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Application of Linear Motor Position Detection Technology Based on
Bread Shaped Magnet Steel
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Abstract: The traditional linear motor position detection accuracy heavily relies on the accuracy of sensors such
as gratings, magnetic grids, and capacitive grids, and the installation accuracy and cost of sensors are also high.
Based on the magnetic field analysis method, the influence of different permanent magnet shapes on linear Hall is
analyzed, and the relationship between the magnetic field electrical angle and position at different detection distances
is obtained. On this basis, a bread shaped permanent magnet structure that can achieve precise position detection is
proposed, and a linear motor position feedback experimental platform is built based on complex programmable logic
devices (CPLD) to achieve high-precision position detection of linear motors. The experimental results show that the
use of Hall sensor induction designed bread shaped magnetic steel for linear motor position detection has the
advantages of small installation method impact and high system reliability. The speed fluctuation of the linear motor
during testing is within 5% , and the repeatability accuracy is 1.54 pm.

Key words: linear motor; permanent magnet; bread shaped; linear Hall; position detection
1T B FEATLEAT RS BE e OB L o L P 43 (]

0 3 3 R R TR o S kiR 5
AR LIRS R A, IS T R LY

Wk B 407 2023-03-11; UeBMERCH H 1. 2023-04-18
* FEGTE . WL HARBHA LS R H (LD21E070002) 5 #i LA8 FLH 20 3 H (2023C01179) 5 77 i BHE QB 2025 5K % i
(20207068)
PEHERIA: I7 #(1988—) 53, A T RRIW , BIF S 05 ol SRl thl HoR AL A AR
o ME(1987—) B3, TRRIW , BF 5L J5 16 by K REFB LB AR SRSl . GEAEIEH)



2023,50(8)

Pl SR HEA | EMCA

(VAR EZREnPns b B W0 R DR E QIR AN A B i YA
PN JRE T AT P T 2 ) 1) 2 UK 8l 2 9 14 )3
PrAES

T vy it B e A Tl i 3l A 45 s SR
JCHE TR AG f H E  EA RA . OUHIME I R
FHLE , WA s UB AR B I3, 4R 73
A B LR AT R RN o (HUR SR ZR
PR RV A EAR A L, BRI L K BE 25 1Y
PRI B A AT SR B, I HL R IR MG i i
HATRSEER , A 5 32 BIOCE RS BE VN 22
TSR FE R 0 45 PR A o PR A e R 1 TR
o7 RS, B IR AR I AT I b A T 7 AR e 5
(ISP BN IS EES - PNy R LN E RS- ] R i WA W i)
REAN YR T RGN, RS IR SZ e AN, 5 20K
A BEAR , 2P e KA iy 1 P AU 5 2
Wi B2k FRATL B HE ) DA BE e sl DRk, ] i
SOR VN = RN LS o Rl AL AT S I g B [
BRI R TE 5200 B 5 AR M 0 2 3R 2 X o7 L A B
(oS, HAT R

BN IR R, AR SCAE M 4 M B R AR A
7 A DM R 2 A YR A RE il L, R I 3 e A 0 X
IKREARIRE BEA T AR, 3T 1 8 IR 22 o7 B0
INORS B A2 W), B2 H BB A% 52 BRSO B A Y
T ELIE 7K Bl VAR 2 A, R 52 24 T 4 A 12 B 405 1
(CPLD) S BLZ M B /R 1R 5 Al oy I B IIE,
SR T AL K G PR 25 R ) AR AR o7 A IR B LR
AL, {37 B P K B AN s (O B (E B A 2
AR TR % S , 2 T B TR 7 G A 5 A 1 2 R
(B AL AL AT B T TR S

1 o & A R 22

1.1 ZHEERNERFRE
BT REAR 5 WAL B AT 7 s 2T i AL b
LALLM B IR AL A | RIS 2 g a1 G
YUfe oM 22 90°, 15 8] —H IERZES, A 1
B
XS IE SRR 5 ] £
U, =U,,.sinf (1)
U,. =U,,cos0 (2)
X2 U, A EIRAG AR 5 1 B KAE L Uy, U,
I3 R T AR SR i T R ARS, 0 S L —
X A Xof L P L £

Bl L R R IE SRS 5

PIZH AR 5 i BOE VIS, T RIS 2

o Ui
6 = tan a (3)

HRAE 6 18T LA Sz W i A4 ) 07, -3 3 248 53
TR AT B LB 1A 8 RS
1.2 (EBIRESDH

X AR i 57 5 B R AT 40 BT, X (3)
AT LA Y FL LBl o7 5 ARG DK 8 B T 96 I 7K
159 U, U, WK . TG SRR R
B LA AP E E R S A, T A LA A
AR 2 o

P 1 TE 4% 5245 5 e 5 A AR R
2(a) Pi7n  WEFEEXTRL U, F1 U, 2 BREHE
S g FH H PR R 2R AN 4 1E A% 545 5 RN £ BE
AREKXRSMIIER(U,,) W2, i 2(b) Frs;
R (U )22, A 2 (e ) B s TBOR e il 0 22
miE 2(d) Fros.

B2 b AR 0 DA AR R

FrREAE N 22 B, i RAS B Yl AL AR
S22, 2R 10T 280 3R Sl 45 P A HE AL R £
JETHIA o Bl 2 AP R R 2, DL O 07 S 15 3%
Gt AL B IS AR



PSR AR | EMCA 2023,50(8)
1. 3 @iﬁ*ﬁ@. M 4Br — 1 n+1 1
= X = — — .
Sy PR N K RE A AS [ RS T s R e A T =V n%;( ) 2 - 1
BRSNS KRR T R AT T, . 2n-Dar,  (2n - 1)mw (5)
HoK B R RGBS B N 3 R, 3 TR S S r

f AT AR AN & PG
(1) Wity Z 07 10 oAk ;
(2) BROHE A TOTF K

M A 2 v W W 05 R, A A S B K
T A DX ST A 5 R R 23 AU X I B 3543 38 5
b

(3) RRERE TS T o s SN A, . A, 0 6
(4) KRGS REAG, R EE M 4345 4 R T ey (©
Izigl 4 F)"I“i_\‘o . aZAz aZA2
MRS : — + — =— e, (7)
dx dy
AHI I SRR o
TEAKREAR X I
0A,
7|r:0: 0
ay
K3 ARG RE R R R oA
—| =0 (8)
ox 2
0A,
—|,0=0
ay
TESBR G X3
0A,
_|x=0= 0
ay
Pl 4 KGR AR B AR 0] 43 5 0A,
aixt%: 0 (9)
AR A ABGE, 1 5 SR A B i 3R 7R Kk 2
REPREIBEAL RS K AL RS M () 4% 8 L L ;ﬂwf
AR IF A UGE I, I (4) TR o KGR B 55234 et b o
BEALAARHIE J. (o) 11K (5) B ORI A
M= oy L, Br DT Sy =y b
e T = 2n — lbm 27 ajf ajf (10)
(2n - 1)mx _1| =h =_2‘w=/
cos 727 (4) dx ~ ox -
PG DL EARXATG
(2n - m
90A, 4B, > o1 @n-Dmr, (28 - 1)1TxSh[ T hm]
B]},:—7=7Z(—1) sin cos .
dx T o 2n — 1 27 T 2n - 1)w
N
ch M(H _— (11)
(2n - l)wh
9A, 4B, = o L @n-Dmr, (20 - l)fn-xs [ T m]
BM:‘Ty:?Z(‘l) PR 2 sin r (2n-Dm 7
ne sh[iH]
T



2023,50(8)

Pl SR HEA | EMCA

sh[(2n ; 1)’11'(

2 kukthEE 5 OLE BT AT

T VS 7 A B
SPRAFHR/ T BRSIE K T A il A 1 AP 2 , SR A
DT IR y 5 T 07 e e BB AR AT 0 5 %
D) EATHSE ACREAHBE 13 mm, 4] 5 R
PUHLIE KBV B K BRI 1~ 5 mm B 19 T
ELREY B, 53, 1T LA, B AR P 3 T MLAE ,
73288 I\ S el ) LE S AR, LR (M8 /D o

KSR KGR H#ES B, A

X (3) A EIRRE I K B PR SRAE A A 45
S AT EAAR BN 6 Fr 7 (9 G S v AR R S 7 B
%%O

K6 REIR KRG A

HITEL 6 RIRN, SR FH AR R A G AR 7™ A 1 1 3 1%
FIMOLELR T, bR L R 2 I B YR,
IESX B A B AL AR B R R IR e v
(ELTRT -t 15 Y 1 S B R FH 9 22 2 DR 22 o) A K
2R BRI 18 AR AR A 1E 5% B i S 0t
PO BN, O B IRZEROR, N4 R i
B R GRS MEE 52657, AN T s

TEFLR BEAARIR T R, —h,, Zh 0 —F420 R, (1

H-y) (12)

K7 WA KRR

(] SRS 7 A 2 TR E A 748 A B, K AR [R) Aoz
BIESE b, Fk00F
hy =Ry —xy = (R, = h,) (13)
24 R, N 10.7 mm B B B K RE AR R R B
1~5 mm WTEE Y B, 53 & 8 Firs

K8 KGRI #EY) B, I

X (3) M5 bR T K R AR AE 437
FAE TSR 9 Fir s BT 7 v A B 5 0
KFo

9 TR AR A A

XL 6 AIE 9 w] LI R AL B 7k

T A DN ) T S v AR B 5 LB A T o7 B P
e, [N JR 22 S B B X R 15 5 M 5

E A R AN [ P AR ) 1 A e K 2 2 B g

T3 b A B RE R AG I ) 28 S AR MEIE 3% AR 5 1Y

49 —



PSR A | EMCA

2023,50(8)

AL BN 1 PR,
#1 TEEARRKBENEE

HEARIEAR I B /mm MR A B2
1 0.76
2 0.89
I TERE 3 0.93
4 0.95
5 0.96
1 0.96
2 0.97
[y Al 3 0.97
4 0.97
5 0.97

M 26 FUL5 32 Al 1 11 2 ] 05 O R SR AR 1 L5
B RFRB AR S PA AR Z R SR C R,
(R 1 58 I (] 00 X O 00 R ) 045 L
Hhf
REER R T2 (1) S Wi 1 A T8 1
BRI A BEAE 1~5 mm 15 55 4 2935 5] 96% L)
b BE R T R B R 5 (2) TET LR RN )
IR IE B M R T M B IR 254 1%,
T WA P 4 1 3 15 22 i 1k 20% , T 6 T i R
RRARR T X e iR 22 M B

3 RIS iE

3.1 RBEE

FF CPLD (W& B M55 b B R G El 10 Jip
7N, A AH 22 90° E@W%%/J\fnﬁl_ﬁ%@:fnﬁ
A0 3 R fEE T TR 40 P BT At T S
/ﬁ%ﬂﬁﬁﬁcwm9§ﬂanﬁ%@%%
PEAT R, A5 30 T I B A 1 (S B
55 FALAT B\ TR 15 5 5210 21 F BILOK 3 2%
FHHIEHLETT .
3.2 EHEEEHR

PR AL & an i 11 fits , 16 37 Bl
i BRI RGN o AL A5 5 A 3 JH R
HL i I T AL RN AN 12 B o

R Al FELATLAE AR A 7 2 2 PR o, 2 M B R e
PEESHEAN 1.5 mm, 4L T T, 7R R AR B

Eﬁ%ﬂﬁﬁé%ﬁ  FERSLL G5 0 g 422 11 SE A SR AR A
JBAES it CPLD X& M5 T #7447, e fi ik

& 10 3T CPLD ({852 b 2 4

1 HZBHL

K12 EIRERARGE LY

HLALO B 5, P b SR Bl 45 A 5 i rR LBl £
TR FHLA P A R, AL R 1 R
Bl 13 fim.

F ] 13 AR Bk L LAE S8 A7 R rh gk AT A
i3, BT R R E 100 mm/s, {H 3K 3 %
A 00 281 Fh AL SEE o R 33 s ek 50%

KRG G , B AL SR B, A0 2 A
HEE AT E A & 14 froR o FAILIE s 17 5ok
JEBEE R 240 mm/s, [ 0] 35 47 e KR B E H
270 mm/s , K2 A EL 2R B WL SE PR 38R % B /N T



2023,50(8)

Pl SR HEA | EMCA

13 FEIE RN AL E R s T 8 M astTid

L BLIE

=

i:g
e

5% , 55 RGN AR LU B2 I Sl R/
JER XS LRI 2 s

P14 LT G Y B 7 B 5t Is A T B M s A T

&2 EERIILE

] LR I B
G =50%
LT G <5%

3.3 EERERIE

AL FOE T A, B BLR B3 R T 4R
P R R I T AL P Y, ML ARG R
1.54 pm, W& 1S FrzR , BEAEIA 1) 5 REANHE BEA5 A1
L E RS

KIS R BLER A R

4 # iE

XA 5 1 2% W AL R SR 1 A
B MU 5 L 8 7 7 1 6 2 2 K RE TR 5
7 85 B2 T T 4 AEG 10 1) B, 982 414 — ol SR A T
I A G 1 45 4 10 8 AR 5 e £ TR %, S B
T AL IE 3% 9 1 A% 5, 16 WA 1A 1 ) o R 05
S A A S A 2 o R R L i e
SRR, SR Y7 K A R 8 T T 3% 4 T
T A R 52 0 B 248 v LS G 0 fr 7 9 7T 52 90
2 H L U B AE 5% LA P, T RS ik )
1.54 wm M1 LA T 76 S0, ris BL 32 o) 2k i T 4
P KR4 T

(& % = K]

[ 1] ZHU Z Q, HOWE D. Halbach permanent magnet
machines and applications: a review [ J ]. IEE
Proceedings-Electric Power Applications, 2001, 148
(4):299.

(2] JARBH, i, 555, 45, 15 f LK i LR R A0
PUBZMER R AL E A R 254 [T ] B TR
£ ,2017,32(5) :26.

[ 3] T, R4k8, B . w4 g5 88 5k 0 5
[J]. fckeeLAL,2011,39( 10) :20.

(4] FEJifd, MR, T4 KRR B LN IR g
s AL PR [T ] AL, 2023,56( 1) :86.

(5] Jeil4. ELRN A S HLAY RIS AR e T JT vk
(M. b5 Bhar i it , 2006.

(6] 253 WIHE, BRsg. F T4tk Hall #6009 1E 521k
SRS AT [T ] AL, 2011,44(9) : 1.

(7] Fmestk, XUESE BN, S T2 MR R IR ZEHMER
(LR AP R T S i VA ol E s NI R I RS
e 24 ,2021,25(7) < 11.

[ 8] Rk, Kz, MIRAE, . B TR RO B AL AR 1Y
Eﬁiﬂﬁiﬁﬁﬂ(ﬁéﬁﬁiﬁm%ﬁzﬁ?ﬂﬂ. RS 1
W ,2016,43( 11) .

(9] WUk, BRI, FLS UL, Ajr L PR R /N TLAR
TRAE TR B R A Bk [T ] R R
2022,36(6) : 513.





