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Abstract

This study presents results of stress rupture test of MAR-M-509 cobalt alloy samples, as-cast and after surface refining with a concentrated
stream of heat. Tests were conducted on samples of MAR-M-509 alloy castings, obtained using the lost-wax method. Casting structure
refining was performed with the GTAW method in argon atmosphere, using the current / = 200 A and electrical arc scanning velocity
vs= 100, 150, 200 and 250 mm/min. The effect of rapid resolidification of the MAR-M-509 alloy on the microstructure was examined and

significant improvement in stress rupture test was observed.
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1. Introduction

MAR-M509 is a cobalt-bases superalloy. It displays good
mechanical properties and in particular creep resistance, oxidation
and corrosion resistance [1]. The MAR-MS509 alloy is used to
produce a segmental ring sealing the low-pressure turbine in
aircraft jet engines. During changeable operational conditions,
described by a complex engine loads spectrum, the ring is subject
to variable fields temperature and stress fields. The load spectrum
for the battlefield support aviation, fighting aviation and civil
aviation aeroplanes indicated that for achieving the momentary
maximum thrust, the driving assembly often reaches parameters
which exceed the permissible limits [2]. Increasing thrust is
accompanied by a violent increase in exhaust gas pressure and
temperature; decreased thrust is accompanied by decrease of these
parameters. Temperature and pressure variations as well as stress
changes related to them intensify wear of the power unit elements.
Thus, the importance of new material refining methods is

growing, as they will allow to improve the aircraft engine
components’ functional properties such as, for example, heat
resistance and high temperature creep resistance.

Recently, methods which allow for surface refining of casts
by remelting them superficially with concentrated stream of heat,
with later rapid resolidification, have gained increasing popularity
[3, 4]. Rapid resolidification of the surface layer of cobalt cast
alloys enables obtaining tiny dendritic grains of y-phase and
super-fine carbide phase precipitations. Service properties of parts
made from MAR-M-509 alloy are the result of the properties and
morphology of all structural components occurring in the alloy
[5-7]. The aim of the present study was to determine the effect of
rapid resolidification on the microstructure and stress rupture test
of MAR-M-509 alloy samples.
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2. Material and experimental conditions

The cobalt alloy (MAR-M-509) was prepared in the Leybold
Heraeus inductive vacuum furnace. The chemical composition of
the MAR-M-509 cobalt alloy shown in Table 1.

Table 1.
The chemical composition of the MAR-M-509 cobalt alloy
Content of elements, wt.%
C Si Ni Cr W Ti Fe Ta Zr B Co
0.57 0.13 1031 23.10 7.10 017 0.18 3.78 0.34 0.01 rest

Casts of plates for surface fusing were of the following
diameters: 110x30x5 mm. Moulds of plate casts were prepared
in the lost-wax method (Fig.1).

The plate casts were fused with electric arc plasma (the
GTAW method) at the stand which allows for intensified removal
of heat by washing the plate bottom surface with water.

Fig. 1. Preparation of MAR-M-509 alloy plate casts; a) wax
model set, b) wax model set with ceramic coating, ¢) mould
annealing, d) ceramic mould after filling with liquid metal

The plate remelting process was conducted on both sides,
with overlapping runs. The current used was I = 200 A, and the
advance speed was v, = 100, 150, 200 and 250 mm/min. Selection
of these parameters of the superficial remelting process
guaranteed obtaining remelting areas from 2.7 mm to 3.2 mm
deep.

Microstructure of MAR-M-509 cast alloy and after surface
refining is presented in Fig. 2. The samples were etched
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electrolytically in a solution of 50 ml HNO; and 50 ml H,O.
Voltage applied was 9 V with etching time of 3 seconds.

BLIAR " L T e T ALY L e BRI
Fig. 2. Microstructure of MAR-M-509 alloy; a) as-cast, b) after
rapid resolidification (/=200 A, vs = 250 mm/min)

Shape and dimensions of the sample for the stress rupture test
are presented in Fig. 3.

The stress rupture test was performed at the stand presented in
Fig. 4. Stress value was 62 MPa. The study was conducted at
temperature 1093 +3 °C.

The results of MAR-M-509 alloy samples stress rupture test
are presented in Table 2 and Fig. 5.
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Fig. 4. Stress rupture test stand

POLSKA AKADEMIA NAUK

Table 2.
Time to rupture of MAR-M-509 alloy samples

Variant  MAR-M-509 alloy Time to rupture of

samples, h
- as-cast 29
after rapid resolidification
1 (vs =100 mm/min, [ = 40
200 A)
after rapid resolidification
2 (vs =150 mm/min, I = 41
200 A)
after rapid resolidification
3 (v =200 mm/min, I = 42
200 A)
after rapid resolidification
4 (vs =250 mm/min, [ = 44
200 A)
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15

as cast | variant 1 variant2 variant3 variant 4

Time to rupture of samples, h

Fig. 5. Time to rupture of MAR-M-509 alloy samples

For the purpose of quantitative determination of the effect of
history of the material on susceptibility to origination of cracks on
metallographic sections, the number of cracks adjacent to sample
edges was counted as well as the number of cracks located in the
centre of thickness of the samples (Fig. 5). The measurements
were carried out in the 15-mm wide strip adjacent to the fracture
profile line. Such width of the measurement strip allowed to take
into account all cracks observed in the analysed samples.

direction of 15 mm
counting

direction of
counting \
direction of
counting

Fig. 6. Designation of the region on metallographic sections and
directions for which cracks were counted

For all of the counted precipitates, their lengths were
estimated. The results are presented in Table 3.

It was found that the material degradation process in the creep
resistance endurance test occurred much more intensively in the
case of MAR-M-509 alloy samples in as-cast condition, compared
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to samples cast from MAR-M-509 alloy after rapid
resolidification. This resulted in the increased time to fracture for
MAR-M-509 alloy samples subject earlier to rapid
resolidification.

Table 3.
The effect of the material’s history on the number of cracks
adjacent to the sample edge and number of cracks located in the
centre of thickness of the samples

Number (length in mm) of cracks

MAR-M-509 alloy adjacent to the

sample edge

in the samples’
thickness centre

9 (0-0,3), 5(0-0,3),
3(0,3-0,6), 3(0,6-0,9),1(0,9-1,2), 1
as-cast 2(0,6-0,9), (1,2-1,5),
1(12-15) 4 (above 1,5)
after rapid
resolidification 3(0-0,3), ¢ ob d
(vs = 250 mm/min, 1(0,3-0,6) not observe

1=200A)

An example microstructure of samples made of MAR-M-509
alloy in as-cast condition and after rapid resolidification
(vs =250 mm/min, /= 200 A), after the stres rupture test, is
presented in Figure 7.

a)

b)

A 1 ATE BNEAN 188 (Fhistt e
Fig. 7. Microstructure of MAR-M-509 alloy samples after stress
rupture test: (a) in as-cast state, (b) after rapid resolidification

(v, = 250 mm/min, /=200 A)

The obtained results show that in the case of samples made of
MAR-M-509 alloy in as-cast condition, cracks both at surface of
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the samples and in their inner regions were observed, while in the
case of MAR-M-509 alloy samples after rapid resolidification,
cracks located near the surface were observed. The cracks
developed in direction almost perpendicular to the tensile force
applied to the samples. Concentration of the cracks decreased
with increasing distance from the fracture surface. Most
frequently, the crack development path ran along borders of y-
phase dendrites, from one micro-crack of carbide precipitate
towards another carbide precipitate containing a micro-crack.

3. Conclusions

The use of the rapid resolidification technique allows
obtaining high refinement of the structural components of MAR-
M-509 alloy. The effect is an increased time to rupture of the
samples.

Time to rupture of MAR-M-509 alloy samples after rapid
resolidification is 38-51% higher compared to the time to rupture
of samples of the alloy as-cast.
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