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Abstract The investigation of the lunar magnetic field holds considerable
importance for elucidating the evolutionary principles governing planetary
magnetic fields and for enhancing the theoretical framework of planetary science.
Within the context of the Chang'e-7 mission, China’s key lunar exploration
program targeting the lunar south pole, the fluxgate magnetometer installed on the
rover serves as the primary instrument for acquiring high-precision in-situ magnetic
field data from the lunar surface. To ensure the precision of its measurements and
stability in the harsh lunar environment, it is imperative to conduct comprehensive
pre-flight calibration and testing procedures. This study employs a range of targeted
methodologies based on standard magnetic field calibration systems to calibrate the
fluxgate magnetometer, focusing on critical performance metrics such as linearity,
noise and resolution, vector measurement error, and temperature stability. The
outcomes of the pre-flight calibration and testing indicate that the three-component
ranges of both probes conform to the design specification of +2000 nT, with a
linear error of less than 0.34 nT. The noise density for each axis is recorded at
below 10 pT/ v Hz@lHz, and the resolution is superior to 0.01 nT.
Non-orthogonality has been corrected to within 30", and the scale factor error is
less than 0.03%. Additionally, after calibration, the uncertainty of the offset
temperature drift is better than 1.5 nT, and the uncertainty of the scale factor
temperature drift, when converted into a magnetic field error, is better than 0.06 nT.
All metrics fully meet the mission’s design requirements. This calibration effort
significantly enhances the measurement accuracy and reliability of the
magnetometer. The findings provide a robust technical foundation for the Iunar
south pole magnetic field detection mission of Chang'e-7, facilitating a deeper
investigation into the formation mechanisms of lunar surface magnetic anomalies
and the evolutionary history of the lunar magnetic field. Furthermore, this research
offers valuable technical insights and practical experiences for the calibration of
instruments in future lunar and planetary magnetic field detection missions.

Key words Lunar magnetic field; Fluxgate magnetometer; Pre-flight calibration;
Linearity; Noise; Rotation calibration; Temperature stability
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Fig. 2 Linearity and residual distribution of Probe 1
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Fig. 3 Linearity and residual distribution of Probe 2
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Table 1 Calibration results of linearity and linear error

fms e S b s
/(nT)
X 0.22 5.5X10°
k1 Y 0.24 6.0X10°
Z 0.26 6.5X 10
X 0.34 8.5X10°
k2 Y 0.32 8.0X 107
z 0.21 5.25X10°
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Table 2 Noise and resolution test results

e (o % 75 By IS
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X 9.2 9.2
k1 Y 8.4 8.4
z 7.5 7.5
X 9.1 9.1
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z 7.1 7.1
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Table 3 Calibration parameters of Helmholtz magnetic field coil

iz EEBIRF FR/(nT) IE 2k FERE ()
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Fig 6 First calibration results of Probe 1. From top to bottom are the x, y, z components of the

magnetic field; total field (blue dots: magnetic field values before calibration, green dots:

calibrated-magnetometer magnetic field reference field after Helmholtz coil parameter correction,

red triangles: total field values after calibration); residual of calibrated total field and Bt



16

Bz (nT) By (nT) Bx (nT)

Bt (nT)

e ¢ o ¢ ¢ e Uncalibrated
A 4 a a4 acalibrated

ee oo e oBir

2000 @) E
1000 -.. o®a ...ll-................é
0 n- “a " E
®e ” ] e E
-1000 e et :
-2000 J ; . 3
2000 ‘ ‘ ' ) ]
1000 . [ X ] . s atfte a é
0 o "
° 3
-1000 ..‘nn‘.."'.llll"".'...!-n'. —%
-2000 J | . 3
2000 ‘ ‘ ' (C) -
1000 a000, YT E
0 I.. e o ..- _i
1000 n-..n..nn.n.nnnnn..... e ...é
-2000 .
E [ ] =
1050; ..-!!- < . ..n.... ..l ‘.. E
E . ® ° ‘ e [ =
e 8 3
1000 »* PP YIY I 4
950 E
°C e ) . @) ]
= e ©® o ®e eve . N
= r . . *e L% o o0 B
= Oy ee®, ° '0. 'Y ee o°° ° o
o B ] .. .. e® © ]
L]
5[ ]
0 10 20 30 40 50
Measurement points
7 Wk B RbR SR
Fig 7 The second calibration results of Probe 1
® 4 O T 2 by e 45 R
Table 4 Calibration results of scale factor and offset parameters
; TlRirEEE M
Uerm= 4 ) EE I A T -
=ZE/(nT)
X 1.0002376 -0.009
k1 Y 0.99977283 0.012
Z 0.99998964 0.007
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X 1.0001449 -0.011
Bk 2 Y 0.99991841 -0.028
Z 0.99993670 0.003

R 5 AR AR e 4
Table 5 Calibration results of non-orthogonality

Iseme etk f FESAEER

=mE/N(")

X-Y k£ -5.22

&k 1 X-Z %k 0.35
Y-Z k£ -15.32

X-Y k£ -5.71

&k 2 X-Z 3 5 -0.82
Y-Z K -29.35
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Fig 8 Variation of X-axis offset of Probe 1 with probe temperature and electronics temperature
PR S 2% il 1] T 55045 21 1 2 i B R 2 A AL BRI AR 72 1R 6 I, A€ Ja Z i
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# 6 Offset I by e 45 R
Table 6 Calibration results of offset temperature drift

y 58 42 . max(Aoffset(Ts)) max(Aoffset(Te))
YRS Hhra) (nT) (nT)

. X 1.39 1.06

i 1.21 091
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z 1.42 0.99
X 1.24 1.06
R 2 Y 1.42 0.81
7 1.34 0.80

(2) AXFRLLHIH T scale #RIE

X B H-25°C, -5°C 15°C 35°C. 60°C N3k X Hli 7] fE-85°C~+75°C
(2N SR N B B B AT 2 UL A B, 45 30 & AN B I ST i LA
BRI, A RSN 1 el N 73T 2 TG, #ie 5 M T ARETN
ELAB IR Bl R E AL B ASy = Fo (TS, F(T) =ao+a, T +ay -
T2+ -+ a, T [FEFERIAETNERTLARE] Y 1 Z il 1 ) B8 B R 1R AR
i,

AR Nz, RS EERSk 1 ARL 2 I XL Y. Z =5y
B FEER LB AR Ak 8 T SEIH Scale SR BIFRE , FATAF AN [FIFR KL IELE N 1) scale
BT Z AU, B8 HAS R L 2 R R LA DR Bl B 1 AR A ok R AT
RIHLT AR T, scale AT TR SKIR LA L 505 B2 (R A0 %

dscale _ max(scale(Ts))-min(scale(Ts))

dTg = max(Ts)—min(Tg) (1-10)

£ 7 AR TSR T IR T scale A TR AR, K
AFALH-20.8x10°%/°C. B 9 LIARSK 11 X Bl 4h 7 M 4R Sk i B AN el 1
B TGRSk 7 4 Ao

PRAE G scale BHIR IR (Ts) Rl HL 72 BRIG IR (Te) A0 HOANH 5 FE VA 77
BN

Ascale = scale . — scale g v apsir (1-1D

% 7 Scale AHX THELIREZMRME GRIZREO
Table 7 The variation rate of Scale relative to the temperature of Probe 1
dScale/dT/ (10%/°C)

HLF R E /(C) -25 -5 15 35 60
X % -20.8 -20.0 -184  -194  -195
k1 Y $h -15.5 -147 134 -147  -147
Z h -15.5 -145  -135 -141  -145
X Hh -19.1 -182  -181  -183  -17.6
Rk 2 Y $h -14.5 -146  -145 -152  -136

YA -13.2 142  -147 -146  -154
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Fig 9 Variation of X-axis scale of Probe 1 with probe temperature and electronics temperature
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Table 9 Calibration results of offset temperature drift

RS Hhia] max(Ascale(Ts)) max(Ascale(T,))
X 0.63x104 0.58x10
wk 1 Y 0.60x10™* 0.19x10°3
Z 0.54x10* 0.28x1073
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X 0.61x10+ 0.18x1073
Bk 2 Y 0.58x10+ 0.47x104
Z 0.50x10* 0.29x1073
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