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A review on the research of magnetohydrodynamic angular velocity sensors
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2. Taithu Laboratory Deepsea Technological Science, Wuxi 214000, China)

Abstract: As detection distances in the aerospace field increase, the impact of micro-angle vibrations—characterized by a broad frequency
range (0.1 Hz to 1 kHz) and small amplitude (in the microradian range )—on payload pointing accuracy is becoming increasingly
significant. Magnetohydrodynamic (MHD) angular velocity sensors offer advantages such as low noise, wide frequency bandwidth, and
compact size, making them the most suitable method for on-orbit micro-angle vibration measurement. These sensors can provide
comprehensive data across a wide spectrum, aiding in the analysis of on-orbit micro-angle vibration dynamics and enabling active
compensation. This paper reviews the working principles, technical characteristics, and applications of MHD angular velocity sensors while
discussing current research challenges. It begins by comparing the two structural forms of MHD angular velocity sensors and analyzing the
differences in their output characteristics based on the sensor’s mathematical model. Next, the technical specifications and applications of
typical MHD angular velocity sensors, both domestic and international, are introduced. The paper also explores five core technologies:
multi-physics coupling simulation, weak signal detection, testing and calibration, low-frequency expansion, and engineering applications.
By examining existing technical bottlenecks, the paper identifies the key challenges that need to be addressed. Finally, the future
development direction of MHD angular velocity sensors is outlined, and potential future application fields are explored.

Keywords : inertial sensors; magnetohydrodynamics (MHD) ; micro-angle vibration; broadband measurements.
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MHD angular velocity sensor
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2551 BANL ARS-09 ARS-16
ik rad/s +1.75 +0. 1
T B2 PR K V/(rad/s) 5.7 100
T &y Hz 0.3~1 000 2~1 000
SE R TS A rad/s <8x107° <5x107°
SRR R L rad <80x107° <40x10~°
A mm’ 6 566. 86 38 378.28
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Table 2 Comparison of technical specifications for ATA's pedigree MHD angular velocity sensors in the United States

R/ PREERE -3 dBAFYE,  HRURAM FRORS M
S L - o " i § Ret/mm Bt/
(rad/s) (V/(rad/s)) Hz B/ (rad/s) {7 B /rad
n ARS-06 +200 0.05 0.38~1 000 <4.7x1073 <80x107° ®17.78%25. 4 <35

\ﬁ ARS-09 +1.75 5.7 0.3~1 000 - <80x107° ®20. 3%20. 3 <46
25. 4x25. 4%
l ARS-12G +10 - 1~1 000 - <35x107° so.8 <200

25.4%33. 02x

ARS-14 +0.5 20 2~1000 <5x107° <50x107° <200
73. 66
20. 3%20. 3
ARS-15 +10 1 4~1 000 <25%107° <1x107° <60
30. 48
ARS-16 +0. 1 100 2~1 000 <5x107° <40x107° - <150
50. 8x50. 8x
ARS-24 +0. 05 2120 1~675 <1x107° <8x107° 016 <2 000
IETLO0O01 +1 600 0. 006 3 0.5~2 500 - - ®20.3x15.2 <35

L2250 MHD A U (R A, Horh MHD-ARM-01A AU MR S OR AR X L an & 3 frok, X Hb& 2 A3 wf
AREEROE S AL B IR F] 25 nrad s, LRSI KT S, FE P MHD 8 A% B 1Y SRR s A v B e e B
2021 AF NG T CG-52 RUMEJRRER ™ HABEHLEEARSE bR BOEE ATA AR HR AR 5 48 bk 5 A EAT
H T E 2 Ha~ 1 kHz, 580075 F 457 B 50 nrad rms, [E P X =3
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Table 3 Technical indicators of MHD angular velocity sensor developed by domestic units

i/ FRERSY -3 dBAFTE/ S SN
o g e - o S \ Rob/mm Bt/
(rad/s) (V/(rad/s)) Hz HEE/ (rad/s) 7 #/rad
MHD-RM-01A +20 0.5 2~1 000 <4.6x1073 <80x10™®  30.8%30.8x44.5 <190
MHD-RM-02A +2 4.6 2~1 000 <72.2x107° <1.5x10™¢  ®36(46)x48 <230
MHD-ARM-01A £0. 05 18 2~1 000 <1.714x107%  <23.01x10™°  @40(52) x60 <370
MHD-ARM-02A +0.5 20 4~1 000 <6x107° <150x10™°  27.5x27.5%x50 <150

CG-52 +0.5 39. 96 2~1 000 <5%107° <50%x107° 29%29x51 <220
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Fig. 2 Schematic diagram of the lunar laser communication space terminal
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Fig. 5 MHD angular velocity sensor technology system
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Fig. 8 Schematic of absolute angular vibration calibration using laser interferometry
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