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Abstract 

A State of the Art instrument using the tap testing technique ‘The Woodpecker - WP-632AM’ 

developed by Mitsui was used to compare detectability of manufactured defects (flat bottom 

holes) in Perspex and aluminium specimens/coupons. A modern infrared camera the ‘T440’ 

developed by FLIR was also employed to perform Thermography tests on the same 

specimens.  In this paper the authors present a comparison of the test results obtained using 

the above mentioned NDT techniques. The two instruments proved to be very user friendly, 

require very little set up time and practically no surface preparation on the specimens was 

required. Testing the specimens, using either technique with its respective instrument, is 

performed rapidly and both instruments provide instantly, permanent records of the results.   

Keywords: Tap Testing, Thermography, defect detection, flat bottom holes 

1.    Introduction 

This paper aims at comparing a relatively classical or established NDT technique known as 

Tap or Coin Testing with a recently accepted, perhaps still classified as an ‘emerging’ 

technique, known as Thermography. Both techniques are capable of testing for sub surface or 

hidden defects on their own right, however one expects differences in their detectability 

depending on the type of materials used in manufacturing the components being tested.  Of 

course materials will react differently to different forms of excitation e.g. an ultrasonic beam 

travelling within a material will echo from a defects surface back to the transducer, or the 

altering of the eddy current pattern and its induced magnetic field in a metallic object when it 

encounters a discontinuity like cracks near the surface.  

1.1 Thermography  

In an attempt to demonstrate the widely use of Thermography while testing for subsurface 

defects such as de-laminations, voids, porosity etc. figure 1 is presented. Thermography is 

classified either as ‘Passive’ or ‘Active’ depending from where the energy, more likely in the 

form of heat, emanates and establishes a transient condition in the object under test.   In 

Active Thermography the induction of heat into the object directly affects the time based 

surface temperature which can be recorded and analyzed with and infrared camera. Heat from 

a lamp will warm up the surface of the test piece and will propagate through the piece under 

test by the mode of heat transfer known as conduction.  The surface itself besides loosing 

heat to the environment by convection is also being cooled by a parallel heat transfer mode 

known as radiation, which is the spectral radiance highly dependent on its instantaneous 

temperature and is defined by Planck’s law.
 (1) 

The flow of heat by conduction in the solid 

will be partially blocked by the presence of a defect in its path thus reducing the rate of 



2 

 

cooling of the surface above it.  The reduction of cooling above the defect creates a hot spot 

relative to the rest of the surface which is easily detectable with an infrared camera.  The 

thermal excitation of the test piece through a lamp could be extremely fast when using a flash 

lamp or much slower through a longer pulse exposure to an infrared lamp or the use of a hair 

drier blowing hot air over the surface.
 (2)

 

 

 

 

 

 

 

 

 

 

 

 

Figure1.  Schematic of typical Thermography test  

1.2   Tap Testing 

Tap Testing is an old and extremely simple NDT technique, also known as Coin Testing, 

which involves the knocking of an object’s surface with a small hammer or a coin and 

judging its integrity by the sound that emanates from the object as a result of the nocking. A 

duller sound would indicate that the impact has been dampened possibly because of the 

presence of a defect.  However when the technique is applied manually it does not provide 

much data or a record of the response and it naturally begs to question the reliability of the 

assessment because it is highly dependent on the operator’s perception, experience etc. 

Recently automatic Tap Testing devices have appeared which are capable of displaying in 

real time a permanent record of the process, in identifying the presence of the flaw and 

establishing its size and location 
(3)

.  The automated impact on the surface of the component 

is in fact a local vibration test, affording the choice of recording the magnitude of the tap 

force or the duration of the contact time of the hammer with the surface. The theory behind 

the tap testing has been explored and very adequately explained by Cawley and Adams 
(4)

. 

The instrument used for Tap Testing in this work was the Mitsui Woodpecker (WP-632AM) 

which has a sensor built in its hammer assembly enabling the recording or measurement of 

the contact time with the test object’s surface. It is this contact time, which is highly 

dependent on the material’s local stiffness beneath the surface that is utilized to indicate the 

presence of a defect.  The contact time (τ) is a function of the mass of the instrument (m) and 

the local stiffness of the material (k) as explained by Cawley 
(5)

 and Wu 
(6) 

expressed 

mathematically by equation 1.   

τ = π (m/k)
 1/2

 ……………………………....  (1) 
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2. Experimental procedure  

The experiments were performed with the aim of primarily determining the minimum size of 

defect that each instrument was capable of detecting. To that end the test specimens (type A) 

were prepared to suitably represent a defect by machining flat bottom holes into rectangular 

plates. In addition further testing of each instrument’s capability of defect detection was made 

possible by observing the influence of the defect’s depth from the test surface and to that end 

specimens (type B) with identical diameter flat bottom holes at positions of different 

thickness from the test surface were manufactured. The test specimens were manufactured 

from Perspex and aluminium and by using different materials additional factors were 

introduced enabling the comparison of the effect of the elasticity (Young’s modulus) of the 

material and the material’s thermal diffusivity. To compare the effect of the defect diameter, 

two identical specimens (type A) were designed and manufactured with flat bottom holes of 

decreasing diameters (30, 20, 16, 10, 8, 5 and 3 mm), which were all drilled to the same depth 

resulting in a thickness of material of 2 mm from the test surface. To test the effect of defect 

depth, similar type of specimens (type B) were designed and manufactured. However, for 

these specimens the flat bottom holes were designed with a constant diameter (20 mm) and 

with discreet 0.5 mm decrements in depth, thus creating a thickness of material above the 

defect to the test surface of the following sizes 0.5, 1.0, 1.5, 2.0, 2.5, 3.0 and 3.5 mm. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.  Schematic and dimensions of test specimen type A 
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Figure 3.  Schematic and dimensions of test specimen type B 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Test Specimens A and B made from Perspex (top) and aluminium (bottom) 

 

2.1  Thermography Tests 

The test specimens were subjected to a Thermography test, by simply using a hair drier to 

warm them (on average 5 seconds of exposure to hot air) and subsequently placed in front of 

the FLIR T440 infrared camera which took and stored automatically thermal images of the 

specimens every 15 second intervals. The final record of the images was subsequently viewed 

revealing that the visible number of the specimen’s defects increased and became clearer, 

reached a maximum level of visibility and eventually deteriorated to extinction. The best 
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image (judged by the maximum number of clearly demarcated defects on the frame) was 

selected as the best result and displayed in this paper as the achievable result of the test.  

 

2.2    Tap Testing 

The four specimens were subjected to Tap Testing using the Woodpecker.  The instrument 

incorporates a window on the top of the hand piece that displays the contact time between the 

hammer and the surface of the component under test, together with an audio alarm and LEDs 

that alert the operator that the contact time has exceeded the reference time stored in its 

memory or that there is a local stiffness change. During our testing procedure the instrument 

was linked with a lap top containing the software that allowed instant visual evidence of the 

taping results in the form of a coloured bar map as illustrated in figure 5.   

 

 

 

 

 

 

 

 

 

Figure 5. The Woodpecker, tests pieces and display of results  

 

3.     Results and Comments 
 

The experimental results from the Thermography and Tap Testing tests, are presented in 

figures 6, 7, 8 and 9 where a direct comparison of the detectability in terms of defect size, 

depth of the defect from the near/test surface, the effect of the material’s Young’s modulus 

and the material’s  thermal diffusivity can be deduced. In figure 6 displays the results from 

the Thermography tests on the specimens made from Perspex.  In terms of minimum size of 

defect detected, most definitely it is seen that the 8 mm dia. hole is very well displayed and a 

hint of the 5 mm dia. hole is there, but definitely not the 3 mm dia. flat bottom hole. In terms 

of the location of the defect depth wise from the test surface, it is obvious that the particular 

defect would be detectable well beyond the 3.5 mm thickness of material above the flat 

bottom hole, obviously calling for further parametric study in this respect.  In contrast the 

Thermography results from the aluminium specimens were very disappointing as displayed in 

figure 7.  There is only a hint that the largest (30 mm dia.) flat bottom hole is detectable and 

there is no indication of the presence of any defect at any depth below the test surface. The 

thermal diffusivity of the material plays an important role of how the heat is dissipated by the  
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Figure 6. Thermography results from specimens A and B made of Perspex 

solid, therefore the Thermography testing protocol has to be modified in order to obtain 

meaningful results. The use of flash lamps and synchronized recording of the thermal images 

will improve matters immensely when dealing with metallic specimens. Recent research 

work by researchers at Bath University 
(2)

 analyzing the capabilities of both flash and long 

pulse thermographic excitation, have concluded “that the long pulse technique has almost the 

same delamination detection capability as the flash excitation technique” provided however 

that a combination of the defect’s aspect ratio (size divided by the depth from the surface) 

D/d and the material’s thermal diffusivity, results in long peak temperature contrast times. 

They provide a graph of the ratio of long pulse to flash pulse  peak temperature contrast time 

where it is clearly seen that aluminium alloys occupy the lowest end of contrast peak time 

(0.01> t < 0.1) (s). Therefore the use of a hairdryer to thermally excite the aluminium 

specimen was wrong. It would have been a different outcome with the aluminium specimens 

tests had the authors used flash lamps and an infrared camera capable of fast recording the 

transient surface temperature. Such equipment unfortunately was not available. 

 

 

 

 

 

 

 

Figure 7. Thermography results from specimens A and B made of aluminium 

 

In figure 8 we see the results of the Tap Testing on the Perspex specimens where it is clearly 

indicated that the minimum size defect detectable is the 8.0 mm dia. flat bottom hole.  In 

terms of depth from the surface, defects are not detectable beyond the 2.5 mm thickness. Tap 

testing results from the aluminium specimens shown in figure 9, indicate decreasing 

performance in defect detectability when compared to the results from the Perspex 

specimens.  The minimum dia. size detectable was 10 mm and at a distance of 1.5 mm from 

the surface; the inferior results, relative to the results from the Perspex specimens, are 

perhaps related to the higher stiffness of the material because of the higher Young’s modulus  
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Figure 8. Tap Testing results from specimens A and B made of Perspex 

 

 

Figure 9. Tap Testing results from specimens A and B made of aluminium 

 

of aluminium compared to the one for Perspex.  It can be concluded that the efficacy of NDT 

techniques is substantially dependent on matching the techniques with the material properties 

of the test pieces as it is demonstrated by the fact that the Thermography tests suffered 

substantially in the case of the high thermal diffusivity of the aluminium.  Similarly the 

technique of Tap Testing was hindered by the relative high stiffness or the high Young’s 

modulus of the aluminium test piece.  It appears that if the NDT technique has to be matched 

with the properties of the test piece, it is unlikely that the industry ‘can obtain a closed form 

solution for problems but rather rely on turn-key solutions to individual situations’
 (7)

, perhaps 

an approach to be avoided if possible, considering time and expense.  
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