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An Experimental Study on Amplitude of Saturable Reactor Output
Current for Application to DC Ground Fault Detection

by Eiki YAMANO*, Kenji ICHIKAWA* and Tatsuo MOTOYAMA*

Abstract : Detector of DC ground fault current is required today in various situations.

In saturable reactor which is a main component of magnetic amplifier, DC input current changes
the firing angle i.e. starting phase angle of saturation. It results in change of mean value, peak value,
and pulse width of output current. The peak value is more sensitive to input DC current than the
mean value.

In this investigation, dependencies of the relation between DC input current and peak output current
on various conditions were examined. The maximum gain was 2 times, and was obtained by saturable
reactor made of amorphous core with 10 turns secondary winding on the conditions of 8 kHz exciting
frequency and small initial saturated current. Number of primary turns and load resistance were set
to 1 turn and 10 ohms, respectively.

It has been found from the experiment that a magnitude of calculated magnetic flux for unsaturated
condition relative to real saturating flux is important to set or estimate the parameters such as number
of turns, exciting frequency and exciting source voltage, because these parameters are included in the
calculated flux. The magnetomotive force by secondary winding should be also considered to obtain
high gain in current amplitude using a saturable reactor. ‘ .

Keywords ; Saturable reactor, DC ground fault current, Transductor, DC leakage current, Industrial

safety
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Fig. 1  Test circuit of saturable reactor.
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Table 1 Dimensions of magnetic cores.

FERa7 Dtk
Dimensions Amorphous Mo-permalloy
core*! core
Outside diameter 26 mm 30 mm
Inside diameter 16 mm 25 mm
Width 4.5 mm 5.0 mm
Cross-sectional Effective Geometrical
area 16.9 mm? 12.5 mm?
Mean length 66.0 mm 86.4 mm
of core loop

*1 Catalog data of Toshiba MA26 x 16 x 4.5W
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Fig. 2  Waveforms of magnetic flux ¢(t) and current I(¢),
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Table 2 Effect of core material on current gain (50 turns, | kHz).
ATHEICL BF/ENEL
Secondary current [s
Current at I; =0 (Initial state) at I; =30 mA Source
Core gain Unsaturated Saturated Change voltage
(ratio) current peak curent in Ipg
G I2u*2 Ips; Alys E2pea.k
Amorphous 0.44 5.95 mA 18.3 mA 13.2 mA 45V
Mo-permalloy 0.080 10.4 mA 21.0 mA 2.4 mA 4.28V
*1 Current gain G = Al /I
*2 Iy is the rough peak value of unsaturated current. In case of amorphous, height of leading
edge was measured as a Ig, value. Iy is the peak value of saturated current in case of
input current I3 = 0.
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Fig. 3  Relation between current gain G and exciting Fig. 4 Change in peak source voltage FEp, required for

frequency.
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Table 3 Influences of of the ratio Ings;/Io, to Algs, ¢c and others.™
RIMERODMBPL RN EBRZLBEOMDO/NT A—-5 DL
Set Ampere-turns NoJ (A-turns) dc (WWD) G
Insi/Izu Nalzy Nalpsi | N2 Alzs Nalss Ep/wNy | Als/Ih
3 0.601 1.81 0.248 2.06 15.7 0.83
1.5 0.667 1.01 0.598 1.61 14.2 1.99

* Conditions: N3 = 10 turns, w = 27 -8000 rad/s, I; = 30 mA.
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