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Abstract: This paper proposes solar water pumping system that gives better full load efficiency by employing permanent magnet
synchronous motor (PMSM). PMSM has the ability to maintain full torque at low speeds. The system uses a Photovoltaic Generator,
boost dc-dc converter, three phase VSI, three phase permanent magnet synchronous motor and a pump. Boost converter which is
controlled by using Fuzzy logic in order to obtain Maximum power point tracking. Direct torque control space vector modulation is
designed to inverter for supplying the PMSM to control motors torque.

Index Terms - Photovoltaic Array Generation, Boost dc-dc Converter, MPPT FLC(Fuzzy Logic Control) Voltage Source
Inverter, PMSM (Permanent magnet synchronous motor, water pumping, Direct Torque Control (DTC-SVM).

l. INTRODUCTION

In recent years, as there is increase in call of supply, renewable energy sources are used owing to exhaustion of the non - renewable
energy resources. Because of renewable sources there comes the problem of global warming as well as carbon foot printing .To reduce
such problem sustainable energy such as green sources are used .To fulfill day to day needs of human life it gives an excellent solution
whereas renewable sources are available abundantly. The best form of above resources that exist easily is solar energy [1]. The installing
cost of such solar system is economical .The applications by using solar PV panel is solar water pumping that has been raised. Solar water
pumping is compensations to that area where there is no grid connection or power supply is disrupted at some interval of time. Solar
water pumping would help activities of industry, domestic as well as for agriculture purposes.

For pumping purposes it needs electric drive, before dc motors are used. But it has to take more maintenance due to deterioration
brushes and commutator assembly. Induction Motor was meant for water pumping system because of its low cost and robustness [2]. But
Induction motor gives high reactive demand and lower efficiency making it incompetent for this purpose.

Lesser efficiency needs high valued size of solar PV array. To figure out all these issues Permanent magnet synchronous motor offers
an excellent result. PMSM gives a solution to the low maintenance because of presence of permanent magnet present on it rotor side and
winding on its stator. For water pumping PMSM use 20 % less power as that of Induction motor use [3]. PMSM has high power density
than Induction motor having same rating as there is no stator power devoted to magnetic field production [3]. Because of absence of
magnetizing current PMSM operates at high power factor. This motor is categorised by full torque control at zero speed and smooth
rotation over whole speed range. It also gives fast acceleration and deceleration. Hence this motor drive makes fairly practical for solar
water pumping system.

Solar panel has nonlinear elements as it maximum point depends on climatic conditions. As solar irradiation changes and load varies it
optimum operating point also varies. To ensure that there is not variation in maximum operating point, MPPT is used and later it controls
duty cycle of converter connected next to it [5]. Different MPPT methods like incremental conductance perturb and observe, methods
originated from optimization techniques such as, grey wolf optimization, genetic algorithm, neural network, fuzzy logic [4]. Among all
Fuzzy is bite complex but possessing excellent tracking even at lower irradiation. The inverter by using the vector mode by FLC direction
of rotor flux controls the torque and speed. Scalar control is inferior to Vector control strategy.

The work undertaken is to rise the productivity of solar water pumping by using PMSM, for controlling the inverter feeding in ac drives
.DTC become more popular than other FO control. DTC is simple and it gives good dynamic and high efficiency but its drawback is, it
produces high torque, flux ripples, variable switching frequency .The (DTC-SVM) is progressive technique used in variable frequency
drive. It gives minimum harmonic distortion and gives more space vector voltage. Paper is structured as follows: proposed system,
modelling of PV array, the design of fuzzy logic methodology for MPPT, modelling of PMSM, the speed control by DTC-SVM.
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Il. PROPOSED SYSTEM
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This work comprises of PVG connected to dc-dc boost converter in which its duty cycle is controlled with Fuzzy logic controller to
ensure MPPT. The inverter by vector mode controls the torque and speed given to permanent magnet synchronous motor. The speed
control of PMSM achieves fast dynamic response and high accuracy by using DTC SVM which offers more voltage space vector.

2.1 Modelling of PV array

o}

Iph = [ s + K; (T —298)] < I,/ 1000
I, module reverse saturation current,

Is =1 1 [exp (Q.V,./ NknT) =17 ........... (1)
I, module saturation current ,

T *Ego,1 1
o= IrsG)* exp ["n—,f(; SR )

Where, K; = short circuit current of cell.
T=operating temperature (K).

g =electron charge.

7,.= open circuit voltage.

Ng=no. of cell in series.

n = ideality factor .

I, =Short circuit current.

I, =solar irradiation (W/m?).

Output current of module is

| = Np*Ipn - Np*I, *[exp (n*—Vt) —1]-lgp.... (3)
With v, = =T
Np
V*—=+I*Rg
& lgy=—7—
Where,

N,=no. of PV module connected on parallel
Rg = series resistance ()

R, = shunt resistance ()

V,.=diode thermal voltage (V)

2.2 Modelling of MPPT with fuzzy

The fuzzification block is used for processing the input signals and gives them a fuzzy value. Rule Base allows a linguistic
description of the variables that are to be controlled. The inference mechanism is used for making an interpretation of the data taken in
with the rules and the membership functions. Conversion of fuzzy data into non-fuzzy data from the inference system is done by
defuzzification block.
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The proposed fuzzy logic block diagram is shown below.

Rule Base

Inference > Defuzzification

Ee Fuzzification e}
-

Where, e is the error.

ce is the change in the error

AD is the duty ratio.

The flow chart for calculation of duty cycle is shown where voltage and current are the input.

Inital Caleult i Calcula

Il.llla 12¢ alculation membership Seting of alculation

with PV of error and finetic ior fo e of duty
input current | changeof [ ey > e nles =3 e
and voltage error signal SR

The equation related with the error signal are given below
[_oP_4P

E(K)=oi+o=20=20 (1)
CE (K) = (K) ~E (K-1),

Al= (K) — (K1),

AV= (K) — (K1),

AP= (K) — (K-1),

C(K)=C(K-1)+AC (K).

Where, CE ( K) input defines the movement of the operating point.
(AC) is output variable in the duty cycle

K is sample times.

2.2.1 Membership Functions
Figure demonstrates the graphical membership function of error signal.

Membership function plot for (E)
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Figure demonstrates the graphical membership function of error change.

Membership function plot for (CE)
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Figure demonstrates the graphical membership function of duty cycle.
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Membership function plot of (d)

Plot points 181
1 |INB NM NS ZE PS PM PB

0.5
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Output variable “duty cycle”

Twenty five rules are used for FLC as shown.

e/ce | NB NS ZE PS PB
NB ZE ZE PB PB PB
NS ZE ZE PS PS PS
ZE PS ZE ZE ZE NS
PS NS NS NS ZE ZE
PB NB NB NB ZE ZE

3. Operation of Boost Converter
It takes voltage as input and boosts it at output terminal. Fig shows diagram of Converter.

° Y

Where. L is boost converter,
C is the filter capacitor,
V, is dc input voltage.
S is switch here it is Mosfet.
R is the load.
D is the diode.
The converter mainly works on two modes of operation.
The capacitor is charged when switch is open by input voltage .By way of switch is shut the current flows through switch by inductor
connected in between. Magnetic field is created on inductor getting it polarity. Inductor does not allow sudden change of current in the
circuit ,so as the switch is open it act as voltage source and the outer capacitor is charged to a higher level voltage.

_V_ 1
Vg 1-D

M

4. Modelling of VSI
The apparent power is given by,

Syst=PEH Q% el (1)

Q is reactive power

P is real power

The RMS current through VSI is given by,
_Kw=x103

IVSI_ \/§Vm ......................... (2)

Vm is mean voltage.

DC bus voltage is given as,

25V N2
Vpe= \/L; ........................ 3)
Centrifugal water pump modelled as,
Tp= Kw?

K is the proportionality constant,
w is the angular velocity,
Tp is the torque.
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5. Modelling of PMSM
Figure illustrations cross sectional outlook of three phase permanent magnet synchronous motor with d-q rotating reference frame.
Inductance varies as rotor angle changes. For that purpose d-g equivalent circuit is used.

N ag. axis of
j mag. axis of
q ! phase a winding
L oiny >
i S=_g <,
mag. axis ol L

phnse b wirding -;':5'55‘-!:'!'_‘ /—
[ Sl

I,

|
o - uxis —+
|

| mag. axis of
phase ¢ winding
The voltage equation in is given by,

L dag
V=T 15+E

Where r, are the resistance of the stator winding,v, are three phase stator voltage,i; are three phase stator current,A, are stator flux
linkage . They are represent as stationary reference frame as variable fixed to the stator ,

Ve={ [Vea(t) +avg, (t) + ayvee(t) ]} ooneeeeee (1)
ig= {[isa (1) +aig (t)+ayige(t)] }oereenennnn(2)
As={[Asa (1) +aAg (1) +aA(t) ] }ooeeeenn (3)
Where a and a, are operator for orientation of stator windings.

j2m jam
a=es anda,=es
Vsar Vb 1Vse are stator instantaneous phase voltage .
isas Igp » Igc are stator instantaneous phase current.
Asar Asp Asc @re stator instantaneous stator flux linkages given by,

Asa=Lgq l:a+Lab l:b +Lgc l:C+7\m .................. 4
Asb=Lab.la+Lbb.lb +Lbc.lc+7\rb .................. 5)
Ase=LaciatLpelptLociotArc e enenenenannn.. 6)

WhereL,,, Ly, L. are self-inductances with respect to a, b and ¢ phase of stator.L,;,, Ly, L4 are mutual inductances.
Aras Arpy Apc are flux linkages with respect to change in rotor angle.
Mutual inductances are expressed as

Lap= Ly e (7

Laa=ListLy-Lyps (COS20) v, ®)
1

Laszbazg Ly-Lpyps (€OS260)...ciiiiiiiiiian. 9

Where L, is leakage inductance.
L, is average inductance .

Lo=% (LgtLg)..ooevvviiiii (10)
L, is the inductance fluctuation

Lins =% (Lg=Lg) «oevvvviiiiie (11)
Flux Linkages are expressed as,

Ara=Ar COS B (12)
A=A cos0(0 —120) ..ooovviniinnnnn (13)
A=A c0s0(0 +120) oo, (14)

Inductances are shown in matrix form.
Lgs = Lig*+Lo — Ly (€08 26) ~5Lo-Lyns c052(8- 3).5Lo- Lyng €08 2(8+%) =5L -Lyng €05 2(0) Ly + LoLyns cOS 2(9-%) -5L,-

L., cos2(6-IT) - 5L, - L, cos 2(6+ g) -.5L, - Ly cos2(6+I1) L;s + L, —L,,s cOS 2(6—%1) ................................. (15)
] =[] ]+ dldt[A] oo, (16)
Where,

[175] = [vsa sb vsc]t
[is] = [isa | isb | isc] t
[rs] = [Ta b lrc] t

[/15] = [Asa | Asb | lsc] t

5.1 Park’s Transformation
The time-varying such as current, voltage, phase inductances, flux linkages and stator quantities are converted by using Park’s
transformation to a d-q axis frame.

[Wagol = [Taqo 0)] V6] crvoveerrrrere (1)
liaqo] = [Tago O] is] wvvovverernrnne )
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Pagol = [ Tago G IAs] -vvvvvvrrn. 3)
Where [vgq40] = [Vavgvo].evivvvniiiiiiii (4)
[quo]z[ quO (er)] [rs][ quO (er)] _1[idq0]+

[ quO (er )] p [ quO (er )] _1[idq0]

I [idqo] = [quO (er)] [rs] [quo(er)]'l[idqo]"“ (5)

. dad

Vg= R ig —wp g + FTRLEERRITEERPPPPRRRPPPP RSP (6)

. dad
Vg=Rsiy — wpdgt Qo e @)
Aaa=LaiagHAp oo (8)
Aq=Lqiq
Vi = Rsiq — wpLgiq + (Lgig+Ap)......... 9)
Vg =Rgig —w,Lgig + (Lgig)...ovn....... (10)
The developed torque is given by
To=1.5(P/2) (AqigAqiq) ----eeevvvrnnnnnn. (11)
The mechanical Torque equation is
Tm=T;+*Bw,,+J (dw,,/dt) .................. (12)

Vy = Rglg — wyLgiq + (Lgiq)

Va =Rgig —wLyiq + (Laig* Af)
W= ([T, - T; — Bw,,)/J] dt

W, = 0, (2/P)

w,. is the rotor electrical speed.
w,, s the rotor mechanical speed.

5.2) SPEED AND TORQUE CONTROL (DTC-SVM)
The block diagram of torque and speed control (DTC-SVM) given to VSI helping PMSM is shown in figure below.

‘P,_"; yl e Si o
™ Predictive Vullngg fi.- PWM
o, . Controller (p, ¢ [Modulator| § "1 inverter
=5(0)»{ P e —»
A-

N
¥, (7 i

motor | : s

model f

LN

Voltage Vector
¢ , o | Caloulation | g, ,
W P AL A Oy
Controller

e, IS the experimented torque error
W, 5 reference stator flux amplitude
Vrer= [Vyes Purer] is Calculated founded on stator resistance 7y, AS i, s and y; as
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Vyos= vaaﬁ b Ug P )
_ 1]Stb’—ref
(pvref = arctan v— ............................. (2)
S® ref
_ Ysrer cos(ys+A8)—W¥s cosyg N
Where, Usa yer™ N Filgy
_ Ysrer cos(ys+A8)—W¥s cosyg L
vSﬁj"Ef_ T. Tslsp

T, is the sampling time.

I1l. RESULTS AND DISCUSSION
In this way solar water pumping system is modelled by employing PMSM .1t is reliable, simple, requires less maintenance and gives
higher efficiency. This system will efficiently irrigate for agriculture purpose.
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