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Characteristics of electro-magnetic stainless steels produced by investment casting
Akihiro Takata , Akihiko Yanagitani , Yoshikazu Tanaka , Yoshinobu Fujii and Takuo Toda

Synopsis: The authers have developed QMR steels which have excellent performance of soft magnetism, high resistivity,
corrosion resistance and good machinability. QMR steels have been produced by conventional casting followed by
rolling. These steels are now applied to various kinds of sensors and actuators such as EF| (Electric Fuel Injector)
and solenoid valve. Recently, more economical processes for QMR steels are desired, since the shape of these
devices becomes more complicated. It is known that investment casting is suitable for direct processing of complex

shape parts. In this paper, we experimentally produced QMR steels by investment casting and discussed the

characteristics of these QMR steels.
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Fig.1. Characteristics of QMR series.
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Table 1. Chemical composition of QMR series.
(mass%)
Steel Si Cr Mo Al Pb Fe
QMR1L 2 7 = 0.6 added balance
QMR3L 0.3 13 0.2 1.0 added balance
QMRSL 1.5 15 0.3 1.0 added balance
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Table 2. Electro—magnetic properties of QMR series.

Steel Flux density Coercive force Resistivity
B, Bs Bys Hc )
(T) (T) (T) (A/m) (kQ +m)
QMRI1L 0.68 1.21 1.4 111.4 0.85
QMR3L 0.80 1.05 1.26 75.6 0.80
QMRSL 0.64 0.98 1.21 95.5 0.99
B, : Flux densityat 159A/m ( 2 Oe)
Bs : Flux densityat 398A/m ( 5 Oe)
B,s : Flux density at 1990A/m (25 Oe)
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Table 3. Corrosion resistance of QMR series  (immersion test) .

Corrosion rate : g/m°h

Steel 5% NaCl 5% HCI 5% H,SO; 5% HNO;
25C,24h  607C,24h 25°C,24h,2times

QMR1L 0.08 - 2.8 25 37

QMR3L 0.02 0.05 2.0 5.3 0.16

QMRSL <0.02 <0.02 2.0 3.7 <0.02

Fe-13Cr-2Si 0.02 0.21 15.5 28.1 0.34

SUS403 0.02 0.18 9.3 103 12
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Fig.2. Machinability of QMR series.
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Table 4. Hardness of QMR series.

Steel Hardness, HRB
QMR1L 85
QMR3L 73
QMRSL 88
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Fig.3. Appearance of investment casting sample.
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Fig.4. Sampling position.
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Table 5. Chemical composition change of before and after casting.

(mass% , OandN:ppm)

(o} Si Mn P S Ni Cr Mo Al Pb (0] N

Parent  0.005 0.34 0.29 0.023 0.006 0.15 13.00 0.21 1.09 0.13 7 68
material

After 0.010 0.62 0.31 0.021 0.006 0.13 13.55 0.19 0.91 0.10 14 209
casting
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Table 6. Comparison of magnetic properties.

Annealing at 1123K for 14.4ks

Process B, B, B, B, B, B, Hc 7.
(Ty (T) (T) (T) (T) (T) (A/m)

Forging 0.51 0.89 1.00 1.11 1.21 1.33  73.2 5430
Casting 0.24 0.48 0.63 083 1.08 1.28 59.0 2520
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Fig.5. Macrostructure of casting.
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Table 7. Chemical composition of tensile testing sample.

(mass%, OandN:ppm)
Cc Si Mn P S N i Cr Mo Al Pb ] N
0.007 0.98 0.29 0.022 0.005 0.12 12.76 0.19 1.00 0.100 17 158

Table 8. Tensile strength.

Annealing Tensile
condition strength
(MPa)
As cast 327.8
1123X14.4ks 329.9
1173X14.4ks 343.7
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Fig.6. Relationship between annealing condition and tensile
strength.
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Table 9. Chemical composition of magnetic testing sample.

(mass%, O and N:ppm)

Cc Si Mn P S Ni Cr Mo Al Pb o N
0.010 1.02 0.29 0.022 0.005 0.13 12.79 0.19 1.03 0.090 8 139

Table 10. Magnetic properties.

Annealing B, B, B, By B, B, Hc 758
condition (] (L) Q] () ()] (T (A/m)

020 045 0.61 0.80 1.02 1.22 69.2
0.27 056 0.73 092 1.12 1.28 724
029 0.62 0.80 099 1.16

2250
2940
3200

As cast
1123X14.4ks
1173X14.4ks

1.29 70.0

—— B;
........ o~ By
o B3
A Bg
"B Bio
0.0 | | e Bog

I
1123
Annealing temperature / K (X14.4ks)

As cast
Fig.7. Relationship between annealing condition and flux density.
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Fig.8. Examples of investment casting product.
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