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Improvement of precision for linear inductance micrometer
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Abstract: To improve the performance of a micrometer inductive sensor, a design method of solenoid
coils was put forward based on the theory of Helmholtz coils to improve the uniformity of the axial
magnetic field of a solenoid coil. Firstly, the model of the solenoid coil was analyzed and the
generalized function model between the parameter of solenoid coil and the axial magnetic field intensity
distribution was established. Then, the system function model for axial magnetic field intensity
distribution was determined based on the parameters of the core and coil sizes, the minimum error
objective function of the uniformity for the magnetic field was set from the core moving range, and the
best parameters of solenoid coil by objective function optimization were obtained. Finally, a test
system for the micrometer inductive sensor was established to get its detection performance. The test
results show that modified solenoid coil improves the linearity from 0. 42% to 0. 25% in 100 pm
measurement range as compared with the original solenoid coil. It concludes that the modified solenoid coil
uniforms the intensity distribution of the axial magnetic field and enhances the measurement accuracy.
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Fig.1 Magnetic flux density
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Fig. 3 Axial magnetic flux density distribution of solenoid
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Fig. 4 Sectional view of outside concave stepped

solenoid coil

4 1 S 110 AT o s S MR AR A AR B S B0 S
I6] 0% 375 9 6 53 A1 AH HL G ZR A T SCRR BB AL, 18] 5
JIT 7 T MR A A BB 11 A5 =, A 1% B SRR R RN
B(z,) = Blaisans+bs2,) —

ZB(CL#l?ai—HabuZ;{). (3)
i=1

3 4Rkt

XoF T TR b 5 30 P J A2 S 4 110 4 W AT Tk
3 ok 2% ) DS TC B BB T 2 el ok el 3 2k Ve N 1 3
)1 3 AR AR PR BE . BT AR AR 2 8
NS E 124 mm, LB K E 9 mm, &L BN
1.8 mm, BHHHME 3.8 mm, 5 A I 2 3
£500 pm, 3X B 32 25 B @08 i 0 A% 3 X By
W W5 v W BV 2 EER S bl O 88 5.7~
6.7 mm LR,

B 4 JE7s A MR BRI MR 2R 45 2 L H e —
O BE N B A R B 2 L I RE R IR 12 37 il
W51, ABH T EEH T2 28 R BRI, B 6



194 e KE TR

5 23 &

TR AL LB B i A B AR BETC IR I K. 2R LU
L RER R 0 s s R R A A A B I B R
2, e 5 iR,

5 itk AR 2 A Lk 1 ) T R

Fig. 5 Sectional view of modified solenoid coil

F 3 (3) AT 75 Bt IR A 4 24 B 1Y) AR 48 PR R

&

B(z)=B(r.nr,l,z.)—
B(risrn.li.2.) —B(n,r.l.2.). 4)
AR A ] T SR N AR B Y 43 A R AT B( =) IR
LEP L Lonsnsn,r, o FZEML, M
T e 5 UAEUE T B 2R 0 RO i E | WA
TARAF R R A, 1 BN RN R
rn=2.8 mm,r,=3. 3 mm, W %375 B /3 15 ok 4L
WMAENRE L. L oz, R
B(z)=Bu(lL:slksz). (5)
G3 BT 0 v T A% Bl X R (=, €[5, 7,6. 7D A
By 5) 43 i 5K H TR ot IXC 1) PN G 3 o R Y e KM
Buax (2.) g /ME Buin (2,0 - W E BARBREL .

_ Bmax ( Zy ) — Bmi" ( 2. )
SR ey =€ T6.71, (6

Korf e fRFRIH B 510, e BUNRIRBES 1YY

WE LS L WBEXE.L.LE[1.9]. H
e [ A5 1 0 R i B il 4R o0 X B o) AR
(1, Jr LA R o3 A — i B AT . [ 6 T 3 ok {5
AR L, L 2B HAR sREUE e 2840, F03] A
SUON TR E bR R BB SR/ o5, B L =3 mm,
L,=6 mm B}, 37 19 35 5) P e 4 IR e IO (E
0.009, Wit iHHERIEY 1, =0,1=0 B (HLH A
B2 B e BYME K 0. 026 7, ] 201 ol 1k 70 2% P8l 7
2, €[5.7,6. TN HE AL ek Bl 1 5)

B 6 wEi¥s)E
Fig. 6 Uniformity of magnetic field
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Fig. 9 Detection performance curve of original coil
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Fig. 10 Detection performance curve of modified coil
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Tab.1 Linearity of solenoid
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$ 1w 0.000 27 0.42 0.000 15 0.25
%2k 0. 000 30 0.46 0.000 14 0.23
$3W 0.000 26 0.40 0.000 13 0.22
4 0.000 26 0.40 0.000 18 0.30
5 0. 000 29 0. 44 0.000 15 0.25
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