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Linear Hall sensors for rotor position detection in external rotor
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Abstract: Traditional rotor position detection schemes typically mount Hall sensors on the stator or motor base to
measure the air-gap magnetic field or permanent magnet leakage. However, armature reaction significantly
influences detection accuracy. This study proposes mounting Hall sensors on printed circuit boards (PCBs)
external to the rotor of an external rotor permanent magnet synchronous motor (PMSM). With the permanent
magnet slightly extending beyond the rotor yoke, rotor position is determined by detecting the magnet’s field,
which is minimally influenced by armature reaction. Theoretical and experimental analyses reveal that when two
Hall sensors are placed at a 90° interval on the PCB, the fundamental phases of their signals are not orthogonal,

resulting in position errors. To resolve this, it is shown that orthogonal fundamental phases are achieved when the
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sensors are spaced at an interval of 90°-P/(P+1). The theoretical predictions are validated through ANSYS
Maxwell finite element simulations and physical motor experiments, confirming the feasibility of the proposed
position detection scheme.

Keywords: linear Hall sensor; permanent magnet synchronous motor (PMSM); printed circuit boards (PCB); rotor

position detection
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Fig.1 Schematic diagram of Hall sensors installation
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Fig.2 Schematic diagram of Hall sensor position
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Fig.3 Ideal Hall signal and rotor position
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Fig. 4 Error in the Hall signal
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Fig. 6 Radial magnetic field and x-axis and y-axis magnetic field
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Fig. 8 Hall sensors mounted on the stator
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Fig.9 Magnetic flux density and corresponding rotor position
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Fig. 10 Hall signal, rotor position angle and position error comparison
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Table 1 Results of harmonic analysis
R TE X # = vt 22 2 IF1] % 90°4¢ %% IR B ¢ 122 2%
For i 48 #7
HallA HallB HallA HallB HallA HallB
FEUEAHANL/(°) 113.9 203.9 109.4 208.4 113.8 203.8
FEUE A7 22 /(%) 90 99 99 90 90

SUOE T /% 6.25 6.22 6.22 6.23 6.24 6.22
FUE BB/ % 1.22 1.24 1.21 1.22 1.22 1.23
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Fig. 11 Experimental device
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Table 2 Parameters of the experimental devices

ZH e SR Bl

R AR A MT9105ET A IR J) /(KA -m™") 938

1 S B4 SOT-23 HL HLAM A /mm 63

PCB JUf/(mm X mm) 15X 17 i YR IW 100

T AR 28 Y N45H e K%/ (r-mim™) 400

TR AR JE JEE /mm 1.5 HE B/ V 24
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Table 3 Comparison of commercial Hall sensors (V_ =5 V)
B RIPE/(mV-Gs™) i G LV JRA/S EEE

MT9105ET 5.0 0.3~4.7 0.178 0 SOT-23
SS39ET 1.5 1.0~4.0 0.183 5 SOT-23
GHA49F 1.8 1.0~4.0 0.096 0 TO-92
DRV5055 1.25~10.00 0.2~4.8 0.539 0 SOT-23
JSM601 1.2 1.0~4.0 0.207 3 SOT-23




10 TR K F F IR

% 49 %

E 5256 50 UE 2F R e A WL B SR R AR e s R B 38 K 1 RN 1 OR A AE [ A 1R AR R LS e A
B AL 4 % ST-Link V3 05 B T 2888 , # (S Hh i R ITAG/SWD il . #4# #2 - NUCLEO-G431RB FF & #,
MCU Jy STM32G431RB, ADC #5555y 12 v 7 ¥ i 3T U (6 45 400 50 7 % B %, 48 ) 42K O 10 kHz, 28 /R 1% Sl 2%

B 0~5 V HL R G 3R —2 048~2 048, 2 /K55 Matlab #1744 o
4.1 TERHEBERL90°EMELELEPCB L

FT T S 56 v 1 5 4 AL A AR R 20, TR A 2 A IR AL TR (] B 9° O ILAR A1 22 AE PCB 1. S
K AR B AR AR S A 12(a) Bz o B R A% T 04 i Hh AR oh AT HURK R 320 T 5 114 348 A0 25 i R G2, LY

P A 52 R0 B 5 A M £ 52 R AR DN

2000 - 2000~

1 000
=

0
%
L

-1 000

—Hall A
-2000- | ) ; —HallB | — 2000 1 ! 1 —HallB
60 800 100 120 140 0 20 40 60 80 100
A ] /ms B [B]/ms
(a) [EIFE90°%%: (b) [EIRReZ%E

0 25 50 75 100 125
B[] /ms
(c) 2FH BB Z B B r B 2

12 ERGFESRETFHNEE

Fig. 12 Hall signal and rotor position difference
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Fig. 13 Error analysis of rotor position
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