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This paper proposes a voltage-rise-suppression strategy with a power quality compensator for a roof-top home solar
power system (HSPS) connected to the point of common coupling (PCC) in single-phase three-wire distribution feeders
(SPTWDFs). The proposed reactive power control and power quality compensation strategy uses only a constant dc-
capacitor voltage control, which is always used in grid-connected inverters. No calculation blocks of the reactive and
unbalanced active components of the load currents are necessary. Thus, the authors provide the simplest algorithm to
suppress the voltage rise at the PCC with power quality compensation. The basic principle of the constant dc-capacitor
voltage-control-based strategy is discussed in detail. The instantaneous power flowing into the HSPSs shows that the
predefined power factor of 0.9, a value that conforms to the Japanese regulations, is achieved with improved-quality
source-currents of domestic consumers connected to SPTWDFs, suppressing the voltage rise at the PCC. A digital
computer simulation is implemented to confirm the validity and high practicability of the proposed control algorithm
for HSPSs using a typical SPTWDF model in Japan. Simulation results demonstrate that the proposed control method
for the roof-top HSPS suppresses the voltage rise at the PCC, improving the source-side power quality.

Keywords: photovoltaic power generation system, voltage-rise-suppression, constant dc-capacitor voltage control, reactive power

control, power quality compensator, single-phase three-wire distribution feeder

1. Introduction

Renewable energy has attracted a great deal of attention af-
ter the Great East-Japan Earthquake of 2011. The Act on Spe-
cial Measures Concerning Procurement of Electricity from
renewable energy sources by electricity utilities was enacted
on August 30, 2011 ™. According to this act, Japanese do-
mestic electricity utilities are obligated to purchase power
generated by solar, wind, hydro, geothermal, and biomass
plants. The procurement price and period are decided annu-
ally by the Minister of Economy, Trade and Industry (METI).
After the enactment of the act, a large number of photo-
voltaic power generation systems (PVPGSs) have been con-
structed. Japanese domestic electricity utilities are also obli-
gated to purchase power generated by home solar power sys-
tems (HSPSs), where the rating of PV cells is less than 10 kW.
The HSPSs can sell the surplus of the generated power and

the power consumed at home. A large number of houses
have been equipped with rooftop PVs in Japan. Voltage-
source pulse-width modulated (PWM) inverters are used as
an interface between PVs and utility-grids. The generated
power is injected to the utility-grids with unity power fac-
tor by voltage-source PWM inverters. In general distribu-
tion systems are designed with unidirectional power flows,
supplying power from power plants to consumers. It is well
known that reverse power flows with unity power factor by
voltage-source PWM inverters in highly spreaded PVPGSs
cause an unacceptable voltage rise at the point of common
coupling (PCC) ®.

Active power curtailment has been proposed for voltage-
rise mitigation ®. However, active power curtailment is not
an economical solution for a domestic consumer. Economic
output power losses caused by the voltage rise at the PCC
have been reported “®. A reactive power consumption for
voltage-rise suppression also has been proposed ©®. The re-
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is a combination of a HSPS and an energy storage system
(ESS) ", The HSPSs with the ESS are effective to mit-
igate the voltage-rise problems in low-voltage feeders. The
HSPSs with the ESS also contribute to level the power from
the utility-grid, which is consumed by domestic consumers.
A battery in electric vehicles (EVs) is used as an ESS in (14).
EVs are highly mobile with the stored electric power. As a
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Fig.1. Typical single-phase three-wire distribution
feeder (SPTWDF) in Japan
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result of this mobility, the interesting concept to inject the
stored power of EVs into grid, and home (Vehicle-to-Grid,
and Vehicle-to-Home) has been proposed “>-'®. Thus, the ad-
vantage of this highly mobile with the stored electric power
has not been discussed. According to (1), the price of the
power generated by roof-top HSPSs, which is purchased by
power companies, is higher than that of the power supplied to
domestic consumers from power companies. This means that
storing the power generated by roof-top HSPSs in the ESSs
reduces the profit by the sale of the power generated roof-top
HSPSs. Thus, selling all surplus power between the power
generated by a roof-top HSPS and the power consumed by a
domestic consumer is economically effective in Japan.

SPTWDFs are used for domestic consumers in Japan. Fig-
ure 1 shows a typical SPTWDEF. Home appliances in Japan
are divided into two types depended on their capacity. Large-
capacity loads are connected to Feederl and Feeder2, and
their voltage rating is 210 Vrms. These large-capacity home
appliances, which include air conditioners and IH cookers,
are equipped with PFC rectifiers and inverters. Other small-
capacity loads are connected to each feeder with a neutral
line, and their voltage rating is 105 Vrms. The voltage at
the PCC in these SPTWDFs should be less than 107 Vrms,
according to Japanese regulations "”. If the voltage at the
PCC exceeds 107 Vrms, power companies have to restrict the
output power of the HSPS. This restriction occurs at mid-
day with fine weather. As described above, this is a seri-
ous problem for HSPSs because the profit from the sale of
power decreases. A reactive power consumption for voltage-
rise suppression is effective. However, the reactive power
consumption method proposed in (6)—(8) cannot be applied
to Japanese SPTWDFs. The overvoltage correction with re-
active power control has been discussed in detail for roof-
top HSPSs of domestic consumers®”’. Three-phase grids
are used in Greece for domestic consumers. Thus, the pro-
posed overvoltage correction strategy also cannot be applied
to Japanese SPTWDFs. In Fig. 1, the source-side currents
is; and iy are always unbalanced due to the unbalanced
load conditions. These unbalanced source currents condi-
tions cause the unbalanced terminal voltages vy ; and v ,. Itis
well known that these unbalanced source current conditions
increase the losses in the pole-mounted distribution trans-
formers (PMDTs). Thus, not only voltage-rise-suppression
with reactive power control but also power quality compen-
sation, which is to balance the secondary-side currents of the
PMDTs, are required for roof-top HSPSs in SPTWDFs in
Japan.

This paper proposes a voltage-rise-suppression and power
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quality compensation strategy for the HSPSs connected to the
PCC in SPTWDFs. For a control strategy of roof-top HSPSs,
a constant dc-capacitor voltage-control-based reactive power
control algorithm is used. The constant dc-capacitor voltage-
control-based control strategy " can suppress the voltage rise
caused by roof-top HSPSs improving power quality on the
secondary-side currents of the PMDTs. The proposed re-
active power control with power quality compensator uses
only a constant dc-capacitor voltage control, which is al-
ways used in the grid-connected inverters. Any calculation
blocks of the reactive and unbalanced active components of
the load currents are not necessary. Thus, the authors pro-
vide the simplest algorithm to suppress the voltage rise at the
PCC with the balanced source-side currents. Improving the
source-side currents quality reduces the losses in the PMDTs.
This means that the created-additional loss in feeders caused
by a larger current flow caused by the reactive power con-
sumption can be mitigated ®. The basic principle of the con-
stant dc-capacitor voltage-control-based strategy is discussed
in detail. The instantaneous power flowing into the power
conditioning system (PCS) of HSPS shows that the prede-
fined power factor of 0.9, which is a value that conforms to
Japanese regulations “?, is achieved with the balanced source
currents for domestic consumers connected to SPTWDFs
with the constant dc-capacitor voltage-control-based strategy,
suppressing the voltage rise at the PCC. A digital computer
simulation is implemented to confirm the validity and high
practicability of the proposed control algorithm for the HSPS
using a typical SPTWDF in Japan. The simulation results
demonstrate that controlling the power factor to 0.9 on the
source side by the HSPS with the proposed control method
suppresses the voltage rise at the PCC, improving the source-
side currents quality.

2. Proposed Voltage-rise-suppression and Power
Quality Compensation with Reactive Power
Control for HSPSs

2.1 Low-voltage Distribution Feeder Model

SPTWDFs are used in residential areas of Japan. Figure 2
shows a typical SPTWDF in a residential area®. A PMDT
is used to deliver power to domestic consumers. The rat-
ing of the PMDT is 6.6kVrms, 45kVA, and 60 Hz on the
primary side and 105 Vrms and 214 Arms on the secondary
side. Three low-voltage wires of 30 m with three nodes are
connected on the secondary side of the PMDT. Power is sup-
plied to three domestic consumers, which have the same load
conditions at Nodel, Node2, and Node3, respectively. The
domestic consumer receives power through a 15 m service-
wire. Another domestic consumer receives power through a
20 m service-wire. Yet another domestic consumer receives
power through a 25 m service-wire. At Node3, three domes-
tic consumers have HSPSs, where the rating of an HSPS is
4.0kW. Thus, nine domestic consumers connected to the
distribution feeder of Fig.2 are considered. Table 1 shows
the impedances for low voltage and service wires. Table 2
shows the circuit constants for Fig. 2. The circuit constants
of Table 2 were determined on the basis of the constants of
Table 1 and the lengths of wires. In the typical residential
areas of Japan, two-income families are the norm. In these
two-income families, nobody resides in their houses during
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Fig.2. Power circuit diagram of typical SPTWDF model with HSPSs
Table 1. Impedances for low-voltage and service wires Im .
Item | Resistance ‘ Reactance VD7 VL
Low voltage wire | 0.484 Q/km | 0.343 Q/km ID7 /j
—— Re
Service wire 2.58 Q/km y
Vs

Table 2. Circuit Constants for Fig. 2

Item ‘ Symbol ‘ Value
Low Voltage wire R 14.5mQ
Impedance(30 m) X 10.3mQ
Service wire Impedance(20 m) Rs> 51.6 mQ
Service wire Impedance(25 m) Rse 64.5 mQ
Service wire Impedance(15 m) Rs7 38.7mQ

Loadl (300 W) Ry 36.8Q

Load2 (200 W) Ri» 55.1Q

Load3 (100 W) Ri3 41Q

. . Lrl 0.5mH

Filter inductor In TOmA

Filter capacitor Cy 10.4 uF
dc capacitor Cpc 3000 uF
dc-capacitor voltage Vbe 385Vdc
PV-current (4.0kW) Ipy 10.4 Adc
Switching frequency fsw 12kHz

the daytime. Only standby power consumption exists in all
domestic consumers. Typical standby power consumption is
5.1% as compared to the total power consumption in a do-
mestic consumer “Y. Considering this standby power con-
sumption with a power consumption caused by a few con-
sumer electronics, the load conditions of Ry, Ri», and Ry 3
were decided in (23). On the other hand, the correct load
conditions for all domestic consumers in Fig. 2 cannot be de-
cided. The load conditions for all domestic consumers are
identical in (23). Thus, for all domestic consumers, an Ry ; of
36.8 Q is connected to the 105 Vrms upper-side feeder, an Ry,
of 55.1 Q is connected to the 105 Vrms lower-side feeder, and
an Ry 5 of 441 Q is connected to the 210 Vrms feeder, where
total consumption power is 600 W, which is 12% in a domes-
tic consumer.

In the literature (23), the voltage-rise phenomenon at
Node3, which is caused by the roof-top HSPSs, has been
demonstrated. Fig.3 shows the phasor diagrams at the PCC
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(a) With unity power factor
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(b) With reactive power control

Fig.3. Phasor diagrams at the PCC on Service-wire7

on Service-wire7. Iy corresponds to the output currents ip7;
and ip7,. Vpy is for the terminal voltages vp7; and vp7y at
the PCC on Service-wire7. Vs is for the secondary-side volt-
ages vs) and vsp of the PMDT. In Fig. 3(a), the output current
Ip7 of the roof-top HSPS is injected with unity power factor.
VL is caused by the line inductor on the low-voltage wires
and the service wires. The terminal voltage Vp7 is given by
the sum of Vs and V.. Thus, the amplitude of Vp; is larger
than that of V5. This is the voltage-rise phenomenon caused
by the HSPS, which is a serious problem, because the profit
from the sale of power decreases. In Fig. 3(b), the output cur-
rent Jp; of the HSPS is injected with reactive power control.
The phase angle ¢ can be controlled with the reactive compo-
nent Ip7q. The amplitude of Viy; can be controlled with /p7q.
Controlling /74 can avoid the voltage rise of Vpy at the PCC.

2.2 Voltage-rise-suppression and Power Quality Com-
pensation with Reactive Power Control  Figure 4 shows
a power circuit diagram and the control block diagram for
the HSPS on Service-wire7 with the constant dc-capacitor
voltage-control-based reactive power control. Note that only
the part enclosed by the dotted line is added to the con-
stant dc-capacitor voltage control, which is always used in
the grid-connected inverter, to control the reactive power on
the source side.
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Fig.4. Power circuit diagram and control block diagram for HSPSs on Service-wire7 with constant dc-capacitor

voltage-control-based reactive power control

In three-phase circuits, some control strategies in these ac-
tive power line conditioners are based on active-reactive in-
stantaneous power theory, which was originally proposed by
Prof. H. Akagi . The instantaneous symmetrical com-
ponent theory method, the sample and hold circuit method
and d-g transformation based method are also used for the
calculation of the reference compensation currents ®“?. The
present authors also proposed a control method to reduce the
capacity of the three-leg PWM rectifier, which performs a
smart charger for electric vehicles in SPTWDFs . How-
ever, in the proposed control method, the calculation blocks
of the load-side active and reactive currents in addition to
the constant dc- capacitor voltage control block are needed to
achieve a source-side power factor of 0.9. In Fig. 4, however,
no calculation blocks of the reactive and unbalanced active
components of the load currents are necessary.

On the other hand, no calculation blocks of the reactive and
unbalanced active components of the load currents are neces-
sary in Fig. 4. Thus, the authors provide the simplest algo-
rithm to suppress the voltage rise at the PCC with balanced
source-side currents. The basic principle of the constant dc-
capacitor voltage-control-based algorithm is discussed. The
voltages vp7; and vp7, on D7, and the load currents i; 7; and
iL72 in Fig. 4 are given as

Up71 = Up72 = \/EVD7COSCL)SI,
iL71 = \/EILﬂCOS(a)st — ¢L7l)7
L2 = \/zluzcos(wst —dL7).

Let us assume that the source currents ip7; and ip7; on D7
are balanced with the power factor of cos¢, compensating
the unbalanced components with reactive power control. The
source-side currents ip7; and ip7, are expressed as

—ip72
\/EID7 cos(wst — @)

ip71
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= ‘/Elmp(coswst + Ksinwst),

where cos¢ = Ip7,/Ip7. From (1) and (2), the output currents
ipv71, ipv72, and ipy73 are given by

ipy71 = iL71 — ID715
ipy72 = —iL72 + ip72,
T (3)

Equation (3) gives the output currents of the HSPS to achieve
the balanced source-side currents ip7; and ip7; on D7. The
instantaneous power ppcs flowing into the PCS of the HSPS,
which consists of the three-leg PWM inverter, is given by

Up71 * ipv71 + UD72 * IPVT2
(IL71 €08 ¢L71 + IL72 COS P72 — 2Ip7 COS P) - Vg
+(IL71 €08 @71 + IL72 COS PL72

—2Ip7 cos ¢) - Vp7 cos 2wst

+(IL71 sin@ryy + ILyp sin @y

—2Ip7 sin ¢) - Vp7 sin 2wst.

Prcs

If the dc-capacitor voltage vpcy is held constant by the con-
stant dc-capacitor voltage control in the HSPS, the mean
value ppcg of the instantaneous ppcs of (4) should be Ppy
because the power Ppy generated by PV flows into the dc
capacitor Cpc in Fig. 4, where Ppy is given by

Ppy = vpc7 - Ipy.

This means that the constant de-capacitor voltage control can
calculate the active current Ip7, of the load currents i 7; and
ir72. From (4) and (5), thus, Ipy, is given by

ID7P = ID7 COS¢
_fincosdia + ipcosgrn - Py
2 2Vp

Equation (6) shows that the constant dc-capacitor voltage

IEEJ Journal IA, Vol.6, No.5, 2017
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control can calculate the active current Iy, in (2), where Ip7,
is the theoretical RMS value of the source-side balanced ac-
tive current with the unbalanced load currents i1 7; and ;7>
on D7 ®". Thus, maintaining the dc-capacitor voltage vpcy to
a constant voltage by the constant dc-capacitor voltage con-
trol achieves the balanced source-side currents ip7; and ip7»
with a power factor of cos ¢. According to the regulations ®?,
a power factor of 0.9 is acceptable for home appliances in
Japan. K in (2) is given by

K =1tan(cos ™ 0.9). o ceeeeeeiieiiniii (7

The proposed control strategy can improve power quality
on the source side suppressing the voltage-rise-phenomena
at Node3. Improving the source-side power quality, is to
balance the secondary-side currents of the PMDT, reduces
the losses in the PMDTs. Thus, the created-additional loss
in feeders caused by a larger current flow with the reactive
power consumption can be mitigated.

The dc-capacitor voltage vpcy of the single-phase PWM
inverters is detected, and then the difference Avpc; between
the reference value V[, and the detected vpc7 is amplified
by the PI controller. Here, (4) shows that the 2ws component
exits in addition to the dc component. Thus the detected vpcy
includes the 2wg with the dc component. The 2ws compo-
nent in Ipy, causes third-order harmonics for if;,. This affect
the total harmonic distortion (THD) values of the source-side
currents iD71, iD72, ipgl, iDgz, iD91, and iDgz. Thus, a moving-
average low-pass filter (MALPF) is used to remove this 2wg
component. The output value of the PI controller is inputted
into the MALPF. After filtering with the MALPF, the effec-
tive value Ip7, of the source-side currents ip7; and ip7; at the
PCC is obtained by performing constant dc-capacitor volt-
age control. The reference active component ig7p is calcu-

lated by multiplying by Ip7, by V2coswst. The reference
reactive component ij,, q is also calculated by multiplying by

In7p, by V2sinwst and the gain K. According to the regula-
tions ®, a power factor of 0.9 at the PCCs on low-voltage
distribution feeders is acceptable. Thus, the control gain
K = tan(cos™! 0.9) is used in this paper. The reference source
current ij is given by

sk ek .
Ip7 = Ip7p T Ip7g
= V2Ip7p(coswst + KSinawst). -+« - -veeeee- )

To detect the electrical angle s = wst of the voltage v73 at
the PCC a single-phase PLL algorithm is used ®”. The de-
tected v73 corresponds to the @-phase component v,, and the
delayed voltage through the 7s/4 delay block corresponds to
the B-phase component vg. Using cos6s and sinfs, v, and
vg are transformed to vg and vy, respectively, in d-g coordi-
nates. When the g-phase component v is equal to zero, it
is possible to generate an electrical reference angle 6y that is
synchronized with v73, which has an angular frequency of ws.
Finally, the reference currents for the HSPS are calculated as

. "
71 =W ~ Ipy,

l7p = —IL12 + Ipgs

o = e i

73 = ~lgp —lgpp- 0 )

It is well known that a steady-state error remains when

current feedback control based on the sine-triangle intercept
technique with a PI controller is used in a single-phase PWM
inverter. PI controllers in dq coordinates are used to con-
trol the output currents i7;, i7> and i73 of the HSPS. In Fig. 4,
the reference value i3, is delayed by Ts/4, where Ty is the
cycle of the voltage v73 at the PCC. i3, corresponds to the
a-component, and the delayed current through the 7T's/4 de-
lay block corresponds to the S-components. Using 6s, the
electrical angle of the v7; generated by the PLL, the a- and
- components are transformed into i3, and in respectively.
The output current i7; is also transformed into iy; and iq; in
the same way. The differences between the reference cur-
rents iy, and i, are amplified by the PI controller in dq co-
ordinates. The amplified values are retransformed into the a-
component. Using the PWM technique, the gate signals for
the power switching devices of the HSPS are then generated.

3. Simulation Results

A digital computer simulation was implemented to con-
firm the validity and practicability of the proposed voltage-
rise-suppression and source-side current balancing with the
constant dc-capacitor voltage-control-based reactive power
control strategy for the HSPS using PSIM software. Table 2
shows the circuit constants, that were used in the computer
simulation. Kp = 0.7 and 71 = 20ms were used in the
PI controller for constant dc-capacitor voltage control, and
Kp = 0.04 and T1 = 8 ms were used in the PI controllers for
current feedback control in d-g coordinates in Fig.4 in the
following simulation results.

Figure 5 shows simulation results for Fig. 2, where the re-
active power control algorithm is not included in the con-
trol circuit of the HSPSs. vg; and vg; are the secondary-side
source voltages of the PMDT. is; and ig; are the secondary-
side source currents of the PMDT. vp7; and vpy, are the
receiving-end voltages at the PCC. ip7; and ipj, are the
source-side currents on Service-wire7. i;7; and ip7, are the

cos¢=1.0

ID71,ID72

7AI—W :/iL71= =

O .......
SOA I%fpy71=frzv7ffpy 5
Ol S Yo N N N N
500V —
... Vpe
ol

16.7ms

Fig.5. Simulation waveforms for Fig.2 without reac-
tive power control
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Fig.6. Simulation waveforms for Fig.2 with the pro-
posed voltage-rise-suppression

load currents of Home7. ipy71, ipy72, and ipy73 are the output
currents from the HSPS at Home 7. vpc7 is the dc-capacitor
voltage. In the simulation results of Fig.5, isi, is2, ir71,
and i; 7, are unbalanced. However, the source-side currents
ip71 and ip7, are balanced. ip7; and ip7, are in antiphase to
the receiving-end voltages vp7; and vp7,. These generated
power injections by the HSPS with these antiphase currents
at Node3 cause the voltage rise at the PCC. The RMS values
of vp71 and vpy, are 107.0 Vrms and 107.1 Vrms. Thus, the
HSPS causes the voltage-rise phenomena at Node3.

Figure 6 shows simulation results for Fig.2 with the pro-
posed voltage rise suppression method and source-side cur-
rent balancing. In the simulation results of Fig. 6, is;, isz,
ir71, and i 7, are unbalanced. However, the source-side cur-
rents ip7; and ip7; are balanced with a power factor of 0.9
with the proposed reactive power control. The THD values
of ip7; and ip7; are 1.38% and 0.901%, respectively. These
values satisfy the regulation ®®. The RMS values of vp7; and
vp72 are 106.3 Vrms and 106.5 Vrms, respectively. Thus, the
proposed voltage-rise-suppression method can suppress the
voltage-rise phenomena at the PCC, improving the source-
side currents quality.

Figure 7 shows simulated RMS values of the receiving-end
voltages for each domestic consumer. The triangles show the
RMS voltage for each domestic consumer without the pro-
posed voltage-rise-suppression method. The maximum RMS
value of the receiving-end voltage for each domestic con-
sumer should be less than 107 Vrms according to the reg-
ulations in (19). However, without the reactive power con-
trol, the receiving-end voltages on D7, D8, and D9 exceed
the maximum RMS value of 107 Vrms. As described before,
power companies have to restrict the output power of HSPS
on D7, D8, and D9. This restriction occurs in midday with
fine weather. This is a serious problem for HSPSs because the
profit from the sale of power decreases. The tetragons show
the RMS voltage values for each domestic consumer with
the proposed voltage-rise-suppression method, which is the
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Fig.7. RMS values of receiving-end voltages for each
domestic consumer

constant dc-capacitor voltage-control-based reactive power
control. The RMS values of the receiving-end voltages at
all domestic consumers on D7, D8, and D9 are less than
107 Vrms, where the power factor on the source side on D7,
D8, and D9 is controlled to 0.9. This power factor of 0.9
conforms to the regulations ®. Thus, power companies can
accept the power generated by the HSPS on D7, DS, and D9.
The capacity of the PCS in the HSPS with the proposed re-
active power control is larger by 8% as compared to that of
the PCS in the HSPS with the unity power factor. Note that
the PCS with the increased rating of only 8% can avoid the
restriction of the output power of the HSPSs. This greatly
improves the profit from the sale of power for domestic con-
sumers. Improving the source-side currents quality can re-
duce the losses in the PMDT. Thus, the created-additional
loss in feeders caused by a larger current flow with the reac-
tive power consumption can be mitigated.

It is difficult to construct an experimental model for Fig. 2
in the laboratory. Thus, experimental validation with a
reduced-scale experimental model for Fig.2 is an important
issue for further study.

4. Conclusion

This paper has proposed a voltage-rise-suppression and
source-side current balancing strategy for the HSPSs con-
nected to the PCC in SPTWDFs with the previously pro-
posed constant dc-capacitor voltage-control-based reactive
power control algorithm. The proposed reactive power con-
trol and load current balancing method uses only a constant
dc-capacitor voltage control, which is always used in grid-
connected inverters. No calculation blocks of the reactive
and unbalanced active components of the load currents are
necessary. Thus, the authors have provided the simplest al-
gorithm to suppress the voltage rise at the PCC with balanced
source-side currents. The basic principle of the constant dc-
capacitor voltage-control-based strategy has been discussed
in detail. The instantaneous power flowing into the PCS of
HSPS has shown that the pre-defined power factor of 0.9,
a value that conforms to Japanese regulations, is achieved
with balanced source currents for domestic consumers con-
nected to SPTWDFs with the constant dc-capacitor voltage-
control-based strategy, suppressing the voltage rise at the
PCC. A digital computer simulation has been implemented
to confirm the validity and high practicability of the proposed

IEEJ Journal IA, Vol.6, No.5, 2017



Voltage Rise Suppression and Load Balancing by PV-PCS (Mitsumasa Ushiroda et al.)

control algorithm for HSPSs using a typical SPTWDF model
in Japan. Simulation results have demonstrated that control-
ling the power factor to 0.9 on the source side by the HSPS
with the proposed control method suppresses the voltage rise
at the PCC, improving the source-side currents quality. The
capacity of the PCS in HSPS with the reactive power con-
trol is larger by 8% as compared to that of the PCS with the
unity power factor. Note that the PCS in HSPSs with the
increased rating of only 8% can avoid the restriction on the
output power of HSPSs. Thus, the authors have concluded
that the proposed voltage-rise-suppression with the constant
dc-capacitor voltage control is useful for practical HSPSs.

Finally, this paper is an improved and revised version of
the conference paper ®®. The authors would like to express
their gratitude to the audience for their valuable discussions
at the 18™ ICEMS.
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