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ABSTRACT

This thesis proposed a method to implement a demodulator for resolver signal.
The demodulation technique is based on the use of sample and hold (S/H). The
control signal for S/H is achieved by phase locked loop (PLL) with EX-OR gate as the
phase detector. The behavior of PLL with EX-OR gate as phase detector provides 90°
phase shift between the output signal and the excitation signal, which is used to
generate timing for controlling the sample state of S/H to be at the peak amplitude of
resolver signal. This thesis also proposed a circuit technique to demodulate a signal
from a linear variable differential transducer (LVDT) based on amplitude detector. The
LVDT demodulator consists of the comparator, the peak amplitude-finder, the sample
and hold circuit (SHO) and the summing amplifier. The peak amplitude finder is
obtained by the phase-locked loop (PLL) and divider feedback to generate the
frequency doubler. This peak amplitude finder generates the control signal for the SHC
to sample the LVDT sienal at the peak position. As a result, the output signal from the
SHC is accurately achieved and linearly proportional to the movement of the core of
LVDT. This technique determines the LVDT signal at one-fourth period of the excitation
signal. Therefore, the response time of the proposed circuit is provided in a quarter of
the excitation signal. Finally, a feedback technique to compensate for the temperature
effect on the output signal of the LVDT without losing the sensitivity is presented in
this thesis. The proposed technique is based on the use of a voltage-controlled
amplifier to scale the amplitude of the excitation signal for the temperature
compensation. The proposed feedback technique provides both the proportional and

integral control action to minimize the error caused by the temperature variation. The



sample-and-hold circuit (SHC) is used to obtain the feedback signal and displacement
signal, where the control signal of SHC is provided from the LVDT output of the peak
amplitude finder. The maximum relative error of the core displacement signal can be
reduced from 6.52% for the uncompensated scheme to 0.098% for the compensated
scheme at the ambient temperature of 70°C. All three circuits configuration of the
proposed scheme are simple and inexpensive. The performance of the proposed
techniques are confirmed by experimental implementation using commercially
available devices. Experimental results confirmed that the performance of three

proposed circuits agreed with the theoretical analysis.
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v, =V, sin(at) (2.1)

T Y
o [

vnaInNAENd Ly war Ly, saiiedyann Vs, Wae Vg, NTuiUfwataunui

LPADUINAUVLID19BS Bedaned Ve, wag Ve, Wulumuaunisasdl

Ve, =KV, (1 - DIsin(at - ¢,)] (2.2)
el

Vs, =KV, (I +1)sin(et - 4,)] (2.3)

do Vo JWuvuingegnvesdanninsziu v,
waz ko WuAianulives LVDT
n tHuduvsgugvisedumisgnedes LVDT

I Wudunualnuee LVDT

¢, Jumandouldszninwamealgugiuazunaianfend

Fouay10u018ne (V) 109 LVDT Misedgyaauiiunneinavesunainyisiinilaain

Y

V, =Vg; — Vg, = 2KV, Isin(wt - 4,) (2.4)

o1 kuag v, duamsiiudrvuinvesdyaianedng (v,) ves LVDT axiludadiulaenss

[

Ausituvdauny | vae LVDT dysyrautadinm (v,) ves LVDT vsadya1aiiunn19ves



eyl asdudyaanegandwuin dalunsdl LVDT inldiiemsseznisinioud

Y v v
o Id ¥ IS N
Fududedinsivegian
LVDT fifefnansegrsiminbidundemiluvszendldau falilassadeanide Sy

& Y

lunsinssesludadu dauazdenlunisinigs liusadeamuitiosanliiinsduda

- o g val v a ~ oA A A = o
VBILLNULLHLAANAUVNAIN ‘Vl'ﬁfmll@']EJﬂ'ﬁl%ﬂ']u%iﬂ'ﬂuquLLaZlIﬂ'J']ﬂJu’]L%EJQEJV]EZN LLG]ﬂﬂJ‘ﬂQQFJ

a

1 A & Y o w A 1 ' o A a d{' A
Wa’]EJG]E]EJ’NWLﬂu‘UE)GD’]ﬂWUEN LVDT ABATATINLANATIVDILIINUN VAR TNV U LHDUNUN

Y

[V
a QQJ v

\ndeuiiogiiduwmisnasuesvnmnyisginiaedidugududaziamiifian vailidesnind

Y

v

ANNUNITEIINVARIAUTUN LAY YRR IR AU 7 Selaiutusumisuny

EouI:El-EZ
- —
Ny
tSi14 P 14'S,
.. .l
MAX LEFT MAX RIGHT

5UN 2.2 usssueding tounu LVOT aglushuvsiunnsnaiu [22]

AVd

Linear | Range
- >

5UN 2.3 useruednnvas LVDT Nimsivdsunlasegnagad [22]

QQAJ o A ' o < a a A 1 '
uanNUUTuNAWanDN1TNIUTDY LVDT A E]ﬂ’]iL‘UﬁEJULLUﬁQE]EuMﬂlI LUBDIINASEINAHD

Ud

ArAusunuliinvesvnatnUgunl UuA aLﬁa@mmmwmu AAUAIUNIUIN A

3

L‘WlI‘U‘Ll Mlvinse LLﬁlWﬁ?Wsﬂﬂa’]ﬂﬂﬁug uamnay szwzmmammmmmmmwm LVDT [1] “ZN



o & v o« & 4' a =t v
ndunesinisesnutuy LVDT ‘Vﬁa')qfﬂiLWE]SUWLGUEJNaﬂigmUﬂqﬂquQN%QQ31@]ﬂa’n

SnYardYAluUNg 5

2.1.2 Slwades

Swanesidunsuaiwesvlanisidnslinusraunsnarslunisinnandoud
Begy Aadumis wazfaeuidh  ddleanesiidededuFosmnuiniedegs fina
LIS IVUNIY wazarunsavinauluaninwandeuaaanssulan dnisunsleanesly
Uszendldnuegnaannuaneislugaamnssuviuens Mlugunsallumamms gunsallums
nswnmg eunvuelii eana wazisens [16)-[21]

Tagslvanesaeiizusauwazn miauansdsguin 24 () wag (1) uazihaasiaiiousssy
7l 2.5 FausznevlusovnalnUzugiidndulsnes 1 4o uwazvnatayiegisaduan
awmes 2 gn  ndlusumisivigmsingiy 90 ssm Fasenitunainley (sine) wazunain

Y

Talead (cosine) Faaunsnasuelanadl

1 Rotary
Transformer - Reference Winding

SIN and COS Windings

(n) 3Usevesslealies @) - AWFAVINUDISIDADS

Ul 2.4 Slwanes [23)

dleteudyanamssiunseiu (v,) IiludagraluiliiueeainUgugiasiliia
W9 FeunIsn 1
V,, = A, Sin(wt) (2.5)

ex

9 dye I IuUNTEAU (v )

o))}

A, A8 AMUuAvRsdaIMnTEAUY (V)

'
1 a

o Ao AMNDTNvesdyInsEAU (rad /s)

R

t Ao A8 (s)

(%
Y P

lnwagladygrauuswuivnaindnmnesisasdianu



Vg, = Asin(wt) sin(&) (2.6)
Vg, = Asin(et) cos() (2.7)
do Ve fe dygausadiuiivaainawinesunusn (v)
Vo o dynamssiuiivaainammesuadiaes (v)
0 Ao AyuRNUYUYaLslgaLIes (rad )
A R mmﬁeﬁqgﬂﬁmum‘[ﬂammmaaé’agmmmzﬁu A hazdnsInisaiy k

FERINVANIAAALADTLAZUAAINLIADT 1ne A=KA,

s4
%?'zing } _ Ve=ViCOS(9)

X~ - &

iy SIN
: :#t:% -
._' |_§3

Vs =Vr SIN( 6 )
81

5UN 2.5 199siailauvasiieaiad

excitation signal

| I
| I
s 0 |- TV — i g
| | | 1 1 | | | |
| I i | | I I I I
-1 1 ) 1 ol L £ 1 1 1
0 2 4 6 8 10 12 14 16 18 20
sine output
1 T T T T I T I
1 | I [ | I |
< I I 1 I | I | | I
2 0 | i = 1 =1
= | i | I I i I | |
I I I 1 I I |
-1 | 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16 18 20
cosine output
1 T T T T T I T
| I | I I I I | |
@ I I I I I I I
3 0 1 a o A
>° | | | | | | 1
I I | | I I |
-1 | ] | 1 1 1 ] 1
0 2 4 6 8 10 12 14 16 18 20

time (sec)

JUN 2.6 dyaunseiuuasdyintednavesslealies
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= o 3 a a &

Fadyay oo nansaenUamIanRegivesslvaied [WudyyIMegan g Aan
&

T o q

lugun 2.6 fnudesinsaveqaniieliladyaaednaiidudyanaled waglaledille

q g

WlumAyuvesnumaNRneg

2.2 ITUUAIUAY

2.2.1 NMIAUANLAZIZUUAIUAY

nMsmuauAe Midndunsielvinadnsideanisanssuuliuiuasuniuaid
U 1386181984 (reference value) lnsutsnmuanuazn1sAIuANlAaaITEUY ABTEUY
muAudsile (manual control system) Sswadwsvosssuuiiodunisindulavesnssd uay
spUUAIUANSATUITA (automatic control system) Fanadnsvasszuuiinandndulaves
sruuled Maudagtusvuumuausaludaddldsuauisnhmussendldaudimnss
wazduinemansiduettenn 1Hun seuuniuauemmnitara Ity ssuuususd sEUy
isesvanadesdu sruutuindousasud Wudu uonanntuszuunauaudaludfds
Usegndldaulunszuiun1suanTa st ugaaInnIsy NIUNNS IN¥ASNTTN U9
idadldlniiuasaisdrunisnuaeningieg S1uann waedieanuintdumealulad
diannseiind Felinrsunmsasdianusedndunlddwiunismvaudmaliszuumuauiiniig
\flBans s (precision) wazdlamnuusiugags (accuracy) wazi3enszuufananninszuuAIUAL
wuudLanunsedind(electronic control system)

sz‘uumuauﬁugmﬂazﬂauﬁwmﬁwﬁq (reference) r #AIUAN (controller)
feysy1aumauAs (control signal) k ﬂi%‘U')uﬂ’]iﬁQﬂﬂ’JU@ﬂJ (plant) wazNadWs (output) ¢
annsaudsldaeslszinvAasyuumuauiiugiuniossuumuauuuasda (open-loop
control system) iuszuuilifldhnadwstounduluiiouiisuivdunmsanslusud 2.7
FEUUAIUANKUUIITUA (closed-loop control system) n3a5zuuAIUANKUUTBUNTY
(feedback control systems) [uszuufiinstwadnsiilsdeunsulussuiieuiumdnsds
ileUSuussdnanalivizduanslugui 2.8 Tngnsaameiainuiianain (error detector)
INSUTE UL UMY Y IAIAURANATR (error) € INNARTNTBIAIDINBY T LaZNAGNS

c [24]

B NAANT

3.
o

Y GRER, > ﬁQﬂQUQN > NITUIUNIT

foucunoe | Mansamauas

5UN 2.7 syuumunuLuuILla
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k
FARILAN o 4

Aryoynnu ngnFaAILAN
AYLIAN

nIzuIuUNIe NARNS

doutlaunau

5UN 2.8 szuumuAuloundu

2.2.2 HDYININYDITZUUAIUAN

mseuRutieunduarlinadnifiiesmssuazudugiilofinsimunamfuysaneg
Tusgvvognwmingay ualunisldauluaninasstadeniousna adausunIUAID 19BN
waé’wém’%adau%u%aﬁswlﬁﬁqLLamﬂugUﬁ 2.9 Fudefinissuniuagnadanodymio
5UNIU (disturbance) W 819AAUNYIMIABNITAIUALKAANS Hlosnuasananenaviili

inn1nteIan (time delay) Lagenauslegluudazdiuvesssuunivnudsdanalminnig

LbAINVBDN
frunnndsunau
4w
A\ ) = NILULUNNT ¥ I
ANE98 AIAILAN \ NARNE
ngnFaAILAN
doutlaunau

a o

Ul 2.9 sruumuauieunduveiidyansuniu
HAANSHAZNITHNIALANTINAUFaN 1IEUNRANADINTT AR 19101 5aRA1 T LA N
L@fe NI (stability) maaizuuﬁ?w] Tagansaunanadwnuslng (pole) vosszuuluszuiu
s TaodhAsumising (pole) vassruvaginuinerasszuny s dainmsunisingiu oy
ndugnnzundtdenaninuly wagisumiddna (pole) vesszUuagULLAUTUAN YD
szunu s viliAansunisnsit uazdnAiumiising (pole) 19958 UUBYMMUINTBITTUI S
rnveImILiazfivtuanliansanuauldviessuulsiaios (unstable system) fatfy
nseenuuuszuUisiianudndudesesnuuuliifiafosawiign Tnelduvudianimg

e nveenszuIunsignauaudundnlunisivsieiuareanuuulidulsiiamanean
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wazsmuauansaUTuasurmuUslaazmnlagldfmmuaunuudidnvseiindgaanuise
YALBEAINIIAazAAIAelunszuiun1signatuaulvssuulaesauiiadesa

9Ule5IAL57 eansIas ke

2.2.3 NARBUAUDINIIAN
lagnalunisusvendinuandidnnigvesgunsaivasszuumiuauileuld
HanauauaetiAjvatsuuisuiun sUoudyyudunasuutudula (unit step) waza

AuaNTRI Iz YamanUaLDIMIAlAeTI LU TUFUT0INANDUANBINILIANYDITHUY

dudunilauagduiuass daanslugui 2.10 uag 2.11 aua1su

Cit) 1
slop= =
1 : :
M WA AS
n o o M
O 1N 0 O
® o O N
T A4 e
T 2T 3T 4T 5T

5UN 2.10 HaROUALDIMNAIA VRIS UUS AUl [24]

Cﬁt)

_________ . 2%-5%
oM Ny

X
>

° <t t
<t

D [ >

SUN 2.11 HARBUAUDIVNAIAN VBT UUSUAUADS [24]
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2.2.4 paautRvesdulsznauluszuuauay

drulsEneaureszuUUAN (control element) ApfAIUANLALATEUIUNSTGN
aruay Tnefinuand@figndrdeassdnuuzfenmuantivesvuinfioufuinaivie
NaREUALDINILIA WA HANDUALaWNAE (et udelon) Insunfnaneuauenaian
%é’ﬂq@aﬁ’uﬁmmmﬁmLG?J’WLLUU%’uﬁulm Wienuazanlunisesutenadnslataauiaieuld
Tunpgmamnssy drunaneuaussmsmudiadidudielewazldlunsiinseiuay
ponuuuszuumuaNilounduliiiussaniaingsgn egslsinialuszuumuaulagiialudl
drulsznavnazauautiuuslidu 4 wuu ldundrudsznausuudadiu (proportional
element, p) @1UUTLNOUTTUULUUDUTNTE (integral element, |) @1UUTZNDUITUULUY
wuudnainuIndudinga (proportional plus integral element, PI) dyuusgnauiuvayiug
(derivative element, D) Eh‘u‘dizﬂ@ULLUUﬁ@?humﬂauﬁuﬁf (proportional plus derivative
element, PD) @ulsenaukuudndinuindufinsauinauius (proportional plus integral

plus derivative element, PID ) lnganautfveudardiuaninsaasulanmisnd 2.1

M1319% 2.1 AnEndRveITTUUAIUAN

JPUUAIVAN Rise Time Maximum Setting Time Steady State
{tLh Overshoot () Error (ey)
(M,)
WUU P an il Wasuuasiio an
WUy | an \iay i A9
LUU D Wasuudasiies an an Wasuulasiios

2.3 MsfAupQLaALUUTLATH
2.3.1 nMshuaganuuuTlasid

nsfnegianuuudalasia iWunsvilidyganddundufuunlaenisaudygyio

A7} U T o

Ao o o PN

AnudfudyuvuInenaty Tnefiagdedanuiuazinansesiudygyimvuinuegiadu

wazdnolU11999nT09AURAMWINAIIUN 2. 12 Fadgyaandunivlaleivesasuogian
LAZALDALANDIRNANNANNTINUALALNAIZAATY FINUILUNUANNITOIRNAVEIITTUBN
Yo - A o o a o & v o d' ¢ e
wnldrsaun1si 2.8 wasilloidyiaensvegan Indudesloudyyinmaunis talguid
aa v Yy T I ) o 13 = Y
Auanseiule wiaszsneiy Anuaingagldaunisiendnnvesasivenan wt) M

AUNNSN 2.9
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H(w)
y® it 2 |y [cos(6, — 4)]x x()
—-W W
cos(at +4,) Lowpass filter

U 2.12 msdmegLanuuudslasia
y(t)=x(t) x (cos(wet + 6.)) (2.8)
wi(t)=y(t) x (cos(ewst + @) (2.9)
dlounuwmen y(t) e @umsi (2.8) Tu (2.9) 9l
W) =X (1) x (COS(@_t + 6.)) x (cOS(cost +¢.)) (2.10)

dloufaunis w(t) azls
1 1
w(t) ~ X(t) x (cosRar.t + O + @) + . X(t) x (cos(O. + &) (2.11)

91N@UNITN 2.11 yiliNsIudn R wit) Smeniidumennd uias uasmeuiifenis

v
[

I ) v =2 14 a0 ! = a Qo
ABLNDNAINUDAN AINUTLEI99TNTBIAUDANY TINTTIAUDALANTLY LY 1UVDI LVDT wae

Slwaviesiiunifimsihwdnmstilldifeniszey Wensumiauvewmny

2.4 yaswladengy

2995ilaiengy (phase lock loop circuits) Li‘]uszwﬁauﬂﬁuLﬁamuqmmmﬁ
Ingl¥38mauieuifisumanisnnuiiondnafuianiennuisnsds Adeudiunain
ANBUBNMFENIFIUBUNATBITIUY Tareasinadengy Usenoumediudify 3 du e
192595733Umla (phase detector) 2995n583AUBAIEIY (Low-pass filter) way19a3riiln

doyayauauAnlagl ey (voltage control oscillator ) faguil 2.13
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0,,m
0,,0, 0>™o

— > Vy Ve Output

Phase Low pass
detector filter » Veco

Ui 2.13 29asiiadengy

[

Ineidyaasingg Twasaswladengy dannumunensd

o A9 AuDTauYedyn 1ne1Nes
®, PR AuDgauvasdynednn
V, A USIAUIRnAYeeNRInsIaduLIla
V, A USAULDIRNATeINIINTBIAINDA N
0, Aa - wlavesdyayaBunn
A [ (3
0, AD - Llavesdyn meIing

k% YY) (3

143399293 AYI MU s UL s Ud ey 198 UR QY Y 1D 1NN VD 99995

o q

a

Wileduaumuaulaslsiiy nenluduniu1a8 i 0, kasaudduy o, AU

Do

Fyanauandnavessidadypiamuaulaeusiu 1tla 6, wazaudduy o, 1Wu

dyaadmasuauunns . dmsudygianedng v, 393339sa50930a ez dudndiu

lneasaiunasiiaa 0, senindayiuensds dudyniaefinnvesasiiindayyin

O Ag7] >

AIUANLALKTIAY (VCO) dIUn99INT09AUDALTIMTNNNTOF QY100 NA V, VB335

[ v a

asduialmTeviu Wudyuralniinssuanse weludyyradunaliiulieasiiie

] q

o

doyaaumunulagisedu lnedyaraueidnnvenasiidadyaamunulagusiuiaggn

A

a o

Uoundulidudyaadunpvesasnsisduna wazindausswiulnihpainafoutu wield

[

AuANN1sALlaALDdy 0N YINRsI I ndy g umuANlaewsiy TiauaaIa
« Y] a & a0 v PN = ! v & Aa W
wasuaveId B uNRTIdelinteean nienarilaiianawasaudlAiY
(0, =0, 48z o, =0,) WeFenanneili wadengUegluannizden dau wadenguiadu
szuualvaudaundunuuay Ny idymiaednaiudynyiug198e da1ve3ady

Aanpdeuatosigawinandulula
Tneriluudaunsavenlain adenguuszneude 3 nzieiufe
[ Id a . d' a s o
1 ameinnududase (Free-Running) ANNAY09799599aTaLALADIAIUANAIY

LU NAMUAIINIATIAT 1NNDTVDINTTORATALAABD T ATUANAILLITIAULEY
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2. nzuallaed (Capture) AU f, YBIIIITOBATALANDIATUANAILLIIAU

Mauimaundung f,
3. AMzladen (Phase Locked) AMMd f, 199999500aTaLaLn05AIUANAIY

WS winduanad f, (f, = 1)

74

2.5 aNN152935A5AUAIYDAH U U ULLAS IR TLAUIATL DA

v v

2.5.1 2399375993UAEBAHR 10 (Peak Detector)

199305IFUAendyy I TTnAgsanvesdyy TneThluldoauweudsasiudu
lalon fufiuUszq uazaing sw sauansluguil 2.14 (n) Tunsdlfl @dnd Sw Taniuzidy
14935400 (open circuit) M39AYYIUAIUANEING SW LAY “Aud” uwsaduednaiaiuin

dindudsalilalenlalunaanss anszualnaniulalaauazUszafiduiulszaaunseis
Lmﬁuﬁéfuﬁuﬂizﬁ;whﬁ’mmﬁu@uwm wAZLIBWIUAUNAANA Talanaglasuluwaandu ws
LLiaé’uﬁﬁaLﬁUUiz@é’ﬂﬁmLmLﬁm wazilad B uNALANNINTUNITTNNUIE TN Yy
1 a Ly a 1 o Ao @ @ 1 1 Y v Aa 1 ~a a 4
WuReafuigawsLswunfivdsyasiuA mdwiAvussiuduns. dilunsain dlnd sw
flanuzlu19935Un (close circuit) viodayayauniuataing SW whiu “nils” duiudsey
9zmeUsyguIw @lng SW aansaus inluusaiuvasiulszanasednssiasiaumiu

Aughiae JUN 2.14 (1) Laneeashardna1uBunmlasienAredies

Ve
Vi A
o——+ [
- e
2 3 )
v v
! o 0
Vo SW S
Ja\ Vi /
(n) 2933 (%) FYYIUBUNAUALLDIANAVDIINT

5UN 2.14 1995053aduangendayaya [25]

2.5.2 299TURUeA1890 (peak-amplitude finder)
WITUWILNUIA18DA TENENNNTVDII9TEIBINTLRATIUAVIDINTDIAMUDAN LAY

asseanseualdoaluandsiudulalen dwandlugun 2.15 (n) wasdygadunauay
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wanmiansluguil 2.15 (v) Yefvesinasiifeanansalddunnanuiaals uaziivedninlugag

4

Sudusiesefeaniveliodnavinulagneies

Vin
o—+ D Vo
™~ O
_ 1
TC R
(n) 29954 (%) YD UNALALLDIANATYDIIDT

JU# 2.15 WasmiuvtsAtegen [25]

UONINUIRINIFILAUsAEea Sldnann150Ua A8 LdusITUIRILRUsALan lagly
NANNITNAIMIAINTIdeasALRdenasaes [25] wasmsmunusaAtsenlaglivannisues

2asEeuwa 90 83 SauiulsasAIUANaRIN U asduazAddy a1 Tusiy

2.6 29TFHUUATALAN
29asguuazar Inemluusgneumeseduend Miiulszquazaiatoianyselind

o

nIuRuNsUa-Unsigdyaaniuay deandlusuin 2.16 (n) 299simsvinuaeddnunfe

v o

uan1sdu WWeaeasiudygauniuau (Vs =1) AiuuszqasiuUssqaunssiienuntdians

qu ﬁummmﬁmmﬁwmzwhﬁ’mmﬁu%uwmimﬁmﬁnmmidmmvﬁu LaLluANISAIAN

W mmummwﬂmuammmmumJ(v =0) Tuanneifufulseg 1§9P9TNINTIRUAAYINY

qunseiislddynnunveu (v, =1) g‘dﬁ 2.16 () wARIFYYINBUNALALLD R NAVBIINAT
Vin  sw .
[ 0_o + V ANAN
i o \
v C ° du L 1
v J LT UL

(M) 2993 (%) YD UNALAZLD I NAVDIINDT

=
I

gﬂﬁ 2.16 19938 ULAYAIAFRYEY 10 [26]
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Y a 1

1995guavan Idaintuazeauuond Fauandlugui 2.17 ssmsvihnudieaing

S, Un ussiudne v, dlAiniu
—t
R [
vo(t)z(é)vl 1—e[RFCj (2.12)

1 a0 1%

A1 v, axfiAandilnda v, lii5fige fdnrsdanal RC fesduningiaiainisdy uastile

[
[y

aind S,\Un fauiudszy C, asasauseiu v, 13 Faaanainisanazlnaindiuaziuiu

a a € A A 1 ! U g‘/’ = ¥ a [
yilavosaind AoflAsening dus—20us Feiudsdiniseenwuuieas neldnsudawmes
awwlninihmihaduaied@azanunsaaindlaisind duansduud 2.18

Ry
"To——AAN

Hold ~
Ve N T
‘ YeN
/
Sample =

JUN 2.18 199sdunaasrdyanaiildostwondlneiinsudamesaunulilluaing [26]

N1991191Uv892995bugUN 2.18 Azunuaing S, A1 p-channel depletion MOSFET
61 Ve A1 (Vg =0) aziliimsu@eames M, dinszua virlidaunulssgegluluunnisdy
1AgdusuANATaINIAY v, wagd Vo, @9 (Vo =5) Agiilnsiudaines M, vaa

dnszua vhlwiunuussgedluluunnisean Tngasaspussiuingu v,
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2.7 UIeMNe1U049

[y = [y

A 2 Y ¢ aou & vee a Aoy
Weldunwimslumsdaaszinageanuuu9aslunuidelfelafnwauifeny
dnaueliluefin Tarzudseendu 3 diufe 1.msfusguandyqiasisaies 2.0fuegian

foyeynad LVDT Uag 3.n15uaLegungiives LVDT

saa ya o =

2.7.1 msasaquandyasleaainiigideluann

Y
4

dyquranendnedleanesdudygraleduazlalel Alinsuegamndauiauuuns

LY ¢ v O P Y v d' v 1 I a Y v v Yo a
EUEUNEUNIN QNULW@ImQﬁ@,@’]mWLL‘UiN‘lJ’E]EJNLUULSUQLﬁ‘UﬂUiJNU@QLW’sﬂ AodldAlnLanan

9 Y

(% a

Wowdasayuandyaaleduazlaled Felinisiiauedsnshvegianaleds Ban1saen
AANFINAUA

a

I~ Y v @ ' [y a0 1 =3
Aonshvamaniaglifinnueusion uAUIRINTOIAMNAMT [11,[2] aeslsh

a

WnlaaInadiiesa1nlasawne R-C N1b4lu199s wanaindinisuwauslu [38] §9ld

De

Y
ANUID
= £ I 1 d' a @ o‘d‘ o 1 Y] a 6
n1sadeganlasldiaasdunazasdngnvinineiadidunuisonvesdyaiasloaiies
Tnswagnanaileaindniinaauaasl Ni979950158RvasIsuRALeLIas wana1niiinig
Unauanisfveguandgaasleanesineliiain-waunasy [42] Lieadsdyayiuniva

U9 TduLazARINenTIITUAI80R SruiUfITENeNlenIIN1TIe e Uniauuy

'
a =1

vl Ivhausududuaniu inalallldaudnuazreinsinduaAsundgngedn e

Y Y

1%
ad A v

nsasrvesdy I Sleaneinouiinsdulasninvziieny agnlsinuisisedldiia

lun1399333usdeeTaureImuUnavasdyapdunanlyd  waglu (43] lalauediiia

[

doyaamuauwuulnidmsuimnuegiandaslenliesdewainisnalunsnTaduLies

=

wilsruaIe iy udunsiiy yonaandladinsinauenisudasdyanaslsanesidu

[ a

dyaunidnea laglvlulasroulnsiaes waz nslalusunsumnge asnudauslu [441-[50] &4

2
= o

Wnswanilagyibinsasivunalvey waziaugudou

2.7.2 mshvaqLandgIn LVDT nigiduluann

v v u
v

LvOT Wierdnaiilunisuegiamdauuia f1un150s193uiIunileszezns
44' - D= = A A = @ [y Y
\ndeuTvRLNU Aoslinshegian TuefniinisAuegiandyains LVOT aeldfnsiaduaiy

lasaina Ineu1e1dnman LVDT 11L589n5halnetaasiseensshawuunsinay %3e39as

=

ISH9NTLLALUULAUARAY NTULINIMIAIAINULANGI FIATDINL18N AL UDNTAANIINLAL

a Y a

waeuld [11(3] Fanslylalenluiasenszuativiliiinderanaings Matiilesanlalen
ADIINNUNRIIAUGINTINTIRUTASUWRBY Asluiendnifeaeiianainil Faiinslda
= a o v & v = o ax @ '

Aveaaakuuddlasia Ingldiugiuresinanueurasn dainauslu [1,2,3,6] 35n1569na

'
1 ]

Taddiinsesnnudnnsiu iiednesduszneuaudgs Taidevedisnisiinemsivegiani

2he

Ina vdnAnINMNTIAURWIugEAAIaIgenn vliainisneuaueswl Ay



20

nsUszendldeu LVDT agldinteganuuuddlasdamaiiasinadelgymisuaiesam

wanInldainisifeumlaseninedyyinnsedunsedyyrun veiudynyiae1innves

LVDT @evihliAnaduiianainludyassvegianviiedyayiamiunisvesiny daluied

g7

nsdnavesifuagandayeia LVDT wainvane [619] waziliaisa 9 dinisunauesifue
AlanlgI9aTduuazAIA ity [7]-9] 1eR1nngAnIsuYesNaTduLaz At tugUves

HIATU 'sinc’ @ansasndyaunnzeonlalaglidmansznudonavesdyginn1siaaoud

(%

YNy Inedyanaiuand1miulaTduarasa1linfiinivundyyinadge (peak

amplitude finder) Mlidayay uAIUANTIAUIUIEIAAVRIF Y IULDIANA LVDT Ad8A1Y

q

nisaduau [71-[9] muummwamLuaqmﬂmiLaauLWaﬁuaqawmﬂmﬂﬁmuﬂuammm

LVDT sanandnesuddasunistety venanniisiddiinain1snevauesisings iesn

=

wallallifAueganlinaslddinasniudairiiu Ing Unffmidiunusasgavesdyayin

UszneumigaIasinaIiiiaInsafunukazduiuUssiieadsnaun e siadunun

(%

%ﬂﬁmm%u%’auiumimmmmﬁmmuuazé’aLﬁuﬂim iamﬁamiayamLamammmhﬂ%’

)

nann1IN1TUTTInanadyyIaAdnea [301-033] uien1sltlusunsy F935nana1dialm

FULoU war9THvUInlng)

A ya v

2.7.3 mwmwamwnmm LVDT VI%JN’J‘\]EJGINQEGI

Y

a

21nina11EI1 Fyginuednaves LVDT agiinsiasuulasnugumgd

Y

Aatudmengnamanidenisldanu LVDT luanmwindeuifaamgilivdeuiuat suluised
o ¥ ! < v [ ! = o ad v !

ilaenn eglstinulaiauneiemuunlylgynidina esiinsuaueisuntdyninig
[11]-[15] lng@anuuunisulasainuuansaniilasiasandudou vielvaaianisniuas
wnunldlunisiuueainyieniiaedyn dnanseaaaaiuie1dnm LVDT lieaanansenuain

nsiasuwlasganil uenani K. Schenk tiinaualu [27] lageenuuuli LVDT daes

wnu lnewnunilsliediui wardnununfeui laglisaasnussvinnulugamgiivindey

Y

Milouiunnuszns ievaweanmal K. ARA latiausnisvasenisiasundasainuly
dulunaunannseunlateangiivindonves LVDT  Tu [4] TasuwwiAadinainnsld

L@1RNAIINUVARIANRETuFazuaves LVOT THdunsdyayianinuwand19ussiuiedne

(C, =€ —€,) Wasdya10uLa1iNne1983 (C, =g +e,) IINTUUIFTYYI1UNIFDIUINIAN

' [
=

gn31d2u (C, /C,) F99 LUuLamwmmimuﬂuammmLa sdyyrunsedu 3935109

r

a |

aamwwmmmnmaﬂmawm mamﬂuu C. Suresh LazAgly [5] imu%auamimmaqmmﬁ

Y 9

lngldvnaianieniiaesyn lneiuainnunaianiegivuiuiy Gagvililaeidnnivaain

a = [y [y

“I/lG]EJﬂlIlIﬁEN‘U@ RN IW‘EJ‘IJ’]L@’W]‘IN@%Qﬁ@ﬂuﬁﬁﬂiﬂuﬁﬂmaaWﬁ‘Wl@ﬁ]ulﬂJﬁUUﬂ‘quﬁﬂN 3'311‘1/]\‘1

q

y
I %

finstiauelae (28] Fefindnnisadien ves [4] Aot mmmwma’m Renlvieaes UH1

A



21

2ITVINUALIDTAY NNttty ualianududeuninfeseneuldne 1995 AnlagLa
WD 29ITNTOI WITUIN NITAU 23N 2WATMT Mdunaies 2asdinimes uaziilelsl
uLINE KV, Santhosh wazame [29] liiiauamaiianisuiuifisudwiunisiaszesnns
\deudilag LVDT uuuesulatlagld Artificial Neural Network (ANN) titallsiandyndilal
Juffunisiudsuudamisfinesaneg suagungd dmdnnisil Aoudrsdudeuuas
$ududedldfurueoigunafifiutusauis Artificial Neural Network 2061881938013
YaLERANsENUNMsALLILasamgiiues LVDT fiinuswudn LVDT fldfeseenuuulsr
flassarsane Faarliaunsaldanuludandedmluly uasuinssiiaududounin
ufsdoufindringumgidindaiitgmluFesnainismevaues uaziefiosnmuesssuy
uananidedianuneeniiseuueeulailagld Artifitial Neural Network (ANN) 3933013
fsnaniinududou Tdlimngdmivszuvausdnailyin uasdumessenTorililulsanu
Fanser esmesisualnguasdudou suiuluuddedsdiminauenisdunsziees
yaveumgiivemsuainwesylin LVDT Ingldinalianisteundu dnsaslidudou uasld

s o 1 o

gunsana el fseazdennaglinanisely

2.8 un&sy

Tuunilftheongquifiisadestuilvanes LVOT nsAuegandyaaslyaies
sfuegLandyI LVDT Msvaivggamaiives LVDT saufeuddeninininauelily
afin FaedidosnluFasmnuiinisnevauss @lusninveas uavidesanududauves
2995 Faluunseluarldinaueisasivenandynnasleanes nsAusgiandyana LVDT
LayNsvRTEgMVATiues LVDT Alfiniseeniuuiasdaiaizs uaznnasdsionsasass lng

1asfisonuwuuaniuisasiidne Ussndn waziivszaninnlasldlagldounsalnidining
il



unii 3
N159DNBUULLAZEILATIZH

1ashusgandyyaslvaasiseldinadengy

Tuunilliiiauenisesniuuiazdunsisiiasivegandygyiasivariosiagly

wadonguidusidnnsnardadiseaBendwoluil

3.1 “aNN1sNITERINLUULALHIATIZIISANIand s s laatasiag Ty

wadongy

3.1.1 wanmsaueqandyginslaaasiaenily

Y]

JUN 3. 1uanedyamnseiunazdyanondnneinilaaias asiiuindyyiud

(% ] !
a 1=

YNAINYRENINIA039893 a3z iun THo AT ALUULAUAINDATIUTIARIN

Y

o/ 6

doyaraun i Felaenalunsasequandygaleaies aglindanmsfueganuuudlasia

[

Aawandlugun 3.2 lessnndyaaninunainniisgivesieanefludygyameganinduy

o

doyanailedd uazlaled AsiunshsleganludILYeINATHANLAZIIITNTBIANAM Aodiden

T T

caa ¢ o P a A a S a = = = ¢
Qﬂﬂimﬂﬂﬂ'ﬂmamﬂ/\lﬁwﬂu LNBVANLAEIAIIURNANAINNLANIINNTITLADULE ‘UQﬂqiLaaﬂﬁ]‘Uﬂim

I
v o =

niiauaunadiued wanysatuliamisails deudyananveganfilidedviniyguves

o

lgaeininnuianan flinnsiiauenishdegandyaasivaesiasldmatadygyiu

AR}

Ny Fanamavaitaesldisasndeualng uay

excitation signal

cosine output

T

|

|
4]

|

|

o
) R e

10 12 14 16 18 20
time (sec)

5UN 3.1 dyaaunseausasdyginseinnsieaiies



23

angular
resolver signal Szlgna)l
(sine) ) sine
| Mixer [— Lollﬁtgfss —
excitation
signal Zero-crossing
™| detector
angular
resolver signal signal
(cosine) . (cosine)
|  Mixer |—» Lo;\itg;ass IR

UM 3.2 wanmishnegandngaisleaesiaealy

aasnisgunsalianie sanuludnerdnusiianiavenisavegiandygyiaslvaiesingly

wadengUlunismyuvesslyaiies

3.1.2 wanmsduAsIzinshnagquandyaaslvaasiaeldnadong

v v v

WENNIoBNIUULasALATIZIIRsveand g aslganesiaeldiadeng Uiy

LY

MIAN51IAT HeeAUTENaUAIIUN 3.3 BIUTENBUMEINTTHULALAIAT ITAIVANNITHY

YN e < Y Ko v wa I3 A
asfinnugudLazasinadengy nendnnisildauandfveisasinadenguid

I3 = s & W Y] = by wa a aa ¢ )~ ! Y
Wnagdnaeiinalusnsiaduina dwaglinuandfnanuddunnuasionanadiogsieiu 90

23¢ LAENaNN1THAZNMIINNUYBNNRANDandyL s lwanesingldinadengy

]

resolver _
signal () Sample & () angular sEnaI
—>
Hold (S/H)
? (%)
excitation
signal Zero- S/H

—®| crossing _blocizgslzo —| control
(n) detector | (v) Pl () | circuit

JUN 3.3 nannsiveqandgaasivanesiagldmadenguiluimidnnisim



24

v @

Wudidanisian aldrsasdaiiuguiiiaiasudyyinunsziu aegun 3.4 (n) du

yadmasy iUl 3.4 () Wedudyanadunalinsvadenguilliidnagiessinm
Jusmsaadula viwhilidygadunauaziendnadinasiaiu 90 ssm fauandlugud
3.4 (4 wag A) JedrsderurinnBeaUINYEsdY B AR NYARIAY ALY TivesSlaes i
wandlugui 3.4 @) TnsveurTuvesadudindouinmadongulidmiunin 2saslulua
Dafadliusmedifleainsdyanamuny msduliuisesduuazasin fauandlugud 3.4 (9

AUNIweImIUIaIlanaslluandadafliusnes Mvualadeiiigaluyieia

N13AIANYRNINRTEULALASAT Tnedyay1ns3lealiesazgndunaz AR NVUINgIgAUaIdyy 10

Y 9

o

Aauansluzui 3.4 (@) Aeluduniiguvenarfedyyialuaniuzan Jududygyio

LA

= a v 1Y) a v < &) v
Avagrannltianuannisaveganlagldinadonguiludadanisiia

U 3.4 Toyunudia AR URINSANEgLand A TaLe TN LD

[y

(n) dyayreunseeu (%) dyyraudunsiiadengy
() dyarasendnaadengy (1) dygruniseu
)

(3) drysyrnudsiogian () Ay nannuaainnieniivessisaies



25

3.2 MIvanuUULAzEIATIRshnaguandygyiaslvanasiagldnaiongy

Judadnnisiaan

vanmsanegiandynnileaneslngldinadenguiusidanisne uandusui
3.3 WaraNunIneoNuUULALdLAT LT laRIgUR 3.5 FeusznoumensanUisuliioy
us9iu 299sadeongy reasTuluamidadiailiusines uazasasduuazase Jsannsaeiue
eVt Wedeudyaunszdulituisandieuifisuuseiu ddldeauuautd LM339
diewdsudyaaleddudygndmvie wazthdyaralvduduneliuniasvadengy
F4l4led CDA046 viwthiinsraduila ImsJﬁ’mumiﬁmmﬁﬂmwaqLWaﬁaﬂqﬂmﬂﬁ’Ué’ﬁgmm
nszAuU ﬁqﬁ?uﬁﬂﬁﬁzyaypmmﬁwmmw\laﬁaﬂ@ﬂﬁLWaLﬁaumﬂé’iyfgwmﬁuwm 90 D91 A9
LLamﬂugUﬁ 3.6 wazldledluluamdarafliuswes CD4528 Wiewdsudyndndsuan
wimvealadongUidudyauiatuauy weldifudyyumugumsdy Theasduuas
asen Tneataruauasinduiinanfeatuiusunagaaruesdygnilsanes duduisasdy

'
1 1 Y]

warAIA AzduAIgaakarAIALsInUlIauNsEalia1e e AT ULALALAIATLTIP UL DA LN

q

A a & (Y a Y = o Y & A & [ e § o
MinTuludnwasiieInu Fahliladyaiaednniidureuraddyyiasiganos Awuand

lusU 3.6

resolver L;—'/?»:8 angular
signal s N signal
1 -
() I> | L~ ®
r — — ol
1
A
S
CD4582
)
Monostable
) multivibrator
excitation (m)
sl Phase
locked
loop
= LM339 CD4046

JUN 3.5 washuegatandyaasivaneiingldmladonguidusidanisia



STOP 2.000ms @R [ e mnnnnnd F @ .66y
iy

-

CHi~ 2.060  [Mipg® 1.660

(n) FygnunszAuazdygusleanss

A ——— y—— T e ey Y-

| . -

(@) dyauranordnsvasdnlIeuiieusaziadengy

= ! a

JUT 3.6 dryey0uednnignsne veasashuegandyaslealesiiiaus

q

26



27

STOP 2. aeams - MM F -6@ .GV

r—v B B R B e v-v—~5~-ﬁ B e e e e

|
|
!

DR TS S O g bbb TR

BN S5.66U - CHZw~ 16@U

() FYQYIUAIVANMTAULALAY I IANAYDIIIITHLLAZAIA

5UN 3.6 dusnanednniangnee vedinshLeandyadsleanesminaus (de)

3.3 NISTNAFDULASHANISNAFIUNITNNGINYDIINRT
Wedudunaniseenuuukasdansien 1shveqatandyyIsleanesinyly
wadenguidusidnnatian Ié’maawimwmmgﬂﬁ 3.5 LLazﬂauﬁwzgwmaisﬁué’wﬂ?iu
leidaud 3kHz 1 5 Vs, M5lwaiesive Sanyo DENKI u 101-4100 wagiuali
Fynpaiadiadianluluandadailbivanesdaiunat 5 ps ngslaanoinyusie

A13L57 2800 rpm

v

IINNANITUAGDUNITNINUVDI935 el oudyaaunseduld1Ndunnves

poUwenl LM339 uazloudyansleanasndunnueviaasduiasani Inedyayinunsedu

T o q

[

wazdyeyassleanasuanslaneguil 3.6 (n) wagnuINeMNRYRIRIUIBUBULTIAULAY
anavesnadongUladygyruiadniimasiaiu 90 oeen deuandlugun 3.6 (v) uay

Fyaaserdnnvesluluawidadanliuswmessdddudyaramunuliarsduwazasan o

g7} q v

€

wananduiaduaug dwanddugud 3.6 (a) lnedyaraierdnavesavsdunasasrasdy

A7} U A7)

€

a

= s o A o Y} °
uALeganvasslranes dwandugui 3.6 () Wity Tunimegeunisiauves
1995 Welsudyaasleanesnedyyraleduaglaleod dwanddusuin 3.7 (n) Tuieas
a U X v < < v Y 13 (%

Avegandyynslvanesiagldmaionguiluimidanisna avladygrasednadauansly

U1 3.7 ()



28

STOP 2.000ms @R fo~cccfoFannnnnnd F 20 .6m\

.............................

e — -~ e T T

B 1.668U - CHZ~ 1.88Y

(n) dyyrauuananiuInaIANFeniiviiaeIasslualIos

STDP 2 GGBms - [’V\f\/\w f 8 —1_28mU

———————— - um ]

e - '\v""v-"—P'—V'

PPN WDV SO S W—

CHi~ 1.08U [Eipgl 1.08U

a

(v) FyayauANenEnIINIATALLEUD

JUN 3.7 dygranendnnvessleanasiiniugd 2,800 rpm.



29

3.4 unagy

Tuunillddniavenannisfvegandyaiasivanesineldivadenguidusidanisian

sala

Weadadyaadlvianinaiu 90 aea dmsualuaNIasdunazasan taeldgunsalnd

(%
a

UeTUT99RaA AITUNITES192995 WD 171Ul adeLars1AUsEndn wanand

o ay v 1o @ v v a0 1 ° Y] 3 = sal &
QJJQJJ']QJV]VL@I‘UWﬂ?ﬂﬂiulﬂi"ﬂ']L'U‘LW]@\TGLGU'NQﬁﬂﬁ@ﬂﬂ?qﬂﬂmqwquaqﬁﬁﬂL@WWW@T@Q?I%@LU@?WLUU

e ¢

dyaaluivaglaley Mildaadynluisesnismgunsalndanuauniyiuegauysal

[ A

FNTUNINTBIMLDAHIUNSEDS LazantyyntoRnnainillinann1sideumne



unil 4

[ %4

(4 4 =
N1IBDNUUULATHILATISNINATIAUdALAAE Y YT LVDT

v v

Inaldansaaduvundnyge

luunidnananiseankuukazduaseniasivegandayayias LVDT tagldsn

o o = ° ! « A = o = i &
FTIVIUVUIAFY YU LNDUIF LN UINTITLARDUNUDILLNY LVDT %QN?']EJ@SL@EJ@W@VLU‘U

4.1 widnn1shueqandeysaas LVDT laglddansiadusuindayyin
LVDT ¥ aushaluil aesvilafie wuudans wazuuusnaie Tneluingdnusiaylsy

LVDT wuuvinane nendnnisivengian LVDT fidiausuaniisudentanozunsunagui 4.1

amplitude

Vex detector

core

UM 4.1 vdenlaesunsunannisiuenandyaia LVDT lagldfpsiadurundaain

= ) v v a Q{' a a ] o )
f\]’]ﬂg'lh/l 4.1 aiyigﬂmﬂis@u%ﬂaulfm%Wm@‘ﬂgmgu LLagwleﬁa’JﬂV!@EJQN"USG\@&’]S@WUVTUQ

<

AuNs1IUe wazidyin v, BRUUFYIUNAA 19U NAIINYATIAYFYHTIIADIUDS

[

LVDT sauiu 2y, Judan Ve dsanunsadeuaunislangd
Vg =2V, —V, = 2KV, | sin(at + ¢,) (4.1)

Tnedans Vo Srwnesiildudsanunisiadeudiveawnu LVDT druawndayaia v, 9y
wUsmunsiedeudivesuni LVDT dunau LVDT indeufieenangudnandlunauuiunuay
NIDUUILNUUIN éfeg‘dﬁ" 4.1 agvilRvundyaiu vy sy Tneduana v, MAaannns
douwnulUluwwiavasimlansetudyyia v windutudedouwnululuwuiunuuin

Foueyau vy azdliasneiudayaios v ity 180 aamn sawanslugu 4.3 uaglddayayn



31

'
=

DUNAVDIAINTIVIUVUIN LW

yayed LDVT laesinsiaduauin

HRIBLE

[y

Y

q

lusud 4.2

a

Ve thag vy 1u

Y

0 AILARY

ﬁ&l

V1

v, O0—>| comparator

A 4

peak-amplitude

finder

Ve

Y

Vg o——| SHC |——o Vo

sUf 4.2 vaenlae

AFRYR

o

ZUNTUAINTIFTUVUN

NIRRT

mu
mw
G

[y

FFINTIIUVUIN

g1ad LVDT lawl

AuogaRdTY

| UDIH

5UN 4.3 doyey



32

FaUsENaunIEAIUTIULNEULTINY FINFIUnLIAIEen LazAlduuagadal 910

I3 a o vo & A o v o = = &y
‘Ua@ﬂlﬂ@gLLﬂiﬂJ@ﬁ'U']EJﬂ']iVnﬂ']u‘l@I@Qu Lﬂaﬂ@uaﬁyﬁyﬂm VSIﬁW'JLﬂifJ‘ULWEJ‘ULLiQ@u G?NIEU

[ Y 1 s A a LY [ o = = (% d' o
anMIARFUAUE WatUAeudaya o vg iWudyaadvaen v, fsgun 4.3 uazUeudayao

o v 6

v, lufdunmvaaiimduniaangen ieasiedyauiatuaus v, 3aludyaranivauli

1 o '

AgNALMUIAIYBA 19TdULAZAIAIIEN Ay AL ALALTIAULT

9

WITHUUALAIAT B V

C

bladyaane1dng v, feuanslugui 4.3

4.2 A1399NUUULATFUATIZNNRTANDQLand el LVDT laglddansaadu

YUINHY Y

[

uannIsanegandyin LVDT laglddinsiaduauiadyyiueagui 4.2

g U

ANANTAeENUUUKATEIAT1291I993 FRIUR 4.4 Bsusznoudeeeuend A uazdadumy
R, uay R, vhwnthiduisnsvensnasiy lnefloevuesd A vmifiduiasuivudieu
L536U 299smiumsAsealdiadongusauiufisaesdounduta suuuding dail
inaReiulasng RC, iwihiiasiaduaus v, iteifudygamuauliiuisasdy
uazAw Beanunsnesuismarhaldd Wetleudunnanssfuiiveainugund uaziinng
douwnu LVDT landiundaguinais vilfifindaaanasi v, Jadudunnves
29sveenaT idanednn v, flnee ieleulusdunnvesinieudou A,

= A 9 ¢ & o a A =g a < o v Y
ewdeudyaalendudyarndmton sadudunnvesnadenguildimnsassdoundu

41' a a | [ o a 4 3 A Y 1 o Y a
LWBLWHAINUAEDILNA LLazLUuammﬂmauwmiuLLuummmwmaaaﬂﬂmww R,C, MU

Y
assdyaaiatuauy adudygiumun liiuaesdunazase) nsdiuny LVDT oy

Lunauwuauan dyana v, MAEngBunnveRsduiasasrt asimanssiudyyin v,

'
=

Fawaduauinduiliainssiugenuinved v, inlidanudszglurcasduuazasen Use

q

1 o v 6

wseuiuAeeaUINTes v, warlugsiilifidyanaiad v, dufuuszgazaelszqeds

1) Vinlidayayad v, Geasauseuld aunseiisdyaaiad v iAnTudnase fiudseques

]

2995duazAAIITUsTUs Ul AuRBaauInaety, Al vilsilden v, WWuuan &

[ o

Fyeyad v, MuGaBunpvensasdunasaial tsimanseiiuiudynin v, Javaduaus

Judedaudunisidounnu LVDTAwMansluzun 4.5 lunsdiiunu LVOT deulumaiuiay

&y

Antuilnainsiivgenauaed v, idunuUszglunesguuasaian Usgqussiuiinduan
1 o

gonauvel v, warluriilifidyauiad v, fsaufulssgazaedszgognstny vilidygyin

'
Y

v, 8amaauseiuld aunseiisdyaniad v, iiedusnase fnuUseguensdulazaniag



33

luguil 4.5

Tiuindadaunny LVDT lukwiau agle
AR

U LLERN
LVDT

, AU

'
=

dndruAun1IaauLAY

Tud

AAUAEOAAUYBLY
o
Nk

. tuau

9

A1 v

Uszawsanul

NUILEUD

fed LVDT 914

o

UBINATALDANE

q

TUNIAR

r—-————- - -
| > .
! _ 2| =
= % oo I Y [ PR
! 2w 5 | = —
_ = || =2 o ]
_ 2 | b (.
5 2 —
| s I < _———m—————— L s Y Sy,
| AL =Y -
———a———= 2, e K= _H”_
BT -1 -F I ml
_ I | “ = - I YA U
L i ¥ o] E BN
IS L _ Z <
_m “" _ — S_ m - e - - - - - HUllll' ||||||
| g == N 3 o
1S ¥ A SCAS -
L 5T§?|T | ® Sty A CIZw __L__ 1 ______
R X I —
! Jl s =i
| S 5se i*) AN -l
R APE ]
|.é | mu ]
S == =) ) o e SN B
_ ; g ]
= S _ &> _H
- © v A L.
= P ™
[ = ]
o e Z < A4 < <
—— 9109 | M_._. Vl W_ V3
i ﬁ _ s
1+ =)
B o

JUT 4.5 doyey



34
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nIIauUIndy I Miauelugun 4.4 Jear1999slaeldgunsainddiminenalull
518azL9UARLERIUANTI9T 4.1 Lazm15197 4.2 wagld LVDT UuSem Solartron Metrology

aa v

U OP/12.5/G Gsfifidvalnsn + 1253 fieallail 69 mv/mmv

M13199 4.1 gunsalweniinildlunisnaaeuieasgui 4.4

Device Part Number
Opamp Ay LF353
Comparator A, LM339
PLL CD4046
Divider CDao27
NAND gate CD4011
Analog switch S; and SHC CD4066

A13°99 4.2 A fwesnldlunisnageuleasIun 4.4

Parameter Value
Ri, Rz, and Rs 10kQ
G 20nF

Ch 10nF

'
=

£ I [ L4
nseiu Fadudayeyraled

o

PNNBNITNAFOUNITNITUVD 92995 LaToud

a a

AU 5 kHz 10 1 Vo, MIunadinugugilves LVOT agladyaiad v, Nunainyienives

Y

3!
]

LVDT Faidudeyeyradunaliunisasverenasiuildsevuend A wazdidiuviu R uag

YY)

R, woindyqruiiodnavesostuend A agladyain v, dwanddusui 4.6 (n) wag

=] a

Wethdyga v, Jeulwivisasidssuiisuussiunly eedueud A agladyaudivasuy,
Aawandluun 4.6 () Faasludgaradunalmasmismumiegeafldmaionguiiuiu

Y LY = (3 o A LY [ a a &
Fnnsaesloundu ""dx’iL@W@Wﬂ%ﬂﬂ?ﬁ‘\]iﬂ?iﬁ@ﬁﬁjQUﬂaUﬂmaﬂ‘ULwaaaﬂ@jﬂ‘ﬂ33Jﬂ'3’]3J€’IL‘UUﬁEN
' Ao = v & [ LY (Y cl' = o
whaasauddyaa v, Bagldioanmdudyain v, duandusuin 4.6 (1) Sedayeya v,
& Y 1 = Y (3 3 v 6 [
Hagdoulviuisasuuunanazlasedie RC, Fesladugiasaidnaluiaduaus v, 79
U = U

wanalugui 4.6 (n) Fadarar v, s dudgyaranivny Tiuisasguuazasal Fednyaio

13 1 1 Id [y (3 [ d’
L1ANAYRINITANLAzAAT At Tudyaanerdng v, Auansluun 4.6 (n)

o
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Tekstop b

A o NN
@: NN \ i : LNy -

Ch1 500V JChz 1.00 V M]OOJ.ISl A ChT 7 —300mv
0.0V |ch4 _1.00V__|

() FeUu I ANATIIA Vg,V , Ve UaE V,

Lp o R ey

Chi 500V ‘Chz T00V ]MlOOps[ AChT 300mVj
ch3 10.0V 10.0V |

a

(%) FYLBIANATIIA Vg,V ,V, hag V,

q
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0.8

output voltage, v, (V)

.10 5 0 5 10
I(mm)

JUN 4.7 usshuedng (v,) Wguiussesunu LVDT

output error (mV)

03 i i i

-10 -5 0 5 10
I(mm)

SUN 4.8 ANANURANAIALTIIUDANR (V) 1Nguiussezuny LVDT
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LY - (3
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N1399NLUULALAILATIZIINRTUALBEUNYH LVDT

1 a

Tuuniidaueniseeniuunasdunseniasyaweaumnil LVDT fldayidsniny

Y o

1 Tngldmaliamsdeundunneden ieanxansenuangumnniilvtesian Jailsigaziden

[

N

Sbe

4 a

5.1 mié’aLﬂiwmwwm%qmwgmm LVDT

'
o w A

JadedAgydanansenusenisinaunasdyaiaie1dnnved LVDT Asgunqd
losann LVOT fnnsldaululssugaanvnssy vieluanmandeuiinisddsuudas
gaunaias é’aﬁ?uéf’zyaynmmﬁwmaq LVDT @ns1sngnsunauainmsnasundasgaumgile
Farfinnuneneuudlatgmdinan Tngnseanuuy LVOT Wnilessadaanis wieldnng
Uszananadwauidnea msldlilasiuswamesdnsasiaududon dwaliiatoymly
FeaIaIn1snoUaues wavatssnmuessyuy sululuineninudil suhiaueniseenuuy
wardansreiieasvaseeuvadl LVOT lagldinalinnisdeundunisden ldaintuny
nsEUIUNTHUUERdInUINBuiinga Lileand A NianaIn9INNTsIUABULYaI MY

LINAD

5.1.1 BEANNISANLATIZNINRTYALYEANNQH LVDT Miinaue
VaNN1IALATIZIRTIAIYaUNNN LVDT lagldinaianisdeunduniaden uana

lnozunsued1einenezui 5.1 (n) Invdruvavdenlpezunsufidoudiaiduyszuaningms

auyaog138ve LVDT ddayaias Ve = VpSinogt (udyananseduinleuldanainlgy

n3ves LVDT WneWl o, =27f, 4oz f, Aea1uddyyianseiuuds dyainainvnaia

A7)

[

NALNINIABIUDY LVDT AD Vg, WAz V, @1313alisuaunslanail

Ve, =K. (1+U(1—am)vp Sin (@ tvs), (5.10)

Vg, =K I {1—%J(l—aAt)VP Sin (@t + ¢y ) (5.1%)

C

TneN
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K, fefaulives LVDT

AAFMILAUININA1IUDY LVDT

-
o))

AL UaLN U aUlUINNALMLeNINAN

a fAeAduUsEaANsannd

9 Y

o))

3

| a

At fie Angaunginiuasuwlativainaumaiivies 25 °C

Y

a

= i A ] a a
g fo AwlaniFeuluseninwaainuguniivasunainyfend

Vsin ‘Lot | " summing amplifier |
|
I ! ‘
! !
i +I " Va -\ | Vam peak-amplitude
v, v, = g [ < | find
Vief O + m >< ex % - EAV;- i i 2 i Inder
| WRCL (1] 7% 1 | 000000 | Sl W | eeeeeeeeeeeessssnsssenees
W R s % 2 :
| ! I
[ Vgp/ N | sample
7 "l ; &hold [—°Va
Ky : KL 1 i [ ey ety e L Ne— ——
iy =1 N ! i
W W T R N,
sample
v & hold ah
err
i Tay'> W) i K
(M) MENNITFUATILNNITYALIE RN
AT O———» —a;,
Vtemp
+
+ V Vi T
Vief O—e¢——>| Km » Kg |—— ——0 Va
+
K1
+ L — Vi

a

(v) UdonlaozunsuasynIueg gl

Y

a

5UN 5.1 nAnNNIELATIZVNITYAIERNYH

Y
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mﬂuﬁaﬂiﬂammiugﬂﬁ 5.1 (n) dysyranednnues LVDT (v,) ADHAR1990edeey 104370

[

UVAIANAYNNNIAI0Y LVDT Fuluaunisanuduiuslanad
Vg =Vs1 —Vs2 (5.2)

LNUaENn1s (5.10) way (5.16&1)1uam'15171" (5.2) azla

v, :[KLIC [1+Ilj— Kl (1—I'—ﬂ[(1—am)vp sin(@,t+ ) |

Vo = Ko +# K=K g + K I (1= aat) (Vo sin(a,t+ ¢ )]
vy =2KLI((1—05A’()(VP sin(@,t + ¢ ))) (5.3)

WRUNVUINYOIFYQYIB v, V89 LVDT luaunisn (5.3) iludediuiudmmdsinu | uaznns

WasuwUaseamgiuanden AT wazaingud 5.1(n) ludiuvesudeniideudaidulssvon

[

YYIYHATINA NN TTHUAUNITUTIAUNATIU Vg, IO

Voum = _(V51 + Vsz)

V= {KLIC [1+|lj+ Kl (1—%}}[(1—0m Ve sin(@,t+ds ) |

C C

Vo =~ [Kle + K 1+ K Ie = K 1][(1=0AT )V, sin (@, t + ¢ ) |
Vo = 2K I (1-aAt)(V, sin (@, t + ¢y ) )

Wonmuald Ko =2K 1. deilu azla

Vo = —Ks (1-aat)(V, sin (et + 4 ) (5.4)

sum
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Aunendygnd v, waz vy, Jmaansiu 1807 a1naun1sh (5.4) wuin v, wUs

sum

Aunsaiun1sAsusdatgnmiivinden deliuusiuiussasunu | uaviievnwenanseny

v A

Mngamall ArvuiageaafiuuInvesdyg I vy, ssgnitdsudunseiudd v, iield
Wisuifleufiuusafudneds vy, daandugui 5.1 (o) nsvheweanaiafiviauei nels
auufs AuaweInNinsEdulrieesniinsiasunasgumgiinanden Taosm
AUYUSAE DA a]sa%ﬁaé’i’zgfmmmuguﬁm%’mwazﬁmLLazmmﬁu’qaamws iloduvuingen
Fuaasnuuanvesduain v, wasdmgn v, detluadsduyia v, wasdygin
zozfiunundoudiluy, Taefidny, ggnanneaumemannau K, Wioasedans v, %
Wudygratoundu mﬂguﬁ 5.1 (n) w3eAud19Be v, wazusesuy, azdewdiiisamen
KasuazkaTILLloas 19 d I V., dmiuasvegaIuANMIELsU A, Tunsvinu

Nan1ugAiily Wiy Vo esgndsdulvdarinduy,, laedyiny, gnusuruinme

ref

I b o/ v

WWoaddyyianszau v, 19 LVDT vasidyqin v, ADNAAI9TE1IN

m s q

waz Vv, Begnuszananalagudentnorwn sy K e siuiuussnus1ade v,

[

ANUENNUSURIREQIUY, , V. HaZ v, dnansalisulansd

m > “ref

Vm :Vref +Vx (5.5 n)

5} v, =K [V, —V,] (5.5 @)
Wauns v, undluaunis v, agle
Vm :Vref + Kl (Vref _Vf ) (56)

Fouauad vy, aNMVUAEULIARAZANAAT KAKIIETINNANTENUYDIRUN AN TOITEY

'
=

Tdgduiuwanilugun 5.1u) laedl K, Ao 80T1n150818U590UU8IAI9818AIUANAIEY

[

aal v, USEUNBUAULIIAUDNNBY V,, LaznIs

o

wseeu A uaz a,=aK, 1ol

Y

a a ¥ o & = v R &
WasuuUasamaiininden AT @atuaIngual 5.1(0) wdraunsamanuduiusiana

v, =V, K, (5.7)

TneN

Vi =Vigr + Ky (Vigr =V )

ref



a2

Vins = Vi (Km Ks ) = Km Ks |:Vref + Kl (Vref — Vi ):| (58)

a

LeTNaNTENUIINGUNOT  Vigp, AN

Y

o, AT (5.9)

emp — *a

Vi

[

AU IO UANNITUTIAU v, sl

Va =Vins + Viemp (5.10)
1aunsi (5.8) uag (5.9) wnuluaunis (5.10) awld

V, = +K K[ Vi + K (Vi =V ) |- 2, AT (5.11)
WaLNIA v, =K, v, Fathuasly

Vo = KoK [ Ve K (Vi =K v, ) |-, AT (5.12)

V, = KoK [V + Ky = KK v, |-, AT
dagulasaa KV, lwanduagle

v, =K KV +K KKv_ —K KKKV, —a, AT (5.13)
Jongusuusiviagle

V, (1+ K KKK ) = K KV + K KK =, AT (5.14)

JagUaunisman v, awla
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KnK Vg + K KKV a AT

s "ref

v, (5.15)
1+ K, KKK, 1+ K, KKK,
fatuazldl usedy v, Mduiladduiu madsuulasgampiinandensail
KoKy (1+K) g, AT 516
©OIrKK K K, 1+KK K K, '
wazganmuAlRenIINITIEy K, iy udazla
e S
K K. (1+K AT
Va = . Sg l) Viet = aal
LKy KoKy 1K KK
_ s KDY |
3 A1 GN\K P78
(04
v, =K KV — 28 AT (5.17)
1+K

L

Tun1seenuuunmstoundu azunuudenlnogunuges K, A181995ve18dufinsm (integrating
amplifier) fauudgIad v, T03FINaAIIaZNAUINAIEAITNTEINIUTNTad1u1Taulaan

dung

Verr = K1 (Vref — Vi )+Vref (518)

Wolasandygial v, Tuan1izaia (steady state) K, =1/T,s a@u1sadeuaunisiul

{18

be

Verr (S) = Vref (S) + Kl (Vref (S) _Vf (S)) (519)

Wounua K, =1/T,s azla



aq

1
Verr (S) = Viet (S) + T_S(Vref (S) — Vi (S))

Vyr (8) =iy (5) + 2 )21 ) (5.20)
T,s

low T, AsAIaduNnTavesiIveeduitnge We K =1/T,s felu ussau v, luaunisi

(5.17) Nanzaswnannsaeulnllaidu

V,(s) =K, K\, (s)— B — (s)
1
1+ —
[ T, S]
a,l1,s
V, () = K, KV, (5) ——21—AT(S) (5.21)
1+T,s

5.2 ﬂ']ii)'e']ﬂLLUULL@%G%’]\‘]'N%‘J‘UQL‘UEJQQA‘WQ;J?JEN LVDT

nudenlaerunsulugui 5.1 (1) aN13080NKULIRITALEgME LVDT ag

&

Tdmaliamsdeundunieden degun 5.2 Falinasvinnunell e LVDT lasudyganssiuin

a o a a =l

A IUguil wmlerthliindayain v, 1veaInyiggigdizunnulsnunsafeuves

Y

=

Wy LVDT harsaudvdna i v, lnesasveienauiniasismageotusuld A, 5288067

fumu R, war R, Wieadedyqim v, oaszainnsimaeunvesuny LVDT wagldidu

sum

doyeynudunslmsasmiunireanieas 1 Id M UANlRTdULAEAIANTIY A, uaE

£ (2

A, Wneeranavasisasduuazasn A, T dudyaaedns LVDT diule1fnnuedaeas

'
% 4 =

duuazaan A, gndaundulumuauruinvetdyginnseauiiarawenisiisuulauin

LA q

£% '
= a

Foyayraunseduluan1eninsasulUa QU IkIna e NITUAINYUNN TR FINANNS

Y
(%

Miaweilvihivwadyyrunvaaiaisgiuusiunssiunisiafeuniveswnu VLDT laegnd
wiug lagliliinansenuainnisildsunuaivesgaumiivinden wardunniinisdoundud
dnausliidygraerdnnain A, ndeundulagasidasennisteunduilinmaiianis

Jounduniagen agannsldNasvenenauInyilidyaIn vy, wWazlo1inneasdiuazag

sum
A1 Ay BiRudunsiefeunvesinu LVDT usfuegiunisildsuudasgumaiivintuy dniuda
Undygranetdnn A, Tusvrwalesldosuuwend A, wazlddygias v, ioiudunali

FATHAALALNAUINT L AMANURVDINITV8BUTINTA BI9TIUTINAU e 10Ue198



a5

[ U Y o

NDANALUAIUANIDTVEIEAIUANLSIAY A, tielvidaunsedulvuinan vinli

q

LD

,
Fryyraneaneued LVDT lasumsvaeranssvuiiiinainnisiUasunlaesgamal

v Y

UM 5.2 19953aeanmniives LVDT lneldmelianisdaundunisday

[
R

WUIINIATRENLUULNIUN 5.2 annsamanuduiusvesdyann v, Ieeldndnnis

unui Weld vy, =0 azla

Vsuml N f\)_AVd (5.22)
Rs
Toedi v, = (Vs, —Vs;) ety
R
Voum = EA(VM _Vsz) (5.23)
3
wazdioliv, =0 azld
R
Vsum2 = [1_'_ R_4j(_VSZ) (524)
3

N@NNI5N (5.23) wag (5.24) @W1TONIATV,,, AN

V. =V. . +V (5.25)

sum — Vsuml sum2



a6

wnu (5.22) wag (5.23) Tu (5.25) agla

R R
Vsum 2_4(V51_V32)+[1+_4](_V52) (5.26)
R, R,
dlofmuald R, =R, agld
Voum = ~Vs1 + Vs + 2(_Vsz) (5.27)
et
Voum = _(V51 + Vsz) (5.28)

9IN3995N157U31 | Aeduriannuiiafiaueanaingno1eds wag | Aediunriswnud

@uéﬂmwaq LVDT asuutiloindgeain Vg, uag Ve, 31naun15 (5.10) waz (5.1) unulu

auns (5.28) agla

v, = —[KLIC [1+ILJ(1—At)VP Sin (@, 4 4)+ K,Ie (1—II—J(1—AI)VP Sin +¢)j

C C

(5.29)

vi —([KLIC +K I IL + K le1-K I Ilj(l—At)VP sin( @, + ¢ )] (5.30)

c c
Jaguaunmsiandu

Vi == (2K 10 ) (1= At)V, sin (e, + ;) (5.31)
Tnefismueld K, =2K I, sy

Vo =—Ks (1= At)V, sin(a@,, + ¢ ) (5.32)

sum

Vo, tuaun1si (5.32) daanedu v, Tuaunasy (5.3) 180 84A1 1AgUUINEAUINTDY
oy Vg, 81115009293U1ALag9aIRIALRLIAN8eR FeUTEnaumeRlUIuLigy

s Ay Ao, nudawes Q duiulszy C, ddumuliuala R, uazdadiuniu



ar

R, Ry waz Ry lausmdiunisdrgandyqyio azadiiedyginuniuay v, ludnvue
YoINaduAve teasedyannIuauliiasduuasadl via A, way A, wislilavuin

YOAVBIAYYIU Vy, WAT Vy ABUIIAU V, WAy v, NUUAIEDAYDIF QI V, 22N

sum

aavoulaeAudunIuliuald R, neuteudidunnvasealueud A, wisiluwseiu

Jounau v, =Kk,Vv, lnefigaumgiivies (25°C) dyayiad v, einiunseiuesds v, lagesy

ref

v YV

would A é’mﬁuﬂisq C, hagainrumuy R wag R, %QﬂaamwmﬁaﬁmﬁwﬁﬂuL‘t‘]u@h
YIBHAR wazTInnAuFInssviduinga tnefididunu R, Tiedostunsveuil
wefgsnmweseatuend A ifesindenuglilihuds Geussiuviesny, veseeuuend A
annsafinrsanldainiaslugud 5.2 vesudenlnozunsuduussludiuvesninveonanig
waznasan Tnsussiuodmavesoayuend A ulddsd dluadunanduina v- vasesy
woud A lngnszualuliiieesvend uazimuslvnssualvadniion v 1 i, nszualua

Wharwiunu Ru i, waznseualvadnfisaduniu R, uay C, WJu i, seluagld

I5(= iz i, =0 (5.33)

———h 1
L G000 I 2= (f]//Rz (5.34)
1

LazLDIAIALIINUNYY V' =V ST v =V Fidnnzasdiazla

Vin (S) - Vref (S) %, Vref (S) —Vi (S)

Z5) R,
v, (S) 11 ()
2 " (S)[ R zl(s)j R s
%’mgmﬁam Vm(s) 3la
V() =2, (s)[% le(s)]vm (5-289y (5) (536)

[

wazdnaNn1s z,(s) hinsil



1 1 1
Zl(S)Z(E/IRZJZE'RZ 1

1 1 —+R,
sC,
Sty
R
Z,(s)= 2
1(6) 1+sCR,
11aun1s (5.38) wnuly (5.36) azle
R T 1
Vi (S) = 2 g, V. (8)=———2——v. (s
m( ) (1+SC1R2) R1 L ref( ) (1+SC1R2)R1 f( )
(1+C,R,)
WAZINANNIT Vi (S) Tvaletaid
R,+R (1+sC.R
o2 OB (e 2 Io) IR B, Ry
(1+SC,R, ) R, (1+SC,R, )R,
R +R (1+sC.R
Vm(S)= 2 Rl( ! 2) Vref (S)—va (S)
&UﬁSQRJ @+SQRJR1
Sethuagldaunas v, (s) weil
RR,
—+=2 _sC, +1
(R+R,)| (R, +R)
Vm (S): Vref (S)_—Z
R (1+sCR,) (1+sCR,)R,

v, (S)

48

(5.37)

(5.38)

(5.39)

(5.40)

(5.41)

(5.42)

TuneUfus muualvaianudiuniu R, Tilieannd R 1109 waehl o >0 @13190

Usvananay R +R, =R, waz@guaunsi (5.40) udladu

R RERZ sC, +1
Vo) = S e ) oo ey
R| RCs+1 R (R,C.s+1)

0

(5.43)
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o

asu R, Insiazla

vm(s):& Lﬂll Vi (s)—lef (s) (5.44)
R, (Cls + RZJ RR, (Cls + Rz]
nauns (5.44) 1Wosan R, defigann Faiuayld
RCs+1
v Vi (s (5.45)
m() RC ref() Rlcls f()

el T, = RC, uaotounssiu v, lfvengaiuauaiewsinu A, Wousuruinves

[y v & o = M v &
el v, satudyga v, @snsadsulnadladu

V.(s) =K K. (s)—%ns) (5.46)

AU (5.21) waz (5.46) Awanduiinga T, wihfu RC, uaznatusnduwinievss
dun1s (5.46) wansarnnulaves LVDT bifinaduimeaiatoundu uamaianisdounduuuy
nsnseidmdruuInduinga exiinatunadfi@savindy ewmansznuainmswasuulas
puvgiinanden AT anwnsagnidnlulddanisnsginduiinga uenainddumisuny |
a1115amlAINVUIREEAUINYBIE AIRLaIANA V, ¥es LVDT TugUvesdyqyinnis

waeun vy tneldrsasduuazaei A, AuluransENUTeuMilIndolIranad

5.3 &UIIOUSUDINIIG

M5 IATIsELssIUEYe STt Eleasnes Ul favumisineend
THa¥sdyarumnuau v, enadnanulideidesldmnimundinsiaing T, =R.C, Ll
wangaw edesiuliliAnnuliseidewesiaduesdyaamuen v, asdesimunding

e T, wihiu (T, -T,) lagfl T, uag T, A9A1ULIAIVRIANNANTEAULALLIAINITAIY

FINVBIIATAUUALAIAIAUAINY INFUN 5.2 VUINLDAUINVBITIAY V, WU KV,

sum

Tnefiusedy v, szananiy KqVesin[(L/ 2)z — (22T, /T,)] Tugasaruiaan (T, -T,)

PAINALAUIYDAVDILTIFUY V. SIUUAILITANIITUNAIA AN AN

sum
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1
= 27T,
e G —sjin| L _Z" 1 (5.47)
2 T,
1 [ﬂ' 27Z'Tq )
— =sin| = -
eRpCP 2 Tex
1 1
— = —efC (5.48)

[

Nnaun1s (5.48) amnsadeulugiuuvuaenisfiulanail

- $ 44 5 (5.49)
RP P N z_ 27[Tq
2 \J-
Tl t=T, -T
2y a (5.50)
=N 7 2,
2 ex
To —Tq "W —Tq
2, = % (5.51)
1 1
In In
27T, A 5F,, — AT
sin| 2= sin
2 i el 2Ta,

[

AtuAAIRaT T, dunsalsupudunuslaae

T.=R.,C, = A (5.52)

(%
v 1 o

LNDARLIIAUNTLLTNOUYDADIANAIITAURALAIA L ARER A2ABIRIAIAINNTNVDINAE
YIFYIUAIUAN v, WANIAUAINTAIUTIN T, Y9919TdNLALAIAT LgMvuAA1Ad
fanian T, =RC, 91n3U% 5.2 dadnumiu Ry Tlunisudasainssuanoaianinos i, ves

n3uTawes Q, luiludmaauseiu v, dududSeudiou A, wazfduniuliuala
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R, Mwihivuudedyyin v, idudygiuaivan v, nszuaneaidinmes iy, ves

s udanes Q szluanuduiulsey C, wazisiuviu R, Fsaunsouanmuduiusla

foil
i, =C. % _c, % (5.53)
[ To — 4T,
Vop | 1-sIn o 7 |Cp
i, = — (5.54)

1987 Vo ADTUINEOATDIAYQYIMLTIAU V,, LIAUANATONAIAIUNI R, WU iR

sum

VOP 1 Sln - i T
2|ex R

t

R =G : (5.55)

[

NN i, Ry AU Ve —Vp) - AIUU @N30WT80aENNT9 (5.55) Tolnainsil

Zlex
C

Vcc _VOP TP t
q

Ry (5.56)

Vcc _VOP

. (T, —A4T
Ve [1=sin| —=—
2

tq

=C,R, (5.57)

Aatuanaunisi (5.57) Weuanuduiusvesaasiana T, wag T, oy
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Vee —Vor )Ty (5.58)

Tox — 4T,
Vop 1-sin & 79 v
2Toy

01 T,=65ps, f, =5kHz, Vp,=292V, V=12V uag C,= 0.1pF Franuduniu R,

Tw =RsCp =

waz Ry azlimuiiu 9216 KQ waz 9.7 KQ suainu d1msunisiiansaniafs snInvedeas

aelafleridunisanelou Fy, (s) veasasguuazai log

Vo(s) __e™

= (5.59)
Vsum (S) (1 + TSH S)

FSH (S) =

naunsi (5.59) annnsaussanaldaeldnnsussanaaidusunils ves Padé d1vSutaean
nsdu T, azle
(—Tﬁs +1)
E (8)E 2 (5.60)
(?S +D(Teis+D

ol Ty, waz T, A07242a10150BUALEIUBIITALLAZAIAY LATATULIANYDIAIND
nsEduRUAIRU 3U7 5.3 wansudenlaszunsuvessud 5.2 dslasiunudnuazainaliby
gauARvesgUnsallasulineg mﬂgﬂ‘ﬁ 5.3 T, Jumasinaivesseduent A, Faiidny
nMsvenewiniunis wog T, ifunainevauswesiussuuuAmUANSBLTEY A, A1Ad
nan Ty, vesestuend A, fewviiiy 1/GBP iile GBP Ao naRuuessnsveufiuLuLd

Isvosealuend A, AsuansamALsey v, (s) lansil

—— Ks(— 1S +1)
Va(s) ZAT (_aa)+(vref +(Vref _VaKf)_J - 2 T (561)
Ts)(Tos +1) (s + (T s+ (25 +1)

. Y K Ks(—TEZXS+1)
V,(S) =] Vis + Vg — —V,K; — E -ATa, (5.62)

a' M f
Tis Tis )(Tys +1) (Tsus+1)(TSHs+1)(T§Xs+1)
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1) K
va(s):(vre (1+ ) v, K ] m ~ATa, (5.63)
f "Tis ) (Tas+1) (Tsus+1)(rSHs+1)(T%s+1)

$N1TNTZANUNDUNIIANUYINVIEUNTA 5.3 A9

T.S

Ks(——2> +1)
1. K
W) = Ut £ L
(St} 1,5+ DT+ 5+
7~ « Ks(—=S +1)
A — > 2 ~ATa, (5.64)
T,s (T,s+1)

(T.s +1)(TSH5+1)(T29XS +1)

dngUaunish 5.64 Tnd 2la

Ks(— 1S 4 1)
1 K, 2
v,(s)+Vv,K, — T =
T8 s+ 0] 1, 1T 50 5 1)

K. Ks(—TeZXS+1)
v, 142 = ~ATa, (5.65)
s s+ (T, s+ D(Taus +D(C2 s+

T.S

Ks(—2> +1)
v, 1+ K, — K 2 T =
‘T (T s+1)| (s DTy +1(2 5 +1)
Ks(—eS 11)
v, (L+ ) 2 - ~ATa, (5.66)
s (T S”) (T, s+ D (T8 +D( 55+
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Ks(—MJrl)

1. K,
ref(1+T ) T s+1
(oS D] (7,5 40T+ 5541
v, =
Ks(—1S 11)
11k, £ Ka 2

f
T (TS )| (7, 5+ )T+ (2 5+

_ ATa, (5.67)

T.S
Ks(——&= +1
( 2 )

1+ K, ENLY

"Ts(T,s+1)

(Tus+D(Taus+ D5+

v O 14 = <
aatuazle v, Heunisidu

T.S
Ks(=-2241)
@ f) 2

(T 5 1) (T8 +1)(r5Hs+1)(T§xs +1)

T Ks(=1=® 1 1)
Pl ¢

"Ts (T,s+1)

(T4 DTyis 45 5+

Q% = (5.68)
S
Ks(=—2> 41
( 9 )

11Kk, L Ka
e
Ts (Tos +1) (Tsus+1)(TSHs+1)(%s+l)

dunainAmasdiiaves Ty, T, uae Ty, TAmeeninaunaivesrnuinssdu dauileidy

nsteudelugun 5.3 aunsaUszanalandu

H | —-I-ZEXJSJrl}KmKS o:aT,sKTm +Tsu—T;(JS+l}

V) =R KK T, ()~ KK,
I, mitS T I T, mitS T
(T, =" )8 + K, KK (T, =" )8+ KKK

AT(s) (5.69)
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a va v a

TunisujuRsnsivenetdeoundu K, dwualidu 1/K K, waznisivdsunlasgumngd

Y

Y v Rl a Y .:4' P ¢ al 9]
LLQ@@@QJQZSU'Wﬂ'J']ﬁqﬂqULjaqﬂqquﬂﬂizﬂu AMNFUNIIN 5.69 sﬁii 1uwﬁﬂuwaaﬂw’lﬂ®’1u‘u’m%

donnneafiueuluves |(T, +TSU —Tex/2)w| <1 waraun1si (5.69) anunsausvanuaisil

(%

v, (s) = L v, (5)——2ahS  AT(s) (5.70)
(T —%)S +1 (T, —%)s +1

naun1s (5.70) mmuakeuldli T, >>T, 12 weldfiansuiaiosnmluannzasdiie

= U L o U dl V1
Wisududgaa v, @msun K, = 1 aglein

VIV g el (5.71)
AL O \ o~ 4
;
Ko (-8 g41 +
Viet O— H Km S( 2 s+) N —O V,
T Y| A S R 2
+ [T (Taus+D(Tsn s+ +1)
1
T,s
+ — Vi
< Ki

a a

=] & °
EU‘W 5.3 ‘Ua@ﬂiﬂa%LLﬂﬁﬂJGUE]\‘i'N@Uﬁ"UﬂLGUEJQﬂJWﬂiW]u"ILaU'EJ

Y

sziiuldvunavesdyann Ve aztuegivammilives LVDT lnglifinavesgamgll AT
au AT uan madeauuvesdygia v, Wealileudu

gangl AT awsadeudy

v.(s)=—%NS  AT(s) (5.72)

T —-2)s+1
U=
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lumeluinsilfsunvasgumgiuinden AT o199 Waguiuauinssau Lagan
U ¥ a1 ! d‘ v = (% =

ARIR T, FeslliAiuinniiaiunaives T, vesaudnseduiiedesdunisivdsumna

Wenndyaunsduuenasduiaras Aauaunis (5.72) anansaussanula

v.(s) = fSTfl AT(s) (5.73)

Anlatduiinga T, awnsadivuelidu T, >10T, teanuazainluniseonuuuuas
AW AINIATIUTUN 5.2 Avaninganiizasy T, dmsunsidsunaseamgiuinday
F9AT a1u15adalaandieaaireinisasunlasaignuesdyyin v, HIA1anamie

1%

0.1% veamsUdsulasasan anansanlassil

T, =6.908T, (5.74)

TunujiReiarduiinga T, dvusbisindu 10T, dmsuaineuaussfisinss Lains

WA Ty AEUTTUIUNINU 15.816 ms

5.4 NSNATBULASHANISNATBUNITNIIUVDIIDS

29sitiausluguil 5.2 dnnasafiefudulssavinnveneas Tnegunsnidl
Fmieviluay setuend LF351 THdvSuasHanuaznauin A wag 29959818RauIn
A, EUVEIEAIUANAIBLIIRY A, a%w%uim%’@h@jmuauzé‘aﬂ AD633 dnTUIITHY
wazasA1 A, wag A, dgldeslusud LF398 dau A, aztdenld LM339 wag A, uaz
ns1udames Q Bseglurasyaiieaiuly LM311 Taeil GBP veseaUusnt A uaz A, &

AT 3 MHZ WazAIasiaiel Ty, Saruszana 53 ns d@msu LVDT nlgluniveass

(%

uGLQJQQJ A

D,

FRden1siaon ludas £125 Tadiwes wazdinaiula 69 mv/mm/V 1anud 5 kHz
AUUATAIINITVEIBUTIAY K, 9998208718 NAIUANAIEwsInY A, Widunils wag

mvualiaa N Uiy R, = R, = 30kQ uwaz R, = R, = 10kQ Tgunasinuussiua

(%
Y

Fuindu t12vdmSudymiunsedu v, duldaduledainud 5 kHz wseiu 2V, laei

sin

a v o Y 1w [y 1% a IS f v =
AunaT T, vesrudnsguivua by waswseiuliiignsds v, da1 1 Tad duiu

ref
U9 C, = Cy, = 0.1uF Tddmsuisasdunazasdn M A, uaz A, Fuilmiainisaiu
sudaUse T, =6.5us dmsudmdiunusatgendgyaialdduiulsey C, wirdu

0.1uF dstupnudiuniu R, wag R, a@mnsamlaainaunis (5.47) uag (5.49) dawviniu
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92.16kQ uaz9.73kQ puddu naun1s (5.54) AIa1Buinga T, gnivualivingu

10T, w30 2ms faduain T,=RC, lledmualiidaiudszy C, wirdu 0.1uF frpqiu

v Y

Auniu R = 20kQ  fduniu R, Avualiianu 300kQ aasdeuly R, >R il

naniaesnsvinuiliiatiosvesealuond A fdumudiuaila R, agusuiiioliuseiu

A o

Nounniviod 25°C JUN 5.4 uansguadudyain v, wae vy,

T o

vV, WINAULIIAUDNNDY vV,
Y992925MUFUN 5.2 NUIMSIERUNATENINEIM V,, Uag vy, AUz 18" U3y
IANA v, UBNITANLAZAIA A, TAINAUTLIALEAYRIEIM Vy, WSz

v, innTufidurdseenvesdygia v, kaviioldunisnsiaaeulszd@nsnm

C

1,00V Ch2 2,00V M40.0ps ' '

= % i3
SUN 5.4 USIAULDIANA V,, LAY Vg,

Y9939 3ULAUBABHANTENUINNQUNNTUINFOUVDY LVDT 9INA15nageufgumngil
LINADULUATULUAIHILE 20 D9 70 DIALYALTEE A8AIRILALLALYDY LVDT Wasukuad
Io./ Ly & o o

AaL6 -10 D9 10 DAALUAT FIAIUITOAIUIUAIANURANAIANAUNUSAUNAFNSAIA LA 210

aunNIT
: Al
relative error (%) = T x100% (5.75)

dl a ! ! dIQJ 1 ! dl Y a
o Al LLﬂ@IQﬂ'J']lINﬂ‘Wﬁ’]G’Ii%%’)’]ﬂﬂ?‘ﬂ’]@l@uagﬂqmLL‘V]f\]ﬁfl
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Abstract—A method to implement a demodulator for resolver
signal is proposed in this article. The demodulation technique is
based on the use of sample and hold (S/H) instead of the
traditional phase sensitive devices in synchronous detector. The
control signal for S/H is achieved from phase locked loop (PLL)
with EX-OR gate as phase detector where the excitation signal is
used as the reference frequency of PLL. The behavior of PLL
with EX-OR gate as phase detector provides 90° phase shift
between the output signal and the excitation signal, which is used
to generate timing for control the sample state of S/H at the peak
amplitude of resolver signal. The topology of the proposed
demodulator is simple and low cost. In addition, the devices used
in the proposed scheme are commercially available.
Experimental results demonstrated the performances of the
proposed demodulator are included.

Keywords-Resolver; Phase locked loop; Resolver converter;
Phase detector

L. INTRODUCTION

Resolver is a position transducer widely used in
measurement and control systems. The advantages of resolver
over other position transducer are in the term of high reliability,
robustness and maintenance free | 1]. Many applications can be
found in robot, aircraft, CNC and satellite tracking antenna [2]
- [4]. The configuration of resolver comprises rotor winding as
primary and two perpendicular stator windings as secondary.
The angular of shaft position of rotor is modulated with the
carrier or the excitation signal applied to the primary. Signals
from secondaries of resolver are in the form of double sideband
suppressed carrier. Traditionally, the demodulation to extract
the shaft angular position is based on the use of synchronous
detector, which requires time dependent devices for remove the
carrier signal. The demodulated signals from secondarics are
obtained in sine and cosine signals. Practically, the use of the
time dependent devices is chosen to perfectly match to avoid
the phase shift error in the resulting signals. However, the
perfectly match of the time dependent devices are improbable
to implement. The determination of the rotor shaft position
requires both of the demodulated signals from secondaries [5] -
[6]. The phase shifts of the demodulated signals from
secondaries are caused the error on the angular determination
procedure. Recently, the approaches to demodulate the resolver
signal using mixed-signal technique are introduced in
literatures [7] - [9]. However, these approaches require large
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configuration and specific devices. In this article, the
demodulation of the resolver signal using mixed-signal
technique is presented. The proposed scheme consists of phase
locked loop (PLL), simple and hold (S/H), EX-OR gate and
monostable multivibrator. One of the merits of the proposed
scheme is that all devices are commercially available. PLL
used in the proposed scheme is provided to generate a time
sequence signal for control S/H to sampling the resolver signal
at peak amplitude of carrier signal and hold. The proposed
circuit utilizes the behavior of 90° phase difference between
input and output signals of PLL, which employs an EX-OR as
phase detector, to generate a time sequence signal for control
S/H. S/H will sampling the resolver signal and hold until next
cycle of carrier signal. The hold state signal is then the angle
signal of the shaft rotor position. Therefore, the low-pass filters
in traditional approaches are not needed in this technique. The
phase error between demodulated signals is minimized. The
performances of the proposed scheme are confirmed by
experimentally implementation.

II.  CIRCUIT DESCRIPTION

A.  Principle of demodulation

The signals from resolver are in the form of double
sideband suppressed carrier as shown in Fig. 1(a). Traditional
principle of demodulation for resolver signal is based on the
use of a synchronous demodulation as shown in Fig. 1(b). The
excitation signal is mixed with resolver signal to achieve the
angular of shaft position signals via low-pass filter. It can be
seen that both low-pass filters require perfectly matched
behaviors to avoid the phase error between sin and cosine
signals. The perfectly match of low-pass filters is unpractical
for implementation.

WIM W f 1/“\“}1“‘ sﬂ/”\/\/\j” ‘ h“"bi

et ‘U

(a)
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(b)

Figure 1. Principle of conventional resolver demodulation.
(a) Resolver signals
(b) Demodulation based on synchronous demodulation

A technique to minimize the phase error is shown in literature
[2]. The configuration comprises peak detector, all-pass filter,
comparator and invert/noninvert controllable ~amplifier.
However, the disadvantages of this technique occur in term of
large configuration and specific excitation signal.

B.  Proposed demodulator

The block diagram of proposed principle is shown in Fig.
2(a). From Figs 2(a) and 2(b), the excitation signal (curve i) is
converted to square wave signal. The square wave signal is
applied to phase locked loop (PLL) using EX-OR gate as
phase detector. The behavior of EX-OR gate as phase detector
in PLL provides 90° phase difference between input and
output signals (curve /i and i), which is referred to the
positive peak amplitude of the modulated signal from
secondaries of resolver (curve vi). The rising edge of square
wave from PLL is used to trig the one-shot timer to generate a
sampling signal for S/H (curve iv). The period of pulse width
from one-shot timer is assigned to minimum time requirement
between sampling stage to hold stage of S/H. The resolver
signal is sampled and held at the peak amplitude of signal
(curve v). Therefore, the angular of shaft position signal is the
signal in the hold stage that is the demodulated signal.

The circuit for the proposed principle is exhibited in Fig. 3.
The proposed circuit consists of commercially available
devices, i.e. LM339 as comparator, LF398 as S/H, CD4528 as
one-shot timer and CD4046 as PLL. EX-OR gate is chosen as
phase detector used in PLL. The centre frequency of PLL is
set to equal the excitation signal. The excitation signal in the
form of sinusoidal wave is converted to square wave by
comparator A,. The output of comparator A, is transferred to
input frequency of PLL. The output frequency of PLL is
forced to equal the excitation signal with 90° lag. The rising
edge of PLL output frequency will trig the one-shot timer to
generate the control pulse for S/H. The control pulse is
occurred at the time corresponding to the time at peak
amplitude of resolver signal. Therefore, the resolver signal is
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demodulated to the shaft angular signal. The signals from each
device are same as Fig. 2(b).

resolver
signal (vi)

) angular signal

Sample &
— B

Hold (S/H)

A
(iv)
excitation
signal Zero- (if) Phiie (iii) S/H
—» crossing o »

@ crossing locked loop u.)mr(.)l
detector circuit

()

~

it

vi

(b)

Figure 2. Proposed principle of resolver demodulation.
(a) Block diagram
(b) Signals waveform of each point

III. EXPERIMENTAL RESULTS

For experimental purpose, the proposed circuit in Fig. 3
has been constructed on protoboard. The excitation signal is
set to 3kHz sinusoidal wave with 5Vpp. The resolver used in
this article is SANYO DENKI 101-4100 resolver. The pulse



[=El

period generated from one-shot timer is set to Sus. The
resolver is driven to the speed of 2,800rmp. The measure of
the excitation signal and secondaries signal of resolver are
shown in Fig. 4(a). The output signals of comparator and PLL
are shown in Fig. 4(b). It should be noted that the phase
difference between output and input pulse of PLL is 90°. Fig.
4(c) cxhibits sampling and output signals of S/H. The
demodulation of both signals from secondaries can be
obtained as shown in Fig. 5(a). Two demodulated signals
achieved from secondaries are shown in Fig. 5(b).

LI'398
resolver = /31 I zm'gulur
signal A signal
o0 | )
[——-
A
—ayCh
i CD4582
(iv)
Monostable
& multivibrator
excitation (iii)
signal
Phase
locked
loop
= W2 CD4046

Figure 3. Implementation of the proposed circuit.
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Figure 4. Measured results of the proposed demodulator.
(a) Excitation signal and signal of resolver
(b) Output signals of comparator and PLL
(¢) Sampling and output signals of S/H

IV. CONCLUSIONS

A method to demodulate resolver signal has been
presented. PLL is used to generate the 90° phase lag signal for
control S/H. All components used in the proposed circuit are
commercially available. Therefore, the circuit implementation
is simple and low cost. Two orthogonal signals, sine and
cosine signals, can be simultaneously obtained by including
another S/H with same control signal. Experimental results
confirmed the proposed circuit performance are agreed with
the theoretical expect.
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Abstract—A circuit technique to demodulate a signal from a
linear variable differential transducer (LVDT) is introduced in
this paper. The proposed LVDT demodulator consists of the
frequency doubler and the sample and hold circuit (SHC). The
sum of two output signals of the LVDT is used as the reference
signal instead of the excitation signal used in the traditional
synchronous demodulators. The reference frequency is
provided for the frequency doubler obtained by the phase-
locked loop (PLL) to generate the control signal for the SHC.
The frequency doubler generates the control signal for the
SHC to sample the LVDT signal at the peak position. As a
result, the output signal from the SHC is accurately achieved
and linearly proportional to the moving core of the LVDT. The
realization technique determines the LVDT signal at one-
fourth period of the excitation signal. Therefore, the response
time of the proposed circuit provides in a quarter of the
excitation signal. The circuit configuration of the proposed
scheme is simple and low cost. Performances of the proposed
demodulator confirmed by experimental results are also
included.

Keywords- linear voltage different transformer; signal

conditioner; amplitude detector; sample and hold circuit

1. INTRODUCTION

Linear variable differential transformer (LVDT) is an
important  devices for measurement of displacement.

Applications of LVDT can be found in the field of

engineering, industries, military, scientific and medical
equipment [ 1] —[6]. The superior behaviors of LVDT exhibit
in terms of infinite resolution and robustness. The LVDT is
formed by transformer with one primary winding and two
secondary windings. There are two types of LVDT, four
wires and five wires. Four-wire LVDT consists of two
secondary windings connected in opposite direction while
five-wire LVDT provides a wire connected from the
conjunction of two secondary windings. The LVDT requires
an excitation signal for primary winding and then the output
signal of LVDT is the difference of two secondary windings
signals. The LVDT output signal is directly proportioned to
the core position, which i1s in the form of amplitude
modulation with suppressed carrier. In the past, the phase-
sensitive demodulator based on half bridge or full bridge
rectifier is used to detect the core-position signal [1]. The use
of diode in the signal path provides the large error owing to
the threshold voltage of the diode. To avoid this error, the
synchronous demodulator based on the analog multiplier is
introduced [1] — [3]. The approaches mentioned above
require the low-pass filter to remove the high frequency
component. The disadvantage of these approaches is that the

978-1-5386-6663-0/18/$31.00 ©2018 IEEE

dominant pole caused by the low-pass filter provides the
large time constant for the demodulator. Therefore, the
applications of LVDT using these synchronous demodulator
are affected to the stability problem. Moreover, the phase
shift between the excitation signal or carrier signal and
LVDT output signal is occurred owing to the characteristic
of LVDT which caused the error in the demodulated signal
or the core displacement signal [1]. Recently, the
demodulator based on the use of sample and hold circuit
(SHC) is more extended [4] = [6]. This is due to the fact that
the behavior of the SHC in term of ‘sinc’ function can
remove the carrier signal without affected to the phase of the
core displacement signal [6]. The control signal for the SHC
is obtained from the peak-amplitude finder that provides the
control signal lay on the peak position of the LVDT output
signal with narrow pulse width [6] — [7]. Therefore, the error
due to phase shift mentioned above is prevented. In addition,
the fast response time of this technique is achieved owing to
the demodulator excluded the low-pass filter. Usually, the
peak-amplitude finder is consisted of resistor and capacitor
time constant to generate the narrow pulse width which is
complicated to determine the value of resistance and
capacitance. In this paper, a frequency doubler using phase-
locked loop (PLL) technique is used to investigate the peak-
amplitude position of the LVDT output signal. The merit of
the proposed technique in this paper exhibits in simple
configuration and low cost. Performance of the proposed
technique 1s confirmed by experimental implementation
using commercial available devices.

II.  CIRCUIT DESCRIPTION

A.  Operation of LVDT

The simplified configuration of LVDT depicted in Fig. 1
can be similarly explained as the transformer. There are one
primary winding £, and two secondary windings L, and Ly,.
The excitation signal v., = Visin(ax) is used to apply to the
primary winding .

&l

core

Figure 1. Simplified configuration of LVDT.



It causes that the secondary windings L., and L,, generate the
signals v, and v, respectively, depended on variation of
core position from the reference position. The secondary
winding signals v;; and v, can be expressed as

Va1 = kV\‘(InuI/ R I)[Sin((‘)’ = ¢s )] (] a)

and

Vs2 = ka(lm/ll +1)I5in((d —¢_\' )] (lb)
where V. is the peak amplitude of the excitation signal v,,, &
is the sensitivity of LVDT, /,,;and / are the null position or
the reference position of LVDT and the core position,
respectively, ¢ is the phase shift between the primary
winding and the secondary windings. The output signal of
LVDT v, or the difference of two secondary winding signals
can be stated as
Vg =V — Vg = 2kV. Isin(wl = ¢,) 2)
If k and V¥, are the constant values, the amplitude of the
output signal v; of LDVT is directly proportional to the core
position / of LVDT.

B.  Proposed LVDT demodulator

Five-wire type of LVDT is employed in this approach.
Fig. 2 shows block diagram of the proposed LVDT
demodulator. One edge wire of the secondary windings
connects to ground. The signal v, obtained from the
summing amplifier is used for generate the control signal for
SHC and can be written by

v, =2v, —v, =2kV. 1, sin(ot —¢,) 3)

The achieved signals vy and v, are fed to the amplitude
detector for demodulating LDVT signal. Fig. 3 illustrates
the diagram of the proposed amplitude detector. It consists
of a comparator, the peak-amplitude finder and the SHC.
The signal v, is converted to square signal v; by the
comparator. The obtained signal v, is applied to the peak-
amplitude finder to generate the control signal v, that
provides to detect the peak-amplitude position of the LVDT
signal v,.

amplitude
detector

Figure 2. Block diagram of the proposed LVDT demodulator.
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Fig. 4 depicts the waveform sketches of the proposed
diagram of the amplitude detector in Fig. 3. The circuit
diagram of the proposed LVDT demodulator is shown in Fig.
5. Opamp 4, and the resistors R; and R, are formed as the
summing amplifier. Opamp 4, functions as the comparator.
The peak-amplitude finder consists of the frequency doubler
formed by PLL with feedback divider, NAND gate and R-C
network for generating a narrow pulse. This article employs
PLL with feedback divider instead of PLL using EX-OR gate
[8]. This is due to the behavior of EX-OR gate as phase
detector in PLL provides 90° phase difference between input
and output signals of PLL. Moreover, the locked range of
PLL using EX-OR gate is quite narrow. Therefore, the
excitation signal frequency of the demodulator is limited.
The PLL with divider feedback is based on the edge sensing
detector. Thus, the locked range of PLL can be gained. The
output signal v, of the peak-amplitude finder is used to
control the SHC for sampling the signal v, corresponded to
the peak position of reference signal or the excitation signal
ver. Therefore, the output signal v, of the proposed LVDT
demodulator is proportional to the core position / of LVDT.
The signal sketches of peak-amplitude finder are shown in

Fig. 6.
[

Vi

Vs O

peak-amplitude
finder

Ve

Figure 3. Diagram of the proposed amplitude detector.
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Figure 4. Singal waveforms of the proposed LVDT demodulator.
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Figure 5. The proposed LVDT demodulator eircuit.
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Figure 6. Singal waveforms of the proposed peak-amplitude finder.

III. EXPERIMENTAL RESULTS

To verify the performance of the LVDT demodulator, the
proposed circuit in Fig. 5 was constructed on breadboard
using commercial available devices and circuit parameters as
summarized in Table 1 and Table 2, respectively.

TABLE L ACTIVE DEVICES USED FOR IMPLEMENTATION OF THE
PROPOSED DEMODULATOR
Device A N P_a-rt-Number
Opamp 4, LF353
Comparator A4, TM339
PLL CD404‘:
divider CDA4027
NAND gate CD4011
Analog switch S, and SHC CD4066
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TABLE 1L PARAMETERS SET IN PRACTICAL REALIZATION
Parameter Value
R\, R;and R; 10kQ
C, 20nF
Ci 10nF

The excitation signal v, is set to 5kHz of 1V peak
amplitude. The LVDT, OP/12.5/G type, used for this paper is
+12.5mm stroke range and sensitivity of 69mV/mm/V at
S5kHz from Solartron Metrology. Fig. 7 shows the operating
curves of the proposed demodulator. The signals (vy, va, v
and v,) and (v, v4 v, and v,) are illustrated in Fig. 7(a) and
7(b), respectively. The plots of the measured result of the
output signal v, for the core position varied from -10mm to
10mm is shown in Fig. 8(a). The voltage error of the output
signal v, is depicted in Fig. 8(b). It can be seen that the
proposed LVDT demodulator can extract the core position
signal / from LVDT.
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Figure 7. Operating curves of the proposed demodulator.
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IV. CONCLUSION

LVDT demodulator based on amplitude detector has
been introduced in this paper. The technique utilizes the
peak-amplitude finder to generate the control signal for SHC
to detect the core position signal from LVDT. The proposed
peak-amplitude finder is based on the frequency doubler
using PLL with divider feedback. The proposed demodulator
provides without low-pass filter requirement. Therefore, the
behavior of the proposed circuit contains fast response time.
Moreover, the proposed technique exhibits in simple
configuration and low cost. The circuit performance is
confirmed by the experimental implementation.
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