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iUJ. impedances are per unit ralues. 
Pre-fault values of power and voltage 

are sirawn. 

, Synch. ^ ^ Induction , 
Uotor Load Motor Load 

Figure 1 

Prell/ninary Power System 
Equivalent Circuit for 
Induction Motor Studies 
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0.2 0.3 
Slip - per unit 

Figure 2 

Equivalent Admittance 
Components of Average 

Induction Uotor 
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Synchronous Torque of 
Average Induction Motor 
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A§:* * #||:î ||p 111 «14p 4HF***C ..SiSwwS, A tr« . 



www.manaraa.com

•# 

<3 

m ' * .  

& 

3 

t 
m 

m 

I 3 
a. 

K 

#• 

3. 

<3 

*1  ̂

i I 
# 3 

s s s 

1 1 1  

• m 
.M vi 
"#• "0 

f« *» p 
• •'& ' 
® f 

4* *-• 'i* 

JS 

• 
& 

m 
lat 



www.manaraa.com

m 
Sf* 

tes 
J 
H 

»€ 
'm 

m 
to 

f 
H 

U3 

ji 



www.manaraa.com

m #"4 

o 
H 

«®-U> 

Ot e».u> 
<1 

•>># m 
» 

m m -

»# w 

?> 

m t 

HI 
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14 

Time - seconds 
0.2 0.3 0.4 0.5 0.1 

Faxxlt Cleared 

-40 

-160 

1 - Exact sviirig curve for synchronous motor, 
2 - Curve using constant induction motor equivalent admittance 

equal to pre-fault value. 
3 - Curve using constant induction motor equivalent admittance 

corresponding to a 116 per cent increase in pre-fault 
load torque. 

4 - Exact CTirve using network analyzer. 

Synchronous motor; Gg^l.OOj Hg»2.0; load"10036. 
Induction motor: G^"1.00j Hi"0.5; load=10C^, 

Figure 4 

Swing Curves for Synchronous Motor 
with Parallel Induction Motor Load 

Using Preliminary Equivalent Circuit 
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Figuro 5 

Power System Equivalent Circuit 
for Constant Impedance Loads 
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IjlOO 

jm. + i m. 

X 
Fault 

Vi = 
1.03/0 

V2 = 1.00 

All impedances are percentage values. 
Pjre-fault values of power and voltage 

are shown. 

28\m,'7 

^2  ̂
y 0.20 

+0I5O 

Eof = 
I.20A27' 

+138.7 

132 
+ji040 

P4 = 
tO.15 

R U '  

s 
526 

s = 

0.0465 

Synch. ^ Induction Motor Load ^ 
liotor Load • 

Figure 6 

Preliminary Network Analyzer 
Power System Equivalent Circuit 
for Induction Motor Studies 
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Figure 7 

Network Analyzer Power System Equivalent 
Circuit for Induction Motor Studies 
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Synch. ^ Induction Motor Load 
Motor Load 

Induction Motor Rating = ^ 
Synchronous Motor Rating 
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Time seconds 
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Fault Cleared 

-40 
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1 - Exact 9wing ctirve for synchronous motor. 
2 - Curve using constant induction motor equivalent impedance 

corresponding to the pre-fault load torque. 
3 - Curve using constant induction motor equivsilent inqiedance 

corresponding to an 85 per cent increase in pre-fault 
load torque. 

4 - Curve using constant induction motor equivalent impedance 
corresponding to a 115 pQr cent increase in pre-fault 
load torque• 

Synchronous motor: Gs"1.00; Hs«2.0; load=80$. 
Induction motor: Gj^^l.OO; H^«=0.5j load^SO^. 

Figvire 8 

Swing Curves for Synchronous Motor 
vdth Parallel Induction Motor Load 
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1 - Exact awing curve for synchronous motor. 
2 - Curve using constant induction motor equivalent impedance 

equal to pre-fault value. 
3 - Curve using constant induction motor equivalent impedance 

corresponding to an 85 per cent increase in pre-fault 
load torque. 

4 - Curve using constant induction motor equivalent impedance 
corresponding to a 115 per cent increase in pre-fault 
load torque. 

Synchronous motor: G0=*r.OO; H3»2.0; load=75^. 
Induction Motors Gi»1.00; Hi* 0.5;load-«75$. 

Figure 9 

Swing Curves for Synchronous Motor 
with Parallel Induction Motor Load 
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1 - Exact swing curve for synchronous motor. 
2 - Curve using constant induction motor equivalent impedance 

equal to pre-fault value. 

Synchronous motors Gs«=1.00; Ha"'2.0; load*80^. 
Induction motor» 01=1.00} Hi«2.0! load«»8C^. 

Figure 10 

Swing Cuirvea for Synchronous Motor 
with Parallel Induction Uotor Load 
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1 - Exact swing curve for synchronous motor. 
2 - Curve using constant induction motor equivalent impedance 

corresponding to a 115 per cent increase in pre-fault 
load torque. 

3 - Curve using constant induction motor equivalent in^edance 
corresponding to a 230 per cent increase in pre-faixlt 
load torque. 

Synchronous motor: Gg>=1.00; Hg" 2.0; load®80%. 
Induction motor: Gi^^l.OO} Hi=0.125; load=80%. 

Figure 11 

Swing Curves for Synchronous Motor 
with Parallel Induction Motor Load 
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Figure 12 

Network Analyzer Power System Equivalent 
Circuit for Induction Motor Studies 

Induction Motor Rating s 1 
Synchronous Motor Eating 4 
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1 - Exact svdng curve for synchronous motor. 
2 - Curve using constant induction niotor equivalent in^edance 

equal to pre-fault value. 

Synchronous motors Gg^l.OO} Hb»2.0; load»80$. 
Induction motor; Gi«0.25; Hi=2.0; load"80$. 

Figure 13 

Swing Curves for Synchronous Motor 
vith Parallel Induction Motor Load 



www.manaraa.com

Tims - saoonds 

Paxilt Cleared 

1, 3 and 4 

& 
•a -80 

1 - Exact swing curve for synchronous motor. 
2 - Curve using constant induction motor equivalent inqpedance 

equal to pre-fault value. 
3 - Curve using constant induction motor equivalent impedance 

corresponding to a 97 per cent increase in pre-fault 
load torque. 

4 " Curve using constant induction motor equivalent impedance 
corresponding to d 126 per cent increase in pre-fault 
load torque. 

Synchronous motor: Gs^l.OO; Hs"'2.0; load=80^6. 
Induction motor J Gi=Q.25j Hi^O.J; load-80^. 

Figure 14 

Swing Curves for Synchronous Motor 
.vith Parallel Induction Motor Load 
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1 - Exact swing curve for synchronous motor. 
2 - Curve using constant induction inotor equivalent impedance 

corresponding to a 238 per cent increase in pre~fault 
load torque. 

3 - Curve using constant induction motor equivalent impedance 
correspondiiig to a 250 per cent increase in pre-fault 
load torque. 

Synchronous motor: Gg=1.00j Hg» 2.0; load®80^. 
Induction motor: Gi"0.2$; 0,125jload'=80$. 

Figure 15 

Swing Curves for Synchronous Motor 
vdth Parallel Induction Motor Load 
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Induction Motor Inertia 
Synchronous Motor Inertia 

Range of Induction Motor Rating „ 0^25 to 1.00 
^ Synchronous Motor Rating 

Figure 16 

Equivalent Parallel 
Resistance and Reactance 
for Induction Motor Load 
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It $f&mmi, î  %im imfymiim. *4111 a»fe ta« » pirt ̂  %h« mm'-

»ŵ mmm. #r«tt4t. m mmUm*am̂ imm, «lttii* m %u la-

f̂ii#a jaahiti tn» <̂ ir«liwi- U9A iwî tiwiti î i#i «• 
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'%m'm %fî  iiimlî  fim iimm m« 



www.manaraa.com

m 

m%mA'%.Mm- ta ttose tm tiAmtfciaw •wwrti.iaBt*' Iftatjii 4n 'khsA i.ki| «t»iBiit. MiMe#' 

•SwjrflPV'W®? W'̂ WMP^®I»*̂ 'F SwPi>®^^®*Wifc-WF "iw^^WPi. Îfm^̂ f'- ^w îfcfcM^P JPO  ̂ vP^P |̂r̂ W * *• 
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II ipmtiHg .«* m$*imam #%»•%. «ii Irnm %.# i0 ««î  ̂  
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Network Analyzer Power 
System Equivalent Circuit 

for Synchronous Hotor Studies 
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1 - iSxact swing curve for synchronous motor no. 2. 
2 - Curve for no. 2 when no. 3 is replaced by a constant 

resistance equal to 10 per cent of its pre-fault value. 
3 - Curve for no. 2 when no.3 is replaced by a constant 

resistance equal to 5 per cent of its pre-fault value. 

Synch, motor no.2: G2°1.00; H2'=2.0; load»80^; pf=1.00. 
Synch, motor ao,3'  0^^0,2^' ,  H3=»0.5j load=8056; pf«1.00. 

Figure 18 

Swing Curves for Synchronous Motor 
'rith Parallel Synchronous Motor Load 
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1 - Exact swing'curve for synchronous motor no.2. 
2 - Cujrve for no.2 when no.3 is replaced by a constant 

resistance equal to 10 per cent of its pre-fault value. 
3 ~ Curve for no.2 when no.3 is replaced by a constant 

resistance equal to 5 per cent of its pre-fault value. 

Synch, motor no.2t G2=1.00; H2''2.0j load=80^; pf=0.8 leading. 
Synch, motor no.35 G3»0.25; H3'=0.5; load^SO^j pf«0.8 lagging. 

Figure 19 

Swing Curves for Synchronous Motor 
with Parallel Synchronous Motor Load 
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1 - Exact swing curve for synchronous motor no.2. 
2 - Curve for no.2 when no.3 is replaced by a constant 

resistance equal to 10 per cent of its pre-faiilt value. 
3 - Curve for no.2 when no.3 is replaced by a constant 

resistance equal to 20 per cent of its pre-fault.value. 

Synch, motor no.2: Gg^l.OOj H2=2.0; load=80%; pf=0.8 lagging. 
Synch, motor no.3* G3*»0,25; ^yO.5) load=80/6; pf=0.8 leading. 

Figure 20 

Swing Curves for Synchronous Motor 
with Parallel Synchronous Motor Load 
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1 - Exact swing curve for synchronous motor no.2. 
2 - Curve for no.2 when no.3 is removed completely. 
3 - Curve for no,2 when no.3 is replaced by its pre-fault 

resistance. 
4 " Curve for no.2 when no.3 is replaced by a constant 

resistance equal to 20 per cent of its pre-fault value. 

Synch, motor no.2l G2'"1.00; H2=2.0; load=30^; pf=1.00. 
Synch, motor no.3' 03=0.25; H3®2.0; load®80^; pf=1.00. 

Figure 21 

Swing Curves for Synchronous Motor 
with Parallel Synchronous Motor Load 
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1 - Exact swing curve for synchronous motor no.2. 
2 -Curve for no,2 when no.3 is replaced by a constant resistance 

equal to 20 per cent of its pre-fault value. 
3 - Curve for no.2 when no.3 is replaced by a constant impedance 

equal to 20 per cent of its pre-fault impedance. 

Synch, motor no.2: G2"1.00} H2=2.0} load»80^; pf^O.S leading. 
Synch, motor no.3' G3"0.25j H3=2.0j load^SO^; pf=0.8 lagging. 

Figure 22 

Swing Curves for Synchronous Motor 
vvith Parallel Synchronous Motor Load 
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1 - Exact awing curve for synchronous motor no.2. 
2 - Curve for no.2 when no.3 is replaced by a constant resistance 

equal to 20 per cent of its pre-fault value. 
3 - Curve for no,2 when no.3 is replaced by a constant resistance 

equal to 20 per cent of its pre-fault resistance in 
parallel with a constant reactance equal to 12.5 per cent 
of its pre-faxilt capacitive reactance. 

Synoh. motor no.2! G2®1.00; H2"=2.05 load=80^; pf=»0.8 lagging. 
Synch, motor no.3! G3"0.25; H3=2.0; load=8C^; pf-O.S leading. 

Figure 23 

Swing Cuirves for Synchronous Motor 
^dth Parallel Synchronous Motor Load 
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1 - Exact swing curve for synchronous motor no.2. 
2 - C\irve for no.2 when no.3 is replaced by a constant resistance 

equal to its pre-fault value. 
3 - Curve for no.2 when no,3 is replaced by a constant resistance 

equal to 20 per cent of its pre-fault value. 

Synch, motor no.2s G2"1.00; H2'*2.0; load=80%; pf^l.OO. 
Synch, motor no.3' 03*0.25; H3=8.0} load=»80^; pf^l.OO. 

Figure 24 

Swing Curves for Synchronous Motor 
with Parallel Synchronous Motor Load 
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1 - Exact swing curve for synchronous motor no.2. 
2 - Curve for no.2 when no.3 is replaced by a constant resistance 

equal to its pre-fault value. 
3 - Curve for no.2 when no.3 is replaced by a constant impedance 

equal to its pre-fault impedance. 

Synch, motor no.2: G2=1.00; H2=2.0} load=80^; pf=0.8 leading. 
Synch, motor no.3: Gr3=0.25; H3=8.0; load=80i^; pf«0.8 lagging. 

Figure 25 

Swing Curves for Synchronous Motor 
with Parallel Synchronous Motor Load 
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1 - Exact swing curve for synchronous motor no.2. 
2 - Curve for no.2 when no.3 is replaced by a constant resistance 

equal to its pre-fault value. 
3 - Curve for no.2 when no.3 is replaced by a constant resistance 

equal to 20 per cent of its pre-fault value. 

Synch, motor no.2: 02=1.00; H2=2.0; load=805&; pf=0,8 lagging. 
Synch, motor no.3! (*3=0.25; H3=8.0; load=80$; pf=0.8 leading. 

Figure 26 

Swing Curves for Synchronous Motor 
with Parallel Synchronous Motor Load 
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l̂iml»mmm â @)f m. si cl̂  0.25. 

ii * m i) * a.® »3 - 0.0 
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Inertia of synchronous motor no.3. 
Inertia of synchronous motor no.2. 

1.- Pre-fault power factor of motor no.3 = 1.00. 
2 - Pre-fault power factor of motor no.3 ® O.fiO lagging, 
3 ~ Pre-fault power factor of motor no.3 = 0.3c leading. 

Rating of synchronous motor no.3 q 25 
Rating of synchronous motor no.2 

Figure '27 

Synchronous Motor 
Equivalent Resistance 
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Figure 28 

Resistance Characteristic 
for Tungsten Filament Lamp 
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1 - Exact swing curve for synchronous motor. 
2 - Curve with incandescent lighting load resistance held 

constant at its pre-fault value. 

Synchronous motors Gg=1.00; Hg=2.0; load® 80^; pf=1.00. 
Incandescent lighting load: Gi,=l,00; load=100/6; pf=1.00. 

Figure 29 

Swing Curves for Synchronous Motor 
vdth Parallel Incandescent Lighting Load 
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pimf iii m t|b« pf«<n4î  %m ffttism*  ̂
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Points 1 and 2 are resistances calculated from transient tests 
on 18 slimline fluorescent lamp fixtures. 

Each fixture consists of two 96T12 slimline fluorescent lamps 
and one General Electric no. 89G396 series ballast. 

Figure 30 

Average Steady-state Characteristics 
for Slimline Fluorescent Lighting Load 
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Figure 31 

Transient Performance of Slimline 
Fluorescent Lighting Load 
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1 - Exact swing curve for synchronous motor. 
2 - Curve with slimline fluorescent lighting load impedance held 

constant at ite pre-fault value. 
3 - Curve with slimline lighting load represented by an infinite 

impedance during the fault and by its pre-fault impedance 
after the fault has been cleared. 

Synchronous motor: Gg=1.00} Hĝ Z.O; load=8C^} pf»»1.00. 
Slimline fluorescent load: Gl̂ I.OOj load=100^; pf«0.99 leading. 

Figure 32 

Swing Curves for Synchronous Motor 
with Parallel Slimline Fluorescent 

Lighting Load 
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Points 1 and 2 are resistances calculated froir. transient tests. 

Values are averages for six fixtures, each with two 40 watt lamps. 
Two of the fixtures have Sylvania no. G-1056J two-l;irap ballasts 
and the remaining four have Jefferson Electric Co, ri'j .234"'B31~012 

twb'-lamp ballasts. 

Figure 33 

I 
Average Steady-st^t# Charact^riptioe 

for Starter-type Fluorescent Lighting Load 
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1 - Steady-state resistance for decreasing voltage. 
2 - Steady*state resistance for increasing voltage. 
3 ̂  Steady-state capacitive reactance for decreasing voltage, 
4 - Steady-state capacitive reactance for increasing voltage. 
5 - Estimated transient resistance characteristic for first 

0.1 second after fault clearance, 
6 - Estimated transient resistance characteristic from 

0.1 to 0.4 second after fault clearance. 
7 - Estimated transient^reactance characteristic for first 

0,1 second after fault clearance. 
8 - Estimated transient reactance characteristic from 

0.1 to 0.4 second after fault clearance. 

Figure 34 

Average Series Characteristics for 
Starter-type Fluorescent Lighting Load 
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Figure 35 

Transient Perfonuaruse of Starter-type 
Fluorescent Lighting Load 
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Time - saoonda 

Fault Cleared 

1 - Exact svdng curve for synchronous motor. 
2 - Curve with starter-type fluorescent lighting load represented 

by an infinite impedance during the fault and by its 
pre-fault impedance after the fault is cleared. 

Synchronous motor: Gĝ l.OOj Hg»2.0j load= 805^; pf=1.00. 
Fluorescent lighting loads 0^=1.00; load=10C^5 pf=1.00. 

c 

Figure 36 

Swing Curves for Synchronous Motor 
with Parallel Starter-type Fluorescent 

Lighting Load 
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W î̂ ' 41̂ ' tijumidĥ jl̂  3̂ sid̂ s*0 'ssssbiwl̂ ii sfesm îtiiisss'̂  
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ll%8 jtfMKO âwjt f. mt^tf^.:.mmtL gê lstittls** tfm,® is'w3ula 1̂ 16'to#' pp#* 
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