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Trial Manufacturing of a Ring-Core Type Fluxgate
Magnetometer for Japanese Artificial Satellites
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Iwao AOYAMA, Takao SA1TO, Tohru SAKURAL,
Tadayoshi TAMURA , Kiyohumi YuMOTO and Tohru SASAKI

Abstract: This is a report on the first ring-core type fluxgate magneto-
meter manufactured in Japan under a cooperative wrok among the three
teams: Tohoku Institute of Technology team, Tohoku University team,
and Tokai University team. The ring core consists of 6—81 Mo permalloy
tape of 10 um thick and 3 mm width wound m times around a ceramic
bobbin of a diameter d. In order to find the best core, two sets of the
following twelve different kinds of core were prepared: 5—79 Mo
permalloy and 6—81 Mo permalloy, m=9, 12, and 15, and d=20 mm
and 30 mm. One set was examined by the Sendai team (Tohoku Inst.
Tech. and Tohoku Univ.) and the other by the Tokai Univ. team. Each
of the cores is wound by a 150-turn driving toroidal coil and packéd in
a 1100-turn pickup coil case. When a common ten-volt drive current is
applied, the output voltages V for the 12 cores are in the following
relations: Vg_g; ) Vs_29, V3o ) Va0, and Vg ) Vi3 } Vi5. On the next
step we applied drive currents with Vo = 6, 8, 10, and 12 volts, and
measured the input power W and the output gain G for various drive
frequency fp, and found that G becemes largest for the smallest W at
fo=10kHz. Finally we constructed a fluxgate magnetometer with a
6—81 ring core of m=9, d=20mm, and f,=10kHz and recorded
geomagnetic variations at the Onagawa Magnetic Observatory of Tohoku
University. The records were compared with simultaneous records by
another commercial biaxial magnetometer. Conclusion is that our ring-

~ core type magnetometer is so sensitive, small, and light in comparison
with the previous satellite-borne biaxial magnetometers that an improved
ring-core type one is quite possible to be loaded on Japanese artificial
satellites.

» THRGNEERICX IHER
e TR

T ERBRFELER
 HALRFERER

This document is provided by JAXA.



1278 RRURFEFHAEN A s BlE H45 (B)

1. & =3

BROBEICEBT 5 fluxgate BAFTOHIEL ZOMBKBR~DIHHIL, HILAEOINEE - b
B e ReHE (1956), BIES - K63 (1957), FR « MR (1966) BECLB DWW fEH
BRBEREIGFTORIEL, THICXZZNBRAICBE T 3 routine BRICEET 2. D
biaxial % fluxgate fA15H i3 B%IC & - T HIC &8 SN T RIkEELRIBARS & [ 1 FR R s
ICEIZN, 1956 FLRBIBOMSEBMICAVONTE 7. —F, BHBET rocket © ba-

lloon BAIMEHIE &N 2 S EFIC, MEE - Fil - BREBEICE - TN ORMEKICER IO
BAlxN T LIk, fluxgate WENETRBEANEE L BEHREHE L ONEHEBL OB %
By JNkE e H e BUREBEBARBCEZICIHEUT, EEAXEADOLE LLTRERES
BETHOOTE . #-T, HROD fluxgate #HHDHE X, 45 —IC biaxial BT
Ho1ETHY, FLIORMABEBRAL BN E LI/ NURBIBTERTH - 2 ETH2.

—%, #iE station A& LTR, NIKBOKBERI D OGBEE -BRESERIN, COAT
MDD BEECEN T ronic, BEFIED (1978) OHRXOE 1 XBLUES
MBH) SERFTIEEH A% EKIC LT TRESTbA TS 1.

B, BADATHEEN ULF 2@ T3 X5 NBEICETELTE-0T, ATHE
T ULF Z 84 ~<, HBBAFELEE « BRI TERPTHEE « HihARESEO 3 A% T
B fluxgate WNETOBERF — 28 L, BRI S2 FEFHE O BRI A LS L 7.
fluxgate B IEtOWE % [ L X8 %113, core @ dimension ratio®EH 2T &3% ¢
LEBDT, BRICIKO DO FABET LT E SNt T10bb—>3 KD biaxii
al M@ HEt%E, BROKKTHELEZMRO dimension ratio ¥ TE» 3 HHTH 0,
(BRI, 1978 a,b Kb BNSNTWB L HIT,) core DEX 50 cm DR HBIE X
N, BEA002nT KETEHDSB T EICHII L7z dimension ratio2EH3d 5 —2o0DF
HE LTI core % ring Zic+ni3X0DT, 50cm @ biaxial BREHE @ BIfE & E5T
LT, ring-core Bt DR BED SN, DR, MK D routine EBHIH T =
BETCKE DT, CCRBET TORREBERNEKETHS.

2. Ring core D&

ring-core ¥ fluxgate @ 15tD sensor & LTid, €7 I v 7BOKREVICEX 10um,
183 mm D/ f—<ofGHRELNI-EOBAVSNT. BEBD sensor # B3 7dic, K
DEHIC¥—=zaf HBEICONT2BETD, FevERIKOOWT2EETHD, ~—<a4
BERCOVTIERAT R I2MHE L&y FEL, B3 2+1y b (DL 24ME) BEME
e , - :

(1) ¥—<=afME:5-T9M, *—<of BLF6-81M, +¢—~~< oA

(2) FrvyEZ: 20mm BLY 30mm

(3) /*—=uf#E¥K: 98, 12BLLUI15E

D24y bDIBL 14y MEDVTHIAEF — & (HILLAF — £ EHILKF —£) 255
HEERL, BO 1€y MCOWTHREBAF — 2B BERELT 2. UTM&EF— 21tk 3
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BIRMECEASBON RS EET A BIKRER20mm OBAORE Yy FHEER
. BB, COoERIPIMNEF—4LTE 5-7T9M, »¥—~<o 4, 20mme¢, 50 ED ring
core b HBHIEDLHICHALL T,

T ® ring core ITi toroidal i€ 150 turn DERE 2 4 3L, T D core i 1100
turn D a4 v =KD SN, B2KK, BHas v s cBEZE 20mm D
ring core &, ZNEWHBITHIANVERE 34 VHBRIN T 5. ring coreDRFrD—
2i3, F2IXNTRENL LS 1MED ring core T, AIC2RAIVERETRHETE ST
ETHY, F2RCKHHD HICR LI biaxial B sensor 28 #1 4 AD 1 Bi5r LHRIE T
SN DICH T, ring-core & senseor W DB IK/NEBRETEN TV E0PBERTX 3.
sensor 7S TH DT ENEKLA S boom S THH, ATHEEBWATBL LTAL
BISHHALKNI2OTHE. FIXT, L)NEHA T routine HICERIN T3 sen-

sor 2kDEEERT.
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3. Ring core OHH - EIE - HHORTE
%9, driving coil KBAKD LS ETIOV OXHEAAMUBICH D24 vick

THEEV 3,

PREICBLT: Veg1> Vi1

BERICBLT: Vo> Vs

B LT Vo> Viz>Vis> Vs,
EWVSHEwRERL (FEFREH», 19788K). £ O5NREBESERELA %, B6NTHHER
BRAEZENZENRT. £ THEICEBLTIZ6-81 Mo *—~ oA, BEKBELTIIED
core BLUTDOREBRTIZEITN 7. ring-core & sensor (3 biaxial %! sensori i L TH®»

# 3K Ring-core sensor

DRI S Fil. —
fo 2fo
Vin=10V VouTt

¥ 4R 20 mmeg ring core O IS RIEHE
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WAVEFORM OF EXCITING CURRENT

o/
O\ 30 mm

BOR EREERBE

THHBKENEES P 7-DT, BRICEALTE (Vi30>V, Tirdd0) NUIRENE
HiELT20mm O & DHEITH .

4. EBBRBRHORE

WiILZ D 6-81 Mo »*—<n 4, 20mme¢, IEI#EXD ring core KANRMEE V, =
6, 8 10, 12V ZHIML, »ORKEEAEK fo % 3~20kHz ¥ TEAL SHIEEDAN
power DEALE, gain (Wou/Win) PEMAEBETRICRT. BICRoNhBT&EL, Vo=
8, 10, 12V iCxt LT gain @ peak fEREWVICIFEAEELNMBEVOEERTH, 20
ZND peak BICHTEANHEEEN T V=8V OEABRETEL DT, V=8V %%
U, 2 V=8V kL THRARENEE5Z 2EEE fo=10kHz *EREHFHEKE L TEE
Ltz B8N, COLINKUOEEOBBBRE LB AEKEZNETNRT.

5. REHEHEIRE
ring-core *ERE 3 5 10 kHz ORREHL 5T, B IXKKRT L SIC frequency doubler
Tk 5T 20kHz ORFHIES N, phase shifter ZFTHIBEIN S, —7F, ring-core >
S>DEERBE N MIE XN T, phase detector THHRBREIN S T EiICE - THIEES S
HEND. RS EWRSOZEERE T 28B4 TH 505, NSO LBET 2546
i3 ring core KT T 4 Ly — 2 OthiCIl, FTHERZ KT ‘
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SECOND-HARMONIC OUTPUT

®l4E E45 (B)

72,%'4, 20 mm

30 mm

FOEX HAOBREE

6. MESHNEHILRE

ZD& 515 ring-core B fluxgate # HET%, HILREABLNMB KB RAFAICEE L
7z. NS K DELEHEFIBB IOKBLUEIIKTHS. snFhORICiZ, HEBDIHITHE
K& T3 biaxial B fluxgate ANEHIC K 2B EA—MRTRLTH 5. fERE
D fluxgate @& LT ring-core BN aHILEH, B 5~20 4 o fluctuation
AL TERCO DARETEHZINTVBIEILD THEL, ZHICERL % Pc3-4 range

DOHUNMRIBHSIRE £ T, B THBICRBEINTOIHTBID 5.
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(6-81 Mo-PERMALLOY, 20¢, 9TURNS)
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7. HREER

B64MO H AMBRESHRIFELWEFR 45 ICBT 2WBHUMELT, REBEREHES LV
— 7 X 5T ring-core B fluxgate MAOFHOEYMNB/REIN, EEMEDH» 20mm D sen-
sor &, 7)YV EREL—KOBEFEREL D THRIVSERETREINS I TNELE
D HBIT demonstrate /. FL2RBZOMAOFHORIBEKTHS43, GARAEZERLT
BY, 2DIHIMD PI KT 2% noise FLL oML HiC 50 kHz DRIZRBEL AL, 2B
O flipflop U T 125 kHz % 1E - T ring core ZE& L T 3.

ZDXSIC ring-core & fluxgate W AFHZ, /NE, BE, /INESH, SRETHREZRE
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DRIVE

SECOND

( 6-81 Mo-PERMALLOY, 20¢ , 9Ts.)

BLOCK DIAGRAM

WAVEFORM OF DRIVE & SECOND CURRENT

ALAA
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$8E EBEEWL S BN
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OSCILLATOR FIER z FIER
T,
FREQUENCY | | PHASE | | AMPLI- PHASE -
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OUTPUT

# 9K Ring-core fluxgate #5F®D block diagram

LS5 EHBL, B NMBRBRFICENT KFRICK - TRIES N ring-
core B fluxgate AT DEEI L, routine MICHINRIIBBNE S £ LGP TH 5 (BB 13
X). sensor, MW CHEB/LDOTERE control L TH 553, BREZHRDLEFEMS
EFRXDWTRROBETERRZCEET . B, ANETHREZED DDH S ring-core
Mgt 4585 ALHE L L TIE, Exos C #MEmOBEEE L TH FEIEH#TH TH 5.

8.
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TYPE MAGNE TOGRAM (H-COMP.)
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=SQKH2 12.5KHz
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% 12K GA H Ring-core #/13tD block diagram

—BERLOE 2 DHECERTAMYUHETEN-OTRETS. X, EEAYOASEELEL
£ RICBEBEROBFLZ > THW O TRHT 5.
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