VCS 089 P 1 Description Soft magnetic iron-cobalt-based alloy and process
ves of§’5 rBanufacturing it The invention relates to a soft magnetic
iron-cobalt-based alloy which has a cabalt content of 10 to 22 percent by
weight, and to a process for manufacturing the alloy and a process for
rr{wagl{@gturing semi-finished products from the alloy, in particular magnetic
c&omponents for actuator systems. Soft magnetic iron-cobalt-based alloys
have a high saturation magnetisation and can therefore be used to develop
Soft ﬂ]sggtﬁ%@ﬁgne&%r?—%%% &%l%g@édv'%ﬁ'gh f%f&%S and/or small dimensions.
These alloys are typically used in solenoid valves Such as solenoid valves
manu ffee fuef injection systems in internal combustion engines, for example. Soft
magnetic iron-cobalt-based alloys with a cobalt content of 10 to 22 percent
by weight are known, for example, from US 7,128,790. When these alloys
The igreqiseddn fastiswitchingpactuafors ithis possible torimit droavitchinged alloy
whicrregHency dys to.the sddy,currents yvhich 990}5@1}/@9@%%@%{3@?“&%@ to a
the strength of the magnet cores used in continuous operation in high
ProcepsqUehicyBrRtvHtoF Systets Feal’b tegired IThRe BBREE6FthEdhvention is,
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in fast-switching actuators.
magnetic components for actuator systems.

Desc

Soft magnetic iron-cobalt-based alloys have a high saturation
magnetisation and can therefore be used to develop electromagnetic
actuator systems with high forces and/or small dimensions. These
alloys are typically used in solenoid valves such as solenoid
valves for fuel injection systems in internal combustion engines,

for example.

Soft magnetic iron-cobalt-based alloys with a cobalt content of 10
to 22 percent by weight are known, for example, from US 7,128,790.
When these alloys are used in fast-switching actuators it is
possible to limit the switching frequency due to the eddy currents
which occur. Moreover, improvements in the strength of the magnet
cores used 1in continuous operation in high frequency actuator

systems are also desired.

The object of the invention is, therefore, to provide an alloy
which is better suited to use as a magnet core in fast-switching

actuators.



VCS 089 P 2 This object is achieved in the invention by means of the subject
gﬂt r of the independent claims. Further advantageous developments are
vCSs 0 ? . . T adve :
etailed in the dependent claims. In thg invention a soft magnetic alloy
consists essentially of 10 percent by weight < Co <_ 22 percent by weight, 0

. percent by, weight .<< V << 4 percent by weight, 1.5 percent b ight<_Cr
This B L e ek by PRSI S el S et
mat teperoénttheweightgerdort T percent by weiglkty Odperceatby useight <_ Si
deve l%<1:!1'5n% rc ngég\/‘gﬁ%még'li%er%%@ %Vewgwﬂ%gﬁ A<i‘|l<a<irg'$q pergent by

ngg t and the remainder iron, the conter?to the elements chromium and
manganese and molybdenum and aluminium and silicon and vanadium

Tn tHREING 40 pergent by weight <., [CEHEMDTMOFALEGITV 55 20 D86aNDY, o5 10
weight. The term "essentially” indicates the inclusion of incidental impurities.
percethe Blfoypreddrably Ras & reaximrent eh20b ppie Hithdgen) anfaginiimiay weight

< v <400 pemcarbon and a maximym:of 100 pom - pxygen; The atloy disclosedin qn+

the invention has a higher specific resistivity than the binary Co-Fe alloy
by wegddihg t8 the 5appressionef-88dy cutfents, thePsataritionpolatisstioh being

percd®dused /8 lfile as passible WF@%@&H’@ sampdime the goerciyefield+ by
~strength He is increased as little as possible. This is achieved by the addition
welghdy Slloying of the MSHERRIGheRY eEmMERs; ind partkBkE Tt the Blendmat = AL <

1.0 pvemium@apdmagganeseiandmolbdeniier iron, the content of the
elements chromium and manganese and molybdenum and aluminium and
silicon and vanadium being 4.0 percent by weight <

(Cr+Mn+Mo+A1+Si+V) £ 9.0 percent by weight.

The term “essentially” indicates the inclusion of incidental
impurities. The alloy preferably has a maximum of 200 ppm
nitrogen, a maximum of 400 ppm carbon and a maximum of 100 ppm

oxygen.

The alloy disclosed in the invention has a higher specific
resistivity than the binary Co-Fe alloy leading to the suppression
of eddy currents, the saturation polarisation being reduced as
little as possible while at the same time the coercive field
strength H. is increased as little as possible. This i1s achieved
by the addition by alloying of the non-magnetic elements, in
particular of the elements chromium and manganese and molybdenum
and aluminium and silicon and vanadium in the content disclosed in

the invention which lies between 4.0 and 9.0 percent by weight.



and aluminium and silicon and vanadium in the content disclosed in the
ves Oigge tion which lies between 4.0 and 9.0 percent by weight. VCS 089 P 3 Cr
and Mn show a strong increase in resi§tivity at a low reduction in saturation.
At the same time the annealing temperature corresponding to the upper
cr anlPipdanyofthe terrfic phase s lowered, This s, pot, howeyer, desired singe ., o,
it leads Yo poorer Soft n?agne%lc properﬁes. ,EI, Voand Sidlst increase the
in sadlectaicabmesistivity vhilsteatetheisame timeraising they ahrealigature
temperature. Thus it is sible to _specify lg? ith high .resistivity, high
Corresg ttcﬁ%%éﬁgan%oaﬁlg% élrﬁgrﬁegaﬂné?lelr%cg%f uéPa% %Fl\llﬁgv]\:/ﬁk?gégd Ssgo t e
lowe nadgnétic propertiest Mdreoeers duede s Al dndiSiconiénts ehelallGyphasorer

soft g{g@}gt_}tgerf}gﬁtg Lhe allay is cold formable and ductile in its fully annealed
state. An elongatlljon value of AL > 2% or AL > 20% is measured in tensile

tests. This alloy is suitable for use as a magnet core in a fast-acting actuator

a1, wystemsuch asa tuel ipiection yalve f aninternal,comystionenging 1the a¢
requirements demanded of a soft magnetic cobalt-iron-based alloy for an
the sgetGator 8Fstemdre'CorithRiictorE ¥ tibiralp aley atfighdiebbalt'content

poss ilBads fo,adligh-satyrafipn, magpefisation J§of 9@@@%@%@’&%9 Mk ger 1
percent by weight Co (starting from 17 percent by weight Co) and thus

satursdifiis sdllet dintensiomeand BredtersRtenInte gratbn-orfghe i Ectiars

soft magnetic properties.

Moreover, due to its Al and Si contents the alloy has greater
strength. The alloy is cold formable and ductile in its fully
annealed state. An elongation value of Ap > 2% or Ap > 20% 1is
measured in tensile tests. This alloy is suitable for use as a
magnet core in a fast-acting actuator system such as a fuel

injection valve of an internal combustion engine.

The requirements demanded of a soft magnetic cobalt-iron-based
alloy for an actuator system are contradictory. In the binary
alloy a higher cobalt content leads to a high saturation
magnetisation Js of approximately 9 mT per 1 percent by weight Co
(starting from 17 percent by weight Co) and thus permits smaller
dimensions and greater system integration or higher actuator
forces with the same dimensions. At the same time, however, the
costs of the alloy increase. As the Co percentage increases, soft
magnetic properties such as permeability, for example,
deteriorate. Above a cobalt content of 22 percent by weight, the
increase in saturation due to the addition by alloying of further

Co is less.



forces with the same dimensions. At the same time, however, the costs of

ves Otgg aILon increase. As the Co percentage increases, soft magnetic properties
such as permeability, for example, deteriorate. Above a cobalt content of 22

percent by weight, the increase in saturation due to the addition by alloying
ffurther Cais less. VCS 089 P 4. The alloy should also have a.high specific .
T AR it S G50l Sot e DrageriSs CTHe Sy tahG /1ty
and duagia sobbalt ventent 010 percent byaveight < Co <_ 22 percent by weight.
A lower cobalt content reduces the raw materials cost of the alloy, thereby
making it suitable for applications subject to high cost pressure such as
This thosein tHee nafometiveasectors dbreéxample t Makimdmlgerareabilitg ischighe 1ght
< co Within this range, Igading to,more;fayausable lower driver, cusreniswhen s e
used as an actuator. In further embodiments the alloy has a cobalt content of
raw mp4 yekreertt ByoweEight <@e <a PhopercEherpRigight hrdd 4 pereentyple for
app1 1WEiIgNL 5. LQ 51 PORercenthyweight  The saft magnetic,allgy of the.maghet
core has chromium and manganese contents which lead to a higher specific
autonglgdtrieals pesistivity iPin the dfmbaled StAieWith RRVEICSatdratibl fetiURTiBR.

withiHhighigher spgeific resistivity Reymits:shoriey cswilghing iimes.in @p;actyator
since eddy currents are reduced. At the same time, the alloy has high
CUrredyifratidRandSigh permabifityrator -

In further embodiments the alloy has a cobalt content of 14
percent by weight £ Co £ 22 percent by weight and 14 percent by
weight < Co £ 20 percent by weight.

The soft magnetic alloy of the magnet core has chromium and
manganese contents which lead to a higher specific electrical
resistivity p in the annealed state with lower saturation
reduction. This higher specific resistivity permits shorter
switching times in an actuator since eddy currents are reduced. At
the same time, the alloy has high saturation and high permeability

Umax and therefore retains good soft magnetic properties.

The elements Si and Al in the alloy provide improved alloy
strength without substantially reducing its soft magnetic
properties. Due to the addition by alloying of Si and Al it is
possible to significantly increase the strength of the alloy by
solid solution hardening without a significant reduction in

magnetic properties.



max and therefore retains good soft magnetic properties. The elements Si

Ves oagrbd él in the alloy provide improved alloy strength without substantially
reducing its soft magnetic properties. E)ue to the addition by alloying of Si

and Al it is possible to significantly increase the strength of the alloy by solid

olution. hardening without a significant reduction in netic properties, .
The A UEISLEE S A S e S RE oo g e R d.on
permijpventiony iperméranisighe ngnneatipg e mpecatuhe whichdledds t@ ggoddoftof t

magn tic roperties %f hgﬁ:oercive field str. ngth, He. a d maﬁdrﬂum .
magnepelrme%alf)(l)l 3(? umlaxSHigﬁ per%e%%ﬁﬁyc %svt?esﬁled E%nge it e%?d% to fov%%%vgammum
permegdriehnts when thelallo} ivasertab almagnetscote ot ve flowicoreluttor bfads to

low Adiyatorjnoneembadimentthe allay has silican content pf, 0,5 percentby . 4

weight <_ Si << 1.0 percent by weight. The Mo content has been kept low in
flow greeftrpreventthrifoprfationr f carbides which could lead to a reduction in
magnetic properties. In addition to Cr and Mn, a small molybdenum content
is also favourable since it is characterised by a good increase in resistivity to
In onedaBhoriHSAtbrdtion ratio AW dreSembbdmténttRe BRIHRNRIM Gnd SiRBRENt DY

we i ghHZONtenrt;is 9.6 pergent Ry weight 5o AlESI << 1.5 percent by weight in order

to avoid the brittleness and processing problems which can occur with high
The Mo content has been kept low in order to prevent the formation
of carbides which could lead to a reduction in magnetic

properties.

In addition to Cr and Mn, a small molybdenum content is also
favourable since it is characterised by a good increase in

resistivity to reduction in saturation ratio.

In one embodiment the aluminium and silicon content is 0.6 percent
by weight < Al+Si < 1.5 percent by weight in order to avoid the
brittleness and processing problems which can occur with high

combined aluminium and silicon contents.

In one embodiment the content of chromium and manganese and
molybdenum and aluminium and silicon and vanadium is 6.0 percent

by weight £ Cr+Mn+Mo+Al+Si+V < 9.0 percent by weight.

Alloys with the aforementioned compositions can have a specific
electrical resistivity of p > 0.50 p@m or p > 0.55 puGm or p > 0.60
um or p > 0.65 pOm. This value provides an alloy which when used

as a magnet core of an actuator system produces lower eddy



combined aluminium and silicon contents. In one embodiment the content of
ves ch’go ium and manganese and molybdenum and aluminium and silicon and

vanadlum is 6.0 percent by weight <_ Cr+Mn+Mo+AI+Si+V << 9.0 percent

by weight. Alloys with the aforementioned compositions can have a specific

Curre&ﬁctrlc%res%wl otcg %SOAQm or p > O 55 m or.p > gualg) orp>

va ue provides an aIon w |8h Wwhen'used as a magnet ore of°
with drrattuatortsysteny pradueces lower eddy VCS 089 P 6 currents. This permits
the use of the alloy in actuator systems with fast switching times. The
percentage of the elements aluminium and silicon in the alloy disclosed in
The phedavertion prodiudes an atley withal yieldstrangth dofsRp0.2on340 Mg, alloy

dis clE@éé?'gﬂ? Aloy sirengihis,able ig;lengthen, the setyice lifg of the allay ‘Q’P‘E@ngth

used as a magnet core of an actuator system This is attractive when the
of RpalloyisifsediRaigT Hiequeheh attumtdiosystéms sith asfuelbinfection vavgshen

the dBripierpahgambysgtionengines, The,alloy. disgloged in the inuention-hag gogd

soft magnetic properties and good strength and a high specific electrical

actuaegistivi? 1RTurtiériembadiftents fel dlifoy hesia SAfuratdr Bf J@0BARS)3 high
frequﬂeQQJ Qi 2aQ & andara geergivenfield streagthi He «of< 3o AL 08 Hers

2.0 A/cm or He < 1.0 A/cm and/or a maximum permeability umax > 1000 or
internadx SOFFODS The e REATST Thromium and manganese and molybdenum
and aluminium

The alloy disclosed in the invention has good soft magnetic
properties and good strength and a high specific electrical
resistivity. In further embodiments the alloy has a saturation of
J(400A/cm) > 1.00 T or > 2.0 T and/or a coercive field strength Hc
of < 3.5 A/cm or H. < 2.0 A/cm or He, < 1.0 A/cm and/or a maximum

permeability Umax > 1000 or pmax > 2000.

The content of chromium and manganese and molybdenum and aluminium
and silicon and vanadium disclosed in the invention lies between
4.0 percent by weight und 9.0 percent by weight. Due to this high
content it is possible to provide an alloy which has a higher
electrical resistivity of p > 0.6 pQm and a low coercive field
strength H. of < 2.0 A/cm. This combination of properties is

particularly suitable for use in fast-switching actuators.

The invention also provides for a soft magnetic core or flow
conductor for an electromagnetic actuator made of an alloy in
accordance with one of the preceding embodiments. In various
different embodiments this soft magnetic core is a soft magnetic

core for a solenoid valve of an internal combustion engine, a soft



and silicon and vanadium disclosed in the invention lies between 4.0 percent

Okéygwgght and 9.0 percent by weight. Due to this high content it is possible to

provide an alloy which has a higher elgctrical resistivity of p > 0.6 pQ)m and

a low coercive field strength He of < 2.0 A/cm. This combination of properties

magnd§ RATISUIErly suitable for use in fest switehipg actuators. Thednventon alsg .. o1
uctor for'an &ectromagnef?c
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. core .1 ecC on
prowdes]?or a soft magnetic cote or flow ¢on
enginactuatos ofadenefarealiay inoaecdrdanee tithearie dfithé prededingon valve of

a spat b?@;ﬂ%”%%-n'”e"r?gi’}{é different embodiments this goft magnetic gore is,a
soft magnetic core for a solenoid valve of an Tnternal combustion engine, a

comp ospfNY CE08% Pt tmagsativedore fored fitel anjectivnmealve ofah intersal inlet/

out 1<GomAystion engine, a soft magnetic core for a direct fuel injection valve of a
spark ignition engine or a diesel engine and a soft magnetic component for
electromagnetic valve adjustment such as an inlet/ outlet valve. The various

The BGIYRIOL SYsteMms-sHchaas selgnoid valves.and fugl Jnigctign yalves avey e 1

~ different requirements in terms of strength and magnetic properties. The
inJjeqegireNentsEan BE et ity Sa18eting i alles Veith-8 compositivh Which fiegngth

and mWithiathe aforementioped rangesThe inventen alsoprovidesdong fueliccting
injection valve of an internal combustion engine with a component made of a

an aldgi ndgriete AABYHI AEESAIRANEE With e 6f theiteBeding aforementioned

ranges.

The invention also provides for a fuel injection valve of an
internal combustion engine with a component made of a soft
magnetic alloy in accordance with one of the preceding
embodiments. In further embodiments the fuel injection valve is a
direct fuel injection valve of a spark ignition engine and a

direct fuel injection valve of a diesel engine.

In further embodiments the invention provides for a return part
for an electromagnetic actuator and a soft magnetic rotor and
stator for an electric motor made of an alloy in accordance with

one of the preceding embodiments.

The invention also provides for a process for manufacturing semi-
finished products from a cobalt-iron alloy in which workpieces are
manufactured initially by melting and hot forming a soft magnetic
alloy which consists essentially of 10 percent by weight £ Co £ 22
percent by weight, 0 percent by weight < V < 4 percent by weight,
1.5 percent by weight £ Cr £ 5 percent by weight, 0 percent by
weight < Mn < 1 percent by weight, 0 percent by weight < Mo < 1



embodiments. In further embodiments the fuel injection valve is a direct fuel

ves Ol(gjgcgon valve of a spark ignition engine and a direct fuel injection valve of a
Ieés€él engine. In further embodiments ghe invention provides for a return part

for an electromagnetic actuator and a soft magnetic rotor and stator for an

electric motor made of.an alloy in accordance, with ane of the precedin
perceélrglboaimween]tg e %V%anﬁgnr g%%tp%gidgg Jfgerh 3 pfo%glssTorlf mggnﬁ?a%%ﬁﬁntg by
we ighgemie fihished produdts froe glcobaltAron<alloylinwehicte wiorkpiesesigiet and the
rema:RADYRCIEC inifall oy melling and ot forming. g sofbmagneie allay Which, e

consists essentially o? 10 percent by We|g?1t < Co <_ 22 percent by weight,
and mgdrgenteyweirght <a \Wirkrdi percentlby Weightn 185 percemt by wreightixgCt . 0

perceht RErgent by weight 0, percant by weight < Mny<cl percent by yeight, 0y - 2
percent by weight <_ Mo <_1 VCS 089 P 8 percent by weight, 0.5 percen
finalppwefit KN SiRROESSFeréentbye Weighitr Dsdpertent by weight <_ Al << 1.0
percent by weight and the remainder iron, the content of the elements
chromium and manganese and molybdenum and aluminium and silicon and
This \zaheRiurfiBRifF410e percent By it € £ (CAmvpiMofALSI e e<grpcesses.

a11 QRereentbyweight A dinal aanealing,process s thenLattied oub S alitYiction
‘can be melted by means of various different processes. All current o
Meltipghrifils inclinding A Méfing Hel WASNR HvdudtiohMettihg (V/ivg St t1on,

an ar%xafm}_'ﬁa@@ Rassibla i theasy daadditan samate rnaceer mgduetiverreatment
techniques may also be used. Treatment

by Vacuum Oxygerni Decarburization (VOD) or Argon Oxygen

Decarburization (AOD) or Electro Slag Remelting (ESR) improves the

quality of the product.

The VIM process is the preferred process for manufacturing the
alloy since using this process it is on one hand possible to set
the contents of the alloy elements more precisely and on the other

easier to avoid non-metallic inclusions in the solidified alloy.

Depending on the semi-finished products to be manufactured, the

melting process is followed by a range of different process steps.

If strips are to be manufactured for subsequent pressing into
parts, the ingot produced in the melting process is formed by
blooming into a slab ingot. Blooming refers to the forming of the
ingot into a slab ingot with a rectangular cross section by a hot
rolling process at a temperature of 1250°C, for example. After
blooming, any scale formed on the surface of the slab ingot is
removed by grinding. Grinding is followed by a further hot rolling

process by means of which the slab ingot is formed into a strip at



by Vacuum Oxygen Decarburization (VOD) or Argon Oxygen
ves o %c%rburization (AOD) or Electro Slag Remelting (ESR) improves the quality
of'the product. The VIM process is the preferred process for manufacturing
the alloy since using this process it is ©n one hand possible to set the

contents of the.a lements more precisely and an the octfler easier
o R O R GO G BURiTe 416y, BEEig Srthdc have
formeskmirfifisleed protiucts tofbhe hransifactgredy thiengnélting pedcessds fotloweten
renoRAEN9R OLAiRIoNt progessisigne. I ekinsarelphe maoulactyied for o
subsequent pressing Into parts, the'ingot produced in the melting process is
finalforhédbyebloniing intoayslab ingothBlooming refersto thelformingoofthe mm by

cold 'PGeLINIQ,a sianIngot wih a regrangular Cress é%%?og&xea hop, 1Qllipg 41

process at a temperature of 1250C, for example. After blooming, any scale
anneafpirpgd RAAhe surfate of fise Slabindatis remigvealby grindirig LefiRding is

imper;?g%w%ﬁ?y iuher ot @L‘M%P@r%@ﬁéwrmgégs Pé%éio‘%g;t%%%%m IS re

ormed into a strip at VCS 089 P 9 a temperature of 12 for example.
removgRy Rpuritiesswhich faveformed orPtresstirfaeetdithé sHip-dw®y hot
rolling are then removed by grinding or pickling, and the strip is formed to its

final thickness which may be within a range of 0.1 mm to 0.2 mm by cold
The maNinge Cthately, Bhe SfipSis StibjdetétP it a fiflal- ahRE&liftf protess. BdfiHg 2T -

Here,thisdinal enaealing,any lattice dmperfectionspreduced dudng thervaiious-atic
forming processes are , ,
cross-section. On this occasion, the so-called blooming process
takes place at a temperature of 1250°C, for example. The scale
produced during blooming is then removed by grinding. This is
followed by a further hot rolling process in which the billets are
formed into rods or wires with a diameter of up to 13 mm, for
example. Faults in the material are then corrected and any
impurities formed on the surface during the hot rolling process

removed by planishing and pre-turning. In this case, too, the

material is then subjected to a final annealing process.

The final annealing process can be carried out within a
temperature range of 700°C to 1100°C. In one embodiment, final
annealing is carried out within a temperature range of 750°C to
850°C. The final annealing process may be carried out in inert

gas, 1n hydrogen or in a vacuum.

Conditions such as the temperature and duration of final annealing
can be selected such that after final annealing the alloy has
deformation parameters under tensile testing including an

elongation at rupture value of > 2% or Ap > 20%.



removed and crystal grains are formed in the structure. The manufacturing

Jygeess for producing turned parts is similar. Here, too, the ingot is bloomed
VCS . ; ) ; .

toproduce billets of quadratic cross-section. On this occasion, the so-called

blooming process takes place at a temperature of 1250C, for example. The

al roduced during blooming is then.removed by grinding. This i .
In a D L ad i fa2 o, £inal

annearbds®r wires with a diameter of up to 13 mm, for example. Faults in the
material are then corrected and any impurities formed on the surface during
the hot rolling process removed by planishing and pre-turning. In this case,
too, the material is then subjected to a final annealing process. The final
annealing process can be carried out within a temperature range of 700C to
1100C. In one embodiment, final annealing is carried out within a
temperature range of 750C to 850C. The final annealing process may be
carried out in inert gas, in hydrogen or in a vacuum. Conditions such as the
temperature and duration of final annealing can be selected such that after
final annealing the alloy has deformation parameters under tensile testing
including an elongation at rupture value of > 2% or AL > 20%. VCS 089 P 10
In a further embodiment the alloy is cold formed prior to final annealing. VCS
089 P



11 Patent claims 1. Soft magnetic alloy which consists essentially of 10
ves O@ﬁc%nt by weight < Co <_ 22 percent by weight, O percent by weight <_ V
4 percent by weight, 1.5 percent by weight <_ Cr << 5 percent by weight,
0 percent by weight < Mn < 1 percent by weight, O percent by weight <_ Mo
<_ 1 percent by weight, 0.5 percent by weight <_ Si << 1.5 percent by

Patenvg_ei%%ﬁ]d?f percent by weight <_ Al << 1.0 percent by weight and the

remainder iron, the content of the elements chromium and manganese and

lybden nd.aluminium and silicon and. vanadium being, 4.0 percen

1. YPARUM R I Y

vr%/]gig t<i Cﬁl\hﬁﬂ%lm%ﬁgiﬁ/ <<8§8%e%esnt%%sévge?glhat. .YSSE m;% e%)icCent
dloyvin Bebordance witr2élaire 1¢ ohardcterisedby a doladtcomtdntlaf 1deight <

Rereent by weight < Co . 122, percentby weight. 3, Soft magnetic alloydns
accordance with claim 2, characterised by a cobalt Content’of 14 percent by
weightr T ¥ wolssreentbpsveightt 40 Boftenadrietic Miby<in hceeidamee by

with gne of the, preceding, claims (gharactesised by a yanadium, copentaf 0 o | 5
percent by weight <_ V <<'2 percent by weight.

percent by weight £ Si £ 1.5 percent by weight, 0.1 percent
by weight £ Al £ 1.0 percent by weight and the remainder
iron, the content of the elements chromium and manganese and
molybdenum and aluminium and silicon and vanadium being 4.0

percent by weight £ (Cr+Mn+Mo+Al+Si+V) < 9.0 percent by

weight.

2. Soft magnetic alloy in accordance with claim 1,
characterised by
a cobalt content of 14 percent by weight < Co £ 22 percent by
weight.

3. Soft magnetic alloy in accordance with claim 2,
characterised by
a cobalt content of 14 percent by weight < Co £ 20 percent by
weight.

4. Soft magnetic alloy in accordance with one of the preceding
claims,
characterised by
a vanadium content of 0 percent by weight £ V < 2 percent by

weight.



VCS 089 P 12 5. Soft magnetic alloy in accordance with one of the

JygC ding claims, characterised by a molybdenum content of O percent by

weight < Mo < 0.5 percent by weight. 6, Soft magnetic alloy in accordance

with one of the preceding claims, characterised by a manganese content of

5. %é‘P@r%%gnbé/%VX%'QQF?'\r"Y” S pere 5%%% welght. Z;n%"fé a&(‘&?“é alloyin g

accordance with one of the preceding claims, characterised by a silicon
cortentsof 0.5 percent by weight <_ Si << 1.0 percent by weight. 8. Soft
rgﬁgn%t'ccglloy 'Qdaclg:ordance with one of the preceding claims, characterised
by an aluminium and silicon content of 0.6 percent by weight <_ Al+Si << 2
peroentipdneight @ r8cftmaghetic oy inacdordarceowith onéofthé . 5

EJ'SE‘E@HQ BIQi%i%a}cterised by a chromium and manganese and
molybdenum and aluminium and

VCS

6. Soft magnetic alloy in accordance with one of the preceding
claims,
characterised by
a manganese content of 0.4 percent by weight < Mn < 1.0

percent by weight.

7. Soft magnetic alloy in accordance with one of the preceding
claims,
characterised by
a silicon content of 0.5 percent by weight £ Si £ 1.0 percent

by weight.

8. Soft magnetic alloy in accordance with one of the preceding
claims,
characterised by
an aluminium and silicon content of 0.6 percent by weight <

Al+Si £ 2 percent by weight.

9. Soft magnetic alloy in accordance with one of the preceding
claims,
characterised by
a chromium and manganese and molybdenum and aluminium and
silicon and vanadium content of 6.0 percent by weight <

Cr+Mn+Mo+Al1+Si+V < 9.0 percent by weight.



VCS

10.

11.

12.

13.

14.

15.

16.

silicon and vanadium content of 6.0 percent by weight <_
%r+l\4n+Mo+AI+Si+V << 9.0 percent by weight. VCS 089 P 13 10. Soft

089 . . . . : .
magnetic alloy in accordance with one qgf the preceding claims, characterised
in that under tensile testing in its final annealed state the alloy has an

clongation atrupture ylye of AL > 296, 11, Soft magneto alloy,in aceordance |
wiIth Claim , Characterised In that under tensile testing In Its final anneale
fth claim L0 ded in fi ilé festingin TS finar ahnealed 9

stateithe,alloy has an elongation at rupture value of AL > 20%. 12. Soft
rgﬁgn%t'&cc llay igdacc rdE nce with one of the preceding claims, characterised
by arspeci ic ectriclaéi re%l%ﬁvity of p > 0.50 p2m. 13. Soft magnetic alloy in
accdedaricenwith elaimsiti2 ncharacterised byal spevificdledtricabiesistivity of Loy
2058 p2m,. L Safk magneligalloy in aseardgaceuith glaim 13,
characterised by a specific electrical resistivity of p > 0.60 p2m. 15. Soft
magnetic alloy in accordance with claim 14, characterised by a specific

@SgycﬁggﬁnggygﬁﬁgylﬁﬁFg%%ordance with claim 10,

characterised in that
under tensile testing in its final annealed state the alloy

has an elongation at rupture value of A; > 20%.

Soft magnetic alloy in accordance with one of the preceding
claims,
characterised by

a specific electrical resistivity of p > 0.50 uQm.

Soft magnetic alloy in accordance with claim 12,
characterised by

a specific electrical resistivity of p > 0.55 uQm.

Soft magnetic alloy in accordance with claim 13,
characterised by

a specific electrical resistivity of p > 0.60 uQm.

Soft magnetic alloy in accordance with claim 14,
characterised by

a specific electrical resistivity of p > 0.65 uQm.

Soft magnetic alloy in accordance with one of the preceding
claims,

characterised by



VCS 0

17.

18.

19.

20.

21.

22.

23.

16. Soft magnetic alloy in accordance with one of the preceding claims,
r%cterised by VCS 089 P 14 a yield strength of Rp0.2 > 340 MPa. 17.
oft magnetic alloy in accordance wit gne of the preceding claims,
characterised by saturation at J(400A/cm) > 1.0 T. 18. Soft magnetic alloy in
accordange with claim 17, aracteri saturation at J(400A/cm) > 2.00
T, f’gl.ego% fagne aggllgyfin%g&foréaggg with‘one of the preceding claims,
characterised by a coercive field strength He of < 3.5 A/cm. 20. Soft magnetic
loy,in ac grd@nge with claim 19, cgag?act%ré'sed.tg a coercive {igld strengél&.
ﬁl(e) of < Zafé Alcm. 21, %8% rﬁagneti% aﬁloy?n acg&rdﬁngg With one of the g
préeeding claims, characterised by a maximum permeability of p,ax > 1000.

22, Soft magnetic ajloy in accordance with claim 21, characterised by

saturation at J(400A/cm) > 1.0 T.

Soft magnetic alloy in accordance with claim 17,
characterised by

saturation at J(400A/cm) > 2.00 T.

Soft magnetic alloy in accordance with one of the preceding
claims,
characterised by

a coercive field strength H. of < 3.5 A/cm.

Soft magnetic alloy in accordance with claim 19,
characterised by

a coercive field strength H. of < 2.0 A/cm.

Soft magnetic alloy in accordance with one of the preceding
claims,
characterised by

a maximum permeability of ppax > 1000.

Soft magnetic alloy in accordance with claim 21,
characterised by

a maximum permeability of ppax > 2000.

Soft magnetic core for an electromagnetic actuator made of an

alloy in accordance with one of claims 1 to 22.



a maximum permeability of p,ax > 2000. 23. Soft magnetic core for an

ves O%Igc%omagnetic actuator made of an alloy in accordance with one of claims
0

24.

25.

26.

27.

28.

29.

30.

2. VCS 089 P 15 24. Soft magne ic core for a solenoid valve of an
internal combustion engine made of an alloy in accordance with one of
claims 1 to 22. 25. Soft magnetic core for a fuel injection valve of an internal
combustion engine made of an alloy in accordance with one of claims 1 to
22,126 Softrrmagreticocereffor aairect kied infectiohvwalve oba spark igrition

elssiiye Q’caid&"fe%’g‘i‘(j%%’ in-Agcorgance ‘%('ﬁl g0e 1 9f claims 1,19, 22. 24 -&ff&ne of
magnetic core for a direct ﬁje?lnjectlon valve of a_ diesel engine made of an
alloyiimactordance with one of claims 1 to 22. 28. Fuel injection valve of an
internal combustion engine with a component made of a soft magnetic alloy

in accordance with one of claims 1 to 22. 29. Fuel injection valve in
&CoFd A with elahn1ZB, feharacterised im it e fuel Mjgctionfvave isngernal

dirggt fus! injgction,yalve pf a sparkignition engine. 30-Fughipiection valVene o
|nlacgordalncteowghzclalm 28, characterised in that
claims .

Soft magnetic core for a direct fuel injection valve of a
spark ignition engine made of an alloy in accordance with one

of claims 1 to 22.

Soft magnetic core for a direct fuel injection valve of a
diesel engine made of an alloy in accordance with one of

claims 1 to 22.

Fuel injection valve of an internal combustion engine with a
component made of a soft magnetic alloy in accordance with

one of claims 1 to 22.

Fuel injection valve in accordance with claim 28,
characterised in that
the fuel injection valve 1s a direct fuel injection valve of

a spark ignition engine.

Fuel injection valve in accordance with claim 28,
characterised in that
the fuel injection valve 1s a direct fuel injection valve of

a diesel engine.



the fuel injection valve is a direct fuel injection valve of a diesel engine. VCS

Ves 0%899 g 16 31. Soft magnetic stator for an electric motor made of an alloy in

31.

32.

33.

34.

35.

36.

accordance with one of claims 1 to 22, 32. Soft magnetic rotor for an electric
motor made of an alloy in accordance with one of claims 1 to 22. 33. Soft
agnetic comggnentgggan e&c%ro&a%rleetlgtvalve ag{%s]gmnggt system.in ariloy

infet and oitle in ®

valvé used in an enginé compralrf:mglnt made of an alloy'in
accordancedwitlt @ne iof helaimes © fo 22a34sReéturo pa#t for an
electromagnetic actuator made of an alloy in accordance with one of claims

1 to 22. 35. Return part for a solenoid valve made of an alloy in accordance

Wit bneafckiims Irot22: 360 Precesslfor hanufasttivng senh-finished alloy in

productsfram a, eobaltirandiased allgy in which,workpieces are

manufactured initially by melting (1) and hot forming (4, 10) a soft magnetic
alloy which consists essentially of 10 percent by weight < Co <_ 22 percent

by weight, 3, Bercent By Weighti<_£¥.<_5 4 Rarcenthyweight,; 1.5percent by
weight <_ Cr << 5 percent by weight, 0 percent by weight < Mn < 1 percent

BPWRRIHED thete @y Weight <1 M6 & _anperceht B WEigHte0 B55stcént 1By
weight s Smsal-BrRereentyweighk 0.1 persent by weightis n A S840 one of

percent by weight and the remainder iron, the
claims 1 to 22.

Return part for an electromagnetic actuator made of an alloy

in accordance with one of claims 1 to 22.

Return part for a solenoid wvalve made of an alloy in

accordance with one of claims 1 to 22.

Process for manufacturing semi-finished products from a
cobalt-iron-based alloy in which workpieces are manufactured
initially by melting (1) and hot forming (4, 10) a soft
magnetic alloy which consists essentially of 10 percent by
weight < Co £ 22 percent by weight, 0 percent by weight < V <
4 percent by weight, 1.5 percent by weight < Cr < 5 percent
by weight, 0 percent by weight < Mn < 1 percent by weight, 0
percent by weight < Mo £ 1 percent by weight, 0.5 percent by
weight < Si < 1.5 percent by weight, 0.1 percent by weight <
AT £ 1.0 percent by weight and the remainder iron, the
content of the elements chromium and manganese and molybdenum
and aluminium and silicon and vanadium being 4.0 percent by
weight £ Cr+Mn+Mo+Al+Si+V < 9.0 percent by weight, and a

final annealing process (7, 12) being carried out.



content of the elements chromium and manganese and molybdenum and

ves O%hi nium and silicon and vanadium being 4.0 percent by weight <_

37.

38.

39.

40.

41.

42.

n+Mo+AI+Si+V << 9.0 percent by weight, and a final annealing process
(7, 12) being carried out. VCS 089 P 37. Process in accordance with
%[%igg:gg,s ctiwgrazg(t:%r(i)se in tga%]fingel)aggegllin%g, 12) is carried out within a
temperature range o 00C 0" T100C" 38. Process in accordance with claim
Ihacharaeterised in thdttimal annealing (7, 12) is carried out within a

temperature r of 750C.t9,850C. 39, Process in accordance wi e
c%fr%ifiséj to §§E %ﬁgra@érisle%) in‘that final %1%%1%8&?9 rélc?a%ﬁépd %lﬁé é%n?r%ﬁ]%%ure
afeardimap fanneafing thre alldlPhas deformation parameters under tensile

testing including an elongation at rupture value of AL > 2%. 40. Process in
accordance with claim 39, characterised in that final annealing is carried out
Sichahacaftar fvrat casreating Thé alley has déformation parameters under

tepsile, testingingludipg an glongation at rupture value of AL > 20%. 41.
Process in accordance with one of claims 36 to 40, characterised in that
final annealing (7, 12) is carried out within a temperature

range of 750°C to 850°C.

Process in accordance with one of claims 36 to 38,
characterised in that

final annealing is carried out such that after final
annealing the alloy has deformation parameters under tensile

testing including an elongation at rupture value of Ap > 2%.

Process in accordance with claim 39,

characterised in that

final annealing is carried out such that after final
annealing the alloy has deformation parameters under tensile

testing including an elongation at rupture value of Ap > 20%.

Process in accordance with one of claims 36 to 40,
characterised in that

the alloy is cold formed prior to final annealing (7, 12).

Process in accordance with one of claims 36 to 41,
characterised in that
the alloy i1s subjected to a final annealing process in inert

gas, hydrogen or in a vacuum.



the alloy is cold formed prior to final annealing (7, 12). 42. Process in
ves o ogdance with one of claims 36 to 41, characterised in that the alloy is

subjected to a final annealing processligl inert gas, hydrogen or in a vacuum.

VCS 089 P 18 Abstract Soft magnetic iron-cobalt-based alloy and process

for manufacturing it A soft magnetic alloy consists essentially of 10 percent
Abstract . . .

by weight < Co <_ 22 percent by weight, O percent by weight <_V << 4

percent by weight, 1.5 percent by weight <_ Cr << 5 percent by weight, O
sort RRIGRLpweIgnt =M. 1 percent by jyeight, 0 pereeptweight < Mo <_

1 percent by weight, 0.5 percent by weight'<_ Si << 1.5 percent by weight,
manuf@.¢tperdent bytweight < Al << 1.0 percent by weight and the remainder iron,

the content of the elements chromium and manganese and molybdenum

and aluminium and silicon and vanadium being 4.0 percent by weight <_
A sofCrapmdMo-rAlrSHAY) <Ooms0 pefcent Byweightty of 10 percent by weight
< Co £ 22 percent by weight, 0 percent by weight £ V £ 4 percent
by weight, 1.5 percent by weight < Cr < 5 percent by weight, 0
percent by weight < Mn < 1 percent by weight, 0 percent by weight
< Mo £ 1 percent by weight, 0.5 percent by weight < Si < 1.5
percent by weight, 0.1 percent by weight £ Al £ 1.0 percent by
weight and the remainder iron, the content of the elements
chromium and manganese and molybdenum and aluminium and silicon
and vanadium being 4.0 percent by weight < (Cr+Mn+Mo+Al+Si+V) <

9.0 percent by weight.



