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ARTICLE INFORMATION ABSTRACT

Linear and angular displacement measuring encoders are the most important measuring tools in the
industry. Linear encoders are widely used in various positioning applications, such as numerical
controlled (NC) machine tools and factory automation, since they are essential for precision positioning
systems. In this study, a capacitive-type linear encoder with un-tethered slider is designed. The main
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components are made of printed circuit films. Hence, the encoder can be set up in thin inter spaces or on
curved surfaces. The encoder consists of a long receiver film and a short transmitter film, respectively
containing four-phase and two-phase electrodes. The transmitter is used as a slider and the receiver as a
stator. In order to designs an unconstrained slider; the encoder employs a unique approach. Electrical
power is supplied to the transmitter film by electrostatic induction which removes electric wires from
the slider. In this study the encoder was built using a new signal processing circuit and its performance
was evaluated. The new signal processing circuit is more compact and facilitates using this encoder for
trade purposes. The result of experimental evaluation shows that the encoder has £20 micrometers error.
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Linear encoder
Wireless slider
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Fig. 2 Equivalent circuit model for the encoder [10]
[10] 55ls 0555l Jolra (53 2501 Jre 2 JSit

e polia Sea Cy, Cap Ciar Cios Gy Ci, Coor Cont i ile ol o
Sigdse Lateies B lse s pwiin Laly, Liwg 45 aiied ke
5 ol O (S 2SI sl ot (Lt Oy g 0nis) qlrasle Gl X e
15 wale B 5l 27 Joleo a5 ale Jitle ol S5 JSew X 51 4P
o L o5 Wil oo owiil Comdye al C(6)) b culy ol oo
@ ol polie bwg culpe plo wsdce et (s )E ok 4 (g
bl @b slas Loy ol Ssdie et B b
RECHVSNE CORUN NERPSN e

(lophy2) b eyl o alal, (3515 calyo pmjile 5l oolinal b
25 ke (4) alaly & 900 Gl 1) bl 5
q=cv (4)
g loj)lh Shled ol i 4 a5 8X1 glajlo 5l ass)le V 5  adasly (ol 5o
Al oo Jlige y cotia slaslidg

o J6es ol -4

o glinl QW lasg xSl & G5 slaglidy eSSl (sslal el sl
Slewsle Vol sty cnlplo 09d o0 Jloel wiinn 8 5 7 sla Jle 5
V ={vy,v2,3,04, V5, V6, Vsinwt: ~Vsinwt } ()
Jlee! slajly (slaysly (w35 2 5 5Ly aels o i @ 9 Voakaly ol 5o
Sl aiiws palasl Vg U Vy slaildy awe oWl slasg mSTI 5o ool
55 sn iy (6) alal, 2ypo 4G 5L o

q={0,0,0,0,0,0,97, 95} (6)
g sl 4 JiKw ae lawgs oud Jlosl slo)le G 5 O7 alail, cnl o
a8 S Sl 0 28 AL alee s sl et sl il o I
4 slasg oSI1 slaslls YU (5395 odliel b lite 51 szl b oS 355 so
Loy @ Sl ASme w4y Wade pSojll 5l
401 sladlesy )b (28 crl ek oty wales by g 28U 5l
e g2 @ ) og wale> jao 556 95 Slalae i b g wals o
Vg 5 ViV, V3 ol 5ty (4) doles 10 (6) o (5) 5 (1) aloles cyols 13 L
e o (7) Ly,

V, = K.vcos(8,) sin(wt)
V, = K, vsin(8,) sin(wt)

Vs = —K_.vcos(6,)sin(wt)
V, = —K_vsin(8,) sin(wt) ™
(] o oy (8) alaly 51 Ke alal, ol o oS
2¢iCmy
K, = (8)
© —Ack, + (¢ + o Feg)(ese + Cp)
155

Two-phase
transmitting Moving Induction
clectrodes dircction

clectrodes

i Detecting
Stator Induction  Slider  Four-phase circwit
clectrodes receiving
clectrodes

Fig. 1 Schematic diagram of electrostatic capacitive encoder [6]
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Capacitive encoder Signal processor
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Fig. 9 Output signals of V, and Vg for 4p slider movement
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Fig. 15 Photograph of the fabricated encoder (right) and
signal processing circuit (left)
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CS o Gl 4 S 5 (295 Sla S o sl Sz 56 B 12 S

mj)il
Excitation
signal
Ve br
\ Zero
" ' point
Clock
signal
Start Stop
v ) \ 4
7
%%
Count
operation

Fig. 13 Operation timing of converting phase delay to pulses
JES 4 36 b sl Gl Gyl anils 5 £9,0 oo 05 13 YIS

3 osleis 16 095 1395 sls i (e Suilke waiie


https://dorl.net/dor/20.1001.1.10275940.1395.16.3.31.8
https://mme.modares.ac.ir/article-15-8329-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-17 ]

[ DOR: 20.1001.1.10275940.1395.16.3.31.8 ]

Ve 9 (g3l (s

S5 lianlg piSIl S I 0 Slianl b Shod 3l )39l K3 Aswsgs 9 il (Alxb

S5 dmi -8

b Seltils 2SI Gl 5l oolind b 5l 0sSl 5y lie ol 5o
e b 5l g0 0 00 nS g e 35S0l cl o b Jelos g Sl
3B 50 5 05,5 5 Jlex Loy 2SI (ghls HooSl ppl aiload cunys ol
sloog 1S A5 g ey So 800 abuly (slasg Sl AlS sl oditusd
Gkl oot loog S oS iU 485 el g Sxa 400 o0 S
P S 975 @ il alpln Dedee Bime (Sesliwls 2SI Wl
Slp sz JESw Kol Jlae Sy Ghagh cnl 50 S 0033 Ceand
el 5 o33 oS pz> g 5 ab aisle 5 oLb sl ol
St Jluzms Dz ple 4 Jlail sl 1) o) lilbn] b g >
Ugei Sy (53, o el slagialesl b Lales 05T (o oal8 Slogs]
ol s yheg S 120 (1 (llas iSTa (045!

i g g -9
sloyld b iegh ol 5l coles gl ST oRails ciwghy cogles 5
Do o008 o S5 1392/11/7 7,40 92/11672

&l -10

[1] K. Sasaki, Electrostatic capacity type encoder, US Patent No.
4788546, 1988.

[2] F. Zhu, J. W. Spronck, W. C. Heerens, A simple capacitive
displacement sensor, Sensors and Actuators A: Physical, Vol. 26,
No.1, pp. 265-269, 1991.

[3] M. Gondoh, Electrostatic encoder and electrostatic displacement
measuring method. US Patent No. 7199727, 2007.

[4] M. Kim, W. Moon, A new linear encoder-like capacitive
displacement sensor, Measurement, Vol. 39, No. 6, pp. 481-489,
2006.

[5] N. Yamashita, Z. G. Zhang, A. Yamamoto, M. Gondo, T. Higuchi,
Voltage-induction type electrostatic film motor driven by two-to
four-phase ac voltage and electrostatic induction, Sensors and
Actuators A: Physical, Vol. 140, No. 2, pp. 239-250,2007.

[6] F. Kimura, M. Gondo, N. Yamashita, A. Yamamoto, T. Higuchi.
Capacitive-type flexible linear encoder with untethered slider using
electrostatic induction. IEEE Sensors Journal, Vol. 10, No.5 , pp.
972-978, 2010.

[7] T. Nishijima, A. Yamamoto, T. Higuchi, A flexible sensor
measuring displacement and bending, Measurement Science and
Technology, Vol. 20, No. 4, pp. 045205, 2009.

[8] D. Kong, W. Lee, W. Moon, A technique for drift compensation of
an area-varying capacitive displacement sensor for nano-metrology,
Procedia Engineering, Vol. 5, pp. 412-415, 2010.

[91 M. Modabberifar, Positioning dielectric sheets on an electrostatic
induction sheet conveyor using a built-in displacement sensor,
Review of Scientific Instruments , VVol. 84, No. 6, pp. 065001, 2013.

[10]A. Yamamoto, T. Niino, T. Higuchi, Modeling and identification
of an electrostatic motor, Precision Engineering, Vol. 30, pp. 104-
113, 2006.

3 osleit 16 095 1395 sls )i (Hurde Suilke wiiie

==Video Measuring Machine

Fig. 16 Photograph of the experimental setup for evaluating
function of the encoder
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Fig. 17 Measured error based on the video measuring
machine as a reference for 10 and 4 mm displacement
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