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Product

Leitz PMM-C Line x x x x x x x x x x x x

Leitz Reference Line x x x x x x x x x

Leitz SIRIO Line x x x x x x x

Leitz PMM-F x x x x x x x

Leitz PMM-G x x x x x x x

Key 
Features

Precitec x x x x x x x

HP-O / HTA Solutions x x x x x x x x x

HP-O Hybrid x x x x x x

SENMATION x x x x x

Industries

Aerospace x x x x x x x

Automotive x x x x x x x x x x

Machine Tool Industry x x x x

Research & Education
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Product

Leitz PMM-C Line x x x x x x x x x x x x

Leitz Reference Line x x x x x x x x x

Leitz SIRIO Line x x x x x x x

Leitz PMM-F x x x x x x x

Leitz PMM-G x x x x x x x

Key
Features

Precitec x x x x x x x

HP-O / HTA Solutions x x x x x x x x x

HP-O Hybrid x x x x x x

SENMATION x x x x x

Industries

Aerospace x x x x x x x

Automotive x x x x x x x x x x

Machine Tool Industry x x x x

Research & Education
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CASE STUDY

LEITZ PMM-C WITH QUINDOS 
AND I++ SIMULATOR
MTU Aero Engines, Munich

Ready for departure
by Birgit Albrecht

CASE STUDY

Boarding a plane to fly from one continent 
to another within hours has become an 
everyday event for us. Behind that are 
over a hundred years of aviation histo-
ry and a great deal of high tech, such as 
engines produced by MTU Aero Engines. 
In its quality assurance, MTU relies on the 
power of measuring systems by Hexagon 
Metrology.

MTU Aero Engines develops, produces, 
sells and maintains civil and military engi-
nes for airplanes and helicopters, as well 
as industrial gas turbines. A key success 
element in the MTU portfolio is the geared 
turbofan jet engine, a joint venture project 
with the USA-based aviation company, 
Pratt & Whitney. 

CASE STUDYCASE STUDYCASE STUDY

When it comes to high-precision measurement 
in a three-shift operation, slow processes and 
laborious conventional measuring technology 
can strain patience, effectiveness and efficiency. 
With a quantum leap in measuring technology, 
the traditional Swabian company Stihl has now 
significantly accelerated the quality testing of 
crankshafts and connecting rods at their main 
factory in Waiblingen, Germany. They use the 
Leitz PMM-C 3D coordinate measuring machine 
(CMM) and highly parameterised software which 
enables operator self-checking, even with complex 
measurements.

POWER SAW
MANUFACTURER  
DEPLOYS METROLOGY 
SOLUTIONS FOR FAST, 
HIGH-ACCURACY
MEASUREMENT
OF CRANKSHAFTS AND
CONNECTING RODS

MEASUREMENT AT THE CUTTING EDGE
LEITZ PMM-C AT STIHL, WAIBLINGEN-NEUSTADT, GERMANY

APPLICATION REPORT

PREMIER-CLASS CALIBRATION

Gauges and master parts must be calibrated on a regular 
basis in order to be used efficiently. The continuing return 
to national standards is a guarantee for reliable, standard-
compliant and reproducible measurement results within 
every manufacturing company. The high-accuracy Leitz 
Infinity and Leitz Ultra coordinate measuring machines 
(CMMs) provide the ideal bases for these highly-complex 
measuring tasks.

LEITZ INFINITY AND 
LEITZ ULTRA IN USE  
FOR CALIBRATION  
AND TEST EQUIPMENT 
MONITORING

THE CLOSED FRAME DESIGN OF THE LEITZ INFINITY AND LEITZ ULTRA 
CMMS ENABLES HIGH-PRECISION MEASUREMENT

APPLICATION REPORT

Components of the powertrain – the drive section – are 
subject to very stringent production requirements. The 
tolerances are tight and only allow deviations in the micron 
range. This is required for optimum use of these high-
performance components. The precision with which engine 
blocks and shafts are made, for example, is applied again 
to an even greater degree in quality assurance. The The 
coordinate measuring machines (CMMs) of the Leitz PMM-C 
line from Hexagon Manufacturing Intelligence enable 
measurement with the required high level of accuracy.

THE LEITZ PMM-C LINE 
ENABLES INSPECTION 
OF TIGHT POWERTRAIN 
SHAPE AND POSITION 
TOLERANCES

PRECISION MEASUREMENT FOR 
HIGH-PERFORMANCE COMPONENTS
LEITZ PMM-C CMMS ARE USED FOR HIGH-ACCURACY AND  
HIGH-THROUGHPUT MEASUREMENT

APPLICATION REPORT

EFFICIENT ENGINE BLOCK 
MEASUREMENT
MULTI-TACTILE MEASUREMENT OF GEOMETRIES AND ROUGHNESS

Engine block measurement requires a high-
precision measuring system, which is why a Hexagon 
Manufacturing Intelligence Leitz PMM-Xi and the 
HP-S-X5 HD fixed sensor system are commonly 
used for this task. If the measurement processes 
are to be accelerated, a rotating-indexing joint 
can be used to save valuable measuring time. The 
SENMATION sensor interface offers the option of 
viewing the measuring task from a variety of different 
perspectives.

SENMATION REDUCES 
MEASURING TIME 
AND INCREASES 
PRODUCTIVITY

APPLICATION REPORT

Lenses are precision components, where the smallest 
deviation from the target geometry results in a 
change in quality. Quality control can only accompany 
production if a high-accuracy measuring centre such 
as the Leitz PMM-Xi from Hexagon Manufacturing 
Intelligence is used, particularly with large lenses with 
a diameter greater than 200 mm. The combination 
of tactile measurement with the HP-S-X5 HD for 
alignment and the PRECITEC LR optical sensor for 
quality assessment of the lens geometry, is made 
possible by the SENMATION sensor interface in 
automated measurement procedures.  

COMBINING TACTILE 
AND OPTICAL 
MEASUREMENT WITH 
SENMATION 

THE HIGH-ACCURACY MEASURING CENTRE LEITZ PMM-XI IS USED, 
PARTICULARLY WITH LARGE LENSES

CONTACTLESS MEASUREMENT OF 
LARGE LENSES
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LEITZ REFERENCE
ULTRA-PRODUCTIVE COORDINATE MEASURING MACHINES  
WITH HIGH FLEXIBILITY

CASE
STUDIES

APPLICATION
REPORTS

CASE STUDY

MEASUREMENT STRATEGY FOR 
COUNTERING THE BURDEN OF TIME
WEISS GMBH, BUCHEN, GERMANY

When it comes to complex gear measurement, 
slow processes and high programming expenditure 
can eat away at your patience and effi ciency. At 
WEISS GmbH, the gruelling burden of time has 
been eliminated thanks to an intelligent measuring 
confi guration – the Leitz PMM-F and Leitz Reference 
HP high-performance coordinate measuring 
machines (CMMs) from Hexagon Manufacturing 
Intelligence, can be used simultaneously as gear 
measuring centres. 

Rotary tables, handling components and linear transfer 

 systems are the most important elements of linking 

technology in  industrial production processes. It’s a 

technology largely shaped by the products of WEISS GmbH, 

a company  located in Buchen, Odenwald. This company is 

an internationally leading supplier of automation solutions, 

from rotary tables  to part-handling systems. 

TIME-OPTIMISED 
CAM AND GEAR 
MEASUREMENT ON 
COORDINATE 
MEASURING 
MACHINES

CASE STUDY

LEITZ CMMS
QUINDOS AND I++ SIMULATOR
BMT Aerospace International, Oostkamp, Belgium

Flying high with 
more efficieny
by Birgit Albrecht

BMT Aerospace benefits directly from the increase 
in air traffic volume. The order books of the Belgian 
producer of gears for aerospace applications are full. 
In order to cope with the amount of work, BMT Aero-
space needed a fresh start in the measuring room.   

Today, BMT Aerospace operates three international production 
facilities. And each of the facilities has found its own niche 
market. The factory in Oostkamp, Belgium, specialises in all si-
zes of pinions and sector gears. These are used for the mecha-
nical actuation of the movable leading edge slats  - whether in 
small regional jets or in the Airbus A380.

The average life expectancy of an aeroplane is about 20 to 
30 years. It is absolutely imperative that these components 
function reliably as they are needed in every takeoff and lan-
ding manoeuvre. But with just one horizontal arm measuring 
machine and the increased order volume, BMT Aerospace was 
no longer able to cope with its tasks in the measuring room.

LEITZ REFERENCE LINE
VERSION 2017-4

DATA SHEET

OPTICAL SENSORS
FOR ULTRA HIGH ACCURACY CMMS  
VERSION 2018-3

DATA SHEET
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VIDEOS & 
PRESENTATIONS

INTERNAL SALES INFORMATION

INCREASING FLEXIBILITY OF LEITZ CMMS
THE NEW SENMATION MULTI-TACTILE PACKAGE

APPLICATION REPORT

OPTIMISING CAM 
MEASUREMENT  
CYCLE TIMES USING  
THE HP-O HYBRID 
OPTICAL SENSOR 

NON-CONTACT MEASUREMENT  
OF CAMS AND CAM SEGMENTS
HTA SOLUTION FOR MEASUREMENT OF  
HIGH-PERFORMANCE ENGINE COMPONENTS

The use of variable valve timing (VVT) technology for 
increasing power and reducing emissions in internal 
combustion engines has brought with it a step-
change in cam manufacturing. Traditional one-piece 
camshafts, which have been in service since the 
earliest internal combustion engine designs, have 
been superseded by shaft and segment assemblies. 
The positioning of the cam segments relative to 
each other, as well as the relationship between the 
functional features on each segment, is critical for 
the function and efficiency of the engine. Precision 
measurement is imperative, but manufacturers must 
find the right metrology equipment to achieve the 
required positioning accuracy without negatively 
impacting their production cycle time.

APPLICATION REPORT

OPTIMISING SPLINE 
MEASUREMENT CYCLE 
TIMES USING THE 
HP-O HYBRID OPTICAL 
SENSOR 

NON-CONTACT MEASUREMENT OF 
SPLINED SHAFTS
ANALYSING HIGH-PERFORMANCE GEARBOX COMPONENTS 
WITHOUT COMPROMISING PRODUCTION THROUGHPUT

The industrial revolution brought with it the 
requirement to transmit power from a central 
location to individual machines via shafts and belts. 
While this problem was initially solved with the 
introduction of single-tooth keys and keyways, the 
move away from chain drives and axles to gearboxes 
and driveshafts called for a more elegant solution 
– the spline assembly. Whether involute splines 
or serrated splines, this innovation now comes in 
a variety of forms that have a key characteristic in 
common – complexity that demands high accuracy 
metrology to ensure quality.

BROCHURES & 
DATA SHEETS
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CASE STUDY

A boost for turbines
By Harald Richter

„The only efficient machine is one that’s used to full 
capacity.” This is the motto of the blade production 
department at Siemens AG Steam Turbines in Görlitz, 
Germany. The only way to counter the cost and deadline 
pressures of turbine production is through full machine 
utilisation.

To run efficiently, machines require optimised 
throughput times and freedom from bottlenecks. As 
a part of quality assurance, this means optimising 
setup and measuring times and, in particular, reducing 
the programming time for measuring programs which 
enable the 3D coordinate measuring device to operate 
as an efficient machine. 

I++ SIMULATOR AND QUINDOS:  
A HIGHLY EFFICIENT METROLOGICAL TEAM
Siemens AG Steam Turbines, Görlitz, Germany

Case Study AUDI HUNGARIA MOTOR Kft.
Leitz CMMs with QUINDOS test the accuracy of engine 
components for one of the largest engine plants in the world

APPLICATION REPORT

Highly complex and time-sensitive manufacture of 
turbine blades requires fast measurement directly 
within the manufacturing process. Time-optimised 
blade measurement can be carried out with the 
Leitz SIRIO BX from Hexagon Manufacturing 
Intelligence in the manufacturing environment. 
Critical alignment on the blade root will be 
executed with the tactile HP-S-X1C probe system, 
whilst profile measurement is carried out with 
the PRECITEC SE optical sensor in order to reduce 
measurement cycle times.

REDUCE 
MEASUREMENT CYCLE 
TIMES WITH  
SENMATION SX

LEITZ SIRIO BX FOR TIME-OPTIMISED MEASUREMENT IN THE 
MANUFACTURING ENVIRONMENT

ACCELERATED TURBINE BLADE 
MEASUREMENT 

LEITZ SIRIO LINE
VERSION 2017-6

DATA SHEET

OPTICAL SENSORS
FOR LEITZ CMMS  
VERSION 2018-3

DATA SHEET

VIDEOS 

BROCHURES & 
DATA SHEETS

http://HexagonMI.com
https://hexmet.sharepoint.com/sites/HMIPL/UH/3-CMMs/Forms/AllItems.aspx?RootFolder=%2Fsites%2FHMIPL%2FUH%2F3-CMMs%2F05-Leitz%20SIRIO%20Line%2FCase%20Studies%2FHexagon_MI_Leitz%20Sirio_Siemens_Case%20Study&FolderCTID=0x012000510F24815E874B4BB2DE740D1A6D3098&View=%7B3FD1D76A-0837-4E4D-945A-0349EF6DE0C1%7D
https://hexmet.sharepoint.com/sites/HMIPL/UH/3-CMMs/Forms/AllItems.aspx?RootFolder=%2Fsites%2FHMIPL%2FUH%2F3-CMMs%2F05-Leitz%20SIRIO%20Line%2FCase%20Studies%2FHexagon_MI_Leitz%20Sirio_Audi_Case%20Study&FolderCTID=0x012000510F24815E874B4BB2DE740D1A6D3098&View=%7B3FD1D76A-0837-4E4D-945A-0349EF6DE0C1%7D
https://hexmet.sharepoint.com/sites/HMIPL/UH/3-CMMs/Forms/AllItems.aspx?RootFolder=%2Fsites%2FHMIPL%2FUH%2F3-CMMs%2F05-Leitz%20SIRIO%20Line%2FApplication%20Reports%2FLeitz%20Sirio%20BX_SENMATION%20SX_Blade_Aerospace_AR&FolderCTID=0x012000510F24815E874B4BB2DE740D1A6D3098&View=%7B3FD1D76A-0837-4E4D-945A-0349EF6DE0C1%7D
https://hexmet.sharepoint.com/sites/HMIPL/UH/3-CMMs/Forms/AllItems.aspx?RootFolder=%2Fsites%2FHMIPL%2FUH%2F3-CMMs%2F05-Leitz%20SIRIO%20Line%2FData%20Sheets%2FLeitz%20SIRIO%20Line&FolderCTID=0x012000510F24815E874B4BB2DE740D1A6D3098&View=%7B3FD1D76A-0837-4E4D-945A-0349EF6DE0C1%7D
https://hexmet.sharepoint.com/sites/HMIPL/UH/3-CMMs/Forms/AllItems.aspx?RootFolder=%2Fsites%2FHMIPL%2FUH%2F3-CMMs%2F05-Leitz%20SIRIO%20Line%2FData%20Sheets%2FLeitz%20SIRIO%20Line&FolderCTID=0x012000510F24815E874B4BB2DE740D1A6D3098&View=%7B3FD1D76A-0837-4E4D-945A-0349EF6DE0C1%7D
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 LEITZ PMM-F / PMM-G 
XXL-Class Coordinate Measuring Machines

CASE
STUDIES

APPLICATION
REPORTS

CASE STUDY

MEASUREMENT STRATEGY FOR 
COUNTERING THE BURDEN OF TIME
WEISS GMBH, BUCHEN, GERMANY

When it comes to complex gear measurement, 
slow processes and high programming expenditure 
can eat away at your patience and effi ciency. At 
WEISS GmbH, the gruelling burden of time has 
been eliminated thanks to an intelligent measuring 
confi guration – the Leitz PMM-F and Leitz Reference 
HP high-performance coordinate measuring 
machines (CMMs) from Hexagon Manufacturing 
Intelligence, can be used simultaneously as gear 
measuring centres. 

Rotary tables, handling components and linear transfer 

 systems are the most important elements of linking 

technology in  industrial production processes. It’s a 

technology largely shaped by the products of WEISS GmbH, 

a company  located in Buchen, Odenwald. This company is 

an internationally leading supplier of automation solutions, 

from rotary tables  to part-handling systems. 

TIME-OPTIMISED 
CAM AND GEAR 
MEASUREMENT ON 
COORDINATE 
MEASURING 
MACHINES

Case Study Fette GmbH
Fette measures tablet press components 
automatically using Leitz PMM-F

LEITZ PMM-F / PMM-G
VERSION 2016-9

DATA SHEET

OPTICAL SENSORS
FOR LEITZ CMMS  
VERSION 2018-3

DATA SHEET

PRESENTATIONS
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LEITZ PMM-G
Brochures

• LEITZ PMM-F / PMM-G

Data Sheets

• LEITZ PMM-F / PMM-G

• Optical Sensors

Case Studies

• Bruderer AG : Leitz PMM-G - Manufacturere of Punch Machines

Videos

• Leitz PMM-G at Bruderer AG – Manufacturer of Punch Machines

Presentations

• Leitz PMM-G Product Presentation
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PRODUCT BROCHURE

 LEITZ PMM-F / PMM-G 
XXL-Class Coordinate Measuring Machines

CASE
STUDIES

APPLICATION
REPORTS

LEITZ PMM-G
BRUDERER AG, Frasnacht, Switzerland

High precision, stroke for stroke
by Ilona Bihlmayer

CASE STUDY

Leaving a lasting impression, and imprint, 
across multiple industries is the goal of 
BRUDERER AG in Frasnacht, Switzerland. The 
Leitz PMM-G Coordinate Measuring Machine 
supports the machine building company with 
high-precision measurements at automatic 
stamping presses manufactured with a high 
degree of precision. 

Since 1943, BRUDERER has been producing 
high-performance automatic punching 
presses with a nominal force between 180 
and 2,500 kN for the automotive, aerospace, 
telecommunications, electrical, watch-making 
and packaging industries, to name a few 
examples. “Our customers value speed, a high 

VIDEOS & 
PRESENTATIONS

TeFKniFal sSeFiIiFation
anG GesFriStion

/eit] 3MM�* 

:orlGs largest KigK SreFision 
&MM 	 gear insSeFtion s\stem

Video PPT

LEITZ PMM-F / PMM-G
VERSION 2016-9

DATA SHEET

OPTICAL SENSORS
FOR LEITZ CMMS  
VERSION 2018-3

DATA SHEETBROCHURES & 
DATA SHEETS
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Brochures

• Precitec LR

Data Sheets

• Optical Sensors

Application Reports

• Contactless Measurement of Large Lenses

• Accelerated Turbine Measurement

Videos

• Leitz SIRIO BX – Blade Measurement

• Precitec LR

Presentations

• Precitec Product Presentation
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CASE
STUDIES

APPLICATION
REPORTS

APPLICATION REPORT

Highly complex and time-sensitive manufacture of 
turbine blades requires fast measurement directly 
within the manufacturing process. Time-optimised 
blade measurement can be carried out with the 
Leitz SIRIO BX from Hexagon Manufacturing 
Intelligence in the manufacturing environment. 
Critical alignment on the blade root will be 
executed with the tactile HP-S-X1C probe system, 
whilst profile measurement is carried out with 
the PRECITEC SE optical sensor in order to reduce 
measurement cycle times.

REDUCE 
MEASUREMENT CYCLE 
TIMES WITH  
SENMATION SX

LEITZ SIRIO BX FOR TIME-OPTIMISED MEASUREMENT IN THE 
MANUFACTURING ENVIRONMENT

ACCELERATED TURBINE BLADE 
MEASUREMENT 

APPLICATION REPORT

Lenses are precision components, where the smallest 
deviation from the target geometry results in a 
change in quality. Quality control can only accompany 
production if a high-accuracy measuring centre such 
as the Leitz PMM-Xi from Hexagon Manufacturing 
Intelligence is used, particularly with large lenses with 
a diameter greater than 200 mm. The combination 
of tactile measurement with the HP-S-X5 HD for 
alignment and the PRECITEC LR optical sensor for 
quality assessment of the lens geometry, is made 
possible by the SENMATION sensor interface in 
automated measurement procedures.  

COMBINING TACTILE 
AND OPTICAL 
MEASUREMENT WITH 
SENMATION 

THE HIGH-ACCURACY MEASURING CENTRE LEITZ PMM-XI IS USED, 
PARTICULARLY WITH LARGE LENSES

CONTACTLESS MEASUREMENT OF 
LARGE LENSES

OPTICAL SENSORS
FOR LEITZ CMMS  
VERSION 2018-3

DATA SHEET
PRODUCT BROCHURE

PRECITEC LR
Optical sensor for ultra-precision surfaces 

VIDEOS & 
PRESENTATIONS

Video PPT

BROCHURES & 
DATA SHEETS
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Brochures

• HP-O Sensors

• HTA Solutions

Data Sheets

• Optical Sensors

Application Reports

• Non-Contact Measurement of Blisk Aerofoils and Gas Path Features

• Non-Contact Measurement of Cams and Cam Segments

• Non-Contact Measurement of Clutch Components

• Non-Contact Measurement of Splined Shafts

• Non-Contact Measurement of Synchro Rings and Shift Collars

• High Throughput Aeroengine Blade Measurement

Videos

• HP-O Hybrid - Cam

• HP-O Hybrid - Clutch Basket 

• HP-O Hybrid - Synchro Rings/Shift Collars

Presentations

• HTA Solution

HP-O /  
HTA SOLUTIONS
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HTA MEASUREMENT SOLUTIONS
HIGH THROUGHPUT AND ACCURACY SOLUTIONS FOR 
CHALLENGING MEASUREMENT APPLICATIONS

APPLICATION BROCHURE

APPLICATION
REPORTS

APPLICATION REPORT

OPTIMISING CLUTCH 
BASKET MEASUREMENT 
CYCLE TIMES WITH THE 
HP-O HYBRID OPTICAL 
SENSOR

NON-CONTACT MEASUREMENT OF 
CLUTCH COMPONENTS
ANALYSING HIGH-PERFORMANCE ENGINE COMPONENTS  
WITHOUT COMPROMISING PRODUCTION THROUGHPUT

Whether automatic or manual, car, truck or 
motorcycle, all modern gearboxes have one thing in 
common: basket clutches. An evolution of the original 
clutch, the basket clutch introduced multiple friction 
plates rather than only one between the flywheel and 
the spring-loaded pressure plate, allowing for greater 
power transmission and therefore meeting the 
demands of newer, more powerful engines. The fine 
tolerances demanded of these modern basket clutch 
systems demand equally fine metrology capabilities, 
which have traditionally been a bottleneck in gearbox 
production.

APPLICATION REPORT

OPTIMISING CAM 
MEASUREMENT  
CYCLE TIMES USING  
THE HP-O HYBRID 
OPTICAL SENSOR 

NON-CONTACT MEASUREMENT  
OF CAMS AND CAM SEGMENTS
HTA SOLUTION FOR MEASUREMENT OF  
HIGH-PERFORMANCE ENGINE COMPONENTS

The use of variable valve timing (VVT) technology for 
increasing power and reducing emissions in internal 
combustion engines has brought with it a step-
change in cam manufacturing. Traditional one-piece 
camshafts, which have been in service since the 
earliest internal combustion engine designs, have 
been superseded by shaft and segment assemblies. 
The positioning of the cam segments relative to 
each other, as well as the relationship between the 
functional features on each segment, is critical for 
the function and efficiency of the engine. Precision 
measurement is imperative, but manufacturers must 
find the right metrology equipment to achieve the 
required positioning accuracy without negatively 
impacting their production cycle time.

APPLICATION REPORT

OPTIMISING SPLINE 
MEASUREMENT CYCLE 
TIMES USING THE 
HP-O HYBRID OPTICAL 
SENSOR 

NON-CONTACT MEASUREMENT OF 
SPLINED SHAFTS
ANALYSING HIGH-PERFORMANCE GEARBOX COMPONENTS 
WITHOUT COMPROMISING PRODUCTION THROUGHPUT

The industrial revolution brought with it the 
requirement to transmit power from a central 
location to individual machines via shafts and belts. 
While this problem was initially solved with the 
introduction of single-tooth keys and keyways, the 
move away from chain drives and axles to gearboxes 
and driveshafts called for a more elegant solution 
– the spline assembly. Whether involute splines 
or serrated splines, this innovation now comes in 
a variety of forms that have a key characteristic in 
common – complexity that demands high accuracy 
metrology to ensure quality.

APPLICATION REPORT

OPTIMISING CYCLE 
TIMES USING THE 
HP-O HYBRID OPTICAL 
SENSOR 

NON-CONTACT MEASUREMENT OF 
SYNCHRO RINGS AND SHIFT COLLARS
HTA SOLUTION FOR MEASUREMENT OF HIGH-PERFORMANCE 
GEARBOX COMPONENTS

Automotive gearbox technology made a significant 
step forward with the introduction of the 
“synchromesh gearbox” developed by Earl Thompson 
in the United States in 1928. The name synchromesh 
describes the function of synchronising the gears 
before meshing to enable a quiet, efficient and easy to 
use gear change.

The next generation gearbox was the double-clutch 
automatic gearbox that was first used in motorsport in 
the early 1980s. With this innovation, gear change time 
came down to less than 40 milliseconds and torque 
capacity rose to more than 900 Newton metres. By 
this point synchronisation had become crucial to the 
function of the gearbox.

APPLICATION REPORT

HIGH THROUGHPUT AEROENGINE BLADE 
MEASUREMENT SOLUTION
UP TO FIVE TIMES IMPROVED MEASUREMENT CYCLE TIMES

THE NON-CONTACT 
OPTICAL SENSOR 
TECHNOLOGY OF THE 
GLOBAL ADVANTAGE  
HTA SOLUTION 
INCREASES 
MEASUREMENT 
THROUGHPUT

Today, manufactured parts are required to be 
produced faster and with tighter tolerances. In 
particular, the aerospace market looks to increase 
the amount of high-performance engines produced 
and offer significant fuel efficiency improvements. 
Current measurement methods used to control the 
manufacturing process and validate finished blades 
can cause bottlenecks and delay output of these 
new engines. The GLOBAL Advantage HTA answers 
the needs of jet engine manufacturers seeking 
measurement technologies that reduce cycle times by 
60% compared to current contact scanning machines, 
and provides a richer measurement data set.

APPLICATION REPORT

UTILISING THE  
HP-O FLEX 90  
FOR IMPROVING  
BLISK INSPECTION 
EFFICIENCY  

NON-CONTACT MEASUREMENT OF BLISK 
AEROFOILS AND GAS PATH FEATURES
HTA SOLUTION FOR MEASUREMENT OF AEROENGINE COMPONENTSHTA SOLUTION FOR MEASUREMENT OF AEROENGINE COMPONENTS

Blisk is a portmanteau of ‘bladed disc’ and describes 
a one-piece rotor on the compressor side of a 
gas turbine. A blisk has fewer components than a 
conventional blade and disc assembly, and offers 
lower weight and drag. Because they eliminate high-
drag blade locators and fixings, blisks can give an 
8% efficiency increase. Blisks were first produced 
in the 1980s for the T700 engine used in Black Hawk 
and Apache helicopters, and are now a mainstay 
of military and civil aeroengines. The functional 
features of blisks are the locators and fixing holes 
on the disc, and the surface profile and location of 
each blade. To prevent unwanted resonances and 
imbalance, it is important that these features are 
aligned to each other.

OPTICAL SENSORS
FOR LEITZ CMMS  
VERSION 2018-3

DATA SHEET

HP-O SENSOR SOLUTIONS
FAST AND HIGHLY-ACCURATE OPTICAL MEASUREMENTS

PRODUCT BROCHURE

VIDEOS &
PRESENTATIONS

+TA Solution

+iJh ThroXJhSXt anG $FFXraF\ SolXtion 
for ChallenJinJ MeasXrement $SSliFations

BROCHURES & 
DATA SHEETS

Video
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Data Sheets
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• Non-Contact Measurement of Cams and Cam Segments

• Non-Contact Measurement of Clutch Components

• Non-Contact Measurement of Splined Shafts

• Non-Contact Measurement of Synchro Rings and Shift Collars

Videos

• HP-O Hybrid - Cam

• HP-O Hybrid - Clutch Basket 

• HP-O Hybrid - Synchro Rings/Shift Collars
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HP-O SENSOR SOLUTIONS
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VIDEOS

APPLICATION REPORT

OPTIMISING CLUTCH 
BASKET MEASUREMENT 
CYCLE TIMES WITH THE 
HP-O HYBRID OPTICAL 
SENSOR

NON-CONTACT MEASUREMENT OF 
CLUTCH COMPONENTS
ANALYSING HIGH-PERFORMANCE ENGINE COMPONENTS  
WITHOUT COMPROMISING PRODUCTION THROUGHPUT

Whether automatic or manual, car, truck or 
motorcycle, all modern gearboxes have one thing in 
common: basket clutches. An evolution of the original 
clutch, the basket clutch introduced multiple friction 
plates rather than only one between the flywheel and 
the spring-loaded pressure plate, allowing for greater 
power transmission and therefore meeting the 
demands of newer, more powerful engines. The fine 
tolerances demanded of these modern basket clutch 
systems demand equally fine metrology capabilities, 
which have traditionally been a bottleneck in gearbox 
production.

APPLICATION REPORT

OPTIMISING CAM 
MEASUREMENT  
CYCLE TIMES USING  
THE HP-O HYBRID 
OPTICAL SENSOR 

NON-CONTACT MEASUREMENT  
OF CAMS AND CAM SEGMENTS
HTA SOLUTION FOR MEASUREMENT OF  
HIGH-PERFORMANCE ENGINE COMPONENTS

The use of variable valve timing (VVT) technology for 
increasing power and reducing emissions in internal 
combustion engines has brought with it a step-
change in cam manufacturing. Traditional one-piece 
camshafts, which have been in service since the 
earliest internal combustion engine designs, have 
been superseded by shaft and segment assemblies. 
The positioning of the cam segments relative to 
each other, as well as the relationship between the 
functional features on each segment, is critical for 
the function and efficiency of the engine. Precision 
measurement is imperative, but manufacturers must 
find the right metrology equipment to achieve the 
required positioning accuracy without negatively 
impacting their production cycle time.

APPLICATION REPORT

OPTIMISING SPLINE 
MEASUREMENT CYCLE 
TIMES USING THE 
HP-O HYBRID OPTICAL 
SENSOR 

NON-CONTACT MEASUREMENT OF 
SPLINED SHAFTS
ANALYSING HIGH-PERFORMANCE GEARBOX COMPONENTS 
WITHOUT COMPROMISING PRODUCTION THROUGHPUT

The industrial revolution brought with it the 
requirement to transmit power from a central 
location to individual machines via shafts and belts. 
While this problem was initially solved with the 
introduction of single-tooth keys and keyways, the 
move away from chain drives and axles to gearboxes 
and driveshafts called for a more elegant solution 
– the spline assembly. Whether involute splines 
or serrated splines, this innovation now comes in 
a variety of forms that have a key characteristic in 
common – complexity that demands high accuracy 
metrology to ensure quality.

APPLICATION REPORT

OPTIMISING CYCLE 
TIMES USING THE 
HP-O HYBRID OPTICAL 
SENSOR 

NON-CONTACT MEASUREMENT OF 
SYNCHRO RINGS AND SHIFT COLLARS
HTA SOLUTION FOR MEASUREMENT OF HIGH-PERFORMANCE 
GEARBOX COMPONENTS

Automotive gearbox technology made a significant 
step forward with the introduction of the 
“synchromesh gearbox” developed by Earl Thompson 
in the United States in 1928. The name synchromesh 
describes the function of synchronising the gears 
before meshing to enable a quiet, efficient and easy to 
use gear change.

The next generation gearbox was the double-clutch 
automatic gearbox that was first used in motorsport in 
the early 1980s. With this innovation, gear change time 
came down to less than 40 milliseconds and torque 
capacity rose to more than 900 Newton metres. By 
this point synchronisation had become crucial to the 
function of the gearbox.

BROCHURES & 
DATA SHEETS
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Brochures

• SENMATION Multi-Tactile

Application Reports

• Efficent engigen Block Measurement

• Contactless Measurement of large lenses

Presentations

• SENMATION Product Presentation

Video

• SENMATION
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APPLICATION REPORT

Lenses are precision components, where the smallest 
deviation from the target geometry results in a 
change in quality. Quality control can only accompany 
production if a high-accuracy measuring centre such 
as the Leitz PMM-Xi from Hexagon Manufacturing 
Intelligence is used, particularly with large lenses with 
a diameter greater than 200 mm. The combination 
of tactile measurement with the HP-S-X5 HD for 
alignment and the PRECITEC LR optical sensor for 
quality assessment of the lens geometry, is made 
possible by the SENMATION sensor interface in 
automated measurement procedures.  

COMBINING TACTILE 
AND OPTICAL 
MEASUREMENT WITH 
SENMATION 

THE HIGH-ACCURACY MEASURING CENTRE LEITZ PMM-XI IS USED, 
PARTICULARLY WITH LARGE LENSES

CONTACTLESS MEASUREMENT OF 
LARGE LENSES

APPLICATION REPORT

EFFICIENT ENGINE BLOCK 
MEASUREMENT
MULTI-TACTILE MEASUREMENT OF GEOMETRIES AND ROUGHNESS

Engine block measurement requires a high-
precision measuring system, which is why a Hexagon 
Manufacturing Intelligence Leitz PMM-Xi and the 
HP-S-X5 HD fixed sensor system are commonly 
used for this task. If the measurement processes 
are to be accelerated, a rotating-indexing joint 
can be used to save valuable measuring time. The 
SENMATION sensor interface offers the option of 
viewing the measuring task from a variety of different 
perspectives.

SENMATION REDUCES 
MEASURING TIME 
AND INCREASES 
PRODUCTIVITY

SENMATION
Intelligent Sensor 
Automation

The Next Level of Smart CMM 
Utilisation

INTERNAL SALES INFORMATION

INCREASING FLEXIBILITY OF LEITZ CMMS
THE NEW SENMATION MULTI-TACTILE PACKAGE

VIDEOS &
PRESENTATIONS

Video PPT
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AEROSPACE
Brochures

• Blade and Blisk Measurement

Case Studies

• MTU: Leitz PMM-C - Blisk Measurement

• BMT Aerospace: Leitz Reference HP - Pinions and Gears

Application Reports

• Accelerated Turbine Blade Measurement

• Non-Contact Measurement of Blisk Aerofoils and Gas Path Features

Videos

• Leitz SIRIO BX - Blade Measurment

• Leitz SIRIO - Safran

http://HexagonMI.com
http://HexagonMI.com
http://www.hexagonMI.com


VERSION 2018-04   |     HEXAGON MANUFACTURING INTELLIGENCE

INDUSTRIES

CASE
STUDIES

APPLICATION
REPORTS

CASE STUDY

LEITZ PMM-C WITH QUINDOS 
AND I++ SIMULATOR
MTU Aero Engines, Munich

Ready for departure
by Birgit Albrecht

CASE STUDY

Boarding a plane to fly from one continent 
to another within hours has become an 
everyday event for us. Behind that are 
over a hundred years of aviation histo-
ry and a great deal of high tech, such as 
engines produced by MTU Aero Engines. 
In its quality assurance, MTU relies on the 
power of measuring systems by Hexagon 
Metrology.

MTU Aero Engines develops, produces, 
sells and maintains civil and military engi-
nes for airplanes and helicopters, as well 
as industrial gas turbines. A key success 
element in the MTU portfolio is the geared 
turbofan jet engine, a joint venture project 
with the USA-based aviation company, 
Pratt & Whitney. 

CASE STUDY

LEITZ CMMS
QUINDOS AND I++ SIMULATOR
BMT Aerospace International, Oostkamp, Belgium

Flying high with 
more efficieny
by Birgit Albrecht

BMT Aerospace benefits directly from the increase 
in air traffic volume. The order books of the Belgian 
producer of gears for aerospace applications are full. 
In order to cope with the amount of work, BMT Aero-
space needed a fresh start in the measuring room.   

Today, BMT Aerospace operates three international production 
facilities. And each of the facilities has found its own niche 
market. The factory in Oostkamp, Belgium, specialises in all si-
zes of pinions and sector gears. These are used for the mecha-
nical actuation of the movable leading edge slats  - whether in 
small regional jets or in the Airbus A380.

The average life expectancy of an aeroplane is about 20 to 
30 years. It is absolutely imperative that these components 
function reliably as they are needed in every takeoff and lan-
ding manoeuvre. But with just one horizontal arm measuring 
machine and the increased order volume, BMT Aerospace was 
no longer able to cope with its tasks in the measuring room.

APPLICATION REPORT

Highly complex and time-sensitive manufacture of 
turbine blades requires fast measurement directly 
within the manufacturing process. Time-optimised 
blade measurement can be carried out with the 
Leitz SIRIO BX from Hexagon Manufacturing 
Intelligence in the manufacturing environment. 
Critical alignment on the blade root will be 
executed with the tactile HP-S-X1C probe system, 
whilst profile measurement is carried out with 
the PRECITEC SE optical sensor in order to reduce 
measurement cycle times.

REDUCE 
MEASUREMENT CYCLE 
TIMES WITH  
SENMATION SX

LEITZ SIRIO BX FOR TIME-OPTIMISED MEASUREMENT IN THE 
MANUFACTURING ENVIRONMENT

ACCELERATED TURBINE BLADE 
MEASUREMENT 

APPLICATION BROCHURE

 BLADE AND BLISK MEASUREMENT
INSPECTING AEROENGINE COMPONENTS  
WITH ULTRA-HIGH ACCURACY CMMS

VIDEOS 

BROCHURES & 
DATA SHEETS
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AUTOMOTIVE
Case Studies

• Grunewald: Leitz Reference HP - Constant Velocity Joints

• Audi: Leitz Sirio - Engine Components

Application Reports

• Precision Measurement for High-Performance Components

• Efficient Engine Block Measurement

• Non-Contact Measurement of Cams and Cam Segments

• Non-Contact Measurement of Clutch Components

• Non-Contact Measurement of Splined Shafts

• Non-Contact Measurement of Synchro Rings and Shift 

Collars

Videos

• HP-O Hybrid - Cam

• HP-O Hybrid - Clutch Basket 

• HP-O Hybrid - Synchro Rings/Shift Collars
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CASE STUDY

ALL-ROUND COORDINATE MEASURING 
SYSTEM FACILITATES TESTING OF 
CONSTANT VELOCITY JOINTS AND TOOLS
GRÜNEWALD FEINMASCHINENBAU

Grünewald Feinmaschinenbau has facilities in 
Grävenwiesbach in Hessia and in Weilmünster and 
is a company that enjoys a complex challenge. 
This family-owned business produces various drive 
components for its customers to drive a diverse 
range of vehicles, such as HGVs, military vehicles, 
racing cars, ships or rail vehicles. Constant velocity 
joints in particular form a large part of the order 
volume. Flexibility is a must for this commission-
based work and so the company‘s metrology also 
has to be flexible. With the universally usable Leitz 
Reference and the QUINDOS software, Grünewald is 
able to measure ball races as well as toothed wheel 
work of constant velocity joints in one measuring 
process - and obtain a reliable documentation at 
the same time. 

BIRGIT ALBRECHT 

AND GERHARD EHLING

Case Study AUDI HUNGARIA MOTOR Kft.
Leitz CMMs with QUINDOS test the accuracy of engine 
components for one of the largest engine plants in the world

VIDEOS 

APPLICATION REPORT

OPTIMISING CLUTCH 
BASKET MEASUREMENT 
CYCLE TIMES WITH THE 
HP-O HYBRID OPTICAL 
SENSOR

NON-CONTACT MEASUREMENT OF 
CLUTCH COMPONENTS
ANALYSING HIGH-PERFORMANCE ENGINE COMPONENTS  
WITHOUT COMPROMISING PRODUCTION THROUGHPUT

Whether automatic or manual, car, truck or 
motorcycle, all modern gearboxes have one thing in 
common: basket clutches. An evolution of the original 
clutch, the basket clutch introduced multiple friction 
plates rather than only one between the flywheel and 
the spring-loaded pressure plate, allowing for greater 
power transmission and therefore meeting the 
demands of newer, more powerful engines. The fine 
tolerances demanded of these modern basket clutch 
systems demand equally fine metrology capabilities, 
which have traditionally been a bottleneck in gearbox 
production.

APPLICATION REPORT

OPTIMISING CAM 
MEASUREMENT  
CYCLE TIMES USING  
THE HP-O HYBRID 
OPTICAL SENSOR 

NON-CONTACT MEASUREMENT  
OF CAMS AND CAM SEGMENTS
HTA SOLUTION FOR MEASUREMENT OF  
HIGH-PERFORMANCE ENGINE COMPONENTS

The use of variable valve timing (VVT) technology for 
increasing power and reducing emissions in internal 
combustion engines has brought with it a step-
change in cam manufacturing. Traditional one-piece 
camshafts, which have been in service since the 
earliest internal combustion engine designs, have 
been superseded by shaft and segment assemblies. 
The positioning of the cam segments relative to 
each other, as well as the relationship between the 
functional features on each segment, is critical for 
the function and efficiency of the engine. Precision 
measurement is imperative, but manufacturers must 
find the right metrology equipment to achieve the 
required positioning accuracy without negatively 
impacting their production cycle time.

APPLICATION REPORT

OPTIMISING SPLINE 
MEASUREMENT CYCLE 
TIMES USING THE 
HP-O HYBRID OPTICAL 
SENSOR 

NON-CONTACT MEASUREMENT OF 
SPLINED SHAFTS
ANALYSING HIGH-PERFORMANCE GEARBOX COMPONENTS 
WITHOUT COMPROMISING PRODUCTION THROUGHPUT

The industrial revolution brought with it the 
requirement to transmit power from a central 
location to individual machines via shafts and belts. 
While this problem was initially solved with the 
introduction of single-tooth keys and keyways, the 
move away from chain drives and axles to gearboxes 
and driveshafts called for a more elegant solution 
– the spline assembly. Whether involute splines 
or serrated splines, this innovation now comes in 
a variety of forms that have a key characteristic in 
common – complexity that demands high accuracy 
metrology to ensure quality.

APPLICATION REPORT

EFFICIENT ENGINE BLOCK 
MEASUREMENT
MULTI-TACTILE MEASUREMENT OF GEOMETRIES AND ROUGHNESS

Engine block measurement requires a high-
precision measuring system, which is why a Hexagon 
Manufacturing Intelligence Leitz PMM-Xi and the 
HP-S-X5 HD fixed sensor system are commonly 
used for this task. If the measurement processes 
are to be accelerated, a rotating-indexing joint 
can be used to save valuable measuring time. The 
SENMATION sensor interface offers the option of 
viewing the measuring task from a variety of different 
perspectives.

SENMATION REDUCES 
MEASURING TIME 
AND INCREASES 
PRODUCTIVITY

APPLICATION REPORT

OPTIMISING CYCLE 
TIMES USING THE 
HP-O HYBRID OPTICAL 
SENSOR 

NON-CONTACT MEASUREMENT OF 
SYNCHRO RINGS AND SHIFT COLLARS
HTA SOLUTION FOR MEASUREMENT OF HIGH-PERFORMANCE 
GEARBOX COMPONENTS

Automotive gearbox technology made a significant 
step forward with the introduction of the 
“synchromesh gearbox” developed by Earl Thompson 
in the United States in 1928. The name synchromesh 
describes the function of synchronising the gears 
before meshing to enable a quiet, efficient and easy to 
use gear change.

The next generation gearbox was the double-clutch 
automatic gearbox that was first used in motorsport in 
the early 1980s. With this innovation, gear change time 
came down to less than 40 milliseconds and torque 
capacity rose to more than 900 Newton metres. By 
this point synchronisation had become crucial to the 
function of the gearbox.
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MACHINE TOOL 
INDUSTRY
Case Studies

• Weiss: Leitz Reference HP / PMM-F - 

Gear, Cam and Housing 

• Bruderer AG : Leitz PMM-G - 

Manufacturere of Punch Machines

• Fette: Leitz PMM-F - Tablet Press Components

Videos

• Leitz PMM-G - Bruderer AG - 

Manufacturer of Punch Machines
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CASE STUDY

MEASUREMENT STRATEGY FOR 
COUNTERING THE BURDEN OF TIME
WEISS GMBH, BUCHEN, GERMANY

When it comes to complex gear measurement, 
slow processes and high programming expenditure 
can eat away at your patience and effi ciency. At 
WEISS GmbH, the gruelling burden of time has 
been eliminated thanks to an intelligent measuring 
confi guration – the Leitz PMM-F and Leitz Reference 
HP high-performance coordinate measuring 
machines (CMMs) from Hexagon Manufacturing 
Intelligence, can be used simultaneously as gear 
measuring centres. 

Rotary tables, handling components and linear transfer 

 systems are the most important elements of linking 

technology in  industrial production processes. It’s a 

technology largely shaped by the products of WEISS GmbH, 

a company  located in Buchen, Odenwald. This company is 

an internationally leading supplier of automation solutions, 

from rotary tables  to part-handling systems. 

TIME-OPTIMISED 
CAM AND GEAR 
MEASUREMENT ON 
COORDINATE 
MEASURING 
MACHINES

Case Study Fette GmbH
Fette measures tablet press components 
automatically using Leitz PMM-F

LEITZ PMM-G
BRUDERER AG, Frasnacht, Switzerland

High precision, stroke for stroke
by Ilona Bihlmayer

CASE STUDY

Leaving a lasting impression, and imprint, 
across multiple industries is the goal of 
BRUDERER AG in Frasnacht, Switzerland. The 
Leitz PMM-G Coordinate Measuring Machine 
supports the machine building company with 
high-precision measurements at automatic 
stamping presses manufactured with a high 
degree of precision. 

Since 1943, BRUDERER has been producing 
high-performance automatic punching 
presses with a nominal force between 180 
and 2,500 kN for the automotive, aerospace, 
telecommunications, electrical, watch-making 
and packaging industries, to name a few 
examples. “Our customers value speed, a high 

VIDEOS 

BROCHURES & 
DATA SHEETS

http://HexagonMI.com
https://hexmet.sharepoint.com/sites/HMIPL/UH/3-CMMs/Forms/AllItems.aspx?RootFolder=%2Fsites%2FHMIPL%2FUH%2F3-CMMs%2F04-Leitz%20Gantry%20Line%2FCase%20Studies%2FHexagon-MI-Leitz%20PMM-F-Leitz%20Reference%20HP-Weiss-CaseStudy&FolderCTID=0x012000510F24815E874B4BB2DE740D1A6D3098&View=%7B3FD1D76A-0837-4E4D-945A-0349EF6DE0C1%7D
https://hexmet.sharepoint.com/sites/HMIPL/UH/3-CMMs/Forms/AllItems.aspx?RootFolder=%2Fsites%2FHMIPL%2FUH%2F3-CMMs%2F04-Leitz%20Gantry%20Line%2FCase%20Studies%2FHexagon-MI-Leitz%20PMM-F-Fette-CaseStudy&FolderCTID=0x012000510F24815E874B4BB2DE740D1A6D3098&View=%7B3FD1D76A-0837-4E4D-945A-0349EF6DE0C1%7D
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PTB (Germany) 

• The Competence Center for Wind Energy has arrived in a new building on the 

grounds of PTB, the "Euler Building I". It is intended to enter new technological 

territory by developing and providing PTB scientists with measuring technology 

that enables reliable operation of ever larger and more powerful wind turbines.

NTB Buchs (Switzerland) 

• In the precision measuring room of the Production Metrology department of the 

NTB Buchs, the excellent metrological infrastructure offers tactile and non-

contact measurements with accuracies in the micrometer and submicrometer 

range. In this controlled (20 ± 0.5) ° C environment, high precision tactile and 

non-contact CMMs and multi-sensor coordinate measuring machines as well 

as different roughness measurement systems are operated.

BIMAQ (Germany)

• BIMAQ analyzes the cause-and-effect relationships between gear production, 

geometry deviations and occurring gear damage. In the field of quality testing of 

gears, algorithms are also developed to evaluate areal measured data.

Nuclear AMRC (UK)

• The Nuclear AMRC metrology group provides dimensional metrology 

technologies and services to our manufacturing research groups and industrial 

partners, and leads research in large-volume metrology.

UNC Charlotte (USA)

• Siemens Laboratory faculty, students and staff work with industry partners 

to identify strategic research themes and conduct basic and applied research 

aimed at improving the productivity and accuracy of large-scale manufacturing 

operations.

http://HexagonMI.com


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. 

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

COORDINATE MEASURING MACHINES

3D LASER SCANNING

SENSORS

PORTABLE MEASURING ARMS

SERVICES

LASER TRACKERS & STATIONS

MULTISENSOR & OPTICAL SYSTEMS

WHITE LIGHT SCANNERS

METROLOGY SOFTWARE SOLUTIONS

CAD / CAM

STATISTICAL PROCESS CONTROL

AUTOMATED APPLICATIONS

MICROMETERS, CALIPERS AND GAUGES

DESIGN AND COSTING SOFTWARE
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