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Met hod of el ectrochem cal machining by bipolar pul ses The invention rel ates
to a method of el ectrochem cally machining an electrically conductive

wor kpi ece in an electrolyte by applying bipolar electric pul ses between the
wor kpi ece and an electrically conductive el ectrode, one or nore current

pul ses of normsbopad7sirity being alternatdd with voltage pul sSRCI/ABP6/MGEOSI t e
polarity. 5 Such a nethod is known from Russi an Pat ent
Specifi cat MuthodlereletR6Gemidal Amachiniag by dipokae ulses t he production of parts
having an intricate profile or of formng tools fromvery strong and hard
steels and alloys. During the current. pul ses of normal polarity the

wor kpi ece is positive relative to the electrode and the nmetal of the

wor kpi ece dissolves in the electrolyte, while at the sane tinme passivation
| ayers are fornmed on the surface of the 10 workpiece. During the voltage
pul ses of opposite polarity the morkpiece IS negative relative to the

el ectrode and depassivaljon of, t surface, o : t.h t| ne., the
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reaction in which the passivation ‘?ﬁ on the V\Dl’gel?l ece di ssol ves. The
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not known di ssol ution occurs, whic ives - rise to changes of t he
di mensi ons fmuvguasprenmanct hasd steels and>alloysoBuringsthg cummulsssf of porengl polarity the
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pul ses o e contr a manner that the effect
of these thbMelthrode and depassivation of the surface occurs. At the same time, the electrolyte in

the vicinity of the workpiece becomes alkaline as a result of the formation of hydrogen from

water. The high pH-value causes a reaction in which the passivation layer on the workpiece

dissolves. The voltage pulse of opposite polarity is followed by a pause having a length of
15 approximately 0.5 to 2 times the duration of the voitage'pulse.

A shortcoming of the known method resides in the fact that the optimum
limits for changing the voltage value of the voltage pulses of opposite polarity in order to
ensure a high productivity, precision and machining quality are not known. Electrode
dissolution occurs, which gives rise to changes of the dimensions and shape of the electrode,

20 as a result of which the precision and surface quality deteriorate.

United States Patent 3,654,116 discloses an electrochemical machining
method by means of bipolar pulses, in which pulses of normal polarity are alternated with
pulses of opposite polarity. The amplitude and/or the duration and/or the position of the
pulses of opposite polarity are controlled in such a manner that the effect of these pulses is

. 25 just adequate to cancel the passivation. However, this known method does not reveal the
optimum limits within which the amplitude of the pulses of opposite polarity should lie.

‘ It is an object of the invention to provide a method with an improved
precision, productivity and machining quality of the workpiece. It is another object of the
invention to provide a device for carrying out the method. To this end, the method of the
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polarity may lie are determined by means of a variant of the method in accordance with the

15 invention, which is characterized in that, during the test, the amplitude of the voltage pulses
is increased gradually from an initial value to a final value, and in that the two
predetermined values are determined upon a sign reversal in the difference between
successive values of a parameter which, in operation, is representative of a property of a gap
between the electrode and the workpiece.

20 It has been found that the occurrence of sign reversals-in the difference
between successive values of a parameter representative of a property of the gap between the
electrode and the workpiece is a characteristic phenomenon at given amplitudes of the
voltage pulses of opposite polarity. The first signal reversal appears to be the beginning of a
range in which the amplitude of the voltage pulses produces a lustrous surface of the

25 workpiece. The second sign reversal marks the instant at which the electrode begins to
dissolve in the electrolyte and the machining accuracy begins to deteriorate. During the test
the amplitude of the voltage pulses of opposite polarity is raised and during each of the two
subsequent signal reversals the corresponding amplitude is stored. The two corresponding
amplitudes then form the two predetermined values within which the machining process is

30 continued.

I no pulses of opposite polarity are applied, the voltage between the
electrode and the workpiece immediately after termination of a current pulse of normal
polarity is not zero but equal to a polarization voltage which gradually decreases to zero if no
further current pulses are applied. According to the invention, the amplitude of the voltage



successi ve values of a paranmeter which, in operation, is representative of
a property of a gap between the el ectrode and t he workpi ece. 20

It has been found that the occurrence of sign reversals in the difference
bet ween successive values of a paraneter representative of a property of
the gap between the electrode and the workpiece is a characteristic

phenonenon at wowwes7anpl i t udes of the vol3age pul ses of oppORCI/IBIGNGEN ity .
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voltage across the gap between the electrode and the workpiece has a waveform with a global
15 mininlmrn. The voltage value of this global minimum aj)pwrs to be dependent on the
amplitude of the voltage pulses of opposite polarity. During the test the amplitude of the
voltage pulses of opposite polarity is gradually increased and the difference in the voltage
values of successive global minima is calculated. As soon as a sign reversal of the difference
occurs the corresponding amplitude of the voltage pulses of opposite polarity is determined.
20 During the test the amplitude of the voltage pulses of opposite polarity
may be incremented by a given step size after each current pulse of ﬂormal polarity. In the
case of a comparatively small step size a measurable change in the voltage value of the
successive global minima will occur only after a comparatively large number of current
pulses. In this case a number of successive voltage values of the global minima will have to
25 be compiled and averaged in order to allow a sign reversal to be detected with adequate
accuracy. Generally, a sign reversal between two successive pulses will be measurable when
a comparatively large step size is used. The optimum step size depends on the desired
accuracy for the limits of the amplitude of the voltage pulses.
During the test a predetermined gap size is maintained. To this end, a
. 30 further variant of the method is characterized in that the size of the gap between the electrode
and the workpiece is controlled in such a manner that, during the current pulses, a local
‘ maximum occurs in the voltage between the workpiece and the electrode. The current pulse
heats the electrolyte. When the electrode moves away from the workpiece cavitation occurs
and the electrolyte begins to boil, resulting in extra bubble formation in the gap. This causes



characterized in that the paraneter is the anplitude of a global mninumin
the voltage across the gap during the current pul ses, the global m ninum
resulting froman oscillatory novenent of the workpiece and the el ectrode
relative to each other. In this case the paraneter is the voltage across
tthe gap. Apart from a continuous novenent between the 10 electrode and the
wor kpi ece ther swo%/0arsso0 an oscillatory noyenent. The el ectr o®ern896/00661 -
exanpl e, performs a sinusoidal novenent and the workpiece is noved
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end, a 30 further vari of the nmethod is characteriz in that the size:
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case that no global minimum occurs in the voltage between the electrode and the workpiece.

The absence of such a global minimum may be caused by the fact that no oscillatory

20 movement takes place between the workpiece and the electrode. Another cause: may be that
an oscillatory movement is performed but that each current pulse is divided into a group of
short pulses in order to preclude excessive cavitation and too high a temperature of the
electrolyte. The global minimum is then not or hardly measurable.

Still further alternatives are the measurement of the resistance across the

25 gap, in which case sign reversals in the resistance variation are detected, and the
measurement of the size of the gap itself, in which case sign reversals in the variation of the
gap size are detected. In the latter case a favorable value of the amplitude of the voltage
pulses of opposite polarity can be determined by means of a further variant of the method,
which is characterized in that, during the test, in succession, the amplitude of the voltage

30 pulses is increased, the size of the gap between the workpiece and the electrode is measured,
the difference between the measured values for a subsequent and a previous value of the gap
size is computed, the amplitude of the voltage pulses is determined upon the occurrence of a
sign reversal in this difference, and subsequently machining is continued with the amplitude
thus determined.



maxi mum occurs in the voltage between the workpi ece and the el ectrode. The
current pulse heats the electrolyte. Wen the el ectrode noves away fromthe

wor kpi ece cavitation occurs and the electrolyte begins to boil, resulting
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characterized in that the device comprises:

- an electrode;
15 - means for locating the electrode and the workpiece in spaced relationship so as
to keep a gap therebetween;
- means for feeding electrolyte into the gap between the electrode and the
workpiece;
- a current source, electrically. connectable to the workpiece and the electrode, for
20 supplying the current pulses to the workpiece and the electrode;
- a voltage source with controllable output voltage, electrically connectable to the
workpiece and the electrode, for supplying the voltage pulses to the workpiece and the
electrode;
- means for altemateiy connecting the current source and the voltage source to
25 the workpiece and the electrode;
- means for generating a control signal for gradually changing the output voltage
of the voltage source; _
- means for analyzing and storing the voltage and/or current waveforms of the
pulses between the workpiece and the electrode;

* 30 - means for detecting a sign reversal in the difference between successive values
of a parameter derived from the voltage waveform or the current waveform of the pulses, or
from the resistance across the gap between the electrode and the workpiece;

- means for storing the instantaneous value of the control signal of the voltage
source upon detection of the sign reversal.
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does not play a part in the measurement of the current during voltage pulses of opposite
polarity. It follows that under given conditions the output impedance of the current source

15 may be so low that the current source behaves as a voltage source.

The voltage source supplies the voltage pulses of opposit_e polarity
necessary for depassivation of the workpiece surface. An ideal voltage source is an electric
power source having a very low output impedance and supplying a given voltage regardiess
of the resistance of the load. However, in practice the output impedance is limited but the

20 voltage supplied is highly independent of the instantaneous resistance between the electrode
and the workpiece. The variation of the current through the gap is then dictated almost
wholly by the resistance across the gap and not by the output impedance of the voltage
source itself. Particularly when the integral of the current during the voltage pulses of
opposite polarity is measured it is desirable to Have a voltage source with a low output

25 impedance. When sign reversals in the global minimum and sign reversals in the integral of
the voltage across the gap during the current pulses of normal polarity are measured, the
waveform of the current during the voltage pulses of opposite polarity plays a subordinate
part. The output impedance of the voltage source may then be so high that the voltage source
behaves as a current source.

30 The output voltage of the voltage source is controllable in order to allow
the gradual variation of the amplitude'of the voltage pulses during the test. The current
source and the voltage source are alternately connected to the electrode and the workpiece
and thus produce a bipolar pulse train. If the electrode and the workpiece perform an
oscillatory movement relative to one another, the pulse train is preferably synchronized with



el ectrically conductive workpiece in an electrolyte by applying bipolar

et ectric pul ses between the workpi ece and an electrically conductive
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It is to be noted that instead of a current and/or voltage analysis an
analysis of the gap size variation during the test can be performed by means of suitable
15 position sensors and analog-to-digital converters coupled thereto.
These and other aspects of the invention will now be described and
clucidated with reference to the accompanying drawings, in which
Figure 1 shows diagrammatically an embodiment of a device for carrying
out the method in accordance with the invention;
20 Figure 2 shows waveforms of signals occurring in a variant of the method
in accordance with the invention;
Figure 3 represents the variation of the state of the electrolyte between the
electrode and the workpiece while the variant of the method in accordance with the invention
is carried out; ,
25 Figure 4 shows a waveform of a signal which occurs in a variant of the
method in accordance with the invention;
Figure 5 shows a waveform of an alternative current pulse train for
carrying out the method in accordance with the invention;
Figure 6 shows an electrical block diagram of an embodiment of a device
* 30 for carrying out the method in accordance with the invention;
Figure 7 shows the relationship between process parameters and the
amplitude of the voltage pulses of opposite polatity while the method in accordance with the
invention is carried out;
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15 electric pulses comprise current pulses of normal polarity, for which the table 4, and

consequently the workpiece 2, is positive relative to the electrode 6, which pulses alternate
with voltage pulses of opposite polarity, for which the workpiece 2 is negative relative to the
electrode 6. During the current pulses of normal polarity the metal of the workpiece 2
dissolves in the electrolyte, while at the same time passivation layers are formed on the
20 surface of the workpiece 2. During the voltage pulses of opposite polarity the surface is
depassivated. At the same time, the electrolyte in the vicinity of the workpiece 2 becomes
alkaline owing to the generation of hydrogen from water. The high pH-value causes a
reaction in which the passivation layer on the workpiece 2 dissolves.
Curve 1 in Figure 2 represents the variation of the size S(t) of the gap 5
25 between the electrode 6 and the workpiece 2. Curves II and III in Figure 2 show the
variation of the voltage U across the gap S and the current I through the gap 5, respectively.
Current pulses of normal polarity and amplitude Ip are applied in a time interval ti, indicated
in curve IV of Figure 2, in which the electrode 6 is disposed nearest the workpiece 2.
During these current pulses the voltage across the gap 5 has a global minimum, as is shown
30 in curve II of Figure 2. The current pulses alternate with voltage pulses of opposite polarity
and amplitude Un in a time interval tu, indicated in curve V of Figure 2.
In the initial stage of approach of the electrode 6 to the workpiece 2 in the
case of a comparatively large gap size Smax, see Figure 3, the electrolyte flow is turbulent
and the electrolyte contains vapor and gas bubbles. In this Stage the space between the
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workpiece during the current pulses Figure 4 shows in more detail the vananon of the
15 voltage U with the local maximum U3max, which occurs after the global minimum Umin.
1t is to be noted that such a violent bubble formation can be avoided by
the application of groups of current pulsés of normal polarity, which groups alternate with

voltage pulses of opposite polarity. Such a bipolar pulse train is shown in Figure 5. In this
way, the process proceeds more steadily, yielding a more accurate result with the same -
20 minimum gap size.
Figure 6 shows the electrical block diagram of an electrochemical
machining device in accordance with the invention, including an electric power source 2
operating in accordance with the invention. The power source 12 comprises a current source
14, which supplies a current Ip whose magnitude is variable by means of a control signal
25 CSI, and a variable voltage source 16, which supplies an output voltage Un which is variable
by means of a control signal CSU. The negative terminal of the current source 14 and the
positive terminal of the variable voltage source 16 are both connected to the electrode 6 via
an optional series resistor 18. The positive terminal of the current source 14 is connected to
the workpiece 2 via a switch 20. The switch 20 is closed at the time intervals ti (see Figure
‘ 30 2) under control of a signal Si supplied by a synchronizing unit 22. The negative terminal of
the variable voltage source 16 is connected to the workpiece 2 via a switch 24. The switch
24 is closed at the time intervals tu (see Figure 2) under control of a signal Su, which is also
supplied by the synchronizing unit 22, which also provides the synchronization of the motor
10. The analog voltage U between the electrode 6 and the workpiece 2 is measured at the



10 gradually varied under command of the control signal fromthe conputer.
As soon as the conputer detects a sign reversal the associated control
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method in acerifianche tnit2! B dnbgH-digitall convedtefs 2%nd40; and the computer 28 are

supplied with clock pulses (not shown in Figure 6), which ensure that the data acquisition
and the data processing proceed in synchronism with the occurrence of the bipolar current
puises and the oscillation of the electrode. The position of the table 4 is monitored by means

15 of a position sensor 40, which supplies a signal DS which is a measure of the displacement
of the table 4. The computer 28 generates the control signal CSI for the current source 14
and the control signal CSU for the controllable voltage source 16 via suitable interfaces 42
and 44, which may be formed by, for example, digital-to-analog converters.

By controlling the feed rate Vk of the table 4 the gap 5 is adjusted in such

20 a manner that a local maximum U3max occurs, as shown in Figure 4. This local maximum
can be determined by analysis of the voltage U with the aid of the analog-to-digital converter
26 and the computer 28 or with the aid of an oscilloscope. However, if desired any other
operating point for the size of the gap 5 may be selected, i.e. also one for which no local
maximum U3max occurs in the voltage U.

25 Experiments have shown that upon a change of the voltage Un of the
voltage pulses of opposite polarity in the interval between the polarization voltage Upol and
the voltage Un2 at which the electrode 6 begins to dissolve, the process being carried out
under the given conditions, the value Umin (see Figure 2, curve II) of the global minimum
first passes through a minimum Umin=Up1 at an aniplitude Un=Unl and subsequently

30 increases and passes through a maximum Umin=Up2 at an amplitude Un=Un2. This
situation is illustrated in Figure 7. The polarization voltage Upol is the voltage immediately
after termination of a current pulses of normal polarity between the electrode 2 and the
workpiece 6 if no pulses of opposite polarity are applied. See Figure 8, curve 1. The
polarization voltage Upol decreases gradually to zero if no further current pulses are applied.
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Figure 8 shows waveforns of the voltage occurring between the el ectrode and
the workpiece while a variant of the method in accordance with the
invention is carried out; and Figure 9 is a flow chart of one of the
process steps of the nethod in 5 accordance with the invention. Figure 1
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15 at the value Un=Un2, which is undesirable because it results in a reduced machining

accuracy. _
The voltage Un of the voltage pulses. of opposite polarity is to be
maintained within the limits Unl and Un2 for an optimum effect. According to the invention
these limits are determined by means of a test which precedes further treatment of the
20 workpiece 2. For this purpose, the voltage Un is gradually increased. under the given
operating conditions from a starting value equal to the polarization voltage Un=Upol to a
final value not greater than a voltage Un=Unmax, at which the electrode begins to
dissolve.Between two successive current pulses the voltage Un is incremented by a step AUn.
For each current pulse the voltage Umin is measured and the difference with the Umin of the
25 preceding current pulse is calculated. If a first sign reversal occurs in this difference this
yields the value Un=Un1 of the graph in Figure 7. If after a plurdlity of pulses a second
sign reversal occurs in the difference the value Un=Un2 is obtained. In the case of a
comparatively small step size AUn a measurable change in the voltage value Umin of
successive global minima will generally occur only after a comparatively large number of
’ 30 carrent pulses. In that case a number of successive voltage values of the global minima will
have to be compiled and averaged in order to allow a sign reversal to be detected with
satisfactory accuracy. This can be achieved by suitably programming the computer 28. A
comparatively large step size will generally yield a measurable sign reversal between two



25 between the electrode 6 and the workpiece 2. Curves Il and Ill in
Figure 2 show the variation of the voltage U across the gap 5 and the
current | through the gap 5, respectively. Current pul ses of normnal
polarity and anplitude Ip are applied in a tinme interval ti, indicated in
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extra bubble formation in The extra bubble formation I n the gap
causes a teﬁ%g@r%fﬁméﬁbsﬁﬂw COBSRM 1| cal resistance of the
el ectrol yse, which manifests

Step 2: Measuring the polarization voltage Upol

During the test the voltage Un will be incremented from the value Un=Upol, as shown in
curve II of Figure 8. In order to enable the magnitude of the polarization voltage Upol to be

20 determined a number of unipolar pulses is applied before the test, i.e. the switch 24 in .
Figure 6 is not closed in the time intervals tu between the current pulses of normal polarity
in the time intervals ti. The voltage across the gap 5 then varies as represented in curve I of
Figure 8. The value of the polarization voltage Upol is measured and stored by means of the
analog-to-digital converter 26 and the computer 28.

25
Step 3: Carrying out the test to determine the limits Unl and Un2 of the voltage Un
Figure 9 shows the flow chart of the test procedure carried out by the computer 28 in
response to the measured voltages. The blocks in Figure 9 have the following inscriptions:
30 BO: Start
Bl: . Un = Upol
B2: Flag = TRUE
B3: Umin[0] = 0

B4: i=1
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term nal ofgjghe var gpble paglggage source 16 are both connected to the
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t he currendBlBource Ugli%%nnect ed to the workpiece 2 via a switch 20. The
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15
In block B1 the initial value Upol measured in Step 2 is assigned to the variable Un. The
computer 28 supplies a suitable control signal CSU to the variable voltage source 16 via the
digital-to-analog converter 44, as a result of which the output voltage Un of this voltage
source becomes equal to Upol. In block B2 the value TRUE is assigned to a boolean variable

20 Flag. In biock B3 the value of Umin[0] is set to 0. In block B4 the counter is set to 1. After

 this initialization the voltage Un is incremented in block BS, the computer 28 each time

supplying a corresponding control signal CSU to 'the variable voltage source 16. During the
next current pulse the voltage Umin is measured in block B6. Subsequently, in block B7 the
difference between the Umin of the previous current pulse and the present current pulse is

25 calculated. In block B8 the counter is incremented by 1 for a subsequent measurement. In
block B9 the Flag is tested. The Flag has been given the value TRUE in block B2. Thus, the
first time block B10 will be carried out to ascertain whether a sign reversal occurs in the
difference calculated in Block B7 or, in other words, whether the difference is smaller than
0. If this is not the case, the program returns to block BS. If the difference is smaller than 0,

' 30 block Bl1 is carried out, in which the variable Flag is set to FALSE. In block B12 the

instantaneous value of Un prevéiling during the sign reversal is stored in a variable Unl. |
Subsequently, the program returns to block BS. Since the Flag has now been given the value
FALSE block B13 will be carried out after the test in block B9. Block B13 checks whether
there is an opposite sign reversal in the difference calc;ulated in block B7 or, in other words,
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Step 6: Proceeding with the machining process

20 _
Machining is now continued-under the given conditions and with the selected voltage Un.
Curve III in Figure 8 represents the variation of the voltage U during the bipolar pulses.
Machining now proceeds until the table 4 has undergone a predetermined displacement. This
displacement is measured with the position sensor 40 (see Figure 6).

Step 7: Stopping of the machining process

Machining is stopped when the predetermined displacement of the table 4 is reached. After
this, pulsing is stopped.
30
When chromium-containing steel is electrochemicaily machined in an
electrolyte based on an aqueous solution of nitrates of alkaline metals in accordance with the
above method this yields an effect in which the voltage pulse of opposite polarity gives rise
to a forced electric discharge of the polarization in the surface of the workpiece and, as a



the voltage Un2 at which the electrode. 6 begins to dissolve, the process
‘bei ng carried out under the given conditions, the value Unn (see Figure 2,
curve I1) of the global mnimumfirst passes through a m ni mum Um n=Upl at
an anplitude Un=Unl and subsequently 30 increases and passes through a
maxi mum Um n=Up2 at an anplitude Un=Un2. This situation is illustrated in
Figure 7. The wodmersati on vol tage Upol ih§ the voltage i medicanBsepoest er
term nation of a current pul ses of normal polarity between the el ectrode 2

and the Workgit@f thebreichse 6T At REmRI hyaRZes ohtd tw{vaﬂqﬂeve firfacd BPbé ﬁxdemmea

Figure 8, curve |._ The polarization voltage decr eases gradli, IIuXx

zero if noredyetionef the pxides indhe gxide fhp PPé'EF W"kaWS $hgipons (incl

11 bichromate ions Cr. thaetom A6 Bidettidhl Johblé Tyer 6 Ge v%ﬁéﬁ&et he vol t age
Un is between Upol and o, a dark_oxide fi|mi sﬁ_gresent on the surface of

t he .wor kpi ece 2. The volnt%@'abrﬁh‘? follpwing chemicylseactiony eas; take Rlacsqn s chyome

this ox@es{eq ,? ZHeR bipth® pBlsbd e igdd: @age Un i s -bet ween UnO and
Un 1, the application of the voltage puI ses of opposite polarity takes

effect and the surface of the 5 workpiece 2 beconmes gradually brighter. In
the foll ovm'\%gh?nj rd zone, where the voltage Un is between Unl and Un2, the
feed rate t he workpiece 2 nmay increase considerably because the

di ssol ution process proceeds nore efficiently without the oxide |ayer. The
surface of h 5?!3(& |-s +iRen given a high lustre, the average surface
roughness er rﬂ °g IIer han 0.1 [err]m For chrom um contai ni ng
steel s e Eelt@H)n-LFn(GHMehle of the 10 lustrous |layer was found to be

hi gher tha @'g} e HPIIQ ol ar process. Moreover, the concentration
of toxic h%?g ent rB'(r)nlf;ed% 092 in the waste -electrolyte solution is
reduced under these conditi ons. The value Un=Unl results in an operating
condition th a small gap size St and a uniform and bubble-free

el ectrol yt "éﬂ“ﬂ}“ﬂg a higher copying precision and a high dissolution
rate of the wor kpi ece, respectively. The el ectrode 6 begins to dissolve

15 2Cr + 7TH,0 - Cr,0;> + 14H* + 12
2Cr + 3H,0 -» Cr,03 + 6H' + 6¢
Cr,0; + 4H,0 - Cr,0,> + 8H* + 6e
Cr + 3H,0 - CrO; + 6¢ + 6H

20 In the case of anode polarization this results in the following oxides being formed on the
surface to be machined:

FeO, F%03, Cr203, Cr03.

25 In the case of cathode polarization the following reaction takes place on the workpiece
surface to be machined:

2H,0 + 2e - 2H + 20H"

30 The active hydrogen atom produced from water reduces the surface oxides in accordance
with the following reactions:

2H + FeO - Fe + H,0
2H + Fe,0; - 2Fe0 + H,0



15 at the value Un=Un2, which is undesirable because it results in a
reduced machi ni ng accuracy. The voltage Un of the voltage pul ses of
opposite polarity is to be maintained within the limts Unl and Un2 for an
optinum effect. According to the invention these limts are determ ned by
means of a test which precedes further treatnment of the 20 workpiece 2.
For this purposwpotiigsiol tage Un is gradu%ly I ncr eased underpdinBodiiosan
operating conditions froma starting value equal to the polarization
vol t age Un= l@; tg.Ozﬁ..IQ@ﬁj.p/ ge not greater than a voltage Un=Unnmex, at
whi ch the el tro e b ﬁ o di ssol ve. Bet ween two successive current

pul ses the remented by a step [err]Un. For each current
pul se the vq Q—GH‘—DO?‘D:,W@ bed and the difference with the Umn of the
25 preceding current pulse is calculated. If a first sign reversal occurs
in this difference thIS yi el ds the vaI ue Un=Unl of the graph in Figure 7.

If after @ Qh&‘ﬁf'él Sf:r gﬁn?s pSign reversal occurs in the

difference t eva 2 |s 0 alne In the case of a conparatively
smal | step size [err] Un a maasurabl e change in the voltage val ue Um n of
successi ve rg?al %E,eral |y occur only after a conparatively

| ar ge nunber curr In that case a nunber of successive
vol t age val ues of the gl obal m nima will have to be conpiled and averaged

in order to allow a sig
accuracy. This can be achi eve %“;e%h%oﬁd&ttﬁ&gﬁ%%toﬁ%&ﬁg&%% 58 the
conpar at i elfollawingconsideratiensz Ehmmplltgdﬂnfrtht veltage philse af oppasiter poldrity shthl not

rever sal \éQ 3“
PCT/ | B96/ 002%%8%%%3& ve pu seszﬁ"rﬁo d‘ssr?gve and thet'e'foeggall %@oﬁetper? % Q"tshoum
desi red accuobgiye fise to deriticalvalkalizhfivh whet dfnke nﬁfacehlayemqﬂ the wdrkpidoe aff whikie

vol tage pul %g&ivaggnepﬁggésge% slart ?Ré”re%& red(é)ljrﬂxorr]letg o?x puﬁg of o;?ﬂogige polan nber of

steps to be
determined by the amount of charge Qn necessary to release hydrogen to an extent which is

15 adeguate for the development of the reduction reactions in the oxide layer.

When groups of current pulses of normal polarity are used, which groups
alternate with voltage pulses of opposite polarity, as shown in Figure §, it is generally not
possible to measure Umin when the test for determining Unl and Un2 is carried out. Instead
of Umin it is also possible to calculate the integral Fp (see Figure 7) of the voltage U across

20 the gap during the time interval ti as an alternative parameter. The difference in successive
\}alues of this integral Fp exhibits sign reversals of a kind similar to those in Umin. It is also
possible to integrate over subintervals of the time interval ti. The measurement of the integral
Fp is particularly useful in electrochemical machining methods in which no oscillatory |
movement is performed between the electrode and the workpiece, such as for example a

25 machining method with a constant of feed rate Vk of the workpiece 2, which is
approximately equal to the dissolution rate of the workpiece 2, so that the gap size remains
substantially constant. '

A further alternative parameter is the integral Qn (see Figure 7) of the
current I which flows during the time intervals tu, i.e. during the voltage pulses of opposite

30 polarity. This current 1 is shown in curve III of Figure 2. The integral Qn represents the
amount of charge consumed during the voltage pulses of opposite polarity. The current 1 is
measured by means of the series resistor 18 and the analog-to-digital converter 30 and is
integrated in the computer 28 (see Figure 6). As is apparent from Figure 7, the integral Qn
exhibits a maximum at Un=Unl and a minimum at Un=Un2, in contrast with the parameter



traversed. Step 1: Sel ecting the operating conditions of the process The
gi ven operating conditions are, for exanple, those described in relation to
t he signal waveform shown in Figure 4, i.e. an oscillatory novenent between
the el ectrode 6 and the 10 workpiece 2 and the occurrence of a | ocal

maxi mum U3max in the global m ninmum of the voltage U across the gap 5.
However, oper afyipagesedi tions with di ffeFﬁnt gap sizes and Wpéhipdtddb
oscillatory novenent are |ikew se possible, such as a constant feed rate Vk

of the wo | - | | i ' ' f
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Step 2: thesintegral Ry is msedns|the parametenthe sign aeperselssluring thertgsttwill bedlirectede

vol tage Un ' t faqs: T I i rve ||
of Figure z?“‘*s{n‘e‘gfﬁié’?f?@ﬁ%ﬁ‘@%ﬂ‘?%gﬁﬁ%g?@“kﬂﬁg a%co apisgl{aE |ore%lcoi t age
Upol.to be gh@ter duind) andridockaBlBuwhesher Qruisispaliernthaul.sEe measunementsaf thef or e t he

bt woen 1 ndleBpRdt b Bufete Whigh s Rind, BV AR ok Sodole bty EAENT 0

vol t age ac ipammeteh avhirhyis Suitablenfor electashermsical apachiningt reethods in which ro estilliogur e 8.
The val ue lari zatihon volt 0. i red and stored by neans
of the anaﬁ‘g"a%g'-“ggg%@éf“%@ﬁ&‘}’m h’F %%"g%éﬂdh@e %ﬁ%&f@r 28. 25 Step 3:
Carrying out the test tStilletherparanetérk svhichrare mehdntesa thebehavior ofithe wedivage Un
Figure 9 shows the flow,chari of the fes rocedure carried oyt by the
computer 24" 1 823 ap fecerEqtet et ip M Ppdt B e waRizicst ac ik et o
have t hio f atloss\the gap and thepap ize St &8 Figire 7). The resistancd canlbe found by melsuringjpol
B2: b'c:){haﬂe %ﬁé% aBEd the current Ilﬁ]ﬁ% g-le ti_mep intervals ti of the current pulses. As is

apparent from Figure 7, the gap size St has a minimum at Un=Unl, just like Umin. By

. measuring the gap size it is possible to detect a sign reversal.
The method described above was carried out with a workpiece and an
15 electrode both of annealed steel. The surface area of the workpiece was 0.3 cm?; the
electrolyte was an aqueous solution of 8 percent by weight of NaNQ;; the current density of
the current pulses of normal polarity was 80 A/cm?; the duration ti was 3 ms; the electrolyte
pressure was 0.7*10° Pa; the temperature of the electrolyte was 20°C; the oscillation
frequency of the electrode was 47 Hz; the oscillation amplitude was 0.2 mm; the waveform -
20 of the current pulses of normal polarity was rectangular (see Figure 2, curve HI); and the -
waveform of the voltage pulses of opposite polarity was also rectangular (see Figure 2, curve
).
The gap size St as a function of time was controlled in such a manner that
a local maximum occurred (see Figure 4) in the voltage between the electrode and the
25 workpiece. During the test described above the voltage Un of the pulses of opposite polarity
was changed from a voltage equal to the polarization voltage Upol=+2.3 V to the voltage (-
0.8 V) at which the electrode began to dissolve. The value Umin of the global minimum was
used as the parameter for detecting the sign reversals. The upper limit Unl was found to be
+0.05 V and the lower limit Un2 was found to be -0.6 V. Subsequently, machining was
* 30 continued while maintaining the voltage Un within the limits found.
As an alternative, the electrode 6 may be tapped against the workpiece 2,
after which the gap size is adjusted. During machining the gap size is adapted so as to obtain
a substantially constant average feed rate Vk which is substantially equal to the dissolution
rate of the workpiece 2.
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PCT/ 1 B96/ 00661 B5: Un = Un + [err]Un B6: measure Umn[i] B7:
[err]Umin = Unn[i-1] - Unn[i] BS: i =i +15 B9: Flag =
TRUE? B10: [err]Umn < 0 ? Bl1l1l: Fl ag = FALSE B12: Unl =
Un B13: AUnn >0 ? 10 Bl4: Un2 = Un B15: End A counter

i keeps tally efodgshsrssequence nunber of tfga current pul ses. pBi/HEMoss t he
measured value Umin during the i[err] current pulse. 15 In block Bl the

initial value Upol neasusigfoskd iss fiBthéd b elbdtidchdificallyomidifing?dn @ltufealip- The
conputer 28 supplies a suitable control signal CSUto the variable Vvoltage

source 16 veendpetivegyosknieqe-in g glesirelytehyrapelying bipplar clostric pulses betwsen tei ch t he
The val ve. TROREPIge Sid B Oy ROREAN HERGE W br S ke bR o iR e
val ue of Unpelfudty altsmating with Goltage phisescof dpposith polatityn Tee ampliwde of the voltaget er
LD S Sl S sk BT oGk
vol t age sousuracd Gualityiof thg wadnkpiece and the occurrence of wear of the electrode. The derivation
is effected by means of at least one test which precedes the machining of the workpiece.
During the test the amplitude of the voltage pulses is increased gradually from an initial
value to a final value. The two predetermined values are determined upon the occurrence of
10 a sign reversal in the difference between successive values of a parameter which is
representative of a property of a gap between the electrode and the workpiece. The
parameter thay be the amplitude of a global minimum in the voltage across the gap during
the current pulses, which global minimum results from an oscillatory movement of the
workpiece and the electrode relative to one another. The parameter may also be the integral
15 of the current across the gap during the voltage pulses; or the integral of the voltage across

the gap during the current pulses; or the resistance across:the gap; or the size of the gap.



next current pulse the voltage Umin is neasured in block B6. Subsequently,
in block B7 the difference between the Um n of the previous current pulse
and the present current. pulse is 25 calculated. In block B8 the counter is
incremented by | for a subsequent neasurenent. In block B9 the Flag is :
tested. The Flag has been given the value TRUE in block B2. Thus, the first
time block Blwowdds7she carried out to as@ertain whether a sirpT/IB%00663al
occurs in the difference calcutated in Bl'ock B7 or, in other words, whether

the differefgfs.is smaller than 0. If this is not the Wgr_am_,

returns to ock B5. If the difference is smaller tha bl ock Bl1 is
carried out, in which the variable Flag is set to FALSE. ‘ “M‘HH““F

i nst ant aneous val ue of Un prevailing during the sign re\““mﬁ“m

a variable Unl. Subsequently, the programreturns to bl ock B5.tSifce®the

Fl ag has now been given the value FALSE bl ock B13 will' be carried out after
the test in block B9. Block B1l3 checks whether there is an opposite sign

rever sal in the difference calculated in block B7 or, in other words, WO
97/ 83781 1. A method of el¢ctrochemically machining an electnpmy/qogm;mgge;esl

e L e
i's carri edamian eleatricefly chnductive eledtrede £5)eousonvmbmgesurent pulsss of nenmahpolatiyi ng
R
Figure & (@i)aif the ediaps polses iy adjnagiebdt}m&anrtwmmed;mhsé ivelses (e Bin2)ddrived
per ot on {8 oFrERee R LEVEL B AL HE vBRGHEL PRr@ b bt BT, ' 7
Sel ecting Wwagr 6fARé elebtrdile (6), sadhederivativnt Beirigheffekied by Indans obatdedsnane tastswifichund.
The voltage Un is now set to a value b t ween the values Unl and Un2 found
during t hePregkdes the machining of the workpiece
2. A method as claimed in Claim 1, characterized in that, during the test, the
10 amplitude (Un) of the voltage pulses is increased gradually from an initial value to a final
value, and in that the two predetermined values are determined upon a sign reversal in the
difference between successive values of a parameter which, in operation, is representative of
a property of a gap (5) between the electrode (6) and the workpiece (2).
3. A method as claimed in Claim 2, characterized in that the initial value of
15 the amplitude (Un) substantially corresponds to the polarization voltage (Upol) between the
workpiece (2) and the electrode (6) after termination of the current pulses.
4, A method as claimed in Claim 2 or 3, characterized in that the final value
of the amplitude (Un) is not greater than the amplitude (Unmax) at which the electrode starts
to dissolve in the electrolyte. '
20 S. A method as claimed in Claim 2, 3 or 4, characterized in that the
parameter is the amplitude (Umin) of a global minimum in the voltage across the gap (5)
during the current pulses, the global minimum resulting from an oscillatory movement of the
workplece (2) and the electrode (6) relative to each other.
6. A method as claimed in Claim 2, 3 or 4, charactenzed in that the
‘25 parameter is the integral (Qn) of the current across the gap (5) during the voltage pulses.
7. A method as claimed in Claim 2, 3 or 4, characterized in that the
parameter is the integral (Fp) of the voltage across the gap (5) during the current pulses.
8. " A method as claimed in Claim 2, 3 or 4, characterized in that the
parameter is the resistance across the gap (5).



The val ues Unl and Un2 have been sth t he conputer 28.
By nmeans of 15 suitable software it | set the control
voltage CSU via the digital-to-anal o m)n@, m a val ue correspondi ng
to the selected value of Un vithin: the‘llcmts Un2. Step 6:
Proceeding with the nmachi ning process '20 Machining is now continued under

t he given condmosmsrsand wi th the sel ect vol tage Un. Curveptit/iBokboesi gur e
8 represents the variation of the voltage U during the bipolar pulses.
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subsequent second sign reversal from minus to plus.
12. A method as claimed in Claim 9, characterized in that, during the test, in
succession, the amplitude (Un) of the voltage pulses is increased, the size (St) of the gap
“between the workpiece (2) and the electrode (6) is measured, the difference between the
measured values for a subsequent and a previous value of the gap size is computed, the

15 amplitude (Un) of the voltage pulses is determined upon the occurrence of a sign reversal in
this difference, and subsequently machining is continued with.the amplitude thus determined.
13. . A method as claimed in Claim: 5, characterized in that the size of the gap
between the electrode (6) and the workpiece (2) is controlled in such a manner that, during-
the current pulses, a local maximum (U3max) occurs in the voltage between the workpiece
20 (2) and the electrode (6). |
14. A method as claimed in Claim 5, characterized in that the oscillatory
movement is synchronized with the occurrence of the current pulses.
15. A method as claimed in any one of the preceding claims, characterized in
that the workpiece (2) is made of a chromium-containing steel.
25 16. A method as claimed in any one of the preceding claims, characterized in
that the electrolyte is an aqueous solution of nitrates of alkali metals.
17. A device for electrochemically machining an electrically conductive
workpiece (2) in an electrolyte by applying bipolar electric pulses between the workpiece (2)
and an electrically conductive electrode (6), one or more current pulses of normal polarity
30 being alternated with voltage pulses of opposite polarity, characterized in that the device
comprises: '
- an electrode (6);
- means (4, 40) for locating the electrode (6) and the workpiece (2) in spaced
relationship so as to keep a gap (5) therebetween; |



st eel surface to be machi ned when used: For iron: Fe +
Herr]OJ[err] Fe(OH) + [err] + Her [err] Fe(OH)[err] + e
Fe(OH)[err] + NJerr] [err] Fe(OH) Ng+rF For chromum 15 2Cr + 7Herr]O
[err] Cr[err]Jerr] + 14Herr] + 12e ZCr + 3H err]O [err] Cl[err]Jerr] +
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active hydrogen atom produced from water “reduces the surface oxides in
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In general, the follow ng chem c actio %\ e pl ace on the chronme 5
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Fe[err] Cgerr] [err] aak +so‘d£e%f i §)Qith ﬁZdeS\? 1 lectricall 16
PCT/ | B967 00661 Or [efr e | % 3 ) With eatieo ﬁ‘e"r"r'r%’ electrically connectable
J to the workpiece (2) and thc e! e (6), for supplymg the voltage pulses to the workpiece

(2) and the electrode (6);
- means (20, 24) for alternately connecting the current source (14) and the
voltage source (16) to the workpiece (2) and the electrode (6);

10 - means (44, 28) for generating a control signal (CSU) for gradually changing the
output voltage of the voltage source (16); .

- means (26, 28, 30) for analyzing and storing the voltage and/or current
waveforms of the pulses between the ivorkpiece (2) and the electrode (6);
- means (28) for detecting a sign reversal in the difference between successive

15 values of a parameter derived from the voltage waveform or the current waveform of the
pulses, or from the resistance across the gap (5) between the electrode (6) and the workpiece
@ '

- means (28) for storing the instantaneous value of the control signal of the
voltage source (16) upon detection of the sign reversal.

20 18. A device as claimed in Claim 17, characterized in that the means for
analyzing and storing comprises an analog-to-digital converter (26, 30) for digitizing the
voltage waveform or the current waveform of the pulses.

19. A device as claimed in Claim 17 or 18, characterized in that the device
comprises means (8, 10) for producing an oséillatory movement between the electrode (6)

25 and the workpiece (2) and means (22) for synchronizing the means (20, 24) for alternately
connecting the current source (14) and the voltage source (16) with the oscillatory .
movement.

20. An electric power supply for use in a' method of electrochemically
machining an electrically conductive workpiece (2) in an electrolyte by applying bipolar

30 electric pulses between the workpiece (2) and an electrically conductive electrode (6), one or
more current pulses of normal polarity being alternated with voltage pulses of opposite
polarity, characterized in that the electric power supply comprises:

- a current source (14), electrically connectable to the workpiece (2) and the
electrode (6), for supplying the current pulses to the workpiece (2) and the electrode (6);
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the wor kpi e®ulsss, or fromhthe rqsmngtapf &g3pelS) msSrtbe elegsrnde 66); ang | the werkpiegth(2); A
further alternative p r ﬁanﬁme mh%%&hr hué apﬁle%b&wl%lgml &nd he

current | which flows ur| time intervals tu, 1.e. duri'hg the voltage
pul ses of oyypmetseurs@(w@@mdwﬂownf@e@wnrremsal is shown in curve 11 of

Figure 2. The integral On represents the




anount of charge consunmed during the voltage pul ses of opposite polarity.
The current | is neasured by neans of ‘the series resistor 18 and the

anal og-to-digital converter 30 and is integrated in the conputer 28 (see
Figure 6). As is apparent fromFigure 7, the integral Qn exhibits a maxi mum
at Un=Unl and a m ninmum at Un=Un2, in contrast wi th the paraneter WO

97/ 03781 WO 97/03781 17 , PCT/ | BESMYGHEE51
Urmi n, which has a mninmum at Un=Unl and_a,maxi num at Un=Un2. Thi s neans
that if the integral Qn is used as the ﬂ 4ineter t he sign reversals during
the test will be directed oppositely. Bl bck B10 in the flow chart of Figure
9 should then ascertain whether AQn is greater than 0 and bl ock B13 whet her
[err]Qn is smaller than 0. The neasurenent of the 5 integral of the
current which flows during the volth oppiSI e ol arity is again
a paranmeter which is suitable — ki machi ni ng} met hods in

whi ch no oscillatpry nmjvenent |$1pe _L_“_,” - dn the el effrode and the
wor kpi ece. Stil t her whi E are measurt e behavi or of the
medi umin the gdp| and ffhe cheni cal\grfcesses in the ¥ ectrode and the

wor kpi ece are the resistance 10 r gap and the ze St (see
Figure 7). The resistance cangbe f ol tage U and
the current | during the tinezinteru i of the currleqt pules. As is
apparent fromFigure 7, the Si ze has Hni mum atf Un= 11 just like
Umin. By neasuring the gap §f. it i ssib o detectl a si n2reversal.
The net hod descri bed abo§e— _ a wor kpijece and an 15

el ectrode bot h of anneal ed ea of tHe workpi ece was 0.3
cn2; the electrolyte was fan aqueous solutlon 0O er ddt by i ght of
NaNO3; the current densit . nor n arity was 80

Alcn2; the duration ti was 3 ns; the ectrol yge pressure was 0. 7*10[err]
Pa; the tenperature of the el ectrolyt owas 20[err]C, the oscillation
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frequency of the electrode was 47 Hz; the oscillation anplitude was 0.2 nm
the waveform 20 of the current pulses of normal polarity was rectangul ar
(see Figure 2, curve I1l); and the waveform of the voltage pul ses of
opposite polarity was al so rectangul ar (see Figure 2, curve Il). The gap
si'ze St as a function of tine was controlled in such a manner that a | ocal
maxi mum occurr egoes@Rsii gure 4) in the voltage between the elREOVIBMIHNd
the 25 workpiece. During the test described above the voltage Un of the
pul ses of opposite polarity was changedgf Qm a voltage equal to the

pol ari zation voltage Upol= +2.3 V to th&/v0ltage (- 0.8 V) at which the

el ectrode began to dissolve. The value Umn of the global m ninmum was used
as the paranmeter for detecting the sign reversals. The upper limt Unl was
found to be +0.0 nd the | ower Linit Un2 was found to be -0.6 V.
Subseguent |y, mi nijng was 30 cohtinued while mainfaining the voltage Un
within the limts§ an alternatives
agai nst the workpi ec whi ch t hggap si
machiging the gap size is adaphgd i

be tapped
ed. During

to obtai ub antlallg const ant
average feed rat§ \$_ pch is su tially equal e dissolution rate
of the morkpiece W0, 97/ 03781 18
PCT/ | B96/ 00661 Di scC ed is a method of eIectrochenléaIIy machitri-aee an
electrically conduct e workpi ece in an electrolyte by applying bipol ar

el ectric pul ses be en t he morkplice and an electrig¢ally conductive

el ectrode, one ory current pul $es of nornal

vol tage pul ses of site_polap/ e anplitu
i s adjusted betmeen t redet ¢rmi ned Jal ues der)
a given surface quali it he r*ple e and t he

el ectrode. The deriyv | |
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is effected by neans of at |east one test which precedes the machining of
the workpiece. During the test the anplitude of the voltage pulses is
increased gradually froman initial value to a final value. The two
predet ermi ned val ues are determ ned upon the occurrence of 10 a sign
reversal in the difference between suc ive values of a paraneter which
i S represent at weonlBrsa property of a gﬁzqietmeen t he el ect r ogeTRIVE0468E
wor kpi ece. The paraneter nmay be the anplitude of a global mnimumin the
vol tage across the gap during the current pul ses, which global mninmm
results froman qgscil]atory novenent of the workpiece and the el ectrode
relative to one gnother. The paranmeter may al so be the integral 15 of the
current across dhe g during the voltage pul ses; or the integral of the
vol tage across the g during the current pul ses; or the resistance across

the gap; or the size pf the gap. WO 97/ 03781 19
PCT/ 1 B96/ 00661 C ai nsf 1. thod of electrochemcally
machi ning an electricplly condu e ce {3)—in an electrolyte by
appl ¥i ng bi pol ar el i ¢ pul-s en t wor kpi ece (2) and an

el ectrically conductije|electrgde (6), one ®r no current pul ses of nor nal
polarity being alternpt q"mjth vol t age pul sqs of B te polarity,
characterized in that|the anpl ytude 5 (Un) pf the voltage pulses is

adj ust ed between two pregdeternfned val ues (Upl, Wn2) derived fromthe
occurrence of a gi Jentstr-face—ftatty—of—ttet f e
occurrence of wear of}the trode (6), such=eterrvation bei ng—efftcted by
means of at |east one|test which precedes the machining of the workpiece -
(2). 2. nmet hod es—eta+fed—+A—€ aim 1, characterized in that,
during the test, the 10 anplitude (Lh) of the voltage pulses is increased
gradually froman initial value to a final value, and in that the two
predet erm ned val ues are determ ned upon a sign reversal in the

FIG. 4




di fference between successive values of a paraneter which, in operation, is
Tepresentative of a property of a gap (5) between the electrode (6) and the
wor kpi ece (2). 3. A nmethod as claimed in Claim 2,
characterized in that the initial value of 15 the anplitude (Un)
substantially corresponds to the polarization voltage (Upol) between the
wor kpi ece (2) woshoa?se el ectrode (6) after term nation of thecrissesss!

pul ses. 4. A nmethod as claimed in Claim2 or 3, characterized
in that the final value of the anplitung(Un) is not greater than the
anplitude (Unmax) at which the electrode starts to dissolve in the
electrolyte. 20 5. A nethod as clained in Claim2, 3 or 4,
characterized in tha ARt he—aii—imttiche ) of a gl oba
mninmumin the voltage 4§ the gap (5) during the current pul ses, the
global mninmumresulting f#oman qsgillatory novenent of the workpi ece (2)
and the electrode (6) relakive_to ch other. 6. A net hod as
claimed in Claim2, 3 or 4,ckpraqigrized in that the 25 paranmeter is the

integral (Qn) of t¥ae t afrogdthe gap (5) during the voltage pul ses.
7. - hod ;F cl pirgdNe aim2, 3 or 4, chiaracterized in
that the par ter i nt epralp\JFp) of the voltage acrjoss the gap (5)

during the cufrent p¥es. 8. ~ A method as cldinmed in daim 2,
3 or 4, char i =a that ™D raneter is the resistance across the

ap (5). - 20

PCT/ 1 B96/ 0066{1 9. A nmetthod as clained in daijm2, 3 or 4,
characterized in tha e paraneter |is the size (St) of tWe gap (5). 10.

A nmethod as clained i Caimb5 or 7, characterized in that} the first one of.

the two predeftermnned values is det%rnined upon a first sijgn reversal from

mnus to plu %
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5 and the second one of the two predeterm ned values is determ ned upon a
subsequent second sign reversal fromplus to mnus. 11. A
method as clained in Claim6, characterized in that the first one of the
two predeterm ned values is the value which occurs upon a first sign
reversal fromplus to mnus and the second one of the two predeterm ned

val ues is the we g ch occurs upon a 10 subsequent seconpcEiBgé0Ms&ver sal
frommnus to plus. 12. A nmethod as claimed in Claim9,
characterized in that, during the test Glsuccession, t he anplitude (Un)
of the voltage pulses is increased, théfsize (St) of the gap between the
wor kpi ece (2) and the electrode (6) is neasured, the difference between the
nmeasured val ues for a subsequent and a previous value of the gap size is
conputed, the 15 anglitude (Un) of the voltage pulses is determ ned upon
the gccurrence of 8 dign revergal in thisjdifferenge, and subsequently
machi ning is con;gﬂu:d with thF anpl i tude't hus det ermined. 13.

A nmet hod as cl ai im daimb5] characterijzed in that the size of 'the gap
bet ween the el ect R)_d6) and Lhe wor kpi ece (2) Mntrolled in such a

manner that, durilf@nt pul ses, S3nmax) occurs in

A met hod as cl ainmed i
novenment is synchroni
A method as clainmed i
that the workpi ece (2
A met hod as cl ai med i sL R’ ng cl ai ns, characterized in
that the eIectronteJmﬁlan aquegigs sol utl @y of nitPges Opal kal i netal s.
17. A device for e ectrocheniially naciining an electrically
conductive workpiece (2) in anlelectrolyté by applying bipolar electric
pul ses between the workpiece (2) and an electrically conductive el ectrode

e oscillatory
rrent pul ses. 15.

(6), one or nore current pul ses of an larity 30 being alternated
wi th voltage pul ses of opposite polar ;* Characterized in that the device
- ju | '
I . | I
t ti tu o {




conprises: - an electrode (6); - means (4, 40) for
1ocating the electrode (6) and the workpiece (2) in spaced relationship so

as to keep a gap (5) therebetween,; WO 97/ 03781 21
PCT/ 1 B96/ 00661 - means (3) for feeding electrolyte into the gap
(5) between the electrode (6) and the workpiece (2); - a current

source (14), &t@¢oigssgial |y connectable to the workpi ece (2) aauIBIs®0661

el ectrode (6), for supplying the current, pulses to the workpiece (2) and
the electrode (6); 5 - . a vQ? e source (16) with controllable
out put voltage, electrically connectabl%e to the workpiece (2) and the

el ectrode (6), for supplying the vol jage\pul ses to the workpiece (2) and
@" Bdor alternately connecting the

the el ectrode (6); - nmeans

current source (14) and the voltage > (16) to the workpiece (2) and
the,el ectrode (6); 10 - pane” (44, 28) for generating a control
signal (CSU) for gradually changing thg output voltage of the voltage
source (16); - means (26,] 238, 30) tanal yzi ng and storing the
vol tage and/or current waveforns qf t he pules between the workpiece (2)
and the electrode (6); - TEany 3) for detecting a sign reversal
in the difference between successipue—ls &l Uuew of a paraneter derived from
t he vol tage waveformor the curre the pul ses, or fromthe

resi stance across the gap (5) betviesn._the ol ectrode (6) and the workpi ece
(2); - means (28) for storingegthe in'Bantaneous_vaIue of the
control signal of the o -

v
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vol t age source (16‘) upon detection of the sign rev%rs@leg‘zgl 18‘5
A device as cI aimed in Caim1l7, characterized in that the neans

I )\ A

anal yzi ng andistoring conprises an anal og-to-digital converter (2 ) for ”
~>digitizing thé vol tage waveformor the current waveform of the Sw ,19‘1 2

A devi ce as clained in Claim17 or 18, characterlzed In that t [ 8 T

conprises nearts (BLCTO) for pFOMRETHEEGEHALTROERTY ORGANZATEN enent b 7/

en the~

el ectrode t . AN 708
ehectrode lmblinalsy WA R Aot ﬁﬂﬁ%ﬁ’ﬁ&%ﬁ' SRk O oD £
t he vol §9@@WMWWQ he oscillaf Mnmmneatﬁﬁmumber Y WO 9'/"03:?)/
electri¢ p@msEIPPlY for use in a nmef Add of eI ectrocheni cal |y chi arg
el ectrigally conductive workpiece (2)] i n|4 St %mb@‘ﬁooléjﬁ% ﬂ?ﬂ%& N
30 elec¢tric pul ses between the workpi ece "E‘ﬁf Wﬁ“yj M: Internationaal
condyict i #8 TerRRdpal fppgt 2 or t Ent Bitiredd 1B.W) O.0NBRK 220, (NLA600 ¥, Eindhoven
bei ng. al rxmt.ﬁdmmm@nual t age puhﬁls%(@fmg;ppom t@'l-pol arity, characterized in
that::th¢ electric power supply conprises: a current source (14),
el ectri ¢all ctable to the workpiece D%,&, 1eds lBR ﬁ%ﬁﬁc&
. ) 5
suppl yi fg 't hesieanr ent pus ki 3o0s asd7ds wor kg pce é%éim RU,
WO 97/ 03781 96200881 1 April 1996 (01.04.96)2 2 EP T3, T™), Eumpeanpamt(xr BE, CH, DE, DK, ES, F,
PCT/ | BIG/ 0066 Gommiries for which e fgz%%fage sppLGe! (16) PWCBHRe Bty dh VasTF Tol-put
vol t age el ectr cali é’onnect etot e war kpi ece (2) and the eI ectrode
(6), forf supplyin he val t age ulsestotﬂelblmﬁdklece an %{é
el ect r og VA8 ““'X“ LS Y NG A% br Wﬁ@“ﬂ!ferepubhshed
g1, NI.aSGZlh
current |[source 3 e voltage souf ce ( e wor kpi ece (2) and
t he el eq mmﬂi Vfor SE only): PHILIPS NORDEN AR {SE/SERB) f or gener ating a control
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(57) Abstract
* Method of electrochemically machining an electrically conductive workpiece (Z)manelecmlyhebyapplymg bipolar electric pulses
: between the workpiece (2) and an electrically conductive electrode (6), one or more current pulses of normal polarity altemating with
: voltage pulses of opposite polarity. The amplitude (Un) of the voltage pulses is adjusted between two predetermined values (Unl, Un2)
‘¥ derived from the occurrence of a given surface quality of the workpiece (2) and the occurrence of wear of the electrode (6). The derivation
is effected by means of at least one test which precedes the machining of the workpiece (2). During the test the amplitude (Un) of the
voltage pulses is increased gradually from an initial value to a final value. The two predetermined values (Unl, Un2) are determined upon
the occurrence of a sign reversal in the difference between successive values of a parameter which is representative of a property of a gap
(5) between the electrode (6) and the workpiece (2). ‘The parameter may be the amplitude (Umin) of a global minimum in the voltage across
the gap (5) during the current pulses, which global minimum results from an movement of the workpiece (2) and the electrode
(6) relative to one another. The parameter may also be the integral (Qn) of the current across the gap (5) during the voltage pulses; or the
integral (Fp) of the voltage across the gap (5) during the current pulses; or the resistance across the gap (5); or the size (8t) of the gap (5).




out put voltage of the voltage source (16); - means (26, 28, 30)
*for analyzing and storing the voltage and/or current waveforns of the

pul ses between the workpiece (2) and the electrode (6); 10 -

“:nmeans (28) for detecting a sign reversal in the difference between
“successive val ues of a paraneter derived fromthe voltage waveformor the
current waveform of the pulses, or fromthe resistance of a gap (5) across
the el ectrode (6) and the workpiece (2); - means (28) for storing
t he instantaneous value of the control signal of the voltage source (16)
upon detection of the sign reversal.
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