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WF Maschinenbau
What matters to us

Be it in the automotive industry, in drive technology, in aerospace or in the production

of gas tanks - a large number of branches today are certainly in need of the chipless
forming of metal parts. In a world which is continuously and quickly developing, at the
same time the need for quality, sustainability and durability is growing. New challenges
have to be met with lighter products, more powerful components and stronger capaci-
ties. In order to assist our customers in meeting these challenges there have to be trust
and good cooperation.

FORMING
EXCELLENCE

On the global market of metal spinning we are technological leaders with a high regional
added value. We excite our customers with innovate, powerful forming machines and
procedures in the fields of metal spinning and flow-forming. Our mission is to constantly
develop new production processes and to open up new fields of application for our custo-
mers. We offer machines of the highest quality and comprehensive customer service.

We perform at the highest level.
“We are Forming Excellence”

Based on our own intensive research and development activities, we want to continually
set new standards in the fields of metal spinning and flow-forming and establish these
new technologies on new markets untapped so far. One step ahead of our competitors,
one step closer to our customers. Today and in future.

With best regards,
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Dr.-Ing. Bodo Fink Heiko Ohlscher Christian Malkemper
Chief Executive Officer (CEO) Chief Technical Officer (CTO) Head of R&D
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WF Maschinenbau
Who we are
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For more than 40 years, the letters WF have been standing for competence,
reliability and quality. Werner Winkelmann and Udo Friese, mechanical engineers
with heart and soul, met in the Keilinghaus company established in 1900. After
theinsolvency of their employer they decided to establish their own enterprise:
The WF Maschinenbau und Blechformtechnik GmbH & Co. KG was born. And not
only Winkelmann and Friese but many other experienced Keilinghaus employees
became part of the new company and have made us what we are today. In the
course of succession management, Mr. Friese transferred the company to the
mpool group from Dusseldorf.

Today we are the innovative leaders in metal spinning. The passion displayed by
Winkelmann and Friese when designing their machines is still perceptible in the
company. We enthusiastically build machines at the highest level and develop
new processes in all areas of metal spinning and flow-forming. On 8,000 m? we
produce our machines and on further 800 m? we develop new processes in our
R&D Centre. Every day, more than 110 colleagues at our headquarters in Senden-
horst, in our subsidiary in Schaumburg, USA, and in our representation in Shanghai,
China, are working on building modern, reliable and efficient machines.

We look ahead. We regularly secure our technical foundation by way of conti-
nuous test series, process developments and patent applications. And to make
sure that WF will remain at the top in future, we consider the training of our junior
staff as an integral part of our company.

WF Maschinenbau GmbH & Co. KG

WF Maschinenbau
Our history

2017

Establishment of the North American
subsidiary WF Machinery, Inc.

Construction of a vertical universal spinning
machine as research and development machine

2013

Construction of a horizontal universal
spinning machine as research and
development machine

2005-2007

Production lines for the manufacture of
weight-optimized passenger car wheels
and aluminium wheels

2003

Werner Winkelmann resigned from
management and sold his

shares to the Friese family

1999
First flow-forming machine for the
production of truck wheel discs

1995

The Innovation - the WF hub patent,
vertical machine for spinning of hubs at
belt pulleys, clutch and transmission parts

1975

Establishment of WF Maschinenbau &
Blechformtechnik GmbH & Co. KG after
insolvency of the Keilinghaus company
by the former Keilinghaus employees
Werner Winkelmann and Udo Friese

2018

Establishment of a foreign representationin
China. Extension of our production space

in Germany to more than 8,000 m?

2016

WF Maschinenbau is sold to the mpool group

2009

Worldwide first vertical
flow-forming/turning machine with
six freely programmable slide axes

2004
First machine deliveries to
China and South Korea

2001
Founding of the company-owned,
worldwide unique R&D Centre

1998
Construction of the largest and heaviest
horizontal flow-forming machine of the world

1976-1994

Construction of numerous automatic processing
machines and production lines,among them
world novelties like horizontal and vertical
flow-forming machines for the production of
internally geared clutch and transmission parts

1900

Establishment of the Keilinghaus company




WF Maschinenbau

How we convince our customers

WF Maschinenbau GmbH & Co. KG
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Tailored R&D-Centre
machines

We are more than machine builders. We are inventors, researchers, development
partners for our customers. And in the end, we build machines. And this is what
distinguishes us from other machine builders in our industry. We see the “big
picture”. We want to develop ideas for and with our customers and to test their
feasibility. It is our prime ambition that our customers are one step ahead of their
own competitors.

WF is a synonym for consequent customer and market orientation. In this way, we
continuously develop new ideas which will be implemented in our R&D Centre.
The results are tailored machines of highest quality as well as reliable and effi-
cient production processes. Comprehensive service activities also in the after-
sales field safeguard customer satisfaction which has highest priority for us.

WF Maschinenbau
Customer and market orientation

Confidence is the basis for our success. Absolute reliability in implementation,
trust, loyalty, excellence in all processes - this is what we stand for.

We know that confidence has to be earned. This is why we try to interact with
our customer in an open and honest dialogue right from the beginning. We listen,
we exchange opinions, we learn to know each other, we understand particular
requirements to be met.

We are at home on the markets of our customers and therefore know the
challenges of tomorrow. Along with you we set standards in the trades:
+ rim, wheel and wheel discs production

+ engine and gear manufacturing

- aerospace industry

+ energy and environmental engineering

- medical technology

- tank and apparatus construction

+ air conditioning

- lighting industry

- home appliance industry

+ instrument making

Our works manager Stephan Dittrichina
technical conversation with electrical engineer
Patrick Beckamp

Finalinspection of an assembled headstock



WF Maschinenbau
Our R&D Centre - We form innovations

“We at WF put great emphasis on innovation. | like to work with Extract of our patents:
my team every day and to develop the machines and processes of . trimming and/or profiling machine
. . for rework at deep-drawn parts

tomorrow. Together we find solutions, we want to go ahead and . production of belt pulleys/poly-V
. . belt pulleys e.g. from a round blank

cause enthusiasm, and we are proud when holding a new patent by way of splitting, compressing or

.. . . " beading
SpeC|f|Cat|On N our hand. - spinning of hubs at belt pulleys and
gear parts
Christian Malkemper, Head of R&D -+ production of externally teethed

workpieces, e.g. starter ring gear,
gearwheels or pulleys

Example:

“CV-Joint” research project
in cooperation with
thyssenkrupp Steel Europe

+ 52% weight reduction

« improved drivability

+ lower fuel consumption

+ uniform hardening depthin
inductive hardening

+ simultaneous contact of all balls
because of more flexible wall
thicknesses

- better hardening structure at
the surface

+ simpler mechanical treatment
of the surface

Our name is a synonym for innovation and reliability, quality and performance.
We know our markets and closely cooperate with research institutes. We use our
internal R&D Centre to develop new solutions and processes for our customers.

Example: BUNDESREPUBLIK DEUTSCHLAND Advantages of the hub production according
“The hub patent” e . ek B to the WF production process

We design at the highest level. & fE—-

“We are Forming Excellence” The centric part of a pulley or of a gear part is i A - flexible
spun in a non-cutting process starting from a o ., + weight-optimized production

round blank.

+ various profiles can be implemented to the hub
without an additional treatment
+ production of pocket holes for contact surfaces

In our sector we are the only supplier with an in-house R&D Centre:
- 4 extremely flexible trial machines for test series

The hub geometry can be influenced by various

- heating ovens and induction plants parameters as well as by the machine programming. - hub and component parts made from same
+ CMM measuring machines and projectors i, PR material - no welding!
- more than 100 processes registered for patent L + cost-effective production

+ increase of tensile strength by strain hardening

WF Maschinenbau GmbH & Co. KG



WF Maschinenbau
Our machines - Made in Germany

“Mechanical engineering is not only the technical implementation
of a customer requirement. Mechanical engineering also is
commitment, understanding, confidence and foresight.”

Dr.-Ing. Bodo Fink, CEO

We build metal spinning machines for steel and aluminium wheels, pulleys and
torsional vibration dampers, gas cylinders, gear parts and hubs. Our machines
score by technical superiority and longevity:

+ technical superiority by highest quality
- perfectly coordinated functions
- optional accessories
+ well-known quality suppliers
- excellent longevity
+ deliberate over-dimensioning of wear parts
- solid, welded frame construction
+ comprehensive service offers
+ future-oriented control technique by
+ simple method
+ program administration via network
+ remote diagnosis via Internet
- software prepared for industry 4.0 standards

Advantages of our metal spinning machines with the example of
an aluminium wheel ...

... for the wheel producer:
+ lower material usage (approx. -20%)
- lower melting and casting costs
+ easier production of preforms
+ production of light-weight quality wheels, produced as per current standard
+ lower cycle, no () machine-caused rejects (0%),
high rate of machine availability (> 98%)

... for the end customer:

« lighter wheels with a higher sturdiness

+ reduction of fuel consumption

+ reduction of the unsprung vehicle mass

- improvement of driving comfort and running smoothness

- additional load capacity because of lower vehicle weight
(up to 220 kg for a 6-axle truck)

WF Maschinenbau GmbH & Co. KG

Order and cleanliness from preparation to final
assembly - one of our many quality features

Working area of a WF machine




WF Maschinenbau
Our machines - Made in Germany

Made in Germany is written in CAPITAL LETTERS in our company. We are fully
aware of our responsibility. Responsibility towards the customer, towards the
region, and towards the people who work for our company. This is why we exclu-
sively produce in Germany. Sendenhorstis our home and it is the place where our
machines come from. We rely on German quality suppliers. In this way we know
what will be included in our machines. On the other hand, we deliberately want

to demonstrate our social responsibility and to send out a clear signal against
transactions with companies from low-wage countries with low social standards.

We cannot produce everything ourselves. But almost. We have the highest in-
house production level in our industry. It reaches from mechanical treatment, via
hydraulic piping, enclosure manufacturing, lacquering, electric cabinet wiring and
programming the control towards the final assembling. In this way, we can be sure
that our machines will meet the high WF standards.

Among others, expensive bronze guideways -
scraped by hand - warrant the longevity of our
machines

Take a look into pre-assembly at WF:

Itis here where all the pre-assembly work
is performed before the components
resultin a complete machine.

WF Maschinenbau GmbH & Co. KG 13



WF Maschinenbau
Our service - We are there for you

Since we build our machines with passion, we really want them to perfectly
function at our customer’s place. This is why we listen to our customers and
offer them a wide range of services and additional solutions. So that our
machines perform well at our customer’s place. So that the customer feels
comfortable with us.

Our service offer
+ machine transport by truck, ship, aircraft
+ installation and commissioning
+ start-up production
- after-sales service packages
+ Sspare parts availability
+ warranty of 10 years for every components included in the machine
+ warranty of 25 years for all WF in-house productions
+ on-site service
- inthe event of damage our service team will be on site fast and unbureaucratically!
+ in Europe: 12-24 h (by WF headquarters)
+ inthe USA: 24-48 h (by WF North America)
+ in China: 24-48 h (by WF China)
-+ other countries: 48 -72 h
+ retrofit and overhauling of all WF machines
« remote diagnosis via Internet
« WF training offers

WF hydraulic experts Thomas Kirschke and
Peter Siemsen are checking a pump unit

WF Maschinenbau GmbH & Co. KG

WF Maschinenbau
Customer satisfaction

A customer is satisfied when we meet his expectations. \With great pride we can
look at a long list of satisfied customers. The first to be mentioned is a customer
from Germany who on average purchases 4 machines per year from us and who
can meanwhile call more than 100 WF machines his own. Another is the Canadian
customer who currently already has produced more than 25,000,000 starter ring
gears on his 15 WF machines. And with other customers we mutually celebrate
the 30th anniversary as regular customers. These and many more success stories
prove the satisfaction of our customers.

Successful customers are in dialogue with us. We communicate to each other

at eye level. We exchange our views. Since we are already deeply rooted in the
individual trades, we get to know our customers better and better. And this is
exactly where and when customer and market orientation starts again - because
we want to form the future.
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WF Maschinenbau
Our technologies

Spinning

Spinning in accordance with DIN 8584
is a production procedure using push-
pull forming technology. Spinning
mostly is applied to produce rotatio-
nally symmetrical hollows of a nearly
arbitrary surface line contour in small
and medium batches starting from a
circular cut sheet (the so-called round
blank).

Typical components produced by spin-
ning for example are: Pots, cans and
kettles for canteen kitchens, art and
decoration objects such as vases and
cups, parts needed in tank construc-
tion like vessel bottoms or tank ends
(dished ends, domed ends), separators,
funnels, inlet rings and jet engines in
aerospace, lamp shades, reflectors,
car wheels, and many more.

WF Maschinenbau GmbH & Co. KG

Shear-forming

Shear-forming is a particular form of
spinning that is applied with conical or
tapered shapes with a shear-forming
angle > 18°.

Shear-forming allows a rather fast
production of separators, for example,
in just one operation. The wall-thick-
ness during forming however does
not remain constant but follows the
mathematical law S1=S0 * sin a.

i
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Necking-in (Reducing)

The diameter of a tube or a pipe
section is stepwise reduced by
necking-in such that bottom or end
of a gas cylinder is produced. At the
same time, the wall-thickness in the
necked-in area (bottom or neck) can
be increased many times over in order
to achieve a reliable gas-tightness.
Accordingly, our necking-in machines
are predominantly used for the pro-
duction of gas cylinders of type

I, Iland Ill (steel cylinders, weight-
reduced steel cylinders and alumini-
um cylinders). The resulting products
mainly are CNG cylinders (natural gas)
and hydrogen cylinders (hydrogen) for
the automotive industry. However,
WF machines are also used to produce
breathing cylinders, fire extinguishers,
industrial gas cylinders or other pres-
sure vessels.

Flow-forming

During flow-forming, a raw part (pre-
form or round blank) is fixed on a tool
mandrel and then set in rotation. By
simultaneous impact of one or more
forming rollers in radial direction, pres-
sure cones are generated in the raw
part. The pressure cone(s) is/are then
displaced by the axially acting forces.

The material starts to “flow” in axial di-
rection under proportional thinning of
the wall-thickness, i.e. the unmachined
part “grows” in length. Internally, the
unmachined part will adopt the cont-
our of the tool mandrel. This is how, for
example, internally toothed gear parts,
disk carriers, clutch parts and also
wheels and wheel discs are generated.

A special form of flow-formingis the
cylindrical flow-forming where the
unmachined part normally is a pipe. By
way of forward or reverse flow-for-
ming thin-walled pipes with perfect
wall-thickness are produced from
simple thick-walled pipes. No other
process could produce them with
comparable precision. Flow-forming
is mainly used in the field of precision
tubes for the defence industry.

n/
r

Hub-forming

The process “forming of hubs” inven-
ted by and patented for us nowadays
enables us to simply produce hubs and
double hubs at pulleys and transmissi-
on parts by way of “hub-forming”.

In the past, such hubs were produced
by way of expensive turning and milling
operations or they were subsequently
welded or soldered in. Today, we pro-
duce them starting from a simple blank
in nearly any length and wall-thickness.
Even internally toothed hubs, both-si-
ded hubs or hubs with Hirth serrations
on the mounting surface can be pro-
duced without any problems.

Your benefits:

+ aone-piece component part

+ huband component part made of the
same material

+ no welding or soldering operations
required

+ significantly increased durability of
the component part

+ improved material properties
through cold-working

Profiling

Profiling is a widespread process

for the production of belt pulleys,
especially the multi-groove (poly-V)
belt pulleys. Several profiling rollers
acting one after another and perfectly
matching each other which are pushed
against the rotating workpiece, step
by step force the workpiece to accept
an outside contour.

Still today, this chipless process again
and again opens up new opportuni-
ties and is perfectly suited to produce
simple and complex geometries at belt
pulleys with or without a hub.
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WF Maschinenbau
Our cooperations - Forward-looking by way of partnerships

“Cooperation with our partners is important to us. To look beyond
ones own noses, to exchange views, to support one another, to ge-
nerate new ideas - or simply to support bright minds with the de-
velopment of something big on our machines ... that is our intention.
The success of our partners finally comes to our success as well.”

Heiko Ohlscher, CTO

When extraordinary ideas have to

be implemented, partnerships play
animportant part. In a wide-spread
network, visions and stimuli are crea-
ted. Thisis why we integrate selected
partnersinto our innovation processes
in order to further extend our position
as technology leaders.

on the left: Heiko Ohlscher (CTO)
on the right: Dr.-Ing. Bodo Fink (CEO)

WF Maschinenbau GmbH & Co. KG

bacu

MASCHINENBAU

Abacus Maschinenbau GmbH

With the revolutionary and forward-
looking Abacus spinning machines
series PREMO in vertical design and
the particularly heavy, innovative

WF spinning machine series, we offer
our customers a portfolio never seen
before with a uniform and innovative
control concept. The perfect exploita-
tion of the synergy effects from both
companies turnsinto a unique advan-
tage for our customers.

MEMBER OF

AFRC

ADVANCED FORMING RESEARCH CENTRE

UNIVERSITY OF STRATHCLYDE

Advanced Forming Research Center
(AFRC), University of Strathclyde

We are “Tier 2 members” at the world-
wide renowned competence centre
forinnovative production technology,
R&D and metal forming. New pro-
cesses and products in most diffe-
rent branches and industries can be
developed on our machines.

thyssenkrupp

thyssenkrupp Steel Europe AG

With Steel from thyssenkrupp we have
been working at a number of pro-
jects that have already resultedin ten
processes which patents have been
applied for. In September 2016, for
example, one of our vertical universal
spinning machines, the VUD 600, was
commissioned in the Steel application
centrein Duisburg. And barely one
year later, steel was made to “flow”.
Particularly precise and weight-saving
steel components can be developed
with the new hot flow-forming

plant and brought to series maturity.
Further trials research applications
with sheet steel.
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FORMING EXCELLENCE

WF Maschinenbau und
Blechformtechnik GmbH & Co. KG
Schormelweg 23-27

48324 Sendenhorst, Germany
Phone +49 2526 9302-0
info@wf-maschinenbau.com

~-@®
Hamburg

Sendenhorst

@ Berlin

WF Machinery, Inc.

627 Estes Avenue

Schaumburg, Illinois 60193, USA
Phone +1847 3019 555
agildemeister@wf-northamerica.com

o
Dusseldorf

A Frankfurt
WF China

No. 16 Zhonghui Mansion South Henan Rd.
Room 271

Huangpu district

Shanghai 20002, China

Phone +86 216575 7369
info-china@wf-maschinenbau.com
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We are represented worldwide in
Canada - China - Denmark - England - France - Germany - India
Italy - Japan - Korea - Mexico - Russia - Taiwan - Turkey - USA

WWW.WF-MASCHINENBAU.COM



