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ABSTRACT

In many existing AFP cells manual inspection of composite plies accounts for a large percentage of production time. Next generation

AFP cells can require an even greater inspection burden. The industry is rapidly developing technologies to reduce inspection time and

to replace manual inspection with automated solutions. Electroimpact is delivering a solution that integrates multiple technologies to

combat inspection challenges. The approach integrates laser projectors, cameras, and laser profilometers in a comprehensive user

interface that greatly reduces the burden on inspectors and decreases overall run time.

This paper discusses the implementation of each technology and the user interface that ties the data together and presents it to the

inspector.
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INTRODUCTION

Inspection of composite plies is an important step in AFP
manufacturing. To ensure quality the current industry standard is to
have dedicated personnel visually inspect each ply before the next ply
is deposited. Each part has specific inspection requirements, which
typically include accuracy of tow end placement (ply boundary),
control limits on overlaps and gaps between tow lanes, foreign object
detection (FOD), and detection of defects such as puckering and
bridging. Presently tow end accuracy is verified by visually
comparing location to a laser line projected onto the surface by laser
projectors. The other requirements are inspected by using human eyes
to scan the surface. This type of manual inspection is time consuming
and vulnerable to human error. Studies have shown that manual
inspection can consume more than 20% of total production time [1].

To reduce manufacturing time and improve quality the new
generation of AFP equipment will automate inspection. The
Electroimpact inspection system integrates cameras, laser projectors,
laser profilometers, and a user interface.

For decades laser projectors have projected ply boundaries for
inspection. Recent advances have added the ability to project
individual courses, tows, and 3-D points [2]. The upcoming
generation of functionality provides integration with automated
defect detection software, in which the laser projectors will project
the location of identified defects onto the part surface.

In parallel with material deposition, camera systems capture a

complete image of each composite ply. Individual photos are used

together to create a macro-image of each ply. Feature recognition

software measures end placement and verifies they are within

tolerance. Out of tolerance features are reported on the user interface,

which will provide the inspector with both a photo of the defectand a 33
real time camera view of the defect location.

Full document details: SAE 2015-01-2608

Laser profilometers scan the surface of each ply in parallel with
material deposition. A profilometer is made of a laser line emitter and
a detector array. The laser line spans the seam between tow lanes. The
detector measures the height of more than 1000 discrete positions
along the laser line. The profilometer thus provides a 2-D profile of
the surface. By moving the profilometer along the surface we create a
3-D profile. Profilometers are used to measure the width of overlaps
and gaps between each lane. This data is supplied to the user
interface, which lists defects for the inspector to review.

The inspection user interface ties together data from cameras,
profilometers, part programs, and operator input. Using the part
program the UI creates a ply-by-ply 3-D model of the part. Camera
images, tow ends, and profilometer measurements are referenced to
the model, where they are available for display. The Ul identifies
defects and locates them on the model. Defects are also listed in
tabular format in a separate UI display. Defects can be sent to the
laser projectors, which project defect locations onto the part surface.

INSPECTION COMPONENTS

Laser Projectors

Laser projector systems installed by Electroimpact benefit from tight
integration with the entire system. In addition to standard inspection
capabilities (ply boundaries, ply direction, tooling points, etc.)
operators have the ability to highlight any feature on a course
(individual courses, individual tows, etc.) through the use of an
intuitive 3D interface. Tow errors are automatically logged and
prepared for projection at any time [2].
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machine for touch probing. Where laser projector accuracy is gap in the surface from Figure 2 is mimicked in the data plotted in
insufficient for final layup locating the part transform created by laser Figure 3, where the horizontal axis is data point in the X direction
projector allows for the automatic operation of touch probing thus defined by Figure 2 and the vertical axis represents the Z distance
bypassing the need for manual jogging. from the profilometer to each data point.

Camera System

Electroimpact photographs composite plies using specially modified
laser projectors. LASERVISION projectors from Assembly Guidance
feature two sets of steerable mirrors (these are known as
galvanometers in the industry). One set steers a traditional green laser

beam. The other set steers a high resolution camera with a 300mm
lens. Figure 1 illustrates the LASERVISION hardware.
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Figure 1. LASERVISION Figure 2. Profilometer Diagram
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of the part. The 3-D location of each pixel is identified using the same 2 l/ ;
software that enables laser beam steering. A set of small images are | 7
conjoined to create a complete image of the ply. i \ V4

‘ o SN
Image resolution is high enough that the location of ply boundaries - - - o ey 2 - -

can be automatically measured from the image. Feature recognition
software is used to measure the location of features. The algorithm Figure 3. Profilometer Data Plot
requires a vast amount of image data to train the software how to
identify a feature. Tow ends are the feature most relevant for
inspection. To locate a feature the algorithm first detects a tow end
and determines its position locally on a small image. Using its
knowledge of 3-D location for each image pixel the software then
locates the tow end in part coordinates. For display and inspection,
tow end measurements are sent to the inspection user interface.

Laser Profilometers

Concept

A laser profilometer is a device that projects a laser line onto a
surface and measures the distance to points along that laser line. The
array of distances creates a profile of the surface, which can be
evaluated to identify and measure surface features. Figure 2
illustrates the concept of a profilometer. The X axis is defined as the
direction along the laser line length. The Z axis is defined as the
direction in which the laser line is projected.

The laser profilometer provides an array of raw data the represents a
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surface profile. Figure 3 illustrates that the data provided by the
profilometer matches a profile view of the contour of the surface. The

Figure 4. Overlap and Gap
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Surface features that are important to AFP inspection include gaps,
overlaps, FOD, bridging, puckering, delamination, and tow twists.
Laser profilometers can detect all of these types of features (given
sufficient size) and measure the width of gaps and overlaps.
Examples are shown in Figures 4, 5, 6.

Figure 5. FOD

Figure 6. Bridging

Data

Raw profilometer data is passed through a software algorithm which
identifies the feature type and measures width for overlaps and gaps.
The algorithm begins by using the difference between adjacent data
points to identify a steep change in profile. Steep changes in surface
profile indicate the presence of a feature. Feature data passes through
a second algorithm to classify the feature. Data identified as an
overlap or gap passes through a 3™ algorithm to estimate width.

Overlap and gap width are measured every 0.5" along the length of a

course. A plot of consecutive measurements shows how the feature
width varies along the course. An example of consecutive gap width
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measurements for a single tow lane is shown in Figure 7, which
illustrates a gap that widens as the course progresses. Each point in
the X direction is a measurement derived from a single profile.
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Figure 7. Gap width measured every 0.5” along course direction.

The system can reliably measure overlap and gap widths between
0.004" and 0.200". Widths outside this range can also be obtained,
but reliability might be reduced.

Parallel Inspection

To achieve the goal of inspection in parallel with material deposition

profilometers must provide data that spans course width. AFP process
heads with wide course formats can require 12 or more profilometers

working in parallel to scan the entire course width. Figure 8 diagrams
the hardware layout used to support multiple profilometers.
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Figure 8. Profilometer Network.
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One challenge of the profilometer system is data management and
processing speed.

Profilometer manufactures provide pre-packaged software to measure
gap width. Because these algorithms execute on board the
manufacturer hardware they have no trouble keeping up with sample
rates in the kHz range. However, the complexity of the range of feature
detection and accuracy required for AFP inspection is not satisfied by
these on-board algorithms. Electroimpact's solution is to gather raw
profile data and process it with custom software algorithms.
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