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Abstract 
 

The aim of this study has been to investigate the possibilities to identify lack of glue in 

finger joints by checking different non-destructive techniques. Specifically, this study 

puts emphasis on finding a method suitable for an automated and fast industry 

production line of home furnishing products. The methods investigated are of three 

main varieties: 

 

 Sound/vibration 

 Thermography 

 Tomography 
 

The most promising method was the high-power ultrasound thermography. This method 

is fast and reliable, but more research is needed. It is necessary to find out if the 

thermography waves can penetrate deep enough. Another possible method is computed 

tomography. This method can take a lot of time, but the speed of scanning depends on 

the accuracy demanded.  
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Sammanfattning 
 

Uppgiften har varit att granska möjligheterna att identifiera bristfälliga trälimningar 

eller helt avsaknad av lim i fingerskarvar med hjälp av olika metoder som inte förstör 

materialet, NDT (non-destructive testing). Undersökningen syftar speciellt till att finna 

en metod som är anpassad till ett effektivt produktionsflöde i industrin.  Det måste 

därmed vara en metod som med stor snabbhet kan hitta eventuella fel på  produkterna. 

De metoder som  mer omfattande har granskats är ljud/vibration, termografi och 

tomografi. Den metod som visat sig mest lovande är high-power ultrasound 

thermography. Tester måste dock utföras för att säkerställa att metoden är passande för 

ändamålet. Framför allt om de termografiska vågorna tränger in tillräckligt djupt. En 

annan möjlighet är datortomografi. Denna metod kan vara tidskrävande, men 

skanningshastigheten beror på hur noggrant mätresultat som erfordras. Här finns också 

en säkerhetsaspekt som måste beaktas, eftersom röntgenstrålar används. 
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1 Introduction 
 

1.1 Background 
 

More than two-thirds of the world’s wood products today are completely or partially 

glued (Pizzi & Mittal, 2010). In furniture production there are some important demands 

related to gluing. Some objectives that can be evaluated are if the product is well glued 

and if it is difficult to break the joint. These two points are crucial for the product's 

lifespan. 

  

Poorly glued furniture products can easily be removed with e.g. mechanical loading in a 

production; otherwise, these products will probably give a customer return close to the 

time of sale. More difficult is it to detect products that are almost good glued before the 

customer. The glue joint appears to be acceptable, but the glue joint may fail over time. 

The statistic peak of failure generally will be presented  in a bell shaped curve (normal 

distribution) over several years. The peak will normally occur several years after 

production. Even if the customer is less likely to make a claim due to the age of the 

product, it can affect future place of purchase (Björk 2013). 

 

There are good reasons to use finger joints;  

 

 It is not necessary to use the best raw material. Poor quality is sufficient.  

 The products become solid, knotless and can be produced in any length 

(Aronsson 2014). 

 

Jokerst (1981) gives an excellent review of finger jointed wood products, see figure 1.  

Some of the end joints as scarf joints are wasteful of wood and the accuracy at which 

the scarfs are machined is often critical, so plain scarf joint has been increasingly 

replaced by the finger joints. 

 

A finger joint is a type of structural end joint and is an economical way of wood 

utilization (Ayarkwa et al. 2001).  

 

 

 
 

Figure 1. A picture of different end joints (Trada 2014) 

 

This study will focus on finding nondestructive techniques that can determine if a finger 

joint is sufficient glued or not in the production line.      

 

In furniture industry is it important to guarantee the quality of all products, not just 

random samples. Today a destructive method of random samples is normally used to 
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investigate the quality of finger joints. This is time-consuming and it is also expensive 

because the investigated products will be destroyed. It is therefore important to find 

other ways. 

 

1.2 Aim 
 

The aim with this study was to find the most suitable non-destructive testing (NDT) 

method for the case-company IKEA, which can identify if glue is missing in finger 

joints in home furnishing products. 

 

1.3 Objectives  
 

The objective with this study was as follows: 

 

 Find and investigate NDT methods that could be suitable for finger joint 

evaluation mainly by using literate studies and by communicating with experts 

in this field. 

 Set important requirements for the target methods in a table. 

 Make an experimental test with a suitable method.  

 Rank and compare the different NDT methods in a table. 

 

1.4 Research questions 
 

 Are there some nondestructive techniques that can be developed to find glue 
defects in finger joints?  

 Which nondestructive technique is the most suitable for the case-company?   
 

2 General theory 
 

2.1 Non-destructive technique  

 

A non-destructive testing (NDT) method is defined as a technique that examines a 

material or a component so future use will not be affected. Each NDT method has both 

advantages and disadvantages regarding cost, speed, safety and accuracy. The cheapest 

way is to correct a production defect as soon as possible. Usually 75 percent of the total 

production defects occur at the beginning of the production, 80 percent of these defects 

will not be corrected before the quality control or when the product already is in use 

(Stößel 2004). Products which are difficult to produce, have a high value or are already 

in use benefit most to be controlled by NDT (Stößel 2004). NDT methods use either or 

both electromagnetic waves and mechanical waves, see figure 2. Energy is transferred 

from a measuring system to the test object. The signals arriving from the test object 

carries information about the object’s properties and these signals will be analyzed after 

hitting a receiver. 
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Figure 2. Spectrum with electromagnetic and mechanical waves (Sanabria 2012) 

 

2.2 Bondline 
 

Properties of wood, glue and also the manufacturing process can all affect the bondline 

quality (Hass 2012). A defect can occur anywhere; in the glue, in the wood or in the 

boundary layer (Hass 2012). According to Marra (1992) the bondline is similar to a 

chain with different links, see figure 3. The middle link consists of unaffected glue. The 

glue in links 2 and 3 might have been affected by the surrounding environment and lost 

its homogeneity. Processes like planing, sanding or other manufacturing steps can 

increase the possibility of damage in link 6 and 7 consisting of wood boundary. Link 8 

and 9 is unaffected wood. The quality of the bond is determined by the weakest link in 

the chain, usually this is the wood substrate itself. A glue defect usually covers more 

than one link. 

 

 
Figure 3. Picture a) From Hass (2012) shows a bondline composition. The scale is 100 

micrometers. Picture b) from Hass (2012) and picture c) from Frihart (2005) show the 

different areas in the bondline. 1) The adhesive film. 2, 3) Glue which possibly have 

been affected by the wood during curing and therefore lost its homogeneity. 4, 5) 

Adhesion interface which occurs in the boundary layer. 6, 7) Wood which can have 

been damaged from planing and sanding. 8, 9) Unaffected wood 
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3 Methods 
 

This study has identified appropriate/possible NDT methods and compared and ranked 

them. The approach was made primarily from literature studies. The identified NDT 

methods are presented in chapter 4. Computed tomography has been experimentally 

tested by a case study with IKEA in chapter 5. In chapter 6 are the methods compared 

and ranked in a table and discussion and conclusion are presented together in chapter 7. 

The literatures in the reference list have been found by searching in multiple databases, 

e.g. OneSearch at www.lnu.se, DeepDyve and Google Scholar. Search terms like “NDT 

methods wood bonding”, “Air-coupled ultrasound wood defects” and “acoustic 

emission finger joints” were used. Known investigators in the field were contacted and 

relevant questions were asked. These questions were e.g. asked to Sanabria, S. J.  in an 

email Sanabria (2013); 

Do you know if air-coupled ultrasound technique can be used for determining FJ 

quality like strength? And what is the greatest advantages and disadvantages with air-

coupled ultrasound technology compared to X-ray technology besides the safety aspect. 

Answer: So far the air-coupled ultrasound technique has been mainly applied to detect 

flat area defects, such as delamination in bonding planes of glulam & veneer. For finger 

joints, the technique is as well potentially applicable. The main advantages of ACU are 

one hand safety, portability and low cost. Besides, ultrasonics are highly sensitive to 

small discontinuities (10 um), whereas for X-rays the delamination gaps need to be 

larger than the effective resolution of the radiographs (>300 u). That is, X-rays are 

advantageous to detect lack of adhesive in the finger joints, whereas ultrasonics 

outperform X-rays in detecting delaminations (two initially glued surfaces which have 

broken apart with a thin gap in-between). There are some additional works based on 

thermography, optic methods and acoustic emission. 

Persons outside Sweden have been contacted by email, Meinlschmidt (2014), Hu (2013) 

and Sanabria (2013), and persons in Sweden have mainly been contacted by phone e.g 

Andersson (2014).  

 

4 Identified NDT methods  

 
4.1 Air-coupled ultrasound 

 
Ultrasound is a mechanical wave which vibrates with a frequency over the humans 

hearing range, 20 KHz (Tomppo 2013). ACU is a method where no liquid contact 

medium needs to be in contact with the material itself (Stößel 2004). The air-coupled 

ultrasound technique today has mainly been applied to detect flat area defects, such as 

delamination in bonding planes of glulam and veneer. The technique seems potentially 

applicable even for finger joints. The main advantages with ACU are properties like 
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high safety (not potentially harmful), portability (easy to move the equipment) and a 

relatively low price. There is a high sensitivity to small discontinuities (10 μm) as well 

(Sanabria 2013). One disadvantage is that acoustic waves differ from X-rays by not 

always travel straight. This means more computer power is needed for analyzing 

acoustical waves compared to X-rays (Bucur 2003). 

 

Because Air-coupled ultrasound is a fairly advanced method, some theoretical concepts 

will also be explained in this chapter. 
 
4.1.1 Wavelength and period 

 
A wavelength is the distance which sound travels in one period and is determined by the 

magnitude on the sound pulses, which in turn affect the image quality. The wavelength 

is determined by both the velocity and the frequency. The ultrasound velocity in a 

perfect elastic material at a given temperature and pressure is constant and is given by 

equation 1 (Olympus 2011). 

 

 

 
Equation 1 

 

The number of cycles that occurs in 1 second is called frequency (f) and is measured in 

the unit Hz. The time it takes to complete one cycle is called the period (T) and is 

measured in the unit seconds. The relationship between the frequency and the period is 

given by equation 2 (Olympus 2011). 

 

 
Equation 2 
 
4.1.2 Different sound waves 

 
The ultrasound velocity in a solid material is affected primarily by the density and the 

elasticity, (Tomppo 2013). Longitudinal waves or shear waves (figure 4) are the most 

common, but other sound forms like surface waves and lamb waves exist as well. 

 

 Shear waves (Transverse waves) are waves where the particle motion is 
perpendicular to the wave direction (Olympus 2011). This movement can be 

described as a long rope that is shaken rhythmically up and down. The velocity 

of the wave is approximately twice as slow as a longitudinal wave and can 

neither propagate in the water nor in the air (Sandberg 2007). According to 
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Olympus (2011) is it necessary with a very viscous coupling medium if 

measurement with shear waves is to be made. 

 

 Longitudinal waves are compression waves where the particle movement is the 

same as the wave propagation direction (Olympus 2011). 

 

 Surface waves (Rayleigh-waves) velocity is around 90 % of the shear waves and 
can penetrate in around one wavelength down into a material (Olympus 2011). 

The surface waves cannot exist if a solid body is immersed in a fluid. This is 

because the waves only propagate in the interface between the elastic forces in a 

solid and the nearly insignificant forces in gas (Sandberg 2007). 

 

 Lamb waves sometimes refer to as plate waves and go straight through material 
that is only some wavelength thick. The wave movement patterns depend on 

material properties like tightness, elasticity, structure and form, together with the 

ultrasound frequency (Sandberg 2007). Lamb waves are used to detect 

delaminations (mode of failure of composite material) and defects in composite 

material (Tomppo 2013). 

 

 

 

 

 

 
 
Figure 4. The particle motion in a longitudinal wave and a shear wave is different 

(Olympus 2011). 

 
4.1.3 Snell’s law 

 

Light propagates in straight lines, both in a homogeneous medium and in vacuum. 

When light passes an interface its velocity changes, but its frequency remains 

unchanged, which means that the wavelength of light must change. One example of this 

phenomenon is when a paddle is lowered into the water and it seems to be broken. 

Ultrasound waves will also be refracted at an interface between two media and the 

refracted size is calculated with Snell’s law both for sound and light. 
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4.1.4 Attenuation 

 

Air-coupled ultrasound transducers enable the scanning of big areas and are safe and 

cheap (Bucur 2011). Attenuation is when the sound has lost energy in a medium. The 

attenuation is high in the wood due to all air in the material and therefore transducers 

with relatively low frequency, 80 - 200 KHz are used (Hasenstab et al. 2005). It is 

important that the sample surface is flat if the attenuation is high (Bucur 1999). 

 
4.1.5 Impedance 

 

The word impedance explains how hard it is for a sound wave to penetrate from one 

medium into another. The more two materials have similar properties, the easier the 

sound energy will penetrate through the interface. A bond layer consists either of 

wood/glue/wood or wood/air/wood. Wood and glue have more similar properties, then 

wood and air. Therefore will more sound waves at the wood/air interface be reflected. 

According to Sanabria (2012) will only < 0, 5 % of all sound energy penetrate through a 

solid material’s surface if ACU is used. The impedance can be calculated with equation 

3 (Sanabria 2012). 

 

 
Equation 3 

 

Where Zi  is the acoustic impedance and  ρi (kg/m
3
) and Ci  (m/s)  are the density and the 

speed of sound in the propagation direction for medium i. 

At ACU measurement a receiver and a transmitter are put on each side of the test object. 

The transmitter sends out sound waves through the test object which the receiver 

captures. According to Bucur (2003) the acoustic impedance will increase the rougher 

the wooden surface is at the interface. The decibel loss at an interface is given by 

equation 4 (Olympus 2011). 

 

 
Equation 4 

 
4.1.6 Ultrasound presentation 

 

The most common presentation formats for nondestructive testing is A, B and C-scan 

presentation. Every format provides a different way to look at the inspected material 

(http://www.ndt-ed.org/) 

 

 A-scan presentation is the most common visualization form and is available at 

most ultrasonic instrument monitors. An A-scan image is a representation of the 

amplitude and the time of flight. The time of flight is the time it takes for the 

ultrasound to move from the transducer to the interface between two media of 

the object and back again to the transducer. The time of flight is used to 

calculate the distance from the transducer to e.g. a defect in the test material. 

The A-scan image shows on the X-axes the time it takes for the sound to travel 
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from the transducer to e.g. a defect and back. The Y-axis represents the 

amplitude (how much energy that is reflected in the interface). This presentation 

can be used to find defects, determine the thickness and measure the sound 

velocity (Sandberg 2007). It is hard to interpret the ultrasound signals if the test 

sample consists of several layers and no defect-free area is known as a reference 

point. This presentation form mostly uses a coupling medium between the 

transducer and the test sample which makes it difficult to inspect big materials. 

To obtain two-dimensional information and to inspect bigger objects, a B-scan 

presentation is more appropriate (Stößel 2004). 

 

 B-scan presentation is a cross-section image if the test sample, where both front 

and rear in the profile of the sample is shown. The Y-axis representing the time 

of flight and the X-axis the transducer placement coordinates on the sample 

surface. Indications from reflecting surfaces inside the sample can also be 

observed regarding its location and depth (Sandberg 2007). It will be easier to 

inspect the wood structure with this presentation. Local variations like late wood 

and early wood will make the amplitude change (Stößel 2004). 

 

 C-scan presentation shows the scanned object from above. To estimate a C-scan 
image is the amplitude integrated in a time interval and the result is shown with 

a colour scheme. The presentation shows the position and the size of a defect in 

an object. 

 

 
 

Figure 5: The right picture represents a C-scan of the wood piece to the left 

(Buckley 2000).  

 
4.1.7 Transducers 

 
The difference between the transmitter and the receiver energy amount is very large and 

therefore the probes are separated, see figure 6 for different sets of ultrasounds 

configurations. In laminate the probes are angled to obtain a better measuring result. 

The angulation allows shear waves to penetrate into the object (Buckley 2000). 
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Figure 6: Different sets of ultrasounds configurations (Airstar 2014). 

 

Problems with conventional coupling mediums  
 
The coupling between an ultrasound transmitter and the wood surface has earlier been a 

big problem (Hsu et al. 2010). Conventional ultrasound techniques have relied on a 

coupling medium like oil or gel between the transmitter and the test object. If water is 

used as a coupling medium the test object and the transmitter are submerged in a water 

tank (Hsu et al. 2010). 

 

According to Stößel (2004) conventional ultrasound techniques are not suited to be used 

for inspecting wood products. The main problems are: 

 

 Contact coupling is not appropriate for rough surfaces 

 It is impossible to scan over the entire sample 

 If water is used the wood will be adversely affected. In a 10 mm thick wood 
sample an ultrasound signal was reduced by 16 dB after the sample had been in 

a 30 minute water bath. 

 
4.1.8 Ultrasound equipment 

 

Most ultrasound systems use the following equipment: 

 

 Electrical signal generator to produce pulses with selected electrical voltage. 

 Transducers to receive and transmit ultrasound waves from the test material. 

 Coupling medium in order to facilitate the sound wave penetration into the 
object. 

 An amplifier which can change or modulate the signals from the transducer. 

 Screen or an informer to identify thickness or various layers in a material. 

 An electrical watch or timer as a reference to the sound waves. 

 

(Bhowmick 2011) 
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According to Andersson (2014) there are some problems that will limit how fast an 

ultrasound system could scan a finger joint: 

 

 How fast the ultrasound generator can send out a pulse. 

 How fast the robotic lineup with the transducers can move. 

 
4.2 Acoustic emission 
 

This technique generates stress waves from the material with mechanical loading 

(Bucur 2006). The instrumentation and the configuration for the system is generally the 

same for wood as for other materials. A small load strains the specimen until the final 

stress is reached. A piezoelectric transducer which is put on the specimen with a 

coupling medium will sense the acoustic activity. The signals are then preamplified and 

processed or recorded in order to be processed later (Bucur 2006). The incoming signal 

is also conditioned to remove extraneous noise. Many systems in use allow the signal to 

be filtered so only signals above a certain threshold level are registered (Ayarkwa et al. 

2001). 

The advantages of acoustic emission are that materials with large volumes can be 

examined. The signals can be analyzed at the same speed as they would occur in real 

life. It is possible to continuously monitor structures (Bucur 2006). Proof loading is a 

testing method, where insufficient strong test materials break from mechanical loading 

and in that way will be separated from objects with approved strength. With this 

technique the stiffness MOE (modulus of elasticity value)  can be determined for each 

individual sample by looking at the deformation behavior during the test. It is very 

difficult if not impossible that a test object has been damaged if you cannot detect the 

damage from the outside (Katzengruber et al. 2005). 

When you glue a wood product like a finger joint the strength will increase with time. 

The time dependent strength depends on; 

 

 The moisture content of the timber 

 The adhesive type 

 The climatic condition in the production plant 
 

(Katzengruber et al. 2005) 

 

In glulam timber the laminae is generally finger jointed. If there are knots found near a 

finger joint the strength of the wood might decrease considerably. To discover if there 

are knots near a finger joint, AE can be used (Ohuchi et al. 2006). 

 

When fractures develop, is it useful to see a failure not as a single event in time, but 

rather as a developing process. A failure has three distinct phases: initiation, growth and 

the ultimate failure phase. The first phase is important for heterogeneous materials like 

wood because any large wood component will contain some potentially damaged 

inherent flaws. In the second stage some of the flaws from stage one will increase until 

one of the flaws reaches its ultimate stress level and brakes (Ayarkwa et al. 2001). 

In a study by Ohuchi et al. (2009) was the quality of finger jointed laminae for glulam 

timber verified by using acoustic emission. The objective of the study was to obtain 

basic information on evaluation of laminae in the production line by AE. In the study a 

special jig was set up in the test machine as an emphasis of the bending test. The jig 

made it possible to continuously evaluate the finger jointed laminae without replacing 
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the AE sensors. The AE-sensors were used to the finger jointed material with electron 

wax as a coupling. In the study finger joints from hinoki (Chamaecyparis obtua) were 

used with starved joints
1
 and without starving joints. The authors found that the AE 

generation load of starved joints showed a smaller value as compared to the finger joints 

without starving joints. The difference between starved and without starved joints could 

be detected at an early stage during the bending test. If the AE generation load was set 

to 20 mV and a threshold load at 4 kN seven out of ten (70%) starved joints could be 

found. However Ohuchi et al. (2010) pointed out that this method was not efficient 

enough because it was necessary to stop the production line when the bending process 

was used. Therefore, in Ohuchi et al. (2010) was a hydraulic cylinder used to deflect the 

finger joint laminae instead, see figure 7.  

 

 
Figure 7: Schematic diagram of the equipment used in Ohuchi et al. (2010) to evaluate 

finger jointed laminae. 

 

The amount of material deflected was measured with a laser displacement sensor. The 

laminae were pulled out by a winch in and out from the evaluation system. In the test 

the AE signals generated during the test were measured, the bending load and the 

displacement as well. The bending load was measured with a load cell installed in the 

hydraulic cylinder head due to the deflection. As shown in figure 8 it was confirmed 

that the peak time and the starved joints were corresponding and this system was 

promising to detect starved joint parts in finger jointed laminae. 

 

                                                 
1
 In starved joints the glue film between the wood surfaces is not continuous, means that glue is missing 

(Forest Products Laboratory (U.S.) 1952).     
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Figure 8:  Ohuchi et al. (2010) could detect starved joints with acoustic emission. The 

peak time and the starved joints were corresponding. 

 

 
4.3 Acousto-ultrasonic  
 

This technique is similar to the acoustic emission method, but instead mechanical 

loading waves are generated by an ultrasonic source. With this technique, it is possible 

to characterize the properties of the material. You can detect not only the failure, but 

even which type of failure. This method is a mixture between acoustic emission and 

ultrasound (Bucur 2006). 

 
4.4 X-ray 

 
With this method a sample is radiated by electromagnetic radiation from an X-ray tube. 

The material density will have an impact on how much radiation the material will 

absorb. Restrictive factors with X-ray are that defective joints do not vary inevitably in 

the density and that the spatial resolution is insufficient to detect fissures in a finger 

joint (Plinke 2005). Spatial resolution refers to how closely two or more details can be 

put in an image before they merge together to one object (Bucur 2003). 

How much a material absorbs X-rays depends on its density. The X-ray absorption 

parameter is defined by the Beer-Lambert law as follows: 

 

 
Equation 5 
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The X-ray absorption coefficient is defined for wood as follows: 

 

 
 

Equation 6 

 

With μ´ as the mass absorption coefficient in [m2/kg], ρ the density of the material in 

[kg/m3] and μ as the X-ray absorption coefficient [m
-1

] (Franke et al. 2013). 

 

The difference between X-ray and Computed tomography (the next method that will be 

described) is that you will get a two-dimensional picture with X-ray and a three-

dimensional with Computed tomography. This because a lot of pictures of the sample 

are taken at different angles with Computed tomography.  

 

 

4.5 Computed tomography  
 

The attenuation of an X-ray beam depends on the chemical composition of the sample 

(Bucur 2003). The X-rays are advantageous at detecting lack of adhesive in the finger 

joints, whereas ultrasound outperform X-rays in detecting delaminations (two initially 

glued surfaces which are broken apart with a thin gap) (Sanabria 2013). An adhesive 

film in a finger joint is very thin and therefore requires a nondestructive method which 

uses shorter wavelength (Hu 2013). In 2007 the research company, FPInnovation, used 

a Computed tomography retrieved from the medical care to determine the quality of 

finger jointed timber. The pictures in figure 9 show the cross section of the pieces of 

finger joints. The blacker a pixel, the lower the density value, and the whiter a pixel the 

higher is the density. The black around the pieces represents air. The white horizontal 

lines indicate glue while black coloured lines indicate poor gluing. 

This technique cannot only discover glue defects, but also defects like a broken finger 

joint teeth and knots. In figure 9 c) it is evident that the knots have a much higher 

density value than the rest of the wood. 

 

 
Figure 9. Three CT X-ray figures from Hu and Desjardins (2010) show the cross- 

section of different finger joints. In figure a) the finger joint is probably pretty good 

because the horizontal glue lines have a white colour. In b) reveals that there is no glue 

where the horizontal lines are black. In c) reveals two knots and a broken finger joint 

teeth. 

 

There are two significant differences between the finger joint and the rest of the wood 

material. Both density and MOE (modulus of elasticity) are greater in the glue joint 

compared to the rest of the wood. The velocity of a wave can be calculated using 

equation 7. This equation is unfortunately not sufficient to describe the quality of the 
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finger joint, when MOE and the density will increase at the same time in the finger joint 

(Hu and Gagnon 2007). 

 

 
Equation 7 

 

X-ray can provide the density of a material. Unfortunately density is not strongly 

correlated with strength properties, but with elastic properties (Rydström and Nilsson 

2009) Computed tomography data generally take the form of a sequence of image files, 

which can be visualized and analyzed using a wide variety of 2D and 3D-based image 

processing tools. 

 

4.6 Thermography 
 

Infrared thermography is divided into active thermography and passive thermography, 

see figure 10. Active thermography is when the material is heated with radiators so the 

temperature of the surface of the material will rise. Properties like density, heat 

capacity, thermal conductivity and the bonding quality between top surface layer and 

the base material will determine at which speed the applied heat will dissipate. In 

contrast to metallic materials, wood-based materials will dissipate comparably slower. 

When a material dissipates it loses energy which is converted to heat (Meinlschmidt 

2005). 

 

 
 

Figure 10. Showing the heat impact of the Infrared thermography. The left picture 

shows active thermography and the right passive thermography (Meinlschmidt 2005). 

 

The active thermography can be divided further, traditionally to pulsed and lock-in 

thermography (Sharlon 2008).  

Passive thermography means that the inspected material is heated during the production 

process. On the surface the temperature will decrease after the material has left the 

production line and the invisible defects can hopefully be seen as cold spots on the 

surface (Meinlschmidt 2005). An advantage with passive heating over active heating 

procedure is the ability to produce a temperature distribution without resorting to 

mechanical loading. A disadvantage is that passive heating requires a fast recording 

system to capture the most important information because the thermal images are 

transient (Bucur 2003). There are three thermographic main methods for solids: pulse 

thermography, heating-up thermography and lock-in thermography: 
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 Pulse-thermography employs a short term heating (pulses of heat) and then 

monitors the heat decay of the material's surface. In pulsed thermography heat is 

measured in its transient state (Sharlon 2008) 

 

 Heating up thermography can detect glue deficiency beneath a layer of solid 
wood. In Bergling (2000) was a heat camera placed in front of the test piece 

which detected infrared radiation. The heat source consisted of two halogen 

lamps. The penetration depth was between 2 – 4 mm, depending on the wood 

species. 

 

 Lock-in thermography provides three types of images with high speed: 
thermographic, phase and magnitude images. With a lock-in Vibro 

thermography is it possible to image the average distribution of oscillating 

components (Bucur 2003). In this method the thermal waves are generated by a 

periodical stress in the sample and not at the surface (Bucur 2003). 

 

o Vibrothermography (VT) is an active infrared technique that can detect 

problems on the surface and the bonding in layers beneath or within 

laminated or multi-layered products. A sonic wave is used to vibrate the 

surface of a solid or layered target. The vibrations will get disbonds and 

cracks in the material to resonate at the same speed as the frequency of 

the transducer. The vibrations will get the defects in the material to 

produce heated patterns on the surface. A disadvantage with VT is that it 

requires a lot of initial data via experimentation with samples as well as 

development of methods applied to a target to obtain repeatable and 

predictable results. Once initial constraints and the methodology are 

obtained this Lock-in technique is very reliable (Sharlon 2008). 

 

 The general advantage with thermography is that it does not need to be in contact with 

the inspected material. It can inspect a very large part at once. The scanning speed is 

very high and it can be used to scan a broad range of products including composites. 

Thermography is also quite easy to setup, use and maintain on a production line. The 

limitations on the other hand, are the difficulties of inspecting thick samples with 

thermography. It is highly dependent on the nature of the heating source, location and 

duration the of heat source. The performance of the infrared camera has a major impact 

on the capture quality. Surroundings of the test sample might have an impact on the 

image quality. The sample needs to be heated uniformly (Vedula 2010). 

 
4.6.1 High-power ultrasound thermography 

 

High-power ultrasound thermography is another method, see figure 11 for an 

experimental setup and figure 12 which shows what the method is capable of. 
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Figure 11. The experimental setup composed of a) base frame b) sample c) transducer 

and sonotrade d) power ultrasonic generator and e) thermographic camera with 

controller and detail (Lukowsky et al. 2008). 

 

An infrared camera is used to monitor a surface of a material. If high-power ultrasound 

is applied the whole beam will vibrate. Good glued finger joints are tight and are 

producing no friction and accordingly no heat. Regions with no or low glue are 

vibrating within the joints and producing friction (heat) which can be detected. This 

technique can inspect different types of joints, including finger joints, and is in principle 

quite simple (Meinlschmidt 2014). The scanning speed of this technique is between 5 to 

8 seconds (Lukowsky et al. 2008). It is reportedly possible to analyze wood down to 20 

millimeter from the surface, which depends on the thermal conductivity (Coxworth 

2011). 

 

 

 
Figure 12. Showing a window frame inspected with high-power ultrasound 

thermography. The thermogram shows also the wood which is deteriorated by white rot 

fungi and not only the heat producing poor bonding joint (Lukowsky et al. 2008). 
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5 Case study 

 
This study was initiated from IKEA with the goal to find a suitable non-destructive 

technique that can detect non-gluing regions in finger joint wood. It is important that the 

technique can be used in the industrial production. Today mechanical loading of few 

random samples is used in the industry, but it is difficult to detect products that are 

almost good glued before the customer. The glue joint appears to be acceptable, but the 

glue joint may fail over time. The statistic peak of failure generally will be presented in 

a bell shaped curve (normal distribution) over several years. The peak will normally 

occur several years after production. Even if the customer is less likely to make a claim 

due to the age of the product, it can affect future place of purchase (Björk 2013). This 

together with a wish to improve utilization of wood is the background to IKEA’s 

interest in finding suitable non-destructive techniques. 

 

Important requirements for the non-destructive methods from IKEA are that: 

 

 Scanning shall either be made on the production line (require a fast NDT 
method) or with a very easy handheld device.   

 The method should be able to scan through finger joints in home furnishing 
products. 

 Scanning must be reliable 

 

5.1 Experimental test 
 

Together with the case-company Computed tomography was chosen to be tested 

experimentally. This was done primarily due to the availability of the equipment. The 

test was also done to understand computed tomography more deeply. 
 
5.1.1 Material  

 

To investigate how well Computed tomography could detect failure in finger joints, two 

glued wood samples, one finger joint and one sample consisting of two solid wood 

samples glued together were taken to Carl Zeiss in Olofström. Both specimens were 

manufactured in Älmhult, made of wood, spruce (Picea abies) and glued together with 

common white glue (PVAc). The finger joints were 40x40 mm thick. 

 
5.1.2 Method 

 

The specimens were scanned with a Metrotom 800, which is a machine based on 

Computed tomography. This machine is very similar to Metrotom 1500 which can be 

seen in figure 13. With this machine it is possible to inspect defects in a material. The 

wood piece was put in the measuring cabin on a rotary table. To distinguish this from 

the surrounding environment the test piece was laid on Styrofoam, which was filtered 

out in the process. After the piece had rotated one revolution the X-ray tube on the left 

side had taken a thousand pictures from different angles of the sample. This took 

approximately 30 minutes for both samples. The pictures were then processed in the 

computer program myVGL 2.2 into a 3D image. 
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Figure 13. Metrotom 1500 from Zeiss (2014). Another older type from Zeiss, Metrotom 

800 was used to detect missing glue. In the middle is a rotating platform with the 

sample, on the left side is the X-ray tube pointing at the inspected material. The rays are 

then detected by the right detector. 
 
5.1.3 Results from the experimental test 

 

In the computer program myVGL 2.2, it was possible to easily see the glue lines and 

their thickness. The glue line of the finger joint had a thickness of approximately 0.1 – 

0.2 mm and the laminated timber a thickness of 0.15 mm. The results from the finger 

joint are shown in the images from the computer program. The pictures show well 

where glue was missing. But this technique takes a lot of time and is expensive.  The 

time a scanning takes depends on how powerful the computer will be that process the 

pictures into a 3D image. The accuracy and how many pictures that are taken are also 

important. Below are some pictures from the program, figure 14, 15, 16. 
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Figure 14. A finger joint that was scanned with Computed tomography processed with 

the program myVGL 2.2. The picture located right and below you can rotate. The other 

pictures view the finger joint in different angles.  

 

 
 

Figure 15. A finger joint that was scanned with Computed tomography processed with 

the program myVGL 2.2. The finger joint teeth next to the viewer are glued. The other 

finger teeth are not glued. It is possible to detect the glue in the picture. 
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Figure 16. A zoom of figure 15. It is easy to detect the glue on the finger teeth next to 

the viewer. The tooth in the upper part of the picture has black angels and therefore 

missing glue. 
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6 Analysis 

 
6.1  Identified methods for finger joints 

 
These methods have been identified and described: 

 

 Sound/vibration techniques 
o Ultrasound 

o Air-coupled ultrasound (ACU) 

o Acoustic emission 

 Thermography 

 Tomography 

o X-ray 

o Computed tomography 

 
6.2 Identified requirements for the methods 

 
The identified NDT methods in 6.1 seemed to be the most appropriate to study because 

they seem to be able to work in a production line where finger joints are manufactured. 

In Table 1 the identified methods are listed and also the requirements. 

 

Table 1. Table to rank the appropriate NDT methods 

 

 

Speed in the requirement table means how much time a scanning takes. Speed is very 

important in the production line. The time to get a scanning result differs very much 

within the methods depending on equipment and accuracy that are required. It is not 

acceptable if the process takes several minutes or more. The reliability means that you 

can have trust in the results. It is difficult to have an opinion about this at the moment 

because it is possible that some used references only show their best results and because 

the methods are not fully developed yet. Anyway, you have to know that there is glue 

everywhere in the finger joints. Speed and reliability are most important. If there are 

methods which are equivalent in these parts, you shall choose the cheapest. Some NDT 

methods use dangerous radiation and therefore requires security systems. This signifies 

security in the table. The cost for the equipment and for the development are important, 

but excluded from this table. 

 

 

 

 

Requirements Methods 

 Ultrasound Air-coupled 

ultrasound 

Acoustic 

emission 

 

Computed 

tomography 

 

X-ray High-power 

ultrasound 

thermography 

 

Speed       

Reliability       

Security       
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6.3 Evaluation methods 
 

Table 2 shows a subjective ranking of the different NDT methods. This is very unsure 

because it is possible to use different equipments. This matters also to the requirements.  

 

Table 2. This table shows a subjective ranking from 1-5, 5 is the best. 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 
 

Requirements Methods 

 Ultrasound Air-coupled 

ultrasound 

Acoustic 

emission 

 

Computed 

tomography 

 

X-ray High-power 

ultrasound 

thermography 

 

Important 

references 

Olympus 

(2011), 

Stößel, R. 

(2004)  

Sanabria, S. J. 

(2012). 

Stößel, R. 

(2004),  

Sanabria, S. J. 

(2012). 

Ohuchi, T. et al. 

(2006),   

Ohuchi, T et al. 

(2010),  

Ohuchi, T. et al.                                

(2009). 

Visit to Carl 

Zeiss in 

Olofström,  

Hu, L. J. and 

R. Desjardins 

(2010) 

Hu, L. J. and R. 

Desjardins 

(2010) 

Sanabria, S. J. 

(2012) 

Lukowsky et al. 

(2008),  
Meinlschmidt, P. 

(2011) 

Advantages Well-known 

method, high 

sensitivity to 

delamination. 

Can penetrate 

very deep 

Uses air as a 

coupling 

medium, high 

sensitivity to 

delamination 

Seems possible 

to be used in the 

production line 

Seems very 

reliable for 

finger joints, 

3D 

Very fast, well-

known method. 

Visualization of 

density  

distribution 

regardless of 

sample  

geometry   

Very fast, easy 

method to set up,  

single-sided 

Disadvantages Uses gel, water 

between wood 

and transducer, 

slow 

Poor 

transmission 

between air 

and the wood 

surface. 

Complicated to 

set up 

Uses wax 

between wood 

and transducer. 

Must bend or 

pull the sample 

material,  
sensitive to 

environmental 

noise  

Very 

expensive, 

security issues 

Security issues,  
limited 

sensitivity to 

delamination.  
Poorly spatial 

resolution 

Can only penetrate 

through 20 millimeter 

wood material. A 

sonotrade must be 

used to heat up the 

defects of the material 

(takes time). 

Speed 2 3 5 1-5 5 5 

Reliability 3-4 3 2 5 3 4 

Security 5 5 5 1 1 5 

Total points 10-11 11 12 7-11 9 14 
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7 Discussion and conclusion 
 

The intention of this paper is to investigate different non-destructive techniques for 

finger joints and find the most suitable for fast industrial production lines. In the paper it 

has been concluded that ultrasound could be a possible technique. But the time to 

investigate one finger joint takes too long, several minutes both with and without a 

coupling medium and therefore is ultrasound techniques not suitable to investigate any 

further (Andersson 2014). 

 
Another technique discussed is acoustic emission. This technique is much faster 

because the results from the stress waves can be analyzed in real-time. However, this 

method does not say how big a defect is, only if the finger joints are approved or not 

(Bucur 2006). The drawback with this technique is that a coupling medium like wax is 

used between the transducer and the material to capture the stress waves from the 

bending (Ohuchi et al. 2009). 

 

Computed tomography and X-rays are techniques studied both from other research 

papers and with help from Carl Zeiss in Olofström. The result from Olofström 

witnessed that computed tomography is a very reliable technique and it was possible to 

easily see if the glue was missing in a finger joint. However, this technique would not 

seem appropriate in IKEA’s fast production line. It is possible to significantly shorten 

the scanning time from the Metrotom 800 by taking fewer pictures than the 1000 of the 

object rotating one revolution. The whole sample was in focus when we used Metrotom 

800, even if we were only interested in the bondline. If X-rays are used, the safety 

aspect must also be considered.  

 

The most interesting and promising technique is thermography with help of ultrasonic 

vibrations. This technique is both fast (takes some seconds) and possible to develop 

further to be used in an industrial line. Another good thing is that the method is quite 

uncomplicated to set up. The question interesting to investigate further is if this 

technique could be possible to use in a fast production line and if the thermographic 

waves could penetrate deep enough into a finger joint bondline. This technique can also 

find poorly glued wood dowels which could be interesting for IKEA (Meinlschmidt 

2011).  

 

The conclusion is that high-power ultrasound thermography seems to be the best non-

destructive method to detect finger joints that lacks glue. The ultrasound technique 

seems to be too slow to be used in a production line. Sound waves are also more 

sensitive compared to infrared waves to check the heterogeneity of the wood structure. 

My advice is that IKEA try to research more on the method high-power ultrasound 

thermography.  

 

It has been difficult to rank the methods. It is possible that a different result would be 

obtained if the same study would be done in the future, because every technique is 

constantly evolving. 
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