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FIG. 2 
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ADAPTIVE DC-LINKVOLTAGE 
CONTROLLED LC COUPLNG HYBRD 

ACTIVE POWER FILTERS FOR REACTIVE 
POWER COMPENSATION 

TECHNICAL FIELD 

The present invention relates to a current quality compen 
sator, and more particularly to an adaptive dc-link Voltage 
controlled LC coupling hybrid active power filter for dynamic 
reactive power compensation under inductive loads. 

BACKGROUND ART 

Since the first installation of passive power filters (PPFs) in 
the mid 1940s, PPFs have been widely used to suppress 
current harmonics and compensate reactive power in distri 
bution power systems due to their low cost, simplicity and 
high efficiency characteristics. Unfortunately, they have 
many disadvantages such as low dynamic performance, reso 
nance problems, and filtering characteristic that is easily 
affected by small variations of the system parameters. Since 
the concept “Active ac Power Filter was first developed by L. 
Gyugyi in 1976, the research studies of the active power 
filters (APFS) for current quality compensation are getting 
more interest since then. APFs can overcome the disadvan 
tages inherent in PPFs, but their initial and operational costs 
are relatively high because the dc-link operating Voltage 
should be higher than the system voltage. This results in 
slowing down their large-scale application in distribution net 
works. Later on, different hybrid active power filter (HAPF) 
topologies composed of active and passive components in 
series and/or parallel have been proposed, aiming to improve 
the compensation characteristics of PPFs and reduce the volt 
age and/or current ratings (costs) of the APFS, thus leading to 
effectiveness in cost and performance. 
The HAPF topologies consist of many passive compo 

nents, such as transformers, capacitors, reactors, and resis 
tors, thus increasing the size and cost of the whole system. A 
transformerless LC coupling HAPF (LC-HAPF) has been 
recently proposed and applied for current quality compensa 
tion and damping of harmonic propagation in distribution 
power systems, in which it has only a few passive components 
and the dc-link operating Voltage can be much lower than the 
APF. Its low dc-link voltage characteristic is due to the system 
fundamental Voltage dropped across the coupling capacitance 
but not the active part of the LC-HAPF. In addition, the 
coupling LC circuit is designed based on the fundamental 
reactive power consumption and the dominant harmonic cur 
rent of the loading. And the active part is solely responsible 
for the current harmonics compensation. Therefore, this LC 
HAPF can only inject a fixed amount of reactive power which 
is provided by the coupling LC and thus achieving a low 
dc-link Voltage level requirement in this special situation. In 
practical, because the load-side reactive power consumption 
varies from time to time, the LC-HAPF cannot perform sat 
isfactory dynamic reactive power compensation. The larger 
the reactive power compensation difference between the 
load-side and coupling LC, the larger the system current and 
loss, and it will lower the power network stability. In addition, 
if the loading is dominated by a centralized air-conditioning 
system, its reactive power consumption will be much higher 
than the harmonic power consumption. Therefore, it is impor 
tant and necessary for the LC-HAPF to possess dynamic 
reactive power compensation capability under this loading 
situation. 
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2 
Besides, the LC-HAPF and other HAPF topologies are all 

operating at a fixed dc-link Voltage level. Since the Switching 
loss is directly proportional to the dc-link Voltage, the system 
will obtain a larger Switching loss if a higher dc-link Voltage 
is used, and vice versa. Therefore, if the dc-link voltage can be 
adaptively changed according to different loading reactive 
power situations, the system can obtain better performances 
and operational flexibility. 

There is a need for the LC-HAPF providing dynamic reac 
tive power compensation capability with reducing Switching 
loss and Switching noise purposes. 

SUMMARY OF THE INVENTION 

One objective of the present invention is to provide the 
LC-HAPF dynamic reactive power compensation capability, 
which overcomes the existing LC-HAPF limitation of fixed 
reactive power compensation. 

Another objective of the present invention is to provide an 
adaptive dc-link voltage control algorithm for LC-HAPF 
reactive power compensation, so that the Switching loss and 
Switching noise can be reduced, and so too the operational 
COSt. 

According to an aspect of the present invention, the adap 
tive dc-link voltage controlled LC-HAPF for reactive power 
compensation includes: two dc capacitors to provide dc-link 
Voltage; a three-phase Voltage source inverter to convert the 
dc-link Voltage into compensating Voltages; three coupling 
LC circuits to convert the three-phase compensating Voltages 
into compensating currents, and then to be injected to the 
connection points between the power source and the induc 
tive load; and an adaptive dc-link voltage controller with 
reactive power compensation control algorithm. The control 
algorithm includes the following steps: first of all, calculating 
the phase instantaneous loading reactive power-q/2 (sub 
Script X denotes phase a,b,c) based on instantaneous load 
Voltage V, and load current i, obtaining the phase loading 
reactive power Q, -q/2 after passing the phase instanta 

f f neous loading reactive power-q/2 through a low pass filter; 
calculating the required minimum dc-link Voltage V 
for compensating the phase loading reactive power Q, in 

. each phase; selecting the three-phase required adaptive mini 
mum dc-link Voltage V. , that will be the maximum one 
among the calculated V. in each phase; comparing 
V. with predetermined Voltage levels (V1,V2,. . . . 
V. VisV-2 . . . . <V) to determine the final 
reference dc-link voltage V*, wherein when the V is 
less than the lowest dc Voltage level V, V*=V; if not, 
repeat the steps until V is found to be less than a dc-link 
Voltage level; and if V. , is greater than the maximum 
Voltage level V, the final reference dc-link Voltage will 
be V*=V . In this way, the dc-link Voltage fluctuation 
problem under the adaptive dc voltage control method can be 
lessened. 

According to another aspect of the present invention, the 
adaptive dc-link voltage controlled LC-HAPF for reactive 
power compensation further comprises an instantaneous 
power compensation controller for outputting three-phase 
reactive reference compensating currents is . 

According to another aspect of the present invention, the 
adaptive dc-link voltage controlled LC-HAPF for reactive 
power compensation further comprises a dc-link Voltage 
feedback P/PI controller (Q=-k (V*-V) and Pi—k, 
(V*-V)) for outputting three-phase dc-link Voltage refer 
ence compensating currents is . 

According to another aspect of the present invention, the 
adaptive dc-link voltage controlled LC-HAPF for reactive 
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power compensation further comprises three adders for Sum 
ming up the three-phase reactive reference compensating cur 
rents is and three-phase dc-link Voltage reference compen 
sating currents i to output final reference compensating 
currents i. 

According to another aspect of the present invention, the 
adaptive dc-link voltage controlled LC-HAPF for reactive 
power compensation further comprises a PWM circuit for 
receiving the differences between the final reference compen 
sating currents i and actual compensating currents i; and 
to generate PWM trigger signals to drive Switching elements 
of the voltage source inverter for LC-HAPF adaptive dc-link 
Voltage control and dynamic reactive power compensation, in 
which the Switching loss and Switching noise can be reduced 
compared with the conventional fixed dc-link voltage LC 
HAPF. 

cx aic 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a transformerless two-level three-phase four 
wire center-split current quality compensator (CCOC). 

FIG.2 shows a single-phase fundamental equivalent circuit 
model of the CCQC circuit configuration as shown in FIG.1. 

FIG.3a shows fundamental reactive power injection range 
Q, per square of the load voltage V, with respect to different 
ratio R between the dc-link voltage and load voltage V, for 
APF. 

FIG. 3b shows fundamental reactive power injection range 
Q per square of the load voltage V, with respect to different 
ratio R between the dc-link voltage and load voltage V, for 
LC-HAPF. 

FIG. 4a shows LC-HAPF single-phase fundamental pha 
Sor diagram under inductive loading during full-compensa 
tion by coupling LC circuit. 

FIG. 4b shows LC-HAPF single-phase fundamental pha 
Sor diagram under inductive loading during under-compen 
sation by coupling LC circuit. 

FIG. 4c shows LC-HAPF single-phase fundamental pha 
Sor diagram under inductive loading during over-compensa 
tion by coupling LC circuit. 

FIG. 5 shows adaptive dc-link voltage control block dia 
gram for the three-phase four-wire LC-HAPF of FIG. 1 
according to the present invention. 

FIG. 6 shows an instantaneous power compensation con 
trol block. 

FIG. 7 shows the determination process of adaptive mini 
mum dc-link Voltage. 

FIG. 8 shows the determination process of final reference 
dc-link voltage level. 

FIG. 9 shows a dc-link voltage feedback P/PI controller. 
FIG. 10 shows a final reference compensating current and 

PWM control block. 

DETAILED DESCRIPTION OF THE INVENTION 

A preferred embodiment of the present invention will be 
described hereinafter with reference to the accompany draw 
ings. 

Reference is now made to FIG. 1. A transformerless two 
level three-phase four-wire center-split current quality com 
pensator (CCOC) is shown in FIG. 1, where the subscript x 
denotes phase a,b,c.n. v is the system Voltage, V is the load 
Voltage. L is the system inductance normally neglected due 
to its low value relatively, thus Vasv. is, it and is are the 
system, load and inverter current for each phase. PPF is the 
coupling passive power filterpart, which can be composed of 
a resistor, inductor, capacitor or any combinations of them. 
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4 
C.V and V, are the dc capacitance, upper and lower dc 
capacitor voltages with VV -0.5V. The dc-link mid 
point is assumed to be ground reference (g). From FIG. 1, the 
inverter line-to-ground voltages V, will be equal to the 
inverter line-to-neutral Voltages V, because the neutral 
point n is connected to the dc-link midpoint g. Based on the 
pulsewidth modulation (PWM) technique, V can be sim 
ply treated as a controlled Voltage source. 
From the CCQC circuit configuration as shown in FIG. 1, 

its single-phase fundamental equivalent circuit model is 
shown in FIG. 2, where the subscript f denotes the funda 
mental frequency component. In the following analysis, all 
the parameters are in root-mean-square (rms) values. 

For simplicity, V and Vareassumed to be pure sinusoidal 

iaix 

without harmonic components (i.e. V-V-IV-V.). From 
FIG. 2, the inverter fundamental voltage phasor V. can be 
expressed as: 

i vy 

P-P-Zepp;f (1) 

Here, the fundamental compensating current phasor I of 
the CCQC can be expressed as I cytic where the 
Subscripts p and q denote the active and reactive compo 
nents. It is the fundamental active current for compensating 
loss and de-link Voltage control while I is the fundamental 
reactive current for compensating reactive power of the load 
ing. Simplifying (1) yields, 

Pinyination, (2) 
where 

Vinvi = V, + lor XPPF (3) 

Viny - -le, XPPF 

From (3), the fundamental compensating active current cy, 
and reactive current cy. a. 

L. --r's (4) 
CX i p XPPF 

Viny - V. (5) 
Ic = XPPF 

Since the CCOC aims to compensate fundamental reactive 
power, the steady-state active fundamental current cy from 
the inverter is small (10) provided that the dc-link voltage 
control is implemented. Thus, Vis0. Therefore, the effect 
ofdc-link voltage control for the CCQC system can be simply 
neglected during steady-state situation. 

For a fixed dc-link voltage level V-V-0.5V and 
modulation index m being assumed as ma1, R represents 
the ratio between the dc-link voltage V, V, and load 
Voltage V reference to neutral n, which can be expressed as: 

(6) 
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-continued 
Vdc 

2 V2 V. 

where V is the inverter fundamental rms Voltage. If the 
PPF part is a pure inductor (L), the CCQC will be the 
traditional APF. If the PPF part is composed of a series con 
nection of an inductor (L) and a capacitor (C) the CCOC 
will be the LC-HAPF, in which C. dominates the passive part 
at fundamental frequency. With the effect of dc-link voltage 
control being neglected (1-0) at steady-state, Substituting 
Xe XLc2f for APF and Xper -IXcel-XLel for 
LCHAPF, their corresponding fundamental reactive power 
injection range Qey, per square of the load voltage level V, 
with respect to different R can be shown in FIGS.3a and 3b. 

Since Qey, should be negative for inductive loading com 
pensation, from FIGS. 3a and 3b, the ratio R for APF must 
be at least greater than 1, while the ratio R for LC-HAPF is 
possible to be smaller than 1 within a specific operational 
range. This means that the required V, V, for APF must be 
larger than the peak of load Voltage V regardless of the 
coupling inductance L2, while the V, V, for LC-HAPF 
can be smaller than the peak of V within that operational 
range. When R =0, it means that both the APF and LC 
HAPF are operating at pure passive filter mode, in which the 
APF at R-0 cannot support inductive loading compensa 
tion while the LC-HAPF can support a fixed Q- Moreover, 
this fixed Qey, depends on the passive part parameters. FIGS. 
3a and 3b clearly illustrate the main advantage of LC-HAPF 
over the traditional APF under inductive loading reactive 
power compensation. Under the same dc-link Voltage consid 
eration in FIG. 3b, when the coupling capacitance C or 
inductance L increases, the upper limit of IQ. for induc 
tive loading compensation region increases, however the 
lower limit of IQ.) for that region decreases and vice versa. 
In the following description, the mathematical deduction 
details of the LC-HAPF fundamental reactive power compen 
sation range with respect to the dc-link Voltage under 1-0 
assumption will be given. After that, the required minimum 
dc-link voltage with respect to different inductive loading 
reactive power can be deduced. 

Based on the previous assumption that the active funda 
mental current cy, is very Small (1-0) at steady state, the 

-> 

inverter injects pure reactive fundamental current I cy, joy, 
in (2) contains pure active part as Therefore, the V 

Vin Y-ax (Xcel-X) only. Then the LC-HAPF 
single-phase fundamental phasor diagram under inductive 
loading can be shown in FIGS. 4a, 4b and 4c. The vertical 
y-axis can be considered as the LC-HAPF active power (P/W) 
when locating V, onto the LC-HAPF horizontal reactive 
power (Q/VAR) x-axis. The circle and its radius of 

0.5 V. 
invaf de 

represent the LC-HAPF fundamental compensation range 
and maximum compensation limit under a fixed dc-link Volt 
age. VPF, is the fundamental Voltage phasor of the coupling 
LC circuit. ILy is the fundamental load current phasor, where 
ILivi, and I are the fundamental load active and reactive 
current. In FIGS. 4a, 4b and 4c, the white semi-circle area 
represents LC-HAPF active power absorption region, 
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6 
whereas the shaded semi-circle area represents LC-HAPF 
active power injection region. When Viny is located inside 
the white semi-circle area, the LC-HAPF is absorbing active 
power, on the other hand, the LC-HAPF is injecting active 
power when Viny is located inside the shaded semi-circle 
area. When Viny is located onto the Q/VARX-axis, the LC 
HAPF does not absorb active power. From FIGS. 4a, 4b and 
4c, the LC-HAPF reactive power compensation range with 
respect to different dc-link Voltage can be deduced. 
When the loading reactive power Q, is full-compensation 

by coupling LC circuit 

as shown in FIG. 4a, the inverter does not need operation and 
output Voltage (VO). Thus, the Switching loss and 
Switching noise will bé minimized in this situation. The LC 
HAPF compensating reactive power Q is equal to the reac 
tive power provided by the coupling DC circuit 

which can be expressed as: 

V2 (7) 
Qc = Qcy : - - - 

f f PF Xcel - XLclf 

where 

Qe p < 0 

means injecting reactive power or providing leading reactive 
power. 

When the loading reactive power QL, is undercompensa 
tion by coupling LC circuit 

(Olaf > |2e, pp |) 

ex as shown in FIG. 4b, in order to generate a larger I fa the 
inverter should output a negative inverter fundamental active 
voltage (Vin.0) as indicated by (5). With a fixed V, the 
LC-HAPF maximum compensating reactive power limit 

2ef mas 

can be deduced through the undercompensation by coupling 
LC circuit case, which can be expressed as: 

Qc final |Xcel, XLelf 
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When the loading reactive power Q, is overcompensation 
by coupling LC circuit 

(QL < leaf pe |) 

as shown in FIG. 4c, in order to generate a smaller cy. the 
inverter should output a positive inverter fundamental active 
voltage (V0) as indicated by (5). With a fixed V, the 
LC-HAPF minimum compensating reactive power limit 

Cerf min 

can be deduced through the overcompensation by coupling 
LC circuit case, which can be expressed as: 

Qc fi = - |Xcel, XLelf 

From (8) and (9), the larger the dc-link voltage V or ratio 
R, the larger the LC-HAPF compensation range can be 
obtained, and vice versa. However, a larger dc-link Voltage 
will increase the LC-HAPF switching loss and generate a 
larger Switching noise into the system, while a smallerdc-link 
Voltage will deteriorate the compensating performances if 
Q, is outside the LC-HAPF compensation range. When V. 
is designed, the LC-HAPF reactive power compensating 
range for loading QL, can be expressed as: 

lear in s QL s |ea? a (10) 

When QL, is perfectly compensated by the coupling LC 
circuit, the minimum dc-link Voltage requirement 
(V-V-0) can be achieved. In addition, the larger the 
reactive power compensation differences between the load 
ing and the coupling LC circuit, the larger the dc-link Voltage 
requirement and vice versa. The required minimum dc-link 
voltage V in each phase can be found by setting aic naiva x 

QL is learni. St. |ea? a 

in (10), 

QL (11) 
Vamin = 2 V2 V1 

Thus, (11) can be applied for the adaptive dc-link voltage 
control algorithm According to the present invention. Once 
the Q, is calculated, the corresponding V. in each 
phase can be obtained. Then the final three-phase required 
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8 
adaptive minimum dc-link Voltage V can be chosen as 
follow: 

(12) de minimax(denin a de min bac min c) 

FIG. 5 shows the adaptive dc-link voltage control block 
diagram for the three-phase four-wire LC-HAPF of FIG. 1 
according to an embodiment of the present invention, which 
consists of three main control blocks: instantaneous power 
compensation control block, adaptive dc-link Voltage control 
block, and final reference compensating current and PWM 
control block. The adaptive dc-link voltage control block 
proposed by the present invention consists of three parts: (1) 
determination process of adaptive minimum dc-link Voltage 
V (2) determination process of final reference dc-link 
voltage level V*, and (3) a dc-link voltage feedback P/PI 
controller. Their details will be introduced in the following. 

FIG. 6 shows the instantaneous power compensation con 
trol block. For the instantaneous power compensation control 
block, the reference compensating currents for LC-HAPF 
(i.e. , the subscript X a,b,c for three phases) are determined 
by the single-phase instantaneous patheory (V. Khadkikar, A. 
Chandra, B. N. Singh, “Generalized single-phase p-q theory 
for active power filtering: simulation and DSP-based experi 
mental investigation.” IETPower Electron. Vol.2, pp. 67-78, 
January 2009). 

FIG. 7 shows the determination process of adaptive mini 
mum dc-link Voltage. Initially, the loading instantaneous fun 
damental reactive power -qt/2 (X a,b,c) in each phase are 
calculated using the single-phase instantaneous patheory and 
low-pass filters. Usually, -q/2 can keep as a constant value 
for more than one cycle, thus Q, can be approximately 
treated as Q, s-q/2. Then the required minimum dc-link 
Voltage V for compensating Q, in each phase can be 
calculated using (11), where V is the rms load voltage and 

can be obtained according to (7). The adaptive minimum 
dc-link Voltage will be equal to V. which can be deter 
mined by (12). During balanced loading case, the three-phase 
fundamental reactive power consumptions are the same 
(Q, a Q, Qo), therefore, Vde min Vdc min 
V. , , -V. . . In order to implement the adaptive dc 
link voltage control function for the three-phase four-wire 
LC-HAPF, V. can be simply treated as the final refer 
ence dc-link voltage V*. It is obvious that when the loading 
reactive power consumption (Q,t) is changing, the System 
will adaptively yield different V., and V. values. 

FIG. 8 shows the determination process of final reference 
dc-link voltage level. This adaptive control scheme may fre 
quently change the dc Voltage reference V* in practical 
situation, as the loading is randomly determined by electric 
users (different Q). Then this frequent change would cause 
a rapid dc Voltage fluctuation, resulting in deteriorate the 
LC-HAPF operational performances (L. H. Wu, F. Zhuo, P. B. 
Zhang, H. Y. Li, Z. A. Wang, “Study on the influence of 
supply-voltage fluctuation on shunt active power filter.” IEEE 
Trans. Power Del., vol. 22, pp. 1743-1749, July 2007). To 
alleviate this problem, a final reference dc-link voltage level 
determination process is added as shown in FIG.8. The final 
reference dc-link voltage V* is classified into certain levels 
(V1,V2,...V.Visva-2 ...<V) for Selection, 
so that V* can be maintained as a constant value within a 
specific compensation range. From FIG. 8, when the input 
V. , is less than the lowest dc voltage level V, the final 



US 9,122.296 B2 
9 

reference dc-link voltage will be V*=V; if not, repeat the 
steps until V is found to be less than a dc-link Voltage 
level. However, if V. , is greater than the maximum volt 
age level V, the final reference dc-link Voltage will be 
V-V . In this way, the dc-link Voltage fluctuation 
problem under the adaptive dc voltage control method can be 
lessened. 

FIG.9 shows the dc-link voltage feedback P/PI controller. 
The LC-HAPF can effectively control the dc-link voltage by 
feedback the dc-link voltage controlled signal as both reactive 
and active current components (Qa, P). 

P. k. (V.*- ..) (14) 

where Q and P are the dc control signals related to the 
reactive and active current components, k, and k are the 
corresponding positive gains of the controller. If the propor 
tional gains k, k, in (13) and (14) are set too large, the 
stability of the control process will be degraded, and produces 
a large fluctuation during steady-state. On the contrary, if 
proportional gains are set too small, a long settling time and a 
large steady-state error will occur. To simplify the control 
process, Q and P in (13) and (14) are calculated by the 
same controller, i.e. k.k. and an appropriate value is 
selected. Actually, the adaptive control Scheme can apply 
either P or PI controller for the dc-link voltage control. Even 
though the P controller can yield a steady-state error, it is 
chosen because it is simpler and has less operational machine 
cycles in the digital signal processor (DSP), therefore it can 
yield a faster response than the PI controller. If the dc-link 
Voltage with Zero steady-state error is taken consideration, PI 
controller is appreciated. A limiter is applied to avoid the 
overflow problem of the controller. With the help of the three 
phase instantaneous pd theory (H. Akagi, S. Ogasawara, Kim 
Hyosung, “The theory of instantaneous power in three-phase 
four-wire systems: a comprehensive approach,” in ConfRec. 
IEEE-34' IASAnnu. Meeting, 1999, vol. 1, pp. 431-439), the 
dc-link Voltage V can trend its reference V* by changing 
the dc Voltage reference compensating currents (i.e. ). 
Therefore, the proposed adaptive dc-link voltage control 
scheme for the LC-HAPF can then be implemented under 
various inductive linear loading conditions. In addition, the 
LC-HAPF initial start-up self-charging function can also be 
carried out by the adaptive dc-link Voltage control scheme 
proposed by the present invention. 

FIG. 10 shows the final reference compensating current 
and PWM control block. The current control PWM method is 
applied for the LC-HAPF. After the process of instantaneous 
power compensation and the adaptive dc-link Voltage control 
blocks proposed by the present invention as in FIG. 5, the final 
reference compensating currents is can be obtained by Sum 
ming up the is , and is . Then the final reference and 
actual compensating currents is and i will be sent to the 
PWM control part, and the PWM trigger signals for the 
Switching devices can then be generated. If the three-phase 
loadings are unbalanced in three-phase four-wire power sys 
tem, the dc capacitor Voltage imbalance may occur, the dc 
capacitor Voltage balancing technique (M. Aredes, J. Hafner 
and K. Heumann, “Three-phase four-wire shunt active filter 
control strategies. IEEE Trans. Power Electron. Vol. 12, pp. 
311318, March 1997) can be applied to balance the V and 
Va., under the proposed adaptive dc voltage control method. 
The adaptive dc-link voltage controlled LC-HAPF proposed 
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10 
by the present invention can compensate the dynamic reactive 
power, and reduce the Switching loss and Switching noise. 

CONCLUSION 

An adaptive dc-link Voltage controlled LC coupling hybrid 
active power filter (LC-HAPF) with dynamic reactive power 
compensation capability is described above. In order to 
implement the adaptive dc-link Voltage control algorithm, the 
LC-HAPF required minimum dc-link voltage for compensat 
ing different reactive power is deduced and its adaptive con 
trol block diagram is also built. The final reference dc-link 
voltage is classified into certain levels for selection, so that the 
impact on the compensation performances by the fluctuation 
of the adaptive dc-link Voltage in practical case can be 
reduced. The adaptive dc-link voltage controlled LC-HAPF 
provided by the present invention can achieve a good 
dynamic reactive power compensation performance as well 
as reducing the Switching loss and Switching noise compared 
with the traditional fixed dc-link voltage LC-HAPF. There 
fore, the adaptive dc-link voltage controlled LC-HAPF pro 
posed by the present invention is a cost-effective solution for 
dynamic reactive power compensation in practical situation. 
Nevertheless, this adaptive control method would not reduce 
the initial cost of the LC-HAPF because its maximum com 
pensation range is merely determined by its specifications. 
The present invention is not limited to the above descrip 

tion. One skilled in the art may make various modifications to 
the details of the embodiment without departing from the 
scope and the spirit of the present invention. 

What is claimed is: 

1. An adaptive dc-link Voltage controlled LC coupling 
hybrid active power filter (LC-HAPF) for reactive power 
compensation connected in parallel with an inductive load 
powered by a power Source, comprising: 
two dc capacitors to provide dc-link Voltage; 
a three-phase Voltage source inverter to convert the dc-link 

Voltage into compensating Voltages; 
three coupling LC circuits to convert the three-phase com 

pensating Voltages into compensating currents, and then 
to be injected to the connection points between the 
power source and the load; and 
an adaptive dc Voltage controller with reactive power 

compensation control algorithm comprising: 
calculating the phase instantaneous loading reactive 
power-q/2 (subscript X denotes phase a,b,c) based 
on instantaneous load voltage V, and load current it; 

obtaining the phase loading reactive power Q, -9//A2 
after passing the phase instantaneous loading reactive 
power-q/2 through a low pass filter; 

calculating the required minimum dc-link Voltage 
V for compensating the phase loading reactive 
power QL, in each phase based on the calculated 
phase loading reactive power Q,if reactive power 

provided by the coupling LC circuit and the instantaneous 
load voltage V using the following equation; 
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QL Vdc min = 2 V2 V1 

Selecting the three-phase required adaptive minimum 
dc-link Voltage V that will be the maximum one 
among the calculated V. , in each phase, as given 
below 

de minimax(denin a de min bac min c) 
and 
comparing V with predetermined Voltage levels 

(V-1, Vicz . . . Vena Visva-2 . . . Vienna) to 
determine a final reference dc-link voltage V*. 
wherein when the V is less than the lowest dc 
Voltage level V, V*-V; if not, repeat the steps 
until V is found to be less than a dc-link Voltage 
level; and if V. , is greater than the maximum 
Voltage level V., the final reference dc-link Volt 
age will be V*=V. 

2. The adaptive dc-link Voltage controlled LC coupling 
hybrid active power filter for reactive power compensation 
according to claim 1, further comprising: 

an instantaneous power compensation controller for out 
putting three-phase reactive reference compensating 
currents is . 
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3. The adaptive dc-link voltage controlled LC coupling 

hybrid active power filter for reactive power compensation 
according to claim 2, further comprising: 

adc-link voltage feedback P/PI controller for outputting 
three-phase dc-link Voltage reference compensating cur 
rents i cx ae 

4. The adaptive dc-link Voltage controlled LC coupling 
hybrid active power filter for reactive power compensation 
according to claim 3, further comprising: 

three adders for Summing up the three-phase reactive ref 
erence compensating currents i , and the three-phase 
dc-link Voltage reference compensating currents is . 
to output final reference compensating currents i. 

5. The adaptive dc-link voltage controlled LC coupling 
hybrid active power filter for reactive power compensation 
according to claim 4, further comprising: 

a PWM circuit for receiving the differences between the 
final reference compensating currents i and actual 
compensating currents is to generate PWM trigger sig 
nals to drive switching elements of the three-phase volt 
age source inverter for the LC-HAPF adaptive dc-link 
Voltage control and dynamic reactive power compensa 
tion. 


