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Development and application of a low temperature superconducting
full tensor magnetic gradient detection system
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Abstract: Firstly, this article introduces the composition, instrument layout, and hardware connection of the low-temperature
superconducting full tensor magnetic gradient measurement system. Then, the test results of each module in the system development
process are analyzed, including the noise test and SQUID sensitivity test of the measurement and control system. Secondly, the ground
static and dynamic experiments of the system are described in detail. The dynamic range, measurement accuracy, and stability of the
system are tested. Each component of the magnetic gradient measurement accuracy of the system static experiment is better than
+30 pT/m. Finally, the flight test is implemented in Danyang, Jiangsu Province. According to the DZ/T 0142—2010 Technical
Specifications for Aeromagnetic Survey, the measurement results show that the coincidence accuracy in the repeated lines of each tensor
component is better than 25 pT/m, and the average dynamic measurement sensitivity of each measuring line is better than +30 pT/m.
This system has reached the level of engineering prototype, greatly improving the practicality of the low-temperature superconducting full
tensor measurement system. It provides a solid foundation for future research work in the field of low-temperature superconducting
navigation magnetic measurement in China.
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Fig. 2 Pod and instrument layout diagram
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Fig.3 Physical diagram of the hardware system
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Fig.4 SQUID structure diagram, physical drawing
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Table 1 SQUID noise test statistical table

SQUID ¥ % 1 2 3 4 5 6

BB /pT/ (m- vHz) 0.18 0.24 0.19 0.18 0.27 0.35
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Table 2 System noise statistics table

it WM (nV/ JHz) RO
CH1 0.90 30 753
CH2 0. 89 30 707
CH3 0.90 30 720
CH4 0.87 30 709
CHS5 0.90 30 796
CH6 0.90 30 784
CH7 0. 89 30 731
CHS8 0. 89 30 748
CH9 0. 88 30 767

MFZ 2 FhAT LU Y B R A B T 30 700 ~
30 800 Z [A] , i KAFEL A — 2, MHIE R 58 9 4l iE R 5L
W 7 B2 F BT 0.9 nV/ v/Hz
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Table 3 The fourth order difference value of ground

static measurement data

iHiE CHI CH2 CH3 CH4 CH5 CH6
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Fig. 8 Field static test of the system
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Table 4 Measurement value of coincidence accuracy

in repeated lines
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Table 5 Dynamic fourth-order difference measurement
results of survey line

Sy
(pT-m™)
HIES 9.12 8.22 9.81 8.25 6.45 8. 46
Mk 2 8.57 8.99 6. 66 9.13 7.57 9.62
ES K] 7.32  15.66 11.66 14.63  6.36  13.86
ML 4 6.98 7.09 8.8 7.97 7153 7.79

B B B B B

xan xy xz ¥y ¥z 2z

Mk 5 8.21 11.60 9.63 10.42 6.24 10.73
Mk 6 6.89 14.21 9.63 13.78 7.03 14.16
Mk 7 12.88 26.71 18.67 25.77 11.39 25.94
MLk 8 10.01  25.93  13.20 22.02 8.79  20.12
MLk 9 11.02 2593 19.78 22.04 12.33 22.65
MLk 10 11.18  24.46 19.68 22.36 14.87 25.22
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