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Abstract:

The present paper describes the nonlinear model of unified power flow
controller (UPFC) for studying the steady state and transient behavior of an
electric power circuit equipped with FACTS devices.  Detailed 3-dimension
simulations are carried out to illustrate the control features of the UPFC and its
influence to increase power transfer and improve system stability.
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1. Introduction:

In recent years, power demand has increased substantially while the expansion of
power generation and transmission has been severely limited due to limited resources
and environmental restrictions.  The continuous grow of electric demand requires
building new generating units and transmission circuits.

These requirements are becoming more difficult because of economic and
environmental reasons.  Also, conventional devices with fixed or mechanically
switchable component have low. Control speed, high wearing and require frequent.

The operation of an AC transmission system is generally constrained by
limitations of one or more network parameters (such as: line impedance) and operating
variables        (such as voltages and currents) [1,2].

 As a result, the power line is unable to direct power flow among generating
stations.  To increase the power transfer capability of transmission systems, to minimize
the transmission losses, to support a good voltage profile and to retain system stability
under large disturbances. We need modern control equipment, we call for Flexible AC
Transmission Systems (FACTS) [3-7].

This paper is focused on the unified power flow controller (UPFC) which is the
most of the flexible AC transmission system (FACTS) devices in power system.  The
steady state analysis is performed; the nonlinear mathematical models are presented in
d-q frame.

Simulation studies are performed on to demonstrate the capabilities of the UPFC
with different control schemes.

MODELLING OF UPFC

The operation of the UPFC from the standpoint of conventional power transmission
is based on reactive shunt compensation, series compensation, and phase shifting [8-12].

The UPFC can fulfill these functions and thereby meet multiple control objectives
[9,10].  The basic UPFC power flow controller functions and a simplified equivalent
circuit for the parallel and series branches with neglecting the harmonics are illustrated
in Fig.1.
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The equations of shunt branch can be obtained as follows:
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The differentiated equations of the shunt branch in dq variable using park's
transformation [5-7] are obtained
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The above equation may be written in matrix form


















































































































SH
αsin

SH
αcos

dc
V

SH
L2

b
ω.
SH
m

qS
V

dS
V

SH
L

b
ω

qSH
i

dSH
i

SH
L

b
ω
SH
R

ω

ω

SH
L

b
ω
SH
R

qSH
i

dSH
i

dt

d

Similarly the equations of series branch can be obtained;
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diagram
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For lossless transformer and converter, the ac power is equal to the dc power [6,7]. Then
the dc currents in both shunt and series branches are obtained as follow
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Similarly dcSEi  can be obtained
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The differential equation of the dc voltage is:
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The UPFC can be

written in the compact form as follow:
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Numerical Example

For achieving the steady-state analysis of the UPFC, the per-unit values for shunt,
series and the dc-link parameters [6,7] are:

0150RSH . ; 150LSH . , 010RSE . ; 10LSE . , 50c . , 502b * ; 502 *   rad/sec

1VSd  ; 0VSq  , 940VRd . ; 340VRq .

For a certain value of series converter modulation index mSE = 0.5 and phase
displacement of the series converter voltage αSE = 70 degree, the 3-D steady state
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analysis can be achieved for the d-component of shunt current ISHd with range shunt
converter modulation index mSH from 0 to 1 and phase displacement of the series
converter voltage αSH from 0 to 180 degree as shown in Fig.2.

The steady state analysis can provide dynamic behavior of the model to choose
the preferable setting range of the series and shunt converter to achieve the perfect
response. By changing the value of the series converter modulation index mSE to 0.1
and the phase displacement of the series converter voltage αSE to 40 degree the system
will be unstable at certain shunt converter modulation index mSH as shown in Fig.3.

Conclusion

The steady-state analysis of the UPFC was determined using the derived
mathematical model or state space representation of the device.

The non-linear mathematical model based on the transformation of a three-phase system
into an orthogonal synchronously rotating coordinate system.

 Under steady-state conditions, all system quantities are constant values, using
pulse width modulation (PWM) technique with an approximate converter output voltage
and neglecting the harmonics for simplifying the analysis.

The steady state analysis also was applied in 3-dimension to illustrate the effect of
the modulation ratio and phase displacement into the response of the UPFC. When the
modulation index has been changed from 0.5 to 0.1 at the same phase displacement 40
degree, the system converted from stable to unstable mode.

Therefore with the steady state analysis the performance of the system for
specified operating data can be investigated.

Finally, we can conclude that the analysis of the steady-state operational
characteristics resulted in key findings enabling a further derivation of control
algorithms and examination of the UPFC under dynamic operating conditions.

Fig. 2   3-D steady state analysis

for a stable system
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