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"double pack" of
measurement processes:
With some high-precision
components, a single
measurement process just
won't cut it. That's why there's Optiv. The
multi-sensor measuring machines accept
vision sensors and tactile, high-speed
scanning sensors on two separate Z-axes.
The sensors can be easily positioned and
capture every feature of a componentin
one single measurement routine.
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EDITORIAL mzmsm

magine you could travel 100 years back

in time. What would you tell people

about the future? That we can circle

the globe in just 32 hours? That we

can communicate with thousands of
other people without setting foot out the door?
People would probably call you crazy, but for us
these things have been part of everyday life for
some time. Today's fast-paced technological
changes demand something from industrial
companies. Not only are cycle times becoming
shorter, but quality must continuously be
optimized as well. What can help? Automated
3D co-ordinate measurement technology is a
way of speeding up the measurement process
and at the same time maintaining an increase
in quality. You'll learn more about it in this
issue of measureup. The fact that the limits of
what's technically feasible are continually being
tested is shown in the story of the Bloodhound
Project on Page 8. This team knows no limits.
Be inspired!

Your measureup editorial team
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UP CLOSE AND PERSONAL

One of the distinctive aspects of Hexagon Metrology is that we pride
ourselves in getting up close and personal with our customers. As the
world recovers from the economic downturn of the last few years we
have been continually making investments in infrastructure and ser-

vices right on our customer’s doorsteps.

New Precision Centre close”
to Airbus in Chester, UK

.q,-.&a_n_‘

i
Expansion of Laser Tracker and Theodolite | \‘ . ﬁ*‘ New plating facility at TESA pro-
calibration lab, Miamisburg, OH, USA =T ducti‘c)m in I%enens,ySwitzerla%d
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Whether customers are looking to
invest in new equipment, need prod-
uct services, require training or just
have a quick software question, having
Hexagon Metrology close by makes all
the difference.

Wl's

New Commercial Operation
Hexagon Metrology Oy, Finland

WHY LOCAL MATTERS

So what does it mean in practice?
Brought down to its most basic level,
it’s all about listening to the customer
and delivering tailored local services
based on their needs. In face-to-face
situations or on the telephone, we find
out just what the customer needs and
then aim to deliver it.

Over the last few months Hexagon
Metrology has realised numerous new
and improved facilities across the
world. Some of the activity has concen-
trated on improving existing facilities,

L | 2,
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-‘)

but just as importantly we have been
expanding our reach to new countries
and regions in order to be closer to our
customers than ever before.

INVESTING IN A BRIGHTER FUTURE
As new markets continue to open up,
Hexagon Metrology intends to be there
to support companies as they evolve
and expand in these regions. Engineers
are the problem solvers of today;
Hexagon Metrology is here to support
them wherever they may be, helping to
build an ever-stronger world economy.

. New production | .
hall for ultra-high
accuracy CMM’s
in Wetzlar, Germany

New Rep Office
in Kragujevac,
Serbia

New Commercial Operation
Hexagon Metrology Kft., Hungary §

New office and demo centre in Singapore

b‘

Expanded ‘Solutions-oriented’ 4
ﬁ demo facmty,ngdao China
A
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OUR

PAR TNER

exagon Metrology is proud

to provide expert metrology
consultation and services to The
Bloodhound Project — the UK
attempt to set a new FIA (Fédération
Internationale de 'Automobile)

land speed record while inspiring

the next generation of engineers. Combining the
aerodynamics of a car and a jet fighter, the Bloodhound
SSC supersonic car will cost around £20-million pounds
to develop and aims to exceed 1,000mph (1,609km/h).
The world record attempt will take place in 2014 on the
Hakskeen Pan in South Africa’s Northern Cape Province —
the world’s largest and flattest dried-out lake bed.

Accurate metrology and access to a range of market-leading
products and expertise are absolutely critical to the success
of the project. Hexagon Metrology’s support will ensure

the car is built exactly to design specifications, optimising
performance and minimising the risk of issues such as high
speed flutter on the fin.

Jon Kimber, Area Sales Manager (South) for Laser Trackers
at Hexagon Metrology UK, comments: “Vehicles such as the
Bloodhound SSC cannot be built without metrology. Hexagon
Metrology was the only company which could provide the full
range of metrology equipment and the technical expertise
required to make this project a reality.”

Hexagon Metrology has the largest selection of metrology
equipment of any manufacturer. Its entire range is be-
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ing used on the Bloodhound SSC project,

including its portable measuring arm, the
ROMER Absolute Arm, which provides in-
stant readouts, and laser trackers from the
Leica Absolute Tracker AT901 series, which
are augmented with the unique handheld
probing device Leica T-Probe. This device
can be tracked through six degrees of
freedom and enables the measurement of
points that have no direct line of sight to the
laser tracker. Spatial Analyzer application
software is also enabling project engineers
to see if component parts are in the correct
place before they are drilled off and fixed
permanently. The project is also benefiting

from Hexagon Metrology’s considerable
experience working with Formula 1 racing
teams and its position as the leading me-
trology supplier to the aerospace industry.

For example, the company is measuring
composite moulds and components at dif-
ferent production stages. It’s also measur-
ing and positioning high accuracy compo-
nents such as the D-nose brackets on the
rear sub-frame using portable laser tracker
equipment and the handheld Leica T-Probe.
While the inside of the newly built carbon
composite monocoque is being scanned to
ensure that cockpit interior fixtures and fit-

tings can be designed in a CAD environment
and will fit the first time.

As aresult of the Hexagon Metrology team’s
input, changes are even being made to the
way the Bloodhound SSC car is being built.
Hexagon Metrology is also contacting sister
divisions (Leica Geosystems) to provide
additional services such as measuring the
flatness of the Hakskeen Pan racetrack
with a high accuracy GNSS (GPS) Sensor - a
product whose previous uses include mea-
suring runway flatness for the Concorde.
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In addition, the company is training the Bloodhound SSC team to use its
mobile Leica Absolute Tracker AT401 to ensure accurate car assembly in
the Bristol workshop. The battery powered, dust and waterproof tracker
will also be the ideal instrument for conducting field checks of the car’s
structural integrity in the South African desert.

Commenting on the contribution of Hexagon
Metrology, Bloodhound SSC Project Director, Rich-
ard Noble said: "As we push the boundaries be-
yond 1000mph we need a partner that can match
our ambition and provide us with mission critical measurement services
using a range of leading-class equipment at the forefront of metrology.
From the smallest detail on the car to the alignment of the major car com-

ponents over its total 12.8-meter length, everything has to be right."

Jon Kimber has even become a Bloodhound SSC Educational Ambas-
sador and will be visiting schools and colleges throughout the UK to talk
about the project and stimulate interest in STEM (Science Technology
Engineering and Maths) subjects. “Being involved with a project like this
gives us a rare opportunity to give youngsters an understanding of what
engineering is really about,” says Jon. “In the UK there is a real shortage
of engineers and our hope is that the Bloodhound SSC project will enable
us to inspire the engineers of tomorrow.”

BLOODHOUND SSC /A‘;—“

BLOODHOUND SSC IN 3D P

View the car in 3D right here on this page. Download the app
then point it at this image - the car will pop out of the page!

AUGMENTED REALITY

http://hex.ag/jf12T ~ FOR FURTHER INFORMATION PLEASE VISIT... www.bloodhoundssc.com
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n every issue of measureup we will give you travel recommendations for one of
the world’s important "metrology cities". In this issue we would like to give you
insight into two German cities: Wetzlar, the headquarters of Hexagon Metrology
Germany and the city of optics and Stuttgart, the venue for CONTROL, the most

important quality trade show in the world.

VISEUM WETZLAR

What is light? The answer to this question can be found in the
museum of Optics called Viseum. It’s located in an 18th century
building in the historic city centre of Wetzlar. Since 2007 people
from around the world have the opportunity to find out more
about light in Wetzlar. In the museum, supported by 14 industrial
companies (including Leica Microsystems and Leica Camera) you
can explore the world of Optics and Precision Engineering.

MERCEDES-BENZ MUSEUM

The modern Mercedes-Benz Museum, located in Stuttgart-Bad
Cannstatt, displays 120 years of automobile history. Among the
1500 exhibits which show the evolution of the automotive indus-
try perfectly, you will see a Daimler Motor Carriage from 1886,
the legendary Silver Arrow and Pope John Paul II's Popemobile.
It’s a place where you can see extraordinary design and unique
technology, two underlying features of the great history of the
Mercedes-Benz brand.

PORSCHE MUSEUM

The enthusiasts of luxury cars should visit the Porsche Museum
in Stuttgart. Since 2009, more than 80 unique cars and other
200 smaller exhibits are presented in a unique atmosphere. In
the museum you can see and feel the whole Porsche story: the
legendary models such as 356, 550, 911 and 917, as well as the
outstanding technical achievements in the early years of the
20th century issued by Professor Ferdinand Porsche. Besides
the Porsche exhibition, the museum offers also reparation and
service of old vehicles to private customers.

TRAM MUSEUM

The Tram Museum in Stuttgart presents more than 50 historic
vehicles dated from 1868 to the present. Among them is, for
example, the first horse-drawn tram. Additionally, visitors can
decide on the following attractions: special islands called “track
maintenance” and “driver training”. The Museum also organizes a
historical drive to the Stuttgart city centre every Sunday.

Viseum Wetzlar

Haus der Optik + Feinmechanik
Lottestrafe 8-10, Wetzlar
Phone: +49 6441 99 41 40
Opening times:

Tue = Sun: 10-13 pm, 14-17 pm
Closed Mondays

Entrance price: EUR 3.50 (adult)

Mercedes-Benz Museum
Mercedesstr. 100, Stuttgart
Phone: +49 711-17 30 000
Opening times:

Tues —Sun: 09 -18 pm
Closed Mondays

Entrance price: EUR 8.00
(adult, the whole day)

Porsche Museum

Porscheplatz 1, Stuttgart-Zuffenhausen

Phone: +49 1805 356 911
Opening times:

Tues —Sun: 09 -18 pm

Closed Mondays

Entrance price: EUR 8.00 (adult)

Stuttgarter StrafBenbahnen AG

Straf’enbahnwelt, Veielbrunnenweg 3,

Stuttgart (Bad Cannstatt)
Phone: +49 711 7885-7770
Opening times:

Wed, Thu, Sun: 10 = 17 pm
Entrance price: EUR 4.00 (adult)

MAY 2013 » www.hexagonmetrology.com ‘ MEASUREUP
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In every company that consid-
ers using automated, robot-
based measurement systems,
many questions arise when
automated metrology first
becomes a topic: Is probing the
right choice or should scan-
ning be considered? Are there
sensors which are compat-
ible with industrial robots that
have already been purchased?
Which is the best software?
Are there successful installa-
tions for similar environments?
Hexagon Metrology developed
a training format that answers
these questions.

To provide better understanding of
automation technology to interested
audiences such as metrology users,
quality managers or system integra-
tors, Hexagon Metrology developed

a workshop format tailor-made

to automation. These Automation
Workshops offer participants an
information-packed day full of know-
how and hands-on experience around

MEASUREUP | mAY 2013 » www.hexagonmetrology.com

the application of 6 DoF laser tracker
technology in robotic environments.
Nik Suter, Commercial Support Man-
ager for Hexagon Metrology's Laser
Tracker Product Line, explains: "The
Automation Workshop is basically a
training offering. Based on technol-
ogy demonstrations and real-life ap-
plications, we pave the way towards
the most efficient use of metrology.
At the same time, we get real-time
market feedback and a profound un-
derstanding of our customer's needs
today, tomorrow and beyond."

Workshops are held regularly in
Hexagon Metrology's Precision Cen-
tresorin partner's organizations. In
November 2012, Hexagon Metrology
hosted a large event at the University
of Sheffield’s Advanced Manufactur-
ing Research Centre. In April 2013,
the German Precision Centre in Wetz-
lar was the location of a very suc-
cessful event. The next Automation
Workshops will be held on June 12th
and October 12th, 2013 in Hexagon
Metrology's Precision Centre Aarau-
West, Switzerland.
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Sign up for free today at

www.hexagonmetrology.com/Events
Spaces are limited.
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To achieve higher assembly quality,
Premium Aerotec is striking out in new

directions for the A350. Robots are to take
#’ over the task of inserting stringers on CFP

fuselage sections. A mobile laser tracker

robot heads.

# _l., system enables exact positioning of the
= :r

*

']
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Both Fanuc robots grip a stringer, move

it to the semi shell and finally hold
it just centimetres above the material
surface.

ith A350, it's a different story. Each

aircraft fuselage is provided with

profiles, so-called stringers, for

reinforcement. Up until now, they have

mainly been made of aluminium. In
general, they are manually positioned over holes created
by a milling machine. With the A350, which is primarily
comprised of carbon fibre-reinforced plastics (CFP), this
doesn't work. The material hardens in an autoclave, a
pressurised oven, so it can't be drilled.

MEASUREUP | maAY 2013 » www.hexagonmetrology.com

A350-800 XWB

The Leica Absolute Tracker monitors the robot during its
traversal over the stringers and immediately corrects any
deviations compared to the 3D model.

"As aresult the stringers, which are also made of CFP, must be
attached to the shell," explained Tim Lewerenz, responsible for
the project at Premium Aerotec, which focuses on optimised
stringer integration.

As an aerostructure supplier, the aircraft manufacturer
supplies large parts for the new generation of Airbus’ long-
haul aircraft, the maiden voyage of which is scheduled for the
middle of this year. This includes the entire front fuselage. "The
stringers have to be attached precisely to avoid subsequent
drops in quality. Manual positioning is uneconomical here, as
ultimately up to 13 aircraft of this type are to be built per month
in the future. Our goal is to automate aircraft assembly with
robots as well. The requirement, however, is that the robot

works as precisely as a milling machine."

Put more specifically: to not jeopardise subsequent production
and assembly processes, stringers for the A350 XWB

(which can be up to 18 m long) must be set in place in the

==
t—l'.'
RN
=3

=
=
=
T

1| bt -
fanfurns saqia i b o

!_"'li' rlh'.}:'r'r'.r'.'eer-'-—

EE

I

i e



http://www.hexagonmetrology.com

circumferential direction with a tolerance of
+/- 0.3 mm and in the longitudinal direction
with a tolerance of +/- 1 mm. After initial
experiments, disillusionment spread in
Nordenham. The first robot was supposed to
move 3,000 mm, but stopped after 2,997 mm.
The second always moved 1.5 mm too far.
"Adifference of 0.1 percent seems marginal
atfirst, but with a stringer length of 18 m, it
adds up. This was unacceptable to us," said

Lewerenz.

Robot manufacturer Fanuc wasn't at fault,
though, as the values were within the robots'
specifications. This means that robots work
less precisely than milling machines, as they
respond to changes in weight and force, which
leads to deviations. The automotive industry
gets around this by “teaching” the robots,
but Lewerenz dismissed this possibility:
"The system technology is designed for

800 aircraftin all. Sample components for
teaching are thus not economically feasible.
This is why we at Premium Aerotec have to
assume that the machines are programmed
fully offline so that everything is right during
production."

So the aerospace industry supplier began
searching for an option to move robots to the
correct position without teaching them, that
is, after taking corrective measures. A system
was needed which could be placed on the
robot head.

The CFP stringers used for the
A350 are up to 18 m long. They

must be positioned with a precis-
ion of +/- 1 mm in the longitudinal
direction.

With the Leica Absolute Tracker, a camera
(the so-called Leica T-Cam) and a Leica
T-Mac the 3D co-ordinates of a point and

its orientation in space (i, j, k or roll, pitch

and yaw) can be captured simultaneously.
This isimportant because 6D monitoring of
the robot is required (it has six degrees of
freedom). This means not only the position of
the robot head can be monitored, but also its

orientation.

If the three spatial orientations (roll, pitch
and yaw) are required as in the application
athand, they are determined using the
Leica T-Cam for the LED arrangement of

a Leica T-Mac. The vario zoom enables
nearly distance-independent precision of
these photogrammetrically determined
measurement values within the volume of

work.

According to Lewerenz: "Another thing

the laser tracker has going for it is that
measurement results can be fed back, i.e.
they canyield an accepted result. The degree
to which thisis important to us remains to
be seen, as the components must still be
measured and checked later. We also use
the Leica Absolute Tracker for this purpose."
In the first production cell two robots, one
mounted to the floor and the other mounted
to a traversing axis and holding the tool head,
take the two ends of a stringer and place iton
the fuselage section.

MAY 2013 » www.hexagonmetrology.com | MEASUREUP
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As soon as the robot has positioned the

stringer at one point, the measurement
system switches on automatically. The
robotinforms it of its position, and the
measurement system prompts the robot to
make any corrections. In current trial runs,
this takes about 20 seconds, but once the
control circuit has been optimised, this will be
reduced to just a few seconds. Following this,
the connection is interrupted. The stringer is
adhered in place and the tracker can correct
the next robot head at the same time.

Inany case, Lewerenz sees itas a great
advantage that Premium Aerotec has on-
site experience with the laser tracker. This
means the method of operation, the system
characteristics and their reliability are known
and new systems do not absolutely need

to be acquired if the existing laser tracker
systems are available (and training costs
don't come into play either).

The test cell was intentionally designed
openly with centralised software for any

3D measurement system in the series to
achieve maximum flexibility. The external
measurement system overrides the internal
measurement systems of the robots here,
according to Lewerenz. "What's important
to us is the separation of machine and
measuring system. In our opinion, this

concept has great future potential, since

we are able to combine such an optimal

The Leica Absolute Tracker
monitors the robot during its
traversal over the stringers
and immediately corrects any
deviations compared to the
3D model.

measurement system with an optimum
machine."

"This also appeals to us because we are
ultimately able to do without an expensive
specialised machine, and this extends
beyond the positioning of the stringers,"
related the project manager. Because at
Premium Aerotec an ever more important
priority is to reduce cycle times in production
and assembly. Today, lots of manual work and
permanent jigs, such as gantries, are required
for this. The problem here is that they make
flexible assembly difficult, i.e. the assembly
of different products on a single line. "In
addition, products change over the course

of their life cycle, and we have to be able to
respond flexibly to this.”

Very seldom are two aircraft exactly alike.
Evenifit's just atoilet that's positioned in a
different place, the aerostructure needs to
be adapted accordingly. This is essentially
why each shell looks different," explained
Lewerenz.

He sees robots and mobile measurement
systems as the future. They could herald a
paradigm shiftin mechanical engineering.
This is why he hopes the project partners,
including system supplier FFT-Edag, will
develop and offer a turnkey solution. "We
want to buy a finished product that works.
And if something should go wrong at some
point, there's only one contact partner we
need to get in touch with," said Lewerenz.

He also had a request for Hexagon Metrology.
The Leica Absolute Tracker operates
internally at 3,000 Hz and outputs 1,000
measurement values per second. However,
these 1,000 data sets were output at a
maximum rate of 10 Hz. "We need 100 Hz,
because the robots operate internally at
around 100 Hz and we want to be able to
correct every single calculation cycle of the
robot. This is why the new real-time interface
(Ethercat), which enables data output at
1,000 Hz, is an important step in the right
direction."

The production concept: Six or eight robots
are to be used, depending on the aircraft size,
and the stringeris held by three or four robots
on each side. Two rows of robots and two
trackers work independently of one another.

Author: Sabine Koll
Appeared in Quality Engineering, May 2013.
With friendly support from

g'lllAlITY
GINEERING

Read the full story online:

www.qge-online.de/home/-/journal_
content/56/12275/778651
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Share your story at HXGN LIVE, Hexagon’s international conference
3-6June 2013 in Las Vegas, NV! Featuring Intergraph®, Hexagon Metrology and

Leica Geosystems, HXGN LIVE promises an exciting line-up of informative
sessions, must-see technologies, exclusive keynotes and unlimited networking

Visit www.conference.hexagon.com/metro to register today!

HXGN L5

HEXAGON GLOBAL NETWORK
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COVER STORY

RISE OF
THE MACHINES

POINTS TO CONSIDER WHEN INTEGRATING
AN AUTOMATED INSPECTION SYSTEM

Automating the manufacturing environment is nothing new. automated shop floor white light
Control systems and information technologies that reduce the e
need for human involvement have been available for decades. The

relatively new concept to the automation paradigm is the idea of

incorporating metrology equipment. With quality integrated at

the point of production, a company can benefit from increased

repeatability in their inspection process, as well as increased

inspection frequency, which leads to better process control.

MEASUREUP | mAY 2013 » www.hexagonmetrology.com
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AGLOBAL CMM in an automated EDM cellis loaded

and unloaded with a slide mounted robot.

Automated systems, as they pertain to
metrology integration, encompass a wide
range of potential choices. Automated
coordinate measuring machines (CMMs)
which use direct computer control (DCC) have
been widely available for some time and in
many cases have replaced manual versions.
Machine tool feedback, in which a probe
measures components during the machining
process, is an available option as is robotic
in-process measurement and metrology-
guided assembly and manufacturing. The
advantages of using one or a combination

of these technologies are lower operating
costs, consistent throughput, improved lean
manufacturing capabilities and improved
product quality. There are, however, risks

involved with implementing these systems.

ROADBLOCKS TO METROLOGY
AUTOMATION

Although increasing in popularity, there

are limitations to an automated system.
Common automated manufacturing systems
employ robotic equipment to facilitate part
handling. In certain scenarios, such as those
employed with lights-out manufacturing, fully
automated machining cells incorporating
metrology tools are the most efficient
solutions to improve throughput. In most

applications, however, a semi-automated

A CMM from Hexagon Metrology measures blades
that were placed on a mount (left side of the granite
table) by a robot outside the enclosure.

solution incorporating automated and manual
processes maximizes throughput. Acompany
debating the merits of these systems needs
to carefully consider when they make sense,
when they don’t, and the associated risks and
rewards.

The most challenging aspects of
implementing the system are technical
limitations. Integrating a high-precision CMM
on the shop floor is typically not feasible due
tovibrations and temperature fluctuations.
Another limitation may be the cycle time of
the manufacturing cell. Longer cycle times
lend themselves to a semi-automated
solution. For example, a parts handling
system is difficult to justify if the robots only
move four times per hour. Additionally, if a cell
is able to manufacture parts in less time than
it takes the metrology equipment to inspect
them, a parts buffer may be needed to hold

the waiting components.

An even-greater problem facing
manufacturers, which many do not realize, is
the cleanliness of the parts. After machining,
a part may have metal chips and oily residue
on its surface. Components in this condition
cannot be accurately measured and may
damage the CMM after repeated inspections.
Financial considerations come into play as
well. Though many expect high initial costs,

MAY 2013 » www.hexagonmetrology.com
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Looking through a Brown & Sharpe
CMM into a cooling chamber. The

parts buffer loads a pallet onto a
mechanism bolted to the CMM's
granite table.

they may neglect to factor in all potential
expenses. For example, there may be
enclosures and parts buffers needed. There
may also be costs associated with the lack of
turnkey software solutions since no standard
code exists for communication between the
robotics and the CMM. Lack of experienced
personnel to implement the system and the
development costs are other factors which
must carefully be considered.

To combat some of these issues, Hexagon
Metrology is actively working to improve
available solutions. Our engineers custom
program middleware that manages
communication between the CMM and the
manufacturing environment to synchronize
events on the shop floor. The middleware
communicates with the parts handling
system to gather information about the
environment when the robot loads and
unloads parts to and from the CMM and
interfaces with external devices such as
parts fixturing systems. It manages and
displays all the measuring system statuses
and can advise if a measurementis in
progress, the cycle is on hold, the cycle has
ended and what the nature of the part s, e.g.
good, critical or rejected.

i

http://hex.ag/jK1f8

This parts buffer holds waiting parts
and is configured to sit behind the
Leitz PMM-C High Accuracy CMM.

inspection room.

SEMI-AUTOMATED SYSTEMS

At times, a semi-automated system may

be a more cost-efficient solution that is as
productive as an automated one. The final
goal for any manufacturer is not to completely
automate their facility, but rather to maximize
throughput within the given parameters of
the application. Instead of focusing strictly on
automation, a more achievable goal would be
to minimize capital expenditures; for example
they may be able to run efficiently with two
CMM s rather than needing three. Another
cost consideration when deciding between a
fully or semi-automated parts handling and
inspection system is labour. Whereas the
company may think it is best to eliminate five
low salary positions, it may need to hire three
high salary ones to program, implement, and
maintain such a high-tech system.

Though a semi-automated system may
require a high level of human intervention,

it could potentially be the best solution for
the application. Take for example a carousel
that has four pallets of parts that are auto-
matically loaded onto the CMM. Although

a person must fixture the parts onto the
carousel, a constant supply of components

is ready for inspection. If the CMM operator is
therefore required to tend to other tasks, the

parts won't sitidle.

This parts buffer is composed of
four pallets. One pallet at a time is
loaded onto the CMM, located in the

An illustration of a potential automa-
ted manufacturing cell.

WHICH IS RIGHT?

For those considering an automated parts
handling system that integrates inspection,
the final decision is based on the specifics
of the application. Some of the initial
considerations willencompass the accuracy
required, the complexity of the parts, the
ability to clean the parts before they are
measured and the preferred technology—
though most application specs will mandate
the technology used.

Consultation with the professionals at
Hexagon Metrology to discuss all factors
involved, along with their associated risks
and rewards, will give an organization a better

idea of what it can realistically expect.

SEE HEXAGON METROLOGY'S AUTOMATED WHITE LIGHT SYSTEM IN ACTION
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COVER FEATURE

CURRENT TRENDS
IN METROLOGY AUTOMATION

Giacomo Barila, Sheet Metal Product Line Manager

MU: What are the current trends in metrology
automation?

GB: Strong competition within various industries
drives the need for metrology automation. Our
customers constantly require tighter tolerances,
higher quality control and improved efficiencies
within their facilities to reduce production costs.
As their metrology partner, we work hand-in-
hand to develop solutions based on their needs.

MU: What are the benefits of such systems?
What are the drawbacks?

GB: The clear benefitis a customer's ability to
react quickly with the proper data. This means
no quality degradation and no need for costly
rework during production. The main drawback to
an automated system is the lack of a standard
turnkey solution. Because each application is
unique, and there is no standardization among
robotic software, automated systems must be
adapted to the particular customer. To mitigate
the drawback, we are developing solutions
based on configurable platforms that minimize

the customized portion of the installation.

MU: How does automation improve overall
quality and process control?

GB: Automation combines quality and process
controlin a highly effective way by providing ac-
tionable intelligence for production managers.
Additionally, data can be organized so each user
gets the specific information for the decision he
or she has to take. The data is configurable and

flexible according to the customer’s workflow.

MU: lunderstand that automated manufactur-
ing cells that incorporate shop floor metrology
products are somewhat common practice for
large companies in the aerospace and automo-
tive industries. As a company, are we involved
in making these solutions more attainable for
smaller companies in other industries?

GB: Yes, we are definitely pursuing this goal. It
will be a further development to provide configu-
rable solutions to satisfy different workflows. It
is a big challenge, but we have a clear strategy

and are proceeding step by step.

MU: What do you see as the future of metrology
automation?

GB: Metrology automation can be applied to
almost any metrology device, for large or small
parts, as long as the throughput fulfils the
customer’s requirements. Metrology technol-
ogy is evolving by moving out of the laboratory
and into manufacturing, by integrating it on the
shop floor where parts are produced. It provides
the necessary data to correct manufacturing
processes in almost real-time. This contrasts
with the current down-time companies suffer
as they wait for inspection results far from the
manufacturing cell. We will continue to imple-
ment metrology automation solutions closer to
the point of production to give our customers a
competitive edge.
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NEW FROM TESA
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TECHNOLOGIES

\
TESA offersindustrial
customers global solutions

ontinually increasing requirements in the

industrial environment increase expectations

of metrology. First and foremost, it must be

possible to smoothly integrate measuring
instruments into industrial workflows, thereby improving
both product quality and production efficiency.

TESAremains in close contact with the market, which is
indicating an increasing tendency towards automated processes.
"How can we improve our products and link them in an

intelligent way? How can we create the ideal workspace for our
customers?" These are the kinds of things TESA considers about
customer needs. Today TESA is much more than just a renowned
manufacturer of measuring instruments. On the way to becoming
a global company, the Swiss supplier has increasingly focused on
high-performance measurement solutions. A continual exchange
of information and close co-operation with end users are of
fundamental importance. TESA conducts pilot projects with
select, demanding customers in the automotive and aerospace
industries. This enables the development of large-scale,
sustainable solutions which can be used around the world.

From precision measuring instrument to global
solution

The current product offering from TESA is based on a very
comprehensive range of high-precision hand-held measuring
instruments, top-notch vertical height gauges, intelligent optical
measuring machines, powerful, yet affordable, co-ordinate
measuring instruments and connectivity solutions.
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Today, digital hand-held measuring instruments are an integral
part of metrology. TESA's vernier calipers, outside micrometers
and indicators offer a host of advantages in flexibility, readability,
reliability and traceability and can improve work flows decisively.

When the goal is to offer centralized solutions, the aspects of
connectivity and interfaces, in particular, have considerable
importance in the overall concept. The recently unveiled
TWIN-Cal IP67 vernier caliper clearly shows how benefits to
the customer can be maximised. TESA TWIN (TESA Wireless
Interface) connectivity enables smooth and secure data transfer
to the PC. Devices equipped with this technology feature

an in-built connectivity output with a simple plug-and-play
mechanism. Whether the transfer takes place over a USB or
digital interface, the data can be processed further straight
away.

Thisis where TESA's STAT-Express software for statistical
measurement data acquisition comes into play. The software can
simultaneously manage measurements with various measuring
devices, make available measurement logs and reports, control
charts and statistical analyses and ensure that data are stored in
the CSV format. Most hand-held measuring instruments, height
gauges, inductive probes, roughness testers and setting benches
are compatible with STAT-Express; even the MICROHITE 3D co-
ordinate measuring machine.

Connectivity is ensured via optical USB or wireless connection,
available for many devices. In the area of one-dimensional
inductive probes and their corresponding electronic interfaces,
TESA has developed high-tech solutions which open up a
broad range of options to the user. The versatility of use of the
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wireless TWIN probe, together with the TWIN station, enable a
very high level of flexibility, particularly in the area of multi-point
measurement. TESA's own communication protocol, which
enables the independent operation, synchronisation and security
of the data transfer, is an advantage which once again paves the
way for further combination options.

TESA responds immediately to the needs of the market. This
being the case, the company successfully integrated wireless
options into their portfolio and will continue this strategy into the
future. Awireless connection for the new TWIN-Cal IP67 will soon
be unveiled and elegantly round out the latest innovation from
TESA!

Measuring machines for every user

Beyond the comprehensive range of precision hand-held
measuring instruments, TESA is also paying attention to the
approaches being taken around the globe to solve problems in
the area of measuring machines. The TESA REFLEX concept
combines machines and software in a unique way. A multi-
purpose, intuitive program covers the entire spectrum of optical
and co-ordinate measuring machines. Five software modules
cover every type of application, such as milling, lathing, cutting,
casting, deep-drawing and other tasks. Most of the machines are

also compatible with additional software options such as STAT
EXPRESS so that immediate, further data processing is possible.

When it comes to automated processes, a single machine which
has revolutionised contact-less measurement and inspection

of turned parts deserves special emphasis, the TESA-SCAN

52 machine. Thanks to its simple operating principle of
"measurement results at the push of a button", the user can save
valuable time while inspecting turned parts. If quick, automatic
measurement without prior programming is desired, this device
is an excellent addition!

TESA will continue to view benefits to the customer as a starting
point and to develop comprehensive, user-friendly solutions,
including both standard solutions and tailored measurement
solutions. A broad spectrum of services supplements TESA's
product offerings and also helps customers improve quality and
reliability at their end.
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eica Geosystems Laser Trackers were
among the first technologies that
helped the aerospace industry with
Metrology Assisted Assembly (MAA).
Dozens of laser-tracker-based installations

all around the world are operated successfully
every day.

In this and the next edition, measureup will
detail two different Metrology Assisted Assem-
bly concepts that will allow both the front-end
(Human Machine Interface) and the backend
(Analysis and Database Management) of the
metrology software to be completely indepen-
dent of the final hardware solution.
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Automated Assembly using 3D point networks and the Leica
Geosystems 6DoF MAP System

A hybrid combination of 3D point based assembly with the
addition of 6 Degrees of Freedom (6 DoF) real-time tracking
creates the Leica Geosystems Metrology Assisted Position-
ing, or MAP system. This system could cut the standard MAA
joining times by as much as a third, or at least a quarter. In a
standard application a Laser Tracker would have to measure
anetwork of between 6 - 8 points on the wing, plus a series of
points on the body. This process would typically take between
30 to 40 seconds to complete. However, it is not the measure-
ment time that slows this process down. The limiting factor is
the time it takes to move the jigs and re-measure the parts in
an iterative process.

For a single wing, the time required to move it into position
could take up to 45 minutes. This is assuming roughly 5 sec-
onds per point for positioning and measurement of the Laser
Tracker, and between 10 - 15 iterations to bring the wing into
the final alignment position. In comparison, using the same
wing, but this time rather than calculating the positioning
deltas from a network of points, we’ll use the Leica Geosys-
tems 6DoF MAP System to track the wing in real-time. The
6DoF MAP system consists of a Leica T-Mac machine control
sensor in combination with a Leica Absolute Tracker AT901
and Leica T-Cam. The Leica T-Mac is attached to the part to
be aligned (in this case the wing), and the 6DoF deltas are fed
back in real-time directly to the wing positioners. The Leica
T-Mac has the same 3D positional uncertainty of a standard
Laser Tracker measurement, but also generates pitch, roll,
and yaw angles. The 2 Sigma angular uncertainty is 0.01° as
long as the Leica T-Mac is mounted no more than 6 meters
from any edge of the mating surface. The achievable accuracy
along this surface is equal to about 1.0 mm (where €b = Sin*
Radius). This allows for a very flexible setup process where
the Leica T-Mac could even be placed meters above the wing
for extremely easy line of sight requirements.

A
>2M

T>2M
v
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Application Specific
Measurement Processes

Communication from the Leica T-Mac
position to the wing positioners is a direct
feedback loop to keep data latency as low
as possible. This helps position the wing
with maximum time savings. To guarantee
that the wing never touches the body during
the MAP process, a positive gap of 5 mm
should be maintained. This is roughly equal
to a doubling of the Maximum Permissible
Error of the Leica T-Mac rotation angles at
these distances (e.g. 6 m).

Once the Leica Geosystems 6DoF MAP sys-
tem finishes, and the wing is within 5 mm of
its final location, the standard process of
measuring the fixed reflectors and calcu-
lating the best-fit positioning for the final
location should start. This process would
run as it does with other processes that are
already well proven. Whether the process

is controlled from an external Application
Process Manager or from an integrated
metrology package is inconsequential to the
overall difference in solutions. The main dif-
ferences would be that if it is implemented
in an integrated metrology package (e.g.
SpatialAnalyzer), all parts of the com-
munication would need to be integrated

in this metrology software. If however it is
implemented as a measurement process in
the Measurement Process Manager it could
use the functionality that is integrated in

a Measurement Process Manager or MPM
(e.g. transformations, bundle, etc.) and
communicate directly with the Assembly
Process Manager that is controlling the

wing positioners.

The time savings from the Leica Geosys-
tems 6DoF Map system as described is
detailed below:

Number of

points

Initialisation
Fix point measurement 8

wing left 5 points + 1 T-Mac
wingright 5 points + 1 T-Mac
center wing box left = 8 points
center wing box right - 8 points
fuselage joint points - 6 points
HTTP/VTP joint 11 points + 1 T-Mac

Transformation and establi- c
shing Coordinate system

wing joint left 13 points + 1 T-Mac

Online measurement process 10 iterations

movement time

Best fit process 3 iterations

Conventional

Leica T-Mac solution

Time saving

In addition, the cost of the complete system
can be scaled by the number of Leica T-Mac
sensors shared between all of the assembly
structures. The trade-off is obviously the
speed at which the complete process would
run. An integration with three Laser Track-
ers and three Leica T-Mac’s could do both of
the wings and the stabilizer simultaneously
in a period of approximately 15 minutes,
while a system with only one Leica T-Mac
would take almost three times as long due
to the need to run the processes sequen-
tially. These times only look at the estimates
for measurements and do not take into ac-
count the times required for the positioners
to actually move the parts. For instance this
process in an existing installation takes ap-
proximately 2.5 hours, not just 45 minutes.
However, the time savings noted above

are directly proportional. It should also be
noted that time savings is not the only major
advantage here.

alculation time 10 seconds

wing joint left 13 points + 1 T-Mac
T-Mac solution need just actuator

Conventional solution 2 x 15 positions

Measurement

Ire Time conven-
positions

tional

D> O ©® W D> O ©

30

2020 seconds

Transitioning to an on-line movement could
also reduce the cost of the tools and jigs.
This can translate into using fewer reflec-
tors, as well as less accurate positioners
since the true location would always be
known from the MAP system.

An internal and external Measurement
Process Manager in one piece of software

There are differences between measure-
ment software that uses an internal script-
ing language, and an external Measure-
ment Process Manager that wraps around
the individual hardware’s measurement
commands (read more about the different
approaches in the coming edition of measu-
reup). However it should be noted that it is
possible for one piece of software to be able
to do both.
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Itis well understood that SpatialAnalyzer has the ability to
run advanced measurement plans that contain conditional
looping, and on the fly operator input to be able adapt accord-
ingly. Butitis less well known that SA also has an advanced
external scripting language that allows 3rd party integra-
tors to use the basic SW package as an MPM as previously
described.

In this case it would be possible to replace the user interface
completely. SpatialAnalyzer becomes the “brains” of the mea-
surement process controlling the import & export of data, all
measurement commands, bundle & alignment mathematics,
and complete database control. The Human Machine Inter-
face can then be completely customized based on the needs
of the automation project with a simple program that no lon-
ger needs to worry about the actual metrology processes.

We can use the Leica Geosystems 6DoF MAP system as an
example of how SA could be used as a Measurement Process
Manager independent of the Human Machine Interface, or

the final reporting database. The workflow assembly process
could look as follows, where SA would be responsible for steps
1 -9 below. Here the 3rd party integrators Human Machine
Interface only needs call step 1, and then SA could take over
the automation through step 9 until the Assembly Process
Manager becomes involved to reactivate the measurement
process after the jig has moved. This loop would continue until
step 11 when SA would then send the completed measure-
ment results to a global database storing the wings final
location. At this point the Human Machine Interface would
then become integral in detailing the next steps, or stating the

process over again.
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Step 1:Initialize measurement process

Step 3: Measure reference points

Step 2: Read in nominal from database %

Step 4: Bundle stations

)

Step 5: Align stations setup to fuselage
Step 6: Measure actual wing position

Step 7: Measure T-Mac position

Step 8: Determine T-Mac transformation

Step 9: Measure T-Mac position

ﬁ <" Calc deviation of actual datum point position Send Deviations to

Assembly Process

Above specified safety gap

Step 10: Measure automated all datum points

Y&
ﬁ) on wing
3 2
b

Step 11: Measure final position of datum
transfer points on wing

c Re-measure

Re-measure points

White results to
Database

SpatialAnalyzer could also take the MPM concept a step fur-
ther where it could also be extended to use CAD models as the
mathematical nominal data, and to be able to do advanced
analysis on the data such as automatic feature creation, and
GD&T calculations.
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Robot Process
Manager

Robot Software
Software

Robot 1
Robot 2

Robot x

This analysis data could then be outputin a
neutral format to a global database for stor-
age and further calculations, or could auto-
matically generate a standardized report for
documentation purposes. In either respect,
SpatialAnalyzer becomes an integral tool
that allows all 3rd party integrators to cre-
ate advanced automation projects based
around 3D and 6DoF hardware without the
need to create customized measurement

applications.

Automated non-contact inspection utiliz-
ing 6DoF technology

The second advancement that has come
from the integrated implementation of our
6DoF technology is the ability to do auto-
mated non-contact inspection applications.
This obviously requires the addition of a
robot, or gantry system to position the Leica
T-Mac or Leica T-Scan sensor, but then
allows for a highly accurate measurement

system with a volume of up to 50 meters.

The Leica T-Scan is able to use a robot

or gantry system to control its position-

ing — a fairly new concept. This expands

on the concept where we use a dedicated
Measurement Process Manager to control
the full measurement process, but now we
also add a third component being the Robot
Process Manager.

Graphical User Interface
Application Process Manager

Measurement Process
Manager

Analysis Process
Manager

—*  Measurement <= Analysis Software
b

Tracker 1
Tracker 2 —
Database
Tracker x

The Application Process Manager com-
municates separately to the individual
sub-process managers. By utilizing
SpatialAnalyzer we are able to treat the
measurements just as we would if they were
scanned by hand, but once we integrate

the scanner with a robotic arm, we need

to be able to control the arm as well. Here
our Application Process Manager deals

with the specific communication between
the Measurement Process Manager, the
Robot Process Manager, and the Analysis
Process Manager (e.g. SpatialAnalyzer).
This concept allows the measurement
hardware to not only be independent of the
front end of the software (including the GUI),
but also the ability to be independent of the
back end (including the analysis, and post
processing). This allows the integrator to
implement the measurement technologies,
without constant software modifications for
new Human Machine Interfaces, and new
analysis processing requirements for each
individual integration project.

Unlike in the Leica Geosystems 6DoF MAP
system where 6DoF information is used

to correct a positioning device, we now

need to pre-program the robot to know

how and where to scan. This needs to be
programmed into the Robot Process Man-
ager beforehand, but then once the robot
program is started, the robots accuracy
becomes arbitrary since the absolute posi-
tion is measured using our 6DoF technology.
This allows for a very accurate point cloud to
be collected over an extremely large mea-
surement volume. The appropriate software
package, such as PC-DMIS or SpatialAna-
lyzer, should be selected depending on the
type of analysis that is required by the job.
No matter which way it is used, at the end
the customer/integrator has complete con-
trol over exactly how the data is processed

and how the results are finally reported.

Read the next part in the following issue of measureup

In the meantime, see Leica Automated Solutions in action at
http://hex.ag/fLzUx or sign up to the next Leica Automated Solutions

Workshop.

This process could be implemented for
“hand-held” usage as well by simply remov-
ing the Robot Process Manager, and replac-
ing it with a trained operator. As mentioned
earlier, the robotic positioning system has
no relation to the achievable accuracy of the
measurements. The robot (or operator) only
needs to be accurate enough to make sure
that the measurements are in the correct
location. This same concept need not only
be applied to the Leica T-Scan, but can

be applied to a line scanner on the Leica
T-Probe, or a Leica T-Mac as well. It is pos-
sible to mount a Leica T-Mac like the Leica
T-Scan on any robot or gantry positioning
system. It can even be mounted as a sensor
on a machine tool to allow for in process
inspection.

Take for instance a structural assembly
stations, where additional measurement
functionality could be extended from a
standard Laser Tracker integration. A Leica
T-Mac could be added to the machine tool to
allow both positioning control, and adaptive
control of the end-effector (i.e. a drilling
machine). In addition to this, a touch probe
could be added to this configuration to allow
for surface and feature measurements aid-
ing with as-built surface inspection, and or
automated shimming. With one core piece
of hardware (e.g. a 6DoF Laser Tracker) the
entire structural assembly system could be
controlled and automated.

In the above example we are using a Leica
T-Mac and a touch trigger probe attached
to arobot to measure like a standard shop
floor CMM. This configuration effectively
turns the system into an ultra large volume
CMM with better than 0.1 mm absolute
accuracy over the entire volume. A robotic
arm could be mounted on a translation slide
that would allow it to reach across, and
slide down the full length of the structure.
This would allow such a device to measure
something as large as a full wing fixture.
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LOCATIONS

Hexagon Metrology

Regional Precision Centres

Along with more than 20 manufacturing facilities, Hexagon Metrology has over 70 direct
precision centres, plus a network of over 100 agents and distributors across the world.

Wherever you are, Hexagon Metrology is never far away.

Europe

AUSTRIA
Wiener Neudorf
Tel: +43 2236 860 070, Fax: +43 2236 860 070-11
contact.at@hexagonmetrology.com
www.hexagonmetrology.at

CZECH REPUBLIC
Prague
Tel: +420 272 680 830, Fax: +420 272 680 833
info.cz@hexagonmetrology.com
www.hexagonmetrology.cz

FINLAND
Vantaa
Tel: +358 10 320 61 20, Fax: +358 10 320 61 29
info.fi@hexagonmetrology.com
www.hexagonmetrology.se
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FRANCE

Courtaboeuf (Paris)

Tel: +33 169 29 12 00, Fax: +33 1 69 29 00 32
commercial.fr@hexagonmetrology.com
www.hexagonmetrology.fr

Colomiers (Toulouse)
Tel: +33 534 517095, Fax: +33534 5179 44

Montoire (ROMER)

Tel: +33 2 54 86 40 40, Fax: +33 2 54 86 40 59
www.romer.eu

Saint-Priest (Lyon)

Tel: +33 47237 90 60, Fax: +33 47237 90 61

GERMANY

Wetzlar

Tel: +49 6441 20 70, Fax: +49 6441 207 122
contact.de@hexagonmetrology.com
www.hexagonmetrology.de

Munich
Tel: +49 6441 20 70, Fax: +49 89 1498 10 59

HUNGARY

ITALY

Budapest

Tel: +36 1 260 53 94, Fax: +36 1 260 48 83
contact.hu@hexagonmetrology.com
www.kompakt-gep.hu

Grugliasco (TO)

Tel: +39.011 4025 111, Fax: +39 011 4025 472
commerciale.it@hexagonmetrology.com
www.hexagonmetrology.it

Calderara di Reno (BO)
Tel: +39 051 725 254, Fax: +39 051 725 288

Cormano (MI)

Tel: +3902 6154 111, Fax: +39 02 6150 473
Napoli (NA)

Tel: +39 081 752 4133, Fax: +39 081 752 1181
Orbassano (TO)

Tel +39 011 4025 111, Fax +39 011 4025 472
Verona (VR)

Tel: +39 335 7622 338, Fax: +39 011 4025 472
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NETHERLANDS

Waalre

Tel: +31 40 222 2210, Fax: +31 40 2221715
contact.nl@hexagonmetrology.com
www.hexagonmetrology.nl

POLAND

SPAIN

Cracow

Tel: +48 12 647 08 27, Fax: +48 12 647 08 27
info.pl@hexagonmetrology.com
www.hexagonmetrology.pl

Warsaw
Tel: +48 22 500 28 62, Fax: +48 22 500 28 64

Cerdanyola del Vallés (Barcelona)

Tel: +34 93 594 69 20, Fax: +34 93 594 69 21
recepcion.spain@hexagonmetrology.com
www.hexagonmetrology.es

Fuenlabrada (Madrid)
Tel: +34 93 594 69 20, Fax: +34 93 594 69 21

Vitoria-Gasteiz (Alava)
Tel: +34 945 291 975, Fax: +34 945 291 678

SWEDEN

Eskilstuna

Tel: +46 16 160800, Fax: +46 16 160890
info.se@hexagonmetrology.com
www.hexagonmetrology.se

Gothenburg

Tel: +46 16 160882, Fax: +46 16 16089
Mora

Tel: +46 250 12590, Fax: +46 16 160890
Tranas

Tel: +46 16 160880, Fax: +46 16 160890

Trollhattan
Tel: +46 16 160881, Fax: +46 16 160890

SWITZERLAND

Crissier

Tel: +41 21 633 50 33, Fax: +41 21 633 50 34
mail.ch@hexagonmetrology.com
www.hexagonmetrology.ch

Aarau-West
Tel: +41 62737 67 37, Fax: +41 62 737 67 38

Renens (TESA)

Tel: +41 21 633 16 00, Fax: +41 2163317 57
tesa-info@hexagonmetrology.com
www.tesabs.ch

Unterentfelden (Leica Geosystems,
Metrology Products)

Tel: +41 62737 67 67, Fax: +41 62737 68 68
info.metrology@leica-geosystems.com
www.leica-geosystems.com/metrology

TURKEY

UK

Bursa

Tel: +90 224 441 98 00, Fax: +90 224 441 06 05
info.turkey@hexagonmetrology.com
www.hexagonmetrology.com.tr

Ankara
Tel: +90 312 417 14 14, Fax: +90 312 425 58 38

Telford

Tel: +44 870 446 2667, Fax: +44 870 446 2668
enquiry.uk@hexagonmetrology.com
www.hexagonmetrology.co.uk

Chester

Tel: +44 870 446 2667, Fax: +44 870 446 2668
Milton Keynes

Tel: +44 870 446 2667, Fax: +44 870 446 2668

Swindon
Tel: +44 870 446 2667, Fax: +44 870 446 2668

Africa, Central & Eastern Europe,
Middle East

Tel: +39011 4025 111, Fax: +39 011 7803 254
info.itex@hexagonmetrology.com
www.hexagonmetrology.eu

Russia & Other countries of CIS

Tel: +39011 4025 212, Fax:+39 011 4025 230
info.itex@hexagonmetrology.com

Algeria, Morocco, Tunisia

Tel: +33 169 29 12 00, Fax: +33 1 69 29 00 32
commercial.fr@hexagonmetrology.com
www.hexagonmetrology.fr

Asia-Pacific

CHINA
Qingdao
Tel: +86 532 8870 5188, Fax: +86 532 8870 2830
info@chinabnsme.com
www.hexagonmetrology.com.cn
Beijing
Tel: +86 10 6789 2461, Fax: +86 10 6789 2462
Chengdu
Tel: +86 28 8671 6718, Fax: +86 28 8671 6730

Guangzhou
Tel: +86 20 3810 7978, Fax: +86 20 3810 7979

Nanjing

Tel: +86 25 8698 8800, Fax: +86 25 8698 8801
Ningbo

Tel: +86 574 8737 6262, Fax: +86 574 8733 5159

Shanghai
Tel: #86 21 6353 1000, Fax: +86 21 5106 2273

Shenyang
Tel: +86 24 2334 1690, Fax: +86 24 2334 1685

Shenzhen
Tel: +86 755 8602 8088, Fax: +86 755 8602 7270

Suzhou
Tel: +86 512 6280 0880, Fax: +86 512 6280 0990

Wuhan

Tel: +86 27 8792 8428, Fax: +86 27 8719 6191
Xi'an

Tel: +86 29 8836 1018, Fax: +86 29 8836 1019

INDIA
Noida
Tel: +91 120 472 3000, Fax: +91 120 433 2455
contact@hexmetindia.com
www.hexagonmetrology.asia

Bangalore
Tel: +91 80 4113 0539, Fax: +91 80 4113 0489

Chennai
Tel: +91 44 2654 0062, Fax: +91 44 2654 0034

Coimbatore
Tel: +91 422 259 1260, Fax: +91 422 259 1270

Pune
Tel: +91 20 2729 0114, Fax: +91 20 27290116

JAPAN
Sagamihara-shi (Kanagawa)
Tel: +81 42700 3 500, Fax: +81 42 700 3511
info.jp@hexagonmetrology.com
www.hexagonmetrology.asia

KOREA
Seongnam (Gyeonggi)
Tel: +82 31 730 0898, Fax: +82 31 730 0891
korea@hexagonmetrology.com
www.hexagonmetrology.co.kr

Ulsan, Gyeong-nam
Tel: +82 52 227 3480, Fax: +82 52 227 3481

MALAYSIA
Petaling Jaya (Selangor)
Tel: +60 3 5632 8900, Fax: +60 3 5632 8955
contact.my@hexagonmetrology.com
www.hexagonmetrology.asia

SINGAPORE
Singapore
Tel: +65 6463 6242, Fax: +65 6463 8030

contact.sg@hexagonmetrology.com
www.hexagonmetrology.asia

THAILAND

Bangkok

Tel: +66 2 361 3695, Fax: +66 2 746 9607 contact.

th@hexagonmetrology.com
www.hexagonmetrology.asia

TAIWAN

Taipei

Tel: +886 2 2600 6360, Fax: +886 2 2600 6362
info@chinabnsmc.com
www.hexagonmetrology.com.cn

VIETNAM

Hanoi

Tel: +84 4 3936 7935, Fax: +84 4 3936 8069
contact.vn@hexagonmetrology.com
www.hexagonmetrology.asia

Ho Chi Minh City

Tel: +84 8 5445 6665
Fax: +84 8 5445 6660

North America

USA

Rhode Island, North Kingstown

Tel: +1 855 433 9638 (Toll Free), Tel: +1 401 886
2000 Fax: +1 401 886 2727
info@hexagonmetrology.us
www.hexagonmetrology.us

California, Lake Forest

Tel: +1 800 955 5200, Fax: +1 949 916 4498
Illinois, Elgin

Tel: +1 847 931 0100, Fax: +1 847 931 1979
Michigan, Wixom

Tel: +1 248 449 9400, Fax: +1 248 449 7438
North Carolina, Huntersville

Tel: +1 704 947 1250, Fax: +1 704 947 1277
Ohio, Miamisburg

Tel: +1 937 247 0425, Fax: +1 937 247 0426

Tennessee, Nashville
Tel: +1 615331 0800, Fax: +1 615 331 0875

Texas, Irving
Tel: +1 972 506 8359, Fax: +1 972 506 9162

Washington, Kent
Tel: +1 253 872 2443, Fax: +1 253 872 2579

MEXICO

Apodaca, Nuevo Ledn

Tel: +52 81 1367 08 00, Fax: +52 81 13 67 08 01
info@hexagonmetrology.com.mx
www.hexagonmetrology.com.mx

Querétaro
Tel: +52 442 298 0800, Fax: +52 442 298 0800

South America

ARGENTINA

Pilar (Buenos Aires)

Tel: +54 230 4 300 060, Fax: +54 230 4 300 059
ventas.ar@hexagonmetrology.com
www.hexagonmetrology.com.ar

BRAZIL

Séo Paulo

Tel: +55 11 6525 6000, Fax: +55 11 5687 2101
vendas.br@hexagonmetrology.com
www.hexagonmetrology.com.br

Curitiba
Tel: +55 41 3015 5661, Fax: +55 41 3015 5061

Contagem
Tel: +65 31 3234 0067, Fax: +55 31 3234 0072

Customers from all other countries not listed above
or those looking for general information, please contact:
info@hexagonmetrology.com
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Hexagon Metrology offers a comprehensive range of products Hexagon Metrology is part of Hexagon (Nordic exchange:
and services for all industrial metrology applications in sectors HEXA B). Hexagon is a leading global provider of design,
such as automotive, aerospace, energy and medical. We sup- measurement and visualisation technologies that enable
port our customers with actionable measurement information customers to design, measure and position objects, and
along the complete life cycle of a product — from development process and present data.

and design to production, assembly and final inspection.
Learn more at www.hexagon.com
With more than 20 production facilities and 70 Precision
Centers for service and demonstrations, and a network of over
100 distribution partners on five continents, we empower our
customers to fully control their manufacturing processes,
enhancing the quality of products and increasing efficiency
in manufacturing plants around the world.

For more information, visit www.hexagonmetrology.com
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