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manufactured and tested. The structural and technological solutions of joints that increase the carrying capacity from 90 to
130 % relative to the original method of connection are the results of experimental studies. Increase of interlayer structural
strength is achieved through embedded connector. Technical recommendations on the adhesive sublayer on metal structural
elements is offered; the conclusion about the impact on the viability of the joint is drawn as well.

Keywords: composite material, joint/compound, uneven tearing-off, carrying capacity.
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Introduction. The EDM in general and carved finishing by wire electrode in particular have be-
come an alternative to mechanic processing in tool production, manufacturing of complex-shape parts
of dies, molds, etc. With further development of EDM technology a pertinently urgent task, as for any
other type of metal processing, relates to improving properties of the original surface. The most effec-
tive way to provide the required surface finish qualities represents combined use of consecutively ap-
plied electrical discharge technology and electrochemical treatment with wire electrode.

Analysis of recent research and publications. According to many researchers in the field [1, 2]
the EDM process embodies a thermal one, when the material is removed by high energy electrical dis-
charges. A concentrated heat flow directed onto a small workpiece surface area initiates both local melt-
ing and evaporation of the molten material. Depending on the time-dependent distribution of spark ener-
gy, only 10...20 % of the molten material is evaporated, and about 20...40 % is splashed out as a liquid
from the wells under high pressure at breakdown path [3]. The remaining molten material solidifies and
creates a white modified layer surface. This layer, specific with a high microhardness contains residual
stresses, having a network of cracks and microfractures and usually consists of wire electrode transferred
material, oxides and carbides. Moreover, that surface roughness is high and depends on the technological
conditions of pulsed current EDM process. Thus, there exists a need for improving the surface texture
and removing the surface layer, ameliorating therefore the product performances.
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The research goal is to develop a refined calculation methods for estimating the quantification
process of anodic dissolution when speaking about EDM modified surface layer with uneven thickness
electrochemical characteristics, through introducing the factor of alternating electrochemical equiva-
lent of surface material layer.

Problem statement.

Let the anode layer I (Fig. 2) of thickness 4, has a variable electrochemical equivalent K, alter-

nating with the depth within values from K, at y =0 up to K, at | y| > hy, that is

§
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Fig. 1. Photo of the EDM machined part’s surface Fig. 2. Diagram of anode bilayer surface at electro-
groove obtained by further electrochemical dissolution chemical processing with wire cathode
of fixed wire electrode: Zone A — insoluble surface
layer, zone B — semi-solved layer, Zone C — dis-
solved base material

With this K, alternation rule change at the EDM layer — to — base part material border (y = 4,)
the electrochemical equivalents for areas I and II are the same. Then with depth increasing the K, co-
efficient becomes a constant with value K, characteristic for the processed piece base material.

Let, while electrochemical dimensional treatment process, the anode surface dissolve, influ-
enced by the electrostatic field of a round-section cathode having the radiusr, distance from
the anode A and spark gap & (Fig. 2).

Provided the cathode potential value is U, the field intensity distribution on the anode surface,

according to formula [4]

_2aU 1

E (x = ,
y( )y=0 lnp x2+a2

2)

where a =~H’ —r’;
_a-96
a+d
The electric field intensity component E_ along the axis OX can be neglected because of its

small value compared to £, .
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The depth of the dissolved anode material at each point with coordinate x

. 2K, xUa 1
h(x,t) =K, j(x) t= T, 3
y=0 Inp x +a

t, 3)

where j(x) — technological current density;

t — dissolution delay;
k — electrolyte specific coductivity.
Equation (3) defines the curve 2 (Fig. 3) representing the groove profile at the given instance
of dissolution time. Now we can find the coordinate x; of the curve 2 intersection with the straight

line 1, as boundary between areas I and 11, described using the equation

h(x,t)=h,. 4)
-2 -1 0 X1 1 X2 2 3 X, mm
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Fig. 3. Shape of grooves on the anode surface at electrochemical dissolution: 1 — border between areas I and II
having different electrochemical equivalent;, 2 — groove profile at the given moment t of dissolution delay; 3, 4
— calculated and experimentally obtained groove profile at the final instance t, of dissolution delay

Supposing (3) equal to (4), we obtain
hn p(x” +a)

L(x)=
) 2K xUa

)

Here we shall determine the dissolution time value at that the coordinate x, is found at character-
istic positions. When x;, =0 the moment, for which the surface EDM-modified layer will be dissolved
at the x =0 point is:
hIn pa

1,(0) = ——2=
1(0) 2K kU

(6)

So we can find the x, coordinate (Fig. 3) of the surface layer dissolution boundary point for the
final time instance #,. Let x, = oa . We determine o, at that #,(x) =¢,:

_hIna’(1+a’)
2K xUa

o= [22EKU 7
haln p

Thus o represents an important parameter characterizing the width (along the anode surface) of
the removed EDM-modified layer.
To find the groove maximum depth %, we divide into ~ two terms in areas I and II:

h=h1 +hlla (8)

t(0a)

Where from
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where = K o —21,(0) = hy, 9)
alnp
K = (Kl +(K, —Kﬁ] L (10)
h )JE=—h
2

2xU
hy =K, (5, —1,(0)). (11)

aln p

Next, we define the quantity of material removed during ¢, current action time that characterizes

the productivity of electrochemical dimensional treatment process. Now we shall find the area of the
dissolved material per unit of the anode thickness:

S =5 +5u, (12)
where S; — substance dissolved within area I;

S; — substance dissolved within area II.
t 2axU 1 T 2axU 1
S] = 2IKmean & > > tzdx - Zsz ax ﬁtzdx.
0 Inp x"+a 0 Inp x"+a
either
kU T X,
S| =4—| K e — — Krarctg— |¢,. (13)
Inp 2 a
The component
o2 1
Su=2[K 2xU N
0 Inp x"+a
either
S 4K kU tzarctgx—z. (14)
Inp a
Dissolved matter volume:
V=SL, (15)

where L — anode (workpiece) thickness.

Results. To correlate the analytic model with a real process of wire electrode electrochemical
treatment, we effected series of experiments. The experimental study goal was to determine the geo-
metrical parameters of grooves originated through processed pieces’ surface layers electrochemical
dissolution when wire-electrode being at fixed position.

The workpiece surface of 11,5 mm thickness (steel H12F1) has been preliminary modified as a
result of three-fold electrical wire processing. Technological modes at first process approach:
100...130 A current amplitude, pulse current of 3,2 ms, frequency 22 kHz. The second approach, respec-
tively: amplitude of 50...80A, duration 3,2 ms, frequency 22 kHz. The third one: amplitude 50 A, duration
2,5 ms, frequency 44 kHz. The final thickness of the EDM-modified layer ranged 30...50 mm.

The electrochemical dissolution has been carried out within 1 M NacCl electrolyte environment at
37...42 °C. For cathodes we used the brass wire (DKRPM FKTL63) of 0,2 mm diameter. The spark
gap varied within 0,2...0,4 mm; voltage supplied to inter-electrode gap, varied within 4...12 V; electri-
cal pulses duration: 0,02...2 ms intermittency factor 25...50 %, total electrochemical dissolution time
amounted to 240...900 s.

Upon comparing the calculated and experimentally determined grooves’ sizes we arrived to re-
fine the numerical values of the steel surface layers electrochemical dissolution coefficients obtained
under different technological conditions of processing.
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Conclusion. Thus the suggested improved method of calculating the quantitative parameters of
anodic dissolution process when EDM-modified surface layers having electrochemical properties non-
uniform considering the thickness, allows to refine accurate values of the steel surface layers electro-
chemical dissolution coefficients and therefore can serve to a significant increase in the accuracy of
calculating the wire electrode-assisted electrochemical surface modification process parameters.

Literature

1. Ramasawmy, H. Investigation of the relationship between the white layer thickness and 3D surface tex-
ture parameters in the die sinking EDM process / H. Ramasawmy, L. Blunt, K.P. Rajurkar // Precision
Engineering. — 2005. — Vol. 29, Iss. 4. — PP. 479 — 490.

2. Puri, A.B. Modeling and analysis of white layer depth in a wire-cut EDM process through response sur-
face methodology / A.B. Puri, B. Bhattacharyya // The International Journal of Advanced Manufactur-
ing Technology. — 2005. — Vol. 25, Iss. 3-4. — PP. 301 — 307.

3. MopentoBaHHs ~ TEIUIOBMX MPOLECIB  pyHHaWii eJNeKTPOJiB  po3psiamMu, XapakTepHUMH IS
enekTpoeposiiiHoro aporsHoro BupizanHsa / B.l. Ocumnenko, O.I1. ITnaxotnumii, JL.I'. [TomoHchKHH,
A .S, Cremmunn // Bicauk XKATY. — 2006. — Ne 4(39). — C. 63 — 70.

4. XKurnukos, B.Il. MMnynbcHast amekTpoxuMuueckas pasmepHas oOpaborka [Tekct]: moHorpadms /
B.I1. )Kurtaukos, A.H. 3aiineB. — M.: Mammnoctpoenne, 2008. — 413 c.

References

1. Ramasawmy, H. Investigation of the relationship between the white layer thickness and 3D surface tex-
ture parameters in the die sinking EDM process / H. Ramasawmy, L. Blunt, K.P. Rajurkar // Precision
Engineering. — 2005. — Vol. 29, Iss. 4. — pp. 479 — 490.

2. Puri, A.B. Modeling and analysis of white layer depth in a wire-cut EDM process through response sur-
face methodology / A.B. Puri, B. Bhattacharyya // The International Journal of Advanced Manufactur-
ing Technology. — 2005. — Vol. 25, Iss. 3—4. — pp. 301 — 307.

3. Osypenko, V.I. Modeliuvannia teplovykh protsesiv ruinatsii elektrodiv rozriadamy, kharakternymy dlia
elektroeroziinoho drotianoho vyrizannia [Modeling of heat processes taking place in electrode destruc-
tion by discharges typical of electroerosive wire cutting] / V.I. Osypenko, O.P. Plakhotnyi, L.H.
Polonskyi, A.Ya. Stepchyn // Visnyk ZhDTU [Bulletin of ZhSTU] — 2006. — # 4(39). — pp. 63 — 70.

4. Zhitnikov, V.P. Impul’snaya elektrokhimicheskaya razmernaya obrabotka [Tekst]: monografiya [Pulse elec-
trochemical machining [Text]: monograph] / V.P. Zhitnikov, A.N. Zaytsev. — Moscow, 2008. — 413 p.

AHOTAINIA / AHHOTALIUS / ABSTRACT

B.I. Ocunenxo, O.11. ITnaxomnuii, A.FO. /lenucenxo. BrockoHaleHHs1 METOAMKHU PO3PAXYHKY NpoueciB aHOAHOIO
PO3YHHEHHS NOBEPXHEBOI'0 eJICKTPOePO3iiiHO 3MiHEHOr0 Iapy NpH eJIeKTPoXiMivHiii 06po0ui APOTAHUM eJIeKTPOIOM.
IloBepxHs, oTprMaHa B Pe3yibTaTi €IEKTPOSPO3iiHOI BUPI3HOI 0OpOOKH APOTSHUM EJIEKTPOIOM, BIMAarae JOJATKOBUX (¢i-
HIIIHUX omepariil. Po3mipHa enektpoximiuHa oOpoOKa € OJHHUM i3 COCO0IB, KU T03BOJISE MOMIMIIATH OCTATOYHUI BUTIISAL
00pobnenux craneid. MeTolo € kepoBaHe, 0a)aHO ITOBHE, SJICKTPOXIMIUHE PO3YMHEHHS OBEPXHEBOrO OLIOTr0 mapy, 1o MoK-
pamrye excIuTyaTaniiiHi SKOCTI ITOBEpXHi. Y TOYHIOEThCS MaTeMaTHIHA MOJENb ULl PO3PaxyHKY IpoLecy eIeKTPOXiMIYHOI
00pOOKH JIPOTSHUM €JIEKTPOJOM i Y3rOJUKY€EThCS 3 EKCIIEPUMEHTAIBHUMH JOCTIPKCHHSIMU aHOJHUX IMPOLECIB PO3UYMHEHHS
MozaudikoBaHoro miapy. ITopiBHSHHS €KCHEPHUMEHTAJIBHUX 1 PO3PAXyHKOBHX JAaHUX Ja€ MOXJIMBICTh YTOYHHMTH YHCEJbHI
3HAYCHHs KOS(iLi€HTIB SNEKTPOXIMIYHOIO PO3UYMHEHHS [TOBEPXHEBUX IIAPIB CTalli, OTPUMAHMX 32 PI3HUX TEXHOJOTIYHHX
YMOB €JIeKTpOoepo3iitHoi 00poOku. Pe3ynbraTu CripusifoTh PO3IIMPEHHIO BIIPOBAKSHHS HA MIPAKTULI KOMOIHOBaHOT TEXHOJIO-
Tii MOCTIIOBHOTO 3aCTOCYBaHHS €NEKTPOEPO3iHOT Ta eJIEKTPOXiMiTHOT 0OPOOOK JPOTSHIM EJIEKTPOIOM.

Kniouosi crnosa: enekrpoxiMidHa po3MipHa 00poOKa, IPOTSHUIA €NeKTPOJ, eNEKTPOepo3iitHa BUpi3Ha 00poOKa, Koedi-
LIEHT EJIEKTPOXIMIYHOTO PO3YMHEHHS.

B.U. Ocunenxo, A.Il. ITnaxomnovui, A.FO. /lenucenxo. Y coBeplIeHCTBOBAHUE METOJIMKH pacyeTa NMpoLeccoB aHOA-
HOI0 PACTBOpPEHHUS] NMOBEPXHOCTHOrO 3JEKTPOIPO3HOHHO H3MEHEHHOIO CJIOSi NMPH JJIEKTPOXHUMHUUYECKOH 00padoTke
NMPOBOJIOYHBIM J1eKTPoAOM. [I0BEpXHOCTb, MOIy4YeHHas! B Pe3yjIbTaTe JIEKTPOIPO3UOHHON BBIPE3HOH 00pabOTKH HPOBO-
JIOYHBIM 3JIEKTPOJIOM, TPeOyeT AOMOIHUTENbHBIX (PUHHIIHBIX onepanuid. PazMepHas ayeKTpoXUMuUueckas o0paboTka sIBIsi-
eTcs OHHUM U3 CIIOcOOO0B, KOTOPBII MO3BOJIAET YIyYLIMTh OKOHYATENbHBIN BuA 0OpaboTaHHbIX craneil. Llenpio sBuseTcs
YIpaBIsIEMOE, JKEIaTeNbHO MOJIHOE, HIEKTPOXHUMHUYECKOE PACTBOPEHUE MOBEPXHOCTHOTO OENOro CIIof, YIydIIaloliee dKC-
IUTyaTalliOHHBIC KAa4eCTBa MOBEPXHOCTH. YTOUHSETCS MaTeMaTHUecKas MOJIENb pacdera IMpolecca JIEKTPOXUMHUYECKOH
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00pabOTKH IPOBOJIOYHEIM JIEKTPOIOM M COTJIACYETCS C SKCIIEPUMEHTAIBHBIMU HCCIIEM0BAaHUAMH aHOAHBIX ITPOLECCOB pac-
TBOPEHHSI MOAN(PUIMPOBAHHOTO cJ10s1. CpaBHEHHE IKCIIEPUMEHTAIBHBIX M PACUSTHBIX JIAHHBIX MO3BOJISIET YTOUYHNUTH YHUCIICH-
Hble 3Ha4YeHHs KOd()(MHULIUEHTOB DIEKTPOXHUMHUUYECKOTO PACTBOPEHUS ITIOBEPXHOCTHBIX CIIOSB CTAJH, MOJYYCHHBIX IPU pa3-
JIMYHBIX TEXHOJOTHYECKHUX YCJIOBHAX 3JIEKTPO3PO3UOHHOI 00paboTKu. Pe3ysbTaThl CIOCOOCTBYIOT PACIIMPEHHIO BHEIPEHUS
Ha MPaKTHKe KOMOMHUPOBAHHOH TEXHOJIOIMH MOCIE0BATENFHOIO IIPUMEHEHHUS ICKTPOIPO3HOHHON U JICKTPOXUMUUECKOM
00pabOTOK MPOBOIIOYHBIM JIEKTPOIOM.

Knrouegvie cnosa: anekTpoxuMuUecKkas pasMepHas 00paboTKa, IPOBOJOYHBII AJIEKTPOA, 3JIEKTPOIPO3HOHHAS BHIPE3-
Hast 00paboTKa, KO3(YUIUESHT HTEKTPOXUMUIECKOTO PACTBOPEHHSI.

V.1 Osipenko, A.P. Plakhotny, A.Yu. Denisenko. Improved methodology for calculating the processes of surface anod-
ic dissolution of spark eroded recast layer at electrochemical machining with wire electrode. The wire electro discharge
machining (WEDM) process produces surfaces that require some kind of finishing operation. The precision electrochemical
machining is one of techniques used mainly to improve the steels’ appearance. It is also desirable to remove the white uppermost
recast layer (produced by the WEDM process) so as to improve the surface functional performance. The paper develops a math-
ematical model for wire electrochemical machining and employs this model in the experimental validation of the modified layer
anodic dissolution processes. The effected comparison of experimental and calculated data for the first time allows specifying
the numerical values of the electrochemical dissolution rate as to surface layers of steel obtained under different conditions of
electrical discharge machining. The results obtained contribute to the extended practical implementation of the combined tech-
nologies when wire electro discharge and wire electrochemical machining. consecutively applied

Keywords: precision electrochemical machining, wire electrode, wire electrical discharge machining, rate of electro-
chemical dissolution.
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IHAPAMETPUYECKHUE PE3OHAHCBI, BOGHUKAIOIHUE
IHPU KYCOYHO-ITIOCTOAHHOM BO3BYKJIEHUHN
YIOPYI'OH CUCTEMBI HIVIM®OBAJBHOI'O CTAHKA

BBenenue. Ou3nko-MexaHU4eCKHe CBOWCTBA MOBEPXHOCTHOTO CJIOS NUIM(OBAHHBIX JeTajei B
3HAYUTETHLHON CTEMEHN OIPEACIIAIOT TOJTOBEYHOCTh MX paboThl. [loBepXHOCTHEIN cloii 0O0pabaThI-
BaeMOM JleTalld B mpoiiecce NUIM(GOBaHMS TOABEPracTCs TEIUIOBOMY BO3JICHCTBHIO, TPUBOAAIICMY K
W3MEHEHUIO ero (PH3UKO-MEXaHUYECKOTO COCTOSHUS. [ CHIDKEHUS TeMIepaTyphl Py IIIH(OBaHUU
YCHENTHO TPUMEHSIOTCS pephIBUCTRIe KpyTH [1]. OmHako mpepsiBaeéMOCTh MpoIiecca pe3aHusi MOKET
CIOCOOCTBOBATh PA3BUTHIO 3HAYHMTENLHBIX KOJIEOAHUH yNPYrodl CHUCTEMBI CTAaHKa, MPHUBOMASAIIMX K
(hopMHUPOBaHUIO BOJHUCTOCTH 00padaThiBaeMoil moBepXHOCTH. [leproAMYHOCTh U3MEHEHUST KOHTAKTa
KpyTa C JIETallbI0 MPH MPEPHIBUCTOM NUTH()OBAHMY MPUBOIUT K MEPUOTUIECKOMY M3MEHEHUIO JKECT-
KOCTH yTIPYTO¥ CUCTEMBI CTaHKa. B CBSI3M ¢ 3THM BO3HMKJIA HEOOXOAMMOCTH BBISIBUTH yCIIOBHSI, TPH-
BOJISIIIUE K TAPAMETPUICCKON HEYCTOWYMBOCTH CTaHKA IIPU MIPEPHIBUCTOM NUTH()OBAHHH.
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