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Abstract

Facing the ultra-clean requirements for conveying liquids in the field of integrated circuit manu-
facturing, the ultra-clean throttle valve can be driven contactlessly by the external magnetic field
with embedded permanent magnet (PM) in the valve core. In order to realize the high-precision
spool control, a non-contact detection method is proposed to meet the requirements of spool posi-
tion detection. Distributed multipole (DMP) model and equivalent current model are used to de-
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scribe the magnetic field of the PM. Combined with the PM geometry and its excitation spatial
magnetic field distribution, the equivalent parameters of DMP model can be determined by opti-
mization algorithm. The magnetic flux density generated by the spool was obtained by subtracting
the magnetic field generated by the external permanent magnet from the measured value of the
magnetic sensor. Based on the mapping relationship between the magnetic flux density and the
spool position of DMP model, and the Levenberg-Marquardt algorithm is used to solve the magnetic
inverse problem of the spool marking magnetic source to realize the spool position detection. The
magnetic field calculated by DMP model is compared with the actual PM magnetic flux density dis-
tribution, and the feasibility of the DMP model is verified. The effectiveness and accuracy of the
proposed spool position detection method are verified by simulation.

Keywords

Integrated Circuit Manufacturing, Hydraulic Valve, Distributed Multipole, Position Detection,
Inverse Magnetic Solution

Copyright © 2023 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

TR Sk R HNG . TR, AT RIER BRI R, s pnssa st zm
JSEFH[L] [2]o 7R YR 4 )30 Tk 448 7 B A B N R TR V5 4 AR A1) RSP IR A, 0 5 3 A A Bk B R, SR B
AR F R R I [3]. SR, IE AT AE BT AR E IR b o S5 R D IR B Wl A . Rtk S T sk
A R v R ) A B A, X RS B RS I AR A B

IS 7 A B AR 32 B4y R e U AE e s AU B R 4332, 40 MOOG [4]11
GRS [S15E A, B H R 7 R LR AR A A N RS AL RS I B ot . A RAE[6]1E ) LVDT
PEFEAL ARG RO R, JE T el Bt T AR B i RS0 B, ZEEM7)5 AR HfA
AREEAL L2 AT AN AL JBe s 20 1) 6 A 7] R % ) 2R G ST B AR IR S AL RS i R sl o El T4 =X
IEEA AR B ERSL 5 RS B, o508 T RS BN Re DRk e i R M B AR i A R o . HH 52
X AT (8]t T 5T 2 Pl FRLUE — IO A% 22 T 1) 16 CA B T A IR AT I 7 v, R FH A B T A
G Al BT R I R AL B AR . e HE | SV R I AN TV, R I B F B AR IR
T 7 — P FH T 2 TR B8 1 37 R R A IS I B 2R 0 R S IR SC A B ORI . X3 RE, B9, BYR[10]
KAEET BN BRI BRI 715, R PC RIS AEAG KA A I R 5, K O RS AT SIS A o

ARSCHE T PR L I T R S X IR 7 B ARSI . 7R v I AR R ER R L, AT
W e N 7R JE I . SRIG AR T 43 A A WA BRI S5 R A BB W3 B8, i COMSOL A BR 76 73 Bk
PEXF K REARER A, SRR -5 BT 753 (T3 5 COMSOL 117 45 SR LA, WOAIE 7 RS (A 25t . B e vE4H
IR T W A I — R s S, BONE T % A VAR AT AT

2. HBESRN T(ERE R RS E AR
2.1. THE[RIE
R IR EAR S INE 1 PR, TEARRE. BERRTE . WHKEER . #0858 S8R REE

DOI: 10.12677/mo0s.2023.121017 170 e RSE TR


https://doi.org/10.12677/mos.2023.121017
http://creativecommons.org/licenses/by/4.0/

B/ AN

HERE R TR, b RS e PR K R AR R 1 R A7 SR R e 122 I A S B e 5 R T A Al A
IKWEARAE R E Bh,  HETAERE 0 RSR 3 R AR e sh RS HEAT R Bl T2 1R 1T A0 BE

%;mmwﬁﬁ%
HEIRIR KBk

NS
//
) /| [N
W////// N S
Yprsrrrsss 7 s
itk R
R

Figure 1. Schematic diagram of ultra-clean valve structure
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Figure 2. Diagram of spool force
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Figure 3. Structure of drive
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Figure 4. Schematic diagram of magnetic positioning
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Figure 5. DMP model of cylindrical permanent magnet
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Figure 6. Equivalent current model of hollow cylindrical
permanent magnet
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Figure 7. Simulation results of embedded permanent magnet
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Figure 8. Simulation and comparison of magnetic flux density of embedded permanent magnet
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Figure 10. Experimental comparison of magnetic flux density of embedded permanent magnets
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Figure 11. Simulation results of external permanent magnet
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Figure 12. Simulation and comparison of flux density of external permanent magnet
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Figure 13. Experimental comparison of flux density of external permanent magnets
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Figure 14. Permanent magnet drive structure simulation results
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Figure 15. Magnetic positioning method validation
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