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ABSTRACT : 

This paper presents an operation of wound rotor induction 

machine as a gcncrator more suitable for wind or hydro turbines. 

The Load is supplied through thc gcncrator when the turbine 

specd is varricd from zero to highcr than double synchronous 

speed. AC supply of 50 Hz is connected to thc rotor. The rotor is 

rotating in opgositc direction to thc rotor rotating ficld. A 

transformer power from the AC supply through the generator is to 

feed thc load at zero specd rotor rotation. By increasing rotor 

spced, a mechanical power from thc ptimc rnovcr will bc 

converted to thc load. The output voltage at zero spced will bc of 

50 Hz. The spced increasing leads to outpu. voltage can be kept 

constant hy reducing the input voltagc with spced incscasing. 

Experimental investigation and theoritiml analysis of the 

generator are obtained. 
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1- INTRODUCTION : 

Thcrc arc many various schcmcs for w INI energy conversion 

systclns for generating clcctricity. Wh(c11 can he classified 

according to the type o f  thc output as I] 1'iC constant frequency, 

AC va~iahle frcqucncy or DC also. Thcy arc classified according 

to thc speed as 1 1,2,3]; constant spcctl o r  v: riablc spcctl. 

The proposed generator is AC variahlc speed shown in Fig. 1. 

Fig. 1. Generator winding arrmgrement 

'The generator is 3 wound rotor induction machine. 'The rotor is 

connected to thc grid or constant frcqucncy supply. The stator- 

terminals are coilnectcd to the loitd. The generator should bc 

rotating in opposite djrcction to the rotor rc tating field. When the 

I-otor at stand still, tllc load is supplicd from the grid. Then thc 

gencrator working as a transformer tc f w d  the load. By 

increasing the spccd a convcrtcd powcr from the primeinover, 

through thc gencrator will he transl'cn-ed to the load. The load 

voltage and frcquency will he incrcascd by speed increasing. For 

constant output voltagc, thc inpul voltagc is rcduced by speed 

increasing. 'Thc output is converted to DC by bridge rectiCier to 

avoid thc effcct of variahle frcquency. An inverter can bc used 

al'tcr the hridge for constant output frequeilcy. 

The gencrator is investigated in  two tnodes of operation; 

a-constant input voltagc and Srcqency-varialdc output voltage and 



Srequcncy, h-variahlc input voltagc n; constant fsequency- 

constant DC output voltage. In modc (a), no input voltage 

regulator 01- output bridge is uscd. This can hc uscd with wind or 

hydro systems to fecd hcaling and haltcry storage loads. The 

input voltage regulator and ouptut bridge rcctifier are used in 

mode (b), which can be used with cons l a t  DC voltage loads or 

constant voltage-constant frequency loads. 

2- GENERATOR PERFORMANCE ANALYSIS: 

The equivalent circuit of the gent r-ator per phase reffered to the 

rotor is shown in Fig- 2. The generator parameters are reffercd to 

the rotor because it is the input ~neinbt r and the stator is the 

output mcm bcr. 
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Fig. 2. Generator equivalent circuit referred to the rotor 

Where; 

R1 = rotor phase winding resistance. 

X I = rotor phase winding leakage rcactancc. 

~5 = stator phase winding rcsistancc referred to the rotor. 
, 

X2 = stator phasc winding Icakagc- rcactal~ce refelred to the rotor. 
( 1 - S )  

- equivalent resistance of thc mcchanical power $2 -- 
S 

convcrtcd from thc pi-itnc inovcs through Lhc generator refcrred to 

thc rotor. 

Rm = ecpivalent iron loss rcsistancc pcr hasc. 



Xm = mag~letising rcactuncc pcr phase. 
8 

RL = load resistance pcr phase scfc~~cd to the rotor. 

Vin = input voltage to the rotor pcr phase. 
R 

Vout = output voltagc to thc load per phasc rcfcrrcd to the rotor. 

Iin = input currcnt to Ihc rotor per phasc. 

8 
Iout = output currcnt to the load pcr phasc d c n c d  to the rotor. 

From the equivalent circuit of Fig. 2, thc rc~tor input phase current 

(Tin) is calculated by, 

Iin = Vin/(R, -t- $0. (1) 

Where;: 

Rt =R21 + R l ,  

X t = X 2 1  + X I .  

R21 = (Rmm * R2m + Xmm * X21n)/Az2, 

X21 = (Xmm * R21n - Iirnrn * X21n)/Az2, 
# 

Xmm = (X2 + R7,m) + (R2s * Xzm), 
t 

Rrnm (R2s * Rzm) - (X2 * Xzm), 

R2m = R2s + Rzm, 

Xzm = ~ x n ~  * Xm/Azm, 

Azm = ~~m + xin2  

S = generator slip 

S = (ns + n) / ns 



11s = synchronous specti. 

11 = prime mover speed. 

The output current referred to the rotor (I  out) is 
/ 

Iou t = Iin * 22  1 I(R2s + JX2) (2) 

The actual output phase cul7cnt (Iout is 
0 

h u t  = Iout / a (3) 

Where, a = statos to rotor el'fcctivc :urns ra-io. 

Thc input powcr factor (pl) is 

Pf =Rt / (Rt  + J Xt) (4) 

The generator iron losses (pi) ar 

Pi = 3 (Iin 22 I ) ~ /  Rm ( 5 )  

The gcneratos copper losses (PC) arc 

Pc = 3  in R 1 +  out R2) ( 6 )  

The input power to the rotor (Pi,,) is 

Pin = 3 Vin * Iin * PF (7) 

The output power (pout) is 

Pout = 3  out RHS 
The mechanical powcr output from the prime mover (Pm) is 

calculated by 

Pm = (Pout + Pi + Pc) - Pin (9) 

Thc generator efficiency eff. is 

According to equations (1-lo), thc generator performance 

charactelistics are computed and givcn in F'igs (3- 15). 



3- EXPERIMENTAL SYSTEM OPERATION: 

The experimental system shown in  Fig. 1, consists of variable 

speed primc mover (DC motor), vari:ihlc voltage supply 

(Auto-transformer), the generator ( w ~ ~ ~ n d  rotor induction 

machine) and a resistive load. The conncc:tion diagram shown in 

Fig. I. According to a rotating ficld 1'1-0111 thc generator rotor, thc 

gcnerator rotates in the direction 2ivcs thc slip of generator to be 

positive. Generator output voltage will be increased by speed 

ii~crcasing when the rotor voltage is constant. But for constant 

output voltage, the rotor input voltagc will be dccreased by 

increasing the speed. As a rcsull, dccrcase~ 111e rotos input power. 

While, the output power t o  [he load is constant. The  

compensation of load powcr wili he corverted from the primc 

movcr. 

Thcreforc, the proposed gc~icmtor is used to work with 

wind or hydro turbines. When thc lurbin: spccd is zero or low, 

the load is fed from tllc main supply. Co~~vcrtcd powcr from the 

main supply. For hjgller spccd the converted power fi-om the 

turbine to the load will he ohtaincd. Durmg a wide variation of 

turbine speed (from zero to more than double synchronous 

speed), the generator will bc stable. 

4- GENERATOR PERFORMANCE CHARACTERISTICS: 

Performance characleristics are compuxd from the previous 

analysis for thc two modes of constmt and rcd~iccd input voltagc. 

Experimental verification oC these characteristics is ohtaincd for 

the two modes of operation. 

4.1. Generator characteristies in Mode (a): 

In this lnode va~ialion o f  AC input  power and output power with 

gcneratos speed at constant voltngc or 80, 100 and 120-V at 50 

Hz are given in Fig. 3. At low speeds, ~fic  AC input powcr is 

highcr than the output  powcr at low spccd to  ovcrcoine the 

generator losscs at small convcr~cct powcs At  high speed. the ratc 
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of prime movcr convcrted powcr is higher than the transformed 

power (from thc AC supply), so that thc o u t p t  power is higher 

than thc AC input power. Smaller input voltage l a d s  to higher 

ratio of output powcr duc to the reduction of input circuit losses 

Variation of the ~nechanical power convcrted to the output power 

with speed is shown in Fig. 4. 

The output voltage is increascd wit;$ spced at constant input 

voltagcs of 120, 100 and 80-V, as shown in Fig. 5. The rate of 

voltage increasing with spccd is smallcr thiln the linear relation 

due to the increascd voltage drop o n  thc geneyator winding. The 

corresponding variation of AC rotor input current are and AC 

stator ouput currcnt is given in Figs. 6,7. The AC input cussent is 

increased due to the part of transformer effect corresponding to 

the increased output cun-cnl. 

Generator efficiency and input power factor variation with speed 

are shown in Figs. 8 and 9. The gcncrator eflic ency is not zero at 

zero speed because the gcncrator will ke working as a 
transl'ormer. The cfficicncy is higher for this small laboratory 

gencrator during thc variation of spccd. Thc power Fdctor and 

efficiency are similar for 120, 100 and 84 1-V. 

4.2. Generator characteristics in Mode (b): 

In this mode the constant output vollagc (at 280,200 and 120-V), 

is ohtaincd by spced variation. The load is a single resistance fed 

through a bridge sectificrs. 

Fig 10. slzows the variation of AC input power with spced to give 

constant output voltage and thus coilslant clutput power, for 

constant load resistance. The AC input power is higher than 

output power at low speeds duc to thc generator losses. The 

converted power from the p r i m  movcr is to overcome the 

generator losscs and to fed the Ioad, by spec3 increasing. The 

output power is higher than thc AC input power when the speed is 

increased than above 1000-r.p.m. for thc differlxt values of Ioad 
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voltages. Fi$kl~ows thc variation of pritnc movcr output power, 

which is convcrtcd to the gcncrator ourput polnrcr, with speed. To 

keep the ouput voltage constant (at 280, 200, 120 v) the variation 

of ' i l~put voltage and con-esponding input current are shown in figs 

12, 13. Also, in Fig 13, the variation of the cuput DC current is 

plot ted.  As expected this variation is constant due to the constant 

ouput valtagc. 

The input power factor and generator cfficiency variation with 

speed are shown in Fig. 14 and 15. Where the efficiency and 

power factor at any speed takes thc salnc valtle for the different 

output voltages. 

5. CONCLUSIONS : 

The analysis and expcrimcntal investigatio~t of this proposed 

generator gives the following features; 

I- The generator can be used with wind or hyd -o turbines. This is 

due to the ability of it to work at vcry w i k  speed variation 

with constant output voltage from 7crc1 to more than twice 

synchronous speed. 

2- The generator and load will he switchcd 01; a t  any speed. No 

need to switching off, the generator at zero or low speed in 

which the load will be supplied by transfclrmer power from 

the AC supply. 

3- The generator is capable lo fcd inore c1ectric:al energy than of 

conventional induction generators ciue to the. operation at  high 

and vcry low speeds. 

4- When the input voltage is constant, a vcry high energy can be 

converted from the turbine. 

5- The mathematical analysis gives a compoted results in 

agreement with measured rcsults. 
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APPENDIX : 

3- Phase, Y-connected, 50 Hz wound rotor induction machine, 

numbcr of polcs = 4, stator volt.agc = 380 V, rotor current = 

0.3 A, rotor terminal voltagc at stand st111 = 342 V, rated 

power = 90 W. 
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