Descri pti on CORROSI ON RESI STANT MAGNETI C COMPONENT FOR
A FUEL | NJECTI ON VALVE Field of the Invention [1]The
invention relates to a corrosion resistant magnetic
conmponent, and in particular to a magnetic conponent
for use in a magnetically hctuated fuel injection

val ve which operates in a corrosive environnent.
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Consequently, a conposition particularly suitable for
use in a gasoline/al cohol fuel m xture environnment and
a conposition particularly suitable for use in a
di esel /al cohol fuel m xture environnent nmay differ
al t hough both conpositions lie within the ranges
defined by the invention. [24] In an enbodi nent, the
al cohol is nethanol. In further enbodi nents, the
m xture conprises 90% gasol i ne and 10% net hanol or 85%
gasol i ne and 15% et hanol or 80% gasol i ne and 20%
met hanol . [25] In an enbodi nent, the al cohol is
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[27] Fig. 1 Schematic diagramof a nmagnetically
actuated sol enoid valve known in the art, [28] Fig. 2
G aph showi ng coercive field strength I1; as a
finiction of annealing w nperature, [29] Fig. 3 Graph
showi ng pol arization J as & function of magnetic field
H for unanneal ed sanples, [30] Fig. 4 G aph show ng
poI arization | as a function of magnetic field H for
anffease fmsdarcddtharolgoandlerd Biteurs, [31] Fig. 5
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Brief Description of the Drawings

[27] Fig. 1 Schematic diagram of a magnetically actuated solenoid valve known in the art,

f28) - Fig 2 Graph showing coercive field strength H, as a function of annealing fem-
perature, | .

[29] Fig. 3 Graph showing polarization J as a function of magnetic field H for unannealed
samples,

[30] Fig. 4 Graph showing polarizatioﬁ J as a function of magnetic field H for samples
annealed at 500°C for 5 hours,

[31] Fig. 5 Graph showing polarization J as a function of magnetic field H for samples
annealed at 550°C for 5 hours,

[32] Fig. 6 Graph showing polarization J as a function of magnetic field H for samples
annealed at 600°C for 5 hours,

331  Fig.7 Graph showing polarization J as a function of magnetic field H for samples
annealed at 650°C for 5 hours, ‘

[34] Fig. 8 Graph showing polarization J as a function of magnetic field H for samples
annealed at 700°C for 5 hours,
[35] Fig. 9 Graph showing polarization J as a function of magnetic field H for samples

annealed at 800°C for 5 hours.
[36] Fig. 10 Graph showing polarization J as a function of magnetic field H for samples



[40] Table 1 Table show ng the conposition of the
bat ches of alloys according to the invention. [41]
Tabl e 2 Tabl e showi ng coercive field strength, H' as a
function of annealing tem perature [42] Table 3 Table
showi ng the electrical resPstivity, r, measured for
sanples with different Co-contents. [43] Table 4 Table
show, g i son of the magnetic and el ectri cal
[3PRr ap aé%sgrgﬁiﬁég ?‘flr;%s, according to the invention
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able 5 Table showing the results of corrosion tests at 85°C and 85% humidity.

[45] Table 6 Table showing the results of corrosion tests in a gasoline/methanol/corrosive
water solution.
[46] Table 7 Table showing results of corrosion tests in a sulphate, nitrate and chloride-

containing solution.

Detailed Description - .

[47] Five FeCrCo-based alloys of differing covmposit'ion were fabricated by melting and
casting 5 kg of each composition. Each alloy comprised 13 wt% chromium and the
cobalt content was varied from 0 wt% to 20 wt%. The composition of each of the five
batches is listed in table 1. ‘

[48] Each of the cast blocks was turned to a diameter of 40 mm. The blocks were heated
to a temperature of 1200° C and then hot rolled to a diameter of approximately 12 mm.
The samples were then etched in hydrochloric acid and aqua regia.

[49] Each sample was swaged from a diameter of 12 mm to a diameter in the range of
10.47 mm to 10.66 mm. The rods were then degreased and cold-drawn to a diameter of
10 mm. From each of these rods, ten measurement samples, each with a length of 100
mm, We're cut for annealing experiments and magnetic measurements. From each alloy
composition, 2 measurement sample was annealed at a temperature between 500°C and
1150°C in a hydrogen atmosphere for five hours.

[501] The coercive field strength H, (A/cm) was measured for each of the compositions
and annealing temperatures and the results are summarised in table 2 and figure 2.

[51] A low value of H, is desired for the magnetic component of magnetically actuated



[49] Each sanple was swaged froma dianeter of 12 mm
to a dianeter in the range of 10.47 mmto 10. 66 nmm
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[57] A high value of J, is desirable so that the size
and wei ght of the magnetic conponent nay be reduced.
For a magnetic field of 160 Alcm a value of J160 of
above 1.7T is observed for the alloys with a cobalt
content of 6w % and 9wt % afd an anneal i ng tenperature
of 650C and 700C. [58] The electrical resistivity, r,
was al so nmeasured for each of the batches and i s shown
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envi ronrrent A sol ution conprising 84.5% gasoline, 15%
met hanol and 0.5% corrosive water was prepared. The
corrosive water conprised 16.5 ng of sodium chloride
per litre, 13.5 ng of sodi um hydrogen carbonate per
litre, and 14.8 ng of Form c acid. The sanples were
imersed in the solution for 150 hours at 130 C. The
results of this test are shown in table 6. The tests
were optically observed under an optical mcroscope at
a magni fication of 16 times. Sanples with O wt % 3
wt % and 9 wt % cobalt respectively were not observed to
show any signs of corrosion. [66] In a third corrosion




[67] As can be seen fromtable 7, sanples with 6 W%
cobalt and 9 wt% cobalt fulfilled the criterion of
group 2 and are denoted as sufficiently corrosive
resistant. 9 Clains 1. Magnetic conponent for a
magneti cal ly actuated fuel ®°injection device, the
magneti ¢ conponent being fornmed of a cor- 5rosion
resi stant soft magnetic all oy consisting essential- |y
[68f, i Aswmibgkeen frem tblet7, sahPleSVith Qut%d@alband I6HT-cQalt Ldl B4
096. th&Lxithin 0P H6up Maad % dehotediaSsubiibiently co¥odiver¥eistf86: C.
Mh4. 5% 096- Me6% where Me is one or nore of the
elements Sn, Zn, W Ta, Nb, Zr and Ti, 05" V4.5% 096-
1I0Ni5% 0" C< 0.05% 0% _ Cu < 1%P < 0.1%N < 0.5%
0," 0 <0.05%B < 0.01% and the bal ance bei ng
essentially iron and the usual inpurities. 2.
Magneti c conponent according to claim1, wherein
15Mn1% and 0. 005% SO. 5% 3. Magnetic conponent
according to claim4, wherein 0.01%< MO. 1% and
0. 005" S0.05% 20 4. Magnetic conponent according to
claiml1l, wherein the ratio M/ S
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5. Magnetic conponent according to claim1, wherein
the sumof C and Mo is 11%r +Mb19% 25 6. Magnetic
conmponent according to claim1l, wherein the sumof Si
+ 1.3A1 + 1.3Mnh + 1.7Sn+1.7Zn+1.3V IC_ 3.5% 7.
Magneti c conponent according to claim11, wherein 30the

[ [ [ magneti c
Claiﬁm arization J of the nmagnetic conponent at a g

i"el d H of 160A/cmis greater than 1.6T. 10 8.

Magnetic conponent according to claim1, wherein the
saturation polarization J, of the magnetl c conponent
Matg e U reeiipo rfand] o of H&aexwtclrﬁalslxgraeax@t%afmell 7mjec-

ﬁh HRANEL T G, CO ghee”ct ggk '?chme"g‘e&ie'g‘ cor-
e saturat’ion polariz |on
reGIipon enrfs iatt aa thagrfet mcag‘nahd: Idldfoﬁ&ﬂarﬁmmsg garﬁafirenal—

than 1.75T. 10. I\/agnetl C cg:{rjoonent according to cl
1Y Qfherd eictHe p5cﬂ<arqcza<t]18tyr?<ﬂf ot ﬁGn% Iss

oERgRetd @ g@np@raentMoak aamagnet i fd e dH ofs 6G0Acm '%
greater than 1.8T. 11. I\/agnetl c conponent’ accor di ng to
Ogl<aMm E Amdéreidts Me < 6%t htnamesilst idd tonefort heore of the

I(Ta et | coggone%t |Ts ng%at e U t ha T;Ii5’0 04, <mvcr<o 4O”gp m0°<
%, 0%< C < 0.05%, 0%< Cu < 1%, 0%< P < 0.1%, 0%< N <
0.5%, 0%< O < 0.05%, 0%< B < 0.01%, and the balance being

essentially iron and the usual impurities.

Magnetic component according to claim 1, wherein

0.01%< Mn £ 1% and 0.005%< S < 0.5%.

Magnetic component according to claim 4, wherein

0.01%< Mn £ 0.1% and 0.005%< S £ 0.05%.

Magnetic component according to claim 1, wherein

the ratio Mn/S 21.7.

Magnetic component according to claim 1, wherein

the sum of Cr and Mo is 11% £ Cr+Mo £ 19%.

Magnetic component according to claim 1, wherein

the sum of Si + 1.3A1 + 1.3Mn + 1.7Sn+1.7Zn+1.3V £ 3.5%.

. Magnetic component according to claim 1, wherein

the polarization J of the magnetic component at a magnetic

field H of 160A/cm is greater than 1.6T.
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10.

11.

12.

13.

14.

15.

16.

12. Magneti c conponent according to claim1, wherein
the resistivity of the nmagnetic conponent is greater
than 0.5 mcro Ghmm (mcro Cmneter). 20 13. Magnetic
conmponent according to cIaH%ll, wherein the
resistivity of the magnetic conponent is greater than

58 mcro Chmm (mcro Ohm neter 25 14. Magneti c
5. NN AEEOIT G (O e W ek b CHEE Tt
tHY Gt tdH G liasr fAt Use J nog %%owa@@lewﬁ R@mponent at
15. Magneti c c%gfonent accordlng to claim1, wherein

& ﬁ@qnﬁéqlq fjiectd dh afevi @M@ figr QraRtiar o ireskl 7T .

engi ne. 30 16. Magneti c conponent according to claim1,

wherein 11 the fuel injection device is a direct

Mageletiing ectripemersd \se-cdr@l ivegnet i€l cionponette aeor di ng
to claiml, mhereln 5the na neti c conmponent is for use

&7 A TSR g4 fhRt BREDSHifusrTRRGSNt at
aalnfaqf»@t, ovreraid  he fettﬁj A/e‘crprh% fraasal ifieaand 757,

di esel

Magnetic component according to claim 1, wherein

the saturation polarization Js of the magnetic component at

a magnetic field H of 600A/cm is greater than 1.8T.

Magnetic component according to claim 1, wherein
the resistivity of the magnetic component is greater than

0.4 micro Ohm m (micro Ohm meter).

Magnetic component according to claim 1, wherein
the resistivity of the magnetic component is greater than

0.5 micro Ohm m (micro Ohm meter).
Magnetic component according to claim 1, wherein
the resistivity of the magnetic component is greater than

0.58 micro Ohm m (micro Ohm meter).

Magnetic component according to claim 1, wherein

the fuel injection device is for use in a gasoline engine.

Magnetic component according to claim 1, wherein

the fuel injection device is for use in a diesel engine.

Magnetic component according to claim 1, wherein
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18.

19.

20.

21.

18. Magneti ¢ conponent according to claim 17, wherein
10t he al cohol is one of nethanol, ethanol and a
m xture of nethanol and ethanol. 19. Magnetic conponent
according to claim17, wher |n the m xture conpri ses
O% gasoline and 10% aI coh]1 15 20 I\/agnetl c conponent
d|n to claim17, V\,hereln ure conp rises
S o i P 0 Sori & o1 Fedhy G o TEBE 58
mru@nent according to claim17, wherein 20t he m xture
conpri ses 80% gasoline and 20% aI cohol .

Magnetic component according to claim 1, wherein
the magnetic component is for use in an environment com-

prising a mixture of fuel and alcohol, wherein the fuel is

one of gasoline and diesel.

Magnetic component according to claim 17, wherein
the alcohol is one of methanol, ethanol and a mixture of

methanol and ethanol.

Magnetic component according to claim 17, wherein

the mixture comprises 90% gasoline and 10% alcohol.

Magnetic component according to claim 17, wherein

the mixture comprises 85% gasoline and 15% alcohol.

Magnetic component according to claim 17, wherein

the mixture comprises 80% gasoline and 20% alcohol.



