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Abstract
To restore the load voltage, dynamic voltage restorer (DVR), which installed between the
supply and a sensitive load, should inject voltage and active power from DVR to the distribution system during voltage sag. Due to the limit of energy storage capacity of DC link, it is
necessary the minimize energy injection from DVR. In this paper the techniques of the supply
voltage sag compensation in a distribution feeder are presented. In addition, a new concept of
restoration technique is suggested to inject minimum energy for a given apparent power of
DVR.
Simulation results carried out by PSCAD/EMTDC1, verify the eﬃciency of the proposed
method.
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1. Introduction
One of the most important power quality issues is voltage sags. The increasing
usage of voltage sensitivity devices has made industrials processes more susceptible
to supply voltage sags [1]. Voltage sags may cause equipment tripping, shutdown
for the domestic and industrial equipment, and miss-operation of drive systems.
When a fault occurs in the system, the customer voltage drops below its nominal
value on one or more phases. Voltage sags of down to 70% are much more common
than complete outages [2]. Dynamic voltage restorer (DVR) with energy storage can
be used to correct the voltage sag at distribution system [3–7]. A DVR is basically a
controlled voltage source installed between the supply and a critical and sensitive
load. It injects a voltage on the system in order to compensate any disturbance aﬀecting the load voltage. The compensation capacity of a particular DVR depends on the
maximum voltage injection ability and the active power which can be supplied by the
DVR. When DVR restorers voltage disturbances, active power or energy should be
injected from DVR to the distribution system. DVR could maintain load voltage unchanged during any kind of faults, if the capability of energy storage of DVR were
inﬁnite [4]. Energy storage devices, such as batteries or super-conducting magnetic
energy storage systems (SMES) are required to provide active power to the load
when voltage sags occur. Because of the energy limitations of these devices, it is necessary to minimize energy injection from DVR.
In this paper the techniques of restoring voltage sag are discussed and then, a new
concept of voltage restoration is proposed. The simulations carried out by PSCAD/
EMTDC [8] show the capability of proposed technique.
2. DVR in distribution system
The main function of a DVR is the protection of sensitive loads from voltage sags
coming from network. Therefore, as shown in Fig. 1, the DVR is located on approach of sensitive loads. If a fault occurs on other lines, DVR inserts series voltage,
Vdvr and compensates load voltage to pre fault value.
When earth faults occur on the higher voltage level of a delta-star transformer,
zero-sequence voltages will not propagate through the transformer. Therefore, only
restoration of positive sequence and compensation of negative sequence voltages are
necessary [6]. As shown in Fig. 1 the main elements of the DVR are the energy storage system, the voltage source converter, the LC ﬁlter and the coupling transformers.
3. Conventional control strategies
Several control techniques have been proposed for voltage sag compensation such
as pre-sag method [6], in-phase method [6] and minimal energy control [3,4].
It must be said that the characteristics of the sensitive load determine the control
method and the compensation strategy for the DVR. For example, the linear loads
are not sensitive to phase angle jump and only magnitude of voltage is dominant.

