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Research on digital adjustment and phase compensation
methods for LVDT displacement sensors
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Abstract : When the core of an LVDT displacement sensor deviates from its central position, a non 180° phase shift is induced, causing
a mismatch in the amplitudes difference of the output signals from the two secondary coils. This, in turn, leads to a linearity deviation in
the signal conditioning circuitry. To address this issue, this paper proposes a digital conditioning and phase compensation method based
on discrete Hilbert transform. This method integrates digital moving average filtering and Butterworth low-pass filtering to achieve multi-
level signal filtering and processing, ensuring smooth signal output while effectively reducing noise. It accurately compensates for the non
180° phase shift that occurs when the iron core of the LVDT displacement sensor deviates from the central position, and realizes the
digital conditioning of its output signals. Experimental results indicate that the theoretical non-linearity of the proposed digital method is
+0. 076% , while the experimental non-linearity is +0. 093% , showing a significant improvement compared to the non-linearity of +0. 2%
in conventional analog conditioning circuits for LVDT sensors. This method not only demonstrates theoretical validity but also exhibits
superior performance in practical applications.

Keywords : LVDT displacement sensor; signal conditioning; discrete Hilbert transform; phase difference compensation; digital signal

processing

5 REE SRR FRELIE N BE J1 458 20 AL TR A5 UG
2T,
PIAT SR BEAUZ i RS AL R AR S5 A T 25 M, 3L
22 Bl 78 R A2 B AL JE&AR (linear variable differential {55 IR B L B HAS B = A FEE5E I, LVDT {5 542
transformer, LVDT) JERO % AL LG S ML . ik EB 0 ARG S IR B A 5 S I B m s, Hrp
HATAE R AT SR S5 H BRI A A B m UERYE BG5S B h o e B 2 R 5 2 iR W
WO H199:2024-09-13  Received Date; 2024-09- 13
* ST E | E K E SO TR (2022YFB3403002) Hi H %t 1)

0 3l

T




5510 1]

W A5 LVDT (RS 15 B B R B AR A M 7 0 5% 315

SO MEASE I s AL, TR S IEEEE%EPJE#F
BHE REW SR AN H 5 T RS
FIEAS U — R FH 2 i B AR A T e Y i B EE
FEASCIUE S IHERIRE , A2 ff B9 AD598 ,AD698 45
WA EFESEBRIN AR A R K TR T v R R

Eﬁlﬂﬂ“ HORBESFE , AN H AR IERE Sy, Bk, 54T
R A5 B RS A AR ST 1) 32 L5 7 1)

LVDT PR G2 B Iy A 5 P il AR 1k 5 e
(R, AR RS R b ) e 4k Bl L i bk i, AE LVDT 44K
P S L B (TR RGP | AL
N AERHRZEE SRS RON  2 PE AIE B AR
T LA FIRE e RO, (B 37 58 FEE 5 g SR N 5 B2 ) e S TR
%), T BB 2R 00N AR AR T, 4 i i 3 i AR
PRR R 70 P R I TS0 R 2 A% 1 o 7 5 [
PR, AR 5 A T R A4 388 0 0 HRL R S S Y 3
o 4 PR 2 {15208 P Xt L 98 2 ) 0 4R R, DA R
07 R S AL L B, I L3 PR 3 S o g P PR G 3k
SRR BT AT AP e R B R A A AR T
DL F AR 2% iR A AT R 2 A e AR )

LVDT %501 2 R 538 H R 4 2 ok 3
2R Pl Hh RS S AR EOMAUE . B TR T 1E 5%
15 S IR (A (A B vk A G e /N8 23 sk o L

A JE R ) 1 80 A L3

& /v

A5 (fast fourier transform , FFT) "/ Fl = S AL B 45 4R
7, XL TTIEALE I T IR AR 3, HF AR AP T LVDT £
R AT SR AR O B O 2 O B P A A AR 180 AR 22 T 5 |
LI S 2 R 22 ()R, 30k AR 3 2 WG ) i I B e e
JE AT AN RS A R0, S EOIAT B MR (R (RO 5
TEAE SR AR — s SR FRAE

BT L3 TR) R, AR SR M T — o A R A AR
e ORI AMERA A RN BR OO E RS 7 A 1Y
IE 180°AHN 22 FT S B HAF S IR A i 22, W] I R A7 7%
BV PN CL R TR T 19 10 8 g S R R Tt S A 5 0
ZIAUURBANAE T B RS 5 1 A AR BRI . 1%05
N RO EE ARSI B A B A T — R AR R R

1 ETERARARTHRNOBFHERLME
fLMETT %

1.1 HE 1I80°HHIESI EMIBEITERENASR

W 1 FR Y LVDT 37 A% 8% a8 400 i 25 Hhoo 7
B, LVDT {7 B A% AR i WS Ik e £k P8l i AR 5 ST
S2 2 (B AR 22 A4S P BAH Y 1800, 31X — AH AV 25 X 4k
S B v R AR T R 22, 2 TS T A
32 ) 280 )8 L R G 11 R AR M I

AMERT H BRI AR AL AT SR IR
b4

~ ---S1GEEES)
e e S2 GRIE2155)
LN S ST GMEE )

| |
-1.0 -0.8 -0.6 -04 -0.2 0
i [a)/s

BT AR 180° AR 2 5 2 ) i {EL22 Ml 22 R

Amplitude difference deviation phenomenon caused by non 180° phase difference

Fig. 1

ASGEA T ST A S2 MBRIT AR 22, X5 S1 34T
HABLAMEA B ST }Mﬁ% S11 5 S2 2 [a] ity AR 37 25 1 4%
EREHAY 180°, X— kA R BR T8O BAm s 5 |
SHE|3 180%@&%&ﬁm5&E’Jﬁ%mm{ﬁfrﬁﬁ%,!jz%ﬂz
T A R IR
1.2 HFREFTHREREEHER

A AR S — Fiol (5 5 SR 5 46 31 2 B0k
HAR e, ) H R AR B — A BT 5 5 (analytic
signal ) -

Xt F—NEENES s(1) M RIAREZ S E N

(D) B HLs(e) ] RESAFT s(1) '3*5@%?

f*‘” 9(7-) =ij+°° s(t = T)dT

- l—’T - T

[s(2)]

0.2 0.4 0.6 0.8 1.0
x1073

s(1) ﬂit (1)
Fas 15 5
(1) =s(t) +jH (1) ] <2>
AT (5 B0 (2) | SCRB A IR I (5 B i o

IRAARS S, F AR R 35 3D 25 [R] 7R = AR 2 Fﬁm
ST AR A T (52 R BT
sln] =sin] +jH[s(n)] (3)
AT LB S ol n ] FIAR B R &l n ]
aln] = /5n] + HLs(n) ] (4)
$ln] =are(Ln]) = an (M0 (5)

B T 7K AR R 7 45, T LD (B0 FAR (20K B B
BT R RS S R REA TR B0 A AR LA



316 %A R ¥ R Has5k
— F R B JERNIESR 5 SRR, HIEAR BAR il B — E R

SR -INF 1] T T L5
- S R T T B
e 2 28— 5} ) S T

2

A FRAA R AL e = ZE T AL
Fig.2 Hilbert transform 3D visualization

1.3 HFBHFHIEKE
By R s 208 B T A AR B - 1 R i

1PN BRI 8 P SA B R U/ N 75 - B3 ot 2 (]I B
BEHFER.

Rl PRI AR 0 R M AG 51 N LA
HEEE, X TF— DB EE G S «[n] , HAEST-H0E
WRHEE vy n] ATRASRAR R .

1 N-1
y[n] =W§)x[n—k] (6)

A o AT 2 3k O 8 N BREA R AS s V3 R
JEE FOR TR B A L2505 A

R Bl P BB AU JE AR R AR AR 5= 3
i 7 B A% Bl P S B D B 1 RN DA AR AR 5
BOR . WAL 3 B BT R Bl S B B H RN fil
DEWAF- 00 R R BT IR
1.4 HFEHXERERR

EEL AR R T B T i — o LA i AL 32 g oz 1 8

— W

! - WEAEE, WK 50
> 0
o=
E 0
-2 I I I I I I I I I |
0 1 2 3 4 5 6 7 8 9 10
i [6) /s
— REES
4 S EEEGES, HOKE=200
= 2
=
E 0
-2 ! ! ! ! ! ! ! ! ! |
0 1 2 3 4 5 6 7 8 9 10
i [6)/s
— REES
4 - REBE S, W= 500
> 2
o
E 0
-2 ! ! ! ! ! ! ! ! ! |
0 1 2 3 4 5 6 7 8 9 10
i [6]/s

% 3

AR RN BORS 2l -F- 32 i B R T

Fig.3  Schematic diagram of moving average filtering principle under different window sizes
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Fig. 4 Butterworth filters comparative analysis of various orders and cutoff frequencies
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