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ABSTRACT 
In rcmote itreas and high zone situations it is ncccssitry to use it single- 

phase generator to he emplo?.ed as a stitndhy unit, n.herc ;I single wire 
cirrth return system is found to he cconomical to install. 

In this pitper, it three-phaw induction mitcliinc is connected its ill1 
* .  

isolatc(l self-excited single-phitse generator. I hc possibility of operating 
this gcncrittor through the use of an excited cirpitcitor is outlined. Thc 
effect of the excited capilcitor is obtained for loitdcd and unloirtlccl 
opec~tions. The cspcrimental system is usid to study the effect of 
gcnCrittor speed on its loading 01' the generator. \loreover the output 
\.olritgc of the gcncrittor is stabilized using the designid paritmetes thr it 
tiscil capacitor thyristor controlled inductor schcme. This scheme is usctl 
to regulate the generator tcrrninal voltage I>>. controlling the thyristors 
tiring itnglc. This is clone hy ;~djusting the self cscitwtion to maintain thc 
t ~ r l ~ i n i t l  wtlagc consti~nt over it wide range of loading. 
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LIS OF MAIN SYMBOLES: 
( ' , ,Cl : Excitation and  halaocer capiwitancc. 

( ', : Compensator ciipacitance. 
I . ,  : Controlled inductarice. 
1 i - I i b l (  : Winding currents. 
TI  : 1,oatl impcdancc. 

(1) I : 1,oatl phase angle. 

I .  INTRODUCTION - 
Tlic intluction machines hin,c many itd\.iitltitg~s such as lo\\ cost, 

rol~ustness and the elimination of ~naintenitncc proldcn~.  1 '0  otltain rcirter 
ou t lx~ t  rating, the three-phasc induction machine is usctl as itn isolittcd 
self-cscifcel single-phase intluction genertor in nhich the output  pon'cr 
r i~ t ing  is limitetl in single-philsc induction machine. 

T h e  induction machines ciln he self-escitetl \\.hen it suitable citpacitor is 
connected ;)cross its winding. This phenomenon is cstrnsively csploitecl in 
~ w w c r  generation schemes which employ rcnen.ahlc resources such 
its h!,dro, wind, and  hiogas, where there ilrc oh\%ws ad\xntages in using 
the scluil-rcl-cage induction mikchine in preference to the conwntion;rl 
s\ nchronous machines ilS the electromechanical energy c o n ~ e r t c r .  

('onsiderahle attempts liii\~e been made to stud!, the steady-state ant1 
transient pcrformancc of threc-phase self' escitctl induction generators 
11-81. However, some attempts 19-121 have been made on the analysis of' 
c i~p i~c i to r  csited single-phase induction generator. in spite of their \~ar ious  
~11ii11l scale applications, specially a t  remote plitces o r  ithove niountitins in 
s ~ ~ i t l l  to\\ ns. I n  Hcfcrcncc 1 1  01, ii method for illtitl! zing the stead>.-sti~tc 
p c r f o ~ - u ~ ; ~ n c c  of i1 single-phase self-excited induction generator which 
supplies ii t t  iso1;rtetl resisti\.c lo i~d is descrihcvl. In reference 191, th r  
~ ) ~ i + o l - t ~ i i ~ ~ l c c  of a n  isolated self-excited single-phiwe induction gcncl-ittor 
\\ hen the cscitation c;~pitcitor is connected to onc winding and thc load is 
connected lo tlic other. The simulation is depending upon thc yu i \~ i~ len t  
circuit to stuel>. the steitcl~.-state pcrf'ot-mitncc. 7'hc nioclelling i ~ n d  stcitcl!- 
stiltc pcr1i)rmancc of it singlc-phase induction gchticratorfeetlingiin I < - I .  
Ioi1(1 inclutling saturation c fkc t  is reported in rcf'crcnce 1 1  1 I .  l 'hc  
pc'rforni;~nc.cs of self-excited single-phase induction gclncrittors nit11 shunt,  
sliort-shunt and  long-shunt cscitittion connrctions a rc  I-cportctl in 
r r k r c n c r  1 1  21. 

'I'hc ncctl for itlternati\~c and t.cnc\\itI)lc cncrg! sources fot  utility anti 
;tt~tonomoos itpplic;~tions cspcciall! in rcniotc places hits fi)cusetl on thc. 
use of singlc-phitsc g~.tlct+iItors. I n  high zonch vhich ; ~ r c  in thc top of' 
n ~ o ~ r n t i t i n ~ .  ;I sitiglc-ph:rse is used instc;tcl of threc-ph;~scs. Thcreforc, thc 



single phase genertors a re  used as a standby for generating the electric 
~ O ~ V C I -  when the main electric supply is off. 

The  rating of single-phase induction generators itre limited for greater 
output rating induction generators. Thus, thc three-phasc induction 
mi~chincs are  connected as ;in isoli~ted self-excited single-phase generators 
to obtain high power ratings for thesc places which employs a single- 
phase supply. 

In this paper, the steady-state performances of it three-phase induction 
m;~chine connected as an isolated self-excited single-phase gneri~tor  itre 
ohtaincd experimentally. The effect of excitation and halancer capacitor is 
ol)tained with unloaded and loaded generator with different drive speeds. 
The output votlage is stabilized u s i q  thyristor controlled inductor pari~llcl 
with the capcitor as a type of wtlage regulating s\.stem. The suit;~hie 
pi~r;~nwters of the voltage regulating circuit arc  designed to obti~in 
sri~l~ilizcd load voltage. 

2. SYSTEM CONFIGURATION 
Figure ( I )  shows the system configuration. I t  consists of a t hree-phase 

induction machines connected as a self excited singlc-phase generator 
supplying an isolated load. The generator is driven by a d.c motor as a 
prime-mover. A fixed capacitor-thyristor controlled inductor is used to 
stabilize the output voltage 1131. 

Voltage 

Rotor 

mover m 
Stator Regulator Load - IL 

Figure ( I ) :  Three-phase induction machine connected as an isolated self 
excited single-phase intluction generator coupled with the 
prime mover. 

3. DESlGN OF VOLTAGE REGULATOR PARAMETERS 
The \ .due of inductor inductance (L,.) and capacitor capacitance (C,) of 

the liscti capacitor thyristor cont~wlletl inductor ;ire selcctcd according to 
the follon.ing relationship 1141: 



H here, co is the angular frequency, 

Z, is the load impedanet- and, 

+, is. the load phase angle. 
'l'hc pirrittneters value of the designed votlage regulator for the load are: 

( ', = 30 pF 7 L, = 0.000 I-lcnr) . 

l 'hc  test iiii~chine used is :I three-phase, 50 HL, 1420 I-.p.m, squirrel-cage, 
2-1-11', 4-pole, 3801220 volt, 3.616.2 ampere, starltlclta connected induction 
nlotor. the measured parameters at 50 Hz are: 

Stator phase resisti~ncc = 4.5 ohm. 
Stator phase leakage re;ictar~ce = 7.5 ohm. 
Itotor phi~se resistance referred to stirtor side = I .4 ohm. 
liotor phi~se leakage rcactancc referred to stator \ide = 7.5 ohm. 
Magnetizing rcirctancc = 100 ohm. 

4. OPEN CIRCUIT CHARACTERISTICS 
Figure (2) shows the \,ariation of the open circuit terminal voltage with 

the esciti~tion capacitance C', without voltage reguli~tion (C',. = 0 , L, = 0).  
111 ( ; I )  the rotor specd is 1100 rpm while in (h)  i t  is 10(10 rpm. The results 
rc.\.ci~ls that the tcrtninirl voltages are  incrcascrl \\ ith increirsing rotor 
spl!cti. 

Thc twiations of terminal \drages and winding currents versus rotor 
spcctl without voltirge regulator (C*, = 0 pF and L,, = 0 H )  are  showm in 
Figures (3Sr-C) respectively, when the machine is c~ci tet l  through the 

citpacitance C ,  = 14 pF, C'. = 0 pF. 
Figure (5w,h,c) shows the effecl of connecting the halancer capacitance 

(', on the open circuit character!;itics without \.olti~ge regulator ((',=O , 
= O  It shon.s the variations of  he terminal voltages \,crsus rotor speed 
for two different combination values of' c~citiltion and hali~nccr 

cspi~citanccs. ((', = 43 pF, (', = 20 pF) and ( ( ' ,  = 30'pF, <': = 25 pF). 
I'hcsc selected \,alucs ;Ire chosen ~~spcrinicntally to gi\.c suitable \Aucs of 
tc*l-t~linill \,otlagcs iind \\-indin:: currents not to c\ccctl the lnacliinc r;rtcd 
\ illllcs. 

It is noticed that the tcrnlinal s,oltages arc highw than that obtained 
I\ ithout kalanccr capacitance. This is cluc to the ir~crcirsed \palucs o f  thc 
cl~itirtion c;~p;rcit;rnccs. 



Figure (6) shows the variations of the winding currents versus motor 
speed with C, = 44 pF , C2 = 20 pF , C:,. = 0 pF i\nd I., = 0 H. 

5.  LOAD CHARACTERISTI(3 
licsults of load tests on the machine for unity power factor 

i ~ n d  different values of rotor speed without \.oltagc regulation with 

(', = 0 kiF, L, = 0 H, C, = 10 pF and C2 = 44 pF arc shown in Figure (7). 
'I'hc terminal votlage decreases ~ i t h  increased load current and more 
pmwr can he extracted from the milchine with increasing speed. 

Figure (8) s h o w  the load characteristics curves for unity power 
titctor and rotor speed 1000 r.p.ln. Curve (I ) for C ,  = 0 pF, L,. = 0 H ,  
( ' ,= 10 pF and C2= JJ pF. Curve (2) for C,= 0 pF, I.,,= 0 H, C',= 44 pF, 

i\nd (': = 0 pF. It is observed thar there is a great I-ctluction in the output 
\.oltiyc and current (power) wlicn halancer capacitirncc is not used. 

Figure (9) shows the load characteristics crr\,es for unity power factor 
itntl rotor speed of 000 r.p.m. for tlifferent \.itlues of excitation 
; ~ n d  hal;rncer capacitances (C, = I0 pF antl <', = 42 !IF) for cur\,e 1 antl 
(( ' ,  = 15 pl; irnd C2 = 40 1iF) for curve 2. Both cur\,cs arc  ohtained without 
\,oltage regulation ( C ,  = 0 pF irnd I,, = 0 H)Thc curves are  almost parirllcl, 
indicating ;t proportionirl increasc in terminal votlirgc with excitation and 
hitli~nci*r c;rpacitances. 

7. 

14~gurc (10) shows the load characteristics of' thc machine without 
1,oltage regulation (C, = 0 pF antl L,. = 0 H )  for different values of power 
factor with rotor speed (1000 r.p.m.) and excitation, hirlancer cirpacitanccs 

ol' C,  = 10 pF, and C', = 44 pF. It is noticed that very slight reduction in 
power firctor causes high dropping effects on the loird charcersitcis and 
grcirt reductions in the output powthr. 

6. IMPROVEMENT OF THE LOAD CHAKACERISTIC'S 
TIij.ristor controlled inductor ~ d t a g e  regulittor system is used to 

improve the load charactersitics. The terminal voltage of the self excited 
niirchine, connected as single phase generator, can he maintained to ;I 

const;rnt virlue if il fixed value of capacitor bank itntl thyristor controllctl 
irttluctor ;rrc uscti in parallel while controlling the tiring irngle of thyristors 
its s h o ~  11 in i igurc  ( I  ). 

Figure ( I I ) s h o w  the load clr~rractcristic curs cs for 0.8 power factor 
Iitg., motor speed 1000 r.p.m. and excitation and hitliincer capitcitancc arc  

( ' ,  = I 0  p i  antl C q 2  = JJ pF respectivclj~. Curi.c ( I  ) for the system without 

~ktlirgc rcguhtor (C, = 0 / IF,  L, = 0 1-1). cur\ c. ( 2 )  for the s!.stenl \I ith 



voltage regulator (C, = 30 pF. L,. = 0.006 H). It is clear that the 
improvement of the output voltage is due to using of the voltages 
regulator. 

Figure (12) shows the generator terminal voltage versus load current 
\\hen voltage regulator is employed. It is clear that thc terminal voltage is 
approximately constant and equal. 

7 .  CONCLUSlONS 
In this paper the proposed sy rtem consists of a three-phase induction 

machine connected as an isolated self-excited single-phi~se generator with 
and without phase balancer capacitor. This system can be used as il 
standby unit in remote areas, wlrere il single wire earth return system is 
used to be economical to install. 

From the results obtained at steady-state, the follwr ing conclusions arc 
sunrmarized: 
- Thc terminal voltages ;Ire increased with increasin(:, motor speed for no- 

load and load characteristics. 
- l 'he tcrminal voltages and power are  increasctl nith using balirnccr 

capacitance for no-load and load charaacteristics. 

- The terminal voltage is decreirsed with increasing load current. 
- I.oad power extracted is increased with increasing the speed. 
- The reduction of load power factor causes high dropping effects on the 

load characteristics and great reduction in the output power. 
- The generator terminal votlage can be maintained at constant value for :I 

load ~rariations using fixed cap:~citor-thyristor controlled inductor as 
\ oltage regualtor. 

- The generator terminal voltage is approximatel) constant using voltage 
rcguli~tOr. 
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(a) n = 1 100 r.p.m. 

(b) n = 1000 r.p.in. 

Figure (2) Variation of terminal voltages versus C 1 for rotor speed 

at no load without voltage regulators (Cv = 0 pF, L,= 0 H) 
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Figure (3) Variation of terminal voltages versus rotor speed 
at no load with C1 = 44 pF, C2 = 0 pF, C,= 0 pF) 
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F12ure (4) Variation of winding currents versus rotor speed 
at no load with C1 = 44 pF, C2 = 0 pF, Cv= 0 pF) 
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Figure(5) Variation of the terminal voltages versus rotor speed at no load 
with C1 = 44 y F, C2= 20 p F, C 1=39 11 F, C2 = 25 11 F 
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Figme(6) Variation of winding c~xrents versus rotor speed at no load 
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Figure (7) Variation of the terminal voltages versus load current with 

rotor speed = (900 r.p.m. and 1000 r.p.m). 
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Figure (8) Variation of the terminal voltages versus load current with 
rotor speed =lo00 r.p.in. 
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Figure(9) Variation of the terminal voltages versus load current with rotor 
speed =900 r.p.m. at unity power factor. 
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Figure(l0) Variation of the terminal voltages versus load current with 
rotor speed =lo00 r.p.m. for two different values of p.f. 
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Figure(l1) Variation of the terminal voltages versus load current with 
rotor speed =I 000 r.p.m. with C1 = 10 p F, C2= 44 p F at 0.8 P.F. lag. 
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Figure(l2) Variation of the terminal voltages versus load current with 
rotor speed =I000 r.p.m. with C1 = 10 p F, C2= 44 p F at 0.8 P.F. lag. 

With voltage regulator (Cv = 30 p F and Lv = 0.006 H) 




