4 steps

to a safe installation.
Danfoss supports
your planning with
our longstanding
experience.



http://www.danfoss.com/drives

The removable design checklist at the back of this manual

leads you to optimal design results in four steps.
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Design aids for high-level
and detailed design
Engineering Guide for Water
and Wastewater

The Danfoss Engineering Guide for
Water and Wastewater is aimed at
engineering rms, public authorities,
associations, plant engineers and
electrical engineers actively involved
in water and wastewater technology.
It is conceived as a comprehensive aid
for facility services designers (ICA and
electrical) and project engineers
whose scope of responsibility
includes the project engineering of
variable-speed systems using fre-
quency converters.

For this purpose, our specialists have
coordinated the contents of this
design manual with facility services
designers in the industry in order to
provide answers to important
questions and achieve the greatest
possible bene ts for property

owners/developers and/or contract-
ing authorities. The descriptions in
the individual sections are intention-
ally concise. They are not intended to
serve as extensive explanations of
technical matters, but instead to point
out the relevant issues and speci ¢
requirements for project engineering.
In this way, the Engineering Guide for
Water and Wastewater provides
assistance in the project engineering
of frequency-controlled drives and in
the assessment of the products of
various manufacturers of frequency
converters.

Project engineering of variable-speed
drives often gives rise to questions
that are not directly related to the
actual tasks of a frequency converter.
Instead, they relate to the integration

Anyone involved in the project engineering of
frequency converters should give careful consideration

to the general technical conditions of these devices.

of these devices into the drive system
and the overall facility. For this reason,
it is essential to consider not only the
frequency converter, but also the
entire drive system. This system
consists of a motor, a frequency
converter, cabling, and the general
conditions of the ambient situation,
which includes the AC mains supply
and the environmental conditions.

Project engineering and layout of
variable-speed drive systems are of
decisive importance. The decisions
made by the facility services designer
or project engineer at this stage are
crucial with regard to the quality of
the drive system, operating and
maintenance costs, and reliable,
trouble-free operation. Well-con-
ceived project engineering before-



hand helps avoiding undesirable side
e ects during subsequent operation
of the drive system.

This engineering guide and included
design checklist are ideal tools for
achieving the best possible design
reliability and thereby contributing to
the operational reliability of the
overall system.

The Engineering Guide for Water and
Wastewater is divided into two parts.
The rst part provides background
information on the use of frequency
converters in general. This includes the
topics of energy e ciency, reduced life
cycle costs and longer service life.

The second part of this design manual
guides you through the four essential
steps in the design and project

engineering of a system and provides
tips on retro tting speed control
capability in existing systems. It
addresses the factors you must pay
attention to in order to achieve
reliable system operation the
selection and dimensioning of the
mains power supply, the ambient and
environmental conditions, the motor
and its cabling and the selection and
dimensioning of the frequency
converter and gives you all the
information you need regarding these
aspects.

There is also a checklist at the back of
the manual, which you can use to tick
o theindividual steps. If you take all
of these factors into account, you can
achieve an optimal system design that
provides reliable operation at all times.



Compared with mechanical speed
control systems, electronic speed
control can save a lot of energy and
substantially reduce wear. Both of these
factors signi cantly reduce operating
costs. The more often drive systems are
operated (or must operate) under
partial load, the higher the potential
savings in terms of energy and mainte-
nance costs. Due to the high potential
for energy savings, the extra cost of an
electronic speed control system can be
recovered within a few months. In
addition, modern systems have an
extremely positive e ect on many
aspects of system processes and overall
system availability.

High energy saving potential
With an electronic speed control sys-
tem, the ow, pressure or di erential
pressure can be matched to the actual
demand. In practice, systems oper-
ate predominantly under partial load
rather than full load. In case of fans,
pumps or compressors with variable
torque characteristics, the extent of
the energy savings depends on the

di erence between partial-load and
full-load operation. The larger this is,
the less time is required to recover the
investment. It is typically around 12
months.

Start-up current limiting
Switching on equipment connected di-
rectly to the AC mains generates peak
currents that can be up to six to eight
times greater than the rated current.
Frequency converters limit the start-
up current to the rated motor current.
In this way they eliminate switch-on
current peaks and avoid voltage sags
due to transient heavy loading of the
supply network. Eliminating these cur-
rent peaks reduces the connected load
of the pump system as seen by the
electricity supplier, which reduces pro-
vision costs and eliminates the need for
supplementary Emax controllers.

Part 1. Basics
Reducing costs and
ncreasing convenience

Reduced system wear
Frequency converters start and stop
motors gently and smoothly. Unlike
motors operated directly from the AC
mains, motors driven by frequency
converters do not cause torque or
load shocks. This reduces the stress on
the entire drive train (motor, gearbox,
clutch, pump/fan/compressor) and
piping system, including the seals. In
this way, speed control signi cantly
reduces wear and prolongs the lifetime
of the system. Maintenance and repair
costs are lower thanks to longer oper-
ating periods and lower material wear.

Optimal operating point
adjustment

The e ciency of water and wastewa-
ter handling systems depends on the
optimal operating point. This point
varies depending on system capacity
utilisation. The system works more

e ciently when it runs closer to the
optimal operating point. Thanks to
their continuously variable speed,
frequency converters can drive the
system at exactly the optimal operat-
ing point.

Extended control range
Frequency converters allow motors
to be operated in the oversynchro-
nous range (output frequency above
50 Hz). This allows the output power
to be boosted brie y. The extent to
which oversynchronous operation is
possible depends on the maximum
output current and overload capacity
of the frequency converter. In prac-
tice, pumps are often operated at a
frequency of 87 Hz. The motor manu-
facturer must always be consulted
regarding motor suitability for over-
synchronous operation.

Lower noise generation
Systems running under partial load
are quieter. Speed-controlled opera-
tion signi cantly reduces acoustic
noise generation.

Increased lifetime

Drive systems operating under partial
load su er less wear, which translates
into longer service life. The reduced,
optimised pressure also has a bene -
cial e ecton the piping.

Retro tting

Frequency converters can usually be
retro tted in existing drive systems
with little e ort.



Speed control
saves energy
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The energy saving potential when a
frequency converter is used depends
on the type of load being driven and
the optimisation of the e ciency of
the pump or the drive by the fre-
quency converter, as well as how much
time the system operates under partial
load. Domestic water and wastewater
systems are designed for rarely-occur-
ring peak loads, so they are usually
operated under partial load.

Centrifugal pumps and fans o er the
largest potential for energy savings.
They fall in the class of uid ow
machines with variable torque curves,
which are subject to the following
proportionality rules.

The ow increases linearly with
increasing speed (rpm), while the
pressure increases quadratically and the
power consumption increases cubically.

The decisive factor for energy savings
is the cubic relationship between rpm
and power consumption. A pump
running at half its rated speed, for

40 60 80 100

Speed n [%]

example, needs only one-eighth of
the power necessary for operation at
its rated speed. Even small reductions
in speed thus lead to signi cant
energy savings. For example, a 20%
speed reduction yields 50% energy
savings. The main bene tof using a
frequency converter is that speed
control does not waste power (unlike
regulation with a throttle valve or
damper, for example), but instead
adjusts the motor power to match
exactly the actual demand.

Additional energy savings can be
achieved by optimising the e ciency
of the pump or drive with frequency
converter operation. The voltage
control characteristic (V/f curve)
supplies the right voltage to the
motor for every frequency (and thus
motor speed). In this way, the control-
ler avoids motor losses resulting from
excessive reactive current.

Proportionality rules of uid ow machines.
Due to the physical relationships, the
throughput Q, pressure p and power P are
directly dependent on the machine speed
with uid ow machines.

Remark: Danfoss VLTfi AQUA
Drive frequency converters
optimise energy demand even
further. The Automatic Energy
Optimisation (AEO) function
constantly adjusts the current
motor voltage so the motor runs
with the highest possiblee -
ciency. In this way, the VLTfi AQUA
Drive always adapts the voltage
to the actual load conditions it
measures. The additional energy
saving potential amounts to an
extra 3 to 5%.



Boosting cost e ectiveness

Life cycle cost (LCC) analysis
Until a few years ago, plant engineers
and operators only considered
procurement and installation costs
when selecting a pump system. Today
a full analysis of all costs is becoming
increasingly common. Under the
name life cycle cost (LCC), this form
of analysis includes all costs incurred
by pump systems during their
operational life.

A life cycle cost analysis includes not
only the procurement and installation
costs, but also the costs of energy,
operation, maintenance, downtime,
the environment, and disposal. Two
factors energy cost and mainte-
nance cost have a decisive e ecton
the life cycle cost. Operators look for
innovative controlled pump drives in
order to reduce these costs.

Reducing energy costs

One of the largest cost factors in the
life cycle cost formula is the energy
cost. This is especially true when
pump systems run more than 2000
hours per year.

Power

80% 84%

70%

c) i

f |
84%
E ciency range 70% _ 80%

LCC=Cic+Cin+Ce+Co+Cm+Cs + Cenv + Cd

Ci.= initial capital cost (procurement cost)

C,, = installation and commissioning costs

C. = energy cost

C, = operating cost

C,, = maintenance cost

Most existing pump systems have
substantial dormant energy saving
potential. This arises from the fact that
most pump drives are overdimen-
sioned because they are designed for
worst-case conditions. The volumetric
ow is often regulated by a throttle
valve. With this form of regulation, the
pump always runs at full capacity and
thus consumes energy unnecessarily.

[

Pressure [bar]

——E ciency range

[

Valve control

System curve

C, = downtime and lost production costs
C.n, = environmental cost

C4 = decommissioning and disposal costs

Life cycle cost calculation

This is comparable to driving a car
with the engine always running at full
throttle and using the brakes to adjust
the speed.

Modern, intelligent frequency
converters o er ideal means to
reduce energy consumption as well as
maintenance costs.

A Pump curve

70%

]
80% :

a) Valve control:  decreases

b) Actual speed control:  curve not aligned to system curve
c) Optimal speed control:  curve nearly matches system curve

L
Speed [n]

Flow [Q]r

In addition to the pump and system characteristic curves, this plot

shows several e ciency levels. Both valve control and speed control
cause the operating point to move out of the optimume ciency range.



Achieving potential
savings Iin practice

The descriptions in the rst part of
this design manual focus primarily
on the fundamentals and potential
savings in water and wastewater
technology.

Among other things, they deal with
life cycle costs, reducing energy con-
sumption and reducing energy costs
and reducing service and mainte-
nance costs. Your task now is to carry
out considered, intelligent design

in order to achieve these potential
bene tsinreality.

To this end, the second part
of this manual guides you through
the design process in four steps.

The following sections:
Mains systems
Ambient and environmental
conditions
Motors and cables
Frequency converters give you all
the information about character-
istics and data that you need for
component selection and dimen-
sioning in order to ensure reliable
system operation.

In places where more detailed know-
ledge is advantageous, we provide
references to additional documents
in addition to the basic information in
this manual.

The checklist included at the end of
this manual, which you can fold out or
tear out, is also a handy aid where you
cantick o theindividual steps. This
gives you a quick and easy overview
of all relevant design factors.

By taking all these factors into
account, you put yourself in an ideal
position to design a reliable and
energy-e cient system.
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Part 2 Four steps to an optimal system
Step 1 Practical aspects
of AC mains systems

Recognising the actual mains configuration

Various types of AC mains systems are
used to supply power to electrical
drives. They alla ect the EMC
characteristics of the system to
various degrees. The ve-wire TN-S
system is the best in this regard, while
the isolated IT system is the least
desirable.

TN mains systems

There are two versions of this form of
mains distribution system:

TN-S and TN-C.

TN-S

Thisisa ve-wire system with sepa-
rate neutral (N) and protective earth
(PE) conductors.

It thus provides the best EMC proper-
ties and avoids the transmission of
interference.

TN-C

This is a four-wire system with a com-
mon neutral and protective earth con-
ductor throughout the entire system.
Due to the combined neutral and pro-
tective earth conductor, a TN-C system
does not have good EMC characteris-
tics.

TT mains systems

This is a four-wire system with an
earthed neutral conductor and indi-
vidual earthing of the drive units.
This system has good EMC character-
istics if the earthing is implemented

properly.

IT mains system

This is an isolated four-wire system
with the neutral conductor either not
earthed or earthed via an impedance.

Note: All EMC features of the
frequency converter ( Iters, etc.) must
be disabled when itisused inan IT
mains system.

Combined neutral and protective earth
conductor to one common conductor
throughout the entire system

L

Isolated system with the neutral conductor
either not earthed or earthed via an

TN-S-System Seperate neutral (N) and protective TN-C-System
earth (PE) conductor
L1 O L1 ©O
L2 O 2 o
13 O 3 O
N PEN
PE I
TT-System Earthed neutral conductor and IT-System
individual earthing of drive units
L1 O L1 O
L2 O L2 O
L3 O L3 O
N I N I

Forms of electrical mains systems according to EN 50310 / HD 384.3

impendance.



Practical aspects of
electromagnetic compatibility (EMC)

Every electrical device generates
electrical and magnetic elds that
a ectits direct environment to a
certain extent.

The magnitude and consequences of
these e ects depend on the power
and the design of the device. In
electrical machinery and systems,
interactions between electrical or
electronic assemblies may impair or
prevent reliable, trouble-free opera-
tion. It is therefore important for
operators, designers and plant
engineers to understand the mecha-
nisms of these interactions. Only then
will they be able to take appropriate,
cost-e ective countermeasures at the
design stage.

This is because the cost of suitable
measures increases with each stage of
the process.

Radioactivity

Harmonic distortion

Magnetic elds

Lightning protection

Electromagnetic e ects work
in both directions

System componentsa ect each
other: every device generates
interference andisa ected by
interference. In addition to the type
and amount of interference an
assembly generates, it is characterised
by its immunity to interference from
nearby assemblies.

The responsibility rests

with the operator

Previously, the manufacturer of a
component or assembly for electrical
drives had to take countermeasures to
comply with statutory standards. With
the introduction of the EN 61800-3
standard for variable-speed drive
systems, this responsibility has been
transferred to the end user or operator
of the system. Now manufacturers only
have to o er solutions for operation

Eliminating radio interference

conforming to the standard. Remedy-
ing any interference that may occur (in
other words, using these solutions),
along with the resulting costs, is the
responsibility of the operator.

Two possible means

of reduction

Users and plant engineers have two
options for ensuring electromagnetic
compatibility. One option is to stop
interference at the source by minimis-
ing or eliminating the emitted
interference. The other option is to
increase the interference immunity of
the device or system a ected by
interference by preventing or sub-
stantially reducing the reception of
interference.

Resistance to interference

Protection against contact

EMC

Electrical corrosion

Biological e ects

Corona Electrostatic

Microwaves NEMP

TEMPEST

Electromagnetic compatibility (EMC) encompasses a wide variety of factors. The most signi cant factors
in drive engineering are mains interference, RFl suppression and interference immunity.
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Practical aspects of
electromagnetic compatibility (EMC

Distinguishing between
conducted and radiated
interference

There are always interactions when
several systems are present. Experts
distinguish between the interference
source and the interference sink,
which in practice usually means the
device causing the interference and
the device a ected by it. All types of
electrical and magnetic quantities can
potentially cause interference. For
example, interference may take the
form of mains harmonics, electrostatic
discharges, rapid voltage uctuations,
high-frequency interference or
interference elds. In practice, mains
harmonics are often referred to as
mains interference, harmonic over-
tones or simply harmonics.

Coupling mechanisms
between electrical circuits
Now you re probably wondering how
interference is transmitted. As a form
of electromagnetic emission, it can
essentially be transmitted by conduc-
tors, electric elds, or electromagnetic
waves. In technical terms, these are
called conductive, capacitive and/or
inductive coupling, and radiation
coupling, which means an interaction
between di erent circuits in which
electromagnetic energy ows from
one circuit to another one.

Conductive coupling
Conductive coupling occurs when
two or more electrical circuits are con-
nected to one another by a common
conductor, such as a potential equali-
sation cable.

Capacitive coupling

Capacitive coupling results from volt-
age di erences between the circuits.
Inductive coupling occurs between
two current-carrying conductors.

Radiation coupling
Radiation coupling occurs when an
interference sink is located in the far-
eld region of an electromagnetic eld
generated by an interference source.
For the purpose of electromagnetic
analysis, the standard speci es 30
MHz as the boundary between
conductive coupling and radiation

Interference di usion paths
Cable conducted
interference

(Mains cables,
Control cables)

coupling. This corresponds to a
wavelength of 10 metres. Below this
frequency, electromagnetic interfer-
ence is mainly propagated through
conductors or coupled by electrical or
magnetic elds. Above 30 MHz, wires
and cables act as aerials and emit
electromagnetic waves.

Radiation
interference
(airborn)

|
10 kHz 100 kHz

1 MHz

[ T [ T
30 Mhz 300 MHz
10 MHz 100 MHz 1GHz

Electromagnetic interference occurs over the entire frequency range, but the propagation

paths and form of di usion vary.

Source of Interference sink
interference

. eg.
Switching circuit parts Interference coupling Control systems
Power converters e.g. conductive, capacitive, Power converters
Frequency converters inductive or electromagnetic Frequency converters
Ignition systems General radio recei-
Radio telephones ving systems
Mobile phones Mobile phones
Computers Data/ phone trans-
Switch mode power mission wires
supplies

Overview of coupling paths for electromagnetic interference and typical examples

Frequency converters and EMC

Low-frequency e ects (conductive) === Mains interference/harmonics

High-frequency e ects (radiation)

===p Radio frequency interference

(emission of electromagnetic elds)



Practical aspects of
mains power quality

Low-frequency mains interference

Supply networks at risk

The mains voltage supplied by
electricity companies to homes,
businesses and industry should be a
uniform sinusoidal voltage with
constant amplitude and frequency.
This ideal situation is no longer found
in public power grids. This is due in
part to loads that draw non-sinusoidal
currents from the mains or have
non-linear characteristics, such as PCs,
television sets, switching power
supplies, energy-e cient lamps, and
frequency converters. Mains power
quality will decline even more in the
future due to the European energy
network, higher grid utilisation and
reduced investments. Deviations from
the ideal sinusoidal waveform are
therefore unavoidable and permissi-
ble within certain limits.

Facility services designers and
operators have an obligation to keep
mains interference to a minimum. But
what are the limits and who speci es
them?

How mains interference occurs
Specialists refer to the distortion of
the sinusoidal waveform in mains
systems caused by the pulsating input
currents of the connected loads as

mains interference or harmonics.
They also call this the harmonic
content on the mains, which is
derived from Fourier analysis, and
they assess it up to 2.5 kHz, corre-
sponding to the 50th harmonic of the
mains frequency.

Quality assured

by statutory provisions
Standards, directives and regulations
are helpful in any discussion regarding
clean, high-quality mains power. In
most of Europe the basis for the
objective assessment of the quality of
mains power is the Electromagnetic
Compatibility of Devices Act. European
standards EN 61000-2-2, EN 61000-2-4
and EN 50160 de ne the mains voltage
limits that must be observed in public
and industrial power grids.

The EN 61000-3-2 and 61000-3-12
standards are the regulations concern-
ing mains interference generated by
connected devices. Facility operators
must also take the EN 50178 standard
and the connection conditions of the
electricity company into account in the
overall analysis. The basic assumption is
that compliance with these levels
ensures that all devices and systems
connected to electrical distribution
systems will ful | their intended
purpose without problems.

The input recti ers of frequency con-
verters generate this typical form of
harmonic interference on the mains.
Where frequency converters are con-
nected to 50-Hz mains systems, the
third harmonic (150 Hz), fth har-
monic (250 Hz) or seventh harmonic
(350 Hz) are considered. This is where
the e ects are the strongest. The total
harmonic content is also called the
total harmonic distortion (THD).

Measurements show distinct distortion of the
mains voltage waveform due to interference from
nonlinear loads.

The ideal situation of a sinusoidal mains voltage
is rarely found nowadays in our mains grids.




Practical aspects of
low-frequency mains interference

Analysing mains
interference

To avoid excessive impairment of
mains power quality, a variety of
reduction, avoidance and com-
pensation methods can be used
with systems or devices that
generate harmonic currents. Mains
analysis programs, such as VLTfi
MCT 31 Harmonic Calculation
software, can be used for system
analysis as early as the design
stage. In this way, operators can
consider and test speci ¢ counter-
measures beforehand and ensure
subsequent system availability.

Remark: Danfoss has a very
high level of EMC expertise and
many years of experience in this
area. We convey this experience
to our customers by means of
training courses, seminars,

workshops and in everyday
practice in the form of EMC
analyses with detailed evalua-
tion or mains calculations.

Note: Excessive harmonic

content puts a load on power

factor correction equipment and

may even case its destruction.

For this reason, they should be
tted with chokes.

VLTfi MCT 31 estimates the harmonic current and voltage distortion of your application and determines if
harmonic Itering is needed. In addition the software can calculate the e ect of adding mitigation equip-
ment and if your system complies with various standards.

E ects of mains interference
Harmonics and voltage uctuations
are two forms of low-frequency
conducted mains interference. They
have adi erentappearance at their
origin than at any other pointin the
mains system where aload is