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With NovacamNon-Contact 3D Metrology Systems

Evolving needsn aircraft riveting with robots. TK S 4 & astasn¥hgpiobes
measurerivet holes, countersinls, and installed
The high-precisionriveting processn aircraft rivet heads right during the assmbly process,
assemblyincludesdrilling, countersinking, and on the plant floor Theyprovide automated
rivet installation.Repeated hundreds of non-contactmicron-precisionmeasuremens of
thousands of times oithe aircraft body,every dimensiond and surface quality parameteys
step in this process contributes to the structural enabling full traceability andmproving QC of
integrity of the aircraft and to minimizing both intermediate and final results of the
unnecessary aerodynamic draghis is why riveting process.
strict tolerancesapply to thegeometry and
surface quality of rivet holes, countersinks, and NOVACAMSYSTEM PARAMETERS
installedrivet headflushness. for FAST NONCONTACBD MEASUREMENT!

of RIVETING PROCESS
Measurerivet hole & countersinkDsfrom 4 to 30mm
36 coverage without shadows
Micronlevelmeasuremenprecision
Up to 100,000 3D point measurements per second
Abiity to measurananyaspects including:
V 3D geometryand GD&T parameterdnside
b I diameter,cylindricity,countersinkncludedangle
s e concentricity of rivet hole and countersjnk
: 3 perpendicularity of hole tsurface, etc.
Defects such as cracksid burrs
Roudiness
Rifling caused by tool chatter
Hushnes®f installed rivet head
But whileaircraft riveting has become mOStIy V Sraight and tapered rivet holes
automatedand robotized quality control(QC) q
of the processs still often limited tocoupon
inspectionin assembly plantabs. Fortunately,
changingto high-precision3D automated ; =
inspectionis nowan optionthat offers much | y :
improved understanding of the manufacturing
process and significant cost savings.
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Automating rivet inspection
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automated and data-driven QCof riveting,
Novacamsystems for riveing inspectionoffer
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speed, precisionand facility for integration £
Rivet hole and countersinkanglemeasurements




3 systemsfor rivet measurement

To suitthe widevariety of measurement needs
in the riveting processNovacamoffers a choice
of 3 systens for non-contact measuremerg

Measures

e countersink e
hole ID head
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v Y
v Y Y

All three systems are &#sed onlow-coherence
interferometry technologyand usean
interferometer (NovacamMicrocam-3D or
Microcam-4D) to produce andprocess light
signals.The three systemsliffer in their fiber-
basedscanningprobes

Borelnspect
Surfacelnspect

Rivetinspect

1. TheBorelnspectuses arotational scanner
(RS)to reach inside rivet holes with a small
diameterrotational probe.

RS2 rotational scanner

2. The Surfacelnspecuses agalvo scanneito
scan the rivet hole area from abova a
raster manner

GS1 glvo scanner

3. TheRivetinspectuses both thegalvo
scanner and theRSto provide full coverage
of the riveting process.
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Facility for obot integration
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based and modular, meaning thalhe scanning
probesare connected to thesignalprocessing
interferometer with an optical fiber. The

probes can bdanstalledwhereverrequired in

the process on a CNC, robot head, or any
combination of precision stageswhile the
interferometer (4U 19inch rackable unitmay

be located several meters away, such as on the
base of a robot.

A simplifieddiagramof the Borlnspectsystem
configurationfor integration on a robot arms
shownhere below

Novacam Borelnspect

robot end-effector
v

il
A

RS2 rotational scanner

Interferometer

Motion controller

Local area
network (LAN)

Simplified diagram ofhe Borelnspect where the RS is
set up as robot ene:ffector (not to scale)

Theconfigurationfor the Surfacelnspecsystem
is similarto the above with the galvo scanner
substituted for the RS.

Y S| &bdzNRA y 3



3/14

A simplifieddiagramof the Rivetnspect
configurationfor integration on a robot arnis
presented here belowln this case both probes
(the galvo scanner and the rotational scanner)
are multiplexed onto aingle interferometer,
with one probe scanning at a time.

With the Surfacelnspect, use specify the area
of interest within the lens field of view (FOV).

Novacam Rivetinspect

robot end-effectors _
From each scanthe systemssimultaneously

i

g\v‘?" v generatethree sets of raw datal) a 3D point
,\\d& _ cloud (micronprecision measurements)
ov RS2 rotational scanner 2) alight intensity map, ad 3) aheight map.
o2
A Below is an example afataacquiredfrom a
Galvo scanner spiralscan of a.35 mm(o© YXiameter rivet hole
using the Borelnspect
( 3D point cloud
Interferometer :

Motion controller

Galvo controller

N’

PC

Local area
network (LAN)

Thishigh-density 3D point cloud comprises o\&47,000 3D
measurement pointsWith the systemscan rate of 100,000 Hz,

Simplified diagram ofhe Rivetinspectwhere both the RS
and GS areet up as robot enéffectors (not to scale)

Acquired 3D measurements
Novacam 3D metrology systems acquire
surfacesin a pointby-point manner. Light is
directedonto the surface, and refle&d light
signals arecaptured and processed.

The wer selects the scan path With the

Borelnspect,for example, scan paths may be

linear, circular,or spiral

probe rotation speed set to 28e¢ and aspiral pitchof 50 pm
(~2,000 pin,)measurementsvere 4 um (~157 pin.) apart, giving
4,987 3D measurements per rotation. Scan time was 9.5 seco

Light intensity map Height map
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These data sets are generated at the same time as the 3D poi
cloud file. They represemtn unwrapped vievof the rivet holelD
andmayreveal evidence of defects such as chatter (seen as
verticalstripeg and interlamina defects.

The 3D point clouds usefulfor both interactive
and automated3D analysis of themeasured



surfaceand for calculating 3D GD&T
parameters.

The light intensity map and the height map
facilitate defect detection and measurement.
More on thislater.

Options for pint cloud analysis

Thegenerated3D point cloudmay be analyzed
interactively or automaticallyusingCAD/GD&T
(computer aided desigrjeometric dimensioning
andtolerancing)software. Novacam offers
PolyWorks Inspectof, anindustry-standard
third party CAD/GD&FBoftware, as an option
with its 3Dmetrology systems. The software
providespowerful capabilitiesfor evaluating
the 3D point cloudwith respect touser-defined
criteria (rivet hole ID feature nominals and
toleranceg or a reference CAD model

PolyWorks Inspectomoffers both interactive 3D
visualization and analysisand fully automated
analysis and geno-go reporting. Users may
define their own macrebasedrivet inspection
reports, such as the one shown on pagef this
document. With automated rivet inspection
reports, no operator input is required

Below are examples of 3D data visualization
PolyWorks InspectorViews such as deviation
mapshelp bring userskey insight intothe drill-
and-fill riveting processes
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Rivethole shown as 3D deviation map from cylinder. Users can zoom

or pan around the point cloud image, as well as query
measurement®f features or individual points.

Rivet hole and countersink shown as 3D deviation fnaym a
cylinder.

: 0
Rivet hole and couersink shown as 3D deviation m&pm
cylinder. Aburr defect(pink) is evidenobn the rivet hole ID

Installed rivet head measured with the Surfacelnspect and viewed as
an STL filen PolyWorks Inspector.



3-dimensionaland Q&T
measurements

Below ae examples ofiveting process
measurementshat may be obtained with
Novacam systemsRedovalsoutline the named
measurement.
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Roundness (Circularity)

O

Roundnesss affected by dfects such asfling (.e.,
chatterthat may, for example, beaused by incorrect
drill feed ratg or ovality (from uneven entry and exit of

the drill
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Surface profileg conicity, taper, etc.

A\

Cone and taper tolerancing, as well as
other types ofprofile tolerancing,are

supported through PolyWorks

Inspector functionality.
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Gountersinkangle Axial straightness
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o Roughness measurement

b Depending on system configuratiothe

i roughness profile of a selected section of the
R rivet hole is available directly from Novacam
L acquisition software and may be ihoed as
sz part of an automatically generatedvet hole

-0.2959!

inspection report.

Perpendicularity ofrivet holeaxis to surfaceplane
Roughness measurements may be obtained from

Given thesurface reference plane datum, the any specified scan path, whether linear, circular
perpendicularity of the bore and/or countersink or spiral.
axisto this datummay be calculated.

Novacam Technologles Inc.
' Rivet hole ID Inspection

Roughness Tine:
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Sample: #0056 A

Date: 2019.07-10 >
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Radusof IDgrooves
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Defect inspection& measurement

Using 3D point cloud

High density3D scans of rivet holesllow for
thoroughinspection and measurement of
riveting procesglefects Common defects
include:

9 Surface cracks

1 Inter-laminardefectssuch as gaps or offsets

1 Burr debris

1 Gaps caused by
materials

1 Tool markdefeds, or

1 Rifling(chatter) defects.

tearing of composite

Below are examplesof defects that may be
inspected andmeasued with Novacam systems
in conjunction with PolyWorks Inspector GD&T
analysis software.

inter-laminar

roove

tool-mark defect

Tool-mark defecs at the interface oimateriallayers(STL view)

7114

Countersinkwith a dent (STL viewscale in mm)

Drill bit chatter on a circular profile of the rivet hole

The 3D point cloudmay be

I Viewed nteractivelyto examine and
measuredefect patterns and/or

1 Analyzedprogrammaticallyto detect defects
of specified sizes and shapes.

Mitigation proceduresn case of defectsnay
include testing the drilling procedure on a
coupon or changing a drill bit.



