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Introduction 

There is a visible increase in the penetration of 

distributed generation at the subtransmission and 

the distribution networks. 

There is an urgent need to empower the existing 

power system computation analysis tools to handle 

this structural change. 

Becomes more important the following aspects: 

Three-phase representation 

Simulation of multiple electrical islands 

Comprehensive protection system modeling 

Modeling of VSI-connected generation for 

electromechanical and steady-state analysis 

etc 
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Introduction 

Objective 

To develop a formulation for the Power Flow problem 

(presented at the XI SEPOPE) and for the Transient 

Stability problem (presented in this paper) that limits the 

three-phase representation of a subset of buses, where 

the unbalance is significant and of interest. 
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Motivation 

The “boom” of generating sources connected to the 

distribution network due to the 2001 generation 

shortage 

The need to analyze the impact of those generators 

in the distribution network in the following aspects: 

Protection 

Stability 

Control 
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Voltage Plots 
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Exploiting the MonoTri 
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Network Interface in Phase Components 

THREE-PHASE

SUBSYSTEM

SINGLE-PHASE

EQUIVALENT

SUBSYSTEM

abc

ser
  Y

a pos

k kV V      

a

m

b

m

c

m

V

V

V

 
 
 
 
 

k

abc

sht
  Y

m

abc

sht
  Y

+ ,neg zer
nrt nrty y

Bus k Bus m

   

   
k

m

abc abc abc abc abc abc

k sht ser k ser m

abc abc abc abc abc abc

m ser k sht ser m

   

   

I Y Y V Y V

I Y V Y Y V
3 33 3

3 3 3 3

k

m

abc abc abc

sht ser ser

abc abc abc

ser sht ser



 

 
 

       
 
 
        
 
 

Y Y Y

Y Y Y

k

k

m

m

Current Injections and Rectangular Coordinates 



XII SEPOPE, 08/07/2013 COPPE/UFRJ & LIGHT S.E.S.A. 15 / 25 

Multiple Interface Elements 

pos

k m

neg

zer

p q

neg

zer

pos

SINGLE-PHASE

SUBSISTEM

THREE-PHASE

SUBSYSTEM
Element 2

Element 1



Simulação MonoTri 
Representação Trifásica 

Representação 

Monofásica 

 



36

108
1

interface

de rede

105

109

110

2

3

4

5 8 11 14 17 20 23 26 29 32 35

6

9

12

15

18

21

24

27

30

33

7

10

13

16

19

22

25

28

31

34

37

Simulação MonoTri 
Representação Trifásica 

Representação 

Monofásica 



Sistema 9 Barras x 3 Máquinas 

G2 TF2 TF3 G3

C8

G1

TF1

C5 C6

90+j30 MVA

1

4

5 6

2 7 8 9 3

LT1LT2

LT3 LT4

LT5LT6

7'

SW1

5'

SW2



Sistema 14 Barras x 4 Máquinas 

G2 TF2 TF3 G3

C3

G1

TF1

C1 C2

60+j20 MVA

1

4

5 6

2 7 8 9 3

LT1LT2

LT3 LT4

LT5LT6

7'

SW1

5'

SW2

TF4

10

11

12

13

14

G4

C10

9+j3 MVA

C11

9+j3 MVA

C12

9+j3 MVA

C13

9+j3 MVA

C14

9+j3 MVA

15+j5.9 MVA

Modelos 

trifásicos 

Modelos 

monofásicos 

Interface 

mono-tri 



Three-phase representation – Synchronous Generator 
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Hybrid Power Flow Solution 
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Hybrid Power Flow Solution 
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Transient Stability Simulation 
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Conclusions 

The formulation with partial three-phase modeling: 

Reduces the computation effort by a factor proportional to the 

fraction of the system with single-phase modeling. 

Preserves all the positive sequence admittance effects and  

nearly all dynamics effects.  

Can be an option for the analysis of distribution generation 

connected to distribution network. 

Is very convenient when the database of the bulk power 

system is available only in positive sequence modeling, and it 

is desirable to analyze how major disturbances in the bulk 

power system impact on three-phase active feeders.    
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