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INTERCONNECTION POWER CONVERTER AND 
POWER GENERATION APPARATUS USING THE 

SAME 

FIELD OF THE INVENTION 

[0001] The present invention relates to a system intercon 
nect power converter interconnected to a commercial poWer 

system (to be referred to as a “system” hereinafter) and a 
poWer generation apparatus using the same and, more par 
ticularly, to a poWer converter of insulated-transformerless 
type used in a poWer generation apparatus Which comprises 
a direct current poWer supply such as a solar battery having 
a large ground capacitor and is interconnected to a loW 
voltage distribution system having one grounded line, and a 
poWer generation apparatus using the same. 

BACKGROUND OF THE INVENTION 

[0002] FIG. 2 is a block diagram shoWing the arrange 
ment of a solar poWer generation apparatus interconnected 
to a loW-voltage distribution system. 

[0003] A solar battery array 1 is constituted by combining 
a plurality of solar battery modules serially/parallelly so as 
to obtain a desired output voltage and current. Direct current 
poWer output from the solar battery array 1 is input to a 
system interconnect poWer converter 2 (to be referred to as 
a “poWer conditioner” hereinafter) Where the direct current 
poWer is converted into alternate current poWer. The output 
of the poWer conditioner 2 is connected to a loW-voltage 
distribution system 4 via a customer’s ground fault inter 
rupter 3. A load 5 is connected betWeen the poWer condi 
tioner 2 and the customer’s ground fault interrupter 3. 
Wiring inside the customer’s premises is Wiring from the 
customer’s ground fault interrupter 3 to the poWer condi 
tioner 2 and load 5. The customer’s ground fault interrupter 
3 detects a ground fault current to detect an electrical 
leakage inside the customer’s premises, and interrupts the 
connection betWeen the customer’s equipment and the loW 
voltage distribution system 4 so as not to in?uence the 
loW-voltage distribution system 4 outside the customer’s 
premises. 
[0004] The solar battery array 1 has a ground capacitor 6. 
As a solar battery module constituting the solar battery array 
1, built-in modules and loW-pro?le modules have recently 
been developed. In some cases, a conductive member (metal 
plate or the like) as a reinforcing member or a conductive 
member such as a metal plate as a base member covers a 
roof. In this case, a solar battery cell and metal plate face 
each other at a small interval With a large area, Which 
increases the ground capacitor 6. If Water attaches to the 
surface and any area of a solar battery module oWing to rain 
or the like, the ground capacitor 6 is ocurred by the Water. 

[0005] On the other hand, most of the system interconnect 
poWer conditioners 2 recently adopt a so-called transform 
erless method having no insulated transformer in order to 
attain high efficiency, small siZe, light Weight, and loW cost. 

[0006] The present inventors have found that When the 
ground capacitor 6 is large, the system interconnect poWer 
conditioner 2 is of transformerless type, and a ground fault 
occurs outside the customer’s premises, the ground fault 
current flows through the ground capacitor 6 of the solar 
battery array 1 and the poWer conditioner 2 to cause 
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unWanted interruption operation in the customer’s ground 
fault interrupter 3. This unWanted interruption operation 
generated in the customer’s ground fault interrupter 3 causes 
a poWer failure inside the customer’s premises though no 
electrical leakage occurs inside the customer’s premises. 

[0007] This problem is not limited to the solar poWer 
generation system. The same problem arises in a poWer 
generation system using a fuel cell if the ground capacitor is 
large. A ground fault outside the customer’s premises causes 
the customer’s ground fault interrupter 3 to unnecessarily 
perform interruption operation, Which may generate a poWer 
failure inside the customer’s premises. 

SUMMARY OF THE INVENTION 

[0008] The present invention has been made to overcome 
the conventional draWbacks, and has as its object to prevent 
unWanted interruption operation of a customer’s ground 
fault interrupter caused by a ground fault outside the con 
sumer. 

[0009] To achieve the object, a preferred embodiment of 
the present invention discloses a poWer converter for con 
verting direct current poWer to alternate current poWer and 
supplying the alternate current poWer to a poWer system, 
said poWer converter comprising: a converter for boosting a 
voltage of direct current poWer supplied from a direct 
current poWer supply having a ground capacitor; an inverter 
for converting the direct current poWer supplied from said 
converter into alternate current poWer, Wherein an input and 
output of said inverter are not insulated; a sWitch Which is 
connected to an output terminal of said inverter and opens/ 
closes an output of said poWer converter by a mechanical 
contact; a detector for detecting a ground fault Within a 
shorter time than an operation time of a customer’s ground 
fault interrupter interposed betWeen said poWer converter 
and a poWer system having one grounded line; and a 
controller for controlling operations of said converter, said 
inverter, and said sWitch, Wherein When said detector detects 
a ground fault, said controller changes said sWitch to an open 
state, blocks a gate of said inverter, and holds an output 
voltage of said converter to be higher than a peak value of 
an alternate current voltage of the poWer system until at least 
said sWitch changes to the open state. 

[0010] Another preferred embodiment of the present 
invention discloses a poWer generation apparatus for sup 
plying alternate current poWer to a poWer system and 
comprising a direct current poWer supply having a ground 
capacitor, and a poWer converter for converting direct cur 
rent poWer into alternate current poWer, Wherein said poWer 
converter comprises: a converter for boosting a voltage of 
direct current poWer supplied from the direct current poWer 
supply; an inverter for converting the direct current poWer 
supplied from said converter into alternate current poWer, 
Wherein an input and output of said inverter are not insu 
lated; a sWitch Which is connected to an output terminal of 
said inverter and opens/closes an output of said poWer 
converter by a mechanical contact; a detector for detecting 
a ground fault Within a shorter time than an operation time 
of a customer’s ground fault interrupter interposed betWeen 
said poWer converter and a poWer system having one 
grounded line; and a controller for controlling operations of 
said converter, said inverter, and said sWitch, Wherein When 
said detector detects a ground fault, said controller changes 
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said switch to an open state, blocks a gate of said inverter, 
and holds an output voltage of said converter to be higher 
than a peak value of an alternate current voltage of the poWer 
system until at least said sWitch changes to the open state. 

[0011] Other features and advantages of the present inven 
tion Will be apparent from the folloWing description taken in 
conjunction With the accompanying draWings, in Which like 
reference characters designate the same or similar parts 
throughout the ?gures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a block diagram shoWing the arrange 
ment of a system interconnect solar poWer generation appa 
ratus according to a preferred embodiment of the present 
invention; 
[0013] FIG. 2 is a block diagram shoWing the arrange 
ment of a conventional system interconnect solar poWer 
generation apparatus; 

[0014] FIG. 3 is a block diagram shoWing the arrange 
ment of a poWer conditioner according to the ?rst embodi 

ment; 

[0015] FIG. 4 is a How chart shoWing detection operation 
of the poWer conditioner according to the ?rst embodiment; 

[0016] FIG. 5 is a graph shoWing the detection conditions 
of the poWer conditioner according to the ?rst embodiment; 

[0017] FIG. 6 is a How chart concerning setting of the 
detection sensitivity of a poWer conditioner according to the 
second embodiment; 

[0018] FIG. 7 is a graph shoWing the detection conditions 
of the poWer conditioner according to the second embodi 
ment; and 

[0019] FIGS. 8A and 8B are circuit diagrams each shoW 
ing the arrangement of the inverter of the poWer conditioner 
according to the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0020] A poWer generation apparatus according to pre 
ferred embodiments of the present invention Will be 
described in detail beloW. <First Embodiment> [Arrange 
ment of PoWer Generation Apparatus] 

[0021] FIG. 1 shoWs a preferred embodiment of the 
present invention. In FIG. 1, the same reference numerals as 
in FIG. 2 denote the same parts. The embodiment shoWn in 
FIG. 1 is different from the prior art shoWn in FIG. 2 in the 
internal arrangement of a system interconnect poWer con 
ditioner 2. 

[0022] The direct current poWer supply of a poWer gen 
eration apparatus according to the present invention is not 
particularly limited as far as the direct current poWer supply 
has a ground capacitor. A preferable direct current poWer 
supply is a solar battery (to be described later). This speci 
?cation Will exemplify a solar battery array. 

[0023] A solar battery array 1 used as the direct current 
poWer supply of the poWer generation apparatus according 
to the present invention can use various arrangements. 
Instead of the array, one solar battery can be used as a direct 
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current poWer supply. To generate large poWer, a solar 
battery array having a plurality of solar batteries is prefer 
able. 

[0024] The type of solar battery module constituting the 
array is not limited as far as the solar battery array 1 has a 
relatively large ground capacitor 6. A solar battery array 1 
having a larger ground capacitor 6 exhibits a more enhanced 
effect of the present invention. The effect of the present 
invention is more enhanced When the solar battery array is 
constituted by solar battery modules in Which solar battery 
cells are sealed With a resin on a metal reinforcing plate, 
solar battery modules constructed to contact a metal plate, or 
built-in solar battery modules. 

[0025] The effect of the present invention can also be 
attained When the ground capacitor 6 is small in normal 
operation, but the ground capacitor 6 increases upon rainfall. 
When the metal reinforcing plate or metal plate is grounded, 
a stable ground capacitor eXists. In this case, unWanted 
interruption readily occurs, and the effect of the present 
invention becomes prominent. 

[0026] A loW-voltage distribution system 4 suffices to 
have one grounded line, and is not limited in voltage, 
frequency, and Wiring method (e.g., single-phase three-line 
method or three-phase three-line method). This embodiment 
constitutes a loW-voltage distribution system 4 of single 
phase three-line type using 100 V/200 V and 60 HZ. The 
present invention can also be applied When a single-phase 
three-line type system is formed by V connection. 

[0027] The system interconnect poWer conditioner 2 is 
comprised of a converter 11, inverter 12, alternate current 
ground fault detector 13, sWitch 14, and controller 15. 

[0028] In normal running operation, the converter 11 
boosts direct current poWer from the solar battery array 1 to 
a voltage necessary for the inverter 12 (value higher than the 
peak value of the voltage of the loW-voltage distribution 
system 4). The inverter 12 converts direct current poWer 
from the converter 11 into alternate current poWer. 

[0029] The converter 11 and inverter 12 are made up of 
sWitching elements formed by inversely parallel-connecting 
self-interrupting semiconductor elements and freeWheeling 
diodes, and can adjust the boosting ratio, poWer ?oW, 
frequency, and the like in accordance With their sWitching 
operations. The converter 11 and inverter 12 do not have any 
transformers, and their inputs and outputs are not insulated. 
In other Words, the poWer conditioner 2 is of so-called 
transformerless type. 

[0030] The inverter 12 is preferably a circuit in Which the 
impedance becomes high betWeen the input and the output 
When all the sWitching elements are turned off. For eXample, 
a full-bridge circuit in FIG. 8A is preferable. When a 
half-bridge circuit is used, a sWitching element is added to 
a phase connected to the intermediate point betWeen tWo 
series-connected capacitors, as shoWn in FIG. 8B. For a 
high impedance of a level at Which the current is substan 
tially negligible, a resistor, capacitor, or the like may be 
connected betWeen the input and output of the inverter 12. 

[0031] The alternate current ground fault detector 13 may 
detect a Zero-phase current or variations in ground voltage 
so long as it detects a ground fault. In addition to detection 
of a Zero-phase current, the alternate current ground fault 
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detector 13 more preferably detects the phase difference 
betWeen a Zero-phase current and a Zero-phase voltage, and 
detects a ground fault in consideration of the phase differ 
ence. The alternate current ground fault detector 13 of the 
same type as a customer’s ground fault interrupter 3 facili 
tates the design because no difference in detection method 
need be considered. The position of the alternate current 
ground fault detector 13 is not limited to the one shoWn in 
FIG. 1, and can be arbitrarily set as far as the ground fault 
detection scheme functions. 

[0032] A preferable example of the sWitch 14 is an elec 
tromagnetic sWitch or relay having a mechanical contact. In 
general, the mechanical contact operates sloWer than the 
sWitching operation of a semiconductor. 

[0033] The controller 15 is connected to the converter 11, 
inverter 12, alternate current ground fault detector 13, and 
sWitch 14. The controller 15 controls the Whole operation of 
the system interconnect poWer conditioner 2, and performs 
various protective functions, sWitching control, MPPT 
(Maximum PoWer Point Tracking) control, start/stop con 
trol, and the like. The controller 15 controls sWitching of the 
converter 11 and inverter 12. In addition, the controller 15 
receives a ground fault detection signal from the alternate 
current ground fault detector 13 to control the opening/ 
closing of the sWitch 14. 

[0034] The controller 15 can be formed from an analog 
circuit and a digital circuit including a CPU, DSP, memory, 
and I/O. In recent years, CPUs and DSPs are achieving 
higher performance and loWer cost. A controller 15 using 
such CPU and DSP can realiZe various control operations by 
softWare, and attains a small siZe, loW cost, and high degree 
of freedom. 

[0035] The poWer conditioner 2 further requires a voltage 
detector, current detector, and circuit for driving the gate of 
a sWitching element (none of them are shoWn), but a 
description thereof Will be omitted because general-purpose 
ones can be used. 

[0036] The customer’s ground fault interrupter 3 normally 
detects a Zero-phase current to detect a ground fault. In 
general, the sensitivity current (and non-operation current) 
and detection time With respect to an electrical leakage are 
speci?ed. The arrangement of the customer’s ground fault 
interrupter 3 is properly selected in accordance With a load 
5 and solar poWer generation apparatus inside the custom 
er’s premises. 

[0037] The detection conditions of the alternate current 
ground fault detector 13 according to this embodiment must 
be set to detect a ground fault faster than the customer’s 
ground fault interrupter 3. The detection conditions include, 
e.g., the detection level and detection time. The detection 
level is set to a sensitivity value equal to or higher that of the 
customer’s ground fault interrupter 3. The detection time is 
set shorter than that of the customer’s ground fault inter 
rupter 3. 

[0038] If a ground fault occurs outside the customer’s 
premises using this solar poWer generation apparatus, in 
other Words, on a side nearer the loW-voltage distribution 
system 4 than the customer’s ground fault interrupter 3, a 
ground fault current ?oWs passing through the ground fault 
point and the contact of the loW-voltage distribution system 
4. Since the loW-voltage distribution system 4 has a ground 

Jun. 21, 2001 

ing resistance, a voltage drop is occurred by the ground fault 
current, and then a voltage betWeen the loW-voltage distri 
bution system 4 and the ground is varied. In running the 
poWer conditioner 2, the ground fault current passes through 
not only the contact of the loW-voltage distribution system 
4 but also the ground capacitor 6 because the input and 
output of the poWer conditioner 2 are not insulated, and the 
solar battery array 1 has the relatively large ground capacitor 
6. In the folloWing description, “the ground fault current 
enters” means that the ground fault current ?oWs through the 
solar battery poWer generation apparatus via the ground 
capacitor 6. Note that the magnitude of the ground fault 
current ?oWing through the ground capacitor 6 depends on 
the state of the ground fault, the impedance of the current 
path determined by the Wiring of the loW-voltage distribu 
tion system 4, the ground capacitor 6, and the like, and the 
voltage of the loW-voltage distribution system 4. 

[0039] When the alternate current ground fault detector 13 
detects a ground fault current entering the solar poWer 
generation apparatus, the controller 15 immediately blocks 
the gate of the inverter 12, and opens the sWitch 14. Until the 
sWitch 14 is opened, the input voltage of the inverter 12 is 
held at a value higher than the peak value of the alternate 
current voltage of the loW-voltage distribution system 4, 
thereby inhibiting entrance of the ground fault current. 

[0040] The sWitch 14 operates sloWer than the gate block 
because of the mechanical contact. Until the sWitch 14 is 
opened, the sWitching element of the inverter 12 is turned off 
by the gate block. If the input voltage of the inverter 12 
becomes loWer than the peak value of the voltage of the 
loW-voltage distribution system 4, the freeWheeling diode of 
the sWitching element in the inverter 12 is turned on to alloW 
entrance of the ground fault current. To prevent this, the 
input voltage of the inverter 12 is held at a value higher than 
the peak value of the alternate current voltage of the loW 
voltage distribution system 4 until at least the sWitch 14 is 
opened, thereby inhibiting the ON operation of the free 
Wheeling diode and reliably inhibiting entrance of the 
ground fault. 

[0041] Accordingly, before the customer’s ground fault 
interrupter 3 detects the ground fault current passing through 
the ground capacitor 6, entrance of the ground fault current 
can be reliably inhibited to prevent unWanted interruption 
operation of the customer’s ground fault interrupter 3. 

[0042] As a method of holding the input voltage of the 
inverter 12 at a value higher than the peak value of the 
voltage of the loW-voltage distribution system 4, e.g., the 
converter 11 is kept boosted even after the gate of the 
inverter 12 is blocked, or a capacitor having a sufficient 
electrostatic capacitance is connected to the input terminal 
of the inverter 12. 

[0043] When a ground fault occurs inside another cus 
tomer, the customer’s ground fault interrupter of that cus 
tomer generally operates to disconnect the ground fault 
portion, and the loW-voltage distribution system 4 returns to 
a normal state. Hence, the poWer conditioner 2 Which has 
stopped to inhibit entrance of the ground fault current 
resumes running a predetermined time after stop. When, 
hoWever, the detection sensitivity of the customer’s ground 
fault interrupter of the other customer is loW, or a ground 
fault portion is on the system side (outside all customers 
Which receive supply of poWer from the loW-voltage distri 



US 2001/0004322 A1 

bution system 4), the ground fault portion may not be 
disconnected from the system. Even in this case, this 
embodiment can prevent unwanted interruption operation of 
the customer’s ground fault interrupter 3 in resuming run 
ning the poWer conditioner 2. [PoWer Conditioner] 

[0044] The system interconnect poWer conditioner 2 
according to the present invention Will be explained in detail 
With reference to the accompanying draWings. 

[0045] FIG. 3 is a block diagram shoWing the arrange 
ment of the system interconnect poWer conditioner accord 
ing to the present invention. 

[0046] Reference numeral 21 denotes an input noise ?lter 
for preventing noise from ?oWing into the solar battery array 

[0047] Reference numeral 22 denotes a smoothing capaci 
tor; 23, a boosting reactor; 24, a sWitching element formed 
by inversely parallel-connecting a self-interrupting semicon 
ductor element and protective diode for a boosting chopper; 
and 25, a back?oW prevention diode. The smoothing capaci 
tor 22, boosting reactor 23, sWitching element 24, and 
back?oW prevention diode 25 constitute a boosting chopper 
(boosting circuit). The smoothing capacitor 22 and boosting 
chopper constitute the converter 11. 

[0048] The output voltage of the boosting chopper is 
controlled to be constant at 320 V higher than a 282-V peak 
value of a 200-V alternate current voltage of the loW-voltage 
distribution system 4. When the poWer conditioner is inter 
connected to a loW-voltage distribution system of 100 V, the 
boosted voltage is controlled to be constant at, e.g., 160 V 
higher than a peak value of 141 V. The boosted voltage need 
not be constant as long as the output can be stably controlled 
at a boosted voltage higher than the peak value of the system 
voltage. 
[0049] Reference numeral 26 denotes a boosted-voltage 
detector for detecting a boosted voltage to output a boosted 
voltage signal. 
[0050] Reference numeral 27 denotes a smoothing capaci 
tor for smoothing the input voltage of the inverter 12; 28 to 
31, sWitching elements Which are formed by inversely 
parallel-connecting self-interrupting semiconductor ele 
ments and freeWheeling diodes and constitute a full-bridge 
circuit. The output of the full-bridge circuit is connected to 
interconnected reactors 32 and 33. The smoothing capacitor 
27, sWitching elements 28 to 31, and interconnected reactors 
32 and 33 constitute the inverter 12. 

[0051] Reference numeral 34 denotes an output current 
detector for detecting the output current of the inverter 12 to 
output an output current detection signal. Acontrol circuit 40 
controls an output based on the output current detection 
signal. Reference numeral 35 denotes a Zero-phase current 
detector for detecting currents through the output lines of the 
inverter 12 at once, and outputting a Zero-phase current 
detection value; and 41, a ground fault determination unit. 

[0052] The ground fault determination unit 41 has ground 
fault determination conditions set by a determination con 
dition signal input from the control circuit 40, receives a 
Zero-phase current detection value from the Zero-phase 
current detector 35, determines a ground fault in accordance 
With the set ground fault determination conditions, and 
outputs a ground fault detection signal. In this embodiment, 
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the ground fault determination unit 41 is comprised of a 
level comparator for comparing the magnitude of a Zero 
phase current detection value, and a timer capable of count 
ing a predetermined time. The level comparator and timer 
can be implemented by a knoWn analog or digital circuit. If 
they are formed from a digital circuit, they can share 
hardWare With the control circuit 40 (to be described later). 

[0053] The sWitch 14 uses a relay to mechanically open/ 
close the contact With the loW-voltage distribution system 4. 
Reference numerals 37 and 38 denote alternate current 
voltage detectors for detecting the voltages of respective 
phases of the loW-voltage distribution system 4, and output 
ting alternate current voltage detection signals; and 39, an 
output noise ?lter for preventing noise from ?oWing into the 
load 5 and loW-voltage distribution system 4. 

[0054] The control circuit 40 receives the boosted-voltage 
signal, the output current detection signal, the alternate 
current voltage detection signal, and a ground fault detection 
signal (to be described later). Based on the boosted-voltage 
signal, the control circuit 40 adjusts the ON/ OFF ratio (duty) 
of the sWitching element 24 so as to keep the boosted voltage 
to be constant at 320 V higher than a 282-V peak value of 
the voltage of the loW-voltage distribution system 4 in order 
to stably control an output. Further, the control circuit 40 
controls the opening/closing of the sWitch 14. That is, the 
control circuit 40 controls the Whole poWer conditioner 2 
including an operation concerning this embodiment. The 
control circuit 40 has a timer capable of counting a prede 
termined time. This timer can be used as the timer of the 
ground fault determination unit 41. 

[0055] Reference numeral 42 denotes a ground fault detec 
tion level setting unit for setting ground fault detection 
conditions outside the poWer conditioner 2, and outputting a 
setting condition signal. Ground fault detection conditions 
are set such that the detection sensitivity and detection time 
can be set, and a ground fault current can be detected Within 
a shorter time than the customer’s ground fault interrupter 3 
on the basis of the detection sensitivity and detection time of 
the customer’s ground fault interrupter 3 used in the cus 
tomer’s premises. 

[0056] FIG. 5 is a graph shoWing the relationship betWeen 
the detection characteristics of the customer’s ground fault 
interrupter 3 and the detection conditions of the ground fault 
detection level setting unit 42. The abscissa represents the 
leakage current, and the ordinate represents time. The cus 
tomer’s ground fault interrupter 3 used in this embodiment 
has a rated operation current of 30 mA, a rated non 
operation current of 15 mA, and a rated operation time of 
100 ms. Acurrent Was ?oWed through the customer’s ground 
fault interrupter 3, and conditions under Which the custom 
er’s ground fault interrupter 3 actually operated Were mea 
sured to ?nd that the operation current Was 28 mA and the 
operation time Was 50 ms. 

[0057] Since the rated non-operation current of a general 
ground fault interrupter is determined, setting almost the 
same detection sensitivity enables the customer’s ground 
fault interrupter 3 to reliably detect a ground fault at a higher 
sensitivity than the general ground fault interrupter. This 
embodiment sets a detection sensitivity of 15 mA. Alterna 
tively, the detection sensitivity may be set to a value close 
to the measured value of the operation sensitivity of the 
ground fault interrupter. Note that if the detection sensitivity 
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is set too high, the customer ’s ground fault interrupter 3 may 
detect a leakage current Which is generated in normal 
running operation and passes through the ground capacitor 
6. Thus, an operation sensitivity With a margin for the 
leakage current passing through the ground capacitor 6 
should be set. 

[0058] The detection time must be set shorter than the 
measured value of the operation time of the customer’s 
ground fault interrupter 3. Since the measured value of the 
operation time of the customer’s ground fault interrupter 3 
Was 50 ms, this embodiment sets 2/3the measured value, i.e., 
33 ms. If the detection time is too short, the customer’s 
ground fault interrupter 3 may erroneously detect a transient 
phenomenon, so that a time of about several ten ms is 
desirable. Even With the use of a time delay type ground 
fault interrupter, the detection time is set shorter than the 
measured value of the operation time. If the detection time 
is set to about several ten to hundred ms, the margin for the 
operation time increases to improve the reliability of pre 
venting unWanted interruption operation of the customer’s 
ground fault interrupter 3. 

[0059] The ground fault detection level setting unit 42 
comprises sWitches for setting the detection sensitivity and 
detection time, and selects conditions assigned to these 
sWitches. The ground fault detection level setting unit 42 can 
take various arrangements other than the above-described 
one. For example, the ground fault detection level setting 
unit 42 may adopt a sWitch for incrementing/decrementing 
set parameters While referring to set parameters displayed on 
the display. 

[0060] In FIG. 3, reference numeral 43 denotes a non 
volatile memory from/in Which the control circuit 40 can 
read/Write information, and at least detection of a ground 
fault is recorded. An example of the nonvolatile memory 43 
is a combination of a ?ash memory, an EEPROM, a backup 
poWer supply such as a battery or electric double layer 
capacitor, and a SRAM. Some CPUs incorporate ?ash 
memories and EEPROMs. Using such a CPU can doWnsiZe 
and simplify the nonvolatile memory 43. 

[0061] Reference numeral 44 denotes an alarm unit used 
by the control circuit 40 to inform at least detection of a 
ground fault. The type of alarm unit 44 includes a method of 
informing detection of a ground fault by sound using a 
buZZer or speaker, and a method of informing it by light 
using an LED or liquid crystal. In addition to the presence/ 
absence of sound or light, the alarm unit 44 may display 
information by speech, characters, and symbols. Alterna 
tively, the alarm unit 44 may transmit information to the 
outside of the customer’s premises such as an electric poWer 
company via a communication means. 

[0062] Although not shoWn, a driving circuit for driving 
each sWitching element, and a control poWer supply for 
supplying poWer to the control circuit 40 or the like are also 
necessary. 

[0063] The control circuit 40 receives various signals from 
the input and output sides of the poWer conditioner 2. 
HoWever, these signals must be insulated from both or at 
least one of the input and output. [Ground Fault Detection 
Operation] 
[0064] Ground fault detection operation of the poWer 
conditioner 2 Will be explained. 
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[0065] FIG. 4 is a flow chart shoWing ground fault detec 
tion operation of the poWer conditioner 2 that is executed by 
the control circuit 40. 

[0066] In step S1, the control circuit 40 reads the detection 
sensitivity and detection time of ground fault detection from 
the ground fault detection level setting unit 42. In step S2, 
the control circuit 40 sets the read detection sensitivity as the 
reference value of the level comparator of the ground fault 
determination unit 41. In step S3, the control circuit 40 
initialiZes the timer of the ground fault determination unit 
41, and starts counting. 

[0067] In step S4, the control circuit 40 acquires the 
comparison result betWeen a Zero-phase current detection 
value and the detection sensitivity by the level comparator of 
the ground fault determination unit 41. If the Zero-phase 
current detection value Zthe detection sensitivity, the control 
circuit 40 determines no ground fault state, and returns to 
step S3. In other Words, the control circuit 40 repeats steps 
S3 and S4 While the Zero-phase current detection value is 
smaller than the detection sensitivity. If the Zero-phase 
current detection value Zthe detection sensitivity, the control 
circuit 40 determines the possibility of a ground fault, and 
advances to step S5. 

[0068] In step S5, the control circuit 40 acquires the count 
value of the timer of the ground fault determination unit 41. 
If a time represented by the count value<the detection time, 
the control circuit 40 returns to step S4. That is, even if the 
Zero-phase current detection value is larger than the detec 
tion sensitivity, the control circuit 40 repeats steps S4 and S5 
While the count value of the timer is smaller than the 
detection time. If the time represented by the count value of 
the timerithe detection time, the control circuit 40 deter 
mines a ground fault, and shifts to step S6. 

[0069] In step S6, the control circuit 40 blocks the gate of 
the inverter 12, opens the sWitch 14, and stops an alternate 
current output. Note that sWitching operation of the con 
verter 11 is maintained to set the output voltage to a 
predetermined voltage. 

[0070] In step S7, the control circuit 40 initialiZes its timer, 
and starts counting. 

[0071] In step S8, the control circuit 40 determines from 
the count value of its timer Whether a time by Which the 
sWitch 14 is reliably opened (to be referred to as an “open 
completion time” hereinafter) or longer has elapsed. If NO 
in step S8, the control circuit 40 repeats step S8. 

[0072] If YES in step S8, the control circuit 40 blocks the 
gate of the converter 11 in step S9. Accordingly, running 
stop operation of the poWer conditioner 2 is completed. 

[0073] In step S10, the control circuit 40 records detection 
of the ground fault in the nonvolatile memory 43. Detection 
of the ground fault including data representing the detection 
time and date, poWer generation amount, and Zero-phase 
current detection value is recorded in the nonvolatile 
memory 43, Which can be used as a reference in investigat 
ing the cause of the stop of the poWer conditioner 2 later. 

[0074] In step S11, the control circuit 40 determines 
Whether ground faults have successively occurred. If NO in 
step S11, the control circuit 40 returns to step S3; or if YES 
in step S1, shifts to step S12 to operate the alarm unit 44 to 



US 2001/0004322 A1 

inform the customer’s premises of generation of ground 
faults. Then, the control circuit 40 returns to step S3 to repeat 
the above operation. 

[0075] Generation of successive ground faults can be 
determined by various methods. For example, the folloWing 
method can be employed. 

[0076] A ?ag is prepared, and normally reset. When a 
ground fault is detected, the ?ag is set, and is reset a 
predetermined time after detection of a ground fault. Hence, 
if a ground fault is detected again While the ?ag is set, 
successive ground faults are determined. As another method, 
the number of detected ground faults may be counted. 
Alternatively, Whether successive ground faults occur may 
be determined using data representing the detection time and 
date recorded in the nonvolatile memory 43. By processing 
detection of ground faults a plurality of number of times by 
a predetermined method, Whether ground faults successively 
occur can be knoWn. 

[0077] Although an operation after recording of ground 
fault detection or informing operation is not shoWn, the 
control circuit 40 determines after a predetermined time that 
the ground fault state is canceled, stops informing operation, 
and resumes running the poWer conditioner 2. Alternatively, 
for example, running of the poWer conditioner 2 may be 
resumed by a manual operation, and informing operation 
continues till the manual operation. 

[0078] By the above operation, entrance of a ground fault 
current can be reliably inhibited Within a short time to 
prevent unWanted interruption operation of the customer’s 
ground fault interrupter 3. More speci?cally, as described 
above, the ground fault current is detected Within a short 
time, the gate of the inverter 12 is blocked, and the sWitch 
14 is opened. At the same time, the operation of the 
converter 11 is maintained to hold the input voltage of the 
inverter 12 at a value larger than the peak value of the 
alternate current voltage of the loW-voltage distribution 
system 4. After the sWitch 14 is reliably opened, the gate of 
the converter 11 is blocked. Thus, the ground fault current 
entering via the ground capacitor 6 of the solar battery array 
1 can be reliably inhibited Within a short time to prevent 
unWanted interruption operation of the customer’s ground 
fault interrupter 3. 

[0079] Since a semiconductor sWitch such as a fast-opera 
tion solid state relay (SSR) need not be added to each phase 
of the loW-voltage distribution system 4, a solar poWer 
generation apparatus can be constituted at a loW loss and loW 
cost. 

[0080] Since ground fault detection conditions can be 
externally set, they can be adjusted in accordance With the 
characteristics of the customer’s ground fault interrupter 3 
installed in the customer’s premises. This enables ground 
fault detection copying With the characteristics of the cus 
tomer’s ground fault interrupter 3, resulting in a high effect 
of preventing unWanted interruption operation of the cus 
tomer’s ground fault interrupter 3 can be enhanced. 

[0081] Recording detection of a ground fault in the non 
volatile memory 43 makes it easy to investigate the cause of 
the stop of the poWer conditioner 2 later. The ground fault 
detection time and date, Zero-phase current detection value, 
poWer generation amount, and the like are preferably 
recorded together. 
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[0082] If the customer is informed of detection of a ground 
fault, the customer can knoW generation of a ground fault 
outside the customer’s premises, and can take a measure of 
canceling the ground fault outside the customer’s premises 
or minimiZing damage caused by a poWer failure. 

[0083] By detecting a plurality of alternate current ground 
faults, Whether alternate current ground faults successively 
occur can be determined. The poWer conditioner 2 is con 
trolled in accordance With Whether alternate current ground 
faults successively occur, thereby realiZing a more appro 
priate operation. In particular, the customer’s premises Who 
is informed of generation of successive alternate current 
ground faults can take a more reliable measure. <Second 
Embodiment> 

[0084] The second embodiment Will be described. The 
arrangement of the second embodiment is almost the same 
as that of the ?rst embodiment except for the folloWing 
points. 

[0085] A ground fault detection level setting unit 42 
similarly sets the detection time, but does not set any 
detection sensitivity. Setting of the detection sensitivity can 
be instructed to a control circuit 40 by a sWitch Which is 
arranged in the ground fault detection level setting unit 42 
and directs a detection sensitivity setting mode. 

[0086] The control circuit 40 has a function of setting a 
detection sensitivity corresponding to a solar battery array 1, 
more speci?cally, to a ground capacitor 6 upon reception of 
a detection sensitivity setting command from the ground 
fault detection level setting unit 42. When the control circuit 
40 does not receive any detection sensitivity setting com 
mand, it performs the same operation as in the ?rst embodi 
ment. The detection sensitivity setting function Will be 
explained. 

[0087] FIG. 6 is a How chart shoWing detection sensitivity 
setting operation Which is executed by the control circuit 40. 

[0088] If the control circuit 40 receives a detection sensi 
tivity setting command in step S21 (YES), it advances to 
step S22 to shift to the detection sensitivity setting mode. If 
NO in step S21, the control circuit 40 repeats step S21. 

[0089] In step S22, the control circuit 40 initialiZes its 
timer in order to count the time after the detection sensitivity 
setting mode is set, and starts counting. In step S23, the 
control circuit 40 receives a Zero-phase current detection 
value from a Zero-phase current detector 35 as a present 
detection value. In step S24, the control circuit 40 compares 
the present detection value With the maximum value of the 
past detection value (to be referred to as a “maximum 
detection value” hereinafter). If the present detection value 
is larger, the control circuit 40 advances to step S25 to 
update the maximum detection value to the present detection 
value. In step S26, the control circuit 40 checks Whether the 
detection sensitivity setting mode is set. If YES in step S26, 
the control circuit 40 advances to step S27; and if NO, to 
step S28. 

[0090] In step S27, the control circuit 40 refers to the 
count value of the timer to check Whether the time falls 
Within the setting mode time. If YES in step S27, the control 
circuit 40 returns to step S23 to repeat the operation from 
steps S23 to S26. If NO in step S27, the control circuit 40 
advances to step S28. 
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[0091] In step S28, the control circuit 40 sets a detection 
sensitivity on the basis of the maximum detection value 
obtained by the above operation. For example, the control 
circuit 40 sets a value four times the maXimum detection 
value as the detection sensitivity. After this setting, the 
operation returns to step S21. 

[0092] With the above operation, the control circuit 40 can 
detect the maXimum value of a leakage current in a normal 
state, i.e., a current passing through the ground capacitor 6 
in a normal state, thus setting a detection sensitivity corre 
sponding to the solar battery array 1. Although the setting 
mode time is arbitrary, too long a time is meaningless, and 
too short a time decreases the reliability of the maXimum 
value of a detected leakage current. In general, the setting 
mode time is set to about several to 10 min. 

[0093] A transformerless type poWer conditioner 2 Was 
connected to a 4-kW solar battery array 1, the detection 
sensitivity Was set on a clear day, and the solar battery array 
1 Was operated to ?nd a maXimum detection value of 3.1 
mA. From this, the detection sensitivity Was set to 12.4 mA. 
This detection sensitivity has a suf?cient margin for the 
actual operation sensitivity of a general customer’s ground 
fault interrupter 3, and can prevent unWanted interruption 
operation of the customer’s ground fault interrupter 3. Since 
the detection sensitivity is set four times the maXimum 
detection value, it also has a margin for a leakage current 
?oWing through the ground capacitor 6 in a normal state, and 
can suppress erroneous stop of the poWer conditioner 2. 

[0094] In this manner, a detection sensitivity correspond 
ing to the solar battery array 1 can be set by measuring a 
leakage current in a normal state, and setting the detection 
sensitivity on the basis of the maXimum value. UnWanted 
interruption operation of the customer’s ground fault inter 
rupter 3 can be prevented, and erroneous stop of the poWer 
conditioner 2 can be suppressed. 

[0095] In the above description, the detection sensitivity is 
set four times the maXimum detection value on a clear day. 
HoWever, the detection sensitivity is not limited to this, and 
can be arbitrarily set. Alternatively, a plurality of detection 
sensitivity setting methods may be adopted and selected. 
Depending on the type of solar battery module, the in?uence 
of increasing a leakage current on a rainy day is large. In this 
case, it is desirable to set the detection sensitivity on a rainy 
data or set a large magni?cation. 

[0096] In general, the leakage current in a normal state is 
proportional to the output from the poWer conditioner 2. 
Considering this, the maXimum detection value is multiplied 
by a ratio Pr/Po of an output Po from the poWer conditioner 
2 When the maXimum detection value is obtained, and a 
rated maXimum output Pr from the poWer conditioner 2, 
thereby calculating a maXimum detection value converted 
into the rated maXimum output from the poWer conditioner 
2. The detection sensitivity can be set based on this maXi 
mum detection value to suppress the in?uence of the mag 
nitude of an output from the poWer conditioner 2. 

[0097] The detection sensitivity setting function is not 
only operated by a manual operation but also alWays oper 
ated in normal running operation. The maXimum detection 
values of leakage currents can be obtained in various situ 
ations, and the detection sensitivity can be more properly 
set. In this case, a current entering upon a ground fault 
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outside the customer’s premises and a leakage current in a 
normal state must be discriminated. For eXample, When the 
detection value abruptly increases, an output from the poWer 
conditioner 2 is decreased, and Whether the detection value 
decreases in accordance With the decrease in output is 
checked. 

[0098] The detection sensitivity setting function in the 
second embodiment and manual setting of the detection 
sensitivity in the ?rst embodiment may be adopted together. 
For example, a loWer one of the tWo detection sensitivities 
is set as an actual detection sensitivity. When a detection 
sensitivity value by the detection sensitivity setting function 
eXceeds a manually set detection sensitivity value, the user 
is informed of these detection sensitivity values so as to 
check them. This can increase the reliability of preventing 
unWanted interruption operation of the customer’s ground 
fault interrupter 3, and can suppress erroneous stop of the 
poWer conditioner 2. <Third Embodiment> 

[0099] The arrangement of the third embodiment is almost 
the same as those of the ?rst and second embodiments 
eXcept for the detection sensitivity setting method. 

[0100] In running a poWer conditioner 2, a control circuit 
40 of the third embodiment receives a Zero-phase current 
detection value from a Zero-phase current detector 35. At the 
same time, the control circuit 40 receives output poWer from 
the poWer conditioner 2, and holds as a maXimum detection 
value the maXimum value of the Zero-phase current detec 
tion value every output poWer (e.g., 0.1 kW pitch). On the 
basis of the held maXimum detection value, the control 
circuit 40 sets a detection sensitivity corresponding to output 
poWer from the poWer conditioner 2 at that time in a ground 
fault determination unit 41. 

[0101] FIG. 7 is a graph shoWing the maXimum detection 
value and detection sensitivity When a poWer conditioner 2 
having a maXimum output of 4.5 kW is connected to a 
4.5-kW solar battery array 1. The abscissa represents the 
output poWer, and the ordinate represents the Zero-phase 
current detection value. A solid line A shoWn in FIG. 7 
represents the maXimum detection value, and a solid line B 
represents the set value of the detection sensitivity. The 
maXimum detection value A is proportional to output poWer. 
For output poWer of 4.5 kW, the maXimum detection value 
Was 4.2 mA. The set value B of the detection sensitivity is 
obtained by doubling the maXimum detection value A (bro 
ken line C shoWn in FIG. 7) and adding 5 mA. Doubling sets 
a margin, and adding 5 mA ensures a margin for a small 
output. 

[0102] By setting a detection sensitivity corresponding to 
output poWer in this fashion, unWanted interruption opera 
tion of a customer’s ground fault interrupter 3 and erroneous 
stop of the poWer conditioner 2 can be prevented. This effect 
is enhanced When an output from the poWer conditioner 2 is 
small. More speci?cally, a current value smaller than an 
operation current value interrupted by the customer’s ground 
fault interrupter 3 is set as the detection sensitivity to prevent 
unWanted interruption of the customer’s ground fault inter 
rupter 3. If the detection sensitivity is set loW, unWanted 
interruption of the customer’s ground fault interrupter 3 
hardly occurs, but the poWer conditioner 2 erroneously stops 
at high possibility. For this reason, as there is a proportional 
relationship betWeen a leakage current via the ground 
capacitor 6 and an output from the poWer conditioner 2, the 
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detection sensitivity is made to be proportional to an output 
from the power conditioner 2. This can prevent both 
unwanted interruption operation of the customer’s ground 
fault interrupter 3 and erroneous stop of the poWer condi 
tioner 2. 

[0103] The detection sensitivity calculation method of the 
third embodiment is not limited to the above one, and can be 
properly set. A plurality of calculation methods may be 
employed. 

[0104] The detection sensitivity setting function may be 
manually operated. Since the detection sensitivity can be set 
While the situation is checked, the in?uence of a ground fault 
outside the customer’s premises can be easily determined. 

[0105] The detection sensitivity setting function in the 
third embodiment and setting of the detection sensitivity in 
the ?rst embodiment can be used together. For example, a 
smaller one of detection sensitivity values set by the tWo 
means is set as an actual detection sensitivity. When a 
detection sensitivity value by the detection sensitivity setting 
function exceeds a manually set detection sensitivity value, 
the user is informed of these detection sensitivity values so 
as to check them. This can increase the reliability of pre 
venting unWanted interruption operation of the customer’s 
ground fault interrupter 3, and can suppress erroneous stop 
of the poWer conditioner 2. 

[0106] The second and third embodiments may adopt a 
detection sensitivity con?rmation unit for displaying a set 
detection sensitivity value. In this case, the constructor of a 
solar poWer generation apparatus can con?rm Whether the 
detection sensitivity to the customer’s ground fault inter 
rupter 3 is appropriate. Note that the detection sensitivity 
con?rmation unit may be commonly used as the alarm unit 
44, Which can decrease the cost. 

[0107] If the ground fault determination unit 41 not only 
detects a Zero-phase current but also determines a ground 
fault using the phase difference betWeen the Zero-phase 
current and the ground voltage, Whether a failure occurs on 
the input-side circuit of the poWer conditioner 2 can be 
determined to suppress erroneous detection. 

[0108] If the ground fault determination unit 41 detects 
variations in ground potential to determine a ground fault, a 
ground fault can be detected even When the poWer condi 
tioner 2 stops. The poWer conditioner 2 can resume running 
after the ground fault state is reliably canceled. 

[0109] In reactivating the poWer conditioner 2 after a 
ground fault is detected once, unWanted operation under the 
in?uence of a transient leakage current is prevented by 
holding an output in a Zero state for a time longer than the 
detection time of the customer’s ground fault interrupter 3 
after the sWitch 14 is turned on. A ground fault can be 
detected With a small leakage current by gradually increas 
ing the output. Hence, unWanted operation of the customer’s 
ground fault interrupter 3 can be reliably prevented. 

[0110] As described above, the system interconnect poWer 
conditioner 2 in each of the above-described embodiments 
detects generation of a ground fault outside the customer’s 
premises Within a short time before the customer’s ground 
fault interrupter 3 performs interruption. The gate of inverter 
is immediately blocked, the sWitch 14 is opened, and the 
input voltage of the inverter is held to be higher than the 
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peak value of the alternate current voltage of the system 4. 
A ground fault current entering the poWer conditioner 2 is 
instantaneously, reliably interrupted to prevent unWanted 
interruption operation of the customer’s ground fault inter 
rupter 3. This can avoid a poWer failure in the customer’s 
premises caused by the ground fault outside the customer’s 
premises. Since a semiconductor sWitch such as an SSR 
need not be added to each phase, the poWer conditioner 2 can 
be constituted at a loW loss and loW cost. 

[0111] As many apparently Widely different embodiments 
of the present invention can be made Without departing from 
the spirit and scope thereof, it is to be understood that the 
invention is not limited to the speci?c embodiments thereof 
eXcept as de?ned in the appended claims. 

What is claimed is: 
1. A poWer converter for converting direct current poWer 

to alternate current poWer and supplying the alternate cur 
rent poWer to a poWer system, said poWer converter com 
prising: 

a converter for boosting a voltage of direct current poWer 
supplied from a direct current poWer supply having a 
ground capacitor; 

an inverter for converting the direct current poWer sup 
plied from said converter into alternate current poWer, 
Wherein an input and output of said inverter are not 
insulated; 

a sWitch Which is connected to an output terminal of said 
inverter and opens/closes an output of said poWer 
converter by a mechanical contact; 

a detector for detecting a ground fault Within a shorter 
time than an operation time of a customer’s ground 
fault interrupter interposed betWeen said poWer con 
verter and a poWer system having one grounded line; 
and 

a controller for controlling operations of said converter, 
said inverter, and said sWitch, Wherein When said 
detector detects a ground fault, said controller changes 
said sWitch to an open state, blocks a gate of said 
inverter, and holds an output voltage of said converter 
to be higher than a peak value of an alternate current 
voltage of the poWer system until at least said sWitch 
changes to the open state. 

2. The poWer converter according to claim 1, Wherein 
When a predetermined time elapses after said sWitch changes 
to the open state, said controller cancels the gate block, 
changes said sWitch to a closed state, and resumes running 
of said poWer converter. 

3. The poWer converter according to claim 1, Wherein 
When a predetermined time elapses after said sWitch changes 
to the open state, said controller changes said sWitch to a 
closed state While holding the output voltage of said con 
verter to be higher than the peak value of the alternate 
current voltage of the poWer system, and then gradually 
increases an output from said inverter from substantially 
Zero. 

4. The poWer converter according to claim 1, Wherein said 
controller outputs a Warning When said detector detects a 
ground fault and/or When said detector successively detects 
ground faults. 
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5. The power converter according to claim 1, Wherein said 
controller has a setting unit for setting a ground fault 
detection condition of said detector. 

6. The poWer converter according to claim 1, Wherein said 
controller sets in said detector a ground fault detection 
condition corresponding to output poWer of said inverter. 

7. The poWer converter according to claim 1, Wherein said 
controller sets a ground fault detection condition of said 
detector on the basis of a current value detected by said 
detector When said poWer converter runs. 

8. The poWer converter according to claim 7, Wherein said 
controller has a display for displaying the ground fault 
detection condition. 

9. The poWer converter according to claim 1, Wherein said 
controller has a memory for recording a ground fault detec 
tion result by said detector. 

10. The poWer converter according to claim 1, Wherein 
said detector detects a ground fault by the same method as 
the customer’s ground fault interrupter. 

11. The poWer converter according to claim 1, Wherein 
said detector detects a Zero-phase current and a phase 
difference betWeen the Zero-phase current and a ground 
voltage of each line of the poWer system, and detects a 
ground fault on the basis of detected values. 

12. The poWer converter according to claim 1, Wherein 
said detector detects variations in ground voltage of each 
line of the poWer system, and detects a ground fault on the 
basis of a detected value. 

13. The poWer converter according to claim 1, Wherein 
said inverter has sWitching elements having a full-bridge 
arrangement. 

14. The poWer converter according to claim 1, Wherein the 
direct current poWer supply includes a solar battery. 

15. A controlling method of a poWer converter Which 
converts direct current poWer to alternate current poWer, 
supplies the alternate current poWer to a poWer system, and 
comprises a converter for boosting a voltage of direct 
current poWer supplied from a direct current poWer supply 
having a ground capacitor, an inverter for converting the 
direct current poWer supplied from said converter into 
alternate current poWer, Wherein an input and output of said 
inverter are not insulated, a sWitch Which is connected to an 
output terminal of said inverter and opens/closes an output 
of said poWer converter by a mechanical contact, and a 
detector for detecting a ground fault Within a shorter time 
than an operation time of a customer’s ground fault inter 
rupter interposed betWeen said poWer converter and a poWer 
system having one grounded line, said method comprising 
the steps of: 

changing said sWitch to an open state When said detector 
detects a ground fault; 

blocking a gate of said inverter; and 

holding an output voltage of said converter to be higher 
than a peak value of an alternate current voltage of the 
poWer system until at least said sWitch changes to the 
open state. 
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16. The method according to claim 15, further comprising 
the step of, When a predetermined time elapses after said 
sWitch changes to the open state, canceling the gate block, 
changing said sWitch to a closed state, and resuming running 
of said poWer converter. 

17. The method according to claim 15, further comprising 
the step of, When a predetermined time elapses after said 
sWitch changes to the open state, changing said sWitch to a 
closed state While holding the output voltage of said con 
verter to be higher than the peak value of the alternate 
current voltage of the poWer system, and then gradually 
increasing an output from said inverter from substantially 
Zero. 

18. The method according to claim 15, further comprising 
the step of outputting a Warning When said detector detects 
a ground fault and/or When said detector successively 
detects ground faults. 

19. ApoWer generation apparatus for supplying alternate 
current poWer to a poWer system and comprising a direct 
current poWer supply having a ground capacitor, and a 
poWer converter for converting direct current poWer into 
alternate current poWer, 

Wherein said poWer converter comprises: 

a converter for boosting a voltage of direct current poWer 
supplied from the direct current poWer supply; 

an inverter for converting the direct current power sup 
plied from said converter into alternate current poWer, 
Wherein an input and output of said inverter are not 

insulated; 

a sWitch Which is connected to an output terminal of said 
inverter and opens/closes an output of said poWer 
converter by a mechanical contact; 

a detector for detecting a ground fault Within a shorter 
time than an operation time of a customer’s ground 
fault interrupter interposed betWeen said poWer con 
verter and a poWer system having one grounded line; 
and 

a controller for controlling operations of said converter, 
said inverter, and said sWitch, Wherein When said 
detector detects a ground fault, said controller changes 
said sWitch to an open state, blocks a gate of said 
inverter, and holds an output voltage of said converter 
to be higher than a peak value of an alternate current 
voltage of the poWer system until at least said sWitch 
changes to the open state. 

20. The apparatus according to claim 19, Wherein the 
direct current poWer supply includes a solar battery. 


