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PHOTOVOLTAIC POWER SYSTEM SUPPLIING

DC SERIES MOTOR
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In this paper the electrical perlormance of 3 4 serles
moror suppilied by oa photovoltare power U i

(',pi‘.":"\‘: !'.-’i' "-'-J'Z,‘Ij : ‘,l',r

chopper s evaluated.s PUPS is operated &t

maximon pawsr point.,
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this means that 1t consists of photovoltaic arrayv and A maximum

power traking syvstem. The later is used to trak maximuem power

point. & DC cheopper ts used for vcontrofling thr moter current
and the motor torque The effect of Iinsolation Jjevel on the motor

currepnt suppliing art different speed and at various firing angles
of thyristor [s preseented. The effect of series connections of
solar cells onn the motor performance 1s also studlied., The effect
of OC chepper-witich is consider as a control unit—- upopn the motor

rerformance is fliustrated. The refationship between the motor
curient and intensity of radiation at different speed Is studied.
The study shows that: the motor current increases with increasing

of the illumination and the main thvristor ON time. Besides. the
motor current f{s inversely proporftional fto the motor speed.The

effect of series combipgation Is alse illustrated. the study shows
that a linear varjation of motor currsnt wiyh the number of

series cells.

INTORDUCT T ON

The thyristor chopper 15 now very widly used for the control
of DC series moltors for traction applications. The advantages of
the thvristor chopper over tlhe conventional resistance controlfler

are : higher efficiency. flexibility in control. regeneration

down fFo very low speed. fight-weight and smaller size. The
chopper oulpur voltage can be controlled either by using a

currept-iimit controlled scheme or by pulsewidth ceontreol. In the
current limit controlled scheme. the current is controlied
betmeen certain mavimum and w@minfmum values of current-when the

currenf{ reaches the maximum vailue the chopper disconnects the

supply from the [vad and recennects it whken the current reaches

its minimum value [I]. In the pulsewidth control scheme chopper
“on” te of" time ratio is controlled. The chopper vcan be
operated at a constant Ffreguency or at a copstant "on” or Tefr”

time and varijable frequency fi]. The method describes the
anslvsis wof the series motor fed by chopper using. pulsewidrh

control considers the chopper and motaer as oene syvstem and fakes

1nto account the effect of commutation on morter veltare and

consequently on motor torque [2].

The phase contrel! {5 cogmonly used 111 solid state series
motor drive. The novel current controt scheme 15 preoposed [3] and
Improve certarln performances of the drive systems. In tihis scheme
the armature current can Le made continuoas under all practical

foad conditions. This improves the dvnamic response of the
svstem. The input power factor [s alseo improved In the current
control  scheme., The peak current and ripple wihich affect the
comuutatine capability can be controlled in  the current control
scheme. These are the desirable features in  commutator fype
moetaors.,

Current control scheme [n solid state traction motor drive

or 517 and desirable AVEr the commornd v used phase

ot scheme, particularly o countries whers weather Is
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Zvo takiaz appropriate precautions. it apssghis f
chapper conrralied vehicles to any DO raiiway 41 fie
moving at an increasingly fast rate and newv  syvsiems. ie
G.T.0 chepper switehed varfable reluctance drives e i
are being introduced. Although the detailfed des] <
the systems cengineering experience galned in
chopper rtratns (4],

The present paper describes fthe electrical
pulsewidtlh modulated contret DC series motor. i
which Ffed the motor is a photoveltaic power system.
MATHEMAT F{AL MODEL

Chopping
- Circuit _ R3

Solar ceolls

- Arravs -

fig (1) Chopper circuit for DC series motor coentro!l

The chopper s used for contrelling the DC series mortor
hecause the field inductance of the series motor keeps the
armature current constant during the OFF  period. The pnpur
current consists of pufses during the ON period anmd hepce ths
supply must be capable of alleowing rapid changes of durrent o
occur. The mofor recejves energv from fhe supply duringz thes OV
period during which the voltage (/qu'—E}. wherg E is rthe  hack

2.m. f of the motor and V 1s the supply voltage. 35 Impressed on
the RL  rircuit of the armature. Also the current rises
exponentially During the ON period,Gn the other hana the current
decreases exponentially under the voltage L applied to the KL
circuit of the armature during the OFF period.

Suppose that the aversge value of the chopper nutput voltage
Js Vo Lthen

)
i =p Ay
0 Dr
Khere Dr i[5 the duty ratio (5]
D =t
o T
and T =t +

oIt offF
nftere
Fon = N time of & main thyristor
and £ . 15 an PP tine
i

Suppose that the motor bkack e.m.f 1'535

- .
L, =K i
fid “
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£ = gyoter copstant
is = armature current
¥ = armature angular velocity

di? .
3 r LS 3 = L o
V=L 3= + i, B+ & i {1}
The selutiva of this egquafion is [6.7).
R+ K w
| R
T S e A e I (2
- min e
R+ £ w - R+ 5w
ek = <F
. I I
‘ .
e mmtiesitom, ] g T g + I e 27
PO 0in
whers
ro= fpstantanenis value 2! a moter current
%in = mipimp value of motor current
dur 1Y fhe back e.m.F uf a motor [5 given hy  [5)
£ K i N+ K 1
a T “af res 4
ta = K i N o+ f N
4 ar res
where éaf and ﬁr95 are motor constanis
moTar curcent (s given by
E, = K. p = ¢
I = gmememe e ] - b+ I 2 0« t < {4}
+ N 5} e
A m oh
< E .
nv-t_lc '.\; £ - ’
PR S et | e @ PO - B € T &Y
: g, Koy d : ) mix = oh ¢

where I = ¢ - ¢
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Ty Find rhe fnstant {0 at which the current [& mavimum and
o

[
discondinues | pui

[ . = 0.4

i
E ~ & .
znd I = A (! = expi-tT . )
= wax R+ A _ 5N ER et S
af
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e determined I'rom

wotor current csn
is known, The

uf  the current

Ihe continurty of fhe

the Jater ecguation once the parure
sictor current 15 given by cauatlon
by equation (5} wken tie chaogper s OFF.

Hiorfir curitent __I-

{4) wher the vhopper 15 OV a2

The  zvecaze  valios  af the
determinesd by the following 2quaiion .

e T — M - - - " 4
i i RS c",l%}'}'t MR 5 s

T i + - syp = T )/ 4

‘lgla,\‘ 5 >l SRl Sy

The RMS vatue of the wator current s delermined b
>

A ;T T h r 23 of - {0 - expne-t R
ParT (472 Lhalt ] 31 ]!' riin IJ’( RN "
s 7 Y i L 'y}
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T I w f 3] - px f=fF + r 25 ) + i T o+ 1 z
> Tmax 27 evat I on’’ J /2 max 3)

Vhere
E-K, ¥
= RTE R R
a
s ¥
R Sl SO
a af

The motor torque s given Dy,

el
T =K, .TI_~
) ar “ar

b)_SOLAR CELL MODFL

The wvolt amper characteristics of a solar cell may

determined hy using the followingy mode]l {8].

I = Il_ Ir{exp((ICRs+ FC) g / AOH Iv) - 1) (10

Where &\ is the output current from a cell.
f; i§ the photon current,
I reverse sathoation current.
Ec cell output voltage.
RS cell resistance
g electron charge.
AO constant depends upcn solar cell tvpe,
KN BOLTZMAN'S constant,
and J"(_ 13 a cell temperature
The voltage and current at a maxinum power pofat are

Vip= D= B(T,= Dy) + D, lox [ (L1)

‘mp Ly h Sgld H ! ]

be
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o Dy L e D are experimental
! 2 !

upen seolar cell] type.

cnefticients depends

Hhere D

Ih Intensity of radiratioen

ALCORITHY

The purpose of this algorithm 15 to obtain the electrical
performance of DC series motor supplied hy solar vcells ariarv
through a DC chopper as follows:

Inputs the motor coeff‘u,:entsaf\ r‘*es" , motor reswramg o its

inductance.coefficients of of solar cell, 0.0 ....0 and  its

series resistance,
Cutput the results

1) Use equation {{ to Compute the voltages and currents at the
maximumn power poirats at different insolat:on levels

Im,_. 1;}3 ..... Bac e I . different speeds constanc chopping
frequency (120 hz) and differeat ON !'z'megn e ).

2) set N = ’\f and calculate mt frem equation (8).

3y Ir ui; ¢« T ij” (this means of the current fhe feds the

motor discontinues . \
If 5? > T !f:‘j = T {(the current is continuous ).

4} Ca)cu!atem{lv in both cases.

RESULIS

The results of rthe compuresr program Are the cdrrents and
voltages at =2 maximum power points at different insolation levels
(L . V) are showa Inn Fig.,2. The voltage at maximum power point

mp mp
and the intensity of ragiation €/C (s linear for low insviation
level less than, .05 Kw/ "m . Then it has a small rate of change

after .03 Kw/ @ insolation level. The current at a maximum power
peoint ;Inp andﬁ( characteristic s linear as shown In fig.2.

The R¥S value of motor current, against intensityr of
radiation for constant mwmber of series cells g No= 300 Jand
constant chopuing frequency (d{' = [20 Hz )znd Ffor various valuss
nf A = = Tr)“ and tor speed JI000 rpm s presented in Fig.3. Jr 1s
obvious from Fig.2 that the chopper oufput current 1nper-=szses with
increasing insvlartien level. The chepper current Jdepends wpon the

main thyristor ON tima. It 13 largely increased as  the ON  time
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Iricreases. The increasing of moter currenr,l I vith  the increase
I
of insolafion !erel,}f is cdue to  the increasing of minority
[}
carriers generated 10 the cenduction band. The motor

current-intensjty of radiation characteristics are shown i
Figs,3 to & For variocus motor speeds.

As shown from the Figs., the motor current 1s dependent upon
insolation . moetoer speed apnd and the firins angle of thyvristor.
The motor draws a very high current at Jowm speeds. The ON time
period has a large effect on motor current at high valuescor

The motor current - speed characteristic s shown in Ffig.9
for a different inselation levels.The motor current (5 very high
at fow speed and largely decreases at high speeds. The high
Ievels of insolatjon has no longer e¢ffect on motor current at
very high and very low speeds.

The motor current versus « is represented in Fig.i0 for
dirferent valuves of Insolation levels. As shown 1p the Fig. the
factor & has pronounced effect the on motor curreni. On the other
hand., the high levels of insclation have a small effect on mortor
ctirrent.

The bhehavior of motor torque agaipnst insoclation level 15
shows In Fig.1f. The moter torque [s increased wilth increasing of
the irradiance. The motor speed has a large effect on the torgue.
The torque Is fncreased as decreasing mofor speed and vice versa.
This dve to the fact that the wmotor draw high current at Ilow
speeds and low currents aft high speeds.

The effect of number of connected series cells woon motor
current is Jllustrated in Figs.I2 and {3 . The variation of motor
current against insolation level with N {  number of serfes

i

cellis) as a paramefter (s shown in Fig.l!2?2 ). 4A [Iinecar variations
af the mofor current with _;\:‘" and,rf as a parameter (s illustrated

i

in Freg.t2. In this Fie. the motor current 1s i{inearly increased
As the number of connected solar cells jncreases.

CONCLUS TONS

The efectrical performance of a DC sevies motor supplied by
photovoltaic power supply is studied. The motor current-intensity
of radiation for a different speeds s also studied. The results
show that for low speeds the motor current i1s very Nhigh and it
increases with Increasing intensiéy of radiation. The malin
thyristor firipng angle of a DC chopper has alse a pronounced
effect upon motor current, Study shows that a motor current 1Is
stfected by the ON time of a main thyristor and also with the
insolation levels., As the ON time increases the motor current is

increased. This current (s also increased as increasing a level
of insolatfion. The wmotor speed (s a very important parameter
which has a large effect on motor current. IThe results show that
at low speed the motor current is very large. The effect of a

series ambination of a solar cells s 1llusrrated
o

\ostudy shows that a linear variation of a motor cur:

iy bhe  studsy,
ant against
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the number of serfes conpected cells.,
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