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Abstract— The demand of electricity is increasing 
day by day because of rapid urban and rural 
industrialisation. In this scenario, to meet the 
consumers demand, power generation capacity has to 
be increased. Therefore, all power resources have to 
be pooled. However, pooling of different resources is 
very complicated as power generation may be at 
different frequencies. The power sources such as 
Thermal, Nuclear, Hydro, Solar, Wind power 
generation may be at different frequencies in India 
and abroad and connecting these power sources to the 
national or international grid will be extremely 
difficult as electrical power is transferred at same 
frequency through AC transmission line. To 
accomplish this, Asynchronous Power Flow 
Controller will facilitate smooth transfer of power 
from different power generation sources at various 
power frequencies. The proposed Asynchronous 
Power Flow Controller (APFC) system essentially 
consists of two back-to-back Voltage Source 
Converters as “Shunt Converter” and “Series 
Converter”. Both Series and Shunt Converters are 
coupled via a common dc link which is provided by a 
dc storage capacitor. The study has culminated   into 
successful simulation of transfer of power from two 
different sources at different frequencies. This has 
opened vistas for further optimising the combination 
of different power resources to the grid and thus 
enhancing the availability of power. The future 
researchers may work in this direction. 
 
Index  Terms—Shunt Converter, Series Converter, 
Phasors, Direct-drive, National grids. 
 

I. INTRODUCTION 
 

Electric power system is widely interconnected to 
optimally utilise the different power generation 
sources. These 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 reliability 
[1]. Presently, for the large power system 
interconnections the AC link and DC link are two 
options available. Since, AC is the dominant mode of 
generation, transmission and distribution in power 
system; therefore, interconnections have been mostly 
realized by AC link since this option is technically 
feasible and economically justified [2]. The proposed 
APFC system is a combination of back-to-back 
voltage source converters named as “Shunt 

Converter” and “Series Converter” in the Fig. 1[1],  
which are coupled via a common dc link provided by 
a dc storage capacitor. Thus, the APFC system placed 
in AC tie line between two separate power systems or 
grids. Interconnection of two separate power systems 
or grids operating at different frequencies is possible 
if frequency of current as well as voltage both must 
be maintained. 

 
Fig. 1. Proposed APFC  Conceptualisation 

 
II. APFC SYSTEM 

 
The APFC system consists of Series Converter and 
Shunt Converter. The Series converter with two 
separate power systems or grids are shown in Fig. 
2(a), are given as 
 
  = Vm60 sin(2πf1t)                                                  (1)܄
 f1 = 60 Hz  
V5 0= V50() = Vm50 sin(2πf2t)                                   (2)  
f2 = 50 Hz  
V50() = ܄ + ܛ܍ܑܚ܍ܛ܄0                                                  (3) 
Where,  
Vm60 = Vm50 = Vm  V50(1) is the resultant voltage of 
Vseries and V60 voltage. The function of series 
converter is to injecting a voltage Vseries with 
magnitude |Vseries| and phase angle θ through a series-
connected transformer. This injected voltage as 
shown in Fig. 2(b) is a difference of two separate 
power systems or grids voltage having different 
frequencies, shown in Figures. 2 (c) and 2(d). 
 
    

  
                                    (a) 
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                                   (b) 

   
                                   (c) 

 
                                   (d) 
Fig. 2: (a) Circuit arrangement of series converter 
with two separate power systems or grids (b) Series 
Converter injected voltage waveform (c) 60 Hz-grid 
voltage waveform (d) 50 Hz-grid voltage waveform. 
 
The Shunt Converter with two separate power 
systems or grids is shown in Fig. 3(a).It is observed 
that 
۷ = I(4)                                                                          ܜܖܝܐܛ  
Where,  
۷�獩 = Imsin ω1(t)                                      (5)  
۷ = Imsin ω2(t)                                         (6)  
Where, 
 Im60 = Im50 = Im  
 
The function of Shunt Converter is to inject a current 
Ishunt in shunt with line via a shunt-connected 
transformer. This injected current as shown in Fig. 
3(b) is a difference of two separate power systems or 
grids current having different frequencies, shown in 
Figures. 3(c) and 3(d). 

 
                                          (a) 

 
                         (b) 

 
                                         (c) 

 
                                          (d) 
Fig. 3: (a) Circuit arrangement of shunt converter 
with two separate power systems or grids (b) Shunt 
Converter injected current waveform (c) 60 Hz-grid 
Current Waveform (d) 50 Hz-grid Current 
Waveform. 
 
 
 The APFC system allows Bidirectional flow of real 
power between the converters as well as frequency 
maintenances of two sources operating at different 
frequencies. 
 
 

III. MATHEMATICAL ANALYSIS 
 
    Suppose the two alternators having frequencies of 
f1 and f2 respectively[3], as shown in Fig. 4, let the 
voltage equations of two alternating source are  
 
V1(t)= Vmsinω1(t)                                (7) 
 V2(t) = Vmsinω2(t)                              (8)  
 
Then for equal voltage magnitude, the voltage across 
the switch S1 as shown in Fig.5, is 
  (9)                                         2ܸ − 1ܸ = ݒ
 
From equations (7) and (8), 
v = Vmsinω1(t) − Vmsinω2(t)                (10)  
Hence, the above equation can be written as  
                            [ cos(ω1+ ω2) t . sin( ω1 –ω2)t]2ܸ݉=ݒ
(11)                                                                              
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The waveform of equation (9) as shown in Fig. 5 
shows amplitude of voltage changes from zero to the 
maximum amplitude and again to zero continuously. 
The injected voltage by Series Converter will follow 
the equation (11). 

 
Fig. 4.Circuit diagram of two alternating source with 

switch connected in series. 

 
 

Fig. 5. Voltage across the switch which is to be 
injected by series converter. 

 
In Fig. 6(a). Phase voltages of two alternating source 
are represented by phasors OA1 and OA2 rotating at 
angular speed of ω1 and ω2  rad/sec respectively. 
When rotating  phasors OA1 and OA2 coincide, 
voltage across the switch will be zero as shown in 
Fig. 6(b). When rotating phasors OA1 and OA2 
opposite to each other voltage across the switch will 
be twice the magnitude of single phasors (OA1 or 
OA2) as shown in Fig.6(c). 

 
 

(a)                    (b)                    (c) 
 

Fig. 6. Phasor diagram pertaining to the 
synchronization of an alternator with another 
alternator or bus-bar (a) Phasors OA1 and OA2 
having angle “θ” in between them. (b) Phasors OA1 
and OA2 coincides. (c) Phasors OA1 and OA2 
opposite to each other. 
 
 

IV. SIMULATION MODEL 
 
Two sources operating at different frequencies are 
considered for simulation .One source is operating at 
60 Hz where as receiving end source is operating at 
50 Hz. Schematic for this is given in Figure 1. 
Simulation are carried out at different phase shift 
between V50Hz  and V50Hz(1)  .The time duration and 
phase angle of respective voltage are given in Table 
II. 
Parameters for simulation are as given in Table I: 
 
TABLE I.  SIMULATION  PARAMETERSPE  
 
 
Sr. No.  
 

Parameters  
 

Values  
 

1  60 Hz-grid Voltage (line voltage)  33 kV  
2  50 Hz-grid Voltage (line voltage)  33 kV  
3  Transmission line inductance(per phase)  0.111464 H  
4  Transmission line resistance(per phase)  5 Ω  
5  Load angle(60 Hz-grid)  0°  
6  Load angle(50 Hz-grid)  30° lagging  
7  dc link capacitor  1 µF  

 
Fig. 7.Simulink Model of Proposed APFC system for 

Single phase. 
 
                        V. SIMULATION RESULTS 
 
As shown in Fig. 9 Series Converter Injected voltage 
amplitude continuously changes from zero to twice of 
maximum value of phase voltage and again to zero 
repeatedly, which maintain 60 Hz-grid voltage shown 
in Fig. 10 and 50 Hz-grid Voltage shown in Fig. 11. 
This Series Injected Voltage, is a difference of 60 Hz-
grid and 50 Hz-grid voltage, modulated with high 
frequency triangular wave decide the triggering of 
IGBT’s used for series converters. 
 
For simulation, angular position of V50 Hz(1) changes 
with respect to V50 Hz so power angle (δeff) changes 
and its value shown in Table II. 
Time(sec) angle of V50Hz  angle of 

V50Hz(1) 
 Power angle 
(δeff) in degree 

0-0.1 -30 -10 20 
0.1-0.2 -30 0 30 
0.2-0.3 -30 -30  0 
0.3-0.6 -30 10 40 
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Fig. 8. Series converter injected voltage 
waveform.Scale: 20 kV/div, 2 ms/div 
 

 
Fig. 9. 60 Hz grid voltage waveform. Scale: 
10kV/div,2 ms/div 

 

 
Fig. 10.50 Hz grid voltage waveform. Scale: 
10kV/div,2 ms/div 
 
Shunt Converter uses Hysteresis Current Control 
scheme to decide the triggering of IGBT’s used in 
Shunt Converters. As shown in Fig. 11 Shunt 
Converter Injected current amplitude continuously 
changes from zero to twice of maximum value of 
phase current and again to zero repeatedly, which 
maintain 60 Hz-grid current shown in Fig. 12. and 50 
Hz-grid current shown in Fig. 13. As amplitude of 
Injected Current reaches zero, distortion in current 
magnitude and phase angle changes takes place. 
 

 
 
Fig. 11. Shunt converter injected current waveform. 

Scale: 500 A/div, 2 ms/div 

 
Fig. 12.60Hz grid current waveform. Scale: 
200A/div,2 ms/div 

 
Fig. 13.50 Hz grid current waveform. Scale: 
200A/div,2 ms/div 

 
Fig. 14. 60 Hz grid active and reactive power. Scale: 

2*106/div, 2 ms/div 
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Fig. 15. 50 Hz grid active power control. Scale: 

5*106/div, 2 ms/div 
 

 
Fig. 16. Series converter instantaneous real power. 

Scale:5 MW/div, 2 ms/div 

 
Fig. 17. Shunt converter instantaneous real power. 

Scale: 5 MW/div, 2 ms/div 
 

Fig. 14 shows Active Power Transfer from 60 Hz 
grid (13 MW), to 50 Hz grid (10 MW) and Fig 15 
shows Active Power Control at 50 Hz grid. Fig. 16 
shows Series Converter absorbing instantaneous Real 
Power, Fig. 17 shows Shunt Converter Injecting 
Instantaneous Real Power and as a result of which 
Average Power in DC link is zero. 
 
CONCLUSION 
The Asynchronous Power Flow Controller (APFC) 
can be used for interfacing two independent power 
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systems or grids operating at different or same 
frequencies. The Asynchronous Power Flow 
Controller (APFC) is a new concept. To optimize and 
enhance the grid power obtained from various 
resources operating at same or different frequency 
has been conceptualize and practical application has 
been ascertain.  The results of simulation performed 
based on controlled source and simulation results 
analysis indicates that the interconnection of two 
grids operating at different frequency is feasible for 
practical application.  
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