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Sensorless Control of Induction Motor Drive
Using Direct Synthesis for Low Speed

P. Murali, P. Nagasekhar Reddy

Abstract— This proposed paper proposes the controlling of
Induction motor drives. The induction motor dynamics can be
compared to that of a DC motor with fast transient response if the
flux producing and torque producing components of the stator
current can be controlled independently which meansit is possible
to control the amplitude and phase angle independently. For high
performance, variable speed applications, the Induction Motors
are used widely due to its low cost, low maintenance, requirement,
robustness and reliability, thusreplacing the DC motor drives. For
wide range of speed applications and fast torque response, IMs
perform satisfactory with the vector control strategy. Because of
low maintenance and robustness, induction motors have many
applications in industries. Speed control of induction motor is
more important to achieve maximum torque and efficiency.
Various control techniques such as scalar control, vector contral,
Sensor-less control are used. These Schemes suffers from
parameter sensitivity and limited performance at low speed of
operation. To make the system sensorless, we go for rotor speed
estimation using direct synthesis of state equation, as the closed
loop control requires the speed sensor. By using speed sensor, the
IM becomes more costly and less reliable and increased
maintenance cost. The different simulation results are observed
and studied and the analysis of the different simulated results are
presented.

Index Terms—sensorless,direct synthesis,drive,vectorcontrol.

I. INTRODUCTION

pumps. The basic function of a variable speed qM&D) is
to control the flow of energy from the mains to fmecess
[2]. Energy is supplied to the process throughntiodor shaft
and the state of the shaft is described by torqdespeed [3].
In practice, one of them is controlled and namettieei
“torque control” or “speed control”. When the VSPpearates
in torque control mode, the load determines theedpe
Likewise, when operated in speed control mode, |dlagl
determines the torque [4]. Vector controlled Inéuttmotor
drive gives robust performance against parametéati@ans,
machine modeling inaccuracies, external disturbsnce
Irrespective of many advantages of sliding moderodiar, it

is associated with the chattering problem and nebds
accurate knowledge of the system [5].

The volts/hertz (v/f) control and vector controd ghe most
generally used control strategies of induction motao
general v/f control method is used in fans, conveyo
centrifugal pumps, etc. where high performance faud
response is not needed [6]. The v/f principle adjus
constant Volts-per-Hertz ratio of the stator vodtdny feed
forward control. It serves to maintain the magn#tix in the
machine at desired level. The absence of closeu doatrol
and the restriction to low dynamic performance maKe
controlled drives very robust [7]. Scalar contral the
technique in which the control action is obtained the
variation of only magnitude of control variables dan

Energy is the basis of any technical and indUstrigjsregards to control the coupling effect in thechiae [8].
development. It must be developed and made avai&the The yoltage of the machine can be controlled tarebhe
point of consumption in suitable form. For exampl§yy and frequency, or slip can be controlled taitcol the
chemical, thermal and mechanical are at a_lccepuarhxhe. torque. The control is provided by frequency andtage
For the control of any power electronic drive s an reference generator with constant volt per hettin.r§calar
induction motor drive, controllers are designeddatrol the gntrol technique is somewhat simple to implembnt, the
system. This requires mathematical modeling ofdhiee, jnherent coupling effect results sluggish respoasd the
the reason being the higher order nonlinearity angstem is easily prone to instability because ghéi order
multivariable nature of the systems [1]. By propegystem effect. The particular attraction of v/f-totied
mathematical modeling of the plant, the design ar@fr/ives is their extremely simple control structurehich
developmer.lt of the power electronics .drive systearsbe favors an implementation by a few highly integrated
done. The induction motor modeling is mostly donea gjectronic components [9]. There is no direct cdiriect
three phase (a-b-c) to synchronously rotating (d-Qontrol of torque and flux. The status of the ratoignored,
transformation neglecting saturation, with statorent and ;o o speed or position signal is feedback. Thessis-
rotor flux linkages as the state variables. Eleatiives are saving aspects are especially important for apiioa at
used in a wide power range, from a few watts to ynangy power below 5 kW. Even though, the cost advgeta
thousands of kilowatts, in applications rangingnfroery  makes v/f control very attractive for low power fipgtions
precise, high-performance position controlled vl theijr robustness favors its use at high powken a fast
robotics to variable-speed drives for adjustingvflates in response is not required. Constant Volts-peraeontrol
ensures robustness at the expense of reduced dynami
performance, which is adequate for applications [kimp
and fan drives, and tolerable for other applicatighO].

] : ) . Although simple, this arrangement results in limitgpeed
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applied frequency and voltages are not under timé¢raioof
the drive [11]. In 1971, Blaschke proposed a schemhéch
aims at the control of induction motor like a sepaly
excited dc motor, called field oriented control wector
control. Vector control method of speed controinofuction
motor is generally used for high performance drivéesctor
control method re-establishes one of the advantafgéne dc
drives through implementation of direct flux comtrm this
control the dynamics of the induction motor is vy
analogous to that of the dc motor by modeling tledomin an
appropriate manner. This achieves the decouplirigdan
torque and flux resulting in high accuracy and fasponse
equivalent to dc motor drive. This is achieved vétiturate
position information of the flux obtained with thelp of
sensors. As in dc motor, the torque and flux argrotied by
controlling the torque current component and fluxrent
component independently [12]. The main drawbackector
control method is Special arrangements are needewtint
sensors inside the motor, which will affect thegedness of
drive and hence results in the poor reliabilitytioé drive.
Sensor less control of induction motor is nothimg Yector
control without any shaft or position encoder. Tiguction
motor without speed sensor, extract information tioé
mechanical shaft speed from measured stator valtagd
currents at the motor terminals. By using the sgstidhation
techniques, the information of speed can be estdnand
this information is feedback to control of the istlan motor

. MATHEMATICAL MODELING OFINDUCTION
MOTOR

The two-phase equivalent diagram of three-phaseciiah
motor with stator and rotor windings referred te g axes are
shown in Fig 3.1. The winding are spaced by 90ctgal
and rotor winding at , is at an anglér from the stator d-axis.
Itis assumed that the d axis is leading the gfaxislockwise
direction of rotation of the rotor. If the clockwisphase
sequence is dqg, the rotating magnetic field wilkr&eolving
at the angular speed of the supply frequency bubteo to
the phase sequence of the stator supply.
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Fig. 1 Two-phase equivalent diagram of induction mior
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drive. One of such a technique is MRAS, in whicle th _ _ T ]
information of speed can obtain by using the statdtages Therefore the rotor is pulled in the direction bé trotating
and currents. The speed estimation by MRAS willegivmagnetic field i.e. counter clockwise, in this caJée
satisfactory operation at low speed also. But theed currents and voltages of the stator and rotor wigsliare

estimation at very low speeds particularly at resao speeds Marked in figure 1. The number of turns péage in the
is a major challenge, because at very low speeds tptator and rotor respectively are T1 and T2. ik@igpoles is

estimation speed is not accurate [10-12].

In the V/Hz control, the speed of induction motsr
controlled by the adjustable magnitude of statdrages and
frequency in such a way that the air gap flux iwasls
maintained at the desired value at the steady-stadarge
abrupt change in frequency leads to instabilitthefmachine

assumed for this figure. But it is applicable wishght
modification for any number of pairs of poles ifdtdrawn in
terms of electrical degrees. Note tBais the electrical rotor
position at any instant, obtained by multiplyingeth
mechanical rotor position by pairs of electricalgso The
terminal voltages of the stator and rotor windirggs be

the devised output speed control cannot be maedain€XPressed as the sum of the voltage drops in aesiss, and

precisely because of open loop control. Scalarrobahable
to control the magnitude of the system only, amy tlequire
more complex systems to control [13]. Dynamic perfance
of the system will be varied depending on time. Tieél
oriented control method controls the currents sopirates
with fast responses. This method satisfies theireqents of
dynamic drives, where fast response is necessdtylfis an
excellent control method to handle transients. ¥ercome
this kind unstable dynamic performance of the systector
control will be employed to Induction motor in thisesis.
Sensorless vector control of the induction motgegormed
in this paper to observe the performance of thesdsistem.
To achieve sensorless operation, i.e. flux estimatiad
speed feedback without the use of an rotor speesbsean
appropriate speed estimation has to be includéusrpaper.
In vector control torque and flux are both congdll
separately. In proposed paper, sensorless vectotroto
which is used for low speed application by meandicgct

rate of change of flux linkages, which are the piaid of

currents and inductances.

From the above figure the terminal voltages arfol®wys
Vs = Ryigs + P(Laglgs) + P(Lqalas) + P(Lgala) + P(Lasis)
Vas = P(Laglgs) + Raias + P(Laaias) + P(Lagis) + P(Lapip)

V, = p(Lugigs) + P(Luglas) + Raig + P(Loaia) + p(Lopis) |
Vs = P(Lpqigs) + P(Lpalss) + P(Lgaia) + Ryip + p(Lgyis) J

Wherep is the differential operatai/dt and Vs, Vys are the

terminal voltages of the statgaxis and axis. V,, Vj are the

voltages of rotor. andp windings, respectively. igs and ids

are the statog axis andd axis currents, respectively.and j

are the rotot andp windings currents, respectivelyagh Ly,

L., and Ly are the stator g and d axis winding and ratand

B winding self-inductances, respectively.

Vis = (Rs + Lsp)igs + Lsyp(iq sin6,) — Ly, p(ig cos 6,)

Vas = (Rg + Lgp)igs + Lgyp(iq c0s 6,) + Lg-p(ip sin6,) 1 (2)
Va = Lsrp(iqs sin 97‘) + Lsrp(ids cos er) + (Rrr + erp)ia |

VB = _Lsrp(iqs cos 97‘) + Lsrp(ids sin 97‘) + (Rrr + erp)i[x’)

@)

synthesis technique with the use of MATLAB/Simulinkwhere

simulation package.

R&= Rq: RiR=R= Rﬁ
[idrr] _ [cos 6, sind, ] [ia] 3
igrrl — Isin@, —cos6,]|ig ®)
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By applying Transformation to the and 8 rotor winding by using the above equations, the induction motdehis
currents and voltages the equation 3.6 will betemiis developed in stator reference frame.
Vas 1 [Rs T Lsp 0 Lyp 0 1[ as
IVds]l | 0 Ry + Lyp 0 Lap ||ias (4) Ill.  PRINCIPLE OF VECTOR CONTROL
Vqrr - Lsrp _Lsrgr Rrr +erp _ergr iqrr CN)
vl L6 Lop 100 R+t Lpllig. The fundamentals of vector control can be explaimitia the

help of figure 2, where the machine model is regmésd in a
synchronously reference frame. The inverter is teaifrom
the figure, assuming that it has units current gtiat is, if
generates currents,ii, and | as dictated by the
corresponding command curreris, i, andi; from the
controller. A machine model with internal conversois
shown on the right. The machine terminal phaseecisr

iinic are converted té5,and if;s Components by @2¢

The rotor equations in above equation 4 referesthtor side
as in the case of transformer equivalent circuiintthis, the
physical isolation between stator and rotor d-gsamse
eliminated.

ér Derivative of 8, ,a=transformer ratio=(stator
turns)/(rotor turns)
R, = a*R,; L, =a’L,,

iqr = lqi; igr = tarr (5) transformation. These are then converted to statjon
a a rotating frame by the unit vector components@and sirb,
Var = @Vgrr; Var = aQVgry before applying them to the de- ge machine modee T
magnetizing and control inductances are controller makes two stages of inverse transforonats
Ly X T12 _ Lo < T, T, _ (6) shown, so that the control curreri]ﬁgandi(’;s correspond to
magnetizing inductance of the stator is the machine currents ids ang respectively. In addition, the
Ly, = alLg, (7) unit rector assures correct alignment @fcurrent with the
from equations, the equation (4) is modified as, flux vector®, and js perpendicular to it, as shown. It can be
Vqs] [Rs *+ Lsp 0 Lmp 0 1[Fes noted that the transformation and inverse transdtion.
Vas :l 0 Ryt Lop 0 Lmp s Including ideally does not incorporate any dynamiasd
[V, | Lpp —Lnb;y  Ro+Lp L6 ||ig ; Y ’
V, L0, Lyp 1,60 R, +Lpllig therefore, the response toy iand js is instantaneous
(8) (neglecting computationall and sampling delays).
Wheref), = or = d/dt and p= d/dt . Contro L Machine .
The dynamic equations of the induction motor in any h 'i‘ -
reference frame can be represented by using fikadies as i [od | [aa | i [obc | i [ | i [ Mache
variables. This involves the reduction of a numlodr —» f¢ P moe - :: | 2 P e > o
variables in the dynamic equations. Even when titages U
and currents are discontinuous the flux linkages ar ‘@ ias B s fas
continuous. The stator and rotor flux linkageshe stator —> — >—> — >
reference frame are defined as T T i T T las
. . | i
quS = leqs + Lmlqr cos 6, sinf, : cosf, sind, dsﬁ
Was = Lsigs + Linlar 9 < ;L 5
\qu — L'r'iqr + Lmiqs ( ) Inverse Transformation 22?;‘?5 Transformation

Yy = Lyigy + Ly _ . . . .
ar rrdr T emeds Fig. 2 Vector control implementation principle with

Yam = Lin(igs + iqr)} (9a) machine ds-gs model.
Yam = Ls(las + lar) In the direct vector control method, as discusdeale, it is
From (8) and (9_) \ge' gej_ ¥ necessary to estimate the rotor flux compondfs and
Zzz ; Rz;Zj + Z‘PZSS l ‘I’Zr so that the unit vector and rotor flux can be wlalied.
Var = Rylgr + 0, %qr + pPqy (10) In this method, the machine terminal voltages amdents
are sensed and the fluxes are computed from thiersiay

Var = Rylgr = r¥ar + PTar frame (d-qo) equivalent circuit shown in figure 2
since the rotor windings are short circuited, thterr voltages G €d 9 '
These equations are:

are zero. therefore

Ryig + wrqur +p¥ar = 0} (11) s 2, 1. 1, ,
Rriqr + wr\Pdr + p\PQr =0 tas = gla B Elb B glc ~la (15)
The electromagnetic torque of the induction moiostator iS. = _iib — ii (16)
L ds V3 V3¢
reference frame is given by, |
3 . . . . = —_——_— ] 1
Te = Eng(lqsldr - ldslqr) (12) V3 (la + Zlb) (A7)
3pLym . ) Since j=-(iz+i,) for isolated neutral load
Te = 221, (igsYar — lasAqr) (13) vs. =2, _ lvb _1, (18)
S a Cc
The electro-mechanical equation of the inductionandrive 1 3 3 3
is given by, =3 (Vab + Vac)
_T =29 1 1
lfe=T=31% (14) Vas = =5V T 5 ve
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1 2
= — %V (19) U=1_Lm
‘P(Sis = f(Vgs — Rsias)dt (20) o . . L.Lg
Was = J (vgs — Rsigs)dt (21) 2t = oVas — - (Re+0leS)igs  (39)
N "PS 2 T 2 22) Similarly ¥, expression can be given as
r= ds qs avs L L ]
s _ WS _ O iS iS == _rvé[SS - _r(RS + O-LSS)ISS (35)
LIId‘m - LIIds Llslds - Lm (lds + ldr) (23) dt Lm Lm
Wom = Ygs — Lisigs = Ly (igs + i5y) (24) The above voltage model equations have used toftoxes.
¥, = Liniss + Lyi, (25) The Sensor less control of induction motor usingedti
WS = iS4 LS (26) synthesis from state equations is simulated on
r - Tmeas T oEreqr MATLAB/SIMULINK - platform to study the various

Eliminating i}, andifn we get the following equations.

L .

Yo, = L_rlyilm — Lyyigs (27)
m
L .

\PZr = j\PZm - Llrlf[s (28)
L .

Yo = i (Pas — oLsigs) (29)
L .

lPtszr = i (lPtszs - O-leés) (30)

where

c=1-

Lo,

LyLg

the torque equation in stationary frame is given by

-3

)

L

m S :S S :S
Ly (lPdrlqs - qurlds)

(31)

IV. SENSORLESSCONTROL OF INDUCTION
MOTOR DRIVE

aspects of the controller. The actual system camadeled
with a high degree of accuracy in this from stajeations
package. It provides a user interactive platforrd anvide
variety of numerical algorithms. This chapter dsses the
realization of Sensorless control of induction motsing
direct synthesis from state equations for Simubldcks.

V. RESULTS

The parameters for 1.5 hp, 2-pole, 50 Hz inductimtor are
given below: Stator circuit resistance = 0.277 ochRwtor
circuit resistance = 0.183 ohms, Inductance obsttcuit =
0.00533H, Inductance of rotor circuit = 0.056H, Mait
inductance = 0.0538H, Moment of inertia = 0.0165rgy

Case-1: No-Load Condition

The reference speed of 100 rad/sec is considerelddarive
system and the same speed is estimated by the &ityd.
shows that the actual speed of induction motorestitnated

speed using MRAS are same.

The schematic diagram of control strategy of induciotor
with sensorless control is shown in Fig 3. Sensss tontrol
induction motor drive essentially means vector aant
without any speed sensor. The inherent couplingiatbr is
eliminated by controlling the motor by vector cattike in

the case of as a separately excited motor. Thertge
provides switching pulses for the control of thetonoThe
flux and speed estimators are used to estimatéukend
speed respectively. These signals then compared wi
reference values and controlled by using the Ptroter.
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Fig. 3 Block Diagram of Sensorless Control of Induton
Motor drive

The dynamic ggs frame state equations of a machine can b

manipulated to compute the speed signal directlye stator

voltage equation foryin a d-gs equivalent circuit can be

written as

. d(igs) | d¥am)
vés = lfisRs + Lls dci + dl; (32)
L d(¥5, ,
cbis = L_r% + (Rs + O-LSS)lfiS (33)
where

Speedirprm)

Actual speed

il

wf |

1) 1

=]
T
L

(¥
=
T

fime

expecled speed

0 | | 1 i
0 0s 1 15 2 25 3 35 4

fime i mi

Fig. 4 Actual Speed and Estimated speed Using dirtec

synthesis from state equations in rad/sec

Fig 5 shows the no load line currents, speed ampgiéowave
forms. It can be seen that at starting the valfiesments and
torque will be high. The motor reaches to its fisiglady state
position within 0.2 sec. Hence it has fast dynaragponse.
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Fig. 5 (a) Line currents in Amps (b) Speed in radéc (c)
Torque in N-m on no load
Case-2: Step Change in Load

Reference speed = 100 rad/sec; Load torque of 1% ill-
applied att = 0.5 sec.
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Fig. 6 (a) Line currents in Amps (b) Speed in radéc (c)

Torque in N-m on step change in load. Fig.6 shakes line
currents, speed and torque wave forms unhbed

condition. First the motor is started under no laad at t =
0.25 sec a load of 15 N-m is applied. It can skahat 0.25
sec, the values of currents & torque will increttseneet the
load demand and at the same time speed of mostighly

falls.
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Case-3: Speed Reversal Command

Reference speed = 100 rad/sec; speed reversal qumia
applied att = 0.5 sec.
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4 L T s 2 26 3 35 a
time i

Fig. 7 (a) Line currents in Amps (b) Speed in radéc (c)
Torque in N-m on no load, speed reversal

The motor is started under no load condition andedp
reversal command is applied at t = 0.5 sec. At€e6 the
motor speed decays from 100 rad/sec and withins@clit
reached its final steady state in the oppositection. At 0.5
sec torque will increase negatively and reacheteiady state
position corresponds to steady state speed valpeeds
change from 100 rad/sec to 40 rad/sec.

VI. CONCLUSIONS

In this paper, Sensorless control of induction matdve
using direct synthesis from state equation has pegosed.
Sensor less control gives the benefits of Vectontrob
without using any shaft encoder. The mathematicadeahof
the drive system has been developed and results leen
simulated. Simulation results of sensor less céngb
induction motor using direct synthesis from stag@ation
were carried out by using Matlab/Simulink and frdhe
analysis of the simulation results, the transiemd ateady
state performance of the drive have been preseated
analyzed.
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