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Abstract - Both variable frequency transformer (VFT) and
high voltage direct current converter are feasible solutions for
asynchronous interconnection of different power grids. The
VFT possesses inherent natural damping and high
overloading capability, which is important for stability and
reliability of power grids. The VFT, however, has not been
widely used, since it cannot well solve some grid faults like
asymmetrical grid faults. This paper describes the basic
concept of a New Model Variable Frequency Transformer
(NMVFT). NMVFT is a new technology which is used for
v/f control of induction motors. A digital simulation model
of NMVFT and its control system are developed
using MATLAB. The out power thus generated in v/f mode
has been practically verified for the speed control of a three-
phase induction motor. Thus constant speed-torque
characteristics were achieved.

Index Terms: Variable frequency transformer (VFT),
Asynchronous, New Model Variable Frequency Transformer
(NMVFT), V/f control, MATLAB.

I INTRODUCTION

The electric power supply systems are widely
interconnected, involving connections inside utilities’ own
territories which extend to inter-utility interconnections and
then to inter-regional and international connections [1]. This
is done for economic reasons, to reduce the cost of electricity
and to improve reliability of power supply [2]. These
interconnections are needed because, apart from delivery, the
purpose of the transmission network is to pool power plants
and load centers in order to minimize the total power
generation capacity and fuel cost. The transmission
interconnections enable taking advantage of diversity of
loads, availability of sources, and fuel price in order to supply
electricity to the loads at minimum cost with a required fault.
The drawbacks of this arrangement are that the operation is
stepwise (rather than continuous) and slow (to deal with
stability related constraints on the grid). For this reason, the
ac interconnection is replaced by another one known as
Back-to-Back HVDC. The Back-to Back HVDC is

asynchronous interconnection, which is implemented via
HVDC for most cases at present. It is easy for bulk power
transfer and also flexible for system operation. But the design
of HVDC system is quite complicated and expensive. The
HVDC link requires a very costly converter plant at sending
end and an inverter plant at receiving end. Alternatively,
recently, a new technology known as variable frequency
transformer (VFT) has been developed for transmission
interconnections. By adding different devices with it, power
transmission or power flow can be controlled within and
between power system networks in a desired way [3].

Il. VFT CONCEPT AND COMPONENTS

A variable frequency transformer (VFT) is a
controllable, bidirectional transmission device that can
transfer power between asynchronous networks [4]. The
construction of VFT is similar to conventional asynchronous
machines, where the two separate electrical networks are
connected to the stator winding and the rotor winding,
respectively. One power system is connected with the rotor
side of the VFT and another power system is connected with
the stator side of the VFT. The electrical power is exchanged
between the two networks by magnetic coupling through the
air gap of the VFT and both are electrically isolated.

The VFT is essentially a continuously adjustable phase
shifting transformer that can be operated at an adjustable
phase angle. The VFT consists of following core
components: a rotary transformer for power exchange, a drive
motor to control the movement or speed of the rotor and to
control the transfer of power. A drive motor is used to apply
torque to the rotor of the rotary transformer and adjust the
position of the rotor relative to the stator, thereby controlling
the magnitude and direction of the power transmission
through the VFT [5]. The world's first VFT, was
manufactured by GE, installed and commissioned in Hydro-
Quebec's Langlois substation, where it is used to exchange
power up to 100 MW between the asynchronous power grids
of Quebec (Canada) and New York (USA) [6].
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A stable power exchange between the two asynchronous
systems is possible by controlling the speed and torque
applied to the rotor, which are controlled externally by the
drive motor. When the systems are in synchronism, the rotor
of VFT remains in the position in which the stator and rotor
voltage are in phase with the associated systems. In order to
transfer power from one system to other, the rotor of the VFT
is rotated. If torque applied is in one direction, then power
transmission takes place from the stator winding to the rotor
winding. If torque is applied in the opposite direction, then
power transmission takes place from the rotor winding to the
stator winding [7, 8]. The power transmission is proportional
to the magnitude and direction of the torque applied. The
drive motor is designed to continuously produce torque even
at zero speed (standstill). When the two systems are no longer
in synchronism, the rotor of the VFT will rotate continuously
and the rotational speed will be proportional to the difference
in frequency between the two power networks (grids). During
this operation the power transmission or flow is maintained.
The VFT is designed to continuously regulate power
transmission even with drifting frequencies on both grids.
Regardless of power transmission, [9, 10] the rotor inherently
orients itself to follow the phase angle difference imposed by
the two asynchronous systems.

I11. DIGITAL SIMULATION OF VFT
A. MATLAB Simulation

In the view of MATLAB simulink, MVFT is a type of
machine which can be simulated with the asynchronous
machine Sl units. The asynchronous machine

Sl units having a three-phase excitation system on stator side.
The constant speed achieved from dc shunt motor is
simulated by using a constant block. And then we could use
this simulated model, as shown as Figure 3, to solve electric
system of MVFT.

Figure 3. MATLAB Simulation diagram of MVFT
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B. Simulation Figures and Results
When the rotational speed of dc shunt motor is zero.

a) The direction of rotation of rotor is same
as that of the air gap field:-
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When the rotational speed of dc shunt motor is equal to the
synchronous speed i.e. relative speed is zero.
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In this way we can control output voltage from zero volts to
rated voltage and frequency from zero Hertz to rated
frequency i.e. 50 Hz in India. The emf induced across the
rotor winding versus its frequency graph achieved is shown
as:
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a) The direction of rotation of rotor is
opposite to the air gap field:-

When the rotational speed of dc shunt motor is equal to the
synchronous speed i.e. relative speed is double of
synchronous speed.
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In this way we can control output voltage from rated
voltage to twice of rated voltage and frequency from rated
frequency to twice the rated frequency i.e. 50 —100 Hz in
India. The emf induced across the rotor winding versus its
frequency graph achieved is shown as:
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Figure 4. MATLAB Simulation results showing variation of
rotor circuit voltages with time and voltage versus frequency
graphs.

S.No Equipment Specification
I D.C Shunt Motor 0.75HP, 3.8A,
220V,1500rpm
2. Induction Motor 420V, 4.4A, Y-Y,
cos@=0.83,1430rpm
Rotor : 210V, 7.3A
3. | Automansformer 3 phase 22.799KVA,
0-470V,28A
% Rheostat 0-3509,3.0A
5. Voltmeter 0-250V, M1
6. Tachometer 0-3000rpm
7. Oscilloscope Tectronix

Figure 5. Mechanical and electrical parameters used during
experiment.

While performing the experiment the rotor of dc shunt
motor is mechanically coupled to the rotor of the induction
motor. The three phase ac supply is given to the stator
winding of three phase four poles slip ring type induction
motor through an auto transformer. The rotor windings are
kept open circuited and voltmeter is connected across the
rotor winding. The 220V dc is applied to the dc shunt motor
through a rheostat. A tachometer is used to measure the speed
of the dc shunt motor [11, 12]. With the help of auto
transformer the input voltage of induction motor is
maintained constant and through rheostat the voltage of the
dc shunt motor is varied which varies the current in shunt
winding and as a result the flux of dc shunt winding varies,
resulting in variation of speed of dc shunt motor. Since the
rotor of dc shunt motor is mechanically coupled with the rotor
of induction motor, thus the speed of the induction motor
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varies accordingly. The voltage induced across the rotor
winding and its frequency is given in the table:

a) The direction of rotation of rotor is same as that of
the air gap field:-

IV. PRACTICAL ANALYSIS

TABLEL
VARIATION OF ROTOR VOLTAGE AND ITS FREQUENCY WITH SPEED
SNo | Speed of D.C Shunt Voltage across Frequency of
Motor (rpm) rotor winding rotor voltage
(volts) (Hz)
I 0 180 50.0
2. 201 156 433
3. 398 132 36.8
4, 605 107 30.0
3. 802 84 233
6. 998 61 16.8
1 1203 36 10.0
8. 1498 0 00

Figure 6 showing the variation of rotor voltage with its
frequency of table I.
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Figure 6. VVoltage versus Frequency curve (table I)

a) The direction of rotation of rotor is opposite to theair
gap field:-
TABLEIIL
VARIATION OF ROTOR VOLTAGE AND ITS FREQUENCY WITH SPEED
S.No Speed of D.C Shunt Line Voltage Frequency of
Motor (rpm) across rotor rotor voltage
(volts) (Hz)
L 0 180 50
2. 198 204 56.6
3. 260 210 58.5
4. 402 227 63.0
5 % 703 265 735
6. 850 282 78.2
T 1025 303 842
8. 1254 332 92.0
9. 1492 360 99.7
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Figure 7 shows the variation of rotor voltage with its
frequency of table II.
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Figure 7. Voltage versus Frequency curve (table II)

V. CONCLUSION

From the simulated result it is evident that power
transmission is directly proportional to the applied torque.
Moreover, both the magnitude and direction of the power
transmission through VFT, are controllable by the torque and
speed of the rotor. Hence VFT technology provides an option
for achieving real power transmission or power flow control
in-between two or more power systems. The model
developed is successfully used to demonstrate the power
handling capability of the VFT. The direction and the
magnitude of power transmission control are achieved. The
voltage, current, torque and speed plots are also obtained.
Thus, the VFT concept discussed and its advantages are
verified by simulation results. It has distinct advantages in
terms of controllability over conventional phase angle
regulating transformers and does not inherently produce
harmonics in case of many HVDC and FACTS technologies.
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