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ABSTRACT

This paper describes design and construction results of the measurement system developed on the purpose of

measuring properties of AC magnetic field sensors used in the weapon system. The system for measuring the

properties of AC magnetic field sensors consist of 3-axis helmholtz coil, signal generator, signal amplifier, sensor

data acquisition unit and AC magnetic field sensor property measurement & analysis equipment including the

operating software. By using this system, we can measure various properties of AC magnetic field sensor such as

sensitivity, linearity and dynamic response in the frequency from 1 Hz to 10 kHz. Finally we also verified its

performance by measuring the property of a MAG 639, standard magnetic field sensor of bartington instruments,

with the developed measurement system.
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Fig. 1. Schematic diagram of the system for
measuring properties of AC magnetic field
sensors
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Fig. 2. Electrical equivalent circuit of a helmholtz coil
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Table 1. The specification of 3 axis helmholtz coil

el W &
SRy X% 0 240 mm / 240 mm
A7t Y& 0 192 mm / 192 mm
1471 7% 0 288 mm / 288 mm
XZF 1.867 Q
LA Y 1.568 Q
7% 2222 Q
X 0.01847 H
FAIEE A | Y& 0.01409 H
7% 0.02333 H
XZ 335.73 uT/A
LS Y% 421.61 pT/A
7% 281.17 pT/A
X= <01 % (27 84 cm)
< 1.0 % (A7 15.0 cm)
2717 —_— < 0.1 % (A7 6.6 cm)
Mg K < 1.0 % (A7 12.0 cm)
7= <01 % (¥7 9.8 cm)
< 1.0 % (27 18.0 cm)
XY <02°
7Y Au%E | YZ <02°
zZX <02°
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g. 3. The magnetic field variation on the x axis line
at the center point of helmholtz coil(x axis)
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g. 4. The magnetic field variation on the y axis line
from center point of helmholtz coil(y axis)
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Fig. 5. The magnetic field variation on the z axis line
from center point of helmholtz coil(z axis)
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Fig. 6. The method for measuring the orthogonal
error between x axis and y axis
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Table 2. The maximum magnetic field which can be produced in the helmholtz coil according to the operating

frequency
N 1] |h |ch shunt AR MM
TR T[;;]T olmelA PSR | IIIRPIE QUThE @t INAES]
[R] [mA] [nT] V] [nT]
10 2.2 295 98,905 29 33,586
100 11.8 293 98,276 29 33,586
X 1,000 116.1 194 65,237 19 33,586
3,000 348.2 83 27,766 8 27,766
10,000 1160.5 26 8,646 3 8,646
10 1.8 295 124,575 30 42,178
100 9.0 294 124,108 29 42,178
Y 1,000 88.5 223 93,896 22 42,178
3,000 265.6 106 44,484 11 42,178
10,000 885.3 34 14,194 3 14,194
10 2.7 294 82,541 29 28,128
100 14.8 291 81,713 29 28,128
Z 1,000 146.6 168 47,206 17 28,128
3,000 439.8 66 18,683 7 18,683
10,000 1465.9 20 5,740 2 5,740
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Fig. 8. The photography of the manufactured system
for measuring properties of AC magnetic field
Sensors
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magnetic field sensor

» 0
2

=

P

o2 e 2

299 4

oY 0 yE ogh o
N
N

o o M f

jincs



Wi AN 54 AR A Bk AT

HH AR Tl A Al 21EE A i@% 24 1~10 kHzZhA 9] T3k el A 4F

3 Ao R Gt AlAe ¥ AT A8 F A FA 9Tk Fig 112 B A2 SaiA e

geth 2gal APEE A ARERE oy AF AAA B AEH &8 T2 F3)
21 @l 2&A AFsoz Al S B4 AES Y3 v 3PS BolFal 9]

FoR B ATE S e wiF AN 5

~ 1 1 n H}\‘d A2 S 0] 83 ol Ale] TFEA
A8 (%) =100 X —— N, -y ) @ d Al GA 183} ?-}1 BartingtonAFe] ¥

B ¥ V=12 A MAG639¢] 543 AlFekqitt. Fig. 109 A4 7+

MPE ZFA HS = BartingtonAH2]
Al =

= = =] = -
o171A, B 549 AN F9e HdA, N MAG639 AAE tioz z=o st A 7= 2
I

578 HlolE A, o, & WA AN EH 5 el NYE 54 AWT AnE melFth 1 kHzsh
B, y, & 54 ZH=5F Least Square Fit 3 $-] n 20,000 nT9] A& #7|%4S Z% Helmholtz T o]
WA =4 dolEolth Fig. 102 ¥ 7S FaiA 7hek &AM o] 8 EAS AlFslaL, 1 A 1
M Wi A7 EA AREA] 8 R HollA & = Aol Alduld AlAe] == 100.1
o AlM A= P HAFE AFE Hgh VI(Virtual mV/uT(0.0001001 V/nT)o]iL, AA o] HE %= 0.01163
Instrument) 3}WH-S HoF3 Qo). % (0.0001163)E4 AA] AZA A AAE ZHE 100
AR, T 7 54 AF 7F A7 T3t mV/100 uTo} A XS AT
Foll w2 M) 28 EAS gishy] g Aldel T3k Fig 119 T3¢ §9 54 574 WS 1Hz
th 1 Hzell A 10 kHz®] AIE 3k HelelA dAe NAHE] 10 kHz Fi5 ®HolA AE A7
&S T = AAES Q7ESE Aol A Fakge 5000 nTpk ol W&t T3+ S5 EA4& Alds 47
1A Al £ HoErh Al@A Y AA 9 o]5eo] 3 dB FHAEhE

of M AlMe =¥ SAS S o7 A
247172 Fig. 19] shunt &3 Felid 2L A7F A Ak ks tEF 9,372 HzYe SF1esith
& BYEHskL, Ay 29 Ags AeeR

Sensorpia ﬂ-ﬁ- I|-7| ﬂ A‘I Al -g %,I'XI i B B B
¥ AUTO START ‘ ‘W‘WSST‘YR':E" ] Mea;‘_l‘_'::"“' ’ 0 E";'g:"‘y Save Image
Magnetic Field Setting Helmholtz Coil
Helmholtz Coil pata | smoon o] [ ZAxisARE |
Frequency 1k Hz Sensitivi
Max field 20000 nT ‘
Min field 100 nT Liercent
Interval 995 nT ]
: o 1400 1600 1800 2000 2200 2400
FFT | | Linearity | | Frequency

Applied Field Value‘!
: Standard Deviation

0-8 -
0 100 200 300 400 500 600 700 800 900 999

Sampling Number DAQ Setting

e e e et e 1 e s et It [ S S S S
Default Save Data Path 0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 13000 14000 15000 16000 17000 18000 19000 20000
[ = Applied Field [nT]
5 D:WDATA = Filter Setting

Fig. 10. Virtual instrument view for measuring sensitivity or linearity of AC magnetic field sensor. The sensitivity
and linearity property of MAG639 sensor was measured at the frequency of 1 kHz
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