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Abstract:

Current ecological necessities and political developments led to the &#8220;energy transition&#8221; which will change future power

generation. However, highly efficient thermal power plants are still needed and the enhancement of their efficiency helps to achieve the

global  climate  protection  goals.  For  this  reason,  research  focuses  on  advanced  ultra-supercritical  (A-USC)  power  plants  running  with

importantly increased steam temperature. Increasing the working temperature of turbines results in tougher requirements on the materials

e.g. high-temperature stress rupture strength, oxidation behaviour, structure stability in long-time. One of the most promising candidates

to meet these challenges is the Ni-based super-alloy Alloy 617 and its further improvements Alloy 617B or Alloy 617 occ.

Laser welding is the preferable technique for precise welding. It can potentially been used for the manufacturing of e.g. turbine shafts,

super  heater  tubes,  fittings  or  flanges.  Scientists  at  Fraunhofer  IWS  [3]  developed  the  Laser-Multi-Pass-Narrow-Gap  (Laser-MPNG)

welding  technique.  It  overcomes  limitations  of  laser  welding  by  oscillating  the  laser  beam  between  the  two  side  walls  of  the  sea
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Test Material and Investigated Samples 

The test material is Alloy 617occ, which is a promising candidate for future HT/HP processes. Alloy 617 occ is melted and re-melted only in vacuum and an optimized chemical 

composition which leads to enhanced HT properties as well as improved weldability. Table 1 includes the chemical composition of Alloy 617occ test material. 

Table 1: Chemical composition in weight % of test material Alloy 617 occ 

Ni Cr Co Mo Ti Al Fe Mn Si C  P S V Nb B 

bal. 21,88 11,49 8,47 0,43 1,21 0,66 0,34 0,06 0,056  0,012 0,008 0,3 0,17 0,004 

 

The welding experiments and subsequent residual stress measurements were carried out on tubular elements. Figure 1 shows 2 cross sections to illustrate the microstructure. 

It shows that there is a pronounced texture with large grain (>100 µm, few carbides) and small grain (<100 µm, many carbides). Large grains are desired for improved creep 

resistance. 

 

Figure 1: left: Cross section transversal to pipe axis, right: Cross section in pipe axis 

 

Figure 2: Overview – left: pipe and pipe elements; middle: weld seam preparation; right: experimental set-Up. 

The samples were produced by Laser-Multi-Pass Narrow-Gap-Welding (Laser-MPNG) with an ultra-narrow gap using an oscillated laser beam to melt the joining partners and 

the filler material. Figure 2 shows on the left side the pipe, the prepared pipe elements and a weld sample, in the middle the ultra-narrow gap preparation and on the right side 

the experimental set-up. 

Two small samples were then extracted from the finished weld sample. One of these samples was subjected to a subsequent heat treatment for 3 hours at a temperature of 

980 °C. Figure 3 shows the two investigated samples. 

 

Figure 3: Investigated Samples 

Deviation from the originally proposed Sample 

Due to the further development of the welding procedure between application and execution, the original sample geometry (sample with outer diameter of 350 mm and a wall 
thickness of 36 mm (Figure with a maximum height of 40 mm) was changed. Therefore, 2 smaller samples from one weld sample were examined. On the one hand the aim 
was to reflect the current state of development (72.5 mm wall thickness and a height of ~10mm) and on the other hand the aim was to characterize the influence of the heat 
treatment. Because 2 complete weld samples can never be joined with exactly the same welding parameters due to component tolerances. It was important to take the 
samples "as welded" and "with PWHT" from a weld sample. 
 
Experiment Execution 

The set up at SALSA and sample orientation for the different strain components is shown in Fig.4. The instrumental gauge volume chosen was 0.6 (horizontal)x2(vertical) mm
2
 

for the incoming beam, and 0.6mm for the scattered. Due to the coarse grain size the hexapod was also oscillating ±5° in order to increase the statistics. About 20min per point 
were necessary to achieve a sound peak intensity. 
The scanning strategy consisted in 2 lines at different heights of the weld (18 and 54 from bottom). A width of ±10mm from the centre of the weld was characterized with 
asymmetric pitch (overlapping points in the HAZ and fusion zones). As reference, a point in the base material was taken (far field at 50mm from the weld). 
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Figure 4. Sample and set ups at SALSA for scanning the three principal strain components: Longitudinal (LONG), transversal (TRANS) and normal (NORM). 
 
Results and Discussion 

After first data reduction with LAMP software, the longitudinal component gave no diffraction signal in multiple locations, so that no clear strain tendency could be assessed and 
hence no stress calculation is possible. 
 
a)                            b) 

       
Figure 5. Problematic of LAMP data reduction for (a) as welded and (b) post weld heat treated in longitudinal component. (Please find the data in the attachment A.) 
 
With the aim of making a first estimation of the tendency of stresses, we deleted the most critical points (errors in 2Theta peak position>0.03) and calculated those as disclosed 
in Fig.6. However only transversal and normal components would be publishable. Furthermore, the chosen reference from the base material should be improved since 
microstructural changes across the weld have a strong influence already in the strain calculations. 
 

a)                b) 

      
Figure 6. Strain and stress components after point reduction (a) as welded and (b) heat treated. 

 
Conclusion and next actions 
 

In the present test there was a conflict between material properties (large grains) and instrumental gauge volume, especially for the longitudinal component and certainly 

texture. Before new stress scans can be performed, texture needs to be evaluated at different locations: parent material, heat affected zone and weld seam centre. This could 

be done destructively on the present samples using synchrotron X-rays. 

For this samples we could not have enlarged the gauge volume, since spatial resolution resolution decreases (HAZ < 1 mm, fusion zone 7.5-2mm), because of the specific use 

of the alloy, therefore we would like to have a complete strain tensor measurement of another material e.g. aluminium. 

Nevertheless the data obtained for transverse and normal strains will help towards in-house process simulation tools. 
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Attachments 
 

A- Problematic of LAMP data reduction for (a) as welded and (b) post weld heat treated in longitudinal component. 
 
a) as welded;                b) with post weld heat treatment 
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