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Noncontact metrology increasingly
used to reduce costs, assist
in automation and speed up
manufacturing and assembly times

Bruce Morey
Contributing Editor

aking airframes may be one
of the most challenging manu-
facturing feats ever. Long a critical
tool in the aerospace and defense
industry, metrology equipment has
grown in importance beyond simple
things like setting tools and inspection.

To develop fully

autonomous
measurements alone

Today, metrology technology is playing an increasingly so- a photogrammetry
phisticated role in overall operations. Marrying metrology sys- system is combined
tems, such as laser trackers, to fixed automation and flexible with a Nikon MV 330 laser
robotic systems is becoming an acceptable solution leading radar, allowing autonomous
to more cost-saving automation. Additionally, there’s a move operation of the radar.

toward increasingly autonomous measurement in inspection,
saving the need for teams of highly trained metrologists, who
are in short supply anyway.
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Ideally, these moves will also help speed throughput, which is
particularly important as orders climb for commercial aircraft.

“I am starting to see the aerospace industry embrace au-
tomation the way automotive did decades ago,” said Michael
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Kleemann chief engineer of Variation Reduction Solutions
Inc. (VRSI; Plymouth, MI). VRSI started life in 1998 by
serving up automation solutions to the automotive industry.
Aerospace has its differences, though. Aside from size,

lower production rates and increased
complexity, there is a more pronounced
need for flexible automation in aero-
space. Robots need to drill different
holes in different areas, insert different
fasteners, unlike in automotive, which
uses automation for limited repetitive
tasks on an assembly line.

“Integrated measurement brings
both flexibility and precision to automat-
ed processes,” Kleemann said.

In fact, drilling holes and placing
fasteners may be the ‘killer app’ for
metrology-guided robotics. “Some esti-
mate that 40% of the cost of an airframe
assembly involves drilling and filling,”
Kleemann explained.

Given his experiences in both
automotive and aerospace, Kleemann
predicts this shift will have an impact on
future aerospace design and develop-
ment. “Today, automotive products
are designed to be built by robots. In
aerospace, that is just beginning to be
the case,” remarked Kleemann.

For more information on how
metrology is assisting automation,
please see “Aerospace Automation

Picks Up the Pace” on page 55.

“There are two basic areas where
we deliver our metrology devices,” says
Paul Lightowler of Nikon (Brighton, MI).
“One is in pure inspection, making sure
the parts are correct. The other is in
guiding assembly, using systems like
our K-Series sensors to guide robots to
drill holes and fill with fasteners.”
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Lightowler from Nikon has seen interest in robaotics for
aerospace for a few years now, generally as a replacement
for fixed purpose-built automation. He believes aerospace

manufacturers see them as being cheaper, more flexible, and
quicker to deploy. While robotic replacements for monolith or
gantry-type machines have been tried, they have met varying
degrees of success, according to Lightowler. “One issue is
accuracy,” he said. Robots by themselves struggle to achieve
aerospace tolerance accuracy, about 0.2 mm, even with cali-
bration or error mapping.

A robotic drilling system (below), guided by a laser tracker,
enabled replacing difficult manual drilling (above) in the
inlet section of the F-35.

“What we are looking at is taking robots guided by metrolo-
gy into smaller parts, replacing manual operations rather than
trying to compete with the big, [purpose-built] machines,”
explains Lightowler. They are developing a lightweight drilling
concept as part of a project for GKN Aerospace that allows the
robot to drill (guided) holes, then swap the head out for a laser
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radar, such as the Nikon ModelMaker MMDx, and perform in-
line inspection. The guided portion of the drilling used a Nikon
K-Series sensor with Nikon’s Adaptive Robot control (ARC)
software on a Fanuc R1000iA 80Kg payload robot. “Inspec-
tion stations are quite often away from the manufacturing area
and overloaded. In-process measurement offers benefits in
time, quality, and logistics,” Lightowler explained.

The motivation? “Our customers were losing work to
companies taking advantage of low-wage areas of the world,”
Lightowler said. Feasibility studies showed a combined robotic
operation could save a vast amount, allowing them to keep the
work in the UK.

Beyond that, he notes that they are currently developing
two projects that include not only guiding and inspecting,
but performing adaptive machining as well. “Another task we
are doing for an aircraft engine manufacturer is to scan parts
that they know are going to vary, create a reverse engineering
model if you will, and adaptively machine those parts based
on that information,” said Lightowler. This eliminates the need
to try to develop machining programs from a nominal CAD
model alone; the scan allows for precise, adaptive machining
of parts from as-built.

Metrology and the Monoliths

Another task that can require highly skilled metrologists
is the periodic recertification of assembly tooling. Like others,
Electroimpact (Mukilteo, WA) uses metrology to compensate
for machine tool motion, say during drilling and fastening
operations. The company also delivers tooling fixtures used to
mate aircraft sections together. These, too, can be a drain on
resources skilled in metrology, albeit periodically. “When you
build a jig initially, you measure it precisely before going into
production,” said Robert Flynn project manager of Electro-
impact. “However, once in production, you cannot ignore its
measurement and tolerances—issues occur.” Minor mishaps,
such as a bump with a heavy tool or a glance with a forklift,
could cause a misalignment. With tolerances so tight, between
0.010 and 0.007" (0.254 and 0.178 mm), production crews
may not notice. So, it is recertified periodically, anywhere from
six months to two years, according to Flynn. “The downside is
that re-certs can take tooling out of production for a few days
to a few weeks, and it requires specialized technicians,” said
Flynn, two cost items airframe manufacturers need to reduce.

In response, the company created an automated system
for tooling recertifications. They used a combination of existing



technologies—Iaser trackers, low-cost targets, and metrol-
ogy software—engineered into a simple-to-use system. While
specific times for recertification measurements were set not to
exceed a few hours, the real goal of the Automated Measure-
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ment System (AMS) was to enable nonspecialist operators of
the assembly tool to perform the task.

A laser tracker requires a precisely planted target to
reflect a laser beam, such as a prism or Spherically Mounted

Retroreflectors (SMR). The AMS system
used both permanently installed targets
as well as temporary, replaceable tar-
gets. Placing temporary targets is time
consuming and only used when higher
accuracy is required. However, with the
help of software and routines on the
laser tracker itself, every-day opera-
tors are fully capable of placing these
targets, said Ray Ryan, vice president
of East Coast Metrology (Topsfield, MA),
a partner in the project. Specialists are
not needed. The project reported a test
measuring a large commercial wing jig
in less than eight hours—much less
than the week or so, it took before.
While existing technology, like laser
trackers, provides the needed speed
and accuracy, “the sophistication of the
metrology equipment that exists does
not make it easy to modify,” he ex-
plained. “You need to adjust the process
to fit the equipment.” For example,
the traditional method of using a laser
tracker was to place it at random on
the factory floor, and then measure a
series of points to locate the instrument
in the aircraft coordinates—then use it
for measurement or guided assembly.
Automating the process requires putting
instruments in an exact location, with
special pre-determined floor mounts.
“At that point, you can push a button
and have the device start measuring
points,” he said, a simple example of
how smart design leads to automation.
This is especially true for software
as well. This means integrators writing
graphical user interfaces, with all-impor-
tant error trapping, on top of sophisticated
metrology software. This turns software



programs like Spatial Analyzer from New River Kinematics into
tools for day-to-day operators, according to Ryan. “This is be-
coming a common process in airframe manufacturing,” he said.

How does Ryan, with over 30 years of experience in indus-
trial metrology, see the future of airframe assembly? “Today,
the benchmark for metrology is the laser tracker,” said Ryan.
Workers put targets on either the mating tooling or the parts
themselves, enabling part-to-part mating automation.

However, if you cannot use targets, or have too many
features to check that makes targeting impractical, he rec-
ommends the next technology to investigate is Laser Radar
(LIDAR). “It is not quite as accurate, but provides much more
data,” he said, and given that it is 2-3x more expensive in
general compared to laser trackers, the application must
require the unique broad area of the LIDAR. Indoor GPS
(IGPS) from Nikon Metrology is another key enabling technol-

A lightweight, small, drilling robot guided through metrol-
ogy is an approach that Nikon metrology is pursuing as
an optimum use of flexible, reconfigurable robots.

ogy, used for locating other sensors or used directly in certain
assembly operations. “For the future, | see the sensor—what-
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ever it might be—becoming more affordable, more reliable,
cheaper, and faster,” said Ryan.

Combinations of sensors are another approach some
integrators are taking. In the search for fully autonomous
measurement, SURVICE Engineering (Belcamp, MD) married
a photogrammetry system to a Nikon MV 330 laser radar.
“Under an Air Force research grant, we are enhancing the
laser radar by integrating a metrology-grade photogrammetry
system with computer-vision technology to create a fully-au-
tonomous metrology system,” explained Mark Butkiewicz from
SURVICE. “The goal is to make it accessible to the nonspe-
cialist in aircraft manufacturing.” The MV330/350 laser radar
measures to about 25 um of accuracy (to 2 sigma) at 2 m and
collects about 4000 points per second. “The laser radar is
programmable to take automated measurements,” said But-
kiewicz. “However, it takes an expert to operate it and there
a certain amount of setup time every time you reposition the
unit.” To make it more autonomous, the computer vision kit

Photo courtesy Nikon Metrology

A Robotic MMDx scanner mounted to a robot replaces the
hand-held version of the sensor.

consisting of a stereo digital camera is fitted to the Nikon laser
radar. The vision system will examine each cost center, the
areas where different parts or stages of the airframe are being
assembled. “The vision system then automatically recognizes
where it is and what it is looking at. It will then perform a pre-
programmed script to measure what is needed for that opera-

Society of
Manufacturing
Engineers

MEET | KNOW | GROW

2013 SME ANNUAL CONFERENCE

JUNE 2-4, 2013 | RENAISSANCE BALTIMORE HARBORPLACE HOTEL |

BALTIMORE, MD

Come to Baltimore and hear from two amazing keynote speakers, interact with the technical communities,
learn about innovations and leadership in the breakout sessions, and network with fellow members.

You do not want to miss this one! REGISTER TODAY! sme.org/conference

MSDONATIG
s A

ERSEVENTDISC
WIZEDRESEARCH.
NTHLYWEBINARS
ISEARCHLI
ITIESCONTR
MSDONATIO

\CHEXCLU
WARSINTELLIG
TELLIGENCE IPADVICEVOLUNY
*EVOLUNTEERPO! OGNITIONBENEF
*OGNITIONBENF G
ERTIF

SINARS!,

ERSHIPA

SCONTR1UTIONRECOG

SENCE/

ENTDISCOL um
RCHEX JLUNTEE?

.wsusmrusmuu VESUBSCRIPTIONS

16 VICEV

\DERSHIPADY]

ER IESCONTRIBUTIONRECOGNITIONBENEFITPROGRAMSDONATIONOPPORTUNITIESC
SCONTRIBUTIONRECOGN | PROGRAN RTUNITIESCERTIFICATIONSTECHNICALCOMMUNITIE:

JONOPFORTUNITIESCERTIRC SHNIC PTERSEVENTDI I
ICALCHAPTERSE
STOMIZED). .

SEARCHEXCLUS
B R e
{EARCHLEADERSHIPAD UNTE.
TRIUTIONRECOGNITIONBENEFITPROGK
4TIONOPPORTUN TIESCERTIFICATIONSTE
4NICALCOMMUNITIESLOCALCHAPTER! UBSCRIPT O
VR s S JOBSEARCHLEADERSHIFADVICE
FL"AE\UTIF*\"UNTFIFlmuNRECUGIHTI'\HF[NEFITPPD J(AM*‘[I)NATMIUFFGPTUMT\E‘
OPPORTUNITIE:
PTIONSMONTHLY
EERPOSSIBILITIESCONTRIS
GRAMSDONATIONOPPORTUNITI
ATIONSTECHNICALCOMMUNITICS|
QTS

{EARCHLEADERSHIPAD
SIBILITIESCONTRIBUTIONREC
ZFITPROGRAMSDONATIONOPPORTUNITIE:
IFICATIONSTECHNICALCOMMUNITIESLOCALCH
INTSDAILYBRIEFSCL

(ONOPPORTUNITIESCERTIFICATIONSTECHNICALCO]
o OMMUNITIESLOCALCHAPTERSEVENTDISH

\TDISCOUNTSDAILYBRIEFSCUSTOMIZEDRESEARCHEXCLUSIVESUBSC NSMONTHL)

NTH LYW EB NARSINTELIGENCEACCESS JOBSEARCHLEADERSHIPADVICEM

2SR PTIONSMONTHVHERINA SEARC [EERPOSSIBILITIESCONTRIBUTIONRE

CESSJOBSEARCHLEADERSHIPADY A

LITIESCONTRIBUTIONR!

HLEADERSH IPA|

RTIFICATIONSTE
EBINARSINTELL
SEVOLUNTEERP  SIBILIT
ITPROGRAMSD(  ATIONOPPORTUNI
_RTIFICATIONSTE  NICALCOMMUNI
ALCHAPTERSEV  DISCOUNTSDAI"
SISEEEE LSSy
TIONSMO!

1ESCONTR

{TRIBUTIONRE( ;rumuupEumTrRo,

TIONOPPORTUNITI

WUGNIT,
UNITIESCER
RTUNITIESC. IGATIONSTE . ,CALCOMMUNI ALCHAPTER

OCALC  TE YERIEFSCUSTOM IZEDRE

SSIBILITIESCONTRIBUTIONRECOGNITIC

MMUNITIESLOCAL

ONTHLYWEF

LCHA
CUSTOMZEDRESEARCHEXCLUSIVESUES
GEN!

CERTIFIC
IESLOCALCHA FTEF‘”E‘EVT[

LUNTEERPC
NEENEFITPROGRAMS

RTIFIC

UNITIESLOCALCHAPTERS

72 ManufacturingEngineeringMedia.com | March 2013

AMSDONA,
ATIONSTECHN EVEN,
ENTDISCC DRESEARCHE
s WEBINARSINTEL
4IPADVICEVOLUT
TIONRECOGNIT
PPORTUNITIE
TERSEVENTD.
RESEARCHEXC.
_BINARSINTELLGENCL.
ARCHLEADERSHIPADVICEVOLUNTL
ATRIBUTIONRECOGNITIONBENEFITPR(
0 INATIONOPPORTUNITIESCERTIFICATION
NOPFPORTUNITIESCERTIFIC CHNICALCOMMUNITIESLOCALCHA
LOCALCHAPTERSEVENTDIS( AILYBRIEFSCUSTOMIZEDRESEARCHEX
OMIZEDRESEARCHEX CRIPTIONSHONTHLWEBINARSINTELLIGENCEAC
NESINARSINTELLIGENCEACCESS IOBSEA

RAMSL v

ECHNICAL _MMUNITI,
JGOUNTSDAILYSRIEFSCUST CSEARL
LYWEBINAR

ERSHIPAUVILL
TIONBENEFIT]
s IESCERTIFICATIONS |
TECANIGALCOMMUNT
JEVENTD SDAIL_

RIEFSC g

THLYWEBINARSINTELLIGENCEAC
il LF“HHA[‘\M(‘[MLUNTE
RIRECOGNITI

F s
ESUBSCRIPTIONSMONTHLYWEBINARSINTELLI
CEACCESSJOBSEARCHLEADERSHIPADVICE
ERSHIPADVICEVOLUNTEERPOSSIBILITIESCONTRIBUTIONRECOGNIT!
NRECOGNITIONEENEFITPROGRA SDONATIONO)
1ONSTECHNICALC
DISCOUNTSDAILYERIEF'
i XCLUSIVESUBSCRIPTION iM A LIGENCI
OMIZEDRESEARCHEX RIPTIONSMONTHLYWEBINARSINTELLIGENCEACCES JOBSEARCHLEADERSHIPADVICEVO!
MONTHLYWEEINARS Sl ADERSHIPAD JLUNTEERPOSSIBILITIF SONTRIBUTIONRECOGNITIONBENE
RCHLEADERSHI IBILITIESCONTRIEUTIONRECOGNITIC NEENEFITPROGRA} RIUNITESCERTIFIC
BILITIESCONTRIBUTIONRECOGNITIONBENEFITPROGRA Ko baie dob i i UNITIESLOC
RA .1.\[w.wmmwwnwrmn\ IESCERTIFICATIONSTECHNICALCOMMUNITIESLOCALCHAPTERSEVENTDISCOUY S WZEDRESEAR
CALC ST OVIZEORESEARCHEAGL USRS UBSCRI YWEBINARSINTELLIGENCE
iPrion EBINARS wrnuum

mrHL WEBINARSINTELLIG
LEA

CLUSIVES
NTELLIGENGEACCESS JOBS
[BILITIESCONTRIBUTIONRECOGNITIONBENEFITPROGR
SDONATIONOPPORTUNITI
L

GUNTSDAILYBRIEFSCUSTOMIZEDRESEARCHEX
LUNTEERPOSSIBILITIESCONTRIBUTIONRECO!
ENEFITPROGRAMSDONATIONC \Hmwlunmy ER

T
MON 'gg\mmmmmm EAC
Lkl okl

Ef S GE|
CHLEADERSHIPADVICEVOL
IBILITIESCONT (EUTION

AR
USIVESU ONTHLYWEEINARSINTEL'

mm le\EEHIAR GENCEACCESSJOBSEARCHLEADERSHIPAD
ARCLEADERSHIPADVICEVOLUNTEERPOSSIBILITIES

Ll ONTRIEUTIONRECOGNITIC ONBENEFITPROGRA SLOCALCH
SDONAT ONOPPORTUNITIESCER ENTDISCOUNTSDAILYERIEFSCUSTOMIZEDRESEARCHEXCLUS|
S ScHNICALCOMMUNITESL IAPTER X Vi ONTHLYWEBINARSINTELLIGEN|
NTSDALVERIEFSCUSTOM ZEDRE: oL USVESUBSC GENCEAC S RSHIPA

CATIONSTECHNI

VICE!



tion,” he said. “This will become a smart system.” Somewhat
like laser trackers, the digital photogrammetry portion of the
system requires coded targets placed precisely in the scene.

They are moving on to the Phase Il portion of an SBIR
grant. The Phase | requirement called for a measuring ac-
curacy of = 0.002" (50 pm). “We expect to hit 0.001" [0.025
mm] and we measure Key Characteristics of features—surfac-
es, holes, or chamfers—within the limit of what the laser radar
can provide,” said Butkiewicz. “We provide out the character-
istics of that hole within the global reference frame, not just a
cloud of points that need to be analyzed and assessed.”

Another wide-area scanning technology is so-called ‘white-
light metrology.” Noted for simplicity and accuracy, it is also
being used in metrology-assisted manufacturing. Noted for
capturing millions of points at a time, structured white-light
systems project shadows of lines from a 2D lens onto a 3D

surface. They then apply sophisticated mathematics to deter-
mine point clouds of measurements.

Lockheed Martin (Fort Worth, TX) is looking into using these
systems to help in critical but mundane tasks. “Our primary
goal is to investigate advanced noncontact measurement
technologies which could replace current manual gages which
are typically imprecise and slow. The ability to take repeatable
measurements independent of an operator is critical in order
to avoid the need for a fleet of trained metrologists to inspect
the aircraft,” said Chris Barrow of Lockheed Martin. He notes
that even though individual inspection with a hand gage may
take less than five seconds, with 45,000 fasteners on the outer
surfaces of the F-35, that is a lot of inspection. It is easy for an
operator to miss a problem, and the cost of rework is expo-
nentially more expensive later on. “Structured light scanners
offer the capability to capture larger areas of data in a single
measurement as well as the flexibility to measure complicated
parts and assemblies that would not be feasible otherwise,” he

said. He reports that Lockheed Martin is
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using the Cognitens WLS400M blue-light
scanner from Hexagon in a system that
verifies hinge location in F-35 doors and
openings. They are using the data to de-
termine the source of alignment defects.
“Although the Cognitens system is cur-
rently being used manually, the feasibility
of an automated door-inspection cell is
being investigated,” he said

Another such system is the Ad-
vanced Topometric Sensor (ATOS)
provided by Gesellschaft fir Optische
Messtechnik (GOM). System integrator
ShapeFidelity (Huntsville, AL) is using
these systems to effect part-to-part
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mating through robotic guidance in a
variety of applications. “We are using
the ATOS-guided systems to replace
hard tooling for placement,” explained
Rob Black, senior applications engineer
for ShapeFidelity. They call their system
Digital Tooling. “We have delivered
dozens of these systems, in commer-
cial and defense aircraft applications,
including aircraft, spacecraft, and rocket
applications,” he said.



To illustrate the utility of the concept, he cites a NASA diameter. The ATOS scans the 18' diameter dome in about 45
example using their Digital Tooling to mate the adapter fitting minutes. “We have delivered Digital Tooling now in dozens of
between the Orion space capsule and the Delta IV rocket for applications, from building one-of-a-kind to seeing it used to
an upcoming test launch. The Orion diameter is 18' (5.5 m) build hundreds of parts per month,” stated Black.

while the Delta IV rocket is 16' (4.9 m),
requiring an inverted cone to make the
rocket usable. “We are using the ATOS
system in lieu of hard tooling by scan-
ning the parts in process, after each
manufacturing step, and using that data
to draw the toolpath definition for the
robotic weld tools,” he explained. “We
saved them at least a million dollars by
eliminating the need for hard tooling,
not to mention that this was a test flight
and only one part was needed.” Another
example is a Digital Tool system that
mates the joint between the hydrogen
and oxygen dome tanks on the Ares
rocket’s upper stage. He notes the print
fit-up tolerance for that was 0.010"
[0.25], requiring a measuring accuracy
of about 0.005" (0.13 mm) over an 18'
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