
 

 

 

Á   2022/2023  

Annual Report  

 Laser-based measurements  of the coolant flow velocity field  

in a grinding machine  

 



  

 

 

 

 



Co ntent  

 

  

Preface  1 

BIMAQ - The Institute 2 
Á Vision, topics and infrastructure  ................................................................................................ 2 
Á Staff  ............................................................................................................................................. 4 
Á Participation in scientific committees and associations  ............................................................ 6 
Á Laboratories  ................................................................................................................................ 7 

Laboratory for dimensional metrology .................................................................................... 7 
Laboratory for large gears  ...................................................................................................... 8 
Laboratory for optical metrology  ............................................................................................ 9 
Laboratory for flow metrology  .............................................................................................. 10 
Laboratory for thermography  ............................................................................................... 11 
Laboratory for wind turbine sensors  ..................................................................................... 13 
BIMAQ-Technikum and Mechanical workshop  ..................................................................... 14 

Research  15 

Á SFB/TRR 136 Process Signatures, Subproject C06 - Surface-based optical measurements 
of mechanical material stresses  ............................................................................................... 15 

Á Prota - Near-process characterization of temperature field and ablation changes during 
laser chemical machining  ......................................................................................................... 16 

Á ProstKühl - Near-process flow measurements of the cooling lubricant supply in grinding 
processes  .................................................................................................................................. 17 

Á ThermoStall - Contactless in-process measurement of separated flow on non-scaled 
rotor blades of wind turbines  ................................................................................................... 18 

Á StreuCompress - Design method for in-process testing of nanostructured surfaces based 
on scattered light measurements and machine learning ......................................................... 19 

Á MoVeHo ς Model based in-process tool wear determination in high-performance turn-
ing  ............................................................................................................................................. 20 

Á RapidSheet - Rapid prototyping of sheet metal parts using intelligent 3D-printed dies ......... 21 
Á BrewFlex - Potentials of making energy loads flexible and efficiency increase ς How 

brewerys can optimally use their potentials of a flexible loads to support and manage 
the energy transition ................................................................................................................. 22 

Á 3D-Safety - Certified system for person safety ......................................................................... 23 
Á FlexGear - Establishment of lightweight design concepts for gearboxes of wind turbines ..... 24 
Á PreciWind - Precise measuring system for non-contact acquisition and analysis of the 

dynamic flow behaviour of wind turbine rotor blades ............................................................. 25 



Co ntent  

 

  

Á AutoFlow - Thermographic flow condition detection on rotor blades of offshore wind 
turbines during operation using an automated and disturbance robust flight system ........... 26 

Á µRoboForm - High-precision formed parts through measurement-based real-time con-
trol of the volumetric compensation of robot-assisted forming processes ............................. 27 

Á InOGeM - Indirect optical geometry measurement ................................................................. 28 
Á hyBit ς IȅŘǊƻƎŜƴ ŦƻǊ .ǊŜƳŜƴΩǎ ƛƴŘǳǎǘǊƛŀƭ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴ ....................................................... 29 

Measurement services for the industry  30 

Á Measurement services  ............................................................................................................. 30 
Dimensional measurements  .................................................................................................. 30 
Thermographic flow visualization .......................................................................................... 30 

Teaching activities, student projects, graduation works  31 
Á Teaching activites  ..................................................................................................................... 31 
Á Student projects  ....................................................................................................................... 32 
Á Graduation works  ..................................................................................................................... 33 

Publications, qualification of young academics and awards 34 
Á Publications  .............................................................................................................................. 34 

Books  ..................................................................................................................................... 34 
Journals  .................................................................................................................................. 34 
Conference contributions ....................................................................................................... 37 

Á PhD theses  ................................................................................................................................ 40 
Á Awards  ...................................................................................................................................... 44 

Events & News  47 

Á Participation at events and conferences  .................................................................................. 47 
Á Events @ BIMAQ   ..................................................................................................................... 49 
Á News   ........................................................................................................................................ 58 



Preface  

1 

 

The Bremen Institute for Metrology, Automation 

and Quality Science (BIMAQ) of the University of 

Bremen continued its strong reseach and teach-

ing activities in two of the scientific core clusters 

of the university and the scientific agenda of the 

federal state, in BEST ς Bremen Research Center 

for Energy Systems, and in MAPEX ς Center for 

Materials and Processes. 

As a member in MAPEX, we work on enabling 

in-process measurements by means of optical 

measurement principles. As an example, particle 

image velocity is used to measure the cooling liq-

uid flow field during grinding, i.e. in a turbulent 

two-phase flow. As a further example, high-

speed strain field measurements by means of la-

ser speckles have been performed to understand 

the time-resolved mechanical load of the work-

piece during the electrical discharge machining 

process. In both cases, the new process insights 

will contribute to our understanding of machin-

ing, which is crucial for a sustainable manufactur-

ing of parts with no compromises in quality. The 

latter achievements will be presented at the gen-

eral assembly of the well-known International 

Academy for Production Engineering (CIRP), 

which is the 5th year in series that a research 

work from the BIMAQ was selected for presen-

tation at CIRP. Furthermore, I was elected to be-

come an Associate Member of the CIRP. 

 

Regarding wind turbines, we provided new 

measurement solutions for science and industry. 

For instance, thermographic flow visualization 

has been enabled to detect stall on wind tur-

bines, and the capability to resolve the dynamic 

behaviour during a wind gust has been success-

fully demonstrated. Furthermore, a laser scan-

ning system has been developed to measure the 

tower and the rotor blade deformations - at a 

commercial wind turbine in operation, with cen-

timetre resolution, contactless from 150 m dis-

tance and with no turbine preparation.  

And there is so much more to explore in the 

present annual report about our past and ongo-

ing activities, e.g., the first results of our ERC 

project. Before you start to read, let me express 

my particular thanks to the continuing support of 

the Deutsche WindGuard GmbH, who donated 

for the 6th time a student award for young talents. 

My congratulations to the two awardees in 2022. 

I also thank our seminar guests Prof. Günther 

(MRI, Medical Imaging) and M. Abdollahpour, 

Dr. Bockelmann (Communication engineering) 

for their inspiring talks, and of course all BIMAQ 

students, colleagues as well as research and in-

dustrial partners for their continuous support.  
 

Bremen, June 2023 

Prof. Dr.-Ing. habil. Andreas Fischer 
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The research focus of the Bremen Institute for 

Metrology, Automation and Quality Science 

(BIMAQ) is the holistic investigation of optical 

measurement systems, which includes the de-

sign, realization, modelling, characterization 

and, finally, the application of novel measure-

ment techniques. By applying a rigorous system-

based analysis of the measurement systems, the 

limits of measurability and the respective uncer-

tainty principles are investigated in order to de-

termine and to surpass the limits of state-of-the-

art approaches. Beyond pure measurement 

tasks, automation aspects and the application of 

quality controls are investigated as well. How-

ever, the core competence of BIMAQ is meas-

urement system engineering, which is a key dis-

cipline for solving technical and overall social 

challenges.  

A key challenge is to obtain information in situ 

or in-process from highly unsteady or complex 

technical processes. For this purpose, model-

based, dynamic measurement systems are a key 

topic of the BIMAQ research, which includes in-

terdisciplinary fundamental and application-ori-

ented research on the measurement methods 

and their applications. Current research topics 

cover tasks from production engineering, mate-

rials science, wind energy systems and fluid me-

chanics.  

In addition to methodical innovations for in-

stance based on multi-sensor-system ap-

proaches, one highlight at the BIMAQ is a unique 

laboratory for large gear metrology with a coor-

dinate measurement device for gears up to a 

few meters. This illustrates the unique BIMAQ 

expertise regarding the metrology of large gears 

and geometrical measurements with a high dy-

namical range. Further laboratories and equip-

ment exist in the BIMAQ main building and the 

BIMAQ technical center, for instance for the 

analysis of the surface topography and strain 

down to the nanometre scale, for thermo-

graphic flow analyses from long distances of sev-

eral hundred meters and for laser-based flow 

measurements. 

 

 

 

  

Vision, topics and infrastructure  
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Member Short Name Scientific Committee /  Association 

BIMAQ AUKOM AUKOM Ausbildung Koordinatenmesstechnik e. V. 

Andreas Fischer CIRP International Academy for Production Engineering 

Andreas Fischer DGaO Deutsche Gesellschaft für angewandte Optik 

Andreas Fischer AHMT Arbeitskreis der Hochschullehrer für Messtechnik e. V. 

Andreas Fischer ForWind ForWind ς Zentrum für Windenergieforschung 

Andreas Fischer MAPEX Center for Materials and Processes 

Andreas Fischer BEST Bremen Research Centre for Energy Systems 

Andreas Fischer SPIE The International Society for Optics and Photonic 

Andreas Fischer EOS European Optical Society 

Andreas Fischer Optica The Optical Society 

Andreas Fischer IEEE Institute of Electrical and Electronics Engineers 

Andreas Fischer VDI Verein Deutscher Ingenieure 

Andreas Fischer GALA Deutsche Gesellschaft für Laser-Anemometrie 

Andreas Fischer  Regelungstechnisches Kolloquium in Boppard 

Andreas Fischer WGP Wissenschaftliche Gesellschaft für Produktionstechnik 

Gert Goch WGP Wissenschaftliche Gesellschaft für Produktionstechnik 

Michael Sorg DFMRS 
Deutsche Forschungsvereinigung für Meß-, Regelungs- und  
Systemtechnik e. V. 

Michael Sorg  
BMWi-Forschungsnetzwerke Energie: Systemanalyse, Stromnetze,  
Erneuerbare Energien 

Dirk Stöbener MAPEX Center for Materials and Processes 

Dirk Stöbener VDI Verein Deutscher Ingenieure 

Dirk Stöbener VDI FA 3.61 VDI Fachausschuss 3.61 Messen an Zahnrädern und Getrieben 

Axel von Freyberg FVA 
Forschungsvereinigung Antriebstechnik e. V.,  
Arbeitskreis Messtechnik 

Axel von Freyberg DFMRS 
Deutsche Forschungsvereinigung für Meß-, Regelungs- und  
Systemtechnik e. V. 

 

Participation in scientific committees and associations  
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  Laboratory  

  for dimensional metrology 

BIMAQ's infrastructure features a variety of 

modern high-precision measurement systems. 

The equipment ranges from tactile coordinate, 

gearing and roughness measuring devices to op-

tical systems like stripe pattern projection laser 

triangulation and terrestrial laser scanners as 

well as thermal, magnetic and acoustic probing 

systems and sensors for non-destructive anal-

yses. The equipment is used for the calibration 

and validation of newly developed measure-

ment and sensor systems, but it is also the basis 

for measurements within research projects and 

for the regional industry. 

BIMAQ conducts form, size and location tests 

on very small to very large components, i. e. di-

mensions of a few millimetres up to 200 meters.  

We offer standardized measurement and eval-

uation procedures as well as customer-specific so-

lutions, such as the evaluation of advanced fea-

tures or the digitization of a component or meas-

urements on wind turbines during operation. 

Services 

Á development of measurement and evalua-

tion strategies 

Á acquisition and analysis of dimensional devia-

tions - tactile and optical measurements 

Á characterization of the surface quality - tactile 

and optical measurements 

Á gear inspection 

Á surface integrity analysis - non-destructive 

and non-contact 

Á order/reference measurements 

Contact: a.freyberg@bimaq.de   

 

Tactile measurement of a 5-axis milled gear segment 
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 Laboratory for large gears 

 (in BIMAQ-Technikum) 

To calibrate large gears, currently no appropri-

ate standards exist, that allow the traceability of 

the test processes to the SI unit ΨmeterΩ with suf-

ficient accuracy. In close cooperation with the 

National Metrology Institute of Germany (PTB), 

BIMAQ was involved in developing large gear 

standards with a diameter of 2000 mm and 

more. 

Furthermore, BIMAQ analyses the cause-ef-

fect relationships between gear manufacturing, 

geometric deviations and occurring gearbox 

damages. Also, special test rigs for lightweight 

gears were established. In the field of quality in-

spection of gears, algorithms are developed in or-

der to evaluate dimensional measurement data.  

Technical specifications 

Portal coordinate measuring machine Leitz 

PMM-F 30.20.7: 

Á measuring volume:  

3.0 x 2.0 x 0.7 m³ 

Á measuring uncertainty:  

MPEE = (1.3 + (L in mm)/400) µm 

Á workpiece mass:  

max. 6,000 kg 

Á rotary table:  

for rotation-symmetric components up to 

3.0 m diameter 

Á air conditioning:  

maximum temperature gradients 

0.4 K/h, 0.8 K/d, 0.2 K/m 

Services 

Á order/reference measurements 

Á analysis and evaluation of geometric devia-

tions 

Á development of measurement and evalua-

tion strategies 

Á calibration of inside sensor systems 

Á software development 

Contact: a.freyberg@bimaq.de   

 
Measurement on a 2 m gear standard 

ǿƛǘƘ .La!vΨs large CMM 

 

Tactile measurement of large cylindrical gearing 

Laboratories  
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 Laboratory 

 for optical metrology 

The laboratory for optical metrology focuses on 

two main research fields: in-process measuring 

methods and surface integrity evaluation.  

The investigation of in-process measurement 

methods focuses on the surface assessment 

with scattered light and other optical methods 

as well as the determination of thermo mechan-

ical workpiece loads during manufacture. 

 The used light scattering methods allow a 

fast, in-process determination of statistical sur-

face characteristics, sometimes without detect-

ing the actual topography of the component. 

Such procedures are applied to investigate fast 

moving component surfaces in the manufactur-

ing process. In addition to assessing the mean 

roughness in the observed measurement spot, 

statements about structure heights and widths 

as well as individual defect classes of compo-

nents are possible. These evaluations are ap-

plied not only for structure sizes above the opti-

cal wavelength, but also for structure sizes be-

low the optical wavelength in the nanometre 

range using the rigorous scattering theory based 

on MaxwellΩǎ equations. The measurement 

methods are investigated with simulative and 

experimental approaches to understand and 

surpass current limits regarding measurement 

resolution and uncertainty as well as to open up 

new application fields. 

 

 

 

 

Enabling white-light interferometry for fast moving 
surfaces: new lateral scanning at a moving surface (top), 

slow vertical scanning at rest as reference (bottom) 
[Behrends at al., CIRP Annals, 2022]. 

Services 

Á basic research for new measurement methods  

Á feasibility studies on the near-process applica-

tion of measurement principles, particularly in 

manufacturing and heat treatment processes 

Á development of measuring methods for indus-

trial applications 

Á simulation and measurement of light scatter-

ing on micro- and nano-structured workpieces 

to assess the structural quality 

Á non-destructive surface integrity/topography 

checking and material characterization  

Contact: d.stoebener@bimaq.de   
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 Laboratory 

 for flow metrology 

The three velocity components of a flow field 

can be determined in a measurement plane with 

a stereoscopic particle image velocimetry (PIV) 

system, which is the centerpiece of the 

laboratory for laser-based flow metrology. The 

particle-based measurement technique is 

applied in challenging conditions, e. g., hot jet 

flows, flame flows or two-phase flows. The main 

research topic is to quantify the measurement 

uncertainty caused by the influence of 

inhomogeneous refractive index fields. These 

fields lead to varying image distortions and, 

thus, measurement deviations of the particle 

position. The uncertainty budget for the 

determined velocity fields are obtained from 

model-based error propagations of the 

simulative and experimentally investigated 

refractive index field. The analysis of the 

measurement uncertainty budget is a key topic 

to identify and finally overcome fundamental 

limits of measurability. 

 

 

 

 

 

 

 

Technical data 

Dual-head PIV-Laser (Quantel Evergreen): 

Á pulse energy:  2 × 200 mJ 

Á wavelength:   532 nm 

Á pulse rate:   15 Hz 

Á pulse length:   <10 ns 

Á light guide arm: 2.1 m 
 

2 × sCMOS cameras (Andor Zyla): 

Á resolution:   5.5 Mpixel 

Á pixel width:   6.5 µm 

Á dynamic:    16 bit 

Contact: a.tausendfreund@bimaq.de  

Laboratories  

Stereoscopic PIV system 

  

PIV raw image (left) and mean velocity field (right) 
of a flame flow 
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 Laboratory 

 for thermography 

Boundary layer flow visualization 

on wind turbine rotor blades in operation 

The boundary layer flow influences the 

temperature distribution on the surface of a 

rotor blade, which can be detected by a high 

speed thermographic imaging system. BIMAQ 

offers thermographic measurements of rotor 

blades on wind turbines in operation. Measure-

ments are conducted in cooperation with the 

Deutsche WindGuard Engineering GmbH in 

Bremerhaven. Measurements can be performed 

from a distance between 60 m and 500 m. 

Technical data  

ImageIR thermographic imaging system:  

Á high speed IR imaging system  

Á thermal resolution: 0.025 K 

Á spectral range: 2 ς 5 ˃ Ƴ  

Á detector format: 640 x 512 pixel  

Á focal length incl. telephoto lens: 200 mm 

Á integration times between 1 µs  

and 1600 µs 

 

Services  

Á determination of the laminar/turbulent tran-

sition location 

Á detection of early laminar-turbulent transit-

ion due to leading edge contamination, ero-

sion, manufacturing irregularities or the ef-

fects of leading edge protection 

Á analysis of impact of leading edge protection 

on the boundary layer flow 

Á inspection of vortex generators, zig-zag tapes 

and other flow control devices 

Á investigation of the feasibility of anti-icing 

and de-icing systems 

 
ImageIR thermographic imaging system 

 

Evaluated thermographic image of the rotor blade of an  
1.5 MW wind turbine with a 77 m rotor diameter 
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Boundary layer flow visualization  

in wind tunnel experiments 

Iƴ ƻǊŘŜǊ ǘƻ ƛƴǾŜǎǘƛƎŀǘŜ ǘƘŜ ōƻǳƴŘŀǊȅ ƭŀȅŜǊ Ŧƭƻǿ 

ǇƘŜƴƻƳŜƴŀ ƻƴ ŀƛǊŦƻƛƭǎΣ ǘƘŜǊƳƻƎǊŀǇƘƛŎ ƳŜŀ-

ǎǳǊŜƳŜƴǘ ŀǇǇǊƻŀŎƘŜǎ ŀǊŜ ŘŜǾŜƭƻǇŜŘ ŀƴŘ ŀǇǇƭƛŜŘΦ 

¢ƘŜ ǊŜǎŜŀǊŎƘ ŦƻŎǳǎ ŀǊŜ ƴŜǿ ƛƳŀƎŜ ŜǾŀƭǳŀǘƛƻƴ 

ǘŜŎƘƴƛǉǳŜǎ ōŀǎŜŘ ƻƴ ǘƘŜ Ŧƭƻǿ ŘȅƴŀƳƛŎǎΦ ¢ƘŜ Ŧƭƻǿ 

ŜȄǇŜǊƛƳŜƴǘǎ ǿƛǘƘ ǘǿƻ ŘƛŦŦŜǊŜƴǘ Lw ƛƳŀƎƛƴƎ 

ǎȅǎǘŜƳǎ ŀǊŜ ǇŜǊŦƻǊƳŜŘ ŀǘ ǘƘŜ 5ŜǳǘǎŎƘŜ 

²ƛƴŘDǳŀǊŘΩǎ ŀŜǊƻŀŎƻǳǎǘƛŎ ǿƛƴŘ ǘǳƴƴŜƭ ƛƴ 

.ǊŜƳŜǊƘŀǾŜƴΣ ǿƘŜǊŜ ƭŀƳƛƴŀǊ ŀƛǊ Ŧƭƻǿǎ ŀǘ ǎǇŜŜŘǎ 

ƻŦ ǳǇ ǘƻ осл ƪƳκƘ ŀƴŘ ŎƘƻǊŘπwŜȅƴƻƭŘǎ ƴǳƳōŜǊǎ 

ƻŦ ǳǇ ǘƻ с Ƴƛƭƭƛƻƴ Ŏŀƴ ōŜ ƎŜƴŜǊŀǘŜŘΦ 

 

Technical data  

VarioCam hr:  

Á detector format: 640 x 480 pixel 

Á thermal resolution: 0.030 K 

Á spectral range: 7.5 - 14 ˃ m  

Á focal lengths: 12.5 mm and 30 mm 

ImageIR:  

Á detector format: 640 x 512 pixel  

Á thermal resolution: 0.025 K 

Á spectral range: 2 - 5 ˃ m  

Á focal lengths: 12 mm, 25 mm, 100 mm and 

200 mm 

Services  

Á localization of the laminar-turbulent transi-

tion with a measurement uncertainty < 0.5 % 

chord length  

Á visualization of flow separations 

Á automated evaluation of wind tunnel cam-

paigns 

Á comparison with reference measurements 

and simulation data  

Contact: m.sorg@bimaq.de  

Laboratories  

 
Relative position Ptr of the laminar-turbulent transition  

on the chord as a function of the angle of attack h 

 
Thermographic flow visualization 
on an airfoil in the wind tunnel 


