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The present paper discusses the possibility to use three different sources of concentrated heat stream to
repair superficial defects on AlZn10Si8Mg alloy castings. Simulated defects were prepared on specimens
taken from a production casting made with the use of low-pressure casting method. The energy sources
used to repair the defect were those known as MIG/MAG, TIG, and ML (micro-laser) methods. As the
filler, a AlSi5 welding wire was used. The quality of repair was assessed based on both destructive and
non-destructive testing. To evaluate porosity of the performed overlay welds, the computer X-ray tomog-
raphy technique was employed. Metallographic examination was used to assess macro- and micro-struc-
ture of overlay welds, measure geometrical parameters of the welds and the heat-affected zone, and de-
termine values of SDAS microstructure parameter. Hardness of overlay welds and the casting material
was measured with the use of Brinell hardness machine.
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1 Introduction

The AlZn10Si8Mg alloy is a new-generation mate-
rial used to manufacture castings which are character-
ized with satisfactory mechanical properties and do
not need any costly heat treatment as their mechanical
properties increase as a result of natural aging consist-
ing in keeping at ambient temperatures for 7—10 days
[1, 2]. The alloy gains increasing popularity in the au-
tomotive industry where it is used for components
working in vatiable load conditions and drives the
AlSi7Mg alloy used eatlier for such applications out of
the business [3], wherever the castings are expected to
show high fatigue strength which is affected by micro-
structure, non-metallic inclusions, and porosity. Some
authors [4-7] claim that fatigue cracks in castings of
aluminum-silicon alloys, i.e. in the group of materials
among which the AlZn10Si8Mg alloy is numbered,
nucleating in material discontinuities occurring in its
superficial region, play the key role in the structural
destruction mechanism.

In the process of manufacturing castings of non-
ferrous metal alloys, superficial defects such as poros-
ity, cracks, misruns, and cavities are typically repaired

with the use of MIG (metal inert gas) and TIG (tung-
sten inert gas) electric arc welding methods [8] and la-
ser welding [9]. In view of high solubility of hydrogen
in liquid metal and virtually no solubility in the solid
state matter, as a result of high heat concentration,
blowholes may appear in overlay welds. That can be a
significant problem in case of application of welding
methods which are characterized with high concentra-
tion of heat. In view of the above, the objective of the
study presented in this paper was to examine the ra-
tionale behind the use of one of three sources of con-
centrated stream of heat, namely MIG welding, TIG
welding, and ML (micro-laser) welding characterized
with different degree of heat stream concentration,
but in any case with the use of the same AlSi5 filler,
for repairing defects in AlZn108i8Mg0.3 alloy cast-
ings.

2 Experimental

The tests were carried out on samples taken from
a production AlZn108i8Mg0.3 alloy casting fabricated
with the use of low-pressure casting method. Chemi-
cal composition of the used AlZn10Si8Mg0.3 alloy is
detailed in Table 1.

Element Zn Si Mg

Tab. 1 Chemical composition of a production casting cast of AlZn108i8Mg0.3 alloy
i Fe Ti Sr Ni Al

Content (% wt.) 9.25 9.21 0.32

0.12 0.14 0.03 0.01

to bal.

On three samples, three grooves were made, each
40-mm long, 1.3-mm deep, and 3-mm wide. The dam-
aged surface was then repaired with the use of mult-

function welding device Speedtec 405SP equipped
with PF46 digital wire feeder (Lincoln Electric). The
applied welding techniques were MIG method, TIG
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method, and ML method for which semi-manual
SWA 300 laser system (SISMA) was used.

Parameters of the process of repairing the simu-
lated casting defect were optimized based on visual ex-
amination of the performed overlay welds. In case of
MIG method, electric current with intensity I = 175 A
and voltage U = 24 V was used, at the filler wire feed-
ing rate of 7.5 m/min and the shield gas (Argon 5.0)
supply rate of 14 1/min. Parameters of welding with
the use of TIG method were as follows: electric cut-
rent intensity I = 180 A at voltage U = 19 V; the shield
gas (Argon 5.0) supplied at the rate of 12 1/min; and

Tab.2 Chemical composition of ALSt5 wire

the tungsten electrode diameter 4 = 2.4 mm. When the
micro-laser welding method was used, the laser pulse
was generated at 32% of the maximum power, with
the pulse duration # = 5.9 ms, pulse repetition fre-
quency of 5 Hz, pulse energy of 18.6 J, laser beam di-
ameter of 0.8 mm, and the shield gas (Argon 5.0) sup-
ply rate of 15 1/min. In each of the concentrated heat
sources, AlSi5 wire was used as the filler chemical
composition of which is listed in Table 2. The wire
diameter varied depending on the method used and
was 1.2 mm for MIG method, 2.4 mm for TIG
method, and 0.4 mm for ML method.

Element Si Fe Cu

Mn Mg Zn Ti Al

Content (% wt.) 5.5 0.27 0.18

0.05 0.04 0.09 0.14

to bal.

From the prepared samples, specimens containing
overlay welds with the length of 23 mm each were cut
out for the purpose of examination with the use of
computer tomography. Examination of the specimens
was carried out with the use of X-ray computer tomo-
graph phoenix v|tome|x m equipped with direct
beam X-ray tube offering the operating voltage range
10-300 kV at the operating current intensity in the
range 5-3000 pA. The following X-ray scanning pa-
rameters were used: X-ray tube voltage — 250 kV; tube
current intensity —190 pA; single picture exposure
time — 500 ms; voxel size — 6 um. In the course of
scanning, 1000 pictures per specimen were taken and
used to reconstruct the image. Analysis of material de-
fects was carried out with the use of VG Studio MAX
2.2 software.

The specimens were then cut in the planes perpen-
dicular to their longitudinal axes to obtain metallo-
graphic sections by means of standard grinding and
polishing. Macrostructure of the sections was revealed
with the use of etching in 4% HF solution, whereas
microstructure was exposed by using 10% NaOH so-
lution. Examination of both macrostructure and mi-
crostructure was carried out with the use of Neophot
2 optical microscope equipped with OPTA-TECH
RT 16 camera. Measurements of geometry of the
overlay welds and width of the heat-affected zone
(HAZ) were taken. For both the casting material and
the overlay weld material, the structural parameter
used to evaluate the microstructure was SDAS — the
value of spacing between secondary dendrite arms
o(Al), measured with the use of Multiscan v. 18.03 ad-
vanced image analysis system. In case of the casting
material, X100 magnification was used to take the
measurements, whereas the material of overlay welds
was examined under X400 magnification. Each time,
counts were taken on 10 measurement areas with a to-
tal of 100 cells analyzed for each area. In the casting
material and in overlay welds, hardness HB5 was

measured with the use of ERNST brand hardness ma-
chine. The indenter was tipped with a steel ball with
the diameter of 1/4 inch.

3 Results

overlay weld
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Fig. 1Results of tomographic examination of
AlZn108i8Mg0.3 alloy casting areas with simulated casting
defect repaired with the use of MIG method; (a) 3 D view; (b)

transverse cross-section
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Fig. 2 Results of tomographic examination of
AlZn108i8Mg0.3 alloy casting areas with simulated casting
defect repaired with the use of TIG method; (a) 3 D view; (b)

transverse cross-section

Results of tomographic examination (3D views
and transverse cross-section) of AlZn10Si8Mg0.3 al-
loy casting areas where simulated defects were re-
paired with the use of MIG, TIG, and micro-laser

(ML) methods, are presented in Figures 1-3. Table 3
and Figure 4 present results of tomographic examina-
tion revealing pores occurring in specimens of ovetlay
welds.
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Fig. 3 Results of tomographic examination of
AlZn108i8Mg0.3 alloy casting areas with simulated casting

defect repaired with the use of ML method; (a) 3D view; (b)
transverse cross-section

Tab. 3 Results of tomographic excamination of defects occurring in overlay welds made with the use of MIG, TIG, and ML method

Repair method Number of pores in overlay | Average pore diam- | Pore diameter spread range, mm
weld specimen eter, mm
MIG 48 0.83 0.42-2.97
TIG 8 1.03 0.72-1.91
ML none - -

Results of the tests indicate that the material of the
casting fabricated with the use of low-pressure casting
method is characterized with a significant porosity. In
case of the overlay weld material, the highest porosity
was demonstrated by the overlay weld made with the
use of MIG method in which presence of 48 pores
was found in the specimen. Much less population of
pores, namely 8, characterized the overlay weld made
with the use of TIG method. Ultimately it turned out
the overlay weld made with the use of micro-laser

(ML) technique had no visible pores at all. Analysis of
pore dimensions revealed that in case of the overlay
weld made with the use of MIG method, the average
of pore diameters was 0.83 mm and varied within the
range from0.42 mm to 2.97 mm. In the overlay weld
made with the use of TIG method, the mean pore di-
ameter was 1.03 mm, but pore sizes varied within a
significantly narrower range, namely from 0.72 mm to
1.91 mm. To sum up that portion of research results
it should be emphasized that the difference in porosity
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observed in overlay welds made with the use of MIG
method and TIG method is a result of better stability
of the welding process in case of the latter.
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Fig. 4 Results of tomographic examination of defects occurring

in overlay weld specimens: (a) number of pores in overlay welds;
(b) average pore diameter in overlay welds

Figure 5 shows example views of macrostructure
observed in AlZn10S8i8Mg0.3 alloy casting areas after
the process of repairing simulated casting defects with
the use of MIG, TIG, and ML method.

Fig. 5 Example views of macrostructure of
AlZn108i8Mg0.3 alloy casting areas with a simulated cast-
ing defect repaired with the use of: (a) MIG method; (b) TIG

methody and (c) ML method

Results of microscopic examination are consistent
with images and measurements obtained with the use
of X-ray tomography. The highest porosity character-
izes the overlay weld made with the use of MIG
method. The pores are characterized with large size,
reaching the diameter of up to 3 mm. In case of the
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overlay weld made with the use of TIG method, the
void fraction and pore diameters were significantly
less. In overlay welds made with the use of ML
method, no porosity at all was observed.

Results of measurements of the geometry of over-
lay welds and the width of the heat affected zone
(HAZ) are given in Figure 6.

Overlay weld geometry parameters, mm

14 1331 13.11
12 | = Width
1 Depth
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HAZ width, mm
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0.2 - 0.07
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b)
Fig. 6 The effect of casting repair method on: (a) overlay weld
geometry; (b) HAZ width

Results of the research indicate that when either
MIG or TIG method is applied, the geometry of over-
lay welds is similar. It turned out that dimensions of
overlay welds are more than four times greater than
dimensions of the simulated casting defect. Applica-
tion of ML method enabled to repair the simulated de-
fect by filling it precisely. It turned out also that in case
of using the micro-laser technique, the heat-affected
zone width is more that twenty times less than that
obtained when MIG and TIG welding methods were
employed.

The microstructure of AlZn108i8Mg0.3 alloy
castings comprises phase o dendrites, the eutectic (o +
Si precipitations), and intermetallics (Figure 7a). The
material of a casting fabricated with the use of the low-
pressure casting method is characterized with pre-
sence of porosity (Figure 7b) which manifests in dete-
rioration of mechanical properties of the casting and
make it difficult to repair it with the use of welding
techniques. Example microstructures from the overlay
weld—-HAZ, area obtained when MIG, TIG, and ML
welding methods were used are presented in Figures
8, 9, and 10, respectively. In the area of overlay weld

made with the use of MIG method, numerous pores
of diversified size are visible presence of which was
revealed by tomographic examination. In the region of
overlay weld made by means of TIG technique, signi-
ficantly less pores were observed characterized with
smaller size. In case of the overlay weld made with the

use of ML method, no porosity was found.
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Fig. 7 Example views of AlZn108i8Mg0.3 casting material
microstructure. Etched with 10% NaOH, X100 magnifica-
tion. Areas (a) free of porosity and (b) with some porosity vi-
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FJg. 8 Exawp/e of microstructure of the areas of simulated
casting defect repaired with the use of MIG method. HAZ-
overlay weld, X100 magnification. Etched in 10% NaOH
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Fig. 9 Example of microstructure of the areas of simulated
casting defect repaired with the use of TIG method. HAZ-
overlay weld, <100 magmﬁmtzon Etched in 10% NaOH

casting material Nl

SR T T v

Fig. 10 Example of microstructure of the areas of simulated
casting defect repaired with the use of ML method. Casting
material—FH.AZ—overlay weld, X100 magnification. Etched in
10% NaOH
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Fig. 11 Example of microstructure of the areas 0f simulated
casting defect repaired with the use of MIG method. Overlay
weld, X400 magnification. Etched in 10% NaOH

N

Example microstructures from areas of overlay
welds made with the use of MIG, TIG, and ML met-
hods are presented in Figures 11, 12, and 13, respecti-
vely. Analysis of the microstructures in individual

areas indicates that in the case of the overlay weld
made by means of the micro-laser (ML) technique, the
highest refinement of phase o dendrites was obtained.
That was the effect of rapid crystallization and intro-
duction of the quantity of heat less compared to this
required when MIG or TIG methods are used.

FIg 12 Example of microstructure of the areas of simulated
casting defect repaired with the use of TIG method. Overlay
weld, X400 magnification. Etched in 10% NaOH
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FIg 13 Examp/e of microstructure of the areas of simulated
casting defect repaired with the use of ML method. Overlay
weld, X400 magnification. Etched in 10% NaOH
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Fig. 14 Results of measurements of (a) SDAS structural pa-

rameter and (b) bardness for casting material and the material
of overlay welds made with the use of different welding methods

Results of SDAS structural parameter and hard-
ness measurements taken for both the casting material
and the material of overlay welds made with the use of
welding methods characterized with different intensity
of the concentrated heat stream are presented in Fig-
ure 14.

Analysis of SDAS structural parameter and hard-
ness measurements indicates that application of MIG
method resulted in about 9-fold, the use of TIG
method in about 7.5-fold, and employment of ML
method in about 40-fold reduction of SDAS parame-
ter value compared to that characterizing the casting
material. It turned out that only in case of using the
micro-laser method, hardness of the overlay weld was
close to that characterizing the casting material. In
case of overlay welds made with the use of MIG and
TIG method, hardness values of the material were
much lower. The observation is all the more essential
because no heat treatment processes are applied to
AlZn10Si8Mg alloys.

4 Summary

e Castings of AlZn10Si8Mg alloys can be effec-
tively repaired with the use of filler in the
form of AlSi5 alloy wire and welding methods
characterized with different degrees of heat
stream concentration.

e Application of either MIG or TIG welding
methods which are commonly used to repair
aluminum alloy castings, turned out to be un-
satisfactory from the point of view of the
need to obtain overlay welds characterized
with sufficiently low porosity value. That is
due to large quantities of heat introduced into
the area of repair and tendency of aluminum

alloys to catch the gas porosity. As a result,

the overlay welds were characterized with di-
mensions several times larger than those of
the repaired nonconformance and hardness
values significantly lower compared to the
casting material.

e Application of the ML (micro-laser) welding
turned out to be the most effective method
for repairing superficial casting defects. The
technique, characterized with high concentra-
tion of heat stream within a small operating
area (the fact being evidenced by very small
HAZ width) enabled to obtain overlay welds
characterized with absence of porosity, a ge-
ometry close to that of the repaired noncon-
formance, and the hardness value close to
that of the casting material which is essential
because no heat treatment processes are ap-

plied to that type of alloy.
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