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Abstract—For the type-4 wind generation system, there is a 

dc link in the back-to-back converter. Whether the dc-link 
voltage should be controlled by the grid-side converter (GSC) or 
machine-side converter (MSC) is still an open question, 
although it is usually controlled by the GSC. Considering the 
stability of the system mainly depends on the GSC under weak 
grid conditions, two typical control methods on the GSC (i.e. 
power control and dc voltage control) are compared in this 
paper. It is found that the small-signal stability of these two 
control schemes are basically the same when choosing the same 
control loop bandwidths. Even so, the power control scheme is 
better than the dc voltage control scheme, because a wider range 
is available for tuning the power loop bandwidth to improve 
stability. Thus, the dc voltage control carried out on the MSC 
should be superior to the GSC under weak grid conditions. 

Keywords—small-signal stability, dc voltage control, power 
control, type-4 wind generation system, weak grid 

I. INTRODUCTION 
As the penetration rate of wind generation increases, the 

power grid connected to renewable energy generation is 
weaker than before [1], due to the larger impedance of long-
distance transmission lines. This weak grid condition will 
cause severe voltage deviation at the point of common 
coupling (PCC) and some instability issues. For type-4 wind 
generation systems, the generator is connected to the grid via 
a back-to-back converter. Under weak grid conditions, the 
stability of this kind of wind generation system mainly 
depends on the grid-side converter (GSC), so the stability of 
GSC has attracted a lot of research attentions [2]-[5]. 

For the type-4 wind generation system, there is not a dc 
voltage source on the dc-link to provide a constant voltage, so 
the dc-link voltage needs to be controlled by either the MSC 
or the GSC [6]. Two typical dc-link voltage control schemes 
are introduced in [7]. One is that the dc voltage is always 
controlled by the GSC, while the maximum power point 
tracking (MPPT) is realized on the machine-side converter 
(MSC). The other is that the dc voltage is controlled by the 
GSC initially when the wind speed is very slow, but in the case 
that the wind speed is higher than a certain value, the dc 
voltage is controlled by the MSC. Thus, the MPPT is realized 
on the GSC by controlling the output power. Because the 
stability of the system mainly depends on the GSC under weak 
grid conditions, the MSC can be considered as an ideal source. 
Thus, the comparison of these two control schemes on the 
GSC is an interesting research topic. 

At present, the small-signal stability of the power control 
scheme on the GSC has been studied a lot [3]-[5], so the 

impact of the active power control loop, the AC voltage 
magnitude control loop, and the phase-locked loop (PLL) on 
stability is basically clear. Relatively, the studies about the 
small-signal stability of the dc voltage control scheme are not 
sufficient yet. Only a few papers [8]-[10] analyzed the small-
signal stability of the dc voltage control scheme, but the 
difference between the dc voltage control and the power 
control schemes has not been investigated. 

Overall, most existing papers only analyze the stability of 
either the power control scheme [3]-[5] or the dc voltage 
control scheme [8]-[10], while the difference between these 
two control schemes has not been investigated sufficiently. 
Recently, it is reported in [11] and [12] that the small-signal 
stability of the dc voltage control scheme is not as good as that 
of the power control scheme, but the precondition for the 
comparison is not very clear. It should be notable that if the 
control parameters (e.g. the power control loop and dc voltage 
control loop bandwidths) are not the same, the comparison 
would be unfair. In this paper, it is revealed that the difference 
between the small-signal models of these two control schemes 
is very tiny. Moreover, the small-signal stability of these two 
control schemes is almost the same when choosing the same 
control loop bandwidths. 

Furthermore, this paper reveals that the main difference 
between the two control schemes is the available range for 
designing the bandwidths of power control loop and dc 
voltage control loop. For the dc voltage control scheme, the dc 
voltage loop bandwidth cannot be designed too low when 
considering the overvoltage problem on the dc-link capacitor. 
Namely, a higher dc voltage loop bandwidth is beneficial to 
avoid the overvoltage problem, but it might jeopardize the 
stability. Therefore, the design of the dc voltage control loop 
bandwidth needs a trade-off between the stability and the 
overvoltage problem. However, for the power control scheme, 
there is no such an overvoltage problem to limit the power 
loop bandwidth. Thus, a lower power loop bandwidth can be 
designed for improving stability under weak grid conditions. 
Hence, based on the above analyses, the power control scheme 
should be better than the dc voltage control scheme on the 
GSC under weak grid conditions. 

The rest of this paper is organized as follows. Section II 
introduces the configurations of two typical control schemes 
for type-4 wind generation systems. Then, the small-signal 
impedance models of two control schemes are established 
respectively. Section III compares the stability of these two 
control schemes. In Section IV, the performance of these two 
control schemes is compared further by simulation. Finally, 
this paper is concluded in Section V. 



 

 
Fig. 1. Two typical control schemes for type-4 wind generation systems. 

II. TWO TYPICAL CONTROL SCHEMES FOR TYPE-4 WIND 
GENERATION SYSTEMS 

A. Configurations of Two Typical Control Schemes 
Fig. 1 shows the basic configurations of two typical 

control schemes for type-4 wind generation systems. The grid-
side dc voltage control scheme is shown in Fig. 1(a), where 
the MPPT is realized on the MSC. Besides, the machine-side 
dc voltage control scheme is shown in Fig. 1(b), where the 
MPPT is realized on the GSC. Since the instability issue 
mainly happens on the GSC under weak grid conditions, the 
MSC can be considered as an ideal power source or voltage 
source for these two control schemes. Thus, the detailed grid-
side control scheme is presented in Fig. 2, where the power 
control scheme and dc voltage control scheme are two options. 
Because the stability of the power control scheme has been 
analyzed in [13] and [14], the dc voltage control scheme and 
its small-signal model will be illustrated in this section. 

As shown in Fig. 2, Pdc is an equivalent power source and 
Cdc is the capacitor on the dc-link. Vc∠θc is the converter 
output voltage vector, Vo∠θo is the output voltage vector at the 
PCC, and Vg∠θg is the grid voltage vector. The voltages vo(abc) 
and the currents ic(abc) are three-phase instantaneous PCC 
voltages and the converter currents. The grid can be 
represented by a Thevenin equivalent impedance Zg = Rg + 
jωLg, where Lg and Rg are the equivalent grid inductance and 
resistance. The grid angular frequency ω is considered as a 
constant and equal to the nominal value ωN. Lf and Rf are the 
output filter inductance and resistance. Cf is the output filter 
capacitance. To avoid low-frequency passive resonances on 
the grid side, the value of Cf is designed close to zero. The 
control diagram includes a d-axis and q-axis inner current 
control loop, an outer power control loop by controlling the dc 
voltage, an outer AC voltage magnitude control loop, and a 
PLL. The AC voltage magnitude reference is given 1 per unit 
(pu), so that it is equal to the nominal value. The definition of 
the short circuit ratio (SCR) can be found in [15]. A weak grid 
condition with SCR<3 is used for analyses in this paper. 

 
Fig. 2. Schematic of power and dc voltage control schemes on GSC. 

 
Fig. 3. Schematic of voltage-oriented rotating d-q frames. 

The control system in Fig. 2 is performed in the rotating d-
q frame, which is synchronized to the PCC voltage phase 
angle. Although the d-q control frame is expected to be 
oriented to the PCC voltage phase angle θo, the phase angle θo 
is unknown. Hence, it is actually oriented to the PLL output 
angle θpll. These two angles have a small error in the dynamic 
state. Thus, the control d-q frame and the grid d-q frame are 
shown in Fig. 3. To be clear, the superscript ‘ctrl’ denotes the 
variables in the control d-q frame in this paper. 

B. Small-Signal Modeling 
In order to analyze the stability of the nonlinear system, 

the small-signal linearized models are effective tools. 
Compared with other models, the impedance model with the 
modular structure can reflect the visualized relationship 
among variables [13], so it is preferable to be used for stability 
analysis in this paper. In the following sections, the subscript 
‘0’ denotes a steady-state operating point, and the symbol ‘Δ’ 
denotes a small-signal perturbation of a variable. 

The small-signal expressions of the physical circuits in the 
grid d-q frame are provided by (1)-(3). 

 
gdod odg g g

g g goq oqgq

vv isL R L
L sL Rv iv

ω
ω

∆∆ ∆+ −     
− = ⋅     +∆ ∆∆       

 (1) 

 
cd od odf f

f fcq oq oq

i i vsC C
C sCi i v

ω
ω

∆ ∆ ∆−      
− = ⋅      ∆ ∆ ∆      

 (2) 



 
cd od cdf f f

f f fcq oq cq

v v isL R L
L sL Rv v i

ω
ω

∆ ∆ ∆+ −      
− = ⋅      +∆ ∆ ∆      

 (3) 

where “s” represents the Laplace differential operator in the 
frequency domain. 

The small-signal linearized expressions of the coordinate 
transformation between the grid d-q frame and the control d-q 
frame are given by (4)-(6). 
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Besides, the small-signal expression of the PLL in the 
control d-q frame is given by (7). 
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According to (4) and (7), the expression of Δθpll can be 
derived as: 
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where Kp_pll = 2·ζ·ωn, Ki_pll = ωn
2. Notably, ζ is the damping 

ratio of the second-order system, and ωn is the natural angular 
frequency of the second-order system, which is proportional 
to the bandwidth of the PLL if the damping ratio ζ is given. 

In the steady-state, vod0 is equal to Vo, and voq0 is equal to 
0. Thus, according to (4) and (8), the expression of Δvodq

ctrl can 
be deduced as: 
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According to (5) and (8), the expression of Δicdq
ctrl can be 

obtained as: 
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Similarly, according to (6) and (8), the expression of Δvcdq 
can be obtained as: 
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where the steady-state values vcdq0 can be expressed as: vcd0 = 
vod0 + Rficd0 - ωLficq0, and vcq0 = voq0 + Rficq0 + ωLficd0. 

Moreover, the small-signal expression of the inner current 
control loop is provided by (12). 
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where Gpi_I = Kp_id + Ki_id / s = Kp_iq + Ki_iq / s. 

The small-signal expression of the outer power and AC 
voltage magnitude control loops is given by (13). 
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where Gpi_Vdc = Kp_Vdc + Ki_Vdc / s and Gpi_Vo = Kp_V + Ki_V / s. 

Besides, the small-signal expression of the dc voltage 
dynamic on the dc-link capacitor can be derived as: 
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Moreover, the small-signal linearized expressions of the 
active power and the AC voltage amplitude feedbacks are 
shown as (15) and (16) respectively. 
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Furthermore, the small-signal expression of the first-order 
low-pass filter (LPF) is shown as (17). 
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where ωLPF is the cut-off angular frequency of the LPF. 

Overall, the 2×2 matrixes in (1), (2), (3), (9), (10), (11), 
(12), (13), (15) and (16) can be represented by BLg, BCf, BLf, 
Bpll-Vo, Bpll-Ic, Bpll-Vc, BPI-I, Bdecpl, BPI-VV, Bi, Bv and Bv1 
respectively. Thus, the small-signal control structure of the dc 
voltage control scheme in Fig. 2 is shown in Fig. 4. 

Similarly, for the power control scheme, the small-signal 
expression of the outer power and AC voltage magnitude 
control loops is given by (18). 
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where Gpi_P = Kp_P + Ki_P / s. 

The 2×2 matrix in (18) can be represented by BPI-PV. Thus, 
the small-signal control structure of the power control scheme 
in Fig. 2 is shown in Fig. 5. 



 
Fig. 4. Small-signal control structure of dc voltage control scheme. 

 
Fig. 5. Small-signal control structure of power control scheme. 

It is known that the small-signal control structure can be 
represented by a Norton-Thevenin equivalent circuit. Thus, 
the equivalent admittance Y(s) and impedance Zg(s) can be 
calculated respectively. And the matrix Y(s)·Zg(s) can be used 
for the generalized Nyquist criterion (GNC) to analyze the 
stability of the system [13]. 

As shown in Fig. 4 and Fig. 5, the small-signal control 
structure can be divided into two parts. Considering Δvodq as 
input and -Δicdq as output for the converter-side subsystem, the 
equivalent admittance Y1(s) and Y2(s) can be derived as: 
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Similarly, considering Δicdq as input and Δvodq as output for 
the grid-side subsystem, the equivalent impedance Zg(s) can 
be derived as: 

 1 1( ) ( )s − −= + ≈g Lg Cf LgZ B B B  (21) 

The control parameters can be designed as follows. Take 
Gpi_I = ωiLf + ωiRf /s, Gpi_Vdc = Cdc/(3Vo)·(0.8ωdc + 0.16ωdc

2/s) 
and Gpi_Vo = ωv·Imax/Vo·(1/ωLPF + 1/s), and Gpi_P = 
ωp/(1.5Vo)·(1/ωLPF + 1/s), where ωi and ωv are the expected 
bandwidths of the current loop and AC voltage magnitude 
loop. ωdc and ωp are the expected bandwidths of the dc voltage 
loop and power loop for the two control schemes. Then, the 
equivalent admittance Y1(s) and Y2(s) can be derived as: 
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where Gωdc = 2×1×(ωdc/2.5) + (ωdc/2.5)2 / s. 
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III. STABILITY ANALYSIS AND COMPARISON 
Based on the parameters of a 30 kW grid-following 

inverter simulation platform (the parameters are listed in 
Table I), the stability of the two control schemes can be 
compared according to the GNC. For example, given two 
different steady-state operating points, stability analysis 
results of two control schemes are shown in Fig. 6 and Fig. 7 
respectively. Fig. 6 shows the generalized Nyquist diagram of 
the matrix Y1(s)·Zg(s) based on (21) and (22). Fig. 7 shows 
the generalized Nyquist diagram of the matrix Y2(s)·Zg(s) 
based on (21) and (23). 

It can be seen from Fig. 6 and Fig. 7 that the system is 
stable at 0.8 pu steady-state power by using both control 
schemes. However, it is unstable at 0.85 pu steady-state 
power. Thus, the stability boundary should be between 0.8 pu 
and 0.85 pu. Further, given different steady-state operating 
points, the stability boundary can be found. Stability 
boundaries of the dc voltage control scheme and the power 
control scheme are 0.81 pu and 0.82 pu when the SCR is 1. 



 
Fig. 6. Generalized Nyquist diagrams by using the small-signal impedance 
model of dc voltage control scheme with SCR = 1 and ωdc = 100 rad/s. 

 
Fig. 7. Generalized Nyquist diagrams by using the small-signal impedance 
model of power control scheme with SCR = 1 and ωp = 100 rad/s. 

TABLE I.  PARAMETERS OF GRID-SIDE CONVERTER AND WEAK GRID 

Parameters Values 

Grid phase voltage (peak value), Vg 311 V 

Grid frequency, fg 50 Hz 

Rated power of inverter, SN 30 kVA 

Maximum current of inverter (peak value), Imax 64.3 A 

DC-link voltage, Vdc 700 V 

DC-link capacitor, Cdc 1 mF 

Output filter inductor, Lf 5 mH 

Output filter capacitor, Cf 5 μF 

R/X ratio of grid impedance, Rg/Xg 0.01 

Short circuit ratio, SCR 1 

Grid inductor, Lg 15.3 mH 

Grid resistor, Rg 0.048 Ω 

Switching/sampling frequency, fs 10 kHz 

Designed current-loop bandwidth, ωi 1000 rad/s 

Designed ac voltage-loop bandwidth, ωv 50 rad/s 

Designed dc voltage-loop bandwidth, ωdc 10~100 rad/s 

Designed power-loop bandwidth, ωp 10~100 rad/s 

Cut-off angular frequency of LPF, ωLPF 200 rad/s 

Damping ratio of PLL, ζ 1 

Natural angular frequency of PLL, ωn 20 rad/s 

 

Similarly, when SCR is 2 and 3, stability boundaries can 
also be found. Thus, the stability boundaries of the two control 
schemes are shown in Fig. 8. It can be seen that the stability 
boundaries of the two control schemes are very close under 
different grid strengths when the power control loop and the 
dc voltage control loop bandwidths are the same. 

 
Fig. 8. Comparison of small-signal stability boundaries of dc voltage 
control scheme and power control scheme. 

Moreover, it can be seen from Fig. 8 that the stability of 
both two control schemes can be enhanced by reducing the 
power loop or dc voltage loop bandwidth. For example, in the 
case of SCR = 1, when the bandwidths are reduced from 100 
rad/s to 10 rad/s, the stability boundaries of the two control 
schemes can be improved from lower than 0.9 pu to higher 
than 0.9. Thus, a lower power loop or dc voltage loop 
bandwidth is beneficial to enhance the small-signal stability 
under weak grid conditions. 

IV. SIMULATION VERIFICATION 
In order to verify the correctness of the analyses above, the 

time-domain simulation model of a 30 kW grid-connected 
inverter is built in Matlab/Simulink. The system and control 
parameters are shown in Table I, which are the same as the 
parameters used for stability analyses. To avoid the influence 
of high-frequency harmonics, the average model of the 
inverter is used. Two bandwidths 100 rad/s and 10 rad/s for 
the dc voltage control and power control are used as examples 
for analysis. The simulation results of two control schemes 
with a higher power loop or dc voltage loop bandwidth (i.e. 
100 rad/s) are shown in Fig. 9. Besides, the simulation results 
of two control schemes with a lower power loop or dc voltage 
loop bandwidth (i.e. 10 rad/s) are shown in Fig. 10. 

It can be seen from Fig. 9 that both two control schemes 
are unstable when the active power is 0.9 pu under the 
condition of SCR = 1 and ωp = ωdc = 100 rad/s. On the 
contrary, as shown in Fig. 10, both two control schemes are 
stable when the active power is 0.9 pu in the case of SCR = 1 
and ωp = ωdc = 10 rad/s. These simulation results agree well 
with the stability analysis results presented in Fig. 8. 

Moreover, the overvoltage problem on the dc-link 
capacitor can be observed in Fig. 10(a). Because a lower dc 
voltage loop bandwidth is used, the output power changes 
more slowly than the input power. Thus, the short-term energy 
on the dc-link capacitor makes the dc voltage increase, which 
may cause the overvoltage problem. This is risky to damage 
the dc-link capacitor. Therefore, a higher dc voltage loop 
bandwidth is beneficial to avoid the overvoltage problem. 
Thus, for the dc voltage control scheme, the dc voltage loop 
bandwidth cannot be designed too low and it needs a trade-off 
between the stability and the overvoltage problem. 
Differently, as shown in Fig. 10(b), there is no such a problem 
to limit the power loop bandwidth of the power control 
scheme. Therefore, a lower power loop bandwidth can be used 
for the power control scheme to enhance stability. 



 

Fig. 9. Simulation results of dc voltage control scheme and power control 
scheme on GSC with ωp = ωdc = 100 rad/s and SCR = 1. 

 

Fig. 10. Simulation results of dc voltage control scheme and power control 
scheme on GSC with ωp = ωdc = 10 rad/s and SCR = 1. 

Furthermore, it is worth mentioning that this paper mainly 
discusses voltage stability. However, frequency stability is 
also important for the power grid. The grid-forming control 
scheme on the GSC is an effective solution to support the grid 
frequency [16]. Thus, the machine-side dc voltage control is 
necessary to realize the grid-forming control on the GSC [17]. 
In this case, the MPPT control may be discarded. Overall, the 
authors believe that the machine-side dc voltage control 
scheme on type-4 wind generation systems will be more 
popular in future power grids with high percentages of 
renewable energy sources. 

V. CONCLUSION 
The comparison of the machine-side dc voltage control 

and the grid-side dc voltage control of type-4 wind generation 
systems are the main focus of this paper. By comparing the 
typical dc voltage control and the power control schemes on 
the GSC, it is revealed that the small-signal stability of the two 
control schemes is basically the same when using the same 
control loop bandwidths. Even so, the power control scheme 

on the GSC (dc voltage is controlled by MSC) is preferable to 
be used in weak grids, because a lower power loop bandwidth 
of the power control scheme can be designed to improve the 
small-signal stability. However, for the dc voltage control 
scheme on the GSC, the dc voltage loop bandwidth cannot be 
designed too low due to the overvoltage problem on the dc-
link capacitor. Therefore, from the small-signal stability 
perspective, the dc voltage control on the MSC is better than 
the GSC under weak grid conditions. 
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