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1. Introduction

Power	conversion	systems	such	as	uninterruptible	
power	systems	(UPSs)	are	used	 in	data	centers,	semi-
conductor	 manufacturing	 plants,	 and	 other	 facilities	
that	require	a	high	degree	of	power	quality	and	do	not	
allow	even	momentary	power	outages.	 	Power	conver-
sion	systems	such	as	power	conditioning	systems	(PCS)	
are	also	used	to	connect	mega	solar	systems	and	other	
renewable	 energy	 sources	 to	 power	 systems	 as	 stable	
power.	 	These	power	 conversion	 systems	are	 required	
to	 have	 1-MW	 class	 capacity	 to	 accommodate	 the	 in-
crease	in	capacity	of	data	center	servers	and	photovol-
taic	power	generation	facilities.

In	 order	 to	 facilitate	 the	 practical	 application	 of	
these	 large-capacity	 power	 conversion	 systems,	 it	 is	
necessary	 to	 conduct	 conformity	 tests	 in	 compliance	
with	 the	 power	 supply	 quality	 stipulated	 by	 interna-
tional	 and	 Japanese	UPS	 standards.	 	 Therefore,	 Fuji	
Electric	has	developed	testing	equipment	that	complies	
with	the	standards	of	 large-capacity	power	electronics	
equipment.	 	This	 enables	 testing	 of	 1-MW	class	prod-
ucts	 under	 various	 conditions	 (AC	 input,	 storage	 bat-
tery	input,	load),	thereby	greatly	contributing	to	prod-
uct	quality	improvement.

In	 this	 paper,	 we	 will	 introduce	 large-capacity	
power	 electronics	 testing	 equipment	 using	 UPS	 as	 a	
testing	example.

2. Features of the Testing Equipment

In	 order	 to	 effi	ciently	 test	 large-capacity	 power	
conversion	systems	under	standard-compliant	test	con-
ditions	(AC	input,	storage	battery	input,	load),	various	
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shorten product testing periods, improve quality, and reduce environmental load.

test	 items	 and	 electrical	 specifi	cations	 (voltage	 level,	
3-phase	wire,	frequency)	need	to	be	supported	in	accor-
dance	with	 the	 differing	 types	 of	 equipment	 undergo-
ing	testing.		Furthermore,	when	testing	electrical	char-
acteristics,	approximately	1.5 MW	of	power	is	required,	
which	 is	 equivalent	 to	 the	 power	 consumption	 of	 400	
general	households.		In	order	to	comply	with	measures	
against	 global	warming	 and	 the	 “Act	 on	 the	Rational	
Use	 of	Energy”	 (Energy	Saving	Act),	we	 also	made	 it	
possible	 to	 reduce	 power	 consumption	 during	 testing.		
Moreover,	 it	 is	necessary	 for	 testing	equipment	not	 to	
impact	 on	 power	 receiving	 systems	 even	 in	 the	 event	
of	large	power	spikes	during	testing	so	that	the	power	
supplies	of	other	electrical	equipment	are	disturbed.

2.1  Overall confi guration
Figure 1	 shows	 the	 external	 appearance	 of	 the	

high-capacity	power	electronics	testing	equipment,	and	
Fig. 2	the	overall	confi	guration.		The	AC/DC	converter	
(grid	connection	panel)	converts	AC	power	from	an	AC	
power	 receiving	 system	 into	DC	power	 and	 then	 sup-

Fig.1  High-capacity power electronics testing equipment
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plies	to	the	three	panels	characterized	by	the	following	
simulated	functions:

(a)	 Simulated	 system	 panel	 that	 generates	 voltage	
in	simulation	of	system	voltage

(b)	 Simulated	 load	 panel	 that	 controls	 power	 and	
simulates	load	characteristics

(c)	 Simulated	storage	battery	panel	 that	 simulates	
storage	battery	characteristics

Furthermore,	 the	 testing	 equipment	 comes	 with	
an	integrated	control	panel	 for	performing	processing,	
such	 as	 setting	 various	 test	 modes	 and	 issuing	 com-
mands	to	power	conversion	systems	to	activate	specifi	c	
test	 states.	 	 Test	modes	 can	 be	 selected	 on	 the	 touch	
panel,	 and	 the	 fl	uctuation	 level	 and	 time	 can	 be	 pre-
cisely	 set	 for	 voltage,	 current,	 power,	 frequency	 and	
other	 test	 items.	 	 The	 programmable	 logic	 controller	
(PLC)	installed	in	the	control	panel	can	perform	opera-
tions	in	conjunction	with	other	grid	connection	panels,	
simulated	 system	 panels,	 simulated	 load	 panels	 and	
simulated	storage	battery	panels.

2.2  Electrical specifi cations
Table 1	shows	the	specifi	cation	of	the	testing	equip-

ment.		It	can	handle	up	to	1.5 MW,	and	electrical	con-
nections	 can	 be	 confi	gured	 with	 3-phase	 3-wire	 and	
3-phase	4-wire	connections	and	load	connections	at	200	
to	480 V	AC,	50/60 Hz.		The	simulated	storage	battery	
can	handle	up	to	1.5 MW	at	270	to	780 V	DC.		The	in-
tegrated	control	panel	can	be	used	to	change	the	level	
of	 the	AC	voltage	and	 the	 electrical	 connection	 of	 the	
3-phase	 3-wire	 and	 3-phase	 4-wire	 connections.	 	 Fur-
thermore,	transformer	tap	selection	switching,	3-phase	
wiring	delta	connections	and	star	connection	selection	
switching	 can	 be	 carried	 out	 using	 simply	 the	 touch	
panel	in	accordance	with	the	electrical	specifi	cations	of	
the	equipment	undergoing	testing.

	
2.3  Achieving high-capacity testing for small-capacity 

power reception
Typically,	 power	 receiving	 of	 1.5 MW	 is	 required	

to	 test	 1-MW	UPS	when	 overload	 testing	 is	 included.		

However,	 with	 our	 testing	 equipment,	 testing	 can	 be	
performed	at	reduced	power	receiving	of	0.25 MW,	just	
1/6	 of	 the	 load	 consumption,	 by	 utilizing	 the	 power	
conversion	systems	with	power	conversion	fl	ow	shown	
in	Fig. 3.

This	 power	 conversion	 fl	ow	 converts	 the	 received	
AC	 voltage	 into	 DC	 via	 the	 grid	 connection	 panel,	
and	then	circulates	the	DC	power	by	 linking	the	test-
function	 simulated	 system	 panel,	 simulated	 storage	
battery	 and	 simulated	 load	 panel	 to	 the	 DC	 power,	
achieving	a	signifi	cant	energy	savings.		Each	panel	op-
erates	as	follows:

(a)	 In	 the	 simulated	 system	panel,	 the	power	 from	
the	 DC	 link	 is	 converted	 to	 AC	 using	 the	 DC/
AC	 converter,	 and	 the	 transformer	 voltage	 tap	
is	switched	so	that	the	voltage	complies	with	the	
electrical	 specifi	cations	 of	 the	 equipment	under	
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Fig.2  Overall confi guration

Table 1    Specifi cations of high-capacity power electronics testing 
equipment

Panel Specifi	cations

Simulated	
system	
panel	 /	
simulated	
load	panel

Capacity 750	kVA	×	2	in	parallel

Voltage	range 200	to	480	V	AC

Connection	
method

3-phase	3-wire	 / 	3-phase	4-wire,	
delta	 / 	star

Voltage	toler-
ance within	±0.1%

Voltage	distor-
tion	factor within	1%

Frequency	
range 50/60	Hz±10%

Load	adjust-
ment	unit 0.5	kW	/	0.5	kVar

Load	function
Delay	load,	lead	load,	active	

load,	rectifi	er	load,	unbalanced	
load

Simulated	
storage	bat-
tery	panel

Capacity 500	kW	×	3	in	parallel

Voltage	range 270	to	780	V	DC

Voltage	ripple within	1%

Current	re-
sponse	time 20	ms	or	less

Battery	func-
tion Battery	charging	/ 	discharging



158 FUJI ELECTRIC REVIEW vol.65 no.3 2019

testing.
(b)	 In	 the	 simulated	 storage	 battery	 panel,	 the	

power	 from	 the	DC	 link	 is	 converted	 to	AC	us-
ing	the	DC/AC	converter,	and	the	DC	voltage	for	
simulating	 the	 storage	 battery	 is	 generated	 by	
the	AC/DC	converter	after	being	transformed	by	
the	transformer.

(c)	 In	the	simulated	load	panel,	the	power	from	the	
DC	 link	 is	 converted	 to	 AC	 using	 the	 DC/AC	
converter	so	that	the	AC	voltage	can	follow	and	
link	 with	 the	 output	 voltage	 of	 the	 equipment	
under	testing.

(d)	 In	 the	 integrated	 control	 panel,	 the	 conversion	
systems	(a)	to	(c)	are	integrated	to	perform	con-
trol	 based	 on	 the	 testing	mode,	 and	 the	 power	
output	from	the	UPS	is	set	according	to	the	load	
power	command.

2.4  System stabilization during large power fluctuation
In	 large-capacity	 1-MW	 tests,	 the	 sudden	 load	

fluctuation	test	and	power	failure	recovery	test	gener-
ate	power	fluctuation.		As	a	result,	the	system	voltage	
will	fluctuate	due	to	fluctuation	 in	the	received	power	
when	 there	 is	 no	 power	 regeneration	 equipment,	 and	
this	 creates	 the	 problem	 of	 impacting	 other	 electrical	
equipment	and	test	lines	connected	to	the	same	power	
receiving	 side.	 	 In	 contrast	 to	 this,	when	 there	 exists	
a	 power	 regeneration	 equipment	 for	 AC	 distribution,	
there	 will	 be	 no	 inducement	 of	 fluctuation	 in	 the	 re-
ceived	power.	 	However,	voltage	fluctuation	will	occur	
in	 AC	 distribution	 systems	 that	 make	 up	 the	 regen-
eration	route	due	to	fluctuations	in	the	phase	of	the	AC	
current.		This	creates	a	problem	of	impacting	the	elec-
trical	equipment	in	the	circuit	system.

Therefore,	 to	 solve	 these	 problems,	 we	 designed	
the	 system	 so	 that	 the	 power	 in	 the	 power	 regenera-

tion	 route	 is	 circulated	 in	 the	 DC	 link	 circuit	 of	 the	
testing	 equipment,	 thereby	 preventing	 power	 from	
flowing	 through	 systems	 that	 affect	 other	 equipment.		
As	 a	 result,	 power	 receiving	 and	 peripheral	 electrical	
equipment	 are	 not	 impacted	 even	 when	 performing	
transient	 characteristic	 testing,	 such	 as	 sudden	 load	
fluctuation	and	power	failure	recovery	testing.

2.5  Flexible test configuration
Two	 PLCs	 are	 installed	 in	 the	 integrated	 control	

panel	for	controlling	the	testing	modes.		This	makes	it	
possible	to	configure	a	0.75-MW	testing	system	charac-
terized	by	the	standalone	operation	of	a	power	conver-
sion	 system	 (0.75 MW)	 and	 a	 1.5-MW	 testing	 system	
that	 runs	 two	 0.75-MW	 power	 conversion	 systems	 in	
parallel	 by	 linking	 with	 the	 PLCs.	 	Moreover,	 in	 the	
0.75-MW	testing	system,	two	separate	pieces	of	equip-
ment	can	be	tested	at	the	same	time,	thereby	improv-
ing	efficiency.

3. High-Capacity Power Simulator Technology

3.1  Simulated system simulator functions
The	 simulated	 system	 panel	 supports	 three	 com-

binations	 consisting	 of	 a	 single-phase	 inverter	 and	
single-phase	 transformer	 to	 generate	 the	 voltage	 that	
simulates	the	system	with	the	DC/AC	converter.		The	
connection	method	on	the	secondary	side	of	the	trans-
former	 output	 can	 be	 switched	 to	 a	 3-phase	 3-wire	
delta	 connection	 or	 a	 3-phase	 4-wire	 star	 connection	
using	an	electromagnetic	contactor.	 	 In	addition,	vari-
ous	voltages	ranging	 from	200	to	480 V	can	be	output	
with	tap	switching.	 	This	has	made	 it	possible	to	con-
duct	 tests	 that	 comply	with	various	voltages	and	con-
nection	method	in	Japan	and	abroad.

High-capacity	 power	 electronics	 test	 equipment	
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This	has	made	it	possible	to	conduct	tests	that	comply	
with	storage	batteries	of	various	cell	number.

With	regard	to	the	charge	and	discharge	character-
istics	of	storage	batteries,	battery	voltage	is	high	when	
the	remaining	battery	capacity	 is	 large,	but	 low	when	
the	 remaining	 battery	 capacity	 is	 small.	 	 When	 test-
ing	a	UPS,	it	is	necessary	to	verify	operation	when	the	
storage	battery	has	been	charged	to	a	full	state,	as	well	
as	operation	when	battery	capacity	 is	degraded	to	the	
point	of	reaching	the	operational	 limit	of	 the	UPS.	 	 If	
an	actual	storage	battery	 is	used,	 it	will	be	necessary	
to	keep	charging	and	discharging	the	battery	continu-
ously	for	several	hours	to	prepare	the	desired	state	due	
to	 the	 high	 battery	 capacity.	 	 In	 contrast	 to	 this,	 our	
high-capacity	power	electronics	testing	equipment	can	
start	 testing	 immediately	 from	the	state	that	 the	bat-
tery	is	charged	almost	to	full	capacity	or	from	the	bat-
tery	capacity	 is	degraded	by	simply	setting	 the	 initial	
value	of	the	storage	battery	voltage.

4. Specific Test Examples

4.1  Applicable test items
Table 2	 shows	 examples	 of	 tests	 that	 can	 be	 per-

formed	with	the	testing	equipment.	
After	 setting	 basic	 information,	 such	 as	 the	 volt-

age	 and	 capacity	 of	 the	 equipment	 under	 testing	 and	
simply	selecting	the	test	mode,	electrical	testing	can	be	
performed	for	JEC	and	IEC	standard	compliant	power	
conversion	 systems	 using	 the	 simulator	 functions	 de-
scribed	in	Chapter 3.

4.2  Example of reproducing 2-wire short circuit
UPSs	are	tested	in	compliance	with	the	JEC-2433	

and	IEC	standards.		In	actuality,	disturbance	phenom-
ena	 that	 are	 not	 defined	 in	 the	 standards	 can	 occur	
after	 installation	 in	 the	field.	 	For	 example,	 the	 stan-
dards	define	a	UPS	 test	 in	which	power	 is	 cut	 off	 for	
all	 phases,	 but	 in	 actuality,	 short	 circuiting	 between	
lines	 due	 to	 lightning	 strikes	 and	 other	 causes	 will	
also	 happen.	 	 Fuji	 Electric’s	 UPS	 comes	with	 a	 func-
tion	 for	 storing	voltage	and	 current	waveforms	at	 the	
time	of	failure.		Using	the	power	system	model	simula-
tion	 with	 stored	 waveforms,	 analysis	 is	 performed	 to	

can	 perform	 highly	 reproducible	 tests,	 including	 not	
only	 standard	 tests,	 but	 also	 on-site	 ground-fault	 and	
short-circuit	 trouble	 reproducibility	 tests.	 	 For	 exam-
ple,	in	order	to	reproduce	instantaneous	voltage	drops	
such	 as	 1-wire	 ground	 faults	 or	 2-wire	 short	 circuits	
due	to	lightning	damage,	unnecessary	current	genera-
tion	must	be	prevented	during	sudden	voltage	fluctua-
tion.		Therefore,	the	test	equipment	is	designed	to	use	
a	 transformer	 that	does	not	generate	an	 inrush	excit-
ing	current	not	to	 impact	on	test	characteristics.	 	The	
voltage	 level	 and	 phase	 of	 the	waveform	 to	 be	 repro-
duced	are	set	to	be	test	setting	parameters.	 	The	soft-
ware	 installed	 in	 the	 control	 device	 of	 the	 simulated	
system	 panel	 and	 the	 system	 circuit	 model	 are	 used	
to	 calculate	 the	 line	 impedance	 and	 the	 phase	 volt-
age	 drop	 characteristics.	 	 Instantaneous	 voltage	 drop	
waveforms	can	be	reproduced	by	the	power	conversion	
system	 controlling	 the	 simulated	 system	 panel	 using	
the	corresponding	specified	system	voltage	commands.

3.2  Simulated load simulator functions
The	 circuit	 configuration	 of	 the	 simulated	 load	

panel	is	exactly	the	same	as	that	of	the	simulated	sys-
tem	 panel.	 	 The	 only	 difference	 is	 that	 control	 target	
for	the	simulated	system	panel	is	voltage,	whereas	that	
for	the	simulated	load	panel	is	electrical	power.

There	 are	 two	 types	 of	 load	 characteristics,	
namely,	passive	load	mode	and	active	load	mode.		Pas-
sive	load	mode	reproduces	passive	loads,	such	as	those	
for	resistors,	reactors	and	capacitors.		The	passive	load	
operates	with	power	proportional	to	the	voltage;	there-
fore,	 the	 current	 is	proportional	 to	 the	 output	voltage	
of	the	UPS	under	testing.		Active	load	mode	reproduces	
active	loads,	such	as	those	of	the	switching	power	sup-
plies	 of	 high-power	 factor	 converters	 used	 in	 modern	
server	power	supplies.		The	active	load	keeps	constant	
power	 consumption,	 and	 the	 current	 is	 increased	 to	
keep	the	electric	energy	constant	when	the	output	volt-
age	of	the	UPS	under	testing	drops.		It	is	also	possible	
to	 test	 the	mixed	mode	 of	 both	 loads	 specified	 in	 the	
IEC	standard.

By	setting	the	load	characteristic	mode,	fluctuation	
level	 and	fluctuation	 time	 as	 test	 setting	 parameters,	
the	 load	 characteristics	 are	 calculated	 using	 the	 load	
circuit	model	and	the	software	installed	in	the	control	
device	of	the	simulated	load	panel.		The	power	conver-
sion	 system	 of	 the	 simulated	 load	 panel	 controls	 the	
power	 to	reproduce	 the	 target	 load	waveforms	accord-
ing	 to	 the	 corresponding	 specified	 load	 power	 com-
mands.

3.3  Simulated storage battery simulator functions
The	simulated	storage	battery	panel	generates	AC	

voltage	using	a	DC/AC	converter.		After	the	voltage	is	
changed	by	the	transformer,	a	DC	voltage	for	simulat-
ing	a	storage	battery	is	transformed	using	the	AC/DC	
converter.		Various	voltages	ranging	from	270	to	780 V	
DC	 can	 be	 output	 with	 transformer	 tap	 switching.		

Table 2  Example of testing items

Target	simulator Test	item

Simulated	system

◦	 	Voltage:	Slow	change,	sudden	
change,	instantaneous	drop
◦	 	Frequency:	Slow	change,	sudden	
change,	follow-up
◦	 	Reverse	power	flow,	reverse	phase

Simulated	load
Active	load,	passive	load,	rectifying	
load,	unbalanced	load,	load	fluctuation,	
overload

Simulated	storage	
battery

◦	 	Battery	discharging,	charging
◦	 	Battery	test	function
◦	 	Battery	abnormality
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the	time	of	the	short	circuit.

5. Postscript

In	 this	 paper,	 we	 introduced	 testing	 equipment	
that	 contributes	 to	 quality	 improvement	 and	 envi-
ronmental	 impact	 reduction	 of	 high-capacity	 power	
electronics	 equipment.	 	 The	 testing	 equipment	 can	
perform	 highly	 accurate	 reproduction	 tests	 and	 stan-
dards	compliant	tests	for	high-capacity	products	of	the	
1-MW	class	while	achieving	energy	savings.		Moreover,	
it	contributes	to	shortening	test	periods	and	improving	
quality.	 	In	the	future,	we	plan	to	continue	to	develop	
and	 improve	 the	 quality	 of	 power	 electronics	 product	
technologies.

discover	the	line	voltage	when	a	short	circuit	occurred,	
the	 level	 and	 timing	 (phase)	 of	 the	 short	 circuit,	 and	
the	amount	 of	 the	 load.	 	On	 the	basis	 of	 the	analysis	
results,	 the	 actual	 short	 circuit	 phenomena	 can	 be	
reproduced	 by	 selecting	 the	 3	 items	 on	 the	 test	mode	
setting	 screen	 of	 the	 testing	 equipment:	 short-circuit	
lines,	level,	and	phases	(see	Fig. 4).

In	 our	 testing	 equipment,	 resistance	 preparation	
and	 recombination	work	are	not	 required,	unlike	 con-
ventional	 systems	 that	 use	 resistances	 via	 a	 circuit	
breaker.	 	 Although	 conventional	 methods	 cannot	 ac-
curately	 reproduce	 the	 phase	 at	which	 a	 short	 circuit	
occurs,	 our	 testing	 equipment	 can	 reproduce	 it	 at	 the	
same	 exact	 phase	with	high	 accuracy.	 	For	 the	 above	
reasons,	 tests	 conventionally	 require	 about	 2	 weeks	
to	 reproduce	 and	 analyze	 causes,	 but	 using	 our	 test-
ing	 equipment	 takes	 just	 one	 day	 to	 reproduce	 the	
phenomena,	since	testing	only	requires	connecting	the	
UPS	and	setting	conditions	on	the	touch	panel.		Figure 
5	 shows	a	 comparison	of	 the	waveform	at	 the	 time	of	
the	actual	short-circuit	incident	with	the	waveform	re-
produced	by	the	testing	equipment.		It	also	reproduces	
the	residual	voltage	level	of	each	phase,	the	generated	
phase	and	the	vibration	phenomenon	of	the	voltage	at	
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Fig.5  Two-wire short-circuit waveform
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