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Dear friends and partuens
of the indtitute!

The Bremen Institute for Metrology, Automation
and Quality Science (BIMAQ) of the University ¢
Bremencontinued its strong reseacnd teach-
ing activities in two of the scientific core clusters
of the university and the scientific agenda of the
federal state, in BESTBremen Research Cemte
for Energy Systemsnd in MAPEX Cener for
Materials and Processes

As a member in MAPEXe work on enabling
in-process measurements by means of optica

measurement principles. As an example, particle
image velocity is used to measure the cooling ligPreéSent annual report about our past and ongo-

uid flow field during grinding, i.e. in a turbulent N9 activities, e.g., the first results of our ERC
two-phase flow. As a further example, high project. Before you start to read, let me express
speed strain field measurements by means of la my particular thanks to theontinuing support of
ser speckles have been performed to understamthe Deu:sF:he WindGuard GmbH, who donated
s el e e el ee) 6r (e e for the 6" time a student award for young talents.
piece during the electrical discharge machining'vIy congratulations t‘? the two awardees |n" 2022.
process.In both cases, the new process insightsI also than!<our sem!nar guests Prof. Gunther
will contribute to ou understanding of machin- (MRI, Medical Imaging) ankll. Abdollahpour,

ing, which is crucial for a sustainable manufactur " Bo_ck_elmfa_nn (S CRgEEigy
ing of parts with no compromises in quality. Thefor their inspiring talks, and of coursd BIMAQ

latter achievements will be presented at tgen- students,colleagues as well assearch and in-

eral assembly of the weknown International dustrial partnerdor their continuous support.

Academy for Production Engineering R@)

which is the 5th year in series that a researct

work from the BIMAQ was selected for presen- VAM @/

tation at CIRP. Furthermore, | was elected to be

come an Associate Member of the CIRP. Prof. Dr-Ing. habil. Andreas Fischer
1

Regarding wind turbines, we provided new
measurement solutions for sciee@nd 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 systen has been developed to measure the
tower and the rotor blade deformationsat 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 ireth

Bremen, June 28
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Vision, topics and infrastructure

The research focus of the Bremen Institute fortopic of the BIMAQ research, which includes in-
Metrology, Automation and Quality Science terdisciplinary fundamental and applicatiaori-
(BIMAQ) is the holistilmvestigation of optical ented research on the measurement methods
measurement systems, which includes the de-and their appliations. Current research topics
sign, realization, modelling, characterizationcover taskfrom production engineering, mate-
and, finally, the application of novel measure-rials science, wind energy systems and fluid me-
ment techniques. By applying a rigorous systemchanics.
based analysis of the measurement systems, the In addition to methodical innovations for in-
limits of measurability and the respective uncer-stance based on muldensorsystem ap-
tainty principles are investigated in order to de- proaches, one highlight at the BIMAQignique
termine and to surpass the limits of statdé-the-  laboratory for large gear metrology with a coor-
art approaches. Beyond pure measurementdinate measurement device for gears up to a
tasks, automation aspects and the plication of few meters. This illustrates the unique BIMAQ
quality controls areinvestigated as well. How- expertise regarding the metrology of large gears
ever, the core competence of BIMAQ is measand geometrical measurements with a high dy-
urement system engineering, which is a key disnamical range. Ftimer laboratories and equip-
cipline for solving technical and overall socialment exist in the BIMAQ main building and the
challenges. BIMAQ technicakenter, for instance for the

A key challenge is to obtain informationsitu ~ analysis of the surface topography and strain
or in-process from highly unséely or complex down to the nanometre scale, for thermo-
technical processes. For this purpose, medelgraphic flow analyses from long distances of sev-
based, dynamic measurement systems are a kegral hundred meters and for lasdyvased flow

measurements.
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Participation in scientific committees and associations

Member Short Name ScientificCommittee/ Association
BIMAQ AUKOM AUKOM Ausbildung Koordinatenmesstechni¥.e.
AndreasFischer CIRP International Academy for Productionrigineering
AndreasFischer DGaO Deutsche Gesellschaft fir angewandte Optik
AndreasFischer AHMT Arbeitskreisder Hochschullehrer fiir Messtechnik\é.
AndreasFischer Forwind ForWindg Zentrum fir Windenergieforschung
AndreasFischer MAPEX Center for Materials and Processes
AndreasFischer BEST Bremen Research Centre for Energy Systems
AndreagFischer SPIE The International Society for Optics and Photonic
AndreasFischer EOS European Optical Society
AndreagFischer Optica The Optical Society
AndreasFischer IEEE Institute of Electrical and Electronics Engineers
AndreagFischer VDI Verein Deutscheingenieure
AndreasFischer GALA Deutsche Gesellschaft fur Lagememometrie
AndreasFischer Regelungstechnisches Kolloquium in Boppard
AndreasFischer WGP Wissenschattliche Gesellschaft fir Produktionstechnik
GertGoch WGP Wissenschattlich&esellschaft fur Produktionstechnik
MichaelSorg DEMRS [S)istts;rtlgci?]:ichngsvereinigung fur MeRegelungsund
MichaelSorg E:\:I]\é\/ul-;cgz;rcehgg?gieetﬁwerke Energie: Systemanalyse, Stromnetze
Dirk Stébener MAPEX Center for Materials and Processes
Dirk Stébener VDI Verein Deutscher Ingenieure
Dirk Stobener VDI FA 3.61 | VDI Fachausschuss 3.61 Messen an Zahnradern und Getrieben
pooton Fregerg | A (O e Tigng Arireosiecice. .
Axelvon Freyberg DEMRS Deutsche Forschungsvereinigung fur MeRegelungsund

Systemtechnik ev.




g0 Laboratory We dfer standardized measurement and eval-
S for dimensionalmetrology uation procedures as well as custorrggrecific so-
lutions, such as the evaluation of advanced fea-
tures or the digitization of a component meas-
urements on windurbines during operation

BIMAQ's infastructure features a variety of
modern highprecision measurement systems.
The equipment ranges from tactile coordinate,
gearing and roughness measuring deviltesp-  gervices

tical systems like stripe pattern projection laser A gevelopment of measurement and evalua-

triangulation and terrestrial laser scanneras tion strategies
well asthermal, magnetic and acoustiaqbing A acquisition and analysis of dimensional devia-

yses. Tke equipment is used for the calibration A characteriation of thesurface quality tactile

ment and sensor systems, but it is also the basig gear nspection
for measurements within research projects andA gyrface integrity analysis non-destructive
for the regional industry. and noncontact
BIMAQ conducts form, size and location testsi grder/reference measurements
on very small to very large componentse. di-
mensions of a fewnillimetresup to 200meters Contact:a.freyberg@bimag.de

f

Tactile measurement of a&xis milled gear segment
7
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o0 Laboratoryfor large gears
3 (in BIMAQTechnikum)

To calibrate large gearsurrently no appropri-
ate standards exist, that allow the traceability of
the test processes to the S| ulifteterQuith suf-
ficient accuracy. In close cooperation with the
National Metrology Institute of Germany (PTB)
BIMAQwas involved in developintarge gear
standards with a diameter of 2000 mm and
more.

Furthermore, BIMACanalysesthe causeef-
fect relationships between gear manufacturing, . _ _
geometric deviations and occurring gearboxA measurlnguncert_alnty.
damagesAlso, special test rigs for lightweight | MPEE:_(1'3 * (L in mm)/400) um
gears were estableed. In the field of quality in- A workpiece mass
spectionof gearsalgorithms are developed in or- . max.6,000 kg

der to evaluate dimensional measurement data. A rotary tgble _
for rotation-symmetric components up to

Measuement ona 2 m gear standard
gAGK slargeCMMW

Technicabpecifications 3.0m diameter

Portal coordinate measuring machine Leitz A air conditioning

PMM-F 30.20.7: maximum temperaturgradients
A measuring volume: 0.4 K/h,0.8 K/d, 0.2 K/m

3.0x2.0x0.7m3 _
Services

A order/reference measurements

A analysis and evaluation of geometric devia-
tions

A development of measurement and evalua-
tion strategies

A calibration of insidesensor systems

A software development

Contact: a.freyberg@bimag.de
8

Tactile measuremertf large cylindrical gearing



en  Laboratory
S for optical metrology

The laboratory fo optical metrologyfocuses on
two mainresearchfields: in-process measuring
methods andsurface integrity evaluation.

Theinvestigation ofm-process measurement
methods focuseson the surface assessment
with scattered light and other optical methods
as well as the determination ¢tfhermo mechan-
ical workpiece loads during manufacture.

The used light scattering methods allcav
fast, in-process determination of statistical sur-
face characteristicsometimeswithout detect-
ing the actual topography of the component.

Suchproceduresare applied fo investigate fast Enablingwhite-light interferometryfor fast moving

moving component surfaces in the manufactur- syrfaces: neviateral scaning at a moving surfaggop),
ing process. In additioto assessing the mean  slow vertical scanning at rest as refererfbettom)

. [Behrends at al., CIRP Annals, 2022].
roughness in the observed measurement spot,

statements about structure heights and widths Services
as well as inidual defect classes of compo- A basic research for new measurement metisod

nents are possible. Ese evaluatiors are ap- A feasibility studies on theearprocessapplica-
plied not only for structure sizes above the opti- 10N of measurement principles, particularly in
cal wavelength, but also for structursizesbe- ~ Manufacturing ad heat treatment processes
low the optical wavelegth in the nanometre A dévelopment of measuring mediuls for indus-
rangeusingthe rigorous scattering theory based  trial applications

on MaxwelQ Zquations. The measurement A smulation and measurement of light scatter-
methods are investigated with simulative and N9 on micreand nanestructured workpieces

experimental approacheso understard and to assess the structural quality
surpass current limits regardingieasurement A non-destructive surface integrity/topgraphy
resolution and uncertainty as well as to opep checkingand material characterization

new appleation fields Contact: d.stoebener@bimagqg.de

9
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o0  Laboratory

- for ﬂOW metr0|09y 10 .-...nlllllllln...
. . ..nll‘l"""'lll-.
The three velocity components of a flow field § Lasnt ittt
. . . Loasttitttittne,...
can be determined in a measurement plamith : 8 [...atitittne....
a stereoscopic particle image velocimetry (PIV)58 :::mm::
i i i ) b .eati ittt tene....
system, which is thecentempiece of the S 6 [t
laboratory forlaserbased flow metrology. The o .....nm:n......
. . « bsaaal ' ftaaa
particlebased measurement technique is [ 8 _,__..:mn:...___
applied in challenging conditions, @, hot jet § > 4 ::m::
flows, flame flows or twephaseflows. The main  [EEEEEEEF: " u—.. & @ = - .:: ;:. .....
research topic is to quantify the measurement 2 bt :.. ......
uncertainty caused by the fiuence of j:'::::::n::::::::
inhomogeneous refractive index fields. These | o L ffenenese-
fields lead to varying image distortions and @ ) 0 2
thus, measurement deviations of the particle § < T in cm
position. The unertainty budget for the PIV raw image (left) and meaelocity field (right)
determined velocity fieldsare obtainedfrom of a flame flow

modektbased error propagatiors of the _
Technicatata

simulative and experimentally investigatedD thead PIVL ol E
refractive index field. Theanalysis of the 'ua ea aser (Quantel Evergreen)
A pulse energy: 2x200mJ

measurement uncertaintpudgetis a key topic
. , , A wavelength: 532nm
to identify and finally overcomgundamental .
A pulse rate: 15Hz

limits of measurability A pulse lenath: <10
pulse length: ns

A light guide arm: 2.1
2 xsCMOS cameras (Andor Zyla)

A resolution: 5.5Mpixel
A pixel width: ~ 6.5um
A dynamic: 16 bit

Contact:a.tausendfreund@imagq.de

Stereoscopic PIV systel

10



oo Laboratory
3 for thermography

Boundary layeflow 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 thermographiamaging system. BIMAQ \
offers thermographic mesurements of rotor

blades on wind turbines in opetian. Measure ImagelRhermographic imaging system
ments are conducted in aperation with the
Deutsche WindGuard Engingsy GmbH in

Bremerhaven. Measurements can be perfaun
from a distance between 60 and 500m.

Services

A determination of the laminar/turbulent tran
sition location

A detection of early laminaturbulent transit

Technical data ion due to lealing edge containation, ero-
ImagelR thermographic imaging system: sion, manufactiring irregularities or the ef-
A high speed IR imaging system fects of leading edge protection
A thermal resolution: 0.02K A analysis of impact of leading edge protection
A spectral range: 25> Y on the boundary layer flow
A detector format: 640x 512 pixel A inspection of vortex generators, zigg tapes
A focal length incl. telephoto lens: 200 mm and other flow control devices
A integration times between 1 ps A investigation of tle feasibility of anticing

and 1600 ps and deicing systems

—actual transition - - — - natural transition r

o

position Y in m
(=] —

280.0

1

o0

]

=)
temperature 7' in K

35 30 25 20 15 10 5 0 278.0
rotor radius r in m

Evaluated thermographic image of the rotor blade of an
1.5MW wind turbine with a 77 rotor diameter
11
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Boundary layeflow visualization 1

in wind tunnel experiments a” 4 pressure

ly 2 NRASYNGSEAIAIFGS GKS 6:5 08 3 fﬁ‘:r‘;if;:phy 15
LIKSY2YSyl 2y FANF2ALt AZE St
adZNBYSyd | LILINRLF OKS& F NEZ 067 1LX A S
¢KS NBaSIHNDK F20dza | NB:Z FGA2
(SOKYAljdzSa ol 88SR 2y G(KEE 04 1KS 7T
SELISNAYSyiGa sAlK Ga@2 - IAy
18aiG8ya NB LISNF2NYSRE 02} s

2 Ay RD@Z NIRSN2 I O02daiA 0 ¢ ¢

. NBYSNKI @Sys gKSNB fFY} o : : : - & LIS ¢
2F dzlJ (2 ocnwl¥yEE RyRrRy 0 - 05 1015
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Technical data

VarioCam hr:

A detector format:640 x 480 pixel
A thermal resolution: 0.03&

A spectral range: &-14>m

A focal lengths: 15 mm and 30 mm

Thermographic flow visualization
on an airfoil in the wind tunnel

YAt fAZYy Oy,

angle of attack « in °

0.> 4.5 N Uu> KW "
elative posmorFX o?theﬂammarturbulent transition
on the chordas afunction of the angle of attack

ImagelR:

A detector format: 640 x 512 pixel

A thermal resolution: 0.02K

A spectral range: 25 >m

A focal lengths: 12 mm, 25 mm, 100 mm and
200 mm

Services

A localization of the laminaturbulent transi-
tion with a measurement uncertainty &5 %
chord length

A visualization of flow separations

A automated evaluation of wind tunnetam-
paigns

A comparison with reference measurements
and simulation data

Contact:m.sorg@bimag.de
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