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REZUMAT. Rezolverul este folosit pentru comanda motoarelor electrice fara perii. Avantajul rezolverului este ca acesta
furnizeaza in permanenta o marime corespunzatoare pozitiei unghiulare a rotorului, inconvenientul constand in faptul ca
furnizeaza o marime analogica si care depinde de o functie trigonometrica. Pentru a obtine informatia de pozitie sub forma
digitala, s-au conceput convertoarele rezolver-digital.

Cuvinte cheie: pozitie, rezolver, convertor rezolver-digital.

ABSTRACT. The resolver is used to command the brushless electrical motors. The advantage of resolver is the providing of a
magnitude corresponding to the rotor angular position. Its drawback consists of analogical magnitude provided, magnitude
that depends on a trigonometric function. Resolver-to-digital converters (RDC) were realized in order to obtain the position
information in digital mode.
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1. INTRODUCTION

. . . . +0

The resolvers are electrical micromachines having 1
similar construction with asynchronous micromotors AN *
with a wound rotor. Resolvers have two winding on the AN
stator and two on the rotor, sinusoidal distributed and N
placed one from another at 90 el. degrees [1], [2]. Rotor
and stator windings are placed in slots, their ends being oS3
taken out at four terminals for stator. For resolvers with
one rotor winding (for usual applications) the ends of
rotor and stator windings are taken out at two rings, the .
connection with the exterior being realized through two staToRr
brushes (see Fig. 1).

In most of the application, resolvers are used with s2 Uspsa 54 _
single phase power on rotor and two phase output on ple
stator. The sinusoidal voltage with constant amplitude Rl U T R2
is applied on input terminals;/R; [3]:

Up-go =+/2 (U, GSin(2rt 1), (1)

AN

where, U, is the effective value applied on the
excitation windingf is the frequency.

The output voltages from stator windings terminals
are (see Fig. 1): Usz.ss SIMB,

{ Ug-g3 = KDUy_go [0SO

Usis STATOR

ROTOR

~MUgis3

. ’ 2 - "R+0
US2_S4 = KEUR].—RZ ‘E'ne ( ) “ \ 0

Uso.s4
where K is the transformation ratio. AN
An indication of the anglef is achieved by Fig. 1. Classical resolver.

processing the stator voltages, for example:

tP=Ug g/Ug g3=>0=arctg(u g g /Ugs3) (3)

Because the processing by division is not profitable,
the variants with stator supply are preffered, in this case
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the rotor being the armature. In this sitution, twad\ =a -6 that represents the deviation from prescribed

distinct methods of use can be highlighted: positiona.
-the amplitude modulation; In the second case, the stator is fed with two
-the phase modulation voltages that have the same frequency and amplitude,

In first case, to measure the angular position of gt spaced at 90 el. degrees:
shaft (wich drives the rotor), relative to a reference

positiona, the two stator windings are supplied with the Usp-s3 = U [Sinat
voltages: . n 9)
_ . Up_gq = UOsin@t+— )= ULtoswt
Us1-g3 = ULkina Csinwt y 2
Up_gq = ULtosx [Sinwt (4) The voltage induced in rotor is (see Fig. 1):
The voltage induced in rotor, for an angular position Ur e = Us1-53 C0S8+U g4 SINO = (10)
6 of rotor axis relative to the winding axis-S,, is (see =Usin(wt +06)

Fig. 1): Therefore, the resultant voltage has one phase

Up p=Ug 53C080+U g_g4 SN0 = proportional with the angle that characterizes the
= Usin(a + 0 )Binwt ®)  relative position between stator and rotor.
Nowadays, resolver is used to command the
The (+) sign in the expressiosin(@ +8) is brushless electrical motors [3], [6]. The advantage of

determined by the;S5;, S-S, windings crossing sense.resolver is the providing of a magnitude corresponding
When the winding 8S,is crossed in opposite directionto the rotor angular position. Its drawback consists of
the voltage induced in rotor is: analogical magnitude provided, magnitude that depends
on a trigonometric function. Resolver-to-digital

U R = Ug-53C0S0~U .54 SNB= (6) converters (RDC) were realized in order to obtain the

= Usin(a - 0)sinwt position information in digital mode [7], [8].
Also, it is obvious when is used:
Uy gz = UCtosy CBinct 2. RESOLVER-TO-DIGITAL CONVERTER
: 7
Usp-g4 = ULkina CSinwt (7) _ _ :
_ The bloc diagram that illustrates the RDC operation
the rotor voltage is: principle is presented in Fig. 2. There have been made
Ug_ro = UCOSE — 0 )Binwt (8) the following notations:

_ - TB =time base;
Therefore, the output is a voltage modulated in
amplitude with the sine (or cosine) of the angle

ﬁiiiiii?iiiﬁ .
Q—O

‘ 0SsC _+_ DF1 © 800Hz IN I(DI;)Z Q 400Hzl »IN FATB1 #U S1-S3
‘ @ekhz) [ ™ (:2) Slooore ' ‘ 3lo—o0
Ql—o

| =\ 5 © WM I FATBL | yUszss
er L1 | Zor°

>IN F2 Q IN2 Q OUT

D® < (©)

6—>IN F1 o IN1
Uri-R2

Fig. 2. Functional bloc diagram.
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- OSC = oscillator (f:16 KHZ), o T= (1600 )—1 — [(S_ + Rl )+ 2 DRz] [q:z [n 2 (11)

- DF, + DF; = frequency dividers (dividers by 2); . o _ _

- FATB,, FATB, = band-pass active filters; In order to obtain a digital signal with a duty cycle
- F,, F, = pulse shaper circuits; of 50%, the signal generated by the oscillator is applied
- D® = phase detector. to the frequency divider realized with circuipa |

The time base (BT) is composed by an oscillatdpistable D type, MMCA4013), in divider by two
realized with integrated circuBE555 (i, see Fig. 3). configuration (see Fig. 3). Through another two
The digital signal from the oscillator output has &ividers by 2 (ds and ks, bistable D type, MMC4013),

frequency of 1.6KHz that is fixed through the Stwo digital signals out of phase by 90 el. degrees are
achieved (OUT, OUT,, see Fig. 4).

trimmer [5]:
S|1
D Q »o OUT1
2, o
im [L 2
S1 s i _
(f=1600Hz) D Q »CK o QP
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Fig. 3.Electrical schematic of the BT.
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Fig. 4. Waveforms of the BT.

Through two band-pass active filters, FAJB type. The signal from filter output has been fixed on
FATB,, the two supply voltages for resolver statoW*/2=+10V because it has not been used a dual power
winding are obtained [4]. The electrical schematic of supply.
band-pass active filter is presented in Fig. 5 The continue component from output signal

A FATB with multiple reaction has been used. Itvaveform is removed through a invertealized with
was realized with operational amplifiers I, BA741 the operational amplifies(BA741, see Fig. 6):
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Fig. 5. Electrical schematic of the FATB.
Fig. 6. Waveforms of the FATB.
_ : processing thedd s,stator voltage: CMOS forming with
= +
st V2t tSin(wt)+10v (12) comparator 4, (BA339) and monostable Al
Ugs = -2y [Bin(wt ) +10v (MMC4098). The initialization signal (R) active on

high is obtained by processingilk, rotor voltage:
CMOS forming with comparatord (BA339) and
Ug = Ug — Usy = 2¢/2 [U Hin(wt ) = monostable & (MMC4098). The two pulses have a
(13) period of Qus:

Therefore, the voltage supply for stator winding is:

=v2[U (Sin(at) | 1= 2470R0G = 2470R, [y =1us  (14)
where w=2zf, f = 400 Hz andU = 10 V is the _ _ . _ _
effective value. In Fig. 9 is seen that a digital signal hav_lng the
The voltage supply for the.S, stator phase is frequency equal with the frequency of the two signals (
obtained in a%imila??n);nner (se?e F4ig. 7). P = 400 H2 and the period equal with the phase shift

The electrical schematic of the phase detectdr)(D between fthe two voltages is obtained. Therewith, the
is presented in Fig. 8. This consists of D type bistab‘i’é‘ase shift of the two voltages represents the angular
(Isa, MMC4013) in divider by two configuration. The diSplacement of resolver (motor) shaft.
clock signal (CK) active on rising edge is achieved by

ie
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Fig. 7.Electrical schematic of the FAT.BFATB,.

Fig. 8.Electrical schematic of the®

In the Laboratory it has been used a resolver

manufactured by S.C. I.C.P.E. S.A. Bucuresti, 08-RX-
3. EXPERIMENTAL RESULTS. 20-2-0.454 type, having the following parameters:

CONCLUSIONS -input voltage W= 4.4 V;

-maximum input current = 6 mA;
-frequency f = 400 Hz;
-transformation ratio K = 0.454 + 5%;
-accuracy = * 12 min.arc;

-stator winding resistance = 70 + 10Q
-rotor winding resistance = 55 %28

The RDC design, realization and experimentation
were realized in the Electrical Drives Laboratory of
"Gheorghe Asachi“ Technical University from lasi. The
general view of RDC is presented in Fig. 10.
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Fig. 10.General view of the RDC.

As experimental results are presented the time -the w,.s,and wi.roVoltages for@=0 degrees (Fig.

diagrams of: _ ~13), andé=180 degrees (Fig. 14);
-the digital signals wittf = 400 Hzand phase shift  _the output (Ch. 1) and reset (Ch. 2) signalsé90
of 90 degrees (Fig. 11); degrees (Fig. 15)#=180 degrees (Fig. 16)g=270

-the supply voltages of stator windings (Fig. 12); degrees (Fig. 17), an#360 degrees (Fig. 18).

e
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Fig. 11.Digital signals withf=400Hz oltages fore=180 deagrees
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Fig. 12.us1.s3(Ch.2)si Uss.s4(Ch.1) supply signals for&=90 degrees.
voltages of stator windings.
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MEDDHS 7 Fig. 16.0utput (Ch. 1) and reset (Ch. 2,pp

Fig. 13.Us2.54(Ch. 1) and gy.ro(Ch. 2) signals for&=180 degrees.
voltages foré=0 degrees.
-increased safety in operation and low power
The resolver—to—digital converter realized presengpnsumption because it is made with CMOS digital

the following advantages: circuits;
-simplicity and high accuracy (under a quartz -the output information is provided as a digital
oscillator); signal with a frequency of 400 Hz whose high period is
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equal with the displacement (position) performed by K MR S0oks/s 56 Aus
resolver (motor) shaft.
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[ : : : : I : : : . ] Y h2 [ MS00ps Ch A
2apn : : R A : : - Fig. 18.Output (Ch. 1) and reset (Ch. 2pD

signals for@=360 degrees.

[y chz (=Y ME00ps Chi .~
Fig. 17.Output (Ch. 1) and reset (Ch. 2pp [3] Diaconescu, M.P. Rati, M., Complemente de adondri electrice
signals foré=270 degrees reglabile cu motoare asincron&dituia Venus, lai, 2005.
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