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Figure 1 Typical sub-surface defect in copper cladding on a valve seat part (Courtesy of 
Toyota). 
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Figure 2 Type 1 designs (dimensions in mm) 
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Figure 3 Type 1 Samples 
 

 
 
Figure 4 Typical Target produced by laser drilling in Reference Samples Type 1 
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Figure 2 Overall dimensions, cross sectional view (a) and side view (b) of the simulated 
deposit showing the various positions of the 100 microns side drilled hole depending on the 
set number. 



5 
 

 
 
Figure 6 Type 2 Samples Manufactured by Electron Beam  
 
 

 
Figure 7 Example of flaw made by electron beam method  (wire is 40µm) 
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Figure 8 Samples made by EDM Microdrilling 
 
 
 

 
Figure 9 Sample EDM2/1 
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Figure 10 Sample DB1 
 
 

 
 
Figure 11 Type 3 Sample design (3 different sets of dimensions used) 
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Figure 12 Type 4 Sample Design (a further block is diffusion bonded on to produce internal 
flaws) 
 
 
 
 
 
 

 

 

Figure 13 Porosity produced by powder containing pores 
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Figure 14 Blocks produced demonstrating porosity 

 

 

 

 

Figure 15 Single line deposits to develop defects (In 718) 
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Figure 16 Detail of typical defect produced 
 

 

Figure 17 Coating type samples 
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Figure 18 Flaw induced by hole drilling method 
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Figure 19 Radiography of flaws 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

 



13 
 

  

Figure 20 Samples of deposited line tracks 
 

 

Figure 21 Section through deposit showing fine surface cracking of copper-nickel deposit 
onto aluminium A2C2 
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Figure 22 Figure b Deposit showing deep cracks into base of Cu-Ni deposit onto aluminium 

A2C2 substrate 
 
 
 

 
Figure 23 Cross Section of substrate 
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Figure 24 Equipment and set up for deposition 
 

 
Figure 25 - Sample 1 
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Figure 26 - Sample 2 

 
Figure 27 - Sample 3 

 
Figure 28 - Sample 4 
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Figure 29 - Sample 5 
 

 
 
Figure 30 Test Sample with different deposit procedures 
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Figure 31 Sample 8 

 
Figure 32 Sample 9

 
Figure 33 Sample 10 
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Figure 34 - Sample 11 

 
Figure 35 - Sample 12 

 
Figure 36 - Sample 13 
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Figure 40 Sample T1 (30mm with procedure 13 and 13mm with Procedure 14) 
 
 
 

 
 
Figure 41 Experimental Sample T2 with as deposited and ground layers. 
 

 

Figure 42 - Comparison between the theoretical 
temperature and the simulated pattern, for Inconel 

alloy 600. 
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(a) 

 

Inspection at .  mmx �  � �1 5  from flaw 

 

(b) 

 

Inspection at .  mmx �  � �1 0  from flaw 

 

(c) 

 

Inspection at .  mmx �  � �0 5  from flaw 
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(d
) 

 

Inspection at .  mmx � 0 0  from flaw 

 

(e
) 

 

Inspection at .  mmx � 0 5  from flaw 

 

(f) 

 

Inspection at .  mmx � 1 0  from flaw 
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(a) 

 

Inspection at .  mmx �  � �1 5  from flaw 

 

(b) 

 

Inspection at .  mmx �  � �1 0  from flaw 

 

(c) 

 

Inspection at .  mmx �  � �0 5  from flaw 
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(d) 

 

Inspection at .  mmx � 0 0  from flaw 

 

(e) 

 

Inspection at .  mmx � 0 5  from flaw 

 

(f) 

 

Inspection at .  mmx � 1 0  from flaw 

 

 














































































