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Abstract This paper deals with an optimal angle error reduction method of magnetic hall sensor using hall
effect elements with yoke. The magnetic position sensor is required to generate ideal sine and cosine waveforms
from its hall effect elements according to rotation angle for precise angle information. However, the output
signals are easy to include harmonics due to uneven magnetic field distribution from disturbance in the vicinity
of hall effect elements. Thus, The paper studies a way which makes sine and cosine waveforms robust in
disturbance and reduces harmonics by installing a yoke around Hall effect elements. The angle detection
simulation for the magnetic hall sensor is performed by 3 dimensional finite element method and Taguchi
method, one of the design of experiments. For the Taguchi method, three design parameters related to position
of hall effect elements and shape of hall effect element yoke are selected.
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[Fig. 1] Permanent magnet motor with magnetic hall sensor
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[Table 1] THD of Sine and Cosine waveforms
THD %(Sine) THD %(Cosine)
Smm_9mm 2.99 3.05
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[Fig. 2] 3D FEM Analysis for Magnetic Sensor
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[Fig. 3] 3D FEM Analysis with magnetic disturbance
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[Fig. 4] Sine, Cosine waveforms and angle information

-

3. 212t g

o2

o Zt4

Q|to] Jgke]l 7RIzt ukadE AAE fla] 27|=d
o] & 2} $1A] WA & 44} FHol| 835 ST
ozx &gk 2Hsle] THDS ANAA7| AL Flch
g5t 248 317] Hste] 3D a4t 3744] 21l AR
sto] ThtA] 7R o8t en, oI5 Fato] avtEel
THD 7|4 2ele =359t

Z47re] acle] M2 Qo] 2-gstd ZAI7E =A|

2383

OJ—x]u]— E/\]oﬂ ! gxl—_g_o]_tq 1:].
wetd ofe] 744 89l
of QRe 712 A%
37121 ¢] 3°l(iO] H, @ FERDS 37HR] £E0 2

ol 445 31 2118 98 70 3 o8 D
FEM 341& E3}o] 2799 AL 3l AL A7HHo
2u g8y FEolA HadHolnz *a ALl - o
T 74E ol gaheirt

o}L%] 7]%H(Taguchi Method)S Ao 7153t Q1R
Foto] Aol = e A7) Akl 37 A
Sh= Aot o]= A% tf F-S(SN: Signal to Noise)H]
5 Folo] 2eAo] THD B4 o & QXS 4%
B1e Aoltk. ol The 4] 33 Fale] A8 % rHo]

A7t g 5 9l

YRGS W, 437

ﬁF

mlm

2
SN=—10log,, Z 3)

i=1 M

Fig. 5= o4 71H& 913 3%
2, a3ERe] 3eES A

2 Imm# S8R

214}, 2, o), w7 7
149514} o] smmE FAl0

3 1mmA] $7F AlA4~6mm, 5HE 4

A=} Rl
o= ImmE= %—é}.‘?_i Imm& %—Z}A]%] 8~10mm= A
_]
A

Magnet

(d) = 8, 9, 10mm

(e) h= 4, 5, 6mm

[Fig. 5] Design elements

Q3% AQPAL irono 2 FFPon, & 3714 Eyloz
Ueolth, @ BFO] 1 o] ImmE T AA}0] FHE
i 3 B 2+ %08 2mmZ 3o
Fo] B AAte] AthS FHEL mdo]



S| aotsle R A4 AsE, 2013

o 39 mEe ko 2mm, & RolE 2mmite] THS
Fo maoltt.

A s Agste] 1A 23lel 355 97
o] mule MHAS F 3D FEM 3|43t & THDAYES 3
¢18}F3iTh Table 2+= A wHi S 53 3D FEM3f4] 2
Tjojc}l. Table 25 R 5H 2ES =o0] 5mm, ¥+
9mm, 8 FE}Q] 302 Sine2 2.37%, Cosine2 2.98% =
7)% mulef vjsle] THD7} 44d A& o 4 g0
of, 8l melo] Aol e ke Lehdic

[Table 2] Analysis results of each model according to
SN(Signal to Noise)
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[Table 3] Analysis results

mode | height | radius | yoke | THD% THD %
1 (mm) (mm) type (Sine) (Cosine)
Base 5 9 - 2.71 3.10
1 6 8 2 1.21 2.17
2 6 8 1 1.29 2.18

Mode | Height radius yoke THD % THD %
1 (mm) (mm) type (Sine) (Cosine)
1 4 8 1 4.12 4.84
2 4 9 2 4.07 6.67
3 4 10 3 6.67 5.02
4 5 8 2 1.57 2.65
5 5 9 3 2.37 2.98
6 5 10 1 2.52 3.09
7 6 8 3 2.02 2.51
8 6 9 1 1.38 2.25
9 6 10 2 2.17 2.69
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[Fig. 6] SN(Signal to Noise) ratio for design elements
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[Fig. 10] magnetic flux at ring shape yoke
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[Table 4] Analysis results of ring shape yoke

model heigh | radius yoke THD % THD %
t(mm) (mm) type (Sine) (Cosine)
Base 5 9 - 271 3.10
B 6 8 2 0.98 2.92
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