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Abstract 

Austenitic stainless steel welds, which are widely used for example in nuclear power plants 

and chemical installations, present major challenges for ultrasonic inspection due to the grain 

structure of the weld. Large grains in combination with the elastic anisotropy of the material 

lead to increased scattering and affect sound wave propagation in the weld. This results in a 

reduced signal-to-noise ratio, and complicates the interpretation of signals and the 

localization of defects. The aim of this project is to influence grain growth in the weld during 

the welding process to produce smaller grains, in order to improve sound propagation 

through the weld, thus improving inspectability. Metallographic sections of the first test welds 

have shown that a modification of the grain structure can be achieved by influencing the 

grain growth with magnetic fields. For further optimization, test blocks for ultrasonic testing 

were manufactured to study sound propagation through the weld and detectability of test 

flaws. 

 

1 Introduct ion  

1.1 Motivation 

For pressurized components operating at high stresses and at high temperatures, the 

integrity of the welds is critical for a safe and reliable operation. In the nuclear industry, 

(petro-) chemical industry, and also in conventional power plants at higher temperatures, 

austenitic welds are widely used. Non-destructive testing is an integral part of the quality 

assurance for these welds during the manufacturing process and in-service inspections. For 

volumetric inspection and inspection of non-accessible inner surfaces, ultrasonic testing or 

radiography can be used. In many cases, ultrasonic testing is the preferred method due to 

large wall thickness, limited accessibility, or cost considerations.  

The challenges facing ultrasonic testing of austenitic welds result from elastic anisotropy of 

the material in combination with the grain structure of the weld. As long as the grains are 

randomly oriented and sufficiently small compared to the acoustic wavelength, the anisotropy 

of the material does not affect the acoustic properties on a macroscopic scale. Austenitic 

welds, however, consist of large grains that are oriented depending on the cooling conditions 

during the welding process – so-called dendrites, or dendritic structure, Figure 1. An example 

for an austenitic stainless steel weld with distinctly dendritic crystals is shown in Figure 2. 

This inhomogeneous, anisotropic structure of the weld strongly affects ultrasound 

propagation. The following effects can be observed: local variations in the sound velocity, 

deviation from propagation direction expected for isotropic material, scattering at grain 

boundaries and at the fusion line, mode conversion. In addition to a decrease in signal-to-

noise ratio, this leads to difficulties for the interpretation of ultrasonic signals with respect to 

localization and sizing of defects, and the distinction between reflections from real defects 

and false indications. 
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extension) in the center of the weld which cause a reflection of the ultrasonic pulse 

comparable to an interface reflection [4], [5].  

The second type of approach is based on efforts to influence the microstructure of the weld 

during the welding process, i.e. the solidification of the weld material. The possibility of 

influencing the microstructure in order to create finer grains by the aid of electromagnetic 

fields or ultrasound has been demonstrated in different research projects.  

1.2.1 Impact of electromagnetic fields 

Effects of alternating electromagnetic fields on the liquid state of an aluminum, austenitic 

material, on a model liquid (Ga-In-Si-alloy), and on a Ni-based alloy are described in the 

literature [6], [7], [8], [9]. Each of these studies was conducted in a laboratory set-up using 

melting pots. Grain refinement was observed due to the electromagnetic stirring of the liquid 

melt. 

Other publications report on the use of magnetic fields to modify the arc during plasma 

welding [10], or to influence the laser weldung process for high-alloyed steels [11] or 

aluminum alloy [12].  

1.2.2 Impact of Ultrasound 

High power ultrasonic waves applied to a liquid metal have been described as grain-refining 

[13]. In [14] ultrasonic treatment of solidified weld layers of an austenitic low carbon steel was 

shown to produce a finer microstructure as well as improved mechanical properties (yield 

strength, micro hardness). 

1.2.3 Impact of Modifications of the Welding Process 

Another method of influencing the microstructure of a weld is to modify the welding process 

itself. Leading manufacturers of welding equipment experiment use approaches based on a 

reduction of heat input into the component during welding, such as EWM’s “coldArc” 

Technology [15] and the CMT-Technology developed by Fronius. With these “cold” welding 

processes, significantly shorter cooling times of the weld and modified microstructures can 

be achieved. 

 

2 Full Description of the current study 

The survey of existing literature has shown that research on methods for modifying the grain 

structure of austenitic welds by influencing the welding process is rather limited. Application 

of magnetic fields near the arc appears to be the most promising tool to influence the 

microstructure. These magnetic fields can be static or fluctuating. In this investigation, 

magnetic fields, as well as a modification of parameters for the welding process are applied. 
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2.2 Ex periments with Influencing the TIG arc 

The second technique for influencing the solidification process of the weld used in this study 

was the application of a pulsed TIG arc. Figure 7 shows the weld seam which shows the 

most significant changes in microstructure obtained with a pulsed TIG arc.  

Figure 6: Austenitic weld, welded under influence of an

electromagnetic field, pulse rate of f = 100 Hz 

Figure 4: Automated TIG-welder with TIG-

electrode, filler wire feeder, electromagnet, and 

test plate with weld seam preparation 

Figure 5: Detail of electrode and electromagnet 
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In order to exclude a possible influence of grain structure in the root passes on the formation 

of dendrites in the filler weld passes, the geometry of the weld seam preparation was carved 

out of the test plate using spark erosion. The photo of the etched metallographic section 

(Figure 7) shows a more fine-grained structure of the first filler weld pass compared to a weld 

with hand welded root pass (see Figure 6). 

 

2.3 Ex periments with different interpass temperatures  

In order to investigate the influence of interpass temperature Tip on the formation of 

dendrites, experiments with minimum interpass temperature (room temperature RT), with the 

maximum recommended interpass temperature, as well as significantly excessive interpass 

temperatures (210 °C – 245 °C) have been performed. For the austenitic Cr-Ni(Mo)-steel 

used here, it is recommended not to exceed Tip = 150°C [17]. 

For the weld seam welded at minimum Tip (RT, Figure 8), the grain structure is almost 

identical to the structure for the weld without modifications in the welding process (welded at 

Tip ≦ 150°C). For the maximum interpass temperatures, growth of dendrites through several 

weld passes can be observed, Figure 9. This can be explained by the higher content of heat 

stored in the material due the high interpass temperatures, allowing an extended grain 

growth in one preferred direction, and resulting in larger grains of one particular orientation.  

Figure 7: Manual TIG-weld, pulsed TIG-arc at 100 Hz, weld seam

preparation by spark erosion, no root gap 
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2.4 Ultrasonic Testing of Influenced Welds  

For the first trial of ultrasonic testing of the different welds, test blocks were manufactured 

from one non-modified weld (SN17, welded with standard parameters), three pulsed arc 

welds (SN 18 - 20), as well as the weld with minimum interpass temperature (SN22). A side 

drilled hole (SDH) with a diameter of 1,5 mm was drilled in the center of the weld as a test 

reflector (Figure 10). All test blocks have identical geometries.  

 

All test blocks were inspected by mechanized ultrasonic phased array testing, using shear 

waves at a frequency of 2.25 MHz, at different angles of incidence. The aim of the 

inspections was to analyze the influence of the microstructure on the sound propagation 

through the weld. For a better sound propagation a better flaw detectability can be expected. 

The influences of the microstructural modifications (SN18 - SN22) are compared with 

acoustic characteristics of the non-modified weld (SN17).  

Figure 8: Manual TIG weld with minimum Tip. (RT) Figure 9: Manual TIG weld with too high Tip.of 245°

Figure 10: US-test block with side drilled hole in the center of the weld (SN20) 
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Table 1 shows the B-scan projection images (side view) of the phased array inspection for 

the 2.25 MHz shear wave with an angle of incidence of 70 °. For a better comparability only 

the manual TIG welds with the weld seam preparation by spark erosion are shown.  

Table 1: Phased-Array B-scans of test blocks 

Type of weld B-scan for 70° angle 
Macrosection 

 

SN17:  

No modification  

  

SN18: 

Pulse of light arc 

100Hz 

  

SN19: 

Pulse of light arc 

50 Hz 

  

SN20:  

TIG 500 Hz,  

  

SN22: 

Min. Interpass- 

Temperature 
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For the test blocks SN18 – SN20, obtained with different pulse frequencies of the TIG arc, 

the evaluation of the B-scans shows variations in the acoustic characteristics of the welds. It 

appears that for low frequencies a better detectability of the defect is achieved. For higher 

frequencies the signal-to-noise ratio decreases and a higher noise level due to scattering 

from the microstructure of the weld can be observed.  

Test block SN22 was welded with the minimum interpass temperature, allowing the weld 

beads to cool down to room temperature. It was expected to obtain an improved 

microstructure, resulting in improvements in the acoustic properties. This expectation was 

confirmed neither by ultrasonic inspection nor by metallography.  

SN17, the non-modified test block, shows the characteristic grain structure of austenitic 

welds. According to the geometric characteristics of the sound beam the B-scan shows a 

good correlation with the theoretical image of the scan, except for the localization of the 

defect. 

Further ultrasonic inspections are currently carried out in order to verify these first 

experimental results and interpretations.  

 

3 Summary and conclusion 
Metallographic examinations show an influence on the growth of dendrites due to 

electromagnetic fields and pulsation of the TIG arc with varying frequencies during the 

welding process. Evaluation of the microstructure of electromagnetically influenced welds 

leads to the assumption that for low frequencies (approx. 100 Hz), the strongest 

modifications of the dendritic structure can be achieved: Significant changes in the 

orientation of dendrites, more fine-acicular grains are observed, and a growth through 

several weld passes could be avoided. The assumption that this also leads towards 

improved acoustic characteristics for ultrasonic inspection has yet to be verified.  

For the modification of the light arc the following results can be observed: For pulsed arcs 

with low frequencies, microstructures with short dendrites with different orientations can be 

produced. The experiments show a fine-grained area in the first weld pass. The influence of 

nucleation from the root pass structure could be avoided by carving the weld geometry out of 

a plate, thus creating a weld without a root.  

For optimization and evaluation of influencing parameters, ultrasound propagation 

experiments were performed using ultrasound test blocks with reference flaws (1,5 mm 

SDH). By studying ultrasonic propagation through the weld, influences on the acoustic 

properties of the usually anisotropic welds can be observed. The first results of ultrasonic 

inspection lead towards the assumption, that for lower pulse frequencies an improved sound 

transmission can be obtained.  
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An impact of a reduced interpass temperature on the growth of dendrites could not be 

observed. Also, the maximum applied interpass temperature in the range of 210 °C – 245 °C 

did not show significant changes in the microstructure. Ultrasonic inspections of these welds 

are currently under way. 

Further studies considering the effects of high power ultrasound on the solidification and 

grain growth in the weld will also be conducted as within this research project.  
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