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Design of Resolver-to-DC Converter

Using OTA-Based sin' Function Circuit
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ABTRACT

In this project, a new technique for realization of the resolver-to-DC converter based on
the OTA-based arcsine function circuit is proposed. The proposed converter comprises of
demodulator, absolute detector, minimum detector, * unity-gain amplifier, control signals logic
circuit and OT A-based arcsine function eircuit. The output signal voltage is linearly proportional
to the resolver angle with maximum absolute error of about 0.195%, which is less than error from
the conventional resolver-to-DC converter based on OTA-based arcsine function circuit. PSPICE
simulation results and the experimental results verifying the performances of proposed circuit are

in close agreement with the expected values,
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wazay 1A nszua 7, Iauiny

- gml(1 + ngRsZ)
: 1+ gml'Rsi (1 + gm.Z'Rsz)

in

v, (1.9)
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Q4 )

v oA 1 ar N =t oy 9 R P
UALHBSINATH YT MO T ST UNE Iin i &Lﬂ‘i?%ﬁ‘ﬁhl@i'lﬁﬁ]%l!ﬂ’ll‘!junlilﬁ'ﬁiﬂuﬂ?ﬁf% (3.7)

@ A
HURARS

gml (1 + gmstz)
1 + gmlei (1 + ganRﬂ)

in in (‘1]2.2)

§ o T T ' 3 o ! : 5 @ ol
dlofmunld o, Aodmadisszrieannsh (v2.1) fuaumsh (W2.2) Faanniodouldd

e - .MI/:EL . g,n1(1+g:;|2R32) v (552.3)

sl 1+gmlel(1+ngRsi) N

vinaums (¥2.3) g1 lneiaz 14

er, = - } ]—V—‘—"— (u2.4)
1+gm§Rsl 4“gmlngRiss,z Rsl
Foz'ld
er, = o | (12.5)
Rst
e
. = ! @2.6)

1 + gm;Rsl + gmlgmst]RsZ
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a
1

ar an = o R 1 A Poas
g, unz g datumsimsizdainnu o (sensitivity) veemnsyue I, ATuagiunaves

Y

£ . . 3
quvgd (1), S Wingrilwufiez 1938 nsiasanaums 2.6 disududunls v, ddife

S:}fj” - I{L__a_{ﬂ_ . VT 0 I: (21{/;,‘]3]'{*1‘,”[82}{"2)1/;" :l . (6U31)

I oV, I, 0V.| 4V} +2V, IR, +1,1,R R,

in i

] ¥
{0900 I, IR, >> 2V, 1, feiuszanunndszanes Jan

5; IBiIBZR,\‘ZVin(gyT + ZIBIR.\'I)

- : (43.2)
Ii.u 4VT + ZVTIBIRSI + IBIIBZRSIRSZ

It

S ]:' [

- SV;'? L ZIBIR,\‘IVI'
4V’ﬁ + QVTIBIRH t ImImRnRsz

S (3.3}

4 I ay as 4 . PRge 4 3
Wotiowld & dosanuianaesuiiotinnsi Asuudasuegung e 14

AT

gb = S;:lin T (‘U34)
. W ¥
e e

b, NS 8V =21, R\Vy AT (43.5)

AR WL Ry T I RR, T
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o Y 2 as - e d =y d
(79614 Source code NI IMTUMTIANLHEIATILAMATINTIIRBS K,

clear all
n=%1;
RO=6900;
Th2=100e-6;
m=1;

for §=1.18:0.002:1.19
KT=j;
for

Ro*m*Ib2* (1+ (1/XKT) } *rasin{i};
(Ro*Ib2* {m*i+ {1/KT) *atanh{m*i)});

Voutl (p, n)
Vout2 (p,n)
X(p,n} = 1

¥

i

if i~=0 ;
Error (p,n) ={(Voutz (p,n) ~Voutl{p,n})*100/ (Voutl(p,n));
glse
Brror{p,n)=0;
and
p=p+i;
end
n=n+l;
end

figure (1) ;
plot (X, Errox, 'm')

figure (2} ;
plot(X,Voutz,’b*,X,Voutl,WHﬂ
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A Novel Resolver-to-DUT Converter
Based on OTA-Lased Inverse-Sige Function Clrenit
Auucha Kaewpoonsult!, Wandee Peichmancelurnks’, Apinai Retkratn’,
Sirichat Tammaruckwattana®, and Vanchai Rlewnyfa”

' Drepartment of Physics, Faculty of Selerce, Nivesuan Univessity, Phissavtek 43000, Thailsud
{Tek +66-3-326.3000.3; Banaid svachakifims.ae.thl '
* Fanulty of Engivesring, King Mongkut's Imsiinte of Teshnology Ladhratang,
Ladkraharg, Baaghok 10538, Thailand
{Tel: $6-2-750-0758,; Fax: 65.2.755.0738; Emeil: hvanchaigfhmithac )

Abstract: 5 new tschhigna for realizing fhe resolver-to-DU converter using the UTA hosed inverse-site fupotion sivcuit
it pressated. The proposed sonverrer compyises the demodulston, wbsolute detecior. minianm detenter,  uuity-gain
amplifies, controbied sigral Togic chronit, and OTABesed ipverse-sine Rumetlon cireuit. The awpwt voltage iz Hueatly
prapordondl 2o fae Tesolver angle with magiunm sbsoluts errer of about 0.193%, which i less tan the eror from the
convensonal reschiar-ta-DC canvarter based ou the shnilar OTA Dased inverse-sive fanction sirenit. PSPICE shunlation
anil experimensal results varifying the performances oF the proposed cltmult are i clode agpsement with the eNgectad
valies. . ‘

Keywordst ressivero-DI, raselver cowverter, inverse-sine fengtion cirondt, sine-to-migggaiar wave converser, OFA

1. INTRODUCTION proposed  comverrer  ewplays  the  OTA-tassd

fwersa.sine Suwsction airoult a¢ shown in Fig. 2, whith i

Reselver is o shalt angle wausduger ampesially siratlar t%’ia? sehemg repertad fn [3], In ovder to in*:pwf;e

designed o dswmoming an absaluzs position of a moter the cioult accwmacy, we mwe ke abselue circuis

skt ovey one reveluion. Furthenmore, the spaed aud coonected with the ntiviume cirenls e Hink the range

emoder  sivoatioe for postion somtrel of the of signal aoplied 1o fhe DTAazed inverse-sins function

serve-driven tan be dazived from resolvar rigualy. The civauit, Theo tws paraetens wied in the dnverse-sine
restlver<o-DG convanier B8 to conver e sesolver Funetbon clewt 2re chenged.

signats, sine snd cosine Baclions, ke a1 puipat vollage
propoiosal to  the rmselver shalt ougle. The
tplemeninden techuigues of the conventer wan be
found o the Rrerature [1-3], Ahtermetively, the approsch
bosed ypon the UTAbused nverse-sing function sireult
isinetooriangeler wave cowvererr §4] bas been
imtroduced o (5% I this schame fnee Fig. 1), the
demodiiated  sine  slgnal b dsemuined by the
iversesine fenction drenil and wringylar-io-sawtaath
weveform converser that provide the eutpit voltage
properional 1 the rerolver shofl augle. Howsver, thiz
sonverter has ahour 0.23%% wakdnmm ereor This enver
depends o the range of the mnput signal ¥, and some
parznetars nied in the OTbreed dnverse-sine fimetion

cireu. Fig, T OTA-based fnpvarsesine Fancrion civent.
W s ) oo LM 3, CIRCUIT DESCRIPTION
» g
i o | i ] .‘
ik 2.1 OTADased inverse-sine function siveude
g EI Fig. 2 shows the invese.sine funclion cirouit fonued
., [P L3 v e OTA; 1o OTA; I all OTAs have ideal
i charreteristics. When the lupot signal voliage ¥, ¥
Fig. | Comventions resolver-to-DC converter msing the ;gghexl !;fe sg;;;zcu? d:f&i ?::i;gg:ie %’:ﬁiﬁi 321}}
4 -based fwverse-sine funedon sizeuit. Lo oS VaEe T il ’ R
CTATR = cogveried fto the gt sigual cusrent J, by th zesistor
This puper shms 10 presset a naw teshiique fos Ry (=VRa). Frow the soutine ciroalt mnalysts, fhe
inplementing  the  Tencivertt-DC  sonverter. The seiationship of the ongt cuzrent [, and the velfage ¥,

con be axpressed o5 [4]
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Qa%%u;-&}’mmh“’{ i’-ﬁ_{-i‘ o
5 ~§c‘-« AL
kK = gfi 4

whete Jp and [y are the biss current of tha OTA), and the
outpat current of the OTA provided by the veltage
respectively, The siznal v, is the fnput voltage of the
GTAy. Tha resistors Ry and R comnested ba serias are
smploved fo bypass the remainder somvan-Fe=({lily
e shonitaneentsly 1o gensrate the input volings ¥, for
the OTAz Based ou the power series egpansion
poincipie 14-33, By, {1a} st be approximately eqmal 1o
N

: NP )
I, =mbi,, i+ K,}sm"-; . &
ERal > It
To achisve Bq. (), the prramerers m = Q066 wd L=
©.927 wape shonen dwough the tse of tha method iv
Heeratura [4-5], The 1manien diffarence betweeh the
carent T, fram 2y, (1) ond . £2), termed the dbuoluse
error, will be equal 1o £,82% for the value of FiliaRe o
Tonge of ~1 10 I, To minimize this maximug absole
error, the parameters m aud I ave adepied by wsing
MATLAS shoulation results as thown i Fig 3, where
the values of FilieRn ave 58 in range of 0 86 2707, To
simpdy the patatoeter setiing, we Iat e = 1. The plote of
the ewor against the valne of o=(Flmin) for fies
differant values of K, i, 1380, 1154, and 1,838, are
shown in Fig 3. Tt con be seen ther the Ey = 1134
previdas the smalleat error for 1= 6,707,

o

fA5p

Giap q =8 Ee
o i Jre Fpadasa
;«f P o s B AR
A 008

& B2 a3 a4 BE 46 07 B8
welPffagfiat

Fig.3 Plote of fhe arrer againg the valuz of xR,

“The performences of the clreait in Fig. 2 were studisd
through the PEPICE suslation and axperimentat results
o5 showa ia Figs. 4~5, whese thi paranseters ware set to
wal, G 1184, and A= 6%

r

[ T, avomsea Lol [P YR B

et it o w5

% i A

e ads L2 5]

{ay Plogs of the tastpus volage F, againsi
the dnput voltags .

Hreom iy
-
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s on 2 at o
AL

{5y Plots of the aleeiute error against
e lupws voltage ¥
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Fig. 5 Experimental revuls of the cirenit in Fig, 2.
(vertical acale, CHy ¥y S80mividie, CH, ¥y 1WAy
kotizontal seale:300uaidiv} .

The simulsson results as shewn in Fig, d{ay ars closely
agreed with the experimental resalts tn Fig, 3, Frow Figs.
Ahy-4G0, B Bn evident Hat oo tnaxinum enior is less
than 0.2%, when the values of the voltage I, are in mnge
of §00. 17 Comequently, the parameters = L and Xy
= 1.184 are adequasely suitable o beused i Fig. .

12 Proposed resolver-to-DC converter

Fig. ¥ shows the cirenit diagram of the propessd
tesoivere-DC convedsr, that conusts of the
demmodulators, absolite detectors, iniuimoan desector,
mirygniz smplifier, controlied sigual logic cirewit, and
OTABased inverse-sine fimetion clsnit The proposed
weahmigae waes the wadidienal principle Zor stimuiating
the yotey winding of the vesolver. The sizuseidal voltage
signal ¥ b applied to the rowr winding. The eutpul
dgatls of two swows windings ¥ oand e are
demodulated using a0 iwiredused Jamodulater in
Hierates 181 hen e ousput vokages Foaud Vo of
denodidavors can be stated a3

voo= dsialF) 3
¥ ow deoslp) CH

whera & i3 the esolver sbaft angle. 4 is raferred 10 ths
prik nuphinde of both siguals I, aud ¥, The veliagea ¥,
wnd 17 ave supplied to the absodnie dewerars and pused
through the miniaum detssror Than the atput voltage
V., 6f the minfe detestor canbs wiitten a5

lad LF ey

)2 = "
o ’i%a;} L ¥ Y, e
or

B ;l&m{f?{ P S A i
T fi’ijms{ﬁ] s EoaE i)

The veltege ¥, bs apphied 1o the fllowing inversesise
funcrion etreuit, In order fo sbiain the ease of dustzn, we
Tt the amphimdes of the volagss ¥oand Peare egual to
sne. Then the mazheom value of Ve iz agqual 1 4307V
and tht otgpat valtage of the luverse-sine Rumctionsicouit
For Gt eans be exprassed os

g - BT
Tl xidesfmil
Fegil Ei2agsindd
v, =G 58 imidaRin @
Gt T FE i
Jxil-g  Iwid<Bidnid
F-3mid widaFLTwid
=8 Tatdesiis

v

where G = mbly 01480 denioles the constant gain of the
inverse-sing funcrion circuit. The resistor X, i3 weed as 0
Toad of the imversa-sine Rincush slrenit 10 sonuvwt the
owtpt cnrent I, s the sutput voltage Fa. The digisal
Yozic signals 0, O, and &, are the owipud sigual of the
zeTo crossing dstentors £, O, aud the comparator €,
repeciively. The veltage Py i1 assigeed S0 the apws
wokags for the positive and Regaiive unity-zaia muaplifter
controlled by the dizhal siguel @, The soplifier
fasigtions 25 a glangular-se-sawionth conventer, Thug the
output woltage Fle end the logle signal O, con.
respaciively, be expressed wa

F(m & z‘:ﬂl ;Q” = (Fa
iﬂ— wl *'Q.ﬁ-ﬁj
e Gassaid
il ridefLinid
geild wi2e8fixig
. f-a i< Ry .
o “R"G'sz (R EEiniA g
G-3872 Sridcesszid
g-3qi2 by idcésinid
& -2 IR et dn
gﬂ’l ﬁgleg»agw {3>

Fron Bg, (75}, it ean ba seen that the melavion hetwaen the
aaupat 7, and the vesoluer shatt angle # i Hineay 1 sach
condition. The dizital logic dgnals @, 0. amd Q. ate
eiated with the shape angle $a shown ia Talle L
Table 1 Relations betwezn e logls siguels (&, Q. and
{2, and the shape augled.
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Fig. 7 FSPICE stwlation resulls of the praposed resolver-to-DC convarier

A, PSPICE SIMULATION AND
EXPERIMENTAL RESULLS

The parformances of the progosad cirudl a5 thown in
Fig, 6 were sdied though the PSPICE simmiztion
program and eyperkmant. The LBI33E op amps are
groploved to fonstion o the enplifisr aud haclute
detecsofs. The LM311 and CDH066BC devices form as
the compazter and apalog swinh, regpectively. The
supply woltages were st to £9W. The cireudi parameters
L= 30004, T = By = 100RA, By = 10k, R, = 6550,
i Ry 3 R, = 2Ry o 10RO were chosen, The progeduras
to deteiming the walues of Han R, and Je can be
disengsed as follows. fi oxder o obinin the parameiarm
1, the resistance’ Ao and Ry i Fig, 2 shoudd ba largs,
thus we desien such et R = 80522 and Ry = 20k
From Bq. (1d), the parameter b will be equel to 02 Jo

practice, the voltage v, 15 less thin e ealeulnied valug
by wiing By, (143 besemse of the parasitic inputresisianse
of the 074, To efleviai this Hmitston, we
Jei o the cenditons a3 blgtaubmFdLRa o=

Lo Footand o5 Tt 1) = Ly, Substituting m = 1, Jpp =

100ud, Er = 1384, and ViilmRa = 0507 i his
condition, the bias curzent Fre= 13md sl be achioved
Ous mefhod o Dmplament the chuple OTA based on

N304 snd 3506 travsistors has been deseribed in {71,

To simply the experiment, we use the covunercially
wvailable CAIZED device fo comsfust the OTAdused
fuverse-sine fonetion cirewir i Fig. 2, The synchee
senolver, Sonye Denki 1014100, diiven by 2 vorisble
speed de moter was used. The demodnlator cam be
sealized by using mbtiplier and fow-pass filter clnculis
1§], The pesk amplitedes of e voltage siguals Voand ¥y
and fhe walve of .G in B {70 wese set o 1V snd »4d,
raspeciively.




The sinmlation and experhmemtal vesults of the
propesed converier, are shown in Figs. T~8, regpeetively.
Fig. 7 chows the sigeals for SHzainugoidel volages ¥,
asd P, of amplitude 1V, Fig. 8 shows the measursd
veanlzs for & IN0apm moter spead. Thaze are apparent
that the wsalty of the propesed mathod are in close
egrsament with the expacted values.

{vertical scele, Oy ¥ 1Widiv, CH, ¥7,0 S6mVidie,
CHy Ve Vi horizonal soaler 20me'div),

(2}
{eertinal seade, CH i VALY, CHy P 2V,
CH, Vo VA, CH,y B 1V
Torizontyt scale: 2anidiv),

SR L sl

ey s g (yerticad scate, 0 !C'e}l“dfd‘ O O, VAL
e e " (reptival seale, £H, Fo IV O Uy BV ALY,
N A ,,, < CHy 0, Vid, CH, Oy PV,
o, ; . ‘“‘-‘ herizoental seale: Swe/ding.

Fig. 8 Bxperimentad renddts of the proposed sircgis,

@ i
feesticnl acale, CHy Ve 1WAy, CH 7 1VAdiy, ok CONCLESION
CH, Wl 500mWisty, CFLIF b S0tmvaly )
horizongal seale: Whnsidind, This paper hss deserbed the acousaie resolver-ton DO

converier. The raalizadon methed wilizes the OTAbazed
inverse-sine fanetion <hrovit 1 imgrove he acoumsy of
hy previows spurosch ib Hterstuse [5] The maximen
absoluesrrar of ghout 015536 can be obisined. PSPICE
shuwlafion and experimenisf results coufioning vhe
erenit peetbratices have slso been demonstrased,
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