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Study of Magnetic Sensor Harmonic Reduction to Improve Direct Driven Motors
Performance Applied to Platform Screen Doors
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Abstract - This paper presents the 3-dimensional electromagnetic field analysis method and correction of sensor distortion
that is used by a motor speed sensor. The magnetic sensors are being expanded due to lower price than the other speed
sensors such as resolver and encoder. Magnetic sensor generates sine and cosine waves when the motor rotates. However, the
sine and cosine signals are distorted due to magnetic noise, which makes the angle error of the sensor, generated near by the
Hall element. This paper defines an optimal design variables by using the Taguchi method to minimize output distortion of
the magnetic sensor and permanent magnet. To enhance reliability of the magnetic position sensor from sensitivity error,
assembly amplitude mismatch and the electrical angle, 3-Dimensional electromagnetic finite element method and correction
algorithm errors were performed in due of the magnetic sensor in order to improve the quality of the initial production

model.
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Table 1 Initial model harmonic distortion analysis

Radius (mm) | Height (mm) THD (%)
FEM 10 24 7.2
Real Output 10 24 8.5

S O

8 32 x7] BU9| 4F] &8 548 QA/UERAFATE
Sto] &4¢t diojgoltlt. THDE 85[%]=2 X 10]A4 &
O] FEM Simulation 219} {AlgS & 4 T} Eoh
gg Sdl 31&xute g0l THDY HHEEES AKXkl @l
& 4 QAo ®71E mot AL oldFQl ZAkof Hlst] Q|
Qltoll oJsiAl ohg ff=o] Hdstal gE & ¢ Aar o
g 3FRe ARE HEch=d A HlE 4= 9o,
THI 45 9 As9 |Qlo] & 4 Arh

A
T
=
=

18 y
mo Jm X ofo

— 4r oo
1©

R

theta Cosine

’ | sine _
AT T T \59“5'3}[3““,;‘ Sensor =TT
L EE_E - iy e Ca— NG Y
By o e s T S A
) : S
1 N
k theta -3/
e Pimax(CT) F2mis(C1) Pl = . PemaxCa) PTmniCh P min
sive J640V  TOBEV a8 g o3 3868V 1018V 1568
haan BTV A0S0V 480237 \\ Tl JEMTV  LOWBIV 1579
in Jsov 1085V 4484 \_ o o83 1895V 1015V -1568
- EE o e . 3 Jsesv iomv  1ses
b iy ~ 1aress ~ 2 e =
' - ' '
Cd o
Biatorton W)
100

1= 4996ms

(e — B0 Tigo—mna
10.0maiav] Sop .09
2 50 k5 25kSa)Edoe  Posd

J8 3 7] RYolA Z48% THD
Fig 3 Measured THD of Initial model

23 A4 AN @A Za
231 & I FH4s}

selo] e FEs AR F50) BksEiel SRRl A
of WE P ARAYS YeFA vl slo @S0 7

Sto] THDE £0] Qg Zstal §40] Adxr] {1t A4
7F QF Hot QEte] ol ZQIsh x4l AAE fls £V
el migyl EHF iron AER O]F0F QIE F7AZ
OZH A&S HAEBAIA THDE WAGHAL Sit) wWElst B4



Qlato] 3xFA FAIE EMaiAl 371A EHQQ19 AT E
245171 ?I5) Taguchi 7IHE O]Estrt. 2429
A glo] ZHEsHH EAIZE HA] A SAlo] WSEEsHHE T
E 4t ue 4 Auk mEbA 7RIS QIRKEOl, 'K, 3
FAE M FFOE L0] 429 =01 2771X] LEo]
o] Ht}. detFor A3 g4 ol 3R |IeiHes
olgst MAMIE EY diks Soto] AEAZHC] Taguchi 719
W Asdide [EEIITHY, 8], ol 41T o FS(SN: Signal
to Noise)HIE &olo] EHulge THD 542 O &2 QXE
AZ&Esh= Zolth o= T 4 92 Sdt0o] 9g 4 Qlrh

SN=—10log,, ¥, % ®)
i=1

y; = Measured value, n=Number of sample

% 49 &0 Taguchi 7IHe Igh 3QIAL, &, =0], T,
QA FA9 s AFSIE 20| 24mmE E4OE 04mm
A ESZAA 2.0~28mm=z AEsD ¥HE Zole 10mmE 4
OF smm¥ STAIA 5~15 mm=z A&EsH0] vrEd0] 7ol uh
£ THDE EAGIYLE 279 MAL ironCE IR OH, 3FH
9] Z¥dE 1lsh] flotd] E38oRE dAsto] maul £Ho| A
Astgon FAE 20mm 7IECE 0.5mmY STAIA 15~25
mmZ £A5IRICH

R Hall Sensor

1/

Magnet_N
Magnet_S

! Back Yoke

% 4 Taguchi 37FA] Q1A+ AH
Fig 4 Designation of Taguchi 3 factors

2.3.2 Taguchi 718 H &%t 3D FEM

A MEHE &Hgsto] 37HK Q09| 3¢Eg 97K Bdl
g A7Igt ¥ 3D FEM diAst & THD ZitE FQISIUTE & 2
= XN HigHe 56 3R {otead diA daoltt § 28
HH 4 REe =0] 24mm, Y48 10mm, 83 4 2.0mm,
Total THDZ} 291%% 712 Hdo] H|slo] THDZF dad AHE
g 4 AYon, 5H Hdo] MY Fe e UERATE meEkA
Taguchi 7HORE Z}Zko] @9lo] AZolA] ojmst ¥&eS x|
=X gotdr] 215109 SN(Signal to Noise) HIE HAEAMOR
sto] s LERNHE I8 59 AT

Trans. KIEE. Vol. 64, No. 11, NOV, 2015

¥ 2 SN(Signal to Noise)ol| W& FEd 2
Table 2 Analysis result according to Signal to Noise

Model Height Radius Yoke th THD %

(mm) (mm) (mm) (Total)
1 2.0 10 1.5 6.57
2 2.0 12.5 2.0 5,74
3 2.0 15 2.5 6.73
4 24 10 2.0 291
5 24 12.5 2.5 2.62
6 24 15 1.5 3.24
7 2.8 10 2.5 478
8 2.8 12.5 1.5 447
9 2.8 15 2.0 3.76
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