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This study examines parameters of post-weld heat treatment on the test specimens made of cast steel GS30Mn5.
The welding is performed with shielded metal arc welding (SMAW) process. The aim is to obtain the surface without
illicit cracks, with hardness ranging from 320 up to 400 HB. After induction heating, the specimens are cooled alter-
nately with air and water. Decreased speed of quenching results in avoiding the occurrence of illicit splashes, while

the hardness is maintained within the prescribed limits.
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INTRODUCTION

Damages on castings may occur due to dirt and re-
sidual gases, or due to rapid cooling [1]. Welding can
repair cracks, corrosion effects and errors in castings. In
some cases, new layer can be welded on castings in or-
der to extend the lifetime of a component or equipment
[2]. Additional requirements are sometimes set on the
welded layer in terms of achieving the appropriate
structure and hardness. This paper elaborates welding
parameters of specimens made of GS30Mn5 cast steel
and effects that subsequent heat treatment has on the
structure and hardness of the specimens.

EXPERIMENTAL PART

The GS30Mn5 cast steel is often used in manufac-
ture of large and heavy castings [3], which are exposed
to various wear mechanisms. The Table 1 overviews
chemical composition of GS30Mn5, and plates used in
our experiment were prepared.

Table 1 Chemical composition of the GS30Mn5 / wt. %
Element C Mn Si P S Cr | Ni | Cu

Request DIN 0, 1, < < <
17205 27 20 0, 0, 0,
+ + 60 | 020 | 015
0, 1
34 | 50

Test plate 0,31| 1,41 {040 0,014 | 0,005|0,19| 0,25 | 0,14

In delivered casting conditions, hardness of castings
was below 200 HB. For a welder to be able to detect
errors in a material, depths and types of cracks, and to
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determine quality of surface and thickness of welding
layer of a material. According to [4], it is defined that
surface cracks longer than 2 mm before the hardening
and cracks in length up to 5 mm after hardening are ac-
ceptable. It is also defined that the hardness after hard-
ening shall range from 320 up to 400 HB.

EXPERIMENT RESULTS

Surface dimension and quality shall meet all re-
quirements defined by the technical documentation.
Therefore, the machine parts shall apply non-destruc-
tive control methods, such as magnet, hardness measur-
ing and fingerprinting of the structure [5]. The Figure 1
shows a characteristic test performed on prisoners
dredgers. Control indication of surface cracks is per-
formed with a magnetic method.

Damages may occur in characteristic forms, e.g. as
inclusions of dirt, inclusions of residual gases and
cracks of different forms due to rapid cooling of cast-
ings. If considering the fact that the base material
GS30Mn5 has a C,,, = 0,61 %, there is a need for pre-
heating before welding [6]. If multiple layers are weld-
ed, then the temperature of the previous layer should be
equal to the reheating temperature. If C,,  is greater than
0,6, then it is necessary to overheat the material to a
temperature of 200 + 300 °C. Shielded metal arc proce-

b)

Figure 1 The characteristic example of determining the
formation of cracks indications; a) control indication
of surface cracks with magnetic particles; b) the
appearance of surface damage
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dure is applied to repair illicit cracks. The reason for
choosing this procedure is the fact that the cracks were
only locally present. To check the possibility of improv-
ing the damage, coated electrode in diameter g 2,5 of
composition: = 0,06 % C; 1,4 % Mn; 0,3 % Si; 0,015 %
Pand 0,01 % S [7], is selected as an additional material.
Those electrodes are chosen because of their chemical
composition and mechanical properties. Declared me-
chanical properties of the electrodes are shown in the
Table 2. It is important to note that the declared content
of carbon is very low and that the minimum declared
ductility is 28 %. The low content of the carbon is a
prerequirement for decreasing excretion of the mar-
tensite and the too high hardness. Relatively high duc-
tility should reduce the risk of cracking.

Table 2 Declared mechanical properties of additional
materials [7]

Yield strength | Tensile strength | Ductility A, Toughness
R .,/ MPa R./MPa /% KV (-20°C) /)
min. 480 min. 580 min. 28 min. 200

Plate in dimension of ~ 50 x 150 x 300 mm is pre-
pared for this experiment. The temperature of preheat-
ing plate is 230 °C. Control of target temperature is per-
formed with corresponding digital portable device. Af-
ter overheating of the plate, welding is performed at
three points along the plate length. Welding voltage (U)
amounted to 23 + 26 V, current welding (1) amounted to
110 + 140 A, voltage of idle was 60 V, and energy of
efficiency for melting of 0,78 at the speed of welding of
1,5 mm/s. Welding is performed in one, two and in three
layers, as of Figure 2. The aim is to cover different sizes
(depth) of surface damages. The weld surface is leveled
with the milling to the first pure measure. Samples are
cut for control of hardness and metallographic analysis.
Surface hardness is controlled by the Brinell method
(HB, ¢1000n5) ON three points along the welded layer
length and on three points in the heat affected zone. The
measured hardness values of the welded layer and of
heat affected zones are given in the Figure 2.

Control of the base material and the welded layer is
performed in a non-etched condition. Evaluation of the
metallurgical cleanliness is performed according to
ASTME 45 [8]:

- the base material exhibited the presence of inclu-
sions of type D and globular oxide type, heavy series

No. 3;

= At oERP T e S 4 : T e

Figure 2 The test plates welded with SMAW process and the
results of measurements of surface hardness
HB

2,5/1000/15
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Figure 3 The characteristic structure of weld (a) and heat
affected zone (b), magn. 400 x, etched nital 3 %

- the weld showed inclusions of type D and oxides of

globular type — easy series No. 5.

Characteristic structures of the weld and of heat af-
fected zone in etched condition are shown in the Figure
3. The weld structure is fine-grained, dendritic, with no
anomalies in the form of micro - and/or macrocracks.
Likewise, the structure of the heat affected zone is fine-
grained without anomalies.

After analysis of the structure, control of hardness is
completed on metallographic samples. The Figure 4
shows the results of control hardness HV10 on the
cross-section. Based on the results of hardness meas-
urements, it is concluded that the measured values of
the base material and of the welded layer are ranging
from 180 to 195 HV and of the heat affected zone from
200 to 220 HV.

Based on these results, it is concluded that the meas-
ured values of the base material and weld were below the
prescribed value. It is therefore necessary to carry out in-
duction hardening. This procedure leads to overheating
of the surface layer to the desired depth, to reduce occur-
rence of macro deformation to a minimum. In order to
continue this experiment, the test plate is cut transversely
to the welding direction, and then divided into two equal
parts, marked as test plate 1 and test plate 2.

Induction hardening of samples

On the test plate 1, heating of the surface is per-
formed with flat inductor with cooling by water. The
following parameters of the induction hardening are ob-
tained: energy F, 54 %; feed S, 5 mm?; frequency, 15,4
+ 15,5 kHz; generator F, 13 %. Appearance of the in-
ductors is shown on Figure 5a.

165 165 168 174 161 153
X X X X X X X X x
172 175 154
Xy X X T x x 5 X
1927183 188 210 505 204 210 199 187,
x 185 x174 x183
x 182 x183 x 180

x 192 x 182 X 168

Figure 4 Schedule of measurement places on the sample and
the measured hardness HV10 on the cross - section
of welds before the induction hardening
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a)
Figure 5 Inductors for hardening of welded samples

Figure 6 The characteristic structure of weld (a) and heat
affected zone (b) induction hardened samples
cooled with water, magn. 400 x, etched nital 3 %

After induction hardening of the test plate, hardness
of surface layer and of base material was measured by
the Brinell method. Measured values are ranging from a
minimum of 528 HB to a maximum of 560 HB. Based
on a comparison with the prescribed or permitted values
of groove hardness (320 + 400 HB), it is concluded that
the cooling parameters should be changed. Because of
the high speed of heat removal, partial elimination of
martensite occurred in the surface layer. Probably, re-
gardless of the very low content of carbon contained in
the electrodes (C < 0,06 %), as a consequence the ad-
ditional material is mixing with the base material. The
sample surface layer structure is characterized as fine-
grained, dendrite without microcracks, as of Figure 6a.
Similar structure is observed in the heat affected zone,
as of Figure 6b.

Induction hardening of samples

In order to avoid too high hardness (limits are 320 +
400 HB), it is necessary to choose a slightly slower
speed of cooling. Therefore, inductors with two systems
for cooling the heated surfaces are developed: the first
system cooled the surface by air, and the second system
cooled the same surface by water. The systems operated
in a very short periods of time, alternately one after an-
other. The appearance of this inductor is shown on Fig-
ure 5b. Selected parameters of the induction hardening
are the same as for hardening and quenching by only
water. After hardening, surface hardness control is per-
formed. Final control shows that the selected parameter
of hardening and quenching by combined air and water
could achieve satisfactory values of surface hardness,
as presented in the Table 3.

The structure is examined after the induction hard-
ening. The Figure 7a presents the structure of the base
material. It is characterized by a relatively coarse grain,
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Table 3 The results of hardness control after induction
hardening and quenched air/water

Test place Hardness HB, ;. o1
Basic material 373 +384
Heat affected zone 377 +379
Welded layers 287 + 312

b)
Figure 7 The characteristic structure of the base material (a) and
heat affected zone (b), magn. 400 x, etched nital 3 %

however, it is evident that the material was subjected to
heat treatment. Anomalies in the form of microcracks
are not observed in the structure. The structure of heat
affected zone is extremely fine-grained, without micro-
cracks, Figure 7b. The structure of the weld is similar to
that, as shown in Figure 6a.

CONCLUSION

Hardness in prescribed limits of minimum 320 up to
maximum 400 HB is achieved by a cooling with alter-
nation of air and water after induction heating. At the
same time, there were illicit cracks and macro deforma-
tion avoided. It is necessary to apply scientific methods
in the analysis of tribosystem elements and in selection
of parameters for welding and heat treatment. The de-
scribed experiment proves that it was possible to
achieve satisfactory structure and hardness without the
presence of illicit anomalies that could affect the unac-
ceptability of criteria given by the relevant norms.
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