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CONTROL OVER THE STEEL WELDING STRUCTURE PARAMETERS BY MICRO-JET COOLING

STEROWANIE STRUKTURA STOPIWA Z WYKORZYSTANIEM CHLODZENIA MIKROJETOWEGO PODCZAS SPAWANIA

The paper presents the characteristics of innovative technology of micro-jet cooling in MIG welding (according to PN-EN
ISO 4063:2009). Presented results received at different jet hole geometry and various coolant pressure. This technology allows
get, with appropriately selected parameters of cooling increased ferrite AF content in weld metal, up to 14% for standard MIG
technology. This structure proves toughness, especially at temperature -40°C.
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W pracy scharakteryzowano innowacyjng technologi¢ chtodzenia mikrojetowego podczas spawania metoda MIG (zgodnie
z norma PN-EN ISO 4063:2009). Przedstawiono wyniki badan uzyskanych przy réznych ustawieniach geometrycznych otworéw
chtodzacych oraz réznym ci$nieniu medium chtodzacego. Zastosowanie tej technologii pozwala uzyskaé, przy odpowiednio
dobranych parametrach chtodzenia wigksza zawarto$¢ ferrytu AF w stopiwie, do 14% w odniesieniu do standardowej technologii
MIG. Ma to wplyw na udarno$¢, szczeg6lnie przy temperaturze -40°C.

1. Introduction

To ensure the quality of welded joints must meet
certain criteria. In most cases, these criteria relate to the
value of weld strength, which ensure safety and durabil-
ity in operation. To comply this criteria it is necessary
to obtain adequate chemical composition and metallo-
graphic structure of the weld [1-4].

In the steel structure the best properties of weld
strength are achieved with low-oxygen processes (ap-
prox. 400 ppm). That beneficial amount of AF in weld
is connected with size, density and lattices parameters
of oxide inclusion in weld. Having the most optimal in-
clusions in weld it is only possible to get at last 65% of
AF in weld. The higher AF ferrite content the better the
plastic properties of the weld. However, the application
of actual welding technologies seems to be impossible
to obtain higher content of ferrite AF in weld above
65% [2-5]. It was necessary to develop new technolo-
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gy of weld cooling to maximize of ferrite AF content.
Micro-jet technology gives chance to obtain artificially
high amount of AF in weld that corresponds with better
mechanical properties of weld. The micro-jet technol-
ogy and injector parameters were used in the paper in
order to analyze higher amount of AF (above 65%) and
mechanical properties of weld [6, 7].

2. The weld metal cooling idea

This paper presents the results of a combined ex-
perimental in welding and other investigation focused
on the effects of micro-jet cooling process. MIG weld-
ing technology (with micro-jet cooling) was only used
in this work. Micro-jet technology allows for microstruc-
ture steering of weld. A diagram of the welding process
with micro-jet accessory is shown in the Figure 1.
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Control of process
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Welding process

- Welding method

- Speed of welding

- Current-voltage settings,

- Automatic advance of device
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Weld
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Cooling of weld process

- Fine-grained structure

- High amount of ferrite AF

- Rise in strength properties

- Increase in plastic properties,
- Increase of toughness,

- Cooling medium,

- Diameter of cooling stream,

- Velocity and intensity of cooling,

- Initial and final temperatures of cooling

- Others weld
Fig. 1. A diagram of the welding process with weld metal cooling
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Fig. 2. Cooling TTT curve of weld metal deposit with reference to Fe-C diagram, areas where weld metal cooling is done are clearly marked

In this process, weld structure is under control be-
cause weld is respectively cooled by micro-streams of
cooling medium (i.e. any liquid or gas). In that case,
argon was chosen as cooling medium. Argon is chosen
because of not oxidizing potential. Micro-streams of lig-
uid are generated by micro-jet injector.

The micro-jet injector applications in welding
process have been studied for low-alloy steel and
low-carbon steel. The stages of formation of metallo-
graphic weld structure are listed below (Fig. 2):

a) while continual cooling of austenite, coarse-grained
ferrite is first formed on the grain boundary,



b) next, plated ferrite is formed, it’s superficial is ori-
ented almost perpendicular to interior of the grains
of “ex” austenite,

c) finally, fine-grained ferrite is formed inside of the
grains,

d) at low temperatures, relatively a small quantity
of austenite may be transformed into bainite and
martensite,

e) not large quantity of austenite may remain in metal-
lographic structure (so-called remained austenite).
In Figure 2 are marked those areas where the process

of weld metal cooling is done. It may be noticed that this

process mainly takes place in the range temperatures of
from 800°C to 500°C. The marked content of carbon
in the weld metal results from the chemical content of

additional material which was applied to welding [8-11].
The metallographic structure of the low-carbon and

low-alloy weld metal consists mainly of three morpho-

logic ferrite forms (Fig.2) [12-14]:

— coarse-grained ferrite marked as GBF (grain bound-
ary ferrite),

— site plate ferrite, marked as PF (primary ferrite),

— fine-grained ferrite, marked as AF (acicular ferrite).

3. Experimental procedure

Weld metal deposit was prepared by welding with
micro-jet cooling with varied geometrical parameters.
The main data about parameters of welding were shown
in Table 1.

TABLE 1
Parameters of welding process
No. | Parameter Value
1 Prlnc.lpal diameter 4 mm
of wire
2. Standard current 220 A
3. Voltage 24V
Ar
4. Shielding welding gas Ar+1.5% O
82% Ar + 18% CO,
Number of tested (situatedli)ezr’pindicular
5. mlcro—Jgt cooling and parallel spaced
stream jets apart 4 mm, Fig. 4)
6 Micro-jet welding shielded Ar,
gas, gas pressure 0.4 and 0.6 MPa

Only argon was chosen for micro-jet cooling (with
diameter of 30 um of stream). Cooling gas pressure was

681

0.4 and 0.6 MPa. There were tested welding conditions
with installed micro-jet injector (Fig. 3). Cooling jets
were situated perpendicular (X) and parallel (Y) to the
direction of welding, spaced apart 4 mm. Equipment for
MIG welding with micro-jet cooling and testing stand is
presented in Figure 4.
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Fig. 3. Micro-jet cooling stream jets location

Fig. 4. Equipment for MIG welding with micro-jet injector

4. Results and discussion

The whole process of welding with micro-jet cool-
ing take place with similar conditions: with perpendicu-
lar injector (X 0.4MPa and X 0.6 MPa), with parallel in-
jectors (Y 0.4MPa and Y 0.6 MPa). Changes of micro-jet
cooling parameter were not only of the geometry of the
jets but also the gas pressure. The data presented in fig-
ure 5 are the average of the results of temperature at dif-
ferent parameters. For each parameter were carried out 5
times. The influence of additional weld cooling in range
800-500°C is precisely shown in Figure 5.
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Fig. 5. Weld cooling conditions with micro-jet injector

The chemical composition was the same in all tested
welds (Fig. 5). A typical weld metal deposit composition
was shown in Table 2.

TABLE 2
A typical chemical composition of weld with micro-jet cooling

No. Element Amount

1 C 0.08%

2. Mn 0.79%

3. Si 0.39%

4. P 0.017%

5. S 0.018%

6. (0] 380 ppm

7. N 85 ppm

There were typical analysed structures for MIG
welding with micro-jet cooling. Example of this struc-
ture was shown on Figure 6.

The micro-jet cooling was designed to increase the
amount of ferrite in the weld metal AF by reducing the
ferrite GBF and SPF. The metallographic analysis con-
firmed earlier assumptions. All tested samples of weld
metal with extra cooling demonstrated the increased
amount of ferrite AF for standard MIG technology. It

should be noted that a significant impact on increas-
ing the content of ferrite AF corresponds on injectors
parameters. When cooling injector is in position X (as
shown in Figure 3) and gas pressure was 0.4 and 0.6
MPa, cooling was too intensive for ferrite AF formation.
Acicular ferrite increscent was about 6% for the weld
structure in standard technology. The largest increscent,
up to 14% of AF in weld was observed in weld metal
after cooling injectors with setting Y (as shown in Fig-
ure 3) and gas pressure of 0.6 MPa. In this parameters
weld metal was cooled together with base material that
positively effects on the weld cooling. Gas pressure of
0.4 MPa at setting Y cooling injectors was too low and
there was no significant increscent of ferrite AF content
in weld.

TABLE 3
Metallographic structure of weld
Parameters .
. Ferrite AF MAC phases
of micro-jet
— 56% 3%
X 0.4 65% 2%
X 0.6 64% 3%
Y 0.4 60% 3%
Y 0.6 69% 2%
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Fig. 6. Example of typical analyzed structures for MIG: a) standard MIG; b) MIG with micro-jet (X 0.4); ¢c) MIG with micro-jet (X 0.6);
d) MIG with micro-jet (Y 0.4); e) MIG with micro-jet (Y 0.6). Magnification x 30

After that the chemical analysis, micrograph tests
and Charpy V impact test on pendulum machine of the
deposited metal were carried out. The Charpy V im-
pact test was preformed according to standard ISO 148-1
[14]. Samples for impact testing were prepared according
to standard ASTM A370 [15].

Samples prior to testing in accordance with the stan-
dard [14, 15] were subjected to machining. The notch
was made by milling. Used how to retrieve sections of
sample and execution weighting had no impact on mate-
rial properties. Due to the fact that the results obtained
with impact notched bending samples are comparable
only in the case tests of samples of identical size and
shape notch and under the same conditions, and there-
fore all samples used in the tests were performed using
the same tools. This is necessary because the dimen-
sion of the notch, and its shape significantly affect the
acquisition values of toughness.

The way of preparation of samples for Charpy test
was presented in Fig. 7 [15, 16]. Charpy V impact test
was carried out in such a way that the hammer blow was
to the middle notch, and the axis lying in the plane of
movement of the hammer and the blame was directed to
the supports.

Fig. 7. The way of preparation of samples for Charpy test
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The impact toughness results are given in table from
4. The Charpy tests were done mainly at temperature
+ 20°C, 0°C and — 40°C on 5 specimens having been
extracted from each weld metal.

TABLE 4
Impact toughness and amount of AF ferrite for welding with
shielding gas Ar

Nu.mbe.r of Test temperature, toﬁrggig;s,

micro jets °C |
X 04 - 40 50
X 0.6 - 40 51
Y 04 - 40 49
Y 0.6 - 40 54
X 04 0 66
X 0.6 0 65
Y 04 0 64
Y 0.6 0 67
X 0.4 +20 178
X 0.6 +20 180
Y 04 +20 176
Y 0.6 +20 179

The most beneficial influence of micro-jet cooling
on the impact toughness values can be seen at the low-
est tested temperature of -40°C (relative to the standard
technology). Those results are higher by 4-7 J depending
on the appropriate selection the cooling parameters. At
temperatures 0 and 20°C there was not visible changes.
This innovative technology is a very important one be-
cause it allows steering the structure and obtaining better
mechanical properties of welds.

5. Summary and conclusions

On the basis of investigation it is possible to deduce

that:

a) micro-jet cooling could be treated as an important
element of MIG welding process,

b) high amount of ferrite AF can guarantee respectively
good impact toughness properties.

¢) micro-jet cooling after welding can prove amount of
ferrite AF, the most beneficial phase in low alloy
steel weld metal deposit,

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

[9]

(10]

(11]

(12]

(13]

REFERENCES

T. Wegrzyn,J. Piwnik,P. Baranowski, A.
Silva, M. Plata, Micro-jet welding for low oxygen
process, Interational Conference ICEUBI2011 “Inova-
tion and Development”, Covilha, Portugal 2011.

A. Gruszczyk,J. Gdrk a, Heterogeneity of chem-
ical composition and the structure of welded joints and
padding welded joints. Welding Technology Review, 3
(2010).

T. Wegrzyn,D. Hadry$§, M. Miros, Optimiza-
tion of Operational Properties of Steel Welded Struc-
tures, Maintenance and Reliability, 3 (2010).

T. Wegrzyn,J. Mirostawski, A. Silva, D.
Pinto, M. Miros, Oxide inclusions in steel welds
of car body, Materials Science Forum 636-637 (2010).
VK. Goyal, PK. Ghosh, J.S. Saini, Influence
of Pulse Parameters on Characteristics of Bead-on-Plate
Weld Deposits of Aluminium and Its Alloy in the Pulsed
Gas Metal Arc Welding Process. Metallurgical and Ma-
terials Transactions A 39, 13 (2008).

T. Kasuya, Y. Hashiba,S. Ohkita, M. Fuji,
Hydrogen distribution in multipass submerged arc weld
metals, Science and Technology of Welding&Joining 6/4
261-266 (2001).

J. Stania, Influence of phase transformations in the
temperature ranges of 1250-1000°C and 650-350°C on
the ferrite content in austenitic welds made with T 23
12 LRM3 tubular electrode. Archives of Metallurgy and
Materials 50, 3 (2005).

K. Krasnowski, Influence of Stress Relief Anneal-
ing on Mechanical Properties and Fatigue Strength of
Welded Joints of Thermo-Mechanically Rolled Struc-
tural Steel Grade S420MC. Archives of Metallurgy 54,
4 (2009).

T. We grzyn, Mathematical Equations of the Influ-
ence of Molybdenum and Nitrogen in Welds. Conference
of International Society of Offshore and Polar Engineers
ISOPE2002, Kita Kyushu, Japan 2002, Copyright by In-
ternational Society of Offshore and Polar Engineers, vol.
IV, ISBN 1-880653-58-3, Cupertino — California — USA
2002.

T. We grzy n, Proposal of welding methods in terms
of the amount of oxygen, Archives of Materials Science
and Engineering 47, 1 57-61 (2011).

G. Golanski, J. Stania, Effect of different heat
treatments on microstructure and mechanical proper-
ties of the martensitic GX12CrMoVNDbNO91 cast steel.
Archives of Metallurgy and Materials 57, 4 (2012) (in
point).

T. Wegrzyn, J. Piwnik, D. Hadry§, R
Wieszata, Car body welding with micro-jet cooling,
Archives of Materials Science and Engineering 49, 1
(2011).

K. Lukaszkowicz, A. Kriz, J. Sondor,
Structure and adhesion of thin coatings deposited by
PVD technology on the X6CrNiMoTil7-12-2 and X40



685

CrMoV5-1 steel substrates, Archives of Materials Sci-  [15] ISO 148-1 Metallic materials — Charpy pendulum im-

ence and Engineering 51, 40-47 (2011). pact test — Part 1: Test method.
[14] D. Hadrys$, M. Miros, Coefficient of restitution of  [16] ASTM A370 Standard Test Methods and Definitions for
model repaired car body parts; Journal of Achievements Mechanical Testing of Steel Products.
in Material and Manufacturing Engineering 28, 1, Ryn,
Maj 2008.

Received: 20 March 2012.



