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Abstract- This paper presents the low-voltage ride-through (LVRT) performance of brushless doubly fed reluctance
generator (BDFRG) under symmetrical voltage dips and recovery conditions. The BDFRG is found suitable alternative for
generating electrical energy from wind energy. The power (primary) winding of the machine is directly connected to the
three-phase local/distribution grid and control (secondary) winding is integrated to the same electrical power network
through back-to-back (dual) converter. In practice, there is the possibility of sudden dip in the voltage of connected grid and
the voltage recovery starts after some elapsed time. Therefore, the paper focuses on the behavior of BDFRG from voltage dip
to recovery time span. The transient currents in primary winding, momentary torque pulsation and speed rise are the
consequences under the abnormal condition of symmetrical voltage dips and recovery. The ride-through performances of
BDFRG are studied in this paper using MATLAB-SIMULINK software.

Keywords- Brushless doubly fed reluctance generator (BDFRG), low-voltage ride-through (LVRT), symmetrical voltage dip,
voltage recovery, torque pulsation.

Nomenclature
Vp, Ve Primary and secondary winding voltage respectively

Ip : Ic Primary and secondary winding current respectively

w,,®; Radian frequency of primary and secondary winding variables respectively
[ Rotational speed in rad/sec

Py Be  No. of pole pairs of primary and secondary winding

Prot No. of pole pairs of rotor
T

em? Electromagnetic and mechanical torque

o

Primary and secondary winding total inductance respectively
Mutual inductance

Primary and secondary winding total resistance respectively

Moment of inertia of rotor

Conjugate operator
Space vector notation
BDFRG Brushless Doubly Fed Reluctance Generator

L

L

R R,

/1 , A, Primary and secondary winding flux linkage respectively
J

*

_>

l. Introduction

In recent years, emphasis is given on the cultivation of wind electrical energy [1]. For this purpose, synchronous generator
[2] can be employed for constant speed operation at the cost of lower efficiency of the conversion system. For variable speed
operation, doubly-fed induction generator (DFIG) [3] can be employed. But the cost of the DFIG is high and reliability is low
due to presence of slip rings and brushes. The problem of higher cost and low reliability can be overcome by using brushless
doubly fed induction generator [4]. Now a days, it has been found that brushless doubly fed reluctance generator (BDFRG)
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can be efficiently used in wind energy conversion system (WECS) [5]. In BDFRG concept, the stator has two three-phase
windings- namely, power (primary) and control (secondary) windings and the rotor is salient pole reluctance in nature [6].
The two stator windings must have different pole numbers so that they do not magnetically coupled directly. The rotor is
designed in such a way that it helps to couple the magnetic fields produced by both stator windings. The power winding is
directly connected to the nearby grid and the control winding is connected to the same grid through back-to-back (dual)
controlled converter. This machine has the advantage of partially rated power electronics converter. In WECS, when the
generator is connected to the grid, should comply with grid code [7].
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Fig. 1: Local grid connected BDFRG

The generator used in WECS, should remain connected and supply reactive power to the grid under grid voltage dips [8].
Various control strategies of BDFRG have been discussed in various published papers [9-16]. Performance of BDFRG under
voltage harmonics has also been studied [17]. No significant study on low voltage ride-through (LVRT) performance [18] of
BDFRG has been noticed to the best of authors’ knowledge. Therefore, this paper concentrates on the study on the LVRT
performance of BDFRG under symmetrical voltage dips condition. The transient current in power winding is noticed due to
sudden dips in grid voltage. As a result, the active and reactive power oscillations appeared in primary winding of BDFRG.
The torque oscillation and speed rise is observed under the abnormal condition of symmetrical voltage dips. This study will
be helpful to design a control strategy for improving LVRT capability of grid connected BDFRG.

The dynamic modeling of BDFRG is discussed in section Il. Section 111 describes the LVRT performance of BDFRG
under symmetrical voltage dips condition. Section IV presents the results of simulation study. The paper concludes its
findings in section V. The appendix and references follow section V.

I1. DYNAMIC MODELING OF BDFRG

The dynamic modeling of BDFRG has been discussed in [18]. The governing equations of BDFRG are presented in the
following equations in space vector form as,

V. =R +% 1)
P Pt
V, =R, + 94 @)
dt
Ay =L +L i @)
Ao=L+ Loy (4)
The rotor speed and pole number are related to that of the primary and secondary windings as given below,
O = O, + O, (5)
Prot = Pp + Pe (6)

The dynamic torque-speed equation governing the rotational motion of rotor is given as,
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do
T,—Tm=1 dtmt (7
In Eq. (7), the electromagnetic torque is mathematically expressed as,
- 3 T RT % = =
T, = JZ ProtLpcliple —1,i] (8)

The symbols used in Eq. (1)-(8) are described in the nomenclature section.
The d-q axis equations in stationary reference frame are expressed as,

. d
Vod Rplpd + d; _a)p’lpq
9
da, ®
R dt + oAy
Veg = Rcicd + dj:d —a)c//th
10
s (10)
Veg = Rclcq +F+ @, Ay

The expressions of active and reactive power are given below,
Py =1p6Vps TipgViq (11)
Qp =1paVpq ~ipgVpu (12)
The d-g axis equivalent circuit diagram of BDFRG is shown in Fig. 2. Here, Lp,, L., denote leakage inductance of primary
and secondary windings respectively. The d-q axis equivalent circuit diagram of BDFRG is shown in Fig. 2.

R, L -L, 601/11q a)z/qu L-L, R,

(b)
Fig. 2: (a) d-axis model, (b) g- axis model of BDFRG

The primary voltage in space vector form under normal operating condition can be written respectively as,
v, =V, (13)

= joo,t

V,=dV e (14)

In Eq. (14), “ d ’ indicates depth of voltage dip.

The resulting primary winding current consists of two components as given below,

joopt
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I =1+ (15)
where, ipt, ips denotes the transient and steady state part of the primary current.
The transient and steady state part of the primary current is expressed as,

iy = —(dVp /R, ).e‘(t”") (16)

= jat

i, =[@-d)(V,/R,) ]| an

where, T, = Lp/Rp .

The electromagnetic torque under voltage dips situation is mathematically represented as,
. 3 e = \* /= = \*

Tem _ JZ protch[(Ipt + Ips) (Ict + Ics) (18)

_(Tpt + Tps )(Ict + it;s )]
IV. Results

The MATLAB-SIMULINK software is used to develop the model of three-phase grid connected BDFRG for studying the
LVRT performance of BDFRG under symmetrical voltage dips situation. The specifications of the BDFRG are provided in
Appendix. In this simulation study, the model is run for total simulation time span of 15 sec in SIMULINK platform. The
voltage dips starts at simulation time ‘t’ = 6 sec. Tn this study, the voltage dip depth ‘d’ is taken as 0.6 p.u.. After that, the
voltage recovery starts at t = 6.5 sec. The primary winding voltage recovers to its normal value at time t= 7 sec. The profile of
a-phase primary winding voltage is shown in Fig. 3.
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Fig.3: a-phase primary voltage waveform

The a-phase secondary winding voltage in the study is shown in Fig. 4.
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Fig.4: a-phase secondary winding voltage waveform

The current waveforms of primary and secondary windings in the study are presented in Fig. 5. Fig. 5 shows that the primary
current transient decays and settles to steady state value during voltage dips. During recovery period, the primary current
ramps up to the normal value.
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Fig.5: a-phase current in (a) primary and (b) secondary windings

The obtained active and reactive power at primary winding is shown in Fig. 6.
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Fig.6: Three-phase (a) active and (b) reactive power at primary winding

The corresponding d-axis and g-axis primary winding fluxes are shown in Fig. 7. The obtained torque and speed responses
during normal, voltage dips and recovery are represented in Fig. 8. The input mechanical torque is presented in Fig. 9.
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Fig.7: (a) d-axis and (b) g-axis primary winding flux.
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Fig.8: (a) Electromagnetic torque and (b) rotor speed
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V. CONCLUSION

This paper studies on the low-voltage ride-through performance of three-phase grid connected BDFRG under symmetrical
grid voltage dips. The sudden voltage dips in primary winding create transient current in this winding. The peak value of the
transient current is not high like the case DFIG which is widely used in WECS. The flux in the primary winding of BDFRG
is of decaying oscillatory in nature after voltage dips. The significant amount of pulsation in electromagnetic torque is also
noticed in the study. The rise in speed indicates the increment of stored energy into the rotor of the machine. The active
power pulsation and reduction of reactive power in the primary winding are also two important consequences under
symmetrical voltage dips condition. This study will be helpful to frame suitable LVRT control strategy for BDFRG to
mitigate or reduce the undesired behavior of BDFRG in the abnormal condition.
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Appendix
TABLE |
SPECIFICATIONS OF BDFRG
PARAMET VALUES
ERS
Power 1.5 kw
Voltage 415V
Rp, Lp 10.7 Q,0.407 H
Re Le 12.68 Q, 1.256 H
Lpc 0.57H
J 0.1 kg/m?
Pp: Per Prot 6,2,4
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