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The growing need toward electrical power along with the economic and environmental issues have 
brought about the nowadays power systems to be under high Stressed Conditions and also be exploited 
close to their stability limits. This has led to high vulnerability of power systems. The transient 
stability of power systems would be enhanced through proliferating the transmitting power within the 
power transmission lines. In order to obtain this, FACTS in particular series types seem to be suitable 
solutions. In this thesis thyristor controlled series capacitor (TCSC), which nowadays have received 
much attention, have been applied to enhance transient stability. While applying TCSC to enhance the 
transient stability of power systems, it is crucial to adapt the reactance of the TCSC in compatible with 
the transient conditions. A nonlinear control method have been applied in this thesis known as direct 
feedback linearization (DFL) to control and change the reactance of the TCSC in a way that the 
fluctuations caused by the faults would disappear immediately. To apply the DFL method in power 
systems, the Single-machine infinite bus is usually adopted. In spite of the fact that applying the DFL 
method in multi-machine power systems is of intricate nature, in practice, the systems are often multi-
machine ones. To overcome this problem in this thesis, initially a two-step procedure is followed to 
obtain the SMIB equivalent circuit of a multi-machine power system, and the DFL method is applied 
to this equivalent circuit. In the first step of the mentioned method, internal voltage amplitude, internal 
voltage angle, and the reactance of the rest of the system_ which is connected to a certain generator_ 
are calculated. In the second step, the equivalent generator’s damping and inertia coefficients are 
estimated using the Recursive Least Square Error method. Then, the identified two-machine system is 
transformed into a SMIB system. For the online estimation of gains coefficients, of the employed DFL 
controller, a multi-layer perceptron neural network is used. The devised method is successfully 
employed on a multi-machine test system and the results of the run simulations are analyzed. A 
comparison is also made between the results gained by the proposed DFL controller and the Bang-
Bang control method. 
 
Key words: Transient stability, Thyristor controlled series capacitor, Direct feedback linearization, 
Single-machine infinite bus model, Neural network 
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 :Ʃƹř ƪƈƟƶƯŶƤƯ 

 

1-1- ƶƯŶƤƯ 

 ،ƽĥźƳř ƕƺƳ Ʋƿř źŤƄǀŝ Ŷǀƫƺţ ƶŝ ŻŚǀƳ Ʊō ƖŞţ ƶŝ ƹ ƽźƄŝ ƖƯřƺū Źŵ ƾĪƿźŤĪƫř ƽĥźƳř ƝźƈƯ ƱƹżƟřŻƹŹ ƁźŤƀĭ ƶŝ ƶūƺţ Śŝ    

ƵŚĭƹźǀƳ ƽŚƷ ơźŝ Ŷǀƫƺţ  ŹŚǀƀŝ ƶƘſƺţ.ŶƴŤƟŚƿ ƽřźŝ ƾƟźƏ Żř ŢƀƿŻ ƪƿŚƀƯ ŢƿŚƗŹ ƵŚĭƹźǀƳ Ʋƿř ƾƐǀŰƯ  ŚƷƿŚŝŶ  ƶŤųŚſ ŚƷźƸƃ Żř źţŹƹŵ

ƾƯ  ŶƳŶƃ ƶĩřŝ ƶƴƿżƷźě ƹ ƾƳǇƺƏ ƩŚƤŤƳř ƍƺƐų ťřŶůř ŜūƺƯ ƶƫŚƀƯ Ʋƿƽřź ƽĥźƳř ƱŶƳŚſŹ řƫƾĪƿźŤĪ  ƝźƈƯ żĩřźƯ ƶŝƽĥźƳř 

.Ŷƿŵźĭ ƲƿřŻř ƹŹ ŻŚƛō ƍƺƐų ťřŶůř ƶƴƿżƷ ƂƷŚĩ ƽƹŹ źŝ šŚƘƫŚƐƯ  ƹ ŶƿŵźĭřƱřźŞū Żř ƵŵŚƠŤſ ŻŚų ƽźſ ƽŻŚſƾƳ Źŵ  ƩŚƤŤƳř ƍƺƐų

ƵřŹ Żř ƾĪƿ ƱřƺƴƗ ƶŝ ƺƯ ƽŚƷźŧ Ŷƃ ŭźƐƯ ƪĪƄƯ Ʋƿř źŝ ƶŞƬƛ ƽřźŝƱŻŚų Ʋƿř .  ƂƷŚĩ ƢƿźƏ Żř ƽźſ ƽŚƷ،Ǝų źŧƺƯ žƳŚŤĩřŹ  Ʊřƺţ

ƶƴƿżƷźě ƹ ŶƿŶū ƩŚƤŤƳř ƍƺƐų ťřŶůř ƽřźŝ ƾŞſŚƴƯ ƲƿżĮƿŚū ƹ Ƶŵřŵ ƂƿřżƟř ƽźǀĮưƄģ ƺŰƳ ƶŝ řŹ Ʊō Żř ƽŹƺŞƗ ƾƫŚƤŤƳř  ƽřŹřŵ ƹ(

 ƱřƹřźƟ ťřŶůř šǈĪƄƯ.ŶƳŵƺŝ )... ƹ ƵřŹ Ƣů ،ťřŶůř źǀƀƯ źǀƔƳ  ƾƟźƏ ŻřĨƿ Ǝſƺţ Ʊřƺţ ƩŚƤŤƳř ƱřżǀƯ  ƮŤƀǀſƶŝ ƶŤƀŝřƹ šŹŶƣ 

 ƾĪǀƯŚƴƿŵ ƽŹřŶƿŚě ƹ řŹŸĭ ƽŹřŶƿŚě ،ƾţŹřźů Ŷů ،ĥŚŤƫƹ ƶƴƯřŵ ،ŹƺţŹ ƶƿƹřŻ ƽŹřŶƿŚěŢſřŵƺǀƣ Ʋƿř .  ŹŵƪưƗ  ƩŚƤŤƳř ƪŝŚƣ Ʊřƺţ ƮưƿżĩŚƯ

Ǝſƺţ  řŹ ƮŤƀǀſ ĨƿƾƯ ƆŴƄƯ ƿŚưƳƴ.Ŷ 

 šřƹŵř ŹƺƸƓ ƶŝ ƶūƺţ ŚŝFACTS8 ƶƷŵ Źŵ ƮŤƀǀŝ Ʊźƣ źųō ƽŚƷ Ʊō ŵźŝŹŚĩ ƱƹżƟř ŻƹŹ ŶƃŹ ƹ ŚƷ ƵŵźŤƀĭ šŚƘƫŚƐƯ ،  ƶŝ ƽř Ʋƿř Ţưſ

.Ŷƃ ƝƺƐƘƯ šřżǀƸŬţ šřƹŵř Ʋƿř ƲƿźţŵźŝŹŚĩźě Żř ƾĪƿ، TCSC2 ƃ ƩźŤƴĩ ƽźſ ƱŻŚų ( ƵŶƎſƺţ ŹƺŤƀƿźţ) ƾƯ  Źŵ ƶĩ ŶƃŚŝ

 ƶƬǀſƹ ƶŝ ƶĩ Ţſř ƽźſ ƾƳŻŚų ŢƤǀƤůŚŤĩřŹ ŢǀƟźƓ ƶĩ ƾƿŚƷŹƺŤƀƿźţ ƾƳŻŶǀƬĩƾƯ źǀǀƜţ řŹ Ʊō Śŝ ƽŻřƺƯ ƾƠƬſ žƳ  Ĩƿ ƶŝ ŶƴƷŵ

źſ ƱŻŚų ŶƴưƃƺƷ ƽƁƹŹ ƩŚưƗř ƍźƃ ƶŝ ƶŤŞƫř( Ư ƩźŤƴĩ ƽŚƷƾƯ ƪƿŶŞţ źǀƜŤƯ žƳŚŤĩřŹ Śŝ )ŜſŚƴ ƃŵƺ.  ƲƿřźƈƴƗ  ǇƺưƘƯƽřźŝ  ŵƺŞƸŝ

ŝ Żř ƾƃŚƳ šǈĪƄƯ ƖƟŹ ƩŚů ƲǀƗ Źŵ ƹ řŹŸĭ ƽŹřŶƿŚěƶ  ŢŝŚŧ ƽźſ ƱŻŚų ƽźǀĭŹŚĩƾƯ ŹŚĪŝ  ƾĪǀƯŚƴƿŵ šŚƈŴƄƯ ŵƺŞƸŝ Źŵ ƹ ŵƹŹ

 żǀƳ ƹ šŹŶƣ ƮŤƀǀſƞǀƠŴţ ƵŶƿŶě ƕƺƣƹ Żř ƽźǀĭƺƬū ƾŤů ƹ ƱƹźĪƴſźƿŻ ŶƿŶƄţ3 (SSRƾƯ żǀƳ ) ƾƿřżƀŝ ƂƤƳ ŶƳřƺţ .ŶƃŚŝ ƶŤƃřŵ 

 ƱƺƴĩŚţƁƹŹ ƩźŤƴĩ ƽřźŝ ƾƠƬŤŴƯ ƽŚƷ žƳŚŤĩřŹ TCSC ƴĩ ƁƹŹ ŶƴƳŚƯ ،Ţſř ƵŶƃ ŵŚƸƴƄǀě ƩźŤBang-BangƁƹŹ ،  źŝ ƾƴŤŞƯ ƽŚƷ

ƾƐų  ƹ ƽĥźƳř ƖŝŚţ ƁƹŹ ،ŹŚĩ ƶƐƤƳ Ʃƺů ƽŻŚſƵźǀƛ [5ƹ6ƹ3]. ƾƫƹ ƮŤƀǀſ ƶĪǀƿŚŬƳō Żř  ƾƐųźǀƛ ŢǀƷŚƯ ƽřŹřŵ šŹŶƣ ƽŚƷŶƴŤƀƷ ،

 ŹŵſƩŚ ƵĦƿƹ ƶūƺţ źǀųř ƽŚƷ ƁƹŹ ƶŝ ƽř ƽŚƷ źŝ ƾƴŤŞƯ ƾƐųźǀƛ ƩźŤƴĩ ƮŤƀǀſ Ţſř ƶŤƟźĭ šŹƺƇ [1]. ƱŚƿŚě Ʋƿř Źŵ ƶƯŚƳ  Ĩƿ Żř

                                                           

1   Flexibe AC Transmission System 
2 Thyristor Controlled Series Capacitor 
3 Sub-Synchronous Resonance (SSR) 
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 :Ʃƹř ƪƈƟƶƯŶƤƯ 

 

ƶŝ ƾƐųźǀƛ ƩźŤƴĩ ƁƹŹ  ƭŚƳضƾƐų ƮǀƤŤƀƯ ĨŝŶǀƟ ƽŻŚſ8خ  ŹŚƈŤųř ƶŝ ŚƿDFL  žƳŚŤĩřŹ ƩźŤƴĩ ƽřźŝTCSC ƾƯ ƵŵŚƠŤſř  .ŵƺƃ ƁƹŹ

DFL  ƽŹřŶƿŚěƾƬĩ šŹƺƇ ƶŝ řŹ ƾƐųźǀƛ ƮŤƀǀſ Ĩƿ2 ƹ ƾƐų ƱƹŶŝ  ،ƅŚų ŹŚĩ ƶƐƤƳ Ĩƿ Ʃƺů ƮŤƀǀſ źŝ ƮĩŚů šǇŵŚƘƯ Ʊŵźĩ

ƾƯ Źřźƣ ƾſŹźŝ ŵŹƺƯ ŢƿŵƹŶŰƯ ƽřŹřŵ ƲƿřźŝŚƴŝ ƹ ŶƷŵ ƁƹŹ ƽŚƷ ƾƐų ƽŚƷ ƾưƳ ƭƺſźƯ ƽŻŚſ ŶƃŚŝ.  ƁƹŹ Żř ƵŵŚƠŤſř Śŝ Ɩƣřƹ Źŵ

 ƩźŤƴĩDFL Śě ƾſŹźŝƿŶƾƐų ƵŵŚſ ƮŤƀǀſ Ĩƿ ƽŹřŶƿŚě ƾſŹźŝ ƶŝ ƵŶǀĤǀě ƾƐųźǀƛ ƮŤƀǀſ Ĩƿ ƽŹř ƾƯ ƪƿŶŞţ ƵŶƃ ƽŻŚſ  ƶĩ ŵƺƃ

ƾƯ Ʊō Źŵ  ƁƹŹ ŽŚſř .ŵźĩ ƵŵŚƠŤſř ƾƐų ƩźŤƴĩ ƲǀƳřƺƣ Żř ƱřƺţDFL Ʊō ŢƫŚů Żř ƲŤƟźĭ ĨŝŶǀƟ Śŝ ƶĩ Ţſř Ťƀǀſ ƽŚƷŚưƗř ƹ ƮƩ 

ƾƯ ƾŨƴų ƶƔŰƫ źƷ Źŵ ƮŤƀǀſ Ʊŵƺŝ ƾƐųźǀƛ ƪƯřƺƗ ،źǀƜŤƯ źǀǀƜţ Ĩƿ ƾƯ ŢƫŚů ĨŝŶǀƟ ƩźŤƴĩ ƱƺƳŚƣ Żř ƵŵŚƠŤſř Śŝ žĜſ .ŵƺƃ  Ʊřƺţ

ŜƐƣ ƾƐų ƮŤƀǀſ ƽŚƷ ƱŚĪƯ ƶŝ řŹ ƵŶƃ ƽŻŚſ ŤƳř śƺƬƐƯ ƽŚƷ[ ŵƺưƳ ŹřŶƿŚě řŹ ƮŤƀǀſ ƹ ŵřŵ ƩŚƤ1ƹ9]. ƱŚƿŚě Ʋƿř Źŵ ƶƯŚƳ źŝ śŚŴŤƳř ƽř

ƭŚĮƴƸŝ ƵźƸŝ ƽŚƷ ƩźŤƴĩ ř ƽŵŚƸƴƄǀě ƵŶƴƴĩ.Ţſř ƵŶƃ ƵŵŚƠŤſř ƾƗƺƴƈƯ ƾŞƈƗ ƶĪŞƃ Ĩƿ Ż 

ƩŚſ Źŵ ƶĪŞƃ ŵźŝŹŚĩ ƶƴǀƯŻ Źŵ ƾƳƺĭŚƳƺĭ šŚƘƫŚƐƯ źǀųř ƽŚƷ  ƪů ƽřźŝ ƾŞƈƗ ƽŚƷƶŝ ƍƺŝźƯ ƪŗŚƀƯ ƮŤƀǀſ  šŹŶƣ ƽŚƷ šŹƺƇ

ƶŤƟźĭ ƶĪŞƃ Ʋƿř .Ţſř ŝ ŚƷƶ šŹƺƇ Ƃǀě ،řŹŸĭ ƽŹřŶƿŚě šŚŞſŚŰƯ Źŵ ƽżǀƯō ŢǀƤƟƺƯ ŹŚŝ šŶƯ ƵŚţƺĩ ƾƴǀŝ3ƩŶƯ ، ǀƃŚƯ ƽŻŚſƲ  ƽŚƷ

ŝ źĮƿŵ ƱƺĭŚƳƺĭ ƪŗŚƀƯ ƹ ƱƹźĪƴſƶ ƵŶƃ ƶŤƟźĭ ŹŚĩ ŶƳř [88ƹ82]. ƶĪŞƃ Ʋƿř ƾƯ ŚƷ ŚƳ ŢƫŚů Źŵ ŶƴƳřƺţ ƭŚĮƴƸŝ9  Śţ ŶƳƺƃ Ƶŵřŵ ƁŻƺƯō

ŢƃŚĮƳ ŶƴƳřƺŤŝƽŚƷ9  ƵŶǀĤǀě ŹŚǀƀŝ ƾƐųźǀƛ ƹ  řŹŚƯř .ŶƳźǀĮŝ ŵŚƿ ƁŻƺƯō Żř žěƶĪŞƃ ، ƾŞƈƗ ƽŚƷ ƣ ŹƺƏ ƶŝ ŚŞƿźƤţ ŵƺŝ ŶƴƷřƺų ŹŵŚ

ŢƃŚĮƳ ƾƳō  řŹ ƶŝŚƄƯ ƾƿŚƷŶƴƷŵ ƭŚŬƳř. 

 ƾƟźƏ Żř ƁƹŹ ƩŚưƗř ƽřźŝDFL Źŵ ƮŤƀǀſ ƽŚƷ Ĩţ ƩŶƯ Żř ǇƺưƘƯ šŹŶƣ ƴǀƃŚƯƶ  ƶŝ ƪƈŤƯƾŝ Ʋǀƃ ŢƿŚƸƳ9 (SMIB ) ƮŤƀǀſ ƽřźŝ 

ƾƯ ƵŵŚƠŤſř .ŵƺƃ ƾƫƹ ƪưƗ Źŵ ƮŤƀǀſ ŜƬƛř ƹ ŶƴŤƀƷ ƶƴǀƃŚƯŶƴģ ŚƷ  ƮŤƀǀſSMIB  Ʋƿř źŝ ƶŞƬƛ ƽřźŝ ƲƿřźŝŚƴŝ .ŵŹřŶƳ ƾūŹŚų ŵƺūƹ

ƱŚƿŚě Ʋƿř Źŵ ƪĪƄƯ ƩŵŚƘƯ ƽřźŝ ƾƃƹŹ ƶƯŚƳ ƶŝ ƹ šŹŶƣ ƮŤƀǀſ ƽŻŚſ ƮŤƀǀſ ƱŵŹƹō Ţſŵ  ƩŵŚƘƯ SMIB Ĩƿ ƣ ƮŤƀǀſ šŹŶ

ģƾƯ ŵŚƸƴƄǀě ƶƴǀƃŚƯŶƴ ƾūŹŚų ƹ ƾƬųřŵ ƶǀůŚƳ ƹŵ ƶŝ šŹŶƣ ƮŤƀǀſ ƁƹŹ Ʋƿř Źŵ .ŵƺƃ ƾƯ ƮǀƀƤţ  Żř ƵŵŚƠŤſř Śŝ ƾūŹŚų ƶǀůŚƳ ƹ ŵƺƃ

ƾƯ ƩŶƯ ƽźſ žƳŚŤĩřŹ Ĩƿ ƹ īŹżŝ ƱƹźĪƴſ ƲǀƃŚƯ Ĩƿ ƩŵŚƘƯ Ʋƿř .ŵƺƃ ŹŚŝ Ʋǀƫƹř ƽŻŚſ  ƩŚſ Źŵ ƹ3939 ƶƫŚƤƯ Źŵ  ƽř Ŷƿŵźĭ ŭźƐƯ

                                                           

1 Direct Feedback Linearization 
2 Global 
3 Short Term Load Forecasting  
4 Off-Line 
5 Mapping  
6 Single-Machine Infinite Bus 
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 :Ʃƹř ƪƈƟƶƯŶƤƯ 

 

 Źŵ ƶĩƪǀƬŰţ Żř ƾūŹŚų ƮŤƀǀſ ƩŵŚƘƯ ƲǀƃŚƯ ƽŚƷźŤƯřŹŚě ƶŞſŚŰƯ ƽřźŝ Ʊō ƶŝ Śŝ ƹ ƵŶƃ ƵŵŚƠŤſř ƾĪǀƯŚƴƿŵ ƽŚƷ  ƭřźĭŚƿŵ ƽźǀĭŹŚĩ

ƱƹźƠƷ-ƽŚƷźŤƯřŹŚě ƶŞſŚŰƯ ƶŝ žĜǀƬǀƟ ŚƘƯ ƮŤƀǀſƩŵ Ţſř ƶŤųřŵźě [13] ƩŚſ Źŵ .3991  ƩŵŚƘƯ ƮŤƀǀſ ƲǀưƷ Żř ƽźĮƿŵ ƶƫŚƤƯ Źŵ ƹ

Ƶŵřŵ Żř ƵŵŚƠŤſř Śŝ ƩŵŚƘƯ ƲǀƃŚƯ ƽŚƷźŤƯřŹŚě ƶĩ šƹŚƠţ Ʋƿř Śŝ Ţſř ƵŶƃ ƵŵŚƠŤſř ƵŻřŶƳř ƽŚƷ  ƵŶƃ ƶŞſŚŰƯ ƩŚƤŤƳř ƍƺƐų Źŵ ƵŶƃ ƽźǀĭ

Ţſř [59]. ƗǀŜ ƹŹ ƲƿřƵŵřŵ Ʋƿř ƶĩ Ţſř Ʊō Ɓ ƶŝ ƹ ƶƄǀưƷ ŚƷ źſ.ŢƀǀƳ ŽźŤſŵ Źŵ ŢƗ  Ʋƿř ŹŵƱŚƿŚě ƶƯŚƳ  ŚƐų Ĩƿ ƩŚưƗř Śŝ řŶŤŝř

 ƶǀůŚƳ ŹŵƾƬųřŵ  ƽřŹŸĭ ƽŹřŶƿŚě ƾſŹźŝ ƶƯŚƳźŝ Ĩƿ Ĩưĩ Śŝ ƹƾƯ ƪů ƽŵŶƗ ƁƹŹ ƶŝ ƮŤƀǀſ źŝ ƮĩŚů šǇŵŚƘƯ ،ƭƺſźƯ ƶƴǀƃŚƯŶƴģ

 ŻŚǀƳ ŵŹƺƯ šŚƗǈƏř ƹ ŶƳƺƃ ŢŞŧƾƯ ƶƿƹřŻ ƹ ƶƴƯřŵ Śŝ ƱƹźĪƴſ ŹƺţřźƳĥ Ĩƿ Śŝ řŹ ƾūŹŚų ƮŤƀǀſ ƱřƺŤŝ ƶĪƴƿř ƉźƟ Śŝ žĜſ .ŶƳƺƃ

ŢŝŚŧ ،ƾƬųřŵ žƳŚŤĩřŹ ƲǀƴĤưƷ ƹ ĥŚŤƫƹ ƩŶƯ ƾƈŴƄƯ ƾſźƴƿř ŢŝŚŧ ƹ ƾƿřźǀƯ ƮŤƀǀſ Żř ƵŶƃ ƶŞſŚŰƯ ƽŚƷźŤƯřŹŚě źƿŵŚƤƯ ،ŵƺưƳ ƽŻŚſ

ƾƯ Ƶŵřŵ ƢǀŞƐţ ƮƷ Śŝ ƶƴǀƃŚƯƹŵ ƮŤƀǀſ Ĩƿ ƶŝ ƍƺŝźƯ ƽŚƷźŤƯřŹŚě Śŝ ،ƶƴǀƃŚƯŶƴģŶƳƺƃ ƹ Żř ƵŵŚƠŤſř Śŝ ƶƬůźƯ ƹŵ ƁƹŹ Ĩƿƽř ،

 ƮŤƀǀſ ƽŚƷźŤƯřŹŚěSMIB ƯƯ ƶŞſŚŰƾ ƃ .ŵƺŚŝ ƵŶƃ ŭźƏ ƁƹŹ  ƮŤƀǀſ ƽƹŹ źŝ ŢǀƤƟƺƯ9  ƶƴǀƃIEEE  ƩŵŚƘƯ ŹřŶƯ ƹ ƵŶƃ řźūř

SMIB ƶŝ Ʊō ŵŢſ ƾƯ .Ŷƿō 

 ƩŵŚƘƯ ƮŤƀǀſ ƶŞſŚŰƯ Żř žěSMIB ƹ ƱŵƹżƟř TCSC Ʊō ƶŝ، ƩźŤƴĩ ƾƿōŹŚĩ ƾſŹźŝ ƽřźŝ ƴƴĩƽŵŚƸƴƄǀě ƾƐųźǀƛ ƵŶ،  ŪƿŚŤƳ

ƶǀŞƃ ƽŻŚſ Źźŝ ŚƷſƾ ƾƯ .ŶƳƺƃ 

1-2-  ƹ ƝŶƷƱŚƿŚě ŹŚŤųŚſ ƶƯŚƳ 

ƱŚƿŚě Ʋƿř Żř ƝŶƷ ƮŤƀǀſ ƽřŹŸĭ ƽŹřŶƿŚě ŵƺŞƸŝ ƽřźŝ ƾƃƹŹ ƶƿřŹř ƶƯŚƳ ƽŚƷ Żř ƵŵŚƠŤſř Śŝ šŹŶƣ ƽŚƷźŤƯřŹŚě ƩźŤƴĩ TCSC .Ţſř 

Źŵ ƹ ƶƯřŵř Źŵ ŹƺƔƴƯ Ʋƿř ƽřźŝ ƮŤƀǀſ ƽřŹŸĭ ƽŹřŶƿŚě ƶŝ ƍƺŝźƯ ƞƿŹŚƘţ ƭƹŵ ƪƈƟ ƾƯ ƶƿřŹř ŻŚǀƳ ŵŹƺƯ šŚŞſŚŰƯ ƹ šŹŶƣ ƽŚƷ  .ŵƺƃ

 šřƹŵř ،ƭƺſ ƪƈƟ Źŵ žĜſFACTS  ƵĦƿƹ ƶŝ ƹTCSC ŝƾƯ ƾƟźƘƯ ƶƇǈų ŹƺƐ  ƾƫźŤƴĩ ƁƹŹ .ŶƳƺƃDFL  Źŵ Ʊō Żř ƵŵŚƠŤſř ƹ

ƮŤƀǀſ ƾƯ ŭźƐƯ ƭŹŚƸģ ƪƈƟ Źŵ šŹŶƣ ƽŚƷ ،ƮŬƴě ƪƈƟ Źŵ .ŵŵźĭ ƽřźŝ ƽŵŚƸƴƄǀě ƁƹŹ ƩŵŚƘƯ ƮŤƀǀſ ƽŻŚſ  šŹŶƣ ƽŚƷŭźƐƯ 

ƾƯ ƶĪŞƃ ،ƮƄƃ ƪƈƟ Źŵ .ŵƺƃ ƾƯ ƾƟźƘƯ ƾƗƺƴƈƯ ƾŞƈƗ ƽŚƷ ƶǀŞƃ ŪƿŚŤƳ .ŵƺƃ ƾƯ ƶƿřŹř ƮŤƠƷ ƪƈƟ Źŵ ƽŻŚſ  Źŵ ƹ ŚƸŤƳř Źŵ .ŵƺƃ

ƶŬǀŤƳ ،ƮŤƄƷ ƪƈƟ ƽźǀĭ  ŵŚƸƴƄǀě ƹ .Ŷƃ ŶƷřƺų ŭźƐƯ ŹŚĩ ƶƯřŵř ƽřźŝ ŚƷ 



 

دومفصل   

 های قذرتپایذاری گذرا در سیستم
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2-1- ƶƯŶƤƯ 

Źŵ Ʋƿř ƪƈƟ ƶŝ ƾſŹźŝ ŹŚŤƟŹ Ĩƿ ƮŤƀǀſ šŹŶƣ žě Żř Żƹźŝ Ĩƿ ƁŚƄŤƛř īŹżŝ ŶƴƳŚƯ Ĩƿ ŚƐų 8 Źŵ ƮŤƀǀſ ƾƯ ƮƿŻřŵźě .Żƹźŝ 

Ĩƿ ŚƐų ŜūƺƯ ƾƯ ŵƺƃ ƩŵŚƘţ Ʋǀŝ Ʊřƺţ ƾĪǀƳŚĪƯ ƽŵƹŹƹ ƶŝ ŚƷŹƺţřźƳĥ ƹ Ʊřƺţ ƾĪƿźŤĪƫř ƾūƹźų Ʊō ŚƷ ƶŝƮƷ ŹƺųŵƵ ƹ ƾųźŝ 

Żř ŚƷŹƺţřźƳĥ śŚŤƃ ŶƳźǀĮŝ Źŵ ƫŚůƶĪǀ ƾųźŝ źĮƿŵ Ŷƴĩ ŶƳƺƃ .Źŵ ƶŬǀŤƳ ƶƿƹřŻ ŹƺţŹ ŚƷŹƺţřźƳĥ ƁƺŴŤſŵ šřźǀǀƜţ ŶƿŶƃ ƵŶƃ ƹ 

ƲĪưƯ Ţſř Źŵ ƾƏ Ʋƿř źƟōŶƴƿ ƾƳŚƯżưƷ2 ƮŤƀǀſ Żř Ţſŵ ŵƹźŝ .Źŵ ƂŴŝ (2-2 )ƶƬŘƀƯ ƽŹřŶƿŚě Źŵ ƮŤƀǀſ ƽŚƷ šŹŶƣ Śŝ ƱŚǀŝ 

ƞƿźƘţ ƾƋŚƿŹ ŮƿźƄţ ƾƯ ŵƺƃ .Źŵ ƂŴŝ (2-3 )šǇŵŚƘƯ ƱŚſƺƳ ŚƷŹƺţřźƳĥ3 ƶŝ ſŵŢ ƾƯ Ŷƴƿō .Źŵ ƂŴŝ (2-9 )ƩŶƯ ƾƋŚƿŹ 

ƮŤƀǀſ ƽŚƷ šŹŶƣ ŢƸū ƾſŹźŝ ƽŹřŶƿŚě řŹŸĭ ƶƿřŹř Ŷƃƶŝ ƮŤƀǀſ ƶŤƟŚƿ ƂƷŚĩ ƩŶƯ žĜſ ƹ Ƶ ƾƯ Ţſŵ Ŷƿō.  ƂŴŝ Ʋƿř Źŵ

ƶǀŞƃ ƾĮƳƺĮģ ƮŤƀǀſ Źŵ ŚƐų ƽŻŚſ Ŷƃ ŶƷřƺų ŮƿźƄţ ƮƷ šŹŶƣ ƽŚƷ .Źŵ ƂŴŝ (2-9 )ƮŤƿŹƺĮƫř ƶƿřŹř ƵŶƃ źŝ ƽƹŹ Ĩƿ 

ƮŤƀǀſ šŹŶƣ ƶƳƺưƳ ŵŚǀěƵ ƽŻŚſ ƾƯ ŵƺƃ .ƭŚŬƳřźſ Źŵ ƂŴŝ (2-9 )Żř ŦůŚŞƯ ŭźƐƯ ،ƵŶƃ ƶŬǀŤƳ ƽźǀĭ ƾƯ ŵƺƃ. 

2-2- ƮŤƀǀſ Źŵ ƽŹřŶƿŚě šŹŶƣ ƽŚƷ 

ƽŹřŶƿŚě Ĩƿ ƮŤƀǀſ šŹŶƣ Ĩƿ ƾĭĦƿƹ Żř ƮŤƀǀſ Ţſř ƶĩ Ʋǀưƌţ ƾƯ ŶƿŚưƳ ƮŤƀǀſ ŢŰţ Ǝƿřźƃ ƽŹŚĩ ƩŚƯźƳ ƹ źǀƛ ƩŚƯźƳ Źŵ 

ƶƐƤƳ ƩŵŚƘţ9 ŵƺų ƾƣŚŝ ƾƯ ŶƳŚƯ .ƽŹřŶƿŚě ƮŤƀǀſ ƽŚƷ šŹŶƣ ƶŝ ƹŵ ƕƺƳ ƽŹřŶƿŚě ƳŚƯŚ9 ƹ Śƿ ĨǀƯŚƴƿŵ9  ƹ ƽŹřŶƿŚě řŹŸĭ ƮǀƀƤţ ƽŶƴŝ 

ƾƯ ŵƺƃ .řƛƁŚƄŤ ƾƿŚƷ ƶĩ ŜūƺƯ źǀǀƜţ ƶƐƤƳ ĩŚŹ ŢƫŚů ƽŚƳŚƯ Ĩƿ ƮŤƀǀſ šŹŶƣ ƾƯ ŶƳƺƃ ƲĪưƯ Ţſř Ĩģƺĩ ƹ ƾŬƿŹŶţ Ƶŵƺŝ 

(ŶƴƳŚƯ źǀǀƜţ ƩźŤƴĩ ƵŶƃ ƺţƱō ŚƷƽ ƽŵƹŹƹ ƹ ƾūƹźų ŚƷŹƺţřźƳĥ )ƹ Śƿ īŹżŝ ƹ ƾƳŚƸĭŚƳ (ƳŚƯŶƴ Żƹźŝ Ĩƿ ŚƐų Źŵ ƮŤƀǀſ )ŶƴƃŚŝ .

ƉźƟ Ŷǀƴĩ ƶĩ Ĩƿ ƮŤƀǀſ šŹŶƣ Źŵ Ĩƿ ƶƐƤƳ ŹŚĩ ƅŚų ƹ Źŵ ŢƫŚů ŚƳŚƯ Źŵ ƩŚů ŹŚĩ ŶƃŚŝ .źĭř ƽřźŝ šřźǀǀƜţ ƾĪģƺĩ Źŵ 

Ǝƿřźƃ ،ƮŤƀǀſ ƾŤƣƹ ƶĩ ƱŚƯŻ ƶŝ Ţưſ ƾŝ ŢƿŚƸƳ ƪǀƯ ƾƯ Ŷƴĩ (ݐ ՜ λ)، ŢƫŚůƽŚƷ ƮŤƀǀſ ƶŝ źƿŵŚƤƯ ŚƳŚƯ ĭźŝź،ŶƳŵ Źŵ 

šŹƺƈƴƿř ƳƶƐƤ ŹŚĩ ơƺƟ ŹřŶƿŚě ŚƳŚƯ Ţſř [83.] 

ŚƯř ƱŚưƷ ƽŹƺƏ  ƶĩ  ǈŞƣ ƵŹŚƃř ،Ŷƃ ƽŹřŶƿŚě ƽřŹŸĭ ƮŤƀǀſ ƽŚƷ šŹŶƣ ƍƺŝźƯ ƾƯ ŵƺƃ ƶŝ ƾƿŚƳřƺţ ƮŤƀǀſ Źŵ ƒƠů ƳŚƯżưƷƾ Źŵ 

ƭŚĮƴƷ Żƹźŝ Ĩƿ ƁŚƄŤƛř īŹżŝ Źŵ ƮŤƀǀſ .ƽřźŝ Ĩƿ ƮŤƀǀſ Ĩţ ƶƴǀƃŚƯ ƽŹřŶƿŚě řŹŸĭ ƾƯ ŶƳřƺţ ƶŝ šŹƺƇ źƿŻ ƞƿźƘţ ŵƺƃ :

                                                           

1 Fault 
2 Synchronism 
3 Swing Equation 
4 Equilibrium 
5 Steady State Stability 
6 Dynamic 
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 źĭř ƶŝ Ĩƿ ƲǀƃŚƯ ƴſĪƱƹź ƶĩ Źŵ ŢƫŚů ƩŵŚƘţ ŚƳŚƯ Źřźƣ ŵŹřŵ ƽŚƐų ƾĭŹżŝ ƩŚưƗř ŵƺƃ ƶĩ ŜūƺƯ ŵƺƃ ƲǀƃŚƯ ƱŚſƺƳ ƵŵƺưƳ ƹض

ƶƿƹřŻ ŹƺţŹ Ʊō Żř śƺģŹŚƸģ ƖūźƯ ƱƹźĪƴſ ƝźŰƴƯ ،ŵŵźĭ Źŵ šŹƺƈƴƿř Ʋƿř ƲǀƃŚƯ Żř źƔƳ řŹŸĭ ŹřŶƿŚě ƶŤƠĭ ƾƯ ŵƺƃ، ƵŚĭźƷ 

ƶƿƹřŻ ŹƺţŹ Ʊō ƭŚŬƳřźſ ƶŝ Ĩƿ ƱŚĪƯ ƩŵŚƘţ ŹřŶƿŚě8 ſŵŢ řŶǀě Ŷƴĩ.خ ƽŹřŶƿŚě řŹŸĭ ƽřźŝ Ĩƿ ƮŤƀǀſ šŹŶƣ Ŷƴģ ƶƴǀƃŚƯ 

ƶŝ šŹƺƇ źƿŻ ƞƿźƘţ ƾƯ ŵƺƃ :ضźĭř źƷ ƭřŶĩ Żř ƲǀƃŚƯ ƽŚƷ ŵƺūƺƯ Źŵ Ĩƿ ƮŤƀǀſ šŹŶƣ Ŷƴģ ƶƴǀƃŚƯ Źŵ ŢƫŚů ŚƳŚƯ Źŵ ƩŚů ŹŚĩ 

ŶƴƃŚŝ ƹ žĜſ ƾƃŚƄŤƛř Źŵ ƮŤƀǀſ ơŚƠţř ،ŶŤƟř Źŵ šŹƺƈƴƿř ƮŤƀǀſ Żř źƔƳ řŹŸĭ ŹřŶƿŚě Ţſř źĭř źƷ Ŷĩƭř Żř ƲǀƃŚƯ ŚƷ ƱŚſƺƳ 

ƵŵƺưƳ ƹ žě Żř ƱŚſƺƳ ƭŚŬƳřźſ ƶŝ Ĩƿ ƶƐƤƳ ƩŵŚƘţ ŹřŶƿŚě2 (SEP )ŢƀƄƳ3 ŶƿŚưƳ [83.] 

ŵźĮƫř9 ƶƀƿŚƤƯ ƾŞƫŚū Ʋǀŝ ƶƬŘƀƯ ƽŹřŶƿŚě řŹŸĭ Źŵ ƮŤƀǀſ ƽŚƷ šŹŶƣ ƹ ƽŹřŶƿŚě Ĩƿ ƮŤƀǀſ ƾĪǀƳŚĪƯ šŹƺƇ Ƶŵřŵ Ţſř [89] .

ƱŚưƷ ƸƳƺĭƶĪ Źŵ ƪĪƃ (2-8 )ƵŶƷŚƄƯ ƾƯ ،ŵƺƃ ƽŵřŶƘţ ƭźū ƶĩ ƱŚƄƳ ƵŶƴƷŵ ƲǀƃŚƯ ƽŚƷ ƱƹźĪƴſ ŵƺūƺƯ Źŵ Ĩƿ ƮŤƀǀſ šŹŶƣ 

ŶƴŤƀƷ ƶŝ Ĩưĩ ƶĪŞƃ ƽř ƪƯŚƃ ƶŤƃŹ ƽŚƷ ƾƳŚƀƄĩ ƶĩ ƶŝ ƶƫżƴƯ ƍƺƐų ƾƫŚƤŤƳř ƽĥźƳř ،ŶƴŤƀƷ ƶŝ ƮƷ ƪƈŤƯ ƵŶƃ ŶƳř (źƓŚƴŤƯ Śŝ 

ƾŤƫŚů ƶĩ źƷ Ǝų ƩŚƤŤƳř Źŵ źŤưĩ Żř Ŷů ƽŹřŶƿŚě ƽŚŤƀƿř ŵƺų Źŵ ƩŚů ƵźƸŝ ƽŹřŵźŝ Ţſř.) 

 

( ƪĪƃ5-3) šŹŶƣ ƮŤƀǀſ ƽřŹŸĭ ƽŹřŶƿŚě ƾĪǀƳŚĪƯ ŽŚǀƣ 

ƩŚů ƉźƟ Ŷǀƴĩ ƶĩ ƾĪƿ Żř ƶŤƃŹ ƽŚƷ ơƺƟ ŹƺƐŝ ƾƳŚƸĭŚƳ ƵŶƿźŝ ŵƺƃ (źƓŚƴŤƯ Śŝ ũƹźų ƾƳŚƸĭŚƳ Ĩƿ Ǝų ƩŚƤŤƳř ƽĥźƳř Żř 

ƮŤƀǀſ)، Ʋƿř źƯř źŬƴƯ ƶŝ Żƹźŝ šŚƳŚſƺƳ ƾƿřŹŸĭ Ʋǀŝ ƭźū ƽŚƷ ƞƬŤŴƯ ŶƷřƺų Ŷƃ ƹ Źŵ ƲưƋ ƽŚƷƹźǀƳ ƾƄƄĩ ƶĮƳ ƵŶƳŹřŵ 

ƭźū ŚƷ Ƴżǀ ŹŚģŵ źǀǀƜţ ƷřƺųƴŶ Ŷƃ .Źŵ šŹƺƈƴƿř ƮŤƀǀſ ƭŚŬƳřźſ ƶŝ Ĩƿ ƶƐƤƳ ŹŚĩ ŶƿŶū ƪƯŚƃ ƶƗƺưŬƯ ƽŶƿŶū Żř ƽŚƷƹźǀƳ 

ŵŹřƹ źŝ ƶŤƃŹ ŚƷ ƾƯ ŶſŹ ƹ Śƿ ƶĪƴƿř ƶŤƃŹ ƹ Śƿ ƶŤƃŹ ƽŚƷ źĮƿŵƽ ƵŹŚě ƵŶƃ ƹ Źŵ ƶŬǀŤƳ ƶĪŞƃ ŻŚŝ ƮƷ ƞǀƘƋ źţ ƾƯ ،ŵƺƃ ƶĩ Ʋƿř źƯř 

ƭŚŬƳřźſ ƾƯ ŶƳřƺţ ƶŝ ƾƃŚěƹźƟ ƮŤƀǀſ ŬƳŚǀŝŶƯŚ .ƾƴƘƿ ƽřźŝ Ĩƿ ƁŚƄŤƛř ŵŹřƹ ƵŶƃ ƶŝ ،ƮŤƀǀſ ƮŤƀǀſ Żř źƔƳ řŹŸĭ Śƿ ŹřŶƿŚě ƾƣŚŝ 

ƾƯ ŶƳŚƯ ƹ Śƿ ěŚƳŚŹřŶƿ ƾƯ ŵƺƃ. 

                                                           

1 Stable Equilibrium Position 
2 Stable Equilibrium Point (SEP) 
3 Settle Down 
4 Elgerd 


