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FURTHER PROBLEMS AFFECTING THE FRODUCTION OF ELLIPTICAL HOLES BY ECM

M, S. HEWIDY

BABSTRACT

ECM has found wide applications in serospace industries. However,
tool design in ECM is still & problem which delsys the use of this
rrocess. This peper has fccused attention on some of the problems
that are to be studied before it wculd te possible to ottain &an
analytical design cof toolings for ECM.

Furthermore, this paper has emphasized thet each component ir ECM
presents its own particular problems end each must be trezted on its
own merits as has been shown through producing the elliptical heole
shape.

Inequality of electrolyte distribution, diff'erent electrolyte path
lengths znd variations in current density have been found to be the
main features that characterize the nature of the ellipticel hole
shape by ECM. Recistance model technigue has been suggested and
modified to use for analysis of the elliptical hole shape. A para-
metric study of the process which highlights certain guidelines for
ECM tooling designer is &lsc presented.

Experimental results have revealed significant variations in the
resultant side gap length at major end mincr dismeters of the tool.
The exrerimental tests have been in agreemsnt with the present
analysis. Further, resistance model technique has proved its velidity
for use in evaluating the power consunption in RECM.

INTRODUCTION

Electrochemical machining (ECY), defined zs the controlleu &nodic
corrosion process, is commonly employed to shape components made of
difficult~-to machine metals required by such scphisticated industries
as aercspace and gas turbine industries, The last two decades have
witnessed rapid advances in the field of ECM, and it is expected that
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Problems associated with electrolyte ciculaon in ECM
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in the few years to come, this process would find ready applications in
a wide veriety of production industries, '

It is, however, felt that the capabilities of this process heve not been
fully exploited, due to the difficultiec encountered in the design of
toolings for the given workpiece. The biggest problem facing the tool
desigrer in ECM is how to achieve a strict control on electrolyte temp-
erature and pressure stability in 2ll the interelectrode gap., Correct
electrode flow across a tool is essential for its success and is the most
important feature cf the tool design. So, each component should be
considered for full use cf its natur&l features to achieve suitsble flow,
A hole sinking operation in the ECM has been studied, using tools of
differert shapes : Ebeid (1] summarized some putlished papers about the
problems the circular hole shaped encountered. Rectangular hole EZ] and
hexagonal hole [3] have also been studied.to zssess zn empirical  and
thecretical relationship between tool dimensions and resultant workpiece
profile

Elliptical holes by ECM have a complexity nature tecause of the non-
uniferm distribution of the electrolyte zlong the major and minor =zxes
of the tool surfuce. The author has summarized,in Fig., 1, the main
problems which may associate electrolyte circulztion in ECM. Ellipticel
hole shaped constitutes the bulk of these problems, as the experimentel
invecstigations have revealed,

This paper has adopted the resistance model technique [2] to be valid
enough to estimate the geometry of workpiece profile in ECM. The
analytical technique in this work has been supported by some reazlistic
and practicel factors recognizea in the present tests.

This paper also presents experimental verificetions of the theory
presented herein to emphasise its validity for use in the ECM prccess,

THEORETICAL ANALYSIS

For an accurate modelling of the cavity sinking prccess, &all the
electrclyte rcsistances in the interelectrode gep should be celculzted
accurately’[%ﬂ, as shown in Fig,., 2, This technique has been success-
fully appliea to several cases [E—ﬁ], end has prcved to be valid.

Figure 2 shows that side gap in the direction of minor diameter (Y=)
behaves in a similar way as the cvercut length in cese of circular
holes. Thus, -

2 .2
YE = —\v/lf Ye + 2Yet

where (Y ) is the eguilibrium gap in the frontzl direction (f) gua can
be calculated s follows :

Y o (v.- sv) ke
e - fF p.

In the present work, experimentel investigations have detected significant
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variations between side gaps at major and minor diameters of the
elliptical tool, The relation between the two side gaps can be
expressed as follows: :

The side gap at the direction of the ellipse diameter (Y_E) can be
deduced from the general equation of the ellipse [5]. "

x2 Y2 7 .&
Eedea = )
a b
x = —22P (5)
Bes B0
So,the diameter of the ellipse becomes
- __ab V2 6)
\/52+52
The side gap length ( YE % ) is equel to
ab VW 2 o 2
e A (7)
NVogE y #F N p? 4 &2

Experimentel tests will reveal the accurate velue of side gap
correcting factor ()\ ). Then the workpiece profile can be ccnstructed
by knowing the two ellipse diameters.

2 = a + X\ a (4)

P = b -:\/lfe Yi + Bl L (5)

where a2 and b are the radii of the elliptical tool at major and minor
exes respectively,

The variation in length of side gaps has been zttributed to the
inequality of electrolyte path length w.r.t. the surface of hole
electrclyte supply.

For a whole sinking operation, using ellipticzal tool (Fig, 2), the
equivalent resistance of the lectrolyte within the working gap cazn be
derived as follows

1 E{: 1: O A ;iﬂ- 1 o @)
Riot 2 5 LoFg R
The individual resistance in equation (8) is given by the gereral
relationship :
Yi
- P .. (]
H o7 K. A, (9
i 74

For & small element, it is assumed that:
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Rot bg Ry R;g Ry (11)
The equivalent resistance becomes
i g 2 2 2
. 1 iGN i R
- fe Yeom 3 — Vo f— Y Vo V- e
tot K 2 Yg Yab Y 2Y Y- =5 Y5 ¢t 4 Ea Yz yf + Yo YU Yab
(12)
The different side areas ( A- , A- , and #e = ) of the wurkpiece

profile can be computed throligh the Get&lﬁlﬂatIOﬁ of the correspond-
ing arcs for these areas (Fig. 2).

The length of the arc of the elliptical curve is expressed by the
formula of the ellipse in parametric form

£ 2 _ 2 .

B f dz dvy d b 5 =

a ( L L ) _(3E ‘szzj +* e (13)

where x = & singy &nd y = b cos@ (14)
O i+1

2. ¢ Li B Vyﬂ\/~ 0052(3; 2 B sin%:) d@= (15)

Inserting the relation of ellipse eccentricity in equation (15), the
generzl equation of length of elliptical curve can be obtzined by the
following equetion

ALy Ly 40 =

W
e
—
i
i
o
o
)]
P
e
o
@
(o] I
[0
£
m
1
=
@
+
(P |
o]

Sh
i 2 1 2 1
:@,+Z+-e cos»—~51n@--2—e t 355 ¢ CO@SIHC
@i + 1
5 4 s singd) o 2 o4
tz— e cosg sin(=) e © o} (17)
PN 8
l‘--7-
& i+ 1
S0
. (Li Li o317 = 8 (X ) - (18)
i
The zreas of workpiece prefile (A~ ; AS and A- B) cazn be
obtained as follows ; o -
el
AE = 2 a (t+ Ye ) (X)) ] oo (19)
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A o= 23 (t+Y ) (X) . (20)
6745
. . T
67.5
g = 8 (tey) (X) ] (21
22,2

Substituting equations 19, 20, and 22 in equation 12, the equivalent
resistance of the interelectrode gap Tan be got.

The consumed current ( I ) can be obtained by the next equation :

I = ('\};" AV ) (23)
tot

The current density over the workpiece can be expressed as follows :

I
J = (24)
AFrontal * ASide

- = (25)

20+ T (a+b) (t+ Ye )

EXPEIMENTAL WORK

The generzl lazy-out of the ECM equipment used in this investigation

is shown in Fig., 2. Brass was used as a tool meterial, To guarantee
smooth flow electrolyte, the tools were provided with rounded corners
of about 0.5 to 1 mm radius. All werkpieces (st. 37), have a thickness
of about 15 mm, Workpiece fixture was connected to the machining cell
through a press fit to get a better alignment es shown in Fig. 4.

To overcome the problem of temperature rise during the ECHM processes,
a large quantity of electrolyte was pumped through the working gep to
minimize the temperature,rise. Furthermore, tie temperature was kept
almost constant within 2 C through an adjustable trermostat connected
to the control panel of the EC eguipment. The resulting workpiece
profiles were measured by the use of =& projecter with a magnification
of 10 : 1.

RESULTS AND DISCUSSION

The present investigations have been cearried out T
conditions in ECM, to get the ellipticel hole s=zzp
have revezled variations in the side gep lengts &t mgjor and minor
diemeters of the elliptical tool. Figure 5 shows & comparison between
tool geometry and resultant workpiece profile &zt vearious equilibrium
gaps. All dismensions in Fig. 5 have been referred to the whole surfece
of the electrolyte supply. Figure 6 shows the vlotting of the workpiece
side gaps at major and minor diameters at different equilibrium gaps.

o optimize the working
ed, Experimental tests

. . _J
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The difference between the two side gaps has been attributed to the
inequality of the current flow line at area ( Az and area ( &5 ) as
illustrated in Fig. 7. Gap correcting factor ( V) was found to be

1.2, as the present experimental tests have revealed, and as was
discussed before by Kawafune et al. [6] . Side gap at the major diameter
(Y-) was found to be a function in the side gap at the minor diameter
(Yg). The correlation between them has been extracted from figures

4 and 5 and is expressed as follows :

Ya = (0.48 H 0.56) YE

However, it has been found that the increase in the frontal current
density was more than'(A-) because of the increase in the tocl area
exposed to the electrolysing current.

Distribution of current density at the workpiece surface (Fig. 7), is
more regular at area (Ac) than at area (A=) . This variation defines
the feature of the curvature of the workplece profile at these areas.
For equilibrium gaps less than 0.35 mm, sparking tends to occur at the
t0ol side in the direction of the major diemeter [7] and cause tool
damage. The conditions of cavitation and dead water zone [8] are
also likely to arise at this region which suffers from & sudden
decrease in the local pressure of flow (Fig., 8 Furthermore,hydrogen,
which is produced by ECH action at this area, forms large bubbles in
the electrolyte stream, ani consequently resists the passage of the
electrolysing curreat at that region 9] -

Figure 9 shows that as the epplied voliage increases, the consumed
current increases. This can be explaired by the increase in she
equilibrium gap value at the high epplied voltages,

Figure 10 shows that the Teed rate is the most vital Tactor affecting
the consumed current. The maximum feed rate reached was 2 mm/min.

Tre lazck of using higher feed rates was attributed to the decrease in
tne cide gap length at the major diameter (0.3 mm) which is considered
the favourable zone to generate the severe sparking and causes the tool
damage. Furthermore, at rising tool feed rates, = proportionate

inerease in flow will be required with corresponding increase in
pressure which has not been realized during this investigation.

Figure 11 shows that as tool land increases, the consumed current
increases. The tool land has been selected on practical considerations
to resist tool deformity and tool vibrations. Tool land has also been
restricted to 2.5 mm in order to minimize side current, workpliece
conicity and stray machining.

Figure 12 shows the values of current density values which have been
achieved during this work.

COLCLUSION

- Elliptical holes by ECM have a complexity nature due to the irregularity
of electrolyte distribution and different current density along the
workpiece surface.

- Modified resistance model technique proved to be adequate to predict

L -
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the geometry of workpiece profile and Power consumption for the
elliptical holes by ECM,

—- Feed rates have been restricted to 2 mm/min. because of the generat-
ion of the severe sparking at tool surface in the direction of the
minor diameter, '

- Future researches can be devoted to the utilization of reverse flow
or restricted flow, to verify more electrolyte distribution on work-—
piece surface and to get higher feed rates.
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NOMENC LATURE

A Cross(sectional arez of the electric resistance.
Aa_’Ab_’AEE See Figure 2.
Af— Frontal area of the workpiece profile.,

Major radius of the elliptical tocl.

Mejor radius of the resultant workpiece profile,
Minor radius of the elliptical tool.

Minor radius of the resultant workpiece profile,
Eccentricity of the ellipse.

Faraday's constant,

Feed rate.

Frontzl direction.,

Current density.

Electrolyte electrical conductivity,

Length of the elliptic arc.

radius of the hole of electrolyte supply.
Electric resistance.
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E‘REE‘Rf Electric resistance at the area AE' AB, AEE‘ Af
Length of tool land,
Applied voltage.
Interelectrode gap.,
B’YEE’ Ye See Eigure 2.
Electrolyte pressure,
Chemiczl equivalent,
See Fig., 2.
Gaep correcting factor between Y- ahd YB .
(=
See Fig. 5
Gep correcting factor between YE end Y .
s
Dencity of workpiece mzterizl.
dechining conditions
Ye = 0,38 mm,
I = 150 Anp.
J = 100 Amp/mm2
2a = 11.2 mm
2b = T mm
Y, = 0,7 mn 1
Yb = 0.4 Me

1. Distribution of current flow lines at area Aa

2, Distributfon of curreat flow lines st area Ay
3. Pressure distribution 4, Tool
5. Yorkpiece profile.

Fig. 7: Pressure esnd current flow lines distribution.

H

1. Desd zone with ges Lubble femutichn 2. Tool
3. Direction of feed 4, Electrelyte
5. Wcrrpiece
Pig. e Schezatic dlsgruz {1lusiteting formetion ef dend
mater zoce by flovw breskewey. 5
after Dietz et 8l -[!J
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