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Background and objectives
ulrich medical specialises, among other things,
in the development and manufacture of
implants. The implants are machined out of
titanium and other components are made of
various stainless steels. The load profile of the
cutter is often subject to fluctuations during
machining and wear is high. As a result, the
cutters have had to be changed frequently in
the past. In addition, production was often
interrupted due to cutter breakages. Since
the cutters are made of expensive carbide, a
high replacement rate is a considerable cost
factor. In addition, carbide residues in the
form of chips pose a major problem for the
recycling economy. They lead to carbide inclusions in the new, recycled raw material,
which in turn causes new cutter breakages
and results in more carbide residues. The goal
was therefore to prolong the service life of
the cutters, while at the same time not
lengthening the production time per implant.

Idea
During the state finals of Jugend forscht (a
government supported competition for young
minds in the STEM field) in Stuttgart in March
2015, an idea was born between students and
supervisors of the Schülerforschungszentrum
Südwürttemberg (student research centre
Southern Württemberg, SFZ) together with
the production manager of ulrich medical: to
take the current topic of Industry 4.0, derive
a concrete problem (such as cyber-physical
systems) and turn it into a large overall project titled Machining in the age of Industry
4.0. In this overall project, students of the SFZ
were to systematically search for solutions
together with apprentices from ulrich medical. The project was kicked off in June 2015
with five students and four apprentices. The
aim was to develop a cyber-physical system
which provides data to support the operator
and to take part in the 2016 Jugend forscht
competition.

Challenge
During the machining of an implant, the forces acting on the cutter vary in strength. If
they are too high, the service life of the cutter is shortened. If they are too low, the processing time is unnecessarily extended. In
principle, the feed rate can be set higher
when working at points where lower forces
occur and set lower at points where strong
forces occur. The disadvantage of this is that
the cutter's current state of wear is not taken
into account. The greater the wear of the
cutter, the higher the forces required for
machining. At worst, this can lead to breakage of the tool. Possibilities were therefore
sought to optimally adjust the feed rate while
always taking the wear of the cutter into
account as well.

The first months were sobering. Measurement
setups did not work as planned, data processing was problematic and the machines
only reacted very slowly to manipulation
attempts. It was the measuring set-up (patent
pending by Marc Engelhardt, Lukas Bohnacker
and Jannik Münz) that brought the eventual
breakthrough and formed the basis for the
Jugend forscht project and the machine control system that has now been implemented.
From this point on, the aim was to develop a
control system that would allow not only faster,
but also higher quality production with significantly lower cutter wear. This was to be done
using a cyber-physical system that measures the
forces acting on the cutter during machining
and then optimally adapts the process parameters of the machine tool accordingly.
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Implementation
Through extensive measurement series and by
using a mathematical simulation, the project
team succeeded in determining the forces to
be expected for the cutter. The optimum values for the feed rate could be defined on the
basis of this data. These are transferred to the
machine control system as reference values.
The machine control system constantly compares the measured values with the mathematically pre-simulated values for each process point and adjusts the feed rate via a programmed PID (Proportional-Integral-Derivative)
controller so that the defined maximum forces are never exceeded. Besides ulrich medical
and the SFZ the Dr. Johannes Heidenhain
GmbH was also involved in the project, as the
new controller was explicitly designed for
machining centres with Heidenhain iTNC 530
and Heidenhain TNC 640 controls.
The first real-time system that can adjust a
machining centre highly dynamically was successfully developed. The fundamental idea of
Industry 4.0 is that a cyber-physical system
generates a large amount of data – in this
case measurement signals of forces sent at a

frequency of 1,500 Hz. A very fast network
transmits the data to a central computer. This
makes evaluations almost in real time and
returns control signals to the machine control
system. Machines with three axes use direct
cabling for data transmission, whereas 5-axis
machines use wireless transmission, which
minimises transmission time. The system also
provides the machine operator with additional useful information, such as the state of
wear of the tool and possible irregularities in
the material (e.g. inclusions in cast parts).
Savings
Thanks to the new, targeted pre-simulation
of the machining process with subsequent
control of the feed rate, tool wear could be
reduced by more than 80%. In a process
capability study (German: MFU) for the titanium alloy TiAl6V4, a service life of 20 hours
machining operation time per cutting tooth
could be achieved without affecting statistical
values of the process such as Cm and Cmk.
Without this control, significant wear becomes
visible with the same cutting parameters after
one to two hours of machining operation
time, which is also reflected in the Cm and
Cmk values of the process.
To understand the monetary significance it
must be noted that sintered metallurgical carbide, which consists primarily of tungsten carbide and cobalt, costs around 400 Euros/kg.
It is also very energy-intensive to manufacture. Depending on the area of application,
range of parts and type of raw material, up
to 40 kg of carbide can be saved per machining centre per year.
Another positive aspect is the improved
quality of the component surface. With this
adjustment, the average peak-to-valley
roughness, Rz, can be reduced from Rz4 to
Rz3 despite the significantly longer tool life.
Added to this, there is a saving in manufacturing time, although this varies for each
implant, depending on the wear of the cutter. Even though tool life was longer and the
surface quality better, the production time of
a representative sample part was reduced,
from 74 down to an average of 67 seconds.
Learning objective
The project provided detailed insights into the
control and regulation of machine tools and
led to a deeper understanding of measuring
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sensor technology. The initial difficulties in
measuring the force applied to the cutter
have been successfully overcome by using the
new patented measuring set-up. The process
that was developed is now gradually being
implemented on all production machines. In
the medium term, the system is to be developed further so that it can be used by all
machining centres. Since the system does not
require a control cut, it will lead to even greater
savings in other industries such as mould
making.
Company
As an internationally active, medium-sized
family-run business, ulrich medical can look
back on more than 100 years of successful
company history. ulrich medical is a medical
technology manufacturer offering a comprehensive portfolio of innovative products with
its main product areas in spinal implants, contrast media injectors and tourniquets. The
company is one of the few in the industry
that develops and produces in Germany, relying on state-of-the-art manufacturing technology. More than 340 employees work at
the headquarters in Ulm. As an owner-run
company, ulrich medical attaches particular
importance to long-term, sustainable corporate development and is therefore proud of
its continuous, healthy growth.

Machine operator at the machining centre

of achievements the SFZ developed and was
founded in 1999. The SFZ nowadays has
eight locations and more than 500 school
pupils conduct research and development in
the laboratories and workshops of the SFZ on
all kinds of topics related to mathematics, IT,
natural sciences and technology. The SFZ is
organised as a non-profit association in which
not only industry, but also the state of BadenWürttemberg, the municipalities and districts
as well as numerous private volunteers are
involved. This concept has subsequently been
copied several times, as countless prizes in
national and international competitions have
documented the success of this work.

The Schülerforschungszentrum
Südwürttemberg (SFZ)
The promotion of young MINT talent (mathematics, information technology, natural sciences, technology) has a history going back
almost 40 years in Southern Württemberg.
Rudolf Lehn, former head of the SFZ-Südwürttemberg, has supported school pupils
with a special interest in physics outside of
normal teaching since the beginning of his
school teaching career in 1977. Due to a lot
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The project "100 Companies for Resource Efficiency" was initiated by the Alliance
for Greater Resource Efficiency between the leading trade associations of the state of
Baden-Württemberg and the state government. The alliance includes the Ministry for the
Environment, Climate and the Energy Sector Baden-Württemberg, the State Association
of the Baden-Württemberg Industry (LVI), the Baden-Württemberg Chamber of Industry
and Commerce (BWIHK), the Chemical Industry Association of Baden-Württemberg (VCI),
the Mechanical Engineering Industry Association (VDMA) for Baden-Württemberg and
the Electrical and Electronic Manufacturers' Association (ZVEI), Regional Office of BadenWürttemberg.
The project was carried out jointly by the Institute for Industrial Ecology (INEC) at Pforzheim
University and the Baden-Württemberg State Agency for Environmental Technology. The
examples presented were carefully examined and selected by a jury of members of the
participating alliance partners.
The initiative shows how resource efficiency can be implemented and the benefits associated
with it. It supports the previous activities on resource efficiency in the country with concrete,
presentable results and brings them to the operational level. This motivates other companies
to participate.
The 100 examples of excellence have a strong impact beyond Baden-Württemberg and
underline the efficiency of the local economy. The aim is to highlight and present the
examples of excellence in a representative, high-profile and exemplary way.
Further information about the project:
www.100betriebe.pure-bw.de
Contact to the project team:
Prof. Dr. Mario Schmidt,
E-Mail: mario.schmidt@hs-pforzheim.de
Dr.-Ing. Hannes Spieth,
E-Mail: hannes.spieth@umwelttechnik-bw.de
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