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Investigation of the possibility of restoring worn-out crane wheels
by surfacing
Parmen Kipiani
parmen.kipiani@atsu.edu.ge
Tevdore Pkhakadze
Svetlana Mindadze
David Tigishvili

Akaki Tsereteli State University
Kutaisi, Georgia
DOTI: https://doi.org/10.52340/atsu.2024.2.24.12

The paper deals with the study of the possibility of restoration by surfacing the worn
wheel pairs of cranes and various welding methods and techniques that can be applied in
the process of restoration. The ways of obtaining defect-free welded joints equal to the
base metal are considered. Selection and use of welding materials that will allow to obtain

surfaces with better wear resistance than that of the new wheelsets.
Keywords: welding; surfacing; welded joint; welding materials; wera resistance.

Equipment used on construction sites, construction materials manufacturing,
and other enterprises works often under harsh conditions. Pairs of parts working
for attrition, together with other active factors, have to work under abrasion
conditions. One of such abrasion pairs is the pair of wheel and rail.

Currently, the restoration of worn-out parts of used equipment in various
ways is becoming increasingly relevant in the construction industry. Often,
one of the main conditions of restoration is to obtain such a surface, the wear
resistance of which will be better than that of a new wheel, and there will be no
defects on the restored surface.

The cranes that are in operation in Georgia are imported from abroad, and the
situation is complicated by the fact that almost all factories manufacturing cranes,
their products are manufactured in accordance with their own specifications,
and, therefore, there is no unification of assemblies and parts of cranes. Crane
wheels are manufactured in various diameters and materials, from both medium
carbon and high carbon steels.

During the loading of in-service crane wheels, periodic abrupt amplitude
stresses occur when passing rail joints, crosses, and irregular surfaces. This is also
affected by the irregularity of the thread area of the wheelset. In addition, heating
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and rapid cooling of the wheel surfaces when they leave the contact zone, cause
changes in the structure of the metal. The arising normal and tangential stresses,
temperature load, and structural transformations occurring in the thread area of
wheels cause their abrasion, plastic deformation, and the formation of various
defects.

When operating cranes, each organization itself has to solve the problem of
providing them with spare parts, and mainly this problem is solved by surfacing
worn parts.

Surfacing is considered to be one of the most efficient and cost-effective ways
to restore worn parts (Lozinski 2002: 31-40). During restoration, materials of
different compositions are often combined, of which, as arule, one is characterized
by poor weldability and low crack resistance. Both medium-carbon and high-
carbon steels are characterized by low crack resistance. To solve this problem,
preheating and accompanying heating of the parts to be restored is often used.
After the surfacing is completed, it is necessary to ensure a reduction in cooling
rate, which significantly increases material costs, power consumption, and the
efficiency of the surfacing. At the same time, when restoring worn parts by
surfacing, the metal mass applied to the parts does not exceed 6%, which causes
several times less metal consumption than when manufacturing new parts, and it
is 4-25% of the consumption for new parts.

The efficiency and reliability of the wheels of cranes restored by surfacing
depend on many factors: operating conditions, chemical composition and
mechanical properties of base and welding materials, wheel dimensions, welding
modes, heat treatment, welding methods and techniques, etc., that is, on the
development of optimal surfacing technology (Kipiani 2002: 46-51).

We have carried out wheel restoration works on wheels made of steel 45 with
a diameter of 260 mm, with preheating and slow cooling after welding.

Unfortunately, most of the existing enterprises in Georgia are characterized
by little choice in terms of welding equipment, so at the initial stage of the
work, we analyzed those welding methods and techniques for which appropriate
equipment already exists, and there is a possibility of their use for the restoration
of wheels by surfacing.

The experimental part of the work was carried out in the welding laboratories
of the Akaki Tsereteli State University.

Manual arc welding. As shown by observation, manual electric arc welding
is the most suitable means for surfacing worn wheels, given the simplicity of
the equipment. Although, the formation of weld metal and obtaining a defect-
free welded joint depend largely on welder’s qualification. In addition, the
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consumption of welding material is significant due to frequent adjustment of the
electrode and the desire to avoid the formation of “craters”. Due to the uneven
surface of weld metal, post-weld machining on the lathe is associated with
certain difficulties. Although the slag protection of the weld pool is done well,
there were slag inclusions in some places of weld metal. It can be said that it is
possible to restore worn wheelsets by this welding method, although there are
some difficulties and productivity is also low.

Semi-automatic welding in an atmosphere of shielding gases. The use of this
technique and welding method allowed to obtain a better quality of weld metal,
to increase productivity in comparison with the method of manual electric arc
welding, and, when using some welding materials (e.g., of an austenitic class),
to eliminate the need for preheating and the need for slow post-weld cooling.
Although, the formation of weld metal and obtaining a defect-free welded joint,
as noted above, largely depend on welder’s qualification.

The works were performed with the help of a welding semi-automatic
machine LF24M and a power source 425S. The experiment was conducted using
welding wires Cs-10XITCM® and Cs-08X20HII'7T on the following modes: I -
150-170 A; U, - 22-24 V; d, - 1,4 mm.

The use of welding wire Cp-10XITCM® showed that in order to obtain a
defect-free welded joint, it is necessary to preheat the worn wheels up to 150
C. At the moment of welding start, the temperature should not be lower than
100 °C. To ensure slow post-weld cooling, the wheel was placed in a sheet metal
fabricated thermostat, which was preheated.

The use of austenitic grade Cs-08X20HOI'7T welding wire showed that to
obtain a defect-free welded joint, there is no need for preheating of the wheel
and slow post-weld cooling. Although, inspection of the hardness of weld metal
showed that when surfacing with austenitic grade wire, this index is 70-80HV less
than in the case of surfacing with Cs-10XI'TCM® wire, this significantly reduces
the wear resistance of the restored wheel. In addition, the cost of austenitic class
welding wire CB-08X20HOI'7T is several times higher than the cost of wire Cs-
10XTCM®.

Submerged arc welding. The use of automatic submerged-arc welding has
made it possible to obtain better quality weld metal. The welded rolls are much
better formed than in the first two cases.

Productivity increased, and, when using some welding wires, along with their
high strength and hardness, a defect-free welded joint was obtained. The wheel
was heated up to 150 °C, and after welding is finished, it was cooled slowly with
a thermostat.
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Welding was performed using a welding machine ADF-1202 with a power
source VDU-601. To rotate the wheel with the required speed (welding speed),
a training lathe was used, on which the wheel to be restored was fixed with a
special rod.

Welding was performed under the flux layer AN348A using Sv-08G2S, Sv-
08XM and Sv-08XG2SMF wires of 2-mm diameter at the following modes: I
-250-260 A; U -24-26 V; V- 30 m/h.

When surfacing with Sv-08G2S wire, no defects, such as cracks in the weld
metal, were observed. However, hardness of weld metal did not exceed 180-
210HV units. At surfacing with wire CB-08XM (both in the thread area and on
the finges), hot cracks were found in weld metal, mostly in the zone of transition
from the thread area to the flange, where the deformation value is greater than
the plasticity of the material. The hardness of weld metal was in the range of
220-250HV.

In the metal welded with Cs-08XI"2CM® welding wire, in some cases, there
were some hot cracks in the transition zone from the thread area to the flange.
The hardness of weld metal was in the range of 260-290HV.

Comparison of cut samples showed that in the metal welded with Cs-08I2C
wire, there were almost no defects, although hardness is quite low, and presumably
wear resistance was low as well. In the metal welded with Cs-08XT'2CM® wire,
a small number of defects were observed, hardness is the highest, and, in case of
adjustment and improvement of surfacing technology, it is possible to exclude
the appearance of defects in weld metal. The metal welded with CB-08XXM wire
showed defects like cracks both in the thread area and on the flanges.

The presence of defects such as cracks in the metal deposited with various
wires was checked using an ultrasonic quality control unit, and wear resistance
was established by determining the hardness of the deposited metal and testing
the restored wheel pairs for abrasion under real conditions.

The analysis of the obtained results allows us to draw the following conclusions:

— All three welding methods can be used to restore worn wheels;

— In terms of the formation of weld metal and efficiency, the best results are
obtained by automatic submerged arc welding;

— The best result in terms of wear resistance of the restored surfaces and their
resistance to defect formation is weld metal obtained using CB-08XI2CM®
wire and AN348A flux.
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