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Fig. 1. Schematic diagram of DC magnetic flux density measurement
system.
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Fig. 2. Schematic diagram of AC magnetic flux density measurement
system.
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Table 1. Specifications of the used search coils

Coil's number #1 #5
Coil constant, Wb/T 3.0 0.1
Uncertainty, % 0.120) -
Resonance frequency 30.6 1047
(with cable), kHz
Inductance, mH 87 0.175
Capacitance 310 132
(with cable), pF
Resistance, Q 59 4.1
Size of winding, mm 040 X 42 040 X 42
Cable Coaxial 1.4 m Twisted 1.8 m
Calibration VNIM, Frequency dependence

Russia caculated to 20 kHz
Coil frequency-dependence Fo N Fun

kHz z

factor, k(fikqc 1+ (g{)—g) 1+ (W)
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Fig. 3 Uniformity of Garrett coil transfer standard in the center
region.
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Fig. 4. Frequency dependence of the K(f)/Kj, ratio.
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Fig. 5. DC coil constant determination by the various institutes plotted
against the period when the measurements were carried out. The 2
lines represent the uncertainty of the weighted mean value k,,[9].
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Fig. 6. Frequency dependence of the coil constant as measured by all
institutes, the 2 lines are according to the uncertainty function[9].
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Table 2(a). Uncertainty budgets and evaluation in AC Measurement
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Probability distribution/

Sensitivity Degree of

Quantity Xi Uncertainty u(x), % method of evaluation(A,B) Factor coefficient ¢; freedom v;
X 0.10 Normal(20)/B 12 1 0
X, 0.02 Rectangular/B 173 1 oo
X; 0.05 Rectangular/B 173 1 oo
Xy 0.05 Rectangular/B /3 1 )
Xs <0.001 Rectangular/B 173 -1 o
X, <0.001 Rectangular/B 1743 1 o
X; 0.02 Rectangular/B 173 1 o0
Xs 0.02 Rectangular/B 173 1 oo
X, 0.02 Rectangular/B 1743 1 oo
X1 0.06 Rectangular/B 1743 1 o0
X 0.02 Rectangular/B 173 1 oo
X 0.03 Rectangular/B 1743 1 o0
Xi3 0.02 Rectangular/B /43 1 o0
Xu 0.30 Rectangular/B 1743 1 -
X5 0.09 Rectangular/B 1743 1 o0
X6 0.01 Normal/A 1 1 9
X1y 0.01 Normal/A 1 1 9
X5 0.03 Normal/A 1 1 9
Xio <0.001 Normal/B 1 1 74911

Table 2(b). Uncertainty budgets and evaluation in AC Measurement
Combined standard uncertainty (10), %
i Measuring value o % Calculation
1 2 1 10 172
1 k(p, f=0.1 to 1kHz 0.08 o,=[ u(x16)2+(§u(xl)) + 3214()(,-)2}
i=2
1 10 172
2 k(A/k(1kHz), f=1 to 5 kHz 0.08 o= l:u(x17)2+ 2><§Zu(x,-)z}
i=3
oy IR o 13 ]
3 k(Hitk(1kHz), =5 to kHz 0.20 oy= [,u(xm) + 2><§[§=;u(x,-) + §Zu(x,-) }

i=11

Total standard uncertainty (10) for k(f)ks, %

Frequency range o; %
0.1 to 1 kHz 0.08
1to5 kHz 0.13

5 to 20 kHz 0.22

Calculation

2 2,172
0=(0,"+04")

1 1=2
o= (c,2+ o+ gu(xls)z + odf)

1 12
o= (0'12+ 0'32+§u(x,5)2+ O'm:z)
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List of Symbols

PTB : Physikalisch - Technische Bundesanstalt, Braunschweig,
Germany
KRISS : Korea Research Institute of Standards and Science,
Daejon, Republic of Korea
VNIIM : D. 1. Mendeleyev Institute for Metrology, St.
Petersburg, Russian Federation
NML CSIRO : National Measurement Laboratory, Lindfield,

Australia
UME : Tubutak Ulusal Metroloji Enstitusu, Gebze-Kocaeli,
Turkey
NPL : National Physical Laboratory, Teddington, United
Kingdom

IEN : Istituto Elettrotecnico Nazionale “Galileo Ferraris”,
Torino, Italy
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NIM : National Institute of Metrology, Beijing, China

CMI : Czech Metrological Institute, Praha, Czech Republic
CENAM : Centro Nacional de Metrologia, Queretao, Mexico

List of Quantity X; (Table 2(a))

X, : Calibration of search coil

X;: Coil position and angle

X3: DVMI (current)

X4: DVM2 (signal)

X5 : Standard resistor

Xs: Frequency counter

X7 : Parasitic field

X3 : Noise

Xy : Environment

Xio: DVM2 frequency-response

X1 : Coil frequency-response

Xi,: DVMI frequency-response

Xj3: Cable capacitance bypassing resistor

Xi4: Solenoid-to-coil capacitance

X5: Two-coils difference in 0.1 to 1 kHz

Xi6: Repeated measurements (n=10, 0.1 kHz to 1 kHz)
Xi7: Repeated measurements (n=10, 1 kHz to 5 kHz)
Xis: Repeated measurements (n=10, 5 kHz to 20 kHz)
Xi9: K4 uncertainty
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Construction of AC-DC Magnetic Field Standard Systems and
Results of International Key Comparison

Po Gyu Park™ and Young Gyun Kim
Korea Research Institute of Standards and Science(KRISS), P. O. Box 102, Yuseong, Daejeon 305-600, Korea

(Received 30 October 2004, in final form 25 November 2004)

The AC-DC magnetic field standard systems were constructed for the calibration of magnetometers for low magnetic field and the
tests for low magnetic field characteristics of sensors and materials. In the range of 1 mT, the expanded uncertainty of dc is 8 X 1075,
ac uncertainties are 0.16% in 0.1~1 kHz, 0.26% in 1~5 kHz, and 0.44% in 5~20 kHz. We have been participated in international key
comparison(KC) to achieve the equality and the mutual agreement between standard institutes for the results of calibrations and tests.
KRISS participating in ac-dc magnetic flux density of KC got equal level of uncertainty results compare with the advanced nations. It
confirm that measurement ability of magnetic flux density is high level in the world.

Key words : magnetic field, compensation of Earth's magnetic field, coil constant, international key comparison



