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ABSTRACT :

This paper presents an operation of wound rotor induction
machine as a generator more suitable {or wind or hydro turbines.
The Load is supplied through the gencrator when the turbine
speed is varried [rom zero to higher than double synchronous
speed. AC supply of 50 Hz is ¢01111eclcd to the rotor. The rotor is
rotating in opposite direction to the rotor rotating field. A
transformer power {rom the AC supply through the generator is to
feed the load at zero speed rotor rotation. By increasing rotor
speed, a mechanical power from the prime mover will be
converted to the foad. The output voltage at zero speed will be of
50 Hz. The spced mcreasing leads to outpu. voltage can be kept

constant by reducing the input voltage with speed mcereasing.

Experimental investigation and theoritical analysis of the
generator are obtained. -
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1- INTRODUCTION :

There are many various schemes for w nd energy conversion
systems for generating clectricity. Which can be classified
according to the type of the output as [ [} AC constant frequency,
AC variable frequency or DC also They are classified according

to the speed as [1,2,3]; constant spced or veriable speed.

The proposed generator is AC variable speed shown in Fig. 1.
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Fig. 1. Generator winding arrangrement

The generator is a wound rotor induction machine. The rotor is
connected to the grid or constant requency supply. The stator
terminals are connectcd o the load. The generator should be
rotating in opposite direction to the rotor retating field. When the
rotor at stand still, the load is supplicd from the grid. Then the
gencrator working as a transformer e fced the load. By
increasing the speed a converted power from the primemover,
through the generator will be transferred Lo the load. The load
voltage and frequency will be increased by speed increasing. For
constant output voltage, the input vnitage is reduced by speed
increasing. The output is converted to DC hy bridge rectifier to
avoid the effect of vartable (requency. An inverter can be used
after the bridge for constant output [requency.

The gencrator is investigated in iwo modes of operation;

a-constant input voltage and fregency-variable output voltage and
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[requency, b-variable input voltage a constant {requency-
constant DC output voltagc; In mode (a), no input voltage
regulator or output bridge is uscd. This can be used with wind or
hydro systems o feed healing and battery storage loads. The
input voltage regulator and ouptut hridge rectifier are used.in
mode (h), which can be used with constant DC voltage loads or

constant voltage-constant frequency loads.
2- GENERATOR PERFORMANCE ANALYSIS:

The equivalent circuit of the gencrator per phase reffered to the
rotor is shown in Fig. 2. The generator parameters are reffered to

the rotor because it is the input member and the stator is the

output member.

lin R1 X1 R'YISYS  x-2 m2  Tout
Yin R xm Vroul R'YS

. |

Fig. 2. Generaior equivalent circuit referred to the rotor
Where;
R1 = rotor phase winding resistance.
X1 =rotor phasc windi.ng lcakége reaclance.
R2 = stator phase winding resistance referred to the rotor.
X2 = stator phase winding lcakage reactance referred to the rotor.

1-S
iy U5

converted from the prime mover through Lhe generator referred to

= equivalent resistance of the mechanical power

the rotor.
Rm = equivalent iron loss resistance per phase.
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Xm = magnelising rcactance per phasc.

RL = load resistance per phase referred (o the rotor.

Vin = input voltage to the.rotor per phase.

” Co :
Vout = output voltage to the load per phasc referred to the rotor.

lin = tnput current to the rotor per phase.

P -
Tout = output current to the load per phase referred to the rotor.

From the equivilent cirenit of Fig. 2, the rotor input phase current

(fin) is calculated by,

Iin = Vin/(R + jX).

Where;
Rt=R21 + R1,
Xt=X21+X1.

R21 = (Rmm * R2m + Xmm * X2m)/Az2,

X21 =(Xmm * R2m - Rmm * X2m)/Az2,
Xmm = (Xt’l + Rzm) + (R2s * Xum),
Rmm (R2s * Rzm) - (X§ * Xzm),
R2m = R2s + Rzm,
X2m= Xf? + Xz,
A72 = (R2m)? + (X2m)?,
K2 RL
R2s = ( - + )

s

Rzm = Rin * Xm?/Azm,
Xzm =Rm?2 * Xm/Azm,
Azm =R%m + Xm?

S = generator slip

S=(ns+n)/ns

(D




ns = synchmnoﬁé sprccd. o
n = prime mover speed.
The output currcm‘refcrrecli to the rotor (1 ‘(;ﬁt) is

lout=Tin * Z21/(R2s +IX2) @)

The actual output pﬁusc current (Jout) s

Tout=1Tout / a . = 3)
Where, a = stator to rotor effective turns ra io.

The input power factor {pl) is

Pf =RV (Rt+J X1) @
The génemtor iron losscs (pi) 41

Pi =3 (lin Z21)% Rm (5)
The generator copper losses (Pé) are

Pc =3 (%in R1 + 1200l R2) (6)
The input power to the 1‘0101'1 (jPin) is

Pin=3 Vin * lin * Pf (7)
The output power (pout) is | |

Pout = 3 Fout RIS ' T (®)

The mechanical power output {rom the prime mover (Pm) is

calculated by

Pm = (Pout + Pi+ Pc) - Pin ‘ )
The generator clfficiency eff. is

¢ff. = Pout/ (Pin + Pm) . - (o

According to equations (1-10), the generator performance

characteristics are computed and given in Figs (3-15).
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3- EXPERIMENTAL SYSTEM OPERATION:

The experimental system shown in Fig. 1, consists of variable
speed prime mover (DC motor), variable voltage supply
(Auto-transformer), the gencrator (wound rotor induction
machine)} and a resistive foad. The connection diagram shown in
Fig. 1. According (o a rotating {icld from the gencrator rotor, the
generator rotates in the direction gives the slip of generator to be
positive. Generator output voltage will be increased by speed
increasing when the rotor voltage is constant. But for constant
output voltage, the rotor input voltige will be decreased by
increasing the speed. As a result, decreases the rotor input power.
While, the output power (o the load is constant. The
compensation of load power will he corverted from the prime

movcr.

Therefore, the proposed generator is used 1o work with
wind or hydro turbines. When the turbinz speed is zero or low,
the toad is fed from the main supply. Converted power from the
main supply. For higher speed the converted power from the
turbine (o the load will be ohtained. During a wide variation of
turbine speed ({rom zero to more than double synchronous

speed), the generator will be stable.
4- GENERATOR PERFORMANCE CHARACTERISTICS:

Performance characteristics are compued Irom the previous
analysis for the two modes of constant and reduced input voltage.
Experimental verification of these characteristics is obtained for

the two modes of operation.
4.1, Generator characteristies in Mode (a):

In this mode variation of AC input power and output power with
generator speed al constant voltage ol 80, 100 and 120-V at 50
Hz are given in Fig. 3. At Tow spcé_ds, the AC .input‘.powcr is
higher than the output power at low speed to overcome the

generator losses at small converted power. At high speed, the rate
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of prime mover converted power is higher than the transformed -
power (from the AC supply), so that the output power is higher
than the AC input power. Smaller input voltage leads to higher
ratio of output power duc to the rédﬁdion of input circuit losses
Variation of the mechanical power converted to the output power

with speed is shown in Fig. 4.

The output voltage is increascd with speed at constant input
voltages of 120, 100 and 80-V, as shown in Fig. 5. The rate of
voltage increasing with specd is smaller than the linear relation
due to the increased voltage drop on the generator winding. The
corresponding variation of AC rotor input current are and AC
stator ouput current is given in Figs. 6,7. The AC input current is
increased due (o the part of transfbrmc_r ellect corresponding to

the increascd output current.

Generator efficiency and input power factor variation with speed
are ;hown in Figs. 8 and 9. The gencrator efficiency is not zero at
zero speed because the generator will te working as a
transformer. The efficiency is higher for this small laboratéry
generator during the varation of speed. The power factor and
efficiency are similar [or 120, 1(X) and 80-V.

4.2. Generator characteristics in Mode (b):

In this mode the constant output voltage (at 280,200 and 12()—V),
is obtained by speed varation. The load is a single resistance fed

through a bridge rectifiers.

Fig 10. shows the variation of AC input power with speed to give
constant output voltage and thus constant cutput power, for
constant load resistance. The AC input power is higher than
output power at low speeds due to the generator losses. The
converted power {rom the prime mover is to overcome the
generator losses and to fed the load, by speed increasing. The
output power is higher than the AC input power when the speed is
increased than above 1000-r.p.m. for the differ=nt values of load
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voltages. Figllshows the variation of prime mover output power, - -

which is converied to the generator output power, with speed. To
keep the ouput voltage constant (at 280, 200, 120 v) the variation
of input voltage and corresponding inpul current are shown in figs
12, 13. Also, in Fig 13, the variation ol the cuput DC current 1s
polotted. As expecled this variation 1s constant due to the constant
ouput voliage.

The input power factor and generator clficiency variation with
specd are shown in Fig. 14 and 15. Where the efficiency and
powef factor at any speed lakes the same value for the dilferent
output voltages.

5. CONCLUSIONS :

The analysis and experimental investigation of this proposed
generator gives the following features;

1- The generator can be used with wind or hyd-o turbines. This is
due.to. the abilily of it to work at very wide speed variation
with constant output voltage from zero to more than twice
synchronous speed.

2- The generator and load will be switched on at any speed. No
need to switching off, the generator al zero aor low speed in
which the Joad will be supplied hy transformer power {rom
the AC supply.

3- The generator is capable o fed more clectrical energy than of
conventional induction generators duc Lo the operation at high
and very low speeds.

4- When the input voltage is constant, a very high energy can be
converted from the turbine.

5- The mathematical analysis gives a compoted results in
agrcement with measured resulis.
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APPENDIX :

3- Phase, Y-connected, 50 Hz wound rotor induction machine,
number of polcs = 4, stator voltage = 380 V, rotor current =
0.3 A, rotor terminal voltage at stand still = 342 V, rated
power = 90 W.
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