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Abstract

This article deals with the selection of materifds forming wear resistant layers within
agricultural machine parts wear. We can achieveursgg hardness, wear resistance and life
extension of agricultural machine parts and tooysthe selection of a suitable material and
surfacing technology.
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I ntroduction

Studying wear is characterised by many differepeats and it is mostly influenced by
the complexity of materials interaction on a fuontl surface as well as by operation
conditions. In machine elements, there is a grasheddr in the result of friction. This is
considered to be an undesirable effect in mostscaleerefore, we have to search for the
possibilities to prevent it thus extending the techl life of a component. Surfacing presents
one of these possibilities. Searching for the pmltsi of cutting the costs of changing the
worn or damaged machine elements has led to thelgmwent of a wide range of surfacing
technologies. Increasing the safety and extendiegtiéchnical life of machines and devices
are important requirements of modern technology. &de also add the requirement for
simple maintenance, as well as simple and less¢oneuming repairs in solving the random
failures or operation accidents.
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Wear is the (permanent) change of shape, sizeaturfss of material layers that usually
form the surface of solids. It occurs as a resuftiction and out of technologically required
shaping or required change of material charactesif3].

Slovak technical standard 01 5050 classifies wedbllows: adhesive, abrasive, erosive,
fatigue, cavitation and vibration wear. Wear camehmany forms that depend on the surface
topography, contact conditions and environment.

Abrasive wear

Abrasive wear belongs to such wear types that cmouromost frequently in machine
elements of industrial installations and it preser-to 80% of overall volume [4]. It can also
originate from other wear types in the course ofcWhhe free particles are being formed.
These particles are becoming stiffer than the pareaterial. This happens under the
influence of either intensive plastic deformation,air oxygen oxidation. Abrasive wear rate
can be reduced by:

load reduction — particles will not be imprinteddseply into the material surface and the
riffles will be shallower
hardening — with the same effect as it is in presipossibility [6]

Abrasive wear consists in separation of surfacésgar undulation of another surface or
particles that are situated between the frictiomaar It mainly depends on load, slide-way
length and hardness. The influence of number, amk shape of the particles is also very
important [5]. Riffles belong to typical surfacendages in abrasive wear.

In abrasive wear, it is necessary to distinguistwben two critical phases, namely the
process of imprinting the abradant into the surfabere the imprint hardness and destruction
process are the limiting factors. Interatomic béorde and the composition strength between
structural components reciprocally at the bordégrains play a decisive role [4].

Experimental programme

Subject of this experimental programme presentedcchoice and evaluation of surfacing
(Fig. No. 1, Fig. No. 2, Fig. No. 3) made out usthg technology of hand arc surfacing with
using of filler materials by Welco Company (Weldearodes 1702 S, 1707 S, 1709) for
surfacing layer resistant to abrasive wear. Orpdrent material S 355J0 (constructional steel
according to Slovak Technical Standard 11523), wkled the filler materials to three layers.
We were searching for such sample that would be @aough, resistant to abrasive wear and
contain minimum amount of chrome at the same tsoeit would not burden the welder’s
health and the environment. Chemical compositiotheffiller material is presented in the
table No. 1.

60



Pridavny material 1707 S

4 Pridavny materidl 1709
fatisciy S & i

Fig. 1 The surfaced sample No. 1 Fig. 2 The surfaced sample No. 2 Fig. 3 The surfaced sample No. 3

CHEMICAL COMPOSITION OF APPLIED FILLER MATERIALS Table 1
Parent material

11523 Chemical composition (%

Electrode C Mn Si S P Cr Ni Mo V W Fe
No.1-1702 S| 0,75 11.7| 0.15/0.002 0.02| 4.2 3.1] 0.35] - - | 79.728
No.2-1707S| 0.4 0.3 08| - - 8 - 1 0.6 - 88.9
No. 3-1709 0.6 0.5 0.4 - - 4 - 8 1.1] 1.7 83.6

This type of surfacing belongs to plainer and naayadalso the most widespread ways of
surfacing concerning the availability of devicesl dneir undemandingness in handling. Heat
needed for the parent material and electrode ngeltcluding the cover, generates in the
electric arc. Fusion metal can be alloyed through ¢lectrode cover and corestock. In
surfacing, it is necessary to keep the arc shoiit,is possible to provide the protection of the
metal pool against the air atmosphere and nootwedhe alloying elements [1]. Surfacing is
carried out by laying down weld beads using thegitdinal or transversal method and
covering the beads by 1/4 up-to 1/3. Surfacingaiely made on a vertical plane. Thickness
of a surfacing layer is usually of 2 or more militres and it can be resistant not only to
wear, but also to collision, pressure, corrosian |&].

One of the important aspects in the surfacing m®de the choice of the electrode.
Correct choice of the electrode can improve thep@nties of a surfacing layer, increase
hardness, toughness and stretch out the life atifumal area.

Sample preparation
Three types of surfacing were selected for the exy@atal testing. Sample No. 1 surfaced
by 1702 S electrode without pre-heating, sample 2Nsurfaced by 1707 S electrode and No.

3 surfaced by 1709 electrode with pre-heating up-200 °C following the producer’'s
recommendation.
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Surfacing parameters:

Welding current intensity: | = 120 A (all samples)
Welding voltage: U = 22 V (all samples)

Direct current of reversed polarity was used.
Diameter of electrodes: 3.2 mm

Electrodes were dried at 300 °C for 2 hours befize

Testing methodology

Aim of this testing was to determine the most dldaurfacing layer resistant to abrasive

wear. We selected three basic tests for evaluation:

1.
2.

metallographic testing (macroscopic and microsgopic

hardness testing (microhardness measuring — miatobss attests mainly to the character
of the structure and its homogeneity. At the layederlayer interface, it attests to the
character of the weld and the amount of mixingfillex and parent material);

testing of the abrasive wear resistance accordirgjdvak technical standard 01 5084.

Experimental programme evaluation

Metallographic testing

a)

Macrostructural analysis results — macroscopic masien was carried out with naked
eye and a magnifying glass. We were observing rdiffie damages of the welded-on
material surface as well as the equality and thesknof the surfaced layer. At the
meltdown border line in sample No. 1 (Fig. 4) weseived a slag. In sample No. 2
(Fig. 5) in the third surfacing, it is possible abserve disintegrity of the size 0.5 mm.
Heat affected zone is indistinctive. In sample Mo(Fig. 6), there was no disintegrity
compared by sight such as lack of inter-run fuseavjties or pores.

Fig. 4 Macrostructure of the sample No. 1 Fig. 5 Macrostructure of the sample No. 2
(1702 S) (1707 S)
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Fig. 6 Macrostructure of the sample No(13709)

b) Microstructural analysis results — we used lightnmscopy for prepared cross-sections,
according to the sample preparation procedure falographic testing. Selection of the
corrosive depended on the chemical composition naflyaed sample. Sample No. 1
surfaced by 1702 S electrode was corroded by 3 %atdl, and samples No. 2 and 3
surfaced by 1707 S and 1709 electrodes were catrbgel0 % of Cr@ Analysis was
focused on the evaluation of the surfacing intgghuttering microstructural analysis, and
heat affected zone of the base material. In Fijloe7, we can see the parent material —
surfacing transfer. The surfacing layer is of at cdsracter and the parent material is of
ferritic - pearlitic structure and polyendric mogbbgy. Bainitic structure occurs here and
it causes the fact that the melted parent materialloyed from the filler material of the
electrode and carbidic particles originate consetjyieAt the interface, there is formation
of a fine-grained structure in the result of retailization process within the surfacing of
another layer.
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Fig. 7 Microstructure of a transition zone, parent madér
— surfacing of a sample no(1702 S)
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Transition zone (Fig. 8) consists of a dendriteedixvith the parent material. We assume
high density of precipitates and carbides withia #filoying elements (Cr, Mo). Heat affected
zone, which is now indistinctive, has grain thas hat coarsened and it comprises polydedric
morphology of ferrite and secreted pearlite aldregtiorders of ferritic grains.
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Fig. 8 Microstructure of a transition zone, parent matéria
— surfacing of a sample No. 2 (1707 S)

Figure No. 9 shows a detail of the surfacing mittature. The surfacing microstructure
is characterized by similar dendrite morphologyihsamples. The surfacing microstructure
character around the heat affected zone — dendotphology is not distinctive, borders of
columnar grains are markedly corroded, and thisheanaused by precipitation of secondary
phases. On the basis of the surfacing chemical oseitign, we assume that these are the
carbides of alloying elements.

i. 9 Micotructre of . transition zone prent magér
— surfacing of a sample No. 3 (1709)
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Microhardness measurement

Microhardness of individual samples made out byrdharc-drop surfacing technology
was measured in 15 places of sample cross-sedtiosample No. 1 (Fig. 10), the lowest
average value of microhardness was measured ama#si probably caused by the chemical
composition of parent material (1702 S). The sumadardness in samples No. 2 (Fig. 11)
and No. 3 (Fig. 12) changes from 262 to 762okbV(Tab. 2). In these locations, the
concentration of chrome probably rises. The meassuefacing microhardness is presented

in Figure No.13.

0
0

p]
00
150
100
I

1 mm $ mm
1 am
yﬂﬂummpy 1
\ -+ ‘ 14 5678 INURIL I
W 900
800
700
600
Him. 5qg
400
300
200 N gt
100
I
Swfacmg  Interface  Basic material Swfacmg  Interface

Fig. 10 Measuring the microhardness
on the sample No. 1 - 1702 S
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Fig. 12 Measuring the microhardness
on the sample No. 3 - 1709
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Fig. 11 Measuring the microhardness
on the sample No. 2 -1707 S




® sample 1
* sample 1

= sample 3
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Measured out average microhardness of hard surfaced samples

Fig. 13 Measured out average microhardness of hard sedaamples

Test of resistance to abrasive wear according eé3lovak technical standard 01 5084

Before measuring the wear resistance, we weighedstmples individually on the
electronic weighing machine with an accuracy of If) After weighing, we tightened the
sample into the holder of the tester and loadeddmgpressive force of 0.25 N. The sample
was moving radially from the edge to the middle wehié automatically stopped. Thereafter,
we picked it and cleaned it. Abrasive cloth waslaepd and we put on another sample.
Reference indicator ¥y, = 0,35715 g was obtained after the abrasive wierecsample from
the material 12 014.20 in such way that is spetifrethe Slovak technical standard 41 2014.
After testing, we weighed the samples again andguke measured values, we figured out
the weight reduction and relative resistance tasilbe wear.

In the compared surfacing types, the relative tasce to abrasive wear is different. In
order to find out which surfacing is the most resis to abrasive wear, we calculated the
average relative resistance for each sample.

for surfacing 1702 S..........cooeevvviinnnnnn AW =1,8183
for surfacing 1707 S.........ccooiiinnneen AN 0= 2,4600
for surfacing 1709 .........coeeeviiiiviiiim DY apr= 2,6955

The best resistance to abrasive wear was agaiheddxry the sample No.3. It is suitable
for cutting tools of all types. Surfacing is chaeaized by high resistance to abrasive wear but
it also has the advantage in terms of economiclahiy and mainly in terms of chrome
content which was the lowest, especially in thimgie. Thanks to the Cr content reduction in
the layer, Cr content in welding fumes reduces sintiltaneously it does not pose a burden
to the environment and the welder’s health.
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Discussion on theresults

Applied filler materials were selected on the gmbwf chemical composition and the
recommendation according to the company cataloGheome content in the filler material
increases toughness, oxidative resistance of the, wansit temperature of notch toughness
and notch sensitivity. Chrome and carbon form clwomcarbides that are characterised by
high wear resistance, but even small amounts cfettldements unfavourably influence the
man’s health and the environment. The advantageammbination to chrome is molybdenum.
Their content increases hardeability of steel aadiimess at higher temperatures, which was
also proved in the sample No. 3 hardfaced by 1&@®elde. Despite the lowest content of
chrome and the highest content of molybdenum,aithied the best results (the highest level
of microhardness and abrasive wear resistance)jn@tne macrostructure observation, we
did not notice any lack of inter-run fusion, ca@#tior pores. Sample No. 2 also reached high
level of hardness and abrasive wear resistance ekdawthe content of chrome was at the
highest level in this sample. Weld beads forminigradurfacing is regular. In sample No. 1,
we recommend to change the surfacing parametecaube it reached the lowest level of
hardness, and abrasive wear resistance. By visuditat, we found some surfacing defects.
These were probably caused by the low molybdenurteabin the surfacing material.

Conclusion

Present spurt technical development imposes inagasquirements on the quality of
manufactured machine components. The requirememprise particularly the operational
reliability, component life, but also the requirame for precise parameters and quality,
adequate toughness, corrosion resistance, resstanendividual types of wear such as
collision, pressure etc.

All these requirements imposed on machine compsraarinot be, in most cases, secured
by only one kind of material. Also by this reasondividual layers are coated onto the parent
material of a component by surfacing technologyeskh layers mainly function as a
protection, but they are also resistant to cormspressure, collision and other individual
wear types. The component is renovated in this wag,new component is then hardfaced.

Following this knowledge, the development of nelleffi materials is very important.
These materials should reduce chrome content isuHacing so that their ability to reduce
the resistance to given wear types does not dexreas
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