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Annotation

On the basis of own researches and the analysis of references it has been shown that for extension
of an operational resource of heavy-duty high-wear parts in parameters of universality, availability
and economic efficiency surface plasma tempering is rational. Without changing surface roughness
parameters, such strengthening heat treatment easily is built in technology process of recovery of
parts, is finishing operation. It is low-cost, rather productive and allows to improve effectively
operational firmness of replacement parts of agricultural machines.

By comparison of results of the studied five options of thermal hardening of flat samples from steel
65G it has been proved that the best combination of high strength, plastic and viscous properties for
heavy-duty replacement working parts of soil cutting machines is provided by plasma modification
with tempering at 300 °C.

It is confirmed that at the superfast speed of heating taking place at plasma tempering, phase
transformations are displaced in area of high temperatures and this thermally activated process
strongly influences kinetics of emergence and growth of nuclei of a new phase. The ratio between
the speed of origin of austenite and speed of their growth changes; in process of temperature
increase process of origin of austenite happens quicker, than acceleration of their growth, and is
observed the increasing quantitative advancing of speed of origin over growth rate. It leads to
forming of fine-grained austenite which it turns high-disperse martensite with high strength
characteristics.

Keywords: plasma, strengthening, quenching, tempering, normalization, steel, interchangeable

parts, structure, soil cutting machines, martensite, ferrite, pearlite, abrasion resistance, hardness,
toughness

Introduction

Soil cultivation is one of the most
power - and  material-intensive

decrease in operational expenses at soil
cultivation and improvement of

processes in agricultural production.
Practice shows that it is the share of
plowing, cultivation and a disking of
the soil to 45-50% of a consumption of
fuels and lubricants in agriculture, and
annual consumption of replacement
operating parts of tillers makes
hundreds of millions dollars. Therefore

abrasive resistance of parts and nodes is
the most important condition of
decrease in cost of products of agro-
industrial complex, improvement of its
efficiency and competitiveness.

The perspective direction  of
decrease in operational expenses at soil
cultivation and improvements of



abrasive resistance is the strengthening
heat treatment of a working surface of
replacement parts the high-
concentrated energy flow, namely, a
plasma arch. The ultra small structures
which are formed at superfast heating
and cooling possess the high hardness
(abrasive resistance), durability and
resistance to destruction. It is especially
important that today a bit different
requirements which sense is reduced to
obligation of a combination of high
durability and hardness with a
sufficient stock of plasticity and impact
strength are imposed to durability of
materials. It is caused by an urgent
need of improvement of reliability and
durability of soil-cultivating equipment.
For modern conditions of soil
cultivation it is necessary to provide
durability of material of a product for
1500-1800 MPa. Impact strength has to

correspond to values not less than 0,8-
1,0 MJ/m?. For decrease in intensity of
abrasive wear it is necessary to provide
the greatest possible hardness of a
surface - 60-65 HRC. Such complex of
durability, impact strength  and
hardness as it was noted, by traditional
technology of heat  treatment
(quenching  +tempering) are not
provided.

From this point it follows that the
problem of extension of an operational
resource of replaceable details of PRM
is very significant in economic and
resource-saving aspects. Plasma
training, being finishing operation, it is
easily built in technological process of
preparation and repair of details; it is
low-cost, rather productive and lets to
improve  operational  firmness  of
replaceable details effectively.

Material and technique of research

Replaceable details of working parts of
farm vehicles traditionally make from
ordinary or high carbon steels - St. 6,
65G, U8 etc.

In the real work disks of beet-
harvesting combines from manganese

steel 65G, were exposed to superficial
plasma hardening. Their chemical
composition and temperatures of
critical points it is specified in Table 1
(GOST14959-99)

Table 1-the Chemical composition (%) of steels and temperature of critical points, °C

C Mn Si P |S Ni

Cu Acy Acs An Ars M,

0630112 | 0,35 | 0,031

0,029 | 0,25

0,19 | 721 | 745 | 620 | 720 | 270




Mechanical properties of the steel subjected to the strengthening heat treatment
(quenching from temperature 800-820 OC in oil with the subsequent tempering at 340-
380 0C, with air cooling) are provided in table 2.

Table 2 - Mechanical properties of steels

O-T, O-B, 55, BU, KCU HRC
MPa MPa % % Jiem? mm
1220 1470 50 38 69 49
Microscopic researches  were strengthened zone and the subsequent

conducted on an optical microscope of
"Neophot" at scale x200 on the micro-
section which are cut out in the cross
direction from a segment with a
condition of preservation of the
strengthened layer. It was studied a
microstructure, depth and quality of the
strengthened surfaces.

Impact strength of KCV was
defined on the standard samples with a
V-shaped cut which are cut out from
sheets 10 mm thick. The strengthened
zone of 3,0 in depth
3,5 mm settled down on the top side of
samples along a cut. Such design of
samples let to imitate destructions of
disks in use - origin of a crack in the

The received results and their discussion

As it was noted, character and
intensity of change of a form and the
sizes of replaceable working parts of
farm vehicles for its abrasive resistance
substantially define an operational
resource of replaceable details of soil
cuttting machines and also level of
power expenses and quality of the
technology operations which are
carried out in agricultural production.

its distribution to steel with initial
structure. Tests for abrasive abrasive
resistance were carried out by Brinell-
Havort's technique with the specific
pressure upon a sample 17,5 MPa.

As an abrasive corundum by
granularity 0,2 ... 0,5 mm is used.
Plasma modification of flat samples
50x60x10 mm was carried out on one
of flat sides with drawing the
strengthened zones across to the
direction of friction. The coefficient of
abrasive resistance K; was defined as
the relation AP;, /AP, where AP;, and
AP, - losses in the mass of samples at
friction within 0,5 hours respectively
the initial and strengthened states.

Operability of replaceable details of
agricultural cars depends on hardness
and abrasive resistance of its working
surface, and also on external factors -
properties of the processed abrasive
environment  (soil), its initial
uniformity, influence of the changing
initial weather conditions, influence of
hostile environment (moisture, salts,
etc.)



The most widespread method of their
hardening is the volume strengthening
heat treatment - quenching +tempering.
Except abrasive resistance working
bodies are often subject to influence of
considerable dynamic loadings.
Therefore tempering for the volume
strengthening heat treatment usually is
carried out so-so or highly temperature
(300.... 600°C) tempering to provide
sufficient viscosity of steel.
Temperature increase of tempering of
the hardened steel leads to proportional
decrease in its abrasive resistance.
Therefore for the replaceable working
details in the conditions of intensive
shock and  abrasive  resistance,
effectively saving high initial viscosity
of the main metal and improvement of
abrasive resistance of a working edge
with methods of superficial hardening
from which in relation to working
bodies of agricultural machines are
widespread: HFC hardening, a gas-
flame or induction surfacingwith the
high-alloyed materials (electrodes).
Also superficial plasma and laser
hardening is perspective to use.

Possibility of improvement of a
complex of operational properties of
steels, including carbon, by plasma
modification of structure lets to
recommend this way for hardening of
soil-cultivating cars [1].

As an example of industrial
applications by plasma modification of
the structure of agricultural engineering
enterprises can be, we've tested, the
technology of plasma surface hardening
drives beets harvester of low-alloy
manganese  steel 65G.  Plasma
modification performed  without

melting the surface superimposed
reinforced annular zone at the periphery
of cutting edge. Experiments show that
the characteristics of phase and
structural transformations in the plasma
treatment of bulk samples of structural
steels 65G are to change the kinetics of
reactions. It is known that at superfast
speed of heating during plasma
hardening phase transformations are
displaced in area of high temperatures
that strongly influences Kkinetics of
emergence and growth of nuclei of a
new phase.

The relationship between the rate of
nucleation and growth rate of embryos
is changing with increasing grain
temperature of a new phase (austenite)
are generated faster than they rise.
There is a growing quantitative
advance rate of nucleation rate of
growth. As a result, as the conversion
a®qg bias toward higher temperatures
increasing role played by the nucleation
and growth of nuclei is largely
suppressed. This results in a fine-
grained austenite, which turns into a
finely structureless martensite.

By adjusting the amount of energy
input, it is possible to create such
conditions conversion a®g, when the
only possibility would be the initial
phases of the transition process of
origin. This opens the possibility of
obtaining superfine austenite when the
grain size will be commensurate with
the size of the critical temperature
achieved during the high-speed heating.
It is used to improve the mechanical
and service properties of steel after
surface plasma hardening. In addition,
it features hardening alloys during



rapid heating due to the fact that the
conversion a®gthey are under
nonequilibrium conditions in contrast
to the traditional methods of thermal
bonding with slow heating.

When there is no heating ultrafast
shutter speed required for flow
conversion a®g, dissolution of
carbides, followed by redistribution of
carbon and alloying elements.
Therefore  austenite  formed has
different concentrations of dissolved
carbon and alloying elements in
(Figure 1).

a)

contrast to the  homogeneous
distribution of the furnace by slowly
heating [2, 3].

It should be noted that the sharpened
cutting wedge drive has a small
thickness, so to improve natural heat
sink to a massive base metal during
plasma hardening wheels are set at an
angle of 45°. The rate of cooling of the
cutting edge during plasma
modification is high enough, that
provides a bonded area in highly
dispersed martensitic structure

b)

Figure 1. The microstructure of the steel in the normalized 65G (a) and quenched state (b), x 200.

When optimization technology along with strengthening discs metallographic studies
were conducted tests on toughness and abrasive resistance of the samples of steel 65G

in the following structural conditions:
- Normalization (delivery status)

- Through hardened from 850°C in oil (basic technology)
- Through hardened and tempering at 300°C lasting 1 hour

- Plasma modification

- Modification of plasma and tempering at 300°C for an hour.

The results of the hardness measurements and tests are shown in Table 3.

Table 3 Performance properties of samples in different types of reinforcement



Ne Hardness, toughness, abrasive
of Options for strengthening Microstruc resistance
item ture HV KCV, Ki
Jlem?
1 | Normalization (initial state) F+P 240...255 20,0 1,0
2 | Through hardening M; 670...690 7,0 1,22
3 | Through hardening + tempering T+S 390...410 8,8 1,10
4 Plasma modification My 850...870 9,6 1,65
5 | Plasma modification + tempering (T+S) B.A. | 505...520 11,5 1,36

Note. F + R - ferrite-pearlite, M, - martensite hardening, T + S - + troostite sorbitol,
M ,, - structureless martensite, (T + S) v.d. - Troostite + sorbitol finely dispersed.

As can be seen from Table 3 that the
steel 65G in the normalized condition
has ferrite-pearlite structure, the highest
toughness and the lowest hardness and
abrasive resistance. Plasma
modification reduces toughness by 2
times and increase abrasive resistance
by 65%. Through hardening reduces
the toughness is almost 3 times and
improves wear resistance by only 22%.

Sharp embrittlement of steel 65G
after hardening due to the receipt of
bulk big needle martensitic structure,
which, despite a significant increase in
hardness, does not contribute to a
significant increase in abrasive wear
resistance. More favorable combination
of performance properties of steel 65G
after plasma modification is related to
the formation of a hardened zone finely
martensitic structure with a hardness
much higher than the level achieved in
the hardening furnace. It is particularly
important to note that while improving
wear resistance is an increase in the
viscosity (in comparison with a bulk
quenching) - KSV plasma after
modification of 30% higher than the
bulk after hardening [4].

High hardness of space-hardened
carbon steel served as the basis for
recommendations on inappropriate
increase in hardness over 60HRC
(745NV) with considerable shock loads
on the blade working replacement
parts. However, the provision of local
hardened layer and its joint loading
during operation with plastic initial
metal enables to depart from the
recommendation.

For heavy-duty working
replacement parts of soil cutting
machines (for example, in a stony
ground handling) a further increase in
viscosity is achieved after application
of plasma modification surround
tempering. In this case, the hardness
and abrasive resistance is significantly
higher compared to the bulk hardening
and subsequent tempering (Table 3).

Adjusting the shape and dimensions
of the hardened zone by a heat
treatment regimes lets to realize the
effect of self-sharpening  blade
replacement parts in service, consisting
in a selective nonuniform wear section
of the blade, which preserves the shape
and cutting properties.



Harder hardened layer wears less
rapidly and therefore extends forwardly
to form a cutting edge of the blade. In
order to implement self-sharpening
effect of the strengthening of the
hardened layer must be at least 3 times
the hardness of the base metal, which is
achieved by plasma modification of
65G steel in the normalized condition
[5].

Plasma modification disks may be
either in a continuous mode (the
perimeter of the cutting edge), and

from applying discrete portions of
predetermined dimensions and a
predetermined  pitch,  which s
beneficial to the disc and a soil
treatment.

Innovative technology for plasma
modification drives beet harvesters is
characterized by high productivity -
while strengthening one disc of 10
min., and the volume of heat treatment
(quenching + tempering) - about 2
hours.

Conclusion

1. To extend the service life of

heavy-duty wear-rational
parameters  of  universality,
accessibility and cost-

effectiveness of a surface plasma
hardening. Without changing the
surface roughness, such
hardening heat treatment can be
easily integrated process of
details, a finishing operation, low
cost, adequate performance and
can effectively increase their
operational stability.

2. Comparison of the results of the
five options investigated thermal
strengthening of flat samples of
steel 65G shows that the best
combination of high strength,
plastic and viscous properties of
replacement parts for heavy duty
working bodies of soil cutting

machine provides plasma
modification with tempering at
300°C.

3. Rules of process of structure
formation in the plasma
guenching subject to the general

laws of structure. With ultra-fast
heating rates that occur within
plasma quenching, phase
transitions are shifted to higher
temperatures and the thermally
activated process greatly affects
the Kkinetics of formation and
growth of nuclei of a new phase.

4. The depth of the hardened
structural zones in the plasma
exposure  depends on the
parameters of heating and
determined by the mechanism
and Kinetics of phase
transformations in non-
equilibrium states. The ratio
between the rate of nucleation of
austenite and their growth rate is
changed; as the temperature of
austenite nucleation process is
faster than the acceleration of
growth. This leads to the
formation of fine austenite which
is transformed martensite is
finely divided with high strength
characteristics.
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Tyitin

ABTOpHapAbIH 03 3epTTeyJiepl )KoHe 9/1e0ueTTer1 AepeKTepal Talaay Heri3iHae
ayBIPKYKTEJTeH, Te3TO3aThIH OOIIEKTEPIiH SKCILTYaTaIUSUIBIK PECYPCHIH Y3apTY/IbIH
TUIMJ1 TOCUTI OOJIBIN TUIa3MAaJIbIK HIBIHBIKTBIPY OONATHIHIBIFBI KepceTiren. Cebebi
MYH/Iail IIBIHBIKTHIPY ©31HIH MapaMeTpiepi >KarblHaH YHUBEPCAIbl, KOJDKETIMII dpi
HSKOHOMMKAJBIK TUIMA1 Oonbin Keneni.MyHnail OepiKTeHIIPYIIl TEPMUSIIBIK OHICY
OeJIIIEeKTePIIH ChIPTKbl KaOAThIHBIH KeIIp-OyJIbIpiapblH ©3repTiel oiapasl )KeHIeY
MEH KaWTaJaH KaJlblHA KENTIpyJAeri TEeXHOJNOTUSIIBIK  YpAICTEpre  KEeHLI
yinectipineni.CoHbIMEH Oipre yp/lic COHFBI ornepaiiys OOJIbIN ecenTee i, OHIMIUTIT
KETKITIKTI, a3 IIBIFBIHABI  JKOHE aybUIIIAPYaIIbIIBIK ~ MAalTUHATAPBIHBIH
aybICTBIPBUIATBIH OOJIIEKTEPIHIH SKCIUTyaTallUsUIBIK TO3IMIUIIIH KOTepyae oTe
TriMIl. 651" GonaTbiHaH KacalFaH jKa3bIK YATUIEPAl TEPMUSIIBIK OCpPIKTEHIIPY/IIH Oec
BApUAHTBHIHBIH HOTIDKEJICPIH CANBICTBIpA KeJIe TONBIPAKKECKINT MAaIIHHATIAPIbIH
ayBIPXKYKTEITEeH, TE3TO3aThlH OOJIIEKTepPIHiH OepiKTIK, IUIACTHUKAIBIK KOHE
TYTKBIPJIBIK KACHETTEPIHIH €H JKaKChl YIIECIMAUTITIH KaMTaMachl3 €TETiH IJIa3MalIbIK
moubukaumsinan keitinri 300 °C Gocary Gousin ecerrrerne

[1na3ManblK IIBIHBIKTEIPY Ke3iHAe OOJIaThIH ©Te Te3 KbUIIAMIIBIKICH
KbI3JIbIpyna GazanblK TYpPJAEHYJIEPAiH >KOFapFbl TeMIEpaTypajapFa bIFbICATHIHBI
pacTaiibln, Oy ©3 Ke3eriHje kaHa (pa3aHbIH 3apOABIIITAPBIHBIYPHIKTAPBIHBIH MMai/1a
00y KOHE OCYIHIH KMHETHKAChlHA KaTThl ocep eTedl. OUTKeHI Oyl TepMUSIIBIK
yaemeni ypaic. Hotmxkecinne aycteHUT OelnieKTepiHiH naiaa 00ysl MEH OCyiHIH



KaTbIHAChl ©3repelil: TeMIepaTypa KOeTEepUIreH CailblH ayCTEHUT TYHipLIEKTepiHIH
naiiaa G0JIybl OJNIapAbIH OCYyIHEH Te31peK JKYpel, sSIFHU TYHIPIIEKTEP/IiH maiiaa 00y
KBUIIAM/IBIFB  OJIAPJIBIH ©CY KbUIIaMJIBIFBIHAH YHEM1 apThill OThIpaisl.bysn ypric
OTE YCaK TYHIPIIKTI ayCTEHUTTIH Maiiia 00ybIHA OKEJIII, 01 OEpIKTIri )KOFaphl 6T
yCakK AMCIEpPCTI MApTEHCUTKE TYPIICHEI].

Pe3rome

Ha ocHoBe cOOCTBEHHBIX MCCIEI0BAaHUM U aHAINM3A JTUTEPATYPHBIX HCTOYHUKOB
II0KA3aHO, 4YTO Ul IMPOMJIEHUs JKCIUIYyaTallMOHHOIO pecypca TsKEIOHArpy KEHHBIX
OBICTPOM3HAILIMBAIOIIUXCS neranein palOHAIbHBIM 1o napamerpam
YHUBEPCAJIbHOCTH, JOCTYIHOCTM H SKOHOMHYECKOM H(P(PEKTUBHOCTU SIBISETCS
IIOBEPXHOCTHAs IUIa3MEHHas 3akajka. He W3MeHss mapaMeTrpoB  IIEpOXOBATOCTH
NOBEPXHOCTH, Takasg YHOPOUHSAIOLIAs TEpMOOOpadOTKa JIErKO BCTpauBaeTcs B
TEXHOJIOTUYECKUH TPOLECC BOCCTAHOBJIEHUS JeTajeil, sBisieTcss (QUHUIIHON

onepauneﬁ, Majio3arparHa, AOCTATOYHO IIPOU3BOJAUTCIIbHA n IO3BOJJIACT
B(b(I)CKTI/IBHO YBCIINYHNUTD OKCINTYaTallUOHHY IO CTOMKOCTh CMEHHBIX ,HeTaHefI
CCJIbXO3MalllnH.

CpaBHEHUEM pe3yJbTaTOB MCCIEAOBAHHBIX MATH BapUAHTOB TEPMHUYECKOTO
YOPOYHEHHSI TJIOCKUX 00pa3uoB U3 craiu 651" 000CHOBaHO, UTO JIydlllee COUYETaHUE
BBICOKMX ITPOYHOCTHBIX, IUIACTUYECKUX U BA3KUX CBOMCTB JUIS TSYKEIOHATPYKEHHBIX
CMEHHBIX JeTajeid pabourMx OpPraHOB IMOYBOPEXKYLIMX MaIlUH OOecre4YnBaeT
m1a3MeHHas Moauukarus ¢ orimyckom mpu 300 °C.

[TonTBepkaeHo, 4To NpU CBEPXOBICTPBIX CKOPOCTSIX HarpeBa, UMEIOIIMX MECTO
IpY MJIa3MEHHOM 3aKajike, (a3oBble MPEBPAIICHUS CMEIIAIOTCS B 00JIaCTh BHICOKHX
TEMIEpPATyp U 3TOT TEPMUYECKHM aKTHUBUPYEMBIM TMPOLECC CUIBHO BIHUSET Ha
KUHETHKY BO3HUKHOBEHHUS U POCTA 3apojpliieid HOBOM (a3zbl. COOTHOLIEHUE MEKIY
CKOPOCTBIO 3apOKACHUS ayCTEHUTAa U CKOPOCTBIO MX pOCTa MEHSeTcs; II0 Mepe
NOBBILIEHUSI TEMIEPATYPbl MPOLIECC 3aPOKIEHUSI ayCTEHHUTa MPOUCXOIUT OBICTpeEE,
4eM yCKOpPEHHME UX POCTa, HaOIroAaeTcss Bce 0obllee KOJUYECTBEHHOE ONEPEKEHHE
CKOpPOCTHU 3apOXAEHUS HaJl CKOPOCTbIO pocTa. JTO MPUBOAUT K (OPMUPOBAHUIO
MEJIKO3EPHUCTOIO ayCTEHMTA, KOTOPBI NPEBPAILACTCS B BBICOKOAHUCIIEPCHBIN
MapTEHCUT C BBICOKUMHU IIPOYHOCTHBIMU XapaKTEPUCTUKAMHU.

Summary

On the basis of own researches and the analysis of references it has been shown that
for extension of an operational resource of heavy-duty high-wear parts in parameters
of universality, availability and economic efficiency surface plasma tempering is
rational. Without changing surface roughness parameters, such strengthening heat
treatment easily is built in technology process of recovery of parts, is finishing



operation. It is low-cost, rather productive and allows to improve effectively
operational firmness of replacement parts of agricultural machines.

By comparison of results of the studied five options of thermal hardening of flat
samples from steel 65G it has been proved that the best combination of high strength,
plastic and viscous properties for heavy-duty replacement working parts of soil
cutting machines is provided by plasma modification with tempering at 300 °C.

It is confirmed that at the superfast speed of heating taking place at plasma tempering,
phase transformations are displaced in area of high temperatures and this thermally
activated process strongly influences kinetics of emergence and growth of nuclei of a
new phase. The ratio between the speed of origin of austenite and speed of their
growth changes; in process of temperature increase process of origin of austenite
happens quicker, than acceleration of their growth, and is observed the increasing
quantitative advancing of speed of origin over growth rate. It leads to forming of fine-
grained austenite which it turns high-disperse martensite with high strength
characteristics.



