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Abstract

This paper presents the results of an experimental program to investigate the 

sensitivity of the hybrid laser-MIG welding process to gaps between the work pieces being 

welded. It was concluded that the minimum throat depth of the welds remained surprisingly 

stable for fillet welds as long as the MIG parameters were set high enough to fill the gaps 

involved (up to a gap size of approximately 3 mm). If the MIG parameters were insufficient 

then the welding process collapsed with increasing gap widths. 

1. Introduction 

It is well known that most welding process are sensitive to the geometry of the 

joint involved and to the “fit up” between the parts being welded (poor “fit up” indicates a 

gap between the parts to be welded). In the early days of laser welding it was discovered that 

one of the main disadvantages of the process was the need for excellent fit up between the 

parts to be welded. A joint gap of a millimeter or more would be considered satisfactory for 

most welding techniques but could have a disastrous effect on the laser welding process. This 

situation lead to the development of the hybrid laser-MIG welding process [1, 2 and 3], which 

has been successful in combining the gap filling capabilities of the MIG process with the 

depth of penetration associated with laser welding [4, 5 and 6]. For example, full penetration 

welds have been achieved with gaps over 1mm using a 2kw CO2 laser and 2.7kw MIG 

equipment [7], also, it has been demonstrated that T joints and fillet joints can be produced 

with gaps of 1mm in 2.5 mm mild steel [3]. In Plasma Arc Laser Welding, a higher tolerance 

to beam-gap misalignment (from 0.15 to 0.5 mm at 2m/min, 50A) has been noted [8]. 
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It is, however, obvious that the laser-MIG hybrid technique has a limit to the 

size of gap which can be successfully welded [9 and 10]. Where, for example, a cast part 

needs to be welded to another component it is possible that the joint gap may vary from zero 

to one or two millimeters across a single joint. In this case the weld cross section may vary 

profoundly along the weld. 

This paper presents the results of an experimental program to investigate the 

effect of joint gap and geometry on the morphology of the weld produced. 

2. Experimental materials and set up 

The range of joint geometry investigated is described in figure 1. 

Fig .1. Joint geometry (a) Non-chamfered joint (b) Chamfered joint (X=3 or 6 mm, Y=1 or 2 

mm) 

As figure 1 demonstrates, the weld geometry involved three different joint gap 

widths (0, 0.5, 1.0mm) and a comparison of chamfered and non-chamfered work pieces. The 

length of Part A and B was 137mm. 
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A typical example of a completed weld is shown in figure 2. 

Fig .2. A typical weld cross section 

The steels being welded together had the chemical composition given in table 1. 

Table 1. The chemical composition of the steel being welded 

The laser used in these experiments was ROFIN-SINAR RS6000. The MIG 

equipment used was ESAB MEK 44C. 

Throughout these experiments the welding speed was kept constant at 1.5 

m/min. The laser power was also kept constant at 5000 W. The inclination of the laser beam 

to the top surface of Part B was 10°, and the inclination of the MIG torch with the surface of 

Part B was 20°. The laser beam was positioned 1.5 mm in advance of the arc during welding. 

The MIG power ranged from 37 to 50 kW and the wire filler rate was between 8 and 17 

m/min. The filler wire, OK 12.51, of composition C<0.1%; Si<1.2%; Mn 1-2%; Cu<0.5 and 

Fe balance, had a diameter of 1 mm. The weld shield gas in all cases was 65He30Ar5CO2 

with a flow rate of 24 l/min. 
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3. Results 

Fig.3 Matrix of macrographs of weld cross sections 
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Figure 3 presents a matrix of macrographs which demonstrate the changes in 

weld cross section with different gaps and type of chamfer. The Figures beneath each cross 

section show the MIG process parameters for each weld as follows: 

Taking, for example, the zero gap, zero chamfer weld figures of 8, 37 and 3.85: 

These numbers represent a filler wire speed of 8 m/min, a MIG voltage of 37 Volts and a 

MIG power of 3.85 KW. 

From Fig. 3 it is possible to get an approximate measure of the relative strengths 

of the welds involved although this involves some analysis of the weld cross section. Most of 

the welds shown in Fig. 3 are combination of two types of weld shown in figure 4. 

(a) fillet weld 

(b) partial penetration groove weld 

Fig.4 The fillet weld and the partial penetration groove weld 
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Fig.5 Weld throat depth measurement 

The geometries of the welds presented in figure 3 do not lead themselves to 

either of the throat depth measurements given in Figure 4. It was decided, for the purpose of 

this investigation, to measure the throat depth from the root of the weld to the surface by the 

shortest path “AB” as shown in figure 5. Although this line generally passes through weld 

metal and the heat-affected zone (HAZ) it does provide an easy comparator of the strength of 

the welds. The results of the throat depth measurements are given in table 2. 

Table 2. Throat depth measurement (mm) 

The results of table 2 are presented graphically in figure 6 and 7. Figure 6 

demonstrates that the 6x1 chamfer gives the best result and the zero chamfer gives the 

smallest throat depths. Figure 7 makes it clear that a 0.5 mm gap gives better results than a 

zero gap. The 1.0 mm gap results are also very good for the 3x1 and 6x1 chamfer geometries. 

Figure 6 and 7 also reveal that the geometrical features which give the best throat depths (i.e. 

0.5 mm gap and/or 6x1 chamfer) also provide conditions which make the process least 

sensitive to change. For example, the 0.5 mm gap results have a spread of only 6% whereas 

the zero gap results have a spread of 20% and the 1.0 mm gap results have a spread of slightly 
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more than this. The results for the 6x1 chamfer are also rather insensitive, showing only a 6% 

variation over the range of gap from zero to 1mm.

Fig.6 Weld throat depth as a function of chamfer geometry 

One of the most surprising aspects of figure 6 and 7 is the stability of the 

process over this fairly wide range of weld geometries. One reason for this stability is the fact 

that the MIG wire speed and voltage were increased incrementally for each of the types of 

chamfer from zero to 6x2 (Figures for MIG wire speed and voltage are noted by the 

macrographs in figure 3). In order to test the true stability of the process with fixed MIG 

parameters, several additional weld runs were carried out. Matrices of welds similar to the one 

presented in figure 3 were produced with the process parameters listed in table 3. 



Marc Wouters Paper 2: Joint geometry and fit-up gaps Page 44 44

Fig.7 Weld throat depth as a function of gap width 

Table 3. Process parameters for weld sets produced with fixed MIG parameter 

Figure 8 presents the macrographs of zero chamfer welds for Matrix A (low 

MIG) and Matrix C (high MIG). 
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Fig.8 Macrographs of zero chamfer welds showing the influence of high and low MIG 

conditions on three gap sizes 

           Table 4 presents measurement of the throat depths of the welds shown in figure 8. 

Table 4. Throat depth measurements (mm) of the welds shown in figure 8 

To discuss these results it is helpful to refer to figure 9, which is a stylized 

diagram of a typical weld geometry. 
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Fig.9 A typical weld geometry 

For all the welds shown in figure 8 the throat depth was equal to the dimension 

“a” in figure 9. 

If we consider the zero gap results we can see that, although the increase in MIG 

wire supply and power have increased the melt cross section, this has had only a small effect 

on dimension “a”(Fig 9). Thus, the increased MIG parameters have only acted to spread the 

weld by increasing dimensions b and c in figure 9. This spreading of the weld will not 

necessarily increase its strength, which is usually related to the shortest path across the weld 

(dimension “a” in this case). As the gap between the work pieces increases, the beneficial 

effect of the increase in MIG parameters becomes clear; the additional melt provided by the 

excess MIG power and wire supply helps to maintain the throat depth by filling the gap 

between the work pieces. 

In the case of the low MIG 1.0 mm gap, the limited supply of melt from the 

MIG wire has resulted in a much smaller throat depth than that which is possible in the high 

MIG case. The “filling and spreading” role of the increasing MIG parameters is made very 

clear in figure 10, which compares the results of the three different MIG parameters for the 

various chamfer geometries with 1.0 mm work piece gap. 
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Fig.10 Welds cross-section for three different MIG parameters for different chamfer 

geometries.(All the welds shown here had a pre-weld fit up gap of 1.0mm) 

The throat measurements for the welds shown in figure 10 are given in table 5. 

Table 5. Throat depth measurement (mm) for the welds shown in figure 10 
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The information given in figure 10 and table 5 tells a clear story that; if the MIG 

parameters are sufficient for the range of gaps or chamfers involved, the throat depth is rather 

insensitive to changes in gaps or to increases in MIG settings. If, however, the MIG 

parameters do not provide enough melt to the weld, the welding process collapses completely. 

This collapse has obviously taken place in the case of the 6x1 and 6x2 chamfers for the low 

MIG parameters in figure 10. If insufficient melt is provided by the MIG process the laser 

passes straight through the gap between the work pieces and a failed weld is the result. 

4. Conclusions 

1. If a particular weld throat depth is required when using the laser-MIG hybrid welding 

process then it is important to carry out a survey to establish the range of fit up gaps expected. 

The MIG parameters should then be set at a high enough level to fill and bridge this range of 

gaps during welding. 

2. The penetration depth of the weld (which is generally closely related to the throat and thus 

the weld strength) is generally controlled by the laser (type, power and process speed). 

3. Surplus MIG power or wire will cause a widening of the weld cross-section but will have 

only a modest effect on the throat depth. 

4. Chamfers can be used to reduce the sensitivity of the process to gaps. 

5. The laser-MIG welding process is rather insensitive to gaps below 3mm as long as the MIG 

parameters are set high enough to bridge those gaps. 
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