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Abstract. The present paper describes the research of structure, hardness and crack resistance indicators before and after plasma treatment of 65G steel
of a ploughshare part. As a result of plasma treatment, we obtained the modified layer with increased hardness in the range of 980 — 3558 HV with
increase in 3.6 times. Metallographic studies showed that pearlitic-ferritic structure of the original metal transforms into needle martensite with
high hardness and strength due to plasma hardening. It is recommended to determine the impact toughness by the Drozdowski method, in which
a fatigue crack is pre-created on a special vibrator. Also, before the fatigue crack was grown, lateral V-shaped notches of different depths were made
on the sample lateral surface. The relative crack length, A, varied from 0.27 to 0.65. According to the results of compression tests, it was found that
there was a small movement of cracks in the hardened samples in the range from 1.3 to 5.6 mm. The initial unstrengthened samples are in a more
brittle state than the quenched ones, and accordingly, significant fracture is observed in the conditions of artificial cracking. The evaluation of 65G
steel samples for crack resistance by impact bending tests with subsequent oscillographing showed that plasma hardening inhibits crack growth
by increasing impact toughness. Thus, the use of plasma hardening is effective in surface hardening of 65G steel, in particular ploughshares which
are constantly exposed to mechanical stresses, friction and wear.
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AnHomayus. TlpoBeqeHbI HCCIICOBAaHNS CTPYKTYpPBI, IOKa3areled TBEPAOCTH M TPEHIMHOCTOMKOCTH JI0 M IOCJE IUIa3MEHHOM 00palboTKH cTaimu
Mapku 650 nmemeriHol yactu ruiyra. B pesynbrare rmia3MeHHO# oOpabOTKM mmojtydeH MOAM(BHIMPOBAHHBIN CIOH C MOBBINICHHOH B 3,6 pa3sa
TBepAocThio B mHTepBasie 980 — 3558 HV. Meramnorpaduyeckue ncciaeoBaHUS ITOKa3aiH, YTO IEPIUTHO-(PEeppUTHAs CTPYKTYpa HCXOAHOTO
MeTaJlla BCJIEACTBUE IUIA3MEHHOMN 3aKaJIK{ IPEBPAIaeTcsl B UTOJIbYAThIi MAPTEHCUT C BBICOKUMHU TBEPAOCTBIO U IMPOYHOCTHIO. YCTAIOCTHYIO
TpELIMHY Ha 00pasiax co3aBaiy Ha BuOpartope Jpo3nosckoro. [lepen BrIpammBaHueM ycTaIoCTHON TPEIIMHEI HA GOKOBYIO IIOBEPXHOCTH 00pasna
HAHOCHJIMCh OOKOBBIE V-00pa3Hble HaJpe3bl pa3iuuHOil yOuHbl. OTHOCHTENBHAS JJMHA TPEIIMHBI A n3MeHsach B npenenax ot 0,27 no 0,65.
[lo pe3ynbraram HCHIBITAaHWH Ha CXKAaTHE YCTAHOBJIECHO HEOOJBIIOE NEpPEMENICHUE TPEIIMH B 3aKaJCHHBIX 0o0pasnax B auamasoHe 1,3 —5,6 Mm.
VicxonHble HeYyHpOUHEHHbIE 00pa3libl HAXOMATCS B O0jIee XPYNKOM COCTOSIHUM, YeM 3aKaJICHHbIC, COOTBETCTBEHHO HAOJIONAETCS 3HAYUTEIILHOE
pa3pylLIeHHE UX B YCIOBHUSIX HAHECCHUS MCKYCCTBEHHOH TpeuiuHbl. IIpoBeneHHas oreHka oOpas3moB cranmy 650 Ha TPEmMHOCTOMKOCTh IyTeM
UCIIBITAHUS HA YAAPHBIA M3rHO ¢ MOCIEAYIOMUM OCIMIIOrpagupoBaHueM I0Ka3ajia, YTO IUIA3MEHHas 3aKajka CHOCOOCTBYET TOPMOMKEHHIO
YBEJIMYCHHUS TPEIIUHBI 32 CYET POCTa yIapHOU Bsi3kocTH. TakuM 00pa3oM, IPUMEHEHUE TUIa3MEHHO 3aKaliki d((EKTUBHO MPU TTOBEPXHOCTHOM
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- INTRODUCTION

In Kazakhstan today, efforts are underway to enhance
the quality of machinery and components through studies
focused on the strength properties achieved by employing
plasma hardening techniques on heavily stressed parts.
The use of the promising method of plasma treatment
appears rational for enhancing strength parameters, such
as hardness, wear resistance, and crack resistance [1; 2].
This method impacts solely on the surface layer
of the components, avoiding deformation of the metal
and facilitating the creation of a modified layer exhibi-
ting high strength characteristics on the product’s surface.
Alterations in the structure and properties of the surface
layer take place under conditions of ultra-rapid heating
and cooling rates (ranging from 103 to 10° K/s) and brief
exposure to the processed material [3 — 5].

[l MATERIALS AND METHODS

The research focused on studying steel 65G, specifi-
cally the ploughshare component of a plough, designed
to slice through soil layers and consistently subjected
to friction and wear [6; 7].

Templates were cut using a Labotom-3 cutting
machine from Struers (Switzerland). Throughout the cut-
ting process, both the sample and cutting disc were
cooled using water and a specialized lubricant to prevent
oxidation [8; 9]. Following the cutting of appropriately
sized samples, the steel’s chemical composition was ana-
lyzed to determine the presence of additives, utilizing
a Niton XL2 X-ray fluorescence analyzer (Table 1).

Plasma hardening was performed using a UDGZ-200
plasma hardening facility. This facility operates by
employing indirect plasma arc technology, enabling
the heating of a 1 —2 mm surface area without causing
internal deformations to the components [10 — 12].

The steel surface was examined using a Carl Zeiss
metallographic microscope with a 200x magnifica-
tion level.

The surface hardness of the samples was measured
using a Wilson VH 1150 Vickers hardness macro tester,
employing an indenter load of 30 kg.

Impact bending tests were conducted following
the guidelines outlined in State Standard GOST 9454-78,
incorporating measurements of impact strength. This
method involves the deliberate initiation of sample frac-
ture at a point of concentration in the middle by a single

strike from a pendulum pile driver. Impact tests were per-
formed using a KM-30 pendulum impact driver, employ-
ing impact samples sized at 6.5x11.5%55 mm. To induce
fatigue cracks on the samples, a Drozdowsky vibrator
was utilized, resulting in a relative crack length A ran-
ging from 0.27 to 0.65 [13 — 15]. Evaluation of impact
strength under assured plane deformation conditions
was conducted on samples featuring two additional late-
ral V-shaped notches, each with a depth of 1.0 mm. This
assessment of impact toughness on notched samples
allows for the determination of the specific work involved
in crack propagation during fracture under plane-strain
state (PSS) conditions [16 — 18].

[ RESULTS AND DISCUSSION

Metallographic ~ examinations  have  revealed
that the mechanical attributes such as strength, hardness,
and crack resistance of plasma-hardened components are
influenced by the configuration, dimensions, and align-
ment of subgrains (Fig. 1).

The structural-phase analysis indicated that the ini-
tial metal comprises pearlite grains and ferrite. However,
through the process of plasma hardening, these struc-
tures undergo a transformation into acicular martensite,
exhibiting heightened hardness and improved crack resis-
tance [19; 20].

Table 1

Results of spectral analysis of 65G steel samples

Tabnuya 1. Pe3ynbTarhl CIEKTPAILHOTO aHAIN3A
o0pa3uos craau 65T

S%I;ple Content of dopants, wt. % +20
1 0.840 Mn 0.122 Mn
2 0.676 Mn 0.113 Mn
3 0.757 Mn; 0.142 Cu 0.127 Mn; 0.069 Cu
4 0.640 Mn; 0.104 Cr 0.112 Mn; 0.043 Cr
5 0.551 Mn 0.102 Mn
6 0.585 Mn 0.102 Mn
7 1.03 Mn 0.130 Mn
8 0.739 Mn; 0.148 Ti 0.116 Mn; 0.064 Ti
9 0.684 Mn 0.103 Mn
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Fig. 1. Metallographic structure of 65G steel
after surface plasma hardening:
a — base metal; b — transition layer; ¢ — hardened layer

Puc. 1. Meramnorpaduyeckas crpykrypa ctainu 650
TOCJIe OBEPXHOCTHOH MIIa3MEHHOMN 3aKaJIKH:
a — OCHOBHOM MeTal1;, b — NepexoJHOI CIION; ¢ — 3aKaJICHHBIN CII0i

[l MATERIAL HARDNESS MEASUREMENT

Table 2 outlines the outcomes of hardness measure-
ments conducted both before and after the plasma treat-
ment of 65G steel.

The data presented demonstrate a notable elevation in
the hardness of 65G steel resulting from plasma quench-
ing. The average hardness value before and after hard-
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Table 2

Results of hardness measurements
on the surface of 65G steel samples

Tabnuya 2. Pe3ylbTaTbl N3MEPeHMil TBEPAOCTH
HA NOBePXHOCTH 00pa3uoB cTauu 65I

Plasma HY
Sample treatment % Average
No. at the measu- HV,,
rement site 1 2 3

; W/o treatment | 484.7 | 422.7 | 653.6 520.3
With treatment | 1519.7 | 1780.2 | 2398.5 | 1899.5
W/o treatment | 764.6 | 762.9 | 6983 741.9

’ With treatment | 3423.5 | 2476.8 | 1931.1 | 2610.5
W/o treatment | 609.0 | 640.0 | 621.0 623.3

? With treatment | 2348.0 | 1483.9 | 1766.8 | 1866.2
W/o treatment | 5534 | 3544 | 8553 587.7

! With treatment | 3554.3 | 4589.2 | 3467.7 | 3870.4
W/o treatment | 368.5 | 345.1 | 368.2 360.6
> With treatment | 554.1 | 686.0 | 900.5 713.5
W/o treatment | 418.6 | 3553 | 3444 372.8

o With treatment | 980.8 | 2418.5 28323 | 2077.2
W/o treatment | 404.5 | 3704 | 361.7 378.9

’ With treatment | 1407.2 | 960.5 | 860.7 | 1076.1
W/o treatment | 9983 | 453.1 | 12879 | 913.1

s With treatment | 11334 | 1317.6 | 2302.8 | 1584.6

ening was derived from three measurements for each
sample, showcasing an approximate 3.6-fold increase in
hardness.

Following the plasma hardening process, the crack
resistance of the steel was evaluated via impact bending
tests accompanied by oscillography. The impact strength
of the hardened samples was recorded as 127, 116, 110,
104, 98, 106, 94 and 102 J/cm?.

Fig. 2 illustrates the findings of impact strength stu-
dies correlating with crack length. Notably, a gradual
escalation in impact toughness is observed as the initiator
crack length increases.

Using the outcomes from fracture analyses, the pri-
mary dynamic test characteristic, impact strength KCT,
was calculated.

Fig. 3 displays the assessment results of impact
toughness for 65G steel samples before and after plasma
hardening. A dynamic growth of KCT following plasma
quenching is evident, signifying its role in impeding
further crack propagation by elevating the KCT. Con-
sequently, the original samples exhibit a comparatively
more brittle state than the quenched ones, highlighting a
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Fig. 2. Dependence of impact strength
on crack length (samples / — 8)
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Fig. 3. Diagram of dynamic crack resistance
of initial (M) and hardened (M) samples

Puc. 3. Jlnarpamma JMHAMHYECKOH TPEIIMHOCTONKOCTH
ucxoabix (M) u 3axkanenubix (Jll) 0Opasmos

substantial vulnerability to failure under plane deforma-
tion conditions [21; 22].

During the compression testing of samples under a
linear load of up to 120 kN, crack displacement within
the range of 1.3 — 5.6 mm was observed (Figs. 4, 5).

The observed crack movement led to a slight reduc-
tion in the live cross-sectional area of the sample. Conse-
quently, an increase in the work of fracture (Ap) is evident
(Fig. 4, 5).

- CONCLUSIONS

Metallographic examinations conducted on 65G
steel revealed that upon plasma hardening of its surface
within a hardened zone of 2 mm thickness, a gradient-
layer structure with varying hardness spanning from 980
to 3558 HV is formed. This process induces a notable
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Fig. 4. Cracks’ length at linear load (hardened samples / — 4)

Puc. 4. Jlnuna TpeIuH Npyu TMHEHHON HAarpy3Kke
(3akasieHHbIE 00pa3ibl / — 4)
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Fig. 5. Cracks’ length at linear load (hardened samples 5 — 8)

Puc. 5. JlnuHa TpemuH npyu TMHEHHON HAarpy3Ke
(3aKasieHHbIE 00pa3Lbl 5 — 8)

increase in microhardness, reaching up to 3.6 times,
a significantly higher enhancement compared to other
hardening methods. For example, electric plasma harde-
ning resulted in an increase in hardness by 2.16 times.

Investigations into impact toughness and the beha-
vior of impact-induced cracks indicated that plasma
arc hardening effectively impedes the dynamic expan-
sion of cracks within the surface layer.

Thus, the study outcomes affirm the viability and effec-
tiveness of employing plasma arc hardening as a means
to fortify the surface layer of heavily stressed compo-
nents, specifically exemplified in the case of 65G steel.
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