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The majority of our research activities is focused 

on optical measurement systems, which still 

provide fascinating possibilities for measure-

ments at the limits of measurability. In 2017 and 

2018 the Bremen Institute for Metrology, Auto-

mation and Quality Science (BIMAQ) continues 

to strengthen the collaborative research activi-

ties at the University of Bremen: 

Á The challenge of allowing optical micro-geo-

metry measurements in-situ during laser 

chemical machining is met to support the 

SFB747.  

Á With the successful application for the sec-

ond phase of the SFB/TRR136, in-process 

strain and deformation measurements with 

nm-precision are developed further to gain 

new insights in the so-called process signa-

tures of manufacturing processes.  

Á In the SFB1232, a new project proposal was 

granted to realize strain measurements of 

metal micro samples near ultimate resolu-

tion and technological limits with a high 

throughput.  

In addition to measurements at solid objects, 

flow measurements in fluids are now estab-

lished. A new lab with a stereoscopic particle 

imaging velocimetry system (stereo-PIV) was 

put into operation to investigate the cross-

sensitivity regarding the varying refractive in-

dex field, e. g. in two-phase flows and flames. In 

order to characterize boundary layer flows at 

large, real-scale objects such as rotor blades of 

running wind turbines, the evaluation of ther-

mographic images has proceeded to obtain 

contactless in-process flow visualizations with 

low uncertainty, even in case of low thermal 

contrasts due to the different weather condi-

tions. Surprisingly, not the measurement sys-

tem but the measurement object was found to 

currently limit the measurement uncertainty. 

Harvesting energy from wind is a challenging 

technology, which we could also experience at 

our visit of the Fraunhofer Institute for Wind 

Energy Systems in Bremerhaven. Wind turbines 

are important to increase the energy supply by 

renewable energies. Here we are proud to con-

tribute in the characterization and the progress 

of wind turbines in operation.  

For the first time, the Deutsche WindGuard 

GmbH granted an award to honor excellent 

student theses at BIMAQ. I am very grateful for 

this support and the encouragement of our fu-

ture engineers. To all members, students, part-

ners and supporters of the institute I would like 

to express many thanks for the contribution to 

the achievements in 2017/18. 
 

Bremen, June 2018 

 
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 sys-

tem-based analysis of the measurement sys-

tems, the limits of measurability and the re-

spective uncertainty principles are investigated 

in order to determine and to surpass the limits 

of state-of-the-art approaches. Beyond pure 

measurement tasks, automation aspects and 

the application of quality controls is investigat-

ed as well. However, the core competence of 

BIMAQ is measurement system engineering, 

which is a key discipline for solving technical 

and overall social challenges.  

A key challenge is to obtain information in 

situ or in-process from highly unsteady or com-

plex technical processes. For this purpose, 

model-based, dynamic measurement systems 

are a key topic of the BIMAQ research, which 

includes interdisciplinary fundamental and ap-

plication-oriented research on the measure-

ment methods and their applications. Current 

research topics cover task from production en-

gineering, materials science, wind energy sys-

tems and fluid mechanics.  

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 coordinate 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 dynamical range. Further laborato-

ries and equipment exist in the BIMAQ main 

building and the BIMAQ technical centre, for 

instance for the analysis of the surface topog-

raphy and strain down to the nanometre scale, 

for thermographic flow analyses from long dis-

tances of several hundred meters and for laser-

based flow measurements in optically non-

cooperative fluids. 

 

 

 

  

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

 BIMAQ AUKOM AUKOM  Ausbildung Koordinatenmesstechnik e. V. 

 BIMAQ FQS Forschungsvereinigung Qualität 

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 SPIE The International Society for Optics and Photonic 

Andreas Fischer EOS European Optical Society 

Andreas Fischer OSA 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 DHV Deutscher Hochschulverband 

Andreas Fischer  Regelungstechnisches Kolloquium in Boppard 

Andreas Fischer SFB 747 Sonderforschungsbereich 747 Mikrokaltumformen 

Andreas Fischer SFB TRR 136 Sonderforschungsbereich TRR 136 Prozesssignaturen 

Andreas Fischer SFB 1232 Sonderforschungsbereich 1232 Farbige Zustände 

Gert Goch WGP Wissenschaftliche Gesellschaft für Produktionstechnik 

Volker Renken  BMWI-Forschungsnetzwerke Energie: Systemanalyse, Stromnetze, 
Erneuerbare Energien  

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

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

Dirk Stöbener VDI Verein Deutscher Ingenieure 

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

Dirk Stöbener VDI FA 3.34 VDI Fachausschuss 3.34 Large Volume Metrology 

Gerald Ströbel DFMRS Deutsche Forschungsvereinigung für Meß-, Regelungs- und  
Systemtechnik e. V. 

Gerald Ströbel VDI/VDE-GMA VDI/VDE-Gesellschaft Mess- und Automatisierungstechnik 

Axel von Freyberg FVA AK Mess-
technik 

Forschungsvereinigung Antriebstechnik - Arbeitskreis Messtechnik 

 

Participation in scientific committees and associations  



BIMAQ - the institute  

6 

 

  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 via 

optical systems like stripe pattern projection 

and laser triangulation through testers for non-

destructive analysis with thermal, magnetic and 

acoustic probe systems and sensors. This 

equipment is used for the calibration and vali-

dation of newly developed measurement and 

sensor systems, e. g. for optical gear measure-

ments, 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 by di-

mensions of a few millimeters up to 3 meters 

and offers standardized measurement and eval-

uation procedures as well as customer-specific 

solutions, such as the evaluation of advanced 

features or the digitization of a component. 

Services 

Á Development of measurement and evalua-

tion strategies 

Á Acquisition and analysis of dimensional devi-

ations - tactile or optical 

Á Characterizing surface quality - tactile or op-

tical 

Á Gear inspection 

Á Surface integrity analysis - non-destructive 

and non-contact 

Á Order/reference measurements 

Contact: a.freyberg@bimaq.de   

Laboratories  

 

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 "meter" with 

sufficient accuracy. In close cooperation with 

the National Metrology Institute of Germany 

(PTB), BIMAQ therefore is involved in develop-

ing large gear standards with a diameter of 

2000 mm and more. 

Furthermore, BIMAQ analyzes the cause-

effect relationships between gear manufactur-

ing, geometric deviations and occurring gear-

box damages. In the field of quality inspection 

of gears, algorithms are being developed in order 

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 Calibration of reference standards 

Á Analysis and evaluation of geometric devia-

tions 

Á Development of measurement and evalua-

tion strategies 

Á Software development 

Contact: a.freyberg@bimaq.de   

 
Measuring a 2 m gear standard 
ƻƴ .La!vΨs large CMM 

 

Tactile measurement of large cylindrical gearing 
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Roughness evaluation of two surfaces with speckle-autocorrelation function 

 Laboratory 

 for optical metrology 

The laboratory for optical metrology works on 

the in-process surface assessment with scat-

tered light measurement methods, e. g., to de-

termine the (primarily) mechanical workpiece 

loads during manufacture.  

The light scattering methods with coherent 

light on surfaces make use of speckle phenom-

ena, which allow a fast in-process determina-

tion of (statistical) surface characteristics, with-

out detecting the actual topography of the 

component. The procedures can be applied to 

investigate fast moving component surfaces in 

the manufacturing process.  

In addition to assessing the mean roughness 

in the observed measurement spot, structure 

heights and widths as well as individual defect 

classes of components are possible to deter-

mine by evaluating the scattered light. This can 

be applied not only for structures with sizes 

above the optical wavelength, but also for 

structures in the nanometer range (below the 

optical wavelength) by using the rigorous scat-

tering theory based on the Maxwell equations. 

The derived measurement methods are investi-

gated with simulative and experimental ap-

proaches leading to results about measurement 

resolution and uncertainty for specific applica-

tions as well as general limits of measurability. 

Services 

Á Feasibility studies on the application of 

measurement principles, particularly in 

manufacturing and heat treatment processes 

Á Basic research regarding the development, 

characterization and application of novel 

measurement methods 

Á Analysis of measurement uncertainty budg-

ets by simulative and experimental means 

Á Development of measuring methods for in-

dustrial applications 

Á Simulation and measurement of light scat-

tering on micro- and nano-structured work-

pieces to assess the structural quality 

Contact: d.stoebener@bimaq.de  

Laboratories  
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Stereoscopic PIV system 

  

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

 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 

laser-based flow metrology laboratory. 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 in-

fluence 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: c.vanselow@bimaq.de  
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 Laboratory 

 for thermography 

Boundary layer 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 perform-

ed 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 

Laboratories  

 

Evaluated thermographic image of the rotorblade of an  
1.5 MW wind turbine with a 77 m rotor diameter 
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Boundary layer 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 ŎƘƻǊŘ-wŜȅƴƻƭŘǎ 

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:  c.dollinger@bimaq.de 

 d.gleichauf@bimaq.de  

 
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 
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  Laboratory for inside-sensoring 

  (in BIMAQ-Technikum) 

Wind turbine generators (WTG) are dynamically 

highly stressed, which can lead to bearing and 

gear damages. For targeted improvements in 

design, production and choice of material mean-

ingful metrics are missing. The individual trans-

mission components (gears, bearings, shafts) are 

metrologically not accessible during operation, 

so far. A few states can be observed from the 

outside, e. g., temperature changes on the hous-

ing or noises or vibrations. But, the causes of 

problems are mostly inside the gear housing. 

These include mechanical stresses which may 

lead to undue distortion of the individual teeth 

and subsequently to wear of the tooth flanks. 

For testing new sensor concepts for WTG 

drivelines, the dynamic behavior of WTG 

drivelines can be simulated experimentally in the 

BIMAQ-Technikum using a torque test rig. 

 

Technical test rig specifications 

Á Torque: ± 1 000 Nm 

Á Speed: ± 3 000 min-1 

Á Axial force: 0 - 10 000 N 

Services 

Á Development of sensing prototypes 

Á Order and reference measurement 

Á Development of new measurement and 

evaluation strategies 

Á Software development 

Contact: m.sorg@bimaq.de 

  

Laboratories  

 
Torque test rig 

 
Measuring shaft in the test rig 

 
Drivetrain inside the hub of a wind energy system 
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 BIMAQ-Technikum and  

 Mechanical workshop 

BIMAQ maintains a 400 m² Technikum to sup-

port the research work. 

The Technikum contains the 

Á Laboratory for large gears 

Á Torque test rig 

Á Experimental field  

Á Mechanical workshop 

For the production of test rigs, test stands and 

prototypes, the mechanical workshop is equipp-

ed, for example, with a  

Á CNC milling machine  

Travel distance: 400 mm x 400 mm x 400 mm 

Á 3D printer  

Space: 203 mm x 203 mm x 152 mm  

Á Milling drill plotter 

Maximum material size:  

229 mm x 305 mm x 35 mm 

Services 

Á Item and small-batch production 

Á Additive and cutting machining 

Contact: a.freyberg@bimaq.de 
 

Mechanical workshop 

 
 

http://www.bimaq.de/en/research/infrastruktur/labor-fuer-grossverzahnung/

