HH GH-STRENGTH EROSI ON ELECTRCODE Descrl ptlon The invention
rellates to a nethod for the 5 manufacture of a wire electrode for the

spar k- erosi on process and a wire electrode for this nethod, which
consists of a core of steel, an internediate |ayer of copper or a high
prerl-cont a:jnl ng alloy, and an outer | ayer with at |east 40 % zinc. 10
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with erosmn wre erso up erT| W re strengths
are demandediayexs.derhich rhaig e Cored%ﬁ%%‘?‘if n %{hdl%ff}%%ﬁqﬁeof G wire
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e cutting of  very sma arts th wire thigknesses of 100
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| esser strengidreaskd sfmmtlerwnmeb@huw]@uqaopper or brass
1 electrodes, however, all of these erosion electrodes have
the disadvantage that if they have comparatively high
strengths, their electrical conductivity is very low and
20 merely reaches 8 S-m/mm?. This comparatively high
tensile strength is particularly advantageous for the
cutting of high or thick workpieces or, however, also. for
the cutting of very small parts since high wire tensions
are here demanded. However, these known wire electrodes
25 have the disadvantage that their erosion performance is
relatively low. In particular, in the case of cutting
very small parts with erosion-wire diameters of up to 10
pm, high wire strengths are demanded in order to reduce
deflection and vibration of the wire to a minimum.
30 Tungsten or molybdenum wires have been used up to now for
the cutting of very small parts with wire thicknesses of
100 pm and less, however, tungsten or molybdenum wires
are extremely expensive to manufacture. Erosion wires
with a steel core and a brass outer layer have been
35 unable to be successful up to now for this purpose since
they always, in comparison to- tungsten wires, showed a

lesser strength and a poorer erosion behaviour.



**THe basic purpose of the invention is to provide hi gh-strengt h erosi on

el ectrodes with a core of steel of t he abovenentioned type and a-

met hod for their manuf acture, which el ectrodes have strengths which
are 5 1800 N m®2 and hi gher and, in addition, have a conparatively
hi gh conductivity of 10 S mim® and nore. . Thi s purpose is
attained with the chagacterlstlcs of of Claimé6
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high strength is that the core has a patented structure,
consists advantageously of sorbite, whereby a further-

20 layer is arranged between the outer layer and the core,
which further layer contains high amounts of copper, that
is, it is only low alloyed. Silver in the form of the
"alloy CuAgl has here proven to be particularly
advantageous as the alloy element. Also a copper alloy

25 with a small amount of zinc can be advantageously
utilized for the intended purpose. An outer layer has
been applied to this intermediate layer, which outer
layer consists of a zinc alloy, in which the zinc content
reaches at least 40 % and may reach a maximum of 60 %.

30 A wire electrode of the invention could be
manufactured in such a manner that a sleeve out of a
brass pipe or brass band is applied to a steel core
enveloped with copper, and the composite is thereafter
reduced by means of wire drawing. This type of

35 manufacture becomes more problematic the higher the zinc
content in the outer layer is supposed to be. A further
method could consist of providing a copper-enveloped



**di'ppi ng: met hdd. The -zi nc content coul d here be adj usted at random The

difficulty with this nmethod is to apply the outer layer with an even

t Hi ckness over the 5 circunference. A very advant ageous net hod
for the manufacture of a wire electrode is that a steel core is

envel oped with a copper Iayer V\/nereby the structure of the steel core
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el ectrode should |lie between 50 to 75 % of the entire el ectrode. The
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the area of ghehuItElf fayiasn kedneerathidrd 0s1@éh %hdt tHe entlfelrddtﬁéfmre
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strength achieved in the final wire but also for its
conductivity. A further decisive factor for the
strength, however, also for the conductivity of the
erosion wire is that in the final wire the core consists

25 of a patented structure, whereby here electrical
conductivity and strength are being equally optimized.

| The wire, the core of which should already exist in
the patented state is, after the diffusion annealing has
. occurred, reduced to its diameter by drawing.

30 The area of the core on the electrode should lie
between 50 to 75 % of the entire electrode. The area of
the intermediate layer should lie between 5 and 40 % and
the area of the outer layer between 10 to 30 %. If one
furthermore meets the demand that the zinc content of the

35 outer layer lies between 40 and 60, advantageously at
slightly above 50 %, then one obtains an electrode with a
conductivity which lies between 10 and 18 S-m/mm?,



'to a di'aneter.of below 10 [err]m nanely, to dianeters which are -’

sufficiently small for the up to now known uses. It has thereby been
found-to be particularly advantageous 10 that these wires with a thin
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i nvention is dlStIﬂgUlS E con tIVIt% a conparatlvely
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15 and have constant erosion characteristics. The achieved
quality in manufacture is so great that the wire of the
invention will practically not break down on the erosion
machine, whereas the breakdown of the up to now utilized
molybdenum or tungsten wire amounts to up to 50 %.

20 The high strength is particularly advantageous in
the case of erosion wires with diameters of above 100 um
when workpieces with a greater height are to be cut since
high wire tensions are required here in order to keep
bending and vibrations low.

25 An electrode of the invention is distinguished by a
high conductivity and a comparatively high strength.
Moreover, the cutting quality with a high exactness in
contours is very good, whereby this precision is favored
by the high wire tension based on the high strength of

30 the wire.
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- copper-contai,ning alloy, that an outer layer of zinc or a 10 high

zinc-containing alloy is applied onto the I ntermedi ate | ayer, that the
wire,. prior to a first i nternedi ate annealing, is subjected to a

di ffusion anneal i ng such that on the one hand the outer |ayer forns

an alloy with a zinc content, the nelting point of which 15 I s higher
than the austenitization tenperature required for the patenting of the
steel core, L% t he ot her hand the diffusion process is carried out
so long that, 1. t aki ngetildd foon dikde meiuffacirerof @& feighs@kgieaigth

foll ow ng at ent,i n g{ t d ' t r lgyer maintains 20
the desired ESHpSsT telloencgczrno %tcgbgnr%’{lﬁs,slr%earlme%y ki héfe%%eﬁdn il electrode is

pat ent ed durinprewectidte crawel afe copped! i9¥g.2 high copper-rontapidnget hod

according t | Mg Gharatesr 1 Z8fbr of 4 41y adilaieny diedleady e,
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di anet er . .3 ding to daiml

its fi . : . hagt
or 2, 334 PR S SPTHR YRS the Ve ej;g\%fterét e first
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di aneter of for the payumtiigEde|thed. steeld ¢di, tdmd erwsilon atiher i s
thereafter , dndAEHEL N DitScdAen & Q- Wit | do NBGRFSAHak, T urther
taking into consideration one or rather several following
patentings of the erosion wire, the outer layer maintains
20 the desired composition and strength, whereby the erosion

electrode is patented during each intermediate annealing.

2. The method according to Claim 1, characterized

in that a patented steel wire, which is provided with a

25 copper intermediate layer, is utilized as the initial
wire, that a high zinc-containing outer layer is applied
to the intermediate layer, that the wire is subsequently
subjected to a diffusion annealing such that a brass
outer layer with a predetermined composition and strength

30 results, and that the erosion electrode is patented after
each deformation stage prior to reaching its final

diameter.

3. The method according to Claim 1 or 2,
35 characterized in that the outer layer after the first
diffusion annealing has a zinc content, which does not

O,

exceed 60 %.
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‘pateentiings td4 its final dlaneter 5. An erosion el ectrode

with a core of steel, an  [IhisSheet %ﬁe | ayer
copper - cont ai ni ng 15 aI MII tl r layer wit 5 $HRETtHAS BEENTinC,
characterized in that the st pat ent ed

PLACED ure i th
a carbon content of 0.6 to 1 wt.% which ' occ RE LA

O

oS—air-art-ear—of—=tfle
core of 50 to 75 % of the cross- secti onal rfa e.of the erosion

electrode, that $he T ?OmeFH?@rﬂEHPE@én9a§8r°ﬂﬁs°£n ?eg BiM8 £0°%03 % and

the outer ractéf¥§édh§ﬁ 8Aafl fReOiniPik® QQréthQdatE§£etB§aﬁéﬂér
content of t e outer layer |l1es between 40 and

The erosi onofl @c8 rodeandcar taygrt bhirkhass, 025thehanagr@edzaue|hayhat t he
conduct|V|tg§26 ihe ergéTng?ﬁ1ﬂﬁf8F #ggg&oggp 1e3tonE85Eh&0 preferably

| arger than The erosion
el ectrode aghPEAhedidfe AayEY5isr3o umR) thatchheawieei zedthent hat the

internmedi ate | ayer consists of copper with a small anount of
silver. = subjected toga dlﬁﬁéséﬁﬁsﬁéﬁeéﬁéﬁﬁr68e4QE€SrBYﬁ§ £ oheYEEm 7,
characteri zgg! fis | PALLDLC LD SLIRH PLC,| BY8ReERSEE! SpBloxindPe1U00d.
6 9. e erosion electrode accordi ng o one o? he C ai ns

5 to 8, chamagtehatetheénerbalohheiser éagthepbatherepatenhedi ardi $sat | east
1800 N err advant a eousl at
m én drawn under, Xf neéggg;r§9of&£gHLgréLtentings to its

10 final diameter.

5. An erosion electrode with a core of steel, an
intermediate layer of copper or a high copper-containing
alloy and an outer layer with at least 40 % zinc,

15 characterized in that the steel core has a patented
structure with a carbon content of 0.6 to 1 wt.%, which
occupies an area of the core of 50 to 75 % of the diameter
of the erosion electrode, that the intermediate layer has
an area of 5 to 40 % and the outer layer has an area of 10

20 to 30 %, and that the zinc content of the outer layer lies

between 40 and 60 wt.%.

6. The erosion electrode according to Claim 5,
characterized in that the conductivity of the erosion

25 electrode is at least 10 preferably larger than 12

S-m/mm2 .

7. The erosion electrode according to Claim 5 or 6,
characterized in that the intermediate layer consists of

30 copper with a small amount of silver.

8. The erosion electrode according to Claim 7,

characterized in that the intermediate laYer consists of

CuAgl.
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9. The erosion electrode according to one of the
Claims 5 to 8, characterized in that the strength of the
erosion wire is at least 1800 N/mmz, advantageously at

least 200 N/mm?.
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