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 This paper presents a scheme to start three-phase induction motors (IMs) 

directly connected to terminals of constant V/f controlled doubly fed 

induction generator (DFIG) through the rotor side converter (RSC). The 

proposed control is achieved by controlling the output voltage and frequency 

of stand-alone DFIG via controlling an injected voltage into the rotor circuit 

through the RSC. The control scheme provides a search for maximum rating 

of the three-phase IM which can be supplied from a DFIG. The search 

technique is based on using a simplified mathematical model to find the 

capability limits of the RSC and DFIG. It is found that these parameters 

depend on the stator frequency and rotor slip. Therefore, an investigation is 

performed to find the lowest frequency and the corresponding allowable 

maximum rating for the IM to be safely started. A typical example is 

provided in the paper for a 15 kW DFIG. It is shown that this generator 

could supply a three-phase IM with a maximum rating of 1-hp if it operated 

at nominal outputs, voltage and frequency, during start-up period. While, 

using the proposed technique, the same generator could start-up a three-

phase IM with maximum power rating of 7.25 hp. 
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1. INTRODUCTION 

Stand-alone wind energy conversion systems employing doubly fed induction generators (DFIG) 

have become a suitable choice for feeding low power consumers in remote areas [1]–[16]. DFIG can produce 

a constant outputs, terminal voltage and frequency (VF), using field-oriented control (FOC) when supplying 

isolated loads regardless of the loading conditions and generator operating speed [1], [17], [18]. In remote 

area applications, where the DFIG is used as a power source, dynamic loads such as induction motors (IM) 

are used in farm irrigation pumps [19]. As it is known, the directly connected IM to the power source draws 

large starting current (6 times the nominal value) with low power factor, causing a voltage dip during start-up 

period [20]. This voltage dip reduces the motor starting torque [21]. Hence, the performance and analysis of 

the motor fed from DFIG is needed.  

Much research has been carried out on different aspects of the static loads and on the dynamic 

performance of the DFIG [1], [22]. However, the dynamic loads had little attention especially the impact of 

https://creativecommons.org/licenses/by-sa/4.0/
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the start-up current on the operation of the DFIG. Naidu and Singh [23], Singh and Sharma [24] have 

proposed control algorisms for the load-side-converter (LSC) and the rotor-side-converter (RSC) during start-

up time of directly connected a three-phase IM. RSC is controlled to maintain the DFIG output VF constant 

at nominal values. Moreover, controlling the LSC contributes to operating DFIG stator terminals at unity 

power factor. Both previous control methods have not treated the motor starting current. In addition, testing 

of those control strategies has been carried out on an IM with directly connected start-up method and very 

low power rating according to the rating of DFIG. Hence, a larger rating of IM has not been used.   

Sharawy et al. [18] has proposed a new method when the IM is directly connected to the DFIG. The 

output VF of the DFIG is firstly reduced to certain value before connection of the IM while maintaining the 

V/f ratio constant.  Once the IM is connected across the DFIG output terminals, the output VF are started to 

increase gradually until reaches to their nominal value. The control method is implemented by applying 

constant V/f control beside with FOC to the RSC. This procedure contributes to the reduction of motor 

starting current and makes it possible to start larger IMs rating with respect to the DFIG rating. Furthermore, 

the procedure mitigates the voltage sag which occurs during the starting period within allowable limit values 

[25] without oversizing the rating of DFIG or employing any special starters [18]. 

However, operating DFIG at lower values of output VF reduces its loading capacity limits as its 

capacity depends mainly on the value of stator voltage [26]–[28]. Also, in normal operation of DFIG, the slip 

range is limited to ± 30% from its nominal synchronous speed. But operating DFIG at low output frequency 

produces an increasing of the slip and slip power output from RSC to the DC-bus. Hence, at higher stator output 

power and low output frequency, the slip power may exceed the allowable limits of the RSC power rating. This 

has required oversizing RSC although the stator output power does not exceed the nominal power of DFIG 

when operating it at lower values of output VF. So, when DFIG is operated at inconstant stator output VF and 

feeds a motor load, it is important to determine the loading capacity limits of the DFIG to prevent an overload. 

Previous research [26]–[28] is implemented on the grid connected DFIG, which always operates at constant VF 

and does not deal with a DFIG operating at variable output VF or dynamic loads. With inconstant VF, the RSC 

active power capability, slip range and steady state stability limitations according to those operating conditions 

should be taken into consideration. 

In this paper, maximum allowable hp rating of a three-phase motor can be started when using stand-

alone DFIG is determined. The system under study, see Figure 1, consists of a wind turbine (WT) drives a 

DFIG through a gear box (GB). The DFIG is supplied from the rotor using battery and RSC. The three-phase 

IM is directly connected across DFIG stator terminals through a circuit breaker (CB) and drives an irrigation 

pump. A C-filter is connected to stator terminals to reduce the DFIG output voltage harmonics. 

 

 

 
 

Figure 1. Proposed system scheme 

 

 

A simplified steady state mathematical model is presented to evaluate the loading capacity limits of 

DFIG at steady state. The DFIG loading capacity limits and the RSC power rating are determined at different 

output VF of the stator while maintaining V/f ratio constant. For varying the stator output VF, FOC control 

method is applied. The maximum allowable hp rating of a three-phase IM is determined when the DFIG 

stator is operated at nominal output VF. Then, the maximum allowable hp rating is obtained when the DFIG 

stator is operated at variable output VF while maintaining V/f ratio fixed. A typical example of a 15 kW 

generator is considered. The system is simulated using MATLAB/Simulink and the simulation results show 

the capacity limits of DFIG when operated at different output VF of stator while feeding a three-phase IM. 

 

 

2. STEADY STATE MATHEMATICAL REPRESENTATION OF DFIG 

The voltages and currents relations for the DFIG according to the traditional per phase equivalent 

circuit at steady state of DFIG, referred to stator side, shown in Figure 2(a), are depicted as (1)-(4) [26]–[28]: 
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𝐸⃗ 𝑚 = 𝑉⃗ 𝑠 + 𝐼 𝑠(𝑅𝑠 + 𝑗𝑋𝐿𝑠) (1) 
 

𝐸⃗ 𝑚 = 𝑗𝑋𝑚𝐼 𝑚 (2) 
 

𝐼 𝑚 = −(𝐼 𝑠 + 𝐼 𝑟) (3) 
 

𝑉⃗ 𝑟/𝑠 = 𝐸⃗ 𝑚 − 𝐼 𝑟(𝑅𝑟/𝑠 + 𝑗𝑋𝐿𝑟) (4) 

 

Where 𝑉𝑠⃗⃗⃗    is the phasor of stator output voltage with frequency fs; 𝑉𝑟⃗⃗  ⃗ is the phasor of the supplied rotor 

voltage; 𝐼𝑠⃗⃗ , 𝐼 𝑚 and 𝐼𝑟⃗⃗   are the stator, magnetizing, and rotor current phasors respectively; 𝑅𝑟 and 𝑅𝑠 are the 

effective resistance or rotor and stator winding respectively; 𝑋𝐿𝑟 and 𝑋𝐿𝑠 are the leakage reactance of the 

rotor and stator winding respectively; 𝑋𝑚 and 𝐸⃗ 𝑚 are the magnetizing reactance and the induced internal 

voltage phasor respectively; and s is the slip of the rotor and obtained from the relation: 

 

𝑠 =
𝑛𝑠−𝑛

𝑛𝑠
 (5) 

 

Where n and ns are the rotor mechanical speed and DFIG synchronous speed at specified operating frequency 

respectively. Substituting (3) into (2) then: 

 

𝐸⃗ 𝑚 = 𝐸⃗ 𝑜𝑠 − 𝑗𝑋𝑚𝐼 𝑠 (6) 
 

𝐸⃗ 𝑜𝑠 = −𝑗𝑋𝑚𝐼 𝑟  (7) 

 

Substituting (6) into (1) and (2), (3) into (4) gives: 

 

𝐸⃗ 𝑜𝑠 = 𝑉⃗ 𝑠 + 𝐼 𝑠(𝑅𝑠 + 𝑗𝑋𝑠)  (8) 
 

𝑉⃗ 𝑟 = 𝐼 𝑟[(−𝑅𝑟 − 𝑠𝑋𝑚
𝐼𝑠

𝐼𝑟
𝑠𝑖𝑛( 𝜃𝐼𝑠 − 𝜃𝐼𝑟)) + 𝑗(−𝑠𝑋𝑟 + 𝑠𝑋𝑚

𝐼𝑠

𝐼𝑟
𝑐𝑜𝑠( 𝜃𝐼𝑠 − 𝜃𝐼𝑟))]  (9) 

 

Where Xr and Xs are the rotor and stator winding reactance respectively; 𝐸⃗ 𝑜𝑠 and 𝛿 are the generator induced 

voltage at no-load and the angle between 𝐸⃗ 𝑜𝑠 and 𝑉𝑠⃗⃗⃗   respectively; θIs and θIr are the angle between 𝐼𝑠⃗⃗  and 𝑉𝑠⃗⃗⃗    

and between 𝐼𝑟⃗⃗   and 𝑉𝑠⃗⃗⃗   respectively. If the stator current assumed to be lagged the stator output voltage with 

angle φ, then, (9) is rewritten as (10) and (11): 

 

𝑉⃗ 𝑟 = −𝐼 𝑟[(𝑅𝑟 + 𝑠𝑋𝑚
𝐼𝑠

𝐼𝑟
𝑐𝑜𝑠(𝜑 + 𝛿)) + 𝑗(𝑠𝑋𝑟 − 𝑠𝑋𝑚

𝐼𝑠

𝐼𝑟
𝑠𝑖𝑛(𝜑 + 𝛿))] = −𝐼 𝑟(𝑅𝑟𝑡 + 𝑗𝑋𝑟𝑡) (10) 

 

𝑉𝑟 = 𝐼𝑟√𝑅𝑟𝑡
2 + 𝑋𝑟𝑡

2  (11) 

 

Where Rrt and Xrt are the total rotor equivalent resistance and reactance respectively; Is and Ir are the rms of 

the stator and rotor currents respectively; and Vr is the rotor rms voltage. The simplified equivalent circuit 

presented in Figure 2(b) can be obtained from (8) and (10). 

 

  

  
(a) (b) 

 

Figure 2. Equivalent circuit of a DFIG; (a) traditional equivalent circuit and (b) simplified equivalent circuit 

 

 

As shown in Figure 2(b), the stator equivalent circuit representation side is like steady state stator 

equivalent circuit representation side of the synchronous generator. If resistance of stator winding is 
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neglected, then the DFIG phasor diagram for the equivalent circuit representation of the stator side is shown 

in Figure 3(a) [26]. The corresponding power phasor diagram can be deduced from Figure 3(a), by 

multiplying the axes by 3Vs/Xs as illustrated in Figure 3(b) [29]. 

 

 

  
(a) (b) 

  

Figure 3. DFIG (a) phasor diagram of the stator and (b) power phasor diagram 

 

 

From Figures 2(a) and (b), apparent, active, and reactive power of the stator can be given as (12)-(14) [26]–[28]: 
 

𝑆𝑠 = 3𝑉𝑠𝐼𝑠
∗ = 𝑃𝑠 + 𝑗𝑄𝑠 (12) 

 

𝑃𝑠 =
3𝑉𝑠𝐸𝑜𝑠

𝑋𝑠
𝑠𝑖𝑛 𝛿 (13) 

 

𝑄𝑠 =
3𝑉𝑠𝐸𝑜𝑠

𝑋𝑠
𝑐𝑜𝑠 𝛿 −

3𝑉𝑠
2

𝑋𝑠
 (14) 

 

Where Vs and Eos in rms values. If the rotor copper losses are neglected, then the apparent, active/reactive 

rotor power is expressed by [26]–[28]: 
 

𝑆𝑟 = 3𝑉𝑟𝐼𝑟
∗ = 𝑃𝑟 + 𝑗𝑄𝑟  (15) 

 

𝑃𝑟 = −𝑠
3𝑉𝑠𝐸𝑜𝑠

𝑋𝑠
𝑠𝑖𝑛 𝛿 (16) 

 

𝑄𝑟 = −𝑠[3𝐼𝑟
2𝑋𝑟 +

3𝑉𝑠𝐸𝑜𝑠

𝑋𝑠
𝑐𝑜𝑠 𝛿 −

3𝐸𝑜𝑠
2

𝑋𝑠
]  (17) 

 

 

3. LOADING CAPACITY LIMITS OF STAND-ALONE DFIG 

In stand-alone wind energy conversion systems based on DFIG, the reactive power requirements of 

the loads are supplied through the LSC or the stator of DFIG. Generally, it is preferred to operate DFIG in 

case of stand-alone at unity power factor where the reactive power for the loads is supplied totally by the 

LSC [30]. In the proposed system, see Figure 1, the DFIG is only the source of the active/reactive power 

required by the loads. Hence, the active output power ability of the DFIG will be decreased to meet the loads 

reactive power requirements [20]. Wherefore, the loading capacity limits for the proposed system are mainly 

obtained by the capabilities of both DFIG and RSC. The next sections study the capacity limits of 15 kW 

DFIG [31] and the effect on the power swap between the RSC and DC-bus according to the variation of 

stator outputs VF, and slip. 

 

3.1.  DFIG loading capacity limits 

DFIG loading capacity limits in steady state operation are deduced at the rotor and stator maximum 

permissible currents, nominal values [26], and at the rotor maximum permissible voltage [32]. For constant 

V/f operation, the constant of proportionality (c) is given by: 
 

𝑐 =
𝑉𝑠𝑟

𝑓𝑠𝑟
 (18) 

 

Where Vsr and fsr are the nominal values of the DFIG stator output VF. For any given stator frequency (fs) the 

voltage of the stator is expressed by: 
 

𝑉𝑠 = 𝑐𝑓𝑠 (19) 
 

The loading capacity limits of DFIG can be calculated at any operating VF as in the next sections. 
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3.1.1. Stator current limit 

This can be implemented by taking the stator winding copper losses into consideration [26]. 

Substituting (19) into (12), (12) can rewritten as (20): 

 

𝑃𝑠
2 + 𝑄𝑠

2 = (3𝑐𝑓𝑠𝐼𝑠𝑟)
2 (20) 

 

At certain operating frequency, (20) shows that the maximum, nominal value, the locus for the 

current of the stator in the PQ-plane could be drawn as origin centered circle of a radius equal to nominal 

apparent power of the stator. 

 

3.1.2. Rotor current limit 

This can be achieved by taking the rotor winding copper losses into consideration. The locus of 

maximum current of the rotor is determined by replacing the values of Eos and Vs in (13) and (14) by the 

values given in (7) and (19), then: 

 

𝑃𝑠 =
3𝑐𝑓𝑠𝐿𝑚𝐼𝑟

𝐿𝑠
𝑠𝑖𝑛 𝛿 (21) 

 

𝑄𝑠 =
3𝑐𝑓𝑠𝐿𝑚𝐼𝑟

𝐿𝑠
𝑐𝑜𝑠 𝛿 −

3𝑐2𝑓𝑠

2𝜋𝐿𝑠
 (22) 

 

In (21) and (22) show that the maximum, nominal, rotor current locus in the PQ-plane is presented as (23): 

 

𝑃𝑠
2 + (𝑄𝑠 +

3𝑐2𝑓𝑠

2𝜋𝐿𝑠
)2 = (

3𝑐𝑓𝑠𝐿𝑚𝐼𝑟

𝐿𝑠
)2 (23) 

 

Also, (23) is an equation of a circle centered at [−3𝑐2𝑓𝑠/2𝜋𝐿𝑠, 0] and having a radius equal to 3𝑐𝑓𝑠𝐿𝑚𝐼𝑟/𝐿𝑠. 

 

3.1.3. Steady state stability limit 

As deduced in (21), at certain frequency output from the stator and constant current from the rotor, 

the active power output is directly proportional to the stator frequency fs and sin (δ). The stability limit at 

steady-state in the PQ-plane is given by a vertical straight line at point [-3𝑐2𝑓𝑠/2𝜋𝐿𝑠,0]. The shaded area in 

Figure 4(a) illustrates the resulting loading capacity limits of DFIG in pu at nominal stator frequency output, 

fs=50 Hz, according to rotor, stator, and stability limits at steady state [33]. 

With variable frequency operation, (20) to (23) show that, in addition to the previously discussed 

operating limits, the loading capabilities are directly proportional to the stator frequency. Figure 4(b) shows 

the DFIG loading capacity limits in pu at fs=10 Hz maintaining V/f ratio constant. Comparing Figure 4(a) 

with Figure 4(b), it can be observed that the DFIG loading capacity limits decrease as the operating 

frequency decreases. 

 

 

  
(a) (b)   

 

Figure 4. Loading capacity limits of DFIG; (a) at fs=50 Hz and (b) at fs=10 Hz 

 

 

3.2.  Ratings of the rotor side converter 

The RSC is mainly used to regulate the DFIG stator VF outputs at desired magnitude regardless of 

wind speed variations and loading conditions. Also, it is used to govern the active/reactive power supplied 

from the stator and consumed by the loads. The limits of the LSC ratings are basically obtained from the 
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rotor current and voltage limits, consequently the nominal apparent power of the rotor. As explained earlier, 

the rotor current limit is restricted by the DFIG nominal value of 1.43 pu, however, the rotor voltage limit 

depends on the speed range  of the rotor [32]. If the voltage drop due to the rotor resistance is neglected, (11) 

can be expressed as (24): 

 

𝑉𝑟 =  𝑠𝑓𝑠𝐼𝑟√(−2𝜋𝐿𝑚
𝐼𝑠

𝐼𝑟
𝑐𝑜𝑠( 𝜑 + 𝛿))2 + (−2𝜋𝐿𝑟 + 2𝜋𝐿𝑚

𝐼𝑠

𝐼𝑟
𝑠𝑖𝑛( 𝜑 + 𝛿))2 (24) 

 

Referring to (24), at a certain stator and consequentially rotor current (see (7), (8), and Figure 2(b)), 

the square root magnitude is constant. Also, at a certain operating frequency, the desired voltage of the rotor, 

Vr, and the rotor slip, s, are directly proportional to each other. So, for the maximum permissible operating 

slip, the RSC must supply the voltage required by the rotor to obtain nominal VF outputs from the stator. For 

unity power factor operation of the DFIG, the maximum slip of 30% leads to the maximum rotor voltage of 

0.3 pu [31].  

To obtain the nominal reactive power from the DFIG, (24) shows that the rotor voltage reaches to 

maximum value of 0.4 pu. Higher slip values are possible when operating the DFIG at lower current values at 

the nominal frequency. In (24) also shows that even higher slip values are possible without exceeding the 

maximum rotor voltage if the stator voltage and frequency are reduced according to V/f constant law. 

Figure 5(a) shows the changing of the rotor voltage against the rotor slip at nominal and zero output 

current of the stator with nominal frequency of the stator output, fs=50 Hz. Also, it illustrates that limiting 

rotor voltage to a value of 0.4 pu, the DFIG rotor slip will have a maximum value of ± 0.3 pu at Is=1 pu. 

However, at Is=0 pu, the maximum slip can reach as high as ± 0.375 pu without exceeding the nominal rotor 

voltage. As a result, if the value of the stator current is somewhere between full-load and no-load, the rotor 

slip value will have a value between 0.3 and 0.375 pu. Figure 5(b) illustrates the changing of the rotor voltage 

against the rotor slip with nominal stator power factor and output current at stator frequencies, fs=50 and 10 

Hz. Also, it demonstrates that if the rotor voltage is limited to 0.4 pu according to RSC voltage capacity limit, 

the maximum operating rotor slip should be within ± 0.3 pu at 50 Hz and within ± 1.5 pu at 10 Hz.  

 

 

  
(a) (b)   

 

Figure 5. Limit of the rotor voltage against the rotor slip; (a) at different output current of the stator and  

fs=50 Hz and (b) at fs=50 and 10 Hz 

 

 

The RSC nominal apparent power obtained according to the rotor current and voltage limits which 

is usually about 30% of the generator nominal power [5], [34], [35]. Due to the load reactive power 

requirements from the DFIG, the power rating of RSC must be increased [36]. At rotor current and rotor 

voltage of 1.43 pu and 0.4 pu respectively, the nominal RSC power rating is nearly 60% of the generator 

power rating. Substituting (24) in (15), the rotor apparent power magnitude value is calculated as (25): 

 

|𝑆𝑟|  =  3𝑠𝑓𝑠𝐼𝑟
2√(−2𝜋𝐿𝑚

𝐼𝑠

𝐼𝑟
𝑐𝑜𝑠( 𝜑 + 𝛿))2 + (−2𝜋𝐿𝑟 + 2𝜋𝐿𝑚

𝐼𝑠

𝐼𝑟
𝑠𝑖𝑛(𝜑 + 𝛿))2 (25) 

 

In (25) illustrates that the rotor apparent power, RSC apparent power, depends on the stator outputs, 

the rotor current, and the rotor slip. For certain load current and stator output frequency, the required injected 

apparent power from the rotor and the rotor slip are directly proportional to each other. Figure 6 presents the 

rotor apparent power change versus slip of the rotor with stator frequencies output, fs=50 and 10 Hz and at 

the nominal stator power factor and output current. The previous discussion reveals that special care must be 

taken to not go beyond the RSC limits in case of variable output VF with constant V/f ratio operation. 
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Figure 6. Slip versus apparent power of the rotor at fs=50 and 10 Hz 

 

 

4. DFIG VOLTAGE AND FREQUENCY CONTROL 

The output VF control of the stand-alone DFIG can be obtained by adjusting the magnitude of 

currents and frequency of the rotor via the RSC from the reference values, Vs
*, and ωs

* respectively.  

Figure 7(a) shows the proposed control method to choose the DFIG reference values of stator VF outputs by 

the help of control switch [18]. At position (a), the DFIG operates at nominal stator VF outputs. If the switch 

is moved to position (b), variable VF outputs operation while maintaining V/f ratio constant is obtained. At 

variable VF operation, DFIG controller produces stator VF outputs at low values while maintaining constant 

V/f ratio before and at the instant of load connection. After that, the DFIG output VF are gradually increased 

according to the ramp function, V/f ratio still constant, until they reach to their nominal values. The output 

frequency from the controller is limited to the DFIG nominal value using saturation block.  

Then, the generated values of stator output VF references, Vs
*, ωs

*, respectively are sent to the RSC 

controller. Figure 7(b) shows the indirect FOC algorithm scheme, based on direct voltage control, of RSC 

[37]. Controlling the RSC using FOC is implemented by using two independent control loops as follows: 

a. Frequency control loop 

Stator frequency is adjusted by defining a synchronously rotating reference frame related to the 

desired output frequency and imposing space vector of the stator-flux to be aligned with its d-axis. The 

alignment can be obtained by forcing iqr
* so that [21], [37]: 

 

𝑖𝑞𝑟
∗ = −

𝐿𝑠

𝐿𝑚
𝑖𝑞𝑠 (26) 

 

Where Ls and Lm are the DFIG stator and mutual inductance, respectively. 

b. Voltage control loop 

The stator voltage control is achieved directly by regulating the magnitude of the rotor d-axis 

current component idr. The reference rotor d-axis current component idr
*  is generated by processing the error 

of the voltage ϵ between the reference terminal voltage and estimated actual terminal voltage respectively, 

ϵ=Vs
*−Vs, via PI regulator as seen in Figure 7(b). The per phase actual terminal voltage can be obtained as 

(27) [37]: 

 

|𝑉𝑠| = √𝑉𝑞𝑠
2 + 𝑉𝑑𝑠

2  (27) 

 

Then, the reference rotor currents d and q axis components (idr
* and iqr

*) are compared with the 

actual rotor currents d and q axis components (idr and iqr). Then, the current error is passed through the PI 

controller and compensators. Finally, the reference rotor voltage d and q-axis components (Vdr
*, and Vqr

*) are 

transformed to three-phase reference rotor voltages Var,br,cr
* using inverse park transformation with slip angle 

(θslip) which can be calculated as (28) [21], [37]: 

 

𝜃𝑠𝑙𝑖𝑝 = 𝜃𝑠– 𝜃𝑟 (28) 

 

The angle θs is obtained from the integration of the electrical angular frequency, ωs rad/sec, 

however, θr is the electrical rotor angle and is obtained from speed sensor. The rotor reference voltages, 

Var,br,cr
*, are generated and used to estimate the modulating signals. Then they are compared to the fixed 

PWM frequency to obtain switching pulses to the RSC. 
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Figure 7. DFIG voltage and frequency control; (a)  proposed control method of RSC and (b)  indirect FOC of RSC 

 

 

5. MAXIMUM ALLOWABLE HP RATING OF THREE-PHASE IM FED FROM DFIG 

The starting current behavior, magnitude, and shape, mainly depends on the supply VF, class of the 

motor, motor hp rating, and the coupled mechanical load [21]. Also, it affects the transient behavior of the 

DFIG currents, voltages and power for both stator and rotor sides. When a stand-alone DFIG is used to 

supply a three-phase IM, the motor start-up current must be within the DFIG and RSC allowable capacity 

limits. The next sections present the maximum allowable hp rating of three-phase IM when the DFIG 

operated at nominal stator VF outputs as well as when it operated at V/f operation. 

 

5.1.  Nominal voltage and frequency operation 

In the next steps, several IMs with different ratings of hp are connected individually to DFIG of  

15 kW power rating so that the maximum allowable motor hp rating is determined when using the direct 

connected starting method. The DFIG stator VF outputs are maintained fixed at nominal magnitudes. The 

mechanical loads coupled with IMs have a speed-squared torque characteristic. The DFIG speed is first set at 

1050 rpm (s=0.3 pu). The generator speed is held constant during starting and steady state. The DFIG is 

initially started at no load from t=0 to t=0.15 sec. with stator frequency equal to 50 Hz and corresponding 

stator voltage equal to 220 V per phase. The IM of 0.5 hp rating is directly connected to terminals of DFIG at 

t=0.15 sec. During start-up period, the rotor apparent power, the rotor voltage, the rotor current, and the stator 

current are recorded so that the RSC and DFIG power ratings do not pass the desired limits.  

The pervious steps are repeated while the IM power rating is increased in each time until the 

maximum hp rating motor which can be started is obtained. The results illustrate that the DFIG can start-up 

an IM with hp rating of 1 hp at DFIG speed of 1050 rpm (s=0.3 pu). Figures 8(a) to (g) show the simulation 

results during start-up and steady state period of 1 hp IM [38]. As shown, the rotor voltage is close to its 

maximum limit of 0.4 pu while the reminder limits still below their maximum limits. Hence, the DFIG 

cannot start an IM above 1 hp as the rotor voltage will exceed its limits. 
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(a) (b) 

  

  
(c) (d) 

  

  
(e) (f) 

  

 
(g) 

 

Figure 8. Startingof 1-hp IM at nominal voltage and frequency, (a) stator voltage, (b) IM current, (c) rotor 

voltage, (d) rotor current, (e) RSC apparent power, (f) motor load torque, and (g) motor speed 

 

 

5.2.  V/f operation 

In this section, V/f control method is used to start an IM as it provides good control of starting 

current [39]–[41]. Several IMs with different hp ratings are connected individually across 15 kW DFIG so 

that the maximum allowable hp rating is determined using the direct online starting method. The DFIG speed 

is set at 1050 rpm. The generator speed is held constant during starting and steady state. The DFIG is initially 

started from t=0 to 0.15 sec. at no-load condition with stator VF outputs equals 80% of the nominal values 

until it reaches steady state. Next, an IM with hp rating of 1.5 hp is directly connected to the DFIG at  

t=0.15 sec. At t 0.25 sec., the stator VF outputs are increased gradually until they reach the nominal values of 

380 V and 50 Hz. During starting period, the rotor apparent power, voltage, current, and the stator current are 

recorded in which the power ratings of RSC and DFIG do not overtake the desired limits. 
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The pervious steps are re-executed by decreasing the starting frequency and increasing the started hp 

rating of IM every time until reaches to the minimum starting frequency and the maximum started IM hp 

rating. The results illustrate that the DFIG can be start-up an IM with hp rating of 7.25 hp at a minimum 

starting frequency about 18.5 Hz without overtaking the desired capacity limits of DFIG and RSC.  

Figures 9(a) to (h) show the simulation results during start-up and steady state period of 7.25 hp IM [38]. As 

shown, the rotor voltage is close to its maximum limit of 0.4 pu. Also, the stator current is close to its 

maximum limit of 1 pu, while the reminder limits still below their maximum limits. Hence, the DFIG cannot 

start an IM above 7.25 hp as any decreasing of starting frequency or increasing of IM hp rating will cause the 

rotor voltage and stator current to exceed their limits. 
 

 

  
(a) (b) 

  

  
(c) (d) 

  

  
(e) (f) 

  

  
(g) (h) 

  

Figure 9. Starting of 7.25-hp IM at using V/f control, (a) stator frequency, (b) stator voltage, (c) IM current, 

(d) rotor voltage, (e) rotor current, (f) RSC apparent power, (g) motor load torque, and (h) motor speed 
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6. CONCLUSION 

The voltage and frequency of a stand-alone doubly fed induction generator (DFIG) can be controlled 

irrespective of the generator speed through the rotor input terminals. Adjusting the input rotor frequency 

yields the required output frequency. Adjusting the magnitude of the injected voltage yields the necessary 

output voltage. It is proposed in this paper to operate the generator in constant V/f mode to enable a safe 

starting for a larger-rated induction motor (IM). It is found that the limits of the generator and the rotor-side 

converter (RSC) depend on the stator frequency and slip. Reducing the output frequency to minimize the 

start-up current of the motor may exceed the generator limits. Therefore, there is a compromise to find the 

frequency that ensures the safe starting of the maximum allowable HP rating of a connected IM. A case study 

is presented in this paper for a 15 kW DFIG. It is found that the generator operates in a constant voltage and 

frequency mode that can only start motors up to 1 hp. On the other hand, using the proposed technique, it is 

possible to start larger motors up to 7.25 hp. 
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