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Abstract
Active rectifier loads become more popular, recently, and their characteristics have been studied in the literature especially
when they are connected to Micro Grids (MGs). In this paper, a modified AC current controller for such loads is proposed
where the current direction and voltage drops of the output filter of active loads are involved in the controller. The
proposed controller improves the performance of such loads either in single mode or in combined mode with MGs. Active
load dynamics become relatively fast and smooth using the proposed method. The modified AC current controller makes
the system more stable and also possible choices for controller parameters are widened. The validation and comparison of
different case studies show the performance of the proposed method.
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1. Introduction

An electrical network may be contains either passive
or active loads. Devices such as incandescent lighting
or resistive space heaters are passive loads and they are
typically modeled by a resistor or an inductor-resistor
network. More relies on electronics by the population
and also the penetrations of microgrid (MG) into power
systems1-4 have increased use of active loa ds, recently. A
frontend rectifier which allows regulation of the voltage is
used by many loads now. Devices such as machine drives,
back-to-back converter configurations, and consumer
electronics with unity power factor correction are active
loads. The main characteristic of active loads is that they
can be considered as constant power loads due to their
regulated voltages over constant DC impedance loads.
This characteristic is known to reduce damping and cause
instabilities5 and discussed in the literature5-14.
The modeling of active loads is presented using two
methods. The first one neglects any dynamics from input
filters or control loops of active load and assumes that
it consists of only small-signal characteristics15. Using
averaging methods, a linear state-space model for active
loads is proposed in the second method considering the
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control and filter dynamics16. The second one is frequently
used in the literature due to that dynamics of these loads
are very important especially when they are connected to
MGs17-18. The rectifier switching block is represented as an
ideal transformer to use this assumption that the AC side
power is equal to the DC side power17-18.
PWM rectifier using different current control
structures is presented19 where different PI current
controllers are investigated and their advantages are
expressed. The filter of an active load may be constructed
either by LC20 or LCL filters17-18. A superposition method
is used to construct a simpler model for an active load21.
In this paper, a modified AC current controller for
active loads based on the model proposed by N. Bottrell
et al.17-18 is suggested. The performance of active loads
either in single mode or in combined mode with MGs is
improved using the proposed controller where active load
dynamics become relatively fast and smooth. The stability
of the system is increased and also possible choices for
controller parameters to make the system stable are wider
than that the method suggested by N. Bottrell et al17-18.
This paper will cover two main parts: First part
describes the proposed modified controller. The last part
is the conclusion of the work.

A Modified AC Current Controller for Active Loads

2. Proposed Modified AC Current
Controller
A comprehensive diagram of an active load is shown
in Figure 1 Where it includes a LCL filter, DC voltage
controller, AC current controller, switching bridge and
DC load.

Figure 3. AC current controller of the active load.
As can be seen in Figure 3, two main modifications
are applied as:
•

Figure 1. Active load subsystems.
The AC current controller of the active load is shown
in Figure 2 where the current differences are the inputs
of PI controllers. In opposite direction to an inverter,
a positive current is defined as flowing from the grid
connection to the switching bridge in the active load.
Therefore, the current controllers of the inverter have
been used in the case of the active load with a minus for
the current differences as can be seen in Figure 2.

•

As mentioned before, il has an opposite direction compared
to the inverter so each use of it must be with a minus sign.
Therefore, il is applied with a minus sign to combine with
the PI controller outputs.
LCL filter voltage drops are involved in thecalculation of
the reference voltage so the reference voltage is obtained as:

(
)
viq* = − K pc (ilq* − ilq ) − Kicg q + wn L f ild + ∆Vq

vid * = − K pc ild * − ild − Kicg d − wn L f ilq + ∆Vd

(1)

This modification has three advantages: First the final
value of the switching voltage is reached faster than the
conventional methods and therefore the transient time is
limited to a shorter time. The second advantage is that
the impedance of the LCL filter is involved in the control
process especially its resistance. The third one is that it
makes the selection of controller parameters easier and,
as will be shown in the test results, a wider range of them
can stable the system.

3. Small Signal Model of the
Proposed Method
Figure 2. AC current controller of the active load.
The minus used for the current differences is not
applied for the section after the PI controllers therefore
it is modified as:

2
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As the AC current controller of the active load is modified,
the small signal model of the AC current controller
presented by N. Bottrell et al17-18 must be corrected.
Therefore, based on (1) and Figure 3, the modified AC
current controller small signal is obtained as:
							

Indian Journal of Science and Technology

Abdullah Mahmoudi and Seyed Hossein Hosseinian

 ∆g dq 
d  ∆g dq 
*

 = A1 
 + A2  ∆idq  + A3  ∆ildq
dt  ∆Vdq 
 ∆Vdq 
 ∆g 
 ∆vidq*  = B1  dq  + B2  ∆idq*  + B3  ∆ildq





 ∆Vdq 

∆vcdq
∆vcdq

∆igdq
∆igdq

∆vgdq 
∆vgdq 

T

T

						(2)
where
0 0 
1
A1 = 
A2 = 

0
a
0
1

 −1 0 0 0 0
a2 = 
 0 −1 0 0 0
0
w
a4 =  c

0
w
c

 k pc
B3 = 
wn L f

0
1 
0
0 

 −k
B1 =  ic
 0

−wn L f

0 0

k pc

0 0

0
0 
a
 −w
A3 =  2
a1 =  c


0
a
a
w
−
4
c
 3

0
0 0
0 0 −wc
a3 = 
0
−wc 0 0 
0 0
0 
 −k pc
0
1 0
B2 = 


− kic 0 1 
− k pc 
 0
0 0 0 0

0 0 0 0 

						
(3)
The small signal models of other sections of the active
load are the same as the models presented by N. Bottrell
et al17-18.

4. Test Results
The proposed modified control method is verified either
in single mode operation of an active load or combined
operation of it with a MG. In single mode operation, the
active load is connected to an ideal voltage source while,
in combined operation, the active load is connected
to a MG. The MG is a 220 V (per phase RMS), 50 Hz
prototype MG and built as shown in Figure 4. A resistive
load of 5.8 kW (25Ω per phase) at bus 1, a 5 kW active
load at bus 3 and three inverters of equal rating (10 kVA)
are considered in this real MG.

To verify the proposed method, three tests are
arranged as:
Test 1: In single mode, a disturbance including a
5-kW step change of the active load is conducted while
the AC current controller parameters are set too low.
Test 2: Rdc is decreased down to the point where
the stability is no longer attained for less than it and
normal values are selected for the AC current controller
parameters in single mode.
Test 3: In combined mode, Rdc is decreased down to
the point where the stability is no longer attained for less
than it and normal values are selected for the AC current
controller parameters.
Test 4: Kic is gradually increased while the minimum
of Kpc needed to stable the system is obtained, in
combined mode.
It should be noted that in Figures 5 through 11 the
responses which is entitled “conventional method” is the
response of the method suggested by N. Bottrell et al17-18.
Table 1 gives effective eigenvalues of the active load in
Test 1. It is obviously can be seen that two main oscillating
poles of the AC current controller are damped where they
are shifted from -9 to -34.

Figure 5. DC voltage of the active load in Test 1.
Table 1.

Figure 4. Combined operation of the active load when
it is connected to a MG including three inverters.
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Poles
λ1
λ2
λ3
λ4
λ5
λ6
λ7
λ8
λ9
λ10

Real parts of effective eigenvalues in Test 1
Proposed Method
-629.98
-629.98
-123.79
-123.79
-111.48
-111.48
-34.30
-34.30
-5.03
-4.48

Conventional Method
-654.78
-654.78
-122.60
-122.60
-112.92
-112.92
-9.27
-9.27
-5.00
-4.45
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This improve can be clearly seen in Figures 5 and 6
where DC voltage and AC-grid current of the active load
are shown. In Figure 5, the DC voltage of the active load
has a great notch in the two methods and after the notch
the response of the proposed method is damped in a short
time but the conventional method response oscillate in a
longer time. It is due to that the mentioned poles named
λ7 and λ8 in Table 1 which are damped in the modified
control method. In Figure 6, the same interpretation can
be expressed for the AC-grid current (d-axis), Ild, of the
active load. This oscillating pole is of 47.4 Hz frequency.

Figure 6. Active load AC-grid current, Ild, in Test 1.
In Test 2, a severe condition for the active load
controllers is investigated where the system is marginally
stable. Figure 7 shows the DC voltage of the active load
where high frequency oscillations can be seen in the
responses. As can be seen in the figure, the oscillations
are limited to one period of time in the proposed method
while in the conventional method these oscillations are
occurred in two different periods of time and extend the
transient time about two times more than the proposed
method. Active load AC-grid current, Ild, in this test is
shown in Figure 8. Similar to the DC voltage response, the
current oscillations has limited to one period and lasted
for a shorter time in the proposed method. It is clearly
observed that the proposed method shows superior
performance for severe conditions and helps the system
to be stable in a shorter time and with small oscillations.

Figure 8. Active load AC-grid current, Ild, in Test 2.
When the active load is connected to a MG, it follows
dynamic of the MG. In this combined mode, active load
controller settings must be selected of a more limited
range than the single mode to stable the whole system.
Figure 9 depicts the DC voltage of the active load in Test
3. As can be seen in the figure, the two methods present
very small oscillation compared to Test 2 and it is due
to that the MG limits oscillations of the active load and
as mentioned limited choices for controller parameters.
Figure 10 gives the AC-grid current, Ild, of the active load
and, as can be seen, presents similar responses as the DC
voltage response. It is obvious that the proposed method
has also better performance than the conventional
method in this test.

Figure 9. DC voltage of the active load in Test 3.

Figure 10. Active load AC-grid current, Ild, in Test 3.3.
Figure 7. DC voltage of the active load in Test 2.
4
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Table 2 shows effective eigenvalues of the system in
this test. Although most of these eigenvalues related to
the inverters but, as can be seen, the proposed method
presents more stable eigenvalues especially λ4 and λ5
related to the AC current controller of the active load.
Table 2.
Poles
λ1
λ2
λ3
λ4
λ5
λ6
λ7
λ8
λ9
λ10
λ11

Real parts of effective eigenvalues in Test 3
Proposed Method
-72.98
-72.98
-58.16
-60.49
-60.49
-31.76
-31.39
-14.17
-14.17
-8.86
-8.86

Conventional Method
-72.92
-72.92
-58.09
-54.13
-54.13
-31.54
-31.29
-14.06
-14.06
-8.80
-8.80

In Test 4, the system stability is investigated according
to AC current controller parameters where Kiv is
increased up gradually while minimum Kpa needed to
stable the system is obtained. As can be seen in Figure
11, the smaller amount of Kpa in the proposed method
is needed to make the system stable for each specified
amount of Kiv. It shows that the modified AC controller
makes the system more stable even in normal conditions
and also there are more choices for controller parameters.

controller has been improved using some corrections and
adding new items to the control process. The proposed
modified controller made active loads more stable
especially in the case of severe conditions. The proposed
method showed better performance in the case of not
only single but also combined operation of active loads
with MGs and there was a wider range to select more
reliable controller parameters in the proposed method.
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