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

FERa7nt E
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

ERHVESEETES L TE 2, BOEKIZERE
BT3P L RS B R R 7o R L,

4. KEXRER

41 A7HENEE

Fig. 1 ORBRERICERADRETCRD - 7EL T 5
RATFERY TTF =204 a7 (Table 1) ®, B
¢ LIIHEERR 1 OBFEZE(L, RURHRERAT Uy 2
(W ¢ -1 HiRR) OBI% Fig. 2 @RT (EGERE
RiE7ay MEORZEDLEDPLETRTY3) . Tk
BROBLHIL 50, FREEREEE 1 kHz OBETH 2,

MBI LD ERERICEZREOEOEH 2, Hh
o BIER L RO TESR DS —B L T w3 2 &
D05, EAEROKIBZIBERETE CH L CRE Ui
WA, i (sNA) ST EN CREGE DGR I
LIEREVEEINT,

EVTTUNR=—0ADERAT VY AN—FI, %
RAY ¥ =N~k > TR0, BEE EITFTHIEA
Vv —N—TRBEoN3H, FFIOREERERSES D
ORI OEASHEKRT 5, FBRGERSE 1 kHz
55 kHz ¥ TEMLI 1B, ERTeEd 285
¥, 7ENVZ 7 AT 6.7 mA 5 111 mA T, =
U7T/A—Vﬂ4fﬂ53mAﬁ6%7mAiT%
iz,

4.2 HEREIRE DA N H 451

RERERICBWT, —RERER I, =0 ORIz
REREE E, %ﬂ%bf:A%ﬁk%i@xA4
IHRECBLS5CLTHBE, I 2BU 2, 20D,
G = AlL,/I, ZERAELERZ LT B, Al 1
W%(h—owﬁ)wﬁkﬁtéﬁﬂ%ﬁﬁmﬁhs
DI TH 3,

F7z, RIRIBEROFHEAV~V (I, = 0 OEFOE) I3,

— 103 —
iz 1(6)
NI
N N
\\
—| @ l(t)‘ | ! Hysteresis curve
(a) Amorphous core
L OR
A p
AL AN N .
// 23 \\* ’/ \\\ ’/
\ by Ny =
—| @ '(f), y I Hysteresis curve

(b) Mo-permalloy core

Fig. 2 Waveforms of magnetic flux ¢(¢) and current I(2),
and AC hysteresis (¢ — I) curves on the condition
of approximately sinusoidal flux in the test circuit.
¢: 1.4 uWb/div, I:. 50 mA/div,

t: 0.2 ms/div
HREBICH TR EBRORY, RUSTHE
AT > RghigE oM

RIFIBREEME L, OTFMMER L, wiNT 2HkT
WE LTz, THMER L, ¥, BEOFETE, 7EL
7 7 ADGEREROT EVEBOADES, U
TyN—2u{ OBERTENEBROBEEM/E L,
TENT 7 ADGE, SIMBGITES »REs ko
TEIFIBAAE AU BHI L iz  WIBE 2%,

421 a7ME X 2FEBOE

REREBE T, 7EL Ty RATEEY FTF 10—
0437 R L ROERFIE % Table 2 12RT,
272U, —XRER I = 30 mA, “XREH N, = 50,
%ﬁﬁlﬂh@E#&@% Thb, 7z, BHEFIER
(R4 7)) OFEAVAN L 1, 7ENLT 7 ADE
BRI TEEER Ly, D365, €Y 7Fvoi—<uq
DHBECIX 2B RD L5 HRE L,

AR INITERFBR7EL 7 7 2237 D1IF > 58
HEM/RE N, %7, B 7 0BT 7
7 MVEIBOBERFBIZ, BREFYETEDLLT,
L/l = N1 /N, (KBEBROBFE Ny/N, = 1/50) T»
5#6,&%@%&%%w539@ﬂﬁﬁﬁg<&é
LHRIE N B,

422 BHAE L BREEE R VO k&K - 0BG

ZXRERENRT A—F L UED, BREAE B
RS L OBfR%, Fig. 3C®d, a7 R T7TELT 5
A, —RANER L =30mA &L, SIRIEFOFIR
VAOVISAEATIEIRD 31 (Tosi/Iow = 3) 1022 & 5
WEIREE B, %€ L1, BEEEREZETH 2,



— 104 — BT LTRFHTRHE NIIS-RR-94 (1995)
Table 2 Effect of core material on current gain (50 turns, | kHz).
ATHEIZL BFB/ENEL
Secondary current I
Current at Iy =0 (Initial state) at I; =30 mA Source
Core gain Unsaturated Saturated Change voltage
(ratio) current peak curent in Ipg
G*l 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 I,y is the rough peak value of unsaturated current. In case of amorphous, height of leading
edge was measured as a Ia, value. Ipg; is the peak value of saturated current in case of
input current I3 = 0.
Ol ' =10 turns 50
g imp=30mms | [M27I0M 2> [
‘;3 0.8 " = 40 A
~ L SVA// Q) [ //’ -=—10 turns
o} 0.6 : © 30 y: ——30 turns ||
TS B A Th
& 0.4 - NIZ =0 m|ms — 'S 20 A e ~+ 100 turns
= L -
g = T ,__..-l——"'"'—_'"”‘—-
= - = L é:/_é; ;
O O 1 1 ! 1 1 l 1 (2 O H—T’H 1 ] 1
0 2 4 6 8 10 0 2 4 6 8 10
Exciting frequency (kHz) Exciting frequency (kHz)
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 Iog;/Io, to Alss, ¢e and others.*
BANEROIPL RV EEZI-BOHD/NT 4~ 5 DEAL
Set Ampere-turns NaI (A-turns) ¢e (UWDb) G
Insi/I2u Nalzy Nolzs; | N2 Al Nalzs 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
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* Conditions: N3 = 10 turns, w = 27 - 8000 rad/s, I; = 30 mA.
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