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VACUUM SOLUTIONS
FROM A SINGLE SOURCE
Pfeiffer Vacuum stands for innovative and custom vacuum solutions worldwide,
technological perfection, competent advice and reliable service. We are the only supplier
of vacuum technology that provides a complete product portfolio:
■
■
■
■
■

Pumps for vacuum generation up to 10 -13 hPa
Vacuum measurement and analysis equipment
Leak detectors and integrity test systems
System technology and contamination management solutions
Chambers and components

Are you looking for a perfect vacuum solution? Please contact us:
Pfeiffer Vacuum GmbH · Headquarters/Germany · T +49 6441 802-0
www.pfeiffer-vacuum.com
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One goal

Technology that makes its mark
Two symbols, three letters: pumps, valves and KSB are all closely connected –
thematically and visually. Wherever there are fluids to be transported,
controlled or shut off, customers globally benefit from our expertise. And you,
too, can trust our products. The KSB brand stands for competent advice,
excellent quality and top reliability. It also guarantees service you can count on,
worldwide. www.ourtechnology.yoursuccess.ksb.com
You can also visit us at: www.ksb.com/socialmedia
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EDITORIAL

Pumps and Compressors for the World Market:
Technical Innovations Available Also Mobile
Dear customers, dear readers,
In this issue of our technical leaflet as well, we show you the many and
varied possible applications of pumps and compressors: system efficiency
thanks to Industry 4.0, pumps made of mineral casting in power plant
technology, sustained extraction with carbon dioxide, hybrid compressors
for hydrogen supply applications, compressed air for nitrogen production,
vacuum generation in the production of clay roofing tiles, and vacuum
technology in lithium ion batteries.

Dr. Sönke Brodersen

Alexander Peters

It is the ninth time already that our traditional printed leaflet ‘Pumps and
Compressors for the World Market’ is published in the present form. This
is the fourth issue that is supplemented by an e-magazine with additional
information, video statements and image films. The “talking book” complements the printed version and can also be accessed from mobile terminals.
Competent and dedicated authors from our members again present
technical solutions and new possible applications from the areas of

pumps and systems, compressors, and compressed air and vacuum technology. In addition, there are review articles on topics important to
mechanical engineering, such as Industry 4.0. As always, the authors and
contacts named in the leaflet will answer any questions regarding the
novelties and technical innovations described in the magazine.
In addition to the professional articles, the magazine provides, as usual, a
clearly structured competence matrix, which is sorted by demand sector,
and allows you to reliably find a certain manufacturer. This gives the
reader a quick overview of the extensive information provided in the
VDMA e-market (www.vdma-e-market.de). Holding more than 250,000
retrievable products, this very successful online platform is up-to-date,
and can efficiently be browsed for manufacturers: based on products and/
or applications or areas of use. A supplier can be contacted directly by
using a button that brings you to the manufacturer’s website or starts an
e-mail inquiry.
In 2017 as well, the mechanical and plant engineering industry, and the
VDMA associations Pumps + Systems, Compressors, Compressed Air and
Vacuum Technology present themselves with their own stands at trade
fairs both at home and abroad. The domestic trade fair highlight is the
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Printed version and online version of our magazine reach
the customers of pump and compressor manufacturers all over the world.

ComVac, the international Leading Trade Fair for Compressed Air and
Vacuum Technology, in Hanover. Focusing on water, sewage, chemistry,
petrochemistry, and oil and gas, the VDMA organizes more than a dozen
joint stands abroad (‘German Pavilions’). This commitment helps our
members with their efforts to tap new market potentials globally and in
due time, and in this way to maintain their own competitiveness. Let us
further optimize our long-standing partnerships in 2017 as well for the
benefit of the companies!

Dr. Sönke Brodersen
Global Executive Officer Technology
KSB AG
Chairman of the VDMA association
Pumps + Systems

Alexander Peters
Managing Partner
NEUMAN & ESSER GROUP
Chairman of the VDMA association Compressors,
Compressed Air and Vacuum Technology

Pumps and Compressors for the World Market with Compressed Air and Vacuum Technology 2017

6

ECONOMIC DEVELOPMENT

Still Well Positioned Globally
German Pump and Compressor Manufacturers in 2017
Christoph Singrün and Ulrike Mätje
In 2016, the turnover for liquid pump manufacturers was six percent lower, and for
manufacturers of compressors, compressed air and vacuum technology, one percent
lower than in 2015. For 2017, pump manufacturers expect to stay at the previous
year’s level, while the manufacturers of compressors, compressed air and vacuum technology
will assume a slight increase in sales of one percent.
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Fig. 1

Pumps + Systems 2015

Main exporting countries, percentage shares
Germany 15.1%
Others 28.2%
China 14.4%
Republic of
Korea 2.4%
Norway 2.5%
Mexico 2.6%
Great Britain 4.5%
France 4.8%
Total: 34.0 billion Euro
(without hydro pumps)

Fig. 2

USA 12%
Japan 5.7%

Italy 7.9%

Source: Federal Department for Statistics / VDMA

Liquid pumps:
Production slightly down in 2015 and 2016
According to the Federal Statistical Office, the
production of liquid pumps (excluding hydro
pumps) netted €4.7 bn, indicating a slight decline of –2.2% compared to the previous year.
The largest piece of the pie however, is reserved
for centrifugal pump manufacturers, with more
than 40%. The manufacturers of oscillating or
rotating displacement pumps each had shares
of 9%. In the first three quarters of 2016, production value was €3.4 bn. This is a decrease of
2.6% compared to the corresponding previous
year period. For the fiscal year of 2016, sales
volumes were estimated at slightly more than
€4.4 bn. This would be a decline of about 6%.
The statistical survey of new orders for liquid
pumps conducted among the members of the
VDMA reflects the economic situation of German
pump manufacturers (Fig. 1). In the fiscal year of
2016, customer demand in real terms was 1 %
below the previous year’s level, with domestic
demand having declined somewhat more (–2%)
than the demand from abroad (–1%). At 87.9%
capacity utilization, an indicator of order backlog, this was still in the „medium“ range in January 2017. In 2016, the turnover achieved were
also 6% below the previous year’s level.

Germany remains in first place
According to the Federal Statistical Office, liquid
pumps worth €5.1 bn were exported in 2015,
(just) slightly less (–1.2%) than in the previous
year. A minor decline occurred in 2016: in this
period, Germany sold liquid pumps (excluding
hydro pumps) worth €5 bn to foreign customers.

Pumps and Compressors for the World Market with Compressed Air and Vacuum Technology 2017

Discover the Sulzer
Partnership

Sulzer provides complete pumping
systems and service solutions with
leading-edge technologies backed by our
long-standing expertise in engineering
and innovation.

Our customized and innovative service
solutions for rotating equipment help to
reduce maintenance time and cost, and
improve the efficiency and reliability of
your pumps and compressors.

Dedicated teams of experts work closely
with you to develop the right solutions to
match your specific requirements.

Contact us to discover your ideal
pumping and service solution.

www.sulzer.com
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Pumps + Systems 2016

Germany’s main export markets, percentage shares
USA 9.5%
Others 44.0%

Czech
Republic 9.3%
China 8.1%
France 6.3%
Italy 4.4%

Netherlands 4.1%
Great Britain 3.8%
Austria 3.2%
Russia 3.5% Poland 3.8%
Total: 5.0 billion Euro
(without hydro pumps)

Source: Federal Department for Statistics / VDMA

However, Germany remains the unchallenged
world export champion: At a global trade volume of €34 bn (2015), the market share of German manufacturers is 15% (Fig. 2), followed by
China (14%) and the U.S. (12%).
Europe remains the most important sales market for German liquid pumps with 60 % of all
exports. Due to the trade sanctions against Russia, one-fifth less pumps than in previous years
are being exported to Russia. Exports to China,
which meanwhile is the largest purchasing
country in Asia, Central America and the rest of
Africa, have recovered significantly.
The most important purchasing countries in
2016 for Germany were the U.S., the Czech
Republic, China, France, and Italy (Fig. 3).

Fig. 3

Price adjusted Order Intake Compressors,
Compressed Air + Vacuum Technology
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Fig. 4

The German pump and compressor industry remains
the unchallenged world export champion.

Compressors, compressed air and vacuum
technology: Production losses in 2015
and 2016
According to the Federal Statistical Office, compressors, compressed air and vacuum technology (excluding compressed air tools) worth €4.8
bn were produced in 2015. This indicates a decrease (–4.8%) in comparison to the previous
year. Turbo compressors, rotating positive-displacement compressors, vacuum pumps and
parts for vacuum pumps and compressors have
the biggest shares in production with nearly
36%, 19%, 16% and 14% respectively. In the first
three quarters of 2016, production totaled €3.5
bn. This is a d
 ecrease of 1% in comparison with
the corresponding previous year period. For the
fiscal year of fiscal year 2016, production volume was estimated at €4.7 bn.
The statistical survey of new orders conducted
among the members of the VDMA showed a
minus in the fiscal year 2016 of 3% compared to
the previous year. Domestic demand rose slightly (4 %), while demand from abroad eased somewhat more (–5 %) (Fig. 4). In the fiscal year 2016,
the sales achieved were just 1% below the previous year’s level.

Germany still number one exporter
According to the Federal Statistical Office, German
manufacturers of compressors, compressed air
Pumps and Compressors for the World Market with Compressed Air and Vacuum Technology 2017
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and vacuum technology (excluding compressed
air tools) exported goods worth €5 bn in 2015.
In 2016, Germany supplied goods worth €4.9 bn,
1.1% less than in the previous year. Germany’s
share in global trade amounts to 15% (Fig. 5),
well ahead of the U.S. (10%) and Italy (9%), with
the global trade volume totaling €33.1 bn in
2015.
Europe remains the most important buyer of
German compressors, compressed air and vacuum technology. 54% of all exports go to Europe,
and 84% of that to EU countries. The second
largest customer region is Asia, however with
continuous negative growth rates. Exports to
China, currently the largest purchasing country
in Asia, decreased once more by nearly one-fifth.
The demand from the Middle East, Central/
South Asia and Southeast Asia, and – on a low
level – from North Africa and the rest of Africa
showed considerable growth. The U.S. purchased around one-sixth less compressors and
compressed air and vacuum technology from
Germany. The key purchasing countries are the
U.S. with 10 % of sales (Fig. 6), China, Italy, Great
Britain, and France.

Compressors, Compressed Air and
Vacuum Technology 2015
Main exporting countries, percentage shares

Germany 15.1%

Others 30.4%

USA 9.9%

Mexico 3.4%
Switzerland 3.6%
Republic of Korea 3.7%
France 4.3%
Belgium 4.7%
Total: 33.1 billion Euro

Italy 9.3%
China 8.4%
Japan 7.2%

Source: Federal Department for Statistics / VDMA

Fig. 5

Compressors, Compressed Air and
Vacuum Technology 2016
Germany’s main export markets, percentage shares
USA 10.1%

Others 43.9%

China 9.5%
Pumps and compressors „Made in Germany“
continue to be very popular
The VDMA also supports companies in their
continuing efforts to defend or consolidate the
leading position of the German pump and compressor industry on the world market in 2017.
With the „German Pavilions“, the VDMA is represented in promising foreign markets on a regular basis in the context of German export promotion. The VDMA coordinates the joint basis
research work that is indispensable for the continuous improvement of products. Long-burning issues include sustainable production or
sustainable products, and energy efficiency.
Manufacturers of pumps, compressors and
compressed air and vacuum technology are
focusing more and more on industry 4.0 issues.

Italy 6.4%
Great Britain 5.3%
France 5.1%
Spain 3.1%
Netherlands 3.4%
Total: 4.9 billion Euro

Austria 5.1%
Hungary 4.7%
Sweden 3.5%

Source: Federal Department for Statistics / VDMA

Fig. 6

Authors:
Christoph Singrün
Ulrike Mätje
VDMA associations Pumps + Systems and
Compressors, Compressed Air and Vacuum
Technology
Pumps and Compressors for the World Market with Compressed Air and Vacuum Technology 2017
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INTERNATIONAL TRADE FAIRS AND EXHIBITIONS

Photos: VDMA

Foreign Trade Fair Program:
Global ‚Made in Germany‘ Exhibition
Harald Frank
Are you looking for a specific product or a manufacturer of a product,
and would like to contact him directly? Then a good place to go will be
the German joint stands at trade fairs all over the world. They convince
with technology and know-how ‚Made in Germany‘.

Joint stands in 2017: Pumps + Systems
Compressors, Compressed Air and Vacuum Technology
CIPPE, Beijing, China

March 20–22, 2017

Gastech, Tokyo, Japan

April 4–7, 2017

Neftegaz, Moscow, Russia

April 17–20, 2017

OTC, Houston, USA

May 1–4, 2017

Iran Oil Show, Tehran, Iran

May 6–9, 2017

OGA, Kuala Lumpur, Malaysia

July 11–13, 2017

WETEX, Dubai, UAE

October 23–25, 2017

Khimia, Moscow, Russia

October 23–26, 2017

ADIPEC, Abu Dhabi, UAE

November 13–16, 2017

www.auma.de

International trade fairs are one of the most important and effective platforms for exchanging
information between customers and producers.
Moreover, they provide an excellent forum for
making new contacts.

German exhibition abroad
With its official participation in selected trade
fairs and exhibitions abroad, the Federal Republic of Germany creates the framework for the
successful use of this marketing tool under the
well-known umbrella of ‘Made in Germany’. In
particular small and medium-sized enterprises
can present themselves at these joint stands,
and attract the greatest possible attention. In
addition, the German pavilions convince with
their professional appearance and prominent
position at the fairs.

Pumps and Compressors for the World Market with Compressed Air and Vacuum Technology 2017

INTERNATIONAL TRADE FAIRS AND EXHIBITIONS

The government sponsors well in excess of 200
events annually with a total volume of about
€40 million. The VDMA is the association that
files most of the applications under the foreign trade fair program of the Federal Republic
of Germany (AMP), with an average of 60 to 80
projects annually supported by the association.
Moreover, the VDMA also organizes its own joint
stands for companies at foreign trade fairs.
More on the internet
For more information on VDMA commitments,
please go to:
www.vdma.org/messeservice_weltweit
For information on the Federal Government’s
AMP, go to the website of the Association of the
German Trade Fair Industry (AUMA):
www.auma.de
Author:
Harald Frank
VDMA Pumps + Systems

11

Joint stands in 2018: Pumps + Systems
Compressors, Compressed Air and Vacuum Technology
CIPPE, Beijing, China

March 2018

Neftegaz, Moscow, Russia

April 2018

Iran Oil Show, Tehran, Iran

April/May 2018

OTC, Houston, USA

May 2018

Caspian Oil & Gas, Baku, Azerbaijan

June 2018

SIWW, Singapore

July 2018

Rio Oil & Gas, Rio de Janeiro, Brazil

September 2018

WETEX, Dubai, UAE

October 2018

KIOGE, Almaty, Kazakhstan

October 2018

Khimia, Moscow, Russia

October 2018

Gastech, Tokyo, Japan

Autumn 2018

ADIPEC, Abu Dhabi, UAE

November 2018

OSEA, Singapore

November/December 2018

www.vdma.org/messeservice_weltweit

Perfect power transmission
for all media.

Jaw couplings

Curved-tooth gear
couplings

Pin & bush
couplings

Steel lamina couplings

Magnet couplings

Highly flexible
couplings

www.ktr.com
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INTERNATIONAL STATISTICS ON VACUUM TECHNOLOGY

International Statistics on Vacuum Technology (ISVT):
Market Overview and Navigator
Jürgen Eisenreich
In 2017, the International Statistics on Vacuum Technology celebrates its
15th anniversary. For the roughly 70 participating companies from Europe,
the USA, and Japan, the results of these global statistics provide an important
market indicator and compass to find out where they are standing.
ing international attention to the industry. The
development of the vacuum statistics is continued steadily, and adjusted to the participants’
requirements. The involvement of Asian vacuum
technology manufacturers continues to be considered a very important goal.

Already since the year 2002, the associations
EVTA (European Vacuum Technology Association), JVIA (Japan Vacuum Industry Association),
and AVEM (Association of Vacuum Equipment
Manufacturers) have jointly been collecting data
on a quarterly basis on vacuum pumps, vacuum
devices and instruments, and vacuum hardware,
etc., and on the relevant demand sectors, such as
semiconductors, chemistry, pharmaceutics,
packaging, solar, and flat panel displays.

Author:
Jürgen Eisenreich
VDMA Compressors, Compressed Air
and Vacuum Technology

This project unique in the area of vacuum technology has over the years succeeded in attract-

Vacuum Market Segmentation
Rough Vacuum
Markets
- Packaging
(except food)
- Central
Vacuum
- Printing and
Paper
Handling
- Pick and Place
- Conveying
- Moulding
- Air sampling
- Medical

Process Vacuum
Markets
- Chemical (Bulk,
Fine,…)
- Petrochemical
- Pharmaceutical
- Plastics
(Extrusion,…)
- Food
- Beverage
- Textile
- Paper
- Ceramics
- Freeze drying
- Energy (Wind,
Nuclear, Steam
Turbines,…)
- Central Vacuum
(Batteries,…)

Industrial Vacuum
Markets
- Vacuum Metallurgy
(Metal Degassing,
Melting, Re-melting,
E-beam welding,
Casting,…)
- Vacuum Heat
Treatment (Brazing,
Carburising,
Nitriding,
Quenching,…)
- Laser Technology
- Electron Tubes
- TV Tubes
- Lamps and Bulbs
- Industrial leak
detection
- Refrigeration and Air
Conditioning
- Automotive
(Dehydration,
Charging and Test)
- Electrical
(Encapsulation,..)
- Medical sterilisation

Semiconductor
Process Vacuum
Markets
- Silicon
Semiconductor
(Memory, Logic,
MEMS…)
- Compound
Semiconductor
(LEDs,…)
- Semicon Crystal
Pulling

Thin Film Deposition
(non-Semiconductor)
Markets
- Glass/Web/Optical
Coating
- Optical Data Storage
(CD, DVD, Hi Def
Disk,..)
- Magnetic Data
Storage (HDD)
- Thin Film Heads
- Surface Coating
(wear protection,
decorative, ..)
- Thin Film batteries

FPD

Solar

Instrumentation
Manufacturers

Markets

Markets

Markets

- TFT-LCD
Displays
- Display
Coatings
(OLED, FED,
PDP,
SED,…)

- Photovoltaic
Solar (c-Si &
Thin-Film
Deposition,
Laminating,,..)
- Thermal Solar
(Water
Heaters,…)
- Solar Crystal
Growth (Pulling,
Re-melt, …)

- Mass Spectrometers
- Electron
Microscopes
- Metrology/
Inspection/ Defect
Review systems for
Semiconductor
including Focused
Ion Beam systems
and Electron Beam
systems
- Surface Analysis
- Gas Analysis
- X-Ray Analysis
- MRI and NMR
- Sample  reparation
(Driers, Centrifuges,
Concentrators,…)
- Leak Detectors
- Medical accelerators
(Linac, Synchrotron,
Cyclotron…)

Please note: Above
includes both
Process Equipment
Manufacturers and
End Users for PVD,
CVD, Etching, Ion
Implantation, MBE

R&D
Markets
- Universities
- Government
Labs
- Scientific
Research
Laboratories
- Space
Simulation

Typical operating pressure (mbar)
>1
PVD:
CVD:
MBE:
MEMS:
TFT-LCD:
SED:
HDD:
FPD

> 10- 2
10-2 – 10-6
Physical Vapour Deposition
Chemical Vapour Deposition
Molecular Beam Epitaxy
Micro Electro Mechanical Systems
Thin-Film Transistor Liquid Crystal Display
Surface Emission Display
Hard Disk Drive
Flat Panel Display

1 – 10-8

10-3 – 10-8
CD:
DVD:
OLED:
FED:
PDP:
MRI:
NMR:

-8

1 – 10
10-6 – 10-10
10-2 – 10-11
Compact Disk
Digital Video Disk
Organic Light Emitting Diode (or OELD: Organic Electro Luminescent Display)
Field Emission Display
Plasma Display Panel
Magnetic Resonance Imaging
Nuclear Magnetic Resonance

This Vacuum Market Segmentation Chart was developed by the Working Group of the International Statistics on Vacuum Technology Program (ISVT), and is
published with their permission. Organisations that participate in the program are the Association of Vacuum Equipment Manufacturers International
(AVEM), the Japan Vacuum Industry Association (JVIA), the European Vacuum Technology Association (EVTA), and the Semiconductor Equipment and
Materials International (SEMI).
Version 2013.1, Paris, France, September 10th, 2013

Fig. 1: The so-called vacuum market segmentation created and continuously developed by the ISVT working group
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INNOVATIONS & TRENDS

Implementing an energy-saving concept can sustainably optimize the energy efficiency of a pump system.

Industry 4.0:
Efficient Systems Thanks to Digital Pump Twins
Dr.-Ing. Thomas Paulus
How can pump systems be optimized and potential energy
savings identified without expending substantial outlay?
Industry 4.0 applications unlock new opportunities in this
context. One example of this is a smartphone app that can
be used to measure the noise frequency of asynchronous
motors in just a few seconds. The app then checks whether
there are any areas in which energy could be saved so that
pump efficiency can be further improved.

Pumps and Compressors for the World Market with Compressed Air and Vacuum Technology 2017
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Industry 4.0 will change customer expectations
in the long term – including when it comes to
pump systems. While technical product and
process innovations used to be convincing selling points, the future will be characterized by
assisting customers with their business processes and operative tasks. The vertical and horizontal integration of products and digital, networked services will taking center stage in
future innovation development.
In this context, innovations can either be evolutionary and thus closely aligned with existing,
conventional value creation models in the
respective market, or they can be disruptive and
lead to entirely new, market-changing value creation chains. This is also due to the fact that
sales channels in certain industries have become
inflexible and are no longer compatible with
current and future customer requirements.

The digital twin as the fundamental core
of data-driven innovation
All innovative digital services are based on the
idea of the “digital twin”, which means that
every machine is assigned its digital counterpart
that accompanies it throughout every life cycle
phase. The digital twin therefore is the virtual
representation of a real component broken
down into data, services and functions that can
change and be adapted during active runtime.
The digital twin represents the fundamental
core for providing information and functions at
the user’s location in time as well as for overcoming the disruptive self-destruction of a user.
The digital twin can also access other data
sources or link with other digital twins, e.g. as
a component in a cyber-physical system.

Benefits for pump users

EcoTrans MULTISAFE®
The universal solution
for low-pressure applications
Features of EcoTrans MULTISAFE® Pump:
§ Handling of abrasive, aggressive and toxic fluids
§ Continuous and gentle pumping with low pulsation
independent of pressure and viscosity
§ Flow rate: 2 to 20 m³/h
§ Operating pressure: up to 16 bar
Advantages:
§ Cost-efficient MULTISAFE® technology
§ Highest energy efficiency
§ Maximum availability,
low maintenance costs
§ Hermetically sealed
§ High solids loading

The main benefits for pump users continue to
be improved productivity, lower operating costs
and increased flexibility. A key component to
this end is reducing service and maintenance
efforts, increasing availability and improving
energy efficiency during operation (Fig. 1).
Identifying and evaluating cost-saving potential
was previously difficult due to the lack of
machine instrumentation.

FELUWA Pumpen GmbH | Germany | FELUWA.COM

Pumps and Compressors for the World Market with Compressed Air and Vacuum Technology 2017
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Step 1: System analysis
The objective of step 1 is to quantify the energy
savings potential available. For this purpose, the
load profile is determined and the system’s overall situation analyzed.
This approach appears trivial at first glance, but
achieving the objective without using suitable
basic tools and applying expert knowledge is in
fact very difficult. The reason for this has to do
with the fact that machines and systems with
optimization potential need to be identified and
recorded with minimal effort at the very beginning.

Fig. 1: Potential benefits in operation

Energy-saving concept

The app enables maintenance personnel to
identify optimization potential of machines
driven by fixed-speed asynchronous motors
within 20 seconds during routine site inspections.
Sensors do not need to be installed for this.

Source: KSB

What does a process-oriented concept for optimizing a system’s energy efficiency entail?
Based on the digital twin, the following provides
an overview of several corresponding datadriven services along the step sequence. The
concept combines smart products and services
with expert knowledge, paving the way to an
energy-efficient system in four steps. For users
who have an energy management system in
place, the concept can be easily integrated in the
PDCA cycle in accordance with DIN EN ISO
50001, ensuring perfect alignment with the
respective customer process.

To this end, the previous approach was to analyze and classify population lists that focused on
the age of components. Compiling and evaluating these lists, however, is time-consuming,
even when using data from maintenance systems. Furthermore, this approach carries the
risk of blindly replacing old, yet very efficient
machines. The result is investments that do not
provide any substantial return. In addition, there
is often not enough time available to analyze
the lists when carrying out daily maintenance
activities. This gap can be easily bridged by using
a mobile device, an Industry 4.0 service app and
the digital twin.

Fig. 2: Analysis and evaluation of results

Pumps and Compressors for the World Market with Compressed Air and Vacuum Technology 2017

GEA VARIPUMP
GEA SMARTPUMP
After entering the name plate data of the pump
and the motor, the microphone of the mobile
device records the noise emission of the motor
fan. The app filters the exact speed of the unit
from the noise spectrum and determines the
torque by correlating the data entered with a
hydraulic systems database developed by the
manufacturer.

The digital twin is the virtual
representation of a real component.
The measurement result includes the speed and
power input of the connected motor at the designated operating point and indicates whether
the pump has savings potential. The app is manufacturer-independent and can also be used for
motors with other load machines. After taking
the measurement, users can directly contact the
manufacturer to coordinate plans for optimizing energy consumption.
This approach can be leveraged to identify the
typical properties and characteristics of digital
services:

•
•

An existing infrastructure (mobile devices
with integrated sensors) is used and not
redeveloped (no product approach).
This serves as the basis for creating a new
Industry 4.0 service (potential analysis) that
quickly and easily assists users in carrying
out their daily work.

One benefit of this approach is that investments
for acquiring data are only made for machines
that can be further optimized. This translates
into a minimized investment risk as users can
look forward to a mid-term return on investment due to the immediate savings in energy
costs.
After potential improvement areas of the system have been quantified by the sensors, it is a
good idea to conduct a site inspection together
with an expert. This allows for additional
improvement potential to be identified, such as
unfavorable piping dimensions and routing as
well as valves with high loss coefficients. The
expert then recommends an appropriate measurement method based on the type of machine

GEA Hygienic
Pumps
Find the right solution for
every application in our full
portfolio of hygienic centrifugal and rotary lobe pumps.
GEA VARIPUMP LINE
Highly customizable hygienic pumps
for complex applications
GEA SMARTPUMP LINE
Standardized hygienic pumps for
common applications
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Fig. 3: System structure selection

Step 2: Design

The optimized system fitted with smart components
runs efficiently with respect to energy consumption
and operating availability.

This system structure and the customer application influence the selection of components. The
right number of pumps, hydraulically optimized
valves, piping dimensions and a matching drive
system have a major impact on the efficiency of
the system (Fig. ). Drive units with integrated
multiple-pump control that are adapted to the
pump operation serve to minimize investment
costs during subsequent installation and com-

Source: KSB

and the application. Once the machines in question have been fitted with the measurement
instruments, their operating behavior is monitored over an extended period of time and the
load profile of the pump is determined. A digital
service assists in analyzing the data and conducts a detailed as-is analysis automatically or
with the assistance of an expert (Fig. 2).

Design is a central aspect for ensuring the
energy efficiency of a system. The individual
components of the hydraulic system are tailored
to customer requirements and to each other.
The optimum system structure is then determined (Fig. 3) based on the data recorded in the
analysis step (e.g. load profile).

Fig. 4: Commissioning assistance with mobile application

Pumps and Compressors for the World Market with Compressed Air and Vacuum Technology 2017

PUMPS & SYSTEMS

missioning, for example. Design tools support
the system configuration process, providing the
customer with implementation scenarios and
recommendations for realizing an optimum
hydraulic system. Design always follows of four
criteria:

tion losses. Smart functions such as integrated
characteristic curve control also ensure pump
protection. Fieldbus modules, Bluetooth connectivity and an integrated energy savings
meter serve to monitor operation on a continuous basis.

•

Author:
Dr.-Ing. Thomas Paulus
Head of Digitalization Program Office
KSB Aktiengesellschaft, Frankenthal, Germany

•
•
•

The application-specific requirements
are met
Maximum energy efficiency is achieved
The ratio of savings to investment costs
is ideal
The legal energy efficiency
regulations (ErP) are
complied with

Each of these criteria is based
on the digital twin with corresponding supplementary data.
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No vibrations.

Step 3: Commissioning
In step 3, the design results are
implemented and the resulting products professionally
installed and configured. In the
process, mobile apps help carry
out all the relevant commissioning steps for the installed
equipment and managing the
parameter sets. The digital
twin configured in the device
at the factory once again
serves as a dedicated data
source to this end. Communication with the devices takes
place via a Bluetooth interface
for easy operation and configuration (Fig. 4).

Step 4: Highly efficient
operation
After commissioning, the optimized system fitted with
smart components runs efficiently with respect to energy
consumption and operating
availability. The system is thus
able to automatically adapt to
changing operating conditions
and compensate for pipe fric-

LEWA pulsation studies – established analysis, long maturities.
Ensure smooth operation and less downtime of your metering application: Identify and avoid
cavitation, vibration and fatigue damage of the pipelines with LEWA pulsation studies. Trust in
the many years of experience from LEWA in the design and optimization of metering systems.

Learn more at:
www.lewa.com/pulsationstudies

For flue gas desulfurization in power plants, pumps made of non-metallic
mineral castings have longer service lives and operate with more energy efficiency.

Photo: Fotolia / mariusz szczygieł

Retrofit Pumps Made from Alternative
Materials Reduce Lifecycle Costs
Daniel Zahn
For use in demanding applications, such as flue gas desulfurization in power
plants, pumps made from conventional materials such as steel, rubber-coated steel, or stainless steel have comparatively short service lives. On
the other hand, pumps made using non-metallic mineral castings require
considerably less service under unfavorable operating conditions, and have
significantly longer service lives. Such pumps can also be installed in existing systems with little to no modifications to the current system design.
Initial practical experience proves that such pumps have significantly longer
service lives and are more energy efficient when compared to conventional
materials. Each of these factors significantly reduce the lifecycle costs for
non-metallic, mineral cast pumps.
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Development of an alternative material

Source: Düchting

The housings and impellers of pumps in the
higher performance classes consist almost
entirely of metal castings. If the pumps handle
corrosive and/or abrasive media, the components that come into contact with the media are
often rubber lined. This rubber lining must be
replaced at regular intervals, which requires
extensive effort and results in unwanted and
costly downtime. Stainless steel housings are
also used in these applications, although they
are very expensive to manufacture and do not
fully perform well in these applications.

Fig. 1: Heavy-duty pump impeller made of silicon carbide mineral castings

With Mohs hardness 9.7 (for comparison: diamond has Mohs hardness 10), silicon carbide
(SiC), when bonded by a special thermosetting
epoxy resin, forms the base material. This material is therefore almost as hard as a diamond,
corrosion-resistant, non-magnetic, extremely
resistant to abrasion, and resistant to thermal
shock and impact. The components are formed
via a mineral casting process with the load-bearing capacity being improved via heat curing. It is
machine finished with diamond tools.

bonds also have a noise and vibration damping
effect, which is a great advantage with pump
components. The temperature-controlled, pressureless casting process results in extremely low
shrinkage and correspondingly high dimensional stability – an important prerequisite
when producing various, complex components
for machines and plants. Another advantage is
that even large components weighing up to
8,000 kg can be produced using this process.

Source: Düchting

25 years ago, the search for an alternative pump
material for these types of applications led to
the development of a silicon carbide-based
material. The base material, silicon carbide, is a
heavy duty, non-metallic material that is impervious to corrosion.

Use in pump applications
Given this profile of properties, the cast material
is a highly resistant material for all pump components that come into contact with media
(housings, impellers, wear plates, and housing
covers) and which must meet extreme requirements due to handling of corrosive or abrasive
media (Fig. 1). This applies to applications such
as flue gas desulfurization and, as a relatively
new application, seawater desalination, where
even high-alloy stainless steels may be susceptible to corrosion.
The chemical bonds formed in the epoxy resin
binder results in a cast-mineral material that is
less brittle and thus also resistant to thermal
shock and impacts. In addition, these chemical

Fig. 2: All pump components that are in contact with the media are
made of mineral castings. The specific application of the pump is as
an absorber-circulating pump in flue gas desulfurization.
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Fig. 3: A stainless-steel pump impeller shows signs of heavy wear
after 11,000 operating hours.

Fig. 4: A pump impeller made from a special mineral casting under the
same operating conditions as in Fig. 3 after 24,000 operating hours.

Application in flue gas desulfurization
Pumps made of this mineral cast material have
proven themselves in various practical applications such as flue gas desulfurization (FGD) in
power plants, which is considered a true “toughness test” for circulation pumps (Fig. 2).

Replacement of absorber recirculating pumps
Numerous power plant operators, especially in
the USA, have long used other types of absorber
recirculating pumps – especially those with a
rubberized design. In addition to regularly
scheduled downtime for installing new linings

Source: Düchting

Pumps whose components (including the housing) are in contact with the pump media and
which are made of silicon carbide via the
above-described process, have extremely long
service lives in this application. They have nominal diameters from DN 400 to 1000mm and are
designed for flow rates up to 20,000 m3/h (at

6 bar). In addition to the special material, they
also feature a highly effective cartridge mechanical seal and a maintenance-friendly design.
With a unique back pull out design, the complete
impeller set can be removed without disassembling the spiral housing from the pipe assembly.

Fig. 5: This highly wear-resistant mineral casting
material is also suitable for repair and refurbishment of existing components.
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The right pump for
every application
in these pumps, unplanned downtime resulting from additional wear on
the rubber lining can still occur. In order to meet the increasing demand
for high-quality retrofits, a line of pumps has been specially developed for
retrofit applications. The fitting sizes for flanges and drive pins are adapted
to common lines of pumps in this application. The overall dimensions also
enable pumps to be exchanged without making any other modifications.
The same applies to the drives as well, with the motor, gearbox, and coupler remaining unchanged, making conversions of all existing absorber
recirculation pumps straightforward and simpler for the end user.

As an alternative to replacing an entire pump
assembly, individual pump components may be
replaced with components made of mineral castings.
NETZSCH positive
displacement pumps
Side effect: higher flow rate
When developing pumps that handle corrosive media under unfavorable
environmental conditions, adaptation to the specific conditions involved
is usually the focus. This often compromises performance and service life.
However, this does not apply to pumps that contain wetted components
in contact with pump media that is constructed of mineral castings. On
the contrary, the flow rate increases slightly while the power consumption
remains the same. As a result, the improvement in efficiency means that
one of the multiple absorber recirculating pumps can often be removed
from service in power plant operations, resulting in reduced capital and
energy costs.

For each application there is an optimum
pump principle: As a leading manufacturer
of different positive displacement pumps
we always recommend the right pump for
your individual application.

This benefit continues to occur over many years, as proven by comparative
tests of stainless-steel and mineral-cast pumps. The impeller of a stainless steel pump used in such a test was visibly worn after 11,000 operating hours, and pump performance was adversely affected. In comparison,
the pump impeller constructed of mineral castings showed no wear even
after 24,000 operating hours (Figs. 3 and 4).

Alternative: Exchange individual components
or apply mineral cast coatings
As an alternative to the replacement of an entire pump assembly, it is also
possible to replace individual pump components with components made
of mineral castings, depending on the nature of the application. In addition, existing pumps can be lined with mineral castings, and existing components – particularly impellers – can be coated with mineral casting
material in order to increase the service life of the components under
unfavorable conditions (Fig. 5).
Comparative tests prove the effectiveness of these low-investment measures. For example, erosion and pitting of a duplex stainless-steel suction
side pump wear plate occurred after 16,000 operating hours. Under completely identical conditions, a wear plate made of mineral castings exhib-

NOTOS® multi screw pump, NEMO® progressing
cavity pump and TORNADO® T2 rotary lobe pump

NETZSCH Pumpen & Systeme GmbH
Geretsrieder Straße 1
84478 Waldkraiburg
Germany
Tel.: +49 8638 63-0
Fax: +49 8638 67981
info.nps@netzsch.com
www.netzsch.com
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Fig. 6: Stainless steel suction-side wear plate after
16,000 operating hours. Erosion and pitting are
clearly visible.

Fig. 7: Special mineral casting wear plate after
16,000 operating hours: smooth surface with
no edge wear.

ited a rough, flat surface with no edge wear.
Only a superficial layer of the resin incorporated
in the material was removed (Figs. 6 and 7).
It is not necessary for the entire component to
be constructed of mineral casting in order to
achieve this result. As part of a service program,
existing (pump) components can also be refurbished with a pourable mineral cast material
coating that is as resistant to wear and corrosion
as the base material consisting of the same
combination of silicon carbide and epoxy resin.
This approach, which has proven itself over the
course of numerous projects, leads to lower
costs and shorter delivery times.

For use in demanding applications,
pumps made using non-metallic mineral castings
are more energy-efficient.
Retrofit – a growing market
Regardless of the material-related issues, the
development of a line of pumps that is geared
towards retrofitting existing systems is a growing market for manufacturers of high-quality
pumps for demanding applications. For existing
facilities in the mining, chemical, energy and
power industries that have reached a certain
age, users are more likely to opt for a basic or
gradual modernization than for the construction of a completely new facility.

Apart from the desire to reduce downtime, a
common reason for performing a retrofit is to
save energy. Since energy costs make up the
largest fraction of the lifecycle cost of a pump, a
retrofit for energy purposes is often both technically and economically feasible. This is due to
modern pumps being equipped with improved
technology such as energy efficient electric
motors and, if applicable, speed regulated drives.

Significant energy savings are possible
An example of a Polish coal mine shows that
pump users can save substantial energy costs
through a retrofit and also benefit from higher
plant availability. More than 60 m3/min of
ground water must be pumped out of the
Sobieski mine in southern Poland on an ongoing
basis. The mine operator was looking for an
energy-efficient solution for the existing pumps
and initially wanted to try replacing a pump.
After an in-depth analysis of the plant, the existing 10-stage pump was replaced by a five-stage
pump with a flow rate of 8.6 m3/min. As a
result of the substitution, the pump station consumes 10% less energy than before for a depth
of 500 m (Fig. 8).
Since the housing and impeller of the new pump
are made of stainless steel, a high level of efficiency is maintained over a long period of time.
The user thus saves energy costs on an ongoing
basis. The fact that the pump is quiet while in
operation also improves underground working
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Source: Düchting

conditions. Based on this experience, the mine
operator is now planning successive replacement of all groundwater pumps.

Reference variable: Lifecycle costs
When deciding whether or not to retrofit, a
comparison should always be made between
the cost of investment and the current and
expected servicing and energy costs. If this relatively simple calculation is performed using a
well-defined model, the pump operator will
have a good basis for making an informed, economical decision. References for the calculation
of pump life expectancy include a paper from
the US Hydraulic Institute.1 In summary, energy
costs make up the bulk of the life cycle cost (LCC)
of a pump. If a retrofit improves energy costs, an
investment in new pump technology can be
quickly amortized. To a lesser extent, the same
applies to service costs. It is now customary for
sophisticated pump users to request or perform
an LCC analysis during the design phase, which
ultimately provides better information about
the cost of a pump or pump station than pure
investment costs.

Fig. 8: A Polish mine operator was able to obtain an energy savings of
10% by replacing a ground-water pump.
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High-pressure plunger pumps are used in many sectors, including the mining industry, the steel industry,
and in water jetting and processing technologies. Their salient feature is their high energy efficiency.

Reduced Energy Consumption in Pumps
Thanks to Smart Drive and Control Technology
Dr. Andreas Wahl and Jan Sprakel
In the European Union, pump drives account for about 30% of
industrial power consumption. In order to acknowledge the increased
environmental awareness and meet the demand for reduced energy
costs, new pump solutions with considerably improved energy
efficiency are being developed. The state-of-the-art high-pressure
plunger pumps are an example of this. Thanks to their gearbox with
redesigned double helical gearing and the possibility to control the
speed of the drive to adapt the volume flow to current requirements,
these pumps are capable of replacing multiple smaller pumps.
They could be used, for example, in water hydraulic systems where
there is a need for low-noise, robust and energy-efficient pumps
capable of high pressures and large volume flows.
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According to a study conducted in cooperation
with the Fraunhofer Institute for System and
Innovation Research ISI, pump drives account for
30% of industrial power consumption in EU
countries. Since the industry utilizes about 40%
of the electricity generated, pumps are consuming about 12.6% of the overall electricity in the
EU.1
It could be argued that pumps are not actually
consuming the energy, but rather feeding it
back into the system.2 This, however, does not
change the fact that the consumed or fed-in
energy appears in the electricity bill of the operation – and that these energy costs make up a
significant share of the total life cycle costs of a
pump.3
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demand-oriented selection and/or dimensioning of the pump, but also to its design and, more
importantly, to the design of the power train
and the control technology.

Plunger pumps as energy-efficient
displacement machines
The example of high-pressure plunger pumps
for pressures of up to 3500 bar shows the range
of application opportunities these pumps have
to offer. These pumps are used, among others, in
the mining industry (longwall mining), in the
steel industry (descaling), and in water jetting
and processing technologies (high-pressure
homogenization), where they have been proving their worth for decades.

Goal: Go for energy savings
In light of this, the pump operators’ desire to
achieve energy savings is quite understandable,
since this would not only enable them to take
the pressure off their budgets, but also to contribute further to environmental protection.
This desire is reinforced by the fact that many
companies have set themselves annual energy
savings goals and are keeping track of their
achievements. Or they are simply recording the
energy input in relation to the production output and are striving to continually improve
these figures with the goal of sustainable development.

One of the most characteristic features of these
pumps is their energy efficiency. As displacement machines, plunger pumps operate more
efficiently due to their functional principle or, in
other words, at a higher efficiency than centrifugal pumps. They achieve efficiencies of about
90%, compared to about 70% for centrifugal
pumps. For this reason, plunger pumps are a
cost-efficient alternative to most centrifugal
pumps used until now, even in applications with
relatively low pressures from approx. 80 to 100
bar. Practical examples clearly show that
plunger pumps unlock substantial energy-saving potential in this area.

Source: KAMAT

The high share of pump drives in industrial
power consumption alone clearly shows that
pumps have the potential to make a significant
contribution to achieving these goals and optimizations. This not only applies to the

The salient feature of high-pressure
plunger pumps is their high energy efficiency.

Fig. 1: High-pressure plunger pumps for use in the mining industry
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housing. Asymmetry causes stronger vibrations,
which is why acoustic decoupling of the pump
yielded only unsatisfactory results. But the optimization of noise emissions still remained a
goal.

Split housing, symmetrical crankshaft,
newly designed gearing

Fig. 2: Triplex plunger pump for pressures up to 3,500 bar

Redesigned mechanical power train

Source: KAMAT

Even though the basic concept of these pumps
already boasts high efficiency and optimized
energy consumption, it still harbors the potential for improvement. This is why the entire
mechanical power train of the triplex plunger
pumps for pressures of up to 3500 bar has been
redesigned. In addition to ensuring low energy
consumption, the demand for low-noise
high-pressure pumps among several operators
from the mining industry, for example, was
another reason for developers to focus on optimizing the pumps.
The requirement for reducing the noise level
was difficult to meet with the existing drive concept because the crankshaft – which moves the
plunger via crossheads – had to be asymmetrical in order to accommodate it in the one-piece

The pump manufacturer’s design engineers
then developed a split housing in which a symmetrical, balanced crankshaft is used to ensure
power transmission between the drive and the
plunger. A newly designed double helical gearing also helps to improve the pumps’ smooth
running and to reduce their noise emission. This
new design is now used in the triplex pumps in
the performance classes from 80 to 400 kW. It is
also the basic drive design of the quintuplex
pumps in the performance classes from 530 to
800 kW which were developed for series production in the next step. They enable considerable
cost savings in applications with large volume
flows.

Suited for speed control
The mechanical part of the new pump generation’s drive also creates the prerequisite for a
demand-oriented, variable speed control of the
pumps. The power transmission design details
include large surfaces for low surface pressure
and the generously dimensioned crosshead. The
combination of these measures ensures excellent hydrodynamic lubrication of the pump
drive at the spots with the highest loads even at
low rotational speeds. Since the plunger pumps
are working at full operating pressure over a
speed range from 10 to 100%, they are operated
in an energy-efficient and demand-oriented
way at partial flow.

Controllable high-pressure pumps
for large volume flows

Fig. 3: The gearbox with compact power transmission
is tailored for use in high-pressure pumps.

The first quintuplex pumps for pressures of up
to 3,500 bar were another stage of development
achieved on the basis of the redesigned, energy-efficient triplex plunger pumps. This development was initiated in response to the fact
that the (water) hydraulic systems in various
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high-pressure plunger pump applications – in
particular those in longwall mining and in descaling systems in the steel industry – are becoming increasingly larger. As a consequence, operators are using multiple large triplex pumps, as
the volume flow of these pumps is limited by
design and involves high pressures. The cylinder
volume is limited by cavitation, which means
that triplex pumps are “only” feasible up to a
rating of roughly 400 kW. The basic design of the
new triplex pumps created the opportunity to
use them as the basis for developing the first
quintuplex (five-cylinder) pumps with ratings of
530 and 800 kW.
These quintuplex pumps are capable of delivering considerably larger volume flows than triplex pumps. The advantages for operators result
from the “economy of scale”. One large pump is
more cost-effective than two or three smaller
ones, and has a considerably smaller footprint –
an important factor in most modernization
projects.
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Detailed design work
A lot of detailed design work was required to
transfer the basic concept of the triplex design
to the quintuplex pump. The crankshaft, for
example, is supported by multiple bearings
(using special split bearings), and oil spray lubrication is used on the crossheads instead of
splash lubrication so as to ensure that the center
crossheads are sufficiently lubricated as well.
Despite these new design details, it was possible to use many equivalent parts of the triplex
pumps, enabling cost-efficient production and
the storing of spare parts. During the development and optimization of the housing, the
pump manufacturer worked in close collaboration with the IFAS Institute at the Ruhr University Bochum, which simulated the thermal load
of the pumps and implemented the respective
optimizations in addition to conducting the
FEM calculations. Thermal expansion is a factor
that needs to be taken into account, particularly
when designing the housing.

Pumps, Seals,
Valves, Services
Flowserve is the driving force in the global
industrial marketplace and provides
solutions that permit customers to reduce
total life cycle costs.
Our product and industry specialists
develop effective proposals and solutions
directed toward market and customer
preferences.
We offer a wide range of complementary
solutions, from pre-engineered to highly
engineered and special purpose products
and systems.
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Fig. 4: Quintuplex pumps up to 800 kW were developed
on the basis of the newly designed triplex pumps

generously dimensioned crossheads with large
surfaces that are able to absorb high surface
pressures, while ensuring the continuity of the
lubricant film. Another advantage for operators
is that the flow rate of these pumps is not controlled by unloading valves in on/off technique
but by electronically regulating the speed of the
pump. This leads to significantly reduced wear
of the pump, as the pump itself, the piping and
the valves are subject to a considerably reduced
load. When controlling the pump via unloading
valves, the valves tend to switch multiple times
within a few seconds under certain circumstances, resulting in extremely high loads on the
entire pump system.

“Economy of scale” in pump stations
Good controllability

Source: KAMAT

The new quintuplex pumps offer the same
advantages as the redesigned triplex pumps.
They operate at extremely low noise and vibration levels and, when used in conjunction with
speed-controlled drives, are capable of working
at full operating pressure over a speed range of
10 to 100% – the typical value in the pump
industry ranges between about 50 and 100%.
As a result, they can be perfectly adjusted to the
respective volume flow requirements. Only one
pump is required even for wide speed ranges.
This is primarily thanks to the pump’s capability
of rotating slowly without affecting the hydrodynamic lubrication of the heavily-loaded drive
elements – and of the crosshead in particular.
The corresponding design prerequisites include

The first 530 kW quintuplex pump was followed
by an 800 kW model. The two versions are
already in series production, with operators
benefiting from significant cost savings in terms
of maintenance, service and energy consumption. Three 800 kW pumps – with the common
constellation of one master, one slave and one
standby unit – are able to generate even very
large volume flows at pressures of up to
3500 bar. Another common combination is to
control the speed of the master pump via frequency converters when using two high-pressure pumps. The slave pump takes over the basic
load as soon as the requirements exceed the
delivery capacity of the master unit. As a result,
you only need one speed-controlled pump to
cover a very large control range, resulting in substantial cost savings. This is especially true for
the mining industry when considering the
expenses caused by an ATEX-compliant frequency converter with the corresponding EU
type examination certificate. The next development stage is already under way: a quintuplex
pump with a rating of 1200 kW.

Unlocking new areas of application

Fig. 5: FEM methods and thermal simulation programs
were used in the development phase of the housing.

With these features, the new drive concept
boasts considerable benefits in terms of efficiency, lifetime, service, total cost of ownership
and noise emission for customers in traditional
areas of application such as the mining industry
and in the fields of jetting and high-pressure
technology.
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ACTIVE INTO
THE FUTURE
These advantages are also increasingly being
valued in other areas of application. In the field
of process technology, the demand for
high-pressure plunger pumps is growing. They
can be used, for example, in the high-pressure
homogenization process (up to 3,500 bar), in
gas scrubbing plants and in reverse osmosis systems, resulting in a considerably reduced
pump-related cost of ownership thanks to their
high efficiency by design, their extraordinarily
robust engineering and excellent controllability.

MECHANICAL
ENGINEERING

It all comes down to the pumps –
and the system
The upgraded mechanical design combined
with excellent controllability over a wide speed
range creates the prerequisite for operating
high-pressure pumps with reduced noise emission and excellent energy efficiency. The control
technology of both the single pump and the
entire pump station (keyword: master-slave
control) in particular offers great potential for
reducing the energy consumption of the pumps.
In this respect, however, operators should not
only focus on the pump alone but always take
the entire system into account. The efficiency of
a pump always depends on a demand-oriented
design with regard to the operating point, the
volume flow, and the usage profile.
Authors:
Dr. Andreas Wahl
Jan Sprakel
CEOs of
KAMAT GmbH & Co KG, Witten, Germany
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Supercritical CO2 extraction is common practice in the processing of hops for brewing beer.
Highly-specialised high pressure plunger pumps are used for this process.

Oscillating Displacement Pumps –
Sustainable Extraction with Carbon Dioxide
Michael Lenz and Janina Spanbalch
Carbon dioxide is used particularly in the food, beverage, cosmetics
and pharmaceutical industry for extracting natural substances,
aromas, fats, oils, waxes, polymers, enzymes and colourants in their
supercritical physical state. For despite its bad reputation as a greenhouse gas, CO2 is a natural and environmentally-friendly solvent
which has advantages over synthetic and harmful media such as
n-hexane when it comes to sustainability. Oscillating displacement
pumps are ideal for supercritical CO2 extraction.
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This process has a long tradition. More than 50
years ago, researchers and developers began
working on this issue and the first systems, for
example for decaffeinated coffee, were soon
developed.
How do we get the caffeine out of the coffee
bean? The carbon dioxide is compressed under
very high pressure, causing the desired component to become separated from the raw material. When the pressure is reduced, the carbon
dioxide releases the removed substances again
and an extract is produced.

The arguments against
chemical extraction processes
To avoid pathogenic, toxic and therefore dangerous traces in a product, it is safer to completely
omit the use of any organic solvents. The environmentally-friendly disposal of chemical
solvents is, however, complicated and involves
significant costs. This creates conflicting objectives for any manufacturer who is committed to
sustainability.

The arguments in favour of
the organic solvent CO2
In recent years, the pressure in extraction processes increased from approx. 300 bar to approx.
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1,000 bar. This leads to a reduced processing
time, allowing more efficient ingredients to be
produced in a gentler manner. This makes commercial use overall more economically efficient
and more effective. The current general trend
among consumers towards biological products
supports this development.

Why the CO2 extraction process is still on trend
One classic application of this process is beer
brewing: The selective extraction of alpha and
beta acids changes the spectrum of bitter substances in the naturally grown hops according
to the desired flavour.

Oscillating displacement pumps are ideal
for supercritical CO2 extraction.

This type of “beverage design” can influence
how aromatic, mild or bitter a beer tastes. A
hops extract without bitter substances allows
trendy drinks such as “hops lemonade” with
special flavours to become established on the
market.
The resulting flexibility allows breweries to
adapt to consumer trends and to manufacture
healthy products which are tailored to customer
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Fig. 1: Schematic diagram of the process components of a CO2 extraction system,
which can have different designs depending on the process.

requirements. Furthermore, in medicine there is
also a growing focus on sensitive substances
from naturopathy. Ever more intelligent and
finely-tuned processes are being developed and
used for extracting these substances for preventive medicine or therapeutics. In the same
way, natural cosmetics, which are becoming
increasingly popular among consumers, contain a variety of different allergens which have
to be extracted from the substances.

fluidity of supercritical CO2 allows it to penetrate into the smallest pores of food and extract
the desired substances from the raw material.
The supercritical CO2 is then expanded and
heated up. It turns back into a gas and evaporates without a trace, leaving nothing but the
pure extract. As CO2 is inert, it neither reacts
with the extract nor distorts its properties.

The principle of CO2 extraction

Comparison with beer brewing:
chemical hops extraction with ethanol
versus CO2 as a solvent

The process can be described with three keywords: extraction, separation and condensation.
First, liquid CO2 is supercooled and fed into the
pump. Due to heavy compression, with pressures up to 1,000 bar, the CO2 is heated up and
transferred into a supercritical state. Under
these conditions, it possesses the properties of
a gas and a liquid and is characterised primarily
by its excellent dissolving capacities. The high

The comparison, which is of course not exhaustive, looks at some of the facts from the areas of
production, composition, purity and economic
efficiency. As a starting point, the continuous
process of the extraction uses fermentation
alcohol to process hops umbels at temperatures
of approx. 60°C. When CO2 is used, this is
referred to as a batch process with supercritical
carbon dioxide as a solvent. Hops pellets are
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used as the p
 rimary product. They are processed
at temperatures under 60 °C and with extraction pressures up to 300 bar.
Depending on the composition of the specific
variety, the ethanol extract contains all bitter
substances, while CO2 allows selective extraction of so-called alpha or beta acids, which
means that the unspecific bitter substances in
the hops are hardly present in the extract afterwards. The process can achieve very good extraction of contained pesticides, nitrates and heavy
metals, whereby the CO2 application achieves
better values. From an economic point of view,
the production costs for the CO2 extraction process are slightly higher, as hops pellets first have
to be produced for the process and it is also a
batch process. The ethanol extract has a stability of approx. one week, the CO2 extract of
approx. two weeks, whereby the packaged
extracts can keep for six years or more at the
right storage temperature.
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Another keyword here is the optimisation of
dead space in the fluid section of the pump: The
optimisation always ensures a high volumetric
efficiency. This volumetric efficiency is becoming increasingly important due to the rising
processing pressure. Volumetric efficiency influences the flow rate and therefore the function

High pressure plunger pumps are suitable for
use in the food, dietary supplements, cosmetics
and pharmaceutical industry.
of the entire pump. Particularly with very high
pressures up to 1,000 bar, a design with optimised dead space volume in the fluid section is
crucial to the general function of the pump.
Incorrectly designed liquid end components can
not only cause the pump to cease pumping but
also merely to compress and expand without
discharging the desired volume of the medium.

Challenge for CO2 high pressure
pump technology

Innovative Coolant Pumps for
Various Applications
© iStockphoto

The challenge for the pump technology is the
medium CO2, which is gaseous under normal
ambient conditions. It has to be constantly kept
in a liquid state through precise monitoring of
the process parameters to prevent cavitation
damage in the pump. Poor lubrication properties and the high compressibility of liquid CO2
require specially developed pumps with a high
level of process reliability. Specifically this means
that the pump has to be specially developed for
the CO2 application: The power end has to be
able to withstand the rod forces resulting from
the high suction pressure and optimum lubrication of the bearing points has to be ensured.
At the same time, pressure increases up to
1,000 bar create a correspondingly higher temperature increase: This requires effective cooling
of the fluid section with cooling channels in the
stuffing boxes and valve blocks. As some components cannot be cooled directly, it is important
to adapt the materials and the design so that as
little as possible of the generated compression
heat is absorbed. Because the CO2 is alternately
subjected to compression and expansion, it is
necessary to minimise or avoid the temperature
rise and the resulting losses.

www.brinkmannpumps.de
 Machine Tool Coolant Supply by Medium and

High Pressure Pumps
 Chip Handling with Lifting and Cutter Pumps
 Plastic Pumps for Water Applications
 Immersion and Miniature Centrifugal Pumps

for Temperature Control

BRINKMANN PUMPEN
K.H. Brinkmann GmbH & Co. KG

Tel. +49 2392 5006-0
sales@brinkmannpumps.de
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The variety of substances to be extracted is
immense, so that the exact parameters and
therefore the precise design of the high pressure
plunger pump have to be defined individually
during the project planning phase. A general
statement as to which pump is the right one in a
system is simply not possible.
All pumps combine sturdy and compact design
with innovative and flexible technology, meeting all requirements of state-of-the-art production technology with regard to size, weight and
energy efficiency. The functional design of the
described high pressure plunger pump achieves
a mechanical efficiency of over 90%, that means
it offers an optimum level of energy efficiency
and sustainability.

Fig. 2: High pressure plunger pump for CO2 applications

The system concept in pump engineering
CO2 high pressure pump technology in use

Source: URACA

High pressure plunger pumps which were
adapted to these kinds of special challenges are
particularly suitable for use in CO2 extraction.
For this, the fluid section of the pumps was
re-designed and integrated into a variety of different proven high pressure plunger pumps,
customised for each model. The pumps are used
worldwide for a variety of different CO2 extraction processes in many different industries,
including in a pilot system for CO2 extraction of
colourants and flavourings from tomatoes.

Fig. 3: High pressure plunger pump unit for CO2 application as compact unit
with frequency converter, motor and control/operating unit

In order to meet the customer demands of
today, a system concept is required including
plug-and-play solutions in pump engineering
as well: customers want complete drive and
control units in the pumps, consisting of a compact frequency converter device, an asynchronous three-phase motor and a control and operating unit (see fig. 3). The air cooled IE3 asynchronous three phase motor is suitable for
continuous speed control via the frequency converter and drives the plunger pump in the
required working range. The frequency converters monitor the temperature, current and speed
of the motor.
The continuous speed/pressure control for the
asynchronous three-phase motor is provided by
the attached, air cooled frequency converter
(FC) compact unit with different wide range
voltages and a nominal energy efficiency of at
least 97%. The FC unit is fully ready to connect. It
consists of a load break switch for secure disconnecting, power and motor connection, power
electronics, control and monitoring unit, EMC
input filter and FC display with intuitive menu
navigation for all FC functions. It can be adapted
to customer requirements if necessary.
For an individual, reliable and comfortable
pump operating, monitoring and control application, an additional small housing with an integrated S7 failsafe PLC can be used, for example.
This allows customisation to meet the applica-
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tion-specific and customer-specific safety functions and requirements.
Display, operation and parameterisation on site
can be carried out via a convenient touch panel
with intuitive menu navigation – e.g. for setting
parameters/set values and for displaying actual
value/set value, error and status as well as pump
and motor data. Discreet and analogue signals
or bus interfaces (Profinet standard) serve to
connect to a higher level controller.

Great variety of applications
for the promising organic solvent
Countless applications can be observed in the
food, dietary supplements, cosmetics and pharmaceutical industry: the demand for the extraction of high quality oils, waxes, extracts, colourants and active substances is continuously rising. The natural substances can be refined
through the extraction process with the organic
CO2 in many different ways: for example by
removing fat and oil, fragrances and aromas,
active substances or harmful substances.
Medicinal plants as well as common plant substances – such as algae, fruit and vegetables,
berries, herbs and spices, seeds, cereals and nuts
– provide the raw materials. This process can
even be useful for extracting harmful substances from contaminated raw materials.
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Modern and sustainable manufacturing
practice strives for optimum overall efficiency
and an efficient structure in a compact design.
and the application with regard to energy efficiency and system availability.
Modern and sustainable manufacturing practice strives for optimum overall efficiency and
an efficient structure in a compact design, taking into account process and wear optimisation
– including instrument and process data monitoring of the entire pump unit.
Authors:
Dipl.-Ing. (FH) Michael Lenz
Head of Sales Process & Industrial Pumps
Dipl.-Betriebsw. (FH) Janina Spanbalch
Product Management
URACA GmbH & Co. KG, Bad Urach, Germany

Gear pumps for chemical and plastics
processing industries.

Customised pumps for a variety of processes
In principle, “extraction” is about removing a
certain substance from the primary product and
then providing it in its pure form to use the
extracted substance for further processing. The
large variety of raw plant materials also requires
a corresponding variance in processes, whereby
the suitable parameters have to be defined individually in each case to allow optimum extraction of the natural agents.
The use and the engineering of customised and
standardised drive and control assemblies are
the basis for such technically sophisticated high
pressure CO2 pump applications which have
substantial requirements for process reliability
and personal safety. All system parts have to be
adapted to the process, the function, the safety

WITTE PUMPS & TECHNOLOGY manufactures
precision gear pumps for the plastics, chemical and
sweets processing industries for more than 30 years.
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Many years of experience and an optimal choice of
materials make our pump series BOOSTER, CHEM,
POLY and EXTRU successful and reliable.
Our core business are not only tailor-made special
solutions for specific customer requirements, we also
Lise-Meitner-Allee 20
offer a wide range of standard pumps.
D - 25436 Tornesch
WITTE also provides comprehensive service
packages for gear pumps from other manufacturer.

Tel.: + 49 (0) 41 20 70 65 90
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An efficient method for increasing the efficiency of oil and natural gas from more
difficult-to-produce wells consists of installing multiphase downhole screw pump aggregates.

Photo: Fotolia / krizz7

Multiphase Downhole Screw Aggregates
Increase the Efficiency of Conveying Hydrocarbons
Jens-Uwe Brandt, Jörg Lewerenz, Frank Böker and Dietrich Müller-Link
After decades of developing easy-to-produce oil and gas reserves, these global
resources are running out. The increasing development of more difficult-to-
produce areas is therefore important. With conventional methods, average recovery
efficiencies of 30 to 40% are achieved. An efficient method for increasing the oil
and natural gas recovery from these wells consists of installing multiphase downhole screw pump aggregates (MDA) in the wells in the immediate vicinity
of the reservoirs, and therefore securing this fossil fuel supply for mankind over
a longer period of time. Multiphase pump downhole aggregates (MDA) were
developed for two main uses: conveying gas containing oil sources and production
of liquid loaded gas wells.
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The use of downhole pumps is required for further inflow improvement due to pressure reduction in the wellbore. In the case of conventional
downhole pumps, which are only suitable for
conveying liquids, the effect is, however, limited.
To prevent pump damage due to gas dissolving
in front of the pump, a sufficiently high hydrodynamic level has to be maintained. Only with the
use of multiphase downhole pumps the advantage of an improved inflow can be fully utilised.
Against a background of significant efforts to
improve the recovery rate of reservoirs, the
development of such a pump for use in oil and
gas wells was necessary. This also supports the
efforts of Enhanced Oil Recovery (EOR) measures.

Fig. 1 Rotor set of a screw pump

Screw pumps
The design fundamentally consists of two shafts
rotating inversely inside a figure-of-eight-shaped
casing, each of which holds two intermeshing
pairs of screws. Together these form closed
chambers which, during rotation, move from
the inlet side to the discharge side (Fig. 1).

Screw pumps are used especially for higher
viscous media or to significantly vary the capacity
by regulating the speed.

The conveying elements work without creating
contact between the screws and liner, which are
sealed by a sealing fluid – as a rule the conveyed
medium itself. The rotors are usually supported
by external bearings outside of the conveying

pd + 10…20bar
filter heat exchanger
signal line/
power line

Fig. 2: Block diagram of the MDA lubricating oil supply and pressure tracking
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Since the nineties, multiphase pumps have been
used at the surface in order to relieve the reservoir pressure and avoid transport losses when
conveying the material to the processing plant.
A lower head pressure reduces the load for the
conveying technology applied and furthermore
has a positive effect on the inflow of the hydrocarbons from the reservoir. An additional degassing as well as the corresponding expansion of
the gas phase accompanies the reduction in
pressure, which sets economic limits to such an
installation at a head pressure of 2 – 5 bar due to
increasing construction and energy costs.

Source: ITT Bornemann

For many years, screw pumps have been wellknown in the oil and natural gas industry. They
are used especially for higher viscous media or
to significantly vary the capacity by regulating
the speed. Owing to their volumetric character,
they are also ideally suited to transport multiphase mixtures (oil, water, and gas).
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When the pressure of the fluids is increased,
friction and compression heat arise. These heat
losses are removed by the conveyed fluid, with
the liquid portion absorbing the largest part. In
the event of temporary pure gas production,
recycled sealing fluid absorbs this heat and
evenly distributes it in the pump. This prevents
or delays an overheating of the conveying elements.

Fig. 3: Block diagram for the supply concept of the MDA asynchronous motor (ASM)

Multiphase pumps in downhole service

housing. Highly secure sealing systems prevent
the conveyed fluids from leaking into the atmosphere.

With a multiphase pump downhole aggregate,
it is also possible to convey mixtures high in gas, a
particular advantage for weak gas boreholes with high
reservoir water, or condensate accumulation.

Source: ITT Bornemann

The conveying principle is independent from the
properties of the medium being conveyed.
Therefore the differential pressure achieved is
not dependent on the density of the media. The
pump only responds to the backpressure and
adapts its generated outlet pressure to the
requirements of the downstream pipe system.
The flow rate is set by adjusting the speed.

Conveying elements

Shaft bearing

Power transfer
Shaft seal

The inflow conditions from the reservoir to the
wellbore depend significantly on the pressure
difference between both. Reducing the pressure
in the inlet area of the well (bottom hole flowing pressure) close to the gas dissolution pressure opens up the possibility of significantly
increasing the inflow and thereby improving the
production efficiency of the well.
The requirements, as well as the environmental
conditions in oil and gas fields, differ substantially from one another. Oil wells mainly raise
liquids to the surface with increasing gas content in later operating phases. For gas wells, the
primary function is to maintain the continuous
flow rate from the well, while the percentage of
gas condensates and formation water increases,
or to press this liquid into other areas of the formation.
Residual liquid increasingly hinders the flow
process of the gas from the well up to a blockage
of the production tubing, and therefore generates highly fluctuating production volumes up
to production interruptions.
With a multiphase pump downhole aggregate,
it is also possible to convey mixtures high in gas,
a particular advantage for weak gas boreholes
with high reservoir water, or condensate accumulation. Once the accumulated liquid has
been discharged, combined operation with a
multiphase pump installed above ground is particularly efficient.

Electric drive

Fig. 4: MDA-3D CAD model in cross-section
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Development of a multiphase downhole pump
Typical operating conditions for an MDA

The multiphase pump downhole aggregate
(MDA) originated in a joint research project
based on a requirements matrix, taking into
account the results from the professional
exchange with German oil and gas field operators, as well as manufacturers for downhole
installations. This enabled a compilation of the
wide array of conditions in oil and gas fields as
well as the resulting special requirements on an
MDA.

Shaft power
Flow rate

25 kW per pump stage
Up to 200 m³/d liquid
(at average screw pitch and speed)
Differential pressure
Up to 30 bar per stage
Inlet pressure
Up to 300 bar
Installation orientation Upright, tolerates deviations from this
Installation
Up to 3000 m in oil and gas wells
Installation space
7“/32 lbs/ft. Casing (drift ø 151.61mm)
Source: ITT Bornemann

The requirements matrix created takes into
account the conveying aids known in the market
for hydrocarbon extraction. They have been
identified, described, and evaluated with respect
to their pros and cons for use as a multiphase
underground conveying aid. The following were
considered:

•
•
•
•
•
•

•

•

•
•
•
•

Downhole centrifugal pumps
(commonly referred to as ESPs,
electric submersible pumps),
Downhole reciprocating pumps
(sucker rod driven piston pumps),
Gas lift,
Downhole eccentric screw pumps
(Progressive cavity pumps), and
Dual-shaft downhole screw pumps

MDA pump casing
MDA feed screws
Shaft / shaft material qualification
MDA shaft bearing
MDA drive
Coupling of the downhole drive and
multiphase pump
MDA lubricating oil supply and
pressure tracking

The requirements matrix flowed into the specifications for the MDA taking into account,
among other things, the criteria from the
requirement areas of borehole conditions,
installation environment, well productivity, fluid
characteristics, power supply, service life
requirements, pump capacity, and measurement data acquisition and analysis.
Solution variants were developed for the partial
functions of the selected dual-shaft combination of the downhole screw pump. The overall
solution approaches resulting from the partial
functions were evaluated taking into account
the expected costs, the production and assembly costs, and the expected service life of the
preferred partial solutions. The development,
configuration and adaptation of system components of the MDA included the following main
points:

Smooth wastewater transport thanks to solids separation:
Wilo-EMUport CORE
ƒ Maximum operational safety with separation of solids from the
sewage: Large solids do not have to pass through the pump - no
clogging
ƒ Cost-effective thanks to retrofit system for simple renovation of
old pumping stations
ƒ Durable and corrosion-free due to the use of PE and PUR material
ƒ Easy maintenance, even during operation – thanks to hygienic dry
well installation and easy access from outside
ƒ Energy savings due to efficient submersible sewage pumps
optionally with IE3 motors
www.wilo.com
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Fig. 5: Series connection of hydraulically coupled positive displacement machines

The MDA feed screws were developed with the
objective of achieving geometry optimised for
flow rate and differential pressure. The following were taken into consideration:

•
•

For the MDA lubricating oil supply, a special
hydraulic unit was developed, which addition-

Source: ITT Bornemann

•

The conveying chamber volume as the
most important influencing factor for
achieving the necessary delivery rate,
the rotor stiffness for attaining minimal
rotor bending and, as a result
the minimization of internal tolerances
relevant to efficiency.

In order to develop suitable MDA bearing concepts, multiple design approaches were examined and pursued in detail. Based on the established MDA operating conditions (hydraulic
loads and load spectrums, corrosion & wear,
operating temperature, required speeds), application-specific roller bearings were developed
and tested in the test stand and in a test
machine.

Fig. 6: Test setup for series connection of hydraulically coupled
positive displacement machines
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ally tracks the oil pressure in the entire system in
relation to the downhole environment pressure
(Fig. 2).
Multiple variants were considered for connecting the drive to the pump module. They must
compensate the design-specific drive shaft offset of the pump versus the concentric motor
shaft, and should exhibit as few splashing and
squeezing losses as possible during operation.
From a design methodology standpoint, the
MDA drive was treated in the same way as the
pump module. A design study was created in
which electric drives were compared. In addition
to the three-phase asynchronous motor, synchronous reluctance motors and permanently
excited synchronous motors are possible. Due to
its robustness and prevalence in conveying technology, the asynchronous drive was preferred in
the first step.
For the electric motor, the constant torque characteristic of the MDA positive displacement
machine, taking into account the available
installation space, placed high demands on
both the electrical and mechanical integrity of
the drive system (Fig. 3). In addition, the distances between frequency converter and electric motor at installation depths of up to 3000 m
had to be factored in.
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Multiphase pump downhole aggregates allow
independent control of the two main conveying
parameters, hydraulic head and capacity.
Serial connection of displacement pumps
Discussions with users and specialists in the
field of oil and natural gas production technology have revealed that the differential pressure
requirements for pump technology installed
downhole will increase. In particular, this point
gains importance when the age of the production wells increases, since the reservoir pressure
normally decreases with continuing hydrocarbon extraction. With a very low reservoir pressure and an installation depth of 1000 m, in
combination with a large proportion of formation water with a very high salt content, a differential pressure of more than 100 bar is necessary. This is a general challenge for pumps.

High pressure pumps for chemical processes
Plunger pumps up to 3800 bar – Flow rates up to 180 m³/h

Some significant benefits were determined for
using a hydraulic drive concept over the electrical concept: A high power density and an appropriately compact design. When integrating the
hydraulic drive into the MDA, torque can be
introduced into the MDA shafts without shear
force, which reduces the resulting bending of
the pump rotors, thereby enabling the internal
tolerances to be minimized and thus influencing efficiency.
Furthermore, the arrangement of a serial connection of several MDA with the parallel connection of the hydraulic drives offers further
advantages. Fig. 4 illustrates a 3D drawing
model of an MDA with downhole induction
motor.

Typical fluids
•
•
•
•
•
•
•

Acid
Acrylic acid
Ammonia
Butane
Caustic soda
CO2
Condensate

Hammelmann GmbH
Carl-Zeiss-Straße 6–8
59302 Oelde
Germany

•
•
•
•
•
•
•

Crude oil
Diesel
Ester
Fatty acids
Formaldehyde
Glycol
Hydro carbon

•
•
•
•
•
•
•

Methanol
Produced water
Propylene
Solvents
Vinyl acetate
Water
Xylene

Phone: +49 (0) 25 22 / 76 - 0
pp@hammelmann.de
www.hammelmann-process.com
www.hammelmann.com
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Testing and qualification program

Fig.7 Load distribution of hydraulically coupled screw pumps

Rotodynamic pumps can be connected in series
very easily and therefore can achieve such high
differential pressures; however, they fail to function even with small gas content in the fluid
conveyed. Geometrically, the restricted radial
space in the borehole for pumps of this design is
disadvantageous, since the applicable proportionality between Δp and ρ/2∙v2 means that a
very high number of pump stages is required.

Source: ITT Bornemann

The serial connection of positive displacement
machines can also not be accomplished without

Fig. 8: Overview drawing of the MDA test stand

its own challenges, since the individual stages
must be precisely coordinated. A new idea, for
which a patent has been applied for, provides
completely new possibilities at this point. A
hydraulic drive system was developed, which
allows the individual pump stages to be coordinated automatically. Various test setups were
also implemented for this to examine the
behaviour of this new system. Fig. 5 – 7 illustrate
the test setup as well as the system behaviour.

The goal of the current comprehensive testing
and qualification program is to prepare the MDA
before its practical use during a challenging and
maintenance-free operation in a downhole
ambience. High costs and potential production
stoppage in the case of a retrieval of the machine
from the installation for necessary repairs or
maintenance are driving forces for thoroughly
considering issues like maintenance-free, low
wear and high service life expectancy before a
use in the field.
For this purpose, a test bed was designed and
built (see Fig. 8), which fulfils the current European guidelines for system and operating personnel safety, and with which it is possible to
operate the MDA under many different combinations of extreme operating conditions and
evaluate its performance.
The MDA test stand was designed for a system
pressure of 100 bar at temperatures of up to
150°C. With it, it becomes possible to convey
multiphase mixtures of water, oil and air in a
closed circuit and to allocate to the MDA any
adjustable mixtures from the specified phases.
Alongside the MDA, a common fastening device
in the well was integrated in the test stand. A
so-called “packer” is used for this which fixes
the pump assembly in the casing. The energy
supply of the MDA in the test stand was realised, with all supply lines (electric, hydraulic and
signal lines) routed pressure-tight through the
wall of the pressure vessel.
In order to overcome the inevitably large distance during practical use between the energy
supply module and the electric drive motor of
the MDA with low losses and yet a minimal line
cross-section, the voltage level of the drive
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Source: ITT Bornemann

motor was selected at 3000 V. Furthermore, in
order to present the ohmic, inductive and capacitive properties, a cable simulation module was
integrated in the test setup, which enables the
line lengths to be simulated between 0 and
3500 m. With this installation, it became possible to examine the effects of resonance and
feedback in the energy supply line.
Hydraulic alternatives were examined parallel
to the electric drive within the current qualification program. The results of the tests with gear
motors are very convincing. The hydraulically
driven MDAs are supplied with the required
energy by surface installed utilities like their
electrically operated counterparts.
The test results show that the prototype entirely
fulfils the projected data. In a next step, the
multiphase downhole pump assembly is to be
used in an oil field – this is in the preparation
phase for the second half of 2017.

Conclusion
The multiphase pump downhole aggregate
(MDA) utilises the principle advantages of displacement pumps in its contact-free design and
therefore allows independent control of the two
main conveying parameters, hydraulic head and
capacity. Multiphase downhole screw aggregates were developed for two main uses:

•
•

Conveying gas-containing oil sources – this
allows use of the MDA in the immediate
vicinity of the oil-bearing formation.
Production of liquid-loaded gas wells.

With its ability to pump oil and gas in almost
any fraction, these machines extend the application range of conventional downhole pumps
and make a significant contribution to hydrocarbon recovery under difficult production conditions.

Fig. 9: Performance characteristics of an MDA 150-24
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technical developments, trends and products in
the respective branches – as a brief summary in
the printed version and in greater detail in the
e-magazine with in-depth information about the
respective topics. The flags indicate the languages
in which the articles are available.

NETZSCH:
Tank Farms Get More Efficient
NOTOS® screw pumps maximize the profitability of tanks. Excellent intake at low NPSHr values
means that these pumps can completely empty
tanks. They can be used flexibly for different
viscosities with an almost constant rate of flow,
which can be regulated over a broad range by
adjusting the pump speed. This optimizes
the profit margin.
Read more at www.vdma-verlag.com/puco

LEWA:
Pulsation Studies Enable Precise
Dimensioning of Pump Piping Systems
Having a detailed pulsation study is essential
for optimizing a complex piping system.
LEWA GmbH are the only pump manufacturers
in the world to have an internally-developed
software program for performing numeric
simulations and examining API-674 criteria
during the system dimensioning process.
Read more at www.vdma-verlag.com/puco

Sterling SIHI:
Online Condition Monitoring
Considering the life cycle cost of pumps, it
becomes clear, that cost for maintenance and
repairs – excluding energy costs – hold the
biggest saving potential. Hence the aim should
be to reduce the repair and maintenance costs
as well as avoiding costs resulting from
production downtime by using efficient and
intelligent condition monitoring systems.
Read more at www.vdma-verlag.com/puco
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Read more in our online magazine
at www.vdma-verlag.com/puco

Sulzer: Pump Maintenance
in Power Generation
In today’s world of large scale pump maintenance, repair specialists need to possess a
wide range of skills. Although technology has
evolved, it is possible, with the right engineering expertise, to improve reliability and
efficiency by remanufacturing certain components as part of the regular maintenance
program. This helps to improve productivity
and reduce the likelihood of unexpected
breakdowns.

Wilo-EMUport CORE:
Smooth Wastewater Transport
Thanks to Solids Separation
The solids content of sewage continues to
increase. This can sometimes pose serious
problems for pumps, and may possibly even
cause failure. The compact solids separation
system Wilo EMUport CORE offers maximum
operational reliability during sewage collection
and transport.
Read more at www.vdma-verlag.com/puco

Read more at www.vdma-verlag.com/puco

KTR: Perfect Power Transmission
for All Media
The certified coupling range for pump drives by
KTR comprises a large number of high-quality
and high-performance shaft and flange
couplings for every kind of pump. KTR would be
delighted to support you in selecting the
optimum coupling for your requirements and
can offer you specific advice. In this context,
KTR´s industry experts provide for tailor-made
development work.
Read more at www.vdma-verlag.com/puco

URACA: Oscillating displacement
pumps – Sustainable extraction with
carbon dioxide
URACA high pressure plunger pump model
P3-10 is suitable for this application. The liquid
end appears in a new design for the special
requirements of these applications. Other high
pressure pump models, which have been tried
and tested in different versions, are used
around the world by a wide variety of industries
for different CO2 extraction processes.
Read more atwww.vdma-verlag.com/puco
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COMPANIES & RANGE OF APPLICATIONS

Applications
Pumps &
Systems

Water supply/wastewater disposal
Sewage engineering
Construction industry
Overhead irrigation
Irrigation
Well
Drainage
Garden
Groundwater conservation/lowering
Cellar drainage
Sewage treatment plant
Agriculture
Seawater desalination
Drainage, irrigation, lifting stations
Swimming-pool technology
Fountain
Deep well
Reverse osmosis
Water treatment
Mine drainage
Water supply
Hygiene/cleanliness
Biochemistry
Brewery
Dosing technology
Injection
Beverage industry
Cosmetics
Laboratory
Dairy
Food industry
Nuclear power station technology
Odorisation
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ABEL GmbH
www.abel.de

l

l

l

l l

Alltech Dosieranlagen GmbH
www.alltech-dosieranlagen.de

l

l

l

l

ANDRITZ Hydro GmbH
www.andritz.com/pumps

l

l

l l

l l l l

Apollo Gößnitz GmbH
www.apollo-goessnitz.de

l

l l

l
l

l l l l l

l

l
l

l l

l l l l

Beinlich Pumpen GmbH
www.beinlich-pumps.com
BEKA Baier + Köppel GmbH + Co. KG
www.beka-lube.de

l

l l

l l

l l

l l

l l l l l

l l

l l

l l l

l l l l l l

l l

bielomatik Leuze GmbH + Co. KG
www.bielomatik.de
ITT Bornemann GmbH
www.bornemann.com
Brinkmann Pumpen K.H. Brinkmann GmbH & Co. KG
www.brinkmannpumps.de

l

l

l l

Paul Bungartz GmbH & Co. KG
www.bungartz.com
CP Pumpen AG
www.cp-pumps.com
Crane Process Flow Technologies GmbH
www.cranecpe.com

l
l l

l

l l

DELIMON GmbH
www.bijurdelimon.com

l l

l

l l

l

l l l

l l

l l l

l

l

l

l

Deutsche Vortex GmbH & Co. KG
www.deutsche-vortex.de
DIA Pumpen GmbH
www.dia-pumpen.de

l l l l

l

l l l l

Dickow Pumpen KG
www.dickow.de

l l
l

l
l l l l

l l l l l l l

FELUWA Pumpen GmbH
www.feluwa.com

l l

l

Flowserve-Sterling SIHI GmbH
www.flowserve.com

l l l l

l

l l l l
l

l l

FRISTAM Pumpen KG (GmbH & Co.)
www.fristam.de
Gather Industrie GmbH
www.gather-industrie.de

l

GEA Group Aktiengesellschaft
www.gea.com
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l l

l l

l l l l
l

l l l l l l l l l

l l

l

l
l

l

l

Düchting Pumpen Maschinenfabrik GmbH & Co. KG
www.duechting.com
EDUR-Pumpenfabrik Eduard Redlien GmbH & Co. KG
www.edur.com

l l

l l
l

l

l l

l l

l l

l l

l l

l l l

l l l l l

l l

l l l

l l

l l l

l

Pharmaceutical industry
Sample taking
Sterile technology
Industry-/chemical industry processes
Tank, container, barrel
Chemical industry
Draining
Gas dehydration
Gas washer
Industrial technology
Surface treatment
Steel construction and vehicle construction industries
Stone, earth and glass industries
Storage tank installation
Textile industry
Environmental technology
Building applications; heating and cooling
Pressure boosting
Fire-fighting system
Building controls and systems
Heating technology
Refrigeration and air-conditioning engineering
Heat-transfer technology
Energy generation
Energy engineering
District heating
Firing technology
Geothermics
Prime movers
Power station technology
Flue gas purification
Petrochemical; Oil
Oil and petrochemical industry
Off-shore technology
Mining; Metallury and rolling technology
Mining
Iron and steel industry
Rolling-mills
Chemical engineering/Process technology
Process engineering
Sugar industry
Oil supply/Hydraulics
Lift manufacturing
Oil hydraulics
Centralized lubrication system
Testing
Hydrostatic (pressure) test
Cleaning
High-pressure cleaning
Pulp and Paper
Paper and cellulose industry
Marine, shipyard technology
Marine, dockyard
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l
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l

l
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l l l
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l
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l l

l

l l l

l

l l
l l

l l
l
l
l

l l l
l
l l

l l l l
l l

l l
l

l
l l

l l l

l
l

l l l

l l

l

l

l
l

l l
l
l
l
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l
l
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l

l
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l
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l
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l
l l
l l
l l l

l l l l l

l l l l l l l

l l

l l

l l l l l l

l

l

l l

l l

l
l
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l l
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l l

l
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l
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l l l
l l
l
l
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l l l

l l

l

l

l l

l l

l

l

l

l

l

l

l

l

l l l

l
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l
l
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l l
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l
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l
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l

l

l

l
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l
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COMPANIES & RANGE OF APPLICATIONS

Applications
Pumps &
Systems

GRUNDFOS GMBH
www.grundfos.de

Water supply/wastewater disposal
Sewage engineering
Construction industry
Overhead irrigation
Irrigation
Well
Drainage
Garden
Groundwater conservation/lowering
Cellar drainage
Sewage treatment plant
Agriculture
Seawater desalination
Drainage, irrigation, lifting stations
Swimming-pool technology
Fountain
Deep well
Reverse osmosis
Water treatment
Mine drainage
Water supply
Hygiene/cleanliness
Biochemistry
Brewery
Dosing technology
Injection
Beverage industry
Cosmetics
Laboratory
Dairy
Food industry
Nuclear power station technology
Odorisation

50

l l l l l l l l l l l l l l

l l l l l

l l l l l l

l l

A. Habermann GmbH & Co. KG
www.habermann-gmbh.de
Halm Pumpen + Motoren GmbH
www.halm-pumps.de
HAMMELMANN GmbH
www.hammelmann.com

l

Hauhinco Maschinenfabrik G. Hausherr,
Jochums GmbH & Co. KG / www.hauhinco.de
Herborner Pumpentechnik GmbH & Co. KG
www.herborner-pumpen.de

l

l
l l

l

HOMA Pumpenfabrik GmbH
www.homa-pumpen.de

l

Iwaki Europe GmbH
www.iwaki.de

l

Jung Pumpen GmbH
www.jung-pumpen.de

l l

KAMAT GmbH & Co. KG
www.kamat.de

l l

l

l l

l

l

l l

l l

l

l

l l l
l l l l l l l l
l

l
l

l

l l

l

l l

l l

l l

l l l

l l l

l

l

l
l

l

l
l

l l l

l

l

l

KRACHT GmbH
www.kracht.eu
KSB Aktiengesellschaft
www.ksb.com

l

l

l l

l

Körting Hannover AG
www.koerting.de

l

l l l l l l l l l l l

l
l

l l

l

l l

l l l

Klaus Union GmbH & Co. KG
www.klaus-union.com
l

l l
l

l

HNP Mikrosysteme GmbH
www.hnp-mikrosysteme.de

l

l

HERMETIC-Pumpen GmbH
www.hermetic-pumpen.com

KNF Neuberger GmbH
www.knf.de

l

l l l l l l l l l l l l l l l l l l l l

l l l

l

l l l l

LEISTRITZ Pumpen GmbH
www.leistritz.com
LEWA GmbH
www.lewa.de

l l l l l l l

l

l

Maag Automatik GmbH
www.maag.com

l

l

Mahr Metering Systems GmbH
www.mahr.com
MATO GmbH & Co. KG
www.mato.de
Munsch Chemie-Pumpen GmbH
www.munsch.de

l

l
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l l
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l

Pharmaceutical industry
Sample taking
Sterile technology
Industry-/chemical industry processes
Tank, container, barrel
Chemical industry
Draining
Gas dehydration
Gas washer
Industrial technology
Surface treatment
Steel construction and vehicle construction industries
Stone, earth and glass industries
Storage tank installation
Textile industry
Environmental technology
Building applications; heating and cooling
Pressure boosting
Fire-fighting system
Building controls and systems
Heating technology
Refrigeration and air-conditioning engineering
Heat-transfer technology
Energy generation
Energy engineering
District heating
Firing technology
Geothermics
Prime movers
Power station technology
Flue gas purification
Petrochemical; Oil
Oil and petrochemical industry
Off-shore technology
Mining; Metallury and rolling technology
Mining
Iron and steel industry
Rolling-mills
Chemical engineering/Process technology
Process engineering
Sugar industry
Oil supply/Hydraulics
Lift manufacturing
Oil hydraulics
Centralized lubrication system
Testing
Hydrostatic (pressure) test
Cleaning
High-pressure cleaning
Pulp and Paper
Paper and cellulose industry
Marine, shipyard technology
Marine, dockyard
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l
l l
l

l l

l l

l

l

l l l

l

l

l

l

l

l l l

l l
l l l l

l l

l l l

l
l

l
l
l

l
l l
l l

l

l l
l

l l

l
l

l

l l l

l

l

l l l l

l

l l

l

l l l l

l l

l l

l

l l

l

l

l

l

l
l l l l l

l
l l l

l

l l l l l l l l
l

l
l

l l

l

l l

l l

l
l

l l
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l l
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l l
l

l
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l
l
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l
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l

l

l
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COMPANIES & RANGE OF APPLICATIONS

Applications
Pumps &
Systems

NETZSCH Pumpen & Systeme GmbH
www.netzsch.com

Water supply/wastewater disposal
Sewage engineering
Construction industry
Overhead irrigation
Irrigation
Well
Drainage
Garden
Groundwater conservation/lowering
Cellar drainage
Sewage treatment plant
Agriculture
Seawater desalination
Drainage, irrigation, lifting stations
Swimming-pool technology
Fountain
Deep well
Reverse osmosis
Water treatment
Mine drainage
Water supply
Hygiene/cleanliness
Biochemistry
Brewery
Dosing technology
Injection
Beverage industry
Cosmetics
Laboratory
Dairy
Food industry
Nuclear power station technology
Odorisation

52

l l

l

l

l l l l

l

l

l l l l l l l l l l

Nikkiso-KSB GmbH
www.nikkiso-ksb.com
oddesse Pumpen- und Motorenfabrik GmbH
www.oddesse.de

l l l l l l l l l l l l l l l l

l l l

l

Oerlikon Barmag, Zweigniederl. der Oerlikon Textile
GmbH & Co. KG / www.oerlikon.com/barmag
ORPU Pumpenfabrik GmbH
www.orpu.de

l
l l

l l l l l l l

OSNA-Pumpen GmbH
www.osna.de

l l l l l

PCM Deutschland GmbH
www.pcm.eu

l l

PF Pumpen und Feuerlöschtechnik GmbH
www.johstadt.com

l

Ponndorf Gerätetechnik GmbH
www.ponndorf.com

l l l
l l

l

l

l l

l

l

l

l

l l

l

l

ProMinent GmbH
www.prominent.com

l l l l l l l

l l l

Pumpenfabrik Wangen GmbH
www.wangen.com

l l

l l

Putzmeister Solid Pumps GmbH
www.pmsolid.com

l

l

l l l l l l

l l

l l l

l l

l

l l l l l l l
l

l l

l l l l l

l

l

l

l

l l

l l

l l l l l

l l l l l l l l l l l
l l l l l l l l l l l

l

l

REBS Zentralschmiertechnik GmbH
www.rebs.de
Rheinhütte Pumpen GmbH
www.rheinhuette.de

l

l

l

Richter Chemie-Technik GmbH
www.richter-ct.com

l

l

l

l l l
l

l l

Rickmeier GmbH
www.rickmeier.de
Schäfer HPS GmbH
www.schaefer-urbach.com
Schmalenberger GmbH + Co. KG
www.schmalenberger.de

l

sera ProDos GmbH
www.sera-web.com

l l l l l l

SERO PumpSystems GmbH
www.seroweb.de
SKF Lubrication Systems Germany GmbH
www.skf.com/lubrication, www.lincolnindustrial.de

l l

l l l l l l
l l l

l l
l l

l l

l

l

l

l

l l l
l l l l

l l

l

l

l

l l l l l l l l l l l
l l
l

l l

l l

l

l

Spandau Pumpen – Produktbereich der SKF Lubrication
Systems Germany GmbH / www.spandaupumpen.de
SPECK Pumpen Verkaufsgesellschaft GmbH
www.speck-pumps.com

l
l

l l l l l l l

l
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Pharmaceutical industry
Sample taking
Sterile technology
Industry-/chemical industry processes
Tank, container, barrel
Chemical industry
Draining
Gas dehydration
Gas washer
Industrial technology
Surface treatment
Steel construction and vehicle construction industries
Stone, earth and glass industries
Storage tank installation
Textile industry
Environmental technology
Building applications; heating and cooling
Pressure boosting
Fire-fighting system
Building controls and systems
Heating technology
Refrigeration and air-conditioning engineering
Heat-transfer technology
Energy generation
Energy engineering
District heating
Firing technology
Geothermics
Prime movers
Power station technology
Flue gas purification
Petrochemical; Oil
Oil and petrochemical industry
Off-shore technology
Mining; Metallury and rolling technology
Mining
Iron and steel industry
Rolling-mills
Chemical engineering/Process technology
Process engineering
Sugar industry
Oil supply/Hydraulics
Lift manufacturing
Oil hydraulics
Centralized lubrication system
Testing
Hydrostatic (pressure) test
Cleaning
High-pressure cleaning
Pulp and Paper
Paper and cellulose industry
Marine, shipyard technology
Marine, dockyard
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COMPANIES & RANGE OF APPLICATIONS

Applications
Pumps &
Systems

Water supply/wastewater disposal
Sewage engineering
Construction industry
Overhead irrigation
Irrigation
Well
Drainage
Garden
Groundwater conservation/lowering
Cellar drainage
Sewage treatment plant
Agriculture
Seawater desalination
Drainage, irrigation, lifting stations
Swimming-pool technology
Fountain
Deep well
Reverse osmosis
Water treatment
Mine drainage
Water supply
Hygiene/cleanliness
Biochemistry
Brewery
Dosing technology
Injection
Beverage industry
Cosmetics
Laboratory
Dairy
Food industry
Nuclear power station technology
Odorisation

54

SPX Flow Technology Norderstedt GmbH
www.spxflow.com

l

l

l l l l l l l l l l

STOZ Pumpenfabrik GmbH
www.stoz.com
Sulzer Pumpen (Deutschland) GmbH
www.sulzer.com

l

l

Tsurumi (Europe) GmbH
www.tsurumi-europe.com

l l l l

l l l l l l

URACA GmbH & Co. KG
www.uraca.de

l

l

l

l

l l

l l l l

l l l l
l

l l l

l

l

l

l

l l

l

ViscoTec Pumpen- u. Dosiertechnik GmbH
www.viscotec.de

l l
l l l

l l l l l l l l l

Weller Pumpen GmbH
www.weller-pumpen.de

l

l

Wepuko PAHNKE GmbH
www.wepuko.de

l

WERNERT-PUMPEN GMBH
www.wernert.de
WILO SE
www.wilo.com

l

l

l

l l l l l l l l l l l

l
l

WITA – Wilhelm Taake GmbH Pumpen-,
Armaturen- und Regeltechnik / www.wita-taake.de

l l

l

l

l
l

l

l l

l

WITTE PUMPS & TECHNOLOGY GmbH
www.witte-pumps.de

l

Eugen WOERNER GmbH & Co. KG
www.woerner.de

l l

WOMA GmbH
www.woma.de

l l

Xylem Water Solutions Deutschland GmbH
www. xylemde

l l l l l l l l l l l l l l l l l l l l

l
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Pharmaceutical industry
Sample taking
Sterile technology
Industry-/chemical industry processes
Tank, container, barrel
Chemical industry
Draining
Gas dehydration
Gas washer
Industrial technology
Surface treatment
Steel construction and vehicle construction industries
Stone, earth and glass industries
Storage tank installation
Textile industry
Environmental technology
Building applications; heating and cooling
Pressure boosting
Fire-fighting system
Building controls and systems
Heating technology
Refrigeration and air-conditioning engineering
Heat-transfer technology
Energy generation
Energy engineering
District heating
Firing technology
Geothermics
Prime movers
Power station technology
Flue gas purification
Petrochemical; Oil
Oil and petrochemical industry
Off-shore technology
Mining; Metallury and rolling technology
Mining
Iron and steel industry
Rolling-mills
Chemical engineering/Process technology
Process engineering
Sugar industry
Oil supply/Hydraulics
Lift manufacturing
Oil hydraulics
Centralized lubrication system
Testing
Hydrostatic (pressure) test
Cleaning
High-pressure cleaning
Pulp and Paper
Paper and cellulose industry
Marine, shipyard technology
Marine, dockyard
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Hybrid compressors are used where oil-free gas needs to be compressed
at high pressures, for example for the hydrogen refueling of vehicles.

The Strengths of Hybrid Compressors
Andreas Hirschter

Hybrid compressors combine the advantages of reciprocating and
diaphragm compressors in an intelligent manner. Their special
strengths are of particular use in high-availability applications
that require extremely high pressures of 1,500 bar and more to
compress technical gases and gas mixtures without oil lubrication.
Hybrid compressors also represent a future-proof investment with
regard to the expected environmental requirements.

Pumps and Compressors for the World Market with Compressed Air and Vacuum Technology 2017
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Compressors combining two compression principles are referred to as hybrid compressors. On
the market, it is customary to use the term
hybrid for combinations of reciprocating piston
compressors and diaphragm compressors. Such
solutions are aimed to ensure reliable operation
without contaminating the gas and releasing
emissions to the environment. Moreover, these
compressors considerably exceed the exploitable
gas quantity of a pure diaphragm compressor.
Hybrid compressors do not require lubrication
which would be indispensable for increased
pressure on piston compressors. When used at
pressures of about 70 bar or higher, unlubricated piston compressors are usually designed
with lubrication. This means that lubricating oil
is injected during compression and is dissolved
and carried along in the gas flow. Such impurities are undesirable in some processes.
In order to compress gases in ultrapure form,
these lubricants would have to be filtered out of
the gas flow. However, this is only possible in
theory. As lubricating oil dissolves in the process
gas, this cleaning task, depending on the degree
of purity required, is technically complex, causes
extremely high operational costs and involves
considerable investment.
The unlubricated reciprocating compressor
stages feature high flow rates while also maintaining high availability. Zero emission to the
atmosphere can be achieved through design
measures. As a result, the combination with diaphragm compressor stages results in leak-free
and – in terms of process gas – loss-free compression.

Double-acting reciprocating
compressor cylinders
The gas intake is compressed by the piston compressor cylinder in both working chambers in
accordance with the displacement principle.
One rotation results in two compression phases,
which is why this compression principle is
described as double-acting. The geometrically
available volume for gas compression is thus
used twice per rotation. As a result, high gas
quantities can be compressed if correspondingly
large piston diameters are chosen. Self-acting
service valves on the suction and discharge side
of the respective working chambers ensure that

ENERGY
PACK

Vacuum pumps are essential for modern industrial production
processes. Dry-compressing vacuum pumps are especially
important today offering improvements in energy savings,
reduced maintenance and are environmentally friendly.
The innovative DRYVAC SYSTEMS from Leybold excel in
combination with high vacuum RUVAC pumps particularly
well in short cycle operation, such as load locks and deposition
processes.
DRYVAC SYSTEMS - the benefits
Clean, oil-free vacuum generation
l Optimized pump-down times at highest pumping speed
l High process throughput and system uptime
l Robust and durable, low-maintenance
l Insensitive to dust and vapors
l Low power consumption and cost of ownership
l Flexible installation and system integration
l Smart monitoring and control functions
l

DRYVAC - Vacuum Expertise
in Dry Pump Technology

Leybold GmbH
Bonner Str. 498 · D-50968 Köln
T +49 (0) 221-347-0
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Fig. 1: Design of a horizontal hybrid compressor

Hybrid compressors are always used when
oil-free gas must be compressed at high pressures.

Source: NEUMAN & ESSER

the gas is exchanged. The working chamber on
the crank side is sealed virtually leak-free against
the atmosphere with a piston rod seal. The small
amount of leaking gas which inevitably flows
past this piston rod seal must be discharged in a
controlled manner to prevent it from coming
into contact with the atmosphere. If the compressor casing is designed as gas proof, this discharge is not necessary. Piston rings serve as
internal sealing. These rings are made from PTFE
composite materials and have self-lubricating
properties. Operational experience serves as the
primary basis for selecting suitable material
combinations, while taking into account the gas
composition, gas humidity, temperature and
pressure differential.

Diaphragm heads for the diaphragm part
The diaphragm head also works according to
the displacement principle. The gas is compressed by the displacing movement of the diaphragms against the diaphragm head. The diaphragm displacement is achieved via the movement of the hydraulic piston. Leakages can easily
be avoided by design, as the compression chamber is sealed against the atmosphere in a similar
manner as a pipe flange. The hydraulic oil used
to drive the diaphragm does not come into contact with the process gas under any circumstances. For safety purposes, the diaphragm is
designed with triple redundancy. In the event of
a diaphragm rupture, an integrated oil pressure
monitoring system ensures that the machine is
stopped immediately. The service valves are
identical to that of the piston compressor.

Geometry comparison
The geometric piston displacement is the only
comparative parameter that can be used to
make a correct comparison of the conveyable
gas quantities. Decisive loss factors of the
respective compression principle cannot be
taken into account because their effect depends
on the properties of the compressed gas and the
pressure conditions.
A diaphragm head with a diameter of 980 mm
and a hydraulic cylinder stroke of 180 mm, for
example, has a usable geometric displacement
volume of approx. 11,000 cm³ per rotation. In
contrast, a piston compressor cylinder with a
diameter of 980 mm and a stroke of 180 mm
displaces a volume of approx. 271,000 cm³.
Accordingly, a piston compressor cylinder can
compress roughly 25 times as much gas as the
diaphragm compressor with one rotation under
the same conditions.

Efficiency comparison

Fig. 2: Sectional view: double-acting cylinder
of a reciprocating piston compressor

The piston compressor has internal and external
leakages which occur on the piston rings (internal) and on the piston rod packing (external).
These losses primarily depend on the pressure
differential against which they have to seal
these elements and on the wear status. Both
losses directly affect the compressor perfor-
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Fig. 3: Sectional view of the diaphragm head

mance. The piston compressor has to compress
more gas in order to compensate for these leakages, which is then not available as usable gas
flow any longer. The cylinder of a piston compressor is thus generally designed “too large”.
The diaphragm head is operated using oil
hydraulics. Flow losses for this hydraulic system
and internal hydraulic piston losses must be
taken into account.
The efficiency of the service valves is a challenge
for both compression principles. Here, the diaphragm valve proves advantageous since the
service valves can be arranged better with
regard to flow technology.

Source: NEUMAN & ESSER

The independence of the volumetric efficiency
from sealing elements is one of the outstanding
features of the diaphragm head.

Availability comparison
The general perception is that faulty service
valves are the primary cause for failures in piston compressors and diaphragm compressors.
In the case of piston compressors, piston rod
packings and piston rings are the next most
likely cause of failure. Service valves wear mainly
as a result of the number of opening and closing
operations. Here, the diaphragm compressor
shows its advantages since it is generally operated at lower speeds than the piston compressor. As diaphragm compressors do not require
lubrication in any areas, lubricating oil does not
affect the valve function.
Piston rod packings and piston rings fail primarily due to friction and temperature influence in
non-lubricated piston engines. For this reason,
unlubricated engines are operated at lower
temperatures and lower speeds. The materials
used have self-lubricating properties and boast
outstanding performance values. When used
high-pressure applications, the mechanical
stresses on the piston rings increase due to the
higher pressure differentials. To avoid excessive
wear, the compressors are lubricated. Here, the
diaphragm head displays its strengths. As there
are no relative movements in the compression
section, no wear is incurred due to friction. Piston rings simply do not exist.

An ideal combination
As described above, the two solutions differ considerably in terms of the quantity of gas they are
able to compress. In order to tap the potential of
the respective compression principles, it seems
logical to use a combination of both principles
in one compressor casing. As they are both
based on the same physical compression principle, the compression concepts can be combined
without any concerns in terms of thermodynamics. In addition, the components required
between the stages for technical process reasons (such as coolers, containers, and separators) are identical in their requirements for both
methods. The use of piston compressor stages
for low-pressure compression and diaphragm
stages for high-pressure compression is thus an
ideal selection for compressing gas to high pressure without using any lubrication.

Fig. 4: Sectional view of the oil pressure monitoring system
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Advantages of the combination

•

•

•

•

As a result of the large cylinder diameters
possible in piston design, considerably
higher supply quantities are compressed in a
hybrid compressor than in pure diaphragm
compressors. This reduces the number of
compressor systems that need to be
installed.
The availability of the combined compressor
system is primarily determined by the
service valves. These components are very
easy to replace. The use of piston rod
packings and piston rings is no longer
required. Therefore, there is no operational
risk in the high-pressure area.
As a result of the wear of sealing elements,
high pressure piston stages are subject to
significant thermodynamic changes. Wear
leads to overflow losses and leakages.
Diaphragm heads are not subject to such
losses. The pre-calculated pressure scenarios
remain constant during operation.
In total, fewer compression stages are
necessary, because the diaphragm stages
can be operated at higher pressure differentials and pressures. As a result, the number
of system components such as heat
exchangers, pulsation dampers, and
separators is reduced.

Current fields of application
To date, hybrid compressors have mostly been
used for filling gas. In air separation systems,
process gas is usually processed at relatively low
pressure. Therefore, a piston compressor had to
be used as a booster for large quantities, supply-
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ing a large number of diaphragm compressors
with primary pressure. Hybrid compressors are
always used in applications where oil-free gas
must be supplied at high pressure. Diaphragm
processes and catalytically supported processes
react negatively to the moistening of surfaces
with lubricating oil. The requirement of complete freedom from oil (close to 0 ppm) can only
be guaranteed when using piston or diaphragm
compressors.

Future fields of application
In principle, it is true that hybrid compressors
are the perfect solution for applications where
gas has to be compressed to a pressure of more
than 100 bar without using any oil lubrication.
Design measures can be taken to achieve zero
emission, meeting the environmental regulations of the future. As a result, the field of hydrogen supply opens up a broad range of possible
application scenarios for hybrid compressors.
Rotation compressors can only, if at all, compress these gases with high losses. Therefore,
hybrid compressors are the solution for filling
large quantities of hydrogen, for example. Filling
processes can include trailer filling for pure gas
transport or tank filling for vehicles equipped
with fuel cells. Moreover, hybrid compressors
can serve as gas station compressors at large
CNG gas stations or as emission-free recompressors for residual gas treatment.
Author:
Andreas Hirschter
Strategic Marketing
NEUMAN & ESSER, Übach-Palenberg, Germany
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of air flow technologies
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Optimized variable speed drive systems improve the efficiency of vacuum pumps. For example,
such pumps are used in the production process of clay bricks to evacuate the air contained in the clay.

Photo: Wienerberger

Optimized Variable Speed Drive Systems Improve
the Efficiency of Screw Compressors and Vacuum Pumps
Helmut Bacht
Compressors and vacuum pumps equipped with optimized variable
speed drive systems significantly reduce energy consumption. In the
case of compressors, savings of up to 50% are possible compared with
load/no-load control systems with poor capacity utilization. The new
compressors can be operated at lower noise levels and take up very little
space thanks to the vertical configuration of the power train. In the case
of vacuum pumps, the new technology features an innovative drive
system that enables energy savings of up to 70% compared with fixedspeed pumps. The significantly greater efficiency compared with dry
scroll and claw vacuum pumps is a result of the combination of variable
motor speed, intelligent control and innovative motor design.
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Although the first compressors with variable
speed drives achieved savings of roughly a third,
efficiency can still be improved through the new
technology which uses an oil-cooled permanent
magnet motor to drive the compressor. Compared with load/no-load control systems with
poor capacity utilization, this technology en
ables savings of up to 50%. The high energy savings of this technology are largely due to the
variable speed drive system. By controlling the
motor speed automatically, the compressed air
flow rate in the entire compressed air system is
adjusted to meet the demand of the equipment
connected at any time.
The differences are even more noticeable in
the case of vacuum pumps. To date, very few
vacuum pumps have been equipped with variable speed drives and the control range of these
drives has been relatively narrow. A variable
speed drive system with a control range of about
90% has been recently introduced for vacuum
pumps, enabling savings of 70% or more.

internal permanent magnet motor with an IE4
efficiency rating (“Super Premium Efficiency”).
In combination with a newly developed cooling
oil fan with increased efficiency, the vertical configuration of the drive system and the direct
connection between the motor and the compressor with innovative compressor elements,
there has been a further gain in efficiency compared to the first generation of variable speed
drive compressors.

The design of various components of
compressors with variable speed drive systems
was also improved.
At the same energy input, users can extract up
to 5% more air from the new compressors as
from the previous variable speed drive units.
Compared with fixed-speed compressors, the
average energy saving can reach 50%. Furthermore, the life cycle costs of the compressor can
be reduced by 37% on average.

Compact dimensions, low-noise operation
As a result of the vertical configuration of
the power train, all compressors equipped with
variable speed drives of this generation are narrower and taller than their predecessors. Compared with previous models, they require half

Source: Atlas Copco

Compressors with variable speed drives have
been on the market for several years. Compared
with load/no-load control systems with poor
capacity utilization, they allow for significant
energy savings. Conventional compressors are
either operated at full or idle speed, which
results in high power consumption as the air
demand rarely corresponds to the volume of air
delivered by the compressor. Usually, more air is
compressed than is actually required in order to
ensure that pneumatic valves and machines can
be operated reliably and without any interruptions. Even temporary idle phases do not
improve efficiency as compressors also require
energy when idle –up to 25% of the maximum
power is required in some cases. In contrast,
compressors with variable speed drives are only
operated when the production machinery signals demand. The compressor is then only operated at precisely the speed required, significantly reducing energy consumption.
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Compressors:
design innovations improve efficiency
Various components of compressors with the
new drive technology have undergone design
improvements. One of the key elements of the
high-efficiency design is a patented oil-cooled

Fig. 1: The variable speed drive compressors (the unit shown
has a rating of 11 kW) can fit in a corner.
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Fig. 2: The nitrogen produced in the N2 generator is compressed to pressures
of up to 300 bar by means of a booster and then stored in a cylinder battery.

Source: CHT R. Beitlich

the floor space. A further advantage of the vertical configuration is that the bearings are subject
to considerably lower load, as the motor can
better compensate for the gas forces. The compact dimensions and low-noise operation of
these compressors is advantageous in cases
where there is no separate machine room for
the compressors. These compressors can be
installed directly at the workplace or on the factory floor without causing too much nuisance to
the production workers.

Fig. 3: The compressed air and nitrogen container is connected to the
piping but can easily be moved to another location within the facility.

For example, Hohmann Gerätebau e. K. from
Bretten decided to use a platform solution
inside the production building which holds the
entire compressed air supply system as well as
the system for producing nitrogen. The metal
processing plant has been producing custom
stainless steel products for the medical and
pharmaceutical industries, hotels, restaurants
and the furniture industry since 1998. The laser
cutting machine and other equipment used in
the plant require large amounts of nitrogen.
Two compressors equipped with the new variable speed drive system supply the compressed
air needed for nitrogen production and other
processes. In the colder seasons, the heated
cooling air is fed into the building via a valve
above the compressor unit. In addition to their
smaller footprint, the variable speed drive compressors have also enabled lower investment
costs. The customer received a subsidy of 30%
for the compressors from the German Federal
Office for Economic Affairs and Export Control
(BAFA), which significantly reduced the overall
investment for the system and the amortization
period.
For the chemical company CHT R. Beitlich in
Dußlingen near Tübingen, space requirements
and floor space were the key factors in opting
for the new compressors because the company
wanted to produce compressed air and nitrogen
using a mobile container. Equipped with the
new variable speed drive compressors and a
nitrogen generator, the system boasts high
energy efficiency. All the treatment components, fire alarm systems and an oxygen metering system to detect any leakages from the
nitrogen generator have been integrated into
the container.
The container houses three oil-injected variable
speed drive compressors, including two of the
most recent compressors with an installed
capacity of 7 kW and 15 kW and one 45 kW unit
from the previous generation. This was due to
the fact that the power range over 37 kW was
only introduced in 2016 after planning had been
completed. Thanks to the compact design of the
new compressors, the customer was able to
make optimum use of the space available. The
smart design of the compressors unlocks additional benefits, as all components are easily
accessible for maintenance and servicing, which
means that the compressors can be installed
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near to a wall or even in a corner. They create
little nuisance as the low-noise motors and fully
enclosed drive system ensure quiet operation
with only 62 dB(A). This reduction in noise is
accomplished by dividing the compressors into
two sections. All components that can cause
noise are installed in the lower (hot) enclosed
area. The top section has openings for the intake
and outlet of cooling air. The motor, the compressor stage and the bearings are cooled by
compressor oil and do not need any additional
cooling air. The noise is further reduced by the
newly-developed innovative fan blades. These
have serrated edges which mimic the shape of
an owl’s wing, thus ensuring that the blades
move as silently as the nocturnal predators fly.

Saving energy through heat recovery
Since 2015, cosmetic manufacturer Beromin
GmbH of Baesweiler has used a new variable
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speed drive compressor in addition to an earlier
unit. The new compressor is so quiet that you
can no longer hear it through the wall of the
machine building. The compressors previously
used could be clearly heard.
Beromin, which manufactures liquid soaps,
shampoos and other body care products, also
benefits from the additional features of the new
series. For example, an energy-efficient refrigerated air dryer, a compressed air filter, and a condensate separator and vessel were integrated in
the compressor’s plug-and-play housing. In
addition, the housing now also holds all the
components required to ensure simple and
effective heat recovery.
The cosmetic manufacturer uses compression
heat to support its heating system and for flushing processes in the filling units at the plant.
Nowadays, the company uses more than 70% of
the waste heat from the compressors and it is

WHEN YOU ARE OUT OF AIR
OUR PUMPS ARE THERE!

The new name in high performance
vacuum pumps – Becker U5.

Gebr. Becker GmbH • info@becker-international.com • www.becker5.de
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30-kW compressor is all it takes to provide comfortable heating in a room up to the size of
300 m². At the cosmetic manufacturer’s plant,
where virtually only the new compressor is
used, an area of 400 m² is heated, in addition to
providing hot water around the clock for flushing production units.

Source: Beromin
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An integrated controller boosts the efficiency
and reliability of the compressors even further,
controlling the main drive motor and regulating
the system pressure within a narrow, predefined
pressure band. Depending on the requirements,
this controller can be equipped with additional
sensors, digital contacts, a field bus, Internet
capability and an SMS function. Together with a
higher-level controller for several compressors,
this unit optimizes the entire compressed air
supply system.
Fig. 4: Compressed air generation with two oil-injected screw 
compressors. A fixed-speed compressor can be seen in the foreground,
with a compact variable speed drive unit in the background.

Source: Atlas Copco

only necessary to turn the heating system on
during a very cold winter. The following rule of
thumb gives an indication of the magnitude of
the system’s heating output and remarkable
efficiency: The compression heat produced by a

In addition, the compressor unit controller is
based on an algorithm to prevent condensation
of the moisture from the incoming air in the
compressor oil, even if the compressor is too big
for the application in question and operated at
extremely low loads. This condensation prevention cycle (CPC) for variable speed drive compressors allows users to opt for a variable speed
drive unit and save 50% of the cost of compressed air production.

Key:
1 Intake filter
2 Sentinel valve
3 Screw element
4 	Motor with internal permanent
magnet (iPM)
5 Air/oil vessel and separator
6 Thermostatic bypass valve
7 Oil filter
8 Safety valve
9 Oil separator
10 Minimum pressure valve
11 Solenoid valve
17 Condensation prevention cycle
Fig. 5: Condensation prevention cycle: The solenoid valve, shown in
the center at the top of the diagram, ensures that the compressor always
reaches at least the minimum temperature required.
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Efficiency gains also available
for vacuum pumps
When it comes to energy efficiency and installation costs, the new technology also offers
benefits for vacuum pumps. The inlet filter, inlet
control valve, control cabinet, frequency converter and the controller are all installed in one
compact area below the sound cover together
with the motor and vacuum pump. On site, it is
only necessary to connect the suction lines and
the power supply in order to put the pump into
operation. During normal operation, the sound
cover reduces the noise level by at least half,
which makes the working environment considerably more pleasant.
The oil-sealed vacuum pumps have suction volume flows ranging from 74 to 1,750 m3 per hour
with peak pressures between 5 and 250 mbar(a).
They can be linked and controlled together via a
CAN-Bus, Profi-Bus or Mod-Bus.
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When it comes to energy efficiency and installation
costs, the new technology also offers benefits for
vacuum pumps.
As a result of speed and pressure control, the
pump adjusts vacuum delivery precisely to the
requirements of the plant. Compared with
fixed-speed pumps, energy savings of more
than 70% can be achieved, as conventional
pumps usually create far too much vacuum at
low demand, even when idle. In other words, the
pressure created is lower than necessary, which
wastes energy. When idle, fixed-speed pumps
still use between 60% and 70% of their maximum power requirement.
Innovations of all components in the drive system, including the motor, frequency converter
and controller, further boost the efficiency of
vacuum pumps and reduce life cycle costs.

A NEW FIT FOR
INNOVATIVE COMPRESSION
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Separation of hot and cold sections
In addition to efficiency and environmental
friendliness, the service life of the newly
designed pumps was a key consideration in the
design. For this reason, the design enables an
effective separation of heat-generating and
heat-sensitive components, thus extending the
service life of electronic components such as the
motor, frequency converter and controller.
An integrated waste heat recovery system is also
available for the hot section to provide hot
water (up to 90°C) and heat for heating or
drying.

Moisture handling and short cycle times
Fig. 6: The vacuum pump is equipped with a variable speed motor,
ensuring that the output is continuously adapted to the vacuum
requirements at the plant.

Vacuum generation in clay brick production
Clay brick producer Wienerberger GmbH from
Eisenberg estimates the savings realized thanks
to the use of new variable speed drive vacuum
pumps at 70%. The vacuum pump is used in the
production process to evacuate the air contained in the clay. The material is compacted
and extruded as a continuous string, which is
then cut into blanks. The vacuum extruder plays
a key role in this process, evacuating air from the
continuous extrusion chamber down to a pressure of about 45 mbar absolute until the raw
material only contains about 0.04% air. Electronic monitoring ensures that the vacuum in
the chamber is always maintained precisely at
the level required.
Even though the pump discharges directly into
the factory floor, there is no perceptible smell of
oil as the pump has a high oil retention capacity.
This reduces the environmental impact at all
operating pressures, from maximum pressure
to atmospheric pressure. As a special design feature, the inlet valve limits the mass flow rate
through the pump at pressures above 400 mbar
absolute, meaning that the oil is not forced
through the oil separators. This prevents oil
from escaping onto the factory floor – a frequent problem with conventional oil-lubricated
pumps. The result is a significantly cleaner
working environment.

All pumps are equipped with an electronically
controlled gas ballast valve for moisture
handling, making them suitable for many industry sectors. A humid version equipped with a
special temperature management system is
also available to process air with a relative
humidity of up to 100%. For short evacuation
times, the vacuum pump is also available as a
turbo version which allows shorter cycle times
and increased production. This approach is ideal
for applications such as meat, cheese and poultry packaging as well as for cooling.

High water vapor content
in the production of EPS moulds
High water vapor concentration in the extracted
gas is a major issue in the production of expanded
polystyrene (EPS) moulds, for example for
Poresta Systems GmbH from Bad Wildungen.
The manufacturer of bathtub supports and floorlevel shower systems generates the vacuum
required to produce expanded polystyrene
moulds using a new variable speed drive pump
with an input power of 37 kW. This pump replaces
15 liquid ring pumps with ratings between 4 and
5.5 kW. Compared with the previous solution, the
variable speed drive and the replacement of the
old pumps has resulted in energy savings of
about 55% for the company, reducing electricity
costs by about €15,000 per year.
The high water content of the extracted gas is
the reason why liquid ring pumps have traditionally been used in the production of
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expanded polystyrene, as they are not sensitive
to moisture. Switching over to the new technology was only possible thanks to the temperature management system of the new vacuum
pumps and an additional process gas cooler
upstream of the pump. Usually, the water vapor
would condense in the pump as it is compressed.
This would cause problems in oil-lubricated
pumps because the water would interrupt the
lubrication cycle and lead to corrosion.
For this reason, the extracted water vapor is first
passed through a heat exchanger, where most
of the vapor condenses and can be removed
from the process in the form of water. While it is
not possible to entirely eliminate moisture from
the process, the new technology ensures that
users are able to operate with very high water
vapor concentrations. The temperature management system keeps the temperature in the
pump high, preventing condensation in the oil.

Simple design, low maintenance costs
Simple and low-cost maintenance was also a
major consideration for the design of the new
vacuum pumps. The pumps are not equipped
with wear-prone rotary vanes or any other sensitive components. Wear parts can be replaced
and maintenance work can be performed from
the front of the pump. The pump also features a
connectivity option for remote maintenance
which includes the transmission of operating
and service status data and allows for comprehensive monitoring and even logging in accordance with ISO 50001.
Author:
Helmut Bacht
Product Manager for Oil-Injected Compressors
Atlas Copco Kompressoren und
Drucklufttechnik GmbH, Essen, Germany
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Innovative energy storage systems are used in a wide range of applications.
Vacuum technology is an indispensable element in their production.

Photos: Fotolia / Soonthorn, apfelweide, visdia, Petair

Vacuum Solutions Pave the Way
for Innovative Energy Technologies
Daniel Kuchenbecker
The global increase in demand for energy, together with the growing number of
vehicles on the roads which emit harmful gases, conflicts with the issue of climate
change and the growing environmental awareness in our society. Consequently,
the demand for improved technologies in the field of energy storage is growing,
especially with regard to renewable energies and efficient drives. This development
is a major boost for new technologies and innovative production processes in this
sector. The wide range of possible applications means that new technologies face
many challenges. Different technologies can be considered depending on how
long the energy needs to be stored, and the number of charges and discharges
concerned. They all have one thing in common – vacuum technology is vital for them.
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Lithium-ion batteries are one of the best-known
technologies for energy storage. Behind this
generic term are many material combinations
for anodes, cathodes, and separators, as well as
different battery shapes like flexible pouch cells
and rigid cylindrical and prismatic cells. Lithium-ion batteries are used in numerous finished
products that demand long-term energy storage. Lightweight with a high energy density,
they are especially popular for use in mobile
devices such as smartphones, tablets, or laptops, as well as for electric mobility. Regardless
of the type of battery used, vacuum technology
is an essential element in several stages of the
battery manufacturing process.
Commercial lithium-ion batteries consist of an
anode, a cathode, a separator, and the electrolyte. The cells are arranged inside an enclosure.
Ensuring that these enclosures are leakproof is
of crucial importance as the electrolyte may
strongly react to humidity. For this reason, the
batteries are inspected for leaks after assembly
and sealed (or welded, in the case of cylindrical
and prismatic cells). To ensure accurate and
thorough leak detection, helium is the optimal
choice for the test gas thanks to its high sensitivity and the repeatable results. Whether and
to what extent the battery enclosures are leakproof is primarily tested with modular leak
detectors which are easy to integrate with automated systems. However, vacuum technology is
also indispensable in many other stages of battery manufacture (see info box on next page):

Source: Pfeiffer Vacuum

Vacuum technology
in lithium-ion batteries

Fig. 1: Oil-free screw pumps are ideal for generating the vacuum required
for filling lithium-ion batteries with electrolyte.

Modular leak detectors are used to test
the leak integrity of battery enclosures.
To prevent water or moisture from being trapped
inside the battery, all components must be dry
before they are assembled. This also applies to
the electrodes, which are produced as foil material and then wound up. The coils are dried in a
vacuum. In order to achieve a low level of residual humidity, the pressure is reduced to a level
below 1•10-1 hPa while heat is constantly supplied to the coils.
Vacuum conditions are also essential when the
cell is filled with electrolyte. Residual humidity
and inert gases are removed during the evacuation procedure, thus preventing an undesired

WE SEE THE BIG PICTURE
Implement the best technology for
oil-free gas conveyance at your plant by
utilising our integrated approach, which is
tailored to specific and changing requirements.

Enjoy being understood.

Visit us at the POWTECH exhibition (hall 4, stand 490)
and learn more at www.RKR.de!

40 YEARS
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Info box: Production stages in the manufacture
of lithium-ion batteries and the use of vacuum technology
Electrode production
Mixing of
slurries

Coating

Drying

Calendering

Slitting

Vacuum
drying

Vacuum for drying electrodes –
vacuum drying production stage
The coated electrodes are dried in a vacuum for a period of 24 to 48 hours.
During this time, moisture and solvents are removed from the electrodes.
A low total pressure of less than 1•10-1 hPa is required to make the residual
humidity evaporate. A steady vacuum must be maintained over the entire
drying period to allow this to happen.
The ideal vacuum pumps for this stage of production work on a dry basis
in order to keep all processes clean. They also feature a robust design with
high water vapor capacity. In addition, they should be capable of ensuring
consistently high performance and steady drying processes at low
pressures. Multi-stage Roots pumps are the ideal solution for this stage
of production.
Cell assembly
Separating of
sheets from coil

Stacking / winding

Joining and
packing

Electrolyte filling

Vacuum for testing the leak integrity of battery enclosures –
joining and packing the batteries
The electrode stacks of the cell are inserted into the battery cell pack in the
penultimate stage of battery manufacture. The cells are sealed by means of
impulse or contact seals or by laser welding, depending on the type of cell.
After they have been sealed, the cells are then tested for leaks to ensure
that they are absolutely leakproof. Helium leak detection has proven to be
the most suitable method for this purpose due to its high sensitivity and
repeatability.
The latest flexible modular leak detectors are ideal for this production
stage. They are easy to integrate in leak detection systems using configurable interfaces and have a high helium pumping speed. This ensures fast
response times from the leak detectors.
Vacuum for electrolyte filling
As soon as the battery cells are packed, they are filled with electrolyte in
several stages. It is important that the filling process takes place at a
steady pace in order to ensure that the electrolyte is distributed uniformly.
To prevent gas inclusions and contamination of the seal joins, this production step is carried out in a vacuum. By evacuating the cells to a working
pressure of no more than 1•10-1 hPa, residual humidity and inert gases
are removed.
Dry screw pumps are ideally suited for this production stage since they
ensure clean processes and boast high performance. They guarantee high
pumping speed over the entire pressure range and thus achieve minimum
process times. The low final pressure that they are able to reach reduces the
quantity of residual gas present.

inclusion of gas. Suitable vacuum solutions for
these production steps are oil-free multi-stage
Roots pumps or dry screw pumps. The latter can
easily be combined with Roots pumps in order
to achieve high suction capacity.
Without these sophisticated vacuum solutions,
high-quality and long-term energy storage with
lithium-ion batteries, which enables mobile
electric devices to work, would not be possible.

Vacuum technology
in flywheel storage systems
A new innovative technology is currently being
developed for short-term energy storage:
mechanical flywheel storage systems. They are
used as stationary or mobile systems in a great
variety of applications. Even though the basic
principle of storing energy through a rotating
mass is easy to understand, designing a safe
and efficient system presents quite a challenge.

Designing a flywheel mass storage system
One of the main components of a flywheel is its
rotor, which is usually made of either tempered
steel or fiber-reinforced synthetics. The choice of
material is very important. The material must
have a high specific tensile strength to withstand the enormous forces as well as a low modulus of elasticity to maintain the narrow tolerances and achieve high energy density. The
speed of the rotor can be several tens of thousands of revolutions per minute, with some
models achieving speeds of up to ninety thousand rpm. High energy density can be reached at
these speeds.
The rotor bearing is either mechanical or magnetic and must be designed with minimal friction. The enclosure must also act as a containment in the event of rotor failure. The distance
between the rotor and the enclosure needs to
be large enough to allow the rotor to expand
under dynamic and thermal stress (see Fig. 2).

Source: Pfeiffer Vacuum
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An integrated electric motor, which can also be
operated as a generator, converts mechanical
into electrical energy. While charging, the flywheel acts as a motor driven by electrical energy.
While discharging, the flywheel serves as a generator that produces electricity.
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Bearing
(either magnetic
or mechanical)
Housing
Flywheel rotor

Applications for stationary and
mobile flywheel storage systems
Motor / Generator

In the form of stationary flywheel storage systems, this technology is used, for example, to
provide an uninterruptible power supply in data
storage centers and hospitals. Grid load balancing – which has become more and more important due to the increased use of solar and wind
energy – can also be supported by flywheel systems. Long lifetimes even with numerous load
cycles and the option to provide stored energy
instantly on demand make them the ideal
choice for this application.

Bearing
(either magnetic
or mechanical)

Fig. 2: Diagram of a flywheel storage system

A new innovative technology is currently
being developed for short-term energy storage:
mechanical flywheel storage systems.

Advertisement
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You need reliable, process-safe compressed air treatment? Energy-efficient, measurable,
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www.beko-technologies.com
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BEKO TECHNOLOGIES on YouTube:
See and understand compressed air treatment
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Fig. 3: Stationary flywheel systems are also used for short-term storage of solar and wind energy.

Mobile flywheel systems are a very promising
approach for developing efficient drive technologies in cars, buses and other vehicles. In vehicles, brake energy is transformed into electrical

To guarantee the efficiency of flywheel
storage devices, constant losses through
friction must be reduced to a minimum.

Vacuum guarantees efficiency
To guarantee the efficiency of flywheel storage
devices, constant losses through friction must
be reduced to a minimum. This is done by evacuating the flywheel enclosure with vacuum

Source: Fotolia / apfelweide

Source: Fotolia / Petair

energy which then drives the flywheel storage
system. As soon as the vehicle accelerates, the
mass storage serves as a generator and feeds
energy to an electric power train supporting the
conventional drive. The fast rotating flywheel
operates in a vacuum to minimize losses

through air friction and heat development.
Mobile flywheel mass storage has been in use in
motor sports for several years now. More and
more public transit providers are also making
use of this technology due to its extremely high
energy saving potential. Mobile flywheel mass
storage is particularly attractive for city traffic
with its frequent braking and accelerating
cycles. This technology enables considerable
fuel savings.

Fig. 4: Mobile flywheel systems are a promising approach for achieving efficient drive technology in cars.
They are already in use in city buses and motor sports cars.
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COMPRESSOR SYSTEMS
MADE IN GERMANY

pumps. Typical final pressures lie between 1•10-1
and 1•10-3 hPa or even lower, thus considerably
reducing both heat generation and energy
losses. Due to the constant gas load from small
leaks and outgassing from the rotor, all flywheel systems are equipped with vacuum
pumps.

Vacuum pumps used in the flywheel
systems need to meet high requirements,
with compact dimensions, low final
pressure and minimum energy use as
the top priorities.

EFFICIENT
SOLUTIONS IN
EVERY DETAIL
Industry 4.0 - Control,
communication, visualization.

Optional heat recovery

Maintenance-friendly
design

Two-stage rotary vane pumps are ideal for this
application since they are renowned for their
low final pressure, high reliability and low operating costs. Systems with relatively high gas
loads or target pressures below 1•10-3 hPa
require additional vacuum equipment. Therefore, turbopumps are usually added to the system, as they generate high suction capacity
even at low pressure and use very little energy.
Vacuum pumps used in the flywheel systems
need to meet high requirements, with compact
dimensions, low final pressure and minimum
energy use as the top priorities.

High efficient motor
airend unit (IE3)

Visit us at the fair!
Rotary vane pump with DC drive
Rotary vane pumps and turbopumps are ideal
solutions to satisfy the requirements of flywheel
storage systems. The new special version of the
tried-and-tested rotary vane pump with
DC drive is an outstanding innovation on the
market, particularly for mobile flywheel storage
systems. This pump can be operated with 24 V
DC and works at temperatures between -20°C
and +60°C, making it an ideal solution for mobile
flywheel applications which often involve
extreme temperature fluctuations. The pumping speed of these DC pumps is about 2.7 m3/h,
while the final pressure reaches 3•10-3 hPa. The
innovative speed control also makes it possible
to obtain lower or higher pumping speeds. The
rotary vane pump with DC drive is suitable for
mobile flywheel storage devices, such as those
used in the automotive industry for saving

Hannover Messe 2017
hall 26, booth B55
April 24 – 28, 2017

Longlasting. Economical. Profitable.
ALMiG Screw compressors are made for continuous
industrial use. Robust and well-thought-out components
ensure a reliable and energy-efficient operation.
Speed control and heat recovery supports you to obtain
maximum energy saving potentials.
Switch now to ALMiG.
More information: www.almig.com

VDMA Publishing

energy and optimizing costs. These applications
generally use a 24 volt power supply.

Application example: Stationary flywheel
storage with vacuum technology

Knowledge

VDMA

Levisys, a French start-up and pioneer in the
development of energy storage systems, developed a stationary 10 kWh flywheel storage system and installed it at the production site
of Engie Ineo, a large Toulouse-based French
company in the electrical engineering sector.
Pumps + Systems
Compressors, Compressed Air and Vacuum Technology

Pumps and Compressors

for the World Market 2017

The company has established what is known as
a “smart grid”, an intelligent electricity grid connecting the electricity generator, electricity storage, electricity consumers and operating
resources. The connected components are monitored and centrally controlled in electricity supply transmission and distribution grids, thus
optimizing the efficiency and reliability of the
power supply at the production site.

Pumps and Compressors for the World Market 2017

with Compressed Air and Vacuum Technology

Stationary flywheel systems can be used in
a “smart grid” to balance out fluctuations
in the power supply.

The grid uses a stationary flywheel system to
balance out fluctuations in the power supply.
This way, the new electricity storage method
contributes to ensuring the production site’s

with Compressed Air and Vacuum Technology
This is the VDMA specialised magazine for engineers
and the technical management. Please order

Source: Levisys

Pumps and Compressors
for the World Market

your copy free of charge simply by sending an
e-mail to martina.scherbel@vdma.org or register
online via
http://subscription.vdma-verlag.com
The magazine is published once a year in April.

Fig. 5: Turbopump, rotary vane pump and
Pirani gauge in use

www.vdma-verlag.com

Source: Levisys
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Vacuum technology is an indispensable
element in the production of innovative
energy storage systems.
The turbopump used also features a compact
design and has a high pumping speed to enable
the quick and reliable generation of the vacuum
needed for the application. Digital vacuum
gauges monitor the vacuum in the flywheel
storage system and ensure that the necessary
conditions are achieved and maintained. Signals
are transmitted digitally to a computer or a PLC
without any interferences.

Fig. 6: Flywheel storage system

regular energy supply and complements the
lithium-ion batteries used for energy storage up
to now. Following the initial test phase, an additional nine stationary flywheel storage systems
will be added. Together, they will provide a storage capacity of 100 kWh.
During initial trials, experiments and in the final
system, Levisys opted for the use of highly sensitive and reliable vacuum equipment. The Levisys
stationary flywheel mass storage systems use
rotary vane pumps, turbopumps and vacuum
gauges to generate and measure the vacuum
conditions required. The vacuum equipment
must meet stringent requirements in this context. In addition to reliability, important criteria
include low energy consumption and compact
dimensions.
As a result, the backing pump selected was a
high-performance rotary vane pump with high
pumping speed that is hermetically sealed and
thus ensures efficient and environmentally-friendly operation. Since the flywheel system
had to be integrated with an existing unit, the
choice fell on an extremely small and compact
rotary vane pump that guarantees high operating reliability due to the integrated high-
vacuum safety valve. The pump cooling system
is optimized and works with an energy-saving
single-phase electric motor.
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Author:
Daniel Kuchenbecker
Market Segment Industry
Pfeiffer Vacuum GmbH, Asslar, Germany
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Read more in our online magazine
at www.vdma-verlag.com/puco

KTR: Perfect Power Transmission
for All Media
The certified coupling range by KTR comprises
a large number of high-quality and high-performance shaft couplings for all kinds of compressors and vacuum pumps. KTR would be delighted
to support you in selecting the optimum coupling
for your requirements and can offer you specific
advice. In this context KTR´s industry experts can
provide tailor-made development work.
Read more atwww.vdma-verlag.com/puco

Pfeiffer Vacuum Introduces the
New, Compact and High Performance
HiPace 300 H Turbopump
Many applications in research, analytics and
industry require a reliable high or ultra-high
vacuum. Pfeiffer Vacuum introduces the new
HiPace 300 H turbopump, the highest compression turbopump in the pumping speed class of
300 l/s currently on the market.
Read more at www.vdma-verlag.com/puco

40 Years of RKR: “That’s Business!”
RKR is a medium-sized company with a
workforce of around 70. For over 40 years,
RKR has been building customized blower and
compressor systems for oil-free gas conveyance.
During its 40th anniversary year this year, the
company is working on many projects, including a number of major ones worth many
millions of euros, which are among the largest
in the company’s history.

LNG Compressor from NEUMAN & ESSER
Within the LNG process chain, NEUMAN &
ESSER provides the right solutions for offshore
as well as onshore use. NEA LNG BOG com
pressors, send-out compressors and fuelgas
compressors achieve exceptional high efficiency.
Read more at www.vdma-verlag.com/puco

Read more at www.vdma-verlag.com/puco
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Read more in our online magazine
at www.vdma-verlag.com/puco

ALMiG Extend Oilfree Program
with Scroll Series

Gardner Denver:
The Ultimate Technology Choice

The new, efficient Scroll series in the range
of 4 – 15kW is the result of the continuous
improvement of ALMiG developments. It
provides 100% oil-free compressed air for very
sensitive applications. The main features are
low operating costs, a small footprint and low
noise level.

Gardner Denver has proven its power to
innovate – new compressed air and vacuum
technologies and services for 2017 deliver fresh
impetus to a market demanding the utmost in
efficiency. Major additions to its oil-free PureAir
range and a new iConn proactive real-time
monitoring service represent the next generation in energy efficiency.

Read more at www.vdma-verlag.com/puco
Read more at www.vdma-verlag.com/puco

BEKO: A New Class of
Compressed Air Dryers
With the compressed air drying system
DRYPOINT M eco control, operators can set a
fixed pressure dew point between +10 and
-26 °C. The specified drying degree is always
met, even under changing operating conditions. The system only consumes energy when
in drying operating mode.

Leybold offers optimized Solutions
for Flat Panel Display Manufacturing
Leybold provides a broad line of vacuum pump
systems and accessories specifically optimized
for thin film coating processes such as flat
panel display applications – the new innovative
DRYVAC SYSTEMS. Delivering highest throughput with best cost of ownership (CoO) is our
mission.

Read more at www.vdma-verlag.com/puco
Read more at www.vdma-verlag.com/puco
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Atlas Copco Energas GmbH, Gas and Process Division
www.atlascopco-gap.com
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Apex Tool Group GmbH & Co. OHG
www.apexpowertools.eu
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www.beko-technologies.de
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J. A. Becker & Söhne Maschinenfabrik GmbH & Co. KG
www.jab-becker.de

Workshops

Gas stations (natural gas, LPG)
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CVS engineering GmbH
www.cvs-eng.de
Donaldson Filtration Deutschland GmbH
www.donaldson.com
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Drumag GmbH Fluidtechnik
www.specken-drumag.com
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FRIATEC Aktiengesellschaft – Division Rheinhütte Pumpen
www.rheinhuette.de
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FST GmbH Filtrations-Separations-Technik
www.fstweb.de
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Gardner Denver
www.gardnerdenver.com
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Gardner Denver Deutschland GmbH, CompAir
www.compair.com
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Gardner Denver Deutschland GmbH, Elmo Rietschle
www.gd-elmorietschle.com
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Gardner Denver Deutschland GmbH, Robuschi
www.robuschi.com
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Gardner Denver Deutschland GmbH, Nash
www.gdnash.com
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Heat recovery

Drives

Drying

Other fields of applications

Starting of engines and power units

Railway vehicle

Vehicles and Navigation

Paint plants
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Paint plants/Sand blasting plants

Oil field blowers

Coke oven blowers

Blast furnace blowers

Wind channels

Foundries

Foundries/Wind channels

Aerating
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Sewage plants

l
Sewage plants

Pneumatic dispatch blowers

Bulk handling

Silos

Filling systems

Storage and transport

Textile industry

Woodworking and processing

Construction

Construction/Woodworking/Textile

Fertilizer production

Chemical industry

Chemical industry

Instrument air

Control air

Switchgear
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Koellmann Airtec – a division of Thielenhaus Technologies GmbH
www.koellmann-airtec.com

l l l l l l

l l l

l

Körting Hannover AG
www.koerting.de

l

l

l

l l

MacGregor Hatlapa GmbH & Co. KG
www.macgregor.com

l

MAN Diesel & Turbo SE
www.mandieselturbo.com

l l l l l

l

MANN+HUMMEL GmbH
www.industrialfilters.mann-hummel.com

l l l l l l

l l l l l

l l

l

Mattei Kompressoren Deutschland GmbH
www.mattei-kompressoren.de

l l l l l l

l l l l l

l l l

l

Mehrer Compression GmbH
www.mehrer.de

l l l l l l

l l l l l l

l l l

l

l l

l

l

l

METAPIPE GmbH
www.metapipe.de
MTA Deutschland GmbH
www.mta.de

l l
l

l l

Neuenhauser Kompressorenbau GmbH
www.nk-air.com

l
l l

NEUMAN & ESSER GROUP
www.neuman-esser.com

l

Parker Hannifin GmbH, Hiross Zander Filtration Division
www.parker.com/hzd

l l l l l l

Piab Vakuum GmbH
www.piab.com

l l l l l l

Schneider Druckluft GmbH
www.schneider-airsystems.de

l l l l l l

l

l l l l

l

l l l l l l

l

l l l l l l

l l l

l

l
l l l

Sera ComPress GmbH
www.sera-web.com

l l l l

Siemens AG
www.siemens.com/compressors

l l l l l

Siemens Turbomachinery Equipment GmbH
www.siemens.com/compression

l

l

l

l
l

l l

SPX Flow Technology Moers GmbH
www.spxdehydration.de

l l l l l l

l l l l l l

l l l

l

Ultrafilter GmbH
www.ultraair.de / www.ultra-filter.de

l l l l l l

l

l l l

l
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Fertilizer production
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l

Heat recovery

l

Drives

Drying

Other fields of applications

Starting of engines and power units

Navigation

Road vehicle

Railway vehicle

Vehicles and Navigation

Sand blasting plants

Paint plants

Paint plants/Sand blasting plants

Oil field blowers

Coke oven blowers

Blast furnace blowers

Wind channels

Foundries

Foundries/Wind channels

Aerating

Sewage plants

Sewage plants

Pneumatic dispatch blowers

Bulk handling

Silos

Filling systems

Storage and transport

Textile industry

Woodworking and processing

Construction

Construction/Woodworking/Textile

Chemical industry

Chemical industry

Instrument air

Control air

Switchgear
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ABN Apparatebau Nittenau GmbH
www.abn-drucklufttechnik.de

l

Aerzener Maschinenfabrik GmbH
www.aerzener.de

l l l l l

Apex Tool Group GmbH & Co. OHG
www.apexpowertools.eu

l

l

Vacuum Heat Treatment2

l l l l l l l l l

l l l l l l l l l l l

Gebr. Becker GmbH
www.becker-international.com

l l l l l l l

l l l l l

Dr.-Ing. K. Busch GmbH
www.busch.de

l l l l l l l

l l l l l l l l l l l

CVS engineering GmbH
www.cvs-eng.de

Vacuum Metallurgy1

Freeze drying

Ceramics

Paper

Beverage

Textile

Food

Plastics

Pharmaceutical

Petrochemical

Chemical

Medical

l

Process Vacuum

Air sampling

Conveying

Pick and Place

Printing and Paper Handling

Central Vacuum

Packaging (except Food)

Rough Vacuum

Applications
Vacuum Technology

Energy (Wind, Nuclear, Steam turbines, ...)

COMPANIES & RANGE OF APPLICATIONS

Industrial Vacuum
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l l

l
l l

l

Drumag GmbH Fluidtechnik
www.specken-drumag.com

l

Flowserve-Sterling SIHI GmbH
www.flowserve-sihi.com

l l l

l

l l
l

l

l
l l l l l l l l l l l

FRIATEC Aktiengesellschaft – Division Rheinhütte Pumpen
www.rheinhuette.de

l

l

l l

l

Gardner Denver
www.gardnerdenver.com

l l l l l l l

l l l l l l l

l l l

l l

Gardner Denver Deutschland GmbH, Elmo Rietschle
www.gd-elmorietschle.com

l l l l l l l

l l l l l l l

l l l

l l

Gardner Denver Deutschland GmbH, Robuschi
www.robuschi.com

l l l l l l

Gardner Denver Deutschland GmbH, Nash
www.gdnash.com

l l

l l l l l l

l

GEA Group Aktiengesellschaft
www.gea.com

l l l

l

l l

l l l l l l l l l l l

l

l l l l l l l l l l l

l

HAUG Kompressoren AG
www.haug.ch
HERMETIC-Pumpen GmbH
www.hermetic-pumpen.com

l l l l

KAESER Kompressoren SE
www.kaeser.com

l l l l

Koellmann Airtec – a division of Thielenhaus Technologies GmbH
www.koellmann-airtec.com

l

Körting Hannover AG
www.koerting.de

1 (Metal Degassing, Melting, Re-melting, e-beam welding, casting, ...)
2 (Brazing, Carburising, Nitriding, Quenching, ...)
3 (c-Si, Thin film deposition, Laminating, ...)

l l l l l l
l

l

l l l l l l l l l

l l l l l l l l l l l

4 for Semiconductor including focused ion beam systems and electron
beam systems
5 (Driers, Centrifuges, Concentrators, …)
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l

l l l l l
l l
l
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l l l
l

l
Space Simulation

Scientific Research Laboratories

Government Labs

Universities

R&D

Sample preparation5

MRI and NMR

X-Ray Analysis

Electron Beam systems

Focused Ion Beam systems

Metrology/Inspection/Defect Review systems4

Gas Analysis

Surface Analysis

Leak Detectors

Electron Microscopes

Mass Spectrometers

Instrumentation Manufacturers

Crystal growth (re-melt, …)

Thermal Solar (Solar Water heaters, …)

Photovoltaic Solar3

Solar

Display Coatings (OLED, FED, PDP, SED, …)

Surface Coating (wear protection, decorative, …)

Thin Film Heads

Magnetic Data Storage (HDD)

Data storage (CD, DVD, Hi Def. Disc, ...)

Glass/Web/Optical

Thin-Film Deposition (non-Semiconductor)

Crystal pulling

MEMS

TFT-LCD Displays

Compound Semiconductor

Silicon Semiconductor

Semiconductor Process Vacuum

Electrical (Encapsulation, ...)

Automotive (Dehydration, Charging and Test)

Refrigeration and Air Conditioning

Industrial leak detection

Lamps and Bulbs

TV Tubes

Electron Tubes

Laser Technology
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Vacuum Heat Treatment2

Vacuum Metallurgy1

Freeze drying

Ceramics

Paper

Beverage

Textile

Food

Plastics

Pharmaceutical

Petrochemical

Chemical

Medical

Process Vacuum

Air sampling

Conveying

Pick and Place

Printing and Paper Handling

Central Vacuum

Packaging (except Food)

Rough Vacuum

Applications
Vacuum Technology

Energy (Wind, Nuclear, Steam turbines, ...)

COMPANIES & RANGE OF APPLICATIONS

Industrial Vacuum
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MacGregor Hatlapa GmbH & Co. KG
www.hatlapa.de
MAN Diesel & Turbo SE
www.mandieselturbo.com

l

l

MANN+HUMMEL GmbH
www.industrialfilters.mann-hummel.com

l l l l

MTA Deutschland GmbH
www.mta.de

l

Oerlikon Leybold Vacuum GmbH
www.oerlikon.com/leyboldvacuum

l l

l

l

l l l l l l l l l l l

l l

Pfeiffer Vacuum GmbH
www.pfeiffer-vacuum.com

l l l l l

l

l l l l l l

l l l l

l l

Piab Vakuum GmbH
www.piab.com

l l l l l

l
l

l l

l l

l l

1 (Metal Degassing, Melting, Re-melting, e-beam welding, casting, ...)
2 (Brazing, Carburising, Nitriding, Quenching, ...)
3 (c-Si, Thin film deposition, Laminating, ...)

l l l l l

l

l
l

l

VACOM Vakuum Komponenten & Messtechnik GmbH
www.vacom.de
VAKOMA GmbH
www.vakoma.de

l

l

SBS Metalltechnik GmbH
www.sbs-metalltechnik.de
Siemens Turbomachinery Equipment GmbH
www.siemens.com/compression

l l

l

l l l l l l l

l

l l

4 for Semiconductor including focused ion beam systems and electron
beam systems
5 (Driers, Centrifuges, Concentrators, …)
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l
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Space Simulation

Scientific Research Laboratories

Government Labs

Universities

R&D

Sample preparation5

MRI and NMR

X-Ray Analysis

Electron Beam systems

Focused Ion Beam systems

Metrology/Inspection/Defect Review systems4

Gas Analysis

Surface Analysis

Leak Detectors

Electron Microscopes

Mass Spectrometers

Instrumentation Manufacturers

Crystal growth (re-melt, …)

Thermal Solar (Solar Water heaters, …)

Photovoltaic Solar3

Solar

Display Coatings (OLED, FED, PDP, SED, …)

Surface Coating (wear protection, decorative, …)

Thin Film Heads

Magnetic Data Storage (HDD)

Data storage (CD, DVD, Hi Def. Disc, ...)

Glass/Web/Optical

Thin-Film Deposition (non-Semiconductor)

Crystal pulling

MEMS

TFT-LCD Displays

Compound Semiconductor

Silicon Semiconductor

Semiconductor Process Vacuum

Electrical (Encapsulation, ...)

Automotive (Dehydration, Charging and Test)

Refrigeration and Air Conditioning

Industrial leak detection

Lamps and Bulbs

TV Tubes

Electron Tubes

Laser Technology
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BRAND NAME & TRADE FAIR REGISTER

Brand name & trade fair register

ABEL GmbH
Abel Twiete 1
21514 Büchen
Phone +49 4155 818-0
Fax
+49 4155 818-499
mail@abel.de
www.abelpumps.com

• ABEL EM – Elektromechanical membrane pumps
• ABEL CM – Compact membrane pumps
• ABEL HM – Hydraulic membrane pumps
• ABEL HMT – Hydraulic membrane pumps Triplex
• ABEL HMQ – Hydraulic membrane pumps
Quadruplex
• ABEL HP / HPT – High pressure pumps
• ABEL SH – Solids handling pumps
• ABEL Marine – Marine pumps

CIM EXPO, Montreal, QC Canada,
30/4– 5/5, 2017
WEFTEC, Chicago, IL USA,
30/9– 04/10 2017

Alltech Dosieranlagen GmbH
Rudolf-Diesel-Str. 2
76356 Weingarten
Phone +49 7244 7026-0
Fax
+49 7244 7026-50
info@alltech-dosieranlagen.de
www.alltech-dosieranlagen.de

We offer dosing systems from a single source: from
planning and production through to installation/
service. Our products: solution preparation and dosing
systems for dry, liquid and gaseous products, piston
diaphragm metering pumps FKM with linear and infinitely variable dosing, even for highly viscous media,
frequency-controlled piston-diaphragm metering
pumps FKMF, dosing stations and accessories, process
and storage tanks, control and regulating systems.

Aqua Nederland Vakbeurs, Gorinchem,
21–23/3 2017
IFAT, Munich,
14–18/5 2018

Gebr. Becker GmbH
Hölker Feld 29–31
42279 Wuppertal
Phone +49 202 697-0
Fax
+49 202 660-855
info@becker-international.com
www.becker-international.com

•
•
•
•
•
•

ComVac, Hanover, 24–28/4 2017
Energy, Hanover, 24–28/4 2017
Interpack, Hanover, 04–15/5 2017
Ligna, Hanover, 22–26/5 2017
Medica, Munich, 14–17/11 2017
Productronica, Munich,
14–17/11 2017
formnext, Dusseldorf, 15.–18/11 2017

BEKO TECHNOLOGIES GmbH
Im Taubental 7
41468 Neuss
Phone +49 2131 988-0
Fax
+49 2131 988-900
beko@beko-technologies.com
www.beko-technologies.com

High-quality product and system solutions:
• BEKOKAT catalytic converter for oil-free c ompressed air
• DRYPOINT and EVERDRY compressed air dryers
• CLEARPOINT compressed air filters
• BEKOMAT condensate drains
• ÖWAMAT and BEKOSPLIT oil-water separators
• METPOINT flow and dew point meters, air quality
control
• Consulting, Engineering, Training, Service

ComVac, Hanover,
24.–28/4 2017, Hall 26, Stand C31

BORSIG ZM Compression GmbH
Seiferitzer Allee 26
08393 Meerane
Phone +49 3764 5390-0
Fax
+49 3764 5390-5092
info@zm.borsig.de
www.borsig.de/zm

• Reciprocating compressors for process gases
acc. API 618 in horizontal and vertical design up
to 16,000 kW and 1,000 bar
• Integrally geared centrifugal compressors for
process gases acc. API 617, up to 25,000 kW and
150 bar
• Reciprocating compressor valves
• BORSIG BlueLine (MPS, CMS, PLC and ESD)
• Compressor services and spare parts

MIOGE, Moscow, Russia,
27–30/06 2017
OGA, Kuala Lumpur, Malaysia,
11–13/07 2017
ADIPEC, Abu Dhabi, UAE,
13–16/11 2017

Dr.-Ing. K. Busch GmbH
Schauinslandstr. 1
79689 Maulburg
Phone +49 7622 681-0
info@busch.de
www.buschvacuum.com

Busch Vacuum Pumps and Systems operates worldwide as one of the largest manufacturers of vacuum
pumps, blowers and compressors. The extensive
product portfolio covers vacuum and overpressure
applications in all industry sectors. A dense service
network coupled with many years of experience and
expertise in developing vacuum systems makes it
possible to provide customised integrated solutions.

ComVac, Hanover,
24–28/04 2017, Hall 26, Stand B05
interpack, Dusseldorf,
04–10/05 2017, Hall 4, Stand D40
POWTECH, Nuremberg,
26–28/09 2017,Hall 3A, Stand 305
Fakuma, Friedrichshafen,
17–21/10 2017

Donaldson Filtration
Deutschland GmbH
Büssingstrasse 1
42781 Haan
Phone +49 21 29 569-0
Fax
+49 21 29 569-100
CAP-de@donaldson.com
www.donaldson.com

Donaldson provides a wide variety of filtration
solutions for almost every industry. The broad
range of products helps to minimize energy costs,
increases productivity and guaranties the quality
of the customer’s products. One of the new product
developments is UltraPleat®, a filter media that
reduces the differential pressure for compressed
air filters by 50 % compared to the previous series.

Cfia, Rennes,
7–9/3.2017, Hall 10, Stand E51
Hannover Messe, Hanover,
24–28/4 2017, Hall 26, Stand 60

Rotary vane compressors and vacuum pumps
Screw compressors and vacuum pumps
Side channel blowers and vacuum pumps
Radial blowers and vacuum pumps
(centralized) Systems
VARIAIR
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For current trade fairs please
visit our homepage:
www.abelpumps.com

For up-to-date exhibition
activities please visit our website
www.beko-technologies.com

For further fairs please refer to
www.borsig.de/zm
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EDUR-Pumpenfabrik
Eduard Redlien GmbH & Co. KG
Edisonstr. 33
24145 Kiel
Phone +49 431 6898-68
Fax
+49 431 6898-800
info@edur.de
www.edur.com

The most modern pumps are produced in the highly
specialized EDUR-Pumpenfabrik since 1927.
With high demand on quality and latest technology
centrifugal pumps are being produced by EDUR
and setting standard. Our range includes various
centrifugal pump types in staged sizes and material
versions. As a manufacturer of special pumps we
supply pump solutions which are adapted exactly to
the application at hand.

Hannover Messe, Hanover,
24–28/04 2017, Hall 15,
Stand G43.11, PumpeDE
IEexpo Shanghai, China,
Hall W1, Stand 1705, 4–7/5 2017
WEFTEC, Chicago, Illinois, USA,
Stand 4843, 2 –4/10 2017
parts2clean, Stuttgart,
24–26/10 2017

FELUWA Pumpen GmbH
Beulertweg 10
54570 Mürlenbach
Phone +49 6594 10-0
Fax
+49 6594 10-200
info@feluwa.de
www.feluwa.com

Production Line:
Process and transport pumps for
abrasive/aggressive fluids and slurries
• MULTISAFE hose-diaphragm pumps
• Hose diaphragm piston pumps
• Municipal wastewater pumping stations
• Diagnostic systems
• Pumping stations with solid diverters

Exhibitions in 2017:
www.feluwa.com

Hauhinco Maschinenfabrik G.
Hausherr, Jochums GmbH & Co. KG
Beisenbruchstr. 10
45549 Sprockhövel
Phone +49 2324 705-0
Fax
+49 2324 705-222
info@hauhinco.de
www.hauhinco.de

Hauhinco –
The Expert in Water Hydraulic Solutions
Mining:
• High Pressure and Water Spray Pump Stations
• Water Treatment Systems
Industry:
• Press Drives and Controls
• Descaling systems
• Hydroforming

Please find our current trade show
schedule at
www.hauhinco.de

HNP Mikrosysteme GmbH
Bleicherufer 25
19053 Schwerin
Phone +49 385 52190-300
Fax
+49 385 52190-333
info@hnp-mikrosysteme.de
www.hnp-mikrosysteme.de

Micro annular gear pumps
for fast and highly precise dosage of liquids
• for mechanical engineering, chemistry, life science
• five pump series, including hermetic inert pumps
• low pulse delivery, low shear stress, long service
life, minimal dead volume, small dimensions
• flow rates from 1 µl/h to 1152 ml/min
• specific advice, integrated systems, own filter
series

Hannover Messe, Hanover, 24–28/4 2017
Biotechnica, Hanover, 16–18/5 2017
Chemie Lyon, France, 20–21/9 2017
Motek, Stuttgart, 9–12/10 2017
Compamed, Dusseldorf, 13–16/11 2017
ACHEMA, Frankfurt, 11–15/6 2018

HOMA Pumpenfabrik GmbH
Industriestr. 1
53819 Neunkirchen-Seelscheid
Phone +49 2247 702-0
Fax
+49 2247 702-44
info@homa-pumps.com
www.homa-pumps.com

Pumps for sewage disposal, sanitary engineering,
dewatering and drainage:
Submersible drainage water and sewage pumps,
grinder pumps for pressure sewage disposal, sewage
disposal units, drainage water disposal units,
condensate pumps, mixers, tank cleaning systems,
garden pumps, electronic booster units, pump control
boxes, propeller pumps.

For current trade fairs,
please visit our homepage:
www.homa-pumps.com
We are looking forward to your visit!

KLAUS UNION GmbH & Co. KG
PO Box 10 13 49
44713 Bochum
Phone +49 234 4595-0
Fax
+49 234 4595-7000
info@klaus-union.com
www.klaus-union.com

Pumps: Magnetic drive and shaft seal pumps for
the oil and gas industry, the chemistry and petrochemistry as well as for the pharmaceutical and bio
industry. Centrifugal pumps, side channel pumps,
multi-stage pumps, submerged pumps, vertical
pumps, propeller pumps and screw pumps. DIN-ENand API-685 series and pumps beyond standard.
Valves: Gate Valves, Globe Valves, Check Valves.

Maintenance NEXT, Rotterdam,
Netherlands, 11–13/04 2017
Neftegaz, Moscow, Russia,
17–20/04 2017
IRAN OIL SHOW, Tehran, Iran,
06–09/05 2017
DIAM, Bochum, 08–09/11 2017
ADIPEC, Abu Dhabi, VAE, 13–16/11 2017
More details: www.klaus-union.com

KRACHT GmbH
Gewerbestraße 20
58791 Werdohl
Phone +49 2392 935-0
Fax
+49 2392 935-209
info@kracht.eu
www.kracht.eu

We at KRACHT, a medium-sized, family-run business,
are a globally active company with 310 employees
working at the Werdohl based head office in Germany
and another 85 members of staff in China, USA and
Hungary. As a manufacturer of gear pumps,
hydraulic motors, high pressure gear pumps, valves,
pump units and flow measurement, we attach
great importance to quality and to satisfy all our
customers’ requirements.

Hannover Messe, Hanover,
MDA– Motion, Drive and Automation,
24–28/04 2017
OTC Houston, Texas, USA
01–04/05 2017

KTR Systems GmbH
Carl-Zeiss-Straße 25
48432 Rheine
Phone +49 5971 798-0
mail@ktr.com
www.ktr.com

More than 50 years of experience in power trans
mission, that is KTR. Being a powerful manufacturer
for industrial applications in Power Transmission,
KTR supplies high-quality drive components,
brake systems as well as cooling systems and
hydraulic components to the industrial markets
of all continents.

Hannover Messe, Hanover,
24–28/4 2017

We are looking forward to your visit.

Further trade show dates:
www.hnp-mikrosysteme.de/en/news-press

Our current trade fair dates:
www.kracht.eu

Further exhibition dates see
www.ktr.com
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Leybold GmbH
Bonner Straße 498
50968 Köln
Phone +49 221 347-0
Fax
+49 221 347-1250
info@leybold.com
www.leybold.com

Leybold offers a broad range of advanced vacuum
solutions for use in manufacturing and analytical
processes, as well as for research purposes.
Our core competence centres on the development
of application- and customer-specific systems for
the creation of vacuums and extraction of
processing gases.

COMVAC, Hanover, 22–28/04 2017
Interpack, Dusseldorf, 04–10/05 2017
SEMICON West, San Francisco, CA,USA,
11–13/07 2017
Composite Europe, Munich,
19–21/09 2017
ASM Heat Treat, Columbus, OH, USA,
24–26/10 2017

MANN+HUMMEL GmbH
Brunckstr. 15
67346 Speyer
Phone +49 6232 53 80
Fax
+49 6232 53 8899
if.info@mann-hummel.com

Our current trade fair dates
are listed on our website at
www.mann-hummel.com – News

industrialfilters.mann-hummel.com

The MANN+HUMMEL Group is a leading global expert
for filtration solutions and development partner
and original equipment supplier to the international
automotive and mechanical engineering industries.
In brief: Around 20000 employees across more than
70 sites, 1000 of which are research and development
specialists, more than 3000 patents, and a turnover
of around four billion euros per year.

Mehrer Compression GmbH
Rosenfelder Str. 35
72336 Balingen
Phone +49 7433 2605-0
Fax
+49 7433 2605-41
sales@mehrer.de
www.mehrer.de

Established in 1889, Mehrer is one of the oldest and
most traditional compressor manufacturers in the
world and is today one of the leading manufacturers
of oil-free piston and diaphragm compressors for
technically demanding tasks. As a partner of the processing and process gas industries, we are specialized
in the fail-safe, economical and completely oil-free
compression of gases, gas mixtures and air.

drinktec 2017, Munich, Germany,
Hall A4 Stand 109
11–15/9 2017

NETZSCH
Pumpen & Systeme GmbH
Geretsrieder Str. 1
84478 Waldkraiburg
Phone +49 8638 63-0
Fax
+49 8638 67981
info.nps@netzsch.com
www.netzsch.com

NETZSCH manufactures positive displacement
pumps worldwide. Designed specifically for difficult
situations, pumps range in size from the industry’s
smallest metering pumps to high-volume pumps
for applications in the oil and gas industry. NETZSCH
supplies NEMO® progressing cavity pumps,
TORNADO® rotary lobe pumps, NOTOS multi screw
pumps, macerators/grinders and equipment
forcustom-built and challenging solutions.

Wasser 2017, Berlin, 28–31/3 2017
OTC, Houston, USA, 1–4/5 2017
WODKAN, Poland, 16–18/5 2017
Offshore Europe, Aberdeen,
Great Britain, 05– 08/9 2017
drinktec, Munich, 11–15/9 2017
Agritechnica, Hanover, 12–18/11 2017
Tankstorage, Hamburg, 29–30/11 2017

NEUMAN & ESSER GROUP
Werkstr.
52531 Übach-Palenberg
Phone +49 2451 481-01
Fax
+49 2451 481-100
info@neuman-esser.de
www.neuman-esser.com

Reciprocating piston and diaphragm compressors and
systems of different construction sizes and designs
available in compliance with API 618 (ISO 13707) and
API 11P (ISO 13631) as dry-running or lubricated unit,
having a flow rate of up to 100,000 Nm3/h, 10-30,000
kW driving power and up to 5,000 bar discharge pressure, are the key parameters of our range of supply.
Service centres at eleven locations worldwide ensure
the high availability of the units.

Gastech, Tokio, Japan, 4–7/4 2017
Iran Oil Show, Tehran, Iran, 6–9/5 2017
Turbomachinery Show, Houston, USA,
11–14/9 2017
PCV Expo – Int. Exhibition for Pumps,
Compressors, Valves, Moscow, Russia,
24–26/10 2017

OSNA-Pumpen GmbH
Brückenstr. 3
49090 Osnabrück
Phone +49 541 1211-0
Fax
+49 541 1211-220
info@osna.de
www.osna.de

•
•
•
•
•
•
•
•
•

Pfeiffer Vacuum GmbH
Berliner Str. 43
35614 Asslar
Phone +49 6441 802-0
Fax
+49 6441 802-1202
www.pfeiffer-vacuum.com

For more than 125 years , Pfeiffer Vacuum has served
as a guarantee for advanced vacuum technology,
high quality comprehensive vacuum solutions, and
first-class service. The product portfolio comprises
hybrid and magnetically levitated turbopumps, backing pumps, leak detectors, measurement and analysis
devices, components, as well as vacuum chambers
and systems. The company employs a workforce of
some 2,400 people and has more than 20 subsidiaries.

ComVac, Hanover, 24–28/4 2017
Interpack, Düsseldorf, 04–10/5 2017
China Glass, Bejing, China, 24–27/05 2017
Intersolar, Munich, 31/05–02/06 2017
ASMS, Indianapolis, USA, 04 –08/06 2017
Semicon West, San Francisco, USA,
11–13/07 2017
Pack Expo, Las Vegas, USA,
25/09–27/09 2017

RKR Gebläse und
Verdichter GmbH
Braasstraße 1
31737 Rinteln
Phone +49 5751 4004-0
Fax
+49 5751 4004-30
Info@RKR.de
www.RKR.de

RKR is a medium-sized company, with a workforce of
around 70. For over 40 years, RKR has been building
customised blower and compressor systems for
oil-free gas conveyance worldwide. Qualified service
and original spare parts complete the range of services.

POWTECH, Nurenberg,
Hall 4, Stand 490,
26.–28.09.2017

We look forward to welcoming you.

High-pressure centrifugal pumps
Booster units
Low-pressure pumps • Sewage water pumps
Vertical immersed pumps
Submersible pumps
Submerged wastewater pumps
Self-priming pumps
Piston pumps for domestic water supply
Water purification and treatment
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J. P. Sauer & Sohn
Maschinenbau GmbH
Brauner Berg 15
24159 Kiel
Phone +49 431 3940-0
Fax
+49 431 3940-24
info@sauercompressors.de
www.sauercompressors.com

Production Line:
Sauer Compressors offers medium- and highpressure compressors for use in the naval marine,
commercial shipping, offshore and industrial sectors.
The modern reciprocating piston compressors for
compressing air as well as all kinds of gases reach
pressures of 20 bar to 500 bar. For every field of
application, individual solutions are possible.

Hannover Messe, ComVac, Hanover,
24–28/4 2017

URACA GmbH & Co. KG
Sirchinger Str. 15
72574 Bad Urach
Phone +49 7125 133-0
Fax
+49 7125 133-202
info@uraca.de
www.uraca.com

URACA designs and manufactures high-pressure plunger pumps and pump units as well as complex cleaning
systems for satisfied customers all over the world.
• High pressure plunger pumps up to 2.600 kW/3000 bar
• Sewer cleaning pumps
• High pressure pump units for industry and
cleaning, for hot and cold water
• Tools and accessories
• High pressure water jetting systems

For current trade fairs
please visit our website:
www.uraca.com

Deutsche Vortex GmbH & Co. KG
Kästnerstr. 6
71642 Ludwigsburg
Phone +49 7141 2552-0
Fax
+49 7141 2552-70
info@deutsche-vortex.com
www.deutsche-vortex.com

Deutsche Vortex mainly produces high efficiencydomestic hot water pumps for centralized hot-water
supply in single or multi-family houses. Further high
efficiency-circulators for heating systems are offered.

expoEnergy Wels, Austria,
01–05/3 2017, Hall 21, Stand D440
ISH Frankfurt/Main, Germany,
14–18/3 2017, Hall 9.1, Stand F20

Pumpenfabrik Wangen GmbH
Simoniusstr. 17
88239 Wangen
Phone +49 7522 997-997
Fax
+49 7522 997-108
service@wangen.com
www.wangen.com

One step ahead: Our motivation ist he satisfaction of
our customers, our passion ist he excellence of our
standards. Our pumps are used successfully in the
field of agriculture, biogas, waste water and sewage
systems, food and drinks industry, chemical and paper
as well as shipbuilding. We bring it to he tip: Our
pumps´ effictiveness, maintainability and compact
design make them stand out oft he crowd.

Interpack, Düsseldorf,
04–10/5 2017, Hall B2, Stand B16
drinktec, Munich,
11– 15/9 2017, Hall B3, Stand 401
Agritechnica, Hanover,
12 –18/11 2017
BIOGAS Convention, Hanover,
12–14/12 2017

WOMA GmbH
Werthauser Str. 77–79
47226 Duisburg
Phone +49 2065 304-0
Fax
+49 20650304-200
info@woma.de
www.woma.de

WOMA is specialized in the development,
manufacturing, sales, service & support of high
pressure pumps and systems for more than 50 years.
• High-pressure plunger pumps up to 4.000 bar
• High-pressure water jet devices and systems
• High-pressure hot water jet devices
• Water tools and accessories
• Service, maintenance and training

Current exhibition dates are
available on our website
www.woma.de
We are looking forward to your visit!
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Hannover Messe
April 24 – 28, 2017
Hall 24, Booth D 46

The right coupling
The entire coupling range for torques
of between 0.5 and 10,000,000 Nm
FLENDER couplings
Many couplings are suitable for an application, but only one can be precisely
right. For this reason, it is no longer
enough just to have the best couplings:
you also need a complete portfolio to
be able to advise objectively and independently.
We are the only manufacturer of mechanical couplings with comprehensive, crossindustrial know-how in drive technology
and decades of experience in many applications. With us, it is expertise, quality
and a particularly high standard that
make a coupling the right solution for
your requirements.

With FLENDER couplings, we offer you
maximum flexibility. With their wide
range of types and sizes, they are always
the right choice, including for potentially
explosive environments.
The right coupling is reliable, because
it is carefully manufactured from highquality materials. The right coupling is
available, because it has proved itself in
a thousand individual cases and is manufactured as a standard part on the basis
of many years of development. Above
all, therefore, the right coupling offers
you security and safety – for your drive
train, for your entire production and for
your own peace of mind.

Our coupling standard
offers you:
◾ High reliability
◾ High flexibility
◾ Fast availability worldwide
◾ High security and safety
◾ A very good priceperformance ratio

siemens.com/couplings
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