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,

manu FREE&IQME, 40 PEQVIdE an allgy AWRich s beterrsWiedioise as,g MagN|L Lo cular

in fast-switching actuators. VCS 089 P
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.



2 This object is achieved in the invention by means of the subject matter of

tgg independent claims. Further advantageous developments are detailed in
VCS 0 . , ) . .

the dependent claims. In the |nvent|oné';\ soft magnetic alloy consists

essentially of 10 percent by weight < Co <_ 22 percent by weight, O percent

. by weight .<< V << 4 percent by, weight, 1.5 percent by weight r<<5, .
This SRAEIN S Ao GRS ey DS MR S St sect
mat teperoénttheweightgerdort T percent by weiglkty Odperceatby useight <_ Si
devel<o<1:!1'5n %rc ngég\@%}.ﬂé%‘li%er%%@ %Vewgwﬂ%gﬁ A<i~|l<a<i $q percgnt by
nggﬁt and the remainder iron, the conter?t of 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 gedvesidmmpdJaagganeseiant moldeniae and-alkminibie ageh skigen apdthe
vanadium in the content disclosed in the invention which lies between 4.0
elem%ﬁﬁfgfﬂﬁﬁ@éﬁﬂbfﬂ%@ﬁﬁpganeSe 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.



VCS 089 P 3 Cr and Mn show a strong increase in resistivity at a low
cs 08 ugtion in saturation. At the same time the annealing temperature
corresponding to the upper boundary ojf the terrific phase is lowered. This is
not, however, desired since it leads to poorer soft magnetic properties. Al, V
cr arff ! a0 ncrease the electrical resistyity whilst al, {he same time aiding, . o,
"the anneaﬁng ?emperatt?re. This s possible 16 specﬁ:yyan alloy with h|96h
in saregistivityprhigh tsattratioaremdtal ightdrmeating a8 mperaterecanch thusavith
0od soft magnetic properties. Moreaver, due to its Al and Si contents the
corr a{%?/ %lsn re%%ereC éti#ﬁﬁ?ﬁ%%ﬁg)%%srgolg%orﬁfblf\ %ﬁéldﬁulcﬁlep i%a}tss%fuﬁﬁ
lowe rashedldd staie. A elongatien valuedsfsAlrs@o% on@t 3 20%e isd tndasupsire r
soft tﬁgailllee@és.pqg%guc&yigss.uitable 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
a1, Aloyfosan actyator system are,contradictary imthe hinary s gllaya fighes: 4 ¢
cobalt content leads to a high saturation magnetisation Js of approximately 9
the spmerIercenthy Weldt Co iSRHIMPfréfIMPE peiceht by Weight'Co)ldnd
possiBus pesmis smater Jimensiops.andrgreatar system infegration;or higher
actuator forces with the same dimensions. At the same time, however, the
saturédstebf tetalfbylintreadB RS e € o 5EtEERtaGE Tifcrdases soft Hiaghetie od

soft RI9BEHiessyshaspermeaability, for example,

\Y

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.



deteriorate. Above a cobalt content of 22 percent by weight, the increase in
urlgsltion due to the addition by alloying of further Co is less. VCS 089 P 4

ves he alloy should also have a high specific electrical resistivity and good soft
magnetic properties. This alloy therefore has a cobalt content of 10 percent
y, weight < <. 22 percent by weight. A lower cobalt content reduces the .
e IS & o e By, herehy ARG So s o BPcBband T

and osubjectad higirgost tpressurerseich asshose in the automotive sector, for
example. Maximum permeability is high within this range, leading to more

favourable lower driver currents when used as an actuator. In further
This embodintérts tfeoakoyrhas a cobahk Lontemtof14 pérceft by weight LCoweight

< co 42 PSrasnLy weight and; 14, percent py weighy, <,Go éer?@el?le_trc?@'d%%es the

weight. The soft magnetic alloy of the magnet core has chromium an

raw npgAgardse coftensiwihieh |edd @va higher ShEcifie lelewdridd]l msistiviy p idor
appl ibgannealed sjate with lower saturation reduction. Thisihigherspecifics b +he

resistivity permits shorter switching times in an actuator since eddy currents
autongreiréguésd R thef&ame 1inds) tRe affgy hASRigHEEaBPRtibhldnd Righhigh

withiRermeability 1yax and thereforeJefaine gead soit mpagnetic,propgrties the
elements Si and Al in the alloy provide improved alloy strength without
curredpstantRiy YEGGCIAG itS SoR Mhagretic: properties. Due to the addition by

alloying of Si and Al it is
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.



possible to significantly increase the strength of the alloy by solid solution
dgning without a significant reduction in magnetic properties. VCS 089 P
vCSs 0 a@[r i ! . . erues. .
he aluminium and vanadium conteglts disclosed in the invention permit a
higher annealing temperature which leads to good soft magnetic properties

f the coercive field strength He and maximum permeabhility umax High _ .
The L A G e Ho8 S ants WiaS (e S ko

permigsed &s ghmagretcosd bng fiewmweenductoe ofvan actuatard $n bonegood soft
magne%mgoe%%e“t%@el alloy has silicon content Oﬁé%irg%“%%ﬁt%egbt Sad na%x i mum
1.6 p eb en

cent by weight. The Mo content has e ept low 1n order to prevent
permethe formation-of cBisileewhickedould teadite alfetiuction i nagnetic Leads to

low dreperties.inaddition 19 Crand M. small malybdenum confent is.alse o 4

favourable since it is characterised by a good increase in resistivity to

flow rednetici mrsatiiraionaatio alhcdhe 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

In ongrfibiRed ddhinitm arvisifcorheshténts FPan€ erfbtdiment theTdpteittt by

weighdhremiymand mapganese-and, melyhdenum 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
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



electrical resistivity of p > 0.50 jQm or p > 0.55 jQm or p > 0.60 jQm or p >

ves O%.QSILQm. This value provides an alloy which when used as a magnet core of
an actuator system produces lower eddy VCS 089 P 6 currents. This permits
the use of the alloy in actuator systems with fast switching times. The

currdiFEeniage of the clements aluminium ?t”ﬁ' siicon i the aél'ogu%igc'osed N ems
the Trivention ﬁroauces an aﬁoy witha'yie dstrength ofanS. £390 MPE,
with Tas higher @by strengtieis able to lengthen the service life of the alloy when
used as a magnet core of an actuator system. This is attractive when the
alloy is used in high frequency actuator systems such as fuel injection valves

The pmkr@rha@gomﬁuetﬂm @d@m@gtm@émmécms@@fﬁw ﬂv’elih?emidmh_aélgo@dloy
daisc1¥bmagpetic properies and good sirenath and g Bigh, spegific electiigals o ngip
resistivity. In further embodiments the alloy has a saturation of J(400A/cm) >

of Rpd.00°T o#& 2B- afddybF alcbghcive fielostretigis Metbf £B.58/Akemter Hergthen

the <DAEE qrile <k0Acmand/or gmaximumy permealility,umax »-1000-0f

umax > 2000. The content of chromium and manganese and molybdenum .
actuadiFaemfinief ahesilidon and varddivfm diseBséd i theliVertorrifgd 1n high

f requ@iﬁ’?eﬂ_cﬂ@a&%fe@ty@/c%%ghé@éﬁ %4 pefeent Pb{j"éfég%xp%t%ﬁ@§ high

. content it is possible to provide an alloy which has a higher electrical

Intereaktigybrs S8 )t aRd a low coercive field strength He of < 2.0 A/lcm.
This combination of properties is particularly suitable for use in fast-switching

actuators. , , , ,
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



The invention also provides for a soft magnetic core or flow conductor for an
ves Oeglgctgomagnetic actuator made of an alloy in accordance with one of the
préeceding embodiments. In various dif"erent embodiments this soft magnetic
core is a soft magnetic core for a solenoid valve of an internal combustion
Sngine, & Soft YCS, 083,01 7 magnetic corefpr 2 fuel injection valve.of a5 o1
internal combustion engine, a Soit magnetic core for a direct fue |nJec?|on
engirngalve of @fspark dgratiorc engine or@rdieselierygite and a soft magnetic valve of
= spgAmAgen fareleguomaanetic valye adiusiment sugh,as annlel Qulgt. s c
valve. The various actuator systems such as solenoid valves and fue
compdnjection valvesdrvedifierent feguirehents i tesimscof stremgth amdan inlet/
outl erpagggq’]%p_ropertigs. The r(_aqgirements can bg met by selecting an aIIo_y with
a composition which lies within the aforementioned ranges. The invention
also provides for a fuel injection valve of an internal combustion engine with
The +&£ODRONGRLMAdS of & 50ft. magnetic alloy in accordance with-ong.of thee 1
~ preceding embodiments. In further embodiments the fuel injection valve is a
1nJecdire fiet tnjeétidrrvalve of Asspripk igrfbhiérgine anda direERfuef injedtiopnath
and mive ef a dissebenginesin %@?E@W’Iﬂ@ﬂ@éh@é@lV%E'QﬂéHO)é'Qeééqre%ting
return part for an electromagnetic actuator and a soft magnetic rotor and
an aldigior'fértan electiPmdtorRade Bt ah allé§ i Yddtdanée withforeBrtHe:oned
rangd¥@eceding embodiments.

magn

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



The invention also provides for a process for manufacturing semi- finished

r dHCtS from a cobalt-iron alloy in which workpieces are manufactured
initially by melting and hot forming a sqft magnetic alloy which consists
essentially of 10 percent by weight < Co <_ 22 percent by weight, O percent

by weight <. V << 4 percent by weight, 1.5 percent py weight<_Cr <<
percaieE By Gmort, O percnt By et ML pertent by oSk 6ot PY
weighgercéntlbyweight € Hlowe iGMCS 089 P<8 lpdrcentimeweidghy, 05 pentertnd the
.k%ywei ht < Si%<1. r%ntbf iht&).]m%rcng r?i < I<<%O
rema lpedr%én%ﬁ:f \;r\r/'eig%t %nﬁsﬁ%gre%a%dvéﬁgoné, the %oﬁtgen% o%éze%emaefr@s manganese
and mehrginiignandemanganese: awd molybdeddmcandcaldminioadand siiconand . 0

perce\f@wm@fm‘l@ P@EC%PM&"—L%@Q%%W”%"@WOEQE*&E\{) Efz gw%ight . A

percent by weight. A final annealing process is then carried out. This alloy
finalcabe meled Brmeans of vatibes differartgtoeesses. All current
techniques including air melting and Vacuum Induction Melting (VIM), for
example, are possible in theory. In addition, an arc furnace or inductive
This réhRIGuEs PhddPalss bedisdtly TReatifertt Thy wadquh ORyigetirent processes.

A1l ddecarhurizatiom(VRR) or ArganiOxygen Detcarburization( AQRLOMEEEH At ion
Slag Remelting (ESR) improves the quality of the product. The VIM process

Meltigghd Bidferred ProCe¥Tor frarfSCctifing thel alldy siteUsing this pristesson,

an adtisen-anedapd possible: to,sett thenepniarts afdRe alley elemes Moreéreatment
precisely and on the other easier to avoid non-metallic inclusions in the

Py Vegiiditie iy DiEsetiding o e SBmifiRished prodiads t&BEISn

Decarbanutagiired, theoD) 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



melting process is followed by a range of different process steps. If strips are
manufactured for subsequent pressing into parts, the ingot produced in
& f df b ing i he i duced i
e 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 rollin ss at a.temperature of 1250C, for example. After
@ te”ﬁ%grﬁﬁlgr,%n?/gsg?é orr%édafoonrth%xsaur?Pa?c% of the sf%;\r%pilﬁéé'%eferﬁrg\/lec&l b§1 ave
formegrinding.r@rinding s llowedtyy & furthrerdot rolind qgrocess by sneans dfhen
ich th sIaIp ing t is form q<'n.t% stri t VCS 089 P 9 .a temperature of .
om0 g ek e 10 e o the ST S
finalsttip doking hot vdllindg: arethepe rermovéd by griadirg oripiCklingiiant ¢thé sitipnm by
cold isdarmedito its fingl thiskness,yhich may he within.a range of 0.1 ram {0,0.2
mm by cold rolling. Ultimately, the strip is subjected to a final annealing
anneagrpeds MARRFthiPfvd ztnelling by ddttice Impeifedtiony prodticede
impe 1dWiNg; thevaripus forming Pracesses are Jremouedand,erystal grains &8 are
formed in the structure. The manufacturing process for producing turned
removigshtR&imiAE taéred ¥90, Hhe digot i€ bloRtned totprodaée Billets 6f quadratic
cross-section. On this occasion, the so-called blooming process takes place

at a temperature of 1250C, for example. The scale produced during

The MRBHHSHhER remByed By ‘giindig ThisRI followearhyPa Firtherhot Foting - -
Here,Preeess imwhichdhe billetsare, femned inte-reds-er wires with adiameter-af i ¢

up to 13 mm, for example. Faults in the material are then corrected and any
cross—-section. On this occasion, the so-called blooming process

VCS q

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%.



impurities formed on the surface during the hot rolling process removed by

ves O%I?ni hing and pre-turning. In this case, too, the material is then subjected to
a final annealing process. The final anf aling process can be carried out
within a temperature range of 700C t0 1100C. In one embodiment, final

In o 3NEAINY is.carried outwithin a temperature.range,0f 750G to. 890C, The, .
inal annealing process may be carriedl out in mert gas, In )}lodrrogen orina

anneajaicugim. 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 percent 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 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
ves O\g?igpt <_(Cr+tMn+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

acco dance with claim 2, characterised by a cobalt content of 14 percent by
PatequF

g £<'Co <_ 20 percent by weight. 4. Soft magnetic alloy in accordance
with one of the preceding claims, characterised by a vanadium content of O

1. Rereenthy weight < M s< 2 percent by weight MG 089.R 18 2500 o cent
magnetlc gl?oy In accoré)aynce with one 0?%}16 precedlng claims, characte ISG&
by a weclgbderiur cohtent of Opezeanttay weighh& MO <c@Bcpercehtbyeight <

weight, %@&’HE‘QB;}'%H%@,G‘%%O'%&?c‘@m opg of ine,preceding < s
claims, characterised by a manganese content of 0.4 percent by weight < Mn
ogrrent 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.

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.



percent by weight. 7. Soft magnetic alloy in accordance with one of the
ves O%rsc%ding 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

5. Gontent.of 80 porcery by weight <. Al5S) << 2 percent by weight. . Soft 1

magnetic gl?oy inaccordance with oneé of the precelalng Claims, C aracterised
il a cheomium and manganese and molybdenum and aluminium and silicon

d vanadium_content of 6.0 percent by weight <_ Cr+Mn+Mo+Al+Si+V <<
%%ap%%r%zcrﬁ%l)/sﬁé;g { VCS 089 P 13 10. Soft magnetic alloy in accordance
witmohgof eheiprecedirey claihs Oclsracteriset in teat uinder téfsile t@sting
igétf»é@@{aggeqwlgg ate the alloy has an elongation at rupture value of AL >

%. 11. Soft magnetic alloy in accordance with claim 10, characterised in

that under tensile testing in its final annealed state the alloy

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.



has an elongation at rupture value of AL > 20%. 12. Soft magnetic alloy in

ves Oa%cgco dance with one of the preceding claims, characterised by a specific

10.

11.

12.

13.

14.

15.

16.

electrical resistivity of p > 0.50 p2m. Soft magnetic alloy in accordance
with claim 12, characterised by a specific electrical resistivity of p > 0.55

. 14. Soft magnetic alloy in accordance with. claim 13, chayacterised by. .
Rt G oty o 5 S GeT b, s Gottaaghete gy A obing
accordence with claim 14, characterised by a specific electrical resistivity of

%ﬁaofg\%w?g@i slgd Soft rgggr%etic alloy in accordance with one of the
preceding claims, characterised by VCS 089 P 14 a yield strength of Rp0.2

31840 MPan7. Soft rraighetic alloy Irradcordancewith bré of thé prédeling. 10y
sfaims, ghamgierised by satuafian ALYGOON(em> 1,07 48 Soft magnetic

alloy in accordance with claim 17, characterised by saturation at J(400A/cm)
>2.00T.

Soft magnetic alloy in accordance 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



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

Ves O(%%-Par%cterised by a coercive field strength He of < 3.5 A/cm. 20. Soft magnetic

17.

18.

19.

20.

21.

22.

23.

alloy in accordance with claim 19, Chf?lr cterised by a coercive field strength
He of < 2.0 A/cm. 21. Soft magnetic alloy in accordance with one of the

preceding claims, characterjsed imum permeability of p,ax > 1000.
fz.yslo?p rgna%%éﬁg Qﬁr})ly %gagéi%ra:%/cag %v}ﬁﬁ@%m 21, characterised by a
maximum permeability of p,ax > 2000. 23. Soft magnetic core for an

o] netic actuator made of a loy in accorda Wi e of claims; .
2 L P 15 2h, Sor e Sore 1oy & <slino dhvallg oo ha 0o
infermals combustion engine made of an alloy in accordance with one of

claims, 1 {Q 2225 %?/ft 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 26 Sofomnaghetic(ddreXoeadirect fuel Thjection valve of a spark ignition
engine made of an alloy in accordance with one of claims 1 to 22.

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.



27. Soft magnetic core for a direct fuel injection valve of a diesel engine

Ves O\r/ga?d% of an alloy in accordance with one of claims 1 to 22. 28. Fuel injection

24.

25.

26.

27.

28.

29.

30.

ve of an internal combustion engin? gvith a component made of a soft
magnetic alloy in accordance with oneof claims 1 to 22. 29. Fuel injection
valve in accordance with claim 28, characterised in that the fuel injection
valve is a direct fuel injection valve of a spark ignition engine. 30. Fuel
iffeCtionyalvetin @ccordantewith claine 28 chasdcterised mrthahtherfuell

injeetion yalve is 2 %eec%%%fénlsg'o”n"%ﬂ%8f 3 die Sl:‘??%lg ALCR8 Bre of
16 1.%0 magnetic stator for an electric motor made of an alloy in

accokdence with 9Ae 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
magnetic component for an electromagnetic valve adjustment system in an

iflef andastitiet valve used i anaedginé comjsttment mMade of an alidy imternal
acaRrdance with 0geof claims 1 £0 22. 344Return paHfBLalnce with one of

electromagnetic actuator made of an alloy in‘accordance with one of claims
T3 22535 Réturt part for a solenoid valve made of an alloy in

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.
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31.

32.

33.

34.

35.

36.

accordance with one of claims 1 to 22. 36. Process for manufacturing
sgeéniﬁfinished products from a cobalt-iron-based alloy in which workpieces
are manufactured initially by melting (11% and hot forming (4, 10) a soft
magnetic alloy which consists essentially of 10 percent by weight < Co <_ 22

rcent by weight, O percent by weight < V.< . 4 percent by weight, 1.5
Bl By HEight < Cr 22 5 et By gt O percant B gt 2 Wi .7
1 percent by aveighty Ot perceat by welghitres Moto 2 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

élementsigremiogmrarido mahganese ahd tolybdemim ramgdringifivmmaad Loy in
sjlicon and, yanadium heing 40 percept by weight <_ Cr+Mn+Mo+Al+Si+V

<< 9.0 percent by weight, and a final annealing process (7, 12) being carried
out. VCS 089 P 17 37. Process in accordance with claim 36, characterised

B dhat { ﬁ@@?@'i%gpé&ﬁc%@d&wM@&%‘%{Qgﬁ@i‘ﬂr@ fangg.of
700C to 1100C. 38. Process in accordance with claim 37, characterised in
tha fisdidmealing tEM2)%s earriedlGUt Wittin autéhperataile’ SaHge of ¥50€n

t@r@% @@rﬁﬁ@%ﬂ@%@&@@? With 8@§8§C|ﬂ{n§§§&9§§fnce with one of
characterised in that
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.
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37.

38.

39.

40.

41.

42.

final annealing is carried out such that after final annealing the alloy has
egfognation 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 such that after final
nealing the alloy has deformati ameters under tensile testin
AElay an LIoRGRHoN At Fptire valds BT ALS 2006, 41. Process in
atcordancenwitke onerof ctlaams 36 to 40, characterised in that the alloy is cold

form Qp ilgr oﬁin | an aIiri% 7,.12).. 42. Pracess.in ac Hr.dance iﬁb ne of
c%llrlngs 3610 %i %%gragt?érisedfinlt att ]érajll%)% is 1éﬁbjgcl:t%edl t0a fir11:a pgr%gure
armmezding Hrocessantivert 1y, Biydrogen or in a vacuum.

Process in accordance with claim 37,
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.





