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Abstract

The paper presents, the impact of process variables on connection parameters during micro-welding of H800
superalloy. The research discusses the apparatus and features, including the advantages of the welding
procedure. The process variables determining the influence of pulse micro-welding method on the
metallographic structure of welds of thin superalloys were given. The process uses a thin sheet of H800
superalloy welded on a C22 alloy substrate. During the experiment, welded joints of tested superalloys were
obtained and the characteristics of their microstructure were examined. Welding of thin sheet was made by
means of resistive pulse welding using the SST WS 7000s device. The focus was on the leading tested
parameters, such as microhardness and observation of the weld microstructure. The aim of experiment was
to check the regeneration possibility of heat and mechanically loaded machine parts made of superalloys.
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1. INTRODUCTION

The high replacement costs of aircraft gas turbine blades and vanes have created a fast-growing, highly-
specialized segment of the gas turbine repair industry. Gas turbine blades experience dimensional and
metallurgical degradation during engine operation [1,2]. Dimensional degradation derives from wear, nicks,
dents, hot corrosion and, in the case of coated blades, stripping and recoating as in repair. Metallurgical
degradation derives from fatigue and high-temperature creep. Some degradation, depending on location and
extent, is amenable to "repair"; the definition of repair being rather broad [3,4]. Microwelding resistive-pulse
technique [5-8] is a thermo-electric process in which heat is generated at the interface of the parts to be joined
by passing an electrical current through the parts for a precisely controlled time and under a controlled pressure
also called force. The microwelding is often included in the "non-traditional" or "non-conventional" group of
machining methods together with processes such as electrochemical machining (ECM), water jet cutting (AWJ)
[9], laser cutting [10], Electrical Discharge Machining (EDM) [11-14] and opposite to the "conventional” group
turning, milling, grinding, drilling etc. Welding is used to repair cracks but filler materials have their own limits
(welding repair limits) based on the mechanical stresses (centrifugal stresses and gas fl ow stream load) to
withstand. There are different types of welding: G as tungsten arc welding (GTAW) or tungsten inert gas (TIG)
welding; plasma and microplasma transferred arc welding (PTAW); laser welding (LBW) (LPW) (LFW);
electron-beam welding (EBW). Microwelding is used where due to the small size of the deposition areas
conventional welding techniques are excluded of use. Microwelding resistive-pulse technique allows for a
significant increase in scope of repairs arising comparing to traditional methods of regeneration [15-17].
Nowadays, achieved by modern equipment for microwelding current voltage parameters indicate the possibility
of producing connections of elements made of Ni-based called superalloys. In the available literature, the
authors frequently shall take the study of superalloys thin sheet connections made by various microwelding
methods [18-21]. Paper is focused on microwelding effects as "non-conventional" manufacturing methods.
The aim of the research is to study the effects of spot welding thin sheet of H800 superalloy welded on a C22
alloy substrate. The aim of experiment was to check the regeneration possibility of heat and mechanically
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loaded machine parts made of superalloys. These are materials that are widely used in the aerospace and
energy industries.

2. EQUIPMENT AND MATERIAL

The spot welding were made using the device to microwelding WS 7000 S from SST France & Vision
Lasertechnik. This machine welding generates pulses with an average frequency of 5000 Hz. The welding
parameters are summarized in Table 1.

Table 1 Microwelder SST WS 7000s - Characteristics

Parameter Characteristics

Supply ~220V /50 Hz /60 Hz

Type of Converter Medium frequency 5 kHz

Maximum Welding Power 10 kW

No Load Voltage U20 36V

Type of Control Current Regulation

Welding Time 1-250 ms

Current Accuracy 8A

Maximum Impulse Speed 16

Maximum Welding Capacity 1/0.3

Adjustable Parameters - Welding Amperage in %
- Welding Time in MS
- Single Impulse / Multi Impulse Welding Cycle
- Form of Impulse (Powder / Wire - Sheet)

A thick tape 150 yum was made from Inconel 800 by cold rolling, and spot welded on the sample from Chronin
C 22 (cuboid shape). The spot welding of thin sheet of superalloys Chronin C 22 and Inconel 800 were obtained
used following parameters:

° the applied welding amperage in the range of 70%-90 % of the power device (max. 7000 A);

° welding time 10 ms;
° form of impulse: wire-ribbon;
° duty cycle: multi impulse welding cycle.

The alloys studied are the Chronin C 22 and Inconel 800, whose compositions are given, respectively, in
Table 2.

Table 2 Composition (in wt.%) of Chronin and Inconel 800

Alloy Ni Fe Cu S Si Mn Cr Co Mo Ti Al \' w Mg
Chcfg'z“" 56.82 | 4.09 . 0.001 | 0.048 | 0.31 | 21.48 | 003 | 13.78 | - - 0018|320 | -
'"ggge' 741 | 8.95 | 0.0005 | 0.001 | 0.28 | 0.20 | 15.96 | 0.021 - |o0200|022]| - - | 0.006

3. WELD MICROSTRUCTURE

To illustrate structures of the joints we used the metallographic microscope Nikon Eclipse MA200 with the
image analysis system NIS 4.20. During the preparation process for the joint were samples cut across the
weld and mounted in resin. After proper polishing and etching the weld structure was subjected to observation.
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b)

Figure 1 Microphotography of weld structure; welding amperage70%

Figure 2 Microphotography of weld structure; welding amperage 80%

Figure 3 Microphotography of weld structure; welding amperage 90%

4, MICROHARDNESS OF MICROWELDED JOINTS

Microhardness tests were carried out by using a Vickers indenter, with an applied load of 100 g (0.98 N) for
15 s. For investigation there was used Matsuzawa Vickers microhardness MX 100 type. There was applied
load 100 g (0.98 N). The tests were performed on the cross-section of the weld. Measurements include material
zones of the Fusion zone (FZ) and Heat affected zone (HAZ).
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Figure 4 Microphotography of weld structure with intender view and microhardnes mark; welding amperage
a) 70% b) 80% c) 90% of power

5. RESULTS AND DISCUSSION

Material selection is a key factor in gas turbine performance and lifecycle cost because it has a central influence
in the maintenance of the gas turbine. Further, the operation of a gas turbine does result in gas path
degradation that impacts lifecycle costs and eventually design, manufacture, material choice and maintenance.
A component repair programme that minimizes maintenance costs and maximizes equipment availability can
be instituted to meet or improve lifecycle cost. This chapter presents the key factors influencing the need for
maintenance and the choices available. Figures 1 to 3 show examples of optical micrographs of the etched
cross-section for welded joints with linear weld geometry. Figures also show various zones with different
microstructures characterize the welded specimen: base metal (BM), heat-affected zone (HAZ) and fusion
zone (FZ). All examined specimens showed that there was no re-melting through the two microwelded
elements, with an average penetration width of about 0,04 mm bottom elements (i.e. around half the thickness
of joined sheets). The HAZ has an average width ranging from a few um, which is characteristic for used
techniques of welding [18, 19]. In our specimens, a larger width FZ is generally observed in the sheet closer
to the impulse source (see top part in the Figures). Instead, the HAZ has almost the same width in both upper
and lower sheet.

In all welded joints examined, the FZ is characterized by small columnar-shaped grains. The upper sheet there
was re-melted through. In the middle fusion zone there are tiny equiaxed grains. Meanwhile in place where
the microhardness should appear the lowest because of longest way of heat transfer, the microhardness value
has reached maximum. The “softer” microstructure of welds could be explained by a slower cooling rate in
weld material, caused by the particular geometry of the microweld. On the surface of upper sheet at contact
point - the joint between upper and lower sheet, separates highest heat development due to the flow of
electrical impulses. In fact, during welding the heat remains entrapped inside the joint and then gives higher
temperatures during long time, with reduced cooling rate on the microwelded material. A similar phenomenon

1509



'gY, ..
MEILAL

2018 May 23" - 25 2018, Brno, Czech Republic, EU

is observed regularly during the tests of connections of thin sheets from superalloys, as well as during the
welding of regeneration layers made of superalloys into elements with larger cross-sections. The
microhardness distribution (see Figure 4) in the cross section of microweld is relatively balanced and does not
exceed 70 HVo.1. It was expected that at the centre of the microwelded zone will be the lowest hardness values
are shown generally depending on the position in the weld area as a result of different microstructures. The
hardness of FZ ranged in values 175-280 HV, and BZ ranged in values 220-280 HV, respectively to the place
of measurement. In all joint types, an increase of micro-hardness is observed in FZ, due to harder
microstructures that are caused by melting and subsequent rapid cooling during welding, and which have
already been observed in previous metallurgical studies. In some of analyzed specimens, the micro-hardness
appear to increase towards the center of FZ, while decrease at the edges.
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Figure 5 X-ray line scan of the superficial layer after microwelding process using a 90% of power

SEM examination was performed using a JEOL JSM 7100F microscope with microprobe Oxford EDS X-series
- Figure 5. The results showed that there is a possibility of obtaining the joint between C22 substrate and
superalloy H800. It was important to that did not occur significant diffusion of C22 in the direction of superalloy
H800. As a result of EDS analysis, there was no diffusion of elements C22 in the direction of superalloy H800.
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During the welding process has taken place, diffusion of other elements in the direction of Fe in the direction
of H800. Additional studies are required to determine the effects of these phenomena on the properties of the
alloy H800 at the maximum operating temperatures. It should be added that the diffusion zone is very small.
Other chemical analysis carried out at a greater distance from the weld not showed elements diffusion.

6. CONCLUSION

The article presents the impact of process changes on the parameters of the connection in the pulse micro-
welding of the H800 superalloy. The microstructural and mechanical characterization of thin layers deposited
from superalloys by microwelding was investigated. Welded samples with a linear weld bead were observed.
The changes in the welding pulse power affected the characteristics of microhardness and the geometry of
the joint. Welding morphologies were characterized by dynamic temperature changes that accompany micro-
welding processes, using millisecond high-frequency electrical impulses. The most important effect of the
research is the increase of microhardness in the WZ weld zone, which is higher than in other zones. Heat
affected zone is very small and difficult to observe. This means that the total strength of the joint is controlled
by the strength of base metal which is compatible with the area of full penetration welding characterized by
higher microhardness (and therefore higher static strength) compared to base metal. The applied welding
technology enables the repair of minor damage to components constructed on the basis of super alloys, such
as gas turbine blades, centrifugal pumps and devices for controlling the flow of turbulent fluids working under
cavitation conditions. All connections proved to be stable in the 70-90% range of amperage. Considering the
microstructure observation, 80% of amperage seemed to be most effective for creating of regeneration layer.
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