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turning	interdisciplinary	know-how	into	

customer-tailored	solutions	is	a	key	area	of	

our expertise at the Production Technology  

Center	Berlin.	Taking	careful	account	of	the	

tasks	and	challenges	of	specific	industry 

branches	and	markets,	we	provide	custom	-

ized consulting and support services for 

the roll-out of new products, processes and  

techniques.	We	work	closely	with	our	

customers to identify potential application 

areas and establish new ones for existing 

products	and	technologies.	Both	nationally	

and internationally, we provide training 

and	transfer	services	that	benefit	users,	

manufacturers	and	research	institutes	alike.

»R&D	for	a	healthy	economy	and	prosper-

ous	region«	could	well	be	the	tagline	for	 

our engagement in the building of na-

tional	innovation	and	knowledge	systems	 

in	Asia,	Latin	America	and	the	Middle	East.	

Our	latest	project	is	profiled	in	this	edi-

tion of our FUTUR magazine and shows 

how we	will	be	assisting	SENAI,	Brazil’s	

National Service for In dustrial Training, 

in	building	23	research	institutes across 

the country over the next seven years.	

The aim of this partnership is to provide 

a pool of opportunities for professional 

vocational training which will serve to 

drive applied research and thus innova-

tion	in	Brazil.	Last	but	not	least,	German	

companies with local regional offices	or	

partnering with local companies in joint 

ventures	will	also	benefit	–	whether	they	

be in Brazil,	China	or	Dubai.

The Collaborative Research Center (CRC) 

1026	on	»Sustainable	Manufacturing	–	 

Shaping	Global	Value	Creation«	coordinated	 

by	Prof.	Günther	Seliger	of	the	Institute	for	

Machine Tools and Factory Management 

(IWF) at the Technical University of Berlin is 

one of eight CRCs funded by the German 

Research	Foundation	(DFG).	Established	

in	January	2012	with	a	budget	of	about	

10 million	euro,	CRC	1026	brings	to-

gether scientists from a range of institutes 

–	IWF,	Fraunhofer	IPK,	the	Konrad	Zuse	

Institute Berlin, the Federal Institute for 

Materials Research and Testing, and the 

Social Science Research Center Berlin – 

who collaborate on the development of 

techniques and technologies for sustain-

able production across	the	globe.	This	is	

an issue that could hardly be more topical, 

given the present consensus that careful 

use of energy, raw materials, and human 

resources is critical for the conservation of 

our	planet’s	environ	ment.	Even	so,	in	many	

parts of the world, sustainability still does 

not play a major role in manufacturing 

technology.	The	project	aims	to	scientifi-

cally validate the superiority of sustainable 

manufacturing embedded in global value 

creation over traditional paradigms of 

management	and	technology.	

Read more about the new sustainability 

project in this issue of FUTUR, and explore 

the rich	range	of	our	latest	R&D	solutions	

in manufacturing, automation and quality 

management.

Yours,

Dear Readers,

Prof. Dr. h. c. Dr.-Ing. Eckart Uhlmann

Editorial
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 ► Parameterization and validating 

Metrological	determination	of	unknown	

model parameters for description of the 

structural dynamic behavior of machine 

tools is the basis for simulation of interac-

tion	between	process	and	structure.	The	

dynamic behavior of the machine tool 

structure can be derived from the mea-

surement of the transmission behavior 

between stimulating force and system 

response at the tool center point (TCP) of 

the	machine.	Impulse	hammers	and	vibra-

tion exciters are the main tools used to 

stimulate	the	system.	The	influence	of	the	

type and amplitude of excitation on the 

capture of system response should not be 

underestimated.	System	response	is	mainly	

registered by laser triangulators or vibrom-

eters and accelerator sensors mounted on 

the	tool	tip.	With	certain	types	of	set-up,	

the weight of such sensors can exert a 

marked	influence	on	the	dynamic	behav-

ior of structure.

A	broad	array	of	cutting-force	models	

are available for process modeling whose 

cutting-force	coefficients	are	determined	

by	cutting	tests.	A	dynamometer	captures	

the respective cutting force yet its insertion 

in	the	system	also	seriously	influences	pro-

cess	behavior.	Experimental	stability	maps	

are produced for validation, although laser 

triangulators or sound pressure measur-

ing	devices	can	also	be	used.	In	analyzing	

the degree of stability, it is also necessary 

to evaluate the amount of vibration the 

machining	process	itself	produces.

 ► Modeling dynamic behavior 

Once it has been metrologically measured, 

mathematical models can be used to 

map the dynamic behavior of a machine 

tool.	These	models	provide	the	basis	for	

simulation.	The	results	so	obtained	offer	

a deeper understanding for optimization 

of the respective processes or machine 

tool	structures.	Furthermore,	the	influence	

exerted	by	specific	sources	of	error	on	ma-

chining	accuracy	can	also	be	analyzed.

To succeed in competitive markets, it is essential that companies steadily 

improve the productivity of their machining processes and the quality of their 

products. In metal-cutting manufacturing this can be achieved by raising 

the material removal rate while maintaining machining accuracy. Yet the 

dynamic behavior of the machine tool structures, process parameters and 

the complexity of the process itself can give rise to instabilities which restrict 

the dimensional accuracy and the performance of machines. Integrated process-

structure simulation models can help to optimize process planning and control. 

These models need to be parameterized and validated using a measurement-

based analysis and they have to consider the relation between process and 

structure to ensure they are as realistic as possible. Furthermore, real-time 

simulation of structural dynamics also enables in-process diagnostics and 

monitoring of the machining process.

Machine Tools

Integrated Process and Machine Simulation

Analyzing the machining process with a dynamometer
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Your contact

Dipl.-Ing.	Jan	Mewis

Phone	+49	30	314-23998

jan.mewis@iwf.tu-berlin.de

Higher Wall Thickness – Higher Safety?

A	stable	machining	process	requires	a	stable	

machine	tool.	The	requirements	for	safety	

technology have increased rapidly along with 

the	advance	of	high	speed	processing.	This  

is	particularly	the	case	for	the	specific	

penetration resistance, which means the 

penetration resistance against ejected 

elements	like	parts	of	the	tool,	workpiece	

or	machine.	A	higher	wall	thickness	of	

separating safeguards, however, does not 

automatically entail a higher safety for the 

user.	Researchers	at	IWF	analyze	this	phe-

nomenon	called	»kink	effect«	and	develop	

solutions to improve the dimensioning of 

separating	safeguards.

whatever	structures	are	given.	Multi-Body 

Simulation, on the other hand, is primarily 

used for optimization of existing struc-

tures.	SDOF-and	MDOF-systems	describe 

the transmission behavior at certain points 

in a structure such as at the tool tip and 

are thus primarily used for the simulative 

optimization of concrete processes.	

To anticipate the description of the surface 

quality	of	the	workpiece	before	machin-

ing,	the	whole	process	first	needs	to	be	

simulated.	To	do	this	a	MDOF	system	with	

12	degrees	of	freedom	is	situated	in	a	

Matlab	Simulink	development	environment	

and dimensioned so that the compliance 

frequency response function on the TCP of 

a	5	axis	HSC	milling	machine	can	be	repro-

duced	with	95	percent	accuracy.	Further-

more, a geometric machining simulation 

is modeled in Matlab and coupled to the 

MDOF	system.	This	enables	the	simulative	

determination of the surface topography 

as	it	would	result	during	machining.	In	all	

test	runs	at	least	80	percent	of	the	results	

matched	reality.	What	is	more,	it	was	also	

possible to map certain surface phenom-

ena	caused	by	process	instability.		

The most commonly employed method is 

the Finite Element Method (FEM) whereby 

a structure is divided up into more or less  

detailed volumes, in which a solution of 

the governing equation describing the 

physical	behavior	is	possible.	Multi-Body	

Simulation (MBS) is another widely used 

method.	Even	though	this	method	drasti-

cally	simplifies	the	structure,	with	proper	

dimensioning it can offer an accurate 

description	of	behavior.	At	the	same	time,	

it	is	significantly	more	rapid	in	computing	

dynamic	behavior	than	FEM.	

Another	more	abstract	method	is	the	

modeling of the compliance frequency 

response function by using spring-mass-

damper	combinations.	These	are	used	

in forms of Single Degree of Freedom 

(SDOF) or Multi Degree of Freedom 

(MDOF)-systems.	This	approach	enables	

the mathematical mapping of the vibration 

behavior of the TCP in the time domain 

and	in	real-time.

 ► Simulation of dynamic behavior

Depending on the area of application, each 

of these methods brings its own advan-

tages	and	drawbacks.	The	Finite	Element	

Method is mainly used for design optimi-

zation as it can be used independently of 

(a) measured surface topography, (b) simulation of surface topography, unstable milling process using  
a spherical cutter
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Machine Tools

 ► Pulse magnetic manufacturing 

techniques

Magnetic pulse manufacturing techniques 

are based on the induction principle 

whereby the energy stored in capacitators 

is released by using a high-current switch, 

discharging bursts of high frequency high 

voltage	current	through	the	tool	coils.	

The	magnetic	field	so	induced	gener-

ates alternating current in the electrically 

conductive	workpiece	which	shields	the	

magnetic	field.	In	just	a	few	microseconds	

the Lorentz force thus produced exerts 

magnetic pressure on the surface of the 

workpiece	which	results	in	its	reshaping	or	

the	welding	of	two	pieces.	Their	extremely	

short	process	time	makes	pulse	magnetic	

manufacturing techniques ideal for use in 

production processes where the only limit 

placed on productivity is the loading time 

taken	the	capacitators.	As	tool	coil	geom-

etry can be varied, in combination with a 

flexible	robot	system	this	enables	a	variety	

of forming processes such as compression 

and	flat	shaping	to	be	introduced	to	the	

assembly	line.	And	as	process	parameters	

such as loading energy or the distance 

between welding partners can be precisely 

set, this also enables exact replication of 

manufacturing	results.	

 

 ► Pulse magnetic shaping at room 

temperature

The use of various lightweight materials  

offers the opportunity to reduce the 

weight load across a range of application  

areas	for	manufacturing	technology.	

Among	metallic	materials,	aluminum	and	

magnesium alloys are the favored choice 

for	key	components.	Magnesium	alloys	

also	offer	a	further	30	reduction	in	volume	

over	aluminum	which	makes	them	espe-

cially suitable for use in the automobile 

industry, and particularly in the e-mobility 

sector.	

Their hexagonal grid structure means that 

conventional	forming	processes	like	deep-

drawing can only be realized at tempera-

tures	of	220°C	for	industrially	relevant	

degrees	of	formation.	Their	circuit	boards	

need to be heated with a special tool 

before the forming process begins which 

means higher costs and more energy for 

the	forming	of	magnesium	sheets.	

One alternative is the magnetic pulse 

forming	of	magnesium	alloys.	The	

advantages offered by pulse magnetic 

manufacturing over conventional form-

ing techniques	lie	in	the	process-specific	

mechanisms of action which result in the 

quasi-adiabatic	forming	of	the	workpiece.	

In other words, no heat is lost during the 

formation	process.	Thus	it	is	also	possible	

to realize the forming of magnesium al-

loys with industrially-relevant degrees of 

formation	at	normal	room	temperature.	

One basic research project is engaged in 

investigating the action mechanisms that 

take	place	in	such	a	process.	Scientists	

compare metal sheets formed by magnetic 

pulses with those formed by conventional 

processes.	Pre-defined	parameters	(like	

the hardness of the forming zone) and ap-

plicable investigations of joints are used to 

delineate high-speed forming from quasi-

static	forming.	The	data	thus	produced	

High-speed manufacturing techniques like magnetic pulse shaping and magnetic 

pulse welding offer a broad range of opportunities for extending the machining 

capabilities of metallic materials. A series of research projects at Berlin’s 

Technical Production Center (PTZ) are now investigating a variety of issues in 

the field of the high-speed processing of metallic materials. 

High-Speed Manufacturing

Geometries embossed in stainless steel at a depth of 120 µm
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Application Center for Microproduction 

Technology (AMP)

Modern	machines	today	can	work	on	com-

ponents and structures that are as small as 

100	nanometers.	This	corresponds	to	10-7 m 

or	1/10th	the	thickness	of	a	spider	thread.	

The tools of microproduction technology 

are correspondingly small – and they react 

correspondingly sensitively to environment 

influences.	The	Application	Center	for	

Microproduction	Technology	(AMP)	offers	

optimal	conditions	for	the	finest	processing	

technologies and perfect prerequisites for 

top performance in research and develop-

ment.	The	state-of-the-art	laboratory	build-

ing is geared to the special needs of high- 

and	ultra-precision	technologies.	Precision	

machine	building	is	one	of	the	AMP’s	core	

competences.	As	a	result,	multi-talented	

precision machines are created in partner-

ship	with	medium-size	firms.	They	combine	

roughing	and	finishing	cutters,	ablation	

lasers, and optical in-process measurement 

technologies, or an ablation laser and a 

rotating, high-frequency oscillating pin for 

electrical	discharge	machining.

hesive bond by propelling the atoms of 

two adjacent metals together to form an 

atomic	bond.	Unlike	the	explosive	welding	

technique, which it otherwise resembles, 

pulse magnetic welding draws its power 

pulse	from	a	transient	magnetic	field	which	 

is not only easy to operate but also en-

sures	superb	replication	quality.	Scientists	

use tensile testing, joint geometries, 

measurement of the degree of hardness 

and microscopy for characterization of 

the properties and geometries of joints 

in	a	variety	of	metal	alloys.	To	cut	back	

on lengthy sets of trials and follow-on 

analyses,	at	the	same	time	work	is	going	

ahead on the advanced development of a 

Finite	Element	(FE)	Model.	Coupled	with	

electro-dynamic structural-mechanical 

FE simulation, this model will help to 

generate forecasts about both procedures 

and	quality	of	welding.	The	FE	model	will	

also be used in future to help implement 

parameter variations of relevant process 

parameters and to optimize the overall 

welding	process.		

serves as the basis for the development of 

a	material	model	for	the	AZ31	magnesium	

alloy into which the requirements of high-

speed	forming	are	also	factored.	

 ► Molding high-strength steel  

Another	research	project	investigating	the	

molding of high-strength steel with the 

aim of identifying the effects that higher 

energy input with the pulse magnetic drive 

have	on	the	forming	process.	Here	the	

behavior of the forming process is critically 

dependent on the speed at which forming 

takes	place.	On	the	one	hand,	high	speeds	

trigger active thermal processes which 

generate	heat.	As	this	heat	is	concen-

trated in a minimal volume, it cannot 

spread	through	the	whole	workpiece	if	the	

process	is	of	short	duration.	On	the	other	

hand, ductility and yield stress are also 

dependent	on	the	speed	of	forming.	And	

the	frictional	properties	of	the	tool/work-

piece	also	change	as	the	speed	increases.	

This is particularly relevant to the shaping 

of microstructures where a much larger 

percentage	of	the	surface	is	affected.

A	special	system	of	tools	has	been	devel-

oped	for	these	investigations.	A	magnetic	

field	is	used	to	accelerate	the	forming	tool	

from a few millimeters to speeds of up to 

50	meters	per	second.	The	forming	proce-

dure	then	takes	places	within	60	microsec-

onds.	This	enables	better	form	completion	

than can be achieved with quasi-static 

forming	methods.	

 ► Pulse magnetic profile welding

Pulse magnetic welding creates an ad-

Schematic presentation of magnetic pulse forming 
using a compression coil

Schematic presentation of the coupling of an electromagnetic (left) 
and structural-mechanical simulations (right)

ANSYS	Emag	 

electromagnetic  

simulation

ANSYS	AUTODYN	explicit	

mechanical simulation

FLorentz (x,t)

Tool Coil
Die

Workpiece

Switch

Coil Current

Magnetic Pressure

Capacitor  
Bank

Induced Eddy 
Current
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MRO

A	typical	repair	process	chain	involves	

numerous manufacturing steps including 

cleaning, build-up welding, re-contouring, 

polishing,	and	possibly	shot	peening.	

Even today the production stages in this 

chain	of	repairs	involving	metalwork	

such as surface polishing are still mainly 

done	by	hand.	This	demands	a	great	deal	

of experience and expertise on the part 

of the operator and thus constrains the 

number	of	personnel	available	for	repairs.	

Accordingly	one	of	the	objectives	pursued	

by	engineers	from	IWF	and	Fraunhofer	IPK	

is	to	make	this	stage	of	repair	work	fully	or	

semi-automatic.	This	would	free	up	repair	

resources and ensure the reproducibility of 

repairs,	while	also	reducing	repair	costs.

 ► Robot-assisted manufacturing 

systems

Each	repair	case	is	unique.	This	is	why	

an automated repair system needs an 

adaptive process chain whereby individual 

process stages and parameters can adapt 

to	the	specific	task	in	hand.	With	their	

high	flexibility,	robot-assisted	processing	

systems are especially well suited for this 

line	of	work.	They	also	offer	advantages	

over conventional machine tools in terms 

of	their	larger	working	area	and	compara-

tively	lower	investment	costs.	The	core	

of the demonstrator cell developed at 

the	Production	Technology	Center	(PTZ)	

is a six–axis articulated arm robot which 

is	capable	of	working	on	even	complex	

geometries	like	the	free	form	surfaces	of	

a	turbine	blade.	A	force	torque	control	

system	developed	at	Fraunhofer	IPK	is	

used	to	ensure	a	sufficient	level	of	path	

accuracy,	even	for	high	reaction	forces.	

This	also	means	that	the	risk	of	damage	is	

lower than that associated with manual in-

terventions.	The	workpiece	guided	process	

enables individual repair of components 

with the required surface quality at the 

respective	working	station.	In	addition,	

Turbine blades are highly specialized components which are subject to high 

mechanical and chemical loads. For an aerodynamically optimized design, 

components of modern turbo jet engines and stationary gas turbines have  

to comply with close production tolerances. Additionally, the number of 

highly complex parts such as »blade integrated disks (Blisk)« is continuously 

increasing. Such engine components are high cost products which are often 

cheaper to repair than simply replace. A group of researchers from the Insti - 

tute for Machine Tools and Factory Management (IWF) and Fraunhofer IPK  

is investigating how to do the best job when repairs are needed.   

Robot-assisted Repair of Turbine Blades

Manual repair of turbine blades (© Siemens AG)
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Maintenance, Repair and Overhaul MRO

MRO has a great impact on both business

and national economics: German enterpris-

es spend a fortune every day to cope with

corrosion,	wear,	and	vandalism.	Expensive

products and goods with long lifespans, as

are	common	in	the	energy	and	traffic	sector,

show	a	high	economic	and	scientific	poten-

tial for optimization which has so far been

ignored	by	academic	research.	This	is	the

point of departure for the Fraunhofer inno-

vation	cluster	»Maintenance,	Repair	and

Overhaul	in	Energy	and	Traffic	MRO«.	The

cluster	develops	energy-efficient,	sustainable

solutions	for	promising	innovative	fields

which	are	the	very	basis	of	MRO.	Those

include Condition Monitoring and Diagno-

sis,	MRO	Planning	and	Digital	Assistance,

Cleaning, and Repair and Overhaul Technol-

ogies.	The	innovation	cluster	incorporates

seven research institutes and 14 industrial

partners.	A	budget	of	about	16	million

Euros for three years is provided by the

industrial partners, Fraunhofer, and the

federal	states	Berlin	and	Brandenburg.

For more information please visit 

 www.innovationscluster-mro.de
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Dipl.-Ing.	Florian	Heitmüller

Phone	+49	30	314-24962

heitmueller@iwf.tu-berlin.de

accurate	to	within	less	than	20	microns	in	

less	than	three	stages.	At	the	same	time	

localized material removal rates of just a 

few microns can be set with a combina-

tion	of	force	control	and	feed	rate.	

 ► Technology database

High precision results can only be achieved 

through an optimal selection of machining 

strategies	and	parameters.	Consequently,	

the next stage for the scientists is to build 

a comprehensive technology database 

from	which	users	can	extract	all	the	key	

process parameters they need such as nor-

mal contact force, feed rate, and cutting 

speed.	

As	one	example	of	data	feed,	a	series	of	

tests gave the exact material removal rates 

of a variety of abrasive belt and material 

combinations.	Superhard	diamond	abra-

sive belts with their excellent stationary 

behavior and low grinding-in time have 

shown advantages over conventional co-

rundum belts when it comes to machining 

of	nickel	based	alloys.	Gaining	even	more	

detailed	knowledge	of	the	particular	mate-

rial removal rate behavior of superhard 

abrasive belts, further research on machin-

ing	nickel	based	alloys	will	be	carried	

out.	In	future,	the	research	engineers	will	

particularly focus on a closer investigation 

of the impact of local geometries and their 

curvature	change	in	free	form	surfaces.		

abrasive belts can be used for force con-

trolled robot-assisted machining processes 

on	free	form	surfaces	as	they	can	flexibly	

follow	all	the	contours	of	the	surface.	

 ► Planning repairs precisely

For the automated repair of turbine 

blades,	the	scientists	first	designed	an	

intelligent process chain which began with 

complete measurement of the component 

to	be	repaired.	This	was	done	with	an	op-

tical	field	measuring	3D	scanner	based	on	

the strip projection measurement principle 

which	can	quickly	digitalize	the	complex	

shapes of components with a high degree 

of	accuracy.	The	network	of	polygons	thus	

produced is transformed over reference 

points	and	aligned	with	the	nominal	CAD	

data set for target/actual comparison anal-

ysis.	The	high	performance	CAD	environ-

ment,	ROBOTMASTER	for	MASTERCAM,	is	

used as the interface for path generation 

and	simulation.	As	a	result,	robot-assisted	

machining is conducted only in those areas 

displaying	significant	deviations	from	the	

desired geometry – which saves both time 

and	costs.	

The next machining stage of robot-assisted 

belt grinding can be reiterated for as many 

times	as	it	takes	to	reach	the	desired	de-

gree	of	component	quality.	To	date,	robot-

assisted adaptive belt grinding of simple 

free form surfaces has shown results 

Force-controlled abrasive head in the robot cellRobot cell for adaptive belt grinding at the PTZ
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Machine Tools

Offshore- wind power stations are a highly 

promising	future	market	in	the	renew-

able	energy	sector,	and	can	make	a	major	

contribution to the sustainable use of re-

sources.	One	decisive	factor	underpinning	

the economic and ecological success of 

the plants is their operational reliability as 

maintenance and repairs on the high seas 

come	with	a	very	high	price	tag.		

 ► Gear impact parameters 

A	gear’s	service	life	critically	depends	on	

its particular geometry and the surface 

properties	of	the	tooth	flank.	The	lubricant	

and	the	lubricant	film	spread	also	play	a	

role.	If	the	lubricant	film	on	the	gear	tooth	

flanks	is	too	thin,	gliding	motion	between	

them	can	lead	to	what	is	known	as	»mixed	

friction	with	shearing«	which	results	in	

microscopic	damage	to	their	surfaces.	A	

reduction of surface roughness combined 

with tailored surface structuring and adap-

tive	modification	of	the	tooth	geometry	

holds out a promise of longer service life 

and higher performance density for the 

gear	pairs.	Surface	structuring	offers	a	

much shorter start-up phase, higher load 

capacity and an improved distribution of 

the	lubricant	film	during	operations.	The	

challenge posed by the manufacturing of 

modified	gears	consists	of	ensuring	the	

flexibility	and	efficiency	of	the	machining	

process and improving the characteristics 

of the gears without unduly overtaxing 

manufacturing	resources.	

 ► Structure of research

Discontinuous	profile	grinding	of	tooth	

flanks	is	used	for	the	industrial	manufac-

turing of gears for offshore wind power 

stations.	Yet	this	process	leaves	one-

directional	machining	marks	on	the	tooth	

flanks	which	have	negative	effects	in	the	

gear start-up phase and the distribution of 

lubricant	film.	The	current	research	project	

kinematically	modulates	the	grinding	pro-

cess in order to analyze and optimize the 

influence	of	various	process	parameters	on	

the	surface	structure	of	gear	tooth	flanks.	

The project is also investigating interaction 

between	the	3D	tooth	flank	topography	

and	frictional	behavior	during	operations.	

The	first	stage	here	involves	numerical	

simulations through which possible 3D 

surface topographies can be evaluated for 

their suitability in improving distribution 

of	the	lubricant	film.	Building	on	the	3D	

structures given by the simulations, a uni-

versal cylindrical grinding machine is used 

to manufacture bearing rings employing 

a standard piercing process and a variety 

of	axial	oscillation	kinematics.	A	two-disk	

test	rig	is	then	used	to	measure	the	influ-

ence the various structures have on the 

distribution	of	the	lubricant	film	and	to	

As the need for the sustainable use of resources becomes ever more urgent, 

issues like raising power density, functional safety and reliability, and lowering 

power consumption during production and operation are coming to the top of 

the scientific agenda. A priority program of the German Research Foundation 

is dedicated to the investigation of resource-efficient construction elements. In  

this program, research engineers from the Institute for Mechanics, and the Insti-

tute for Machine Tools and Factory Management (IWF) at the Technical Univer  - 

sity of Berlin have joined forces to research ways of optimizing the manufac-

turing and operational performance of gears for offshore wind power stations. 

Micro-structured Gears for  
Offshore Wind Turbines

Various structures ground in the surface of gears
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Machines, Tools, Processes –

Complete Solution

NILES	is	one	of	the	world’s	leading	manufac-

turers	of	gear	grinding	machines.	In	1994,	

the NILES product line was expanded to 

include	gear	profile	grinders.	As	a	member	

of	the	KAPP	Group,	NILES	offers	technical	

solutions	e.	g.	for	high-precision	grinding	of	

large gears with non-dressable CBN grind-

ing	wheels.	Additionally,	the	ZP	line	of	large	

gear	profile	grinding	machines	was	extend-

ed	to	diameters	up	to	8,000	mm.	The	Pro-

duction Technology Center and NILES have 

been cooperating for many years in research 

and	development.	Plant	manager	Dr.	Frank	

Reichel	appreciates	the	partnership:	»Our	

core business is customized manufacturing 

of	high	precision	machine	tools.	Fundamen-

tal	R&D	often	falls	short.	It	is	always	useful	

to	have	a	partner	who	has	the	time	to	look	

at	things	systematically.«	As	is	the	case	in	

the project on micro-structuring of gears for 

offshore	wind	power	stations.

Your contact

Dipl.-Ing.	Clemens	Bäcker

Phone	+49	30	314-23923

baecker@iwf.tu-berlin.de

By the end of the project, scientists aim 

to deliver some well-founded statements 

about	the	mechanisms	of	action	at	work	

in	kinematically	modulated	tooth	flank	

profile	grinding,	particularly	with	regard	to	

chip formation, tool behavior and surface 

structuring.	Moreover,	a	qualitative	review	

will	also	be	made	of	the	overall	benefits	

of	surface	structuring	of	gear	tooth	flanks	

in terms of manufacturing process and 

operational performance, with a particular 

focus	on	distribution	of	the	lubricant	film.		

check	for	correlations	with	the	simulation	

results.	Once	the	test	phases	have	been	

concluded, comparable structures are 

produced	with	a	type	ZE	800	tooth	flank	

profile	grinding	machine	from	NILES.	Using	

this	machine,	conventional	and	kinemati-

cally modulated surface structures of the 

tooth	flank	will	be	ground.	A	gear	test	

station is then used to identify the added-

value	offered	by	the	structures.	Long-term	

studies shall weight both traditionally 

ground and structured gears with a variety 

of load collectives for investigation of their 

mechanisms	of	failure.

An offshore-wind station (© Siemens AG) 

A Niles gear profile grinding machine (© NILES)
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Smart	Automation

The idea that products themselves can coordinate and control manufacturing 

processes will soon no longer be just a sci-fi vision of things to come. Commis-

sioned by the Federal Ministry for Education and Research (BMBF), the Self-orga - 

nizing Production – SOPRO project has brought together scientists from various 

institutes in the Fraunhofer-Gesellschaft and the Technical University of Berlin 

to develop mature applications that will make this vision reality. The basic 

background idea is that machines and workpieces can communicate with one 

another, learn from one another and organize the workflow on their own. The 

decentralized intelligence that the workpieces and components require to do 

this comes in the shape of miniaturized electronic units known as »Process 

eGrains«. These can exchange information with other manufacturing units and 

autonomously carry out planning, coordination and monitoring tasks. 

 ► Product-controlled production

In a range of research scenarios such as 

product-controlled manufacturing and 

flexibilization	of	machine-based	manufac-

turing	flows,	scientists	have	already	dem-

onstrated	that	this	can	work.	The	key	role	

in these scenarios is played by the products 

to	be	manufactured	and	the	workpieces	

that	manufacture	them.	With	the	help	of	

the Process eGrains they can call up the 

manufacturing information they need at 

anytime, and also have access to local in-

telligence that enables them to negotiate 

with the processing stations and navigate 

their own way through the production 

process	to	the	machines.	In	these	product	

controlled manufacturing scenarios, it is 

the	workpieces	themselves	that	take	the	

initiative with the aim of completing the 

requisite	processing	stages	on	schedule.	

Selection of the next processing station is 

made	through	dialog	between	the	work-

pieces and manufacturing machines and 

resources.	

Product-controlled production eschews 

traditional central planning and control 

in favor of a multi-agent system with the 

possibilities this offers for auctions and 

negotiations as a means to self-organiza-

tion.	Such	a	highly	dynamic	production	

environment	allows	for	quick-off-the-mark	

decision-making	about	order	handling,	as	

well as rapid responses to unforeseeable 

events that do not impede the actual 

production	workflow.	Decentralized	coor-

dination between the casts of players can 

rapidly compensate for such eventualities 

as	the	outage	of	a	machine	or	workpiece,	

the	lack	of	a	component	through	delays	in	

just-in-time delivery services or a sudden 

urgent	priority	order.	

In	marked	contrast,	the	tradition	type	of	

control	management	plans	workflows	

in the	order	network	with	probable	ex-

pected	times	of	arrival	and	queuing	lines.	

This	means	that	any	significant	delay	in	

schedules requires a re-calibration of the 

order	network	and	on-the-spot	decision-

making	about	delays	in	customer	delivery	

Intelligent Production through Smart Products

Detailaufnahmen des SOPRO-Demonstrators
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Virtual Control of Real Production

Sequences

In order to stay competitive in times of

unpredictable	market	conditions,	manufac-

turers need to develop new business and 

operation strategies to prosper over the 

long	term.	When	forecasts	become	less	and	

less accurate, it seems that the next genera-

tion manufacturing industry will require 

support	for	continuous	changes.	At	the	

shop	floor	level,	this	translates	to	automa-

tion technologies and control systems that 

quickly	respond	to	changes	while	main-

taining	a	stable	and	efficient	operation.	

Advanced	knowledge-based	technologies,	

information technology support tools and 

processes,	as	weel	as	highly	skilled	work-

force capabilities are required to effectively 

integrate	and	apply	these	strategies.	A	nvoel	

solution	here	is	the	»Hardware-in-the-Loop	

(HIL)«	concept	developed	by	scientists	at	

IWF.	It	can	be	used	not	only	to	start	up	pro-

duction systems virtually, but also to directly 

control	the	real	material	flow	by	means	of	a	

material	flow	simulation	software.

Your contact

Dipl.-Ing.	Eckhard	Hohwieler

Phone	+49	30	39006-121

eckhard.hohwieler@ipk.fraunhofer.de

deadlines.	In	self-organized	production,	

on the other hand, orders are assigned 

to the appropriate machines as soon as 

present circumstances require a decision to 

be	made.	Due	account	is	also	taken	of	the	

availability of machines, the current status 

of	their	operating	equipment	and	work-

load, as well as current waiting times and 

batch	sizes.	The	advantages	of	such	an	ap-

proach to manufacturing organization are 

clear for all to see: processing operations 

are completed on schedule, optimal use 

is made of manufacturing resources and 

warehouse	holding	stock	is	reduced.

 ► Demonstrating results 

In order to investigate the opportunities 

offered by self-organizing production, 

Fraunhofer	IPK	has	built	a	demonstrator	

with	simulated	workpieces	and	processing	

machines.	Netbooks	serve	as	workpiece	

carriers brought to the machines by a rotary  

transport	system.	The	»virtual«	workpieces	

essentially consist of nodes of wireless 

sensors	and	the	data	stored	in	them.	Their	

respective processing stages and commu-

nication with the machines are visualized 

on	the	Netbook’s	monitor.	Workpiece	

processing operations are simulated on 

the virtual processing station which feed 

in and execute the requisite processing 

The SOPRO demonstrator at the Hannover Trade Fair 2012

data.	Once	the	parts	have	been	processed,	

they	are	returned	to	the	workpiece	car-

rier.	A	virtual	assembly	station	takes	the	

in-coming parts and assembles them into 

the product whereby the sequence of the 

assembly	line	is	flexibly	adjusted	to	meet	

the	in-flow	of	part-components	and	carry	

out	operations	in	line	with	the	workpiece	

information	received.	

This demonstrator and the scenarios it 

images can show that product-controlled 

production with decentralized provision of 

order and processing data is indeed a fea-

sible	proposition.	With	its	approach	that	

gives objects not just memory but embed-

ded intelligence as well via Process eGrains, 

SOPRO solutions can point the way to the 

use	of	cyber-physical	systems	of	the	kind	

Industry	4.0	is	now	contemplating.	First	

comparisons of self-organizing produc-

tion with conventional methods of order 

planning and management can point the 

way to improvements in terms of expected 

more	even	workloads	and	increases	in	

throughput.		
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 ► Energy-oriented process models

The increasing role played by renewable 

energy in the overall energy mix calls for 

companies in the manufacturing sector to 

become	increasingly	flexible	in	their	use	of	

energy.	At	the	same	time	many	companies	

have	embraced	the	specific	goal	of	year	by	

year consistently lowering the amount of 

primary energy used for the manufacture 

of	a	single	product.	To	these	ends,	the	

EnEffCo	project	has	taken	the	automobile	

industry as a reference point in its develop-

ment of methods and tools for streamlin-

ing the capture, processing and analysis of 

energy	measurement	data,	and	for	specific	

investigations of how energy is actually 

used.	The	project	engineers	seek	to	use	

cutting-edge software-based instrumenta-

tion and control equipment technology to 

optimize existing	plants	and	processes.		

 ► Uniformity of basic data

The	starting	point	for	energy-efficient	

production is the in-depth analysis of 

the overall manufacturing system using 

real	energy	consumption	readings.	One	

of	the	key	problems	in	processing	energy	

measurement data is that even today 

data is rarely available in a format from 

which the required information can be 

directly	derived.	More	often	than	not,	a	

great number of preparatory stages must 

be gone through before any meaningful 

information	can	be	filtered	from	the	raw	

data.	Moreover,	given	the	variety	of	dis-

parate system on which it is captured and 

stored, there is also little uniform access to 

data	and	consistent	data	representation.	

Especially when it comes to basic data 

like	quantities	and	energy	consumption,	

tools are needed that give users effective 

support in the compilation and analysis of 

energy	consumption	profiles.	

 ► EnergyMiner

In the EnEffCo project, scientists at 

Fraunhofer	IPK	are	implementing	tools	to	

achieve this consistency in the representa-

tion	of	data.	A	database	application	has	

been realized for frequently measured data 

which retrieves data from existing systems 

and	stores	it	in	a	uniform	manner.	This	

database system is connected to a variety 

of	tools	for	analysis	and	simulation.	The 

EnergyMiner is one such tool for auto-

mated analysis.	Not	restricted	to	use	with	

the database system, it can also handle 

data from other sources such as CSV or 

Excel	files.	The	EnergyMiner	can	also	

identify characteristic process patterns 

which occur frequently during analysis of 

energy	data.	These	could	be	anything 

from	individual	working	days	to	the	cycle	

of	a	machine.	The	EnergyMiner	helps	us-

ers	to	recognize	and	analyze	such	cycles.	

The advantage here is that comparing 

characteristic patterns with actual process 

behavior enables pinpointing of anomalies 

at	a	very	early	stage.	At	the	same	time	

the EnergyMiner helps users compile and 

evaluate	efficiency	indicators	and	energy	

efficiency	strategies	for	industrial	robots.	

Making better use of energy in existing production plants and industry supply 

systems, and cutting down on both energy consumption and energy costs 

– these are the aims of the collaborative research project »Energy Efficiency 

Controlling with Reference to the Automobile Industry (EnEffCo)«. In this 

project Fraunhofer IPK is developing analysis and modeling techniques 

for energy-efficient process control. This includes methods and tools for the 

modeling of production processes, machines and plants, use of data mining 

techniques for analysis of energy consumption profiles, and the identification 

and evaluation of alternative control and process management strategies  

optimized for the energy-efficient controlling of machines and plants. 

Energy-efficient	Automobile	Production

Smart	Automation

Example body construction: analyzing the energy consumption of industrial robots during production
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potentials	for	saving	energy	are	identified	

depending on the type of robot and the 

flexibility	in	the	manufacturing	process	to	

dilate	the	robot	motion.	To	what	extent	

this potential can be exploited depends 

on the dormant time in the whole process 

cycle.	For	instance,	if	the	robot	itself	is	not	

the system that determines the cycle time, 

it can either move at maximum speed and 

then wait or be in continuous motion the 

whole	time.	In	this	way,	depending	on	

the type of robot, the ideal level of energy 

consumption for each cycle time can be 

defined.	One	further	possible	option	is	to	

use	the	holding	brakes	and	to	waive	the	

engine’s	holding	current.

With its base in the lab results on energy 

consumption of industrial robots, con-

tinual energy data recording in real-world 

operations and their subsequent analy-

sis, the EnEffCo project supports efforts 

towards	energy	reduction.	

 ► Strategies for energy-efficient 

robots

Energy	efficiency	aspects	play	a	role	in	 

industrial robotics both for installed 

systems and in the design of new closed-

loop control strategies.	In	this	context	

Fraunhofer-researchers	use	Fraunhofer’s	

own experimental set-up with industrial 

robots, without any of the imposed restric-

tions of a real-world process, to conduct 

measurement of energy consumption and 

identify potential for savings in energy 

consumption.	In	doing	so,	they	follow	two	

different approaches: on the one hand 

optimization of free process parameters 

such as the cycle time; and on the other, 

energy-optimized planning and design 

of	the	overall	process.	The	later	requires a 

highly	detailed	knowledge	very	early	on	

in the planning stage of all used subsys-

tems.	As	this	requirement	cannot	always	

be met, scientists are concentrating on 

improving existing robot programs – for 

instance, by varying the maximum speed of 

an industrial robot and investigating how 

energy consumption varies from one mo-

tion	sequence	to	another.	This	approach	

also factors in	the	robot’s	kinematics	and	

the	influence	of	its	control	unit.	

For precise results the whole time be-

tween two processing cycles needs to be 

investigated and not just the moment 

when	the	robot	is	in	motion.	Varying	

Analysis of energy consumption by an industrial 
robot: energy savings can be achieved if optimal 
use is made of the dormant periods

How to Manage Energy Efficiently

Fluctuating energy and commodity prices, a 

shortage in fossil fuels, and higher customer 

needs for a sustainable use of energy have 

turned	energy	efficiency	into	a	top	priority	

for	industrial	nations.	In	2008,	the	European	

Union has passed a set of binding legisla-

tion which aims to ensure the EU meets its 

ambitious climate and energy targets for 

2020.	These	targets,	known	as	the	»20-

20-20«	targets,	set	three	key	objectives:	

reducing the EU greenhouse gas emissions, 

raising the share of EU energy consumption 

produced from renewable resources, and 

improving	the	EU’s	energy	efficiency	–	all	by	

20	percent.	The	German	Federal	Govern-

ment has created a series of incentives to 

motivate companies to implement energy 

management	systems.	Fraunhofer	IPK	sup-

ports its customers in developing energy 

management systems which help to sys-

tematically monitor all energy-relevant data 

and	to	exhaust	saving	potentials.	
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Smart	Automation

 ► Cooperative robots – cobots

Cooperative robots, or cobots for short, 

are a new class of handling systems which 

combine the properties of industrial robots 

and manually controlled manipulators such 

as	weight	balancers	or	cable	winches.	The	

aim is to create a symbiosis of the best 

properties of both parties: with ease of use 

and low costs on the side of the manipula-

tor, and programming, web guide rolling 

and precision on the side of the industrial 

robot.	This	should	enable	development	of	

a novel handling system that is both eco-

nomical	and	ergonomic.	These	innovative	

systems have recently been the object of 

much intensive research under the appella-

tion	»Intelligent	Assistance	Systems«.	

  

The	first	cobot	concept	is	based	on	intrin-

sically passive systems set in motion and 

propelled	by	humans.	From	classical	robots	

these	systems	take	the	ability	to	define	

and regulate a trajectory along what are 

known	as	active	barriers	or	virtual	walls	

by shifting the end-effector – the device 

at	the	end	of	the	robot’s	arm.	The	high	

precision of the cobot is also comparable 

to	that	of	a	robot.	The	functional	principle	

used	at	Fraunhofer	IPK	is	based	on	a	novel	

continuous variable transmission (CVT) sys-

tem	built	from	modified	differential	gears	

that offers optimal web guiding on virtual 

walls	and	maximum	force	intensification	

without	endangering	human	safety.	Total	

drive	output	is	limited	to	100	watts.	Force	

intensification	serves	here	to	offset	process	

forces such as inertia forces in the han-

dling of heavy parts or contact pressure in 

assembly.	This	reduces	the	human	physical	

payload to a minimum while also enhanc-

ing ergonomics and increasing productivity 

and	quality.	This	concept	is	suitable	for	

the handling of lighter payloads of up to 

around	100	kilograms.

 

 ► Force intensification

Powerful	active	systems	like	industrial	

robots and power enhanced handling 

systems are used for the manipulation of 

heavier	parts.	Cooperation	is	based	on	the	

admittance principle whereby the motion 

commands or forces exerted by the hu-

man	on	the	joint	workpiece	are	captured	

by a force torque sensor and translated 

into	robot	movements.	Robot	behavior	is	

regulated so that the human can sense 

the reactions of the virtual mass damping 

spring system in all degrees of freedom of 

movement.	The	parameters	of	the	virtual	

system can be adjusted by the controls to 

fit	the	task	in	hand	or	the	human.	For	easy	

maneuverability, maximum inertia of the 

object	is	never	in	excess	of	several	kilos.	

Precision assembly and contact with a 

rigid environment require a higher level of 

Modern industrial robots are characterized by their precision, speed and 

performance. Even so, in the foreseeable future their capabilities will come 

nowhere near to rivaling the intelligence and abilities of humans. This is  

why the positive characteristics of the human being and the robot make 

for an ideal combination. Scientists at Fraunhofer IPK are researching novel 

approaches to such a combination and implementing them as prototypes. 

Two such prototypes are already in industrial use. The idea is based on direct 

human-robot collaboration with physical contact, as in the case of the joint 

handling or joining of an object.

Cooperative Robots –  
Together	We	Are	Stronger

A new class of systems that combine the characteristics and functions of robots and manually guided 
passive manipulators

Industrial robot
Precision
Path system
Sensor-based control

Passive cobot
(Fraunhofer IPK)

Passive
hand-guided
manipulator
Safety
Low costs
Easy to handle

Programming
Guiding
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Machining with Industrial Robots

Industrial robots are now a standard prod-

uct	for	automation	and	even	for	large	work

spaces	available	at	low	cost.	There	is	an	

increasing demand to apply robots to 

machining processes which were previously 

reserved for machine tools or special metal-

cutting	machines.	A	particular	challenge	is

the robot-based machining of hard materi-

als such as stone or alloys and the result-

ing	demands	on	task	planning,	program-

ming,	and	real-time	control.	Engineers	at	

Fraunhofer	IPK	engage	in	research	and	

application development for robotic mill-

ing,	grinding	and	polishing.They	pursue	in	

particular the development of innovative 

solutions using robust impedance and force 

control.

robot	safety	standard,	sets	the	framework	

conditions for safe cooperation, includ-

ing physical contact between robots and 

humans.	On-going	research	at	Fraunhofer	

IPK	is	focused	on	the	evolution	of	algo-

rithms which aid in securing such require-

ments by using sensor systems to monitor 

robotic and human movement on the one 

hand, and by limiting robot performance 

and	speed	on	the	other.	

The new cobot systems were conceived 

to	help	people,	not	replace	them.	Their	

manual force control system is also intui-

tive	which	makes	for	short	training	times.	

They	operate	as	smart,	easy	to	use,	»third	

hands	of	the	operator«	by	enhancing	

operators’	efficiency	whilst	simultaneously	

reducing	their	physical	payload.	Direct	

interaction	with	the	workers	and	engage-

ment	with	their	human	skills	and	abilities	

means	that	a	very	high	level	of	flexibility	

can	be	achieved.		

damping.	A	further	advantage	is	that	the	

controls can generate virtual active and 

passive	obstacles	–	known	as	virtual	walls	

and guides – as this facilitates human lead-

ership	in	the	assembly	of	complex	parts.	

Fruanhofer	IPK	has	recently	developed	

a	flexible	force	intensified	robot	for	the	

semi-automatic assembly of windscreens 

and rear windows for the automobile in-

dustry	in	the	EU	project	»Flexible	Assembly	

Systems	through	Workplace-Sharing	and	

Time-Sharing Human-Machine Coopera-

tion	(IP-PISA)«.	In	this	system	the	handling	

of the screen – from the bonding station 

to	its	transport	to	the	car	body	and	track-

ing of assembly line movement – is fully 

automatic	and	robot-controlled.	Two	hu-

man operators collaborate with the robot 

on	the	actual	assembly.

 ► Safety

Stable and transparent robot behavior 

during interaction with humans, and the 

safety of human operators are critical 

for the acceptance and use of force-

intensified	cooperative	robots	in	industry.	

Above	all,	particular	attention	must	be	

paid to the high power output of robots 

which	at	several	kilowatts	can	cause	very	

serious	injuries.	ISO	10218-1,2,	the	new	

Semi-automatic windscreen assembly by cooperative robots

Passive
hand-guided
manipulator
Safety
Low costs
Easy to handle
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Smart	Automation

Smartphones and Tablet PCs are wowing private users with their high func-

tionality, ever greater capability and ease of use. In an industrial context these 

handheld sets can be used as mobile control and programming devices. In view 

of the ever more rigorous requirements placed on the man-machine interac-

tion (MMI), developers and users expect that such devices will put a new lease 

of life into the planning, programming and maintenance of automated produc-

tion systems. 

 ► Multimodality – communication 

over multiple channels

The	model	on	which	the	design	of	efficient	

ergonomic man-machine systems is based 

is nothing less than natural person-to-

person communication using the mediums 

of	language	and	gesture.	Multimodality,	

or the simultaneous or sequential use of 

multiple communication channels, plays 

a major role in the design of high perfor-

mance	control	systems.	One	prerequisite	

for	the	design	of	an	efficient	and	user-

friendly MMI system is an application and 

user-specific	blueprint.	Typically,	multimod-

al control systems use movements of the 

fingers	and	hands,	and	gestures	of	touch	

as well as language for communication, 

but visualization is another form of inter-

action	between	humans	and	machines.	

Apart	from	classical	displays,	methods	of	

Augmented	Reality	(AR)	can	also	be	used	

for the visual presentation of information 

in	a	camera	image.	In	the	field	of	industrial	

robotics, users are supported by spatial 

information	as	well	as	robot	programs.	In	

this way poses, trajectories, coordinate 

systems and other data for processing 

tasks	in	a	real-world	robot	environment	

can	be	visualized.	What	is	more,	a	virtual	

industrial robot can simulate the programs 

without	the	real	robot	having	to	make	a	

move.	In	this	type	of	evaluation,	the	user	

is	not	confined	to	any	particular	computer	

workstation	as	head	mounted	displays	or	

handheld	devices	are	quite	sufficient	for	

visualizing	what	is	happening.

 ► Programming by Demonstration

One	of	the	key	focal	points	of	R&D	at	

the Institute for Machine Tools and Fac-

tory Management (IWF) at the Technical 

University of Berlin is control-by-gesture, 

visualization and virtual interaction for the 

programming	of	industrial	robots.	This	

engages with Tablet PCs but also with 3D 

motion	tracking	systems.	Unlike	standard	

programming techniques, these enable 

very	rapid	definition	of	poses,	trajectories	

Intuitive Robot Programming  
on Mobile Devices 

Easy programming: the human operator shows how it is done and the Tablet PC follows suite

Segmentation of hands and extraction of finger tips for gesture recognition (left), interaction with virtual objects for definition of an assembly operation (middle), 
transferring the task to an industrial robot (right)
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Secure Identity – Uniqueness und  

Authenticity in the Real and Digital 

World

The	Fraunhofer	innovation	cluster	»Secure	

Identity	Berlin-Brandenburg«	is	a	collabora-

tion	between	five	Fraunhofer	institutes,	five	

universities,	12	companies,	as	well	as	the	

Länder	Berlin	and	Brandenburg	along	with	

individual	institutions	in	other	federal	states.	

Goal of the joint research and develop-

ment projects is to provide technologies, 

processes and products that enable the 

unambiguous	verification	of	the	identity	of	

individuals,	objects	and	intellectual	property.	

Such identity security ensures that identity 

can be used in many different ways to sim-

plify processes in commerce, administration 

and	daily	life.	The	applications	range	from	

the next generation of tamperproof per-

sonal documents, the security of electronic 

business processes, through to communica-

tion between machines and vehicles, and 

product	and	brand	protection.	Find	more	

information on  www.sichere-identitaet.de

Your contact

Dipl.-Ing.	Jens	Lambrecht

Phone	+49	30	314-28689

lambrecht@iwf.tu-berlin.de

modeling	of	the	robot	in	the	AR	applica-

tion means that the robot programs can 

be	simulated	in	a	real-world	environment.	

The robot programs can be simulated in 

a	real-world	context	and	checked	for	the	

achievability of individual poses, as the 

robot	is	virtually	modeled	in	the	AR	ap-

plication.	

By	combining	the	AR	application	with	

3D gestures, a new form of interaction 

is created whereby the use can interact 

with virtual objects shown in the camera 

picture.	This	means	the	use	can	typically	

move, rotate or scale these objects and 

thus	define	single	poses,	trajectories	and	

tasks.	The	robot	program	is	adapted	to	

each	respective	interaction	while	the	AR	

application also enables simultaneous 

feedback.	If	the	virtual	programming	is	

successful, it can be directly transferred 

from the handheld device to the industrial 

robot’s	control	system.

 ► User-friendly apps

The result is a spatial program interface for 

industrial	robots.	The	actual	programming	

environment runs as an app on conven-

tional smartphones and Tablet PCs and in-

cludes	the	Augmented	Reality-application.	

The programs can be transferred from the 

app to the industrial robot over a common 

interface or to other simulation tools via 

additional	interfaces.		

and	tasks	as	there	is	no	longer	any	need	

to spend time moving the real industrial 

robot.	Instead,	the	system	uses	simple	

gestures	to	produce	poses	and	trajectories.	

At	the	same	time,	information	is	fed	into	

the robot program of a handheld device 

for further administration and processing 

of	the	web	data.	

Scientists	invoke	the	»Programming	by	

Demonstration«	principle	to	prove	that	ro-

bots really can be simply programmed us-

ing	smartphones	or	Tablet	PCs.	In	the	PbD	

paradigm	a	person	first	demonstrates	how	

a	particular	task	is	to	be	accomplished,	

and a smartphone or Tablet PC then 

automatically computes the corresponding 

program	for	the	robot.	This	form	of	task-

oriented	programming	requires	no	specific	

expertise	which	makes	it	especially	simple	

for	users	to	execute.	All	it	requires	are	ob-

jects which the user can grasp, move and 

put down together with an image-assisted 

sensor system which can recognize and 

track	them.	Complex	robot	programs	are	

extrapolated out of the recorded trajecto-

ries	of	fingers,	hands	and	objects.		

 ► Testing with Augmented Reality

Such a robot program is evaluated with an 

Augmented	Reality	application	on	the	Tab-

let	PC.	During	or	after	the	interaction,	it	

gives	visual	feedback	by	fading	in	current	

programming information simultaneously 

to the user interaction as virtual objects in 

the	camera	image	of	the	Tablet	PC.	Virtual	

Simulation of a robot program in Augmented Reality



20 Research and Development

A model-based integrated management system can bring together various 

different management systems for quality, industrial safety, environmental, 

energy and risk management under one common roof. Model-based integrated 

management systems are built on a company model in which all relevant busi-

ness processes are mapped. In a pilot project of the Fraunhofer-Gesellschaft, 

Fraunhofer IPK has developed an integrated management system precisely 

tailored to the particular needs and requirements of research institutes. First 

rolled out in the Fraunhofer Heinrich Hertz Institute HHI with support from 

experts at Fraunhofer IPK, the system will be established in other institutes 

in the near future. 

process architecture is of the essence if 

new	staff	members	are	to	find	their	bear-

ings	quickly	and	easily.	Functionalities	for	

maintenance	and	upkeep	are	also	needed	

that can be operated even under limited 

personnel	resources.	

 ► A process-oriented and participa-

tory approach 

Colleagues	from	Fraunhofer	IPK	used	their	

own MO²GO software tool to engineer a 

corporate model as the information base 

 ► User-friendly and legally compliant 

working conditions

In	the	field	of	research,	development	and	

fabrication of photonics, Fraunhofer HHI 

has	been	working	since	2010	with	a	Quali-

ty	Management	System	(QMS)	certified	per	

ISO	9001.	In	this	move	Fraunhofer	HHI	has	

not only responded to the requirements of 

its	key	strategic	partners,	but	also	sought	

to	raise	the	quality	profile	of	its	processes	

and	products	in	the	outside	world.	In	April	

2011	a	certification	level	process-oriented	

Quality	Management	System	was	intro-

duced	covering	the	whole	institute.	In	

the	next	stage	this	QMS	will	be	gradually	

extended to include management systems 

for industrial safety and environmental 

management.	Roll-out	for	these	systems	

is planned	for	2013.	

With the introduction of such systems, 

staff and management at Fraunhofer HHI 

want	to	create	working	conditions	that	

are both user-friendly and legally compli-

ant.	Research	institutes	have	their	own	

unique set of requirements for integrated 

management	systems.	For	instance,	the	

relatively	high	fluctuation	of	personnel	in	

research departments means that intuitive 

for	Fraunhofer	HHI’s		integrated	manage-

ment	system.	Processes	that	already	ful-

filled	the	required	quality	standards	were	

taken	as	benchmarks.	Workshops	with	

the whole cast of actors then used these 

benchmarks	to	adapt	the	model	to	the	

institute’s	own	specific	set	of	requirements.	

Use	of	these	benchmarks	and	quality-

related documentation saved resources 

and ensured that the whole model could 

be	rapidly	completed	in	just	six	months.	

All	relevant	documents	were	centrally	

Under One Common Roof 

Advantages of an IMS over single systems

Quality	Management
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archived	in	a	Process	Assistant	and	soft-

ware	systems	for	workflow	support	were	

integrated to offer staff members optimal 

proactive	assistance	in	their	daily	work.	

Such a participatory approach enables 

quality management for human resources 

to	be	simultaneously	qualified	for	model-

ing	methods	and	software	tools.	

At	the	same	time	a	quality	organization	

system with standardized role concepts 

was also engineered, modeled on various 

Your contact

Dipl.-Ing.	Phillip	Karcher

Phone	+49	30	39006-181

phillip.karcher@ipk.fraunhofer.de

Dipl.-Ing.	Nikolaus	Wintrich

Phone	+49	30	39006-252

nikolaus.wintrich@ipk.fraunhofer.de

successful	reference	projects.	This	concept	

envisions that the role of quality manage-

ment	officers	will	be	taken	by	various	

professionals who coordinate depart-

mental system-relevant activities such as 

process	optimization	or	internal	auditing.	

Fraunhofer	IPK	assists	HHI	in	the	training	

and	professional	qualification	of	quality	

management	officers,	quality	assistants	

and	internal	auditors.		

Eco-Quality – Quality Management 

goes Green

The quality of a product is more and more 

defined	by	the	question,	whether	it	has	

been	manufactured	in	a	sustainable	way.	

Therefore,	it	makes	sense	to	define	quality	

management no longer exclusively along 

economic parameters, but along ecological 

ones	as	well.	Energy	efficiency,	preservation	

of resources, and sustainability also become 

quality	factors	for	products	and	processes.	

On	behalf	of	its	customers,	Fraunhofer	IPK	

delivers a foresighted quality plan as well as 

a comprehensive requirements and con-

figuration	management	for	the	entire	life	

cycle of products, which naturally includes 

sustainability	aspects.

The Process Assistant as a model-based integrated management system 

 ► High customer satisfaction

Single processes of the integrated 

management system have already been 

activated	in	2012.	The	entire	system	is	

planned	to	be	available	in	spring	2013.	

The staff at the Fraunhofer Heinrich Hertz 

Institute’s	two	sites	in	Berlin	and	Goslar	

are very happy with the implementation of 

the	project.	As	Jörg	Stohl,	administrative	

director	at	Fraunhofer	HHI	comments:	»In-

troduction of the model-based integrated 

management system has meant that we 

have been able to introduce greater trans-

parency into our business processes for all 

our	employees	while	also	significantly	cut-

ting down on the time and effort needed 

for maintenance and updating of process-

related	documents.	What’s	more,	we	have	

also achieved a much higher degree of 

legal	certainty	in	the	fields	of	workplace	

safety	and	environmental	protection.	The	

system	makes	a	major	contribution	to	

certification	and	collaboration	with	public	

authorities.«		
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Integrated Strategy Development Mode

Building Innovation Centers in Brazil  

 ► Fraunhofer know-how for Brazil

Brazil	is	one	of	the	world’s	fastest	growing	

economic	regions	and	in	2012	its	economy	

rose to become the sixth biggest in the 

world	in	terms	of	nominal	GDP.	SENAI,	(the	

acronym	for	Serviço	Nacional	de	Apren-

dizagem	Industria)	has	a	solid	track	record	

of	providing	vocational	training	to	over	55	

million	people	at	800	different	operational	

units.	SENAI	is	financed	by	the	Brazilian	

Confederation of Industry which is 

responsible for professional and vocational 

training	and	which	also	seeks	to	cultivate	

international	business	relationships.	

With the newly planned research insti-

tutes,	SENAI	intends	not	just	to	promote	

vocational training for industry and busi-

ness, but also to promote applied research 

across	the	country.	This	is	why	a	particular	

focus of these innovation institutes will be 

on drawing up development projects for 

Brazil’s	emerging	industry	sectors.	

The strategic cooperation pact covers a 

seven	year	period	in	which	Fraunhofer	IPK	

will	assist	SENAI,	its	Brazilian	partner,	in	

the	construction	of	a	total	of	23	innova-

tion centers across nearly all federal states 

in Brazil, and in establishing a central 

administrative unit in Brasilia, the coun 

try’s	capital.	In	the	first	project	phase	from	

2012	to	2013,	experts	from	Fraunhofer	

IPK	will	develop	business	plans	for	an	ini-

tial number of eight innovation institutes 

and a management concept for the central 

On 21 June 2012, Fraunhofer IPK signed a cooperation agreement with SENAI, 

Brazil’s National Service for Industrial Training. Fraunhofer IPK will assist SENAI 

over the next few years in the construction of 23 research institutes in Brazil. 

Fraunhofer experts will draw up the business plans for national management 

as well as the planned SENAI institutes and develop management solutions 

for individual establishments. 

unit	in	Brasilia.	Five	other	Fraunhofer	

Institutes are also providing additional 

technical	know-how	for	the	project.	

 ► Best Practices in R&D Management

The start-up phase of the project involves 

the compilation of in-depth business plans 

for the innovation institutes specialized 

in	the	fields	of	automation	technology,	

electrochemistry, renewable energy, lasers, 

micro-production technology, surface en-

gineering, polymer technology and virtual 

product	development.	In	a	first	stage,	the	

directors and deputy directors of the insti-

tutes together with future staff members 

of the administrative unit were invited to 

a	training	seminar	at	Fraunhofer	IPK	for	

capacity building in the planning and man-

agement	of	research	and	development.	

In the seminar, Fraunhofer Best Practices 

in research and development manage-

ment were presented for preparation and 

operational support while an analysis of 

the impact that political, economic, social 

and technological factors can have on the 

research landscape gave a clear idea of 

the	framework	conditions	pertaining	in	

Brazil.	These	results	were	factored	into	the	

evolution of a strategy planning process 

in the course of a moderated participatory 

workshop.	

Methods such as integrated strategy devel-

opment which were originally developed 
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R&D Strategy for Dubai

In	2010,	Fraunhofer	IPK	supported	the	

Dubai Institute of Technology (DIT) in 

launching its new research and development 

strategy.		This	campaign	aimed	to	build	a	

platform to assist in the targeted promotion 

of	research	and	development	in	specific

regional	segments.	True	to	the	motto	»R&D	

for a healthy economy and prosperous 

region«	IPK	consultants	advised	DIT	in	the	

development	of	a	technology	framework	

to regulate both internal activities in the 

institute and university-led development 

of economic sectors closely related to the 

institute.	Having	developed	the	business	

plan and its related implementation plans, 

DIT	in	partnership	with	Fraunhofer	IPK	has	

now moved on to a further project stage 

and initiated research funding programs as 

well	as	first	research	projects.

  

with the corporate sector in mind, were 

tailored	to	meet	the	specific	needs	of	

research	institutes.	Building	on	the	insights	

gained in the planning of technology 

parks	and	national	innovation	systems,	the	

strategic development process was then 

initialized	for	the	innovation	institutes.	To	

validate this process and coordinate it with 

actual	market	conditions,	Industry	Work-

shops assessed the potential of the innova-

tion	centers	in	relation	to	industrial	need.	

In this way, a detailed plan for products 

and services could be developed which 

both related the potential of the planned 

product	portfolio	with	the	specific	needs	

of	industry	customers,	and	defined	strate-

gic	business	areas.	Follow-on	Technology	

Workshop,	held	in	cooperation	with	se-

lected Fraunhofer Institutes specialized in 

these	fields,	then	established	the	specific	

requirements of the Innovation Centers in 

terms of human resources, equipment and 

infrastructure.	A	verified	financing	plan	

and an operational plan factored in both 

envisioned research activities and capacity 

planning	for	product	and	service	delivery.	

Eight business plans were evolved out of 

this set of partial results which mapped 

strategic and operational planning on the 

highest	level.		

Roadmap of the Business Plan for the Innovation Institutes
Integrated Strategy Development Mode

t
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and mechanical engineering so that we 

now	have	quite	an	extensive	R&D	network	

in	China	at	our	fingertips.	

FUTUR:	What	kind	of	work	does	your	new	

appointment	as	Advisory	Dean	involve?

Uhlmann:	My	primary	role	as	Advisory	

Dean	is	to	advise	the	Dean,	Prof.	Yang	

Zhigang,	on	the	development	of	strategy	

for the College of Mechanical Engineer-

ing.	Apart	from	this,	I	am	also	responsible	

for furthering international relations at 

the	College.	Among	other	things	we	are	

striving to set up collaborative research 

projects – for instance partnerships which 

could be funded by the German Research 

Foundation (DFG), the Federal Ministry 

of Education and Research (BMBF) or the 

Chinese Ministry of Science and Tech-

FUTUR:	Prof.	Uhlmann,	how	long	does	your	

association	with	Tongji	University	go	back?

Prof. Uhlmann: For seven years I gave 

a	series	of	block	lectures	there	on	rapid	

prototyping	and	rapid	manufacturing.	Dur-

ing that time I built up a comprehensive 

network	of	contacts,	including	contacts	

with	industry.	My	work	at	Tongji	Univer-

sity	also	led	to	my	appointment	in	2003	

as an Honorary Professor at the univer-

sity’s	Sino-German	College.	This	College	

was founded in 1998 as a joint project 

between	the	DAAD		and Tongji University 

in Shanghai, and sees its role as a bridge 

linking	the	German	and	Chinese	educa-

tion	systems.	Even	when	I	had	stopped	

working	as	a	lecturer,	I	still	continued	to	

extend	my	network	of	scientific	contacts	in	

the	fields	of	manufacturing	technologies	

nology	(MOST).	We	are	also	developing	

research concepts that closely engage with 

Fraunhofer	IPK.	Another	key	aspect	of	my	

office	is	assisting	curriculum	planning.	At	

the moment, we are involved in setting up 

a	Dual	Degree	Master’s	Program	in	Produc-

tion Engineering which will drive forward 

the structuring of curriculum planning at 

both Tongji University and the Technical 

University	of	Berlin.		

Another	focal	point	is	setting	up	a	Fraunhofer	

IPK	project	group	at Tongji University which 

will involve colleagues from Tongji University 

and the Sino-German College in projects 

on manufacturing technology and machine 

tools.	We	are	looking	to	work	shoulder-to-

shoulder	with	industry	in	these	projects.	The 

project group is mainly geared to German 

machine tool and plant constructors with a 

foot	on	the	ground	in	China.	Generally	speak-

ing, German companies in China do not 

have their own research departments, so 

we	have	made	it	our	goal	to	work	together 

with companies from Germany or companies 

involved	in	joint	ventures	with	Chinese	firms	

to strengthen their innovation and overall 

productivity.		

Finally, it is one of my duties to maintain 

and develop the exchange of academic 

personnel.	Today,	the	Production	Tech-

nology Center hosts a large number of 

Chinese scientists who are very success-

fully	working	on	their	Ph.D.s	there.

Prof. Yang Zhigang, Dean of the Faculty of Mechanical Engineering at Tongji University, hands Prof. Eckart 
Uhlmann his accreditation as Advisory Dean. 

On 18 May 2012 the College of Mechanical Engineering at Tongji University in 

Shanghai, China, appointed Prof. Dr. h. c. Dr.-Ing. Eckart Uhlmann as its Advisory 

Dean. Tongji University, one of the most prestigious of China’s universities, 

was founded in 1907 by German scientists. At present, over 55,000 students are 

enrolled there. In 2003, Prof. Uhlmann was appointed as Honorary Professor at 

Tongji University‘s Sino-German College. His new appointment as Advisory Dean 

is for a five year period. Futur talked to Eckart Uhlmann about his new respon-

sibilities and the future of Sino-German collaboration in industry and science.

New Bridges to China
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FUTUR: You touched on the Dual Degree 

Master’s	Program	in	Production	Engineering.	

How	far	have	you	got	with	the	planning?

Uhlmann:	The	idea	for	a	Dual	Master’s	

Degree in Production Engineering came 

from	a	joint	workshop	held	this	summer	

with the Technical University of Berlin and 

Tongji	University.	At	the	moment	we	are	

working	out	the	details.	We	are	planning 

for equal numbers of German and Chinese 

students	to	take	the	five	semester	program 

at	both	universities.	We	expect	the	stu-

dents	who	apply	for	such	a	Master’s	pro-

gram to have not only excellent academic 

results, but also a high level of interper-

sonal	skills	which	we	will	screen	them	for	

in	individual	selection	interviews.	On	top	

of this, they will also need excellent lan-

guage	skills	as	the	lectures	will	either	be	in	

English	or	German.	Courses	which	teach	

the basics of the respective languages and 

cultures	also	form	part	of	the	curriculum.	

German companies put a big premium on 

engineers	who	can	speak	Chinese,	and	

our	Dual	Master’s	Degree	is	a	response	to	

meet	this	demand.	We	fully	expect	that	

we will be able to start the program in the 

first	quarter	of	next	year.	

FUTUR:	As	Advisory	Dean	you	will	often	

be	in	China	over	the	next	five	years.	How	

do you see collaboration with China devel-

oping	in	future?

Uhlmann:	In	terms	of	our	own	specific	

case, I see intense collaboration between 

Tongji University, the TU Berlin and the 

Fraunhofer-Gesellschaft.	In	five	years	our	

Master’s	in	Production	Engineering	should	

be so well established that perhaps we 

will	be	taking	as	many	as	50	students	and	

not	just	the	present	five	to	ten.	Obviously	

at the same time we also want to con-

tinue with our discussions and exchanges 

of	views	with	other	universities.	At	the	

moment, apart from Tongji University, we 

also	have	bonds	with	Jiaotong	University	

in	Shanghai	and	Xi’an,	and	are	in	close	

contact with the Technical University of Da-

lian	and	Beijing	University.	This	means	that	

we can extend	our	international	network	

– not just between people but between 

institutions	themselves.	The	world	is	grow-

ing closer and closer together; even today 

it	is	just	one	big	global	marketplace.	And	

this does not just apply to business – it 

also	applies	to	science.	Our	primary	goal	

still remains to use the leverage of innova-

tion through teaching and research to 

assist in the further development of Ger-

man business in China and to sharpen its 

competitive	edge.		

Interview by Bettina Schmidt

The Sino-German College for Graduate 

Study

A	joint	educational	program	between	the	

DAAD	and	Tongji	University,	ever	since	its	

foundation in 1998, the Sino-German Col-

lege	for	Graduate	Study	(CDHK)	has	been	

the most successful academic exchange 

program	between	Germany	and	China.	

Students at the College from all over China 

can	gain	a	Master’s	Degree	at	the	Faculties	

of Electro-technology, Mechanical Engineer-

ing, Business Management and Commercial 

Law	over	a	two	to	three	year	study	period.	

Well	over	half	of	CDHK’s	students	receive	a	

scholarship for a semester of study at a uni-

versity	abroad	or	an	internship	in	Germany.	

Furthermore, there is also the opportunity 

to	take	a	Dual	Master’s	Degree	at	one	of	the	

German partner universities, the Technical 

University of Munich or the Ruhr University 

in	Bochum.	One	unique	feature	of	the	Col-

lege	is	its	range	of	some	30	professorships	

funded	by	over	20	leading	international	

companies.	Lectures	and	teaching	are	given	

by both Chinese academics who have either 

studied	in	Germany	or	taken	their	Ph.D.s	

there, and by over two dozen German visit-

ing	professors	who	give	blocks	of	lectures.	

Your contact

Prof.	Dr.	h. c.	Dr.-Ing.	Eckart	Uhlmann

Phone	+49	30	39006-100

eckart.uhlmann@ipk.fraunhofer.de



26 Research and Development

Collaborative Research

Turnabout in energy policy, electro cars, passive houses – the search for new 

ways of life compatible with the future dominates the public forum. The 

Collaborative Research Center (CRC) 1026 on »Sustainable Manufacturing – 

Shaping Global Value Creation« took up its work to coincide with the official 

»Science Year 2012 – The Year of Sustainable Energy for All«. In this interdisci-

plinary large-scale project funded by the German Research Foundation (DFG), 

50 scientists are developing sustainable production technologies and strategies 

with the aim of enabling a higher level of global prosperity with less consump-

tion of resources. 

 ► More than just technology

Given the exponential growth in the 

markets	of	emerging	countries	and	the	

staggering consumption of resources by 

industrialized nations, rationally consid-

ered, there is no alternative to more sus-

tainable	forms	of	production.	As	Pro	fessor 

Günther	Seliger	of	the	Institute	for	Machine 

Tools and Factory Management (IWF) at 

the	Technische	Universität	(TU)	Berlin,	and 

spokesperson	of	CRC	1026	comments,	»We	

understand production as an integral part of 

a	global	network	of	actors,	interests	and lo-

cal	conditions.	Making	a	positive	interven-

tion	in	this	network	is	the	highly	complex	

challenge	which	we	have	set	ourselves.«

Sustainable production technology means 

a	lot	more	than	just	pure	technology.	It	

must be oriented to future needs, and 

must	fit	in	with,	or	be	capable	of	trans-

forming, existing production structures 

in	the	competitive	global	marketplace.	It	

must satisfy social requirements, pass mus-

ter when appraised environmentally, and 

hold	out	the	promise	of	financial	rewards.	

Finally,	like	any	other	form	of	innovation,	

it must be compellingly presented if it is to 

find	application	in	the	real	world.	All	these	

requirements	are	reflected	in	the	holistic	

research program set up by the Collab-

orative	Research	Center	1026.	Solutions	

for production technology are embedded 

Global Future-proof Manufacturing 

Future global development if continued use is made of present production technologies and paradigms

2050

2012



in	the	Strategy	Development	and	Knowl-

edge	Transfer	project	areas.	As	Professor	

Seliger	explains,	»Only	by	keeping	your	

eye on the big picture can you hope to 

drive	sustainable	processes.	Sustainability	

is	always	multidimensional.«	

 ► From theory to practice 

Such	a	highly	complex	undertaking	needs	

a	crystal	clear	strategy.	As	the	first	step	in	

the development of future-proof technolo-

gy involves estimating the extent of future 

needs,	IWF	experts	engaged	in	CRC	1026	

use scenario techniques to project current 

development trends into the future, fac-

toring in a broad array of possible political, 

social,	ecological	and	technological	influ-

ences.	The	resultant	scenarios	show	which	

challenges await the global community 

and also provide the point of departure for 

the	quest	for	solutions.	

At	the	same	time	scientists	at	the	TU	

Department of Environmental Technology 

and the TU Department of Landscape 

Architecture	and	Environmental	Planning	

are	working	on	giving	sustainability	ideas	

– which are often highly abstract in nature 

–	a	specific	engineering	and	economic	

cast.	This	is	done	by	defining	the	criteria	

for sustainability and applying them to the 

organization of technical production for 

global	value	creation	networks.	Research-

are developing a tool for the analysis of 

business processes in global value creation 

networks.	This	tool	presents	the	reper-

cussions of single actions in the overall 

context	of	the	global	production	network,	

and thus helps actors assess the scope of 

their	decision-making.

»With	the	methodological	approach	

adopted	by	our	research	work,	we	cover	

the whole array of technological possibili-

ties,«	says	Professor	Seliger.	»Such	breadth	

is one important pillar of our project; its 

exemplary	depth	is	another.	We	take	

selected examples of production technol-

ogy and show the potential of technol-

ogy rigorously oriented to sustainability 

criteria.«	Exemplary	solutions	for	produc-

tion	technology	identified	by	CRC	1026	

come	in	the	fields	of	product	development,	

manufacturing techniques and machine 

tools – focal points of IWF expertise and 

central	elements	in	value	creation.	

 ► Concrete solutions

In this way, early in the development 

phase, the constructor sets product char-

acteristics	and	parameters	to	define	many	

properties of relevance to sustainability for 

the	product’s	whole	lifecycle	or	multiple	

phases	of	use.	Modularization,	for instance, 

can enhance subsequent functional prod-

uct properties and either enlarge or limit 

ers develop sustainability indicators, test 

them for utility and integrate them in 

evaluation procedures as orientation aids 

for	global	production.	

When it comes to the evaluation of sus-

tainability and extrapolation of proposals 

for	action,	mathematicians	at	the	Konrad	

Zuse	Center	for	Information	Technology	

Berlin and the Department of Mathemat-

ics at the TU Berlin play a special role in 

CRC 1026.	As	equal	account	must	be	

taken	of all three dimensions in sustain-

ability – the economic, the environmental 

and the social – this can give rise to con-

flicts	in	the	formulation	of	action	proposals.	

Clashes of interest can occur, for instance, 

when	a	specific	measure	makes	a	process	

much more environmentally friendly but at 

the same time raises its cost, or when the 

way	to	improved	working	conditions	neces-

sarily involves a shift in environmental pol-

lution.	To	arrive	at	the	best	possible	forms	

of compromise in such situations, but 

also to include the time needed for the 

implementation of new measures in the 

evaluation, scientists apply the theories of 

‘Multicriteria	Optimization’	and	‘Dynamic	

Systems’	from	previously	separate	fields	of	

mathematics	to	this	practical	application.	

Together with the quality science special-

ists	from	IWF	and	experts	in	knowledge	

management	from	Fraunhofer	IPK,	they	

A blueprint for integrating adaptronic systems into machine tools from the CRC 1026 »Technological Solutions« project area
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manufacturing	in	the	short	term.	On	the	

one hand, IWF engineers focus on the 

reconditioning of used machine tools and 

increase the precision of old machines 

by	fitting	them	with	adaptronic	compo-

nents.	Such	a	low	cost	method	prolongs	

the lifecycle of existing machines and also 

opens the way to the global value creation 

network	for	actors	who	lack	the	financial	

resources	to	buy	new	equipment.	On	the	

other hand, researchers are joining forces 

with experts from the TU Department 

of High-Frequency and Semiconductor 

System Technologies in the construc-

tion of novel machine tool mounts with 

optimized	microsystems.	Their	modular	

construction enables easy replacement of 

single	high-tech	components	for	efficient,	

needs-based	configuration	of	the	overall	

system.	This	makes	plant	equipment	much	

more	flexible	and	means	that	in	future	the	

roll-out of new sustainability solutions in 

existing	production	will	be	much	quicker	

and	less	expensive.	

 ► Knowledge is the future

Knowledge	Transfer	was	anchored	as	the	

third	key	theme	in	the	CRC	research	pro-

gram	from	the	very	beginning.	Professor	

Seliger explains the reasoning behind this 

rather	unusual	move,	»Our	strategic	and	

technological	work	is	all	well	and	good,	

but	it	only	makes	sense	if	we	can	succeed	

in communicating our results to the out-

side world in ways that it can follow and 

accept.	We	might	be	the	people	develop-

ing	the	solutions,	but	it’s	other	people	

who	will	actually	use	them,	and	it’s	them	

that	we’ve	got	to	communicate	with!«	In	

this context the CRC approach is squarely 

over	education	and	qualification	for	the	

broad masses with the aim of dramatically 

raising the level of teaching and learning 

about sustainable production across the 

whole	world.	

Apart	from	the	evolution	of	technical	 

information tools that should help 

decision-makers	keep	their	attention	fixed	

on sustainability, another line of investiga-

tion lies in researching social phenomena 

like	willingness	to	cooperate	which	is	

so critical for the success of sustainable 

business	management.	Scientists	at	the	

Social Science Research Center Berlin 

(WZB)	are	investigating	incentive	systems	

for	sustainable	courses	of	action.	In	a	

series of experiments modeled on game 

theory, they are exploring the conditions 

under which people can act together as 

a	collective	in	order	to	solve	certain	tasks,	

and examining the factors which impact 

on	their	decision-making.	At	the	same	

time experts at IWF are analyzing existing 

methods for teaching and learning in 

terms of issues connected with sustain-

ability.	And	they	are	developing	what	are	

known	as	»learnstruments«	–	technical	

artefacts which automatically communi-

cate	their	functionality	to	the	user.	With	

these	tools,	workers	and	private	individu-

als	alike	can	train	themselves	intuitively	

and autonomously in the operation of 

novel	production	machines	and	processes.	

Learnstruments, therefore, can overcome 

language barriers and address a variety of 

qualification	levels.

Automated	feedback	of	the	kind	mod-

eled in CRC for man-machine interaction 

is yet another approach: camera systems 

and image recognition are used to analyze 

movements	made	by	the	worker.	While	

the movement is being made, a monitor 

screen shows both the results of an ergo-

nomic assessment and proposals for move-

ment	correction.	Such	a	system	is	a	major	

step forward in terms of enhancing safety 

at	the	workplace.	And	such	feedback	

guidance can also be used for advanced 

operational	training	on	the	machines.	

them depending on various local develop-

ment	levels.	

The product development experts at IWF 

deal with such dependencies between the 

functional design of a product and its sus-

tainable	characteristics.	They	are	working	

to develop an assistance system to support 

decision-making	based	on	sustainability	

criteria	in	product	lifecycle	management.	

The aim here is to enable designers and 

constructors to get a clear picture and 

focus on the economic, environmental and 

social impact of a product over the whole 

product	lifecycle.	

Once a product is designed, its production 

can	begin.	Machining,	welding,	cooling	

and cleaning are all standard procedures 

in parts manufacture and assembly that 

are often associated with heavy use of 

resources.	Use	of	a	closed	internal	cool-

ing system in the tool during turning or 

milling operations should largely do away 

with the need for cooling lubricants which 

need repeated chemical restoration during 

standard	operations.	IWF	is	developing	the	

prototype of a system with an internally 

cooled	cutting	tool	for	lathes.	Use	of	the	

modern dry ice blasting cleaning tech-

nique can further reduce the need for 

chemical	substances.	And	when	it	comes	

to optimization of joining processes, sci-

entists are concentrating on how to save 

energy through a combination of simula-

tion and innovative process technologies 

such	as	combined	welding	methods.	

Machine tools are the heart of industrial 

manufacturing and are mainly highly 

robust	in	construction.	A	milling	machine	

that	comes	on	the	used	tool	market	gener-

ally	has	30	years	of	service	life	behind	it.	

Yet	CRC	1026	follows	a	two	track	strategy	

in order to give sustainability to global 



11th Global Conference on Sustainable 

Manufacturing GCSM

23		–		25	September	2013,	Berlin

Visit the Global Conference on Sustainable 

Manufacturing GCSM and learn more about 

the	increasing	significance	of	sustainable	

manufacturing	as	a	global	mega	theme.	

GCSM is geared towards representatives 

of science and industry from all continents 

interested in the ecological, economical 

and	social	dimensions	of	sustainability.	The	

conference	offers	keynote	speeches,	panel	

discussions, parallel sessions and a poster 

forum.	Discussions	and	exchange	of	ideas	

between the participants are an integral 

part	of	the	meeting.	For	more	information	

please visit   www.gcsm.eu
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Finally, in an effort to engage a much 

wider public audience in the issue of 

sustainable production, scientists at IWF 

are also developing learning materials 

and experimental programs for people in 

various	age	groups.		The	aim	is	to	establish	

a learning and teaching internet portal 

which informs users about	the	risks	and	

opportunities of global production.	

 ► A vision of sustainable production

All	the	results	obtained	by	CRC	1026	are	

fed	into	a	so-called	‘demonstrator’:	a	part	

virtual, part real mapping of a complete 

production system based on sustainability 

criteria.	This	vision	embodies	both	techni-

cal innovations and a paradigm switch in 

manufacturing industry which promotes 

mutual	exchange	of	knowledge	while	also	

promoting cooperation in sustainability 

issues	as	a	competitive	advantage.	This	

paradigm shift moves not just product 

manufacturing but its associated responsi-

bilities and opportunities to the local level 

anywhere	in	the	world.	Professor	Seliger	

is	convinced	that,	»Such	an	understand-

ing	of	global	work	organization	and	value	

creation has the potential to bring about 

a fundamental change in the way we 

humans	live	together	on	this	planet.	We	

have the opportunity to offer prosperity 

to a great many more people – whilst at 

the same time also consuming far fewer 

resources than ever before through the 

use of innovative production technolo-

gies.	And	CRC	1026	is	laying	one	of	the	

foundations	stones.«		

Objectives set by CRC »Sustainable Manufacturing«

Bridging
the Gap

Bridging
the Gap to hungry markets

> 5 billion people
From saturated markets

< 1 billion people
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In February 2011, SAP AG, the world’s leading business software company, 

officially founded its first Innovation Center in Potsdam. In summer 2013, 

staff will be moving into the new building located on the banks of Lake 

Jungfernsee. In close cooperation with the Hasso Plattner Institute for 

Software Systems Engineering (HPI) and the HPI School of Design Thinking, 

new collaboration models with partners and customers are applied at the 

Innovation Center. Specific projects are also being run with other research 

institutes in the Berlin-Brandenburg region. For instance, scientists at 

Fraunhofer IPK are now collaborating with SAP in the field of Secure Mobile 

Identification, one of the increasingly important challenges in information 

technology. FUTUR talked with Cafer Tosun, managing director of the SAP 

Innovation Center in Potsdam, about the center’s mission and future.

FUTUR: Mr.	Tosun,	in	early	2011	SAP	

announced	the	establishment	of	the	SAP	

Innovation	Center	as	the	first	of	its	kind	

globally,	here	in	Potsdam.	The	new	build-

ing	is	slated	for	opening	in	Q3	2013.	What	

is	so	special	about	this	new	building?	

Cafer Tosun: Working	closely	with	

Professor	Kembel	and	his	team	at	the	

d.school	in	Stanford,	we	put	much	effort	

into	figuring	out	a	design	that	would	

reflect	both	our	working	style	and	our	

projects.	One	of	the	key	features	is	a	

combination of concentration and col-

laboration spaces, allowing our employ-

ees to focus and interact when the need 

arises.	It	is	important	for	us	to	maintain	

such	dynamics.	Communication	is	

another	key	aspect	of	successful	collabo-

ration	in	distributed	teams.	One	of	our	

staff members researched that topic in 

his	dissertation.	And	our	students	have	

also	evaluated	it	in	a	special	project.	In	

effect	–	we	refer	to	this	as	a	marketplace	

theory – we are going to set up a central 

venue for people to exchange their 

views.	We	are	thinking	about	a	central	

coffee	corner.

FUTUR: How does this affect the architec-

tural	design?		

Tosun: Flexibility	is	crucial.	Concentration	

and	collaboration	spaces	must	be	kept	

in	balance.	We	have	even	gone	so	far	as	

to use wheeled walls that can be moved 

and	folded	as	required.	The	collabora-

tion spaces are extremely transparent, as 

lots of glass has been incorporated into 

the	design.	The	benefit	is	twofold	–	glass	

acts as a sound barrier, but still allows 

plenty of light into the collaboration and 

concentration	spaces.	The	entire	side	of	

the	building	that	faces	Lake	Jungfernsee	

is	very	open	and	bright.	Sometimes	we	

deal with small projects, sometimes with 

big ones; sometimes a whole bunch of 

people	work	together,	sometimes	it	is	just	

one individual – this is where the big chal-

lenge	lies	in	terms	of	flexibility.	

FUTUR:	Who	will	be	working	there?

Tosun:	We	are	planning	for	100	full-time	

staff	members	plus	200	students	work-

ing in multidisciplinary teams, according 

to	Design	Thinking	principles.	We	treat	

students in exactly the same way as regular 

staff	members.	After	all,	as	digital	natives,	

they	are	not	just	tomorrow’s	users;	they	

also	build	tomorrow’s	software.	That	makes	

them	extremely	important	for	us	at	SAP	

and	for	the	entire	software	industry.	Their	

communication structures are much more 

networked.	Social	media	platforms	like	

Facebook,	Twitter	&	Co	are	a	natural	part	

of	their	daily	lives.

FUTUR:	Why	did	SAP	choose	Potsdam	as	

the location for the Innovation Center?

Tosun:	One	of	the	region’s	many	interesting	

facets	is	the	scientific	and	academic	land-

scape, with renowned research institutions 

like	Fraunhofer,	and	its	universities	with	over	

140 000	students.	There	is	also	a	growing	

number of thriving startups with whom 

we collaborate applying our in-memory 

technology	platform	SAP	HANA.	SAP	HANA	

allows for new innovative solutions to ana-

lyze and process huge volumes of data at 

lightning	speed.	This	is	a	breakthrough	con-

sidering the ever-increasing amounts of data 

which are being produced in ever-shorter 

times.	The	global	data	volume	roughly	

doubles	every	18	months.	The	enormous	

amount	of	data	that	the	Fraunhofer	IPK	

reconstruction team will process with its

From Silicon Valley to Silicon Sanssouci
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Director of the SAP Innovation Center Cafer Tosun

»Stasi-Schnipselmaschine«	is	just	one	ex-

ample of an interesting application enabled 

by	SAP	HANA’s	in-memory	technology.

FUTUR: In what other areas are you collabo-

rating	with	Fraunhofer	IPK?

Tosun: Secure Mobile Identity is one very 

exciting	project.	On	our	side,	we	are	very	

interested in integrating joint develop-

ments	into	our	own	products.	Mobility	

is	a	strategic	topic	for	SAP.	More	and	

more tablets, smartphones, laptops, and 

ultrabooks	are	being	purchased,	while	

desktop	sales	are	dwindling.	It	is	a	trend	

that can be seen across nearly all indus-

tries.	Another	project	we	are	currently	

collaborating with the Charité hospital on 

is	the	»Oncolyzer«,	which	is	a	mobile	ap-

plication to help doctors and researchers 

identify the best therapy for cancer pa-

tients,	directly	at	the	patient’s	bedside.	It	

also puts a special focus on security and 

data	protection.	Another	challenge	that	

really comes to the forefront with mobile 

applications	is	how	to	flexibly	adapt	

security settings to any particular situa-

tion’s	needs.	My	kids,	for	instance,	are	

crazy	about	the	iPad.	So	when	they	want	

to	work	or	play	with	it,	it	has	to	be	both	

easy	and	secure.	The	same	thing	applies	

when doctors handle highly sensitive 

patient	data.	However,	the	security	and	

data protection requirements are much 

higher	in	the	latter	case.	In	this	context,	

we	can	greatly	benefit	from	the	results	of	

our	collaboration	with	Fraunhofer	IPK.

FUTUR: Why do you partner with 

Fraunhofer?

Tosun: The answer to that is really simple: 

Fraunhofer is a well established research 

institute	with	an	excellent	reputation.	

And	many	of	the	results	coming	out	of	

Fraunhofer	are	truly	ground-breaking.	

Thus, a partnership creates synergies for 

both	SAP	and	Fraunhofer,	and	these	we	

want	to	use!	We	are	already	seeing	these	

effects	in	our	joint	projects.

FUTUR: What made you leave Silicon Valley  

for	Silicon	Sanssouci?

Tosun:	I	lived	and	worked	there	for	eight	

years.	When	I	first	moved	to	the	US,	I	was	

fascinated by the enthusiasm and the spirit 

to seize new opportunities and start off to 

new	horizons.	Start-ups	were	mushroom-

ing all over; people were developing busi-

ness	ideas	and	talking	about	the	future	of	

the	internet.	I	can	still	remember	an	event	

back	in	2002	when	the	theme	of	»social	

networks«	cropped	up.	»LinkedIn«	was	

new at that time and people would have 

long intense discussions about where the 

journey would lead, whether it would be 

accepted	or	what	could	be	done	with	it.	

Now,	I	can	very	much	sense	the	same	kind	

of	spirit	here.	For	instance,	we	frequently	

meet with young entrepreneurs, develop 

ideas	and	try	them	out	together.	For	me,	

it is extremely encouraging to see that 

a	culture	is	taking	root	in	Germany	that	

allows things to be tried out – a cul-

ture	that	also	pardons	possible	failure.	I	

think	that	this	growing	mentality	carries	

enormous	potential.	What	we	need	more	

of is venture capital and an even greater 

readiness	to	take	risks.	At	the	moment,	we	

are sitting in the same building as Hasso- 

Plattner-Ventures	which	look	at	and	invest	

in	promising	start-ups.	If	we	get	more	of	

that, we will be very well positioned in the 

region	and	in	Germany	as	a	whole.	By	the	

way,	just	like	our	colleagues	in	Palo	Alto,	

we	held	a	Start-up	Forum	on	August	15th	

in	Berlin.	We	want	to	work	closely	with	

the start-ups in the region and across Ger-

many, and build a bridge to Silicon Valley 

by	doing	so.  

Interview by Steffen Pospischil

Profile

Cafer	Tosun,	SVP,	is	head	of	the	new	SAP	

Innovation	Center	in	Potsdam.	He	is	also	

responsible for joint projects with the 

Hasso	Plattner	Institute	in	Potsdam.	Tosun	

has	been	at	SAP	since	1993	and	has	held	

different development and consulting posi-

tions	at	the	company	in	that	time.	He	also	

worked	at	SAPLabs	in	Palo	Alto,	Silicon	

Valley	for	8	years.	He	studied	computer	

science	and	is	a	certified	project	manager	at	

Stanford	University.
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SAP	

SAP	Innovation	Center	–	»Garage	2.0«

Company Profile

– or in other words, anything that does 

not	find	its	way	to	the	customer	is	no	in-

novation.	This	is	why	every	project	at	the	

Innovation Center directly involves future 

users,	from	SAP	and	Non-SAP	customers.	

Highly professional, mainly young, IT ex-

perts	take	the	latest	and	most	promising	

research trends in in-memory technol-

ogy, cloud computing and mobility, and 

develop	solutions	with	and	for	users.	

While close cooperation with research 

institutes	like	the	Hasso	Plattner	Institute	

for Software Systems Engineering, the 

Fraunhofer-Gesellschaft,	Berlin’s	universi-

ties, Stanford University and the Mas-

sachusetts Institute of Technology ensure 

that the projects remain pitched on the 

cutting edge of technology, customers 

like	the	Charité	hospital	and	Bigpoint	

bring	in	their	own	specific	know-how,	

and provide the grounding in local reality 

that’s	needed.

The	SAP	development	department	is	also	

involved	in	project	work	from	the	very

beginning.	Once	a	prototype	has	been	

evolved in this way and put through its

paces at the user (company), the baton 

is	passed	on	to	the	colleagues	at	SAP	

development who transform it into a 

market-ready	product.

The	choice	of	the	city	of	Potsdam	in	»Sili-

con	Sanssouci«	is	part	of	the	overall	con-

cept:	its	rich	cluster	of	first	class	research	

institutions and companies, many within 

walking	distance	of	one	another,	means	

that the projects of the new Innovation 

Center	will	find	truly	fertile	ground	here.	

Predefined	processes	and	fixed	develop-

ment cycles with rigid deadlines are as 

foreign to the mantra as an aversion to 

taking	on	risky	projects.	Every	project	is	

different and that difference is recog-

nized and respected, even if the outcome 

is	uncertain.	This	would	be	called	»artistic	

freedom«	in	the	creative	industry	where	

the Innovation Center is already engaged 

in an on-going project with the Babels-

berg	Filmstudios.

Just	by	looking	at	the	SAP	Innovation	

Center’s	new	building	–	whose	ground-

breaking	ceremony	was	held	in	October	

2011	–	you	can	see	that	something	totally	

new	is	taking	shape.	The	future	office	

building of the Innovation Center is being 

built	on	the	grounds	of	a	former	barracks	

on	the	Campus	Jungfernsee.	When	it’s	

completed	in	2013,	the	building	will	offer	

space	for	100	fulltime	employees	and	200	

students.	It	will	not		be	fancy	but	inspira-

tional and fostering creativity – the way a 

Garage	2.0	should!  

	 However,	»back	to	the	roots«	would	

be	an	inadequate	description	of	the	first	

SAP	Innovation	Center’s	mission.	Found-

ed	in	Potsdam	in	2011,	it	rather	seeks	to	

bring together the creativity and agility of 

a garage startup with the expertise and 

customer	base	of	a	world	market	leader	

in	enterprise	software.	»Combine	desir-

able,	viable	and	feasible«	is	the	mission	

Model of the new building for the SAP Innovation Center in Potsdam

Your contact

SAP	Innovation	Center		

Sönke	Moosmann	

Prof.-Dr.-Helmert-Str.	2-3	

14482	Potsdam

Phone	+49	331	5509-1360

soenke.moosmann@sap.com	

		www.sap.com

Think of a garage and you might think of things like cars, garden tools,  

stacks of firewood, or all kinds of old jumble. But in the IT industry the  

word »garage« conjures up a totally different set of associations – things like 

creativity innovation, pioneering spirit, and success. Even the big players in the 

industry like Apple, HP and SAP started out from humble beginnings – just a 

simple garage or in the case of SAP in 1972 a modest house in Weinheim.
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 Ecuadorian Minister visits PTZ

On	15	October	2012,	Prof.	Uhlmann,	executive	director	of	

Fraunhofer	IPK,	welcomed	the	Ecuadorian	»Ministerio	Coordina-

dor	de	Talento	Humano,«	Augusto	Espinosa,	to	the	Production	

Technology	Center	(PTZ).	In	his	address,	Prof.	Uhlmann	informed	

the	Minister	about	the	opportunities	offered	by	Fraunhofer	IPK	

for	innovation	transfer	abroad.	Afterwards,	Espinosa	and	his	

delegation	were	taken	on	a	tour	of	the	testing	ground	where	the	

Minister himself operated the dry ice blaster and could see with 

his	own	eyes	just	how	effective	it	was.	At	the	following	presenta-

tion of the Virtual Reality Cave, the Minister did not want to miss 

the	opportunity	to	make	his	own	trial	run.	In	the	Application	Cen-

ter	for	Microproduction	Technology	(AMP),	the	air-conditioning	

system	was	just	one	of	the	many	things	that	excited	keen	interest:	

it can regulate the temperature of the ultra-precision labora-

tory	with	accuracy	in	the	range	of	±	0,2	°C.	Prof.	Uhlmann	and	

Minister Espinosa both underscored their interest in collaborating 

together	in	the	future.

A high ranking visitor from Ecuador: the Ministerio Coordinador de Talento 
Humano operates the dry ice blaster.

 Your contact

Steffen Pospischil

Phone	+49	30	39006-140

steffen.pospischil@ipk.fraunhofer.de

On	15	March	2012,	H.E.	José	Joaquín	Chaverri	Sievert,	Ambas-

sador	of	the	Republic	of	Costa	Rica,	visited	Fraunhofer	IPK.	He	

was	welcomed	by	Dr.	Bertram	Nickolay,	head	of	the	Security	

Technology	department,	who	also	arranged	the	visit.	During	his	

visit Chaverri Sievert was particularly interested in the innovative 

software	solutions	currently	under	development	at	IPK.	These	

include	the	»ePuzzler«	program	for	the	virtual	reconstruction	of	

documents shredded by the Stasi, the security apparatus of the 

former	GDR,	and	the	»desCRY«	und	»Secure	Mobile	Identity	

(SMI)«	projects.	desCRY	is	a	software	for	identification	of	child	por-

nography	on	the	internet.	SMI	enables	secure	authentication	of	the	

users	of	an	enterprise	company	network	via	mobile	end	devices.	

 Your contact

Steffen Pospischil

Phone	+49	30	39006-140

steffen.pospischil@ipk.fraunhofer.de
Ambassador Chaverri Sievert (right) and Dr. Bertram Nickolay  
in the PTZ testing area

 A Guest from Costa Rica

Ambassador	Chaverri	Sievert	at	IPK
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 BentoBox tried, tested and proven

Prototype	completes	first	test	phase	with	flying	colors

In	cooperation	with	the	logistics	consultants	LNC,	Fraunhofer	IPK	

has	devised	the	»BentoBox«,	an	innovative	solution	for	inner	city	

logistics.	This	collection	station	for	packets,	packages	and	small	

parcels	passed	its	first	two	month	trial	run	in	Berlin	with	flying	

colors:	85	percent	of	ourier	delivery	in	the	catchment	area	could	

be	done	by	bicycles	instead	of	vans.	The	BentoBox	also	enables	

bundling	of	delivery	orders.	And	its	docking	station	for	six	small	

containers	helps	to	make	urban	logistics	processes	more	sustain-

able	and	more	efficient.	It	even	withstood	the	rigors	of	the	tradi-

tional	stress	test	in	the	peak	pre-Christmas	period,	and	also	gave	

excellent	results	in	dealing	with	express	and	overnight	deliveries.	

The BentoBox is targeted at both logistics providers and business 

and	private	end	customers.	At	the	moment	it	is	being	tested	in	

Lyon,	France,	after	which	it	will	go	to	Turin,	Italy.

One of Messenger Transport + Logistik’s bicycle couriers demonstrates how the 
Bentobox is used.

 2. International Conference MRO

23	–	24	May	2013

In terms of products and goods with high investment costs and 

long lifecycles, MRO – maintenance, repair and overhaul – ac-

counts	for	a	large	part	of	company	expenditure.	A	product’s	

lifecycle also includes unexpected repairs and not just regular 

schedulable maintenance, while an overhaul can not only restore 

a product to its original condition but also incorporate improve-

ments that bring it into line with the latest technical and eco-

nomic	developments.	MRO	processes	make	a	significant	contri-

bution	to	conserving	resources	and	enhancing	energy	efficiency	

while	at	the	same	time	bringing	tangible	economic	benefits.	The	

Conference offers an international cross-industry meeting point 

for	all	companies,	suppliers	and	customers	with	a	stake	in	MRO.	

Its	objective	is	to	reflect	on	current	developments,	to	tap	new	

potentials	and	to	pave	the	way	to	a	successful	future.	Leading	

speakers	from	industry	and	science	will	present	innovative	con-

cepts and strategies in:

 – Products: MRO-compliant construction

 – Concepts: MRO processes and IT

 – Technologies:	Adaptive	and	flexible	MRO	solutions

 – Condition	Monitoring:	Intelligent	MRO	systems.

 Your contact

Dr.-Ing.	Markus	Röhner

Phone	+49	30	39006-279

markus.roehner@ipk.fraunhofer.de

 www.innovationscluster-mro.de

 Your contact

Dipl.-Ing.	Werner	Schönewolf

Phone	+49	30	39006-145

werner.schoenewolf@ipk.fraunhofer.de
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 13th International Conference EUSPEN

27	–	31	May	2013

 Your contact

Dishi Phillips

Phone	+44	1234	754023

dishi-phillips@euspen.eu

  www.berlin2013.euspen.eu

The 13th conference and exhibition of the European Society for

Precision Engineering and Nanotechnology (euspen) will provide 

a	leading	forum	for	industrialists	and	academics	alike	to	review	

the best of world-wide industrial innovation, progressive research 

and	technology	developments.	It	offers	information	on	the	latest	

precision and ultra-precision developments, reports and discussion 

on progress, and room for starting and continuing international 

cooperation	between	researchers	and	industrialists.	Delegates	will	

gain an insight of the precision engineering and nanotechnology 

priorities	of	Europe’s	leading	industrial	nation,	Germany.	With	 

the	country’s	high	importance	of	energy	generation	and	efficiency	

in mind the special session topic of the 13th euspen conference 

and exhibition will focus on precision engineering for the 

advance ment of energy generation, renewable energy and energy 

efficient	systems

 PTK	2013 Effective Factories – Knowledge, Tools, Value Creation

25	–	26	September	2013

The competiveness of manufacturing industry is increasingly 

shaped	by	the	efficient	use	of	knowledge	and	tools.	Knowledge	

and	tools	are	key	factors	which	determine	value	creation	in	pro-

duction.	Showing	how	important	the	close	connections	between	

knowledge,	tools	and	added-value	are	in	the	design	of	efficient	

manufacturing plants is the goal of the Colloquium on Techni-

cal	Production	PTK	2013.	How	can	we	successfully	develop	and	

manufacture	global	and	regional	products	in	the	future	as	well?	

What	resources	shall	we	need?	How	can	we	achieve	sustainable	

value	creation?	Directly	following	the	11th	Global	Conference	

 Your contact

Prof.	Dr.-Ing.	Jörg	Krüger

Phone	+49	30	39006-183

joerg.krueger@ipk.fraunhofer.de

 www.effiziente-fabriken.de

on Sustainable Manufacturing, experts from industry and science 

will	be	giving	answers	to	such	questions	at	PTK	2013.	They	will	

present	new	concepts	for	handling	knowledge,	together	with	

the	tools	and	methods	that	translate	knowledge	into	added	

value,	and	they	will	also	discuss	scenarios	for	tomorrow’s	efficient	

factory.	Apart	from	the	talks	during	the	plenary	session,	three	

further	sessions	focused	on	»Technology«,	»Information	Tech-

nology«	and	»Management	and	Organization«	will	explore	the	

interactions	of	knowledge,	tools	and	value	creation	from	their	re-

spective	perspectives.	Furthermore,	the	Colloquium	will	also	give	

you	the	opportunity	to	explore	the	Technical	Production	Center’s	

testing area and gain insights into our extensive range of research 

and teaching programs, and to meet and exchange ideas with 

international	players	at	the	traditional	Berlin	evening.	
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Production Technology

Center	PTZ	Berlin

Your Contact at the  
PTZ Berlin

Corporate Management
Prof.	Dr.-Ing.	Kai	Mertins
Phone:	+49	30	39006-233,	-234
kai.mertins@ipk.fraunhofer.de

Virtual Product Creation,
Industrial Information Technology
Prof.	Dr.-Ing.	Rainer	Stark
Phone:	+49	30	39006-243
rainer.stark@ipk.fraunhofer.de

Production Systems, 
Machine Tools and Manufacturing 
Technology
Prof.	Dr.	h.	c.	Dr.-Ing.	Eckart	Uhlmann
Phone:	+49	30	39006-101
eckart.uhlmann@ipk.fraunhofer.de

Joining and Coating Technology (IPK)
Prof.	Dr.-Ing.	Michael	Rethmeier
Phone:	+49	30	8104-1550
michael.rethmeier@ipk.fraunhofer.de		

Joining and Coating Technology (IWF)
Prof.	Dr.-Ing.	Rainer	Stark	(interim)	
Phone:	+49	30	314-25415	
rainer.stark@tu-berlin.de

Automation Technology,
Industrial Automation Technology
Prof.	Dr.-Ing.	Jörg	Krüger
Phone:	+49	30	39006-183
joerg.krueger@ipk.fraunhofer.de

Assembly Technology and Factory 
Management
Prof.	Dr.-Ing.	Günther	Seliger
Phone:	+49	30	314-22014
guenther.seliger@mf.tu-berlin.de

Quality Management, Quality Science
Prof.	Dr.-Ing.	Roland	Jochem
Phone:	+49	30	314-22004
roland.jochem@tu-berlin.de

Medical Technology
Prof.	Dr.-Ing.	Erwin	Keeve
Phone:	+49	30	39006-120
erwin.keeve@ipk.fraunhofer.de

Fraunhofer 
Innovation Cluster

Maintenance, Repair and Overhaul 
(MRO) in Energy and Traffic
Dipl.-Ing.	Markus	Röhner
Phone:	+49	30	39006-279
markus.roehner@ipk.fraunhofer.de

Secure Identity
Dipl.-Phys.	Thorsten	Sy
Phone:	+49	30	39006-282
thorsten.sy@ipk.fraunhofer.de

Fraunhofer Alliances

AdvanCer 
High-performance Ceramics
Tiago	Borsoi	Klein	M.Sc.	
Phone:	+49	30	39006-154
tiago.borsoi.klein@ipk.fraunhofer.de

Cleaning Technology
Dipl.-Ing.	Martin	Bilz
Phone:	+49	30	39006-147
martin.bilz@ipk.fraunhofer.de

Traffic and Transportation
Dipl.-Ing.	Werner	Schönewolf
Phone:	+49	30	39006-145
werner.schoenewolf@ipk.fraunhofer.de

Working Group

Tool Coatings and Cutting Materials
Fiona	Sammler,	M.Eng.Sc.
Phone:	+49	30	314-21791
fiona.sammler@iwf.tu-berlin.de

Ceramics Machining
Dipl.-Ing.	Florian	Heitmüller
Phone:	+49	30	314-23624
heitmueller@iwf.tu-berlin.de

Dry Ice Blasting
Dipl.-Ing.	Martin	Bilz
Phone:	+49	30	39006-147
martin.bilz@ipk.fraunhofer.de

Microproduction Technology 
Dr.-Ing.	Dirk	Oberschmidt
Phone:	+49	30	39006-159
dirk.oberschmidt@ipk.fraunhofer.de

Berliner Runde (Machine Tools)
Dipl.-Ing.	Christoph	König
Phone:	+49	30	314-23568
ckoenig@iwf.tu-berlin.de

Competence Centers

Application Center
Microproduction Technology (AMP)
Dr.-Ing.	Dirk	Oberschmidt
Phone:	+49	30	39006-159
dirk.oberschmidt@ipk.fraunhofer.de

Benchmarking
Dr.-Ing.	Holger	Kohl
Phone:	+49	30	39006-168
holger.kohl@ipk.fraunhofer.de

Electromobility
Dipl.-Ing.	Werner	Schönewolf
Phone:	+49	30	39006-145
werner.schoenewolf@ipk.fraunhofer.de

Advanced Training
Claudia Engel
Phone:	+49	30	39006-238
claudia.engel@ipk.fraunhofer.de

Methods-Time Measurement
Dipl.-Ing.	Aleksandra	Postawa
Phone:	+49	30	314-26866
postawa@mf.tu-berlin.de

Modeling Technological and Logistic 
Processes in Research and Education
Dipl.-Ing.	Sylianos	Chiotellis	M.Sc.
Phone:	+49	30	314-23547
skernb@mf.tu-berlin.de

PDM/PLM
Dr.-Ing.	Haygazun	Hayka
Phone:	+49	30	39006-221
haygazun.hayka@ipk.fraunhofer.de

Rapid Prototyping
Dipl.-Ing.	(FH)	Kamilla	König-Urban
Phone:	+49	30	39006-124
kamilla.koenig-urban@ipk.fraunhofer.de

Simulation
Dipl.-Ing.	Pavel	Gocev
Phone:	+49	30	39006-170
pavel.gocev@ipk.fraunhofer.de

Self-Organising Production (SOPRO)
Dipl.-Ing.	Eckhard	Hohwieler
Phone:	+49	30	39006-121
eckhard.hohwieler@ipk.fraunhofer.de

Scenarios for Product Development 
and Factory Planning
Dipl.-Ing.	Marco	Eisenberg
Phone:	+49	30	314-25549
meisenberg@mf.tu-berlin.de

Virtual Reality Solution Center (VRSC)
Dr.-Ing.	Johann	Habakuk	Israel
Phone:	+49	30	39006-109
johann.habakuk.israel@ipk.fraunhofer.de

Reutilization of Resources
Dipl.-Ing.	Timo	Fleschutz
Phone:	+49	30	314-22404
tfleschutz@mf.tu-berlin.de

Knowledge Management
Dr.-Ing.	Dipl.-Psych.	Ina	Kohl
Phone:	+49	30	39006-264
ina.kohl@ipk.fraunhofer.de

Dr.-Ing.	Markus	Will
Phone:	+49	30	39006-304
markus.will@ipk.fraunhofer.de

Center for Innovative  
Product Creation (ZIP)
Dr.-Ing.	Haygazun	Hayka	
Phone:	+49	30	39006-221
haygazun.hayka@ipk.fraunhofer.de

The Production Technology Center 

PTZ Berlin comprises of the Institute 

for Machine Tools and Factory Man-

agement IWF of the Technical Uni-

versity of Berlin and the Fraunhofer 

Institute for Production Systems and 

Design Technology IPK. The PTZ de-

velops methods and technologies for 

management, product development, 

production processes, and design 

of industrial manufacturing plants. 

Furthermore, we also leverage our 

proven expertise to engineer novel 

applications in emerging fields such 

as security, transport and medical 

technology.

The	PTZ	is	equally	committed	to	making	

its own contributions to application-

oriented basic research and to developing 

new technologies in close collaboration 

with	industry.	The	PTZ	works	together	

with its industry partners to transform ba-

sic innovations born in research projects 

into	fully	functional	applications.	

With the methods and techniques we 

develop or improve, we offer our partners 

comprehensive end-to-end support from 

product development and fabrication 

through	to	product	recycling.	This	also	

includes the conception of means of 

production and its integration in complex 

production facilities, and innovation of 

all corporate planning and controlling 

processes.


