Sensorless Vector Control of PMSM Drive Using Fuzzy
Logic, for EV/HEV Applications

ABSTRACT

A fuzzy logic technigue is presented in this
peper dor sensorsss epeed and  position
identitication of vactor-controlled PWM invertes-
fed PMEM drives used m EVVHEY propulsion
syafems. Furry logic is usad 1o eslimate the ratar
speed and pasition. Opsration of He drive is
studieecd by numerical simuation, The paformance
for differsnt drive conditions is also enalyred and
the ressadts ame shown in the paper. Simulation
rezults show that the proposed control mmisthed
c2n be effectively used in controlling the PRASM
divess with high  pedformaince  for EVIHEY
aplications. |1 is found that the fuzzy kgic system
i relinkla without wzing any speed ar positien
EENEOT.

1. INTRODUCTION

With mcraasing  envdronmental concermns ang
I future shotage of gasoline suppies, optimum
uage of energy and decreasing the pollution of
vehicles iz inevitabie. The ICE auomobile at
present is a major scurce of urban pollufion,
Blectric and hybrid checlic wehicles (EW/HEY
poduce mush |ess poisonous gases than ICE
wehicles and save more energy. This iz why thara
hes been a renswed intarest in eleciris and hybrid
electric vahiclas in recent years which seems o
be momr serous and more fruitful than ever
betore. Advances in power elecironics and digital
sgnal processors (DSP) alzo hilp to make
EWHEV popular [1]. Since eleciric and hybrd
#lectric vahizlas have 1o compete with existing IC
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engine vehicles, higher efficiency and power
density as well 85 lower ¢ost and reliability are key
elements for electric and hybrid electric propulsion
syatems |2].

In a vehicle, the driver gives his commend by
stepping an the pedals. Then the control system
receives the input signal gathesad fram the pedal
and changes it to the PWM signals. Thus it is
important to have flexble tomue contral and an
approprigte meotor with s controller system for
2ledinc and hybrid propulsion systems.

There are primarly four types aof electric
matgrs ke OC mator, the induction motar, the
switthed reluctance motor and the permanent
magnel synchroncus motor, which are commaonly
used for EVYHEY appBcations [3]. FMSM drives
are receiving  increased  ajtendion  for thess
applications because of advartages such as high
efficiency, robustness, supenor power density,
reliability, high torgue to inertia mtio, low weight,
srmall size and simple amangement on the vehicla
[4].

FIMSM drives require absolute rotor position
and spesd signals for high performancs control
applications, These signals can be obtained fram
elzctromechanical sensors such as resahers or
abgolute encoders coupled to the shadt of the
motor. The presence of the shaft sanzor not only
increases the cost, complesty and maintsnance
but also impairs the robushess and reliabiliy of
thi system [4]. Therefare, thera has been a large
amoun? af research effort spent in oder 1o
devilop a reliable control strateqy without any
roEtonal trarsduces.



For the Izt decads a mumber of technigues
have beesn suggesied for rotor position 2&ind spead
sstimation, mest of which are based on the mator
equediona. One methed is based on rotor fiux
positon estimation using back EMF [B-10]. Sinca
in PREM dives the megnituds of back EMF is
position-depenclent, If this can be accurately
monitored, the rofor posifion can b= accurately
determined in real ime. Such an approach is very
smple and affectve, but fails at low and zem
speed. Low-spead operslion is quite ¢ritical, sinss
ke mator back EMF is oo low and astimation
racufts are very senstive 1o stator resistance
wriations or simply measurement noisas.

The rotor position can alss be estimated by
ising inductanca varations due to saturation and
geometical sffecte. In thie cass, the caloulaled
inductance s used to estimats the position of the
abor using a st of sored data reditng the phass
nductance and the mior posiion. The ofher
echnigue 5 the s-called observerbasad
method, in which the position'speed infommaion
can be derved by messuring phase voltages and
currants and by manipdating the mathematical
model of the machine. The cbservers are heavily
depandent on  the machine paramatam.
Thersiora, the ability fo estimate the rotor position
will deteriorate as the parameters of the machins
vary with thermnal and opamabona!l conditions. I
another method, termiral voltages and sator
currenis are sansed and processad o produce
the sastor e Hinkage space vector, The angle of
thiz vector ie us=ed o produce the command
ggnalks, A speed sgnal 15 also defved from the
rate of change of the engle of the flux linkage.

In recenl yvears, afficlal infellgance (neurl
network, hezy logic, furmy-neural nedwork) has
been used in a wide varlety of applications.
Amang them fuezzy logic is finding mare and mars
epplications  that  include  managemen,
sconomics, medicine and recently in clased lop
oparation of variable speed drivea.

In this paper fuzzy logic has been used 1o
astimate tha rotcr spesd and positon. Cperetion
af the drive (s studad by numerdeal simulation,
and the paiormenca for different condiions is
anabyzed and the resuls are presanted. By wing
fuz=zy logc it is possible to sawve & lot of
developrment and implemenitation time.

2 MODELOF PMSMORIVES

Tha dynamic behavior of the PMSM drive, in
the d-q coordinates which rotate synchronouesly

with an elechical anguar welocty &, can b=
described by the following sat of equations{13].
The flux linkage agustions of & PMSM drive are
given as:
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From eqi1) It can be seen that for an
GPMEM dive, the comespondence DetWEEn

Iorgue and I',i iz diract, while for an IPRSM diwa,
this corespandence involves both 1 and f and

ls more ocomplex. For both motors &
edvaniegeous to contral both curments saparatehy
ina closed [op.



Figure (1}: Blozk Diagram Of a Vector-Controlled PMSM Drive

3. CONTROL OF PMSM DRIVES

In gensrel, & driving system for EVHEY
indudes a battery pack as the electic power
source, an AC tractihn motor, a DCAC Invarer
and a micrprocesser control it In such a
gystemn the battery pack defines a DG power bus
whichh s comected to the imerter, and tha
inverter in tumis connacted to the AC motar. The
irverter convedts the DC power from the battery
pack into the sinuscidal current signals which ans
transrmitted fo the ealor of the motor to operale
the mcior and control the torgue, The inverer
receivies alectical switching/control signals from
the mmicroprocessor und bassd on a  cordml
lgorithm, Thare are many contrml algorithma, for
wample, cpandoop volt gar hertz controd, vackar
contred, sensoress vector contred and  direcd
tomue comtral,

Im & wector contrel technique, eléclhical signals
representng the phase cumemte and  the
postionepacd of the maotor are communicated 1o
the milcrprocassor mit, end i maps these dala
ofto & d-g ceordinate syslem 1o achisve feachack
corfred. The deaods cument compenant (1] ke
wid to control the flux, and the gaxie cument
compronent () is usad to confrol the tarque of

tha motor. The o coordinete systern  rotaies
syrhrenousty with the retor flux of the motor and

both £, and i cz;an then be treated and controfed
as Do wvales In this way., independent end
decouipled control of both flux and toque of the

metor i achieved, and the AC mobor can be
contralied as a D motor.

To obtaln maximen tomue-do-curent ratio,
below the base speed, the dirsct cumant reference

iy is sot equal to zero and then the tomque is
directly proportional to /. Becausa the avaiable
voltepa = Emited by the maximurn cwput of the
inverter above the base spesd, air-gap flus: must
bé weakensd by demagnatizing cument in the
diract axde, which is called flux weakening control.
Vector contred is achieved in the flux weakening
region by contrelling §; to & negative valus and

z"_, o produce the required torque. The owverall

block diagram of the propesad vector controllecd
drive is shown in Figurs 1.

4. SPEED ESTIMATION USING FUZZY LOGIC

The objective of fuzzy contral & to design a
systam with acceptable parformence
characterisica over a wide range of
uncarBinty{11], Fuzy control 5 basically
nonlinear and adaptive in nature, ghing rebust
perfermanca in e face of pameneter vanstion
and load disturbance effects. Many reasarchers
have reported that fuzzy logle control yislds
tasults which are suparior i thosa obtained using
conventionsl control algorithms [11-13).

Az ghown in Figured, the TIC block recsives
the line-to-line voltage {V.) and the line curent
i4,} and cakulates the fime imerval betereen wo
SUCCESSIVE 2HMO-CroSsEng paints of Vv, (TV) and
does he same for T (TT). Thus the fuzzy system
inputz &re T¥and T7 | which ane applisd to a sat
of estimation ndes to calculate the state o the
output wvarabla, which i3 the rotor speed. In fact,
for  ewery given input condition defined by
T¥ik) and TTik) , the fuzzy estimarar will computs



the outpul varable represanting the rator speed
{a. .

I srder to olotein the best estimation accurecy,
the mmber of membarzhip functions and their
chapes are iterated and nula basss are evaluated
basad on smulaticasssults. The nput and eutput
varigbles of the fuzy eystem are expreasssd on
saveral finguistic levels, such as “very smal®,
“small’, "medium®, “very vary big", efe. Each level
is descibed by & fuzzy sat.

In this papar, the inputs and output of tha fussy
system amre each defined by 9  triengular
mambsarship functions, shown in Figure 2,
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Figure (2): Fuzzy sets of the Input and autput
variahles of the fuzzy system

Aleo, we wsed 2 mamdani type fuzzy logic
infemnnce system thal contang four maln pars:
fu==ifisr, knowledge bess, inference engine and
dedfuznifiern. In the juzzification stage, Input sgnale
™V and Tare =scaled end trensformed info fuzzy
gquarttes (lnguisdic  vadables) based on
membarship fundions. Thé data bass and the mula
base form the knowiedge base. The data base
contains a deschption of input and owlput

variables using fuzzy sets, and the rule base
gontalne a collecton of fuzy conditional
staterments called iHhen rules, The inference
engine evalustes the sat of Hthen rules and
detarmines the appropriate output signal, which is
a linguistic value. Then this output 16 conwerted bo
a non=fuzzy value by the defuzzilier basad on the
congeguent mambarship funcilons of the nyles,

5. SIMULATION RESULTS

The propasaed control aystam of & PMSM drive
for EVIHEY applications has boan gmulated. The
gimukation investigation has baan pedormed o a
surface-mounted PFMSM  with the pammdaers
shown in Table 1.The motor is accelerated from
etandstill to mtad spesd without load, and then In
steachy state a loed torque is applied. Figum 2
shows the speed meponsa of the motor during
accelergion and steady state. It can be seen that
the sensoress drive using the fuzzy loglc speed
eztirmator performa well. Figura 4 show the g-axns

current (i, }, electomagnetis torque (T, } and d-

aizs cwrent {f,) msponsas respectivaly. AS
shown in this illustration, [, isalmest zer and he
torque is propertional o 1 .

Table 1: Moior Paremstars
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Figure (3): Estimated And Actual Aotar Speed
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. CONCLUSION

An estimation method based on fuzzy legic for
eenecdlass veclar controlled PMSM drives for
EV/HEY applications has been proposad v this
papar. A mamdani type fuzzy coniroller is usad o

astimate the rator speed. Tha fu==y systam inputs
are the fime interval betwesn o SUCCRSShE

Zero-crossing peints of the line<to-line voltage and
the time intervel bebwesn two zero-crossing points
of the line cument. The effectivensss of this
method is warified by simulation, Using tha
proposed method reduces the recessary memary
space and processing time.
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