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Introduction

Preface

This manual is based on the Explosion Protection Seminar
“Planning and Safe Operation of Explosion-protected
Electrical Drives”, Leader/Speakers Dr.-Ing. Lehrmann/
Dipl.-Phys. Seehase/Dipl. Ing. Sattler from “HAUS DER
TECHNIK”, Essen, as well as internal training documents
of VEM motors GmbH, taking into account the relevant
PTB testing instructions.

Technical processes continually produce explosive atmos-
pheres in chemical and petrochemical systems. They are
caused by mixtures of gases, vapours or mists, for exam-
ple. Mixtures with dusts, however, such as occur in mills
and silos, often also turn out to be explosive. For these
reasons, electrical equipment for explosion hazard areas is
subject to special directives and national and international
standards. Explosion protection specifies regulations which
have as their aim the protection of persons and materials
from possible risks of explosion.

Integrated explosion protection requires the implementation
of explosion protection procedures in a specified sequence.
In the first place, that means preventing the occurrence of

explosive atmospheres, preventing the ignition of explosive
atmospheres and limiting the effects of an explosion to an
insignificant degree. Preventing the occurrence of explosive
atmospheres, also known as primary explosion protection,
is also a matter for the system designer and operator.
Which areas, outdoors or in enclosed spaces, are to be
considered explosive in the sense of the relevant directives
or regulations must be left to the operator to decide or,

if doubts exist concerning the determination of explosive
areas, to the supervisory authority responsible. In Directive
99/92/EC — ATEX 137 (formerly ATEX 118a), Health and
Safety Directive, the responsibilities of the operator of such
systems are specified. The basis for explosion-protected
products is Directive 2014/34/EU — ATEX 114 (formerly
94/9/EC — ATEX 100a), (Quality Directive). The requirements
of the products for use in explosive areas are defined here.

Electrical machines for use in Zones 1, 2 or 21, 22 may be
designed as various types of ignition protection, whereby
the aim of each of those types of ignition protection is to
safely prevent ignition of any explosive atmosphere present
where the electrical machine is in use.

1 The explosion-protected drive — Introduction

Explosion-protected equipment is distinguished by the
characteristic of not igniting any explosive atmosphere in
the place of use during operation within the permitted
parameter limits for the gases occurring (e.g. ambient tem-
perature, current, voltage etc.). Since electrical machines
always contain a potential source of ignition, it is the aim of
the explosion protection measures to prevent the latter from
becoming an effective source of ignition. Electrical machines
may become a source of ignition as a result of hot surfaces,
electrical discharges and mechanically-produced sparks
(from grinding).

The efforts required to prevent danger of ignition are in turn
dependent on the place of use. Potential explosion areas
are divided into zones.

In Zone 0, an explosive atmosphere can occur permanently
or on a long-lasting basis. Rotating electrical machines are
not used here. Zone 0 is usually inside tanks and systems.

In Zone 1, the explosive atmosphere may be present
occasionally and short-term. An example of this zone is the
surrounding area of the ventilation hole in tank systems.
Equipment used in Zone 1 may be used neither in normal
operation nor on the occurrence of a fault in the ignition
source.

In Zone 2, only in the case of operational faults can the exi-
stence of a short-term explosive atmosphere be expected,
e.g. in the case of leaks. The equipment used cannot be

a source of ignition in normal operation but it is tolerated

in the event of a fault. It is then assumed that there is a
sufficiently low probability of an explosive atmosphere and
an operational fault occurring at the same time. In the case
of danger of explosion from ignitable dusts, there is a similar
classification to Zones 20/21/22.

To ensure explosion protection in the case of rotating elec-
trical machines, the following types of ignition protection are
considered. In gas explosion hazard areas: Increased safety
“eb”, Flameproof enclosure and Pressurized enclosure for
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Zone 1 and Increased safety “ec” (old: “n”) for Zone 2.
In dust explosion hazard areas with electrical machines,
“Protection by housing” is a common type of ignition
protection.

With the Flameproof enclosure “db” type of protection, igni-
tion inside the housing is possible but the design prevents
the explosion from being transferred to the surrounding
area. The housing must resist the pressure of the explosion
and, with ducts, the flames must be prevented from pen-
etrating by using a sparkover-prevention gap. As a further
condition, the ignition temperatures of the gases occurring
at the assembly site must not be reached or exceeded on
the housing surface. The implementation of this type of
ignition protection demands effort and expense because
of the necessary compliance with very low manufacturing
tolerances.

With the type of ignition protection Pressurized enclosure
“p”, the interior of the housing is rinsed under pressure
with an ignition-protection gas below overpressure, pre-
venting any ignitable atmosphere from penetrating it. To
guarantee explosion protection, the ignition gas pressure
must be monitored and prohibited surface temperatures
prevented.

If the ignition protection gas supply fails, it must be guaran-
teed that all internal ignition sources are no longer present,
until the invasion of an exterior atmosphere produces an
ignitable mixture inside the encapsulation. Because of the
costs of supplying ignition protection gas, this type of igni-
tion gas protection is implemented only with machines
which have an output of more than 1 MW.

In the case of the Increased safety “eb” type of ignition
protection, the surrounding atmosphere may penetrate the
housing interior. To avoid the danger of ignition, there must
also be no effective ignition sources in the housing interior.
This type of ignition protection can only be implemented
with equipment which produces no sparks in operation.

In order to design an asynchronous machine of this type of

ignition protection, it is fundamentally possible to resort to
the non-explosion-protected standard motor, in the case of
the inactive electrical parts. In the case of the active parts,
the reduced permitted temperature rise and requirements
regarding the partial discharges must be taken into account.
The implementation of this type of ignition protection with a
frequency-converter-operated drive is carried out at a later
stage of this manual.

Type of ignition protection “ec” (old: “n”) is based on the
Increased safety “eb” type of ignition protection. Because
of the lower probability of the presence of ignitable atmos-
phere in Zone 2, the requirements are, however, lower. The
machine may thus be used at a higher temperature, for
example, as there is no necessity for the “safety reduction”
of 10 K related to the maximum permissible winding tem-
perature according to the thermal class. In addition, there
is no need to heed the “locked state” fault or monitor the
start-up. Motors of this type of ignition protection must not
be started up if there is an ignitable mixture on the motor’s
installation site.

Flameproof enclosure “db”

Increased safety “ec”

Increased safety “eb”

Electrical machines of the Increased safety “eb” type of igni-
tion protection are usually designed only up to temperature
category T4.

The specifications are based on an assessment by the
Explosion Protection Certification Authority at PTB Braun-
schweig.

In the case of mains-operated drives, an estimated dis-
tribution is produced across the individual types of ignition
protection according to Figure 1.1. With frequency-conver-
ter-operated drives, the relation between Increased safety

It is furthermore necessary to observe the Standard

EN 60079-14, according to which a motor must be
protected against overload and short-circuit, i.e. a motor
circuit-breaker or the like must be provided.

Standard EN 60079 Part 15 provides detailed information
on the relevant requirements. In the sense of Directive
94/9/EC, it is the manufacturer’s responsibility to carry out
the test and put the equipment into circulation. In contrast
to the Increased safety “eb” type of ignition protection, type
approval by a notified body is not necessary in this case.

In the case of Increased safety “eb” type of ignition protec-
tion, the temperature category is a very important factor.
Depending on the composition of the possibly ignitable
atmosphere there is a temperature category classification
from T1-T6. The temperature categories delineate tem-
perature ranges into which gases are divided according

to their ignition temperature. In the case of mixtures, the
component with the lowest ignition temperature is definitive
for the classification. The maximum permissible surface
temperatures for the temperature categories can be found
in Standard IEC/EN 60079-0.

Figure 1.1: Distribution of the types
of ignition protection
with mains-operated drives

“eb” and Flameproof enclosure “db” is reversed.

The reason for this is the former firm link of motor and
frequency converter with the associated restrictions on
the user and the high cost of the test. The overall costs
are lower for a drive of the Flameproof enclosure type of
ignition protection, although distinctly higher costs apply
to the motors’ manufacture, in this case. Because of
the extremely great potential damage in the event of an
explosion, very high priority must be given to the respec-
tive safety procedures in the project planning of a drive
system in explosive areas.
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Legal principles

1.1 Summary of the legal principles for explosion protection

Dust explosion protection IEC/EN 60079-0 and IEC/EN 60079-31

Existence of an explosive dust ’
: . . . Q occasionally rarely or short-term
Quality requirements Operating requirements S atmosphere
ATEX 114 ATEX 137 B Type of dust all Types electrically conductive electrically non-conductive
European Law - =
2014/34/EU 1999/92/EG Zone 29 29
_ ArbSchG Equipment group acc. to Directive
Acts Product Safety Act — GPSG - Health and Safety Act 2014/34/EU Il
BetrSichV Equipment group acc. to EN 60079-0 Ine e B
— 11. ProdSV Industrial Safety Ordinance Equipment categon oD 3D 3D
Directives Explosion Protection Ordinance GefStoffV 2013/2015 e Bty
Hazardous Substances Ordinance = EPL acc. to EN 60079-0 Db Db, Dc Db, Dc
-5
Technical regulations, regulations Explosion protection regulations = IP protection rating IP 65 IP 65 IP 55
d standard IEG/EN 60079 ff. BGR 104, TRBS E
and standards ' g Type of protection Housing temperature max. 125 °C
Certificate EU type-examination certificate Manufacturer's EU Declaration of Conformity certificate
. . Marking acc. to Directive 2014/34/EU
Equipment categories and zones Y @" 0 @ 113D @ 113D
Marking acc. to EN 60079-0/ Extb ICT125 °C Db Extc IlICT125 °C Dc Extc lIBT125 °C Dc
Equipmentgroup  Equipment category  Zone Equipmentgroup ~ EPL  Definition based on BetrSichV Certification obligation EN'60079-31 (alternative: Ex b CT125 °C (alternative: Ex tc lIC T125 °C) (alternative: Ex tc lIBT125 °C)
2014/34/EU complying with IEC/EN 60079-0
1.2 Summary of the legal principles for explosion protection
for combustible gases, vapours and mist
Zone 0 comprises areas in which an explosive atmosphere,
Il 1G* 0 Il Ga consisting of a mixture of air and gases, vapours or mist, exists yes General requirements
constantly, long-term or frequently. q IEC/EN 60079-0
(gas and dust)
Zone 1 comprises areas in which it can be expected that an explosive
Il 26 1 Il Gb - . ) yes
atmosphere consisting of gases, vapours or mist occasionally occurs.
Zone 2 comprises areas in which it is not expected that an explosive X
Il 3G 2 Il Ge atmosphere consisting of gases, mist or vapours occurs but when it no X x
R o ) o IEC/EN 60079-1
does occur it is in all probability only rarely and for a short period. Flameproof enclosure “db N , e
Ex Type of ignition protection — Flameproof enclosure “db
for explosive dust atmosphere
" Zone 20 comprises areas in which an explosive atmosphere consis- ®
Il 1D 20 Il Da . o . yes I o L
ting of dust/air mixtures exists constantly, long-term or frequently. powder fillng “c” IEC/EN 60079-5
owder filling “q . .
Zone 21 comprises areas in which it can be expected that an explo- Ex,q Type of ignition protection — Powder filling “q
Il 2D 21 Il Db ) . P . yes
sive atmosphere consisting of dust/air mixtures occasionally occurs.
Zone 22 comprises areas in which it is not expected that an no
I 3D 29 I De explosive gtmosphere oceurs as a resultl qf whirled-up dust o .
but when it does occur it is in all probability only very rarely
i . wa IEC/EN 60079-2
and for a short period. Pressurized enclosure “p - , ) wn
Type of ignition protection — Pressurized enclosure “p

* not normal for electric motors

Protective gas |
supply )

Pressure
monitoring

®
I ; IEC/EN 60079-18
Encapsulation “m R ) -
Ex ,m" Type of ignition protection — Encapsulation “m
®
S
- oy IEC/EN 60079-6
Qil immersion “0 ) . . e
Ex 0" Device of protection — Oil immersion “o
I L

Increased safety “eb”

IEC/EN 60079-7
Type of ignition protection — Increased safety “eb”

Increased safety “ec”
(old: Type of ignition protection “n”)

IEC/EN 60079-7 (IEC/EN 60079-15)
Type of ignition protection — Increased safety ,ec* (old: ,n“)

Intrinsic safety “ia/ib”

IEC/EN 60079-11
Device of protection — Intrinsic safety “i”
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1.3  Explanation of the general requirements, 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 Group | (mining),
Il (gas) and Il (dust)
— Requirements transferred from dust areas EN 61241-0
— Newly-introduced groups for dust (llA, IIIB and IlIC)
— Explosion groups for Group Il (IlA,IIB and IIC)
— Introduction of Equipment Protection Level (EPL)
— Ambient temperature range -20 °C to +40 °C
— Maximum operating temperature (maximum ambient
temperature + intrinsic heating + external heat sources)
— Maximum surface temperature
(temperature categories T1...T6)
— Mechanical stability
— Opening periods (capacitors and hot fitted parts)
— Circulating currents
— Seal attachment
— Equipment with electromagnetic and ultrasound energy
— Requirements of non-metallic housings and housing
components

Temperature categories

IEC/EN 60079-0
Explosion Groups IIA; IB; IIC

— Operating instructions and coding
— Tests

Subdivision of Equipment Group I

Complying with IEC/EN 60079-0, because of their particular
ignitability in Flameproof enclosure “d” and Intrinsic safety
“I” types of ignition protection, gases and vapours have
been divided into three explosion groups, IIA, IIB and IIC.
The danger increases between Explosion Groups IA and
IIC. (The higher explosion group, e.g. lIC includes the lower
ones, IIB and IlA).

From IEC/EN 60079-0, Coding Il is replaced for all gas
protection types by the specifications A, [IB and IIC
(sonow also ... Exe lIC T3 or ... ExnAlIC T3)

—lIA, typical gas is propane

— 1IB, typical gas is ethylene

- lIC, typical gas is hydrogen

Medium'’s ignition temperature

ot limit temperaure Temperature categorie
Over 450 °C T
Over 300 — 450 °C T2
Over 200 — 300 °C T3
Over 135 —-200 °C T4
100-135°C T5
85-100 °C T6

Permitted equipment surface temperature
including 40 °C ambient temperature
(limit temperature)

450 °C
300 °C
200 °C
135°C
100 °C
85°C

Electrical equipment in Group Il is further subdivided
according to the properties of the explosive atmosphere
for which it is intended. The potential danger of dust in-
creases with the operation of electrical equipment between
lIA and lIIC. Group HlIC equipment includes suitability for
groups lIIA and llIB.

— A, combustible lint

— lIB, combustible, electrically non-conductive dust

—lIC, combustible, electrically conductive dust

Equipment Protection Level

(EPL, definition complying with EN 60079-10-2)
gas explosion hazard areas, in which there is no
danger of ignition in normal operation and with
foreseeable or rare faults/malfunctions.

EPL Gb: Device with “high” level of protection for use in gas
explosion hazard areas in which there is no danger
of ignition in normal operation or in the case of
foreseeable faults/malfunctions.

EPL Gc: Device with “extended” protection level for use
in gas explosion hazard areas, in which there is
no danger of ignition during normal operation
and which have some additional safety measures
which ensure that there is no danger of ignition in
the case of normal foreseeable faults in the device.

Dust explosion protection:
EPL Da: Device with “very high” level of protection for use

Gas explosion protection:
EPL Ga: Device with “very high” protection level for use in

in combustible dust atmospheres in which there
is no danger of ignition in normal operation or with
foreseeable or rare errors/malfunctions.

EPL Db: Device with “high” level of protection for use in
combustible dust atmospheres, in which there is
no danger of ignition in normal operation or with
foreseeable errors/malfunctions.

EPL Dc: Device with “extended” level of protection for use
in combustible dust atmospheres, in which there
is no danger of ignition in normal operation and
which have some additional safety measures
which guarantee that there is no danger of ignition
with faults in the device that are normally to be
expected.

Explosion hazard area complying with

Directive 2014/34/EU Directive 2014/34/EU
Zone 2 II'3G
Zone 1 II2G
Zone 0 (RI¢]
Zone 22 13D
Zone 21 12D
Zone 20 11D
Mining (high safety level) I M2
Mining (very high safety level) I M1

Equipment group and category complying with

Equipment group and Equipment Protection Level (EPL)
complying with IEC/EN 60079-0

Il Ge
Il Gb
Il Ga
Il De
Il Db
Il Da
I Mb
I Ma

Definition of protection principles

— Explosive mixtures can penetrate the equipment and
ignite. The explosion is not transferred to the explosive
atmosphere surrounding the equipment. (Ex d)

— The equipment has an encasing which prevents the ex-
plosive mixture from penetrating and coming into contact
with an ignition source. (Ex m, Ex 0)

— Explosive mixtures can penetrate the equipment, but
must not ignite in normal operation. Sparks and high
temperatures above the ignition temperature of the gas
concerned must be prevented. (Ex nA)

— Explosive mixtures can penetrate the equipment, but

must not ignite even in case of a foreseeable fault. Sparks

1.3.2  Types of ignition protection

and high temperatures above the ignition temperature of
the gas concerned must be prevented in normal opera-
tion and in case of a foreseeable equipment fault. (Ex e)

— Explosive mixtures can penetrate the equipment, but
must not ignite. The energy in the circuits is limited.
Sparks and high temperatures may occur to a limited
degree, but without igniting gases of the explosion group
for which the equipment is certified. (Ex i)

— Explosive mixtures must not penetrate the equipment in
critical amounts. The only decisive factor is thus compli-
ance with the maximum temperature on the outer surface
(Zones 21, 22: Ex t)

1.3.2.1 Type of ignition protection — Flameproof enclosure “db”

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

Definition/protection principle:
Type of protection with which the components capable of
igniting an explosive atmosphere are arranged inside a hous-
ing, which sustains the pressure inside when an explosive
mixture explodes and prevents the explosion from being
transferred to the explosive atmosphere
surrounding the housing.
— Heeding the explosion group
— Pressure-resistant housing
— Conforming to the required gap widths and lengths
— Terminal box Flameproof enclosure “db”

or in Increased safety “eb”
— Temperature of outer surface must be lower than

the ignition temperature of the surrounding gasses

— An explosion may occur in the interior. The housing must
resist this explosion and no flames or potentially ignitable
gasses must reach the outside through the gap

Tests:

— Reference pressure and resistance to pressure
— Sparkover

— Leak test for gap sealed in place

Areas of application:
Equipment Zones 1 and 2,
Categories 2G and 3G (Gb, Gc)
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1.3.2.2 Type of ignition protection — Increased safety “eb”

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

Definition/protection principle:
Type of ignition protection, in which additional measures are
taken in order to prevent the possibility of the occurrence of
prohibited high temperatures and the production of sparks
or arcs in use according to specifications or in specified
unusual conditions.
— Prevention of sparks and other ignition sources
— Housing at least IP 54, if bare live parts are present in
the interior
— Housing at least IP 44, if all live parts in the interior
are insulated
— Temperatures of the exterior and interior surfaces must
be lower than the ignition temperature both in normal
operation and in the event of a fault (locking the motor).
— Taking creepage distances and clearances into account
— Paying particular attention to the insulating materials and
seals

— Protective equipment (temperature monitor and/or
overcurrent switch with 1./l -t_ time characteristic curve)
essential for the user

— Frequency-converter operation — see Chapter lI

Tests:
— Insulation test
— Temperature measurement in the case of specific faults
— Additional tests for specific equipment
(TMS full protection)

Areas of application:
Equipment Zones 1 and 2,
Categories 2G and 3G (Gb, Gc)

1.3.2.3 Type of ignition protection — Increased safety “ec”

Design regulations: IEC/EN 60079-7
(old: IEC/EN 60079-15 (VDE 0170-16))

Definition/protection principle:
Type of ignition protection for electrical equipment with which
it is possible to prevent the equipment from being in a posi-
tion to ignite a surrounding explosive atmosphere in normal
operation. The design guarantees minimisation of the risk of
occurrence of arcs or sparks which can cause a danger of
ignition during normal use.
— Prevention of sparks and other ignition sources
— Housing at least IP 54, if bare live parts are present
in the interior
— Housing at least IP 44, if all live parts in the interior
are insulated
— Taking creepage distances and clearances into account
— Paying particular attention to the insulating materials and
seals

— In normal operation, exterior and interior surface
temperatures must be lower than the ignition temperature

— At rated voltages up to 1 kV and with a degree of protection
of at least IP 44, it is permissible for the terminal box to open
to the inside of the motor

Tests:

— Insulation test

— Temperature measurement

— Additional tests for specific equipment
(converter-fed operation)

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

1.3.2.4 Type of ignition protection — Pressurized enclosure “p”

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

Definition/protection principle:

Type of ignition protection for electrical equipment with which
penetration of the housing by a surrounding atmosphere
is prevented by an ignition gas being held under primary
pressure in its interior against the surrounding atmosphere.
The overpressure is maintained with or without ignition gas
rinsing.

— Housing at least IP 4X

— Monitoring equipment

— Gas outlet

— Containment system

Tests:

— Pre-flush time

— Leakage losses

— Overpressure test (1.5 x P)
— Minimum flow

Areas of application:
Equipment Zones 1 and 2,
Categories 2G and 3G (Gb, Gc)

Other types of gas ignition protection not relevant to electric motors,

without detailed consideration:

1.3.2.5 Type of ignition protection — Powder filling “q“

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

Definition/protection principle:

Type of ignition protection, with which the parts of a piece
of equipment, which can become an active ignition source,
are fixed in their position and completely surrounded by
filling material, to prevent ignition of an external explosive
atmosphere.

— Filling material

— Locks

— Clearances

— Housing at least IP 54

— Energy store

Tests:

— Pressure test (50 kPa)

— Filling material insulating property
— Inflammability of plastics

Areas of application:

Category 2G (Gb)

Capacitors, primary cells, transformers,
ballast control gears and sensors

1.3.2.6 Type of ignition protection — Oil immersion “0”

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

Definition/protection principle:

Type of ignition protection, with which the piece of electrical
equipment or its parts is/are immersed in a fluid encapsu-
lation, in such a way that an explosion hazard atmosphere
which may be located above the liquid or outside the
encapsulation cannot be ignited.

— Protective liquid

— Minimum fill level

— Type of protection IP 66

— Fill-level monitor

— Energy store

Tests:
— Overpressure test
— Temperatures

Areas of application:
Category 2G (Gb)
Transformers, switchgears and starting resistors

1.3.2.7 Type of ignition protection — Intrinsic safety “ia/ib”

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

Definition/protection principle:

Intrinsically safe circuit — a circuit, in which no spark or no
thermal effect occurs, which, under the test conditions
specified in this standard (comprising normal operation and
specific fault conditions), can cause ignition of a certain
explosive atmosphere.

— Separation distances

— Insulations

— Structural components

Tests:

— Spark test

— Insulation test

— Spark test with small components
— Consideration of output

Areas of application:

Categories 1G, 2G and 3G, 1D, 2D and 3D
EPL Ga, Gb and Gc¢, measurement and
control electronics, sensors and PC interfaces

1.3.2.8 Type of ignition protection — Encapsulation “m”

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

Definition/protection principle:

Type of ignition protection, with which the parts which can
ignite an explosive atmosphere through sparking or heating
up are embedded in a sealing compound in such a way that
an explosive atmosphere cannot be ignited under operating
and installation conditions.

— Sealing compound

— Level of protection

— Clearances and cavities

Test:

— Water intake

— Resistance to heat and cold
— Thermal cycle test

— Insulation test

Areas of application:

Categories 1G (ma) and 2G (mb)

EPL Ga and Gb

Switch gears for low output, sensors, solenoids,
signalling and command devices
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1.4 Summary of types of ignition protection for dust-explosion protection

General requirements IEC/EN 60079-0

Protection by housing “tD”

(MY T --- °C Dx") IEC/EN 60079-31

Pressurized enclosure “pD” EN 61241-4

(p 1Y D) BXPD e (IEC/EN 60079-2)
Protective gas J . monitoring
supply ) & 5

Intrinsic safety “ID" Q X IEC/EN 60079-11

(ix 1Y Dx*) Ex ,iD*

»®
Encapsulation “mD” ; |EC/EN 60079-18
(,mx IllY Dx) Ex ,mD!

x = EPL, Y = Explosion group

Example of labelling for protection by enclosure: @ 12D Extb IC T125 °C Db

1.4.1 Type of ignition protection — Protection by housing “tx lIIY Dx”

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

Protection principle: Tests:

Dangerous housings are enclosed by the housing which is — |IP protection type test

not liable to malfunction. Evidence of the maximum surface — Ageing resistance of polymers used on the device
temperature according to category. — Impact test

Minimum type of protection IP 5X/6X (EN 60529) — Leak tightness

New: Pressure test with an overpressure as follows: — Thermal test with overload or fault conditions
— 4 kPa with devices with “ta” level of protection
— 2 kPa with devices with “tb” or “tc” Subdivision of groups:
level of protection before the dust test — llIA, combustible lints
Limitation of the 10 kA for EPL Da short-circuit current for — llIB, non-conductive dust
acceptance — IIC, conductive dust
Temperature limitation depending on EPL

Determining the surface temperature for EPL Da, with a Protection against ingress of dust according to

layer of dust of at least 500 mm on all accessible surfaces. table 1, IEC/EN 60079-31
CLED) Level of protection Level of protection/housing
ta IP 6X
A
(fibers) tb IP 5X
tc IP 5X
ta IP 6X
B
(non-conductive dusts) tb IP 6X
tc IP 5%
ta IP 6X
e
(conductive dusts) t 1P 6X
tc IP 6X

The other dust types of ignition protection, which are not relevant to electric motors:

1.4.2 Type of ignition protection — Pressurized enclosure “pD”

Design regulations: EN 61241-4
IEC/EN 60079-2 (,,p lllY Dx*)

Definition/protection principle:

Type of ignition protection for electrical equipment with
which penetration of the housing by a surrounding atmos-
phere is prevented by an ignition protection gas being held
under overpressure (> 50 Pa) in its interior against the sur-
rounding atmosphere. The overpressure is maintained with
or without ignition gas rinsing.

— Housing at least IP 4X

— Monitoring equipment

— Gas outlet

— Containment system

Tests:

— Pre-flush time

— Tightness

— Overpressure test (1.5 x P; > 200 Pa)
— Impact test

Areas of application:
Switchgears, transformers,
complex equipment and cabinets

1.4.3 Type of ignition protection — Intrinsic safety “iD”

Design regulations:
IEC/EN 60079-11 (VDE 0170-7) (,ix lllY Dx)

Definition/protection principle:

Limitation of the electric power (voltage, current, inductance
and capacity), including the surface temperatures, so that
no ignition occurs of a dust-air mixture as a result of sparks
or thermal effects with intrinsically safe devices in normal
operation and with specific fault conditions complying with
EN 60079-11:2007.

— Separation distances

— 2/3 capacity

— Non-susceptance to faults

Tests:

— Spark test

— Insulation test

— Spark test with small components
— Consideration of output

— No IP required

Areas of application:
MCR equipment, sensor,
mobile measuring equipment

1.4.4 Type of ignition protection — Encapsulation “mD”

Design regulations:
IEC/EN 60079-18 (VDE 0170/0171-9) (,mx lllY Dx")

Definition/protection principle:
Type of ignition protection, with which the parts are embed-
ded in sealing compound in such a way that the explosive
atmosphere cannot be ignited under operating and installa-
tion conditions.
— Minimum requirements of sealing compound (T! value)
— Minimum sealing compound thickness
(83 mm “ma” and 1 mm “mb”)
— Faults analysis in sealing compound
— Level of protection
— Clearances and cavities
— Rated values

Test:

— Water intake

— Evidence of maximum surface temperature
— Resistance to heat and cold

— Thermal cycle test

— Insulation test

Areas of application:
Switchgears for low output, command
and signalling devices, solenoids, ultrasound sensors
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1.5 Markings complying with different editions of the standard

Category 3 motors carry only the CE marking on their rating
plate. The NB ID number for quality assurance in accord-
ance with Directive 94/9 EC is not to be specified on such
equipment.

One of the changes in EN 60079-0:2009 (DIN EN 60079-
0:2010) compared to previous editions of the standard is
the introduction of Equipment Protection Levels (EPL). In

this connection, the previous marking of explosion-pro-

In addition to specifications in accordance with the ATEX

directive (e.g. Ex Il 2G for motors for increased safety - type
of ignition protection “eb”), the rating plate will in future also
indicate the equipment protection level (e.g. Exe IIC T3 Gb).

The standard also permits an alternative (abridged) marking
alongside the actual EPL marking under certain circum-
stances. This alternative is not used by VEM motors.

Examples of rating plates:

tected motors is also changed.

Labelling complying 0ld designations Designation acc. to Designation acc. to Future designation
with directive 2014/34/EU (no longer valid) (no longer valid) (currently valid) acc. to
£ No. Group/Category/ (EN 50014 ff., and EN 60079-0:2006 and EN 60079-0:2009 EN 60079-0:2012/A11:2013
NB G (gas) 0. D (dust) EN 50281,...) EN 61241-0:2004 with EPL with EPL
EN 50019 EN 60079-7 EN 60079-7 EN 60079-7
e o & 1 EExe II T2, T3 or T4 ExellT2, T30 T4 ExelICT3 Gb Exeb IC T3 Gb
ce @ 136 EN 50021, IEC 79-15 EN 60079-15 EN 60079-15 EN 60079-7
EExnA Il T2, T3 or T4 ExnA Il T2, T3 or T4 ExnAlIC T3 Ge ExecllCT3 Gc
EN 50281-1-1 EN 61241-1 EN 60079-31 EN 60079-31
e o @ e IP65T 125 °C ExtDA21IP65T 125 °C Extb ICT 125 °C Db Extb ICT 125 °C
EN 50281-1-1 EN 61241-1 EN 60079-31 EN 60079-31
CE @ 13D IP55T125°C ExtDA22 1P 55T 125 °C Extc BT 125 °C Dc Extc BT 125 °C
(IP 65 conductive dust) (IP 65 conductive dust) (Extc lIC T 125 °C De) (ExtclICT 125 °C)
Combination of gas or dust
CE o2 @ I2D IP65T 125 °C ExtDA21IP 65T 125 °C Extb ICT 125 °C Db Extb ICT 125 °C
@ EExe I T2, T3 or T4 ExellT2, T3 or T4 Ex e lICT3 Gb Exeb ICT3
112G
@ 13D IP55T125°C ExtDA22 P 55T 125 °C Extc BT 125 °C Dc Extc BT 125 °C
CE€ 0102 (IP 65 conductive dust) (IP 65 conductive dust) (Ex tc lIC T 125 °C De) (Extc lICT 125 °C)
@ 112G EExelIT2, T3 or T4 ExellT2, T3 or T4 ExellCT3 Gb Exeb IIC T3 Gb
ce o & o P 65T 125 °C Ex1D A21 IP 65T 125 °C Extb IC T 125 °C Db Exth IICT 125 °C
@ 136 EExnA Il T2, T3 or T4 ExnAllIT2,T30rT4 ExnAIlICT3 Ge ExeclICT3 Ge
@ 13D IP55T125°C ExtDA22 P 55T 125 °C Extc BT 125 °C Dc Extc BT 125 °C
C € (IP 65 conductive dust) (IP 65 conductive dust) (Ex tc lIC T 125 °C Dc) (Extc lICT 125 °C)
@ 113G ExnA Il T2, T3 or T4 ExnA Il T2, T3 or T4 ExnAlIC T3 Ge Ex ec IICT3 Gc

[If a maximum surface temperature is specified: Zone 2 (gas): Total surface including rotors and windings;
in the case of Zones 21 and 22 (dust): external surface (housing and shaft)]

Notified body
ID number

0102... Physikalisch-Technische Bundesanstalt Braunschweig

0637... IBExU Institut flr Sicherheitstechnik GmbH, Freiberg
0158... DEKRA EXAM GmbH

The number of the notified body which completed certification complying with directive 2014/34/EU must be
quoted as the ID number. This is not always the same as in the EU type-examination certificate.

7~
Foce VEM motors GmbH JVANE & | 31 O mumacn_is N ( VEM metors Thurm @ ~ DN EN'60034-1W
D 38855 Wemigerode éEM AR e Made in Germany ' Umrichterbetrieb nur '
Made in Germany N ExtcIBT125°CDc 1P _55 175 kg mit Sinus-Filter
3~Mot.Nr./N/M. 193015 /0001 H K21R 180 M2 Ex 3D TPM VIK HW
Y Hz _cose A___min_Jrp.m.revim KW Th.KL. 3~Mot |IP
500 Y 50090 31,0 2340 22,0 KW [cose min. (1M
Umrichterbetrieb/Converter feeding/Alim. par convertisseur o
L= =l = c| Hz| v
500 Y 50 090 310 ()_2940 22,0 A K
100 v 10 0,90 225 560 3,0 ; . 9
50 v 5 091 19.5 265 12 M= Nm c/h| Lspmax MM | Jexmax kgem'
16
IM B3 02/2013 IEC /EN 60034-1
Fett/Grease/Graisse ExnAlIC T3 Gc ExtclliC T125°C Dc
DE_63710 C3 DIIN625 | cm‘l | h o max. Temp. °C
L NE_6310 C3 DING25 | cm’ | y L113G 113D -

Motor for use in Zone 22

A number of customers (and perhaps also manufacturers)
believe that an obligation to attach markings according to
the new standard came into force already on 01/06/2012,
the date on which the old standard expired. This interpre-
tation, however, is incorrect. The only document which
declares the conformity of our explosion-protected motors
with ATEX regulations is the EC Declaration of Conformity.
The explosion protection section of the PTB Braunschweig
website also contains documents which address this situa-
tion (Commentary on the meaning of the requirement of
EU Directive 2014/34/EU, Annex Il, Part A; Impact of the
replacement of existing standards with new harmonised
standards; Issuing of EU Declarations of Conformity in
compliance with EU Directive 2014/34/EU after publi-
cation of a new edition of a standard).

Second rating plate enclosed separately with explo-
sion-protected motors

In some cases, customers may also request a second
separate rating plate to be enclosed with explosion-pro-
tected motors. This is often the case where the rating plate
attached to the motor is no longer visible after the motor

is installed in a machine or plant. The current standards,
however, do not permit a complete second rating plate to
be enclosed separately with a delivery.

Rules for the marking of explosion-protected products are
laid down in IEC/EN 60079-0, chapter 29.

The basic requirement reads: “It is imperative that the fol-
lowing system of markings only be used on electrical

Motor with double marking for
use in Zones 2 and 22

equipment or explosion-protected components which
comply with the valid standards applicable for the type of
ignition protection concerned as listed in Section 1.”

This means that it is not permissible to attach an explosion
protection marking in accordance with IEC/EN 60079-0 to
components or products which do not conform to the re-
levant standards and are thus also not certified accordingly
by the manufacturer or notified body.

IEC/EN 60079-0, chapter 29.1 also contains stipulations
with regard to the location of the marking:

“The electrical equipment must bear a clearly legible mark
on the outside of the housing of the main component and
this mark must be legible before installation of the equip-
ment.”

This means that the component of a machine/plant which
bears explosion protection marking is considered the main
component of the ATEX-certified equipment.

It is consequently not permissible to supply a second rating
plate with explosion protection marking and parameters for
attachment at some other location separate from the motor.
As an alternative, for example where the main motor rating
plate is not clearly legible after installation, it is possible

to provide a second or additional motor information plate
without explosion protection marking (see examples below,
with specification of the motor number and all electrical
parameters).

@ » VEM motors GmbH )
O C€  VEMmotors GmbH ® 126 OExeICT2T3Gb 1P 65 @) D 38855 Wemigerode O
D 38858 Wernigerode N @& 112D ExtbIIIC T125 °C Db Ce Made in Germ.
0637  Madein Germany ey - .
B~Mot.Nr/NYM. 186675 / 0001 K11R 160 L4 Exe Il T2/T3 2D VIK HW 1 Ex-identification see main name plate
V_ Hz COS _A min Jr.p.m.jrev/m kW 3~Mot.Nr./N’ 186675/
400/690 D/Y 50 086 26,0/15,1 1470 135 TypiType K11R 160 L4 Exe 1l 12/13 2D VIK HW
13.5 kW COS @ 0,86
@) (@ METIEE \ 26015120
Beschein /Certif. 2G: _PTB 08 ATEX 3038/05 _Beschein/Cerlif. 2D: IBExU 09 ATEX 1065 1470 min rp.m. 50 Hz
1/l 72 1 10 s ThKlThcl/Clth. 155 ThKIThel. __155 P _85 136 kg
Prifung/Test/Essai 01.02.2013 136 kg
IM B35 IEC / EN 60034-1 02/2013 IEC / EN 60034-1
Fett/Grease/Graisse Fett/Grease
DE__ 5310 2RS C3 DING25 cm”® DE 6310 2RS C3 DIN625 cm
- h
NE__6309 2RS C3 DING25 cm’ O LO '_NE6309 2RS C3 DING25 | cm® I h OJ

Motor for use in Zones 1 and 21

Corresponding additional rating plate
without Ex marking
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1.6 Electric motors — Mechanical structure and main focuses of design
for conformity with explosion protection
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Clearances and

Distance between

moving parts

creepage distances

Impact test

Fan test

Earthing

End shield

Cable and
wire inlets

Terminal system

End shield
D-side

Rotor design/observing

minimum air gap

Anti-friction

on

IP protecti

Anti-friction
bearing

Air-conditioned
storage plastics test

Motor housing

Motor feet

Standard IEC/EN 60079-0 is the basis of the mechanical
design of all electrical machines for use in explosion-
protected areas. With the Increased safety “eb”

(IEC/EN 60079-7) type of ignition protection, the main
focuses are on the following areas, which have to be
subjected to suitable tests:

Cable and wiring inlet:
Performance of tensile tests and increase in elastomer
hardness: IEC/EN 60079-0

Material couplings:
Avoiding formation of abrasion and impact sparks

Clearance and creepage distances:

Observing the clearance and creepage distances complying
with EN 60079-7 for avoiding ignitable electrical discharges
and sparkovers

Distance between moving parts:

Avoiding mechanical grinding during operation. In the

case of asynchronous machines, for example, the air gap
minimum value between stator and rotor must be observed,
complying with IEC/EN 60079-7.

Impact test:
Guaranteeing adequate protection against mechanical
damage

Fan test:
Testing the fan’s mechanical stability

Table 3 - Limit temperatures for insulated winding

Plastics test:

Testing the heat and cold resistance of the plastics used
and testing the seals’ heat resistance. In the case of plastic
surfaces with a surface greater than that specified in
IEC/EN 60079-0, depending on the explosion group, it is
necessary to deal with the problem of electrostatic loads.

IP protection:

Testing the equipment’s type of IP protection against solid
bodies and liquids. If it has been established that the
above-mentioned points have been satisfied in the sense of
the requirements of the standard, a mechanical test report
is compiled by the test authority which forms the basis of
the EU type-examination certificate. An inspection of the
operating instructions is also part of that, as are documents
which describe the series’ design. Later modifications by
the manufacturer are permitted only after consultation with
the test authority and amendments or new EU type-exami-
nation certificates may be necessary.

Winding design and electrothermal test:

No part of the electrical equipment must become warmer
than the temperature resistance permitted by the materials
used. In addition, no surface of a part of the equipment,
including the interior parts, which could come into contact
with the atmosphere depending on the type of ignition
protection, must become warmer than the highest surface
temperatures complying with IEC/EN 60079-0.

In the case of motors of the Increased safety “eb” type of
ignition protection, the limit temperature of insulated
windings must not exceed the values corresponding to
IEC/EN-60079-7 (see table), on which the insulating
materials’ thermal resistance is based.

Heat category of insulations complying with IEC 60085 (see Note 2)
Temperature measurement
P 105 (A) 120 (B) 130 (B) 155 (F) 180 (H)
process (see Note 1)
°C °C °C °C °C
Limit temperature at rated operation
| a) single-layer insulated windings Resistance or temperature 95 110 120 130 155
90 105 110 130 155
b) other insulated windings Resistance temperature
80 95 100 115 135
2 Limit temperature at end of tE time (See Note 3) Resistance 160 175 185 210 235
Note 1. Measurement by thermometer is permitted only if the measurement is Note 2:  Itis accepted as a provisional measurement until values have been

not possible by modifying the resistance. In this context thermometer”
means the same as in IEC 60034-1 (for example, a bulb thermometer,
a non-embedded thermocouple or a resistance temperature detector
(RTD), which is used at the points which are accessible to a normal bulb
thermometer).

stipulated; the higher insulating material heat categories designated in
figures in IEC 60085 are regarded as applicable to the limit tempera-
tures specified in Category 180 (H).

Note 3:  These values are composed of the ambient temperature, the winding
overtemperature in measurement mode and the temperature increase
during the t_ time.
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In addition to the mechanical design, the electrothermal

design and test is a very important step on the way to

EU type-examination certificate for an explosion-protected

electrical machine. The data acquired during the motors’

test form the basis of the data sheet for the EU type-exami-
nation certificate and guarantee safe operation of the motor
if they are observed.

The electrothermal test comprises the following

items:

— Inspection as to whether the winding design satisfies
the criteria of the Increased safety “eb” ignition
protection type

— Determining/verifying the machine’s measurement
data

- Determining the continuous duty temperature rise

During the performance of the temperature rise measure-
ment, the DUT is given the prescribed mechanical load and
the electrical power input, the mechanical force delivered,
and current, voltage, speed and torque are measured and
automatically logged during the experiment. The measure-
ment may be terminated if the temperatures measured
during operation on the housing change by less than 2 K
per hour (thermal equilibrium complying with IEC/EN 60034).
The stator winding temperature is calculated by the tempe-
rature-dependent resistance change from a winding resist-
ance measurement before the experiment, in the case of a
cold machine, and after the thermal equilibrium has been
reached, in the case of a machine at operating temperature.
The rotor temperature is measured after the experiment by
a sensor on the end ring, introduced through a hole in the
end shield.

Temperature measurement

The temperature on the housing is measured by thermo-
couples which are press-fitted in small holes to guarantee
the best possible heat transfer. In addition, temperatures
are measured on elastomer seals, on cable entry and lead
intersections, as well as on existing add-on components.
There must be a guarantee that both the temperature
category’s limit temperature, for which the motor is to be
certified, and also the permitted continuous use tempera-
tures for the plastics and add-on components used are
not exceeded. With the types of ignition protection In-
creased safety “eb” for Zone 1 and Increased safety “ec”
(old: “nA”) for Zone 2, measurement of the stator and rotor
temperatures is necessary. In the case of the Flameproof
enclosure “d” and Protection by housing (dust) types of
ignition protection, only the temperature rise of the exterior
surfaces must be tested. A further important measurement
is the determination of temperature rise in the locked state
(Increased safety “eb” only).

As an example, Figure 1.2 shows the temperature cha-
racteristics determined during a temperature rise test on the
housing. The measurement is terminated when a “thermal
equilibrium” is reached, i.e. temperature rise less than 2 K/h.

To evaluate the measurement taking into account the limit
temperatures of the elastomers used, the highest tempera-
ture occurring after the motor is switched off must be taken
into account for each such measurement point (e. g. seal).

70°C

60 °C

/

Highest temperature rises /

50 °C //
40°C

vl 1/

e

Overtemperatures and coolant temperature ——

10°C
0 I/

09:30 10:42 11:54 13:06 Time

= Room temperature
=~ Side of housing Housing eyelat
= Cable and wiring inlet

Figure 1.2: Example of housing temperature
characteristics during the test

14:18 156:30 16:42

= A-Side of bearing = B-Side of bearing
~— Lead intersection

Inspecting the machine protection/determining the

t. time and the starting/rated current relation

This fault may, for example, occur if a machine is locked.
Characteristic of this is the motor current reaching a multi-
ple of the measured current (e.g., seven times) and the
machine heating up intensely within the shortest possible
period of time. Without motor protection, the permitted
limit temperatures would have been exceeded within a few
seconds. For that reason, the machine must be protected
by a time-controlled overcurrent protection device (motor
protection switch) or PTC thermistor located in the winding,
against prohibited temperature rises as a result of overload.

For measuring the temperature rise in the machine while
the brake is fully applied, the rotor is prepared with thermo-
couples at intervals along its length and the locked motor
switched on for a specified time, for example, 15 s.

The rotor’s temperature characteristics are shown by a
thermograph and the stator’s winding temperature is deter-
mined by the increased winding resistance after shutdown.
The locking attempt is carried out with both phase sequen-
ces, whereby measurable differences in the temperature
rise are produced with bevelled rotor bars in the rotor. The
rotating field with the highest rises in temperature is used
for the rest of the evaluation.

In the case of machines of the Flameproof enclosure “db”
protection type, locking does not have to be taken into
account, as it is assumed that no incendive temperature
rises occur with motor protection corresponding to the
latest date of technology, because of the high thermal
capacity of the stator core and the housing on its surface.

Prohibited temperature range

Permitted temperature range in the event of a fault

Continuous duty temperature range

Time t,

e
Hours Seconds

Figure 1.3: Definition of t_ time

It is similarly not necessary to take the fault case, i.e.
machine locked, into account with the Increased safety
“ec” (old: “nA”) type of ignition protection for Zone 2.

Time t_

Time t_ is a very important value in the EU type-examination
certificate data for the Increased safety “eb” type of ignition
protection. This value states the latest time after which the
overcurrent protection device (motor protection switch)
must switch off the motor in the locked state.

In order to determine this, the continuous duty temperature
rise and the temperature rise speed are required for stator
and rotor in the locked state. On the basis of the continu-
ous operating temperature and the maximum permitted
temperatures for rotor and stator, the maximum permitted
temperature increase is determined in the locked state and
the maximum duration for the locked state is calculated by

the temperature rise speed, for both rotating field directions.

The smaller of the two numerical values produces the t.
time minus a safety deduction of at least 5%. If the
ma-chine is protected by a device for direct temperature
moni-toring, e.g. PTC thermistor, with the machine locked
it must be proved, by means of an overload attempt and
shutdown attempt, that no prohibited temperatures occur,
also in the case of a fault. The t, time is then part of the
EU type-examination certificate instead of the t_ time and
the 1, /I, is not specified. The maximum permitted tempera-
ture rises are given in the standards IEC/EN 60079-0 (tem-
perature categories) and IEC/EN 60034 (winding insulation
thermal classes).
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These tests are necessary, if the following criteria apply:
— The machine is a high-voltage machine
(rated voltage > 1 kV).
— An ignition danger assessment complying with
EN 60079-7 Table G.1 has produced an ignition
danger factor > 6.

The high-voltage test is made up of an AC test and an
impulse voltage test. There the windings are individually
tested, with the unused phases and the stator core being
earthed. The DUT is in an explosive mixture. Hydrogen is
used for Explosion Group IIC, ethylene for IIB and propane
for IIA. The minimum ignition energies increase from Explo-
sion Group IIC to IlA. The test is considered to be passed if
there is no ignition in the test of two winding phases in the
AC and impulse voltage tests.

Risk assessment of possible discharges on stator windings -

ignition risk factors according to IEC/EN 60079-7

Characteristic Value
>6.6KkVto11kV

Rated voltage >3.3kV106.6 kV
>1kVto3.3kV

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

Factor

> 1/hour

Average start frequency > 1/day
in operation > 1/week

< 1/week

> 10 years

Interval between detailed inspections >5 to 10 years
(see IEC 60079-17, Table 1, Type D) > 2105 years

< 2years

<IP 442

IP 44 and IP 54
IP 55

> |P 55

Type of protection (IP code)

Very dirty and damp ¥
Open-air coastal area
Environmental conditions Other open-air areas
Clean open-air areas

Clean, dry interior

O =4 N W A0 =4 N WO = N WO =<4 N Wo N

a) Only in clean environments and with regular upkeep
by trained personnel, see 5

b) “Very dirty and damp” includes areas exposed to flooding or includes
open deck in the case of offshore applications.

1.8 Installation and electrical connection

The safety instructions supplied with the motor must be
heeded for assembly and commissioning.
Assembly tasks must only be carried out by specialist per-
sonnel, who, on the basis of their specialist training, expe-
rience and instruction received, have adequate knowledge
of the following:
— Safety instructions
— Accident prevention regulations
— Guidelines and generally-accepted regulations

of technology (e.g. VDE regulations and standards).

The specialist personnel must be able to assess the tasks
assigned to them and recognise and prevent possible dan-
gers. It must be given the authority by the person respon-
sible for the machine’s safety to perform the required tasks
and activities. In Germany, installing electrical machines in
explosion hazard areas requires compliance with the follow-
ing regulations:

— BetrSichV “Operating Safety Directive”

- TRBS “Technical Regulations for
Operating Safety”

- GefStoffv “Hazardous Goods Directive”

— IEC/EN 60079 ff. “Explosive atmospheres”

Outside of Germany, the relevant national regulations
must be observed.

Without labelling, the permitted cooling temperature
(room temperature at installation site) complying with
IEC/EN 60034-1 is 40 °C maximum and -20 °C minimum
and the permitted installation height is up to 1000 m above
sea level (different values are specified on the motor
nameplate and certified separately if necessary).

Care must be taken to ensure that the cooling air can flow
unimpeded up to the air inlet holes and can flow freely
through the air outlet holes without being immediately
drawn back again. Suction and exhaust holes must be
protected from dirt and fairly coarse dust.

Bt
M=t | |
Bl

Figure 1.5: Minimum clearance at the air intake

The minimum distance between the fan cover’s air intake
and an obstacle (Bl measurement) must be observed at all
costs.

With designs which have the shaft pointing upwards, the
operator must prevent foreign bodies from falling vertically
inside. The same applies to the “shaft pointing downwards”
installation — in this case, a protective cover is necessary
over the fan cover’s air intake grid. While installing the
surface-cooled motors, care must be taken to ensure that
the condensate drain holes are at the lowest point.

In the case of closed condensate drain holes, the screws
must be replaced using sealant, after the condensate has
been drained off. In the case of open condensate holes,

it is necessary to avoid using water jets or pressurised
water. There must be an absolute guarantee that the motors
are set up on a perfectly even base to avoid twisting during
the tightening process. In the case of machines which are to
be connected, precise alignment must be ensured. Flexible
couplings must be used if at all possible.

Connecting the motor

Connection must be done by a specialist, complying with the
currently applicable safety regulations. Outside of Germany,
the relevant national regulations must be observed.

It is essential to observe specifications on nameplates.
— Compare current type, mains voltage and frequency.
— Pay attention to the circuit.
— Pay attention to rated current for safety switch setting.
— In the case of motors of the Increased safety “eb”
type of ignition protection, you must pay attention to
the t_ time.
— Connect motor in accordance with the connection
diagram supplied in the terminal box.

For earthing, there is an earth terminal on the housing or
flange end shield, depending on the model and design of
each motor. All the motors also have a protective conduc-
tor terminal inside the terminal box. Unused cable glands

in the terminal box must be closed to protect them against
dust and humidity. The General Safety and Commissioning
Instructions apply to the electrical connection. The cable
glands or screw plugs must be certified for the Ex area.
The installation torques, sealing areas and clamping ranges
specified by the cable gland manufacturer must be observed
at all costs.

Connection cables must be selected to comply with

DIN VDE 0100, taking into account the rated current and
machine-specific regulations (e. g. ambient temperature,
type of cable-laying etc., complying with DIN VDE 0298

or IEC/EN 60204-1).

At room temperatures of above 40 °C, cables with an
approved operating temperature of at least 90 °C must be
used. This also applies to the motors in which reference is
made by an X to special requirements for cable design on
the supplementary sheet for EU type-examination certifcate.

In connecting the motors, particular care must be taken to
set up the connections in the terminal box carefully. The
connecting bolt nuts must be securely tightened without
using force. In the case of motors which have a terminal
board with slot terminal complying with Directive 2014/34/EU,
only cable lugs complying with DIN 46295 may be used for
connecting the motor. The cable lugs are fastened by nuts
with integrated spring lock washers. As an alternative, a
solid wire is permissible with a diameter which corresponds
to the width of the slot in the connecting terminal.

When inserting the leads in the terminal box, care must be
taken to ensure that the wires are not under tension. The
interior of the terminal boxes must be kept clean. The seals
must be undamaged and correctly positioned. The terminal
box must always be locked during operation.

Safety measures against prohibited temperature rises
If no conflicting information regarding mode of operation
and tolerances is provided in the test certificate or on the
nameplate, electrical machines are designed for continuous
duty (Mode of operation S1) and standard starting behav-
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iour without frequently restarting so that no significant tem-
perature rise is perceptible. The motors may only be used
for the mode of operation specified on the nameplate.

I[Explosion-protected motors are generally designed and
certified for Range A of the voltage and frequency param-
eters specified in IEC/EN 60034-1 (DIN VDE 0530, Part 1):
Voltage + 5%, frequency + 2%, characteristic curve,

mains symmetry. To an increasing extent, explosion-
protected motors are also being manufactured for greater
supply voltage tolerances. This should be evident from

the rating plate of the motor and, where appropriate, the

EU type-examination certificate. There are thus numerous
supplements to EU type-examination certificate for a voltage
tolerance of + 10% in accordance with Range B.

It is imperative to observe the specified tolerances, so that
the temperature rise remains within the permissible limits. On
start-up, it must be protected against prohibited temperature
rises, e.g. with motor protection switch, i.e. prohibited rises
in temperature in all phases must be prevented by a earth
leakage circuit breaker complying with DIN VDE 0660 or an
equivalent device. The protection device must be adjusted
to the rated current. Delta-connected windings must be
protected by connecting the tripping devices or relays in
series to the winding phases. Basis for the selection and
adjustment of the switch is the rated value of the phase
current, i. e. the motor rating current multiplied by 0.58.

If such a connection is not possible, suitable protection
switches, e.g. with phase failure monitoring, must be

used. For pole-changing motors earth leakage circuit
breakers must be equipped for each speed that can be
locked against each other.

The start is also monitored in the case of Increased safety
“eb” type of ignition protection. For this reason, the protec-
tive device must switch off when the rotor is locked, within
the t. time specified for the particular temperature category.
The requirement is fulfilled if the tripping time (found in the
tripping characteristic curve (start temperature 20 °C for the
, /1, factor) is no greater than the specified t_ time.

Electrical machines of the Increased safety “eb” type of igni-
tion protection for starting with high inertia loads (ramp-up
time > 1.7 x t_ time) must be protected by a start monitor in
accordance with the specifications of the conformity certifi-
cate and must also be certified accordingly.

Thermal machine protection by direct temperature monitor-
ing of the winding is permissible, if it is certified and the

t, time is specified on the nameplate. The explosion protec-
tion is guaranteed by temperature sensors complying with
DIN 44081/44082, in conjunction with tripping devices with
@ Il (2) G protection type identification.

Additional devices
As an option, explosion-protected motors may be provided
with additional devices:

Additional thermal motor protection

For monitoring the stator winding temperature, temperature
sensors (PTC thermistors, KTY or PT100) may be installed
in the motor. To connect them, suitable auxiliary terminals
for auxiliary circuits are available either in the main termi-
nal box or in additional terminal boxes. The connection is
made in accordance with the enclosed terminal connection
diagram.

Thermal motor protection as full protection

The use of the thermal winding protection as full motor pro-
tection is only permissible if this mode is separately tested
and certified by a notified body. In this case, identification

is completed on the nameplate by provision of the t,-time
in place of the t_-time and the text “Operation only with
functionally-tested PTC tripping device with the protection

Type identification x) Il (2) G”. The 1,/1,, specification is not
necessary.

Anti-condensation heating

The heating tapes must satisfy the requirements of Directive
2014/34/EU. The heat output and supply voltage are spe-
cified on the motor nameplate. To connect them, suitable
terminals for auxiliary circuits are available either in the main
terminal box or in additional terminal boxes. They are con-
nected in accordance with the enclosed terminal connection
diagram. The anti-condensation heating must be switched
on only after the motor has been switched off. It must not be
switched on during motor operation. This is guaranteed by
locking the circuit.

External ventilation unit

The external fans must satisfy the requirements of Directive
2014/34/EU and must be suitable for the intended type of
ignition protection. The external ventilation unit is responsi-
ble for removing the dissipated heat when the main motor
is operating. While the main motor is operating, the external
ventilation motor must be switched on. After the main motor
has been switched off, the external fan must continue to
work until the temperature is low enough. If there is a fault in
the external fan, the main motor must be switched off.

In the case of motors with external fan units dependent on
the direction of rotation, it is essential to pay attention to

the direction of rotation (direction-of-rotation arrow). Only
the external fan units supplied by the manufacturer may

be used. The external ventilation unit must be connected
according to the applicable terminal connection table sup-
plied.

External heat and cold sources

In the case of existing external heat and cold sources, no
additional measures are necessary if the permitted ambient
temperatures are not exceeded at the installation point.

If they are, in fact, exceeded or effects on the operating
temperatures or maximum surface temperatures can be
expected, suitable measures for maintaining and certifying
the explosion protection must be taken. If in doubt, consult
the manufacturer.

General instructions for operation

on the frequency converter

It is only permissible to operate explosion-protected three-
phase motors in connection with frequency converters,

if the motors are built, tested, approved and labelled
separately for this mode. The separate manufacturer’s
instructions must be observed under all circumstances.
For the Increased safety “eb” type of ignition protection
and for motors for use in Zone 21, separate EU type-
examination certificates are necessary, in which operation
in connection with frequency converters is explicitly appro-
ved and in which the binding conditions and parameter
setting of the motor, frequency converter and protection
device system are listed. For the Increased safety “ec”

(old: “nA”) type of ignition protection and for motors for use
in Zone 22, motors operated on frequency converters at va-
riable frequency and/or voltage must also be tested with the
specified frequency converter or else a frequency converter
similar in terms of its output voltage and current specifica-
tions. The necessary parameters and conditions

can be found on the nameplate or the documentation of
the motor.

In order to prevent prohibited temperatures, the motors

are equipped as standard with thermal winding protection,
which has to be evaluated by a suitable device. The motors
must not be operated as a group drive.

The manufacturer’s Notes and Operating Instructions for
installation and commissioning of the frequency converter
must observed under all circumstances.

1.9 Electrostatic hazards
1.9.1 Introduction

Over the past years, products with plastic elements — in
particular plastic housings — and powder-coated metal
parts have become increasingly widespread and are
gradually replacing products with wood, glass and bare
or painted metal surfaces. Unlike metal, wood, glass and
most painted surfaces, plastics and powder-coated sur-
faces are usually subject to electrostatic charging through
friction. High electrostatic charges can result from friction
contact with clothing or when cleaning surfaces with a
cloth. If an earthed counter-electrode, e.g. a person’s fin-
ger, comes close to the charged surfaces, this may result

1.9.2 Standards and regulations

- IEC/EN 60079-0
A whole chapter of this standard is devoted to electrosta-
tic requirements. It must be noted, however, that these
requirements have been copied more or less verbatim
from earlier regulations dealing with electrostatic hazards
and have not been written specifically by electrostatic ex-
perts. There is thus corresponding scope for ambiguities
and misunderstandings.
For example, the standard demands that surfaces should
be cleaned with a fluid before measuring the surface
resistance. Typical fluid residues, however, may significantly
affect the surface resistance. For this and many similar
reasons, it is recommended to perform testing in accor-
dance with IEC/TS 60079-32-1 Amendment 1, chapter 14,
using the test method described by IEC 60079-32-2. In
this way, such measuring errors will be avoided for the
most part. The surface of a test object, for example, is
cleaned only with a brush. Otherwise, both cases
(-0 and -32) produce exactly the same result.
The aforementioned weaknesses of IEC 60079-0 are
known to the experts who perform testing and are usually
taken into account. Special verification of the measured
values obtained in accordance with -0 is thus not neces-
sary.

- TRGS 727:2016
The technical regulations TRGS 727:2016, formerly
TRBS 2153:2009, and before that BGR 132:2003 and
ZH1/200:1989, are the German-language source for
regulatory information on the prevention of electrostatic
charging. They constitute the latest regulations relating
to electrostatic hazards, and were formerly the regula-
tions which were copied into European and international
standards. Even today, it can be safely assumed that the
latest knowledge published here will be incorporated into
international standards. TRGS 727, however, addresses
the whole of industry and the entirety of everyday pro-
cesses (e.g. fuelling of motor vehicles). For an outsider, it
is thus often difficult to find the relevant chapter; there is
no chapter which deals specifically with electrical equip-
ment.

in an electrostatic discharge capable of igniting solvent
vapours.

The following describes how such ignition risks can be
recognised and brought under control. To this end, various
longstanding and proven standards and regulations exist;
the individual regulations differ only in certain nuances.

If the stipulations of these standards and regulations are
observed, this triggers a “presumption of conformity”, i.e.
it is assumed that a level of protection conformant with all
superordinate regulations is achieved.

- IEC/TS 60079-32-1 with Amendment 1, IEC 60079-32-2
IEC/TS 60079-32-1 is an international specification
describing the prevention of electrostatic charging and
was derived from TRBS 2153:2009. It currently embodies
the highest internationally recognised state of the art
with regard to the prevention of hazardous electrostatic
charges in the form of a reference book. As numerous
operating measures are prescribed by this specification,
it cannot be published as a standard.

The most important sections relating to electrical equip-
ment are Chapter 14 in Amendment 1 and the process
flowchart for electrostatic testing in the annex to

IEC/TS 60079-32-1 (Figure 1.9). Detailed instructions on
determination of the required parameters are to be found
in IEC 60079-32-2.

Electrostatic charge due to separation processes (e.g. manual rubbing), char o

ged particles (e.g. HY electrodes), or induction by charged objects expected? (side)
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1* l ves (down) e l l
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wel clon onty
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Bild 1.9: IEC/TS 60079-32-1, Figure F.1 — Flowchart for
a systematic electrostatic evaluation with
reference to the respective chapters
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1.9.3 Test procedure

This chapter describes the typical process of electrostatic
testing according to the flowchart presented in

IEC/TS 60079-32-1 for the plastic housings of electrical
equipment intended for use in a particular zone (in this
example: Zone 1, group IIC) (Figure 1.9.). It must be taken
into account here that the reference chapters specified in
Figure 1.9 are summarised in Chapter 14 in the case of
electrical equipment. The given sequence is especially
important for the process, as the specified requirements
are all connected with a logical “or” and contradictions
may arise if they are considered in the wrong order.

1. Is the test object exposed to manual friction, e.g. contact

with work clothing or cleaning using a cloth? Or exposed
to streams of liquids or dusts? Or is it located in the
proximity of high-voltage electrodes?

Yes, the test object is subject to manual friction from
work clothing, for example. Continue with 2.

2. Does the test object have any conductive/dissipative

parts with an impermissibly high electrical capacitance?
Yes, there is a screw terminal which is open to possible
external contact. The capacitance measured according
to IEC 60079-32-2, however, is only 2.5 pF. This capa-
citance is below the limit value for Zone 1 group IIC (less
than or equal to 3 pF). Continue with 3.

3. Does the surface resistance of the test object, measured

in accordance with IEC 60079-32-2, exceed the permis-
sible limit value of 100 gigaohms, measured at a maxi-

1.9.4 Further notes

One problem which is frequently faced is: How can a test
object which complies with the area criterion described
under 1.9.3, Step 4, for IIB also be made safe for IIC?
There are various possible approaches, examples of which
are listed below:

1. Shrouding of the test object by way of a leather pouch

or with paper/cardboard/antistatic film, or treatment
with antistatic paint, etc.; antistatic sprays retain their
effect for at least 1 year, but cannot be used in outdoor
settings.

2. Conductive earthed coating of the inside surface of the

test object (only possible in the absence of electrostatic
charges greater than those caused by manual friction
and only for a housing thickness of not more than
around 0.2 mm).

3. Avoiding of electrostatic charges by using the test

object in a cellar or in a ground hole with a permanent
puddle of water (a relative humidity of constantly more
than 60% means that no electrostatic charging is
possible under these conditions), by mounting the test
object on the ceiling (manual friction is then excluded,
but a label “Clean only with a damp cloth” should still
be attached), or by using the test object in an area in
which overpressure prevents the ingress of a potentially
explosive atmosphere.

5.

6.

mum of 30% relative humidity with a measuring voltage
of at least 500 V (better: at least 1000 V)?
Yes, continue with 4.

. Does the maximum projected surface area of the test

object which is open to friction exceed the specified
maximum area (in our example max. 2000 mm? for
Zone 1, group IIC)?

Yes, the value is clearly exceeded. Continue with 5.
Has the interior of the housing been provided with a
conductive coating?

No, the interior of the housing has no conductive
coating. Continue with 6.

Is the maximum possible charge which is transferred
by a provoked discharge, measured according to the
method defined by IEC 60079-32-2, less than or equal
to 10 nC?

Yes, no discharge whatsoever, and thus no electrostatic
charging, was observed during the electrostatic testing.
The housing is thus sufficiently antistatic and complies
with the stipulations of all standards and regulations
mentioned in chapter 1.9.2. Alternatively, with a measu-
ring voltage of 10,000 V, it would already have been pos-
sible to determine at Step 3 that the surface resistance
breaks down at higher voltages and that the test object
thus cannot acquire a hazardous electrostatic charge
under the high electrostatic voltages present.

The procedure in case of alternative answers at the

individual steps can be taken from Figure 1.9.

4. Use of liquid coatings/paints on a conductive

primer or base (primers for electrostatic painting are
typically conductive). Compared to powder coatings,
liquid paints typically display a sufficiently low break-
down strength in order to avoid electrostatic char-
ging, though they are at the same time less effective
as corrosion inhibitors.

2 Technologies for protecting induction machines from prohibited temperature

rises as a result of overload — Summary complying with explosion protection

2.1 What legal/normative specifications exist regarding protection of

electrical machines in explosion-hazard areas?

— Directive 2014/34/EU:

Directive 94/9/EC states the following regarding devices
in Category 2 (Equipment Group Il), which include electri-
cal machines operated in Zone 1: “Category 2 comprises
devices which are designed in such a way that they can
be operated in accordance with the manufacturer-speci-
fied parameters and guarantee a high degree of safety”.

It is further stated as follows: “The machine-based ex-
plosion protection measures in this category guarantee
the required degree of safety even in the case of frequent
equipment faults or error situations which are normally to
be expected.” From this we can conclude that all equip-
ment in Category 2 must not become an ignition source in
the case of errors and faults which are frequent or to be
expected. Furthermore, it is stated in article 1, paragraph 2:
“Safety, control and regulation devices for use outside of
explosion risk areas which, however, are essential for safe
operation of equipment and protection systems or contri-
bute to them, are also included in the area of application
of this directive.”

The terms of the directive require that all motors in
Category 2 must be protected against prohibited
temperature rises and that all equipment and devices
for protecting the motor must be certified.

ATEX guidelines:

The ATEX guide specifies the Directive’s requirements of
the guideline and is itself produced by the Commission’s
Standing Committee as a guideline. It is stated in chapter
3.10: “Safety, control and regulation devices are subject
to the directive, if they contribute to or are necessary for
the safe operation of equipment or protection systems

in terms of ignition dangers or the danger of an uncon-
trolled explosion.” It is stated below: “These devices also
come under it if they are to be used as intended outside
of explosion risk areas. These devices are not allocated
to categories complying with article 1.” It is also stated
as follows: “The fundamental requirements apply to these
devices only to the extent that they are necessary for the
safe, reliable mode of operation and handling of this de-
vice, with regard to dangers of ignition or the danger of an
uncontrolled explosion.” The following explicit example is
given: Overload protection devices for electrical motors of
the Increased safety “eb” type of protection. There is no
statement regarding the protection of motors of the “db”,
“p” and “ec” types of ignition protection.

The guide also states that motors of the Increased
safety “eb” type of ignition protection must be pro-
tected definitively by a certified monitoring device in
accordance with Directive 2014/34/EU.

IEC/EN 60079-14

The operation of electrical equipment for explosion
protection is described by IEC/EN 60079-14. Applica-
tion of the standard is not compulsory. In Chapter 7.1 a
statement is made firstly on all electrical equipment: “All
electrical equipment must be protected against harmful
effects of short circuits and earth faults.” Further on, it
says: “Precautions must be taken to prevent the opera-
tion of multi-phase electrical equipment (e. g. three-phase
motors) if the failure of one or more mains phases can
result in overheating.” There is also a statement on elec-
trical machines at 7.2: “Rotating electrical machines must
also be protected against overload, with the exception of
motors which are continually capable of controlling the
start-up current in the case of rated voltage and rating

frequency or generators which are continually capable of
controlling the short-circuit current without a prohibited
temperature rise. The following must be used as overload
protection devices: a current-dependent, time-delayed
safety device for monitoring all three phases, not set any
higher than to the machine’s rated current which, at a
setting current multiplied by 1.2, must respond within

2 h and at a setting current multiplied by 1.05 must not
yet respond within 2 h or a device for direct temperature
monitoring by embedded temperature sensors or an
equivalent device.” The following statement is also made at
11.3.1: “In order to satisfy the requirements of 7.2a),
time-delayed overload protection devices must, depending
on current, be designed in such a way that not only is the
motor current monitored but also that the motor, with brake
fully applied, is switched off within the t_ time specified on
the nameplate. It is also stated regarding delta-connected
machines: “For this reason, phase failure protection must
be provided for machines with delta-connected windings,
protection which recognises machine imbalances before
they cause excessive temperature rises.”

In summon it is recommended that all electrical
machines in explosion hazard areas are protected
against overload, short-circuit and phase failure and
that the protection for the Increased safety “eb” type
of ignition protection must be effective even when the
motor is locked.

IEC/EN 60079-7

The following statement is made on the t_ time in chapter
5.2.4.4.1 of the requirements of Increased safety “eb”
type of ignition protection: “The t, time must be long
enough for the current-dependent safety device to switch
off the locked machine within this period. This is usually
possible if the specified minimum values for t_ specified
in Figure 2 (the standard), depending on the |,/1 finitial
starting current relation, are exceeded.

It follows from this that the area of the relation
between initial starting current and rated current is
restricted to the Increased safety “eb” ignition safety
type and that the time t_. must conform to the mini-
mum values shown in Figure 2.4.

EN 60079-1

In the standard for the Flameproof enclosure “db” type of
ignition protection, there is no statement on protection of
rotating electrical machines. For calculating the maximum
surface temperature, the test voltage of U, + 10%

is prescribed (or U, + 5%, if the area of application is
specified on the equipment and is named in the operating
instructions). No requirements are made of the overload
or fault conditions.

EN 60079-2

The standard governing Pressurized enclosure does not
contain any statement on protection of rotating electrical
machines.

IEC/EN 60079-15:

lIn contrast to the above-mentioned types of ignition
protection, equipment for the Increased safety “ec”

(old: “n”) type of ignition protection falls

into Category 3 of Directive 2014/34/EU.

Equipment in this category must not have any ignition
sources during normal operation. The following statement
on the electrical machines standard appears in Section
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17.8.1: “The temperature of each exterior or interior
surface which may come into contact with an explosive
atmosphere must not exceed the temperature category
specified in Section 5, in normal operating conditions.
The temperature rise during the start does not have to
be considered for specifying the temperature category
when S1 or S2 is given as mode of operation complying
with IEC/EN 60034-1. It is further stated as follows: “Not
taking the start conditions into account in specifying the
temperature category is permissible for machines which

do not start frequently and with which the statistical
possibility of an explosive atmosphere existing during the
start-up process is not considered to be highly feasible.”

The machine has to maintain the specified tempe-
rature category in normal operation only. The start
does not have to be monitored. There is no direct
statement on errors occurring.

2.2 Causes of prohibited high temperatures in an electrical machine

The most frequent cause of prohibited high temperatures
in an electrical machine is overloading, i.e. loading at a
higher torque than the machine’s rating torque. Reasons for
this may be as follows: faulty design of the drive, sluggish
working machine, damage after long-term storage, vis-
cosity of medium too high in stirring devices etc. With an
increased load, the currents in the stator winding and rotor
squirrel cage increase, with the copper losses increasing
quadratically with the current. Another cause of a prohibited
temperature rise in the machine is operation outside of

the machine’s rating parameters. Examples of this are as
follows:

— Undervoltage operation: With operation at decreased
voltage, the machine’s stator currents increase, in order
to deliver its required output including motor losses.
Because of the decreased voltage for the main in-
ductance in the machine’s equivalent circuit diagram, a

2000
1800 |——— =@ lron + friction losses
-@- Stator winding losses f

E 1600 |—— -@ Total no-load losses
2 1400 /
[ /
& 1200
; /
o
o 1000

800 / V.

- e

200
O T T T T T

0 100 200 300 400 500 600 700

Y
Voltage/V

Figure 2.1: Voltage-dependent no-load loss curve
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reduced magnetic flow density is produced in the air gap,
which results in an increase in the machine slip rate even
with constant load torque. Concerning the P, ,=s - P,
gives the relationship that explains the effect of significant
increase in copper losses in the machine’s rotor. Ultima-
tely the machine is “tilting”, whereby the speed drops
steeply and the stator current increases to that of the
initial starting current.

Overvoltage operation: If the voltage is increased above
the rated voltage range, a magnetic oversaturation of the
machine occurs. As soon as the operating point in the
sheet’s B-H characteristic curve moves into the linear
range and the value of y, approaches 1, very high magne-
tisation currents flow and the core and stator winding
losses increase sharply. The result may be a prohibited
temperature rise in the machine. Figure 2.1 illustrates the
situation.

- Voltage imbalances/phase failure:

Overvoltage imbalance and, in the extreme case, the
failure of a phase do not necessarily cause the motor

to stop. In the case of a low mechanical load, it results
only in an increase in the slip rate. That is why there is a
risk that this fault will remain undetected for a fairly long
period. However, the motor no longer starts with only
two remaining phases and corresponding load moment.

If the motor is star-connected, an increase in current must
be recorded in the remaining phases. If the current ex-
ceeds the machine’s rated current, prohibited temperature
rises may occur. The motor protection switch must detect
the overcurrent and switch the motor off.

With a delta-connected motor, a phase failure (in accord-

ance with Figure 2.2) results in the winding phase carrying

to cease to carry the <'/vs-times conductor current but
the #/3-times conductor current instead of. A thermal
overload of the winding phase is therefore possible
without the protective device registering an overcurrent.

It follows, however, from IEC/EN 60079-0 that the protec-
tive device must detect machine imbalances before pro-
hibited temperature rises occur. This fault must, therefore,
be detected by a certified motor protection device. The
cause of the phase failure may be a tripped fuse or else

a clamped connection which has worked loose.

The interruption of a winding phase inside the motor,

in the case of a delta connection, is to be regarded as
especially critical. In this case, the uninterrupted winding
phases are charged with the full conductor current. In or-
der to accurately detect this fault, also, the motor protec-
tion switch must be switched on directly to the winding
phases and be set to the 'Va-times motor rated current,
in order to regulate out ignitable temperature rises and
thermal damage to the winding.

— Inadequate cooling: If the cooling air routes are blocked

or the motor is operated at an excessive ambient tempe-
rature, there is a danger of prohibited temperatures, even
without any overload. This fault can be detected only by
direct temperature monitoring.

— Converter mode: Frequency-converter operated ma-

chines, as long as they are self-ventilated, are driven by
a heat dissipation system, with speed varying according
to the environment. At every point in time, the balance
from the fundamental component losses including the
harmonic losses as well as the heat dissipation to the
environment and the machine’s heat-accumulation ca-
pability are safeguarded, in order to prevent a prohibited
temperature rise.

L1

Voltage drop at start: If voltage drops should occur in
the case of high network impedances during the start-up
process, this results in an approximate linear reduction of
the initial starting current by the voltage and in a quadratic
reduction of the breakaway torque. Thus there is a risk
that the machine will not start at the appropriate load
moment. At the lower starting current according to figure
2.4, an extension of the motor protection switch’s switch-
off time also results when the machine does not start. It
is essential to ensure that the machine is not subjected to
any prohibited temperatures within the extended switch-
off time.

S3

Undisrupted operation:

| 1 :|L2:|L3:\/3.|s
L2 L3
(o) O Phase failure L3:
L1 L2 L3 2
=1, ls, = 3 I,
y
;=0 g, =gy = 3 1

Figure 2.2: Delta connection in the case of phase failure

2.3  Protection principles for mains-operated machines and
requirements of protection with explosion-protected drives
2.3.1 Type of ignition protection — Flameproof enclosure “db”

With this type of ignition protection, the principle is based
on the fact that an explosion may occur in the interior of
the motor and is allowed to do so but that the latter is
not transferred to the surrounding explosive atmosphere
because of the housing design. From an explosion pro-
tection point of view, the only thing that, therefore, must
be required of these motors is that the exterior surfaces
do not heat up beyond the certified temperature category
in normal operation and in the case of faults, and that the
seals, connection cable and other attachments are not
thermally overloaded. These motors may be thermally
protected by a time-based over-current trip and also by

PTC thermistors embedded in the winding. It can be taken
from Directive 2014/34/EU and Standard IEC/EN 60079-14

th

at motor protection is absolutely necessary. Locking,

however, is not considered separately — something which
also does not necessarily have to be essential because of

th

e housing’s high heat capacities. In the case of locking,

even if rotor and stator windings are supposed to have
heated up above the ignition temperature when the motor
protection responded, the housing will only reach distinctly
reduced temperatures because of the distribution of the
heat energy to a higher thermal capacity.
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2.3.2 Type of ignition protection — Pressurized enclosure “p”
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This type of ignition protection may be considered in the
same way as the Flameproof enclosure. In this case also,
only the external surface temperature is relevant to explo-
sion protection. No combustible mixture can penetrate the
motor’s interior, as an explosion protection gas, for example,

is maintained under overpressure here. As an additional
condition, there must be a guarantee that internal parts are
cooled down to values below the ignition temperature of the
diffusing mixture when the mixture reaches them, if the igni-
tion protection gas supply fails and the motor switches off.

2.3.3 Type of ignition protection — Increased safety “eb”

With this type of ignition protection, the ignitable mixture is
allowed to penetrate the motor’s interior but must not come
into contact with any ignition sources. For that reason,
special requirements are set of the motor protection in
accordance with IEC/EN 60079-14, in order not to reach

any prohibited stator or rotor temperatures at rated voltage,
even in the case of locking. The direct temperature monitor-
ing or a time-dependent overcurrent trip may be used as
protection principles.

2.3.4 Type of ignition protection — “ec” (old: “n”)

For this type of ignition protection, the machine only has
to maintain the temperature category in “normal operating
conditions”, in accordance with IEC/EN 60079-15. It is
stated explicitly in the standard that the case of locking
does not have to be considered for operating modes

S1 and S2. Overloading is not mentioned. In the case of

operating conditions which cannot exclude overloading
without protection and could remain undetected for a

long time, they contradict the theory of this type of ignition
protection. A type of overload protection similar to the In-
creased safety “eb” type of ignition protection is adequate.

2.3.5 Type of ignition protection — “t”, dust explosion protection

For dust-explosion-protected machines in accordance with
the standard IEC/EN 60079-31, a further core requirement
— alongside the aforementioned verification of the enclosure
protection — is observance of the maximum surface tem-
perature specified in the EU type-examination certificate.
The surface temperature is determined by way of electrical-
thermal testing for rated-duty operation, for operation at the

2.3.6 Direct temperature monitoring

In the case of direct temperature monitoring as sole protec-
tion, PTC thermistors are embedded in all three of the wind-
ing head’s three winding phases and impregnated along
with the winding. This guarantees a strong thermal contact
between winding and PTC thermistor, which is extremely
important for the effectiveness of the protection principle.
The individual PTC thermistors are connected in series and
linked to a PTC thermistor tripping device, usually fitted
outside the explosion hazard area, during motor installa-
tion. If the PTC thermistors are heated up past the nominal
response temperature e.g. 130 °C, the resistance increases
steeply and is registered by the evaluation unit. When the
nominal switch-off temperature is reached, the motor is
switched off. The unit must also detect resistance which

is too low and beneath the PTC thermistor’s “window of
resistance”. The reason for this may be a short circuit in the
PTC thermistor’s connecting wiring, which stops protection
from being guaranteed. Protection by direct temperature
monitor restricts the winding temperature to a fixed value.

upper and lower limits of the rated voltage range and after
overload testing with 120% rated current for two hours,
starting from a state of thermal equilibrium after rated-duty
operation. This is intended to simulate disconnection via the
motor circuit-breaker in case of overload. For all tests, it is
important to take into account the subsequent further warm-
ing of the housing after the end of the actual test duration.

By this means, it is possible to also detect prohibited tem-
peratures which are attributable not to an overload but, for
example, to blocked cooling air routes or to an excessive
ambient temperature. From the point of view of pure current
monitoring, this is a safety benefit.

In the design of the PTC thermistor for sole protection, care
must, however, be taken to ensure that the rotor as well as
the stator must be protected from prohibited temperatures
(Increased safety “eb” type of ignition protection and type of
ignition protection “ec”). This is a challenge for rotor-critical
machines in particular and many machine designs do not
permit sole protection via PTC thermistor.

In the case of a machine with sole thermal protection via
PTC thermistor being tested, these cases must be consi-
dered and the “protection’s equal quality to current monitor-
ing” proved by calculation and experiment.

2.3.7 Current-dependent, time-delayed safety equipment

Motor protection via current monitoring is based on the
approach of the motor protection relay representing a sim-
plified thermal image of the motor and shutdown occurring
in the case of a prohibited temperature rise registered by this
thermal model. In addition, the motor protection switches
contain another magnetic instantaneous trip for short-circuit
protection. The simplest design of motor protection device
is a motor protection switch with thermorelay. Here the

bimetal is heated up by a heating winding with the motor
current flowing through it. The bimetal may be regarded as

a single-body equivalent motor circuit. Bimetals of this type
exist for all three phases and different temperature rises in the
bimetals and thus also a single phase overload and current
imbalances are detected, by means of a mechanical link. In
accordance with EN 60079-0, the protective device must not
trip within 2 h, even when the rated current of the motor is

1.05. in the case of current multiplied by 1.2 it must respond
within 2 h. The following consideration clarifies the motor’s
thermal behaviour:

For the single-body equivalent circuit,
it is possible to write
o AY

PVZR—m+ C- R

P, is the converted power loss in the machine, ¥ the
overtemperature for the environment, R, the heat transfer
resistance for the environment and ¢ the machine’s heat
capacity. The following may thus be written for the tem-
perature:

t
ﬂ:%L-U-e'W)

th

Alt follows from this equation that the rise in temperature,
e.g. after the overloading has occurred in accordance with
an e-function, approximates the new “steady state

temperature” %— .

th

For this reason, there must be a shutdown to safely protect
the motor, before the overtemperature 9 in the stator or
rotor reaches prohibited values.

The motor’s load-dependent losses may be seen as an initial
approximation in quadratic dependency on the machine cur-
rent, with the result that the integral must be evaluated by

AD ~ [ttt

in the case of overload. In the most basic case, the evalua-
tion may occur via the previously mentioned bimetal. Elec-
tronic protective devices, however, which guarantee a more
precise response, respond with a freely-definable current
imbalance factor, and are able to represent the machine
better thermally by means of a more expensive thermal
multi-body equivalent circuit, and are becoming increasingly
widely distributed, particularly in the case of larger drives.
As an alternative, there is also the possibility of monitoring
the motor’s active power input by an electronic protective
device. This may be advisable with machines which have

a very low current input in the case of overload or if, in the
case of pump drives, for example, a drop in power must
also be recognised as dry run prevention.

2.3.8 Protection selection and parameterisation
with type of ignition protection — Increased safety “eb”

Permitted temperature range in the event of a fault

Continuous duty temperature range

Time t.

e
Hours Seconds

Figure 2.3: Definition of t_time

In Figure 2.3 we see the worst fault in thermal terms for a
machine, the motor locking at operating temperature. The
motor protection must switch off the motor within the t.
heating period stated on the EC type-examination certificate.

In order to be able to guarantee that it is switched off at

the right time, the motor protection device must firstly be
correctly set to the motor’s rated current. The other con-
dition is that the t_ time calculated by measurement in the
case of the motor’s measured initial starting current relation
should always be higher than the tripping characteristic

curve for motor protection relay contained in Standard
IEC/EN 60079-7, 5.2.4.4.1 (Figure 2.4). The permissible initial
starting current/rated current relation is within the range of

3 — 10 for machines of the Increased safety “eb” type of igniti-
on protection (for VIK motors, this range is limited). In addition
to the shutdown of the machine in the cases of “Overload”

L
24120
60 €
40 8.
N
20 M
— VK
10 N . ]
EN 60079-7 -
5
0 I/l
1 1.5 2 3 4 5 6 7 8910

Figure 2.4: Tripping characteristic curve for current-dependent
motor protection devices complying with
EN 60079-7 and VIK Recommendation VE1-2011

and “Locking”, the following more detailed requirements are

made of the motor protection device, in order to guarantee

safe operation of the motor:

— Protection against accidental adjustment

— No automatic restart after tripping

— Start monitor

— Short-circuit detection

— Detection of prohibited current imbalances

— Test possibilities

— Detection of safety-specific interior faults and transfer to
safe state (shutdown)

— Minimum required: SIL Category 1

— Shutdown within 2 h in the case of overload at 1.2 times
motor rated current

— “Thermal Memory” in the case of supply voltage
interruptions
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2.3.9 Current and temperature monitoring

For special instances of use, it is advisable to protect the
motor by a direct temperature monitor in addition to the
current monitor. Such a case occurs if, for example, opera-
tion results in having to deal with excessive ambient tempera-
tures or blocking of the cooling air routes at the motor’s

Monitoring devices as per
Directive 94/9/EC for equipment
in explosion risk areas

Motor protection switch PTC thermistor tripping

by

installation site. In the case of this “hybrid protection”
(Figure 2.5) the PTC thermistor does not have to be
designed for sole protection, as overload and locking
are detected by the current monitor.

Explosion risk area

Power supply

& 55
ﬁﬁ]

Figure 2.5: Motor protection by current
and temperature monitoring

Motor

2.4 The motor in combination with other equipment

If the motor is directly connected to the machine, which
happens very frequently in practice, it is no longer sufficient
to consider the motor as detached from the environment,
from a thermal point of view. This is particularly the case if
the machine reaches a higher temperature than the motor
and heat flows materialise towards the motor. In the case
of a pump, this can occur when hot substances are being
pumped. Figure 2.6 illustrates the situation.

Motor

i d
’
’
4
’

Environment

.

Base

Figure 2.6: Motor-pump assembly
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Flange Flange A
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When considering the combination of motor and pump, not
only the temperature category of any gases has to be taken
into account, but also the limit temperatures of the motor’s
components and attachments. In this case, the bearing in
particular should receive the necessary attention, if heat
flow caused by the shaft is expected. Excessive bearing
temperatures may result in a premature failure of the bearing
possibly combined with combustible conditions.

Pump

-

~

~
A Y

\

Base/pipes

The motor with gearbox connected is another very common
combination. In this case also, the gearbox temperature rise
must be taken into account in the selection and design of
the drive. This does not apply if motor and gearbox have
been obtained from the manufacturer as one unit.

In accordance with Figure 2.7 the gearbox is frequently
designed as a combination of “Structural Safety” and “Fluid
encapsulation” types of ignition protection.

_

L
X ?‘Qa&
ck

Figure 2.7: Combination of the “c” and “k” types of ignition
protection with a gearbox (“c* and “k”...
mechanical explosion protection)

Directive 2014/34/EU details the following possibilities for
assembling two devices (e.g. motor and pump):

1. Motor and pump cannot be assessed separately: the
combination is subjected to the conformity evaluation
process for electrical equipment.

2. Motor and pump may be assessed separately: If no other
ignition dangers occur, the unit does not come under the
directive’s area of application; a unit is produced which
consists of two individual devices which each have a
separate declaration of conformity.

3. The assembly’s manufacturer wishes to submit a com-
prehensive declaration of conformity: obligation to carry
out an ignition risk evaluation; creation of documentation;
CE label and declaration of conformity; manufacturer
bears full responsibility; third-party certification not
necessary

4. Additional ignition hazards resulting from a combina-
tion or a component is not in full compliance with the
directive: The combination must be subjected to the
complete conformity evaluation process.

In addition to the thermal influences already described, all
other values affecting explosion protection must be taken
into account. Here the devil is often in the detail. Thus, for
example, the topic of “Electrostatics” must be subjected to
consideration besides the effects on motor cooling when
attaching a plastic noise protection cover.

2.4.1 Recommended maximum interface temperatures for flange motors

As a result of connection to machines, temperatures above
40 °C may occur in flange motors, both on the flange and
on the shaft end. It is required of motors of Ex d and Ex e
type of ignition protections in accordance with VE 1/NE 47
that they still adhere to the conditions of explosion protec-
tion, as long as the interface temperatures specified below
are not exceeded.

Note 1: The specified limit values are published in agreement
between VDMA and ZVEI as a VDMA standard
sheet for pumps built as a block assembly.

Note 2: With the exception of the specified interface tem-
perature, no other real heat input to the machine’s
active parts from shaft end and flange is expected.

2.4.1.1 Machines of type of ignition protection — Flameproof enclosure “db”

in mains operation

Temperature category T3 T4 15
max. shaft temperature 100 °C 100 °C 85°C
max. flange temperature 100 °C 100 °C 85°C

T6
70°C
70°C

General conditions:

— Maximum permissible temperatures on shaft end
and motor flange

— No converter mode

— Self-ventilated

— Size 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

2.4.1.2 Machines of type of ignition protection — Flameproof enclosure “db”

in converter mode

Temperature category T3 T4 T5
max. shaft temperature 100 °C 100 °C -4
max. flange temperature 100 °C 100 °C -4

* still under discussion

General conditions:

— Maximum permissible temperatures on shaft end
and motor flange

- Adjustment range from 10 Hz to | (S60H2)

— Self-ventilated

— Size 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 test necessary

VEM Ex-Manual 2017

w
w



Technical explanation

Explosion-hazard zone

VEM Ex-Manual 2017

w
=~

2.4.1.3 Machines of type of ignition protection — Increased safety “eb”,

temperature category T3

Pole number 2-pole 4-pole
max. shaft temperature 60 °C 75°C
max. flange temperature 60 °C 75°C

General conditions:

— Maximum permissible temperatures on shaft end and
motor flange

— No converter mode

— Self-ventilated

— Size 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

3 Frequency-converter operated explosion-protected drives

and safety measures

In the case of Flameproof enclosure “d” and Pressurized
enclosure “p”, the explosion protection principle is based
on the fact that either an explosion occurring in the housing
interior is not transferred to the surrounding atmosphere
(Flameproof enclosure “d” type of ignition protection) or else
the explosive atmosphere cannot penetrate the housing
interior during operation (Pressurized enclosure “p” type of
ignition protection). With these types of ignition protection,
the temperature of the exterior surfaces, which must not
exceed the temperature category’s limit temperature, is the
decisive criterion. In the case of the Pressurized enclosure
“p” type of ignition protection, there is the addition of the
limiting condition for the maximum temperatures in the
housing interior that the residual heat stored cannot ignite
diffusing gas if there is a failure of the ignition protection
gas supply and the motor is switched off. In the case of the
Flameproof enclosure “db” type of ignition protection, sui-
tability for operation on the frequency converter is certified
across-the-board in the EU type-examination certificate

by the notified body. The same applies to the Pressurized

€

enclosure “p” type of ignition protection.

The interior temperatures are otherwise not relevant to
explosion protection. There must, however, be a guarantee

3.1 Electrical discharges

Caused by the power transistors’ fast switching operations
and thus high voltage increase speeds, travelling wave
processes form on the motor wiring, whereby the motor’s
and converter input’s impedances, effective for the high-fre-
quency processes, differ from the wiring’s wave impedance.
Z ot > Loiing 9eNerally applies, so that a reflection factor of
approximately 1 is produced for the voltage wave running in
the direction of the motor and the wave is reflected. In the
case of electrically long wires compared to the frequency

of these travelling wave processes, transient voltage peaks
occur as far as the double intermediate circuit voltage on
the motor terminals (Figure 3.1). The clearances in the
machine’s terminal box would have to be sized to the
transient overvoltages, whereas the creepage distances in
accordance with IEC/EN 60079-7 must be designed only
for the converter output voltage’s RMS value. In accordance
with [IEC/EN 60079-7, short-term voltage peaks do not re-
sult in the formation of erosions caused by leakage currents
on the surface.

in terms of operating safety and availability that the per-
mitted operating temperatures of the insulation materials
and other installed components are not exceeded. These
motors are protected by PTC thermistors in a similar way to
the mains-operated motor, with evaluation unit embedded
in the winding. Slot resistance thermometers may be used
as an alternative.

With the Increased safety “eb” type of ignition protection,
the equipment’s explosion protection is based on the
prevention of an explosive atmosphere igniting, whereby the
explosive atmosphere can also penetrate the equipment’s
interior. With an asynchronous motor, the possible ignition
sources are hot surfaces, mechanically-produced abrasion
and impact sparks and electrical discharges. In order to
eliminate them, increased requirements of the mechanical
structure and design of the electrical insulation system, as
well as protection from prohibited high temperatures, are
necessary in the case of explosion-protected motors. With
frequency converter operated machines, there are additional
dangers of ignition due to “Electrical Discharges” and “Hot
Surfaces” ignition sources compared with mains operation,
ignition dangers which must be taken into consideration for
the machine’s design and for certification.

With low voltage machines, it has proved effective in prac-
tice to design the terminal box’s rated voltage according

to the frequency converter input voltage, as long as no
transient overvoltages occur at an amplitude higher than
the double intermediate circuit voltage. If multiple reflections
and thus higher voltages are to be expected, the next high-
est rated voltage step must be chosen for the terminal box.
This procedure is recommended by the PTB.

It is also very important, however, for the winding insulation
to be designed for these high, steep-flank voltage pulses.
The winding insulation in the winding input zone is also
severely stressed, as a major proportion of the voltage is
cleared here. If partial discharges occur here, that results in
destruction of the organic enamelled wire insulation over sus-
tained periods and finally in an ignitable flashover and failure
of the motor. If the motor manufacturer cannot guarantee
absence of partial discharge, a filter must be connected
upstream, in order to reduce the winding’s voltage stress.

Non-explosion-hazard zone

Single-phase equivalent circuit
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Figure 3.1: Development of transient overvoltages on a frequency-converter operated drive

3.2 Hot surfaces

If an electrical machine takes on a prohibited temperature,
the reasons are either an excessive heat loss inside the
machine, for example, as a result of overload, or insufficient
cooling. Reason for a prohibited overload, especially in the
machine’s rotor, may also be operation beyond the motor’s
specifications, for example, at undervoltage.

These effects must be overcome by technical protection
devices and operating parameter limits specified in the EU
type-examination certificate and dangers of ignition must be
eliminated. In addition to the the limitation imposed by the
temperature category, the continuous duty temperatures of
the winding insulation, seals and other attachments must
not be exceeded, in order to prevent premature ageing,
along with possible ignitable failure. With the indirect voltage

link converter normally used today, additional temperature
rises in the motor caused by the harmonics are very rare,
even without sine wave output filter, and are less than 10 K
in most cases in the PTB-inspected motors complying with
the permitted operating parameter limits. In the design of
the converter in accordance with the specifications of the
EU type-examination certificate for the motor, the “locked
motor” fault does not have to be considered. For that
reason, the temperature reserve maintained for it may be
distinctly reduced. On the other hand, a very important
point is the increase in the thermal resistance to the environ-
ment with a reduction in speed in the case of self-ventilated
machines. In Figure 3.2, this relation is applied to two
machines of sizes 180 and 132.
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= ' = Polynomial regression (BG 180)
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Figure 3.2: Characteristics of thermal resistance
to the environment depending on speed
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This effect is considered in the new testing and certifica-
tion concept for frequency converter operated drives, of
the Increased safety “eb” type of ignition protection, by
a variable speed current limit in the frequency converter.
In Figure 3.3, the maximum machine current related to
the rated current of a machine of size 132 is shown as

an example. All the operating points below the curve are
permanently permissible but those above the line are only
permissible for a limited time, which is calculated in
dependence on the overload. With a machine current
greater than the 1.5-times rated current, an immediate
shutdown occurs.
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Figure 3.3: Variable speed current
limitation, from the EC
type-examination certificate
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The nodes in the curves have been detected by measure-
ments in the PTB. In addition to this protection by means of
frequency-dependent current monitor, a second protective
device is required, certified as a monitoring device in accord-
ance with Directive 2014/34/EU, as the frequency converter
is not certified and that is also not desired by the manuf-
acturers. This protective device amounts in most cases to
direct temperature monitoring via triple PTC thermistor with
tested PTC thermistor evaluation device. The direct tem-
perature monitoring has a further advantage in that other
faults, such as a blocked fan grid or excessive ambient
temperatures, are detected.

Also very important for safe operation is compliance with
the motor’s operating parameters specified in the data

Medium voltage | Low voltage

Mains Transformer  Frequency converter Sine filter

Fe—(1

f/Hz —

sheet, whereby the fundamental oscillating voltage on

the motor terminals is given particular significance. If, for
example, the voltage drop on the converter and the motor
connection cables is not adequately taken into account, the
motor slip increases in the case of unmodified torque and
the rotor, in particular, heats up very intensively.

The voltage drop must also be taken into account in any
case if a sine output filter to reduce overvoltages is con-
nected between motor and frequency converter.

Figure 3.4 illustrates the situation. The motor has to be
authorised for the expected motor terminal voltage or the
edge frequency adapted accordingly.
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Figure 3.4: Voltage drops between mains and motor

3.3 Harmonic losses

A further source of losses and thus of temperature rises
with a frequency converter operated drive are the harmonic
losses caused by the frequency converter input. This is
caused by the voltage harmonics contained in the motor’s
supply voltage which contribute nothing to the motor’s
torque but, however, result in current flowing through the
motor and thus in losses both in the iron (eddy losses) and
in the stator winding and the rotor cage (ohmic losses).
Graphically presented, the machine may be subdivided into
the “fundamental mode motor” formed by the torque and

multiple “Harmonic motors” arranged on the shaft, where-
by the superposition principle is applicable because of the
different frequencies. It can be seen very clearly from this
graphic presentation that the harmonics losses increase
both with the number of harmonic occurring and with their
amplitude. Here it becomes clear that the frequency conver-
ter input voltage or the difference between the RMS value
and the motor voltage’s fundamental oscillation value have
a direct effect on the harmonic losses, as shown by the
measurement in Figure 3.5.
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Figure 3.5: How the harmonic losses depend on the
converter input voltage

To limit the harmonic losses it is, therefore, necessary to
limit the converter’s supply voltage. This value is thus also
listed in the EU type-examination certificate. If these

3.4 Increase in energy efficiency

This new approach will also contribute to an increase in

the proportion of frequency converter operator drives in

the chemical industry, as a result of which extremely high
energy-saving potential is produced, particularly in the case
of the drive for fluid flow machines. The result of a compa-
rison of the energy efficiency of the flow rate adjustment

by bypass or reducing valve and the pump’s direct speed
adjustment by means of frequency converter is shown

in Figure 3.6. The general conditions adopted were the
pump’s rated output of 50 m®h at a pressure of 7 bar. A
flow rate of 30 m%/h required by the process was applied for
the consideration in Figure 3.6. At assumed 5,000 part load
annual operating hours and a motor rated output of 18 kW,
the amortisation period for the frequency converter is often
less than one year, at today’s energy prices.

specifications are observed, the harmonic losses are slight
compared with the fundamental mode losses (below 10%)
and do not result in prohibited temperature rises.

Operation on mains

Mains Motor Pump Valve
100% 90% ~70% 60%
Hydraulic
Electrical
power

power
1.5 kW 3.9 kW 3.8 kW
Operation on converter

Mains Converter Motor Pump
100% 96% 89% ~70%

Hydraulic

power
Electrical
power

0.38 kW 0.99 kW 2.3 kW

Figure 3.6: From electrical to hydraulic power
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All'in all, the energy-saving compared to the flow rate
adjustment by means of valves with increasing pump
throttling, i.e. reduced flow rate, increases. If the pump is
operated in the unthrottled state, the other hand, insignifi-
cantly higher losses compared to direct mains operation are
produced because of the converter’s losses and the motor’s
harmonic losses.
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In actual use, it is highly improbable that the pump is con-
stantly operated at the same hydraulic capacity over the
period. It is much closer to practice to adopt various load
profiles for an estimation of the energy-saving potential, with
each expressing the dividing-up of various capacities over
the total operating period of one year.
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If, because of the process, the pump is constantly driven
at its rated flow rate, retrofitting of a frequency converter
is not advisable.

Figure 3.7 shows the estimated amortisation period for

a frequency converter (purchase price 2000 €) depending
on the flow rate (motor output 18 kW and kWh price

0.19 €/kWh).

Figure 3.7: Frequency converter amortisation
period (purchase price 2000 €)
depending on relation of flow rate
to rated flow rate.

For the assessments carried out in this case, the three load
profiles shown in Figure 3.8 were adopted. In that case a
pump period of use of 5000 hours in total within one year
was assumed. The bars show the time proportion of the
hydraulic capacities (50, 30, 10, 5 m®/h) with the rated flow
rate amounting to 50 mé/h.

Figure 3.8: Classification of the hydraulic
capacity by time

If the costs occurring over the period for the mains opera-
tion and for the operation on the frequency converter are
calculated adopting the load profiles shown in Figure 3.8,
then because of the simplified adoption of constant motor

15000

output for mains operation (flow rate adjustment by a by-
pass valve), a straight line is produced running through the
coordinate origin, with the energy costs per time unit as the
incline (mains operation costs).
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w — i
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Figure 3.9: Energy cost characteristics
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over the period for mains
operation and for frequency

1000 /

converter operation.

Frequency converter purchase
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The costs in the amount of 2000 € for the converter-ope-
rated drives, already generated at t = O time, correspond to
the accepted purchase costs of the frequency converter. As
indicated by the dotted lines, the amortisation period in days
is produced from the points of intersection of the straight
lines for converter operation and mains operation.

By means of the relation shown in Figure 3.9, the amortisa-
tion periods for any investment costs (parallel move of the
“converter curves”) and for other, possibly more favourable

3.5 Summary and outlook

Experience to date with the new testing and certification
concept for frequency-converter operated drives of the
Increased safety “eb” type of ignition protection is extremely
promising and it is apparent that certification for operation
on the converter up to Temperature Category T3 is easily
possible. A requirement of safe operation, however, is that
the motor’s operating parameters specified in the data
sheet are observed and the winding is suitable for the vol-
tage pulses which occur.

Laptop

P Shutdown in the event of an error

I

Parameterisation

cost: 2000 €

Days ——

methods (in terms of energy) for conventional flow rate ad-
justment (flattening of the “mains curve”) may be determined.

But even with a considerable extension of the amortisation
periods, the use of frequency converters for driving fluid flow
machines is associated in most cases with major financial
savings and other advantages, for example, optimisation of
process management and prevention of voltage drops on
starting high-output pumps.

A motor protection device for converter operated drives is
currently being developed in collaboration with a certain
company. When the device is in use, frequency conver-

ters without variable speed current limitation can also be
used and the PTC thermistor is also no longer necessarily
required. Figure 3.10 shows the protective device’s possible
use.

Optional:
Direct temperature monitoring

Directive

Voltage frequency
measurement

7

Figure 3.10: Monitoring the motor in converter mode

Current converter
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The following may be stated in summary:

3.6 Operation on frequency converter with use in

Zone 2 (Ex Il 3G) or Zone 22 (Ex Il 3D)

Operation on the frequency converter is only possible
within the operating points specified on the nameplate.

It is permitted to exceed the machine rated current up to
1.5 times the rated current for a maximum of 1 min with

a time interval of 10 min. By no means can the specified
maximum speed or frequency be exceeded. By selecting a
suitable converter and/or using filters, it can be guaranteed
that the maximum permitted pulse voltage on the motor
terminals is not exceeded.

It is necessary to ensure that the operating voltage at the
motor terminals complies with the specifications on the
nameplate (watch out for voltage drop because of filter!).
Thermal winding protection must be assessed either by a
separate tripping device or by the converter.

3.7 Operation on frequency converter with use in Zone 21 (Ex Il 2D)

It is mandatory that motors for use in Zone 21 be certified
by a notified body for operation on the frequency con-
verter. It is imperative that the limit values specified on the
nameplate and on the EU type-examination certificate are

observed. This also means, in particular, monitoring the
motor current depending on the frequency. Only frequency
converters which meet the requirements stated in the

EU type-examination certificate may be used.

3.8 Operation on frequency converter with use in Zone 1 (Ex Il 2G)

It is mandatory that motors of the Increased safety “eb”
type of ignition protection for use in Zone 1 are certified by
a notified body for operation on the frequency converter. It
is essential that the limit values specified on the nameplate
and on the EU type-examination certificate are observed. In
particular, this means monitoring the continuous current de-
pending on the frequency. Only frequency converters which
meet the requirements stated on the EU type-examination
certificate may be used. The thermal winding protection
installed must be evaluated by a tripping unit meeting the
requirements of Directive 2014/34/EU, using the

Ex labelling Il (2) G. By no means can the specified
maximum speed or frequency be exceeded. The maximum
permitted pulse voltage of 1560 V must be limited on the
motor terminals by selecting a suitable converter and/or
using filters. It is necessary to ensure that the operating
voltage at the motor terminals complies with the specifica-
tions on the nameplate (watch out for voltage drop because
of filterl). If the terminal voltage on the motor is less than
the rated voltage specified on the nameplate, because of
voltage drops caused by the frequency converter, wiring
and possible throttles or filters, the edge frequency must
be set to a lower value corresponding to a linear voltage/
frequency allocation. This produces a lower possible speed
range.
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Figure 3.11: Example of an EC type-examination certificate of Increased safety “eb” type of ignition protection

for operation on the frequency converter.

3.9 Permanent-magnet synchronous machines/reluctance machines

Synchronous machines as such have been known since
the beginnings of electrical drive engineering as a machine
type which is used for high-power motors in the form of an
externally excited synchronous motor. All high-power gene-
rators in thermal power stations and hydropower stations
are likewise based on this function principle. The normative
demands placed on this machine type are described in the
standard IEC/EN 60034-1.

In a permanent-magnet synchronous machine, the DC rotor
winding required to excite the magnetic field is replaced
with permanent magnets. In the field of positioning drives
(e.g. robot arms in the automotive industry), permanent-
magnet synchronous machines have already represented
the state of the art for several years.

It is generally possible to use permanent-magnet synchro-
nous machines and reluctance machines in areas subject

to explosion hazards, but each individual case must be
analysed separately with regard to machine design and the
potential ignition sources, in order to determine the scope of
testing to be performed by the notified body.

The current harmonised standards IEC/EN 60079-7 and
IEC/EN 60079-0 do not address the special requirements of
these machines in respect of increased safety — type of
ignition protection “eb”. At IEC level, too, no normative
specifications exist with regard to the testing of permanent-
magnet synchronous machines.

Explosion-protected permanent-magnet synchronous
machines and their testing are the subject of a current PTB
research project.
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4 The VEM product range of explosion-protected equipment

4.1 Overview

The extensive range of VEM low voltage motors provides
the chemical industry with a wide selection of explosion-
protected motors of the various types of ignition protection
for gas and dust explosion-protected areas. The following
type of ignition protections are included in the range:

Explosion-protected three-phase asynchronous
motors with squirrel-cage rotor for low voltage
— Increased safety “eb” type of ignition protection
Ex e Il complying with IEC/EN 60079-0 / IEC/EN 60079-7
— Flameproof enclosure “db/db eb“

Ex d/de complying with IEC/EN 60079-0 / [EC/EN 60079-1

— Increased safety “ec” (old: “n”) type of ignition protection
complying with IEC/EN 60079-0 / IEC/EN 60079-7
(old: IEC/EN 60079-15)

— Motors for use in areas with combustible dusts
& 112D, €x) 11 3D complying with IEC/EN 60079-0 /
IEC/EN 60079-31, IEC/EN 61241-1,
EN 60079-0/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 are tested and certified by the following bodies:

— Physikalisch-Technische Bundesanstalt Braun-
schweig (Notified body No. 102),

- IBExU Freiberg (Notified body No. 0637) or

— DMT Gesellschaft fiir Forschung und Priifung mbH
(Notified body No. 0158), now DEKRA EXAM GmbH.

These test certificates are recognised by all European Union

member states. The members of CENELEC who do not

belong to the EU also accept them. In the case of special

pmmE
-® e
-

Zone 22
&) 11 3D Ex tc IlIB T125 °C Dc

DUST

Zone 21
& Il 2D tb IIC T125 °C Db

Zone 20
Zone 0

.y,
~
~

=" =
Zone 1
& Il 2G Ex eb IIC T3 Gb
& 1l 2G Ex db/db eb IIC T4 Gb

GAS

Zone 2
&) 11 3G Ex ec IIC T3 Gc

designs which affect explosion protection (other frequency,
output, coolant temperature, use on the frequency conver-
ter, etc.), an additional or new certificate may be necessary.

4.2 Energy efficiency and explosion protection

While the questions of classification of energy-saving mo-
tors in Europe used to be settled on a voluntary basis by
the Voluntary Agreement (Degree of Efficiency Categories
EFF1, EFF2 and EFF3), the latter has now been replaced
by IEC/EN 60034-30-1: “Degree of Efficiency Classification
of Three-Phase Motors with Squirrel-Cage Rotors, with the
Exception of Pole-Changing Motors (IE Code)”. For 2-, 4-
and 6-pole motors in the 0.75 kKW -375 kW output range,
this standard specifies the minimum efficiency factors for
Degree of Efficiency Category IE1 (standard degree of effi-
ciency), IE2 (higher degree of efficiency) and IE3 (premium
degree of efficiency). It should be noted that the measure-
ment procedures for determining the degree of efficiency
have changed with the switch to this standard. Where

EN 60034-2, with which the additional losses were calcu-
lated across-the-board at 0.5% of input power, used to be
applied, the new rules provide for IEC/EN 60034-2-1 to
serve as the basis for determining the degree of efficiency;
the additional losses are calculated by testing, in this case.

Motors for operation in explosive atmospheres (IEC/EN
60079) are also addressed by the efficiency classifications
defined in 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”,
Increased safety “ec” (old: “n”) and protection by housing
“tb” and “tc”. It is true that no minimum degrees of effici-
ency are applicable to such equipment under Regulation
(EC) No. 640/2009 and Regulation (EU) No. 4/2014, but
energy efficiency is nevertheless also a topic in this product
segment, not least due to the demands of the chemical
industry. From the design point of view, motors for the

Ex d/d, Ex ec and dust explosion protection types are not
complicated. There is no separate size/output allocation
compared with the standard motors; the electrical design

is identical. That means that EN 50347 can be applied in
full to these motors. With these types of ignition protection,
the explosion protection concentrates primarily on special
design measures such as the use of certified componen-
ts, special connection systems, increased clearance and
creepage distances, questions of electrostatic charges with
fans, compliance with certain minimum degrees of IP pro-
tection and questions of materials (especially ageing and the
temperature resistance of seals). The temperature limitation
measures at the surfaces of the motors and in the interiors
also do not contradict high degrees of efficiency. For this re-
ason, it has already previously been possible to find motors
with enhanced degrees of efficiency in the market for these
types of ignition protection.

VEM motors from the WE.R energy-saving series with
types of ignition protection Increased safety “ec” (old: “n”)
and Protection by housing “tb” and “tc” have been
available for a long time. These motors can be supplied
as IE2-W..R/IE2-KPR/KPER and as IE3-W4.R. Motors in
Flameproof enclosure “db” in series K82R can also be
supplied in classes IE2 (K82R...Y2) and IE3 (K82R...Y3).

The situation is different for the Increased safety “eb” type
of ignition protection. Here we have temperature limitation
in the case of error, in addition to the measures already
mentioned. That means special requirements of the start-
ing current and a guarantee of t_ times that are as long

as possible. Further to that, the size/output allocation is

governed in Germany by the DIN 42673 and DIN 42677
standards. The active materials in the Increased safety
“eb” series will be the same as those in the standard IE2
series in the future. This produces the basic prerequisites
for observing the new degree of efficiency categories.
Motors of the series K1.R 112-355 could already be
supplied for efficiency class IE1 when the stipulations

of IEC/EN 60034-30 came into force. In the meantime,

4.3 Gas-explosion protected motors

motors for efficiency classes IE2 and |E3 are available as
the series IE2-K11R.../ I[E2-K41R.../ |IE2-KPR/KPER...

Exe IIC T3 and IE3-K11R.../ IE3-K4.R.../IE3-KPR/KPER...

Exe IIC T3. Motors for the Increased safety “eb” type of
ignition protection can also be supplied in an IE4 version
upon request.

4.3.1 Motors with squirrel-cage rotor, type of ignition protection —

Flameproof enclosure “db/db eb”

Type K82R and B82R (-Y2, -Y3)
(Y2 corresponds to IE2 design and Y3 corresponds to IE3 design)
Sizes 63 - 450
Types of protection IP 55, IP 56, IP 65 complying with IEC/EN 60034-5
Cooling type IC 411 complying with EN 60034-6
Designs IM B3, IM B35, IM B5, IM B14, IM B34 and derived designs complying with IEC/EN 60034-7

Ambient temperatures -55 °C to +60 °C
Temperature category T3to T6

Explosion-protected design in accordance with Equipment Group |l, Category 2 Ex db(eb)
IEC/EN 60079-0 General Conditions
IEC/EN 60079-1 Flameproof enclosure “db”

Mounting dimensions and power allocation complying with DIN 42673 page 3 or DIN 42677 page 3

Summary of approvals:

Series and shaft centres Ex 11 2G Ex d(e) IC T3 - T6

K82.63 - 71 PTBO9ATEX1017 X
K82.80 - 160 PTBO9ATEX1018 X
K82.180 PTBO9QATEX1019 X
K82.200 PTBO9ATEX1020 X
K82.225 - 315 PTBO9ATEX1018 X
K82. 355 PTBO9QATEX1021 X
K82. 400 PTBO9ATEX1022 X
K82. 450 PTBO9ATEX1023 X
B82.80 - 132

Ex Il 2G Ex d(e) IB+H2 T3 — T6
PTBO9ATEX1032 X
PTBO9QATEX1033 X
PTBO9QATEX1034 X
PTBO9ATEX1035 X
PTBO9ATEX1033 X
PTBO9ATEX1036 X
PTBO9ATEX1037 X
PTBO9ATEX1038 X
PTBO9ATEX1039 X

Example of labelling:
Ex dIlIC T4 Gb or: Ex db lIC T4
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4.3.2 Motors with squirrel-cage rotor, type of ignition protection — Increased safety “eb”

Type KPR/KPER/IE1-KPR/KPER/IE2-KPR/KPER
K1.R/IE1-K1.R/IE2-K1.R/IE3-K1.R
Size 56 — 355
Types of protection IP 54, IP 55 and IP 65 complying with IEC/EN 60034-5
Cooling type IC 411 complying with EN 60034-6
Designs IM B3, IM B35, IM B5, IM B14, IM B34 and derived designs complying with IEC/EN 60034-7

For assembling motors in designs with vertical shaft position, it is necessary to prevent foreign
bodies from falling into the ventilation holes (protective cover).
Explosion-protected design in accordance with Equipment Group I, Category 2 complying with
IEC/EN 60079-0 General Conditions
IEC/EN 60079-7 Increased safety “eb”
Temperature categories T1and T2, T3 or T4

Mounting dimensions and power allocation complying with EN 50347 (DIN 42673 page 2 or DIN 42677 page 2)

Ambient temperatures -40 °C to +40 °C, with sizes

56 to 112: -20 °C to +40 °C, other values in accord-
ance with amendments and appropriate data sheets or
supplementary sheets

Terminal boxes:
EG type-examination certificate IBEXUOOATEX1051 U
including Supplements 1 to 6

The motors’ design is tested by the PTB and by the IBExU The EG type-examination certificates listed below are also
Institut fUr Sicherheitstechnik GmbH and available with supplementary sheets on the documentation,
certified as follows: for use as intended in explosion areas.

The supplementary sheets on the EG type-examination
certificate applicable to the individual models can be found
in the approval summary.

Motor’s mechanical components:

EG type-examination certificate IBEXUO2ATEX1108 U
EG type-examination certificate IBEXUOOATEX1083 U
including Supplements 1 to 11

Series and shaft centres EG type-examination certificate EG(EU) type-examination certificate
(IE.-) KPER 56 PTB99ATEX3308 IBEXUO2ATEX1109
(IE.-) KPER 63 PTB99ATEX3309 IBEXUO2ATEX1110
(IE.-) KPER 71 PTB99ATEX3310 IBEXUO2ATEX1111
(IE.-) KPER 80 PTB99ATEX3311 IBEXUO2ATEX1112
(IE.-) KPER 90 PTB99ATEX3312 IBEXUO2ATEX1113
(IE.-) KPER 100 PTB99ATEX3313 IBEXUO2ATEX1114
(IE.-) KPER 112 PTB99ATEX3314 IBEXUO2ATEX1115
(E.-) K1.R 112 PTBO9ATEX3004/PTBOBATEX3026X IBEXUO2ATEX1153
(E.-) K1.R 132 PTBOBATEX3037/PTBOBATEX3001X IBEXU99ATEX1142
(E.-) K1.R 160 PTBOBATEX3038/PTBO7ATEX3142X IBEXU99ATEX1105
(E.-) K1.R 180 PTBOBATEX3039/PTBO7ATEX3143X IBEXU99ATEX1138
(IE.-) K1.R 200 PTBOBATEX3040/PTBOBATEX3027X IBEXU99ATEX1143
(E.-) K1.R 225 PTBOBATEX3041/PTBOBATEX3028X IBEXU99ATEX1144
(IE.-) K1.R 250 PTBOBATEX3042/PTBOBATEX3029X IBEXU99ATEX1131
(E.-) K1.R 280 PTBOBATEX3043/PTBOSATEX3030X IBEXU99ATEX1030
(E.-) K1.R 315 PTBOBATEX3044/PTBOBATEX3031X IBEXU99ATEX1137
(IE.-) K1.R 355 PTBOBATEX3032X IBEXUOTATEX1009
(IE.-) K4.R 355 IBEXU15ATEX1146
(IE.-) K4.R 400 IBEXU15ATEX1075
W52R 355 IBEXU15ATEX1179 )
W52R 400 IBEXU15ATEX1180 )

*) EU type-examination certificate

Example of labelling:
Ex e lIC T3 Gb (alternatively: Ex eb IIC T3)
new complying with IEC/EN 60079-7: Ex eb IIC T3 Gb (alternatively: Ex eb IIC T3)

4.3.3 Motors with squirrel-cage rotor, type of ignition protection — “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

Size 56 - 400

Types of protection IP 54, IP 55, IP 56 and IP 65 complying with IEC/EN 60034-5

Cooling type IC 411 complying with IEC/EN 60034-6

Mounting dimensions and power allocation complying with EN 50347

Designs IM B3, IM B35 and IM B5 and derived designs complying with IEC/EN 60034-7.

For assembling motors in designs with vertical shaft position, it is necessary to prevent foreign
bodies from falling into the ventilation holes (protective cover).
Temperature category T2, T3or T4
Ambient temperatures -40 °C to +55 °C
(for sizes 56 — 112: -20 °C to +55 °C)
Explosion-protected design in accordance with Equipment Group I, Category 3
IEC/EN 60079-0 General Conditions
IEC/EN 60079-15 type of ignition protection “n”

For the motors’ design, there are the following type-examination certificates:
Series KPR 56 — 112: IBEXUOBATEXBOO1
Series KPR 63 — 132T: IBEXUOBATEXB002
Series (IE1-)K1.R 112 - 355: IBEXUO9ATEXBO0O6
Series (IE2-)W.1R 112 - 315: IBEXUOSATEXB004

Example of labelling:
Ex nA 1IC T3 Gc (alternatively: Ex nAc IIC T3)

4.4 Dust-explosion protected motors
4.41 Motors with squirrel-cage rotor 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/IE2-W.1R/IE3-W.4R
Size 56 — 355
Type of protection IP 65 complying with IEC/EN 60034-5
Cooling type IC 411 complying with IEC/EN 60034-6
Temperature 125 °C, other surface temperatures on request
Designs IM B3, IM B35 and IM B5 and derived designs complying with IEC/EN 60034-7

For assembling motors in designs with vertical shaft position, it is necessary to prevent
foreign bodies from falling into the ventilation holes (protective cover).
Mounting dimensions and power allocations complying with EN 50347
Ambient temperatures -30 °C to +40 °C (+55 °C),
for sizes 56 to 132T: -20 °C to +40 °C (+55 °C)
Explosion-protected design in accordance with Equipment Group I, Category 2
IEC/EN 60079-0 IEC/EN 60079-31, EN 61241-0 General Conditions
IEC/EN 61241-1 protection by housing “tD”

For the motors’ design, there are the following EG type-examination certificates:
Series KPER 56 to 132T: DTMOOATEXEQ12X
Series (IE1-)K2.Q 112 - 315: IBEXUO2ATEX1019
Series (IE1-)K1.R 112 — 355: IBEXUOQATEX1065
Series (IE2-)W.1R 112 — 315: IBEXUO4ATEX1118

Example of labelling:
Ex tb lIC T125 °C Db (alternatively: Ex tb 11IC T125 °C)
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4.4.2 Motors with squirrel-cage rotor for use in the presence of combustible dusts,

Zone 22

Type

Size

Type of protection
Cooling type
Maximum surface
Temperature
Designs

KPR/KPER/IE1-KPR/KPER/IE2- KPR/KPER
K1.R/K2.R/IE1-K2.R/IE2-W.1R/IE3-W.4R
56 - 400

IP 55 complying with IEC/EN 60034-5 (for combustible dusts IP 65)

IC 411 complying with IEC/EN 60034-6

125 °C, other surface temperatures on request
IM B3, IM B35 and IM B5 and derived designs complying with

IEC/EN 60034-7, for assembling the motors in designs with vertical shaft position,
foreign bodies must be prevented from falling into the ventilation holes (protective cover)

Mounting dimensions and power allocations complying with EN 50347

Ambient temperatures

-40 °C to +40 °C,
for sizes 56 to 132T:
-35 °C to +40 °C

Explosion-protected design in accordance with Equipment Group I, Category 3

IEC/EN 60079-0 and EN 61241-0 General Conditions
IEC/EN 60079-31 protection by enclosure “t”

The motors’ design is certified by an EC Declaration of Conformity.

Example of labelling:

Ex tc llIC T125 °C Dc (alternatively: Ex tc llIC T125 °C)

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

For the combinations 2G/2D and 3G/2D, the ambient temperature is limited to -40 °C to +60 °C
for the K82. series, -20 °C to +40 °C for the KPER/KPR series and -30 °C to +40 °C for the K1.R series.

Ex db(eb) IIC 2G or Zone 21 Il 2D
Ex ec lIC 2G or Zone 21 1l 2D
Ex ec IIC 3G or Zone 21 1l 2D
Ex ec IIC 3G or Zone 22 1l 3D

There are also the following certificates:

Design of motors 2G oder 2D

Series K82. 63 — 450:

according to the Flameproof enclosure “db” certification summary

Series KPER/KPR 56 — 112: IBEXUO2ATEX1108 U and IBEXUO2ATEX1109 to 1115

Series K1.R 112 - 355

according to the Increased safety “eb” certification summary
with additional certificate IBEXUOQATEX1065

Design of motors 3G oder 2D
Series (IE1-)K1.R 112 — 355: IBEXUO9ATEXBOO06 in addition to IBEXUO9ATEX1065
Series (IE.-)W.1R 112 — 315: IBEXUOSATEXB004 in addition to IBEXUO4ATEX1118

Design of motors 3G oder 3D

Series (IE1-)K1.R 112 — 355: IBEXUOQATEXBOOG6 in addition to manufacturer’s declaration Zone 22
Series (IE.-)\W.1R 112 — 315: IBEXUO3ATEXB004 in addition to manufacturer’s declaration Zone 22

5 Maintenance and repair

In Germany, all maintenance, repairs and modifications
in connection with explosion-protected machines must
be carried out in accordance with the Industrial Safety
Ordinance (BetrSichV) and ProdSV (Ordinance to the
Product Safety Act/Explosion Protection Ordinance).

In order to guarantee the safe operation of the system,
consisting of the drives and the matching monitoring de-
vices, through the total period of use of the technical system,
a regular inspection of the equipment and, if necessary re-
pair/replacement must be carried out. In this case it is in the
operator’s responsibility to ensure the equipment’s proper
maintenance and upkeep. As regulations for this purpose,
the Operating Safety Guidelines and Standard

IEC/EN 60079-17 must be named.

With the increasing testing intensity in the tests, the distinc-
tion is drawn between visual inspection, close inspection
and detailed examination. A visual inspection can be carried
out while the machine is running and often just in passing,
during a walk through the plant. A visual inspection means
looking over the equipment without using any aids to
access it. By this means it is possible to detect a missing

or damaged terminal box lid on the machine but also to re-
cognise noticeable bearing noises. In the case of a close in-
spection, the housing is subjected to a detailed inspection,
e.g. with the help of a ladder, or the bearing temperature is
measured with an infrared thermometer. Generally speaking,
taking the machine out of service is not necessary.

For the detailed inspection, the machine is shut down

and subjected to tests such as measurement of insulation
resistance. The various tests can be clearly displayed in the
"Testing Pyramid”.

Figure 5.1: Testing Pyramid

Recommended values, manufacturer-dependent

What is to be done? Time interval

Initial inspection After approx. 500 operating hours

Checking motor’s air supply and surface

Outside of Germany, the relevant national regulations
must be observed.

Further instructions for testing and upkeep of electrical

systems or the repair and repair of electrical equipment are

given in IEC/EN 60079-17 and IEC/EN 60079-19. Tasks

affecting explosion protection are considered as such, for

example:

— Repairs to the stator winding and the terminals

— Repairs to the ventilation system

— Repairs to the bearings and the seals in the case of
dust-explosion protected motors (Ex 2D, 3D) may be
carried out only by the manufacturer’s service personnel
or buyers/in authorised workshops by qualified person-
nel which has the necessary knowledge acquired from
training, experience and instruction.

In the case of dust-explosion protected motors, dust-ex-

plosion protection depends very heavily on local conditions.

For this reason, the motors in these areas must be regularly

tested and serviced.

Because of thermal insulation, thick layers of dust result in
arise in temperature on the motor’s surface. Dust deposits
on motors or indeed the motors being covered completely
must thus be prevented by suitable fittings and ongoing
maintenance.

The specified motor surface temperature is only valid if the
dust deposits on the motor do not exceed a thickness of

5 mm. There must be a guarantee that these initial conditions
(type of dust, maximum layer thickness etc.) are assured.
The motor must not be opened before a sufficiently long
time has passed, to allow the internal temperatures to die
down to values which are no longer combustible. If the
motors have to be opened for maintenance or repairs, these
tasks must be completed wherever possible in a dust free-
environment. If this is not possible, suitable measures must
be taken to prevent dust from entering the housing. In the
case of dismantling, particular care must be taken to ensure
that the components necessary for imperviousness of the
structure, such as seals, end faces etc. are not damaged.

Careful, regular maintenance, inspections and checks are
essential in order to detect any faults in time and to remedy
them before consequential damage occurs. Since the op-
erating conditions cannot be precisely defined, only general
deadlines, with the prerequisite of fault-free operation, can
be given. They must always be adapted to the local condi-
tions (pollution, stress etc.).

Recommended deadlines

After six months at the latest

Depending on degree of local pollution

Once annually

Lubrication (optional) See nameplate or lubrication plate
Main inspection Approx. 10000 operating hours
Drain condensate Depending on climatic conditions
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The necessary lubrication times for anti-friction bear-
ings must be observed according to manufacturer’s
specifications.

Maintenance tasks (except for lubrication tasks) must be
performed only when the machine is shut down. It must
always be ensured that the machine is safeguarded against
being switched on and labelled with a suitable warning sign.
Also, the particular manufacturers’ safety instructions and
accident prevention regulations must be heeded for the use
of ails, lubricants and cleaning agents! Adjacent compo-
nents which are live must be covered!

It must be ensured that the auxiliary circuits, e.g. shutdown
heaters, are dead. In the case of the design with conden-
sate drain hole, the drain plug must be smeared with suit-
able sealant (e.g. Epple 28) before it is closed again!

If the tasks are not performed by the manufacturer, they
must be performed by suitably-qualified personnel and
tested by a “Qualified, Officially-Recognised Person” (in the
case of the repair’s relevance to explosion protection). That
person must issue a written confirmation or attach a test
mark to the machine. Tests undertaken in accordance with
Section 14, paragraph 6 of the Operating Safety Guidelines
must be documented in accordance with Section 19 of

the Operating Safety Guidelines. The documentation must
show that the device, protection system and safety, control
or regulation devices correspond to the requirements of the
Operating Safety Guidelines after the repair. It is recom-
mended to retain the documentation beyond the device’s
period of use and to clearly label the device for the sake of
traceability.

Important: The operator is responsible for operating a
system requiring monitoring. This also includes the repair of
equipment and protective systems. Abroad, the

relevant national regulations must be observed.

Spare parts

With the exception of standardised, commercially available
and similar standard components (e. g., anti-friction bear-
ings) only genuine spare parts (see manufacturer-specific
spare part lists) may be used; this particularly applies also to
seals and connection parts.

The following details are essential for ordering spare parts:
— Spare part designation

— Motor model

— Motor number

6 Repair and modification of electrical equipment

6.1 General

The legal basis for operation of explosion-protected electrical
equipment in explosion hazard areas is the 11" Ordinance
to the Product Safety Act (Explosion Protection Ordinance) —
11. ProdSV, in conjunction with the Operating Safety
Guidelines (BetrSichV).

Previously applicable guidelines such as the
“Guidelines on Electrical Systems in Explosion Hazard
Areas (ElexV)“ have thus lost their validity.

Further requirements are contained in the Standard
IEC/EN 60079-14 and in the Explosion Protection
Regulations BGR 104. A modification to a system requiring
monitoring, in the sense of the Operating Safety Guidelines,
is considered to be any procedure which affects the
system’s safety. A modification is also considered to be any
repair which affects the system’s safety. A considerable
modification to a system requiring monitoring in the sense
of the Operating Safety Guidelines is considered to be any
modification which changes the system requiring moni-
toring to the extent that it corresponds to a new system,
where safety features are concerned. Under the designation
of Maintenance and Repairs comes a combination of all

the tasks which are performed to maintain an object in a
certain state or to restore it to that state which meets the
requirements of the object in question and guarantees the
performance of the required functions.

The following form the basis of this:

— |EC/EN 60079-17, Testing and upkeep of electrical sys-
tems and

— TRBS 1201 “Testing of work equipment and systems
requiring monitoring”

— TRBS 1201 Part 3 “Repairs to equipment, protection
systems etc.”

They are provided for operators and deal with the points

of view which are directly related to testing and upkeep of
electrical systems in explosion risk areas. The operator may
have explosion-protected equipment repaired in any work-

shop of his choice. If parts on which explosion protection

depends are replaced or repaired, there must be a test by
an officially recognised qualified person before recommis-
sioning.

(A qualified person in the sense of the Operating Safety
Guidelines is a person who has the necessary specialist
knowledge to test the work equipment on the basis of their
professional training, their professional experience and their
recent professional activities.

The requirements of the qualified person are explained

in the guide to the Operating Safety Guidelines and in
TRBS 1203. In accordance with Section 14, paragraph 6 of
the Operating Safety Guidelines, qualified persons can be
officially recognised by the appropriate ministry — this

varies from state to state.

Recognition as a qualified person is company-related and
applies only to tests of such equipment, protection sys-
tems and safety, control and regulation devices which this
company has repaired. Recognition does not apply to all
tests on equipment, protection systems and safety, control
and regulation devices which have been repaired within the
company regarding a part on which explosion protection
depends but only to tests complying with repair procedures
for which the recognition application has been made and
which are listed in detail in the approval document).

The technical regulations for repair and maintenance of
equipment in explosion hazard areas are defined in Stand-
ard IEC/EN 60079-19. It constitutes a guideline which
provides instructions of a technical nature on repair and the
repair, regeneration and modification of certified equipment
and which has been designed for use in explosion hazard
areas.

The objective is instruction on practical measures for
maintaining the safety of the equipment, the definition
of the requirements which must be set of the function of

equipment that has been repaired and the description of
procedures necessary for that, so that the equipment also
continues to satisfy all relevant regulations after a repair. In
the case of the various ignition types, examples are given
on repair, maintenance and overhaul as well as possible
modifications to explosion-protected electrical equipment
and the necessary tests for them are described.

After repair the equipment is accepted as complying with
the EU type-examination certificate if manufacturer-prescri-
bed components have been used.

In the event that the certification documents are not available
or available to an inadequate extent, the repair must be car-
ried out on the basis of IEC/EN 60079-19 or the correspondi-
ng relevant standard (IEC/EN 60079...). If more detailed types
of repair or modification are applied, which do not conform to
standards, it must be decided on the part of the manufacturer
or the certifying authority (notified body) whether this equip-
ment is suited to continued use in explosion hazard areas.

6.2 Repair tasks not affecting the explosion protection

Replacement of the following:

— Bearings

— Motor feet (if possible)

— Terminal box (parts)

— Replacement of the seals by genuine parts
— Inlet part

— Terminal board

— Fan/fan cover

— End shields

Design conversions from:

- IM B3 to IM B35 and IM B34

- IMB3toIMB5andIMB14

— Terminal box (parts)

- IMB35to IMB5and IM B14

— Attaching and removing feet (if possible)

Cleaning:
— Sealing surfaces
- Seals

Generally speaking, genuine spare parts must be used. The
use of non-genuine, but Ex-tested parts is legally permis-
sible but automatically voids the manufacturer’s guarantee.

6.3 Repair tasks requiring inspection by an officially recognized person

qualified to perform such testing

— Repairing or renewing winding
(winding information according to manufacturer)

— Reworking size and number of inlet holes

— Renewal of parts in ventilation system

— Replacement of the seals by parts that are not
genuine but with Ex-test results

— Reconditioning motor and stator without significantly
increasing the air gap

Repairing or renewing the winding must only be done
according to manufacturer’s information (winding data/
materials). In the case of insulating material parts being
replaced by parts from another insulating material and/or of
different dimensions, the guarantee is automatically voided.

6.4 Repair tasks on Ex eb motors (modifications) which require a new type approval
(e.g. by a naotified body according to Directive 2014/34/EU)

— Installation of different/additional parts in the device (main
terminals, auxiliary terminals or additional equipment)

— Reconditioning rotor and stator

— Winding for a different voltage

— Renewing ventilation system parts (e. g. fan wheel)

— Rewinding for a different speed

— Changing gap sizes

These tasks may be performed under the above-mentioned
condition. VEM, however, allows these tasks only in the
manufacturing factories. If they are performed in a work-
shop, warranty is automatically voided!
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6.5 Repair tasks on Ex db motors (modifications) which require a new type approval
(e.g. by a notified body according to directive 2014/34/EU)

— Installing additional components in the machine

— Reconditioning sparkover-prevention gap

— Reconditioning rotor and stator

— Regenerating components which are not part of the
Flameproof enclosure

— Renewing ventilation system parts (e. g. fan wheel)

— Regenerated components must pass the appropriate
overpressure test

— Rewinding for a different speed or voltage
— Changing the gap size
— Modifications to the ventilation system

These tasks may be performed under the above-mentioned
condition. VEM, however, allows these tasks

only in the manufacturing factories. If they are performed
in a workshop, the guarantee is automatically voided!

6.6 Summary

Scheduling the tasks o be performed With use of By and under the responsibility of
Standard part Genuine spare part Trained experts Manufacturing factory

Replacement of the following
— Bearings X X X X
— Motor feet (if possible) X X X
— Terminal box (parts) X X X
— Terminal board " X X X X
— Inlet part” X X X
— Fan/fan cover X X X
— End shields X X X
— Rotor X X2 X
Conversion of
- IM B3 to IM B35, IM B34 X X X
—IMB3toIMB5, IM B14 X X X
— IMB35to IMB5, IM B14 X X X
— Attaching and removing feet (if possible) X X X
Cleaning of
— Sealing surfaces X X X
— Seals - X X X
Reconditioning and revising of
— Air gap - B 0 X
— Number and/or size of inlet holes - - X2 X
Fitting other/additional
— Main terminals 0 0 0 X
— Auxiliary terminals - X X X
Replacement winding
— Stator - - X2 X
- TMS - - X2 X
— Stator together with wound core - X X X
Winding according to manufacturer’s specifications - - X2 X
Winding for
— different number of poles/frequencies - - 0 X

" With component certificate or certificate of conformity

2 Only with test certificate of a recognised workshop inspector
- Not applicable / not required

0 Not permissible

X Permissible / required

7 Testing the motors after repairs, maintenance or modifications

After repairs, maintenance or modifications the motors must

undergo a test in accordance with Section 10 of the Operat-
ing Safety Guidelines (BetrSichV) dated 3 October 2002.
This test may be performed only by persons qualified to do
s0. The test must satisfy the requirements in accordance
with IEC/EN 60079-19.

7.1 Visual check

7.1.1 Visual check of winding — main points

— Check of winding overhang
— Bandages

— Slot and phase insulation

— Slot wedges

— Wire insulation

The tests below must be performed and documented:

Visual check of winding and of the complete motor, taking
the increased safety requirements particularly into account.

7.1.2 Visual check of complete motor — main points

— Terminal marking

— Terminal connectors properly connected
— Cable glands

— Seals

— Fan assembly

— Fan cover fastening

7.2 Winding test
7.2.1 Winding resistance

The ohmic DC resistances are supplied by supplying the
motor winding with a constant current via two terminals in
each case and the voltage drop is measured on the motor
terminals. The resistance between the U-V, V-W and U-W
terminals is calculated on this basis. In addition, the winding
temperature is measured.

7.2.2 High-voltage test

The winding’s insulation resistance is tested by the
high-voltage test.

IEC/EN 60034-1 or VDE 0530 Part 1 prescribes
the following procedure for testing machines with
arated voltage < 1 kV:

The voltage test must be performed between the windings
for testing and the motor housing. The stator core is con-
nected to the windings or phases (e.g. V1 and W1) which
are not provided for testing and the test voltage is applied
between housing and U phase. The motor is thus tested
simultaneously for short-circuit to the exposed conductive

part and for inter-phase short-circuit with one measurement.

On the test certificates, the winding’s winding resistance is
shown at 20 °C. For this purpose, the measurements must
be converted at temperatures deviating from 20 °C.

The high-voltage test is performed on the impregnated and
fully-assembled motor by a mains-frequency and,

as much as possible, sinusoidal test voltage, with an RMS
value of 2<U + 1000 V complying with IEC/EN 60034-2.
The test should be started at a maximum voltage of half of
the full test voltage and then increased, within at least

10 seconds, constantly or in maximum steps of 5% of the
final value.

The full test voltage must be maintained for 1 minute.
A repeat test may be performed only at 80% of the maxi-

mum test voltage. Windings already in use are tested for an
inspection, for example, at a minimum of 1000 V.
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7.2.3 Insulation value (insulation resistance)

On initial commissioning and especially after fairly lengthy
storage, the winding’s insulation resistance must be
measured for earthing and between the phases. The test
must be performed at rated voltage and at least at 500 V.
Dangerous voltages occur on the terminals during and
immediately after measurement. On no account touch
terminals and carefully heed operating instructions for
insulation measuring unit! Depending on the rated voltage
U, the following minimum values must be observed at a
winding temperature of 25 °C:

7.3 Testrun

Rated power

P Insulation resistance

k\7v related to rated voltage kQ/NV
1<P,<10 6.3

10 <P, <100 4

100 <P, 25

If the minimum values are not reached, the winding must be
properly dried until the insulation resistance corresponds to
the required value.

7.3.1 Rotating field (direction of rotation check)

The direction of rotation check ensures that the direction of
rotation is to the right, looking towards the drive side, when

the mains wiring is connected to U, L2 to V and L3 to W.

7.3.2 No-load test, detection of no-load current |,

The no load test is used for checking the winding number,
the circuit and evaluating the running properties. It is
performed when the engine is cold, at a rated voltage of
+1%. The machine is completely unloaded (disconnected
from the load machine). During the measurement, voltage,
currents and outputs are recorded.

7.3.3 Evidence of phase symmetry
7.3.3.1 Short-circuit tests with I,

The stator winding of motors with squirrel-cage rotor must
be supplied by an accordingly reduced voltage, when the

rotor is locked, in order to reach the full load rated current
and to guarantee the balance of all the phases.

The power consumption is measured in all the phases and
compared with the manufacturer’s specifications.

The permitted tolerance — related to the manufacturer’'s
specification — is + 15%. Furthermore, the no load currents
in the three phases may also differ from one another only by
a maximum of 15%.

The test is applied as an alternative to the full load test, in
order to prove the undamaged nature of the winding and
the air gap and in order to detect damage on the rotor.
Imbalances deviating by less than 5% from the mean value
are permitted.

The short-circuit test is used to determine the

relation 1,/1,,.

The rotor is braked, the stator winding is connected to the
voltage and the power consumption measured. If this test

is not performed at rated voltage, the initial starting current
1, must be converted in the ratio of the rated voltage to the
test voltage.

In addition to that, a saturation factor of the iron must be
taken into account in the case of reduced test voltage.
The ratio 1,/1,, calculated in this way may differ from the
nameplate specification by up to 20%.

Initial starting current I, (only with Increased safety “eb”
type of ignition protection) saturation factor f_ for conver-
sions in the case of reduced test voltage with locked rotor
(1) Rotor with slots completely or almost closed

(2) Rotor with open slots

Target value for initial starting current 1, =1 - 1,/1
a) Test voltage = rated voltage U,
Test current’s permitted deviation: + 20% from I,
(essential to observe minus tolerance for stator
and rotor winding test)
b) Test voltage U,
Test voltage |,
Reduction ratio R = U /U,
Saturation factor fg
Test current converted to rated voltage

N

7.3.4 Vibration test

To evaluate the quiet running a vibration test according to

IEC/EN 60034-14 (VDE 0530 part 14):2004 has to be done.

The limit values of class A or B must be kept in accordance
with the requirements.

L =1 - T/R
Permitted deviation for the converted

test current:
s = 10% of 1,

If the original insulation system and/or paint system is/are
not available, the t_ time must be checked according to
IEC/EN 60079-7. Copying the winding is not permitted until
the t_ time has been checked against Equipment Standard
IEC/EN 60079-7.
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Figure 7.1: Saturation factors as dependent on the ratio
of test voltage to rated voltage

Step A

(for motors without special vibration requirements)
Step B

(for motors with special vibration requirements)

7.4 Painting and impregnation after repair work

The repainting of an explosion-protected motor or the im-
pregnation of a complete stator after re-winding may result
in thicker paint or resin layers on the machine surface. This
could lead to electrostatic charging, with a corresponding
risk of explosion in case of discharge. Charging processes
in the immediate surroundings could similarly produce an
electrostatic charge on the surface or parts of the surface,
and likewise bring a risk of explosion in case of discharge.
It is thus imperative to observe the stipulations of IEC/EN
60079-0: “Equipment — General requirements”, section 7.4,
and TRBS 2153, e.g. by:

limiting the total paint or resin layer thickness in accordance
with the explosion group

—lIA, 1IB: Total layer thickness < 2 mm

— lIC: Total layer thickness < 0.2 mm

limiting the surface resistance of the paint or resin used
— A, 1B, IIC, Ill Surface resistance = 1GQ for motors of
groups Il and Il

Breakdown voltage < 4 kV for explosion group Il (dust only,
measured according to the thickness of the insulation mate-
rial using the method described in IEC 60243-1).

In addition, due attention should be given to the contents
of IEC/EN 60079-32: “Electrostatic hazards”, in particular
Annex A: “Basics of static electricity”,

Annex B: “Electrostatic discharges in special situations” and
Annex C: “Combustibility of materials”.

VEM Ex-Manual 2017

(o))
w



VEM Ex-Manual 2017

[®)]
a

Technical explanation

7.5 Test Documentation

The test results must be documented in a test report.

VEM motors GmbH sample certificate

below:
Alternative: ZVEH test certificate

The test reports’ archiving period is 10 years. The report’s
conformity to regulations is checked by an officially recog-
nized, qualified person.

Published by:
Zentralverband der Deutschen Elektro- und Informations-
technischen Handwerke (ZVEH)

‘Stehspannung nach DIN EN £0034-1, 8.2

AUFZEICHNUNGEN
der Person nach §14 (6) der BetrSichV ?
zur Pritfung nach der von Ex - J
Druckfeste Kapselung "d” nach DIN EN 50014/50018 bzw. DIN EN 60079-0/60079-1
Erhéhte “a" nach DIN EN 50014/50019 baw. DIN EN 60075-0/60079-7 |
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Teile filr die

(2.8, W L L und anden dor
durch Onginal-Ersatnieile des Hersteliars ersetnt
Bamerkungen ... i

Falts Nachbassenng ariordarich
Spalle nach - 3 SO « |
{Spakabmessungen gemal Taballen 1 und 2 der EN 60079-1 sind nichl susraichend)
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Austausch Dichtung 0 Originakiichiung O Bemerkung: ...,
Thermistoren als Allsinschutz 5
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Dreses Formular i e nach der ones stimme

den Anfordenungen der TRBS 1201-3.

8 Summary of standards and regulations

8.1 General standards

Heading

Rotating electrical machines
Measurement and operating performance

Method for determining losses and efficiency from
tests for rotating electrical machines

Efficiency classes of single-speed,
cage-induction motors

Degree of protection provided by the integral design of
rotating electrical machines (IP Code) — Introduction

Methods of cooling
(IC Code)

Classification of types of construction, mounting
arrangements and terminal box position (IM Code)

Terminal markings and direction of rotation

Noise limits
Starting performance of single-speed
three-phase cage-induction motors

Mechanical vibrations of certain machines with
shaft heights 56 mm and higher; measurement,
evaluation and limits of vibration severity

Balance quality

|EC standard voltages

Electrical insulation — Thermal evaluation and
designation

Dimensions and output series for rotating
electrical machines

International

IEC — International
Electrotechnical
Commission

IEC 60034-1

IEC 60034-2-1

IEC 60034-2

IEC 60034-30-1

IEC 60034-5

IEC 60034-6

IEC 60034-7

IEC 60034-8

IEC 60034-9

IEC 60034-12

IEC 60034-14

IS0 1940

IEC 60038
IEC 60085

IEC 60072-1

Europa

EN — CENELEC

European Commitee for
Electrical Standardisation
EN 60034-1

EN 60034-2-1

EN 60034-2

EN 60034-30-1

EN 60034-5

EN 60034-6

EN 60034-7

EN 60034-8

EN 60034-9

EN 60034-12

EN 60034-14

EN 50347

Germany

DIN/VDE

German Industrial Standard/Association
of German Electricians

DIN EN 60034-1/
VDE 0530-1

DIN EN 60034-2-1/

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

DIN EN 60034-30-1
VDE 0530-30-1

DIN EN 60034-5/
VDE 0530-5

DIN EN 60034-6/
VDE 0530-6

DIN EN 60034-7/
VDE 0530-7

DIN EN 60034-8/
VDE 0530 Part 8
DIN EN 60034-9/
VDE 0530-9

DIN EN 60034-12/
VDE 0530 Part 12

DIN EN 60034-14/
VDE 0530-14

DIN ISO 1940/
VDE 0175

DIN IEC 60038

DIN IEC 60085/
VDE 0301-1

DIN EN 50347
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8.2 Explosion protection standards
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Titel

Explosive atmospheres — Explosion prevention and protection
Part 1: Basic concepts and methodology

Explosive atmospheres — Explosion prevention and protection

IEC

CEN/CENELEC

EN 1127-1:2011

EN 1127-2:2014

EN 13237:2012

DIN/VDE

Reference of

replaced standard

DIN EN 1127-1:2011-10

DIN EN 1127-2:2014-09

DIN EN 13237:2013-01

Last date of acceptance of declarations
of conformity for the replaced standard

Fundamentals Part 2: Basic concepts and methodology for mining

Potentially explosive atmospheres — Terms and definitions for equipment

and protective systems intended for use in potentially explosive

atmospheres

Determination of maximum explosion pressure and the maximum rate
Characteristics of of pressure rise of gases and vapours
flammable gases Flameproof enclosgres d” — Method of test for ascertainment EC 60079-1-1:2002
and vapours of maximum experimental safe gap

Testing of mineral oil hydrocarbons - Determination of ignition temperature

Explosive atmospheres —

Part 20 — 1: Material characteristics for gas and vapour classification — ISO/IEC DIS 80079-20-1:2015
Characteristics of

flammable dusts

test methods and data

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

ISO/IEC 80079-20-2:2016

EN 15967:2011

DIN EN 15967:2011-10

DIN 51794:2003-05

Classification of

Explosive atmospheres —
Part 10 — 1: Classification of areas — Explosive gas atmospheres

IEC 60079-10-1:2015

ISO/IEC DIS 80079-20-1:2015

DIN EN ISO/IEC 80079-20-1:2016-02
— Draft

FprEN 60079:2014

EN 60079-10-2:2015

DIN EN 60079-10-1:2014-10;
VDE 0165-101:2014-10 — Draft

DIN EN 60079-10-2:2015-10;

hazardous areas Explosive atmospheres —
Part 10 — 2: Classification of areas — Explosive dust atmospheres ECE0TR 02
Explosive atmospheres — 14

Equipment, Part 14: Electrical installations design, selection and erection IFC 60079-14:2013

design, Explosive atmospheres —

installation, p speres—= . IEC 60079-17:2013

) Part 17: Electrical installations inspection and maintenance

maintenance

and repairs Explosive atmospheres — |EC 60079-19:2010
Part 19: Equipment repair, overhaul and reclamation +A1:2015

. - ) IEC 60079-0:2011, modified
Explosive atmospheres — Part 0: Equipment - General requirements + Cor+20124+Cor 2013
Explosive atmospheres — Part 1: Equipment protection by flameproof enclosures “d” IEC 60079-1:2014
Explosive atmospheres — Part 2: Equipment protection by pressurized enclosure “p” 6 60,079_2:2014:2014
+ Cor.:2015

Explosive atmospheres — Part 5: Equipment protection by powder filling “q” IEC 60079-5:2015
Explosive atmospheres — Part 6: Equipment protection by liquid immersion “0” |EC 60079-6:2015
Explosive atmospheres — Part 7: Equipment protection by increased safety “e” IEC 60079-7:2015
Explosive atmospheres — Part 11: Equipment protection by intrinsic safety “i” IEC 60079-11:2011
Explosive atmospheres — Part 15: Equipment protection by type of protection “n” |EC 60079-15:2010

Types of protection

for explosion-protected
equipment

Explosive atmospheres — Part 18: Equipment protection by encapsulation “m”
Explosive atmospheres — Part 25: Intrinsically safe electrical systems

Explosive atmospheres — Part 26: Equipment with Equipment Protection Level (EPL) Ga

Explosive atmospheres — Part 27: Fieldbus intrinsically safe concept (FISCO)
Explosive atmospheres — Part 28: Protection of equipment and transmission systems using optical radiation
Explosive atmospheres — Part 29-1: Gas detectors — Performance requirements of detectors for flammable

gases

Explosive atmospheres — Part 29-4: Gas detectors — Performance requirements of open path detectors for
flammable gases

Explosive atmospheres — Part 30 — 1: Electrical resistance trace heating — General, type testing and design
requirements

Explosive atmospheres — Part 31: Equipment dust ignition protection by enclosure “t”

Explosive atmospheres — Part 35 — 1: Caplights for use in mines susceptible to firedamp —
General requirements - Construction and testing in relation to the risk of explosion

IEC 60079-18:2014
IEC 60079-25:2010

IEC 60079-26:2014
IEC 60079-27:2008

IEC 60079-28:2015

IEC 60079-29-1:2007
(modified)
IEC 60079-29-4:2009
(modified)

IEC 60079-30-1:2007

IEC 60079-31:2013

IEC 60079-35-1:2011

EN 60079-14:2014

EN 60079-17:2014

EN 60079-19:2011
+A1:2015

DIN EN 60079-14:2014-10;
VDE 0165-1:2014-10

DIN EN 60079-17;
VDE 0165-10-1:2014-10

DIN EN 60079-19:2015-09;
VDE 0165-20-1:2015-09

QA

Explosive atmospheres — Part 34: Application of quality systems for equipment manufacture

ISO/IEC 80079- 34:2011

EN 60079-0:2012/A11:2013

EN 60079-1:2014

EN 60079-2:2014/AC:2015

EN 60079-5:2015

EN 60079-6:2015

EN 60079-7:2015

EN 60079-11:2012

EN 60079-15:2010

EN 60079-18:2015

EN 60079-25:2010

EN 60079-26:2015
EN 60079-27:2008

EN 60079-28:2015

EN 60079-29-1:2007

EN 60079-29-4:2010

EN 60079-30-1:2007

EN 60079-31:2014

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

DIN EN 60079-0;
VDE 0170-1:2014-06

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

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

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

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

DIN EN 60079-7:2016 EN 60079-7:2007

DIN EN 60079-11:2012-06;
VDE 0170-7:2012-06

DIN EN 60079-15:2011-02;
VDE 0170-16:2011-02

DIN EN 60079-0:2013

EN 60079-1:2007

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

EN 60079-6:2007

EN 60079-18:2009

DIN EN 60079-25:2011-06;
VDE 0170-10-1:2011-06

EN 60079-26:2007

EN 60079-28:2007
DIN EN 60079-29-1:2008-07;
VDE 0400-1:2008-07

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

DIN EN 60079-30-1:2007-12;
VDE 0170-60-1:2007-12

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

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

EN 60079-31:2009

7.10.2016

1.8.2017

25.8.2017

27.3.2018

31.7.2018

16.1.2018

2.12.2017

1.7.2018

1.1.2017

EN ISO/IEC 80079-34:2011
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9 Tolerances
9.1 Electrical parameters

In accordance with DIN EN 60034-1 the following tolerances are permitted:

Efficiency

Power factor

Slip (with rated load at operating temperature)

Initial starting current (in the starting circuit provided)

Starting torque
Pull-up torque

Breakdown torque

Inertia torque

Noise intensity (test surface sound pressure level)

-0.15 (1-n) at Py < 150 KW
0.1 (1-n) atPy> 150 kW

1-cos ¢ minimum 0.02
6 maximum 0.07

+20% at Py = 1 kW
+30% at Py< 1 kW

+20%
without downward limitation

- 15% and + 25%
-15%

- 10% (after applying this tolerance MK/MN
still at least 1.6)

+10%
+3dB ()

These tolerances are approved for three-phase asynchro-
nous motors, taking into account necessary manufacturing
tolerances and material deviations in the materials used for
the guaranteed values. In the standard, the following notes
are provided on this:

1.A guarantee of all or any of the values in the table is not
necessarily provided. In quotes, guaranteed values to
which permitted deviations should apply must be named

specifically. The permitted deviations must correspond to
the table.

2.Your attention is drawn to the differences in interpretation
of the term “guarantee”. In some countries a distinction is
made between typical or declared values.

3.1f the permitted deviation applies only in one direction, the
value in the other direction is not restricted.

9.2 Mechanical parameters — normal tolerances

Measurement abbreviation

according to DIN 42939 Fit or tolerance Meaning
a Clearance of the housing foot attachment holes in axial direction +1mm
a, Flange diameter or width -1 mm
b Clearance of housing foot attachment holes at right angles to the axial direction +1mm
b, Diameter of flange’s centring spigot EE :g g:gng 228 mm LGG
d, d, Diameter of cylindrical shaft end ;Jr?)r?gﬁrcnher;egsisr?? nlfn me
e, Flange’s hole circle diameter +0.8mm
f,g Motor’s greatest width (without terminal box) +2%
h Shaft centre (lower edge of foot to centre of shaft end) L()V;S%rgr:{noﬁ
K K Motor's total length +1%
Motor’s total length (lower edge of foot, o
p housing or flange to motor’s highest point) T
8, Diameter of attachment holes in foot or flange +3%
tt, Lower edge of shaft end to upper edge of parallel key + 0.2 mm
u, u, Parallel key width h9
w,, W, Distance between centre of first foot attachment hole and shaft collar or flange surface +3.0mm
Distance from shaft collar to flange surface with D-side fixed bearing +0.5mm
Distance from shaft collar to flange surface +3.0mm
m Motor dimensions -5 bis +10%

Normal shaft end fits

Shaft ends up & 48 k6
from & 55 mé
Mating components H7

RICHTLINIE 2014/34/EU DES EUROPAISCHEN
PARLAMENTS UND DES RATES

vom 26. Februar 2014

Harmonisierung der Rechtsvorschriften der Mitgliedstaaten
fur Geréte und Schutzsysteme zur bestimmungsgemaien
Verwendung in explosionsgefahrdeten Bereichen (Neu-
fassung)

RICHTLINIE 1999/92/EG DES EUROPAISCHEN
PARLAMENTS UND DES RATES

vom 16. Dezember 1999

Uber Mindestvorschriften zur Verbesserung des Gesund-
heitsschutzes und der Sicherheit der Arbeitnehmer, die
durch explosionsfahige Atmosphéaren geféhrdet werden
kénnen (Funfzehnte Einzelrichtlinie im Sinne von Artikel 16
Absatz 1 der Richtlinie 89/391/EWG)

ATEX-Leitlinien, 4. Ausgabe, 09/2012
(deutsche Fassung zur RL 94/9/EG)

ATEX 2014-34-EU Guidelines —
1st Edition April 2016 (bisher nur in Englisch)

Verordnung Uber Sicherheit und Gesundheitsschutz bei
der Verwendung von Arbeitsmitteln (Betriebssicherheits-
verordnung — BetrSichV)

Ausfertigungsdatum: 03.02.2015

(Zuletzt geéndert durch Art. 15V v. 2.6.2016 11257)

Leitlinien zur Betriebssicherheitsverordnung (BetrSichV),
2. Uberarbeitete Auflage 2006

Explosionsschutz-Regeln (Ex-RL) DGUV Regel 113-001
Sammlung technischer Regeln fir das Vermeiden der Ge-
fahren durch explosionsfahige Atmosphére Beispielsamm-
lung zur Einteilung explosionsgeféahrdeter Bereiche in Zonen
Ausgabe Méarz 2015

Friedl, W. J.; Okologisohe und 6konomische Bedeutung
des Brand- und Explosionsschutzes, Verlag Kohlhammer,
1998

PTB-PrUfregel; Explosionsgeschiitzte Maschinen der
Schutzart Erhohte Sicherheit ,,e* Ex e, Band 3,
zweite Ausgabe 2007

PTB-Merkblatt zum Schutz von Asynchronmaschinen bei
Anlauf mit verminderter Spannung, Sicherstellung des
Explosionsschutzes, AG 3.72, April 2009

Lehrmann, C., Pape, H., Dreger, U., Lienesch, F.: Umrich-
tergespeiste Antriebe — ein neuartiges Schutzkonzept flr
Antriebe in explosionsgefahrdeten Bereichen; Ex-Zeitschrift
R. Stahl Schaltgerate GmbH, Heft 38/2006, S. 36-47

Lehrmann, C. : Uber ein Zulassungsverfahren flr explosions-
geschtzte, umrichtergespeiste Kafiglaufer der Zindschutzart
Erhohte Sicherheit ,,e“; Dissertation Leibniz-Universitét
Hannover 2006; erschienen im Shaker-Verlag, Aachen

Elektrische und nichtelektrische Geréte fur den Einsatz in
explosionsgefahrdeten Bereichen, Dipl.-Ing. (FH) Burkhard Hille/
Dipl.-Ing. Kai Willamowski

IBExU Institut fUr Sicherheitstechnik GmbH, Freiberg

Instandsetzung und Anderung von explosionsgeschiitzten
elektrischen Betriebsmitteln, Dipl.-Ing. (FH) Burkhard Hille,
IBExU Institut flr Sicherheitstechnik GmbH, Freiberg

Druckfest gekapselte Motoren fur Gas- und Staubexplo-
sionsschutz, W. Sobel, ATB Motorentechnik GmbH

Normen flr explosionsgeschutzte elektrische Betriebsmit-
tel im Wandel, Vortrag zum 7. Technischen Tag der VEM
Gruppe 2008, Dr.-Ing. F. Lienesch, PTB Braunschweig

Explosionsgeschitzte Drehstrommotoren und die neuen
Normspannungen von U. Engel und H. Wickboldt, PTB
Braunschweig

Elektrische Betriebsmittel fir Staubexplosionsgeféahrdete
Bereiche, Dipl.-Ing Gétze, IBEXU Institut fur Sicherheitstech-
nik GmbH, Freiberg

TRBS 1201 (September 2006)

Teil 1: Prafung von Anlagen in explosionsgeféhrdeten Be-
reichen und Uberprifung von Arbeitspléatzen in explosions-
gefahrdeten Bereichen, BAnz. Nr. 232a, S. 20 v. 9.12.2006

TRBS 1201 (Februar 2009)

Teil 3: Instandsetzung an Geréten, Schutzsystemen, Sicher-
heits-, Kontroll- und Regelvorrichtungen im Sinne der Richt-
linie 94/9/EG — Ermittlung der Prifnotwendigkeit gemai §
14 Abs. 6 BetrSichV GMBI. Nr. 25, S. 527 vom 15.06.2009

TRBS 1201 (Oktober 2009)

Teil 4: Prifung von UberwachungsbedUrftigen Anlagen —
Prafung von Aufzugsanlagen

GMBI. Nr. 77, S. 1598 v. 20.11.2009 sowie Anderung
GMBI 2013 S. 1154 (Nr. 57)

TRBS 1203 (Méarz 2010) (Neufassung) Befahigte Personen
GMBI. Nr. 29, S. 627 v. 12.05.2010

PTB Hinweise, http://www.explosionsschutz.ptb.de

DKE 241_2015-0204

Explosionsschutz: Highlights der internationalen Normungs-
aktivitaten 2015

Gerhard Schwarz, GSA Consulting, Germany

Mitteilung der Kommission im Rahmen der Durchfiihrung
der Richtlinie 2014/34/EU des Europdischen Parlaments
und des Rates zur Harmonisierung der Rechtsvorschriften
der Mitgliedstaaten fur Gerate und Schutzsysteme zur be-
stimmungsgemaBen Verwendung in explosionsgefahrdeten
Bereichen (Neufassung), Amtsblatt der Européischen Union
2016/C 126/02 vom 08.02.2016

Instandsetzung und Anderungen von Arbeitsmitteln nach
§ 10 BetrSichV, Dipl.-Ing Kai Willamowsky

Rechtliche Grundlagen des Explosionsschutzes
Dr.-Ing Andreas Péarnt

Diverse weitere Normen und Normenentwdirfe
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