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Turbine blades

Combustion
chamber (Case)

Turbine engines are highly specialized aircraft components
that must meet enormous safety criteria. These are precision
components with complex geometries and tolerances in the
sometimes single-digit µm range. Functional component features such as micro bores for cooling holes or defined broken
edges on highly stressed components contribute both to increased efficiency and to the safe operation of these high-performance systems.

Fan blades

»»

Dimension, position, shape and roughness with
just one optical sensor

»»

Small radii and angles also at large measuring
volumes

»»

Steep flanks & components with varying
reflective properties (polished, shiny surfaces)

»»

Components with different surface finish or
coating

»»

Full form measurement

»»

Profile based and area based surface roughness
parameters

»»

Measurement of vertical surfaces using
Vertical Focus Probing

Position

Lengths and diameters can be measured optically using the principle of
Focus-Variation. In regard to dimensional measurement, this represents an
alternative to tactile methods.

Position measurements often have tolerances in the
single-digit μm range. Combined with small features,
these are very complex to measure. The combination
of optical probing with Focus-Variation and high-precision axes enables user-friendly and precise measurement of the smallest position tolerances.

Ø 10 ± 0.05

The more functional properties turbine engines have, the more
complex their geometry becomes. This means not only a more
complex production, but also new demands on the measuring
technology for quality control. Dimensional component characteristics are to be measured automatically, in high speed and
accuracy, traceably, repeatable and, ideally, production-integrated. One way to meet these new metrological requirements
is the use of high-resolution, optical 3D metrology.

Measurement advantages of
Focus-Variation:

Dimension

A
0.05 A

Disc

Advantages of optical metrology
using the example of FocusVariation
The greatest advantages of optical and thus non-contact
methods include, among other things, the area-based instead
of profile-based measurement of surfaces and the increased
accessibility of geometries that are difficult to measure tactilely. There are several optical technologies for surface roughness
measurement and dimensional measurement available on the
market. One of the most established technologies in industrial
metrology is the principle of Focus-Variation. The small depth
of focus of an optical system is used to extract depth information of a surface.
The special feature of this technology is that it combines the
functionalities of a roughness measuring system and a coordinate measuring machine. For the user, this means being able
to measure shape, dimension, position and roughness with
high accuracy using just one sensor. Thus, Focus-Variation
closes a gap between common 3D coordinate metrology and
current surface metrology.

4 Non-contact and highly accurate measurement of critical turbine engine components
© by Bruker Alicona

0.005 A

Blisk

Ø 10 ± 0.05

Challenges
for manufacturers

0.01

Roughness

Shape
Focus-Variation offers non-contact, highly accurate measurement of minimal deviations of a
nominal geometry.

Ra 0.4

0.02 A
0.005

In addition to shape measurement,
Focus-Variation also enables the
measurement surface roughness
profile based (ISO 4287) and areal
based (ISO 25178).

Focus-Variation enables the measurement of dimension, position, shape and roughness of even complex geometries with just one optical sensor.

For 2D measurement solutions such as profile projectors, a pure
projection is measured. In comparison, Focus-Variation measures the true 3D surface of a component, which means that
considerably more data is captured from a surface. In addition,
the EN ISO-certified technology has a low sensitivity to vibration
or ambient light. This means that even in a production environment, robust and repeatable measurements can be achieved.

Vertical Focus Probing, an extension of Focus-Variation, also allows lateral probing of vertical surfaces. This technology, based
on the use of a partial light cone, thus permits the measurement
of micro holes or lateral reference surfaces, and is a unique feature among optical technologies according to the current state
of the art.
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Application of
Focus-Variation in
Quality Assurance
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Such defects are ultimately a danger to
the operation of the turbine engine. Especially for highly critical components
such as fan blades, compressor discs,
turbine blades, blisks (Blade Integrated
Disk) or turbine cases, high demands are

The broken or rounded edges must lie
within narrowly defined tolerances. The
geometries to be examined are often
only a few tenths of a millimeter in size
and can only be measured with great
effort. Tactile solutions in combination
with replica measurements often cannot
measure form deviations satisfactorily and reliably or are associated with a
large amount of work.
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0.2

Measure

No partial radius smaller than min radius profile

Focus-Variation is suitable here from
many respects, in order to optically measure the areas that need to be examined.
It also allows the measurement of very
shiny areas with steep flanks and captures the geometry with high resolution.
This enables the precise measurement
of even small form deviations and the
automatic evaluation of the defined profile according to relevant industry standards (e.g. ASME).
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fractures or cracking can occur.
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Dimensional measurement of
leading and trailing edge

Defect measurement
Even small defects in components (e.g.
rotor blades) or component assemblies
(e.g. motors) can have critical effects on
safety, as a concentration of stress is
created here. The maximum depth of a
defect determines whether the component needs to be repaired or disposed
of. Heat development, which can lead
to the melting of the turbine, as well as
crack formation can be consequences of
insufficient quality control due to inadequate measurements.

The correct edge geometry at the leading and trailing edge of a turbine blade
ensures optimized aerodynamic properties, which should result in increased efficiency with lower fuel consumption. The
opening angle at leading and trailing edges is typically rather sharp and difficult
to measure with conventional methods.
Due to a special illumination technology,
Focus-Variation delivers accurate results
even on steep flanks and is therefore a
suitable method to measure this special geometry. In contrast to other technologies, light from different directions
positively influences the measurement
result. This means that the maximum
measurable flank angle is not limited by
the numerical aperture of the optics.

The airfoil measurement shows the edge rounding at the
trailing and leading edge of a turbine blade.
Left: 3D data set and deviation representation of a fir tree structure. The data set was aligned to the
CAD model. Right: The cross-section shows the profile deviations.

Focus-Variation makes it possible to
quantitatively detect surface defects as
well as component edges and visualize
them in 3D. Typically, the technology is
used to measure width, length, depth
and volume of fractures, scratches, etc.

Name

Value

Dataset

Turbine blade

# Sample

1

Timestamp

23.11.2017 15:35:37

Objective

5x

Lateral resolution

8.39 µm

Vertical resolution

2.00 µm

Minimum area [µm2]

1.2000E+3

Maximum area [µm2]

1.0000E+212

Minimum depth [µm]

10.00

Minimum height [µm]

5.00

Name

Unit

Description

#D

#

Number of found defects

Max_D

µm

Maximum depth

Max_L

µm

Maximum length

Max_W

µm

Maximum width

Max_Vb

µm3

Maximum volume

Defects on fan blades, compressor discs,
turbine blades or blisks (Blade Integrated
Disk) or the turbine case can have critical
effects on safety.

3D measurements make it possible
to detect and quantify defects on
surfaces and edges. Length, width,
depth and volume are measured.
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Automatic measurement of cooling holes

Monitoring coating processes

Air cooling avoids dangerous heat damage to the turbine blades. In this process,
cooling air is blown through specially
shaped cooling holes or cooling bores in
the turbine blades. The air forms a thin,
cooling and insulating layer between the
combustion gases and the turbine blade
and thereby prevents the material from
overheating. For quality control of cooling holes, it is important to ensure that
the angle, size and shape of up to 500
cooling holes, some of which have different shapes, correspond exactly to the
respective CAD data set.

Turbine blades are coated to increase
wear resistance. In addition to the correct layer thickness, the surface roughness both before and after the coating
also plays a decisive role. The roughness of the surface to be machined
ensures that the coating adheres well.

The measurement of the cooling holes
at different positions can also take place
automatically, which is implemented using a CAD/CAM interface.

Hole angle

Diameter 1

The roughness after the coating has an
influence on the blades´ aerodynamics.
Focus-Variation is used to measure both
roughness and layer thickness. The latter
is implemented by difference measurement before and after the coating pro-

cess. Roughness parameters are
determined either profile-based
(Ra, Rz, Rq, ...) or area-based (Sa,
Sz, Sq, ...).

Coating processes to increase wear resistance are tested by measuring
roughness and layer thickness.

Diameter 2
Diameter 3

Focus-Variation enables non-contact, automatic measurement of the
geometry and position of cooling holes.

Coating thickness [µm]

Focus-Variation is used to measure the
geometry and position of the cooling
hole. Also, the transition from the outer
surface of the turbine blade to the bore-

hole is measured. Of particular interest
are hole roundness, diameter and various angles at the transitions. Deviations
from the nominal geometry are displayed
immediately.

min.

max.

Focus-Variation enables both area and profile-based
roughness measurement.

Coating thickness profile

3D data set

Deviation from CAD model

Aircraft components are often provided with data matrix codes
to achieve reliable traceability. These codes are usually applied
by laser and are based on DIN EN 9132 (Data Matrix Quality
Requirements for Parts Marking).

» Digital measurement planning
A CAD/CAM connection enables the definition of measuring points, measuring directions etc. already in the CAD
model of the reference part. The CAD/CAM software calculates the necessary commands for a correct positioning
of the component in the measuring system. A simulation
enables the preview of the measurement process to be car-

Verification of Data Matrix Code in 3D

ried out and thus supports reliable measurement planning.
The manual definition of the measuring positions on the
component thus becomes obsolete. This is an attractive
solution especially when a large number of measuring positions have to be defined and taught in on components with
complex geometries or free-form surfaces.

The verification of the data matrix codes is achieved via a
three-dimensional measurement of the surface. This way,
points in size, shape and depth are checked. The point depth
measurement ensures that the marking depth matches the
corresponding specifications (between 20 and 100µm). Axial
displacement and eccentricity are other features being measured.
Surface measurement to check point size, shape and depth of a Data
Matrix code. Here the measurement shows green = ok, red = not ok.
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Cutting edge measurement on tools
Due to high thermal and mechanical
loads, machining tools used in aviation
can often only be used in production for
up to 10 minutes. In the worst case, cutting edge defects lead to tool breakage
or defects on the workpiece. They can be
a result of incorrect machining parameters, inadequate edge preparation or
inaccurate adjustment of the tool to the
material. Rejects are costly, as they mostly consist of high-quality titanium alloys.
Appropriate tests and quality assurance
through measurement technology help
to optimize the service life of the tools.

Full form measurement

Focus-Variation offers fully automatic
measuring solutions for cutting edge
measurement both in production and
in development, e.g. for prototype construction. All measurements are robust,
in high-resolution, traceable and repeatable, regardless of their location. Additional measurement options such as
roughness measurement, measurement
of edge break (according to ISO 13715)
and burr measurement offer extended
possibilities for numerical evaluation of
edge quality.

A complete, 3D measurement of a
tool is implemented by the so-called
“Real3D” technology. 3D measurements
from different directions are combined
to a full 3D dataset. Thus, for example,
shape deviations from the CAD dataset
can be easily recorded, quantified and
visualized.

Automatic wear
measurement

Conventional 2D measurement is based
on a manual and subjective evaluation.
However, this method shows an increased measurement uncertainty. In
comparison, 3D data enable the standard-compliant evaluation and visualization of the defect on the tool, which
makes the actual wear identifiable and
measurable. In addition, the course of
wear over a defined period of time can
be displayed in high resolution using animated 3D data sets and profiles.

of cutting tools

The Bruker-Alicona whitepaper
“Are Your Cutting Tools Competitive?” shows how optical 3D
metrology can identify ideal tool
and machining parameters to increase service life of tools.
Whitepaper Download:
www.alicona.com

One of the tasks in tool manufacturing
is the numerical verification of wear behavior and wear processes. Based on
high-resolution 3D measurement data,
Focus-Variation can be a suitable solution.

Focus-Variation is used to measure,
among other things, radius, clearance
angle (α), wedge angle (β), chipping angle
(ɣ), edge symmetry (K) and negative/
support chamfer. The projected chamfer
length, true chamfer length and chamfer
angle are also measured.

» Whitepaper:
Quality parameters

Automatic 3D measurement of tool wear
Automatic cutting edge
measurement to increase
tool life
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Possibilities of
Artificial Intelligence
Optical measurement technology is increasingly supplemented by artificial
intelligence (AI). One aspect that AI can
cover, is the implementation of image
analysis applications for automatic segmentation and classification of surface
features.
Intelligent, self-learning algorithms are
the basis for characterizing, segmenting, analyzing and classifying surfaces.

Subsequently, relevant parameters for
surface evaluation are automatically derived and evaluated.
An essential advantage of this intelligent problem-solving behavior is that
time-consuming manual activities can
be replaced. Relevant surface features
no longer have to be manually limited to
a measurement dataset, subjective misjudgments are thus minimized.

Evaluation of
laser treatment

For example, AI can independently select
measurement areas, automatically carry
out measurement planning and create
measurement programs.
In practice, solutions are currently available for the assessment of shot peening
processes and for the evaluation of laser processes.

Surface treatment by laser is intended to increase the safety of cleaning
processes in preparation for the
following surface processes such
as bonding or passivation. Part of
quality assurance is to verify whether a component has been treated
with the correct laser intensity. Since
the laser intensity coupled into the
component depends not only on the
beam power of the laser itself, but
also on the surface reflectivity of the
component, simply monitoring the
laser output power is insufficient.
A direct analysis of the 3D surface
structure of the lasered component

using algorithms that have automatically learned the correct structure
from positive and negative examples can reliably solve this task.

Evaluation of a lasered surface
structure. Above: 60% and thus
insufficiently lasered surface;
below: 100% and thus sufficiently
lasered surface.

Evaluation of shot peening processes
Shot peening is one of the most effective
methods of improving fatigue resistance
and preventing microcracks.
As of today, the Almen Strip Test is a
common method for the analysis of irradiation intensity. During one process cycle, the Almen Strip, consisting of spring
steel, is shot peened. The processed surface is formed into an arc. The blasting
process is then evaluated by manually

05 T

67.5%
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Left: Automatic evaluation of the degree
of coverage of blasted surfaces and verification of the necessary processing time
and shot intensity.

measuring the sheet height. Here the irradiated surface is not directly assessed,
e.g. by determining the percentage affected by the abrasive. The irradiation
process is characterized only indirectly
by the curvature of the Almen Strip. Such
indirect tests, performed by different users, show measurement deviations of up
to 15%.

blasted surfaces and the verification of
the necessary processing time including
beam intensity. The repeatable, precise
measurement takes place directly on the
component and creates a direct evaluation based on metrological data.

This cumbersome, inaccurate test can
be significantly improved. The combination of image analysis applications and
3D metrology enables the automatic
evaluation of the degree of coverage of
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Automation capability of
optical sensors with
Focus-Variation
Modern production facilities, in which
machines and measuring technology
are networked, should enable adaptive
production planning or self-controlling
production. The Smart-Manufacturing
production concept requires measurement technology to be integrated directly into production and to be part of
a networked, communicating production
chain. Measuring sensors detect faulty
components, this information is automatically fed into the production cycle
and production adapts or corrects itself

automatically. Industry standards such
as TCP/IP, Modbus/TCP or Remoting
allow the flexible integration of measuring systems into existing production
systems without programming effort.
Measuring equipment and production
machines interact fully automatically
and carry out independently taught-in
measuring and testing programs. This
also includes sub-processes such as the
automatic clamping and unclamping of
components from a production machine
and the equipping of the measuring

ERP

BUSINESS ADMINISTRATION

CIM

PRODUCTION PLANNING
.netRemoting

CAD CAM

LabView

INTERFACES

PRODUCTION/
LINE
Measurement devices

Machining centers
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system with a robot. Even measuring
without clamping, e.g. directly in the machine tool, is possible. This works when
a measurement sensor is combined with
a collaborative robot arm and the sensor
is automatically manipulated into a machine tool.

Example from practice: Combination of optical
measurement technology and collaborative robots
Collaborative robot systems (Cobots)
enable high-resolution, automatic measurement of micro-structured surface
features (e.g. defects, break edge) on
large components. This includes the
quality assurance of turbine disks,
blades and cases.
The combination of a collaborative robot arm, robust measuring technology,
simple operation and automation make
Cobots fully production-ready. The operation is designed so it can be programmed in just 3 steps. Control and
measurement are fully automated, the

user receives a measurement protocol
with ok/ not ok data.
Some of the most popular applications
are measurements in the field of MRO
(Maintenance, Repair and Overhaul).
Cobots can achieve time savings of
between 40% and 70% in defect measurement, for example, by replacing
expensive and time-consuming measurements with replica measurements.
Developments in the field of automatic
defect detection based on AI will further
maximize this potential.

Turbine Cobot
is used for the automatic measurement
of break edges on turbine cases. Up to
500 measuring positions are taught-in
and measured automatically.
Measurement processes, which up to now
have mainly been applied in a measuring
room, are integrated into existing production
planning and control systems (CIM - Computer Integrated Manufacturing), including ERP
systems. Directly related production data enable adaptive production planning, contributing to efficient company management.

Integration into production programs is ensured through interfaces such as .net Remoting, Labview Interface and a CAD/CAM
connection.
High-resolution optical measurement sensors
can be flexibly integrated into the production
line according to the specific application.
Components can even be measured directly
in the machine tool.

Cobots

meet several
requirements to be used in
production:

»» Robust technology
Focus-Variation, which
achieves repeatable
results also in a production environment
»» 3D measurement of
microstructures on large
components, in high
accuracy
»» Automated, unmanned
measurement and test
processes through automation interface
»» Interfaces for connection
to existing production
systems

Disc Cobot
is designed, for example, to measure break edges on turbine disks weighing up to 120 kg. Manufacturers thus prevent sharp edges, which can lead to safety deficiencies.

Compact Cobot
is a universal solution for the measurement of micro-structured surfaces on large components. Optionally, the Cobot
can be placed directly next to a machine tool to measure
tool and workpiece directly in the machine (no clamping).

»» Modular application
and positioning options,
e.g. directly next to the
machine tool for automatic measurement of
tool and workpiece in the
machine (measurement
without unclamping)
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Roughness parameters, area-based

Bruker Alicona as
Solution Provider
Production metrology must ensure both
the quality of a manufactured component
as well as process quality. Measurements
in high repeatability, traceability to national and international calibration standards,
compliance with global standards and low
measurement uncertainties are further decisive factors that determine the quality of
a measurement.

Below an overview of selected measurable parameters is provided:

Average height of selected area

r

Radius

Sq

Root-Mean-Square height of selected area

Rmean

Mean value of the radii of all single profiles

Sz

Maximum height of selected area

Sα, Sγ

Distance between the apex (intersection of
both chain dotted lines) and the end of the
clearance or chipping roundness, respectively

Smr1

Peak material component, the fraction of the
surface which consists of peaks above the
core material

Δr

Shortest distance from the intersection of
the chain dotted lines to the fitted circle.

Rcl

Ellipse-radius clearance face

Smr2

Peak material component, the fraction of the
surface which will carry the load

Rch

Ellipse-radius chipping face

Spk

Reduced peak height, mean height of the
peaks above the core material

γ

Chipping angle

Svk

Reduced groove depth, average depth of the
Profile valleys below the core area

α

Clearance angle

β

Wedge angle

Vmc

Material volume of the core area of the
surface

K

Edge symmetry
Edge symmetry based on areas

Vmp

Peak material volume of the topografic
surface (ml/m²)

Ka
W

Edge width

Vvc

Core void volume of the surface (ml/m²)

Vvv

Valley void volume of the surface
(ml/m²)

Roughness parameters, profile-based

Dimensional parameters Defect parameters
Profile nose

Number of defects found

Trailing edge

Maximum depth

Skeleton line, curvature line

Maximum protected area

Profile curvature

Maximum true area

Tread chord

Perdent of defect area

Maximum profile thickness

Maximum length

Profile centre

Maximum width

Profile shape deviation

Maximum defect volume

Profile rotation

Break edge
Radius
Measurable parameters

Sa

Bearing area curve

Bruker Alicona’s optical measurement
solutions based on Focus-Variation provide turbine engine manufacturers with
suitable measuring equipment to efficiently implement quality assurance in surface
roughness measurement and dimensional
metrology. Users benefit from the possibility to measure dimension, position, shape
and roughness of complex geometries
with tight tolerances in high accuracy using only one optical sensor.

Partial radius

Profile & tangent points
Geometrical features within a
Special shapes (e.g. transitions at
tolerance zone
tangent points)

La1, Lb2, La2, Length of honing width projected to
chipping/clearance surface
Lb2, Lb3

Wear parameters
Difference measurement

Ra

Arithmetic mean roughness value

Dmin

Minimum deviation to reference surface

Rq

Quadratic mean value of profile
roughness

Dmax

Maximum deviation to reference surface

Dmean

Mean deviation to reference surface

Rt

Total height of the roughness profile

Vp

Volume of peaks above reference surface

Rmax

Maximum height of the roughness
profile within a single measuring
section

Vv

Volume of valleys below reference surface

Vdp

Rz

Average height of the roughness profile

Volume of peak defects extending
above tolerance

Rp

Height of largest profile tip (roughness
profile)

Vdv

Volume of valley defects extending below
tolerance

Depth of the largest profile valley
(roughness profile)

VB

Flank wear at current position

Rv

VBmax

Maximum value of flank wear

Bearing area curve
Rk

Core roughness depth, height of core
area

Rpk

Reduced centre height

Rvk

Reduced groove depth

Rmr1

Material portion, the portion of the
surface consisting of peaks above the
core area

Rmr2

Material proportion, the proportion of
the surface that bears the load

Minimum & maximum radius
Tangent length

Cutting edge parameters

VBmean Average

value of flank wear

Inflection points
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