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Abstract: Focusing on the problems of complex coding and strict lithography for absolute displacement
sensors, a “precise number of pole + precise displacement within a pole” method of absolute displacement
measurement using time-grating sensors with a one-pole-difference structure is proposed. The fixed ruler
of the sensor comprises two rows of excitation windings with a one-pole-difference structure, which com-
prises cosine windings and sine windings arranged orthogonally in space. The orthogonal excitation current

is applied to the excitation windings, and sinusoid induction windings in the moved ruler are employed to
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induce a time-varying magnetic field. Then, the two traveling wave signals with one-pole-difference are

obtained. After signal decoupling, the absolute displacement can be obtained using the “precise number of

pole + precise displacement within pole” method. Measurement accuracy caused by installation height

and installation error is analyzed. The results demonstrate that the deflection angles of installation led to an

amplitude increases in DC and second harmonics, and after error correction, the measuring accuracy

reached 1. 2 pm within the range of 90 mm. Theoretically, the resolution reached 0. 1 pm.

Key words: absolute displacement measurement; time-grating sensor; one-pole-difference structure;

measurement error analysis

1 3 =

s 5 A3 DN ik R R A8 P 2 s g B LR
Bl 27 AR i 2 B [ 7 75 T R 0 4 G AR 2 A Y
RO BRI S BE D R R A4, HKS FLR e 3 &
GERRAATERE . Tl BN W R R 0 U R AR A8
SR R R L B 0 i s 0 AL RS AR IR o A
P o UL B A% s, 4 0o X6 % 1 S s ) A A%
1A B 201 22, 5 i 0 A R RO TR 2 B
AL RS A R T S R

o ot AOCAE B8 12 A 2 H AT AT 7S fe 22 L I
PR 00 2 % 30 A% A% g, LM i B R A
) B 2 AN [m] () B 1 Bl 2 A 2 % A7 8 540 o )
9 8 3 4 A 2 b R B TR W E A X 7
AT 32 0 9 = b 2 A5 152 R 23531 g 585 18 O Bl Bl
1 4 5 77 2K 22 B 0 Dl B LA 2 £ 75 X 2
PICONBERLIS 4t 75 5 o B3l Oh BE LA 2 15 5
by 3 g A 5 o ) 2 TS AT 25, S8 MDA
7 3 A 4 A B o KR O B BIL A, 46 % £
SERAVE LR R R B R TR R AV E R N S A
B AR B X LE A 28
e O R AL AT 2 A1 T 27 BT GE R Al B S22 TN
TILEWBELIIE , - — 208 T — 2 1
— AN 2 P oo O BE BIL S g i 7 22 A
JE A B B Dl BE AL 4 65 22 3 T LA S
A RO AR TSR A Ay R IR B Y R
i M DU W R MR BT T — BT AR S
L2 RGE K I R G0 th 9 P47 6 TR A5 23 A
[ T i 21 B SNt S AR =
KRR A e e R 2 3 e i B PR AT S
TG V& VIR 7ot 25 1) #6875 275 R A A BR A 25 6] 9 RN

Ay B R TC A B, O B A AT
JE& oy b B A TUAR AR 207 N ER P AR
HERE @S S A, By 2 Ol TR S B R T T e
A ) TS R o S TR A A PR COR AR FE 2 (]
KA S e A 2R L W O ik [ M O
ot XoF 2 115 31) Sy ] 2 TOU 2 5 e 52 A R R ol ML %
PLEFGT, DL L ] AT ™ B i 24 35 [ 48 %0 20t
Y ot — 2 A JEE

BEXS LA ), A SCAE R A B SR 4 5
WA # A% S8 g B R A b 4R — R ORS AL E
AL A= HE LI 7 22 ROBE 4 A 0 R S B v R
ot 0 (3 B I, ] A A%k kA 2 s o 2L A% A% TR
e X 2 B 52 A AR RS I T R AROR, S B
0 A 0 57 A I

2 WAL HBIERB LN RN E R

2.1 @RS

ot Xof 2 Ao AL S A% SR AR I 25 B R
e R R, A 1Ca) BT o Hovh 8l R 3 Hi 31)
TR 8 2H T g B AR, RUAL 3 P 8 DAl 5 41 R
SR AR . B RGN B4 th n A IE LB £ 1B 1
FE AR B B R A, AP 1 (o) s o s RO 8 i &%
A IE %G U] s FIAR L B4 c ¥ JR“ L FIE %5 [l
AH 220U 53 Z — W BE X A1 S s 1(e) s . B
G| 5% il 5 21 AR R 28 4] A i T an B 1 (d) T .
e RE LY N R EL A N O B 38 il 28 41 A
HRTRIN B 1, HA B W8 BT N— 1)
Bl SR A A 44 R BE A 2, R W,
Sy B8 R R ek £ B IR, K e ROR Bl R
Yoy [0 78 AE S HE AR L



5 6 0]

Wi 19K 45 T 25 R A ey 11 2 o) 2 P S A2 5 O 5 I 138 2 R M 43

669

i R 4n

(¢) Structure of the stator

| i
; (@) FE R :
! (a) Structure of the sensor E
I
D > )
| B At
P22 2
! 2H '1_ P
V2 T eaeQeQ)m)e)eee——————————" 5 |
! =1 1| = = —E

.t |
L 3
:g Pt
i 1 | et | "Z%QSHEY
i w,/4 < » éﬂ :
' (c) E R&EHg ¢

~BEEE

s

00 XX 060 oo 00 xx 00 Iy

00 xx 00/ x\oo [fx x\oo,;x x ©oe5%

HI | 4
W/4i 100 xx 00 xx X X XX ©0 4
— s

(b) ZHREH

(b) Structure of the mover

<_

-

X w

(d) B SR | R R SR 1 oy i B

]

i
: % i
Qi X X | © 0| X X0 | X 0 XX 00 i |
: %0
oio GRA XKk O] XK O xx ©0e—Li |
oo h ) g
Q y X X © X © 0 X © 0 . :
e :

P AL ikas 4 f R B

Fig.1 Diagram of sensor structure
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Fig. 2 Schematic diagram of absolute displacement measurements
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Fig.4 Spectrogram of measurement error for different

heights of air gap
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Fig.5 Sensor installation with a deflection angle
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