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In this study, wear behaviour of crankshaft journals filled by a submerged
arc welding with different welding wires and powders is investigated. Hard-
ness and microstructure variations in the submerged arc welding are exam-
ined. In addition, the amount of weight loss in abrasion samples of filling dry
and lubrication ambience is measured under 40 N loads. It is observed that
the amount of abrasion decreased with the increase of hardness at a certain
point. Thin wire structure is provided for better abrasion resistance, and
abrasion decreases with lubrication.

B pa6ore nccienoBaH pesKuM n3HOCcA mamnd KoJeHYaTOro Bajia, 00paboTaHHBIX
IYTOBOM CBApKOM Ioa (hJIIOCOM C Pas3INYHLIMUA CBAPOUYHBIMHU IIPOBOJIOKAMHU U
mopoIinkamu. 3yueHbl Bapuauy TBEPAOCTH U MUKPOCTPYKTYPHI IIPU JYTOBOM
cBapke mon durtocom. Kpome Toro, Oblia mamMepeHa BeJIWYNHA IOTEPH Beca B
obpasiax, IOABEPTHYTHIX HCTUPAHUI0O B CYXWX M CMA30UYHBIX Cpegax IIpu
Harpyskax B 40 H. Ha6uronanocs yMeHbIIeHNE BeJIMYNHELI UCTUPAHUA C yBe-
JUUYeHneM TBEPAOCTU IO OIIPeleIEHHOTO0 IIpeneia. BeLIo ob6ecneueHo MUCIIOJb-
30BaHUE TOHKOM IPOBOJIOKU AJIsS JIYYIIIEero COIIPOTUBIEHUS UCTUPAHUIO, a HC-
THUPaHNE YMEHBIITAJIOCh IIPU CMAa3Ke.

B pob6orTi gocirimkeHo peskuM CIpaIlloBaHHA Iand KOJiHYacToro Baay, 06poo-
JIEHUX OYTOBUM 3BapIOBAHHAM IIif (hrocoM 3 pisHMMU 3BapiOBaJIbHUMU APO-
TaMu i moporrkamu. JlociifkeHo Bapiaiii TBepAOCTi Ta MiKPOCTPYKTYPHU IIpU
IyroBOoMYy 3BapioBaHHIi miz durrocom. Kpim mporo, 6ysio BUMiIpAHO BeJIUUYUHY
BTpaTH Baru B 3pasKax, HiJJaHUX CTUPAHHIO B CYXUX i 3MaIlyBaJbHUX cepe-
moBuIlax mpu HaBaHTaKeHHAX v 40 H. Cmocrepiranocsa 3MeHIIIeHHA BeJIAYHU-
HU CTUPAHHSA 3i 30iJBIITEHHAM TBEPJOCTi 0 meBHOI rpauui. Byio 3abe3meue-
HO BUKOPHUCTAHHS TOHKOTO APOTY JJIS KPAIIOTO OIOPY CTUPAHHIO, a CTUPAHHA
3MEHIITyBaJIOCA IPU 3MAIIlyBaHHi.
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1. INTRODUCTION

The most severe degradation modes that crankshaft bearings have to
face are friction and wear. Surface damages generated by the sliding
contact with bearings limit the life of the shafts and therefore reduce
their durability and reliability. Wear of machinery components is one
of the most common problems in engineering applications[1]. Hardfac-
ing is a surface treatment to improve surface properties of metals, in
which welding metal having excellent resistance to wear and oxidation
is deposited onto a surface of a substrate [2]. The weld deposition of
hardfacing alloys is commonly employed in industry to increase the
service life of components subject to abrasive wear [3]. Hardfacing is a
technique used to enhance surface properties of a metallic component,
as a specially designed alloy is surface welded in order to achieve spe-
cific wear properties [4]. Several welding techniques such as oxyacety-
lene gas welding (OAW), gas metal arc welding (GMAW), shielded
metal arc welding (SMAW), and submerged arc welding (SAW) can be
used for hardfacing [5].

Submerged arc cladding has been used in modern industries, espe-
cially for the heavy section steels and for a large structure surfaces
needing to be modified [6]. In high-productivity submerged-arc surfac-
ing, the dilution of the filler material with the parent metal can be ef-
fectively reduced by using alloyed agglomerated fluxes and/or cored
wires [7, 8]. In submerged-arc welding, there are several ways of in-
creasing welding efficiency. The followings are known: multiple-wire
welding, multiple-electrode welding, hot wire welding, cold wire weld-
ing, and welding with metal-powder addition [9]. The submerged arc
welding process is commonly used due to its easy applicability, high
current density and its ability to deposit a large amount of weld metal
using more than one wire at the same time, especially in restoration of
worn parts, which is of great importance to manufacturers [10-13]. It
can be available in automatic or semi-automatic mode and has good re-
liability [14—-16].

In this study, in order to investigate the effect of submerged arc
welding on the wear behaviour of worn crankshaft bearings, wear tests
are performed. For this purpose, various weld wires and fluxes are
used.

2. EXPERIMENTAL STUDY

In this study, abrasion behaviour of submerged arc welding is investi-
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gated in different wire and powder filling for welding onto crankshafts
in automotive industry. In the experiments, a Mercedes OM 355 lorry
crankshaft was used. The composition of used material is presented in
Table 1. In the experiments, the wires with diameter of 1.2 mm and
different chemical composition of welding powders added to metal are
used. The chemical composition of welding wires used in welding and
the properties of the powders are presented in Table 2 and Table 3, re-
spectively.

In the experimental study, submerged arc welding machine, Peter-
son Machine, is used. This machine is equipped with an automatic spe-
cial construction-welding device for the crankshaft journals welding.
In the machine, the variation of voltage and current can be read, and
welding speed is controlled easily. Within the given parameter range,
the crankshaft journals have to be welded by five welds from left to
right. During the welding, the temperature should not exceed 250°C
between the passes (Table 4).

The welding region of the crankshaft journals (seven main journals
and three pin journals) was cut through the vertical pivot axis by the

TABLE 1. The chemical composition of base metal.

Element| C ‘ Si ‘Mn| P ‘ S ‘Cr‘Mo|Ni‘A1‘Co
% Ratio|0.420 0.273 0.773 0.017 0.024 1.06 0.036 0.146 0.018 0.021

TABLE 2. The chemical compositions of added metal used in the experiments.

. Compositions
Add wire
C Si Mn
SG2 0.08 0.85 1.45

SG3 0.06-0.13 0.80-1.15 1.60-1.85

TABLE 3. The chemical compositions of welding powders used in the experi-
ments.

Powder used for welding ‘ Composition
20% Si0, + TiO,, 25% CaO + MgO,
35% A1203 + Mn03, 15% CaF,

44% Si0y+ Ti0,, 23% CaO + MgO,
24% Al,05+ MnQO;, 7% CaF,

OP 139 (Oerlikon)

OP 176 (Oerlikon)

Linkolin H 560

. . (no given)
75% Linde 55 + 25% Lincoln 760
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TABLE 4. The welding parameters used for welding.

Welding (Code of|] Add Current of Speed of weld-
. . Powder of weld . .
region [Sample| wire weld, A |ing, mm/min
Fi'rst main 1A SG2 75% lindeb55 + 25% Lin- 210+5 550
journal coln 760
Secj'ond main 29A  SG3 75% lindeb5 + 25% Lin- 210+ 5 550
journal coln 760
Third main g, ga3 Oerlikon 139 210+5 550
journal
Fourthmain — » = g9 Oerlikon 139 210+5 550
journal
Fifthmain 5, g3 Lincoln H560 210+5 550
journal
Sixthmain ¢, gqo Lincoln H560 210+5 550
journal
Seventh
main jour- TA  SG3 Oerlikon 176 210+5 550
nal
Firstpin - 4p  gg2 Oerlikon 176 180+5 500
journal
Second in 50% LincoreH560 + 50%
ol 2B SG2  (75linde55+%25Lin-  180%5 500
journa
coln 760)
Third pin 50% LincoreH560 + 50%
. Pl 3B SG3 (75linde55+ %25 Lin- 180%5 500
journa
coln 760)

ribbon saw. The abrasion samples with dimensions 10x10x10 mm? are
prepared (Fig. 1). Four pieces are prepared for the abrasion tests on
every journal (totally eight pieces dry and lubricated), totally 80 pieces
pattern. The faces of the prepared samples are levelled appropriate to
the abrade mechanism.

As shown in Figure 2, the abrasion experiments are performed in
abrasion test apparatus. In the experiments, 40 N loads are applied and
abrasion is carried out at the speed of 330 rpm in dry and lubricated
conditions. Petrol Office 20x50 oil is used in lubricated abrasion.

Firstly, the samples are cleaned with alcohol and cellulose thinner
for the abrasion experiments and initial weight is scaled on a digital
balance with 0.001 g precision. The abrasion operations are stopped
through every 100 m and weight losses of the samples are measured.
The weight loss during the abrasion occurred in sample before the scale
operation is stopped and the experiments completed at 1300 m. In
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Fig. 1. Filling of the crankshaft journals and preparation for the abrasion
samples.

Fig. 2. Abrasion apparatus.

these experiments, 330 rpm and 50 mm diameter abrasion discs are
used for abrasion test. During the abrasion test, the required time is
calculated for same distance to every sample using the following equa-
tions:

S=ndnt, t=Y/(nnd),

where S—distance (100 m), n—speed (330rpm), d—disc diameter
(50 mm), t—time (s), which is equal to

t=100/(3,14-330-0,05)=1,93 min=116s.

The specimens for abrasion, hardness and microstructural examina-
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tion were machined from the welding area with the dimensions of
10x10x10 mm?®. The microstructural samples were prepared with the
conventional techniques and etched with 2.5% Nital solution. Micro-
structure was examined by PRIOR optical microscope. The measure-
ments of welding samples were perform using HRc machine for four
regions in welding area such as base metal, partly transformed zone,
grain growth zone, and welding zone. As a result, four measurements
were made for each zone and average value is reported for each speci-
men.

3. RESULTS AND DISCUSSION
3.1. Hardness Measurements

Figure 3 shows the amount of hardness of the crankshaft journals
welded with submerged arc method with different wire and powders
(pass of weld zone, heat affected zone (grain growth and partly trans-
formed zone) and base metal).

As shown in Fig. 3, hardness values of the heat affected zone (HAZ)
and base metal are different. Maximum hardness was measured from
the final pass of weld metal, then grain growth zone (in melting border
neighbouring influence region), partly transformed zone (from HAZ of
the base metal), and base metal showed the lowest hardness. Further-
more, similar hardness values are obtained on the base metal. Howev-
er, different hardness values are obtained in the welding zone and oth-
er regions. In Figure 3, the reason for changing hardness in the weld-
ing samples is caused by different composition of additional metal and
powder type in welding process. It is known that the welding zone is
composed of base metal and added one.

During the welding, the powder is used for protection of the welding
region from negative effects of the air. The melted powder causes weld-

D
S

V]

/@Z/

\‘%
e S s N e e
%

Hﬁrdness, HRC
S

Do
S

Weld zone Grain growth Partly

Base metal
zone transformed zone

Fig. 3. Hardness values measured in the welding samples.
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ing of alloys and decreases the cooling speed on the welding seam. Dur-
ing the welding, additional metal is sent directly into the welding pool,
and then mixtures and welding zone are formed due to high tempera-
ture and turbulence of base metal and the additional metal. Under
these conditions, welding metal appears during the welding using ad-
ditional metal and, depending on chemical composition of powder pro-
tecting the welding zone, different hardness values are obtained in the
work.

As it is seen from Figure 3, used additional metal affects filled sam-
ples of the same powder and welding parameters for the hardness of
welding zone. Here, it is observed that hardness values of the welding
with the filling of SG2 wire are higher than that of SG3 wire filling of
the samples. When investigating chemical compositions of two wires,
the amount of chemical element in SG3 wire is higher than that of SG2
wire. For this reason, hardness values are higher in the presented sam-
ples with SG3 wire filling comparing with the other fillings. As it was
reported in the previous works concerning submerged arc welding [10,
17], hardness of welding changes very much with welding wire and
composition of powder. The present results are consistent with the
previous studies.

3.2. Abrasion Resistance

The parameters of submerged arc welding with different wires and
powders using filling welding and the amount of abrasion in ambience
with dry and lubricated conditions has been taken and illustrated in
Fig. 4 and Fig. 5, respectively.

As shown in Figure 4, maximum abrasion resistance is obtained in
2A sample (SG3 wire and 75% linde + 25% Lincoln 760 powder), then

0.18 —e—1A
0.164 +2A
®00.14 ——3A
0.12 —=—4A
: 0.10 5A
fn —a—6A
= 0.08
4 —a—TA
F 0.064
= —»—1B
)
£ 0.04 9B
0.024 3B
0.00% - T T T T T —— EM
200 400 600 800 1000 1200 1400

Abrasion distance, m

Fig. 4. Dry abrasion relationship between abrasion interval and loss of total
weight.
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Fig. 5. Lubricated abrasion relationship between abrasion interval and loss of
total weight.

in 1A, 3A, 4A, 5A, 6A, 7TA, and finally minimum abrasion resistance in
1B (SG2 wire and Oerlikon 176 powder) sample has been measured.
When this order is carefully investigated, abrasion resistance of weld-
ing with SG3 wire is higher than that in SG2. This is caused by the
presence of higher content of C, Si, and Mn elements in SG3 wire. In
addition, the total weight loss slowly increases with the increase of
abrasion distance in the graph. The reason of the slowness in total
weight loss is caused by the work hardening during the abrasion. The
presented results are consistent with the earlier works[10, 18].

In Figure 5, where the abrasion graph is obtained in lubricated con-
ditions, the abrasion resistance is performed in such an order: 2A, 1A,
3A, 4A, 5A, 6A, 3B, 2B, TA, and 1B. One of the ways to reduce abra-
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Fig. 6. The hardness results on loss of total weight loss in dry and lubricated
conditions.
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sion is forming of oil layer, which creates the friction among the work-
ing surfaces.

The comparison of hardness and weight loss is shown in Fig. 6 for
welding samples under dry and lubricated conditions. It is seen that
the samples 1B and 7A demonstrate maximum abrasion in weld with
the lowest hardness in the present work. However, the maximum
hardness values of 6A and 5A samples are not welds with minimum
abrasion.

The samples 2A and 1A demonstrate minimum abrasion in the cur-
rent study (Fig. 6). In the experimental works, the value of optimum
strength was obtained using these values of the welding parameters.
Therefore, high hardness values played a role to increase the abrasion
resistance comparing to lower ones in the samples of 1B, 7TA, 2B, and
3B.

It was reported in the literature [19] that if hardness overpasses the
certain level (i.e., optimum hardness), it does not mean that hardness
increment gave extra abrasion resistance. Here, it is concluded that
the more important issue than the hardness is the chemical composi-
tion of additional metal and welding powders.

3.3. Microstructure Investigation

Figure 7 shows the optical micrographs obtained from the welded sam-
ples. It is seen from Fig. 7, a that microstructure has finer and long
shaped grains and their grain type is acicular ferrite. It is known that
two-dimensional view of acicular ferrite looks needle-like in optical
microscope; therefore, it is called as acicular.

In the microstructure (Fig. 7, b), the solidification of welding metal
is realised according to the central line of the welding, and grains are
oriented in the direction of the heat flow. The reason for maximum
abrasion resistance in the samples 1A and 2A is their finer, thinner
and homogeneous microstructure, and optimum hardness of welding
metal and at the same time the higher abrasion resistance of the alloy-
ing elements in melting powder.

As it is seen from the microstructure of welding metal (Fig. 7, c—f),
grain dimensions increased and fine and thin shaped structure gradu-
ally transformed into the equiaxed grains. Evaluating of microstruc-
ture and abrasion test results together, it is observed that abrasion re-
sistance decreases with the increase of grain caused by lower strength
of the coarse grains (Figs. 6 and 7).

4. CONCLUSIONS

1. In the present study, optimum abrasion resistance is obtained in the
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Fig. 7. The micrographs of optic microscope: 1A welding zone (a), 1A welding
transition zone (b), 3A welding zone (c), 5A welding zone (d), 1B welding zone
(e) and 3B welding zone (f).

powder mixture of 75% Linde 55 + 25% Lincoln 760 and in SG3 wire.

2. Abrasion resistance of fine-grained structure is higher than that of
the coarse-grained structure.

3. The higher carbon, manganese and chromium content in welding
wire, the higher abrasion resistance for welding metal is observed.

4. Within the parameters’ ranges used in this study, the hardness in-
crement affects the abrasion positively up to an optimum level; howev-
er, the higher hardness influenced it negatively.

5. Weight loss for abrasion in lubricated ambience has more ad-
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vantages than that in the dry conditions.
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