SIEMENS

www.siemens.com/ie3ready

Sirius IE3/IE4 ready

The effects of EU regulations 640/2009 and 04/2014
on the selection and operation of three-phase squirrel cage induction
motors in line operation and their industrial controls.

White Paper | January 2016

The EU is defining energy efficiency classes for three-phase induction motors and also
prescribing mandatory upgrading to modern, power-saving drive solutions.

What final dates must be met now? Which system components are affected and how
long can existing installations still be operated?

This white paper provides an overview of the laws, dates, technology, and conse-
quences for use of industrial controls and induction motors and shows you how you
can benefit from the EU regulation.
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Management
summary

Around half of all power consumed by industry is used by
electric motors. Guidelines to limit the power consumption
of these motors are therefore an especially efficient way of
protecting the climate. For this reason, the European
Commission has issued directives for upgrading to new
energy-efficient three-phase induction motors.

Stage two of this regulation came into effect on January 1,
2015. It states that motors in line operation with power
ratings of between 7.5 and 375 kW can now only be used
if they conform to efficiency class IE3. As from

January 1, 2017, this regulation will also apply to motors
between 0.75 and 7.5 kW.

Even if an upgrade initially causes costs, these efficiency
requirements will ultimately benefit affected companies
as, for most motors, the life-cycle costs will be lower.

In planning new installations and retrofitting, it must be
considered that new motors require IE3/IE4-ready industri-
al controls and possibly cables with larger dimensions. This
is because as of efficiency class IE3, the currents that occur
during motor starting are so large that the limitations of
conventional industrial controls are quickly reached and
their contacts can weld.
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"We attempt to find common
solutions that are acceptable
to everyone and at the same

time represent the current
state of technology — and
which make the world a little
better.”

Karl Hiereth, standardization and
association work, Siemens Amberg

Siemens has carried out extensive fundamental research in
this field. We have analyzed more than 5,000 motors from
different manufacturers, tested many of them in the la-
boratory, and examined the effects of higher currents on
the industrial controls. On this basis, the entire industrial
control portfolio Sirius has been optimized for the new
generation of motors.

With the IE3/IE4-ready Sirius modular system combined
with the Siemens motor program, with complementary
software tools and tailored services, Siemens is the com-
petent contact when it comes to combining IE3/IE4-ready
industrial controls with the new energy-efficient motors.

Extracts from Siemens’ research findings are made availa-
ble to you in this white paper.
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The European standard IEC 60034-30 defines energy effi-
ciency classes for three-phase induction motors. EU regu-
lations 640/2009 and 04/2014 additionally establish the
conditions for upgrading to these efficiency classes.

These regulations replace the previous Voluntary Agree-
ment to the three-level EFF scale of CEMEP (European
Committee of Manufacturers of Electrical Machines and
Power Electronics). Efficiency class IE1 approximately cor-
responds to the old EFF2.

The EU regulation is a contribution to a comprehensive
raft of measures throughout the EU, aiming to lower CO2
emissions by 20%, and increase energy efficiency by 20%
by the year 2020.

e |ET stands for Standard Efficiency
e |E2 stands for High Efficiency
e |E3 stands for Premium Efficiency

e |E4 stands for Super Premium Efficiency

Efficiency classes according to DIN EN 60034-30
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(data taken from "Motors & Drives Global Market Update 2011", IMS research)
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In 2015, the second stage of the regulation came into
force. For this reason, since January 1, 2015, motors for
line operation and the power range 7.5 to 375 kW can
only be marketed in the European Single Market if they
conform to energy efficiency class IE3. The standard ap-
plies to all newly marketed motors that are rated for con-
tinuous running duty. As of this time, motors with effi-
ciency class IE2 have only been permitted if they feature
speed control — and only if the overall solution provides
advantages in terms of energy.

The IE3 regulation affects all standard applications for
three-phase motors with the following criteria

e 2to 6 poles
e Rated voltage up to 1,000 V
e Rated output power from 0.75 to 375 kW

e Rated on the basis of continuous duty opera-
tion

The following motors are not affected
e  Motors designed for multiple speeds

e Motors that are completely integrated into a
machine (e.g. pumps, fans, and compressors)

e Motors with integrated frequency converters
(compact drives) if the motor cannot be tested
separately from the converter

e Brake motors if the brake is an integral part of the
internal design of the motor

e Specially designed submersible motors

e  Smoke extraction motors with a temperature
class above 400 °C

Motors for special rated conditions are also not affected,
such as:

e ataltitudes greater than 4,000 m

e atambient temperatures
>60°C

e atambient temperatures
< -30°C (< 0 °C for air-cooled motors)

e for cooling liquid temperatures
<0°Cor32°C

e for maximum operating temperatures
above 400 °C

e in hazardous areas
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As of the beginning of 2017, the scope will be extended:

then motors from 0.75 to 7.5 kW in line operation having
2 to 6 poles must also comply with energy efficiency class
IE 3.

Overall, the prescribed upgrade to a higher efficiency class
pays off. The reason is that the savings in energy costs
already exceed the original outlay after just six months.
However, it is necessary to check that the selection and
electrical dimensioning of the industrial controls meet the
requirements of the new generation of motors. As of effi-
ciency class IE3, the currents occurring during motor start-
ing are now so large that the limitations of conventional
industrial controls are quickly reached.

Inrush current

Current

Starting current

Rated motor current

Time

The following parameters are included in the calculation of
economic efficiency:

e Investment costs for motor and peripheral
equipment

e  Operating times of the motor
e Energy saving

e Planned replacement investment
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The possible energy saving is demonstrated by the follow-
ing example calculation. An older 4-pole drive motor with
30 kW shaft output and an efficiency of 85 percent is the

reference value.

e 6.4%ifaclass IE1 motor is used.
e 7.3%ifaclass IE2 motor is used.

e 8.6 % ifaclass IE3 motor is used.

A class IE3 motor requires 8.6 % (2.58 kW) less energy
than an older motor. At 4,000 operating hours per year,
the IE3 motor saves 1,560 euros; at 7,000 operating

hours, the result actually adds up to 2,730 euros. (Basis for
calculating energy costs at the beginning of 2015)

The greatest savings are obtained by replacing old motors.
But in new installations, too, the prescribed energy effi-
ciency class IE3 pays off due to the low energy costs. De-
spite falling energy consumption, the peripheral equip-
ment (for example, low-voltage switchgear) must be rated
for the higher starting and inrush current.
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Upgrading to IE3 and IE4 requires know-how and experi-
ence. For that reason, Siemens has researched the behav-
ior, the requirements, and the energy consumption of IE3
and IE4 motors over the past four years — more than 5,000
motors from different manufacturers in the laboratory and
in the production environment.

The focus was on the dynamic effects during starting be-
cause these have been considered little in the past. This
focus is necessary because, as of efficiency class IE3, the
currents occurring during motor starting become so large
that they could overload conventional industrial controls.
A distinction must be drawn between two currents: Inrush
current and starting current. The inrush current occurs in
the first and second half-wave after switching on the mo-
tor. Only after the starting current has decayed is the low-
er rated current then reached.

normalisierter Strom [-]
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Switch-on (starting) of a 250 kW IE3 motor, normalized for
the rated current
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Induction motors in line operation in energy efficiency
classes IE3 and IE4 were examined. The energy saving of
these motors is achieved due to lower rated currents. The
design modifications on the drive side result in high inrush
and starting currents. These currents vary depending on
the selected motor type, the requirements of the applica-
tion, and the operating conditions. In low power ranges,
the required efficiency increase is greater, so the deviation
in the rated current is greater. The higher the power, the
lower the deviation of the rated currents compared with
IE1 / IE2 motors.
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The change in the mean value of the rated currents for
IE2, IE3, and IE4 motors compared with IE1T motors, bear-
ing in mind that in practical use the range of the rated
currents in each power class is very wide.
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Change to starting current ratio
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The starting current ratios (ratio of starting current to
rated current; steady state, locked rotor) increase as the IE
class increases. The figure shows the increase in starting
current ratios. The shift toward higher starting current
ratios with higher IE classes is clearly evident.
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The mean values of the starting current ratio of the differ-
ent efficiency classes in relation to the power range. Here
it becomes evident that despite the large increase in the
starting current ratio in the lower power range, the mean
values are still at a lower level than in the higher power
range.
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The magnitude of the inrush current depends on the de-
sign of the motor, the power supply conditions (especially
the short-circuit rating of the transformer, and thus the
voltage stability), the length and routing of the motor
cables, and the phase angle in each phase on switch-on.
The inrush currents that occur for IE3 motors have in-
creased between 20 and 48 percent compared with IE1
motors.

The increased inrush current necessarily results in more
stringent requirements for the industrial controls used.
Their make and break capacity must be high enough to
handle the high inrush currents on switch-on and the high
starting currents on switch-off. The short-circuit release
must also be dimensioned and configured to be able to
differentiate between the normal case (inrush current of
the motor) and a fault (short-circuit).

IE3 and IE4 motors also require IE3/IE4-ready industrial
controls. As a researching company, Siemens offers cus-
tomers and business partners tailored, reliable, and eco-
nomic industrial controls for IE3/IE4 motors.

In addition to the hardware, Siemens can also provide
solid advice. With our knowledge obtained from extensive
analyses, we also support our customers with replacement
of IE1/IE2 motors by motors of a higher efficiency class.
Here, Siemens provides specific guide values to decide
when it is necessary to replace controls (see also FAQs at
the end of this white paper).
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Siemens' portfolio

A. The Sirius modular system

Siemens acts as a complete solution provider for the drive
train. A coordinated portfolio of system components is
available for this, from various drive systems, through gear
units and couplings, to the motor. Whereas the Sinamics
product family is "responsible" for variable-speed drive
solutions, the Sirius industrial controls are the solutions of
choice for fixed speed drives. The Sirius range is a modular
system offering a wide range of IE3 /IE4-ready industrial
controls.

The Sirius modular system is already fully designed for the
physical requirements of energy-efficient three-phase
induction motors. It reduces engineering work, ensures
safe operation, and increases the availability of machines
and plants. The modular system comprises devices for use
in switching, starting, protecting, and monitoring, as well
as combinations of these, known as load feeders. Because
all Sirius devices are matched both electrically and me-
chanically, they can easily be combined to build load feed-
ers.

Load feeders can be put together individually with the
Sirius modular system.
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“The world of motors is chang-
ing and the world of industrial
controls has to follow suit.

We're not satisfied until our
customers are also satisfied."

Peter Hartinger, responsible for develop-
ment of electromechanical protection
devices and feeders

Example components from the Sirius modular system used
to build modular load feeders:

e  3RT contactors
e  3RF solid-state switching devices
e 3RV motor starter protectors
e  3RW soft starters
e 3RM1, M200D, ET 200 motor starters
e 3RA6 compact starters
e  SENTRON 3VL, 3VA compact circuit breakers
e 3RR monitoring relays
e 3RU thermal
or 3RB electronic overload relays

The Sirius modular system also simplifies connection to
the control level, for example, via AS-Interface, profinet
and 10-Link.

A further advantage is that the new Sirius size S2 devices
save space in the cabinet, as is proven by the Sirius 3RT2
IE3/IE4-optimized contactors: To switch a motor with 80 A
rated current (37 kW) now only requires devices with a
width of 55 mm, whereas previously a width of 70 mm
was used. With this, the user can implement all applica-
tions up to a power rating of 250 kW/400 V with just seven
component sizes and, for the most part, the same accesso-
ries.

Siemens provides software support in the form of, for
example, energy efficiency tools such as SinaSave or the
SIMOTICS EE-COMPARATOR app. To support the configura-
tion of plants, with the CAx download manager we offer
all data required for our industrial controls.



B. Siemens motors

Siemens is a complete solution provider with many years
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of experience with three-phase induction motors. The
different series cover power ranges from 0.37 kW to

1,000 kW in the motor types general purpose (aluminum
enclosure) and severe duty (gray cast iron enclosure). They
are suitable, for example, for pumps, fans, compressors,

drive systems for the process industry or for especially
hostile environments.

Housing

Power range

Legal
requirements

and
branches

information

SIMOTICS GP
General Purpose

Aluminium

0.09 ... 45 kW

Minimum efficiency
IE3 from 1.1.2015
from 7.5 kW

Pumps, fans,
compressors, with
specific requirements
relating to low weight
and the highest
efficiency

siemens.com/simotics-

ap

SIMOTICS SD
Severe Duty

Cast iron

0.75 ... 315 kW

Minimum efficiency
IE3 from 1.1.2015
from 7.5 kW

compressors, marine
applications, offshore,
mixers, crushers,
extruders, rolling mills
with special
requirements
regarding the
ruggedness,
especially in the
chemical and
petrochemical
industries

sd

Siemens premium efficiency line-fed motors

A white paper issued by: Siemens.

© Siemens AG 2016. All rights reserved

White paper |Sirius IE3/IE4 ready | January 2016

"I've been involved with the
topic of IE3 for over 4 years.
The interesting thing for us is
the dynamic behavior of the
new motors. From this we de-
rive the dimensioning criteria

for our industrial controls so
that they are optimally suited
for the market."

Dr. Andreas Kratzschmar, Head of Devel-
opment Laboratory, Electromechanical
Switchgear

Thanks to innovative rotor technology, Siemens motors
from IE1 to IE4 are available without a change in shaft
height. This means that conversion is possible without
modifying the machine design; the mechanical interface
with the system remains unchanged. That saves engineer-
ing and upgrade costs.

SIMOTICS XP SIMOTICS DP SIMOTICS TN
Explosion protected Definite Purpose Non-standard
Aluminium or Aluminium or Cast iron

Cast iron Cast iron

0.09 ... 1000 kW 0.37 ... 481 kW 200 ... 3500 kW

Are not affected by
minimum efficiencies

Are affected by
minimum efficiencies

Minimum efficiency
IE3 from 1.1.2015 up

but are available in in abroad range (e.g. to 375 kW
IE3 in a broad range ship, smoke

extraction)
For general industrial ~ Special motors, for Pumps, fans,

applications with
special requirements
relating to explosion
protection, e.g. in the
process industry

example transport and
working roller tables,
ventilating tunnels,
parking garages,
shopping malls, port
cranes, container
terminals

COMPressors, mixers,
extruders in the
chemical and
petrochemical
industry, paper
machines, mining,
cement, steel industry,
marine applications
incl. propulsion

siemens.com/simotics-

Xp dp n-compact
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Adaptations for
IE3/IE4

Siemens research and documentation and the broad prod-
uct portfolio support a holistic approach to upgrading to
IE3/IE4. Our initial role is as a consulting partner. Based on
our research results, we provide support with configura-
tion of new plants and retrofitting.

Generation change

What special aspects of the industrial controls must be
considered when configuring drive systems of energy
efficiency class IE3/IE4?

The inrush current is substantially higher in IE3/IE4 motors
and is therefore a dimensioning and configuration param-
eter. However, the inrush current of the motor is not nor-
mally stated. This means that direct adaptation or design
of the industrial controls for the inrush current is not pos-
sible.

The higher inrush current of IE3 and IE4 motors can cause
unwanted tripping of the short-circuit detection of the
motor starter protector when switching on. Early tripping
can occur whenever the rated current of the motor is near
the top of the motor starter protector's setting range.

To avoid such early tripping, the lower response tolerances
of the short-circuit detection of the Sirius 3RV motor start-
er protector has been increased and, in some cases, the
setting ranges for the rated current extended downward.

A white paper issued by: Siemens.
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These measures reliably avoid unwanted early tripping
thanks to the overlapping setting ranges. Thanks to the
overlapping setting ranges, the motor starter protectors
can always be operated in the lower part of the setting
range and thus achieve higher response values relative to
the rated current of the motor used.

This resolves the conflict between starting IE3 and IE4
motors without any problem and ensuring reliable short-
circuit protection.

Application with a highly energy-efficient motor (IE3/1E4)

Rated motor current

Motor starter protector A

Motor starter protector B

13A Maximum setting value 20A

Motor starter protector A: Motor starter protector B (recommended for IE3/IE4 motors):

Response limit 208 A (13 x 16 A)
Factor for 14.3 A rated current: 14,54 times

Response limit 260 A (13 x 20 A)
Factor for 14.3 A rated current: 18,18 times

If you protect your application with an overload relay, this
relay can also be used with IE3 and IE4 motors without any
further adaptation. With the new 3VA molded-case circuit
breakers, we offer the right solution for protecting IE3 and
IE4 motors for higher power ratings, too.

10
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As an integration partner for holistic system solutions,
Siemens provides not only circuit breakers, contactors, and
overload relays, but also soft starters, motor starters, and
not least the Siemens Simulation Tool for Soft Starters
(STS).

e e e e e I i

Fie | Setmgs | Hel

Frd MLFE (hcie hp ) [SFONGSE 18E 14

This tool supports optimum dimensioning of soft starters
for motors with high starting current ratios (l/le >= 8).

The user-friendly graphical user interface enables fast and
simple configuration.

A white paper issued by: Siemens.
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Siemens provides know-how, tools, motors, and tailored
circuit breakers that match the drive and reliably protect it
while correctly interpreting inrush and starting currents.
The detailed Siemens Configuration Manual provides fur-
ther help. Here, you will find a host of further information
on IE3/IE4-ready products and correct dimensioning of
industrial controls combined with IE3/IE4 motors.

Download from:
https://support.industry.siemens.com/cs/document/94770
820

The simulation tool for soft starters provides clear recom-
mendations for the optimum soft starter for your applica-
tion.

Under the chairmanship of Siemens Amberg, the motor
starter standard IEC60947-4-1 is currently being further
developed to take account of the requirements of efficient
motors.

The standard is being adapted to provide a suitable re-
sponse to changing markets, to the interests of environ-
mental protection, and the resulting technical require-
ments.

In the future, new use categories for efficient motors
based on the motor standard will make it easier to match
motors and industrial controls. Moreover, it is planned to
apply the procedure to product standards such as 60947-
4-2 (soft starters) or 60947-6-2 (compact starters). These
starter switching properties adapted to the new motors in
line operation should be available as soon as possible to
ensure the international competitiveness of such devices.

Revision is also planned in view of EU regulation
640/2009/EC. Lot 11 will be replaced by lot 30. Lot 30 has
been worked out to identify improvement potential be-
yond the scope of lot 11. This potential is to be incorpo-
rated into the new directive and further contents are to be
included for a larger scope of validity. The next draft is
expected in the 1st quarter of 2016
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Frequently asked
questions:

Do | have to replace my existing IE1/IE2 motors?

The motors installed in plants and systems and stocked by
customers comply with the regulations in force at the time
of commissioning. EU regulation 640/2009 relates to
newly marketed motors except where described
exceptions apply. Exceptions are defined in the EU
regulation and must be observed.

How much will | save by changing to IE3/IE4 motors?
A class IE3 motor requires 8.6 % (2.58 kW) less energy
than an older motor. At 4,000 operating hours per year,
the IE3 motor saves 1,560 euros; at 7,000 operating
hours, the result actually adds up to 2,730 euros.

The Siemens EE-Comparator App calculates a specific
comparison specially for your application. Available for
Apple and Android in the relevant app store.

Why is the topic of changing to IE3/IE4 motors relevant
for industrial controls?

The energy-efficient IE3/IE4 motors have higher current
during starting than the IE1/IE2 motors. Both the starting
current and the inrush current are higher than before.
Industrial controls used with the new motors must
therefore reliably handle these higher currents and the
protection function (short-circuit protection) must also be
optimized for these higher currents.

Siemens AG

Digital Factory Control Products
DF CP S&MK MP 3

Postbox 23 55

90713 Fuerth

www.siemens.com

All rights reserved. All trademarks used are owned
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What is new in IE3/IE4-ready for Sirius industrial con-
trols?

In the Sirius industrial controls, both the switching
capacity and the short-circuit release have been optimized
for the new energy-efficient motors. A collection of
configuration notes in the form of an Application Manual
is also available for use of Sirius industrial controls with
IE3/IE4 motors.

What do | have to consider with industrial controls if |
replace an IE1/IE2 motor in an existing plant with an
IE3/IE4 motor?

Siemens research provides practical information about the
starting current for each power class below which
replacement of existing industrial controls is not
necessary.

This assessment is however no substitute for comparing
the available motor data with the data of the industrial
control. It only enables an assessment based on the inrush
current.

Power kW 0,75 | 11| 15 | 22 3 4 |55 | 75| 1 15 185 22 | 30 37 | 45

[Maximum 12 18 26 36 49 67 89 | 120 | 169 | 240 | 284 | 311 | 418 | 507 | 622
Istarting
urrent [A]

Power [kW] 55 75 90 110 132 160 200 250 315 355

Maximum 756 1022 1209 1511 1866 2133| 2800 3333 4266 4622
starting
urrent [A]

The limit values of the starting current for each power
class
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