
APPLICATION BROCHURE

 BLADE AND BLISK MEASUREMENT
INSPECTING AEROENGINE COMPONENTS  
WITH ULTRA-HIGH ACCURACY CMMS
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Tailor the System to the Task
Critical turbine parts like blades and blisks are highly 
complex and subject to the strictest quality assurance 
requirements. Every detail and every dimension must 
be checked and documented. To achieve this, it is 
crucial that the measurement solution can be perfectly 
integrated into the production process and that the entire 
inspection system – coordinate measuring machine 
(CMM), sensors and measuring software – can be 
adjusted to suit individual demands.

Like a modular system, Hexagon Manufacturing 
Intelligence offers the option of building a tailored 
solution, with each individual element of the measuring 
system selected according to specific requirements.

The CMM can be selected based on the degree of 
accuracy and the measurement environment. The probe 
system selection is defined by whether measurement 
must be tactile and/or optical. Thanks to a whole host of 
options, the measuring software also supports an ideal 
system configuration.

MEASURING TURBINE  
COMPONENTS

Hexagon’s ultra-high accuracy 
CMM range offers optimum 
customisable measurement 
solutions for all kinds of  
precision aircraft engine 
components, such as:

•  Blades
•  Blisks
•  Discs
•  Curvic couplings
•  Camshafts
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HIGHLY ACCURATE, FLEXIBLE 
AND ULTRA-EFFICIENT
The measurement of blades and blisks is extremely demanding. This is why only the most 
accurate, efficient and reliable measuring systems are used. Hexagon Manufacturing 
Intelligence offers measurement solutions optimised for a variety of different requirements 
and environmental conditions.

These solutions have been in use at well-known companies in the industry for many years.
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COORDINATE MEASURING MACHINES

Coordinate Measuring Machines for Every Requirement 
The decisive factors in selecting a CMM are the field of use, and the required 
accuracy of the measured workpieces.

Maximum Accuracy
Maximum measuring accuracy requires the controlled conditions of a measurement 
laboratory. Under these conditions, the Leitz Infinity and Leitz Ultra CMMs can 
reach their full potential and deliver measurement results with unrivalled precision.

Flexible Measurement Solutions
Measuring rooms offer stable environmental conditions for demanding 
measurement processes in day-to-day operations. The Leitz PMM-C and Leitz 
Reference product lines are the perfect measurement solutions for complex 
measurement tasks in this environment.

Rugged Design
When used directly in production, measuring systems must be able to reliably 
compensate for temperature fluctuations while withstanding the harshest 
environmental conditions. Shop-floor measuring systems such as the Leitz SIRIO 
are specifically designed for these requirements.



LEITZ PMM-C
FOR MAXIMUM ACCURACY
CMMs of the Leitz PMM-C line enable manufacturers to achieve short 
measuring times and high process stability. They are characterised by 
high accuracy and a closed-frame design with a fixed bridge and moving 
table. This machine design is the basis for the outstanding accuracy and 
high dynamics of the Leitz PMM-C. A variety of options and broad selection 
of optical and tactile sensor options enables optimum fulfilment of the 
measuring task.

The Leitz PMM-C line also includes the Leitz Infinity and Leitz Ultra models. 
These models were designed for use in measurement laboratories where 
optimal conditions for reference measurements prevail.

The efficient solution for  
ultra-accurate testing of  
highly-complex components 
such as blisks, is comprised of:

•  High-accuracy Leitz PMM-C 
CMM

•  Integrated rotary table
•  Tactile and optional  

optical sensors
•  QUINDOS measuring software
•  Offline programming option 

with I++Simulator
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LEITZ REFERENCE 
FOR FLEXIBLE USE
Flexibility and high throughput characterise the CMMs of the Leitz Reference 
line. Its classical design with a moving bridge and the ability to use a large 
selection of tactile and optical probe systems enable the optimum utilisation 
of the measurement volume.

Optionally, a Leitz Reference can be equipped to handle an expanded 
temperature range. This enables use directly in the production environment 
as well.

An innovative machine 
configuration is used for the 
non-contact and deformation-
free measurement of complex, 
sensitive components:

•  High-accuracy Leitz Reference 
CMM

•  HP-O optical interferometric 
sensor, ideal for the non-
contact measurement of 
metallic surfaces

•  Indexing head to position the 
sensor in almost any way 
necessary



LEITZ PMM-F /  
LEITZ PMM-G
FOR LARGE-VOLUME COMPONENTS
With a high measurement throughput and high accuracy, the Leitz 
PMM-F and PMM-G coordinate measuring machines are the optimum 
measurement solution for large-volume precision workpieces 
characterised by their complexity. These large components require 
long measurement paths like those covered by Hexagon Manufacturing 
Intelligence high-accuracy gantry CMMs, which are characterised by an 
outstanding level of accuracy and performance normally only found with 
smaller 3D CMMs.

 For the measurement of 
complex, large-volume 
components, the Leitz PMM-F 
and Leitz PMM-G can be 
equipped with: 

•  Tactile probe heads especially 
for long styli extensions

•  SENMATION, the intelligent 
sensor automation system, for 
the use of optical and tactile 
sensors within one 
measurement routine
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An optimised solution for high-
speed in-production optical 
measurement of composite parts 
might include:

•  High-speed Leitz SIRIO BX 
measurement solution 
including rotary table

•  PRECITEC S chromatic confocal 
white light sensor

•  SENMATION SX automated 
sensor changing system to 
switch between tactile and 
optical measurement sensors

LEITZ SIRIO 
FOR THE SHOP FLOOR
If high throughput during measurement in the immediate vicinity of the 
production environment is required, the Leitz SIRIO is the ideal solution.  
High measuring speed, four-axis scanning and outstanding temperature 
stability guarantee reliable measurement results in the demanding 
conditions of production.
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ABSOLUTE FLEXIBILITY 
FOR THE OPTICAL 
MEASUREMENTS  
OF BLISKS
Absolute flexibility for the optical measurement of blisks is realised 
by the combination of the HH-AS8-OT2.5 indexing probe head and the 
HP-O interferometric sensor. The optical sensor can be aligned and 
positioned within the measurement volume in 2.5°steps. This  
combination of indexing probe head and optical sensors allows the 
ideal alignment to the workpiece. In addition, the small dimensions of 
the HP-O make access to even highly-complex parts like blisks easy. 

Using a probe changer, the HP-O optical sensor and the HP-S-X1H 
tactile scanning sensor can be used for measurement tasks.
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GLOBAL 
ADVANTAGE HTA
HIGH THROUGHPUT FOR 
SMALL BLADE MEASUREMENT 
The GLOBAL Advantage HTA features efficient, 
well-planned solutions for all phases of the 
production process, from the creation of 
measurement procedures to their validation 
and implementation in serial production to data 
recording, evaluation and management as per 
individual customer specifications.

With the GLOBAL Advantage HTA, measurement 
cycle times can be made two to five times shorter 
without compromising accuracy. The inspection 
of aerofoil, platform and root characteristics can 
be easily combined.

Flexible, non-contact measurement with  
the HP-O optical sensor is suitable for all  
metallic surfaces, from blacksmith-made  
forged items to high-gloss polished surfaces.  
If necessary, up to six different sensors with 
different alignments can be used. Even  
small and hard-to-access features can  
be recorded with high accuracy thanks to  
flexible and independent sensor alignment.
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INDIVIDUAL  
MEASUREMENT  
STRATEGIES AND  
EVALUATIONS  
Components like turbine blades exhibit a wide variety of very complex 
geometries and freeform surface characteristics. They represent a real 
challenge to the creation of a suitable measurement strategy.
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SOFTWARE

I++Simulator
3D coordinate measuring programs can be programmed offline using the 
I++Simulator from Hexagon Manufacturing Intelligence. This functions in a 
similar way to the virtual operation of automation systems for setup solutions.

The virtual scenario enables 3D visualisation of the entire process, including 
the measuring system and other accessories, such as palletising systems and 
robots. The measuring system and associated equipment can be operated and 
monitored in the virtual scenario. In addition, the user can interact with the 
virtual measurement scenario, program machine movements and carry out 
alignments on the workpiece. Offline programming is carried out in the same 
way as on the physical component – but without the downtime that is often 
associated with the setup procedure and measurement program creation.

The physical component and the CMM are not required for measuring program 
creation with I++Simulator. This means that the user is completely independent 
of the production cycle. Potential errors in the program sequence, such as 
collisions, can be identified and quickly corrected within the virtual scenario. 
In addition, it is possible to check for accessibility to the component and make 
corrections to the measurement process. This means that time-intensive 
generation and testing of new measuring programs is avoided, thanks to the 
I++Simulator.

INDEPENDENT MEASURING 
PROGRAM CREATION 
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MEASURING AND 
EVALUATING  
TURBINE BLADES 
IN QUINDOS
The QUINDOS options for measuring turbine blades 
feature a broad spectrum of measurement and 
evaluation options. Easy-to-operate functions are 
available for everything from foot measurement to profile 
measurement.

QUINDOS enables measurement processes:
•  With and without a rotary table
•  Using pallet systems
•  Of parametrised measuring programs
•  With tactile and optical sensors
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SOFTWARE

The Best Strategy for Every Requirement
QUINDOS offers the full spectrum, from simple 
evaluation to professional analysis. In the basic 
evaluation with QUINDOS Blade, a single command 
solves the entire measuring task:
•  The most important profile characteristics and 

dimensions in a single procedure
•  Execution of individual tasks, such as radius 

correction, best fit and deviation analyses as a full 
package or in separate individual mode

•  Tangent line
•  Leading and trailing edge
•  Profile thickness 

QUINDOS Blade Ultimate features expanded functions 
for the profile evaluation of blade profiles and profile 
segments:
•  Evaluation libraries and individual specifications
•  Basic and profile evaluations in 2D or 3D

•  Edge radius, maximum inscribed circle of the 
profile, osculating circle

•  Bow location, centre of mass
•  Waviness
•  Modification of the profiles 
•  Export functions 
•  PDF output of multiplots Interactive, graphical evaluation of a profile  

section with QUINDOS Blade Ultimate

Basic evaluation of a profile section with QUINDOS Blade

PARAMETRISING MEASURING  
PROGRAMS
With QUINDOS, measuring programs can be easily parametrised.
Parametrisation gives you the option of making changes to an  
entire component family by quickly and efficiently altering a  
single measuring program.
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All measurement results are logged in a graphical report:
•  Reference planes
•  Foot thickness
•  Fixturing groove
•  Tooth distance, rise
•  Rake angle and back-off angle
•  Root form at gullet
•  Tooth symmetry

MEASURING AND EVALUATING 
BROACHES FOR TURBINE DISCS  
IN QUINDOS
QUINDOS provides a standardised analysis strategy for straight broaches of a wide variety of different profile types, 
from the fir tree profile to customer-specific versions. The measurement and evaluation routine is started using 
a simple dialogue box. Parameters, nominals and tolerances are specified using a sequence of dialogues. This is 
followed by the fully-automatic creation of a CNC measuring program.

A wide variety of broach types can be measured with QUINDOS.
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SOFTWARE

MEASURING AND EVALUATING 
BROACHED SLOTS WITH A FIR 
TREE PROFILE IN QUINDOS
 

Broached slots, such as the fir tree profiles in discs, can easily be measured and evaluated 
with QUINDOS.

The following evaluations are supported:
•  3D best fit (translation and rotation), simultaneously across all flanks
•  3D best fit with asymmetric tolerance zones and weighting of the pressure flank
•  Separate analysis of the functional surfaces and non-functional surfaces
•  Geometric dimensioning and tolerance 

The measurement results are documented in numerical and graphical measurement reports.

Height 11.0
Height 0.0
Height -11.5

Tol. Lines
Nom. Line
126.7µm
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MEASURING AND EVALUATING  
CURVIC COUPLINGS IN QUINDOS
Form-fitting connections must function with absolute reliability to transmit torque in the turbine area. They can also 
be checked with the QUINDOS Curvic Coupling option.

This option enables the contact pattern to be evaluated without bluing. The pairing simulation is carried out by way of 
a digital master.

The analysis includes:
•  Graphical evaluation of the contact pattern
•  Simulation of the axial and radial runout based on the measurement data
•  Graphical evaluation of the pitch
•  Topographical evaluation using CAD data

Graphical Overview
All results are presented in a  
tooth-specific representation  
in the graphical overview.

Contact Pattern
The graphical evaluation of  
the contact pattern shows the  
measurement results separately  
for each tooth.

Digital Master 
A digital master is generated for  
pairing simulation.
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MEASURING AND 
EVALUATING GEARS  
IN QUINDOS 
The PTB-certified QUINDOS Gears option expands the area of use of high-
accuracy CMMs to include high-quality gear measuring machines.

QUINDOS utilities the basic gear parameter to generate automatically all 
moving paths, probes and scan lines for the CMM.

Determination of concentricity and pitch can be carried out via self-centring, 
scanning or single-point probing. Evaluation of the produced quality is 
carried out according to DIN, ISO, JIS, AGMA or CNOMO standards. The total 
and individual pitch can be evaluated with and without eccentricity.

Unlike with conventional gear measuring machines, a rotary table is not 
required when using QUINDOS. 

This results in:
•  Maximum accuracy 
•  Improved part throughput with pallet measurement
•  Easy handling: Two-step operation (alignment a starting the gear module)
•  Considerably reduced costs per part

SOFTWARE
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SENSORS FOR THE  
OPTIMUM MEASUREMENT 
SOLUTION 
Sensors make a decisive contribution to making a CMM the optimum measurement 
solution. The decision between tactile and optical sensors and fixed or indexing 
probe heads is directly dependent on the workpiece and measuring task.



23HexagonMI.com  |   HEXAGON MANUFACTURING INTELLIGENCE

SENSORS

Tactile and Optical Sensors 
Hexagon Manufacturing Intelligence offers a broad spectrum of different 
sensors. Tactile and optical sensors are available for the optimum measuring 
task solution. The application spectrum extends from the recording of the 
smallest geometries, to the implementation of large immersion depths with 
probe lengths of up to 800 mm, to non-contact measurement of transparent 
and sensitive materials.

High-Precision Measurements with Tactile Scanning Sensors
The Hexagon tactile sensor range stands for dynamics and accuracy. Among 
other things, it supports probing procedures for single-point probing, self-
centring scanning and variable high-speed scanning.

Measuring Demanding Materials Optically 
Optical sensors come into play where tactile sensors reach their limits. 
Thanks to non-contact measurement processes, highly sensitive surfaces 
and flexible materials can be measured quickly and easily.

Automatically Integrating Roughness Measurement
The spectrum of sensors is complemented by the PROFILER R roughness 
sensor, which can be fully-automatically integrated into the measurement 
process.
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TACTILE SENSORS 
Hexagon offers the optimum tactile sensor for every requirement. To help create the ideal measurement solution, 
fixed and indexable probe heads that enable optimum probe configurations for every measuring task are also 
available.

LSP-S2/LSP-S2 Scan+ HP-S-X5HD HP-S-X1C

LSP-S8 LSP-S10 HP-S-X3C

HH-A-T2.5/T5  
with HP-S-X1H 

PROFILER R



OPTICAL SENSORS 
Whether it’s point or line measurement, optical sensors from Hexagon enable outstanding 
measurement results, even with demanding surfaces. With the PRECITEC sensors, even 
transparent materials can be measured.

HP-O HP-L-10.6T

PRECITEC SE PRECITEC LR
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Faster and more flexible use of a 
wide variety of different sensors
•  Automatic sensor detection
•   Fully-automatic exchange of sensors within 

the measurement program
•   Sensor changes occur with no need for 

calibration 
•   Enables maximum flexibility and full CMM 

capacity utilisation
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SENMATION
Fully Automatic Sensor Changing
The SENMATION automatic sensor changing system 
helps to ensure that measuring routines are optimally 
adapted to the application. With SENMATION, the 
right sensor can automatically be swapped into a 
measurement process for any measuring task.

Depending on the measuring system, a variety of 
different tactile, optical, and other special sensors such 
as a roughness sensor, can be swapped in.

Future Ready
Hexagon ultra-high accuracy CMMs with the Future 
Ready concept are preconfigured for the installation of 
SENMATION, allowing manufacturers to upgrade to the 
system as and when it is required – futureproofing the 
machine for the needs of tomorrow.
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Hexagon Manufacturing Intelligence helps industrial 
manufacturers develop the disruptive technologies of today 
and the life-changing products of tomorrow. As a leading 
metrology and manufacturing solution specialist, our 
expertise in sensing, thinking and acting – the collection, 
analysis and active use of measurement data – gives our 
customers the confidence to increase production speed and 
accelerate productivity while enhancing product quality.

Through a network of local service centres, production 
facilities and commercial operations across five continents, 
we are shaping smart change in manufacturing to build 
a world where quality drives productivity. For more 
information, visit HexagonMI.com.

Hexagon Manufacturing Intelligence is part of Hexagon 
(Nasdaq Stockholm: HEXA B; hexagon.com), a leading 
global provider of information technologies that drive 
quality and productivity across geospatial and industrial 
enterprise applications.
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