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eld distribytion on hole forming
i tion results, it was
machining gap with
tubular electrode and the effect of gap electric field,on dime of hole were illustrated. In
addition, the influences of electrolyte press electric Tiehe distribution and stability of

machining was studied to conclude the e fa@f machining stability in ECM of
N g
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1. Introduction @ \

It is difficult to e ult %ouver of which diameter is 1-4mm, depth-diameter
ratio is in the_ranfie 40 to 150mv n 500 in the aero-engine turbine blade by using the
general mac r othef” Brocessing methods. Owing to high requirements to shape
accuracy andwsdrface of louvers, people adopt tubular electrode to machine
electrochemically at . [1-5]A major problem existed in electrochemical machining
with tubular electr poor machining stability. Typically we reduce machining gap in
order to ensure @nd dimensional accuracy of holes [6-9]. And controlling electric field
distribution,inside the machining gap is the essence of guaranteeing machining gap.

This pa stigates the influence of electric field distribution on hole machining in the
process M with tubular electrode, and analyzes the law of different electrode feed rate
i c@on forming hole. As a result of our experiments were concluded the law of electric
f%s ribution in electrochemical machining gap with tubular electrode and analyzed not
onl

w of gap electric field impacting on diameter of hole and depth of hole but also reasons
of affecting stability of machining holes electrochemically with tubular electrode.

2. The Experiment Design

The following are experimental conditions:(1) Initial gap between tubular electrode and
workpiece is Imm. (2) Tool feed speed is set to zero (3) It is about 4 minutes when the gap
current is zero while electrochemical machining ends and a hole is machined on the surface of
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the workpiece. (4) An insulating layer covers the outside of the tubular electrode. Electrolysis
reaction occurs only at the front-end surface of the tubular electrode. The electrolyte pressure
is 2.4MPa when electrolytes jet to the workpiece surface from the interior of the tubular
electrode. Analyze effect of machining gap on radius and depth of holes as well as impact of
pulse width and pulse interval on forming holes. Experiments are conducted on
self-developed pulse electrochemical machining machine tool. Figure 1 shows equipment
comprise a workbench, the electrolyte flow system, pulse power etc. Figure 2 is schematic

diagram for tubular electrode (2.1mm diameter) covered with an insulating layer.

stegper astor Outer radius of bare tool
! high-oredmre ey |

Insulation

Figure 1. Structure Diagram of ECM .S ¢ Diagram of
Equipment Q %EI
3. Analysis of Experimental Data « O \
Figure 3 shows that fixed pulse inte 00 @se width is enlarged from 1900us
to 2100us while diameter of hole is jacheased fro& to 3.1mm. Figure 4 is a histogram
frem 1

for depth of electrolytic hole that asegl m to 1.3mm with pulse width enlarged.
With the increase of pulse wi ectrolytic@eter of hole is increased by 22% and depth

of electrolytic hole is incre by 35%\
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Figt . Influence of Pulse Width Figure 4. Influence of Pulse Width
0 e Semi Diameter of the Hole on the Processing Depth of ECM

@s shown in Figure 5 and Figure 6, when the tubular electrode maintains a certain speed,

within a fixed duty cycle diameter of hole is inverse proportion to tool feed rate and gap
current is proportional to tool feed rate. This is because average dissolution rate of the
workpiece is constant in the condition of fixed duty cycle electrolysis within unit time is
shortened with the increase of the feed rate of the tubular electrode. Therefore gap of
unilateral side of hole is reduced. With the increase of tool feed speed, decreasing of
front-end machining gap results in increase of front-end processing current If and total
processing current .
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Figure 5. Influence of Tool Electrode Figure 6. Influence of Tool
Feed Rate on the Unilateral Space of Electrode Feed Rate on the Elebiv‘
Processed Hole Current in the Gap

4. Analysis of Stability of ECM \ﬁ
Internal machining gap voltage is low, and micros the e ce of the tubular

electrode into undulating shape. As shown in Figur ce the w point A is different

from point B’s, voltage of point B is lower than poi s at the nt of low voltage. So

the electric field is formed between point A aéoint B, %en adsorption is formed in
int

point A. And non-metallic particles are near the A. Such moments of low
voltage appear periodically in the tubu rod ochemical machining process by
using pulse power. In the whole end @e of r electrode periodic appearing of
numerous electric fields like electri AB acc s the formation of nonmetal film on

the surface of tubular electr od;\. increages, the frequency of short circuit. Observe
lec

morphology of end surface of trode nning electron microscope. Figure 8 shows
that there are massive non@ﬂs in th face of the tool electrode by analyzing EDX

spectrum.
Jse Width *

Low Voltage Pulse interval

Figureé*rdation Film Formation of Tool Electrode end Face Processed by

O Low Voltage Power
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Figure 8. EDX Spectrum of Tool  Figure 9. Oxidation Film Formation of
Electrode End Face after Short Tool Electrode End Face \/o

Circuit ?
It can be inferred that non-metallic particles on the surface of the tubular eI@ generate

a variety of oxide to form film. As presented in Figure 9 the surfacesof ar electrode
due to film formed by carbon and silicon carbon, silicon a heg no me ect to machine
gap field, thereby cause frequent short circuit.

5. Effect of Electrolyte Pressure on Q F| wlbutlon

There are bubbles on the surface of to ctrode | electrolysis process. These
bubbles not exist in the electrolyte near t) rogdeybut firmly absorbed on the surface
of tool electrode. This is because bubb eel @round the tubular electrode stress
unevenly. Pressure causes bubbles pressed end surface of the tubular electrode,
as shown in Figure 10. Since e I cond ivity of bubble is bad, bubbles are firmly
pressed against the end surfa the tubu‘x ectrode by pressure of electrolyte, which
greatly affects the electric field strengt CM loop. It weak current of electrochemical
machining gap reduces ivity of olyte inside electrochemical machining gap and
impacts gap electri ‘x f EC les. Meanwhile it is concluded from Figure 11 and
Figure 12 that tran press tribution of gap A-B in the front end of the straight hole
is M shape 3 -- butlon o pressure is symmetrical and regressive. Symmetry of
distribution u yt Dr e guarantees the stability of the tool electrode at the time of
increasing pressete on th‘c rolyte, thereby ensuring the stability of the gap electric field.
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Figure 10. The Bubble Figure 11. Simulation of Pressure of
Adsorption in the Processing Machining Gap
Gap
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Figure 12. Lateral Pressure Distribution of Gap of Front-end Hole

In the test, pulse width is in the range of 500-1000us, pulse voltage is 24V
pressure in the range of 1.9-3.0MPa. Figure 13 shows that gap of unilater hole
decreases with electrolyte pressure increasing at a fixed time. This ISQ as the
electrolyte pressure increases, bubbles within electrochemical\ machini e reaction
product and the heat of reaction was promptly taken a g\ renews lectrolyte and
improves the localization of machining hole by i h ac of the shape of
electrochemical machining hole. 6
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Figure 1®4ence o ctrolyte Pressure on the Unilateral Space of

Processed Hole

6. Effect of Curve 2& tructure on Electric Field Distribution

Machining cur; by ECM mainly researches structure of key curve holes of
aero-engine turb lade. Processing method is the combination of memory alloy tubular
E

electrode and fof ECM. This method can machine curve hole whose structure is the same as
tubular e e by memory alloy tubular electrode that has the characteristic of shape
memor, r training. In the electrolysis reaction, metal materials are corroded in

ic view. The fact is the microscopic collection that redox reactions on the positive
a ative electrode cause ions transferring. Figure 14 is a schematic diagram for ions
transterring between positive electrode and negative electrode.
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Figure 14. Schematic Diagram of Electrode Reaction

L 4

During the entire process, effect of electrode potential on electron transfer spee core
of whole process of the electrode core, which has a significant impact on d of the
electrolytic reaction and the direction. Based on principle of chemical dy ctlve ions
must absorb certain energy to reach an unstable tran5|t|o s%lactlve Then reactive
ions participate in the reaction. Therefore, in electroche act on of oxidation

or reduction impacts the process of poles moving positiye an egatlve electrodes.
As shown in Figure 15, current within machining n be Mnto front-end current
and side current when using tubular electrode ered wit lating layer to machine
holes. Therefore controlling the electric cur nltude @e current distribution is the
key technology of the pulse electrochemlca |n|ng h tubular electrode.

tool e s\

‘\_ Wi rZ s N |
Q 5 I
Olgure @’strlbutlon Map of Gap Electric Flux Line
Electric field i machmlng gap changes because curvilinear motion of memory
alloy tool electro rs in process of machining curve holes. During curvilinear motion of
memory alloy, tooNelectrode if not change the intensity of the electric field inside the gap,
processmg are caused due to curvilinear motion of memory alloy tool electrode as

shown in? 16 In order to avoid false processing it needs to match gap electric field of
ECM achines curve holes and curvilinear motion of memory alloy tool electrode to

cessing errors of workpiece due to deformation of memory alloy tool electrode.
M hile ensuring stability of processing is an important measurement to control intensity
of the gap electric field.

When using bending motion of memory alloy tool electrode to machine curve hole
distance of the end of memory alloy tool electrode deformation and workpiece is reduced due
to memory alloy tool electrode deformation. It increases the number of bubbles on the end
surface of memory alloy tool electrode deformation as shown in Figure 17 and reduces
electric field intensity of curve hole ECM gap in the direction of memory alloy tool electrode
deformation. Thereby affect local removal rate of curve hole electrochemical machining. If
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memory alloy tool feed rate is greater than removal rate of curve hole electrochemical
machining in the direction of memory alloy tool electrode deformation, it will cause a short
circuit.
feed direction of

tool electrode

feed direction of tool electrode

excessive
-removal

Figure 16. Schematic Diagram of Figure 17. Accumulatio cal
Processing Error Bubble Influencing Elegt

\ emov
However tool electrode working face and the fege ion of Wectrode are at an
angle, as shown in Figure 18. Excessive pressure gause e Iyte fluctuation of tool
electrode and impact stability of curve hole electroch

feed direction @electrodg %

A

O\Q ﬁ impact force F of elejctrlolyte
Figure 18. Ine\dforce C}QC olyte Affecting Processing Stability of Curve

@ Hole
éhining gap pressure between straight hole and curve hole under
re, we know that distribution of pressure field inside machining
ly when tool electrode bends, as shown in Figure 19 and Figure 20
presents transyerse, pressure distribution of curve hole front-end gap section A-B. When
machining &Eﬁole distribution of electrolyte pressure inside the machining gap is uneven.
Therefor ore likely to cause the phenomenon of uneven processing and a short circuit

%‘ achining.

According to simul
the same electrolyt
gap changes signi
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Figure 19. Simulation of Machining Gap Pressure of Curve Hole
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Figure 20. Transverse Press@ tnb&Curve Hole Front-end Gap
7. Conclusions A

The following conclu3| re base S udy of effect of electric field distribution on
machining holes wﬂi;EQ\

1) Keep tool fe and d le fixed when using pulse power to machine hole
Diameter of hole rse prop tool feed rate and gap current is proportional to tool

feed rate. T te isi rse proportion to gap of unilateral side of hole and tool feed
rate is propo to gap.

2) The reason why cmts occur frequently is that non-metallic film form on the end
surface of tubular e with the growing processing times. Analyze the mechanism of
forming film on @ surface of tubular electrode.

3) Analyze, impact of electrolyte pressure on ECM field. Increasing electrolyte pressure
will not aﬁ@ﬁh& stability of the gap electric field within a certain range through simulation
analysis Q onfirmed by experiments that improving the electrolyte pressure can renew
electr ectively, which improves localization of machining hole thereby increasing the

f the shape of the hole.
nalyze curve hole ECM field theoretically as well as its simulation. Analyze law of
variation of ECM electric field inside the gap and electrolyte pressure distribution when the
tubular electrode occurs curvilinear motion. Provide a theoretical basis for curve hole
electrochemical machining method.
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