in the EU type examination certificate is a core re-
quirement for ensuring explosion protection. The surface temperature 
is determined during the electrical-thermal test when operating with 
rated data, when operating at the upper and lower  limits of the rated 

voltage range, and after an overload test with 1.2 times the rated cur-
rent for 2 hours, starting from the thermal steady state after operating 
with rated data. This is intended to simulate the shutdown behavior of 
the motor protection switch in the event of an overload. It is important 
to take into account the after-heating of the enclosure after the end 
of the tests.

2.3.6	 Direct temperature monitoring

In direct temperature monitoring as the sole form of protection, 
PTC thermistors are embedded in the winding of all three winding 
strands of the winding head and impregnated together with the 
winding. This ensures good thermal contact between the winding 
and the PTC thermistor, which is extremely important for the effec-
tiveness of the protection principle. The individual PTC thermistors 
are connected in series and, when the motor is installed, are con-
nected to a PTC thermistor trigger device, which is usually located 
outside the potentially explosive area. If the PTC thermistors are 
heated above the nominal response temperature, e.g., 130 °C, the 
resistance increases sharply, which is registered by the evaluation 
device. When the nominal cut-off temperature (NAT) is reached, the 
motor is switched off. The device must also detect a resistance that 
is too low, below the “resistance window” of the PTC thermistor. This 
can be caused by a short circuit in the PTC thermistor connection 
cable, which would mean that protection is no longer guaranteed. 

Protection through direct temperature monitoring limits the winding 
temperature to a fixed value. This also allows the detection of im-
permissible temperatures that are not caused by overload but, for 
example, by blocked cooling air paths or excessive ambient tempe-
ratures. Compared to pure current monitoring, this provides an ad-
ditional safety benefit.
When designing the PTC thermistor for sole protection, however, it 
must be noted that in addition to the stator, the rotor must also be 
protected against impermissible temperatures (increased safety ty-
pes of protection “eb” and “ec”). This is a challenge, especially for 
rotor-critical machines, and some machine designs do not allow sole 
protection via PTC thermistors. 
When testing a machine with thermal sole protection via PTC ther-
mistors, these cases must be considered and the “equivalence of the 
protective effect compared to current monitoring” must be proven 
mathematically and experimentally.
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2.3.7	 Current-dependent, time-delayed safety device

Motor protection via current monitoring is based on the approach that 
the motor protection relay maps a simplified thermal image of the 
motor and shuts down if this thermal model registers impermissible 
heating. In addition, the motor protection switches also include a ma-
gnetic quick-acting release for short-circuit protection. The simplest 
design of a motor protection device is the motor protection switch 
with a bimetal relay, whereby the bimetal is heated by a heating coil 
through which the motor current flows. The bimetal can be regarded 
as a single-body equivalent circuit diagram of the motor. Such bime-
tals are available for all 3 phases, and a mechanical link also detects 
different heating of the bimetals and therefore also single-phase over-
load and current imbalances. According to IEC/EN 60079-0, the pro-
tective device must not trip at 1.05 times the rated motor current wit-
hin 2 hours, but must respond at 1.2 times the current within 2 hours. 
 
The following consideration illustrates the thermal behavior of the 
motor: For the single-body equivalent circuit, the power loss balance 
can be written as follows

PV =         + c  ∙

PV is the power loss converted in the machine,    the excess tempe-
rature relative to the environment, Rth is the heat transfer resistance 
to the environment, and c is the heat capacity of the machine. For the 
temperature, we can therefore write:

ϑ =         ∙ (1- e         )

This equation shows that the heating, e.g. after an overload occurs, 
approaches the new “steady-state temperature”         according to 
an e-function. ϑ

To ensure that the motor is protected, it must therefore be shut 
down before the overtemperature ϑ in the stator or rotor reaches 
impermissible values. The load-dependent losses of the motor can 
be viewed as a quadratic function of the machine current as a first 
approximation, meaning that the integral must be evaluated by the 
protective device in the event of an overload.
 
∆ϑ ~ ∫I2 tdt

In the simplest case, the evaluation can be carried out using the 
aforementioned bimetal. However, electronic protection devices are 
becoming increasingly popular, especially for larger drives. These de-
vices ensure a more precise response, respond to a freely definable 
degree of current imbalance, and can better map the machine ther-
mally thanks to a more complex thermal multi-body equivalent circuit 
diagram. As an alternative, it is also possible to monitor the active 
power consumption of the motor using an electronic protection de-
vice. This can be useful for machines where the increase in current is 
very low in the event of an overload, or if, for example, a drop in pow-
er must also be detected as dry-running protection in pump drives.

∆ϑ
dt

ϑ
Rth

PV

Rth

PV

Rth

2.3.8	 Selection and configuration of protection for the ignition protection type increased safety „eb“

Chart 2.3: Definition of time tE

is the most thermally unfavorable fault condition for a machine, na-
mely the blocking of the motor at operating temperature. In this case, 
the motor protection must switch off the motor within the heating 
time tE specified in the EU type examination certificate for the motor. 
In order to ensure timely shutdown, the motor protection device must 
be correctly set to the rated current of the motor. The other condition 
is that the measured time tE at the measured starting current ratio 
of the motor must always be above the trip characteristic curve for 
motor protection relays contained in the IEC/EN 60079-7 standard, 
section 5.2.4.4.1 (Chart 2.4). The permissible starting current/rated 
current ratio for machines with increased safety “eb” ignition protec-
tion is in the range of 3–10 (this range is limited for VIK motors). In 
addition to switching off the machine in the event of ‘overload’ and 
“blockage,” further requirements are placed on the motor protection 
device to ensure safe operation of the motor:

Chart 2.4: Tripping characteristic curve for current-dependent motor 
protection devices according to EN 60079-7 and VIK recommenda-
tion 

•	 Protection against accidental adjustment
•	 No automatic restart after tripping
•	 Start-up monitoring
•	 Short-circuit detection
•	 Detection of impermissible current imbalances
•	 Test options
•	 Detection of safety-relevant internal faults and transition to safe 

state (shutdown)
•	 Minimum requirement: SIL category 1
•	 Shutdown within 2 hours in case of overload with 1.2 times the 

rated motor current
•	 “Thermal memory” in case of supply voltage interruptions

2.3.9	 Current and temperature monitoring

For special applications, it makes sense to protect the motor with 
direct temperature monitoring in addition to current monitoring. This 
is the case, for example, if high ambient temperatures or blockages in 
the cooling air paths at the motor installation site are to be expected

due to operating conditions. With this “hybrid protection” (Scheme 
2.5), the PTC thermistor does not have to be designed for sole pro-
tection, as overload and blockage cases are detected by current mo-
nitoring.

Motor

Medium
Flansch Flansch

WelleWelle

Umgebung

Untergrund Untergrund / Rohrleitungen

Motor

Scheme 2.5: Protection of the motor through current and temperature monitoring

Scheme 2.6: Assembly of motor pump

2.4	 The motor in combination with other devices

If the motor is directly coupled to the driven machine, which is very 
often the case in practice, it is no longer sufficient to consider the 
motor in isolation from its surroundings in terms of thermal aspects, 
especially if the driven machine reaches a higher temperature than 
the motor and heat flows toward the motor. In the case of a pump, 
this can occur when pumping hot liquids. Scheme 2.6 illustrates this 
situation. When considering the combination of motor and pump, not 

only must the temperature class of any gases that may occur be ta-
ken into account, but also the limit temperatures of the components 
and attachments of the motor. Here, particular attention should be 
paid to the bearing if heat flow via the shaft is to be expected. Exces-
sively high bearing temperatures can lead to premature and possibly 
flammable failure of the bearing.
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Another very common combination is the motor with a coupled ge-
arbox. In this case, too, gearbox heating must be taken into account 
when selecting and designing the drive. This does not apply if the 
motor and gearbox were purchased as a single unit from the manu-
facturer. As shown in Scheme 2.7, the gearbox is often designed with 
a combination of the ignition protection types “structural safety” and 
“liquid enclosure”.

Scheme 2.7: Combination of ignition protection types “c” and “k” in  
a gearbox (“c” and “k” ... mechanical explosion protection)

Directive 2014/34/EU lists the following options for assembling two 
devices (e.g., motor and pump):  
1.	 The motor and pump cannot be assessed separately: the combi-

nation is subject to the conformity assessment procedure for 
electrical equipment.

2.	 The motor and pump can be assessed separately: if there are no 
further ignition hazards, the unit does not fall within the scope 
of the directive; the result is a unit consisting of two individual 
devices, each with a separate declaration of conformity.
The manufacturer of the assembly wishes to is-
sue a summary declaration of conformity: Obliga-
tion to carry out an ignition hazard assessment;  
-> Preparation of documentation, CE marking, declaration of 
conformity; Manufacturer bears full responsibility, third-party 
certification not necessary

3.	 Additional ignition hazards due to combination or a component 
not fully compliant with the directive: The combination must 
undergo the full conformity assessment procedure.

In addition to the thermal influences already described, all other fac-
tors affecting explosion protection must also be taken into account. 
Here, the pitfalls often lie in the details. For example, when installing 
a plastic soundproofing hood, not only the impact on engine cooling 
but also the issue of “electrostatics” must be considered.

2.4.1 	 Recommended maximum joint temperature for flange motors

When connected to work machines, flange-mounted motors can reach 
temperatures higher than 40 °C at both the flange and the shaft end. 
 
Motors with Ex d and Ex e types of protection in accordance with VE 
1/NE 47 are assumed to still comply with the explosion protection 
requirements as long as the interface temperatures specified below 
are not exceeded.

Note 1: 
The specified limit values are published in coordination between VDMA 
and ZVEI as a VDMA standard data sheet for pumps in block design. 
 
Note 2: 
Up to the specified interface temperatures, no significant heat input 
from the shaft end and flange into the active parts of the machine is 
expected.

2.4.1.1	   Machines with ignition protection type pressure-resistant enclosure “db” in mains operation

General conditions:
•	 Maximum permissible temperatures at the shaft end and motor 

flange!
•	 no converter operation

•	 Self-ventilated
•	 Sizes from 63 to 200, motors in accordance with EN 50347
•	 Applies to ambient temperatures from -20 °C to +40 °C
•	 2- and 4-pole motors

Temperature class T3 T4 T5 T6

max. wave temperature 100°C 100°C 85°C 70°C

max. flange temperature 100°C 100°C 85°C 70°C

General conditions:
•	 Maximum permissible temperatures at the shaft end and motor 

flange!
•	 Adjustment range from 10 Hz to fN (≤ 60 Hz)
•	 self-ventilated

•	 Sizes from 63 to 200, motors in accordance with EN 50347
•	 Applies to ambient temperatures from -20 °C to +40 °C
•	 2- and 4-pole motors
•	 Individual testing required

2.4.1.2	   Machines with type of protection pressure-resistant enclosure “db” in converter operation

Temperature class T3 T4 T5 T6

max. wave temperature 100°C 100°C -* -*

max. flange temperature 100°C 100°C -* -*
* still under discussion

2.4.1.3	   Machines with ignition protection type pressure-resistant enclosure “eb” temperature class T3

General conditions:
•	 Maximum permissible temperatures at the shaft end and motor 

flange!
•	 no converter operation
•	 self-ventilated

•	 Sizes from 63 to 200
•	 Motors in accordance with EN 50347 and DIN V 42673-2 

(formerly DIN 42677-2)
•	 Applies to ambient temperatures from -20 °C to +40 °C

Number of poles 2 poles 4 poles

max. wave temperature 60°C 75°C

max. flange temperature 0°C 75°C

ϑ
Ex „h“
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3	 Frequency converter-fed explosion-proof drives, protective measures for safe operation

With the types of protection pressure-resistant enclosure “d” and 
pressurized enclosure “p,” the explosion protection principle is based 
on either an explosion occurring inside the enclosure not being trans-
mitted to the surrounding atmosphere (type of protection pressure-re-
sistant enclosure “d”) or that the explosive atmosphere cannot pene-
trate the interior of the enclosure during operation of the device (type 
of protection: pressurized enclosure “p”). With these types of protec-
tion, the temperature of the outer surfaces is therefore the decisive 
criterion, which must not exceed the limit temperature of the tempe-
rature class. In the case of type of protection “p”, an additional res-
trictive condition for the maximum temperatures inside the enclosure 
is that, in the event of a failure of the ignition protection gas supply 
and with the motor switched off, the stored residual heat cannot ignite 
diffusing gas. For type of protection “db,” suitability for operation on 
a frequency converter is certified by the notified body in the EU type 
examination certificate. The same applies to type of protection “p.” 

The internal temperatures are otherwise not relevant for explo-
sion protection, but for operational safety and availability, it must 
be ensured that the permissible operating temperatures of the 
insulation materials and other components are not exceeded.

These motors are protected by PTC thermistors embedded in the 
winding with an evaluation device, similar to mains-powered motors. 
Alternatively, slot resistance thermometers can also be used.

With the “eb” type of protection, the explosion protection of the equip-
ment is based on preventing the ignition of explosive atmospheres, 
whereby the explosive atmosphere can also penetrate the interior 
of the equipment. The possible ignition sources in an asynchronous 
motor are hot surfaces, mechanically generated friction and impact 
sparks, and electrical discharges. To prevent these, explosion-proof 
motors are subject to increased requirements in terms of mechanical 
construction and design, the electrical insulation system, and pro-
tection against impermissible heating. In machines powered by fre-
quency converters, the ignition sources “electrical discharges” and 
“hot surfaces” pose additional ignition hazards compared to opera-
tion on the mains, which must be taken into account in the design  
of the machine and its certification.

3.1	 Electrical discharge

Due to the fast switching operations of the power transistors and the 
resulting high voltage rise rates, traveling waves are formed on the 
line to the motor, whereby the input impedances of the motor and the 
converter output, which are effective for the high-frequency proces-
ses, differ from the characteristic impedance of the line.  In general, 
ZMotor >> ZLine, so that the voltage wave traveling in the direction of the 
motor has a reflection factor close to 1, and the wave is reflected. In 
the case of electrically long lines in relation to the frequency of these 
traveling wave processes, transient voltage peaks of up to twice the 
DC link voltage can occur at the motor terminals (Scheme 3.1) . The air 
gaps in the machine‘s terminal box must be dimensioned for the tran-
sient overvoltages, whereas the creepage distances according to IEC/
EN 60079-7 only need to be designed for the effective value of the in-
verter output voltage. According to IEC/EN 60079-7, short-term volta-
ge peaks do not lead to erosion due to leakage currents on the surface.
   

In practice, it has proven effective for low-voltage machines to design 
the rated voltage of the terminal box for the frequency converter input 
voltage, provided that no transient overvoltages with an amplitude 
greater than twice the DC link voltage occur. If multiple reflections 
and thus higher voltages are to be expected, the next higher rated 
voltage level should be selected for the terminal box. This procedure 
is recommended by the PTB.
However, it is also very important that the insulation of the winding 
is designed for these high, steep-flanked voltage pulses. The winding 
insulation in the input area of the winding is also heavily loaded, as 
this is where most of the voltage is dissipated. If partial discharges 
occur here, this will lead to the destruction of the organic enameled 
wire insulation over longer periods of time and ultimately to an igni-
table breakdown and failure of the motor. If the motor manufacturer 
cannot guarantee that there will be no partial discharges, a filter must 
be connected upstream to reduce the voltage load on the winding. 

Scheme 3.1: Generation of transient overvoltages on a frequency converter-fed drive
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3.2	 Hot surfaces 

If an electric machine reaches an impermissible temperature, the 
causes are either excessive power loss within the machine, e.g. due 
to overload, or insufficient cooling. Operation outside the motor spe-
cifications, e.g. with undervoltage, can also cause impermissibly high 
power loss, particularly in the machine‘s rotor. 

These effects must be controlled by technical protective devi-
ces and operating parameter limits specified in the EU type ex-
amination certificate, and ignition hazards must be ruled out. 
In addition to the limitation specified by the temperature class, 
the continuous operating temperatures of the winding insula-
tion, seals, and other attachments must not be exceeded in or-
der to prevent premature aging with potentially ignitable failure.

With the DC link converters commonly used today, even without a si-
nus output filter, the additional heating of the motor due to harmonics 
is very low. In most cases, the motors tested by the PTB show a tem-
perature increase of less than 10 K when the permissible operating 
parameter limits are observed. If the converter is designed in accor-
dance with the specifications of the EU type examination certificate 
for the motor, the fault condition “blocked motor” does not need to 
be taken into account. This means that the temperature reserve pro-
vided for this purpose can also be significantly reduced. On the other 
hand, a very important point is the increase in thermal resistance to 
the environment with decreasing speed in self-ventilated machines. 
Chart 3.2 shows this relationship for two machines of sizes 180 and 
132.
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Chart 3.2: Thermal resistance to the environment in relation to speed

This effect is taken into account in the new testing and certifica-
tion concept for frequency converter-fed drives with increased 
safety “eb” protection by means of variable speed current limi-
tation of the frequency converter. Chart 3.3 shows an example of 
the maximum machine current in relation to the rated current

for a machine of size 132. All operating points below the cur-
ve are permanently permissible, but those above the line 
are only permissible for a limited time calculated on the ba-
sis of the overload. If the machine current exceeds 1.5 times 
the rated current, the system is immediately shut down.

The support points of the curves were determined by measurements 
at the PTB. In addition to this protection via frequency-dependent 
current monitoring, a second protective device certified as a moni-
toring device in accordance with Directive 2014/34/EU is required, 
as the frequency converter is not certified and this is not desired by 
the manufacturers. In most cases, this protective device is a direct 
temperature monitoring system using triple thermistors with a tested 
thermistor evaluation device. Direct temperature monitoring has the 
additional advantage that other faults, such as a blocked fan grille or 
excessive ambient temperatures, can also be detected.  

It is also very important for safe operation to comply with the opera-
ting parameters specified in the motor data sheet, with particular at-
tention being paid to the fundamental frequency voltage at the motor

terminals. If, for example, the voltage drop at the inverter and the 
motor connection cables is not taken into account sufficiently, the slip 
of the motor increases while the torque remains unchanged, and the 
rotor in particular heats up very strongly. 

The voltage drop must also be taken into account in all cases if a 
sinus output filter is connected between the motor and the converter 
to reduce overvoltages. 

Scheme 3.4 illustrates the situation. The motor must be ordered for 
the expected motor terminal voltage, or the corner frequency must be 
adjusted accordingly.
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Chart 3.3: Variable speed current limitation, from EC type examination certificate
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3.3	 Harmonic loss

Another source of losses and thus heating in a frequency converter-
fed drive are the harmonic losses caused by the frequency converter 
feed. This is caused by voltage harmonics contained in the motor sup-
ply voltage, which do not contribute to the torque generation of the 
motor, but nevertheless lead to a current flow through the motor and 
thus to losses both in the iron (eddie current losses) and in the stator 
winding and the rotor cage (ohmic losses). Figuratively speaking, the 
machine can be divided into a “fundamental vibration machine” that 
generates torque and several “harmonic machines” arranged on the 
shaft. Due to the different frequencies, the superposition principle 
can be applied. This visual representation clearly shows that harmo-
nic losses increase with both the number of harmonics occurring and

and their amplitude. It is clear that the frequency converter input vol-
tage or the difference between the effective value and the funda-
mental of the motor voltage have a direct influence on the harmonic 
losses, as clearly shown by the measurement of the harmonic losses 
converted in the machine as a function of the difference between the 
measured effective voltage value and the metrologically determined 
fundamental component of the motor voltage, as shown in Chart 3.5.

To limit harmonic losses, it is therefore necessary to limit the supply 
voltage of the converter. This value is therefore also listed in the EU 
type examination certificate. If these specifications are complied with,

the harmonic losses are small compared to the fundamental losses 
(less than 10%) and do not lead to impermissible heating. m3/h

3.4      Increasing energy efficiency

This new approach will help to further increase the proportion of fre-
quency converter-fed drives in the chemical industry. This results in 
very large energy saving potentials, especially in the drive of flow 
machines. The results of a comparison of the energy efficiency of 
flow rate adjustment via bypass or reduction valves and direct speed 
adjustment of the pump using frequency converters are shown in 
Figure 3.6. The assumed boundary conditions were a rated flow rate 
of the pump of 50 m3/h at a pressure of 7 bar. For the analysis in 
Scheme 3.6, a flow rate of 30 m3/h required by the process was 
assumed. Assuming 5000 partial load operating hours per year and 
a rated motor power of 18 kW, the payback period for the frequency 
converter is often less than one year at today‘s energy prices.

Scheme 3.6: From electrical to hydraulic power
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Scheme 3.4 Voltage drops between the mains and the machine
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In summary, energy savings increase as the pump throttling increa-
ses, i.e., as the delivery rate decreases, compared to adjusting the 
pump delivery rate using valves. If the pump is operated without 
throttling, however, there are slightly higher losses compared to di-
rect operation on the mains due to the losses of the converter and the 
harmonic losses of the motor.

If the pump is constantly operated at its rated delivery rate due to 
process requirements, retrofitting a frequency converter is not ad-
visable.
Chart 3.7 shows the estimated payback period for a frequency con-
verter (purchase price €2,000) depending on the delivery rate (motor 
power 18 kW, working price €0.19/kWh).

Chart 3.7: 
Payback period for the frequency converter (purchase price €2,000) as a function of the ratio of the delivery rate to the rated delivery rate

In real-world applications, it is highly unlikely that the pump will ope-
rate continuously at the same hydraulic load over time. It is much 
more realistic to assume different load profiles for estimating energy 
savings potential, with each profile expressing the distribution of dif-
ferent loads over the entire operating time of a year. For the consi-
derations carried out here, the three load profiles shown in Chart 3.8 
were assumed. This assumes a total operating time of the pump of 

5000 hours within a year. The bars represent the proportion of time 
spent at each hydraulic load (50, 30, 10, 5 m3/h), with a rated flow 
rate of 50 m3/h. 

Chart 3.8: Temporal distribution of hydraulic utilization

If the costs incurred over time for operation on the grid and for ope-
ration on the frequency converter are now calculated assuming the 
load profiles shown in Chart 3.8, under the simplified assumption of 
constant motor power for grid operation (delivery rate adjustment via 

a bypass valve), this results in a straight line passing through the 
origin of the coordinates with the energy costs per unit of time as the 
slope (grid operation costs).
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Chart 3.9: Energy costs over time for grid operation and frequency converter operation. Purchase cost of the frequency converter: €2,000.00

The costs of €2,000 incurred for the converter-fed drives at time t 
= 0 correspond to the assumed acquisition costs of the frequency 
converter. The intersection points of the straight lines for converter 
operation and grid operation directly indicate the payback periods 
in days, as indicated by the dashed lines. The relationship shown in 
Chart 3.9 can be used to determine the payback periods for any in-
vestment costs (parallel shift of the “converter curves”) as well as for 
other, possibly more energy-efficient methods of conventional con-
veyor output adjustment (flattening of the “mains curve”).

However, even with a significant extension of the payback periods, 
the use of frequency converters for driving flow machines is in most 
cases associated with significant financial savings and other advan-
tages, such as optimization of process control and avoidance of vol-
tage dips when starting high-power pumps, over the service life of 
the device.

3.5	 Summary and outlook

Experience to date with the new testing and certification concept for 
frequency converter-fed drives with increased safety “eb” ignition 
protection has been extremely promising, and it has been shown that 
certification for operation on the converter is possible without any 
problems up to temperature class T3. However, safe operation requi-
res that the motor operating parameters specified in the data sheet 
are adhered to and that the winding is suitable for the voltage pulses

that occur. A motor protection device for converter-fed drives is 
currently being developed in collaboration with a partner company. 
When using this device, frequency converters without variable speed 
current limitation can also be used. The thermistor is also no longer 
absolutely necessary. Scheme 3.10 shows the possible use of the 
protection device. 
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Scheme 3.10: Monitoring the motor during inverter operation

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

10000

0 10 20 30 40 50 60 70 80 90 100

Be
tri

eb
ss

tu
nd

en
/ h

Fördermenge/ %

10000

9000

8000

7000

600 0

5000

4000

3000

2000

1000

0

Op
er

at
in

g 
ho

ur
s 

/ h

Delivery rate / %
      0           10        20         30         40         50         60         70        80          90       100

Delivery rate m3/ h

0

10

20

30

40

50

60

70

50 30 10 5

%

Förderleistung m3/ h

70

60

50

40

30

20

10

0

%

	 50 		       30 		            10 		   5

15.000
14.000
13.000
12.000
11.000
10.000
9.000
8.000
7.000
6.000
5.000
4.000
3.000
2.000
1.000

0

Costs for grid operation 
Costs for converter-fed operation 
- Profile 1 - 
Costs for converter-fed operation 
- Profile 2 - 
Costs for converter-fed operation 
- Profile 3 -

€

0
400200100 300250

260

215
156

Days



48 49

Ex
-H

an
db

uc
h 

VE
M

 G
m

bH

Ex
-H

an
db

uc
h 

VE
M

 G
m

bH

In summary, the following can be stated:

3.6	 Operation with frequency converter when used in Zone 2 (EX II 3G) or Zone 22 (EX II 3D)

Operation with a frequency converter is only permitted within the 
operating points specified on the type plate. A brief exceeding of the 
machine‘s rated current up to 1.5 times the rated current is permitted 
for a maximum of 1 minute within a time interval of 10 minutes. The 
specified maximum speed or frequency must not be exceeded under 
any circumstances. The appropriate inverter selection and/or the use 
of filters must ensure that the maximum permissible pulse voltage at 

the motor terminals is not exceeded. 
Ensure that the operating voltage applied to the motor terminals al-
ways corresponds to the specification on the nameplate (note voltage 
drop across filters!). The thermal winding protection must be evalua-
ted either via a separate trigger device or via the inverter.

3.7	 Operation with frequency converter when used in Zone 21 (EX II 2D)

Motors for use in Zone 21 must always be certified by a notified body 
for operation with a frequency converter. The limit values specified 
on the type plate and in the EU type examination certificate must be 
strictly observed.   

This means, in particular, monitoring the motor current as a function 
of frequency. Only frequency converters that meet the requirements 
specified in the EU type examination certificate may be used. 

3.8	 Operation with frequency converter when used in Zone 1 (EX II 2G)

Motors with increased safety “eb” ignition protection for use in Zone 
1 must always be certified by a notified body for operation with a 
frequency converter. The limit values specified on the type plate 
and in the EU type examination certificate must be strictly complied 
with. This means, in particular, monitoring the continuous current 
as a function of frequency. Only frequency converters that meet the 
requirements specified in the EU type examination certificate may 
be used. The built-in thermal winding protection must be evaluated 
using a trigger unit with Ex marking II (2) G that complies with the re-
quirements of Directive 2014/34/EU. The specified maximum speed 
or frequency must not be exceeded under any circumstances. The 
maximum permissible pulse voltage of 1560 V at the motor terminals 
must be limited by selecting a suitable converter and/or using filters. 
It must be ensured that the operating voltage applied to the motor 
terminals always corresponds to the specification on the nameplate 
(note voltage drop across filters!). If, due to voltage drops across the 
frequency converter, the cables, and any chokes or filters, the termi-
nal voltage at the motor is lower than the rated voltage specified on 
the nameplate, the corner frequency must be set to a lower value 
corresponding to a linear voltage/frequency assignment. 

Image 3.11: 
Example of an EC type examination certificate for ignition protection type increased safety “eb” for operation on a frequency converter

3.9	 Permanent magnet synchronous machines/reluctance machines

The synchronous machine as such is a type of machine that 
has been known since the early days of electric drive techno-
logy and is used for very high-power motors as a separately 
excited synchronous motor. All high-power generators in ther-
mal power plants and hydroelectric power plants are also ba-
sed on this operating principle. This type of machine is described 
in the DIN EN 60034-1 standard with regard to requirements. 
In permanently magnet-excited synchronous machines, the DC wind-
ing of the rotor required to excite the rotor magnetic field is replaced 
by permanent magnets. In the field of positioning drives (e.g., robot 
arms in the automotive industry), permanently magnet-excited syn-
chronous machines have been considered state of the technology for 
several years.

The use of permanent magnet synchronous machines and reluctance 
machines in potentially explosive atmospheres is possible in princip-
le, but requires certification by a notified body for use in zones 1 and 
21, as with asynchronous machines, certification by a notified body, 
which determines the necessary testing requirements based on the 

design of the machine and the potential ignition sources present, and 
carries out the tests. In permanently magnet-excited synchronous 
machines, especially in designs with magnets bonded to the rotor 
surface, the bonding of the magnets is a critical detail for explosion 
protection, as magnets that come loose are ground down in the air 
gap, forming ignitable sparks.
The current 2016 edition of DIN EN 60079-7 therefore requi-
res a test at 1.2 times the highest rated speed of the motor af-
ter testing the thermal resistance in accordance with DIN EN 
IEC 60079-0:2019. No magnets may come loose or shift du-
ring this test. If an overspeed test is not possible, the stan-
dard also allows for testing the adhesive force as an alternative. 
 
The explosion-proof, permanently magnetized synchronous machine, 
as well as the reluctance machine and their testing, are the subject of 
a current research project at PTB. 
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The comprehensive range of VEM low-voltage motors offers the che-
mical industry a wide selection of explosion-proof motors in various 
types of protection for gas and dust explosion-proof areas. The range 
includes the following types of protection:

Explosion-proof three-phase asynchronous motors with cage rotor 
for low and high voltage
•	 Ignition protection type increased safety “eb”  

Ex eb II according to IEC/EN 60079-0/IEC/EN 60079-7
•	 Ignition protection type pressure-resistant enclosure “db/db eb”  

Ex d/de according to IEC/EN 60079-0/EC/EN 60079-1 
•	 Ignition protection type increased safety “ec”  

according to IEC/EN 60079-0/EC/EN 60079-7
•	 Ignition protection type pressurized enclosure “pxb/pzc” 

according to IEC/EN 60079-0/IEC/EN 60079-2
•	 Motors for use in areas with combustible dusts   

II 2D,       II 3D 
IEC/EN 60079-0/IEC/EN 60079-31

•	 Motors for optional use in gas and dust explosion protection 2G 
or 2D, 3G or 2D and 3G or 3D

VEM has been supplying these drives for decades. They have been 
tested and certified by the following notified bodies:
•	 Physical-Technical Federal Institute Braunschweig (notified body 

no. 0102), 
•	 IBExU Freiberg (notified body no. 0637) 
•	 DEKRA (notified body no. 0158) – formerly DMT Society for Re-

search and Testing mbH CNEX-GLOBAL Arnhem (notified body 
no. 2614)

These test certificates are recognized by all member states of the 
European Union. Non-EU members of CENELEC also accept them. In 
the case of special designs that affect explosion protection 

4	 The VEM supply programme of explosion-proof equipment

4.1	 Overview

(different frequency, power, coolant temperature, use with a frequency 
converter, etc.), additional or new certification may be required.

4.2	 Energy efficiency and explosion protection

The European Union‘s plan is to achieve energy efficiency and CO2 
emission targets in order to reduce greenhouse gas emissions 
and thus limit the average global temperature increase to 1.5 °C.  
Regulation 640/2009, which is valid until June 30, 2021, has re-
sulted in savings of approximately 57 TWh per year by 2020. 
An increase in energy efficiency is possible if additional motors 
that were not previously covered by Regulation (EU) 640/2009, 
as well as speed controls, were included in new regulations.  
Whereas the classification of energy-saving motors in Europe was 
previously regulated on a voluntary basis by the Voluntary Agreement 
(efficiency classes EFF1, EFF2, and EFF3), this has now been repla-
ced by IEC/EN 60034-30-1: “Efficiency classification of three-phase 
cage rotor motors, excluding pole-changing motors (IE code)”. This 
standard specifies the minimum efficiencies for 2- to 8-pole motors 
in the power range 0.12 kW – 1,000 kW for efficiency classes IE1 
(standard efficiency), IE2 (high efficiency), IE3 (premium efficiency), 
and IE4 (super premium efficiency). It should be noted that the tran-
sition to this standard has also changed the measurement methods 
used to determine efficiency. Whereas IEC/EN 60034-2 was previous-
ly applied, in which additional losses were assessed at a flat rate of 
0.5% of the input power, the new regulation uses IEC/EN 60034-2-1 
as the basis for determining efficiency; here, additional losses are 
determined by testing. 

Motors for operation in explosive atmospheres (IEC/EN 60079) are 
also included in the efficiency classification according to IEC/EN 
60034-30-1 (IE1...IE4). This includes all types of ignition protection 
relevant to electrical equipment, such as flameproof enclosure “db”, 
increased safety “eb” and “ec”, and protection by enclosure ‘tb’ and 
“tc”.
For this reason, the new Regulation (EU) 2019/1781 has adapted the 
ecodesign requirements for motors and established new ones for 
speed control systems. The new Regulation (EU) 2019/1781 will take 
effect in two stages starting on July 1, 2021.

Since January 1, 2017, the following has applied:
Three-phase motors with a power rating of 0.75 kW ≤ Pn ≤ 375 kW; 
2-, 4-, or 6-pole, must meet the efficiency requirements of class IE3 
or IE2 with mandatory operation on a frequency converter (herein-
after referred to as “FC”).
The following motors were excluded:
I) Explosion-proof motors
II) Brake motors
III) Motors that are completely operated in liquid
IV) Motors that are completely integrated into a product (independent 
determination of efficiency not possible)
V) Motors with multiple windings or pole-changing

Zone 20
Zone 0

Zone 22
II 3D Ex tc IIIB T125°C Dc

STAUB
Zone 21

II 2D tb IIIC T125°C Db

Zone 1
II 2D Ex eb IIC T3 Gb

II 2G Ec db/db eb IIC T4 Gb

GAS
Zone 2

II 3G Ex ec IIC T3 Gc

Once the new Regulation (EU) 2019/1781 and Regulation (EU) 2021/341 (Amendment) come into force: 
effective from July 1, 2021:

Minimum efficiency class

Three-phase motors 0,75 to 1.000 kW, 2-, 8- poles
(including brake motors where the efficiency can be determined without a brake)

IE 3

Three-phase motors, < 0,75 kW IE 2

Explosion-proof three-phase motors 0.75 to 1,000 kW, 2 to 8 poles
Ignition protection type: pressure-resistant enclosure “Ex db eb”
Ignition protection type: increased safety “Ex ec”
Protection by enclosure “tb” and “tc”

IE 3

Explosion-proof three-phase motors
0.12 to < 0.75 kW
2-, 4-, 6-, and 8-pole (does not apply to increased safety “Ex eb”)

IE 2

Speed-controlled drives
0.12 to 1,000 kW

IE 2

Three-phase motors with a power rating of 0.12 kW ≤ Pn < 0.75 kW; 
2, 4, 6, or 8 poles must meet the efficiency requirements of class IE2. 
Three-phase motors with a power rating of 0.75 kW ≤ Pn ≤ 1000 kW; 
2, 4, 6, or 8 poles must meet the efficiency requirements of class IE3 
(IE2 with operation on the frequency converter is no longer possible!).

Motors that are now subject to these requirements:
1.	 Motors with attached brakes
2.	 All Ex motors, except Ex eb motors (increased safety) and Group 

I (flameproof/underground)
3.	 Motors that are fully integrated into a product but can be tested 

with a temporary bearing shield/drive bearing
In addition, the following motors are excluded:
1.	 Motors without fans
2.	 Replacement motors that serve as replacements for motors pur-

chased for the original version until July 1, 2022 (valid until June 
30, 2029).

effective from 1 July 2023: Minimum efficiency class

Three-phase motors ≥ 75.0 to 200 kW; 2-, 4-, and 6-pole 
(does not apply to explosion-proof motors, brake motors, 8-pole motors) IE 4

Explosion-proof three-phase motors
Increased safety ignition protection type “eb eb”
0.12 to 1,000 kW
2-, 4-, 6-, and 8-pole

IE2

Single-phase motors ≥ 0.12 kW IE 2

Ex eb motors (increased safety) and single-phase motors with a pow-
er rating of 0.12 kW ≤ Pn ≤ 1000 kW; 2, 4, 6, or 8 poles must meet 
the efficiency requirements of class IE2.
Three-phase motors with a power rating of 75 kW ≤ Pn ≤ 200 kW; 2, 
4, or 6 poles must meet the efficiency requirements of class IE4. Ex 
motors and brake motors may continue to be supplied in IE3.
In terms of design, motors in Ex db/db eb, Ex ec, and dust ignition 
protection types are relatively unproblematic. There is no separate 
size/power assignment here compared to standard motors; the elec-
trical design is identical. This means that EN 50347 is fully valid for 
these motors. Explosion protection for these types of ignition protec-
tion focuses primarily on special design measures, such as the use of 
certified components, special connection systems, increased air and 
creep distances, issues of electrostatic charging in fans, compliance 
with certain minimum IP protection ratings, and material issues (in 
particular, the aging and temperature resistance of sealing elements). 
The temperature limitation measures on the surface of the motors or 
inside them are also not contrary to high efficiency levels.

For this reason, motors with increased efficiency levels in the-
se types of ignition protection have already been available on the 
market in the past. The situation is different for the increased sa-
fety “eb” type of protection. Here, in addition to the measures al-
ready mentioned, temperature limitation in the event of a fault is 
also required. This means special requirements for the starting 
current and ensuring the longest possible tE times. Furthermo-
re, the size/power allocation in Germany is regulated by the DIN 
42673 and DIN 42677 standards. Since these motors are Catego-
ry 2 devices (use in Zone 1), separate EU type examination certi-
ficates are required for motors of this type of ignition protection. 
VEM motors in the ignition protection types increased safety “eb” and 
“ec”, flameproof enclosure “db”, and protection by enclosure ‘tb’ and 
“tc” have been available in energy efficiency classes IE1 to IE3 since 
IEC/EN 60034-30 came into force. All Ex motors are also available in 
IE4 versions on request.

Figure 4.1. Own representation of Ex zones based on DIN EN 60079-0

2G
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4.3	 Gas explosion-proof motors

4.3.1	 Cage rotor motors, ignition protection type pressure-resistant encapsulation „db/db eb“

Approval overview

Series and axle heights Ex II 2G Ex d(e) IIC T3 - T6 Ex II 2G d(e) IIB+H2 T3 - T6

K82. 63 - 71 PTB09ATEX1017 X PTB09ATEX1032 X

K82. 80 – 160 PTB09ATEX1018 X PTB09ATEX1033 X

K82. 180 PTB09ATEX1019 X PTB09ATEX1034 X

K82. 200 PTB09ATEX1020 X PTB09ATEX1035 X

K82. 225 – 315 PTB09ATEX1018 X PTB09ATEX1033 X

K82. 355 PTB09ATEX1021 X PTB09ATEX1036 X

K82. 400 PTB09ATEX1022 X PTB09ATEX1037 X

K82. 450 PTB09ATEX1023 X PTB09ATEX1038 X

B82.80-132 PTB09ATEX1039 X

Series •	 K82R, B82R (-Y2, -Y3) (Y2 corresponds to IE2 version, Y3 corre-
sponds to IE3 version)

•	 IE3 -(IE4) W..R
•	 DKCF, DKCJ (medium voltage)

Dimensions 63 - 450 
350 - 560 (medium voltage)

Types of protection IP 55, IP 56, IP 65 according to IEC/ EN 60034-5

Cooling method IC 411 according to EN 60034-6

Designs IM B3, IM B35, IM B5, IM B14, IM B34 und abgeleitete Bauformen n. 
IEC/ EN 60034-7

Ambient temperature -55°C TO +60°C

Temperature class T3 TO T6

Explosion-proof design in accordance with equipment group II, cate-
gory 2 Ex db(eb)

IEC/EN 60079-0 General requirements
IEC/EN 60079-1 Pressure-resistant enclosure “db”

Mounting dimensions and power ratings according to DIN 42673 Sheet 3 and DIN 42677 Sheet 3

4.3.2	 Cage rotor motors, ignition protection type increased safety „eb“

Type KPR / KPER / IE1-KPR/KPER / IE2- KPR/KPER
K1.R / IE1-K1.R / IE2-K1.R / IE3-K1.R / IE4-K1.R / K4.R / W52R / 
W72R

Dimensions 56 - 450

Types of protection IP 54, IP 55, IP 56, IP 65 according to IEC/EN 60034-5

Cooling method IC 411 according to IEC/EN 60034-6

Designs IM B3, IM B35, IM B5, IM B14, IM B34, and derived designs in 
accordance with IEC/EN 60034-7. When installing motors in designs 
with vertical shaft position, foreign objects must be prevented from 
falling into the ventilation openings (protective cover). 

Temperature class T1 and T2, T3 or T4

Explosion-proof design in accordance with equipment group II, cate-
gory 2 Ex db(eb)

IEC/EN 60079-0  General requirements 
IEC/EN 60079-7  Increased safety “eb”

Mounting dimensions and power ratings according to EN 50347 (DIN 42673 Sheet 2 or DIN 42677 Sheet 2)

Ambient temperatures -40 °C to +40 °C, for shaft heights 56 to 112: 
-20 °C to +40 °C, other values according to supplements and asso-
ciated data sheets or supplementary sheets
 
The design of the motors has been tested by the PTB and IBExU Insti-
tute for Safety Technology GmbH and approved as follows:

Mechanical motor:
EC type examination certificate IBExU02ATEX1108 U
EU type examination certificate IBExU00ATEX1083 U

Motor terminal boards Ex eb:
EC type examination certificate IBExU13ATEX1089 U

Connection boxes Ex eb:
EU type examination certificate IBExU00ATEX1051 U

Connection boxes Ex db:
EU type examination certificate IBExU21ATEX1025 U

Furthermore, the EC type examination certificates listed below, with 
corresponding supplementary sheets for documentation of intended 
use in potentially explosive atmospheres, are available.
 
The supplementary sheets for the EC type examination certificates 
that are valid for the individual types can be found in the approval 
overview.

Series and axle heights EC type examination certificate EC (EU) type examination certificate

(IE.-) KPER 56 PTB99ATEX3308 IBExU02ATEX1109

(IE.-) KPER 63 PTB99ATEX3309 IBExU02ATEX1110

(IE.-) KPER 71 PTB99ATEX3310 IBExU02ATEX1111

(IE.-) KPER 80 PTB99ATEX3311 IBExU02ATEX1112

(IE.-) KPER 90 PTB99ATEX3312 IBExU02ATEX1113

(IE.-) KPER 100 PTB99ATEX3313 IBExU02ATEX1114

(IE.-) KPER 112 PTB99ATEX3314 IBExU02ATEX1115

(IE.-) K1.R 112 PTB09ATEX3004/PTB08ATEX3026X IBExU02ATEX1153

(IE.-) K1.R 132 PTB08ATEX3037/PTB08ATEX3001X IBExU99ATEX1142

(IE.-) K1.R 160 PTB08ATEX3038/PTB07ATEX3142X IBExU99ATEX1105

(IE.-) K1.R 180 PTB08ATEX3039/PTB07ATEX3143X IBExU99ATEX1138

(IE.-) K1.R 200 PTB08ATEX3040/PTB08ATEX3027X IBExU99ATEX1143

(IE.-) K1.R 225 PTB08ATEX3041/PTB08ATEX3028X IBExU99ATEX1144

(IE.-) K1.R 250 PTB08ATEX3042/PTB08ATEX3029X IBExU99ATEX1131

(IE.-) K1.R 280 PTB08ATEX3043/PTB08ATEX3030X IBExU99ATEX1030

(IE.-) K1.R 315 PTB08ATEX3044/PTB08ATEX3031X IBExU99ATEX1137

(IE.-) K1.R 355 PTB08ATEX3032X IBExU01ATEX1009

(IE.-) K4.R 355 IBExU15ATEX1146

(IE.-) K4.R 400 IBExU15ATEX1075

W52R 355 IBExU15ATEX1179 *)

W52R 400 IBExU15ATEX1180 *)

continue to next page

Series and axle heights Ex II 2G Ex d(e) IIC or IIB up to T3-T6

IE.-W4..63 IBExU23ATEX1074X

IE.-W4..71 IBExU23ATEX1073X

IE.-W4..80 IBExU23ATEX1067X

IE.-W4..90 IBExU23ATEX1013X

IE.-W4..100 IBExU23ATEX1030X

IE.-W4..112 IBExU24ATEX1017X

IE.-W4..132 IBExU21ATEX1021X

IE.-W4..160 IBExU20ATEX1142X

IE.-W4..180 IBExU22ATEX1029X

IE.-W4..200 IBEXU24ATEX1045X

IE.-W4..225 IBEXU24ATEX1046X

Labelling example: 
Ex d IIC T4 Gb or Ex db IIC T4  
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*) EU-currently still in progress: completion planned for 01/2024

Custom-made motors with larger axle heights and other cooling types can be supplied. These receive an EU declaration of conformity after 
individual testing.

Labeling example: 
Ex e IIC T3 Gb (alternative: Ex eb IIC T3)  
New according to IEC/EN 60079-7: Ex eb IIC T3 Gb (alternative Ex eb IIC T3)

4.3.3 	 Cage rotor motors, ignition protection type increased safety „ec“ (old: „n“) 

Type KPER / KPR / IE1-KPR/KPER / IE2-KPR/KPER 
K1.R / W.1R / IE1-K1.R / IE2-W..R / IE3-W4.R / IE4-W6.R / W52R/ 
W72R

Dimensions 56 - 450

Types of protection IP 54, IP 55, IP 56, IP 65 according to IEC/EN 60034-5

Cooling method IC 411 according to IEC/EN 60034-6

Mounting dimensions and power allocation according to EN 50347

Designs IM B3, IM B35, IM B5, and derived designs in accordance with IEC/
EN 60034-7. When installing motors in designs with vertical shaft 
position, foreign objects must be prevented from falling into the ven-
tilation openings (protective cover).

Temperature class T2, T3 oder T4

Ambient temperature -40°C to +55°C
(for axle height 56 - 112: -20°C to +55°C)

Explosion-proof design in accordance with equipment group II,  
category 3

IEC/EN 60079-0 General requirements 
IEC/EN 60079-7 Increased safety “ec”

The following type examination certificates are available for the 
design of the motors:

Series KPR 56 – 112: IBExU06ATEXB001  
Series KPR 63 – 132 T: IBExU06ATEXB002 
Series (IE1-)K1.R 112 – 355: IBExU09ATEXB006 
Series (IE.-)W.1R 112 – 315: IBExU03ATEXB004

Customized motors with larger axle heights and other cooling types can be supplied. After testing, these receive an EU declaration of con-
formity and, on request, a type examination certificate.

Labelling example: 
Ex nA IIC T3 Gc (alternatively: Ex nAc IIC T3)

Series and axle heights EC type examination certificate EC (EU) type examination certificate

W52R 450 IBExU15ATEX1181

W72R 450 IBExU23ATEX1025X *)

4.3.4 	 Engines, ignition protection type: vacuum encapsulation „pcb/ pzc“

Customized motors in asynchronous and synchronous designs can be supplied. After testing, these receive an EU certifi-
cate of conformity for Zone 1 or an EU declaration of conformity for Zone 2, and a type examination certificate on request.

Labelling example:
Ex pxb IIC T3 Gb

4.4.2	 Cage rotor motors for use in the presence of combustible dusts, Zone 11

Type KPR/KPER / IE1-KPR/KPER / IE2-KPR/KPER / IE3-KPR/KPER
K1.R / K2.R / IE1-K2.R / IE2-W.1R / IE3-W.4R / IE4-W6.R / W52R 

Dimensions 56 – 400

Types of protection IP 55 according to IEC/EN 60034-5 (bei leitfähigen Stäuben IP 65)

Cooling method IC 411 according to IEC/EN 60034-6

Mounting dimensions and power allocation according to EN 50347

Designs IM B3, IM B35, IM B5, and derived designs according to 
IEC/EN 60034-7; when installing motors in designs with vertical shaft 
position, foreign objects must be prevented from falling into the ven-
tilation openings (protective cover).

Ambient temperature –40 °C to +40 °C,
for axle heights 56 to 132 T: -35 °C to +40 °C

Maximum surface temperature 125 °C, other surface temperatures on request

Explosion-proof design in accordance with equipment group II,  
category 3

IEC/EN 60079-0 General requirements
IEC/EN 60079-31 Protection provided by enclosures “t”

The design of the motors is certified with an EU declaration of conformity.

Customer-specific motors, including slip ring motors, with larger shaft heights and other cooling types can be supplied. These come with a 
declaration of conformity and, on request, a type examination certificate.

Labelling example:
Ex tc IIIC T125 °C Dc (alternatively: Ex tc IIIC T125 °C)

4.4 	 Dust explosion-proof motors

4.4.1 	 Cage rotor motors for use in the presence of combustible dusts, Zone 21

Type KPR/KPER / IE1-KPR/KPER / IE2-KPR/KPER
K2.Q / IE1-K2.Q / K1.R / IE1-K1.R / IE.-W..R

Dimensions 56 - 355

Types of protection IP 65 according to IEC/EN 60034-5

Cooling method IC 411 according to IEC/EN 60034-6

Mounting dimensions and power allocation according to EN 50347

Designs IM B3, IM B35, IM B5, and derived designs according to  
IEC/EN 60034-7: when installing motors in designs with vertical shaft 
position, foreign objects must be prevented from falling into the ven-
tilation openings (protective cover).

Ambient temperature –30 °C to +40 °C (+55 °C), 
for axle heights 56 to 132 T: -20 °C to +40 °C (+55 °C)  

Maximum surface temperature 125 °C, other surface temperatures on request

Explosion-proof design in accordance with equipment group II,  
category 2

EC/EN 60079-0,  
IEC/EN 60079-31,  
EN 61241-0 General provisions  
EN 61241-1 Protection provided by enclosures “tD”

The following EC type examination certificates are available for the 
design of the motors:

Series KPER 56 to 132 T: DTM00ATEXE012X 
Series (IE1-)K2.Q 112 – 315: IBExU02ATEX1019 
Series (IE1-)K1.R 112 – 355: IBExU09ATEX1065 
Series (IE.-)W.1R 112 – 315: IBExU04ATEX1118

Customer-specific motors, including slip ring motors, with larger shaft heights and other cooling types can be supplied. These receive an EU 
declaration of conformity after individual testing.



56 57

Ex
-H

an
db

uc
h 

VE
M

 G
m

bH

Ex
-H

an
db

uc
h 

VE
M

 G
m

bH

4.5	 Combinations of gas explosion protection or dust explosion protection

Depending on the design, the following combinations are possible:

2G or 2D
2G or 2D
3G or 2D
3G or 3D

Ex db (eb) IIC 2G or Zone 21 II 2D 
Ex eb IIC 2G or Zone 21 II 2D 
Ex ec IIC 3G or Zone 21 II 2D 
Ex ec IIC 3G or Zone 22 II 3D

•	 The ambient temperature for the combined motors 2G or 2D and 3G or 2D is -40 °C 
•	 to +60 °C, KPER / KPR from -20 °C to +40 °C, and for the K1.R series from -30 °C to +40 °C (+55 °C). 
The following certificates are available for this:

Versions of the 2G or 2D motors
Series K82. 63 - 450 / W4.. 63-250
Series KPER/KPR 56 – 112:
Series K1.R 112 – 355

Versions of the 3G or 2D motors
Series (IE1-)K1.R 112 – 355:
Series (IE.-)W.1R 112 – 315:

Versions of the 3G or 3D motors
Series (IE1-)K1.R 112 – 355:
Series (IE.-)W.1R 112 – 315:

According to the certification overview, pressure-resistant motors “db” 
IBExU02ATEX1108 U and IBExU02ATEX1109 to 1115 
According to the certification overview, increased safety “eb” with 
additional certification IBExU09ATEX1065

IBExU09ATEXB006 additionally with IBExU09ATEX1065
IBExU03ATEXB004 additionally with IBExU04ATEX1118

IBExU09ATEXB006 additionally with manufacturer‘s declaration Zone
22IBExU03ATEXB004 additionally with manufacturer‘s declaration
Zone 22

5	 Maintenance and repair

Maintenance, repairs, and modifications to explosion-proof machines 
must be carried out in Germany in compliance with the BetrSichV (In-
dustrial Safety Regulation) and ProdSV (Product Safety Act/Explosion 
Protection Regulation).

In order to ensure the safe operation of the system, consisting of the 
drives and the associated monitoring devices, throughout the entire 
service life of the process engineering system, regular inspection of 
the operating equipment and, if necessary, repair/replacement must 
be carried out. It is the operator‘s responsibility to ensure the proper 
maintenance and servicing of the operating equipment. The rele-
vant regulations are the Industrial Safety Regulation and the IEC/EN 
60079-17 standard.

During inspections, a distinction is made between visual inspection, 
close inspection, and detailed inspection, with increasing depth of 
inspection. A visual inspection can be carried out during operation 
and often also incidentally while walking through the facility. A visual 
inspection means an inspection of the operating equipment without 
the use of access aids. This can reveal, for example, a missing or da-
maged terminal box cover on a machine, but also noticeable bearing 
noises. In a close inspection, the housing is subjected to a thorough 
examination, e.g., with the aid of a ladder, or the bearing temperatu-
re is determined with an infrared thermometer. Decommissioning is 
generally not necessary.

During the detailed inspection, the machine is shut down and subjec-
ted to tests such as measuring the insulation resistance. The various 
tests can be clearly illustrated in the “testing pyramid”:

Outside Germany, the relevant national regulations must be 
complied with!
Further information on testing and maintaining electrical systems and 
repairing and overhauling electrical equipment is provided in IEC/EN 
60079-17 and IEC/EN 60079-19. Work that affects explosion protec-
tion includes, for example:
•	 Repairs to the stator winding and terminals
•	 Repairs to the ventilation system
•	 Repairs to the bearings and seals on dust explosion-proof mo-

tors (Ex 2D, 3D) may only be carried out by the manufacturer‘s 
service personnel or by qualified personnel from/in authorized 
workshops who have the necessary knowledge based on pro-
fessional training, experience, and instruction.

In dust explosion-proof motors, dust explosion protection depends 
heavily on local conditions. For this reason, motors in these areas 
must be inspected and maintained regularly. 

Thick layers of dust cause the temperature on the surface of the 
motor to rise due to thermal insulation. Dust deposits on motors 
or even their complete filling must therefore be avoided as far as 
possible through appropriate installation and ongoing maintenance. 

The specified surface temperature of the motor is only valid if the 
dust deposits on the motor do not exceed a thickness of 5 mm. These 
initial conditions (type of dust, maximum layer thickness, etc.) must 
be ensured. The motor must not be opened until sufficient time has 
elapsed for the internal temperatures to drop to non-flammable le-
vels. If the motors need to be opened for maintenance or repair, this 
work should be carried out in a dust-free room if possible. If this is 
not possible, suitable measures must be taken to prevent dust from 
entering the housing. During disassembly, particular care must be 
taken to ensure that the parts necessary for the tightness of the cons-
truction, such as seals, flat surfaces, etc., are not damaged.

Careful and regular maintenance, inspections, and revisions are ne-
cessary in order to detect and eliminate any malfunctions in good 
time before consequential damage can occur. Since operating condi-
tions cannot be precisely defined, only general intervals can be speci-
fied, assuming trouble-free operation. These must always be adapted 
to local conditions (contamination, load, etc.).
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Guideline values, depending on manufacturer

What should be done? Time interval Recommended timeframes

Initial inspection After approximately 500 operating hours after six months at the latest

Checking the airways and surface of the 
motor

depending on the local level of contamination

Relubrication (optional) See type plate or lubrication plate

Main inspection Approximately 8,000 operating hours once a year

Drain condensation water depending on climatic conditions

Figure 5.1: Pyramid of testing
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Technical explanation

The necessary lubrication intervals for roller bearings must be 
observed in accordance with the manufacturer‘s specifications.

Maintenance work (except for relubrication) may only be carried out 
when the machine is at a standstill. Always ensure that the machine 
is secured against being switched on and marked with an appro-
priate warning sign. Furthermore, safety instructions and accident 
prevention regulations for the use of oils, lubricants, and cleaning 
agents from the respective manufacturers must be complied with! 
Neighbouring parts that are under voltage must be covered!

Ensure that the auxiliary circuits, e.g., standstill heating, are discon-
nected from the power supply. For models with a condensation drain 
hole, coat the drain screw with a suitable sealant (e.g., Epple 28) 
before closing it again!

If the work is not carried out by the manufacturer, it must be carried 
out by suitably qualified personnel and checked by a person who is 
qualified to do so and officially recognized (if the repair is relevant to 
explosion protection). This person must issue a written confirmation 
or affix their test mark to the machine. 

Inspections carried out in accordance with §14 (6) BetrSichV must 
be documented in accordance with § 19 BetrSichV. The documenta-
tion must show that the device, protective system, safety, control, or 
regulating device complies with the requirements of BetrSichV after 
repair. It is recommended that the documentation be kept for the ent-
ire service life of the device and that the device be clearly marked for 
traceability. Important: The operator is responsible for the operation 
of a system that requires monitoring. This also includes the repair of 
devices and protective systems. When operating abroad, the relevant 
national regulations must be complied with.

Spare parts
With the exception of standardized, commercially available, and 
equivalent parts (e.g., roller bearings), only original spare parts  
(see manufacturer-specific spare parts lists) may be used; this ap-
plies in particular to seals and connecting parts.

The following information is required when ordering spare parts:
•	 Spare part designation
•	 Motor type
•	 Motor number

6	 Repair and modification of electrical equipment

6.1	 General information

The legal basis for the operation of explosion-proof electrical equip-
ment in potentially explosive atmospheres is the 11th ProdSV Or-
dinance to the Product Safety Act (Explosion Protection Products 
Ordinance) in conjunction with the Industrial Safety Ordinance (Betr 
SichV). 

Previously applicable regulations such as the “Regulation on 
Electrical Installations in Potentially Explosive Atmospheres 
(ElexV)” were thereby repealed. 

Further requirements are contained in the IEC/EN 60079-14 stan-
dard and in the BGR 104 explosion protection regulations. A 
change to a system requiring monitoring within the meaning of the 
BetrSichV is any measure that affects the safety of the system. Any 
repair work that affects the safety of the system is also considered 
a modification. A significant modification to a system requiring mo-
nitoring within the meaning of the BetrSichV is any modification that 
changes the system requiring monitoring to such an extent that it 
corresponds to the safety features of a new system. Maintenance and 
repair refers to a combination of all activities carried out to maintain 
an object in a condition or to restore it to a condition that meets the 
relevant requirements and ensures that the required functions are 
performed.

The basis for this is: 
•	 IEC/EN 60079-17, “Inspection and maintenance of electrical in-

stallations” and
•	 TRBS 1201 “Inspection of work equipment and installations re-

quiring monitoring”
•	 TRBS 1201 Part 3 “Repair of equipment, protective systems...” 

They are intended for operators and deal with aspects directly related 
to the testing and maintenance of electrical equipment in potenti-
ally explosive atmospheres. The operator can have explosion-proof 
equipment repaired at any workshop. If parts on which explosion 
protection depends are replaced or repaired, the equipment must be 
inspected by an officially recognized person qualified to perform such 
inspections before it is put back into service. 

(A “person qualified to perform inspections” within the meaning of 
the BetrSichV is a person who, due to their professional training, pro-
fessional experience, and recent professional activity, has the neces-
sary expertise to inspect work equipment. 

The guidelines for the Industrial Safety Regulation and TRBS 1203 
explain the requirements for a qualified person. Persons qualified 
to perform inspections can be officially recognized by the relevant 
ministry in accordance with the Industrial Safety Regulation – this 
varies from state to state. 

Recognition as a person qualified to perform inspections is company-
specific and applies only to inspections of equipment, protective sys-
tems, safety, control, and regulation devices that have been repaired 
by that company. The recognition does not apply to all inspections 
of equipment, protective systems, safety, control, and regulation de-
vices that have been repaired by the company with regard to a part 
on which explosion protection depends, but only to inspections after 
repair measures for which the application for recognition has been 
submitted and which are listed in detail in the notice of recognition.

The technical rules for the repair and overhaul of equipment in po-
tentially explosive atmospheres are defined in the IEC/EN 60079-19 
standard. It provides guidelines that give technical instructions for 
the repair, overhaul, regeneration, and modification of certified equip-
ment designed for use in potentially explosive atmospheres.

The objectives are to provide guidance on practical measures for 
maintaining the safety of equipment; to define the requirements that 
must be met by repaired equipment; and to describe the procedures 
necessary to ensure that the equipment continues to comply with 
all relevant regulations after repair. For the various types of ignition 
protection, examples are given for the repair, overhaul, and refur-
bishment of explosion-proof electrical equipment, as well as possible 
modifications, and the necessary tests are described.

After repair and overhaul, the equipment is accepted as complying 
with the EU type examination certificate if parts specified by the ma-
nufacturer have been used. 

In the event that the certification documents are not available or are 
insufficient, the repair or overhaul must be carried out in accordance 
with IEC/EN 60079-19 or the corresponding relevant standard (IEC/
EN 60079...). If (more extensive) types of repair or modifications are 
used that do not comply with the standards, the manufacturer or cer-
tification body (notified body) must determine whether this equip-
ment is suitable for further use in potentially explosive atmospheres.
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6.2	 Repair work that does not affect explosion protection

Replacement of:

Design modifications of:

•	 Bearings
•	 Motor mounting feet (if possible)
•	 Terminal box (parts)
•	 Replacement of seals with original parts
•	 Insertion parts
•	 Terminal box tray
•	 Fan/fan cover
•	 Bearing shield
•	 IM B3 in IM B35, IM B34

•	 IM B3 in IM B5, IM B14
•	 Terminal box (parts)
•	 IM B35 in IM B5, IM B14
•	 Installation and removal of feet (if possible)

Cleaning of: •	 Sealing surfaces
•	 Seals

Original spare parts should generally be used. 
The use of non-original, but ex-tested parts is legally 
permissible. However, this automatically voids the ma-
nufacturer‘s warranty.

6.3	 Repair work that requires inspection by an officially recognised person qualified 
	 to carry out such inspections

•	 Repair or replacement of the winding (winding data according to 
manufacturer)

•	 Reworking of the number and/or size of the feed-through openings
•	 Replacement of parts of the ventilation system
•	 Replacement of the seal with non-original but explosion-proof parts
•	 Reconditioning of rotor and stator without significantly increasing 

the air gap

The winding may only be repaired or replaced in accordance with 
the manufacturer‘s specifications (winding data/materials). If in-
sulating material parts are replaced with parts made of a different 
insulating material and/or with different dimensions, the warranty 
shall automatically expire.

6.4	 Repair work on Ex e motors (modifications) that require a new type examination 
	 (e.g. by a notified authority in accordance with Directive 2014/34/EU)

•	 Installation of other/additional parts in the device 
(main terminals, auxiliary terminals, or additional devices)

•	 Reconditioning of rotor and stator
•	 Winding for a different voltage
•	 Renewal of parts of the ventilation system (e.g., fan wheel)
•	 Rewinding for a different speed
•	 Change of gap dimensions

This work can be carried out under the above conditions. However, 
VEM only permits this work to be carried out at the manufacturer‘s 
facilities. If the work is carried out at a workshop, the warranty will 
automatically expire!

6.5	 Repair work on Ex d motors (modifications) that require a new type examination 
	 (e.g. by a notified authority in accordance with Directive 2014/34/EU)

•	 Installation of additional parts in the device
•	 Refurbishment of spark-proof gaps
•	 Refurbishment of rotors and stators
•	 Regeneration of components that are not part of the pressure-

resistant enclosure
•	 Renewal of parts of the ventilation system 

(e.g., fan wheel)
•	 Regenerated components must be ordered with the appropriate 

overpressure test

•	 Rewinding for a different speed or voltage
•	 Changing the gap dimensions
•	 Changes to the ventilation system

This work may be carried out under the above conditions. However, 
VEM only permits this work to be carried out at the manufacturer‘s 
facilities. If the work is carried out at a workshop, the warranty will 
automatically expire!

6.6 	 Summary

1) with partial or conformity certificate
2) only with a test certificate from a recognized workshop specialist
- Not applicable/not required
0 not allowed
X permissible/ required

List of work to be carried out 
Motors with “db” and “db eb” type of protection

Production area: VEM motors GmbH facilities in Zwickau and Wernigerode

when using by and under the responsibility of

Standard 
part 3)

Original 
spare part

Qualified 
specialist

qualified 
person 

with official 
recognition

Manufac-
turer

Replacement of

•	 Bearings X X X2) X X

•	 Motor feet - X X - X

•	 Terminal box (parts) “eb” - X X - X

•	 Terminal tray „eb“1) X X X - X

•	 Insert section „eb“1) X X X - X

•	 Fan/fan cover - X X - X

•	 Bearing shields - X X2) X X

•	 Shaft - X X2) X X

•	 Terminal box (parts) „db“ - X X2) X X

•	 Terminal tray „db“ X X X2) X X

•	 Insert section „db“ 1) X X X - X

•	 Seals - X X2) X X

Refurbishment of:

•	 Grooves (DIN 625) on cylindrical roller bearings (DIN 5412) 
and back

0 0 0 0 X

•	 IM B3 in IM B5, IM B14 - X X - X

•	 IM B35 in IM B5, B14 - X X - X

•	 Attaching and removing feet - X X - X

•	 Terminal box position and foot disassembly (FX version 
only)  Specifications from BuW

- X X - X

Cleaning of

•	 Sealing surfaces - X X2) X X

•	 Seals - X X2) X X

Follow-up work of

•	 Air gap - - 0 0 X

•	 Number and/or size of the insertion opening „eb“ - X X2) X X

•	 Number and/or size of the insertion opening „db“ - - 0 0 X

•	 Split surfaces - - X2) X X

Installation of additional

•	 Main terminals 0 0 0 0 X

•	 Auxiliary terminals 0 0 0 0 X

Replacement winding

•	 Stator (unwound) - - X2) X X

•	 TPM as additional protection - - 0 0 X

•	 Housing with stator package (wound) - X X2) X X

Permissible work on motors with ignition protection type “db” “db 
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1) with partial or conformity certificate
2) only with a test certificate from a recognized workshop specialist
- not applicable/not required
0 not permitted
X permissible/ required

List of work to be carried out 
Motors with “db” and “db eb” type of protection

Production area: VEM motors GmbH facilities in Zwickau and Wernigerode

when using by and under the responsibility of

Standard 
part 3)

Original 
spare part

Qualified 
specialist

qualified 
person 

with official 
recognition

Manufac-
turer

Rewinding according to

•	 Manufacturer‘s specification - - 0 0 X

Winding for

•	 different number of poles/frequency - - 0 0 X

•	 TPM as sole protection - - 0 0 X

Permissible work on motors with ignition protection type “db” “db 

List of work to be carried out 
Motors with „eb“, „ec“, „tb“ and „tc“

Production area: VEM motors GmbH facilities in Zwickau

when using by and under the responsibility of

Standard 
part 3)

Original 
spare part

Qualified 
specialist

qualified 
person 
with 

official re-
cognition

Manufac-
turer

Replacement of

•	 Bearings X X X - X

•	 Motor feet - - 0 0 X

•	 Terminal box (parts) - X X - X

•	 Terminal tray  1) X X X - X

•	 Insert section 1) X X X - X

•	 Fan/fan cover - X X - X

•	 Bearing shields - X X - X

•	 Shaft - x x2) X X

•	 Seals - X X - X

Refurbishment of:

Grooves (DIN 625) on cylindrical roller bearings (DIN 5412) and 
back 0 0 0 0 X

IM B3 in IM B35, IM B34 - X X - X

IM B3 in IM B5, B14 X X - X

IM B35 IN IM B5, IM B14 X X - X

Removing feet (Attaching and removing in EMW) - - X - X

Cleaning of

•	 Sealing surfaces - X X - X

•	 Seals - X X - X

Follow-up work of

•	 Air gap - - 0 0 X

•	 Number and/or size of the insertion opening - X X2) X X

Installation of additional

•	 Main terminals 0 0 0 0 X

•	 Auxiliary terminals 0 0 0 0 X

Replacement winding

•	 Stator (unwound) - - 0 0 X

•	 TPM as additional protection - - 0 0 X

•	 Housing with stator package (wound) - X X2) X X

Rewinding according to

•	 Manufacturer‘s specification - - 0 0 X

Winding for

•	 different number of poles/frequency - - 0 0 X

•	 TPM as sole protection - - 0 0 X

1) with partial or conformity certificate
2) Only with a test certificate from a qualified person with official recognition
3) Standard parts equivalent to original spare parts in terms of dimensions and certification; consult with manufacturer if necessary
- not applicable/not required
0 not permitted
X permissible/ required

Permissible work on motors with ignition protection type „eb“, „ec“, „tb“ 



64 65

Ex
-H

an
db

uc
h 

VE
M

 G
m

bH

Ex
-H

an
db

uc
h 

VE
M

 G
m

bH

List of work to be carried out 
Motors with „eb“, „ec“, „tb“ and „tc“

Production area: VEM motors GmbH facilities in Wernigerode

when using by and under the responsibility of

Standard 
part 3)

Original 
spare part

Qualified 
specialist

qualified 
person 
with 

official re-
cognition

Manufac-
turer

Replacement of

•	 Bearings X X X - X

•	 Motor feet - X X - X

•	 Terminal box (parts) - X X - X

•	 Terminal tray  1) X X X - X

•	 Insert section 1) X X X - X

•	 Fan/fan cover - X X - X

•	 Bearing shields - X X - X

•	 Shaft - X X2) X X

•	 Seals - X X - X

Refurbishment of:

Grooves (DIN 625) on cylindrical roller bearings (DIN 5412) and 
back 0 0 0 0 X

IM B3 in IM B35, IM B34 - X X - X

IM B3 in IM B5, B14 - X X - X

IM B35 IN IM B5, IM B14 - X X - X

Removing feet (Attaching and removing in EMW) - X X - X

Cleaning of

•	 Sealing surfaces - X X - X

•	 Seals - X X - X

Follow-up work of

•	 Air gap - - 0 0 X

•	 Number and/or size of the insertion opening - - X2) X X

Installation of additional

•	 Main terminals 0 0 0 0 X

•	 Auxiliary terminals 0 0 0 0 X

Replacement winding

•	 Stator (unwound) - - X2) X X

•	 TPM as additional protection - - 0 0 X

•	 Housing with stator package (wound) - X X2) X X

Rewinding according to

•	 Manufacturer‘s specification - - X2) X X

Winding for

•	 different number of poles/frequency - - 0 0 X

•	 TPM as sole protection - - 0 0 X

1) with partial or conformity certificate
2) Only with a test certificate from a qualified person with official recognition
3) Standard parts equivalent to original spare parts in terms of dimensions and certification; consult with manufacturer if necessary
- not applicable/not required
0 not permitted
X permissible/ required

Permissible work on motors with ignition protection type „eb“, „ec“, „tb“ and „tc“

7	 Inspection of motors after repairs, maintenance or conversion

After repairs, maintenance, or modifications have been carried out, 
the motors must be inspected in accordance with §15 of the German 
Industrial Safety Regulation (BetrSichV) of February 3, 2015. This in-
spection may only be carried out by qualified personnel.

The test must meet the requirements of IEC/EN 60079-19. The follo-
wing tests must be performed and documented:
Visual inspection of the winding and the entire motor, paying particu-
lar attention to the increased safety requirements.

7.1	 Visual inspection

7.1.1	 Visual inspection of the winding

•	 Checking the winding projection
•	 Bandages
•	 Groove and phase insulation

•	 Groove closure element
•	 Wire insulation

7.2 	 Winding test

7.2.1	 Winding resistance

The ohmic DC resistors are fed with a constant current via two ter-
minals each by supplying the motor winding, and the voltage drop 
at the machine terminals is measured. This is used to determine the 
resistance between the terminals U-V, V-W, and U-W. In addition, the 
temperature of the winding is measured.

The test certificates show the winding resistance of the winding at  
20 °C. To this end, the measured values must be converted for tem-
peratures deviating from 20 °C.

7.2.2	 High-voltage testing

The high-voltage test is used to check the insulation strength of the 
winding.
 
IEC/EN 60034-1 and VDE 0530 Part 1 specify the following procedure 
for testing machines with a rated voltage < 1 kV:
 
The voltage test must be carried out between the windings to be tes-
ted and the machine housing. The laminated core is connected to the 
windings or strands not intended for testing (e.g., V1 and W1) and the 
test voltage is applied between the housing and the U string. A single 
measurement is used to test the machine for ground faults and phase 
faults at the same time.

The high-voltage test is performed on the impregnated and fully 
assembled machine with a test voltage at mains frequency and as 
sinusoidal as possible with an effective value of 2 · UNenn+1000V in 
accordance with IEC/EN 60034-2. The test should be started with a 
voltage of no more than half the full test voltage and then increased 
continuously or in steps of no more than 5% of the final value within 
at least 10 seconds.
 
The full test voltage must be maintained for 1 minute.
 
A repeat test may only be performed at 80% of the maximum test 
voltage. Windings already in use are tested at a minimum of 1000V, 
e.g., during an overhaul. 

7.1.2	 Visual inspection of the entire engine, focusing on

•	 Terminal designation
•	 Proper connection of terminal connectors
•	 Cable screw connections

•	 Seals
•	 Fan assembly
•	 Fan cover mounting
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7.2.3	 Insulation values (insulation resistance)

During initial commissioning and especially after prolonged storage, 
the insulation resistance of the winding to ground and between pha-
ses must be measured. The test must be carried out at rated voltage, 
but at least at 500 V. Dangerous voltages occur at the terminals du-
ring and immediately after the measurement. Do not touch the ter-
minals under any circumstances; follow the operating instructions 
for the insulation measuring device exactly! Depending on the rated 
voltage UN, the following minimum values must be observed at a 
winding temperature of 25 °C:

If the values fall below the minimum values, the winding must be 
dried properly until the insulation resistance corresponds to the re-
quired value.

Rated power
PB & kW

Insulation resistance relative to 
rated voltage kΩ / V

1 < PB ≤ 10 6,3

10 < PB ≤ 100 4

100 < PB 2,5

7.3	 Test run

7.3.1	 Rotating field (rotation direction control)

The direction of rotation check ensures that when the power cable is connected to the machine terminals L1 to U, L2 to V, and L3 to W, the 
direction of rotation is clockwise when viewed from the drive side.

7.3.2	 Idle test, determination of idle current I0

The idle test is used to check the number of windings, 
the circuitry, and to assess the running characteristics. 
It is performed at rated voltage ± 1% when the machine is cold. 
The machine is completely unloaded (disconnected from the load 
machine). The voltage, currents, and power are recorded during the 
measurement. 

The current consumption is measured in all pha-
ses and compared with the manufacturer‘s specifications. 
The permissible tolerance – based on the manufacturer‘s specificati-
ons – is ± 15%. Furthermore, the no-load currents of the three pha-
ses may only differ by a maximum of 15% from each other.

7.3.3	 Proof of phase symmetry

7.3.3.1		 Short circuit test at IB

The stator winding of cage motor machines must be supplied with 
an appropriately reduced voltage when the rotor is locked in order 
to achieve the full-load rated current and to ensure the symmetry of 
all phases.

The test is used as an alternative to the full load test to verify the 
integrity of the winding and air gap and to detect damage to the rotor. 
Asymmetries of less than 5% of the mean value are permissible.

The short-circuit test is used to determine the IA/IN ratio. 
The rotor is braked firmly, voltage is applied to the stator winding, and 
the current consumption is measured. If this test is not performed at 
rated voltage, the starting current IA must be converted in proportion 
to the ratio of the rated voltage to the test voltage. 

In addition, a saturation factor of the iron must be taken into account 
when the test voltage is reduced. The IA/IN ratio calculated in this way 
may deviate by up to 20% from the rating plate specification.

Starting current IA Starting current IA (only for ignition protection 
type increased safety “eb”) Saturation factor fS for conversions at 
reduced test voltage with fixed-braked rotor 
•	 Rotor with completely or almost completely closed slots
•	 Rotor with open slots 

Setpoint for the acceleration current IA = IN · IA/IN
1.	 Test voltage = rated voltage UN Permissible deviation of the test 

current: ± 20% of IA (compliance with the negative tolerance for 
testing the stator and rotor windings is required)

2.	 Test voltage UX
Test current IX
Reduction ratio R = UX/UN
Saturation factor fS
Test current converted to rated voltage

IKN = IX ∙ fS / R
Permissible deviation for the converted 
Test current   
IKN: ±10 % von IA

If the original insulation system and/or coating system is/are not 
available, the tE time must be rechecked in accordance with IEC/EN 
60079-7. Copying the winding is not permitted until the tE time has 
been rechecked in accordance with the equipment standard IEC/EN 
60079-7.

Chart 7.1: Saturation factor as a function of the ratio of test voltage 
to rated voltage
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7.3.4	 Oscillation test

To assess smoothness of operation, a vibration test must be carried 
out in accordance with IEC/EN 60034-14 (VDE 0530 Part 14):2004. 
The limit values for level A or B must be complied with in accordance 
with the specifications. 

Level A 
(for machines without special oscillation requirements)
Level B 
(for machines with special oscillation requirements)

7.4	 Painting and impregnation after repair or maintenance work

When repainting explosion-proof motors or impregnating a complete 
stator after rewinding, thicker layers of paint or resin may form on 
the machine surface. These can lead to electrostatic charges, resul-
ting in a risk of explosion when discharged. Charging processes in 
the vicinity can also lead to electrostatic charging of the surface or 
parts of the surface, and there may be a risk of explosion due to di-
scharge. The requirements of IEC/EN 60079-0: “Equipment – General 
requirements,” section 7.4, and TRBS 2153 must therefore be strictly 
observed, including by:

Limitation of the total paint or resin layer thickness according to the 
explosion group to 
•	 IIA, IIB:  total layer thickness ≤ 2 mm
•	 IIC: total layer thickness ≤ 0.2 mm

Limitation of the surface resistance of the paint or resin used to 
•	 IIA, IIB, IIC, III Surface resistance ≤ 1GΩ for motors in groups II 

and III

Breakdown voltage ≤ 4 kV for explosion group III (dust only, measu-
red through the thickness of the insulating material according to the 
method described in IEC 60243-1). 
The provisions of IEC/EN 60079-32: “Electrostatic hazards” should 
also be observed, in particular Annex A: “Fundamentals of static elec-
tricity,” Annex B: “Electrostatic discharges in special situations,” and 
Annex C: “Flammability of substances.”

7.3.3.2    Short circuit test according to IEC/ EN 60043-1
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Technical explanation

7.5	 Test documentation

The results of the test must be documented in a test report.

Sample report VEM motors GmbH 
 
below: 
Alternatively: ZVEH test certificate 
 
The retention period for test reports is 10 years. Compliance checks are 
carried out by an officially recognized “person qualified to perform tests.” 
 
Publisher: 
German Electrical and Information Technology Contractors‘ Association 
(ZVEH)

8	 Overview of standards and regulations

8.1	 General standards

Title
International 
IEC - International Electro-
technical Commission

Europe 
EN - CENELEC 
European Committee for Elec-
trotechnical Standardization

Germany 
DIN/ DE 
German Institute 
Standard/ Association of Ger-
man Electrical Engineers

Rotating electrical machines Rating and 
operating behavior IEC 60034-1 EN 60034-1 DIN EN 60034-1

VDE 0530-1

Method for determining the losses and effi-
ciency of rotating electrical machines from 
tests

IEC 60034-2-1

IEC 60034-2

EN 60034-2-1

EN 600342

DIN EN 60034-2-1

VDE 0530-2-1
DIN/ EN 60034-2
VDE 0530-2

Efficiency classification of three-phase 
motors with cage rotors IEC 60034-30-1 EN 6003430-1 DIN EN 60034-30-1

VDE 0530-30-1

Degrees of protection based on the overall 
construction of rotating electrical machi-
nes (IP code) Introduction

IEC 60034-5 EN 60034-5 DIN EN 60034-5
VDE 0530-5

Classification of cooling methods (IC code) IEC 60034-6 EN 60034-6 DIN EN 60034-6
VDE 0530-6

Classification of types of construction, ty-
pes of installation, and terminal box position  
(IM code)

IEC 60034-7 EN 60034-7 DIN EN 60034-7 
VDE 0530-7

Connection designations and direction of 
rotation IEC 60034-8 EN 60034-8 DIN/ EN 60034-8

VDE 0530 Teil 8

Noise limiters IEC 60034-9 EN 60034-9 DIN EN 60034-9
VDE 0530-9

Starting behavior of three-phase motors 
with cage rotors, except for pole-changing 
motors

IEC 60034-12 EN 60034-12 DIN/ EN 60034-12
VDE 0530 Teil 12

Mechanical vibrations of certain machines 
with an axis height of 56 mm and higher; 
measurement, evaluation, and limit values 
of oscillation amplitude

IEC 60034-14 EN 60034-14 DIN/ EN 60034-14
VDE 0530-14

Balancing quality ISO 1940 - DIN ISO 1940
VDE 0175

IEC standard voltage IEC 60038 - DIN IEC 60038

Evaluation and classification of electrical 
insulation according to its thermal behavior IEC 60085 - DIN IEC 60085

VDE 0301-1

Three-phase asynchronous motors for ge-
neral use with standardized dimensions 
and power ratings

IEC 60072-1 EN 50347 DIN EN 50347
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8.2	 Normen für den Explosionsschutz

Title IEC

Fundamentals

Explosive atmospheres – Explosion protection Part 1: Fundamentals and methodology

Explosive atmospheres – Explosion protection Part 2: Fundamentals and methodology 
in mines

Explosive atmospheres – Explosion protection 
Part 1: Terms for equipment, protective systems, and components intended for use in 
explosive atmospheres

Key figures for com-
bustible gases and 
vapors

Method for determining the maximum explosion pressure and the maximum  pressure 
rise over time for gases and vapors

Flameproof enclosures “d” – Method of test for ascertainment of maximum experi-
mental safe gap (test method for determining the maximum safe gap width) IEC 60079-1-1:2002

Testing of mineral oil hydrocarbons – Determination of the ignition temperature

Key figures for com-
bustible dusts

Explosive atmospheres – Part 20 – 1: Material characteristics for the classification of 
gases and vapors – Test methods and data

ISO/IEC  80079-20-
1:2017+Cor1:2018

Explosive atmospheres – Part 20 – 2: Material characteristics – Combustible dusts 
test methods

ISO/IEC 80079-20-
2:2016

Classification of hazar-
dous areas

Electrical equipment for potentially explosive gas atmospheres Part 10: Classification 
of potentially explosive gas atmospheres

IEC 60079-10-1:2020+
Cor1:2021

Explosive atmospheres – Part 10-2: Classification of areas – Areas with a risk of dust 
explosion

ISO/IEC 80079-20-
2:2016

Systems, design, 
installation,  
maintenance and 
repair

Explosive atmospheres – Part 14: Design, selection, and installation of electrical 
equipment

IEC 60079-14:2013
(IEC 31J/301/CD:2019)

Explosive atmospheres – Part 17: Testing and maintenance of electrical installations IEC 60079-17:2013
(IEC 31J/287/CD:2019)

Explosive atmospheres – Part 19: Equipment repair, overhaul and refurbishment IEC 60079-19:2019

Protection classes  
for explosion-proof 
equipment

Explosive atmospheres – Part 0: Equipment – General requirements IEC 60079-0:2017

Explosive atmospheres – Part 1: Equipment protection by flameproof enclosure “d” IEC 60079-1:2014

Explosive atmospheres – Part 2: Equipment protection by pressurized enclosure “p” IEC 60079-2:2014:2014
+ Cor.:2015

Explosive atmospheres – Part 5: Equipment protection by sand encapsulation “q” IEC 60079-5:2015

Explosive atmospheres – Part 6: Equipment protection by liquid immersion “o” IEC 60079-6:2015

Explosive atmospheres – Part 7: Equipment protection by increased safety “e” IEC 60079-7:2015/ 
A1:2017

Explosive atmospheres – Part 11: Equipment protection by intrinsic safety “i” IEC 60079-11:2011
(IEC 31G/327/CDV:2020)

Explosive atmospheres – Part 15: Equipment protection by type of protection “n” IEC 60079-15:2017

CEN/ CENELEC DIN/ VDE Reference of the replaced 
standard

Date of cessation of presumption of 
conformity  

of the replaced standard

EN 1127-1:2019 DIN EN 1127-1:2019-10 EN 1127-1:2011

EN 1127-2:2014 DIN EN 1127-2:2014-09

EN 13237:2012 DIN EN 13237:2013-01

EN 15967:2022 DIN EN 15967:2022-03 EN 15967:2011

withdrawn

DIN 51794:2003-05

EN ISO/IEC 80079-
20-1:2019 DIN EN ISO/IEC 80079-20-1:2020-09

EN ISO/IEC 80079-
20-2:2016 DIN EN ISO/IEC 80079-20-2:201-12

EN IEC 60079-10-
1:2021 DIN EN IEC 60079-10-1:2022-02 DIN EN 60079-10-1:2016 22.01.2024

EN 60079-10-
2:2015

DIN EN 60079-10-2:2015-10; VDE 0165-
102:2015-10 DIN EN 60079-10-2:2010 20.02.2018

EN 60079-14:2014
DIN EN 60079-14:2014-10; VDE 0165-
1:2014-10
E DIN EN IEC 60019-14 VDE 0165-1:2021-05

EN 60079-19:2019
DIN EN 60079-17:2014-10 
VDE 0165-10-1:2014-10
(DIN EN IEC 60079-17:2020-06-draft)

DIN EN 60079-17:2008-10 24.12.2016

EN 60079-19:2011+ 
A1:2015

DIN EN IEC 60079-19:2021-07; VDE 0165-
20-1:2021-07 DIN EN 60079-19:2015 22.11.2022

EN IEC 60079-
0:2018

DIN EN IEC 60079-0:2019-09
VDE 0170-1:2019-09 DIN EN 60079-0:2014-06 06.07.2021

EN 60079-1:2014 DIN EN 60079-1:2015-04; VDE 0170-
5:2015-04 EN 60079-1:2007 1.8.2017

EN 60079-2:2014/
AC:2015

DIN EN 60079-2:2015-05; VDE 0170-
3:2015-05
+ correction 1:2016-01

EN 61241-4:2006
EN 60079-2:2007 25.8.2017

EN 60079-5:2015 DIN EN 60079-5:2015-12; VDE 0170-
4:2015-12

EN 60079-6:2015 DIN EN 60079-6:2016-06; VDE 0170-
2:2016-06 EN 60079-6:2007 27.3.2018

EN IEC 60079-
7:2015/A1:2018

DIN EN IEC 60079-7:2016-08/A1:2018-07
VDE 0170-6/A1:2018-07 DIN EN 60079-7:2007-08 31.7.2018

EN 60079-11:2012
(prEN 60079-
11:2020)

DIN EN 60079-11:2012-06; VDE 0170-
7:2012-06
E DIN EN 60079-11:2021-10)

EN IEC 60079-
15:2019

DIN EN IEC 60079-15:2020-03
VDE 0170-16:2020-03 EN 60079-15:2010
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 Title IEC

Protection classes  
for explosion-proof 
equipment

Explosive atmospheres – Part 18: Equipment protection by encapsulation “m” IEC 60079-18:2014

Explosive atmospheres – Part 25: Intrinsically safe systems IEC 60079-25:2010
(IEC 31G/318/FDIS:2020)

Explosive atmospheres – Part 26: Equipment with equipment protection level (EPL) Ga IEC 60079-26:2014

Explosive atmospheres – Part 27: Concept for intrinsically safe fieldbus systems 
(FISCO) IEC 60079-27:2008

Explosive atmospheres – Part 28: Protection of equipment and transmission systems 
operating with optical radiation IEC 60079-28:2015

Explosive atmospheres – Part 28: Protection of equipment and transmission systems 
operating with optical emissions

IEC 60079-29-1:2016 
(modifiziert)

Explosive atmospheres – Part 29-4: Gas detectors – Requirements for the perfor-
mance of open-path detectors for the detection of combustible gases

IEC 60079-29-4:2009
(modifiziert) + Cor.:2010

Explosive atmospheres – Part 30-1: Electrical resistance trace heating systems – 
General requirements and test requirements

IEC/IEEE 60079-30-
1:2015

Explosive atmospheres – Part 31: Equipment – Dust explosion protection by enclosure 
“t” IEC 60079-31:2013

Headlamps for use in mines where firedamp is likely to occur – Part 35-1: General 
requirements – Construction and testing in relation to explosion risk IEC 60079-35-1:2011

QS 
Explosive atmospheres – Part 34: Application of quality management systems for the 
manufacture of equipment

ISO/IEC 80079-
34:2018

CEN/ CENELEC DIN/ VDE Reference of the replaced standard
Date of cessation of presumption of 

conformity  
of the replaced standard

EN 60079-18:2015 DIN EN 60079-18:2015-10
VDE 0170-9:2015-10 EN 60079-18:2009 16.1.2018

EN 60079-25:2010
(FprEN IEC 60079-
25:2020)

DIN EN 60079-25:2011-06; VDE 
0170-10-1:2011-06
(E DIN EN IEC 60079-25:2021-06)

EN 60079-26:2015 DIN EN 60079-26:2015-05
VDE 0170-12-1:2015-05 EN 60079-26:2007 2.12.2017

EN 60079-27:2008 DIN EN 60079-27:2008-12
VDE 0170-27:2008-12 withdrawn

EN 60079-28:2015 DIN EN 60079-28:2016-04
VDE 0170-28:2016-04 EN 60079-28:2007 1.7.2018

EN 60079-29-
1:2016

DIN EN 60079-29-1:2017-09; VDE 
0400-1:2017-09 EN 60079-29-1:2007

EN 60079-29-
4:2010

DIN EN 60079-29-4:2011-02; VDE 
0400-40:2011-02

EN 60079-30-
1:2017

DIN EN 60079-30-1:2018-04; VDE 
0170-60-1:2018-04 EN 60079-30-1:2007

EN 60079-31:2014 DIN EN 60079-31:2014-12; VDE 
0170-15-1:2014-12 EN 60079-31:2009 1.1.2017

EN 60079-35-
1:2011
+ Cor.: 2011

DIN EN 60079-35-1:2012-01; VDE 
0170-14-1:2012-01

EN ISO/IEC 80079-
34:2020 DIN EN ISO/IEC 80079-34:2020-06 EN ISO/IEC 80079-34:2011
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9	 Tolerances

9.1	 Electrical parameters

These tolerances are permitted for three-phase asynchronous mo-
tors, taking into account necessary manufacturing tolerances and 
material deviations in the raw materials used for the guaranteed va-
lues. The standard provides the following comments on this:
 
1.	 A guarantee of all or any of the values in the table is not manda-

tory. Offers must explicitly state the guaranteed values for which 
permissible deviations are to apply. The permissible deviations 
must correspond to the table.

2.	 Attention is drawn to the differences in the interpretation of the 
term “warranty.” In some countries, a distinction is made bet-
ween typical or declared values.

3.	 If a permissible deviation applies in only one direction, the value 
in the other direction is not limited.

9.2	 Mechanical parameters - standard tolerances

Dimension symbols according to 
DIN 42939

Meaning of the measurements Tolerance fit

a Distance between the mounting holes of the housing base in the 
axial direction

± 1 mm

a1 Diameter or corner dimension of the flange - 1 mm

b Distance between the mounting holes of the housing base perpendi-
cular to the axial direction

± 1 mm

b1 Diameter of the centering wheel of the mounting flange up to diameter 230 mm j6 
from diameter 250 mm h6

d, d1 Diameter of the cylindrical shaft end up to diameter 48 mm k6 
from diameter 55 mm m 6

e1 Hole circle diameter of the mounting flange ± 0,8 mm

f, g Maximum width of the motor (without terminal box) + 2 %

h Axle height (lower edge of foot to center of shaft end) up to 250 mm -0,5
from 250 mm -1

k, k1 Overall length of the motor + 1 %

p Total height of the motor (lower edge of base, housing, or flange to 
the highest point of the motor)

+ 2 %

s, s1 Diameter of the mounting holes of the foot or flange + 3 %

t, t1 Lower edge of shaft end to upper edge of key + 0,2 mm

u, u1 Width of the key h9

w1, w2 Distance between the center of the first foot mounting hole and the 
shaft collar or flange mounting surface

± 3 mm

Distance from shaft collar to flange contact surface for fixed bearing 
on D side 
Distance from shaft collar to flange contact surface

± 5,0 mm
± 3,0 mm

m Motor weight -5 to -10 %

Standard fits - shaft end

According to IEC/EC 60034-1, the following tolerances are permitted:

Efficiency -0,15 (1-η) for PN ≤ 150 kW
-0,1 (1-η) for PN > 150 kW

Power factor 1-cos Φ     
     6           

at least 0,02
at most 0,07

Slip 
(at rated load in operating temperature)

±20% for  PN ≥ 1 KW
±30% for PN < 1 KW

Starting current 
(in the designated starting circuit)

+20% 
no lower limit

Tightening torque -15% and 25% MK

Saddle moment -15%

Tilting moment -10% (after applying this tolerance, MK/M is still at least 1.6)

Moment of inertia ±10%

Noise level (measured surface sound pressure level) +3 dB (A)
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