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Effects of Cr and Al Contents on the Pulse Response Property
in Soft Magnetic Stainless Steels

Yoshinobu HONKURA and Hideki Fuin

Synopsis :

Soft magnetic stainless steels are used for the yoke in fuel injectors to require a good corrosion
resistance. The pulse response property of the yoke material is essential to the dynamical performance of
fuel injectors. However, effects of alloying elements on the property is not clear.

An equipment measuring the pulse response property is devised to investigate various Fe-Cr-Al alloys
including commercial magnetic stainless steels. The ring specimens used in the equipment are provided
with a slit to simulate the injector system. The magnetic response to a magnetizing pulse current is mea-
sured so that the relaxation time can b obtained to estimate the pulse response property.

The results obtained show that the relaxation time mainly depends on the specific resistance of the alloy
specimens. It decreases with the increase in the specific resistance, though the magnetic properties such
as the coercive force are hardly affected. As a result, it has been found that a soft magnetic stainless
steel of 10Cr-3Al composition is recommendable to the yoke material, better than 45Ni-permalloy or
12Cr-0.8Si-0.3Al stainless steel previously used.

Key words : soft magnetic stainless ; alloying element ; pulse response ; specific resistance ; fuel injector.
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Table 1. Chemical compositions of specimens

(wt%).

Samples C Si Mn Cr Al N
1 0.010 0.01 0.03 4.82 0.001 0.0025
2 0.006 0.03 0.00 9.73 0.001 0.0026
3 0.016 0.03 0.01 15.03 0.000 0.0034
4 0.013  0.01 . 0.00 19.47  0.001  0.0072
5 0.003 0.06 0.02 4.71 3.011 0.0027
6 0.004  0.06 0.09 10.02  2.949  0.0028
7 0.004 0.04 0.04 15.11 2.961 0.0050
8 0.006 0.04 0.07 19.06 2.698 0.0048
9 0.006  0.10 0.09 5.52  6.146  0.0035
10 0.006 0.10 0.19 9.71 6.570 0.0040
11 0.006 0.07 0.20 14.62 6.139 0.0043
12 0.006  0.11 0.19 19.71  6.128  0.0008

$<0.005% Mo, Cu, Ni<0.10%
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Fig. 1. Block diagram of the equipment for
measuring the pulse responce property.

Table 2. Chemical compositions of soft magnetic steels used for fuel injectors (wt% ).

Samples C Si Mn Ni Cr Al N Pb
S10C 0.0 0.02 0.21 0.005 0.01 0.02 0.013 0.0014 —
45Ni permalloy 0.002 0.02 0.61 0.002 44.8 0.05 0.005 0.0032 —
12Cr-0.8Si-0.3A1 0.008 0.76 0.24 0.018 0.16 12.23 0.251 0.0063 0.20

Cu, M0o<0.05%
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Fig. 2. Time dependence of the flux density B.
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Fig. 3. Relationship between the relaxation time
and At, where A means the interval for the pulse
current to decrease from 4A to zero.
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Fig. 6. Effect of the width of slit on the
normalized relaxation time 7*.

Table 3. Test conditions.

Current pulse %elldgtl;lt 5435
Height 16 mm
Size of test piece Outer diameter 24 mm
Inner diameter 16 mm
Slit width 0.3 mm
Magnetizing force 3184 A/m
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