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Merkulov V.I., Khromov A.l., Zhigalkin K.A.

CURVING OF ALEAFWITH A TENSION. RIGIDLY-PLASTIC MODEL.
Merkulov V.1., Makarov K.A., Khromov A.l., Zhigalkin K.A.

The field of strains in mathematical model of process of curving of leaf preform by a
tension is examined. The theory ideally of plastic body is put in a basis of
mathematical model. The model of curving of a leaf is under construction in the
following conjectures: on the ends of a strip is present only stretching gain and there
are flexings the moments. The vector of stretching gain is guided to an initial instant
along the boundary of a strip and during all process of a tension does not change the
direction. The field of velocities of strains supposing gyration of the ends of a strip,
as rigid whole is examined.




A.V. Yakimov, V.l. Muravyov, V.l. Yakimov

FEATURES OF OBTAINING OF PRESSURIZED ALUMINIUM CASTINGS AT A
CASTING IN IRON MOULD

A.V. Yakimov, V.I. Muravyov, V.I. Yakimov
Komsomolsk-on-Amur aviation production association

By numerous researches is established, that the main reason of a reject thin-wall
casting in iron mould are the oxide inclusions. For exception of derivation of
«secondary» oxides and hit them in casting the device for realization of process of a
filling up of iron mould in the inert environment is designed. As protective gas the
gaseous argon was used. The regulation of pressure and gas flow rate implemented
through the reduction gearbox.




V.l. Merkulov, E.N. Melnikov, K.A. Makarov

THE PERSPECTIVE SCHEMESARE FLEXIBLE OF SHEET BARS

V.1. Merkulov, E.N. Melnikov, K.A. Makarov
Komsomolsk-on-Amur aviation production association

In a design of a modern airplane the lump of details concerning small overall
dimensions produced of flexible sheet bars in a title block will be used. In the article
the perspective engineering solutions permitting to improve the quality of such
details and to lower their cost price at the expense of usage of a punch for hot-
forming of a sheet material and a new way are adduced are flexible of a sheet
material.




V.l. Merkulov, B.l. Dolotov, V.F. Kuzmin, B.N. Marjin

TRIZ ( )

INCREASE OF SYNERGETIC - BASIC LAW DEVELOPMENT OF
TECHNICAL SYSTEMS

V.1. Merkulov, B.I. Dolotov, V.F. Kuzmin, B.N. Marjin
Komsomolsk-on-Amur aviation production association

With occurrence of the theory of the solutions of inventor's problems was rotined,
that the technical systems develop under the is objective present laws. On our view
these laws can be supplemented by one more, which one acts in global scales for any
systems, including technical. It is the law of increase of synergetic of systems. The
term "synergetic " means ability of a system to perception and processing of an
increasing energy and information highway, to derivation of new structures, to a
controllability.




A.l. Pekarsh, B.N. Marjin, K.A. Makarov

USAGE OF A LOCAL LASER ANNEALING AT MANUFACTURING
OF DETAILSFROM PROFILES

A.l. Pekarsh, B.N. Marjin, K.A. Makarov
Komsomolsk-on-Amur aviation production association

At surfacing some metal alloys the laser beam happens a zone annealing. The laser
annealing allows to receive bars with indispensable distribution of mechanical
properties. The zone which has exposed to a zone annealing, will have the best
plastic properties as contrasted to by raw beam by a part of a detail. Usage of a local
laser annealing is possible for different operations of a sheet extrusion.




S.B. Marjin

THE NEW DEVICE FOR DEFORMATION TUBULAR BARS

S.B. Marjin
Komsomolsk-on-Amur aviation production association

The new device for an extrusion of tubular bars by the elastic environment is
designed. The tendered solution allows to avoid negative effect of pressure on walls
of bar and to make endeavors directly in a zone of deformation of bar, thereby to
improve submission of a material in a zone of deformation of bar.
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THE INFLUENCE OF MANUFACTURING METHODSON THE
STRUCTURE OF EPOXYFLUOROPLASTIC MATERIALSPROPERTIES

G. A. Philippova
Khabarovsk State University of Technology, Russia

At present a lot of mechanisms and machinery equipment operation resources
are limited by low wear resistance of the friction units. The modification of friction
units reliability is the actual scientific and technical problem for materials study. One
of the ways of its solving is the utilization and modification of polymeric
compositional materials (PCM)on the base of epoxy (ED-20), phenol-formaldehyde
(FFR) resins, polytetrafluorethylene (F-4) and suspension PTFE-polymer (F-4D), as
well as the optimization of its compositions and properties for synthesis of new
polymeric materials with increased wear resistance and with high antifrictional and
technological characteristics.

Technological processes to receive the polymeric EFLONG - and FELON —
materials [1,2] with new complex properties have been developed:

- EFLONG (MAS-1, MAS-2, MAS-2M)- are materials developed on the base of
epoxyfluoroplastic, graphit and minced glass fiber to be used without lubrication,
in water, at the high pressure up to 100 MPa;

- FELON (FEF-1, FEF-2) — are materials developed on the base of F-4D
suspension, graphit and termosetting ED-20, FFR cost resins to be used up to 200
°C, with pressure up to 40 MPa, at speed up to 4 m/s without lubrication, with
low friction coefficient (f=0,05-0,12), in corrosive atmosphere.

Infrared spectroscopy, X — ray analysis, rastered electromicroscopy have been
used to study the polymers structure. The results of the epoxy groups substance
determination in investigated materials and the peculiarities of its hardening have
been presented.

PCM structure influence on its tribotechnical, physico-mechanical, physico-
chemical and thermal properties have been investigated. It was proved that FELON
possesses wear and heat resistance, high water absorption, whereas the lower
mechanical properties.

The EFLONG and FELON materials have been tested in production. On the
base of test results the extensive program of polymeric bearings, bushings, shells,
wearing plates and other goods for friction units have been proposed for realization.




References
1. V. A. Ivanov, G. A. Philippova. Patent 2080337 RF, MCI C 08 J 5/16, C 08 L
27/18. Antifrictional composition.

2. V. A. Ivanov, G. A. Philippova. FELON and Experimental Technology of
Making Bearings // The Actual Problems of the Scientific and Technological
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W-Cr; W-Mn-Si; Cr-Mn-Si C
2.9-3.1; Si 1.2-1.2; Mn 0.3-0.4; S 0.05; P 0.12 %

2.5-5 %
38%
W 2.5-5; Cr 2.5-5 %
W7.5-10 %
2.5-10 % Mn Si
Mn 10-15 % Si 2545 % 5-15 %
20 % Mn
Si Cr 20;
Mn 10-15; Si 2.5-4.5 % Cr 10; W 2.5-5 %
2.5-5.0 % 5-15
% 7.2-11.3g/m-h Cr 85
% 20.7g/m-h 5-15
% 0.45-10.2g/m-h
Cr 15-19 % 0.73g/m-h

Combined effect of alloying elements on corrosion resistance and
heat resistance of white cast iron

Ri E. H., Ri Hosen, A. S. Brichenok

The effect of alloyed elements on special white cast iron properties (on
mass %: 2,9...3,1 C; 1,2...1,2 S1; 0,3...0,4 Mn; 0,05 S; 0,1...0,12 P) is studied.
With the presence of tungsten (2.5...5 mass%) concentration dependence of
corrosion speed (solution of 38% HCI) chromic cast irons is displaced to less side
chromic concentration. The opposite correlation between corrosion speed end
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dimension of carbide particles is observed in chromtungstening cast irons (2,5...5
mass% W; 2,5...5 mass% Cr) but with 7,5...10 mass % W in cast iron is straight
connection. The corrosion speed is decreased when alloying tungsten cast iron
(2,5...10 mass %) with increasing quantities Mn and Si.

In chromic cast irons (5...15 mass %) increasing Mn (10...15 mass %) and Si
(2,5...4,5) promotes to the speed corrosion growth. Only with a great deal of chrome
content (>20 mass %) increasing concentration Mn and Si decreases corrosion speed.
Compounds cast iron on mass % 20...5 W are more corrosion resistant

With W (2,5...5,0 mass%) in cast iron increasing concentration Cr (5...15
mass%) doesn’t result in reducing oxidization speed (7,2...11,3 g/m-h).

In chromomanganous cast irons with 8,5 mass % Cr (20,7 g/m-h) manganese
increasing (5...15 mass %) reduces oxidization speed.

The chromic cast irons containing 15...19 mass % have the best heat
resistance.
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(©)
()
(Experiment Design)
OB
()
Al (X1), Ni(X2), Cr(Xz), Mo(Xs), Cu(Xs), Sb(Xe),V(X7), Ti(Xs), Bi(Xg), Sn(X10)
(Whole Factorial) (Fractional Replication)
11 55

(adequate regressive equation coefficient)
oB
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(Yield Surface)
5 Ni 0.3-1.9; Al 0-0.6; Mo 0.3-1.35; Cu 1.0-1.5; Cr 0.3-

0.4; V 0.2-0.5; Sn 0.06-0.2 %

o 8>320MPa 200-250HB 60-70kg/cm2-mm?2 6.8-
6.9g/cm3 20
ASCh-1 0.0088mm 140HB
0.003-0.0032mm 240-270HB 2 Ni 0.7-1.9; Cr 0-0.2; Cu
2.0-3.2; Al 0-0.25; Mo 0.1-0.7; V 0.4-0.6; Sb 0-0.15 %
0.1-0.2 %
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Optimization of chemical compound complex
— alloyed special purpose gray cast irons
Ri E. H.

The results of one — factoring experiments allowed install optimal content of
separate elements for increase mechanical properties, tightness (G) and cast iron
wear — resistance () in the sliding friction condition and to approach to optimization
its chemical compound by the method of experiments mathematical planning.

According to the correlation analysis is optimization parameters are og, Q or
melt density (d) having more number of correlation connections. The elements
Al(X;), Ni (X3), Cr (X3), Mo (X4), Cu (X5), Sb (X4), V (X»), Ti (X3), Bi (Xy), Sn
(X' 10) were chosen as base factors.

The aim of planning experiment is divided into two stages: carrying out sifting
experiment by means of random balance and step-by-step fulfillment of experiments
either along complete factor plans or fractional replica. The effect of 11 factors and
their 55 pair interactions were analyzed.

The analysis adequate regressive equation coefficient showed, that one can
position alloyed elements effect into diminishing order with respect to influence
degree. As a result of investigation carried out a mathematical model of surface
reaction in a code was obtained, five optimal compound of complex — alloying gray
cast irons (on mass. %: 0,3...1,9 Ni; 0...0,6 Al; 0,3...1,35 Mo; 1,0...1,5 Cu;
0,3...0,4 Cr; 0,2...0,5 V; 0,06...0,2 Sn) were offered to get hydrotightness cast of
marine engines and aggregates possessing high strength values (op> 320 MPa,
200...250HB), relative tightness (60...70 kg/cm*-mm?®) and density up to 20 °C
(6,8...6,9 g/cm’).

Model in code scale was obtained after automatic sifting of linear equation
insignificant coefficients and two cast iron compound (on mass. %: 0,7...1,9 Ni;
0...0,2 Cr; 2,0...3,2 Cu; 0...0,25 AL 0,1...0,7 Mo; 0,4...0,6 V; 0...0,15 Sb)
possessing more high wear resistance (wear 0,003...0,0032 mm, 240...270 HB) than
ASCh- 1 cast iron (wear 0,0088 mm, 140 HB) were offered. In spite of high hardness
value cast irons were treated by cutting, the commentate type of carbides aren’t
formed because of few chrome content (0,1...0,2 mass. %) the carbide vanadium had
compact form. The given cast irons used machine diesels locomotive items.
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Butukhanov V.L., Khromtsova E.V.,Ri Khosen

Sv08G2S
43% Sheelite Concentrate

740

FesWsC

SOME ASPECTSOF PHYSICOCHEMICAL PROCESSES OF ELECTROSLAG WITH
THE USE OF WOLFRAM MINERAL RAW MATERIAL

V. L. Butukhanov, E.V. Khromtsova, Khosen Ri
Khabarovsk State University of Technology, Russia

To receive steel, alloyed by wolfram, with the purpose of increase its
extraction from six scheelite of a concentrate was applied the technological process
of electroslag remelting of Sv08G2S wire, where as a component flux the
concentrate containing approximately 43 % wolfram and carbon, necessary for
carbide of reducion tungstate calcium was used.

The basic remelting and slag characteristics were investigated with the
application of numbers of methods of the physicochemical analysis: DTA, X-ray
analys, spectral analys.
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During the researches there carried out it was established, that during usage as
a flux scheelite of a concentrate component containing tungstate calcium, and carbon
in remelting the following processes are observed: the transition of y-iron in a-iron
(at 740 °C), cementite formation, wolfram diffusion, received by carbothermal
restoration of scheelite in flux, wolfram saturation by cementite and destruction of
the last one by mixed carbide Fe;W;C formation.

The remelting with 9 % tungstan was received.

References

1. Rational Use of Mineral Raw Material of Far East // V. L. Butukhanov and others.
Vladivostok. 1999. 82 p.

2. Metallurgy of Electroslag Process // Under edition of B.E. Patona, B.I. Medovara.
—Kiev: Scientific Idea. 1986. 248 p.

3. B.B. Vinokur. Carbide of Transformation in Structural Steel. -Kiev: Scientific
Idea. 1988. 240 p.
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THE PRODUCTION AND INVESTIGATION OF ANTIFRICTIONAL SELF -
LUBRICATIONAL POLYMERIC MATERIALSREINFORCED BY FABRIC

J. N. Yankovets
Khabarovsk State University of Technology, Russia

The problem of production of competed antifrictional self-lubricational
polymeric compositional materials (PCM) for high loading friction units has
acquired the particular actuality in mechanical engineering during last years.

The new epoxidographitofluoroplastic materials (EFLAST) reinforced by
fabric of different nature (such as glass fabric, cotton and synthetic kapron fabric)
have been received. This materials are used not only as the covering for friction units
but also as independent durable constructional material.

16



Our investigation showed that EFLAST materials reinforced by kapron fabric
have the least friction coefficient and the greatest wear resistance, due to kapron
fabric antifrictional properties. The PCM on the bases of glass fabric possesses the
greatest strength, density, hardness and the least water adsorption. The upper limit of
exploitive temperatures range is 280 °C.

We defined the conditions of thermal processing of compositional materials,
reinforced by fabric which ensure the effective improvement of their exploitive
properties; thermal processing of PCM should be done at 120-140 °C during an hour
beginning with slow heating and finishing by gradual cooling to avoid swelling and
inside cracks.

The practical importance of investigations lies in the technological conditions,
which were determined to produce goods from the tested compositional materials
with the given properties by full factorial experiment method: the specific pressure
of pressing must be 20 MPa and the temperature of pressing is 40-50 °C. EFLAST
materials have the optimal exploitive properties in the case when they are reinforced
by 5 layers of glass fabric and 10 layers of cotton and kapron fabrics. We proposed
production method of reinforced compositional goods and also equipments for its
reatization [1]. This method includes winding with pressing conic stripper punch and
winding with pressing of radial and axial direction.

References
1. Patent 2135360 RF, MCI° B 29 C 53/60 F 16 C 33/14. The method of
antifrictional lining production / V. A. Ivanov, S. P. Zaharychev, J.N. Yankovets.
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Regulating heat treatment quality and predicting mechanical properties of
ferrocarbon alloys on the basis of specific electrical resistance and
ther moelectromotive force

Belykh V. V., Ri Hosen

Applying fractal representations to destruction mechanics the electrical
resistance connection with the parameters of defective set was determined. It was
experimentally determined for ferrocarbon alloy

ol o=l

where py — specific electrical resistance alloy matrix, L and o its element, [ ¢ —
fractal dimension.

With the principle of self-similarity fractal taking into account and relationship
of Bridgman known the change of specific metal electrical resistance is correlated
with that of specific volume when deforming relationship

Ap/p=C-AV/V ,
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(where C — metal constant), the constant connection C with alloy plasticity
parameters € and y and fractal dimensions [, ¢
C=12-(3—ﬂf):M
" (xtex-¢)
was determined.

These terms offer to consider defect sets as the objects of space three-
dimensional phase those coordinates are [ ¢ defining random process, typical
dimension L, energy E of formation defect structure.

The optimizations aim of hardened steels 40X and 40XH by complex of
mechanical properties is determined with using criterion ® = o - %. As result of
tempering optimal steel properties are received 40X and 40XH:

- 0 =634 Mk, Ap/p, =1,41,S=7,2MxB/K, [l 1= 2,75, Toy, = 480 °C;

- ©=615MIx/M, Ap/py =1,56,S =431 MKkB/K, [l 1= 2,75, Top = 500 °C,

where S - thermoelectromotive force, po = 10,2 - 10® Om - M (a — Fe).

On the basis of meaning results of specific electrical resistance and
thermoelectromotive force and testing mechanical results at room temperature
studied steels 40X and 40XH correlation dependences were determined for example
for 40X

0, =6693-(Ap/p,) *Mila,

MKB
K

-1/2
0'6=416,7-(A,0/,00)3/2-(S)1/2-( j -MTla .

Mechanical properties are determined with error not exceeding 10%.
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Ri E.Kh.
Cu, Ni, Al, Cr, V, Mo, Ti, Bi, Sbh, Sn C 3-3.2; Si 1.5-
1.6; Mn 0.4-0.5; P 0.1; S 0.06 %
o
QB 5 %
Cu, Ni, Al
Cr, V, Mo, Ti, 15 %
Bi, Sn, Sb

Y n R

| nvestigation into the effect of alloying elementson thecast iron
propertiesin liquid and hardened condition

RiE. H.

The effect of alloying elements (Cu, Ni, Al, Cr, V, Mo, Ti, Bi, Sb, Sn) on the
physical properties (density d, electrical resistance p, viscosity v, surface tension o)
melts, the processes of crystallization and structure forming, casting (fluidity and
casting shrinkage), mechanical (strength limit in tension Qg and elongation o, %) and
maintenance (wear resistance and tightness) specifications of iron casting (mass. %:
3...3,2C; 1,5...1,8 S1; 0,4...0,5 Mn; 0,1 P; 0,06 S) is studied.

An isotherm of liquid cast iron physical properties, alloyed graghitirating
elements (Cu, Ni, Al), have an extreme changing effect by contrast to isotherms of
these melts properties, alloyed by carbideforming elements (Cr, V, Mo, Ti till 1,5
mass. %). The isotherms of melts properties, alloyed (Bi, Sn, Sb) have more
complicated changing effect.

The correlation coefficients y , correlation relations N and multiplex
correlation were calculated to install qualitative relationship between melts

20



properties and alloyed, mechanical, maintenance specifications with equations
satisfying dependences obtained above mentioned properties being chosen.
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The study of aluminum alloys of propertiesin liquid and hardened condition

Ri Hosen, V. N. Voytov, O. V. Kharitonov

An abnormal change of viscosity and of liquid aluminum electrical resistance
and it melts on their polytherms are determined in the process of cooling. This effect
refered to the structural change of liquid phase depending on heating temperature,
that is forming statically disordered structure (SDS) of aluminum melts.

The effective evaluation on the structure and mechanical casting properties of
temperature regime of heat aluminum melts (Al2, Al9, Al7) was done within the
limits of structural transition of liquid phase mentioned above when choosing
optimal smelting and alloying regimes.

Accoding to the studies done, means of defining optimal smelting and alloying
aluminum casts temperature regime was suggested which consists in fact that in
order to achieve maximum possible strengthen properties, the smelting alloys and
their alloying are done at the temperatures not exceeding definite heating (150-200
°K) over SDS.

Positive effect of heat speed working melts on mechanical casts properties
with heating temperature over SDS up to 150 — 200 °K is shown.
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THE MACHINE FOR AIRCRAFTS FLAT OF MAIN FRAME MANUFACTURE
V.I. Merculov, V.I. Odinokov, N.S. Lovizin.

On the basis of known device (foundry-forging module) the accommodating for
deriving a flat of main frame from a rectangular strip is described. The viewed
device (picture 1) represents stand, consisting from four drive blocks, generatrix
enclosed calibre.

Picture 1 .The plan of the device for aircraft's flat of main frame manufacture

Blocks 2 on eccentrics 4 in antiphases circular driving are perform and
deforming going preform 1 in stand. They have a gauging part and slant part with a
corner y. Are brisk 3 make a reciprocation, preclude with fluxion of metal in
direction X3 and push preform on a course of technological process - in direction X .
At the output they have rounding radiuses equal to radiuses of a ready flat. The
losses of a stability of a strip under bending are precluded with commercial rollers 4,
installed in blocks 3 .

The sectional machine is manufactured in several modifications in
Institute engineering science and metallurgy.
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a1 VT-20
Nikolenko S.V., Verokhoturov A.D., Kovalenko S.V.

(Frictional seizure)

(ESA) ESA
VT-20
ESA
ESA Elitron-22A 1=0.8-1.5A, Ux.x.=70-80V, C=360mkf,
E=1.0-1.4 J, f=100 Hz
ESA (VT-20)
Al, Ti, V, Cr, Fe, Ni, Zr,
Nb, Ta, (NiAl), ("VK8", "T15K6"), (
Ne2129619)
X
ESA
y =2 A KtxKhard
tx Ak
K (=A WA a,% Aa 1 )
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ESA tx
WC-Co-Ni-Cr-B-Si (313.9)

VT-20 ESA
VT-20 ESA
17% WC-Co-Ni-Cr-B-Si 76%
1%
ZrO»
ESA
32%
82% WC-Co-Ni-Cr-B-Si  100%
T15K6
ESA

ELECTROSPARK ALLOYING OF VT-20 TITANIUM ALOY

Nikolenko S.V., Verkhoturov A.D., Kovalellko S.V.
Institute of Material Science KSC FEB RAS Russia, Khabarovsk
Fax: (4212) 35-88-10 emal:imdvo@fe.ru

The most important characteristic of the surface of titanium and its' alloys is the
existence of a thin oxide film and high reaction ability of their juvenile surface. Due
to this, titanium and its' alloys have a strong inclination to contact locking under
friction. Another principal characteristic of titanium alloys, which makes virtually
any friction for them a "dry" one, is the complete absence of surface adhesion with
standard lubricants. These properties create considerable problems, and even make
the use of titanium alloys in friction parts of machines and equipment dangerous.
Facilitation of safe and efficient friction applications of titanium and its' alloys

28



demands surface hardening and alloying. Certain works propose the use of galvanic,
detonation, and gas-thermal coating deposition methods. Electrospark alloying also
presents a considerable interest in this connection, especially since it gives a very
strong connection between the base and the deposited layer and allows for deposition
of any current conductive material, including refractory metals and compounds.
However, data available on the subject of electrospark alloying (ESA) of titaniurn
and its' alloys is limited, especially concerning the research of the forming of alloyed
layer and its' properties, and this inhibits efficient selection of alloying electrodes.
This work summarizes the attempt to research the process of forming and properties
of an alloyed layer deposited using ESA on VT-20 titanium alloy, which is
commonly used in the aircraft building.

This work outlines the results of systematic research of the process of alloyed
layer (AL) properties and forming process for "Elitron-22A" device (I=0,8-1,5 A;
U,x=70-80 V; C=360 mkf; E=1,0-1 ,4 J, =100 Hz).

Cathode (VT-20) mass change and anode erosion depending on the duration of
alloying were measured. Metals Al, Ti, V, Cr, Fe, Ni, Zr, Nb, Ta, intermetallic NiAl,
hard alloys Vr8, T15K6, and a new tungsten carbide electrode material (pat
#2129619) with a self-fluxing additive were used as electrode materials in this study.
Other conducted studies include a granulometric analysis of erosion products,
metallography of samples of hardened materials, x-ray phase and gravimetric
analysis of the alloyed surface.

hard \vhere t, - limit of

ESA process efficiency was calculated usingy=2A,KtxK
fragile destruction defined by the time of treatment at which negative relative mass
increase of cathode Ay is registered. K - average mass transfer coefficient equal to
AW/Aq, % (A, - anode's erosion per minute of alloying), K™ -hardening coefficient
equal to K" = H,*H,"°, where H,, -microhardness of the alloyed layer and the base
respectively.

The study has shown that the maximum total added mass in time t, during ESA
with refractory compounds can be achieved for the electrode material with self-
fluxing additives WC-Co-Ni-Cr-B-Si (313,9). This can be explained by the
formation of a protective atmosphere on titanium's surface, which has a close
relation with oxygen. Therefore, metals characterized by an ability to form unlimited
hard solutions and intermetallics, and having the least relation with oxygen, have the
highest value of cathode added mass duting ESA of VT-20 titanium alloy.

The study also included analysis of erosion products, formed during ESA of
VT-20. This analysis has defined their granulometric composition and shown that the

maximum share of liquid phase component is found in nickel's (among metals) —
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17% and WC-Co-Ni-Cr-B-Si —76%,, erosion products. Zirkonium has the lowest
share of liquid phase component (1%), which is explained by its' close relation with
oxygen and its' transfer in the form of ZrO,, this is confirmed by metallographic
analysis as well. Continuity of AL produced during ESA with zirconium equals 32%.

Metallographic studies revealed that niobium forms the AL with highest
continuity among metals (82%), while WC-Co-Ni-Cr-B-Si holds the first place in
this nomination among refractory compounds with a 100% (Pic.). Hard alloy T15K6
gives the highest microhardness of the AL, which is explained by the high hardness
of titanium carbide.

The conducted research has shown a considerable increase of microhardness,
wear- and heat-resistance of titanium alloys after their electrospark alloying.
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TECHNOLOGICAL SOLUTION OF FORMING COATINGS WITH REQUIRED
DEPTH DURING ELECTROSPARK ALLOYING

Y.I. Mulin, L.A. Klimova, D.A. Dmitriev
Institute of Material Sience KSC FEB RAS

Formalizing the relation between total cathode's added mass and energy
parameters of the ESA process for a substantial number of tested electrode materials
allows us to perform calculations and build nomograms necessary for the selection
of treatment modes, which assure the desired coating depth. The mentioned relation
includes the following main energy parameters : quantity of releases energy (Wf)
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frequency (fi) and duration (T 1) of impulses. Quantity of energy released during
alloying of 1cm” of surface is calculated based on the average amount of energy of
one spark discharge Wi the value of which (along with the values of fi and T 1) must
be stated in the technical passport of the ESA device. Quantitatively, the released
energy value is:
Wt= Wi Ni= Wi(60fiki)t,

where Ni - average number of impulses per minute; t - time of treatment of 1cm’
of surface; ki = Ni/fi - coefficient showing the probability of discharge success,
which may be taken to be 0,7-0,8 by default.

If the necessary data is missing in the device's passport, it may be calculated
based on the volt-amper oscillograms received using an oscillograph mod. C8-17
with method [1] directly in the interelectrode space.

According to the abovementioned equation, alloying of I cm of surface must last
for;
t = WH/Wi(60fiki)

Experimental testing of the proposed method for defining technological
parameters of electrospark alloying for the deposition of coating with required depth
shows the maximum error rate to be below 26%.
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