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Abstract

Comparison of PSSE & PowerFactory

Björn Karlsson

In this thesis a comparison of PSSE (Power System Simulator for Engineering) from
Siemens and PowerFactory from DIgSILENT is done. The two tools can be used in
many ways to analyze power system stability and behavior. This thesis cover the use
of load flow and dynamic stability simulation. Different modeling and definitions are
used by the tools why differences in the results may occur. A network defined in PSSE
can be imported to PowerFactory. The thesis presents what is need to be considered
when moving a network from PSSE to PowerFactory. The work is also done to test if
it is possible to have identical simulation results. The report indicates that it is
possible to have identical load flow. The dynamic simulation will have similar behavior
if the correct set-up is made. The generators use different modeling and can be tested
in a step response. By tuning the generator parameters according to the step
responses, will have a positive impact to the dynamic simulation results.
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Sammanfattning

Dagens samhälle är i hög grad beroende av ett fungerande elektrisk nätverk. I 

takt med att nätverken blir allt större och mer komplicerade krävs bra metoder 

för att kunna analysera dess egenskaper. Att på förhand kunna simulera ett 

nätverk ger information om hur man på bästa sätt optimerar effektiviteten både 

elektrisk och ekonomiskt, samt hur man kan gå till väga för att uppdatera eller 

expandera ett redan existerande nätverk. Det är även viktigt att förstå hur 

störningar påverkar stabiliteten och om dessa kan hanteras av säkerhets- och 

kontrollsystemen. Dessa typer av simuleringar kan göras i program som PSSE 

(Power System Simulator for Engineering) från Siemens och PowerFactory från 

DIgSILENT. Olika typer av definition och modellering kan leda till att samma 

ekvivalenta nätverk ger olika resultat i programmen. Genom att analysera 

modellerna kan man ta reda på vad man bör ta hänsyn till då man flyttar ett 

nätverk mellan programmen. I den här rapporten används två olika nätverk 

definierade i PSSE och importerade till PowerFactory. Nätverken används för att

analysera om och varför skillnader uppstår och om dessa går att rätta till.  

Identiska resultat kan fås då man utför en så kallad ”load flow” som beräknar 

nätverkets tillstånd i jämvikt. Det är möjligt att få liknande resultat då man utför 

en dynamisk tidsberoende simulering. Generatorerna använder olika modeller 

som kan vara en anledning till att man inte alltid får identiska resultat då man 

utför en dynamisk simulering. 
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1. Introduction

The modern society is highly dependent on the electrical energy generation and 

distribution. The generated power is distributed from its source of generation to 

the consumers in a power system. Different events could cause disturbances in 

the power system resulting in a major black-out. Affecting the society and its 

critical functions. It is important that the power system continuously can deliver 

power throughout the system. To have the possibility to predict and simulate the 

power system stability for different types of disturbances. Makes it possible to 

design a system that is secure and can deliver the power. The simulation can also

help determine the best way to upgrade an existing system or expand it. 

Computer programs like PSSE (Power System Simulator for Engineering) from 

Siemens and PowerFactory from DIgSILENT are two tools used for simulating 

the behavior of a power system. The theory for implementing a simulation is 

well known and described in literature such as [1]. However, the implementation 

of the theory can differ which may result in different behavior. Using the same 

equivalent system, differences have been noted between PSSE and 

PowerFactory. By analyzing the tools and the mathematical models it is possible 

to understand where and why differences may occur. It is important that the 

models are accurate and reflect the same type of behavior. The analysis will also 

provide information if the systems are using the same settings and set-up. The 

tools can than be compared by simulating different types of events. Where the 

differences in the modeling may be seen in the results. 

1
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2. Aims 

The aim of the thesis work is:

-  To analyse and understand the differences observed between the simulation 

results in PowerFactory and PSSE.

- To understand if the differences in the simulation results arise due to 

fundamental modelling principle differences, or other issues such as incorrect 

model import or modelling representation.

- To assess if the model parameters could be fine tuned to get similar behaviors 

in the simulation results from the two tools.

- For the cases where the model behaviors can not be matched, analyse the 

mathematical models used to represent equipments in the two tools and come up 

with an explanation why this happens

3. Theory

3.1 Program Operation Overview

Both PSSE and PowerFactory have a lot of functions and tools for power system 

analysis. This thesis will cover the use of load flow and dynamic stability 

simulation. Using load flow simulation the program calculates the steady state, 

time independent state of the system. When performing a dynamic simulation the

aim is to analyze the system under a period of time. Here you are using the 

2
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results from the load flow as initial data for the dynamic simulation. By 

introducing a fault or disturbance in the system you can run a dynamic 

simulation and study the effects. A power flow system is a simplified model of 

power system and it is defined by its key components busbars, generators, 

AC/DC transmission lines, transformers, loads and shunt devices. 

Figure 3.1: Single line diagram for the Kundur two area system. Figure from [1].

An illustrative image of the Kundur two area system is shown in Figure 3.1. All 

relevant data for the system is given in [1]. 

Figure 3.2: Typical signs and their corresponding definition.

As seen in the single line diagram the system is using 11 buses, four 

transformers, four generators, two loads, two shunts and transmission lines 

3
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connecting the busbars. The typical signs used to mark different components are 

shown in Figure 3.2.

Figure 3.3: Single line diagram for the Nordic 32 system. 

The Nordic 32 system is illustrated in Figure 3.3 and all relevant data for the 

system is given in [10]. PSSE use two different files to define a system, a .raw 

file is used to define the fundamental information of the components in the 

power system. The dynamic control parameters are stored in a separate .dyr file. 

Both the .raw and .dyr file can be imported from PSSE to PowerFactory. 

4
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PowerFactory uses another approach, where the project is saved in a single file. 

The load flow and dynamic data can be set in separate tabs named load flow and 

RMS-Simulation. Both the .raw and .dyr files used to define the Kundur two area

and the Nordic 32 bus system can be found in the Appendix under “Kundur” and

“Nordic”. The definition of all input data parameters can be found in [2]. Power 

system analysis can be made in the symmetrical components called positive-, 

negative- and zero-sequence. This thesis work would only consider the effects 

occurring in a balanced 3-phase positive sequence network. Usually when 

dealing with power system it is convenient to convert the values to the per-unit 

base system. In this thesis the per unit system is used without any further notice. 

When analyzing power system stability it is common to use and refer to the 

subtransient, transient and steady state time period. The first few cycles after a 

fault are acting within the subtransient period. Entering the transient period 

which lasts for a couple of seconds and ending up in the steady state where the 

system has reached balance. 

3.2 Models

To understand why the differences occur between the two tools and for 

discussion purposes it is important to understand how the components are 

modeled. 

3.2.1 Load Modeling

PSSE represents each load as a mixture of constant MVA, current and 

admittance. Both the Kundur two area and Nordic 32 systems used in this thesis 

5
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are using constant P-Q loads, constant MVA, shown in the .raw files. Using the 

constant MVA load in dynamic simulation is not always possible because the 

system may not be solvable. This is because the load make the system of 

equations to become stiff. It is also generally not realistic because the constant 

MVA approach has no voltage dependency. In PSSE this is commonly solved by 

converting the load active power to constant current which is having a linear 

voltage dependency. The load reactive power is converted to constant 

admittance, having a square voltage dependency. The conversion is done with 

the CONL-activity. 

S P=S p(1−a−b)

S I=S i+
aS p

v

S Y=S y+
bS p

v 2

a+b<1

(1)

The final load type with the CONL-activity is calculated according to equation

(1). Where a and b are load transfer fraction set by the user and S p , S i  and S y  

are original constant MVA, current and shunt admittance load. S P  is the final 

constant MVA load, S I  is the final nominal constant current load and S Y  is the 

final nominal constant shunt admittance load. The parameter v is the magnitude 

of the bus voltage. It is also possible to use other dynamic load models found in 

[2] or to construct your own model. At low voltages below a threshold value 

PSSE modifies the load characteristic. This is done to make the loads more 

realistic. The load characteristic amplitude is simply decreasing as the voltages 

decreases from the threshold. The threshold value can be set with a parameter 

called PQBRAK which by default is set to 0,7. 

6
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PowerFactory is using a general load model or a complex load model. The 

complex load model is primarily made to be used as an industrial load where 

induction motors are used. 

P=P0(aP(
v
v0

)
ea1

+bP (
v
v0

)
eb1

+(1−aP−bP)⋅(
v
v0

)
ec1

) (2)

Q=Q 0(aQ(
v
v0

)
ea2

+bQ (
v
v0

)
eb2

+(1−aQ−bQ)⋅(
v
v0

)
e c2

) (3)

The general load model for load flow calculation is defined according to 

equation (2) and (3). The equations describes the load voltage dependency. The 

parameters are defined as 1−aP−bP=cP  and 1−aQ−bQ=cQ . Where a P , bP ,

cP , aQ , bQ , cQ  and the corresponding exponents ea1 , eb1 , ec1 , ea2 ,eb2  and ec2

are free to set depending of which characteristic is to be modeled. The manual 

reveals that an exponent set to zero means constant power, set to one means 

constant current and by setting the exponent to two means constant impedance. 

In dynamic simulation the general load is represented as mixture of a static and 

dynamic load.

7
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Figure 3.3: Small signal block diagram description of the linear dynamic load model. Figure 

from [4].

Figure 3.4: Small signal block diagram description of the nonlinear dynamic load model. Figure 

from [4].

8
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Figure 3.5: Voltage approximations used in the dynamic load model. Figure from [4].

The dynamic load models shown in Figure 3.3 and Figure 3.4 are a 

representation of the small signal models. The “s” in the same figures represents 

the Laplace operator. The active and reactive power input is given by Pext  and

Qext . The dynamic active and reactive load transient frequency and voltage 

dependence is given by  T pf ,T qf , T pu  and T qu . The static voltage dependency 

on active and reactive power is given by k pu  and k qu . The dynamic active and 

reactive load frequency dependence on active and reactive power is given by

k pf  and k qf . The small signals models are only valid in a limited voltage range,

illustrated in Figure 3.5. Outside the range given by umin and umax  the power is

modified by scaling it by the parameter k. The range is set by the user, and have 

the standard settings where umin=0,8 and umax=1,2 . 

9
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P=k⋅Pout

Q=k⋅Qout

k=1 umin<u<umax

k=2
∣u∣2

umin
2 0<u<

umin

2

k=1−2(
∣u∣−umin

umin

)

2 umin

2
<u<umin

k=1+(u−umax)
2 u>umax

(4)

The scaling parameter k is calculated according to (4), found in[4]. If no fraction 

of dynamic model is used. PowerFactory use a 100% static load model in 

dynamic simulation. Using a 100% static load means that PowerFactory use a 

load with constant impedance. 

Z=
v2

S
(5)

The impedance is calculated according to equation (5). The voltage magnitude is 

given by v. The impedance is either calculated with the load flow voltage or with

the rated voltage, if the option “Consider voltage dependency” is selected. S is 

the apparent power.

3.2.2 Transmission Lines

The electricity can be distributed in the grid with AC or DC technology. The 

power systems used in this thesis are only using AC technology. PSSE uses a 

model to represent the transmission line called π - equivalent [2].

10
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Figure 3.6: PSSE π -equivalent circuit for a transmission line.

The π -equivalent used by PSSE is illustrated in Figure 3.6. The impedance

Zex and admittance Y ex are calculated according to

Zex=zs sinh γ L (6)

Y ex=
2
zs

tanh
γ L
2

(7)

Where the propagation constant γ=√ZY  and the surge impedance z s=√ Z
Y

 

are fundamental properties of a transmission line. Z is the series impedance, Y is 

the shunt admittance and L is the length of the line. Equations (6) and (7) are 

derived from the matrix representation of the current and voltage magnitudes at 

the sender and receiver end. 

11
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A=cosh γ L
B=−Z s sinh γ L

C=
−1
Z s

sinh γ L

D=cosh γ L

[v r

ir
]=[A B

C D][v s

i s
]

(8)

The matrix representation of the π -equivalent is shown in equations (8), 

derived in [1] and [2]. Where the voltage and current subscript r and s indicated 

receiver and sending end. 

In PowerFactory you can choose between two transmission line models. The 

“Lumped parameters model ( π -nominal)” or the “Distributed parameters model

( π -equivalent)”. The Lumped parameter model is actually a simplification 

derived from the Distributed parameters model. The Lumped parameters model 

is suited for shorter lines, approximate where the length of line is less than 250 

km using 50 – 60 Hz [5].   

Figure 3.7: PowerFactory equivalent circuit for the three-phase lumped parameters model. 

Figure from [5].

12
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The equivalent circuit for the three-phase Lumped parameters model is shown in 

Figure 3.7. Where the subscriptions a, b and c represents the three phases for the 

sending s, or receiving end r. Y s represents the sum of all admittances 

connected to the corresponding phase. Y m is the negative value of the 

admittances between two phases. 

[
Ū s , A

Ū s , B

Ū s ,C
]−[

Ū r , A

Ū r , B

Ū r , C
]=[

Z̄ s Z̄m Z̄ m

Z̄m Z̄ s Z̄ m

Z̄m Z̄m Z̄ s
]⋅[

Ī A

Ī B

Ī C
] (9)

[
Ī s , A

Ī s , B

Ī s ,C
]=1

2 [
Ȳ s Ȳ m Ȳ m

Ȳ m Ȳ s Ȳ m

Ȳ m Ȳ m Ȳ s
]⋅[

Ū s , A

Ū s , B

Ū s ,C
]+[

Ī A

Ī B

Ī C
] (10)

The corresponding voltage and current can be calculated with equations (9) and

(10). The receiving end current has a similar expression as equation (10).  

The distributed parameters model used by PowerFactory can be illustrated with 

the same equivalent circuit and with the same matrix representation as PSSE. 

Shown in Figure 3.6 and in equation (8).

3.2.3 Transformer Modeling

The transformers used in this thesis are all two winding tap changing 

transformers. The analysis is made in the positive sequence why the transformer 

positive sequence models are of interest.

13
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Figure 3.8: PSSE two winding three-phase positive sequence transformer model with tap 

changer. 

In PSSE the transformer terminal voltages e i  and e j  both depends on the 

magnetizing reactants xm , the tap position t and the equivalent reactance xeq . 

Which is illustrated in Figure 3.8. The magnetizing reactance xm and 

equivalent reactance xeq  are calculated with the transformer data entered in the

.raw file according to [3]. The complete derivation of the transformer used in 

PSSE can be found in [2].

Figure 3.9: PowerFactory two winding three-phase positive sequence transformer model with 

tap changer. Here the tap changer is positioned at the high voltage side U HV . Figure from [6].

The two winding three-phase transformer in PowerFactory is defined by Figure 

3.8. The terminal voltages U HV  and U LV  depends on the tap position given by 

t, copper resistance losses r Cu , leakage reactances xs  and shunt resistance r Fe . 

14
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The transformer data can also be entered in term of the positive sequence 

impedance. Where the data given in Figure 3.9 internally is converted. The 

derivation of the transformer parameters used by PowerFactory are made in [6]. 

3.2.4 Shunt Devices

Both the Kundur two area and the Nordic 32 system use only the fixed shunt 

device. In PSSE this is simply modeled as active and reactive components of 

shunt admittance to ground [3]. In PowerFactory, using positive reactive power 

this is equivalent with the C-shunt type. Using negative reactive power the R-L 

shunt is used [7].

3.2.6 Busbars

A busbar is simply a connection in a substation. During load flow simulation a 

busbar can have different boundary conditions depending of which type it is. The

most common types are load bus, generator bus and swing bus. The load buses 

have no generator boundary condition. The generators at the generator buses are 

set to hold their scheduled voltage as long as the reactive power limits are not 

reached. The generator buses can also be controlled by a remote control. At least 

a single generator must be placed at the swing bus. During the load flow 

calculation all generators located at the swing bus are held at constant voltage 

and phase angle. 

15
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3.2.6 AC Generators

Generators use a rotor to convert mechanical rotational energy to electrical 

energy by a stator. The rotor has a field winding provided with current which is 

necessary to generate output voltage at the terminals. The stator contains the 

armature winding which are three separate windings for the three phase system. 

There are two main types of generators, the synchronous and asynchronous 

generator. The Kundur two area and Nordic 32 bus system consists of only 

synchronous generators, which is the only type considered in this thesis. There 

exist two synchronous generator types called round rotor and salient pole. The 

two synchronous generator types have different properties. The round rotor 

typically has a lot higher speed of rotation of the rotor than the salient pole. It is 

often used in thermal plants. The salient pole machine is better suited as a hydro-

turbine.

Figure 3.9: To the left is a plane cut for the round rotor generator and to the right for the salient 

pole generator. Figure from [8].

The standard coordinate system is defined with the three abc-phases, 120 degrees

apart. Applying generator and electromagnetic theory one can derive the standard

16
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set of equations that completely describes the electrical performance of a 

synchronous generator. This is made by P.Kundur in [1] and will end up in the so

called machine equations for the stator and rotor flux linkages

(ψa ,ψb , ψc ,ψ fd ,ψkd ,ψkq)  and voltage equations (ua , ub , uc , u fd) . The 

subscripts are the same that is used in [1], other literature may use other notation.

The subscript “fd” is for the field winding located at the rotor. The subscripts 

“kd” and “kq”, (k=0,1,..) are for the amortisseur circuits for damping purposes 

and are referring to the d- and q-axis. A plane cut illustration with the locations 

of the damper circuits for the round rotor and salient pole machine is shown in 

Figure 3.9.  

Figure 3.10: Stator and rotor circuits of a synchronous machine. Figure from [1].

The performance equations contains inductive terms which depends on the angle

θ , Figure 3.10, which is varying in time. This is introducing a high level of 

complexity to the system. R.H Park solved this by using the dq0-Transformation.

This is leading to that the machine equations can be expressed in the dq0-frame, 

17
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where the stator and rotor variables only vary with the currents through constant 

inductances [1]. 

ud=
d
dt

ψd−ψq ωr−Rai d

uq=
d
dt

ψq+ψd ωr−Ra i q

u0=
d
dt

ψ0−Ra i0

(11)

u fd=
d
dt

ψ fd +R fd i fd

0=
d
dt

ψ1d+R1d i1d

0=
d
dt

ψ1q+R1q i1q

0=
d
dt

ψ2q+ R2q i 2q

(12)

ψd=−( Lad+ Ll) id +Lad i fd+Lad i1d

ψq=−( Laq+Ll) iq+ Laq i1q+ Laq i2q

ψ0=−L0 i0

(13)

ψ fd=L ffd i fd +L f1d i1d−Lad i d

ψ1d=L f1d i fd+ L11d i 1d−Lad id

ψ1q=Ll1q i 1q+Laq i2q−Laq iq

ψ2q=Laq i1q+ L22q i2q−Laq iq

(14)

By following P. Kundur in [1] the stator voltage equation in the dq0-

transformation and per unit are shown in (11). Both PSSE and PowerFactory 

neglect the stator flux transients. 

18
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d
dt

ψq=0

d
dt

ψd=0
(15)

Neglecting the flux transients leads to equation (15). 

ud=−ψq ωr−Ra id

uq=ψd ωr−Rai q

(16)

By inserting (15) in (11) the generator terminal voltage is calculated as equation

(16). The per unit rotor voltage equations are expressed in (12) and the stator and

rotor flux linkage equations are shown in (13) and (14).  All of them in the dq0-

transformation. All the inductances in the equations are called the basic generator

parameters. The salient pole generator have the same generator equations (11) -

(14) but without the 2q circuit. Thus, it is made with a single q-axis damper 

circuit shown in Figure 3.9. Often the generator machine equations are expressed

with the reactances and not the inductances. This is valid when using the per unit

system and base angular frequency,  ω L=X  where  ω=1 . Further in [1] it is 

told that in the early power system modeling days the inductances in equation

(11) - (14) were not known. Instead the generators behavior were fully described 

by the generator standard parameters consisting of the d- and q-axis reactances

X d , X q , X d
' , X q

' , X d
' '  and X q

' ' . The open circuit time constants

T d0
' ,T q0

' , T d0
' '  and T q0

' ' . The stator leakage reactance X l  and stator resistance

Ra . The standard parameters are determined by measuring the generator 

behavior under controlled and well defined tests. Using X ' '  is referring to the 

subtransient reactance. By using X '  is referring to the transient reactance and

X  to the synchronous reactance. 

19
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Figure 3.11: To better understand the machine and its variables one can use the generalized 

synchronous machine circuit visualizing the currents, voltages and fluxes. The upper circuit is the

d-axis equivalent and the lower circuit is the q-axis equivalent. Figure from [1].

The circuits in Figure 3.11 are for a round rotor generator type. The salient pole 

generator can be described with the same circuits but without the 2q circuit. The 

1d and 2q circuit are called the subtransient circuits. The field and 1q circuit are 

called transient circuits and the d and q circuit are the synchronous circuits. They

are called subtransient, transient and synchronous circuits because each of the 

circuit is dominating in the corresponding time interval.

During stability analysis the balance of each generators mechanical and 

electromagnetic torque is of great importance. This is described by the swing 

20
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equation. The swing equation can have different appearance but it does usually 

describe the acceleration of the rotor speed. Depending on a damping term, the 

rotor moment of inertia H, mechanical and electromagnetic torques T m  and T e .

The damping term is used to account for some type of losses. The moment of 

inertia is due to the rotor physical design. Mechanical torque is given by the 

input power acting on the rotor. While the electromagnetic torque, also known as

the air-gap torque is given by the current and flux linkages flowing in the d- and 

q-axis. 

T e=ψd iq−ψq id (17)

Equation (17) describes the definition of the electromagnetic torque. 

The generator behavior in the frequency range of 0 – 10 Hz is highly dependent 

on the rotor flux transients and the magnetic saturation [2]. The magnetic 

saturation is used to account for the rotor and stator iron saturation. The true 

representation of magnetic saturation is very complex. A number of methods to 

account for the saturation have been derived, but there is no standard way to do 

it. Usually the saturation is modeled by varying some of the generator 

inductances. 
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Figure 3.12: Typical generator open circuit saturation curve. Figure from [12]

In both PSSE and PowerFactory the saturation is entered in terms of the two 

saturation parameters S 1.0  and S 1.2 . 

S 1.0=
I A1.0− I B1.0

I B1.0

S 1.2=
I A1.2−I B1.2

I B1.2

(18)

The two saturation parameters are defined according to equation (18). Where the 

field currents are derived from the generator open circuit saturation curve shown 

in Figure 3.12. 
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Figure 3.13: Overview of a synchronous generator excitation system. Figure from [1].

In dynamic stability studies a generator is rarely operating without any external 

excitation, governing and stabilizing system. The excitation systems is primarily 

used to provide current to the rotor field winding. The governor is used for 

controlling the speed of the machine. The stabilizer is used to damp power 

system oscillations. Often additional control and protection system are used. The 

control system can for example be used to maintain the turbine power to 

predefined value. Protection can be used as limiters for the generator active and 

reactive power and to limit the field voltage. A simple block diagram illustrating 

the generator and its external systems is shown in Figure 3.13. 
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Figure 3.14: Norton-equivalent of generator model defined in PSSE.

The PSSE documentation in [2], reveals that all generator models are represented

by a Norton-equivalent current and reactance behind a generator step-up 

transformer. Which is shown in Figure 3.14. The current source is defined as 

ISORCE. The reactance y is given as the inverse of ZSORCE. The step-up 

transformer is given by ZTRAN and GTAP. The dynamic impedance ZSORCE is

either set to the generator's transient or subtransient impedance depending on 

which model to use for representing the rotor circuit flux linkages. The 

impedance is defined as ZSORCE=ZR+ZX .

ISORCE=( iq− j⋅i d)⋅(cosδ+ j⋅sin δ)

(iq+ j⋅id)=
(ψd

' '
+ j⋅ψq

' '
)

ZSORCE
(ωω0

)
(19)

A complete definition for the Norton-equivalent is given by equation (19). The 

variable δ is the angle that represents, by which angle the q-axis leads the 

stator terminal voltage. It is referred as internal rotor angle or load angle. The 

rotor speed is given by ω and ω0 is the base angular frequency. In the same 

equation ψd
' ' and ψq

' ' are the subtransient fluxes for the d- and q-axis 

respectively. In PSSE ψd
' ' and ψq

' ' have different characteristic depending on 
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which generator type used. In the two systems used in this thesis the GENROU 

and GENSAL generator types are used, see Appendix. Where GENROU is a 

model of a round rotor and GENSAL is a model for a salient pole generator, both

represents the subtransient effects. 

Figure 3.15: Block diagram representing a round rotor generator model (GENROU) in PSSE. 

Figure from [9]. The 's' is referring to the Laplace operator. Lad  is coming from the saturation 

and the other parameters are a part of the standard generator parameters. 

25



Uppsala University
Degree Project in Engineering Physics                                                               Björn Karlsson

PSSE uses the block diagram defined in Figure 3.15 to represent the GENROU 

generator type. The block diagrams represents the rotor flux dynamics with the 

standard generator parameters. The standard generator parameters are entered in 

the .dyr file. PSSE does not explicitly model the stator resistance Ra  this is the 

reason why it is not shown in the block diagram. The block diagram models the 

electrical properties of the generator. This type of generator representation is 

called by using the operational impedance [2], [11]. The GENSAL generator 

model uses a similar block diagram. PSSE neglects subtransient saliency. This is 

leading to that PSSE assumes that the d- and q-axis subtransient reactances are 

equal, X d
' '
=X q

' ' . 

2H
d Δωr

dt
=T m−T e−De

Δωr

ωr

d δ

dt
=ω0 Δωr

(20)

PSSE use the swing equation shown as equation (20) [2], where the variable

Δωr  is the speed deviation of the machine. T m and T e are the mechanical 

and electromagnetic torque of the machine. The electromagnetic torque is 

calculated with the current from (19) and with the fluxes from the block diagram 

in Figure 3.15. The inertia time constant is given as a user input parameter H.

De is the speed damping factor also set by the user. The speed damping gives 

an approximate representation of the damping effect contributed by the speed 

sensitivity of system loads [2]. The swing equation models the mechanical 

properties of the generator. 

PSSE models the generator magnetizing saturation to affect both the mutual and 

leakage reactance. PSSE assumes that the saturation curve to be quadratic for the
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GENROU and GENSAL model. While other models may use exponential 

saturation curve. For GENSAL the model assume that the saturation affects only 

the d-axis. Where the mutual inductance vary as a function of the flux linkage 

behind a transient reactance. The GENROU generator models the saturation in 

both the d- and q-axis. Where the mutual inductance vary as a function of the 

flux linkage behind a subtransient reactance [2]. The saturation is then used by 

the generator model as  Lad Δ i fd  [11]. Where the d-axis saturation is scaled by 

the d-axis subtransient flux and the q-axis saturation is scaled by the q-axis 

subtransient flux and synchronous reactances, see Figure 3.16. The term

Lad Δ i fd  is actually the difference between the air-gap line and saturation curve 

from Figure 3.12 [12]. PSSE is using the effective saturated parameters [2] to 

model the magnetic saturation. 

In PowerFactory you can choose between two main generator models, round 

rotor and salient pole. PowerFactory lets you set the same generator parameters 

as in PSSE except that the subtransient saliency not necessary has to be 

neglected. PowerFactory use the machine equations derived in [1] and shown in

(11) - (14) to model the electrical part of the generator. Where the generator 

standard parameters are converted to the basic parameters, called the coupled 

circuit method [11]. The basic parameters for a generator are often derived and 

provided by the manufacturer. 

ψd
' '
=k fd ψ fd +k 1d ψ1d

ψq
' '
=k 1q ψ1q+k 2q ψ2q

(21)

The subtransient fluxes in PowerFactory are calculated according to equation

(21). Where k fd , k1d , k 1q and k 2q are parameters internally defined by the 

standard generator parameters such as the reactances and time constants [8]. 
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According to DIgSILENT support the constants are derived in [1]. The d-axis 

parameters k fd and k 1d are the same for the round rotor and salient pole 

machine. The round rotor machine uses both k 1q and k 2q . The salient pole 

machine which has only a single damper circuit in the q-axis does only use

k 1q and ψ1q for calculating the q-axis flux. Where k 1q have different 

definition depending on which generator type is used. 

2H
d ωr

dt
=T m−T e−D ωr

d δ

dt
=ω0 ωr

(22)

The swing equation used by PowerFactory is given as equation (22). Where ωr  

is the speed of the rotor. The damping term is defined by the product of the 

mechanical damping constant D and the speed of the machine ωr . The damping 

term represents the actual frictional losses factor of the rotor. 

X ad=k satd X ad0

X aq=k satq X aq0

(23)

In PowerFactory the saturation is accounted by scaling the unsaturated mutual 

reactances by k according to equation (23). Where k is defined by the saturation 

parameters. The saturation of the leakage reactance is not modeled in 

PowerFactory. PowerFactory assumes that the saturation affects both the q- and 

d-axis for the round rotor and salient pole machines. For the round rotor 

generator the saturation is equal in d- and q-axis. While the salient pole 

saturation characteristics is weighted by the synchronous q- and d-axis reactance 

X q/ X d . This type of saturation modeling is called total saturation method [11].
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4. Method

4.1 PSSE to PowerFactory Conversion

The files in the Appendix are defined to suit the PSSE definition for a problem 

set up, found in [2]. PowerFactory is however able to import the PSSE .raw 

and .dyr files. As described in the Section 3.2.1 the two programs have a lot of 

different methods for load modeling. The load flow is solved with the constant P-

Q loads in PSSE, as they are defined as in the .raw file. In PowerFactory this is 

the same as using the standard loads from the imported .raw file. In dynamic 

simulation one usually convert the loads with the CONL-activity in PSSE. In 

PowerFactory the loads in dynamic simulation are initially treated as a 100% 

static load with constant impedance. It is important to use the same type of loads 

when comparing the two tools. It is necessary to find a way to change the loads 

in PowerFactory as the CONL-activity does in PSSE.

It is important to note if some of the generators defined in the .dyr are using a 

damping coefficient. This is important because of the coefficient do not have the 

same definition in PSSE and PowerFactory. The damping coefficient is not 

considered by PowerFactory when importing a system from PSSE.

Figure 4.1: a) Explicit step-up transformer representation. b) Implicit step-up transformer 

representation.
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It is also important to note if the generators defined in the .dyr file uses an 

implicit step-up transformer, defined according to Figure 3.14 and Figure 4.1 b). 

In PSSE the step-up transformers can be entered directly to the generator data as 

an implicit step-up transformer. This is done when using the generator XTRAN 

and GTAP properties when defining the .raw file. The step-up transformers can 

also be explicit defined by adding a specific transformer to the generator with the

standard transformer data set. Using this method a separate generator bus is 

needed. The explicit step-up transformer is illustrated in Figure 4.1 a). In 

PowerFactory only the explicit step-up transformer is supported. PowerFactory 

has three options for handling the implicit step-up transformers from the .raw 

files. The option must manually be entered as “Additional Parameters” before 

the system is imported. 

You can chose to add an explicit step-up transformer by adding the command 

“/stepup:0”. This will however change the load flow due to different definitions 

within the tools. When PSSE use the implicit step-up transformer the generator 

reactive power limits are defined directly at the bus. And the generator current is 

observed after the step-up transformer shown in Figure 4.1 b) [2]. When using 

explicit step-up transformers the reactive power limits and the generator current 

are defined at the generator terminals for both PSSE and PowerFactory. It is also 

possible to ignore the step-up transformers with the command “/stepup:1”. The 

last option is to add the step-up transformer data to the saturated subtransient 

reactance X d
' '
(sat )   and stator resistance Ra , by using the command 

“/stepup:2”. PowerFactory use the “/stepup:2” command as default. The Nordic 

32 system is using implicit step-up transformers on all generators, see Appendix.
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4.2 Comparison Methodology

4.2.1 Load Flow

In order to compare the dynamic results the load flow in the two tools have to 

give similar results. Thus, it will be used as initial data to the dynamic 

simulation. Both tools are set to use the Newton-Raphson method for solving the

load flow. For the dynamic simulation two events are analyzed. The first event is

a three-phase fault with a clearing time of 100ms, applied at a certain bus. 

Secondly an event where a generator is tripped. A tripping generator is simply 

the same as taking it out of service. 

4.2.2 Excitation System

As mentioned in Section 3.2.6 the generators are using exciters, governors and 

stabilizers etcetera. To test the excitation systems (see .dyr files in the Appendix) 

an excitation system step test is performed. The test is made with the generators 

and the excitation system in complete isolation. Where the regulator voltage 

reference signal is increased to 1,02 p.u at t = 0 s. The regulator voltage 

reference signal is illustrated in Figure 3.13. Both PowerFactory and PSSE have 

internal tools that is used to perform the test. A step response is made to test the 

models under the same circumstances and to make sure that exactly the same 

signals and no other disturbances are used in order to tune the parameters. The 

goal is to analyze if PSSE and PowerFactory have similar step response. It is of 

great importance that the two tools define the exciter and its parameters in the 

same way to be able to understand if and where the programs are different. In the

excitation system step response the exciter should be able to excite the field 

winding producing a stable field and terminal voltage. 
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4.2.3 Governor

Figure 4.1: Network set-up when performing a governor response simulation.

A similar governor response simulation is done to analyze if both tools will have 

similar results. The governor response test is a way to test the response of a 

governor to a step change in the load of the generator. The test is done by 

increasing the loading of a generator. The initial system contains of a generator 

and a load connected to a bus. The initial load is of the magnitude of 85% of the 

generator rated power. At t = 0 an additional load is added, this load is of the 

magnitude of 10% of the generator rated power. The system is illustrated in 

Figure 4.1. This test indicates the damping due to turbine and governor loop only

[2]. In the governor response simulation the governor control signals should be 

able to make the generator stabilize the rotor speed and mechanical power. 

During a governor step response PSSE is using a load of constant active power. 

In PowerFactory you can choose which load characteristic to be used according 

to the load modeling in Section 3.2.1. If the exciter and governor can not 

successfully stabilize the output the model parameters may have to be tuned. 

The step responses are an early indicator if the dynamic simulation results will 

be the same or not. Because if the results in PowerFactory and PSSE differ in a 
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simple system with just an isolated generator. The results are also likely to differ 

in the complete network. It is possible that the information from the step 

responses can be used to compensate for differences due to the modeling. If the 

responses have different performance in the tools. The parameters maybe can be 

tuned in order to make them equal. Having equal step responses indicates that 

the models will generate the same output data from the same input. Which is a 

criterion for having the same performance in the two tools.

5. Results

5.1 Kundur Two Area System

Table 5.1: Load flow bus data for the Kundur two area system in PSSE and PowerFactory.

PSSE PowerFactory
Bus Voltage [p.u] Angle 

[degrees]
Voltage [p.u]
(Voltage in p.u)

Angle 
[degrees]

1 1,0300 27,0707 1,0300 27,0707
2 1,0100 17,3063 1,0100 17,3063
3 1,0300 0,0000 1,0300 0,0000
4 1,0100 -10,1921 1,0100 -10,1921
5 1,0065 20,6075 1,0065 20,6074
6 0,9781 10,5227 0,9781 10,5227
7 0,9610 2,1135 0,9610 2,1135
8 0,9486 -11,7566 0,9486 -11,7566
9 0,9714 -25,3540 0,9714 -25,3540
10 0,9835 -16,9387 0,9835 -16,9387
11 1,0083 -6,6284 1,0083 -6,6284

The bus voltage and angle for a load flow from the two tools are shown in Table 

5.1.
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5.1.1 Excitation System Step Response

The exciter model used in the Kundur system is called EXAC4. Essentially the 

same as the AC4 model by IEEE.  

Figure 5.1: Generator field voltage to an excitation system step response. Blue graph indicates 

the PowerFactory response, the green is the response in PSSE and the red graph is from 

PowerFactory with modified exciter parameters.

34



Uppsala University
Degree Project in Engineering Physics                                                               Björn Karlsson

Figure 5.2: Generator terminal voltage to an excitation system step response. Blue graph 

indicates the PowerFactory response, the green is the response in PSSE and the red graph is from

PowerFactory with modified exciter parameters.

The results of the excitation system step response are shown in Figure 5.1 and 

Figure 5.2. The step response with modified PowerFactory exciter parameters is 

made in an attempt to better fit the step response from PSSE. In the modified 

PowerFactory step response, the exciter EXAC4 parameters named measurement

delay T r is scaled by 0,2 and the controller gain K a is scaled by 1,05. All 

four generators in this system have the same excitation step response because 

they are using the same models with the same parameters. 
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5.1.2 Governor Response

The governor model used in the Kundur system is called IEEEG1. This is 

essentially the same as the IEEE Type 1 speed governing model.

Figure 5.3: Generator mechanical power to a governor step response simulation. 
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Figure 5.4: Generator speed deviation to a governor step response. 

In Figure 5.3 and Figure 5.4 the generator mechanical power and speed 

deviation from the governor step response simulation is shown. 

P=Po⋅1⋅(
v
v0

)
0

Q=Q0⋅1⋅(
v
v0

)
0 (24)

The PowerFactory simulation is done with a 100% dynamic load type where the 

voltage dependency from equation (2) and (3) are set as equation (24). All the 

other dynamic load parameters are set to zero. The speed deviation from the 

PowerFactory simulation does actually not become stabilized and continues to 

decrease.
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5.1.3 Three-Phase Fault

To test the dynamic performance a 3-phase fault is implemented. The fault is 

applied at bus 9 at t = 0.1s, and has a clearing time of 100 milliseconds.

Figure 5.5: Voltage at bus 1, 7, 9 and 10 after a 3-phase fault located at bus 9. The y-axis 

indicates the per-unit voltage.
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Figure 5.6: Active power flow from bus 5 to bus 6, 7 – 8, 9 – 10 and 10 – 11 when using 

different load models.

In Figure 5.5 and Figure 5.6 the green graphs represents the results in PSSE 

using constant MVA loads. The result when using the CONL activity in PSSE 

and converting the loads to constant impedance are shown in the red. The blue 

graphs are the PowerFactory simulation where the loads are 100% static, hence 

constant impedance. 
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P=Po⋅1⋅(
v
v0

)
2

Q=Q 0⋅1⋅(
v
v0

)
2 (25)

Using the constant MVA approach, equation (2) and (3) end up as (24) and using 

constant impedance (admittance) they end up as (25).

Figure 5.7: Voltage at bus 1, 7, 9 and 10 after a 3-phase fault located at bus 9. The y-axis 

indicates the per-unit voltage. Using a current-admittance load type.
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Figure 5.8: Active power flow from bus 5 to bus 6, 7 – 8, 9 – 10 and 10 – 11 when using current-

admittance load model in both tools.
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Figure 5.9: Electrical frequency at bus 1,2,3 and 4 when simulating a three-phase fault.
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Figure 5.10: Generator rotor angle with reference to reference machine (bus 3) at bus 1,2 and 4 

when simulating a three-phase fault.

As mentioned in Section 3.2.1 the loads are usually not modeled as constant 

MVA sources. The results in PowerFactory and PSSE when using a load where 

the active power is converted to constant current and the reactive power to 

constant admittance are shown in Figure 5.7 to Figure 5.10. All dynamic load 

parameters in the load RMS-simulation in tab PowerFactory are set to zero.
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P=Po⋅1⋅(
v
v0

)
1

Q=Q 0⋅1⋅(
v
v0

)
2 (26)

Using the current-admittance approach, equations (2) and (3) end up as (26).

Figure 5.11: Detailed figure of voltage at bus 1 and bus 7 when using the standard and modified 

exciter parameters according the exciter step response in Section 5.1.1. 
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Figure 5.12: Detailed figure illustrating flow of active power from bus 5 to bus 6 and from bus 

10 to bus 11. Using standard and modified exciter parameters according to the exciter step 

response in Section 5.1.1.
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Figure 5.13: Detailed figure illustrating the electrical frequency at bus 1 and 2. Using standard 

and modified exciter parameters according to the exciter step response in Section 5.1.1.

The results when using the modified exciter parameters T r and K a

according to the exciter step response are shown in Figure 5.11 to Figure 5.13. In

the same figures the current-admittance load is used during the dynamic 

simulation.
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Figure 5.14: Power flow and bus voltage when no other dynamic models than the GENROU 

generators are used. Constant field voltage.

The power flow and bus voltage when simulating a three-phase fault in the 

Kundur system without any dynamic models besides the GENROU generator 

models are shown in Figure 5.14. 
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5.1.4 Tripping A Generator

The performance in the two tools is also compared by simulating a tripping 

generator. In this case the generator located at bus 2 is taken out of service 

at t = 1 s. 

Figure 5.15: Voltage at bus 1, 7, 9 and 10 when tripping the generator at bus 2. Results from 

PowerFactory are shown in blue and PSSE in green.
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Figure 5.16: Power flow from bus 5 – 6, 7 – 8, 9 – 10 and 10 – 11. Results from PowerFactory 

are shown in blue and PSSE in green.
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Figure 5.17: Electrical frequency at bus 1, 2, 3 and 4. Results from PowerFactory are shown in 

blue and PSSE in green.
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Figure 5.18: Generator rotor angle with reference to reference machine (bus 3). 

Results of the bus voltages, power flows, frequency and rotor angles when 

tripping the generator located at bus 2 are shown in Figure 5.15 to Figure 5.18. 

In PSSE the CONL-activity is used to convert the loads to current-admittance 

loads. PowerFactory is set to use a 100% dynamic load with all dynamic load 

parameters set to zero, and using a voltage dependency as equation (26). Where 

the active power is represented as constant current and the reactive power as 

constant impedance. In analogy with the CONL-activity made in PSSE.
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5.2 Nordic 32 System

Table 5.2: Load flow bus data for the Nordic 32 system in PSSE and PowerFactory. Using the 

implicit step-up transformer.

PSSE
Implicit

PowerFactory
/stepup:2

PowerFactory
/stepup:0

Bus Voltage [p.u] Angle 
[degrees]

Voltage [p.u] Angle 
[degrees]

Voltage [p.u] Angle 
[degrees]

41 0,9957 -49,4208 0,9857 -49,4208 0,9857 -55,1979

42 0,9820 -52.5800 0,9820 -52,5799 0,9790 -58,4145

43 0,9718 -59,7838 0,9718 -59,7838 0,9697 -65,6463

46 0,9686 -60,8764 0,9686 -60,8763 0,9673 -66,7403

47 1,0011 -54,0091 1,0012 -54,0012 1,0012 -59,8601

51 1,0008 -67,1526 1,0008 -67,1526 1,0008 -73,0432

61 0,9696 -53,8959 0,9695 -53,8959 0,9676 -59,6929

62 0,9844 -49,4037 0,9844 -49,4037 0,9818 -55,1865

63 0,9718 -45,3262 0,9718 -45,3262 0,9718 -51,0949

1011 1,1225 1,0684 1,1225 1,0684 1,1225 -4,4645

1012 1,1300 4,6364 1,1300 4,6364 1,1300 -0,9048

1013 1,1450 7,9231 1,1450 7,9231 1,1450 2,3874

1014 1,1600 10,5058 1,1600 10,5058 1,1600 4,9682

1021 1,1000 8,8537 1,1000 8,8537 1,1000 3,3147

1022 1,0633 -10,7678 1,0633 -10,7678 1,0567 -16,3668

1041 0,9630 -74,6986 0,9630 -74,6986 0,9643 -80,4756

1042 1,0000 -58,1535 1,0000 -58,1535 1,0000 -63,9920

1043 0,9920 -69,0781 0,9920 -69,0781 0,9903 -74,8323

1044 0,9856 -60,0610 0,9856 -60,0610 0,9914 -65,9218

1045 0,9925 -64,3677 0,9925 -64,3677 0,9992 -70,2534

2031 1,0532 -28,0904 1,0532 -28,0904 1,0532 -33,8279

2032 1,1000 -16,0516 1,1000 -16,0516 1,1000 -21,7891

4011 1,0100 0,0000 1,0100 0,0000 1,0318 0,0000

4012 1,0100 1,9367 1,0100 1,9367 1,0100 -3,6052

4021 1,0086 -27,6552 1,0086 -27,6551 1,0001 -33,2696

4022 0,9939 -12,8559 0,9939 -12,8559 0,9912 -18,4713

52



Uppsala University
Degree Project in Engineering Physics                                                               Björn Karlsson

4031 1,0100 -31,0407 1,0100 -31,0407 1,0600 -29,6494

4032 1,0140 -36,2426 1,0140 -36,2426 1,0119 -41,9835

4041 1,0100 -46,3426 1,0100 -46,3426 1,0100 -52,1197

4042 1,0000 -49,5444 1,0000 -49,5444 0,9971 -55,3611

4043 0,9911 -56,0333 0,9911 -56,0333 0,9891 -61,8803

4044 0,9903 -56,6697 0,9903 -56,6697 0,9873 -62,5081

4045 0,9982 -61,6037 0,9982 -61,6037 0,9955 -67,4720

4046 0,9913 -56,6955 0,9913 -56,6955 0,9900 -62,5486

4047 1,0200 -51,7643 1,0200 -51,7643 1,0200 -57,6152

4051 1,0200 -64,0077 1,0200 -64,0077 1,0200 -69,8984

4061 0,9869 -50,0007 0,9869 -50,0007 0,9850 -55,7824

4062 1,0026 -45,9184 1,0026 -45,9184 1,0000 -51,6829

4063 1,0000 -41,8455 1,0000 -41,8455 1,0000 -47,6142

4071 1,0100 0,9176 1,0100 0,9176 1,0100 -4,6191

4072 1,0100 0,9176 1,0100 0,9176 1,0100 -4,6191

All bus voltages in per-unit and bus angels in degrees from a load flow made in 

the Nordic 32 system are shown in Table 5.2. The system is equipped with 

implicit step-up transformers. The .raw file is imported both by using the 

“/stepup:2” and “/stepup:0” option.

Table 5.3: Load flow bus data for the Nordic 32 system in PSSE and PowerFactory. Using the 

explicit step-up transformer.

  PSSE Explicit  PowerFactory  

Bus Number Voltage [p.u] Angle [deg] Voltage [p.u] Angle [deg]

41 0.9957 -55.3706 0,9957 -55,3705

42 0.9818 -58.5853 0,9818 -58,5853

43 0.9723 -65.7720 0,9723 -65,7719

46 0.9689 -66.8641 0,9689 -66,8641

47 1.0012 -60.0002 1,0012 -60,0002

51 1.0008 -73.1054 1,0008 -73,1053

61 0.9676 -59.8525 0,9676 -59,8524

62 0.9818 -55.3403 0,9818 -55,3402

63 0.9718 -51.2487 0,9718 -51,2487
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1011 1.1168 -4.6099 1,1168 -4,6099

1012 1.1300 -1.0967 1,1300 -1,0967

1013 1.1450 2.2220 1,1450 2,2220

1014 1.1600 4.7934 1,1600 4,7934

1021 1.1000 2.9436 1,1000 2,9436

1022 1.0679 -16.6292 1,0679 -16,6292

1041 0.9728 -80.5255 0,9728 -80,5255

1042 1.0000 -64.1099 1,0000 -64,1099

1043 1.0038 -75.0261 1,0038 -75,0261

1044 0.9880 -66.0379 0,9880 -66,0378

1045 0.9947 -70.3185 0,9947 -70,3185

2031 1.0532 -34.0102 1,0532 -34,0102

2032 1.1000 -21.9714 1,1000 -21,9714

4011 1.0035 -5.6860 1,0035 -5,6860

4012 1.0100 -3.8009 1,0100 -3,8009

4021 1.0000 -33.5284 1,0000 -33,5284

4022 0.9947 -18.7070 0,9947 -18,7070

4031 1.0100 -36.9604 1,0100 -36,9604

4032 1.0128 -42.1871 1,0128 -42,1871

4041 1.0100 -52.2924 1,0100 -52,2924

4042 0.9999 -55.5489 0,9999 -55,5489

4043 0.9916 -62.0254 0,9916 -62,0254

4044 0.9916 -62.6557 0,9916 -62,6556

4045 0.9997 -67.5687 0,9997 -67,5687

4046 0.9916 -62.6860 0,9916 -62,6860

4047 1.0200 -57.7553 1,0200 -57,7553

4051 1.0200 -69.9605 1,0200 -69,9605

4061 0.9850 -55.9420 0,9850 -55,9420

4062 1.0000 -51.8367 1,0000 -51,8367

4063 1.0000 -47.7680 1,0000 -47,7680

4071 0.9903 -4.6962 0,9903 -4,6962

4072 1.0100 -4.8103 1,0100 -4,8103

1012_1 1.1485 3.8764 1,1485 3,8764

1013_1 1.1605 5.4578 1,1605 5,4578

1014_1 1.1796 9.7347 1,1796 9,7347

1021_1 1.1127 7.6300 1,1127 7,6299

1022_1 1.1623 -11.0810 1,1623 -11,0810

1042_1 1.0367 -56.6279 1,0367 -56,6278

1043_1 1.1074 -68.0510 1,1074 -68,0510

2032_1 1.1298 -15.8580 1,1298 -15,8580

4011_1 1.0100 0.0000 1,0100 0,0000
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4012_1 1.0380 2.3595 1,0380 2,3595

4021_1 0.9779 -26.1842 0,9779 -26,1842

4031_1 1.0485 -29.7536 1,0485 -29,7535

4041_1 1.0450 -52.2924 1,0450 -52,2924

4042_1 1.0624 -48.2472 1,0624 -48,2472

4047_1 1.0640 -50.6097 1,0640 -50,6097

4051_1 1.0476 -63.0495 1,0476 -63,0495

4062_1 1.0028 -44.2437 1,0028 -44,2437

4063_1 1.0310 -40.3843 1,0310 -40,3843

4071_1 0.9855 -4.1091 0,9855 -4,1091

4072_1 1.0229 -1.1106 1,0229 -1,1106

4047_2 1.0640 -50.6097 1,0640 -50,6097

4051_2 1.0423 -69.9605 1,0423 -69,9605

4063_2 1.0310 -40.3843 1,0310 -40,3843

 

All bus voltages in per-unit and bus angels in degrees from a load flow made in 

the Nordic 32 system are shown in Table 5.3. The system is equipped with 

explicit step-up transformers. Where the implicit models manually have been 

converted in the .raw file. The “_1” and “_2” notation are used to represent the 

extra generator bus needed when using the explicit step-up transformers. 
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5.2.1 Excitation System Step Response

In the Nordic 32 system the excitation model SEXS is used with two different 

sets of parameters (See Nordic.dyr data). Why two excitation system step 

responses are made. The SEXS model is a simplified excitation system.

Figure 5.19: Generator field voltage to an excitation system step response for the type 1 SEXS 

exciter. 
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Figure 5.20: Generator terminal voltage to an excitation system step response for the type 1 

SEXS exciter.

The type 1 SEXS exciter is used by generators located at bus 1042, 1043, 4042, 

4047, 4051, 4062 and 4063 all of them round rotor machines. In Figure 5.19 and 

Figure 5.20 the field voltage and terminal voltage for PowerFactory in blue and 

PSSE in green are shown.
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Figure 5.21: Generator field voltage to an excitation system step response for the type 2 SEXS 

exciter.
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Figure 5.22: Generator terminal voltage to an excitation system step response for the type 2 

SEXS exciter.

The type 2 SEXS exciter is used by generators located as bus 4011, 4012, 4021, 

4031, 4041, 4071, 4072, 1012, 1013, 1014, 1021, 1022 and 2032. All of them are

salient pole machines. The field voltage and terminal voltage of the generator to 

an excitation system step response is shown in Figure 5.21 and Figure 5.22. The 

blue graphs represents the result from PowerFactory and the green graphs 

represents the PSSE simulation. All salient pole machines in the Nordic 32 

system have the same dynamic generator data for the exciter, governor etc. 
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except for the generator located at bus 4041. Which has similar excitation step 

response as the other salient pole machines.

5.2.2 Governor response

The Nordic 32 system uses two different sets of parameters for the HYGOV 

governor, see Appendix. Why two governor responses are made. The HYGOV 

model is used as hydro turbine governor. 

Figure 5.23: Generator mechanical power to governor step response using the type 1 HYGOV 

governor model. 
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Figure 5.24: Generator speed deviation to governor step response using the type 1 HYGOV 

governor model.

The generator mechanical power and speed deviation to a governor step response

using the type 1 HYGOV governor are shown in Figure 5.23 and Figure 5.24. 

The type 1 HYGOV governor model is used by the generators located at bus 

4011, 4012, 4021, 4031, 1012, 1013, 1014, 1021, 1022 and 2032 where all of 

them are salient pole machines. The PowerFactory simulation with modified 

parameters (green), is coming from a simulation where the governor time 

constant T r is scaled by 16 to better fit the mechanical power from the PSSE 

simulation. 
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Figure 5.25: Generator mechanical power to governor step response using the type 2 HYGOV 

governor model
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Figure 5.26: Generator speed deviation to governor step response using the type 2 HYGOV 

governor model.

The generator mechanical power and speed deviation to a governor step response

using the type 2 HYGOV governor model are shown in Figure 5.25 and 

Figure 5.26. The type 2 HYGOV model is used by generators located at bus 

4071 and 4072 both salient pole machines. The PowerFactory simulation with 

modified parameters is made in an attempt to better fit the PSSE simulation. The 

governor time constant T r is scaled by 16 and the maximum gate limit Gmax

is set to 0,9433 which is slightly below its initial value of 0,95. 
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5.2.3 Three-phase fault

The three-phase fault is applied at bus 4032 at t = 1 s, having a clearing time of 

100 ms. 

Figure 5.27: Bus voltages at bus 4047, 4031, 4011 and 4063 simulating the three-phase fault. 
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Figure 5.28: Flow of active power from bus 4046 to 4047, 4012 – 4071, 4062 – 4063 and 4011 –

4071 simulating the three-phase fault. 
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Figure 5.29: Electrical frequency at bus 4047, 4031, 4011 and 4012 simulating the three-phase 

fault. 
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Figure 5.30: Generator rotor angle with reference to reference machine (bus 4011) at bus 4047, 

4031, 4063 and 4012 simulating the three-phase fault.

The bus voltages, power flows, frequency and rotor angles simulating a three-

phase fault are shown in Figure 5.27 to Figure 5.30. The system is using the 

current-admittance load. PSSE is using the implicit step-up transformers. The 
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files are imported to PowerFactory with the “/stepup:0” option. The results from 

PowerFactory are shown in blue. The PSSE simulation is shown in green. 

Figure 5.31: Bus voltages at bus 4047, 4031, 4011 and 4063 simulating the three-phase fault. 

The implicit step-up transformers are manually converted to explicitly modeling in PSSE.
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Figure 5.32: Flow of active power from bus 4046 to 4047, 4012 – 4071, 4062 – 4063 and 4011 –

4071 simulating the three-phase fault. The implicit step-up transformers are manually converted 

to explicitly modeling in PSSE.
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Figure 5.33: Electrical frequency at bus 4047, 4031, 4011 and 4012 simulating the three-phase 

fault. The implicit step-up transformers are manually converted to explicitly modeling in PSSE.
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Figure 5.34: Generator rotor angle with reference to reference machine (bus 4011) at bus 4047, 

4031, 4063 and 4012 simulating the three-phase fault. The implicit step-up transformers are 

manually converted to explicitly modeling in PSSE.

The bus voltages, power flows, frequency and rotor angles simulating a three-

phase fault are shown in Figure 5.31 to Figure 5.34. The system is using the 

current-admittance load. The step-up transformers in PSSE are manually 
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converted to the explicit definition. The results from PowerFactory are shown in 

blue. The PSSE simulation is shown in green.
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5.2.4 Tripping A Generator

This event is done by taking the second generator located at bus 4047 out of 

service at t = 1 s. 

Figure 5.35: Voltages at bus 4047, 4031, 4011 and 4063 when tripping the generator. Illustrating 

the difference when measuring voltage at the bus and at the generator terminals.
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Figure 5.36: Flow of active power from bus 4046 to bus 4047, 4012 – 4071, 4062 – 4063 and 

4011 – 4071 when tripping the generator. Illustrating the difference when measuring voltage at 

the bus and at the generator terminals.
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Figure 5.37: Electrical frequency at bus 4047, 4031, 4011 and 4012. Illustrating the difference 

when measuring voltage at the bus and at the generator terminals.
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Figure 5.38: Generator rotor angle with reference to reference machine (4011). Illustrating the 

difference when measuring voltage at the bus and at the generator terminals.

The results in Figure 5.35 and Figure 5.38 are shown to illustrate the difference 

in the simulation results. When the generators in PowerFactory are fed with 

signals from the generator terminals or buses. The current – admittance load type

is used.
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Figure 5.39: Bus voltage at bus 4047, 4031, 4011 and 4063 when tripping the generator. 
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Figure 5.40: Flow of active power from bus 4046 to bus 4047, 4031 – 4032, 4062 – 4063 and 

4011 – 4071.
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Figure 5.41: Electrical frequency at bus 4047, 4031, 4011 and 4012 when generator tripping.
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Figure 5.42: Generator rotor angle with references to reference machine (bus 4011) at bus 4047, 

4031, 4063 and 4012 when generator tripping.

The bus voltages, power flows, frequency and rotor angles when tripping a 

generator are shown in Figure 5.39 to Figure 5.42. The voltage measurement is 

made at the generator terminals. The system is using the current-admittance load 
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type. The PSSE simulation is dons with the implicit step-up transformers. The 

“/stepup:0” option is used when importing the system to PowerFactory.

Figure 5.43: Voltage at bus 4047, 4031, 4063 and 4011 when tripping the generator. Step-up 

transformers in PSSE are manually converted to explicitly modeling.
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Figure 5.44: Flow of active power from bus 4046 to bus 4047, 4031 – 4032, 4062 – 4063 and 

from bus 4011 to bus 4071 when simulating a tripping generator. Step-up transformers in PSSE 

are manually converted to explicitly modeling.
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Figure 5.45: Electrical frequency at bus 4047, 4031, 4063 and 4012 when simulating a tripping 

generator. Step-up transformers in PSSE are manually converted to explicitly modeling.
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Figure 5.46: Generator rotor angle with reference to reference machine (bus 4011) at bus 4047, 

4031, 4063 and 4012 when simulating a tripping generator. Step-up transformers in PSSE are 

manually converted to explicitly modeling.

The bus voltages, power flows, frequency and rotor angles when tripping a 

generator are shown in Figure 5.43 to Figure 5.46. The system is using the 

current-admittance load type. The simulations are done with the step-up 
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transformers in PSSE manually converted to explicitly modeling. With the 

explicit transformer model the voltage measurement points not needs to be 

changed. 

Figure 5.47: Voltage at bus 4047, 4031, 4011 and 4063 using standard and tuned governor 

parameters.

85



Uppsala University
Degree Project in Engineering Physics                                                               Björn Karlsson

Figure 5.48: Flow of active power from bus 4046 to bus 4047, 4012 – 4071, 4062 – 4063 and 

4011 – 4071 using standard and tuned governor parameters.
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Figure 5.49: Electrical frequency at bus 4047, 4031, 4011 and 4012 when using standard and 

tuned governor parameters. 
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Figure 5.50: Generator rotor angle with reference to reference machine (bus 4011) using 

standard and tuned governor parameters. 

The results when simulating a tripping generator with tuned governor parameters

in PowerFactory according to Section 5.2.2 are shown Figure 5.47 to Figure 

5.50. Where the governor time constant T r is scaled by 16 and the maximum 

gate limit Gmax is decreased by 0,0067 p.u, shown in red. The results in blue 
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represents PowerFactory results with the standard governor. The results in green 

are from PSSE. The implicit generators in PSSE are used and converted to 

PowerFactory with the “/stepup:0” option. The voltage measurement is made at 

the generator terminals. The current-admittance load type is used.

6. Discussion

6.1 Modeling

6.1.1 Load

When importing a .raw file to PowerFactory the general load model is 

automatically chosen for the load flow calculation. The general load model is the

best model to use in analogy with the CONL-activity by PSSE. Because the 

general load model can be used to change the voltage dependency in both the 

load flow and dynamic simulation. If the loads in the .raw file are set to be P and 

Q loads they are imported to PowerFactory as a P and Q load. Where the load 

model equations (2) and (3) end up as (24). Similarly when the loads in the .raw 

file are set to I and Y loads, equation (2) and (3) end up as (26) etc. which is 

correct for the load flow. But initially in the load RMS-simulation tab in 

PowerFactory the loads are set to be modeled with a 100% static load model. 

This means that during dynamic simulation the loads are treated as constant 

impedance as equation (5). This is only correct if the CONL-activity in PSSE is 

used to convert the loads into constant impedances, see equation (1). Which also 

is shown in Figure 5.5 and Figure 5.6. In PowerFactory, by using a 100% static 

load is the same as using a 100% dynamic load and setting the voltage 

dependency according to equation (25). With all the dynamic load parameters set

to zero. The dynamic load model is actually acting like a static load model when 
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setting all dynamic load parameters to zero. This leads to the load only is 

modeled by the voltage dependency defined by equation (2) and (3). This can be 

seen in the small signal block diagrams in Figure 3.3 and Figure 3.4. When 

changing the load voltage dependency after the .raw file has been imported it is 

important not to use the “Consider voltage dependency”-option in PowerFactory.

As described in Section 4.1 a constant MVA load does not have any voltage 

dependency. When not using the voltage dependency option, PowerFactory is 

using the rated voltage. Which gives the same load flow results as using constant

P-Q loads with the voltage dependency enabled. 

Besides the voltage dependency from the specific load type the loads in PSSE 

are scaled according to the threshold value. Similar in PowerFactory according 

to Figure 3.5. In well designed power systems the voltage should not be as low 

as 0,7 p.u which is the threshold value in PSSE. If it occurs it is most likely 

during a fault. The threshold value umin  in PowerFactory is also set to 0,7 to fit 

the threshold value PQBRAK from PSSE. The characteristic below the threshold

value seems to be similar. Still, during this low voltages small differences may 

occur because of different scaling. The upper threshold value umax  is set to its 

default. The loads used in this thesis do not have any dynamic data in the .dyr 

file.

6.1.2 Transmission Lines

When the transmission lines are converted from PSSE to PowerFactory the 

Lumped parameter type in PowerFactory is automatically selected. Which is the 

only model supported when no zero sequence-susceptance is enterd. Using a 

balanced positive sequence network the zero sequence-susceptance data is 
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excess. Actually the transmission lines do not need any special dynamic model or

characteristic when working in positive sequence.

6.1.3 Transformer

In positive sequence the transformer is basically treated as an impedance. The 

information of the models found in the manuals and shown in Section 3.2.3 

indicates that the models are similar. By inspecting the conversion of a 

transformer from PSSE to PowerFactory one can note that the data in the .raw 

file similarly is used by PowerFactory. If the models have differences of 

significance the results will be seen in the load flow. The transformers used in 

this thesis do not use any dynamic data in the .dyr file. 

5.1.4 Shunts & Busbars

As for the loads and transformers the shunts and busbars do not have any 

particular dynamical data in the .dyr file. The shunts are modeled with a static 

active and reactive shunt admittance. The busbar is a connection point with a 

base voltage and bus type setting. 

6.1.5 AC Generator

Both PSSE and PowerFactory do essentially use the same equations for the 

generator models. Similar generator theory is derived in [1]. From Section 3.2.6 

it is however seen that differences in the modeling occur. PowerFactory do not 

neglect the subtransient saliency which is a simplification made by PSSE. When 

importing the .dyr file to PowerFactory the d- and q-axis subtransient reactances 

are set to be equal. Why this have no significance moving a network from PSSE 

to PowerFactory. PSSE do not explicitly models the stator resistance as 
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PowerFactory do. When importing a network from PSSE to PowerFactory this is

approximated by setting the stator resistance to the real part of ZSORCE.

The two tools define their generator models in two different ways. PSSE using 

the operational impedances defined by the standard generator parameters. 

PowerFactory uses the coupled circuit method and converts the standard 

generator parameters to the basic generator parameters. The fact that 

PowerFactory and PSSE models the generators with different methods makes it 

hard to compare them and draw any conclusions. Work presented by the IEEE 

Inc. does actually claims that the operational impedance and the coupled circuit 

method for generator representation are identical if the generator saturation is 

neglected [11]. This seems to have some truth by looking at Figure 5.14 where 

no saturation or dynamic control system or models beside the generators are 

used. It is also reasonable to think that this is correct because the generator 

models are derived from similar generator theory. 

Some differences were also seen in the modeling of the generator iron saturation.

By not modeling the saturation of the leakage reactance as PowerFactory, may 

lead to that the short circuit currents are underestimated [4]. For the GENSAL 

model PSSE assume the saturation only to affect the d-axis. Not similar to 

PowerFactory where the saturation is both in the d- and q-axis for the salient 

pole machine. It is possible that this could be compensated by using the 

GENSAE model in PSSE which assume that the saturation affects both d- and q-

axis. The GENSAE model assume an exponential saturation curve which could 

have a negative effect for equal system response. In [11], it is however found that

the choice of a quadratic or exponential saturation curve have little effect of the 

model accuracy. 
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The GENROU model by PSSE and the round rotor model by PowerFactory both

assume the saturation to affect the d- and q-axis but not with the same saturation 

model. Why the two models could have a behavior more similar to each other 

than the salient pole machines.

The swing equations used by the tools are more or less the same besides that 

PSSE solves for the rotor speed deviation and PowerFactory for the actual speed.

They do also use different methods to account for the damping term. PSSE uses

De /ωr⋅Δωr  and PowerFactory use D ωr . When contacting DIgSILENT 

support they refer to the different definition of the damping term and tells that 

conversion of the damping constant from the .dyr files is not supported and 

compatible in PowerFactory. This is because the damping in PowerFactory 

represents the actual frictional losses of the rotor. In PSSE the damping term is 

used to represent the variations of electrical load with frequency. This is for 

example used for motors that naturally respond to a reduction in frequency by 

reducing their load. The generators in the two systems used in this thesis are not 

modeled with a damping constant.

6.2 Kundur Two Area System

6.2.1 Load Flow

As seen in Table 5.1 the load flow calculation in the two tools are exactly the 

same. Having exactly the same results from the loads flow means that both tools 

are starting the dynamic simulation with the same initial data. The results do also

indicates that the load flow models are similar or the same. The Kundur system 

use explicitly modeled step-up transformers similarly to PowerFactory.
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6.2.2 Excitation System

The excitation system step response made in Section 5.1.1 reveals that the 

excitation system do not have exactly the same results. However, it is possible to 

tune the exciter parameters to make the results to become more similar shown in 

Figure 5.1 and Figure 5.2. The reason why the measurement delay T r  and the 

controller gain K a  were tuned, is simply because those parameters had the right 

type of impact to the test. If the actual differences are because of the exciter or 

the generator itself is hard to tell. As seen in Section 3.2.6 PSSE and 

PowerFactory do model the generators in a different manner. By studying the 

block diagrams of the exciter given in the manuals the definitions seems to be 

identical. 

By looking at Figure 5.14 it is however reasonable to suspect that the exciters 

and governors etc. are introducing some of the differences. The results shown in 

Figure 5.14 does not correspond to the dynamic properties of the actual Kundur 

two area network. The simulation is done with fewer models to easier understand

were differences occur. Here the generators are only the dynamic models used. 

When no excitation system is used the field voltage remains constant. 

6.2.3 Governing System

The governor step response results are shown in Section 5.1.2. As mentioned in 

Section 4.2 PSSE is using a load of active power during the governor step 

response. In PowerFactory the load type in dynamic simulation is changed from 

its default of constant impedance to have the voltage dependency as constant 

power. This is done because it is important to perform the step responses with the

same type of voltage dependency from the load. 
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The generator mechanical power from the governor step response have exactly 

the same results shown in Figure 5.3. The speed deviation in PowerFactory is 

similar to the one in PSSE during the first few seconds. PSSE manage to 

stabilize the speed while the speed in PowerFactory slowly keeps on decreasing, 

Figure 5.4. The reason why the speed deviation is not the same or become 

stabilized could occur because of some difference in the definition of the 

governor, generator or in the test itself. This could affect the dynamic properties 

of the system. By studying the governor block diagrams in the manuals one can 

note that the same parameters and structure is used. Indicating that the different 

behavior in the speed deviation have its origin from the generator model.

6.2.4 Three-phase Fault

In Figure 5.5 and Figure 5.6 the bus voltage and power flow are shown 

simulating a three-phase fault. Here a 100% static load in PowerFactory and a 

constant MVA and Z load in PSSE are used. By comparing PowerFactory in blue

and PSSE in red one can note that the overall behavior is identical. The two 

figures are shown to illustrate the differences in the voltage dependency for the 

different load types, previously discussed in Section 6.1. In Figure 5.7 to Figure 

5.10 a simulation is done using a current-admittance load. In PSSE according to 

equation (1) and the CONL-activity. In PowerFactory this is done by setting the 

load exponents in the RMS-simulation tab according to (26) and all other 

dynamic load parameters to zero. Using this approach the results again are 

almost identical having the same behavior. By using the modified exciter 

parameters found in Section 5.1.1 the results are almost exactly identical which 

in detail is shown in Figure 5.11 to Figure 5.13. The generator rotor angles were 

not affected by the tuned exciter. 
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6.2.5 Tripping a Generator

The results when simulating the event of a tripping generator are shown in 

Figure 5.15 to Figure 5.18. By looking at the y-axis scale one can note that the 

differences are very small and the behavior are exactly the same. The tuned 

exciter parameters from Section 5.1.1 had no influence to the system when 

tripping the generator. 

6.3 Nordic 32 System

When the Nordic 32 system were imported to PowerFactory, initially all the 

simulations got numerically unstable even though no fault were applied. The 

reason why this occurred were found with help from DIgSILENT support, and 

had to do with the droop from the IEEEVC voltage regulator control. The ratio 

by using a droop of -0,15 and an exciter gain of 50 were not valid in 

PowerFactory. This were solved by changing the droop to -0,05 in all 

simulations. Which is the only change made to the system in both PSSE and 

PowerFactory. The reason why this were not valid could be found in the 

numerical time integration method. The time integration method used by PSSE 

could have a wider stability region why no such instability were seen in PSSE. 

The exact cause of the instability were not answered by DIgSILENT support. 

6.3.1 Load Flow

The load flow results for the Nordic 32 system are shown in Table 5.2 and Table 

5.3. The results in Table 5.2 are obtained when using the implicit step-up 

transformer model in PSSE. The load flow in PowerFactory when using the 

default “/stepup:2” option is similar as in PSSE. The “/stepup:1” option should 
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be used with care. Because it is important to use the step-up transformers in 

order to represent the correct dynamic properties of the system. The load flow 

result when the implicit step-up transformers from PSSE are modeled explicitly 

with the “/stepup:0” option in PowerFactory differs from PSSE. The largest 

difference in voltage can be seen at bus 4031 where PowerFactory has a value 

which is 0,05 p.u higher. The other buses have a voltage magnitude close to each

other. The largest difference in angle can be seen at bus 4051 where it differ 5,9 

degrees. This is due to the different definition of were the generator reactive 

power limits and currents are defined. The definitions are made within the tools 

and are not possible to change. The differences could also be seen because the 

slack-bus. Using implicit step-up transformer, the slack-bus is defined at the high

voltage side of the step-up transformer. With the explicit step-up transformer the 

slack-bus is defined at the generator terminals at the low voltage side of the step-

up transformer. This is only a problem when the implicit step-up transformer is 

used. Which can be solved by converting all the implicit step-up transformers in 

PSSE to explicit modeling. 

The load flow result in PSSE and PowerFactory are identical when all step-up 

transformers are manually converted to explicit modeling in the Nordic 32 

system. This is shown in Table 5.3. This will however affect the dynamic 

properties in the system during the dynamic simulation. This is probably for the 

same reason as the load flow differs, with the reactive power limits and slack-bus

definition. Manually converting the step-up transformers is ineffective and time 

consuming. Why it is of interest to be able to convert the implicit models to 

PowerFactory and still have the same results. Using the default “/stepup:2” 

option to add the step-up data does not correspond to an actual step-up 

transformer. The option should be used with care. 
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6.3.2 Excitation System

The generator field and terminal voltage from the excitation system step 

response for the type 1 SEXS exciter are identical in PSSE and PowerFactory. 

Which is shown in Figure 5.19 and Figure 5.20. This means that the generators 

using this exciter are likely to have similar impact to the system in PSSE and 

PowerFactory. The excitation system step response for the type 2 SEXS exciter 

in PSSE and PowerFactory have similar results, shown in Figure 5.21 and 

Figure 5.22. The generator field voltage seems to have the same characteristic 

but in PSSE it starts at 1,10 p.u and in PowerFactory at 1,08 p.u. It looks like it 

differs 0,02 p.u throughout the whole simulation. The same behavior can be seen 

in the generator terminal voltage where PSSE seems to have a voltage offset 

which is 0,01 p.u larger than in PowerFactory. It is notable that all the generators

using the type 2 SEXS exciter are salient pole machines and the ones using the 

type 1 SEXS exciter are round rotor machines. It is possible that some difference

in the salient pole machine models introduces this voltages offset why this is not 

seen for the type 1 SEXS exciter. Multiple tests reveals that it seems not possible

to compensate for the offset in the excitation system step response with the 

current models. The fact that the terminal voltage for the salient pole machines 

with the type 2 SEXS exciter is higher in PSSE could affect the power system 

overall performance. The exciter block diagrams given in the manuals have the 

same parameters and structure. 

6.3.3 Governing System

The results for the governor step response for the type 1 and type 2 HYGOV 

governor are shown in Section 5.1.2. Without any modification to the governor 

both the type 1 and type 2 HYGOV governor in PowerFactory stabilizes the 

mechanical power and speed deviation earlier than in PSSE. This occurs at a 
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value different from the one stabilized in PSSE. In Figure 5.23 and Figure 5.24 

the PowerFactory type 1 HYGOV model time constant T r  is scaled by 16, 

shown in green. This is done to make the step response better fit the mechanical 

power from the PSSE step response simulation. This scaling do also affects the 

speed deviation, that is higher. The type 2 HYGOV governor has the same 

characteristic as the type 1 governor, shown in Section 5.1.2. In Figure 5.25 and 

Figure 5.26 a PowerFactory simulation shown in red is done with tuned 

governor parameters to better fit the mechanical power from the PSSE 

simulation. Here the governor time constant T r  still is scaled by 16 and the 

maximum gate limit Gmax  is decrease by 0,0067 units. The governor time 

constant T r  is changed because it corresponds to behavior seen in the PSSE step

response test. The maximum gate limit Gmax  is decreased to make PowerFactory

converge to the same value of the mechanical power as PSSE. With this changes 

PowerFactory is no longer able to stabilize the speed deviation. This could 

negatively affect the dynamic properties of the system.

By studying the block diagrams of the HYGOV governor model in the two tools 

one can actually see that they are using different inputs. PowerFactory are using 

a variable called “pref” and the speed deviation as input. Where “pref” is the 

power reference. PSSE uses the speed deviation and the speed reference as input.

The HYGOV model block diagram used by PSSE is given in [3]. The block 

diagram used by PowerFactory is given in the Appendix. All the generators that 

are using the HYGOV governor are of salient pole type. The governor step 

response tests reveals that some differences are to be expected due to different 

input to the governor. As mentioned in Section 4.2 the governor test indicates the

damping due to turbine and governor loop only. Why it is reasonable to think 
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that the differences seen in Section 5.2.2 can be seen in the results in terms of the

damping. 

6.3.4 Three-phase Fault

The results of three-phase fault are shown in Figure 5.27 to Figure 5.30. In 

PowerFactory the implicit step-up transformers are modeled explicitly with the 

“/stepup:0” option. The voltage and power flow behavior are identical and the 

results converges to the same steady state value. The electrical frequency have 

similar behavior and converges to the same steady-state value. The deviations in 

the frequency are very small. The rotor angle have identical performance. The 

initial rotor angle at the generator located at bus 4031 differs by 2 degrees which 

is seen throughout the whole simulation. This is probably seen because the initial

data have different results. 

To test the effect in the dynamic simulation of the different load flow results. The

three-phase fault simulation is done using manually converted step-up 

transformers. Where the transformers are explicitly defined in the .raw file which

is imported to PowerFactory. As shown in Table 5.3 the load flow results are 

identical. By simulating a three-phase fault the characteristic again is identical. 

Which is shown in Figure 5.31 to Figure 5.34. The overall performance is 

similar both using identical load flow data and explicit step-up transformers or 

not. 

Using the tuned governor parameters had no significant effect when simulating 

the three-phase fault. In the Nordic 32 system the high voltage and low voltage 

side of the step-up transformer have the same voltage magnitude. This is the case

when the generator GTAP data is set to one. As it is defined for all generators in 
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the Nordic 32 system. This means that the step-up transformer only acts like an 

impedance. 

When importing a system to PowerFactory the generators usually are fitted with 

voltage measurement devices. The voltage measurement device is used to 

measure the voltage that for example can be fed as signal into a controller. The 

Nordic 32 system has voltage measurement devices to the exciter and stabilizer. 

The devices are set to measure the voltage at the system buses. This however 

seems to be incorrect by studying Figure 5.35 and Figure 5.38. By changing the 

voltage measurement points the results become more similar. Here the voltage 

measurement is done directly at the generator terminals. This is probably 

because of the different definition in the implicit step-up transformer modeling 

from the explicit. This could also be a bug in PowerFactory where the definitions

have been mixed. Resulting in different behavior. By changing the measurement 

points to the generator terminals the results again are having similar behavior, 

shown in Figure 5.39 to Figure 5.42. The placement of the voltage measurement 

device had no significant impact when simulating a three-phase fault. 

The results when using the manually converted step-up transformers are shown 

in Figure 5.43 to Figure 5.46. Instead of defining the step-up transformers to the 

generator data in the .raw file, implicitly. They have been added as a separate 

transformer branch using the transformer data-set, explicitly. With this definition 

the voltage measurement devices do not have to be changed. The characteristic is

identical to the simulations when using the implicit model. With the same 

characteristic when using implicit and explicit step-up transformers. It seems of 

less significance if the load flows results to the initial conditions are exactly 

identical or not. Because the initial value of the rotor angle does not exactly 

match using identical load flow data or not. For a deeper understanding the 
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initial conditions could be studied. This is however not supported with the 

current license.

6.3.5 Tripping a Generator

Some of the results when the generator trips in PowerFactory seems to have a 

low frequency oscillation. The oscillations are within the limit of 0 – 10 Hz 

where the rotor flux transients and magnetic saturation are dominant. The effects 

of the magnetic saturation could introduce some of the differences seen in 

results. Why the results in the Kundur two area system where no saturation is 

used in the models, are more or less identical. The oscillations do actually 

disappear by using the tuned governor parameters. This is shown in Figure 5.47 

to Figure 5.50.  The results may become even more identical by using a better 

tuned governor. That is able to stabilize the generator speed in the governor test. 

Or to use another governor that uses the same input as in PSSE. As shown in the 

results the exciters and governors with the generators have different performance

in the step responses. This means that the stabilizers and limiters also could have 

different impact to the systems within the tools. This were seen with the IEEEVC

voltage control where PowerFactory got unstable. 

7. Conclusions

In order to compare the models in more detail, more information is needed. The 

information of the models given in the manuals are not always sufficient. Both 

Siemens and DIgSILENT keep some model details within the company. The 

overall mathematical models used to describe the power system components are 

similar. The swing equation in PSSE is solved for the speed deviation where 
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PowerFactory uses the actual speed of the machine. The damping terms in the 

swing equations have different definition and are used to model different type of 

damping. 

Even thou the same generator and excitation system are used they do not have 

exactly the same behavior. Which is shown in the excitation and governor step 

response tests. By studying the block diagrams one can note that PSSE and 

PowerFactory uses different input to the HYGOV governor model. By tuning the

governor and exciter parameters according to the step responses will have a 

positive impact to the system behavior. That often makes them more identical.

With the right set-up the results when importing the Kundur two area system 

from PSSE to PowerFactory are more or less identical. The Nordic 32 system 

has similar performance when importing the .raw and .dyr files from PSSE to 

PowerFactory. All of the results in the Nordic 32 system does not have the same 

initial data and do not converges to exactly the same value. To use the right set-

up it is important to set the correct type of voltage dependency from the load 

during the simulations. In PSSE the CONL-activity is often used to convert the 

loads for the dynamic simulation. The default load when importing a .raw file to 

PowerFactory is the general load model. The general load model can be 

represented as a fraction of static and dynamic model. The general load model 

voltage dependency can be controlled in analogy with the CONL-activity. This is

done by using a 100% dynamic model. With all the dynamic load parameters set 

to zero. With this set-up the dynamic load model is acting as a static load. The 

type of voltage dependency by the loads have great impact on the overall system 

behavior. 
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When importing .raw and .dyr files to PowerFactory it is also important to note if

the generators are using implicit step-up transformers. The implicit step-up 

transformers are defined in the generator data. The implicit step-up transformer 

is not modeled by PowerFactory. The implicit step-up transformers can however 

be modeled in PowerFactory explicitly by using the “/stepup:0” option when 

importing the files. This will due to different definition within the tools make the

load flow differ. The load flow results will be the same if all implicit step-up 

transformers are converted to explicit transformers in the .raw file and then 

imported to PowerFactory. It is important to model the step-up transformers to 

represent the correct behavior. The voltage measurement points in PowerFactory 

seems to be misplaced during the import of a system using implicit step-up 

transformers. The results become more similar if the measurement is made at the

generator terminals and not the buses. 

 

8. Future work

To test the exciters, governors, stabilizers and the other control systems in 

complete isolation without the generator to understand if most of the differences 

are coming from the generator or the control systems itself. This is for the 

moment however not supported by the tools. By studying the initial conditions 

one could make sure that the tools starts the simulations with exactly the same 

data or not. The HYGOV model had different input, why similar test should be 

performed in a similar system using another governor model. PowerFactory have

a single round rotor and salient pole generator model. PSSE have multiple 

generator models. Why it would be useful to find out which models that are most

similar to each other between PowerFactory and PSSE. Both with and without 
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magnetic saturation. The exact effects to the generator of the magnetic saturation

maybe could be tested by define or use an existing benchmark.

A further investigation needs to be done with the implicit step-up transformer 

and to understand why the measurement points have to be changed. Or if it is 

just a bug during the import. By testing systems with HVDC components one 

could compare another commonly used technique that require accurate 

modeling.

Generally the theory for both static and dynamic load flow simulation contains 

simplifications and assumptions which can be found in [1]. To test the actual 

performance of both tools one could implement a system and compare the 

simulation results with real measurements. The performance could also be tested 

by using another simulation tool such as PSCAD (Power Systems Computer 

Aided Design) or RTDS (Real Time Digital Simulator). By using another tool it 

is possible to test common features and considerations when moving a system 

between multiple simulation tools. 
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Appendix

File: Kundur.raw 

0,   100.00, 31, 0, 1, 50.00     / PSS(R)E-31.0    TUE, FEB 26 2013  13:08
FOUR MACHINE KUNDUR SYSTEM
POWER FLOW CONTROL
     1,'BUS1        ',  20.0000,2,   1,   1,   1,1.03000,  20.2707
     2,'BUS2        ',  20.0000,2,   1,   1,   1,1.01000,  10.5063
     3,'BUS3        ',  20.0000,3,   2,   1,   1,1.03000,  -6.8000
     4,'BUS4        ',  20.0000,2,   2,   1,   1,1.01000, -16.9921
     5,'BUS5        ', 230.0000,1,   1,   1,   1,1.00645,  13.8075
     6,'BUS6        ', 230.0000,1,   1,   1,   1,0.97812,   3.7227
     7,'BUS7        ', 230.0000,1,   1,   1,   1,0.96101,  -4.6865
     8,'BUS8        ', 230.0000,1,   3,   1,   1,0.94861, -18.5566
     9,'BUS9        ', 230.0000,1,   2,   1,   1,0.97136, -32.1540
    10,'BUS10       ', 230.0000,1,   2,   1,   1,0.98346, -23.7387
    11,'BUS 11      ', 230.0000,1,   2,   1,   1,1.00825, -13.4284
0 / END OF BUS DATA, BEGIN LOAD DATA
     7,'1 ',1,   1,   1,   967.000,   100.000,     0.000,     0.000,     0.000,     0.000,   1
     9,'1 ',1,   2,   1,  1767.000,   100.000,     0.000,     0.000,     0.000,     0.000,   1
0 / END OF LOAD DATA, BEGIN FIXED SHUNT DATA
     7,'1 ',1,     0.000,   200.000
     9,'1 ',1,     0.000,   350.000
0 / END OF FIXED SHUNT DATA, BEGIN GENERATOR DATA
     1,'1 ',   700.000,   185.030,  9999.000, -9999.000,1.03000,     0,   900.000, 2.50000E-3, 2.50000E-1, 0.00000E+0, 
0.00000E+0,1.00000,1,  100.0,  9999.000, -9999.000,   1,1.0000
     2,'1 ',   700.000,   234.611,   900.000,  -900.000,1.01000,     0,   900.000, 2.50000E-3, 2.50000E-1, 0.00000E+0, 
0.00000E+0,1.00000,1,  100.0,  9999.000, -9999.000,   1,1.0000
     3,'1 ',   719.094,   176.026,   900.000,  -900.000,1.03000,     0,   900.000, 2.50000E-3, 2.50000E-1, 0.00000E+0, 
0.00000E+0,1.00000,1,  100.0,  9999.000, -9999.000,   1,1.0000
     4,'1 ',   700.000,   202.083,   900.000,  -900.000,1.01000,     0,   900.000, 2.50000E-3, 2.50000E-1, 0.00000E+0, 
0.00000E+0,1.00000,1,  100.0,  9999.000, -9999.000,   1,1.0000
0 / END OF GENERATOR DATA, BEGIN BRANCH DATA
     5,     6,'1 ', 2.50000E-3, 2.50000E-2,   0.04375,  0.00,  0.00,  0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   0.00,   
1,1.0000
     6,     7,'1 ', 1.00000E-3, 1.00000E-2,   0.01750,  0.00,  0.00,  0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   0.00,   
1,1.0000
     7,     8,'1 ', 1.10000E-2, 1.10000E-1,   0.19250,  0.00,  0.00,  0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   0.00,   
1,1.0000
     7,     8,'2 ', 1.10000E-2, 1.10000E-1,   0.19250,  0.00,  0.00,  0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   0.00,   
1,1.0000
     8,     9,'1 ', 1.10000E-2, 1.10000E-1,   0.19250,  0.00,  0.00,  0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   0.00,   
1,1.0000
     8,     9,'2 ', 1.10000E-2, 1.10000E-1,   0.19250,  0.00,  0.00,  0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   0.00,   
1,1.0000
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     9,    10,'1 ', 1.00000E-3, 1.00000E-2,   0.01750,  0.00,  0.00,  0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   0.00,   
1,1.0000
    10,    11,'1 ', 2.50000E-3, 2.50000E-2,   0.04375,  0.00,  0.00,  0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   0.00,  
1,1.0000
0 / END OF BRANCH DATA, BEGIN TRANSFORMER DATA
     1,     5,     0,'1 ',1,1,1,          0,       0, 2,'            ',1,   1,1.0000
 0.00000E+0, 1.66700E-2,   100.00
1.00000,   0.000,   0.000,   900.00,   900.00,   900.00, 0,      0, 1.10000, 0.90000, 1.10000, 0.90000, 999, 0, 0.00000, 
0.00000
1.00000,   0.000
     2,     6,     0,'1 ',1,1,1, 0.00000E+0, 0.00000E+0,2,'            ',1,   1,1.0000
 0.00000E+0, 1.66700E-2,   100.00
1.00000,   0.000,   0.000,   900.00,   900.00,   900.00, 0,      0, 1.10000, 0.90000, 1.10000, 0.90000, 999, 0, 0.00000, 
0.00000
1.00000,   0.000
    11,     3,     0,'1 ',1,1,1, 0.00000E+0, 0.00000E+0,2,'            ',1,   1,1.0000
 0.00000E+0, 1.66700E-2,   100.00
1.00000,   0.000,   0.000,   900.00,   900.00,   900.00, 0,      0, 1.10000, 0.90000, 1.10000, 0.90000, 999, 0, 0.00000, 
0.00000
1.00000,   0.000
    10,     4,     0,'1 ',1,1,1, 0.00000E+0, 0.00000E+0,2,'            ',1,   1,1.0000
 0.00000E+0, 1.66700E-2,   100.00
1.00000,   0.000,   0.000,   900.00,   900.00,   900.00, 0,      0, 1.10000, 0.90000, 1.10000, 0.90000, 999, 0, 0.00000, 
0.00000
1.00000,   0.000
0 / END OF TRANSFORMER DATA, BEGIN AREA DATA
0 / END OF AREA DATA, BEGIN TWO-TERMINAL DC DATA
0 / END OF TWO-TERMINAL DC DATA, BEGIN VSC DC LINE DATA
0 / END OF VSC DC LINE DATA, BEGIN IMPEDANCE CORRECTION DATA
0 / END OF IMPEDANCE CORRECTION DATA, BEGIN MULTI-TERMINAL DC DATA
0 / END OF MULTI-TERMINAL DC DATA, BEGIN MULTI-SECTION LINE DATA
0 / END OF MULTI-SECTION LINE DATA, BEGIN ZONE DATA
0 / END OF ZONE DATA, BEGIN INTER-AREA TRANSFER DATA
0 / END OF INTER-AREA TRANSFER DATA, BEGIN OWNER DATA
0 / END OF OWNER DATA, BEGIN FACTS DEVICE DATA
0 / END OF FACTS DEVICE DATA, BEGIN SWITCHED SHUNT DATA
0 / END OF SWITCHED SHUNT DATA

  File: Kundur.dyr

    1 'GENROU'  1    8.0000      0.30000E-01  0.40000      0.50000E-01
        6.5000      0.00000E+00   1.8000       1.7000      0.30000    
       0.55000      0.25000      0.20000      0.00000E+00  0.00000E+00/
    1 'EXAC4'   1   0.10000E-01   999.00      -999.00       0.0000    
        0.000       200.00      0.00000E+00   999.00      -999.00    
       0.00000E+00/
    1 'STAB1'   1   20.00  10.00  2.50  0.020  0.5555 5.4000
        999.00/
    1 'IEEEG1'  1   0   0  15.000  0.0100  0.0000  0.0250  0.1140
        -1.139  0.9500  0.0000  0.0000  0.0000  0.0000  0.2000
        0.3000  0.0000  6.0000  0.3000  0.0000  0.4000  0.4000
        0.0000/
    2 'GENROU'  1    8.0000      0.30000E-01  0.40000      0.50000E-01
        6.5000      0.00000E+00   1.8000       1.7000      0.30000    
       0.55000      0.25000      0.20000      0.00000E+00  0.00000E+00/
    2 'EXAC4'   1   0.10000E-01   999.00      -999.00       0.0000    
        0.000       200.00      0.00000E+00   999.00      -999.00    
       0.00000E+00/
    2 'STAB1'   1   20.00  10.00  2.50  0.020  0.5555 5.4000
        999.00/
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    3 'GENROU'  1    8.0000      0.30000E-01  0.40000      0.50000E-01
        6.1750      0.00000E+00   1.8000       1.7000      0.30000    
       0.55000      0.25000      0.20000      0.00000E+00  0.00000E+00/
    3 'EXAC4'   1   0.10000E-01   999.00      -999.00       0.0000    
        0.000       200.00      0.00000E+00   999.00      -999.00    
       0.00000E+00/
    3 'STAB1'   1   20.00  10.00  2.50  0.020  0.5555 5.4000
        999.00/
    3 'IEEEG1'  1   0   0  15.000  0.0100  0.0000  0.0250  0.1140
        -1.139  0.9500  0.0000  0.0000  0.0000  0.0000  0.2000
        0.3000  0.0000  6.0000  0.3000  0.0000  0.4000  0.4000
        0.0000/
    4 'GENROU'  1    8.0000      0.30000E-01  0.40000      0.50000E-01
        6.1750      0.00000E+00   1.8000       1.7000      0.30000    
       0.55000      0.25000      0.20000      0.00000E+00  0.00000E+00/
    4 'EXAC4'   1   0.10000E-01   999.00      -999.00       0.0000    
        0.000       200.00      0.00000E+00   999.00      -999.00    
       0.00000E+00/
    4 'STAB1'   1   20.00  10.00  2.50  0.020  0.5555 5.4000
        999.00/

File: Nordic.raw

0,   100.00, 31, 0, 1, 50.00     / PSS(R)E-31.0   
NORDIC 32A, CIGRE TEST NETWORK, 32 NODES
LOAD FLOW LF32_028 100% LOAD
    41,'BUS41       ', 130.0000,1,   8,   1,   1,0.99566, -49.4208
    42,'BUS42       ', 130.0000,1,   8,   1,   1,0.98196, -52.5799
    43,'BUS43       ', 130.0000,1,   8,   1,   1,0.97177, -59.7838
    46,'BUS46       ', 130.0000,1,   8,   1,   1,0.96862, -60.8764
    47,'BUS47       ', 130.0000,1,   8,   1,   1,1.00116, -54.0091
    51,'BUS51       ', 130.0000,1,   8,   1,   1,1.00075, -67.1526
    61,'BUS61       ', 130.0000,1,   8,   1,   1,0.96955, -53.8959
    62,'BUS62       ', 130.0000,1,   8,   1,   1,0.98444, -49.4037
    63,'BUS63       ', 130.0000,1,   8,   1,   1,0.97179, -45.3262
  1011,'BUS1011     ', 130.0000,1,   1,   1,   1,1.12254,   1.0684
  1012,'BUS1012     ', 130.0000,2,   1,   1,   1,1.13000,   4.6364
  1013,'BUS1013     ', 130.0000,2,   1,   1,   1,1.14500,   7.9231
  1014,'BUS1014     ', 130.0000,2,   1,   1,   1,1.16000,  10.5058
  1021,'BUS1021     ', 130.0000,2,   2,   1,   1,1.10000,   8.8537
  1022,'BUS1022     ', 130.0000,2,   2,   1,   1,1.06326, -10.7678
  1041,'BUS1041     ', 130.0000,1,   4,   1,   1,0.96303, -74.6986
  1042,'BUS1042     ', 130.0000,2,   4,   1,   1,1.00000, -58.1535
  1043,'BUS1043     ', 130.0000,2,   4,   1,   1,0.99204, -69.0781
  1044,'BUS1044     ', 130.0000,1,   4,   1,   1,0.98555, -60.0610
  1045,'BUS1045     ', 130.0000,1,   4,   1,   1,0.99249, -64.3677
  2031,'BUS2031     ', 220.0000,1,   3,   1,   1,1.05322, -28.0904
  2032,'BUS2032     ', 220.0000,2,   3,   1,   1,1.10000, -16.0516
  4011,'BUS4011     ', 400.0000,3,   1,   1,   1,1.01000,   0.0000
  4012,'BUS4012     ', 400.0000,2,   1,   1,   1,1.01000,   1.9367
  4021,'BUS4021     ', 400.0000,2,   2,   1,   1,1.00861, -27.6552
  4022,'BUS4022     ', 400.0000,1,   2,   1,   1,0.99387, -12.8559
  4031,'BUS4031     ', 400.0000,2,   3,   1,   1,1.01000, -31.0407
  4032,'BUS4032     ', 400.0000,1,   3,   1,   1,1.01403, -36.2426
  4041,'BUS4041     ', 400.0000,2,   8,   1,   1,1.01000, -46.3426
  4042,'BUS4042     ', 400.0000,2,   8,   1,   1,1.00000, -49.5444
  4043,'BUS4043     ', 400.0000,1,   8,   1,   1,0.99110, -56.0333
  4044,'BUS4044     ', 400.0000,1,   8,   1,   1,0.99027, -56.6697
  4045,'BUS4045     ', 400.0000,1,   5,   1,   1,0.99824, -61.6037
  4046,'BUS4046     ', 400.0000,1,   8,   1,   1,0.99126, -56.6955

109



Uppsala University
Degree Project in Engineering Physics                                                               Björn Karlsson

  4047,'BUS4047     ', 400.0000,2,   8,   1,   1,1.02000, -51.7643
  4051,'BUS4051     ', 400.0000,2,   5,   1,   1,1.02000, -64.0077
  4061,'BUS4061     ', 400.0000,1,   6,   1,   1,0.98689, -50.0007
  4062,'BUS4062     ', 400.0000,2,   6,   1,   1,1.00255, -45.9184
  4063,'BUS4063     ', 400.0000,2,   6,   1,   1,1.00000, -41.8455
  4071,'BUS4071     ', 400.0000,2,   7,   1,   1,1.01000,   0.9176
  4072,'BUS4072     ', 400.0000,2,   7,   1,   1,1.01000,   0.9176
0 / END OF BUS DATA, BEGIN LOAD DATA
    41,'1 ',1,   8,   1,   540.000,   128.280,     0.000,     0.000,     0.000,     0.000,   1
    42,'1 ',1,   8,   1,   400.000,   125.670,     0.000,     0.000,     0.000,     0.000,   1
    43,'1 ',1,   8,   1,   900.000,   238.830,     0.000,     0.000,     0.000,     0.000,   1
    46,'1 ',1,   8,   1,   700.000,   193.720,     0.000,     0.000,     0.000,     0.000,   1
    47,'1 ',1,   8,   1,   100.000,    45.190,     0.000,     0.000,     0.000,     0.000,   1
    51,'1 ',1,   8,   1,   800.000,   253.220,     0.000,     0.000,     0.000,     0.000,   1
    61,'1 ',1,   8,   1,   500.000,   112.310,     0.000,     0.000,     0.000,     0.000,   1
    62,'1 ',1,   8,   1,   300.000,    80.020,     0.000,     0.000,     0.000,     0.000,   1
    63,'1 ',1,   8,   1,   590.000,   256.190,     0.000,     0.000,     0.000,     0.000,   1
  1011,'1 ',1,   1,   1,   200.000,    80.000,     0.000,     0.000,     0.000,     0.000,   1
  1012,'1 ',1,   1,   1,   300.000,   100.000,     0.000,     0.000,     0.000,     0.000,   1
  1013,'1 ',1,   1,   1,   100.000,    40.000,     0.000,     0.000,     0.000,     0.000,   1
  1022,'1 ',1,   2,   1,   280.000,    95.000,     0.000,     0.000,     0.000,     0.000,   1
  1041,'1 ',1,   4,   1,   600.000,   200.000,     0.000,     0.000,     0.000,     0.000,   1
  1042,'1 ',1,   4,   1,   300.000,    80.000,     0.000,     0.000,     0.000,     0.000,   1
  1043,'1 ',1,   4,   1,   230.000,   100.000,     0.000,     0.000,     0.000,     0.000,   1
  1044,'1 ',1,   4,   1,   800.000,   300.000,     0.000,     0.000,     0.000,     0.000,   1
  1045,'1 ',1,   4,   1,   700.000,   250.000,     0.000,     0.000,     0.000,     0.000,   1
  2031,'1 ',1,   3,   1,   100.000,    30.000,     0.000,     0.000,     0.000,     0.000,   1
  2032,'1 ',1,   3,   1,   200.000,    50.000,     0.000,     0.000,     0.000,     0.000,   1
  4071,'1 ',1,   7,   1,   300.000,   100.000,     0.000,     0.000,     0.000,     0.000,   1
  4072,'1 ',1,   7,   1,  2000.000,   500.000,     0.000,     0.000,     0.000,     0.000,   1
0 / END OF LOAD DATA, BEGIN FIXED SHUNT DATA
  1022,'1 ',1,     0.000,    50.000
  1041,'1 ',1,     0.000,   200.000
  1043,'1 ',1,     0.000,   150.000
  1044,'1 ',1,     0.000,   200.000
  1045,'1 ',1,     0.000,   200.000
  4012,'1 ',1,     0.000,  -100.000
  4041,'1 ',1,     0.000,   200.000
  4043,'1 ',1,     0.000,   200.000
  4046,'1 ',1,     0.000,   100.000
  4051,'1 ',1,     0.000,   100.000
  4071,'1 ',1,     0.000,  -400.000
0 / END OF FIXED SHUNT DATA, BEGIN GENERATOR DATA
   1012,'1 ',   600.000,    84.925,   400.000,   -80.000,1.13000,     0,   800.000,   0.00000,   0.2000,   0.00000,   
0.15000,1.00000,1,  100.0,  9999.000, -9999.000,   1,1.0000
  1013,'1 ',   300.000,    44.022,   300.000,   -50.000,1.14500,     0,   600.000,   0.00000,   0.2000,   0.00000,   
0.15000,1.00000,1,  100.0,  9999.000, -9999.000,   1,1.0000
  1014,'1 ',   550.000,    82.090,   350.000,  -100.000,1.16000,     0,   700.000,   0.00000,   0.2000,   0.00000,   
0.15000,1.00000,1,  100.0,  9999.000, -9999.000,   1,1.0000
  1021,'1 ',   400.000,    44.702,   300.000,   -60.000,1.10000,     0,   600.000,   0.00000,   0.2000,   0.00000,   
0.15000,1.00000,1,  100.0,  9999.000, -9999.000,   1,1.0000
  1022,'1 ',   200.000,   125.000,   125.000,   -25.000,1.07000,     0,   250.000,   0.00000,   0.2000,   0.00000,   
0.15000,1.00000,1,  100.0,  9999.000, -9999.000,   1,1.0000
  1042,'1 ',   360.000,    79.004,   200.000,   -40.000,1.00000,     0,   400.000,   0.00000,   0.2000,   0.00000,   
0.15000,1.00000,1,  100.0,  9999.000, -9999.000,   1,1.0000
  1043,'1 ',   180.000,   100.000,   100.000,   -20.000,1.00000,     0,   200.000,   0.00000,   0.2000,   0.00000,   
0.15000,1.00000,1,  100.0,  9999.000, -9999.000,   1,1.0000
  2032,'1 ',   750.000,   145.820,   425.000,   -80.000,1.10000,     0,   850.000,   0.00000,   0.2000,   0.00000,   
0.15000,1.00000,1,  100.0,  9999.000, -9999.000,   1,1.0000
  4011,'1 ',   667.598,    94.300,   500.000,  -100.000,1.01000,     0,  1000.000,   0.00000,   0.2000,   0.00000,   
0.15000,1.00000,1,  100.0,  9999.000, -9999.000,   1,1.0000
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  4012,'1 ',   600.000,    -2.546,   400.000,  -160.000,1.01000,     0,   800.000,   0.00000,   0.2000,   0.00000,   
0.15000,1.00000,1,  100.0,  9999.000, -9999.000,   1,1.0000
  4021,'1 ',   250.000,   -30.000,   150.000,   -30.000,1.00000,     0,   300.000,   0.00000,   0.2000,   0.00000,   
0.15000,1.00000,1,  100.0,  9999.000, -9999.000,   1,1.0000
  4031,'1 ',   310.000,    113.40,   175.000,   -40.000,1.01000,     0,   350.000,   0.00000,   0.2000,   0.00000,   
0.15000,1.00000,1,  100.0,  9999.000, -9999.000,   1,1.0000
  4041,'1 ',     0.000,    -9.000,   300.000,  -200.000,1.01000,     0,   300.000,   0.00000,   0.2000,   0.00000,   
0.10000,1.00000,1,  100.0,  9999.000, -9999.000,   1,1.0000
  4042,'1 ',   630.000,   265.000,   350.000,     0.000,1.00000,     0,   700.000,   0.00000,   0.2000,   0.00000,   
0.15000,1.00000,1,  100.0,  9999.000, -9999.000,   1,1.0000
  4047,'1 ',   540.000,   152.100,   300.000,     0.000,1.02000,     0,   600.000,   0.00000,   0.2000,   0.00000,   
0.15000,1.00000,1,  100.0,  9999.000, -9999.000,   1,1.0000
  4047,'2 ',   540.000,   151.100,   300.000,     0.000,1.02000,     0,   600.000,   0.00000,   0.2000,   0.00000,   
0.15000,1.00000,1,  100.0,  9999.000, -9999.000,   1,1.0000
  4051,'1 ',   600.000,   217.400,   350.000,     0.000,1.02000,     0,   700.000,   0.00000,   0.2000,   0.00000,   
0.15000,1.00000,1,  100.0,  9999.000, -9999.000,   1,1.0000
  4051,'2 ',   600.000,     0.000,   350.000,     0.000,1.02000,     0,   700.000,   0.00000,   0.2000,   0.00000,   
0.15000,1.00000,0,  100.0,  9999.000, -9999.000,   1,1.0000
  4062,'1 ',   530.000,     0.000,   300.000,     0.000,1.00000,     0,   600.000,   0.00000,   0.2000,   0.00000,   
0.15000,1.00000,1,  100.0,  9999.000, -9999.000,   1,1.0000
  4063,'1 ',   530.000,    88.429,   300.000,     0.000,1.00000,     0,   600.000,   0.00000,   0.2000,   0.00000,   
0.15000,1.00000,1,  100.0,  9999.000, -9999.000,   1,1.0000
  4063,'2 ',   530.000,    88.429,   300.000,     0.000,1.00000,     0,   600.000,   0.00000,   0.2000,   0.00000,   
0.15000,1.00000,1,  100.0,  9999.000, -9999.000,   1,1.0000
  4071,'1 ',   300.000,    54.310,   250.000,   -50.000,1.01000,     0,   500.000,   0.00000,   0.2000,   0.00000,   
0.15000,1.00000,1,  100.0,  9999.000, -9999.000,   1,1.0000
  4072,'1 ',  2000.000,   193.970,  1000.000,  -300.000,1.01000,     0,  4500.000,   0.00000,   0.2000,   0.00000,   
0.15000,1.00000,1,  100.0,  9999.000, -9999.000,   1,1.0000
0 / END OF GENERATOR DATA, BEGIN BRANCH DATA
  1011,  1013,'1 ', 1.00000E-2, 7.00000E-2,   0.01400,    0.00,    0.00,    0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   
0.00,   1,1.0000
  1011,  1013,'2 ', 1.00000E-2, 7.00000E-2,   0.01400,    0.00,    0.00,    0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   
0.00,   1,1.0000
  1012,  1014,'1 ', 1.40000E-2, 9.00000E-2,   0.01800,    0.00,    0.00,    0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   
0.00,   1,1.0000
  1012,  1014,'2 ', 1.40000E-2, 9.00000E-2,   0.01800,    0.00,    0.00,    0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   
0.00,   1,1.0000
  1013,  1014,'1 ', 7.00000E-3, 5.00000E-2,   0.01000,    0.00,    0.00,    0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   
0.00,   1,1.0000
  1013,  1014,'2 ', 7.00000E-3, 5.00000E-2,   0.01000,    0.00,    0.00,    0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   
0.00,   1,1.0000
  1021,  1022,'1 ', 3.00000E-2, 2.00000E-1,   0.03000,    0.00,    0.00,    0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   
0.00,   1,1.0000
  1021,  1022,'2 ', 3.00000E-2, 2.00000E-1,   0.03000,    0.00,    0.00,    0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   
0.00,   1,1.0000
  1041,  1043,'1 ', 1.00000E-2, 6.00000E-2,   0.01200,    0.00,    0.00,    0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   
0.00,   1,1.0000
  1041,  1043,'2 ', 1.00000E-2, 6.00000E-2,   0.01200,    0.00,    0.00,    0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   
0.00,   1,1.0000
  1041,  1045,'1 ', 1.50000E-2, 1.20000E-1,   0.02500,    0.00,    0.00,    0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   
0.00,   1,1.0000
  1041,  1045,'2 ', 1.50000E-2, 1.20000E-1,   0.02500,    0.00,    0.00,    0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   
0.00,   1,1.0000
  1042,  1044,'1 ', 3.80000E-2, 2.80000E-1,   0.06000,    0.00,    0.00,    0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   
0.00,   1,1.0000
  1042,  1044,'2 ', 3.80000E-2, 2.80000E-1,   0.06000,    0.00,    0.00,    0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   
0.00,   1,1.0000
  1042,  1045,'1 ', 5.00000E-2, 3.00000E-1,   0.06000,    0.00,    0.00,    0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   
0.00,   1,1.0000
  1043,  1044,'1 ', 1.00000E-2, 8.00000E-2,   0.01600,    0.00,    0.00,    0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   
0.00,   1,1.0000
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  1043,  1044,'2 ', 1.00000E-2, 8.00000E-2,   0.01600,    0.00,    0.00,    0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   
0.00,   1,1.0000
  2031,  2032,'1 ', 1.20000E-2, 9.00000E-2,   0.01500,    0.00,    0.00,    0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   
0.00,   1,1.0000
  2031,  2032,'2 ', 1.20000E-2, 9.00000E-2,   0.01500,    0.00,    0.00,    0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   
0.00,   1,1.0000
  4011,  4012,'1 ', 1.00000E-3, 8.00000E-3,   0.20000,    0.00,    0.00,    0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   
0.00,   1,1.0000
  4011,  4021,'1 ', 6.00000E-3, 6.00000E-2,   1.80000,    0.00,    0.00,    0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   
0.00,   1,1.0000
  4011,  4022,'1 ', 4.00000E-3, 4.00000E-2,   1.20000,    0.00,    0.00,    0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   
0.00,   1,1.0000
  4011,  4071,'1 ', 5.00000E-3, 4.50000E-2,   1.40000,    0.00,    0.00,    0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   
0.00,   1,1.0000
  4012,  4022,'1 ', 4.00000E-3, 3.50000E-2,   1.05000,    0.00,    0.00,    0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   
0.00,   1,1.0000
  4012,  4071,'1 ', 5.00000E-3, 5.00000E-2,   1.50000,    0.00,    0.00,    0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   
0.00,   1,1.0000
  4021,  4032,'1 ', 4.00000E-3, 4.00000E-2,   1.20000,    0.00,    0.00,    0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   
0.00,   1,1.0000
  4021,  4042,'1 ', 1.00000E-2, 6.00000E-2,   3.00000,    0.00,    0.00,    0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   
0.00,   1,1.0000
  4022,  4031,'1 ', 4.00000E-3, 4.00000E-2,   1.20000,    0.00,    0.00,    0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   
0.00,   1,1.0000
  4022,  4031,'2 ', 4.00000E-3, 4.00000E-2,   1.20000,    0.00,    0.00,    0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   
0.00,   1,1.0000
  4031,  4032,'1 ', 1.00000E-3, 1.00000E-2,   0.30000,    0.00,    0.00,    0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   
0.00,   1,1.0000
  4031,  4041,'1 ', 6.00000E-3, 4.00000E-2,   2.40000,    0.00,    0.00,    0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   
0.00,   1,1.0000
  4031,  4041,'2 ', 6.00000E-3, 4.00000E-2,   2.40000,    0.00,    0.00,    0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   
0.00,   1,1.0000
  4032,  4042,'1 ', 1.00000E-2, 4.00000E-2,   2.00000,    0.00,    0.00,    0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   
0.00,   1,1.0000
  4032,  4044,'1 ', 6.00000E-3, 5.00000E-2,   2.40000,    0.00,    0.00,    0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   
0.00,   1,1.0000
  4041,  4044,'1 ', 3.00000E-3, 3.00000E-2,   0.90000,    0.00,    0.00,    0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   
0.00,   1,1.0000
  4041,  4061,'1 ', 6.00000E-3, 4.50000E-2,   1.30000,    0.00,    0.00,    0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   
0.00,   1,1.0000
  4042,  4043,'1 ', 2.00000E-3, 1.50000E-2,   0.50000,    0.00,    0.00,    0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   
0.00,   1,1.0000
  4042,  4044,'1 ', 2.00000E-3, 2.00000E-2,   0.60000,    0.00,    0.00,    0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   
0.00,   1,1.0000
  4043,  4044,'1 ', 1.00000E-3, 1.00000E-2,   0.30000,    0.00,    0.00,    0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   
0.00,   1,1.0000
  4043,  4046,'1 ', 1.00000E-3, 1.00000E-2,   0.30000,    0.00,    0.00,    0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   
0.00,   1,1.0000
  4043,  4047,'1 ', 2.00000E-3, 2.00000E-2,   0.60000,    0.00,    0.00,    0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   
0.00,   1,1.0000
  4044,  4045,'1 ', 2.00000E-3, 2.00000E-2,   0.60000,    0.00,    0.00,    0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   
0.00,   1,1.0000
  4044,  4045,'2 ', 2.00000E-3, 2.00000E-2,   0.60000,    0.00,    0.00,    0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   
0.00,   1,1.0000
  4045,  4051,'1 ', 4.00000E-3, 4.00000E-2,   1.20000,    0.00,    0.00,    0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   
0.00,   1,1.0000
  4045,  4051,'2 ', 4.00000E-3, 4.00000E-2,   1.20000,    0.00,    0.00,    0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   
0.00,   1,1.0000
  4045,  4062,'1 ', 1.10000E-2, 8.00000E-2,   2.40000,    0.00,    0.00,    0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   
0.00,   1,1.0000
  4046,  4047,'1 ', 1.00000E-3, 1.50000E-2,   0.50000,    0.00,    0.00,    0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   
0.00,   1,1.0000
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  4061,  4062,'1 ', 2.00000E-3, 2.00000E-2,   0.60000,    0.00,    0.00,    0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   
0.00,   1,1.0000
  4062,  4063,'1 ', 3.00000E-3, 3.00000E-2,   0.90000,    0.00,    0.00,    0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   
0.00,   1,1.0000
  4062,  4063,'2 ', 3.00000E-3, 3.00000E-2,   0.90000,    0.00,    0.00,    0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   
0.00,   1,1.0000
  4071,  4072,'1 ', 3.00000E-3, 3.00000E-2,   3.00000,    0.00,    0.00,    0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   
0.00,   1,1.0000
  4071,  4072,'2 ', 3.00000E-3, 3.00000E-2,   3.00000,    0.00,    0.00,    0.00,  0.00000,  0.00000,  0.00000,  0.00000,1,1,   
0.00,   1,1.0000
0 / END OF BRANCH DATA, BEGIN TRANSFORMER DATA
    41,  4041,     0,'1 ',1,1,1, 0.00000E+0, 0.00000E+0,2,'            ',1,   1,1.0000
 0.00000E+0, 1.00000E-2,  1000.00
1.00000,   0.000,   0.000,     0.00,     0.00,     0.00, 1,     41, 1.12000, 0.88000, 1.00048, 0.97048,  25, 0, 0.00000, 0.00000
1.00000,   0.000
    42,  4042,     0,'1 ',1,1,1, 0.00000E+0, 0.00000E+0,2,'            ',1,   1,1.0000
 0.00000E+0, 1.30000E-2,   770.00
1.00000,   0.000,   0.000,     0.00,     0.00,     0.00, 1,     42, 1.12000, 0.88000, 0.99645, 0.96645,  25, 0, 0.00000, 0.00000
1.00000,   0.000
    43,  4043,     0,'1 ',1,1,1, 0.00000E+0, 0.00000E+0,2,'            ',1,   1,1.0000
 0.00000E+0, 7.00000E-3,  1430.00
1.00000,   0.000,   0.000,     0.00,     0.00,     0.00, 1,     43, 1.12000, 0.88000, 0.98710, 0.95710,  25, 0, 0.00000, 0.00000
1.00000,   0.000
    46,  4046,     0,'1 ',1,1,1, 0.00000E+0, 0.00000E+0,2,'            ',1,   1,1.0000
 0.00000E+0, 1.00000E-2,  1000.00
1.00000,   0.000,   0.000,     0.00,     0.00,     0.00, 1,     46, 1.12000, 0.88000, 0.98317, 0.95318,  25, 0, 0.00000, 0.00000
1.00000,   0.000
    47,  4047,     0,'1 ',1,1,1, 0.00000E+0, 0.00000E+0,2,'            ',1,   1,1.0000
 0.00000E+0, 4.00000E-2,   250.00
1.00000,   0.000,   0.000,     0.00,     0.00,     0.00, 1,     47, 1.12000, 0.88000, 1.01616, 0.98616,  25, 0, 0.00000, 0.00000
1.00000,   0.000
    51,  4051,     0,'1 ',1,1,1, 0.00000E+0, 0.00000E+0,2,'            ',1,   1,1.0000
 0.00000E+0, 7.00000E-3,  1430.00
1.00000,   0.000,   0.000,     0.00,     0.00,     0.00, 1,     51, 1.12000, 0.88000, 1.01616, 0.98616,  25, 0, 0.00000, 0.00000
1.00000,   0.000
    61,  4061,     0,'1 ',1,1,1, 0.00000E+0, 0.00000E+0,2,'            ',1,   1,1.0000
 0.00000E+0, 1.30000E-2,   770.00
1.00000,   0.000,   0.000,     0.00,     0.00,     0.00, 1,     61, 1.12000, 0.88000, 0.97889, 0.94889,  25, 0, 0.00000, 0.00000
1.00000,   0.000
    62,  4062,     0,'1 ',1,1,1, 0.00000E+0, 0.00000E+0,2,'            ',1,   1,1.0000
 0.00000E+0, 2.00000E-2,   500.00
1.00000,   0.000,   0.000,     0.00,     0.00,     0.00, 1,     62, 1.12000, 0.88000, 0.99722, 0.96722,  25, 0, 0.00000, 0.00000
1.00000,   0.000
    63,  4063,     0,'1 ',1,1,1, 0.00000E+0, 0.00000E+0,2,'            ',1,   1,1.0000
 0.00000E+0, 1.00000E-2,  1000.00
1.00000,   0.000,   0.000,     0.00,     0.00,     0.00, 1,     63, 1.12000, 0.88000, 0.98679, 0.95679,  25, 0, 0.00000, 0.00000
1.00000,   0.000
  1011,  4011,     0,'1 ',1,1,1, 0.00000E+0, 0.00000E+0,2,'            ',1,   1,1.0000
 0.00000E+0, 8.00000E-3,  1000.00
1.12000,   0.000,   0.000,     0.00,     0.00,     0.00, 0,      0, 1.10000, 0.90000, 1.10000, 0.90000,  33, 0, 0.00000, 0.00000
1.00000,   0.000
  1012,  4012,     0,'1 ',1,1,1, 0.00000E+0, 0.00000E+0,2,'            ',1,   1,1.0000
 0.00000E+0, 8.00000E-3,  1000.00
1.12000,   0.000,   0.000,     0.00,     0.00,     0.00, 0,      0, 1.10000, 0.90000, 1.10000, 0.90000,  33, 0, 0.00000, 0.00000
1.00000,   0.000
  1022,  4022,     0,'1 ',1,1,1, 0.00000E+0, 0.00000E+0,2,'            ',1,   1,1.0000
 0.00000E+0, 1.20000E-2,  1000.00
1.07000,   0.000,   0.000,     0.00,     0.00,     0.00, 0,      0, 1.10000, 0.90000, 1.10000, 0.90000,  33, 0, 0.00000, 0.00000
1.00000,   0.000
  1044,  4044,     0,'1 ',1,1,1, 0.00000E+0, 0.00000E+0,2,'            ',1,   1,1.0000
 0.00000E+0, 1.00000E-2,   100.00
1.00000,   0.000,   0.000,     0.00,     0.00,     0.00, 1,   1044, 1.12000, 0.88000, 1.00300, 0.97400,  25, 0, 0.00000, 0.00000

113



Uppsala University
Degree Project in Engineering Physics                                                               Björn Karlsson

1.00000,   0.000
  1044,  4044,     0,'2 ',1,1,1, 0.00000E+0, 0.00000E+0,2,'            ',1,   1,1.0000
 0.00000E+0, 1.00000E-2,   100.00
1.00000,   0.000,   0.000,     0.00,     0.00,     0.00, 1,   1044, 1.12000, 0.88000, 1.00300, 0.97400,  25, 0, 0.00000, 0.00000
1.00000,   0.000
  1045,  4045,     0,'1 ',1,1,1, 0.00000E+0, 0.00000E+0,2,'            ',1,   1,1.0000
 0.00000E+0, 1.00000E-2,   100.00
1.00000,   0.000,   0.000,     0.00,     0.00,     0.00, 1,   1045, 1.12000, 0.88000, 1.01100, 0.98090,  25, 0, 0.00000, 0.00000
1.00000,   0.000
  1045,  4045,     0,'2 ',1,1,1, 0.00000E+0, 0.00000E+0,2,'            ',1,   1,1.0000
 0.00000E+0, 1.00000E-2,   100.00
1.00000,   0.000,   0.000,     0.00,     0.00,     0.00, 1,   1045, 1.12000, 0.88000, 1.01100, 0.98090,  25, 0, 0.00000, 0.00000
1.00000,   0.000
  2031,  4031,     0,'1 ',1,1,1, 0.00000E+0, 0.00000E+0,2,'            ',1,   1,1.0000
 0.00000E+0, 1.20000E-2,  1000.00
1.05000,   0.000,   0.000,     0.00,     0.00,     0.00, 0,      0, 1.10000, 0.90000, 1.10000, 0.90000,  33, 0, 0.00000, 0.00000
1.00000,   0.000
0 / END OF TRANSFORMER DATA, BEGIN AREA DATA
0 / END OF AREA DATA, BEGIN TWO-TERMINAL DC DATA
0 / END OF TWO-TERMINAL DC DATA, BEGIN VSC DC LINE DATA
0 / END OF VSC DC LINE DATA, BEGIN IMPEDANCE CORRECTION DATA
0 / END OF IMPEDANCE CORRECTION DATA, BEGIN MULTI-TERMINAL DC DATA
0 / END OF MULTI-TERMINAL DC DATA, BEGIN MULTI-SECTION LINE DATA
0 / END OF MULTI-SECTION LINE DATA, BEGIN ZONE DATA
0 / END OF ZONE DATA, BEGIN INTER-AREA TRANSFER DATA
0 / END OF INTER-AREA TRANSFER DATA, BEGIN OWNER DATA
0 / END OF OWNER DATA, BEGIN FACTS DEVICE DATA
0 / END OF FACTS DEVICE DATA, BEGIN SWITCHED SHUNT DATA
0 / END OF SWITCHED SHUNT DATA

File Nordic.dyr

4042 'GENROU' 1 7.0 0.05 1.5 0.05 6. 0. 2.20 2.00 0.30 0.40 0.20 0.15 0.1 0.3 / 
4047 'GENROU' 1 7.0 0.05 1.5 0.05 6. 0. 2.20 2.00 0.30 0.40 0.20 0.15 0.1 0.3 / 
4047 'GENROU' 2 7.0 0.05 1.5 0.05 6. 0. 2.20 2.00 0.30 0.40 0.20 0.15 0.1 0.3 / 
4051 'GENROU' 1 7.0 0.05 1.5 0.05 6. 0. 2.20 2.00 0.30 0.40 0.20 0.15 0.1 0.3 / 
4062 'GENROU' 1 7.0 0.05 1.5 0.05 6. 0. 2.20 2.00 0.30 0.40 0.20 0.15 0.1 0.3 / 
4063 'GENROU' 1 7.0 0.05 1.5 0.05 6. 0. 2.20 2.00 0.30 0.40 0.20 0.15 0.1 0.3 / 
4063 'GENROU' 2 7.0 0.05 1.5 0.05 6. 0. 2.20 2.00 0.30 0.40 0.20 0.15 0.1 0.3 / 
1042 'GENROU' 1 7.0 0.05 1.5 0.05 6. 0. 2.20 2.00 0.30 0.40 0.20 0.15 0.1 0.3 /
1043 'GENROU' 1 7.0 0.05 1.5 0.05 6. 0. 2.20 2.00 0.30 0.40 0.20 0.15 0.1 0.3 /
4011 'GENSAL' 1 5.0 0.05     0.10 3. 0. 1.10 0.70 0.25      0.20 0.15 0.1 0.3 /
4012 'GENSAL' 1 5.0 0.05     0.10 3. 0. 1.10 0.70 0.25      0.20 0.15 0.1 0.3 /
4021 'GENSAL' 1 5.0 0.05     0.10 3. 0. 1.10 0.70 0.25      0.20 0.15 0.1 0.3 /
4031 'GENSAL' 1 5.0 0.05     0.10 3. 0. 1.10 0.70 0.25      0.20 0.15 0.1 0.3 /
4041 'GENSAL' 1 7.0 0.05     0.10 2. 0. 1.55 1.00 0.30      0.20 0.15 0.1 0.3 /
4071 'GENSAL' 1 5.0 0.05     0.10 3. 0. 1.10 0.70 0.25      0.20 0.15 0.1 0.3 /
4072 'GENSAL' 1 5.0 0.05     0.10 3. 0. 1.10 0.70 0.25      0.20 0.15 0.1 0.3 /
1012 'GENSAL' 1 5.0 0.05     0.10 3. 0. 1.10 0.70 0.25      0.20 0.15 0.1 0.3 /
1013 'GENSAL' 1 5.0 0.05     0.10 3. 0. 1.10 0.70 0.25      0.20 0.15 0.1 0.3 /
1014 'GENSAL' 1 5.0 0.05     0.10 3. 0. 1.10 0.70 0.25      0.20 0.15 0.1 0.3 /
1021 'GENSAL' 1 5.0 0.05     0.10 3. 0. 1.10 0.70 0.25      0.20 0.15 0.1 0.3 /
1022 'GENSAL' 1 5.0 0.05     0.10 3. 0. 1.10 0.70 0.25      0.20 0.15 0.1 0.3 /
2032 'GENSAL' 1 5.0 0.05     0.10 3. 0. 1.10 0.70 0.25      0.20 0.15 0.1 0.3 /

4011 'SEXS'     1 0.20    20.     50.     0.10    0.0     4.0/
4012 'SEXS'     1 0.20    20.     50.     0.10    0.0     4.0/
4021 'SEXS'     1 0.20    20.     50.     0.10    0.0     4.0/
4031 'SEXS'     1 0.20    20.     50.     0.10    0.0     4.0/
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4041 'SEXS'     1 0.20    20.     50.     0.10    0.0     4.0/
4071 'SEXS'     1 0.20    20.     50.     0.10    0.0     4.0/
4072 'SEXS'     1 0.20    20.     50.     0.10    0.0     4.0/
1012 'SEXS'     1 0.20    20.     50.     0.10    0.0     4.0/
1013 'SEXS'     1 0.20    20.     50.     0.10    0.0     4.0/
1014 'SEXS'     1 0.20    20.     50.     0.10    0.0     4.0/
1021 'SEXS'     1 0.20    20.     50.     0.10    0.0     4.0/
1022 'SEXS'     1 0.20    20.     50.     0.10    0.0     4.0/
2032 'SEXS'     1 0.20    20.     50.     0.10    0.0     4.0/
1042 'SEXS'     1 0.10    50.    120.     0.10    0.0     5.0/
1043 'SEXS'     1 0.10    50.    120.     0.10    0.0     5.0/
4042 'SEXS'     1 0.10    50.    120.     0.10    0.0     5.0/
4047 'SEXS'     1 0.10    50.    120.     0.10    0.0     5.0/
4047 'SEXS'     2 0.10    50.    120.     0.10    0.0     5.0/
4051 'SEXS'     1 0.10    50.    120.     0.10    0.0     5.0/
4062 'SEXS'     1 0.10    50.    120.     0.10    0.0     5.0/
4063 'SEXS'     1 0.10    50.    120.     0.10    0.0     5.0/
4063 'SEXS'     2 0.10    50.    120.     0.10    0.0     5.0/

4011 'HYGOV'   1 0.04 0.80 5.0 0.05 0.20 0.10 0.95 0.00 1.00 1.00 0. 0. / 
4012 'HYGOV'   1 0.04 0.80 5.0 0.05 0.20 0.10 0.95 0.00 1.00 1.00 0. 0. / 
4021 'HYGOV'   1 0.04 0.80 5.0 0.05 0.20 0.10 0.95 0.00 1.00 1.00 0. 0. /
4031 'HYGOV'   1 0.04 0.80 5.0 0.05 0.20 0.10 0.95 0.00 1.00 1.00 0. 0. /
4071 'HYGOV'   1 0.08 1.60 5.0 0.05 0.20 0.10 0.95 0.00 1.00 1.00 0. 0. /
4072 'HYGOV'   1 0.08 1.60 5.0 0.05 0.20 0.10 0.95 0.00 1.00 1.00 0. 0. /
1012 'HYGOV'   1 0.04 0.80 5.0 0.05 0.20 0.10 0.95 0.00 1.00 1.00 0. 0. /
1013 'HYGOV'   1 0.04 0.80 5.0 0.05 0.20 0.10 0.95 0.00 1.00 1.00 0. 0. /
1014 'HYGOV'   1 0.04 0.80 5.0 0.05 0.20 0.10 0.95 0.00 1.00 1.00 0. 0. /
1021 'HYGOV'   1 0.04 0.80 5.0 0.05 0.20 0.10 0.95 0.00 1.00 1.00 0. 0. /
1022 'HYGOV'   1 0.04 0.80 5.0 0.05 0.20 0.10 0.95 0.00 1.00 1.00 0. 0. /
2032 'HYGOV'   1 0.04 0.80 5.0 0.05 0.20 0.10 0.95 0.00 1.00 1.00 0. 0. /

4011 'STAB2A'   1 1.0  4.0     1.   2.0     0.3       1.    0.05    0.05 /
4012 'STAB2A'   1 1.0  4.0     1.   2.0     0.3       1.    0.05    0.05 /
4021 'STAB2A'   1 1.0  4.0     1.   2.0     0.3       1.    0.05    0.05 /
4031 'STAB2A'   1 1.0  4.0     1.   2.0     0.3       1.    0.05    0.05 /
4041 'STAB2A'   1 1.0  4.0     0.   2.0     0.0       1.    0.05    0.05 / (note: gain is 0
4071 'STAB2A'   1 1.0  4.0     1.   2.0     0.3       1.    0.05    0.05 /
4072 'STAB2A'   1 1.0  4.0     1.   2.0     0.3       1.    0.05    0.05 /
1012 'STAB2A'   1 1.0  4.0     1.   2.0     0.3       1.    0.05    0.05 /
1013 'STAB2A'   1 1.0  4.0     1.   2.0     0.3       1.    0.05    0.05 /
1014 'STAB2A'   1 1.0  4.0     1.   2.0     0.3       1.    0.05    0.05 /
1021 'STAB2A'   1 1.0  4.0     1.   2.0     0.3       1.    0.05    0.05 /
1022 'STAB2A'   1 1.0  4.0     1.   2.0     0.3       1.    0.05    0.05 /
2032 'STAB2A'   1 1.0  4.0     1.   2.0     0.3       1.    0.05    0.05 /
4062 'STAB2A'   1 1.0  4.0     1.   2.0     0.3       1.    0.05    0.05 /
4063 'STAB2A'   1 1.0  4.0     1.   2.0     0.3       1.    0.05    0.05 /
4063 'STAB2A'   2 1.0  4.0     1.   2.0     0.3       1.    0.05    0.05 /
4051 'STAB2A'   1 1.0  4.0     1.   2.0     0.3       1.    0.05    0.05 /
4047 'STAB2A'   1 1.0  4.0     1.   2.0     0.3       1.    0.05    0.05 /
4047 'STAB2A'   2 1.0  4.0     1.   2.0     0.3       1.    0.05    0.05 /
4042 'STAB2A'   1 1.0  4.0     1.   2.0     0.3       1.    0.05    0.05 /
1042 'STAB2A'   1 1.0  4.0     1.   2.0     0.3       1.    0.05    0.05 /
1043 'STAB2A'   1 1.0  4.0     1.   2.0     0.3       1.    0.05    0.05 /

1043 'IEEEVC' 1 0 -0.05/
4042 'IEEEVC' 1 0 -0.05/
4011 'IEEEVC' 1 0 -0.05/
4021 'IEEEVC' 1 0 -0.05/
4031 'IEEEVC' 1 0 -0.05/
1042 'IEEEVC' 1 0 -0.05/
4062 'IEEEVC' 1 0 -0.05/
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4063 'IEEEVC' 1 0 -0.05/
4063 'IEEEVC' 2 0 -0.05/

4042, 'MAXEX2' 1 , 0, 3.1 1.1 120 1.2 40 1.5 15 1 0.004 -.5/  
4047, 'MAXEX2' 1 , 0, 3.1 1.1 120 1.2 40 1.5 15 1 0.004 -.5/ 
4047, 'MAXEX2' 2 , 0, 3.1 1.1 120 1.2 40 1.5 15 1 0.004 -.5/
4051, 'MAXEX2' 1 , 0, 3.1 1.1 120 1.2 40 1.5 15 1 0.004 -.5/ 
4051, 'MAXEX2' 2 , 0, 3.1 1.1 120 1.2 40 1.5 15 1 0.004 -.5/
4062, 'MAXEX2' 1 , 0, 3.1 1.1 120 1.2 40 1.5 15 1 0.004 -.5/ 
4063, 'MAXEX2' 1 , 0, 3.1 1.1 120 1.2 40 1.5 15 1 0.004 -.5/ 
4063, 'MAXEX2' 2 , 0, 3.1 1.1 120 1.2 40 1.5 15 1 0.004 -.5/
1042, 'MAXEX2' 1 , 0, 3.1 1.1 120 1.2 40 1.5 15 1 0.004 -.5/ 
1043, 'MAXEX2' 1 , 0, 3.1 1.1 120 1.2 40 1.5 15 1 0.004 -.5/ 
4031, 'MAXEX2' 1 , 0, 2.3 1.1 120 1.2 40 1.5 15 1 0.004 -.5/  
4041, 'MAXEX2' 1 , 0, 2.5 1.1 120 1.2 40 1.5 15 1 0.004 -.5/  
4071, 'MAXEX2' 1 , 0, 2.3 1.1 120 1.2 40 1.5 15 1 0.004 -.5/  
4072, 'MAXEX2' 1 , 0, 2.3 1.1 120 1.2 40 1.5 15 1 0.004 -.5/  
1012, 'MAXEX2' 1 , 0, 2.3 1.1 120 1.2 40 1.5 15 1 0.004 -.5/  
1013, 'MAXEX2' 1 , 0, 2.3 1.1 120 1.2 40 1.5 15 1 0.004 -.5/  
1014, 'MAXEX2' 1 , 0, 2.3 1.1 120 1.2 40 1.5 15 1 0.004 -.5/  
1021, 'MAXEX2' 1 , 0, 2.3 1.1 120 1.2 40 1.5 15 1 0.004 -.5/  
1022, 'MAXEX2' 1 , 0, 2.3 1.1 120 1.2 40 1.5 15 1 0.004 -.5/  
2032, 'MAXEX2' 1 , 0, 2.3 1.1 120 1.2 40 1.5 15 1 0.004 -.5/  
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