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With Novacam Non-Contact 3D Metrology Systems  

Evolving needs in aircraft riveting  

The high-precision riveting process in aircraft 
assembly includes drill ing, countersinking, and 
rivet installation. Repeated hundreds of 
thousands of times on the aircraft body, every 
step in this process contributes to the structural 
integrity of the aircraft and to minimizing 
unnecessary aerodynamic drag. This is why 
strict tolerances apply to the geometry and 
surface quality of rivet holes, countersinks, and 
installed rivet head flushness. 

But while aircraft riveting has become mostly 
automated and robotized, quality control (QC) 
of the process is stil l often limited to coupon 
inspection in assembly plant labs. Fortunately, 
changing to high-precision 3D automated 
inspection is now an option that offers much 
improved understanding of the manufacturing 
process and significant cost savings. 
 

Automating rivet inspection  

Lƴ ǎǳǇǇƻǊǘ ƻŦ ǘƘŜ ƛƴŘǳǎǘǊȅΩǎ ǘǊŀƴǎƛǘƛƻƴ ǘƻ млл҈ 
automated and data-driven QC of riveting, 
Novacam systems for riveting inspection offer 
speed, precision, and facility for integration 

with robots. TƘŜ ǎȅǎǘŜƳǎΩ scanning probes 
measure rivet holes, countersinks, and installed 
rivet heads right during the assembly process, 
on the plant floor. They provide automated 
non-contact micron-precision measurements of 
dimensional and surface quality parameters, 
enabling full traceability and improving QC of 
both intermediate and final results of the 
riveting process.  

 

NOVACAM SYSTEM PARAMETERS  
for FAST NON-CONTACT 3D MEASUREMENTS 

of RIVETING PROCESSES  
¶ Measure rivet hole & countersink IDs from 4 to 30 mm 

¶ 360º coverage without shadows 

¶ Micron-level measurement precision 

¶ Up to 100,000 3D point measurements per second 

¶ Ability to measure many aspects including: 

V 3D geometry and GD&T parametersςinside 

diameter, cylindricity, countersink included angle, 

concentricity of rivet hole and countersink, 

perpendicularity of hole to surface, etc. 

V Defects such as cracks and burrs  

V Roughness  

V Rifling caused by tool chatter 

V Flushness of installed rivet head 

V Straight and tapered rivet holes 

¶ Same probe for metal and composite surfaces 

 

 
Rivet hole and countersink angle measurements 
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3 systems for rivet measurement  

To suit the wide variety of measurement needs 
in the riveting process, Novacam offers a choice 
of 3 systems for non-contact measurements:   

 

Measures 

rivet 
hole ID 

countersink 
rivet 
head 

BoreInspect 
  

 

SurfaceInspect  
  

RivetInspect 
   

 
All three systems are based on low-coherence 
interferometry technology and use an 
interferometer (Novacam Microcam-3D or 
Microcam-4D) to produce and process light 
signals. The three systems differ in their fiber-
based scanning probes:  
 

1. The BoreInspect uses a rotational scanner 
(RS) to reach inside rivet holes with a small-
diameter rotational probe. 

  

2. The SurfaceInspect uses a galvo scanner to 
scan the rivet hole area from above in a 
raster manner.  

 

3. The RivetInspect uses both the galvo 
scanner and the RS to provide full coverage 
of the riveting process.   

 

Facility for robot integration  

bƻǾŀŎŀƳΩǎ ǊƛǾŜǘ ƳŜŀǎǳǊƛƴƎ ǎȅǎǘŜƳǎ ŀǊŜ ŀƭƭ fiber-
based and modular, meaning that the scanning 
probes are connected to the signal-processing 
interferometer with an optical fiber.  The 
probes can be installed wherever required in 
the processτon a CNC, robot head, or any 
combination of precision stagesτwhile the 
interferometer (4U 19-inch rackable unit) may 
be located several meters away, such as on the 
base of a robot. 

A simplified diagram of the BoreInspect system 
configuration for integration on a robot arm is 
shown here below. 

 
Simplif ied diagram of the BoreInspect, where the RS is 

set up as robot end-effector (not to scale) 

The configuration for the SurfaceInspect system 
is similar to the above, with the galvo scanner 
substituted for the RS. 
 
 
 

GS1 galvo scanner 

RS2 rotational scanner 
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A simplified diagram of the RivetInspect 
configuration for integration on a robot arm is 
presented here below. In this case, both probes 
(the galvo scanner and the rotational scanner) 
are multiplexed onto a single interferometer, 
with one probe scanning at a time. 
 

 
Simplif ied diagram of the RivetInspect where both the RS 
and GS are set up as robot end-effectors (not to scale) 

Acquired 3D measurements 
Novacam 3D metrology systems acquire 

surfaces in a point-by-point manner. Light is 

directed onto the surface, and reflected light 

signals are captured and processed.  

The user selects the scan path. With the 

BoreInspect, for example, scan paths may be 

linear, circular, or spiral.  

 

With the SurfaceInspect, users specify the area 

of interest within the lens field of view (FOV).                              

 

From each scan, the systems simultaneously 
generate three sets of raw data: 1) a 3D point 
cloud (micron-precision measurements), 
2) a light intensity map, and 3) a height map.  

Below is an example of data acquired from a 
spiral scan of a 6.35 mm (ѻΩ) diameter rivet hole 
using the BoreInspect. 

3D point cloud 

     
This high-density 3D point cloud comprises over 947,000 3D 
measurement points. With the system scan rate of 100,000 Hz, 
probe rotation speed set to 20/sec, and a spiral pitch of 50 µm 
(~2,000 µin.), measurements were 4 µm (~157 µin.) apart, giving 
4,987 3D measurements per rotation. Scan time was 9.5 seconds.  
 

      Light intensity map                 Height map 

             
These data sets are generated at the same time as the 3D point 
cloud file.  They represent an unwrapped view of the rivet hole ID 
and may reveal evidence of defects such as chatter (seen as 
vertical stripes) and inter-laminar defects. 
 

 

The 3D point cloud is useful for both interactive 
and automated 3D analysis of the measured 
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surface and for calculating 3D GD&T 
parameters.  

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

Options for point cloud analysis 
The generated 3D point cloud may be analyzed 

interactively or automatically using CAD/GD&T 

(computer aided design/geometric dimensioning 

and tolerancing) software. Novacam offers 

PolyWorks InspectorTM, an industry-standard 

third party CAD/GD&T software, as an option 

with its 3D metrology systems. The software 

provides powerful capabilit ies for evaluating 

the 3D point cloud with respect to user-defined 

criteria (rivet hole ID feature nominals and 

tolerances) or a reference CAD model.  

PolyWorks Inspector offers both interactive 3D 

visualization and analysis, and fully automated 

analysis and go-no-go reporting. Users may 

define their own macro-based rivet inspection 

reports, such as the one shown on page 9 of this 

document.  With automated rivet inspection 

reports, no operator input is required.  

Below are examples of 3D data visualization in 

PolyWorks Inspector. Views such as deviation 

maps help bring users key insight into the drill-

and-fill riveting processes. 

 
Rivet hole shown as 3D deviation map from cylinder. Users can zoom 

or pan around the point cloud image, as well as query 

measurements of features or individual points. 

 

 
Rivet hole and countersink shown as 3D deviation map from a 

cylinder. 

 
Rivet hole and countersink shown as 3D deviation map from 

cylinder. A burr defect (pink) is evident on the rivet hole ID.  

Installed rivet head measured with the SurfaceInspect and viewed as 

an STL file in PolyWorks Inspector.  
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3-dimensional and GD&T 

measurements  

Below are examples of riveting process 

measurements that may be obtained with 

Novacam systems.  Red ovals outline the named 

measurement. 

Diameter  

 

 

Length (grip length, etc.) 

 

 

 

 

 

Roundness (Circularity)  

  

Roundness is affected by defects such as rifling (i.e., 

chatter that may, for example, be caused by incorrect 

drill feed rate) or ovality (from uneven entry and exit of 

the drill bit). 

  

 

Cylindricity 

 

 
 

Surface profile ς conicity, taper, etc. 

Cone and taper tolerancing, as well as 

other types of profile tolerancing, are 

supported through PolyWorks 

Inspector functionality.   
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Countersink angle  

 
 

Angle between rivet hole and countersink axes & 

angle between countersink and rivet hole 

 

Perpendicularity of rivet hole axis to surface plane 

Given the surface reference plane datum, the 
perpendicularity of the bore and/or countersink 
axis to this datum may be calculated. 

Radius of ID grooves 

       

 

Axial straightness 

 Axial straightness of the rivet hole 
may be calculated from three or more 
circular profiles or from a high-

density spiral scan of the hole ID. 

 

 

Roughness measurement  
Depending on system configuration, the 
roughness profile of a selected section of the 
rivet hole  is available directly from Novacam 
acquisition software and may be included as 
part of an automatically generated rivet hole 
inspection report.   

Roughness measurements may be obtained from 
any specified scan path, whether linear, circular 
or spiral.   
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Defect inspection & measurement 
Using 3D point cloud 
High density 3D scans of rivet holes allow for 

thorough inspection and measurement of 

riveting process defects. Common defects 

include:  

¶ Surface cracks 

¶ Inter-laminar defects such as gaps or offsets  

¶ Burr debris 

¶ Gaps caused by tearing of composite 
materials 

¶ Tool mark defects, or  

¶ Rifling (chatter) defects.  

Below are examples of defects that may be 
inspected and measured with Novacam systems 
in conjunction with PolyWorks Inspector GD&T 
analysis software. 

 
Rivet hole ID with an inter-laminar groove and a burr (STL view) 

 
Tool-mark defects at the interface of material layers (STL view) 

 
Countersink with a dent (STL view, scale in mm) 

Drill bit chatter on a circular profile of the rivet hole 

The 3D point cloud may be: 

¶ Viewed interactively to examine and 
measure defect patterns and/or  

¶ Analyzed programmatically to detect defects 
of specified sizes and shapes.  

Mitigation procedures in case of defects may 
include testing the drill ing procedure on a 
coupon or changing a drill bit. 


