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[Abstract]

In this paper, represented uninterruptible power supply (UPS) equipment maintaining constant output voltage, the proposes a
photovoltaic system constructed with a step up boosting chopper and single phase pulse width modulation (PWM) voltage source
inverter. as power source disconnection, voltage variation and output current variation with load variation. This system is driven by being
synchronized voltage fed inverter and AC source, and in the steady state of power source charge battery connected to DC side with solar
cell using a Photovoltaic that it was so called constant voltage charge. It can be results of saving electric power, and through a normal
operation of energy storage system (ESS), the system operated the LED a calling on signal changes at the airport in an efficient manner.
In addition, better output waveform was generated because of PWM method, and it was proved to test by experiment maintained
constant output voltage regardless of AC source disconnection, load variation, and voltage variation of AC power source.

Key words : Calling on signal changes, Energy Storage System, Uninterruptible power supply, Utility power system.

https://doi.org/10.12673/jant.2018.22.5.420 Received 27 September 2018; Revised 1 October 2018
o ) L Accepted (Publication) 22 October 2018 (30 October 2018)
;LhIStIS an Ofptehn Aé:cest_s arthcIe dlstrlbu;?td_émtq-:-;r
e terms of the Creative Commons Attribution * P . -
A Non-CommercialLicense(http://creativecommons Corresponding Author; Lark-Hoon Hwang
.org/licenses/by-nc/3.0/) which permits unrestricted non-commercial i
use, distribution, and reproduction in any medium, provided the Tel: +82-10-5487-5525
original work is properly cited. E-mail:lhhwang@semyung.ac.kr

Copyright (©) 2018 The Korea Navigation Institute 420 www.koni.or.kr pISSN: 1226-9026  elSSN: 2288-842X



.M 2

[e]
o
Rl

A el

71U )

1
oh

ol

o
=

=

N o=
e

2

ot
o
o2
ol T
i)
N
).
et x

° |

[e)

& 7407 99w,
B3k Al SlalAle 25
234 Ak wek] B9l B
el Fofof 3k, PWM ¥
o] )2 43o] TgH o] YL
o]

=

0%

Bl
LS
fru

T

il

|

=

e

ox, o
oL

= % du

ek

)

N
~

tilo
i

[

N

i 5

of
9 ol

o

= Uﬂoﬂ
$7) N} Ao vlol AT A A
A AEY A -} Alolshste] Apelol = A
FEASA o) ol mhe mgNe BaE s 9
2o] H-aje] a0 Hle) F= 74 A
2RE S, Y &
RERAES B R e
A 251

B o

a

il
il

il
1z
AN
HE

%0 offt o
o v

oo B o

o

g it
4
or o
pocs
rr
o X

ol [0
o ol

v

o ol
o
rlr

D
o

]

ol
re
X
Q‘L
rir
>,
et
fi
v
rE

o

[e]

ot
2
Y odo J®

re

o
2

7
Al
o
=
2
ok
Al
&
el
kil
=

Ho N o2 Tli o

2 oo
=2 1z

2

T

i

M
o 2
Ru:
0% o
o %
w11
N

r> x
o

to p

> r

e

E

BN

RO
w2l 2

odt

-0,

=z

a

Ll

[

L

ot

712 Hsksla,
= Hrpolamze
Jatol] w2} AJH|E(TRC)E
LA}

p
¢

rE
BN
il
Ho
:oé
N,
>
o
o
2
o
>
fol

=2
1o
ol
>
ol
ols
o
3
2
o Ji
=

N

X
2
ful
o2
e
X
{0
o m{){,

Of
2

e
O:

>

=2
e
2

=)

2

52

._E%_Z:

W
H orfe
r e o
o R
3 )
P‘L
ol xQ
4y
i)
[

e e

N

N
it

R

¥
(M

=
ols
o
=
=2
s

A

2
ol
ol
N
=
es]
wn
92}
~

o
o
5

o =

=
[t

- r
i)
o
e

Mo 1o @ X orQ ol (B o o
2

oo N\ e X
i

X}

0

o

2

QL
rir
>,
[
o

tlo

],

ol
b4

CH101-[

. HASAAE

2-1 HEOIA SUET 5|29 HRHOIHE]
AE AARABEE A9 LR

28 A §X817] Ssko] HEAEL o] 8

At AR A e A o AL oz

A7) 919 WAL ] EEH e %

Zop} W7k Bl L Hl ke

7 QAT B3 QI Y ) AE A

3} Aol el

,
i

(ool o @

r® o{ £ % oo I
N O o 2L o

rQ o e

421

=42 25t B UYL A SUA HAST| w40 MOH oltie| 25 4
£ AAFEE AR AL S WAk A AE Foze) A7
Pl 55 PASES 4715 AAS Pak 4 glom wgt
7| AR} AT Ao T = nxT} AFE 587 olahn

Zd) 48 Pues A Te ez Qe AEA A3t
o] JIFFH o] ~E GolahA st A5 Alo)7]= 7] A o=
SlufEle] Ay o] 7| 2g Fol WY LE n+19|
ZIEAFe SARFE GAATIES AN gEdgS
Aojahe WS AREa, i(n) o] 344 iy (n) A ()2
L 1 8

iy(n) = i(n+1)+-L

I vM(n — 1) —e (n — 1)

{ —R,i(n—1) —jwL,i(n —1)
QI el o} el ato] Atolel shejmlefel] o] F @ x}7}F EAfs)
3o Aol AEEHEAS e flEl prAle) 71 &
o]-g3te] M E JHHt vy, (n) S 2 (29 o] BT

} (M

s

L
L

Mo(n) =K A (n—1) =K, {i,(n—1)—i(n=1)} (2

a9 18 598 AQA 2N B =RE e
2o ARALE FFehe 5% &9 2o BVl &

H7FONY W= 28 1(a)ellA A ilo] Z8 Lol dlvA&
=2 35la, 297} OFF & vl Lol 2509 o= 9} &
FrA ] F2o] 24 dAu]o] QJINE g Sl 19 1(a)°l]
A AR 27F FEY 29 1(a) % &9 329 1 1(b)=
7] A E o] 78S YERIRIT

(a) Stet up chopper circuit

| ——————— T P ——

CH 4—ton—bd—toff—p
1,
___1_1____._-—-r—-__._._‘2_:_________._.—-——._.__'
I : ! $

Vs ——-———.__L_————J—w

! -

Id : :
v : " >
el : : .

(b) Operation waveform
B 1. SUEHIIZ (a)t SHTE(D).

Fig. 1. Step up chopper circuit(a) and operation

waveform(b).

www.koni.or.kr



J. Adv. Navig. Technol. 22(5): 420-428, Oct. 2018

(a) Mode 1
i(t)
— L
——NTY TV T
ut >
v () 1 ic(t) +

(b) Mode 2

T8 2. S 7AuEo| AL
Fig. 2. Operation of boost converter.

19 29} o] DC AYS o] 83k A UF-E S &
et & 4= = F-2E(Boost) ZAHE S o] &3, 4 AF 15
WS- Adelsttl 17 2 (a),(b) 5 U(boost) A B 2] F2}o]
o} Mode 12 2=912|7F © = HHA QIGEd| o|UX]7} 54
He Bgoz Yy A AAE e AF/e 2 ) &
=t

g
&
)
rlr
[>
2o
N
_>]_4

A7bE = Mok A (6)7 2Tk

Ua'u,t
Up = VE Vouts e I— R (5)
T
[ et @ =vepr s (ve -V, )0, ©
0
& 7] 5k 91l Qbere] gte] ghe 0ol uz )
(NS D&+ Atk

https://doi.org/10.12673/jant.2018.22.5.420

Ve(D+D')—v,, D =0 (7

out
2 (& D+ D =19 WA At E gk

] 91 4 ®)7} Lon) S o ElE )

A QI ARl A 2 212 o] WA Ak

Ve 1 1

M(D) = o S D-1-D (®)

PWM A= R3] = 109 X2 St FarE SAld
HslAZ 4= ol B0 2 JEHEy| 2 P98t 85
3 ek AFoAA WF, aFA A A F{F gk QlojA k4
o} Hste] 7S F Aol thEofof ShARE 941 H oS BISHA
7= A& Aggit] F-3tol 718zl d ko] el gk v
&, B AHES ()9 dstel 7l AR Q1 vl H]
gleh= Har 7 She] | m 2 e g REEA| 29]x]df] og At
o] 7PA-L A9 50 B Y|zt w2 A "k 9 7Y
H= AR ARTS QIEE AR77F AA 5&o] 743
. Fxdn)ol th gk W g o] 1 am= 19 33 o] Hw 1
4= W AGE JAMEEA B A e} T Y] 59
sto] e = Al A A Al 4 e Al2='S YER L gl

M(D)
5.0 —
45 —
40—
35 —
3.0 —
25 —
2.0 —
15 =

1.0 — M(D):ﬁ

05 -

I | I | I | I | I | I
01 02 0304 0506 07 08 09 1.0 11 12 B

0.0

T8 3. s of SHH| 2R,
Fig. 3. The relationship of conversion ration vs duty ratio.

Iy Ly Ly I
DS A oa e a
A
') ')
-1 P -
1 SZK th& Utility line
PV 3 1| G
ArrayCD Da “Cy~ Cy
Eqe | Eg (g

C
d S, s,
D; wD,
L
T8 4. EfEmt CHAF PWM QIE,
Fig. 4. Solar cell and Single phase PWM inverter.




on

bl 8 I —
1Turn on
e 52 v, /2
‘ |'— Ton —'I-:I'off'|'— Ton —'I-:I'off

(a) Switch (b) Output waveform

a8 5. AfIX|Q| Aelfof wE
Fig. 5. Output waveform of switch state.

sof my.

= ze

R e |

5+ @)% ()= W71 9] 174e] 3|12 9 5
ZH A0 R ()l A 22912 S13} 2= A& Wil
Fel 5 Aehs: Ho] glow vl sio] B

o 4Az 55 528 dehla . 3 59

Uut = T / Uut dt

1 Tors = Va Ts Vy
= —( / dt + / )
Ty 0 2 T, 2
Vd _ 1 T(m
- 27 (71)71 off) - ‘/d( 5 TS ) (9)

2-2 AISH| 52 £ 5|29} FISOIHE{S] A|AH ST

2 Yoy
AEAA Al 1Y A|xEle] Skl R O 63 2l
2(10)2 RH57I
E, =E,+E, (10)
o LH Iu
+ E -
E;
O3 6. Al2E STtE =2,

Fig. 6. Equivalent circuit of system.

(a) If not a unit power factor

423

X2 95t | YU H S HAST| wale] MY ol 75 54
by
Cy
8= o0 I, £,

(b) In case of unit power factor

g 7. AMAEe] HO|XE.
Fig. 7. Phasor diagram of systems.

Eqg+

Sin wave Modulated wave

90° leading cos wave

2=
== L.

8 8. 7|&ot g 2|5k Hof
Fig. 8. Block diagram of controller reference wave
generation.

% 1) [,7} Bukth
olv], 18 (b)= W9 E
2(1)¥} 2k

ole) 147t o W X3l

W5al7] 913 AAE ku

olo
=
S .
==

Ey
JwL,

E
]wL

= sino

s1nJ]** ‘“*@’\] l a1, o]} 90°
cos TS TAAIA A|ojo] sk 31l 7]

AE 71235 Lol elsto] e 4=

(b)) # oA =&

R

=
ek AL 95

2-3 BixX|

ufo] A Z T2 M| Ao 25 PWM 415 A A] F %2] QIE
EJE Z7loﬂ}\:| A/D tﬂj;j,.g_ }\]7(1‘?_5]— 5 9——17]01]}\‘] 1 tﬂﬂ%
tlojEof oJ3) Alol& 913k Ark 2 HAF ALk ahw, Al ¥
A F716 4 Arkel vlo]Eol] o]3)] PWM 2l 5. & E¥ gt

www.koni.or.kr



J. Adv. Navig. Technol. 22(5): 420-428, Oct. 2018

E

8 9.
Fig. 9.

WER| BAIS 9I3h HElT,

Vector diagram for modulation delay compensation.
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(a) Voltage and Current waveforms

(b) Reference value, voltage, and current
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Fig. 16. Utility line voltage and current waveform.
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Parameters Value
Utility Voltage 220V
DC reactor 50 mH

Reactor 15 mH
Parallel resonance -

Capacitor 560 pF

. Reactor S mH

Filter -

Capacitor 2 uF
Modulation ratio 0.85

Carrier wave 4 KHz
Frequency -

Modulation wave 60 Hz
Solar cell Open voltage 110V

Short current 3A
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