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Study on error dynamic sampling and compensation model
of the time grating displacement sensor

Yang Jisen,Zhang Di,Lu Yu,Wu Zhuo,Zhou Run

( Engineering Research Center of Mechanical Testing Technology and Equipment, Minisiry of Education ,
Chongqing University of Technology ,Chongqing 400054, China)

Abstract: The compensation effect of the current dynamic compensation model of the time grating displacement sensor is affected by the
speed of calibration platform. To address this issue, an error compensation model based on cubic spline interpolation-Fourier harmonic
compensation method is proposed. Firstly, the periodic distribution characteristics of multiple probe and whole cycle error curves of time
grating displacement sensor are utilized. The short period error is affected by the speed of calibration platform, and the “dislocation”
error is introduced. The dislocation error directly affects the compensation effect of the short period error compensation model. Secondly,
the cubic spline interpolation method is used to locate the error sampling position accurately and reconstruct the short period error curve
accurately. Finally, according to the reconstruction of short period error curve and the method of Fourier harmonic compensation short
period error compensation model is established, the error compensation effect of time grating displacement sensor is improved.
Experimental results show that the peak-to-peak value of short period error decreases to 1.7" after using the compensation model. The
compensation effect of short period error is better than the traditional compensation model based on Fourier harmonic compensation
method. When the calibration platform rate is 3 r/min, the compensation effect can be increased by 56.0%. It cannot only meet the
working efficiency of sensor dynamic calibration, but also meet the demand of sensor high-precision error calibration.
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Fig. 1 Principle of field-type circular time grating

displacement sensor

G IR B R 2 s ph B2t p RIASIRRN 2 e A p A
SE T Sk SN P 1) 1 - AR 222 p 4> B Sk i 2k el
PR T RERE I, TAEI 78 58 T30 2 Pl v e A [
AR KRRV AE ARSI IAR 22 120° LI (8] -3 2 1E A2 %
SR = ARSI E S, 73508 -
i, =1 sin(wt)
i, =1 sin(wt — 120°) (1)
i, =1,sin(wr — 240°)
A 1, NAST AL TR BIR IR ;0 S SCUR LR ORI . K™
A et S B AR E IR RS B RN R
v=—" (2)
AP o RGO R BE o f by F IR R AR s p 7 I Al
PR AL AR A R B, e i S K A D Sk 5 gl i =k S
IOk B H R H A (B I T AR 2 AS [R) B A T A5 5
T I PR A TR 5 AT FOAH R RT DA B L A ) 1k

AR .
HZ%a (3)
a:360° (4)

p
Ko, 0 FoRis Sh IR Shiv 0 B s AT 27 WIS A7 0%
G T HHE2E; T, FRSHE TR ;o H2S Y5,
1.2 BB ERRR =5

R 37 3 [ B 57 A% St 22 T S S nvy 45 ) 5 [ )
S5 DA S5 0] T R — o7 B Rk 1 3 2 R DA [ i 23
B8] (360°) 15 JE 1 () 45 B i I A S A A



% 6 1

Wk AR A5 A RS AL R DR 22 S AR S AMEA TR 5T 11

ZA sink( 6 + na) (5)

A kjﬂla%%l PR AL Nk IR s 0 D R
BRI B0 R 0 B8 5 o SRy A A8 A T Sk 2k B Y 2 8] 7 78 24
o p ALK YA IR EE R

Af = 7[ ;Aksinkﬂ + ZAkSink(e +a) +

--+2Ame+(p—Ua” (6)
,\tf%fc~ n BN SR .
A6, - L. A, [sin k6 + sin k(6 + a) +
P
« +sink(6+ (p - 1)a)] (7)
X (7) HEAT = A AR s T A
p-1 (P
! cos > * no sm2°na
AG, =— A | sinné +
' nf 5 e
sin|— * na
2
sin(p 1 . na) sin(L . na)
2 2
cosnf (8)

1
sm(? . ncx)

FA () FRARK(R) ATt
A sinnd,
{0, n # cp (%)

1 3R AT e 2 (9) WAL, B A B A Rk A 1 22
SR S5 PRI R 0 # cp LAAMOS B iR 2515,
PR JA (0° ~360° ) il 1 1% 22 I £ AN 2 s

n =cp

A6, =

n

J R R 22 2%

WZEN")

2a pa
FIE/(°)

2 W RS A R as e 22 i £k
Fig.2  Error curve of the time grating displacement sensor
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