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Abstract
Laser powder deposition is a process where a powder is sprayed on to a substrate at the same time as a laser is
used to melt it. In this way layers of the powder material are built up into structures that can be very fine and
complex. For critical requirements it is useful to inspect the structure as the layers are deposited as the final
component may have considerable added value.
The main challenge for the NDT methods are the small sizes involved, which in turn lead to detection of small
flaws being required. Laser ultrasonics, laser thermography and eddy currents were identified as methods that
might be deployed for the inspection.
This paper describes the results obtained from these methods on a specially developed set of reference samples
and on specific deposition samples with induced flaws.
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Introduction

Laser powder deposition is an example of manufacturing technique known as additive
manufacturing, which is becoming increasingly common, especially with a technique called
3D printing, in which structures are made in a plastic material by a nozzle depositing it on a
surface. For metals this is less straightforward because of the high temperatures needed to
melt the metal. One method of carrying out this heating is with a laser. A metal powder is
sprayed on to a substrate at the same time as a laser is used to melt it. In this way layers of the
powder material are built up into structures that can be very fine and complex. The layer size
is typically 0.5mm-2mm wide and 0.3-0.5mm deep.
For critical requirements it is useful to inspect the structure as the layers are deposited as the
final component may have considerable added value.
Typically the mainstream NDT methods are used to inspect large structures whose failure
could possibly cause severe consequences, such as loss of life or environmental or economic
damage. With the additive manufacturing process, NDT methods are required to inspect
much smaller sizes, which in turn lead to detection of small flaws being required. Laser
ultrasonics, laser thermography and eddy currents were identified as methods that might be
deployed for the inspection.
This work was carried out for INTRAPID project, with the following partners: Bytest (Italy,
LPW (UK), Polkom (Poland), Tecnitest (Spain), Toyota (Belgium), University of Palermo
(Italy) KCC (UK) and TWI (Abington and Sheffield) (UK).

2

Concept

The concept of the project was that the NDT methods would be deployed on a robotically
operated laser deposition system at TWI Yorkshire. The systems were arranged so that they
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could be fitted on to the robot end effector in turn using simple mechanical attachments. In
turn the system should be automated as far as possible to represent a manufacturing process.

3

Samples

The test samples were divided into reference samples, in which machined flaws were
produced in standard geometries by a wide range of techniques, and test samples which were
made using deposition, with flaws induced or produced by a range of techniques.
3.1

Reference Samples

The test samples included were (1) sheets with drilled holes 0.1mm dia to 0.7mm dia at
different distances from one edge (inspection carried out from that edge (Figure 1) (2)
samples with a raised portion with drilled holes in the raised portion (Figure 2), with holes
generally 0.2mm diameter or less, samples with embedded holes and thickness variations
(Figure 3).
Inspection surface
Depth
Through hole

0.5mm

Figure 1 Type 1 Reference Samples made by laser drilling

Figure 2 Type 2 Samples made by EDM Microdrilling
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Figure 3 Type 3 and Type 4 Reference Samples made by diffusion bonding

3.2

Test Samples

Test samples were made with an Inconel substrate and single layer deposit (Figure 4), with a
flaw induced in each sample by special techniques. Figure 5 shows a typical flaw in this
process. In some samples the surface produced by the deposited layer was removed to
determine the effect of the surface on the NDT techniques (Figure 6).

Figure 4 Deliberate Flaw induced in Inconel deposit (flaws are approximately 0.4mm long (into the paper)
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Figure 5 Test Samples in Inconel (from left) deposited layer, surface skimmed, profile and some substrate
removed

4
4.1

Inspection Methods
Eddy Currents

The eddy current system uses an automated version of the Veritor instrument, and special
probes for different tasks. Some features of the probe and the flaws were modelled to try and
understand the optimum methods(1). Figure 6 shows this mounted on the robot arm with the
deposition system to the right. The eddy current system produces a typical impedance plane
display together with a file of an inspection. The eddy current system inspects initially for
material and probe position and then for a scanned inspection. The data was collected by
software developed in the project and criteria developed to report anomalies.

Figure 6 Eddy Current System attached to Robot Arm. The deposition system can be seen on the right

4.2

Laser Ultrasonics

The laser ultrasonic method was modelled prior to construction(2). It consisted of a pulsed
laser to produce the ultrasonic signal and a laser interferometer to detect the vibrations
produced (Figure 7). The latter was connected to an A to D converter, which was serviced by
software developed in the project.
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Transmitting Laser
Interferometer

Figure 7 Laser Ultrasonic System

4.3

Laser Thermography

This equipment consisted of a laser and thermal camera as shown in Figure 8. The laser is basically
continuous, but can be pulsed using suitable switching arrangements. The camera has additional
lenses to reduce the field of view.
In initial experiments a video recording of the laser heating was used, a system which enabled
synchronisation of the laser pulse with the frame output of the camera was developed.
The laser intensity and pulse length were varied to optimise the heating effect.

Laser (head)

Thermal Camera

Figure 8 Laser Thermography system
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Automation of Systems

It was required that the inspection be carried out immediately after the deposition process. Therefore
each system was mounted on plates that could be bolted in-turn to the end plate of the deposition
robot. In this was the inspection device simply requires a translation calculation from the robot
deposition path to follow the same path for the inspection. The software for each inspection system
was integrated on to one computer together with an interface program to the robot and data analysis
modules which could sentence a layer on the basis of pre-set acceptance criteria.
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Results and Discussion

There are two initial factors in the flaw detection capabilities of the techniques, the flaw size and the
flaw depth below the surface. Surface condition was not an issue in the results from the reference
samples but was in the case of the test samples this makes an impact.

6.1

Eddy Current

The eddy current results have been recorded as the impedance plane screen (for test purposes) Figure
9 gives some examples of typical signals. The signal strength varies considerably, and semimechanical scans (ie the probe and sample were fixed and the latter was moved using a manual
micrometer table).were needed. A range of frequencies and probes were used to try and establish the
sensitivity. This shows that flaws of 0.4mm dia can be detected up to depths of 0.5mm at this
frequency and in the geometry and materials of these reference samples.
Indications were also obtained from some of the reference samples Type 3 and 4.

0.1mm diameter 0.2mm deep

0.35mm diameter ,0.4mm deep

Gain is 10dB less than above

Figure 9 Detection of 0.1mm diameter hole, 0.2mm deep, and 0.35mm diameter 0.4mm deep in Reference
sample Type 1. The wire in the flaw picture was 100μm diameter and was used for calibration of the flaw size.

6.2

Laser Ultrasonics

Some examples of the laser UT results on examples of the reference samples are given in
Figures 10-11. It can be seen that the disruption of the surface wave is the main mechanism
by which flaws are detected in Figure 10. Therefore the sensitivity decreases significantly for
flaws below 300μm deep, whatever the size. There are additional indications from diffracted
or reflected waves that can be seen above (i.e. later than) the surface wave where this is not
interrupted in Figures 11 but these are quite weak for reliable detection. No indications could
be obtained on reference samples Type 3 and 4. The indications on the deposited samples
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show that near-surface flaws in an Inconel deposit can be detected in the same way as the
reference samples (Figure 12).

Surface Wave

0.6mm diameter/0.2mm deep

Figure 10. Example of indications from Laser UT from Type 1 Reference sample with flaw close to
surface: Map of displacement as a function of time of flight and distance along the surface

0.35mm dia/0.4mm deep

Figure 11. Example of indications from Laser UT from Type 1 Reference sample with flaw away from
surface: Map of displacement as a function of time of flight and distance along the surface.

Figure 12 Indication from Inconel deposited sample with induced flaw
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6.3

Laser Thermography

The detection of a flaw by laser thermography is by means of asymmetry in the heating effect
of the laser on the surface. Examples can be seen in Figures 13. Detection of sub-surface
flaws was quite difficult and inconsistent and no indications were found for reference
samples 3 and 4.
Luminance
65,750 65,466
65,450
65,400
65,350
65,300
65,250
64,950 65,224

Th e m
r o tekn xi Video 15:14:16 13/06/2013

Flaw 0.6mm dia 0.2mm deep
Luminance
66,100 65,535
65,500
65,400
65,300
65,200
65,100
64,500 65,023

Th e m
r o tekn xi Video 11:31:53 13/06/2013

Flaw 0.14mm dia 0.1mm deep

Figure 13 Examples of outputs from laser thermography system

6.4

Summary

Detailed results from the systems were analysed using the maximum likelihood method to
obtain a graph showing how the depth and size of a flaw can be detected by each method.
Examples of these, for one frequency of the eddy current tests and the laser UT tests are
shown in Figures 14 and 15. It should be noted that these results are only for the equipment
procedure materials and flaw types investigated. Also they do not extend beyond the range of
the data.
It can be seen that the eddy current detection at 90% POD is around 0.2mm diameter of the
flaw at the surface, and around 0.6mm at 1mm depth. The Laser UT gives 90% POD at
0.1mm at the surface and more than 0.9mm at 1mm depth. This range of data needs to be
extended for a wider range of flaws and procedures to enable optimum choices to be made.
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Figure 14 Results and Analysis of Eddy Current tests at 2MHz

Figure 15 Detection data and analysis from Laser UT

Copyright ©TWI 2014

7

Conclusions

Equipment was developed and demonstrated for the inspection of laser powder deposited
layers.
The capabilities of the inspection techniques used were obtained.
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