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Sammanfattning 

Ökad förståelse och förbättring av weld-bonding processen (limpunktsvetsning) är väsentligt 

för att fordonsindustrin ska kunna fortsätta utveckla sina konstruktioner och 

tillverkningsprocesser för framtidens energieffektiva fordon. Fogningsmetoden weld-bonding, 

en hybridmetod av limning och punktsvetsning, har tillfört nya utmaningar i tillverkningen och 

konstruktionen av fordonskarosser. Samtidigt som limfogar används i allt större utsträckning 

så sker ständig utveckling och tillförande av ultrahöghållfast stål i karosserna som ytterligare 

påverkar weld-bonding processens komplexitet. Det här examensarbetet introducerar nya sätt 

att konfigurera processparametrarna och testmetoderna för weld-bondförband. Målet att tränga 

bort så mycket lim som möjligt från fogen med hjälp av de nya processparametrarna, testas 

genom att ta fram svetslober som analyseras i ett parameterkartläggande flerfaktorförsök för att 

hitta de faktorer som har störst inverkan på svetsbarheten. Avståndsmätning med laser är en ny 

metod som används för att mäta mängden lim som finns i fogen under svetscykeln. Mängden 

lim har en betydande roll i processen och målsättningen är att få en uppskattning om hur olika 

limtjocklekar påverkar svetsbarheten. Resultatet visar att olika parametrar har olika inverkan 

på processens beteende beroende på vilken materialtjocklek som svetsas. 

Parameterkartläggande flerfaktorförsöket visar att de faktorer som har störst inverkan på 

svetsfönstrets storlek är elektrodhätta följt av tillförandet av en extra förpuls. Den uppmätta 

limtjockleken i fogen precis före huvudsvetspulsen är väldigt liten. En intressant observation är 

att svetsproverna som påvisade den största ökningen av svetsfönstrets storlek, jämfört med 

referensproverna utan lim, var de prover som hade mest lim kvar i kontaktytan innan 

svetspulsen. Arbetet i uppsatsen visar att det finns nya svetsparametrar som ökar svetsbarheten 

hos weld-bondingfogar och som kan tillämpas i existerande svetsutrustningar. Slutligen har 

arbetet visat att det existerar många möjligheter att fortsätta utveckla weld-bondingprocessen 

ytterligare för att fortsättningsvis utnyttja fogens effektivitet i framtidens konstruktion av lätta 

fordonskarosser.        

 

Nyckelord: Fordonsindustri, Limning, Limpunktsvetsning, Motståndssvetsning, 

Punktsvetsning, Svetsbarhet, Svetsparametrar         
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Abstract 

Increased understanding of improving the weld-bonding process is essential in order for the 

automotive industry to constantly develop their designs and production processes for the 

energy-efficient vehicles of the future. The joining method of weld-bonding, a hybrid method 

of adhesive joining and resistance spot welding, has introduced new challenges in the 

manufacturing and design of auto bodies. At the same time as adhesives are more incorporated 

in the joint configurations’, continuous development and implementation of ultra-high-strength 

steels, the complexity of the weld-bonding process increases. This thesis presents new 

approaches of parameter set-up and testing methods for weld-bonded joints. Aiming to displace 

the adhesive from the welding zone new parameters are tested by producing 1-D weld lobes 

that are analyzed in a screening matrix to find the factor with greatest effect on the weldability. 

Laser displacement measurement is a new method used to measure the amount of adhesive 

present in the joint during the welding cycle. The amount of adhesive plays an important role 

in the process and the intention is to get an assessment of how different thicknesses affect the 

weldability. The results showed that the different parameters have different influential behavior 

depending on the sheet thickness of the welded material. From the main effect screening, cap 

type has the greatest influence on the weld current range followed by the addition of an extra 

pre-pulse. The measured amount of adhesive present immediately before the weld pulse is very 

small. An interesting observation is that samples showing the largest increase in weld current 

range, compared to the corresponding reference were the samples which had most adhesive 

present in the contact area. The study showed that there are new parameters that improve the 

weldability of a weld-bonded joint that can be utilized using existing welding equipment. 

Finally, the study has shown that many possibilities exists to continue exploit within the field 

of weld-bonding, to be able to further utilize the effectiveness of weld-bonded joints in future 

lightweight autobody design. 

 

Keywords: Adhesives, Automotive industry, Resistance Spot Welding, RSW, Weldability, 

Weld-bonding, Welding parameters 
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1 Introduction 
This chapter present the background and purpose of the problem to be studied. As well as 

describes the extent of the work and delimitations.  

1.1 Background and problem statement 
The main joining method in automotive industries today is resistance spot welding (RSW) with 

each vehicle containing several thousand individual spot welds [1]. RSW alone, or in 

combination with other joining processes such as adhesive joining, stands for the majority of 

all welding performed on a vehicle body [1]. Combining RSW and adhesive bonding in the 

same joint, i.e. weld-bonding, has exploited new possibilities in autobody manufacturing since 

the RSW processes reduce several of the negative aspects of adhesive bonding in production, 

while adhesive bonding helps to increase the strength of the welded joints [2]. For example, the 

spot welds eliminate the need for fixtures and greatly increase the peel strength in the joint. 

Therefore, the introduction of weld-bonding has created new challenges and approaches 

towards designing joints and adapting the RSW processes for the new process conditions [2]. 

Today there is limited knowledge of how the welding process parameters influence the 

properties and behavior of a weld-bonded joint [3]. An evaluation of the process parameters 

with regard to weldability and robustness in the process is essential for establishing a starting 

point in the transition towards new design and production of more energy-efficient vehicles. 

 

Continuous development and introduction of thin advanced high-strength steels (AHSS) as well 

as ultra-high-strength steels (UHSS) to the car body design in order to decrease weight and 

increase strength, have even more contributed to weldability assessment being a critical step to 

successfully make use of the higher strength achieved by using such steels in the final product. 

[1] 

 

The general problem with weld-bonding is a deterioration of weldability and because of today’s 

limited knowledge of how to adapt the weld-bonding process to thin AHSS and UHSS steel 

joints, car body designers are forced to use thicker materials with lower strength since the new 

steel combinations rarely pass the weldability criteria set in the tests for introduction of new 

joint configurations in production [3]. The weldability and robustness tests which are used have 

been developed with experience from older low-graded steels where previous experiences 

regarding durability and life are accessible [3]. This makes it easier to adapt and predict the 

durability of configurations using low-graded steels in weld-bonded joints compared to the 

amount of work needed to adapt the process to a method using thinner high strength steels [3]. 

The intention with improving the weld-bonding process is to enable vehicle designers to utilize 

the modern steels and adhesives to a greater extent as there is always an ambition to create 

lighter and stronger products. The adhesive plays an important role in the process, but in this 

area there is also very limited knowledge of how the adhesive properties and behavior affect 

the spot welding process other than that presence of adhesive decreases weldability [3]. An 

evaluation of different adhesives and how their properties affect weldability in different joint 

configurations would increase the understanding of how adhesives for weld-bond applications 

should be selected.  

 

A successful project will provide improved process usability, increased flexibility in already 

existing production equipment and give new possibilities for the design of future automotive 

vehicles. The project aims at increasing the safety of future vehicles as well as reducing weight 
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and thereby CO2-emissions. For the vehicle manufacturers an improved usability will lead to 

cost savings by fewer repairs and quality defects in the assembly line. 

 

1.2 Research questions and purpose 

The work conducted in this thesis aims at increasing knowledge within the methodology for 

determining the weldability and testing of weld-bonded joints. Today the uncertainty in 

weldability of weld-bonded joints is handled by adding a safety factor of two to the same joint 

configuration without adhesive [3]. The purpose of the thesis is to guide future work towards a 

more favorable methodology for assessing weldability of weld-bonded joints which would 

provide a more accurate testing method that enables the use of new steels in the production of 

automotive vehicles.   

To fulfill the aims within the scope of the thesis following questions should be answered: 

 Which process parameters influences the weldability and behavior of the weld-bonding 

process the most? 

 How does outer factors influence the behavior and weldability of weld-bonded joints? 

 Does a critical adhesive thickness exist which makes it impossible to form a weld nugget? 

1.3 Delimitations 

The work conducted within the scope of the thesis regarding welding parameters is limited to 

the products and welding-control-software available on the market. 

Materials and adhesives are limited to brands and dimensions used and supplied by the industry. 

1.4 Tasks 

 Find parameters or variables that affect the weldability in weld-bonded joints   

 Execute tests with promising parameter settings 

 Do comparable tests between standard weld parameters and modified weld parameters 

in a weld-bonded joint. 

 Evaluate how the different parameters affect the weldability in a weld-bonded joint.  

 Suggestions of how the methodology and testing when determining weldability of 

weld-bonded joints could be improved. 
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2 Frame of reference 
This chapter provides a basic understanding of the different joining methods and their 

characteristics as well as providing a summary of previous research within the area of weld-

bonding. 

2.1 Resistance spot welding 
Resistance Spot Welding (RSW) is one of the principles of welding which uses joule heating 

for melting the metals. The weld nugget is formed by resistance heat caused by the electrical 

current which passes through the metal sheets being welded. The heat generation follows 

Joule’s law which states that in any conductor, the current flow generates heat proportional to 

the time of current flow and the current squared, see equation (1). Where Q is heat energy [J], 

I is current [A], R is resistance [Ω] and t is time [s]. [4] 

 

 𝑄 = 𝐼2𝑅𝑡 (1) 

 

The spot-welding equipment consists of a weld gun with two opposing copper electrodes, facing 

each other, that have exchangeable caps, see Figure 1. The electrodes mounted have two main 

functions: provide clamping force and pass electrical current to the metal sheets. [4] 

 

 

Figure 1: Weld gun [5] 

2.1.1 Welding parameters 

The spot-welding process has three major parameters which can be altered to achieve good 

weld quality: Weld current, weld time and electrode force. Other important factors to consider 

is electrode size and geometry, squeeze time, hold time, and pulsing. [4] The parameters and 

important factors will be explained briefly in chapters 2.1.1.1 to 2.1.1.7. 

 

2.1.1.1 Welding current 

The welding current is the amperage that passes through the work pieces. It is the parameter 

which has the greatest influence on weld quality and strength of the weld since the heat 

generation is proportional to the current [I] squared, see equation (1). A too high weld current 

will result in deformation, molten metal escaping from the weld and unnecessary wear of the 
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electrodes while a too low weld current can result in a too small weld nugget or incomplete 

weld. Normal range for the current is between 1000 – 100000 Amperes. [6] 

2.1.1.2 Electrode force 

Electrode force is the clamping force between the electrodes and is essentially what regulates 

the contact resistance between the sheets. A high electrode force will lower the contact 

resistance, possibly causing a too small weld nugget and large indentations on the finished 

product. In contrast, a too low electrode force results in high contact resistance and expulsion. 

[6] 

2.1.1.3 Weld time 

Weld time is the time for which the current passes through the sheets. A too short time results 

in incomplete welds while a long time generates more heat and could cause expulsion. [6] 

2.1.1.4 Squeeze time 

Squeeze time is the time it takes to build up the electrode force. The squeeze time has to be long 

enough so the weld gun can achieve the set electrode force and the squeeze time varies with 

different sheet thicknesses, material grades and what type of weld gun is used. [6] 

2.1.1.5 Hold time 

Hold time is the time from when the current has stopped flowing until the electrode force can 

be released. The hold time’s main function is to maintain the pressure as the weld nugget cools 

down and solidifies. If the hold time is too short, the risk of pores and micro cracks increases 

due to the metal shrinking while cooling. [7] 

2.1.1.6 Pulsing 

Pulsing is an important factor to consider when welding multiple sheet stacks, sheets with 

different thicknesses and coated steels. Several shorter pulses can decrease the risk of expulsion 

as well as remove the coating which inhibits welding of coated materials. [7] 

2.1.1.7 Electrode cap type 

The cap is the end part of the electrode which contacts the sheets during welding and the shape 

of the cap influences the performance of the electrode. Factors such as accessibility and 

indentation must be considered when selecting the cap, the diameter of the cap’s contact area 

will have an influence on the nugget formation in the joint. A too small area relative to material 

thickness will produce undersized welds with insufficient strength, while a too large area may 

lead to inconsistent growth. In Figure 2 a selection of typical cap geometries is shown. [4] 
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Figure 2: Example of cap geometries [4] 

2.1.2 Welding cycle 

The RSW welding cycle consists of the previously described parameters which are arranged 

according to the schematic in Figure 3. The schematic in the figure shows a typical welding 

cycle used in automotive manufacturing. The cycle uses an additional pre-pulse which has the 

function to remove the coating from the steel to ensure a stable nugget growth during the main 

weld pulse [8]. 

 

Figure 3: RSW welding cycle for coated steels 

The nugget formation and the creation of the weld are shown in Figure 4. The electrodes clamp 

the metals sheets together to achieve the desired clamping force and contact between the sheets. 

Then electrical current is run through the joint which melts the metal in the interface between 

the sheets, since the electrical resistance is highest here. When the current stops running the 

metal is allowed to cool before the electrodes are released. [7] 
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Figure 4: Nugget formation during welding [9] 

2.1.3 Weldability 

The definition of weldability is: 

“The properties of a metallic material to form a metallic joint using imposed welding methods, 

into a specific designed structure and perform satisfactory for the intended purpose.” [6] 

This, in simpler terms, generally means how easy it is to fuse metals without producing defects. 

Since weldability is difficult to define using quantitative methods, the manufacturer of a product 

must define a qualitative assessment method for their process. To make an assessment of 

weldability in RSW processes, the most commonly used method is a weld lobe showing current 

range [4]. The current range denotes how the weld current can vary while upholding an 

acceptable weld nugget diameter [4]. The nugget should generally have a diameter of minimum 

4√t (t=sheet thickness) [4]. However, the minimum diameter can vary depending on application 

[4]. The upper limit for the current range is when expulsion occurs [4]. The weldability of a 

joint configuration is today measured as the size of the current range [10]. A weld lobe with 

parameter settings that have produced a large current range is considered to have a greater 

weldability, compared to a weld lobe with a smaller current range [10].  

2.1.3.1 Nugget size 

The method for determining nugget size begins with the welding of two separate spot welds on 

plain sheets where only the second weld is measured and the first is only present for the shunt 

effect, see Figure 5. The welded sheets are separated using a chisel and the fractured nugget 

diameter is measured at the nugget’s largest diameter and a second measurement perpendicular 

to the first one and the total nugget diameter is the mean of the two measurements. [10] 

 

 

Figure 5: Example of test weld 
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2.1.3.1.1 Shunt effect 

In industrial production several welds are made on multiple locations. The shunting effect is 

explained as a small portion of the current in the weld leaking through the previously made spot 

weld, causing the next weld spot to have a slightly smaller nugget. Because of the shunt effect, 

spots should be made at a certain distance to avoid excessive current leakage. [11] 

 

Figure 6: Shunting effect [11] 

2.1.3.2 Expulsion 

Expulsion is the phenomenon which occurs when too much heat is generated in the weld and 

the pressure from the molten metal in the growing weld nugget exceeds the electrode force. 

This causes the sheet to separate temporarily, allowing molten metal to spray out (spatter). [4] 

2.1.3.3 1-D Weld lobe 

A 1-D weld lobe is the visualization of the data gathered from the current range testing. The 

lobe shows the nugget growth depending on the variation of current and the current range is the 

difference in amperages from minimum nugget diameter achieved, to the limit when expulsion 

occurs. [4] 

 

 

Figure 7: Example of 1-D welding lobe [12] 
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2.2 Adhesive joining 
Adhesive joining is the process of permanently joining surfaces together by an adhesive 

bonding process. The theory of adhesion is complex, and it is difficult to ascribe an individual 

mechanism to fully describe adhesive bonding. This thesis will therefore focus on how 

adhesives are used in production of automotive vehicles and the advantages of the method as 

well as the behaviours of adhesives that could have an influence on the weldability. The 

common adhesive bonding process in automotive begins with applying a liquid adhesive on to 

the surface of the adherends. The surfaces are then clamped together and cured in a raised 

temperature to convert the liquid film to a solid, see Figure 8. The adhesive layer provides a 

large surface area which uniformly transfer stresses between the parts, thus decreasing the stress 

concentrations compared to mechanical fasteners or spot welds. Adhesive joining also works 

well with dissimilar material properties and thicknesses keeping the mechanical properties of 

the adherends retained. The adhesive also provides a seal between the adherends which will 

decrease the possibility of crevice corrosion and seal out liquids. [13] 

 

Figure 8: Adhesive joining process 

2.2.1 Epoxy adhesives 

Epoxies are a group of adhesives which are common to use as structural adhesives because of 

their wide versatility. Epoxies are thermosetting polymer adhesives, which means that after 

curing they cannot be reversed back to a viscous state. The unhardened state of epoxy can vary 

from low viscosity liquids to pastes and can be hardened by two-part resin/hardener systems as 

wells as one-part systems that cure at elevated temperatures (e.g. 120-180°C). Epoxy adhesives 

are beneficial to use in automotive applications because of their ability to make strong bonds to 

metals as well as having excellent chemical resistance and capabilities at elevated temperatures. 

[13] 
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2.3 Weld-bonding 
Weld-bonding is the technique of combining RSW with adhesive bonding, thus creating spot 

welds on sheets where adhesive has been applied [4]. Since individual spot welds are weak at 

supporting mechanical loads because of the stress concentrations at the very edge of the nugget, 

the addition of adhesive provides a better load distribution and is especially effective in joints 

which are subjected to fatigue [4]. Weld-bonding has a major advantage in regards to traditional 

adhesive joining since the spot welds eliminate the need of a fixture before and during the curing 

process, thus saving time and reducing cost in an assembly line [2]. 

 

Weld-bonding can be divided into two different techniques: 

1. Weld-through – Applying the adhesive first and then spot weld. 

2. Flow-through – Spot weld and then applying the adhesive. 

 

The weld-through method generally has the following procedure: The joint preparation begins 

with applying a paste adhesive and before it is cured the opposite adherend is clamped down 

using the weld gun and a spot weld is made to hold the parts together [13]. The final step is to 

cure the adhesive in a curing station further down the assembly line [13]. The weld through 

method is fast and more cost effective in a production line [13]. A drawback of this method is 

that a small area of the adhesive localized around the weld is damaged due to the heating caused 

by the weld [13]. But the most prominent issue is the instability in the process when welding 

through adhesives that essentially creates an electrical insulating layer [3]. The major problems 

are reduced weld lobe sizes and a higher tendency for expulsions to occur [3]. The variation in 

adhesive thickness during the welding also affects the process behaviour and needs to be 

controlled to achieve repeatable quality properties of the weld [14]. 

 

In the flow-through method the spot weld precedes the application of adhesive. After the joint 

is welded, a low viscosity adhesive is applied to the space between the metal sheets. The major 

advantage with the flow-through method is that the adhesive is not damaged by the weld and 

the adhesive is allowed to flow in closer to the weld nugget further improving the fatigue life 

of the joint. Moreover, the problems associated with welding through an adhesive do not occur. 

[15] 
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Figure 9: Weld-bonding methods [15] 

2.4 State of the art weld-bonding 
The majority of the research conducted within the field weld-bonding is mainly focused on 

fatigue life and development of methods simulating the behaviour and microstructure rather 

than the weldability. The few papers that have some orientation towards weldability have found 

that a higher electrode force has proven to have a positive effect on the welding process since 

a higher electrode force ensures metal-to-metal contact at a greater extent since the adhesive is 

displaced more thoroughly [2] [16] [14] [17]. This is be shown in Figure 10 where the measured 

contact resistance between the sheets is compared between adhesives and no adhesives before 

welding.  
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Figure 10:Effect of adhesive type and electrode force on contact resistance [16] 

Another paper tested the effect of bondline thickness on contact resistance before welding. The 

conclusion of the paper is that the bondline thickness has a greater effect at low electrode forces 

but has a threshold in applied electrode force. That difference does not affect the contact 

resistance since most of the adhesive already has been dispersed from the contact area. [14] 

 

 

Figure 11: Effect of bondline thickness on electrode force [14] 

In the research conducted by the European Commission of Steel Research some interesting 

finds should also be acknowledged. An interesting conclusion from the paper determined that 

the limiting factor during weld-through method is the viscosity of the adhesive since it 

correlates to how thoroughly the weld gun is able to disperse adhesive from the contact area. If 

there is adhesive left in the interface between the sheets, the heat generation will be more rapid 

because of the higher contact resistance, and greatly enhances the risk for expulsion and 

incomplete welds. But because of the generally higher contact resistance, the welding time for 

weld-bonding joint could be reduced and thus save time during the production because of the 

quicker nugget growth. They also report that there seems to be a correlation between electrode 

shape and contact resistance and argue that a domed-shaped electrode with smaller area should 

displace the adhesive more readily from the contact area minimizing any difference in contact 

resistance between welding with and without adhesive. [2] 
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Researchers from Claustal Centre of Material Technology have experimented with an adjusted 

pre-pulse for multiple stack weld-bonded joints and discovered that a pre-pulse with higher 

energy can help in “cleaning” the contact surface from any residue of adhesive left after the 

initial squeeze. In the same paper they also suggest that thinner sheets with low strength and 

stiffness will deform during the squeeze cycle and displace the adhesive more efficiently at 

lower electrode forces compared to thicker sheets with higher strength. [8] 
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3 Method 
In this chapter the working process for the structured work within the scope of this thesis is 

described. 

3.1 Research approach 
The main objective of the work conducted in this thesis is to provide knowledge for further 

research and testing within weld-bonding. Due to the complexity of welding and adhesive 

applications, the approach is here in the early stages, to identify promising parameters to be 

implemented in future work within the ongoing research project, and to identify suitable testing 

methods. 

3.2 Research methods 

3.2.1 Identifying promising factors 

The first phase of the thesis work will consist of identifying parameters or effects together with 

the industry to find anything that could possibly improve the weldability of weld-bonded joints 

that would be possible to implement using existing equipment, methods and materials available 

on the market today. The method for finding parameters will consist of a literature study within 

the field of weld-bonding as well as compiling knowledge and ideas from previous experiments 

and research projects in order to produce a possible hypothesis for how the parameters could 

influence the weldability. 

3.2.2 Experimental design 

To evaluate how the different factors that could affect the weldability, the method of 

experimental design will be used. Design of experiments (DoE) or experimental design is used 

in a variety of research projects and within development of production processes. It has the 

benefit of being a time-and-resource-saving method that quickly provides an understanding of 

the results regarding the influence in factors and parameters [18].    

3.2.2.1 Multi-factorial screening Design 

The type of experimental design used in this thesis is categorized as a “Screening Design”. 

Multi-factorial screening design is used in the initial stages of evaluation of parameters in an 

experiment. The objective of the screening design is to analyze many factors and identify the 

factors that have the greatest effect on the result [19]. The identified factors from the screening 

design will in future work continue to be analyzed using more refined multi-factorial designs. 

The reason why a screening design is suitable for this project is that it requires fewer 

experimental runs compared to other designs, using many factors, and is an efficient way to 

begin improving a process [19]. The screening design will be constructed with focus on main 

effect screening which means that it focuses on estimating main effects and disregards any 

present interactions [19]. To study the results from the screening design, the main effects will 

be ranked according to how likely the effect is considered to be active during the experiment 

[19]. The ranking is based on the p-value from the significance testing. 
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Figure 12: Example of standardized screening design for eight factors [19] 

3.2.3 References 

Welding of samples without adhesive and with adhesive with standard parameters will be 

conducted and used to compare the results gathered from the screening design. The reference 

samples will make it possible to discover any differences in weldability as well as distinguish 

the behaviour of the parameter, i.e. how did the parameter influence the weldability in regard 

to a sample without the adhesive present and to a sample using standard parameters compared 

to added or varied parameter settings. 

3.2.4 Test procedure 

The different combinations composed by the screening matrix will be tested according to 

standardized industry procedures for resistance spot weldability. Each experiment will be 

producing 1-D welding lobes where the lower limit is set by the minimum nugget diameter for 

that combination and the upper limit determined by two expulsions at one current level. The 

current range registered from the 1-D lobe will be the value of weldability where a large current 

range is desirable. 

 

The procedure begins with spot welds at a low current level producing a fracture nugget 

diameter below the minimum requirement. Each sample will have a shunt weld and a second 

weld which is measured. Three samples will be welded at each current level and the mean 

nugget diameter of all three is recorded in the 1-D lobe. The current is then increased in 

increments of 200 A until two expulsions are registered at one current level. If only one of three 

registers an expulsion, five samples will be welded at that current level and the test is stopped 

if two of the total five spots register expulsion. 

 

To measure the thickness of the adhesive present in the joint, the distance between the 

electrodes will be monitored during the welding cycle in order to register if there will be any 

difference in gap height between the metal sheets depending on the different parameters. Figure 

13 shows the setup for measurement. The bond-gap measure of interest is the distance between 

the sheets after the added parameters but before the regular welding parameters are initiated. 

The intention is to get an assessment of how much adhesive the supplementary parameters have 
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been able to displace from the contact surfaces. The information could also give an indication 

if there is a critical bond-gap thickness for the different adhesives where it is not possible to 

form a nugget. 

Both the recorded data from the welding lobes as well as the sheet gap distance will be 

compared to reference data for combinations without adhesive. 

 

 

Figure 13: Measurement of bond-gap thickness 

3.3 Reliability and validity 

3.3.1 Validity 

The study is performed using industry-approved methods and standards which have been 

accepted for determining the weldability for RSW processes in production. The results from 

the welding lobes can deviate depending on the person performing the measurements, but the 

error is reduced as much as possible by the fact that the same individual is performing the 

measurements using the same measurement equipment. The measurement of gap distance 

should be an indication of how much adhesive there is left in the contact area between the 

electrodes since it is compared to a direct metal-to-metal contact. Any number greater than zero 

would be an indication on that not all adhesive has been displaced. The amount of adhesive 

applied will be controlled by scraping off excess adhesive using a scraper with a slot creating 

uniform bondlines for every test sample. 

3.3.2 Reliability 

The reliability of the study is to some extent controlled by adding a number of repeating 

combinations in the screening matrix to decrease the risk of randomness in the welding lobes. 

3.4 Materials and equipment 

3.4.1 Welding equipment 

The equipment used for spot welding is a Matuschek C-type servo gun with a Servo Spatz 

inverter combined with Matuschek PC-controlled software which enables multiple pulses and 

electrode force variations during the weld cycle. In Figure 14, a typical C-type servo gun is 

depicted. 
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Figure 14: Example of C-type servo gun [20] 

3.4.1.1 Cap type 

The caps used for welding will be of ISO standard type B, see Figure 15, with specifications 

according to Table 1.  

 

Table 1: Cap dimensions 

Cap type R1 [mm] d1 [mm] d2 [mm] 

B16/6 40 16 6 

B20/8 50 20 8 

 

Figure 15: Geometry of cap type B [21] 
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Figure 16: Cap types 

3.4.2 Materials 

The tests are performed on materials in standard coupon size which is shown in Figure 17. 

 

Figure 17: Standard coupon 

The different 2-sheet material combinations testes in this thesis are compiled in Table 2. A 

combination consists of two coupons to be welded together. In the early stages of research, the 

material is welded to itself. Further into the project evaluations of multiple-sheet-stack-ups, 3 

and 4-sheet, are intended for further research later in the project and is out of scope for the work 

conducted within this thesis. 

Table 2: Material combinations 

Combination 

ID 
Material 1 Coating Thickness Material 2 Coating Thickness 

1 Type 1 GI50/50 0.6 Type 1 GI50/50 0.6 

2 Type 2 GI50/50 2.0 Type 2 GI50/50 2.0 

 

Two epoxy adhesives with different properties will be used during the experiments. The 

adhesive types are compiled in Table 3. The adhesives are shown in Figure 18. 

Table 3: Adhesive types 

Adhesive ID Adhesive 
Young’s modulus 

(ISO 527) 

Tensile strength 

(ISO527) 

Viscosity 

(≈50°C) 

1 Type 1 1830 MPa 31 MPa 50 Pa·s 

2 Type 2 850 MPa 20 MPa 1300 Pa·s 
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Figure 18: Adhesives 

3.4.3 Computational software 

The software used for the experimental design setup and statistical analysis is the program JMP 

developed by SAS Institute. 

 

Figure 19: Example of JMP interface [19] 
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3.4.4 Laser displacement measurement 

The equipment used for bond-gap measurement is a micro-epsilon optoNCDT 1420-10 

semiconductor class II laser. The measuring range is 10mm with a measuring rate of 0.25kHz 

and a reproducibility of 0.5µm. [22] 

 

 

Figure 20: optoNCDT 1420 [22] 
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4 Results 
In this chapter the results obtained from the structured process described in chapter 3 are 

presented. Section 4.1 presents the parameters identified from the literature study and in 

discussions with industry representatives. Followed by the results from the screening matrix  

and reference setup in section 4.2 and 4.3. Sections 4.4 to 4.6 presents the results achieved from 

welding and measurements. 

4.1 Identifying promising parameters 
When comparing weld-bonding with resistance spot welding, the difference between the two 

joining processes is the presence of an adhesive in the joint, which tends to greatly affect the 

behaviour of the welding process. Therefore, the main objective when identifying parameters, 

to improve the weld-bonding process, has been to focus on which way the welding cycle can 

be modified to disperse or remove as much of the insulating adhesive layer as possible. Since 

the hypothesis is that if there is no adhesive present in the contact surface the weld behaves as 

a regular spot weld without adhesive. An important criterion is that the identified parameter 

should be easy to implement in equipment available on the market today, which means that the 

parameters should be programmable in existing software or that the parameter can be fully 

utilized using available tools. 

 

 

Figure 21: Adhesive flowing from the weld area during squeeze cycle [16] 

 

The parameters identified from the previously described conditions and which were chosen to 

be evaluated in further testing are presented in chapters 4.1.1 to 4.1.5.4. The parameters are 

then visualized in Figure 22. 

4.1.1 Prolonged squeeze time 

The squeeze time is the time it takes for the electrode to build up the required force to ensure 

sufficient contact. The theory behind a prolonged squeeze time is that since an adhesive has 

viscoelastic behaviour in its uncured state, a short and quick force build-up will lead to the 

adhesive having a slower flow rate, meaning it will not have time to disperse completely from 

the welding area before the welding current is initiated. A longer squeeze time will therefore 

reduce the viscoelastic effect and allow the adhesive to flow easier and during a longer time to 

completely disperse the adhesive from the welding area. 
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4.1.2 Increased electrode force 

An increased electrode force seems to be the most promising parameter in regard to previous 

research. Due to almost all of the previous research within the weld-bonding field, it has been 

concluded that an increased force, over the welding cycle, aids in reducing contact resistance 

and bond-gap thickness. The theory is that a higher force will increase the ability disperse more 

adhesive from the joint and that the higher force reduces the contact resistance counteracting 

the resistance increase caused by the adhesive. 

4.1.3 Extra pre-pulse 

An extra pre-pulse or heating pulse can aid in dispersing the adhesive. Since an initial low 

electrical current is allowed to flow, it will have so little energy that it does not initiate welding 

or melt the metal, causing expulsion, but rather allows the adhesive to heat up. Because uncured 

epoxy resin has thermoplastic behaviour below its curing temperature, it will start to become 

more flowable during heating and will therefore be able to disperse more easily from the weld 

area. 

4.1.4 Extra force pulse 

An extra force pulse means that during a short period of the squeeze time, an increased force 

will be applied and hereafter reduced back to the initial electrode force before welding starts. 

The idea is that the extra force will help with dispersing the adhesive, but when it is reduced 

the weld should not be affected by the problems which are associated when using a too high 

electrode force during the whole welding cycle. 

 

 

Figure 22: Welding cycle with added parameters included 

4.1.5 Influencing factors 

Except from the identified parameters which should aid in increasing the weldability of weld-

bonded joints, it is also desirable to test if there are other factors affecting the weldability. 

Therefore, a couple of other factors will also be tested during the experiments to determine if 

they have an influence on the weldability and to what extent. 
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4.1.5.1 Electrode cap size 

The electrode cap size is today mainly selected depending on the material thickness. Here we 

want to find out if using a smaller or larger cap on a material will affect how much adhesive is 

displaced. The theory is that a smaller cap will create a more concentrated pressure on the 

welding area thus aid in displacing adhesive from the joint. 

4.1.5.2 Time to weld 

The time to weld is the time it takes from applying the adhesive until it is welded. The adhesive 

is heated in the dispersing equipment to make it easier to apply and since the behaviour of the 

adhesive is highly temperature dependent, we assume that it is easier to weld when it is easier 

to squeeze out from the joint. Under normal circumstances, the spot weld is made immediately 

after the adhesive has been applied. But under special circumstances, the time to weld can be 

longer, especially during a longer stop in a production line. Therefore, we want to see if a 

postponed time to weld will make the adhesive more difficult to displace. 

4.1.5.3 Sheet thickness 

The sheet thickness of the materials will also be tested to see if a thicker material will have 

more difficulty in displacing the adhesive than a thinner material. Since the thicker material 

will be stiffer, the pressure on the adhesive will be distributed over a larger area next to the 

weld while a thinner more flexible material will have the pressure more concentrated to the area 

around the electrode cap. 

4.1.5.4 Adhesive properties 

Two epoxy adhesives with different properties will be used and the intention is to see if one 

adhesive is better or worse than the other. This could be an indication of which adhesives should 

be selected in future designs or which adhesives with certain properties need further process 

optimization before introduced in production. 

4.2 References 
The first 1-D weld lobes produced are lobes for each material with both electrodes without 

adhesive to act as a reference to combinations with adhesive. The same material combinations 

are then welded with each type of electrode and for both types of adhesives. The setup for the 

references is shown in Table 4 and Table 5. 
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Table 4: References without adhesive 

No. Squeeze 
time 
[ms] 

Increased 
Electrode 

Force 
[kN] 

Adhesive Extra 
pre-

pulse 
[kA] 

Force 
profile 

[kN] 

Cap 
type 

Time 
to 

weld 
[h] 

Sheet 
thickness 

[mm] 

Ref 1 - - w/o - - - - + 

Ref 2 - - w/o - - + - + 

Ref 3 - - w/o - - - - - 

Ref 4 - - w/o - - + - - 

Table 5: Reference with adhesive 

No. Squeeze 
time 
[ms] 

Increased 
Electrode 

Force 
[kN] 

Adhesive Extra 
pre-

pulse 
[kA] 

Force 
profile 

[kN] 

Cap 
type 

Time 
to 

weld 
[h] 

Sheet 
thickness 

[mm] 

Ref 5 - - - - - - - + 

Ref 6 - - + - - - - + 

Ref 7 - - - - - + - + 

Ref 8 - - + - - + - + 

Ref 9 - - - - - - - - 

Ref 10 - - + - - - - - 

Ref 11 - - - - - + - - 

Ref 12 - - + - - + - - 

4.3 Screening matrix setup 
From the identified parameters a screening matrix was set up using a continuous high or low 

value for the parameters that relating to each other in such way that a higher value would create 

an increased response for that factor. Factors depending on different variants were setup 

categorical, in this case it is not obvious that the response will vary on the type and that changing 

the type doesn’t necessarily mean that the response will increase. The continuous input values 

were selected to be rather extreme for any purposeful usage in production. The intention with 

the screening matrix is to find active effects. Therefore, it is good practise to use values that 

will provoke a noticeable response from the test, hence the extreme values selected. The 

categorical variants are dependent on supplied materials. The input values are compiled in Table 

6. 
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Table 6: Input values 

Factor Low (-) High (+) Factor type 

Squeeze time 200 ms 1000 ms Continuous 

Increased 
electrode force 

0 N 3000 N Continuous 

Extra pre-pulse 0 kA 2 kA Continuous 

Extra force pulse 0 N 3000 N Continuous 

Cap type B16/6 B20/8 Categorical 

Time to weld 0 h (Mid)7h 24 h Continuous 

Sheet thickness 0.6 mm 2.0 mm Categorical 

Adhesive Type 1 Type 2 Categorical 

  

The factor “time to weld” has been added a midpoint of 7h to help distinguish any quadratical 

or linear relationship in the response. 

 

From the input values the screening matrix was constructed using eight ingoing factors, see 

Table 7. 
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Table 7: Screening matrix 

No. Run-
order 

Squeez
e time 
[ms] 

Increase
d 

Electrode 
Force 
[kN] 

Adhesive Extra 
pre-

pulse 
[kA] 

Force 
profile 

[kN] 

Cap 
typ
e 

Tim
e to 
weld 
[h] 

Sheet 
thicknes
s [mm] 

1 5 - - - + - - + - 

2 9 - + - - + + + + 

3 7 + - + + + + - + 

4 8 + + - + - + 0 + 

5 12 + - - - - - + + 

6 11 - + - - + + + + 

7 3 - - - + - - - + 

8 6 + - + - + + + - 

9 2 + + + + + - - - 

10 10 + + + - - + - + 

11 1 - + + - - - - - 

12 4 - + + + + - 0 - 

13 20 + - - - + - 0 - 

14 17 - + + + - + + - 

15 19 + + - - - + - - 

16 18 - - + - - + 0 + 

17 13 - + + - + - - + 

18 16 - - - + + + - - 

19 14 + - + + - - + + 

20 15 + + - + + - + + 

4.4 Results from testing 
For every test combination from the screening matrix, 1-D welding lobes were created to 

determine the current range for each combination as well as the references. The lobes for each 

combination and reference are available in Appendix C. In the following chapters 4.4.1 to 4.4.3 

a summary of all the recorded data used in further analysis is compiled in tables. 

4.4.1 Reference data 

Results from the reference runs are compiled in Table 8 and Table 9. 
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Table 8: References without adhesive 

No. Min I 
[kA] 

Max I 
[kA] 

ΔI [kA] Min nugget 
requirement 

[mm] 

Max nugget 
size [mm] 

Ref 1 9.9 11 1.1 6 8.0 

Ref 2 10.8 12.5 1.7 6 8.6 

Ref 3 8.8 10.4 1.6 4.5 6.3 

Ref 4 9.1 10.2 1.1 4.5 5.9 

Table 9: References with adhesive 

No. Min I 
[kA] 

Max I 
[kA] 

ΔI [kA] Min nugget 
requirement 

[mm] 

Max nugget 
size [mm] 

Ref 5 10 11 1 6 7.7 

Ref 6 9.6 11.2 1.6 6 8 

Ref 7 10.5 12.5 2 6 8.9 

Ref 8 10 13.2 3.2 6 9.7 

Ref 9 8.5 10 1.5 4.5 6 

Ref 10 5.5 6.1 0.6 4.5 5.1 

Ref 11 9.3 10.3 1 4.5 6.1 

Ref 12 0 0 0 4.5 0 

4.4.2 Screening matrix data  

Results from the tests acquired from the combinations of the generated screening matrix are 

compiled in Table 10. 
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Table 10: Data from screening matrix 

No. Min I 
[kA] 

Max I 
[kA] 

ΔI [kA] Min nugget 
requirement 

[mm] 

Max nugget 
size [mm] 

1 8.6 11 2.4 4.5 6.8 

2 11.8 14.6 2.8 6 9.3 

3 10.4 13.4 3 6 9.8 

4 11.8 14.2 2.4 6 8.8 

5 9.8 10.8 1 6 7.3 

6 12 14.4 2.4 6 9.4 

7 10 11.2 2 6 7.8 

8 10.2 12 2.2 4.5 6.8 

9 10.4 13.2 2.8 4.5 6.9 

10 11.6 14.2 2.6 6 9.1 

11 11 12.6 1.6 4.5 5.9 

12 11 13 2 4.5 6.2 

13 8.8 10.4 1.6 4.5 6.1 

14 12.4 15.2 2.8 4.5 7.6 

15 13.2 15.2 2 4.5 7.5 

16 10.2 13 2.8 6 9.6 

17 10.4 11.4 1 6 7.2 

18 11 12.4 1.4 4.5 7 

19 9.4 11 1.6 6 8.3 

20 10.8 12 1.2 6 7.6 
 

In Figure 23 all 1-D welding lobes produced in the testing are compiled in clusters, together 

with the corresponding references with and without adhesives. The graph shows how the sizes 

of the current ranges vary depending on adhesive type, as well as the lower and upper current 

ranges for the configuration. The clusters are depending on the sheet thickness and electrode 

cap type used in the configuration. The reason is to be able to visually distinguish any trends 

of different adhesives or parameter settings where the same hardware and material have been 

used when welding. 
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Figure 23: Current ranges clustered in reference groups 

4.4.3 Bond-gap measurements 

The measurements of the bond-gap distance should be an indication of how much adhesive is 

present in the welding area before the main welding pulse is initiated as well as giving an 

indication of how much the different parameters contribute to dispersing the adhesive. The 

measurements were executed during a complete welding cycle for each current setting, and the 

distance was calculated by averaging the value for each setting at the same datapoint to 

minimize the risk of outliers in the measurements. The measured distance is the difference 

between a reference welded without the presence of adhesive and the welded sample with 

adhesive. The difference in distance is the bond-gap distance, i.e. the thickness of the adhesive. 

The extracted measurements are the bond-gap distance at the start of the squeeze time and the 

bond-gap distance at the end of the squeeze time and the added parameters. Figure 24 shows 

the graph of the measurements taken during the welding cycle. 
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Figure 24: Bond-gap measurement of test 18 

The measurements are compiled in Table 11 and Table 12. All graphs from the bond-gap 

measurements from the screening matrix are compiled in appendix D. 
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Table 11: Bond-gap measurements from screening matrix 

No. Bond-gap 
distance 
(squeeze 

start) 
[mm] 

Bond-gap 
distance 
(squeeze 

end) [mm] 

Bond-gap 
change 
[mm] 

1 -0.00254 -0.00005 -0.00249 

2 0.02071 0.01988 0.00083 

3 0.03336 0.02091 0.01245 

4 -0.00711 -0.00960 0.00249 

5 -0.03698 -0.03245 -0.00453 

6 0.01453 0.01354 0.00099 

7 -0.06933 -0.07400 0.00467 

8 0.05161 0.02522 0.02639 

9 0.06839 0.05319 0.01520 

10 0.01037 0.01360 -0.00322 

11 0.02828 0.02117 0.00711 

12 0.01987 -0.00903 0.02890 

13 -0.00648 -0.00753 0.00104 

14 0.04406 0.02592 0.01814 

15 0.02367 0.01005 0.01362 

16 0.00841 -0.00015 0.00855 

17 0.02429 0.03425 -0.00996 

18 -0.00042 -0.00119 0.00078 

19 -0.01712 -0.02563 0.00851 

20 0.00347 0.00363 -0.00016 

Table 12: Bond-gap measurements references 

No. Bond-gap 
distance 
(squeeze 

start) [mm] 

Bond-gap 
distance 
(squeeze 

end) [mm] 

Bond-gap 
change 
[mm] 

Ref 5 -0.00669 -0.01968 0.01417 

Ref 6 0.00794 -0.01199 0.02397 

Ref 7 0.00700 0.00560 0.00187 

Ref 8 0.00342 -0.00436 0.00825 

Ref 9 0.00685 -0.00576 0.01058 

Ref 10 0.05247 0.01494 0.03550 

Ref 11 -0.01447 -0.01447 0.00000 

Ref 12 0.04577 0.02164 0.02569 

 

In Figure 25 all the bond-gap distances at the end of squeeze is compiled. The diagram shows 

the measurements arranged from smallest distance (-0.07mm) to largest (0.05mm). The colors 

represent the different adhesives and the striped bars differentiates the references. 
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Figure 25: Bond-gap measurements for tests and references 

4.5 Main effect screening 
In this section results from the main effect screening and statistical analysis of the results are 

presented. 

4.5.1 Responses of each parameter 

By comparing each parameter in regard to the current range, a visual representation was made 

where the tendency for the response of the parameter can be seen. The graphs are shown in 

Appendices A and B. 

From the graphs we can see that on the thinner 0.6mm sheets, a prolonged squeeze time, 

increased electrode force, extra pre-pulse, extra force pulse and time to weld will improve the 

weldability. While the type 2 adhesive also will improve the weldability, a change to B20/8 will 

decrease the weldability. Regarding the 2mm sheets a prolonged squeeze time and time to weld 

will decrease the weldability and a change in to B20/8 cap will dramatically increase the 

weldability. 

 

4.5.2 Main effect significance analysis 

From the results gathered during the testing of the combinations in the screening matrix, a main 

effect screening was performed using the JMP software to analyse which factors are most likely 

to be active in regard to the size of current range in the 1-D weld lobe diagram. In Figure 26 the 

result is shown. The effect summary of the analysis shows that the factors most likely to be 

active, and thus affecting the weldability by increasing the current range, are the cap type 

followed by extra pre-pulse, sheet thickness and extra electrode force. 
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Figure 26: Main effect screening 

4.6 Observations 
Through the duration of the experiments interesting observations of the behaviour of the 

welding process and the ingoing materials have been discovered. These observations that could 

be of interest and might require consideration for future work within the ongoing research 

project. 

4.6.1 Leaf structure 

Some welding samples showed a leaf structure in the adhesive after the sample had been peeled 

apart. The leaf structure was present in both adhesives types but it was not recorded under which 

conditions the structure was present. The leaf structure appearance in both adhesives is shown 

in Figure 27, Figure 28 and Figure 29. 

 



Techniques for Improving Weldability and Testing of Weld-bonded Joints 

Mattias Högsäter Myhr 

 

34 

 

Figure 27: Leaf structure to the left in adhesive type 1 

 

Figure 28: Leaf structure to the left in adhesive type 2 
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Figure 29:Leaf structure around the nugget 

4.6.2 Destructive expulsions 

The thin 0.6mm sheets combined with adhesive type two showed a high tendency for expulsion 

compared to the type one adhesive and the thicker plates. On occasion, massive expulsions 

would occur, destroying a handful of caps in the process as well as in one instance creating a 

complete hole through the metal sheets. Results of damages on plates and electrode caps are 

shown in Figure 30,Figure 31 and Figure 32. 

 

 

Figure 30: Destroyed caps 
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Figure 31: Hole caused by expulsion 

 

Figure 32: Interfacial expulsion 
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5 Discussion 
In this chapter, the critical analysis of the reliability and generalizability of the results is 

presented. 

5.1 Weldability 
A discussion which arose during the execution of the work conducted is how the term 

weldability is quantified. Is using the size of the current range the most accurate way of 

interpreting weldability to a number? The idea is that a large current range will account for the 

risk of disruptions caused by misalignment issues, and variance in material composition within 

production. In this project, only the current range was analysed, even though other outcomes 

also could be of interest when determining the response for each factor regarding weldability. 

For example, it could have been interesting to account for the nugget growth rate or the 

maximum nugget diameter compared to with and without adhesive present in order to evaluate 

the influences of each parameter in regard to change in process behaviour. It would also be 

important to consider the behaviour and the visual quality of the adhesive since the main 

objective with using a weld-bonded joint in the design of a vehicle is to utilize the favourable 

aspects of both adhesive joining and spot welding. One can also argue if the method for 

performing the 1-D weld lobes is accurately depicting the weldability of such joints since the 

presence of adhesive is a disruption in the process and varies with amount of adhesive, 

temperature and adhesive properties. Is it enough to say that only three repetitions are needed 

for a weld-bonded configuration? Maybe it would be more accurate to use five repetitions 

because of the added risk with introducing a disturbing factor. 

5.2 Main effect screening 
From the main effect screening, cap type is the dominant factor affecting the response. Even 

though it is accurate from the result of the analysis, it is not the solution to the difficulties with 

weld-bonding. The main reason for the cap type to be the dominant factor is because of the 

large increase in current range on the thicker metal sheet. It could be possible that it is easier to 

initiate welding in weld-bonding using a smaller cap because the cap is able to displace more 

of the adhesive. However, since the size of the cap limits how large nugget it can produce, it 

will cause expulsion on lower currents and smaller nuggets, therefore decreasing the weldability 

in regard to current range. There is also an issue when having different nugget size requirements 

for the different sheet thicknesses in the same design. This does not accurately depict the 

influence of each parameter on an equal basis, even though the strength of the screening design 

is to give an overview of many factors at once. The size of the 1-D lobe for each material 

thickness was too big relative to each other causing the main effect analysis to not recognize 

the effect in the desired way. In future tests it would be desirable to perform a screening design 

for each material thickness because of the different requirements. In that way, it would be easier 

to distinguish and isolate the response for each parameter. 

5.3 Influence of parameters 
Just by examining the results, it shows that all configurations generated by the screening matrix 

improved the weldability compared to corresponding reference run with respective adhesive 

and cap. That means that the introduction of the new, suggested parameters improves the weld-

bonding process. But since the main effect screening is constructed and generated the way it is, 

it is not possible to use that test and evaluation method to distinguish which parameter, or any 

possible interactions between the special parameters, specifically. In this case it would be of 
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interest to find a response parameter other than the current range to evaluate the influence of 

adding a parameter. This is because the most interesting result is rather the change in weldability 

between the test and reference. Since the reference is welded with standard parameters and the 

configuration from the matrix has the added parameters, the difference should be the effect of 

the added parameters. However, the attempts of trying to analyse the difference showed that 

the sheet thickness was the most important factor. This is probably the cause of one of the 

references, using the thinner sheets, being “unweldable” since it failed to produce a welding 

nugget without expulsion on any welding current. This, in turn, means that the result from 

analysing the effect of the difference actually indicates that the thickness does not mean it 

affects the current range, but rather that the largest increase in weldability occurred on the thin 

sheets. A result interesting in itself, but it does not tell which parameter was the cause of the 

increase. 

5.4 Bond-gap measurements 
The effectiveness of the bond-gap measurements as measure of weldability of a weld-bonded 

joint was not as effective as predicted. According to the measurements, not much adhesive 

appears to be present in the welding area before the spot welding, since the largest and smallest 

measured adhesive thickness was 0.05mm and -0.07mm respectively. One could argue that 

there seems to be something disturbing in the measurement procedure, since 45% of the 

measurements showed a value less than 0mm which indicated that the method is able to squeeze 

together the electrodes more than the thickness of the metal sheets. This can be caused by non-

controllable factors, such as differences in material thickness or electrode shape differences. A 

likely explanation could be that the adhesive is completely displaced, and the measurement 

setup vibrates. Combined with a high sampling rate, this causes small changes to be registered. 

An interesting observation is that the tests that showed the largest increase in current range also 

were the tests that had the largest adhesive thickness before welding. This could be an indication 

that a thin layer of adhesive has a positive influence on the weldability in contrast to previous 

belief. This effect needs to be further evaluated on more material grades and thicknesses to 

determine the full extent of this observation. But a desirable outcome would be to distinguish 

an optimal adhesive thickness layer to be present before the welding pulses are initiated in order 

to further increase the weldability in weld-bonded joints. 

5.5 Project tasks 
In this project, parameters have been found which affect the weldability of a weld-bonded joint 

even though the influence of all parameters has not been fully determined. Promising 

information has been developed for future work within the ongoing research project but more 

tests in order to exploit the full possibilities of the parameters are needed. By comparing weld-

bonded joints performed with standard parameters and modified parameters, we can see that all 

samples welded with improved parameters have experienced an increase in weldability. There 

have also been new insights concerning methods of testing weld-bonded joints that can be 

improved or modified with the intention of increasing the quality and characteristics of the joint. 

In summary, the project has been successful, and a lot of the work conducted had led to new 

and more knowledge within this highly specialized field of science. 
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6 Conclusions 
 

 Weld-bonding is an interesting hybrid joining method, in which it exists many 

opportunities for improving the process as new welding equipment are introduced, 

combined with the introduction of new materials and adhesives. There is much to gain 

for the companies which put themselves in the forefront of adapting weld-bonding 

processes to UHSS-combinations since they will be the industry leaders in the 

continuous work to create safer and lighter vehicles in the future. 

 

 The work conducted within the project shows that there are parameters which improve 

the weldability of weld-bonded joints that can be utilized using existing equipment. 

However, a lot of follow-up testing with more refined factor designs needs to be 

performed in order to accurately determine which and to what extent a single factor 

affects the weldability. 

 

 To improve the evaluation of weldability of a weld-bonded joint, the behaviour and 

attributes of the adhesive should be included in the testing procedure. 

 

 As for now, bond-gap measurement is not a reliable method for determining the 

weldability or predict the behaviour of a weld-bonded joint. The method shows 

promising signs regarding the possibility to estimate the influence of an optimal 

adhesive layer thickness. But more tests and results are needed to evaluate the 

effectiveness of the method. As for now it is not possible to determine a critical adhesive 

thickness threshold that affects the weldability. 

 

 The accuracy and effectiveness of the method of producing 1-D lobes as a measurement 

of weldability should be discussed. The method is perceived as rather diffuse in how 

weldability is determined, or at least very simplified. When performing evaluations for 

sensitive material combinations and new parameters it becomes especially difficult to 

determine the effectiveness of changes made.  
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7 Recommendations for future work 
 

 In order to incorporate the advantages of the joint type the industry and research 

institutes need to improve their evaluation and test methods to make them more suitable 

for weld-bonding. Special focus on how the quality of the adhesive should be included 

in the criteria for evaluation. These new criteria need to be easy to observe within the 

testing procedure, in order to avoid increasing the cost and time needed for weldability 

testing. It can be, for example, looking at leaf structure, indications of bad wetting, 

burned adhesive or other visual signs of the welding process affecting the adhesive in a 

negative way. 

 

 A discussion on how to quantify the weldability within testing and evaluation should 

benefit the entire industry and research projects within the field. A new measurement 

value, which at a greater extent represents the quality and behaviour of the welding 

process would be desirable. The problem will be reaching a value which is easy and 

quick to measure, but at the same time covers a lot of the details and different traits 

which are present in such a complex process as welding. 

 

 The methodology of how testing shall be conducted would benefit from having a pre-

defined method selection regarding the analysing of data, with special focus on finding 

the most effective way to analyse changes within weldability. 

 

 Performing more tests to determine the reliability of the methods conducted within this 

thesis is recommended. The work and results from this thesis are built upon proven 

methods, but the way they are interpreted is new for this field of research. Therefore, 

more tests are needed to check the repeatability and to validate the results achieved.  

 

 More tests need to be performed on combinations using UHSS steels to evaluate 

differences in material batches and behaviour of the material during welding. Since the 

evaluation and testing methods are to large extent based on experiences gathered from 

older steels with lower strength and a different behaviour. The methods for how to 

evaluate UHSS steels needs to be adjusted for new material combinations.   

 

 In future tests it would be of interest to also record the resistance curve during the 

welding cycle. If an unexpected expulsion occurs the resistance curve can give an 

indication on the cause of the expulsion. Expulsions are detected as sudden interruptions 

in the resistance curve, and by experience from previous experiments, an expulsion 

occurring late in the welding cycle are likely caused by too much heat input to the weld. 

But an expulsion occurring early are likely caused by surface contamination, in this case 

the presence of adhesive. Therefore, by recording the resistance curve it would be 

possible to distinguish if the expulsions are caused by the presence of an adhesive or by 

the heat generated from the welding sequence. 
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Appendix A: Parameter response 0.6mm 
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Appendix B: Parameter response 2.0mm 
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Appendix C : Welding lobes 
 

Test 1 Test 2 

  

Test 3 Test 4 

  



Techniques for Improving Weldability and Testing of Weld-bonded Joints 

Mattias Högsäter Myhr 

 

50 

Test 5 Test 6 

 
 

Test 7 Test 8 
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Test 9 Test 10 

  

Test 11 Test 12 
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Test 13 Test 14 

  

Test 15 Test 16 
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Test 17 Test 18 

 
 

Test 19 Test 20 
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Appendix D : Bond-gap graphs 
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Test 3 
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Test 5 
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Test 7 
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Test 9 
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Test 11 
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Test 13 
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Test 15 
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Test 17 
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Test 19 
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