IOP Conference Series: Materials Science and Engineering

PAPER « OPEN ACCESS You may also like

g . . [ - Evaluation of mechanical properties o
Reconditioning and hardening of mining Tib, 0 coranic composie-coatig on
AISI 1020 mild steel by TIG cladding

equipment hydraulic cylinder working surfaces by Sujeet Kumar and Anil Kumar Das

using of double-electrode cladding echnologies: 2 nte element bisjoaraphy
(1995-2005)

Jaroslav Mackerle

To cite this article: S | Zverev and A M Fiveyskii 2020 IOP Conf. Ser.: Mater. Sci. Eng. 966 012086
- Effect of WC content on microstructure
hardness, and wear properties of plasma
cladded Fe—Cr—C-WC coating
Renyue Yuan, Xuewei Bai, Haozhe Li et
al.

View the article online for updates and enhancements.

@ The Electrochemical Society
\ Advancing solid state & electrochemical science & technology
243rd ECS Meeting with SOFC-XVIII

More than 50 symposia are available!

Present your research and accelerate science

Boston, MA « May 28 — June 2, 2023

Learn more and submit!

This content was downloaded from IP address 194.226.245.187 on 18/10/2022 at 06:08


https://doi.org/10.1088/1757-899X/966/1/012086
/article/10.1088/2631-8695/ac5ae7
/article/10.1088/2631-8695/ac5ae7
/article/10.1088/2631-8695/ac5ae7
/article/10.1088/2631-8695/ac5ae7
/article/10.1088/2631-8695/ac5ae7
/article/10.1088/2631-8695/ac5ae7
/article/10.1088/0965-0393/13/6/011
/article/10.1088/0965-0393/13/6/011
/article/10.1088/0965-0393/13/6/011
/article/10.1088/2053-1591/ac0b79
/article/10.1088/2053-1591/ac0b79
/article/10.1088/2053-1591/ac0b79
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsvLFjht1vO78U6a-j-Mh_y_L15uzU0FbJeeFIRsDJqE1oTdrHayuXgVtYJhF5z_rlvN0B8_6jCXZUfi85T2hNxm8_aST-LndRaF38x6VpI1utnmVlwGVZfJWm6288egzB38hp9JSxnOqt7qyjsT4_g2GfCIGuz3qt-wcdFn63pajSgErtgy4z9DMY3feXgGk4rFITNQzCkSaQtxYt7NUmATR7jsHwV5GpJynLhYqe1C8Qkdd_5ramPcQ7iajdwJrWRPT7Ddl5X7X9WJMbQJ4dp71RzwLjoHTYUGW6EwjeUGiQ&sai=AMfl-YS8djuvnqBWo9cJbPvOm7N6QYDkaW6t9PeZDMLYW2H31FTjLSf81Xx2Ydq3o8lNWPEVLj92qTJtvsB0MriN4A&sig=Cg0ArKJSzKA0E9bDI1ug&fbs_aeid=[gw_fbsaeid]&adurl=https://ecs.confex.com/ecs/243/cfp.cgi%3Futm_source%3DIOP%26utm_medium%3Dbanner%26utm_campaign%3D243Abstract

15th International Conference on Industrial Manufacturing and Metallurgy IOP Publishing

IOP Conf. Series: Materials Science and Engineering 966 (2020) 012086 doi:10.1088/1757-899X/966/1/012086

Reconditioning and hardening of mining equipment hydraulic
cylinder working surfaces by using of double-electrode

cladding

S 1 Zverev' >3 and A M Fiveyskii':?

"'SHTORM Co. Ltd, 620100, Yekaterinburg, Russia
? Ural Federal University named after the First President of Russia B N Yeltsin, 19,
Mira str., Yekaterinburg, 620000, Russia

E-mail: 3 zverev.upi@gmail.com

Abstract. For high-performance and high-quality reconditioning of the working surfaces of the
hydraulic cylinders of mining equipment, technology is required that allows you to recondition
the surface of the part that meets high requirements for accuracy of shape, hardness and
roughness. There are several approaches to obtain the required properties. Comparative
overview of the specifics of various approaches showed that arc cladding is the most effective
and easiest way to recondition the geometric shape of a part applying to mining industry. It is
interesting to obtain a weld metal with the structure of metastable austenite, which special
properties allows to reach needed hardness and roughness of the cladded layer’s surface by
subsequent surface rolling with plastic deformation. Unfortunately, to obtain the structure of
metastable austenite it is needed low dilution rate of the base metal in the cladded metal, that is
the reason to realize two layers cladding, which significantly reduces productivity of the
method. In order to reduce the required number of cladded layers and obtain the structure of
metastable austenite already in the first layer it could be applied multi-electrode processes —
double-electrode cladding.

1. Introduction

One of the types of mining equipment is shaft lining. A particularly critical element is hydraulic
cylinders that lift and maintain the face rock. The peculiarity of the operating conditions of hydraulic
cylinders is determined by the difficult conditions of an environmental severity, the chemical activity
of mine water, variable dynamic and shock loads from the falling rock. The main reason for the failure
of the hydraulic cylinders of the mine lining is a violation of the tightness of the rod sealing system
due to the following defects of the rod working surface: seizures, nicks, corrosion, Figure 1.

Figure 1. a — seizurs; b — nicks; ¢ — corrosion [1].
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2. Main part

In order to increase the service life of the hydraulic cylinder and increase the resistance of the rod to
the occurrence of unacceptable defects, requirements are imposed on the working surface of the rod
for high-accuracy geometric shape, hardness of about 55+60 HRC and roughness of not more than
Ra=0.4[2].

The production of new parts for hydraulic cylinders and their transportation to the places of mining
operations leads to large material and time costs. Parts that fail, in 70% of cases are subject to
reconditioning, therefore, the reconditioning of parts of hydraulic cylinders of mining equipment is a
main priority [3—5]. To recondition the rod of the hydraulic cylinder, there are several approaches.
A comparative review of the specifics of various approaches as applied to reconditioning the working
surface of the rod of the shaft lining, showed that arc cladding is the most effective and easiest way to
recondition the geometric shape of a part.

To obtain the required properties of the working surface, it is interesting to obtain a weld metal
with the structure of metastable austenite [6]. With this structure, the special properties of the cladded
metal are known — hardening under the influence of external deformation loads. Based on the above
described property — strain hardening — it is possible to apply the technology of surface rolling with
plastic deformation [7] (hereinafter referred to as SPD) after cladding and lather machining, which
will increase the hardness of the working surface of the cladded metal to 55 HRC, which is required
for rods. With SPD, the effect of smoothing roughness on the metal surface is also known, which leads
to a decrease in roughness. This phenomenon makes it possible to obtain the surface roughness
Ra<0.4 required for rods by lather machining of cladded layer with subsequent SPD. The
experiments showed that such properties are obtained only in the second cladded layer [7], Figure 2, 3.
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Figure 2. Surface hardness depending on the number of cladded layers [7].
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Figure 3. Surface roughness depending on the number of cladded layers [7].

An increase in the number of cladded layers significantly reduces the productivity of the process.
The simplest and most relevant way to increase productivity is to use multi-electrode processes [8].
Therefore, as an option to increase the cladding productivity, it is advisable to apply the method of
double-electrodecladding [9], which can provide low dilution rate of the base metal in the cladded
metal — about 12 v%. In order to reduce the required number of cladded layers and obtain the structure
of metastable austenite already in the first layer, a schematic of the process of double-

electrodecladding of a cylindrical workpieces shown in Figure 4.
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Figure 4. A schematic of the process of double-electrodecladding of a cylindrical workpiece.
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3. Conclusion

The use of double-electrodecladding with metastable austenite followed by surface rolling is the most
preferable initial option for further research with the aim of increasing the productivity of
reconditioning of the working surfaces of hydraulic cylinders in the mining industry.
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