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Abstract: Technology developments related to the renewable energy industry are increasing, one example of wind power 

generation technology which has several relationship configurations with generator. This system configuration is known a wind 

generator with a DFIG (Double Fed Induction Generator). This system can supply active power from the induction generator 

stator connected directly to the network while the rotor is connected to the network through a back to back converter. The 

operation of the double feeder induction generator (DFIG) consists of two conditions, the first condition is super-synchronous 

where power will be transmitted from the rotor through the converter to the network and the second condition is sub-synchronous 

where the rotor will absorb power from the network through the converter. This research was conducted to determine the active 

power distribution in two operating conditions of a double feeder induction generator. Generator power delivery increases for 

sub-synchronous and super-synchronous operation when active MSC increases from 10% to 60% and generator speed is constant. 

For a changing speed and a constant active MSC, constant power distribution from the generator (PDFIG) is obtained. 
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1. Introduction 

The more use of fossil materials used for electricity 
generation, the less available it will be, so the solutions is 
needed to overcome this. The solution that can be done is 
renewable energy in the form of sun, wind, sea waves and 
so on which environmentally friendly [1-3]. In addition to 
renewable energy in the form of solar which is growing 
rapidly, wind energy can also potentially be used to 
generate electricity. Wind energy has speed and direction 
that is always changing and cannot be predicted, so that it 
can cause the speed of the wind turbine to change. This 
change in wind speed will change the electrical energy 

generated by the generator, causing instability of deadly 
electrical energy. The wind speed fluctuation is attracting 
more interest from researchers to use the variable speed 
generators. Besides, the advanced design of electronic 
devices has incorporated power electronic function in 
driving with variable speed generator [4]. Comparison of 
FSGs is an important function. Among variable speed 
generator, the DFIG plays a significant role in promoting 
complex operating conditions as an electric generator. In 
wind energy, these generators are dual – feed induction 
generator (DFIG) and synchronous generator (SG) under 

https://journal.gpp.or.id/index.php/ijrvocas/index
https://journal.gpp.or.id/index.php/ijrvocas/index
mailto:mutiar.tiar@gmail.com
mailto:mutiar.tiar@gmail.com
https://doi.org/10.53893/ijrvocas.v2i3.152
https://doi.org/10.53893/ijrvocas.v2i3.152


72     Mutiar et al.: Testing of Deliver Active Power for Operation Sub-Sync and Super-Sync on Doubly Fed Induction  

Generator Applied in Wind Turbine 
  

extreme consideration. Figure 2. Is depicting the DFIG-WT 
system and the DFIG generator, grid side converter (GSC 
and its filters), rotor side converter (RSC), the DC link, 
control system two fault point, transformator and load [3].  
DFIG based system benefits are outlined in [5]. (1) The 
higher rating converters increases the performance of the 
system; the system with low rating types is considered 
disadvantageous. (2) Retaining a regulation of the 
economically and technologically normal power element. 
(3) Has the capacity to work within a large range of wind 
direction. (4) The quadrant converter require control of the 
active and reactive power of the generator by the rotor 
circuit. (5) Have the slip value of s = -1 capability that the 
DFIG can even produce twice as much of it rating power 
[6-7]. Wind turbine technology can be grouped into three 
type; 1) System without power electronics, 2) System with 
some power electronics, in the first system using an 
induction generator with voltage directly connected to the 
network (grid) without power electronics as shown in 
Figure 1 [8]. 
 

 

Figure 1. Direct Connection of Network Induction Generator Without Power 

Electronics [8] 

 
The second system uses a cage rotor induction generator 
and the stator voltage is connected to the mains and the 
rotor is connected through back-to-back converters as 
shown in figure 2. A converter on the rotor side usually 
provides active and reactive power control of the generator 
tie, while the converter on the network side keeps the 
voltage from the DC-link constant [8]. A suitable way to 
deal with the intermediate wind speed change is with a 
second system, namely a winding rotor induction generator 
system partially connected to power electronics. The 
system is known as a doubly fed induction generator (DFIG) 
as the generator. DFIG is a generator that utilities a 
converter placed between the stator and the network which 
functions to regulate power transfer. 

 

Figure 2. Induction Generator With partially Rated Power Electronic 

Configuration Doubly Fed Induction Generator [8] 
 

converter placed between the stator and the network which 
functions to regulate power transfer. Optimum electric 
power systems can be realized by adjusting the active 
power and reactive power of the system through changes to 
the side of the engine side converter (MSC) as well as the 
rotation of the output from the generator. DFIG is an 
induction generator with a wound rotor and stator 
connected to a power source. The 3-Phase current, this 
current will generate a magnetic field the rotor. The rotor 
magnetic field will interact with the stator magnetic field to 
cause torque. The amount of torque is affected by the 
strength of the two fields (stationary rotating field) and the 
angular displacement between the two fields. The DFIG is 
connected directly to the grid and the rotor is connected to 
the back-to-back converter via a slip ring which operates in 
two conditions, namely sub-synchronous and super-
synchronous. Sub-synchronously there is negative torque 
or positive slip where the rotor power absorbs electric 
power from the network while super-synchronous negative 
slip occurs which causes the network to supplied with 
power by the rotor as shown in figure 3. [9-12] 
 

 

Figure  3. (a) Super- Synchronous and (b) Sub- Synchronous Operation of 

the DIFG Wind Turbine [8] 

 
Figure 4. shows the steady- state relationship between 
mechanical power and rotor and stator electrical active 
powers in a DFIG system. In this figure, Pm is the 
mechanical power delivered by turbine, Pr is the power 
delivered by the rotor to the converter, Pair-gap is the power 
at the generator air-gap, Ps is the power delivered by the 
stator and Pg is the total power generated and delivered to 
the grid. If the stator losses are neglected [13], then 
 

Pair-gap = Ps        (1)                                            
 

And neglecting rotor losses: 
 

Pair-gap = Pm – Pr    (2)                                                                                                                                                                                                
 
Mechanical power, Pm can be expressed as 

 
Pm = ( 1 – s ) Ps               (3) 

                                                                                                                                                                                    
The total power delivered to the grid, Pg, is then given by 
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Pg = Ps + Pr       (4)                                                            

                                                                                                                                                      

 

 

Fig 4.  DFIG Power Relationships [8] [1] 

 
A variable speed with wind turbine (VST) with a double 
feed induction generator (DFIG) is a form of wind power 
plant. Where rotor is connected to the network through back 
to back converter and the stator is stator is connected to the 
work [14]. The advantage of this system is being able to 
control the active and reactive power of generator. In 
addition, it can produce efficient energy, improve power 
quality and dynamic performance when there is a short 
circuit and under voltage and produce electric power with 
a fixed frequency and only 25% of the power from 
generator to achieve full control. The power regulation 
system of the generator consists of two ways, namely: first, 
adjusting the active power from setting the propeller angle, 
adjusting the quadrature and direct components of the 
return current can adjust the rotational and speed reactive 
power. Both regulate the active and reactive power from 
setting the quadrature component of the rotor voltage, 
adjusting the angle of the propeller can set the rotational 
speed. [15-17]. 

2. Research Methods  

The method used in this study was to collect data at the 
Renewable Energy Laboratory of Electrical Engineering, 
Sriwijaya State Polytechnic and analyze the measurement 
result. Data collection was carried out with two tests: 

1. Testing the sub-synchronous power control with 
the prime mover speed and active MSC value (%) 
changing. 

2. Testing the sub-synchronous active power control 
with the prime mover speed changing and the 
active % MSC value fixed. 

3. Super synchronous power control test with fixed 
prime mover speed and changing active %MSC 
value. 

4. Testing the control of supersynchronous power 
with the prime mover peed changing, the MSC 
active (%) value fixed. 

5. Testing the reactive power control with a fixed 
prime mover speed and a changing active %  
MSC value. 

 

Figure 5. Data collection on the DFIG Wind Generator in the Sriwijaya 

State Polytechnic Renewable Energy Laboratory [18] 

 

 
Figure 6. Data Collection Process Flowchart 

 

3. Results and Discussion 

3.1.  Generator Testing in sub-synchronous Mode. 

This test was carried out by changing the percentage of the 

engine side converter (MSC active %) and the generator 
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rotation remained at 1250 Rpm, so that the data in table 1 

was obtained. 

Table 1. Data on Active Power, Frequency and Voltage Measurements with a 

fixed Generator Speed 

MSC 

active (%) 

PDFIG  

(W) 

PGRID 

(W) 

PLSC 

(W) 

Fs 

(HZ) 

Vs 

(V) 

10 75 -25 -106 49,94 283 

20 159 33 -125 49,96 284 

30 237 91 -147 49,96 285 

40 317 145 -172 49,99 286 

50 397 199 -198 49,98 287 

60 477 250 -277 49,97 288 

 

3.2 . Generator Testing in Super-Synchronous Mode 

This test was carried out by changing the percentage of the 
engine side converter (MSC active %) and the generator 
rotation remained at 1600 Rpm, so that the data in table 1 
was obtained. 

 

Table 2 . Active Power Measurement Data, Frequency and Voltage with fixed 

Generator Speed 

MSC 

active (%) 

PDFIG  

(W) 

PGRID 

(W) 

PLSC 

(W) 

Fs 

(HZ) 

Vs (V) 

10 78 3 -77 50,11 295 

20 159 82 -77 50,12 297 

30 236 160 -78 50,11 298 

40 316 234 -82 50,12 299 

50 398 308 -86 49,11 301 

60 475 382 -93 49,12 302 

 

3.3. Generator Testing in Sub-synchronous Mode 

This test is carried out by changing the generator speed (N) 
and the percentage of the engine side converter (MSC 
active %) remains 40%. 

Table 3. Active Power Measurement Data, Frequency and Voltage With 

Changing Generator Speed 

 

N(rpm) 
PDFIG  

(W) 

PGRID 

(W) 

PLSC 

(W) 

Fs 

(HZ) 

Vs 

(V) 

1200 317 131 186 50,10 286 

1230 318 140 178 50,01 287 

1260 317 146 170 50,03 287 

1290 318 155 162 49,98 287 

1320 318 165 155 50,01 287 

1350 321 172 147 50,04 287 

 

3.4. Generator Testing in Super-synchronous Mode 

    This test is carried out by changing the speed of the 

generator (N) and the percentage of the engine side 

converter (MSC active %) remains 50%. 

 

Table 4. Active Power, Frequency and Voltage Measurement Data with 

Changing Generator Speed 

N(rpm) 
PDFIG  

(W) 

PGRID 

(W) 

PLSC 

(W) 
Fs (HZ) 

Vs 

(V) 

1550 397 296 -101 50,13 301 

1600 397 307 -87 50,12 301 

1650 397 324 -74 50,13 301 

1700 397 328 -68 50,13 301 

1750 397 330 -60 50,13 301 

1800 397 362 -34 50,13 301 

 

3.5. Active power delivery for sub- synchronous operation 

mode. 

Testing the active power distribution in the sub- 

synchronous operating mode is carried out by changing the 

percentage of the engine side converter (MSC active %), 

namely from 10 % to 60 %, this is the setting of the 

generator excitation current through the generator rotor and 

the generator rotor and the generator rotation remains 1250 

Rpm less than the rotation the stator field is 1500 Rpm as 

shown in Table 1. The test results show that the active 

power released by the generator to the network increases 

with a relatively constant voltage and frequency when the 

excitation current (Iex) through the active MSC (%) 

increases [19]. Increasing the excitation  current  

through active MSC (%) can also overcome if the network 

requires high power with a fixed voltage and frequency 

value and generator rotation. This increase in excitation 

current also reduces the value of the active power on the 

network side converter (LSC), this indicate that the greater 

value of the excitation current through the active MSC (%), 

the distribution of power from the generator (DFIG) 

requires reactive power for amplification. It can be seen that 

the power value at the LSC decreases with an increasing 
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mines value which means a large absorption of reactive 

power and work at a power factor where the current lags 

behind the voltage (lagging). 

 

Figure 7. Graph of the relationship between P GRID, P DFIG, and Vs to MSC 

active to the condition sub sincron with the speed 1250 rpm. 

 

From Figure 7 it can also be seen that the stator voltage is 

constant because the MSC side converter absorbs active 

power on the network side of the voltage generated by the 

capacitor which causes the DC voltage on the capacitor to 

drop and the value of the mains voltage will remain 

constant. The stable stator frequency value is due to the 

addition of the rotor frequency by the MSC engine side 

converter so that the stator frequency will be relatively 

constant [20]. Testing the active power distribution in the 

sub-synchronous operating mode is carried out by changing 

the generator rotation from 1200 to 1350 Rpm and the value 

of the amplifier current through the percentage of the 

engine side converter (MSC active %) remains 40%, as 

shown in table 2 and figure 8. Changes the speed of the 

generator will affect the distribution of power, voltage and 

frequency on the generator to the network (grid). 

Changes in the speed of the generator from 1200 to 1350 

Rpm and the value of the amplifier current through the 

MSC active remains active and the voltage from the 

generator stator (DFIG) does not change. While the power 

supplied to the network (Grid) increases and the power to 

the network side converter (LSC) increases, in other words 

the value of mines from large to small indicates that the 

power on the stator side (DFIG) absorbs less reactive power, 

so that when power is absorbed on DFIG requiring a large 

amplifier current can be done by adjusting the speed of the 

generator without having to increase the value of the 

amplifier current through the engine side converter (MSC 

active) [6]. The prime mover speed value affects the active 

power output of the network (Pgrid) with a stable and 

constant output voltage and frequency. As the prime mover 

speed increases with a fixed MSC active (%) value, the 

active power value on the network increases, the active 

power on DFIG (Pdfig) remains constant, the MSC (Plsc) 

active power value increases (smaller with a minus sign that 

shows that DFIG absorbs less reactive power) [21]. 

 

Figure 8. Graph of the relationship between P GRID, P DFIG, and VS with 

respect to rotation for active % MSC sub-synchronous operating conditions 

remains 40%. 

 

As the prime mover speed increases, the reactive power 

absorbed by DFIG for excitation decreases, so when DFIG 

requires a large excitation current it can be assisted by 

setting the prime mover by adjusting the size of the prime 

mover speed without increasing the active MSC value on 

the panel. The minus sign on the PLSC indicates that the PLSC 

is working at a lagging power factor. Increasing the speed 

of the prime mover, to achieve a constant output frequency 

of 50 Hz and a constant output voltage of 300V, what is 

needed is to reduce the reactive power of the PLSC for 

excitation. 

 

3.6. Active Power Delivery For Super-synchronous 

Operation Mode 

Testing the active power distribution in the super-

synchronous operating mode is carried out by changing the 

percentage of the engine side converter (MSC active %), 

namely from 10% to 60%, this is the setting of the generator 

excitation current through the generator rotor and the 

generator rotation remains 1600 Rpm greater than the field 
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stator rotation is 1500 Rpm as shown in table 2. In this 

operating condition, an increase in the excitation current 

through the active MSC results in a smaller active power 

value on the LSC network-side converter and is marked 

with mines, which means that the LSC works at a lagging 

power factor, so that the power on the sator absorbs reactive 

power. When the generator operates at a speed above the 

stator field speed, the reactive power required for 

amplification is smaller when compared to sub-

synchronous mode operation. An increase in the value of 

the excitation current through the engine side converter 

(MSC active %) results in an increase in the distribution of 

active power from the generator and the network and the 

stator voltage is relatively stable. The stability of the stator 

voltage from the generator is due to the MSC engine side 

converter taking power from the network side converter 

from the capacitor voltage so that the DC voltage will drop 

and the network voltage is relatively stable [6]. 

 
Figure 9. Graph of the relationship between P GRID, P DFIG, and VS to active 

MSC (%) for super-synchronous operating conditions with a speed of 1600 

rpm. 

 

An increase in the value of active MSC (%) and prime 

mover still results in a stable stator frequency value. Based 

on the formula equation N = 120 x f / P, with a prime mover 

speed of 1650 and a number of stator poles of 4, a frequency 

value of 55 Hz is obtained. The stable stator frequency 

value is due to the reduced frequency by the MSC converter 

so that the stator frequency will remain constant at 50 Hz 

[6]. Testing the active power distribution in the sub-

synchronous operating mode is carried out by changing the 

generator rotation from 1550 to 1800 Rpm and the value of 

the excitation current through the percentage of the engine 

side converter (MSC active %) remains 40%, as shown in 

Table 4. The results of this test show that the increase in 

generator speed and the value of the amplifier current 

through the engine side converter (MSC active) remains the 

same, the active power value on the network converter side 

(LSC) is getting smaller and lags which is marked by the 

value of mines, so that the generator stator absorbs reactive 

power. The greater the speed of the generator above the 

speed of the stator rotating field, the more stable the 

frequency and voltage [ 4]. 

 

Figure 10. Graph of the relationship between P GRID, P DFIG, and VS with 

respect to rotation for active MSC super-synchronous operating conditions 

remains 40%. 

4. Conclusion 

The result of this study can be concluded as follows: 
1. Generator operation in sub- synchronous mode of 

frequency and voltage values. Stables even though the 
generator speed remains and changes. When the rotor 
gains through the engine side converter (MSC active) 
increases, the active power distribution from the 
generator stator (PDFIG), the active power to network 
side converter (PLSC) decreases, while when the active 
MSC (%) remains constant and the generator speed 
increases, the distribution of active power to the 
generator stator (PDFIG) remains constant and tha 
power on the network (PGrid) increases, as well as the 
active power of the network side converter (PLSC). The 
greater so that the reactive power absorbed by the PLSC 
for greater amplification needs because the generator 
operate with a rotor speed that is smaller than the 
stator field speed. 

2. Operating the generator in super-syncrhonous mode, 
the frequency and voltage values are stable even 
through the speed is constant and changes. When the 
rotor gain through the machine side converter (MSC 
active %) increases and the generator speed remains 
constant, the power absorption at the generator stator 
(PDFIG) and the power on the network (PGrid) increases 
and the reactive power on the network side converter 
( PLSC ) decreases. Meanwhile, when the active MSC  
remains and the generator speed increases, the power 
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distribution to generator stator ( PDIFG ) remains 
constant and to the  power at network  (PGrid) 
increases. The active power on the run-off converter 
( PLSC ) is getting  smaller, so that the reactive power 
absorbed by the LSC for amplification needs is smaller, 
because the generator operates with a rotor speed 
greater than the stator field speed. 
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