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Continuous requirements for improving the quality of machines requires new investigation
to constantly increase the production performance of parts. In this article, the surface of the cast
iron EN-GJV-400 was remelted and modified via TIG (Tungsten-Inert-Gas) welding separately
and simultaneously under high frequency magnetic field, as well as the microstructure and hard-
ness of the specimens were compared.

It has been found that with the plasma treating of the surface under high frequency magnetic
field the mechanical and tribological properties of the specimens have been improved. The hard-
ness of the specimens from the cast iron EN-GJV-400 was increased after the surface remelting
with high frequency and low energetic magnetic field. The microstructures of the modified sur-
faces through the conventional TIG and high frequency magnetic field were also not same. The
reason was that the magnetic energy in the molten material in the latter method caused additional
temperature in weld pool as well as the rotation of the it in the direction of the magnetic induc-
tion vector. The size of the grains has been increased via the additional heating effect and at the
same time the dendrite branches have been cut to the smaller parts. The technology can be ap-
plied for the increasing the Hertzian contact pressure, tribological properties of surfaces and for
the alloying and shaping processes considering the magnetic force on the molten material.

Keywords: cast iron, magnet, plasma, TIG (Tungsten Inert Gas), ledeburite, modification.

Introduction. Nowadays camshafts which convert rotary motion to reciprocating motion are mostly
applied in packaging, printing, sewing machines and especially in valve train of internal combustion en-
gines. Although, these types of mechanical controlling systems have been attempted to be substituted
with electromagnetic or electrohydraulic methods, these mechanisms are still effective in modern inter-
nal combustion engines [1-6]. Valve train, especially, camshafts which are performing mechanical pro-
gram function are the central problem in development of the combustion engines, because technical
conditions of the engines are determined based on its efficiency and parts of this mechanisms have a
great impact on the functional output parameters of the engine [7-10].

In combustion engines, one fifth of the produced energy is not transferred to motion instead, wasted
during friction process, whose 30% is originated from valve train, especially, camshaft and cam follower
pair [3, 5, 7, 8].

Energy concentrated on the surface of the camshaft by deforming surface roughness leads to gradu-
al damage (wear) to the part, as well as, by deviating from geometrical sizes, issues such as loss of valve
control accuracy and degradation of functional output parameter emerge.

Friction, wear, reliability and durability of machine parts depend heavily on the structure of surface
layers, which are under stress and its properties, where 90% of failures occur due to worn parts. Accord-
ing to this fact, recently, applying wear resistant claddings on the surface of moving parts by using tech-
nological methods are of significance. Regardless of many conducted researches on the topic of wear
resistant layers on the surfaces of interacting parts, there still exist many uncertainties about the criteria
for application and potential applications in case of certain problems [11, 12].

Analyzed machine parts - camshafts are widely manufactured EN-GJV-400 grade cast iron. Gener-
ally, cast iron has a relatively high friction coefficient and less wear resistance, so they are mainly used
in machine parts with low contact stress and sliding speed. It should be noted that the widespread cast
iron/steel friction pair is located at the boundary permitted for friction and antifriction materials [11].
Therefore, they are not considered to be satisfactory either as friction or antifriction material. Here, the
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requirement for the machining of cast iron by various methods is raised in order to increase tribological
properties [13—15].

One of the technological manufacturing methods of the cast iron is the acquisition of the ledeburite
structure on the surface of the cast iron by applying highly concentrated energy source (Tungsten Inert Gas).

However, despite ledeburite structure increases the hardness of the material surface, the loss of
graphite that gives it an antifriction property may limit the application of the material during dry fric-
tion [11]. In this regard, the article analyzes the cladding and base material microstructures and hardness
of the EN-GJV-400 grade cast iron, which are thermally processed by conventional TIG method, along
with the combined application of TIG and high-frequency magnetic field (HFM). Here, it was attempted
to improve the quality of the cladding as a result of the HFM field positively affecting the geometry of
the material and its physical and mechanical properties [16].

1. Materials. By selecting antifriction cladding materials for melting on the surface of camshafts,
their chemical composition and some physical properties are given in the tables. Table 1 shows the
composition and relative hardness of the cladding wire to be applied by the TIG method in the high fre-
quency magnetic field and Table 2 shows the composition and properties of the alloying foil to be ap-
plied to the surface by the TIG method in the high frequency magnetic field.

Table 1
Chemical composition and relative hardness of the cladding wire
to be deposited on the surface by the TIG method in the HFM field
Chemical composition, % .
TiG-cladding wire Base Relative
C Si Mn Cr hardness
element
UTPADURG600 0,5 3 0,5 9,5 Fe 610HV
Table 2

The composition and properties of the alloying foil
that will be applied by the TIG method in the high-frequency magnetic field

Chemical composition, %

Composition and properties of the alloying foil = i = "

CuSn-4: Increase the corrosion resistance and heat conduc-
tion, produce fine structure and cause to deposit copper on i
the surface.

Ni alloy foil-Ni78Si8B14:

Silicon increases strength, heat resistance, hardness and al-
lows formation of graphite;

Nickel facilitates the formation of fine-grained structure and
formation of graphite, improves strength and corrosion re-
sistance;

Boron carbide improves wear resistance, increase contact
temperature and facilitates the formation of graphite.

9597 |Cu

78
8
14

2. Objectives. During the experiments, the surface of the samples should be melted applying sepa-
rately and with the joint application of high frequency current and TIG modifications, using TIG weld-
ing method in the high frequency magnetic field.

The specimens are mass-produced EN-GJV-400 cast iron camshaft, and its dimensions and the
chemical composition are shown in Fig. 1 and Table 3, respectively.

For plasma cladding in the high-frequency magnetic field, TTH15 heating/melting induction unit
with a 15kW power and a TIG 200 AC/DC welder that generates 200-amp current were used. The ener-
gy given to material during its processing with high-frequency current is expressed in percentage. The
induction current frequency can be increased up to 450 kHz.

In the HFM field, the average frequency of the induction current during processing the base material was
set to 200 kHz, the power ranged from 25 to 100% and contraction of the liquefied metal was observed.
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Fig. 1. Dimensions of the analyzed parts

Table 3
Composition of the analyzed base material
Chemical composition, %
Base Material
C Si Al Mn Cr Cu Ni
Cam
EN-GJV-400 2.7-3.8 0.5-29 <0.1 0.2-0.6 <0.1 0.6-1.0 0.2-0.6

In order to ensure the stability of the molten material, when the TIG was applied jointly with the
140 A and HFC (high-frequency current), the electric current was determined to be 90 A, and the power
of the induction device was 25%.

The diameter of the tungsten electrode was 2.4 mm in all experiments, depending on its loading.

Fig. 2 illustrates cladding, surface alloying and modification schemes using TIG method in magnet-
ic environments, and Table 4, Table 5 and Table 6 represents the technological parameters applied in
these operations.

Using the EN-GJV-400 cast-iron surface in high frequency magnetic field with the use of TIG clad-
ding, prevents excessive heating of the material in nickel and copper alloying and thus, utilizes only
25% power of the inductive device using only the squeezing effect of the magnetic field to ensure its
hardness.

Cam surface alloying in high-frequency magnetic field are conducted according to the sketch given
in Fig. 3.

Geometrical parameters:

— Diameter of the spot in burning
zone;

— Covering of the weld AB= f(¢);

— Electrode angle and distance;
— Geometry of weld bead

Technological parameters:
— Welding speed;

— Frequency of the tungsten
electrode;

— Welding current;
— Welding voltage;
— Parameters of magnetic field

Fig. 2. The interaction of the part with the inductor in the modification and alloying of the surface
of the cam in the high frequency magnetic field, the motion scheme of weld spot on the surface
of cam, geometrical and technological parameters
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Table 4

Parameters of surface cladding with UTPADURG600 wire in high frequency magnetic field
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Table 5

-frequency magnetic field

Welding parameters of the surface of cast iron melted by TIG method in high
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Table 6

Welding parameters of the surface cladding by TIG method in high-frequency magnetic field
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Fig. 3. Schematic description of the surface alloying in high frequency magnetic field
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The amount of alloying elements that can be obtained on the surface prior to the alloying of the sur-
face is predetermined theoretically. When the surface of the cam is exposed by TIG surface cladding, the
amount of the alloying element is determined by the next expression, depending on the thickness of the
foil and the surface to be alloyed.

h E,%
h, (mm)+h . (mm)— 100% = F100%.-| —£
o (nm)-+ e (nm) ’ L=y °[100%j
; (1)
E,h
h,(m)— E, % _Euhe
/(m) > E, o —

Ey — required amount of elements on the surface to be alloyed, 7, — thickness of the coated layer,

h  — foil thickness, £, — amount of element in the alloying foil.

When the amount of the element in the melted zone is known, the thickness of the required foil is
determined by the following expression:

B = by )

E L= E v

3. Results and discussion. Based on the experiment planning, the researchers are inspecting the ap-
pearance of cladded parts in the study of the results obtained during the surface treatment. In this regard,
let's look at some examples of experiments.

Fig. 4 and Fig. 5 illustrate cams, which surfaces are processed with conventional TIG/high-
frequency magnetic field and later polished. As Fig. 4 shows, on the edge of cam there are unacceptable
defects caused by material flow. The flow of the material is usually caused by melting of the surface
with high energy density in horizontal position. Fig. 5 illustrates the cladded specimen before and after
polishing process in the high-frequency magnetic field. Using the Lorentz force created by the high fre-
quency magnetic field on the side wall of the cams, the material flow was prevented in the welding pool
and the geometrical defects-sloping edges on the side of the hardened cams were eliminated.

Fig. 5. A general view of surface of cam which remelted and cladded
with a high frequency magnetic field TIG-method
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Observations shows that fluid content was lifted during the melting process of the cast iron surface
by coil-shaped inductors in the high frequency magnetic field. Such melting process can also be applied
to prevent flow of the molten material under the effect of gravity force. Increasing the power of the
high-frequency current, it has even been possible to pull the material out of the molten liquid from the
surface. The reason for this phenomenon is the Lorentz force that affects the surface.

The Lorentz force generated by the induction current will direct the material upward and the Lo-
rentz force in the inductor will squeeze the uprising fluid from the side parts and shape it. Comprehen-
sive analysis of physical and mechanical properties of cladding on surfaces with the application of high
frequency magnetic field was determined by its microstructure and hardness. For this purpose, thin sec-
tions were prepared from specific concerned parts of the samples and examined using the LEICA
DMRM light microscope with the IMATEC image processing software to analyze their structure. How-
ever, prior to microscopic analysis, thin sections were etched to improve the visibility.

Fig. 6 shows the base material microstructure of the EN-GJV-400 graded cast iron. The composi-
tion consists of perlite, ferrite and free graphite. Since the ferrite and perlite microstructures have rela-
tively low hardness, parts which are made of such materials will have lower allowable Hertzian contact
stress on the contact area. From this point of view, the width of the cams from such material is usually
wider than the width of the steel cams and this raises an issue in terms of inefficiency in light construc-
tions. Released free graphite from the surface layer during cam’s emergency condition reduces the fric-
tion coefficient by lubricating the surface and delays part’s destruction process.

Pearlite Ferrite Graphite
Fig. 6. Microstructure of cast iron EN-GJV-400 grade

Fig. 7 presents the microstructure of cladded surface applying the conventional TIG welding and the
TIG welding in high frequency magnetic field using UTP A DUR 600 copper coated wire. It is clear from
the microstructures that the Lorentz force that flows from the high-frequency magnetic field to the weld
pool and to its magnetic induction has resulted in the separation of the grid shaped chrome carbide existing
in the microstructure and as well as the reduction of the amount of pearlite and formation of ferrite.

CrC Pearlite Ferrite,Perlite  CrC

Fig. 7. The microstructure of the surface of the layer UTP A DUR 600 after conventional
TIG remelting (a) and TIG remelting in the high frequency magnetic field (b)
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In Fig. 8, the microstructure of the TIG remelted cast — iron with and without application of high fre-
quency magnetic field are shown. In both cases the microstructure consists of ledeburite. From the analysis
of the microstructure of the both specimens it can be said that the additional temperature and magnetic
force in the weld pool caused coarse microstructure and broke the cementite dendrites in structure.

Pearlite Ledeburite Cementite Ledeburite

Fig. 8. The microstructure of the layer EN-GJV-400 after conventional TIG remelting (a)
and TIG remelting in the high frequency magnetic field (b)

Fig. 9, a and Fig. 9, b are the microstructures of the specimens, which are alloyed with nickel foil
via TIG remelting with and without high frequency magnetic field, respectively. There is free graphite in
both microstructures and these free graphites improve the antifriction properties of the materials. In ad-
dition to that, the needle-like microstructure of the martensite increases the hardness of the material
(Fig. 10) and at the same time the Hertz pressure of the surface. The amount of graphite is increased in
the case of the alloying in high frequency magnetic field, because of additional induction thermal energy
in weld pool.

Martensite Semensite Graphite Graphite ~ Semensite Martensite

Fig. 9. The microstructure of the nickel alloyed cast — iron via the foil Ni78Si8B14. a — surface alloying
via TIG remelting process; b — surface alloying via TIG remelting in high frequency magnetic field

The microstructure of the copper alloyed cast - iron EN-GJV-400 via TIG with and without applica-
tion of high frequency magnetic field is shown in Fig. 11. In both cases the microstructure consists of
hard ledeburite structures in comparison with the untreated EN-GJV-400 base material.

After analyzing the microstructures of the above given specimens, it can be concluded that the mi-
crostructures of samples are different via TIG with and without application of high frequency magnetic
field. The reasons of this are increasing temperature and rotation of the weld pool in the direction of the
magnetic induction vector via the additional magnetic energy. The rotation of the weld pool via magnet-
ic field results in the breaking of the dendrite branches in microstructure.

The hardness of the untreated cast iron EN-GJV-400 was same with the cast iron EN-GJV-400 after re-
melting in the high frequency magnetic field and cooling in the ambient air. The technology can be applied to
the shaping processes of the liquid materials utilizing the motion of the weld pool in the magnetic field.
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Fig. 10. The hardness diagram of the cladded surface on the cam

Pearlite Ledeburite Sementite Ledeburite

Fig. 11. The microstructure of the copper alloyed cast — iron via TiG (a)
and via TIG in high frequency magnetic field (b)

The surface alloyed specimens in the magnetic field have been analyzed via x-ray and the concen-
tration and the chemical composition of the elements in the different depth of the surface layer are given
in the Table 7.

Table 7
Distribution of the elements on the surface, modified in the high frequency magnetic field via TiG remelting
. .. 0
Material Position Elements, %
Sn | Al | Si |Mn |Ni |Cu | Cr | Fe
. | = o) Ne) o~ o 7
Base material EN-GJV-400 - | | = a9 < )
S | N o o o | o &~
o o | = | n ') N 7g} )
B o £ Joining area S|l/<2| = T N =<2
=2, 8 o | o | & (=) (=) ~ (=)
Q . — o .T
o 2 & = | Copper base . .
S = PP In the middle of LI T S| 9 e B S
2= 2 o | alloying CuSn-4; . 2 4 ' . . ? 3
5o 2o o . the modifiedlayer | € | S | | © | © | ® | &
€ g v < | 10% Cu alloying
o =) ﬁ =)
=2 %3 o |loa|l—=| | a| =]
[= Surface S|l | | =2 a2
o | o | & (=) (=) =N (=)
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Table 7 (end)

Material Position Elements, %
Sn [Al | Si |Mn |Ni |Cu |Cr | Fe
. al=l ol v | =|al| =g
Base material EN-GJV-400 - g : ; g g g K
.. o~ N=4 S en — o~
= Joining area S| v | = e <2
S 2 5 S|la| S| 6 ||
2.5 8 -E | Nickel base
SRR . i i ) + | = | o | ©
%2 € 2 | alloying In the m}ddle of gl I | = |88
= P E o | Ni78Si8B14; the modified layer = S | o
S S € = | 10% Ni alloying R T A
= 2
= e Surface =l | 9|2
S [g\] e} =)} e} e}

The different physical and mechanical properties of the alloyed materials in comparison with the
cast iron and additional rotation of the weld pool via the magnetic force have influenced the hydrody-
namics of the weld pool and as a result, the alloyed elements distributed in the surface layer homogene-
ously. In conclusion, this type of surfaces has high efficiency from the techno-economical point of view
and keep their original properties during the exploitation.

The micro-hardness of the modified surfaces in the high frequency magnetic field are given in the
Fig. 10, graphically.

As can be seen from the graph in Fig. 10, the hardness of the surface of TIG remelted EN-GJV-400
and copper and aluminum alloyed surfaces have been increased significantly, when compared to the un-
treated base material EN-GJV-400. The hardness of the TIG remelted surface is higher than the surface
remelted in high frequency magnetic field [14-20]. It can be revealed even before the microstructure
analysis of the material.

Conclusions. In the article TIG plasma and high frequency magnetic fields were applied separately
and together to modify the surface of the specimens and the technology on the base of the surface geom-
etry, microstructure and hardness of the modified surface considering the materials and technological
parameters were analyzed.

The hardness of the specimens from the cast iron EN-GJV-400 were the same with the base materi-
al after surface remelting and cooling in the ambient air. This technology can be applied to the alloying
and shaping processes considering the magnetic force on the molten material, but it cannot be used for
increasing the surface hardness.

The microstructures of the modified surfaces through the conventional TIG and high frequency
magnetic field are not same. The reason is that magnetic energy in the molten material in the latter
method caused additional temperature in weld pool as well as the rotation of the weld pool in the direc-
tion of the magnetic induction vector. The size of the grains has been increased via the additional heat-
ing effect and at the same time the dendrite branches have been cut to the smaller parts.

The applied technology can be used for manufacturing and repairing the parts, improving the quali-
ty of the surface and maintaining it, shaping and alloying in high frequency magnetic field.
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MOOUPUKALINA MOBEPXHOCTU PACIPEOEJIUTEJIbHOIO BAJA
METOAOOM NMNJMTA3SMEHHOI O NNABNEHUA B BbICOKOYACTOTHOM
MArHATHOM MNOJNE

®.M. lup3adoe’, P.E. [ladawoe?

'BakuHckull uHxeHepHbIll yHusepcumem 2. Baky, Pecrnybnuka AsepbatioxaH
2 A3epbatidxkaHcKull mexHuyeckull yHusepcumem, 2. baky, Pecry6ruka A3ep6alidxaH

[NocTosiHHOE MOBBINIEHNE TPEOOBaHHI K KAUeCTBY MalIuH TpeOyeT HOBBIX MCCIIEIOBAHUN U
pa3paboTok B 00JaCTH MPOSKTHPOBAHUSI HOBBIX TEXHOJIOTMYECKUX MPOLECCOB U MPOTPECCHBHBIX
METO/10B 00pabOTKH JIJIsl HETIPEPHIBHOTO MTOBBILIEHUSI TPOM3BOANUTEIHHOCTH JieTaneil. B kauecTBe
OJTHOT'O M3 IO00HBIX BOIIPOCOB B ATOH CTaThe paccMaTpUBAETCsl MPOOJIeMa HaIbIUICHUS pa3iiny-
HBIX M3HOCOCTOMKHMX MaTEepHaJiOB Ha MIOBEPXHOCTh PACIIPEIEIUTENFHOIO Bala C LENBIO TOBBIIIIE-
HUS €r0 KOPPO3MOHHOW M M3HOcOcTOWKOCTH. [loBepxHOCTh uyryHa mapku EN-GJV-400 Obuta
neperuiaBieHa u Moaudunypoana ceapkoii BUI' (BonbdpaMoBbIil HHEPTHBIH ra3) OTIAEIBHO U
OJTHOBPEMEHHO B BHICOKOYACTOTHOM MAarHUTHOM IIOJIE, & TAK)Ke CPaBHHBAETCS MHKPOCTPYKTYpa
u TBEpocTh 00pa3noB. [Ipu 3TOM ycTaHOBJIEHO, YTO TPH IIA3MEHHOH 00pabOTKe ITOBEPXHOCTH
B BBICOKOYACTOTHOM MAarHUTHOM TIOJIE MEXaHWYECKUE U TPUOOJOrMYEeCKUE CBOMCTBA HCIBITYE-
MBIX 00pa3noB yinydmarTcs. TBEpAOCTh 00pa3ioB u3 yyryHa mapku EN-GJV-400 Obuia cymie-
CTBEHHO yBEJIHMYEHA MOCIIe TOBEPXHOCTHOrO TeperuiaBa BEICOKOYACTOTHBIM M HU3KODHEpreTHY e-
CKUM MAarHHWTHBIM II0JIeM. MUKpPOCTPYKTYpa MOBEPXHOCTEH, MOIM(UIMPOBAHHBIX C MOMOIIBIO
06braHOro0 BUI™ M BRICOKOYACTOTHOrO MarHUTHOT'O MOJIS, TAKKe He Obuia oJuHaKoBoi. [Ipuunna
9TOr0 3aKJII0Yaiach B TOM, YTO MAarHUTHAs HEPIUsl B PACIUIABICEHHOM Martepualie Mpu Iociea-
HeM MeToJie 00pabOTKU BBI3bIBAJIA JIOMIOHUTENBHYIO TEMIIEPATYPY B CBAPOYHON BaHHE, a TaKkKe
€ro BpallleHWe B HANPaBJICHUHM BEKTOpa MarHUTHOM MHIyKIWH. Pazmep 3épeH ObUT yBennueH 3a
CYET JIOTIOJTHUTENHLHOTO HAarpeBa, M B TO )K€ BpeMsl BETBH JICHAPHUTOB ObLIM pa3pe3aHbl Ha Oolee
Melkue 4acTd. [laHHas TEXHOJIOTHS MOXKET MPUMEHSTHCS JIJIsl YBEINYEHHsI KOHTAKTHOTO JIaBlie-
Hus ['epria, TpHOOIOrHYECKUX CBOKMCTB ITOBEPXHOCTEH, B TAKKe JUIs IMPOLECCOB JISTUPOBAHUS U
(opMoBaHUs ¢ YIETOM MarHUTHOM CHIIBL, A€HCTBYIONIEH Ha pacIUIaBIeHHbBIH MaTepuall.

Kniouesvie cnosa: uyeyn, maenum, niazma, TIG (apeonodyzosas ceapka), nedebypum, mo-
oughuxayus.
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