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eMobility
With environmental concerns never greater than today, eMobility promises a new era 
for transportation. From mild-hybrid electric vehicles (MHEVs) to all-electric battery 
electric vehicles (BEVs), electrification offers new potential for sustainable, low-emission 
transportation. Hexagon is supporting the automotive industry in designing and producing 
this next travel evolution, with manufacturing technologies equipped for the challenges of 
ramping up and commercialising eMobility.
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Electric Motors
Driving the future of eMobility with 
technology to support the design, 
manufacture and quality assurance of 
electric motors for use in electric and 
hybrid vehicle powertrains

Compact, lightweight and capable of generating huge 
torque, electric motors – also known as eMotors – 
have long-promised to revolutionise commercial and 
domestic transportation. Electric motors are the critical 
differentiating component in the growing markets of mild 
hybrid electric vehicles (MHEVs), plug-in hybrid electric 
vehicles (PHEVs), battery electric vehicles (BEVs) and fuel 
cell electric vehicles (FCEVs).

Electric motors use a magnetic rotor and a stator with 
integrated hairpins to generate thrust from electrical 
energy provided by batteries. The rotor transmits the 
rotary motion to the drivetrain. Usually the rotor is 
comprised of thin steel laminates that stack together 
into groups, known as the rotor stack. The stack includes 
permanent magnets that are press-fitted and pulled into 
motion by the rotating magnetic field which is created in 
the stator. 

The operating principles of electric motors are relatively 
simple, yet designing and manufacturing electric 
motors brings a new set of challenges for automotive 
manufacturers. Electric motors have less mechanical 
components than combustion engines, but still contain a 
number of intricate parts like stators, rotors and hairpins 
that require very accurate production specifications. 
These parts will need to withstand significant thermal 
stresses through their lifetime. Design engineers working 
on electric vehicle motors must also consider new 
challenges, such as the different noise emissions of the 
vehicle and how they will impact driver and passenger 
experience.

Hexagon has extensive automotive industry experience 
and provides CAE simulation, production and quality 
assurance technologies to OEMs and the complete supply 
chain. Our understanding of the dynamics of new vehicle 
development and manufacturing ramp-up uniquely 
positions us to support the industry in developing the 
electric motor to its full potential.

hexagonmi.com Manufacturing Intelligence 5
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Electric motor 
hairpin form 
measurement
Electric motor hairpins 
require accurate dimensional 
inspection of the external 
surface to ensure the 
correct form

https://www.hexagonmi.com
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Accurate dimensional inspection on 
the external surface of electric motor 
hairpins ensures the correct form to 
power electric vehicle motors.
Electric motor windings are traditionally made of thin 
copper wires that form the electromagnetic coil of the 
motor. However, in most current electric vehicle motors 
this coil has been replaced by copper hairpin windings. 
The hairpin winding design can handle higher thermal 
stresses and gives tight slot coverage that ensures 
higher efficiency in automotive applications. Automation 
of the bending process is also easier, supporting mass 
production. However the soft metal material is easily 
deformed, making measurement challenging for the 
quality department.

Challenges 
Fragile and electrical insulated freeform structure 

Electric motor hairpin inspection involves capturing 
complete surface data of the bent pins. Hairpins have 
a tight form tolerance and are easily deformed when 
clamped or bent into shape. And the smaller the bending 
radius, the bigger the deformation of the wire and the 
impact on the thickness of the insulation layer. 

Given their fragile nature and freeform structure, 
electric motor hairpins are best inspected using high 
accuracy, non-contact sensors. Using non-contact sensor 
technology prevents measurement errors and part 
damage arising from probing forces that can deform the 
hairpin during measurement. A non-contact measurement 
method also supports the high throughput required by 
the automotive industry, while capturing relevant data for 
design and manufacturing processes.

Solution 
Creation of digital master pin  
to verify serial production

With the volume of hairpins produced, a good verification 
approach is to create a digital master pin that is later used 
to verify serial production.  
High-data density and non-contact scanning makes 
it simple to reverse engineer master hairpins. Stator 
manufacturers typically use a master pin as the template 
for evaluating the deformation and spring back of a 
manufactured hairpin, as well as the distance between pin 
legs and the bending angles. 

Advantages  
Fast, precise and full surface capturing  
of demanding materials 

A CMM with indexing head and a laser line scanner 
provides the rich data capture required by this application, 
providing point cloud data that can be exported to CAD. 
Using a laser scanner with a small stand-off distance 
ensures a suitable length of the scanning line and good 
adaptivity to the shiny surfaces of electric motor hairpins. 
The dynamics of the CMM, along with the wrist that 
automatically rotates the sensor to the required angle, 
contribute to further increase the throughput.  

During serial production the same measurement solution 
can be used to verify the produced hairpins.  
A nominal-to-actual comparison between each produced 
hairpin and the digital master is carried out based on the 
scanned data.

Global S
The GLOBAL S line  
provides a variety of flexible  
CMM solutions with good accuracy 
and machine dynamics that can be 
tailored to the needs of hairpin-
stator assemblies.

 HP-L-5.8 / 10.6
For the inspection of delicate 
surfaces such as copper hairpins, 
the HP-L-5.8 / 10.6 laser scanners 
provide accurate non-contact 
measurement capabilities.

Leitz  
Reference Xi
The Leitz Reference Xi supports 
high-accuracy measurement with 
a range of sensors and optional 
rotary table ideal for hairpin-stator 
assembly measurement.

https://www.hexagonmi.com
https://www.hexagonmi.com/products/coordinate-measuring-machines/bridge-cmms/global-s
https://www.hexagonmi.com/products/coordinate-measuring-machines/cmm-sensors/non-contact-sensors/hp-l-5-8-laser-scanning-sensor
https://www.hexagonmi.com/products/coordinate-measuring-machines/bridge-cmms/leitz-reference-xi
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Measurement of rotor 
and stator laminations 
for electric vehicle 
motors
Optical measurement solutions 
for electric vehicle motors’ rotor 
and stator sheet metal cuts

https://www.hexagonmi.com
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Specialised measurement solutions are 
required to accurately inspect large 
volumes of rotor and stator laminations 
for electric vehicle motors.
As the drive towards eMobility continues, the 
requirements for electric vehicle drives are changing. 
The goal for manufacturers is to optimise the electric 
motor in terms of efficiency, quality and costs. New motor 
concepts are needed and lamination stacks for rotors 
and stators are of particular importance, as they have a 
decisive influence on the efficiency an electric motor can 
achieve. The rotor and stator stacks are usually composed 
of individual laminations. New production engineering 
approaches, such as segmented lamination packages 
that are subsequently assembled to form a solid rotor or 
stator, require optical metrology alongside the production 
process to meet the changing requirements.

Challenges 
Precise optical contour scan of  
thin sheet metal parts 

During production of the individual laminations, tight 
tolerances must be maintained with high repeatability to 
ensure the optimum connection to the lamination stack, 
providing the required electrical, magnetic and mechanical 
properties. The positioning of a sheet metal part like a 
rotor or stator lamination in the working volume of the 
gauge can be either manual or run automatically as a 
best-fit alignment. The dimensional, form and positional 
tolerances of punched holes in the sheet metal lamellae 
must be checked using 2D vision inspection, while a 
contour scan mode can evaluate sheet metal cuts as a line 
shape. 

Solution 
Automated large batch inspection with multisensor  
coordinate measuring machines

For sheet metal inspections such as rotor and stator 
lamination measurement, a measuring device that 
can process as many parts as possible within an 
automated routine offers considerable time saving 
potential. Multisensor coordinate measuring machines 
(CMMs) therefore offer the most practical solution for 
documenting the produced quality during production. 
By palletising large batches of sheet metal parts, fast, 
automated inspection routines can be achieved to capture 
all necessary dimensional measurements. 

Advantages  
Short measuring time and comprehensive software 
solution to ensure high efficiency quality assurance

With the support of the right software solution, high 
throughput can be achieved with accurate and reliable 
results in pallet measurements. A metrology software 
that supports CAD enables the relevant dimensional 
and tolerance data to be automatically extracted 
from the imported drawing during the creation of the 
measurement routine, minimising the possibility of input 
and interpretation errors. The sheet metal cut contours 
captured by the vision sensor in scan mode can then be 
compared with the 2D CAD data to evaluate shape and 
position characteristics. Software that supports palletised 
measurement can also be useful for inspecting large 
batches of rotor and stator laminations.

Software  
with a vision
The dedicated vision measurement capabilities within 
PC-DMIS ensure complex electric component inspection 
routines are easy to program.

Multisensor CMMs  
Combining tactile and non-contact  
sensors with unique design for part  
accessibility, the OPTIV M CMM range  
is ideal for electronics manufacturing. 

https://www.hexagonmi.com
https://www.hexagonmi.com/products/software/pc-dmis/pcdmis-vision
https://www.hexagonmi.com/products/coordinate-measuring-machines/multisensor-and-optical-cmms/enhanced-productivity-series-multisensor-cmms
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Dimensional 
inspection of  
hairpin-stator 
assemblies
Electric motor hairpin-stator 
assemblies require a number of 
complex measurements that are 
best achieved with combination 
of tactile and optical sensor 
technologies

https://www.hexagonmi.com
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Hairpin-stator assemblies require 
the inspection of a number of diverse 
features to ensure the efficient function 
of an electric vehicle motor.
The stator is the static part of a permanent magnet 
electric motor that contains the conductor. It is a critical 
component in the powertrain of hybrid, fuel cell and 
electric vehicles and requires particular attention in 
manufacturing to ensure process efficiency. Production 
of the stator as a fixed part of the traction motor requires 
particularly high production and inspection effort to meet 
the automotive industry’s demanding targets for quality, 
cost and cycle times.

Challenges 
Precise assembly and electrical  
insulation requirements 

The conductor on the latest generation of electric vehicle 
motors is constructed from bent copper bars called 
hairpins, which are inserted into the stator. The hairpin 
winding design can handle higher thermal stresses and 
ensure tight slot coverage to increase the motor’s efficiency 
in automotive applications in comparison to standard 
wound copper wires, which are thinner. The stator itself 
is comprised of thin steel laminates that stack together 
in groups and are known as the stator stack. The hairpins 
are loaded into the stator stack, twisted and laser welded 
on the end to create the interlocked copper wire that runs 
throughout the assembly.

The hairpin-stator assembly quality is very important 
for the main function of the electric motor, which is to 
convert electricity into motion by generating rotating 
force in a defined speed-torque behaviour. To ensure 
optimum efficiency and prevent failure due to electrical 
short-circuit, manufacturers must check several key 
characteristics, including:

• Hairpin electrical insulation within the stator slots
• Precise positioning of each hairpin relative to the stator 

base
• The accurate application of insulating varnish around 

the ends of the welded hairpins

• Welding point geometry and distances
• The general stator and hairpin geometries 

 These critical features add complexity to the inspection 
of the hairpin-stator assembly, especially given the high 
number of weld points and insulating features to be tested 
on each stator.

Solution 
Multisensor inspection capabilities and a  
4-axis setup with rotary table

The inspection process requires the dimensional 
measurement, including size, form and position, of the 
hairpin-stator assembly, which consists of 3D freeform 
and standard geometries. Among the key features to be 
measured are the profile form of the bent hairpin ends, 
the position of the hairpin ends in relation to the stator 
base datum, geometry of the welding points, the minimum 
radial and axial distance between the welding points and 
the maximum height of the welding points in relation to 
the stator base. The height and thickness of the insulation 
around the hairpins must also be captured, as well as the 
size and concentricity of the stator itself.

The number and types of features found on a typical 
hairpin-stator assembly require a comprehensive and 
flexible solution to achieve the required accuracy without 
compromising on cycle times. A coordinate measuring 
machine with multisensor inspection capabilities 
and a 4-axis setup with rotary table is ideal for the 
comprehensive inspection of complex assemblies like 
electric motor hairpin-stators. 

Advantages  
Quick and versatile measuring solution  
providing high-data density

By combining the measurement capabilities of a precise 
fixed tactile probe head, a laser line scanner and an 
optical white light sensor on a single machine, all of the 
important features of the hairpin-stator assembly can be 
captured accurately, quickly and fully automatically.

Global S
The GLOBAL S line  
provides a variety of flexible  
CMM solutions with good accuracy 
and machine dynamics that can be 
tailored to the needs of hairpin-
stator assemblies.

 HP-L-5.8 / 10.6
For the inspection of delicate 
surfaces such as copper hairpins, 
the HP-L-5.8 / 10.6 laser scanners 
provide accurate non-contact 
measurement capabilities.

Leitz  
Reference Xi
The Leitz Reference Xi supports 
high-accuracy measurement with 
a range of sensors and optional 
rotary table ideal for hairpin-stator 
assembly measurement.

https://www.hexagonmi.com
https://www.hexagonmi.com/products/coordinate-measuring-machines/bridge-cmms/global-s
https://www.hexagonmi.com/products/coordinate-measuring-machines/cmm-sensors/non-contact-sensors/hp-l-5-8-laser-scanning-sensor
https://www.hexagonmi.com/products/coordinate-measuring-machines/bridge-cmms/leitz-reference-xi
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Quality inspection of 
electric motor rotors 
Dimensional measurement 
solutions for the high-speed 
quality assurance of electric 
vehicle motor rotors without 
compromising on accuracy

https://www.hexagonmi.com
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The high-accuracy measurement of 
electric motor rotors  requires tight-
tolerance inspection that is not impacted 
by the rotor’s magnetic field.
Electric motors work on the principle of force between 
magnetic fields producing torque. As the central element 
in an electric vehicle motor, the rotor shaft transmits the 
rotary motion to the transmission of the eAxle. Usually 
the rotor is comprised of thin steel laminates that stack 
together into groups and are known as the rotor stack. 
Synchronous motors, or ‘syncron motors’, typical of the 
latest generation of electric vehicles, include permanent 
magnets that are press-fitted into the rotor stack and 
pulled into motion by the rotating magnetic field which is 
created in the stator.

Challenges 
Magnetic part with high dimensional precision

The high rotational speeds and strong torque of electric 
vehicle motors lead to precise demands on the form, 
position and dimensional accuracy of the rotor. While 
rotating at high speed within the stator, it is important 
the rotor position meets the specified radial distance 
of the rotor-stator assembly in order to ensure the high 
performance and efficiency of the motor. In particular, 
it is a challenge to stick to these tight tolerances after 
hardening of the rotor shaft in the manufacturing process. 

The smooth and quiet running of the electric motor relies 
on accurate measurement of the rotor bearing points 
as well as the splines on the shaft for form-fitting and 
friction-locked connection to the transmission. These 
features have to be inspected very accurately, with the 

added challenge of configuring the measuring process to 
mitigate the effects of the rotor’s strong magnetic field 
during measurement. 

Solution 
Ultra-high accurate inspection of  
the rotor’s key features 

A typical rotor measurement application includes 
dimensional measurement for form, size and position, 
mainly consisting of standard geometries and profile 
features. Key features to be measured include the 
diameter, roundness and concentricity of the rotor stack 
and shaft as well as the profile, flank line, tip and runout of 
the splines on the shaft.

Due to the unique challenges of inspecting electric vehicle 
motor rotors, an ultra-high accuracy coordinate measuring 
machine (CMM) with a precise tactile probe head are the 
essential base of the measurement solution. 

Advantages 
Combine speed and precision with  
optical 4-axis scanning

The addition of an interferometric optical sensor and CMM 
rotary table can accelerate the process by ensuring fast 
and accurate measurement of rotational features on the 
vertically aligned rotor. Utilising a tactile probe head with 
long styli configurations will ensure that tight tolerances 
for key features are met without any impact from the 
rotor’s magnetic field, while the optical sensor’s spin scan 
mode ensures high-speed data capture to support the 
throughput requirements of the automotive industry.

Ultra-high accuracy CMMs  
The Leitz Reference HP with  
HP-S-X5-HD probe head is ideally  
suited to accurate measurement with  
long styli configurations, avoiding  
negative effects caused by the rotor’s magnetic field. 

Non-contact  
optical inspection
The unique HP-O frequency-modulated interferometric 
optical sensor solution provides high-speed non-contact 
measurement without compromising on accuracy. 

https://www.hexagonmi.com
https://www.hexagonmi.com/products/coordinate-measuring-machines/bridge-cmms/leitz-reference-hp
https://www.hexagonmi.com/products/coordinate-measuring-machines/cmm-sensors/non-contact-sensors/hp-o-optical-sensors
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Electric 
Vehicle Power 
Electronics
Manufacturing and quality assurance 
solutions to make sure electric vehicle 
power electronics effectively manage 
engagement of critical systems such as 
the battery and electric motor

The use of electronic systems in the automotive industry 
has expanded significantly over the last two decades. 
Domestic and commercial vehicles increasingly rely on 
electronic control systems and electric vehicles are no 
different. However, power electronics is a relatively new 
field for automotive manufacturers, and it’s expected 
to be a huge growth area as the industry moves to new 
architectures for automotive supply systems.

The individual components of electric vehicle power 
electronics, including inverters/converters, sensors and 
control systems, are responsible for critical functions like 
the flow of power between the battery and the electric 
motor, conversion from direct current to alternating 
current, and the regulation of the speed of the electric 
motor.

The addition of power electronics systems to vehicles 
brings new design, manufacturing and inspection 
challenges. Cooling systems must be optimised to ensure 
efficient thermal management. To make electronic parts 
more effective and dependable, it’s important to control 
the quality of semiconductors, printed circuit boards 
(PCBs) and finished modules. The need for reliable devices 
capable of handling high power at high efficiency has 
led to developments in new semiconductor materials to 
replace traditional silicon electronics. 

Hexagon’s smart manufacturing technology is widely 
used in both the automotive and electronics sectors. Our 
simulation solutions support manufacturers of electronic 
components through the design phase from material 
selection to thermal performance, while our inspection 
solutions support high sample rates for complex mass 
production components like PCBs.

https://www.hexagonmi.com
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Non-contact 
inspection of 
semiconductor chips 
and lead frames 
Inspection solutions for fast and 
accurate quality assurance of 
semiconductor chips and lead 
frames for electric vehicle power 
electronics

https://www.hexagonmi.com
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Whether for electric vehicle power 
electronics or other applications, quality 
assurance of semiconductor chips 
and lead frames requires specialist 
equipment.

The rapid development of electronics over the last few 
decades has seen semiconductors and lead frames 
become essential components across virtually every 
industry – automotive in particular. The power electronics 
required in electric and hybrid vehicles are just one 
example of how pervasive electronic systems have 
become to manufactured products in other industries.

Challenges 
Large sample inspection of filigree structures

With the volume of electronic components required, 
manufacturers are increasingly reliant on automated 
assembly for semiconductors and other similar parts. This 
brings unique quality assurance challenges as producers 
of semiconductor components and electronic assemblies 
in general must inspect extremely large numbers of these 
filigree structures for dimensional accuracy.  

But advanced miniaturisation means their microscopically 
small conductor paths and electronic contacts cannot 
be verified with conventional test equipment or 
microscopes. Yet for the economic inspection of larger 
samples and possibly even 100% inspection, it is essential 
that all relevant contours can be automatically and 
comprehensively recorded.

Solution 
Bringing multisensor CMM and  
specialised software together

Hexagon’s multisensor coordinate measuring machines 
(CMMs) provide both the non-contact sensor technology 
and large-batch processing options to meet the demands 
of electronic components inspection and quality 
assurance. Coupled with the dedicated vision metrology 
software, they ensure simple part programming yet 
comprehensive measurement results.

Advantages  
Ensuring simple part programming and comprehensive 
measurement results 

Software  
with a vision
The dedicated vision measurement capabilities within 
PC-DMIS ensure complex electric component inspection 
routines are easy to program.

Multisensor CMMs  
Combining tactile and non-contact  
sensors with unique design for part  
accessibility, the OPTIV M CMM range  
is ideal for electronics manufacturing. 

https://www.hexagonmi.com
https://www.hexagonmi.com/products/software/pc-dmis/pcdmis-vision
https://www.hexagonmi.com/products/coordinate-measuring-machines/multisensor-and-optical-cmms/enhanced-productivity-series-multisensor-cmms
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Electric Vehicle 
Drivetrains
Ensuring effective power transmission at 
high torque through metrology solutions 
designed for the requirements of electric 
vehicle drivetrain systems
Compared to the development process for traditional 
combustion engine vehicles, eMobility is driving substantial 
change in the way manufacturers approach drivetrain design. 
State-of the-art electric vehicles use different kinds of 
automatic transmissions such as 2-stage spur gear drives, 
integrated stepped planetary gear drives or continuously 
variable transmissions (CVT) to operate at optimum 
efficiency.

Often, electric motors, power electronics and drivetrains 
share a single housing, reducing the overall number of 
components in the powertrain and lowering the overall 
weight of the system. In battery electric vehicles (BEVs), this 
integrated unit may directly power a combined electric axle 
drive. In hybrid vehicles, various transmission configurations 
are possible depending on how the manufacturer intends the 
electric motor and combustion engine to interact with each 
other.

While many operating principles for electric vehicle 
drivetrains differ from their counterparts in combustion 
engine vehicles, on the component level there are actually 
many similarities in the design and manufacturing processes 
required. Key components like straight gears, helical gears 
and housings are common to both types of drivetrain. The 
main challenges in specialising such components for electric 
vehicle drivetrains are to deal with the higher torque and 
speed of rotations that can be realised with electric motors. 
The tolerances involved in the precision manufacturing of 
transmission components like straight and helical gears or 
planetary gear drive systems are typically tighter for electric 
vehicle components.

Hexagon has considerable experience in the development 
of powertrain components in both the automotive 
and aerospace sectors and is well placed to support 
manufacturers throughout the development of electric 
vehicle drivetrains. Our ultra-high accuracy measurement 
systems are specified for inspection and quality assurance 
of critical parts like gears, shafts and casings.

https://www.hexagonmi.com
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High accuracy 
measurement  
of eDrive precision 
gears
Measurement and evaluation 
of gear parameters for high 
quality gears 

https://www.hexagonmi.com
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High-accuracy measurement is 
required to validate and verify critical 
gear characteristics, as well as to 
inform understanding of the acoustic 
performance of the drivetrain system.

Although electric vehicle drivetrains typically use 
different operating principles to their combustion-engine 
counterparts, there remain many similarities in the design 
and manufacture of key components such as straight 
gears and helical gears. However, with the higher torque 
and rotational speeds enabled by electric motors, the 
tolerances required in drivetrain components are typically 
tighter in electric vehicles. The surface finish of gears also 
takes on a new importance because of the low noise levels 
of the electric motor.

Challenges 
Tighter tolerances and increased  
demands on surface finishes

With the tolerances of precision gears for electric vehicle 
drivetrains usually in the low micron range, a precision 
measurement solution such as an ultra-high accuracy 
coordinate measuring machine (CMM) is essential to 
fulfil the accuracy requirements. A metrology software 
specified for gear measurement is also required. Part 
accessibility is another critical factor in measurement 
system specification as the shape of the gear teeth can 
obstruct access, particularly at the root. Furthermore, 
measurements that help to understand noise emissions 
at very high rotational speeds become increasingly 
important to electric vehicle manufacturers. This can 
include roughness measurements on tooth flanks and 
even a performance simulation based on full surface 
measurement of the physical part as manufactured.

For verification of smaller electric drivetrain gears in 
production, several critical measurements of the gear 

teeth are required. Profile and helix lines are scanned 
and evaluated for form and position deviations. Another 
important evaluation includes pitch and run-out. For this, 
single points on every flank need to be measured. The 
tooth flank also needs to be captured in detail to evaluate 
any modifications that have been applied to the flank.

Solution 
Utilisation of ultra-high accuracy CMMs  
with high sensor flexibility

To achieve such a complex set of measurements, a rotary 
table is often used to position the gear for measurement. 
But it is also possible to carry out inspection without 
the use of a rotary table, with the CMM instead aligning 
the probe head to the gear which can also be carried 
out as automated pallet measurements of multiple 
gears increasing measurement throughput. If the CMM 
is capable of additionally using a roughness sensor, 
roughness measurement can be integrated into  the 
same inspection program. This can reduce the inspection 
time as the gear does not need to be taken to another 
measurement system and reclamped. Laser line scanners 
may be used to capture the full surface of the gear. Using 
accurate measured data to inform acoustic simulations is 
also helpful in noise evaluation.

Advantages 
Combining classical gear evaluation and  
data capture for noise simulation 

With sub-micron accuracy and high scanning performance, 
Hexagon’s ultra-high accuracy CMM range is ideally 
suited to the measurement of electric vehicle gears. The 
CMMs can be equipped with rotary tables but do not 
require them, and support a wide range of sensors and 
software designed for and proven in automotive drivetrain 
applications.

Leitz PMM-C
Ultra-high precision CMM  
and gear measuring system

Profiler R
Tactile sensor  
for roughness  
measurement on CMMs

QUINDOS  
Gear
Simple and fast gear 
measurements

https://www.hexagonmi.com
https://www.hexagonmi.com/en-GB/products/coordinate-measuring-machines/bridge-cmms/leitz-pmmc
https://www.hexagonmi.com/en-GB/products/coordinate-measuring-machines/cmm-sensors/roughness-sensors/profiler-r-tactile-roughness-sensor
https://www.hexagonmi.com/en-GB/products/software/quindos/quindos-gears
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Non-contact 
measurement of 
clutch components
Analysing high-perfomance 
enginge compontents without 
comprimising production 
throughput

https://www.hexagonmi.com


hexagonmi.com Manufacturing Intelligence 23

Optimising clutch basket measurement 
cycle times withe the HP-O hybrid optical 
sensor

Basket clutches are commonly used in automatic or 
manual gearboxes for cars, trucks and motorcycles, as 
well as hybrid electric vehicles and even some battery 
electric vehicles. The fine tolerances demanded of these 
modern basket clutch systems demand equally fine 
metrology capabilities, which have traditionally been a 
bottleneck in production.

Challenges 
Fast production and tight tolerances

Designed to run at speeds of more than 15 000 rpm, any 
imbalance or eccentricity in the clutch basket would cause 
vibrations, increase wear and decrease the life of drive train.

Any conicity or ovality of the basket reduces the amount 
of power that can be transmitted and can cause the clutch 
to fail. The critical features of the clutch basket are the 
locators, diameters, wall thicknesses and runouts, all of 
which must be produced to within fine margins of accuracy 
to ensure clutch reliability.

This makes quality control within the clutch manufacturing 
process a key step in modern drive train production – high-
accuracy inspection processes are vital.

Solution 
Combining high precision measurement  
and quick data capturing

Tactile inspection of clutch baskets is a mature method 
within this area, but with parts manufactured through fast 
punching and forming processes, cycle time is insignificant 
in comparison with inspection time. In an ideal world, the 
inspection process would be in-time with fabrication, both 
saving time and delivering better production control.

The introduction of interferometric optical sensors has 
delivered a fundamental change in metrology. Where 

previously individual part features were targeted by the 
hardware, now the optical sensor captures everything 
in detail and software targets those individual features. 
And this comes alongside the capability to capture up to 
1000 data points per second, compared to just one point 
per second with tactile probing. The result is a significant 
increase in throughput and the potential to greatly reduce 
the inspection time.

But the higher accuracy measurements possible 
with tactile probing mean this established technique 
still demands consideration, for at least a part of the 
inspection process. A single solution that offers high-
speed optical measurement and high-accuracy tactile 
measurement is clearly what’s called for.

The HP-O Hybrid optical sensor from Hexagon 
Manufacturing Intelligence is a solution that allows for 
instant switches from tactile to optical measurement 
within a single measuring program. An interferometric 
distance sensor with a resolution of 0.003 microns and 
a Ø0.011 millimetre spot, the HP-O Hybrid is fully capable 
on shiny surfaces while being insensitive to ambient light 
changes, making it ideal for the capture of high-density 
data within a production environment.

A coordinate measuring machine (CMM) with the 
appropriate accuracy, dynamics and 4-axis capability is 
a prerequisite for fully utilising the potential of the HP-O 
Hybrid sensor. Offering a single-point mode, a continuous 
scanning mode and a sensor-specific ‘spin-scan’ mode for 
capturing rotationally-symmetrical features, the sensor is 
highly flexible.

Advantages  
Reduced cycle times and reliable results

Altogether, this is a high throughput and accuracy (HTA) 
solution capable of reducing cycle times by as much as 
80%. Such a step change in the inspection process opens 
the door to bringing more precise metrology truly in-time 
with production with the use of other innovations such 
as multi-position fixturing, pallet loaders and automation 
systems.

HP-O Optical  
Sensors
Fast and  
Highly-Accurate  
Optical Measurements

Rotary Tables
Rotary Tables increase throughput 
and accessibility

Leitz  
Reference Xi
The High-Flexibility Ultra-High 
Accuracy Coordinate Measuring 
Machine

https://www.hexagonmi.com
https://www.hexagonmi.com/en-GB/products/coordinate-measuring-machines/cmm-sensors/non-contact-sensors/hp-o-optical-sensors
https://www.hexagonmi.com/en-GB/products/coordinate-measuring-machines/accessories-for-cmms/rotary-tables--leitz
https://www.hexagonmi.com/en-GB/products/coordinate-measuring-machines/bridge-cmms/leitz-reference-xi
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Dimensional 
inspection of 
eDrive housings
Comprehensive inspection 
for electric vehicle housings 
including tight tolerance 
characteristics and hard-to-
access features

https://www.hexagonmi.com
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The increasingly integrated design 
of electric vehicle motors, power 
electronics and drivetrains is placing 
new demands on the quality inspection 
of eDrive housings.

Many electric vehicle designs today integrate the 
electric motor, power electronics and drivetrain 
components within a single housing unit. This new 
kind of a combined electric axle drive, sometimes 
known as ‘eAxle’, reduces weight and axial installation 
space – ideal to accommodate the battery stacks of 
battery electric vehicles (BEVs) or the second engine 
and transmission in for hybrid electric vehicles (HEVs). 
But this design brings new challenges in the quality 
assurance process for such housings.

Challenges 
Small sizes and high complexity

As well as shaft and bearing quality, the thermal 
management of the system becomes an important 
issue to be verified. eDrive housings require an 
advanced cooling concept to manage the heat 
generated within the coils and hairpins of the 
electric motor, as well as by the power electronics. 
The integrated transmission and differential are key 
components for torque adaption and torque vectoring, 
and require high quality bearing arrangements in the 
housing. 

Solution 
Precision CMM with high flexibility 

Such integrate system designs are leading to smaller 
and more complex housings being developed for 
electric vehicles, characterised by particular size, 
form and position specifications as well as lower wall 
thickness. As a result, dimensional tolerances for the 
housings are becoming tighter and certain features are 
harder to access during quality assurance processes. 
Housing inspections require standard geometries 
and profile feature measurement, with key features 
including sealing surfaces, flanges, boreholes, cooling 
holes or coolant channels, wall thickness, bearing of 
the shaft and bearing arrangements that also provide 
support for an integrated drive including gears. 
Surface inspection and roughness measurement may 
also be required in some instances.

Advantages 
Application-oriented sensor technology  
enables high adaptability

Because of the number and range of features found 
on a typical eDrive housing, a comprehensive yet 
flexible measurement solution is required to achieve 
the necessary accuracy without compromising on 
cycle times. Hexagon’s high and ultra-high accuracy 
coordinate measuring machines (CMMs) with 
multisensor capabilities offer such flexibility. By 
integrating a fixed tactile probe head, an indexing 
wrist and a roughness sensor on a single CMM, all of 
the important features of the eDrive housing can be 
captured quickly within a single program.

GLOBAL S
The coordinate  
measuring machine  
pushing productivity further

Leitz  
Reference HP
The high-precision  
ultra-high accuracy  
coordinate measuring machine

SENMATION
Intelligent sensor automation for 

coordinate measuring machines

https://www.hexagonmi.com
https://www.hexagonmi.com/en-GB/products/coordinate-measuring-machines/bridge-cmms/global-s
https://www.hexagonmi.com/en-GB/products/coordinate-measuring-machines/bridge-cmms/leitz-reference-hp
https://www.hexagonmi.com/en-GB/products/coordinate-measuring-machines/cmm-sensors/sensor-probe-and-styli-changers/senmation
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Electric Vehicle 
Fuel Cells
Fuelling development in hydrogen-powered 
vehicles with solutions for the design 
and manufacture of safer, more efficient 
electric vehicle fuel cells
Hydrogen fuel cell vehicles, or fuel cell electric vehicles 
(FCEVs), generate energy through the electrochemical 
reaction of hydrogen and oxygen with only water as a by-
product. Typically promising greater range than battery 
electric vehicles and lighter in weight, they have long been 
heralded as the future of sustainable transportation. Yet 
development of fuel cell technology into a viable mainstream 
alternative to petrol and diesel combustion engines remains 
challenging for manufacturers.

Optimising the design of electric vehicle fuel cells to offer 
effective performance yield within an attractive price range 
will be the key differentiator in the race to raise customer 
acceptance of FCEVs for domestic use, while cutting 
development and manufacturing costs will also make 
the technology a more attractive option for commercial 
transport applications. Design for manufacturability and 
efficient quality assurance solutions are therefore critical 
to creating a viable commercial model, as well as creating 
a compelling business case for installing hydrogen fuelling 
infrastructure.

Manufacturing FCEVs requires a number of unique parts and 
production technologies including bipolar plates, membrane 
electrodes, catalytic electrodes, hydrogen injectors and 
carbon-fibre hydrogen tanks. Manufacturers also need to 
adapt other more typical automotive parts to fit a fuel cell 
powertrain – for example the cooling systems.

Our non-contact vision inspection solutions provide quality 
assurance for intricate and fragile parts such as membrane 
electrode assemblies.

https://www.hexagonmi.com
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Dimensional 
inspection of fuel 
cell membrane 
electrode 
assemblies (MEAs)
Non-contact optical 
measurement of membrane 
electrode assemblies (MEAs) 
for electric vehicle fuel cell 
manufacture

https://www.hexagonmi.com
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Fuel cell technology relies on the 
accurate manufacture of membrane 
electrode assemblies, which need a 
specialised inspection technology to 
ensure quality. 

Polymer electrolyte membrane fuel cells are 
currently a focus area for vehicle fuel cell 
applications. The critical component of this type of 
fuel cell is the membrane electrode assembly (MEA), 
which helps to produce the electrochemical reaction 
needed to separate electrons. The MEA is layered 
and contains of a number of different material types 
through the membrane itself, catalyst layers and gas 
diffusion layers.

Challenges 
Thin and sensitive foil 

An individual MEA basically looks like a thin foil 
coated on both sides, inside which the anode and 
the cathode membranes are pressed together with 
an internal seal. Depending on the specific use there 
are different sizes of the foils, some of which can 
have dimensions of up to 1000 mm in size. These 
fragile and sensitive films must be verified in a fast, 
process-oriented measuring procedure 

Solution 
Automated optical 2D high-speed inspection

The membrane electrodes are typically coated in 
various areas, and both sides must been inspected 
without damaging the foil surface. A multisensor 
coordinate measuring machine (CMM) with a 
measurement volume accommodating large 2D 
parts and dedicated vision measurement software 
provides the ideal solution. For manufacturers 
producing MEAs at volume, a CMM like this can be 
easily integrated into the measurement process, 
for example using a barcode reader to start the 
program so the process is simple and safe even 
for inexperienced workers. Process validation via 
statistical process control software can also support 
the efficient production of membrane electrode 
assemblies for electric vehicle fuel cells.

Advantages  
Ensuring simple part programming and 
comprehensive measurement results for statistical 
process control of membrane electrode assemblies 

Multisensor  
CMMs  
The OPTIV M CMM range supports 
the fast, non-contact measurement 
required to inspect membrane 
electrode assemblies for electric 
vehicle fuel cells.

Statistical analysis tools
Statistical process control software 
can support quality assurance, 
capability evaluations and 
parameter-based process controls.

Vision measurement software
PC-DMIS offers dedicated vision 
measurement capabilities that make 
part-programming for components 
like membrane electrode assemblies 
simple.

https://www.hexagonmi.com
https://www.hexagonmi.com/products/coordinate-measuring-machines/multisensor-and-optical-cmms/enhanced-productivity-series-multisensor-cmms
https://www.hexagonmi.com/products/statistical-process-control-spc-software
https://www.hexagonmi.com/products/software/pc-dmis/pcdmis-vision
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eMobility 
Infrastructure
Helping governments and infrastructure 
providers design and implement the 
future infrastructure changes required for 
eMobility to move into the mainstream
Bringing eMobility into the mainstream requires considerable 
infrastructure updates and changes. Most countries have 
a well-established infrastructure of fuelling stations for 
combustion engine vehicles and supply logistics to ensure 
tanks are full and petrol and diesel are continuously 
available. As more and more consumers and commercial 
operations move towards hybrid electric vehicles (HEVs), 
battery electric vehicles (BEVs) or fuel cell electric vehicles 
(FCEVs), infrastructure must evolve to support the needs of 
eMobility – from power generation to charging stations.

The presence of supply and charging stations is essential 
for a successful adoption of eMobility solutions. The 
lack of availability of hydrogen fuel pumps will limit the 
adoption of FCEVs, while the availability and operation of 
electric charge points for BEVs is an even more complex 
equation to solve. Infrastructure planners must consider 
both the geographical locations of charging stations and 
the demand on the electricity supply network that they will 
create. Manufacturers must look to shorten charge times 
through technology innovation in order to meet consumer 
expectations and answer concerns over range to charge time 
ratios.

Hexagon can support producers of eMobility infrastructure 
components, such as plugs and connectors for charge 
points, with smart manufacturing technologies that support 
them through design, production and quality assurance as 
they strive to improve the efficiency of charging technology.

https://www.hexagonmi.com
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Dimensional 
inspection of 
electric vehicle 
charging plugs and 
connectors
Quality solutions to ensure 
fast and efficient charging 
for electric vehicles both at 
home and while on the road

https://www.hexagonmi.com
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With a diverse set of components, 
materials and feature types, charging 
station components like plug and 
connector assemblies present an 
inspection challenge for the quality 
department. 
Modern electric vehicles rely on the availability of 
fast and efficient charge points at the owners’ home 
and while out on the road. Building up charging 
infrastructure is a priority as governments and the 
industry look to drive increased adoption of electric 
vehicles, so ensuring charging technology can be 
produced in a cost effective way is essential.

Challenges 
Large variety of parts and measuring tasks

Charging stations contain a number of very diverse 
assemblies, ranging from simple stamped and bent 
metal parts to current-carrying metallic components 
in the interior of charging plugs, through to control 
units with many plastic parts and connecting 
elements. For the charging station manufacturer, this 
creates a large number of different measuring and 
testing tasks that must be completed to finally ensure 
perfect electronic and mechanical functions within 
the charging unit.

Charging connectors are usually checked for 
dimensional accuracy using a 2D optical inspection 
device. Once these are installed into charging cables 
or sockets, it’s important to confirm that the plastic 
housings are accurately shaped and fitted to ensure 
the correct contact with the energy source and safe 
handling for the vehicle owner. This means that 2D and 
3D dimensional measurements are required within the 
process of producing the plug and connector assembly 
in order to achieve the desired quality.

Solution 
Quick 2D optical check and tactile 3D inspection 
combined within a single part program

To meet this requirement, a multisensor coordinate 
measuring instrument (CMM) offers the ideal solution. 
Whether the feature needs a quick 2D optical 
inspection or a more accurate tactile measurement, 
a multisensor CMM ensures that the right sensor is 
used at the right time, all within a single part program. 
With the support of a metrology software optimised 
for multisensor measurement, programming is simple, 
while the additional option of importing CAD data such 
as STEP or IGES file via a bidirectional CAD interface 
allows programming and comparison against nominal 
data.

Advantages  
Multisensor capabilities ensuring fast, precise and 
comprehensive measurement results for a large 
range of different charging plugs and connectors

Software  
with a vision
The dedicated vision measurement capabilities within PC-
DMIS ensure complex multisensor inspection routines can 
be programmed with ease. 

Multisensor CMMs  
With tactile and non-contact  
sensors in the toolset, the  
OPTIV M CMM range offers inspection  
capabilities suited to charging plug  
and connector assemblies.  

https://www.hexagonmi.com
https://www.hexagonmi.com/products/software/pc-dmis/pcdmis-vision
https://www.hexagonmi.com/products/coordinate-measuring-machines/multisensor-and-optical-cmms/enhanced-productivity-series-multisensor-cmms


Learn more about eMobility 
measurement solutions 

Watch the full 
video here

https://www.hexagonmi.com/en-GB/solutions/industries/automotive/emobility
https://emobility.hexagonmi.com/ 
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