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A Study of UPS System Using Integrated Source Transfer Switch Method

Yong-Uk Kim

Department of Electrical Engineering
Graduate School of Industry
Pukyong National University

Abstract

Abstract - Single ~“UPS operation of a plurality of such parallel operation
individually switched to~ driving a number of outgoing trends and related
research is going. UPS voltage / constant-frequency supply capacity of STS and
multiple UPS parallel operation of the problems caused due to the combination of
transfer function of an uninterruptible power 2 neutralizing  SYSTEM propose a
way of switching from traditional asynchronous state on the benefits and Radish
only transfer the problems caused by five manual operation of an asynchronous

operation and SCR. switching behavior is studied.
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2.1 Uninterrupted Power Supply System

UPS & 100W = 324 HAFH G718y 3 KVAE 9= Y%
Al 2= El o 012717/%1 st 852 AF/ANEEHI o, dHty oz &
ol wel oo %13 o] BFsta A
[3£1] UPS &3 & 5+
LFFF ]

228 UPS 10KVA 1) gk

=& UPS 10KVA ©]A-100KVA =%t

8% UPS 100KVA °]%

UPS+ System Le13 o} AR o} 1 o] UPSRto =
o] Fo]x &A% Single System ¥ 2th o] 4e}-UPS & o] Fo]% Dual
System &2 #3573 % H.-Dual System = t}A] Static Switch
TR e wel Parallel System, Hot Stand-by System &% 2751,
Z}zto| el 545 mlus] B E29k



Single UPS

on
Input ACDC ; DC/AC
Battery b OuLEPUL
Bypass \
off
Parallel UPS
on
Input AC/DC | DEIAC
Battery
‘ on
Input ACDC DC/AC Output
Bypass \
off

Hot Standby UPS

01l

Input ACDC | DC/AC
Battery

Input ACDC | DC/AC o\ff\ Output
Battery

Bypass Q

[221] System Aol w2 UPS F#



[3£2] Paralllel

System ¥} Hot Stand-by System <] H]|xl

Ak Parallel System Hot Stand-by System
System 201012 UPSJE Z8H0]1 | 1012 UPSJ HM=oE EY
FHEHE HZ Common =0 2olE | ot ULH, H}III WE =

gotd RUSH, 10 LEAl | Bypass 28 =0 HEHNH R
U= LHHX 100 M25E | 2otatE 2 %EEJ_TJ_ %!%.
SoolH =0 AS. 2otE EHGD Y= UPS
z0 G[HJJ'FII Parallel £ & DEANN= 2F5tatz &4
0l Its =02 UPS Jt 238 HHoH
=1
WEo 2H | 200148 -UPSTL  HEEM) Foret0l 1018 FHHASSE
HEg2 2HZE RotE0L 10| =AM = Stand-by UPS JHA|
of BASEE TholE A |Bypass 32T EAH=.
OIE= R0 2y
UPS 2t 50% = 100%= 2ot 8= 0% = 100% = 25t} 8=
ASEHA | =. 1
SotHE (2CHCl URPS JF HEZ=HA)
UPS UZ S0 NE HZE 0 QUL | Hot Stand-by UPS 7t 26t
ADA S&Y 22 [ "WPSUHA P Al AR E 228k
UPS E pMIHAFRE ZZ0ol
Sy O %da - & UPS Jt
25 222 £95=
SHZA wE UPS System Operation ¥WHe o2 o] ALEFH 1 A+
Hot Stand-by 219 Dual UPS System= Ao 2 ZF $dZz7do ue
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Z} UPS ©| A4 Converter:= oF#] 1¥H2E Z& A™ad 480V

25 Wwol Battery =73 2 Inverter &30 Q3 DC AYo

o Inverter o ols] W3 AHAG AFu5o AC =
i=]

=

Switch ¥ Maintenance Bypass SwitchES &3 F3st&5o=2 a9t
Bypass ACYEAY |
3%or1/d2ov i
UPS—BJ Static Switch Maintenance
ACYE AR De Bypass Switch
34 480V Converter Inverter 4 AC
Battery

UPS-A ‘ |
g g Maintenance AC
Static Switch B St ’_?_g]_
ACEASY DC J ypass Switc
34} 480V ——" Converter T" Inverter AC
Battery
S

[ 2] Hot Stand-by System UPS & A& =

UPS-A ¢} UPS-B & A71-19 3 o] Maintenance Bypass SwitchE
T A= AAEo o, A= UPS-AE F& Fated o]
THEH, UPS-B & ¥

%, UPS-B 2] AC =38 dYo] UPS-A 9 Bypass AEAAdo R FHFYH
i UPS-A 9] Static Switch ¥ Maintenance Bypass Switch 4] -3}
2 UPS-A° &8 AU #o47 Hez &A% E=d o= “Hot Stand-by”
Arelgta sl o] 23k UPS System & “Hot Stand-by System”©]2}i 3F
t}.



o= oS 293} o] Inverter o HAYS Battery WA 3 -&ATHUPS

mE AAdFT 7Fs) &< Battery Z5-H
Twirol Hslo] Fedow tAHE HdYS FEstA "ok weF Hot
Stand-by 44|91 UPS-Be dgPALE Aol HAtpd UPS-B 9
Battery 7} %A WA Inverter’} F4%3F +4& shA F}

Bypass ACE & HH
3B or 178 120V
| |
I UPS-B | .
fmees sl Static Switch Maintenance

i Bypass Switch
AcdHAY ! DC :
1 Converter Inverter L al

37 480V T

1
I
| Battery
I
J

AC

UPS-A '|[ |
Static Switch PMusdtiaigce i’ el
ACUZTAS Bypass Switch MER]
ik e T
37} 480V Converter Inverter AC

Battery

a1, Converter += %A% Battery & A5 AA7]1H, Inverter o & FdY
saote] Foto] Fedos bHE Hd

Inverter © L% o] % Battery o]
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oS 1949} o] Hot Stand-by System ¢ %ol UPS-A 7} 1%

Al UPS-BZ Fd dA|7F o] FojAw, UPS-B 7} a3 Alo &= UPS-B
S

Bypass d¢o =2 A= UPS-A & Hslo] AL9S A% 33T

o,

Bypass ACYUEHY

37 or 14} 120V

Static Switch —q

AC

?;Di::}fj ! " Converter il " Inverter
Battery

ICEEET

3 A} 480V Converter

Battery

o~
T

32 2

Maintenance
Bypass Switch

I Static Switch

DC

_;l

Maintenance
Bypass Switch

[z22]14] UPS=A; a4 Al Bypass &

Sholl AYS st
of A4 Bypass AC ¢

A Aloll == Maintenance Bypass Switch & S %
lom o] 9ol Maintenance Bypass Switch

450 FFAY



t}e 1859 o] Hot Stand-by System ¢ 7-$-ol = UPS-A % UPS-B
Z+7}o]l tha] Maintenance Bypass Switch 7F A X o] glo ==z UPS-AE
Maintenance Bypass = AA|3stH UPS-B 9] Single System & 2 A F-3}o
HAYES FF3A ¥, UPS-BEZ Maintenance Bypass® A #|3HH UPS-A
7} Single System °o.2 &% & AJE|7F ®© T @, Maintenance Bypass
Switch Z2F& ¥t=A] &l UPS ¢ Static Switch = Bypass = A3
% 3)3lojok &, Static Switch 7} Inverter A el & 5o Zzs A$¢-
T 3

HlE 7 el A AAZE o] Fojd 4= glar o= <& ¥3krF §/D 2

oz Fosof @k

Bypass ACYEHAY
34 or 14 120V {
. I
UPS_B Y Static Switch Maintenance
ACY=AY s e — Bypass Switch
3 Jél- 480V —* ~onve: El’i Verter JAC
Battery

A 4

: | : i AC
Static Switch M&HlTEllalthE —’ g =
ACOIE RO Bypass Switch
AcgEAA DC
3 AF 480V Converter Inverter AC
Battery

[Z2¥5] Maintenance Bypass & A



2.2 System /4

1) Converter (Rectifier/Charger)

Converter &+ 3 4 AC YdHAYE DC =& WHIAI)= A=A, 6 719
SCR E+& 3 719 SCR # 3 79| Diode & A% 212, o]= ‘Phase
Controller’, ‘DC Regulator 52 Control PCB °l 23] Control ®t}. DC
detel A7l= 1973 #Ze] SCR 9 Gate Firing Zr=2A =4 ¥k 3%
AC 480V 7} wdatA 8= ol= A Aol we} Converter ¢ %2 DC
135V, DC 230V, DC 405V, 18]3 DC 540V & W& 5 At} o224 AC
255 ¥3tE DC = 2% 8% #Zo] Ripple & ®Wo] ghfratal om= o
o] AAE 9&l DC Filter 7 AXHATH (176 =) Converter ¢ 745,
SCR ¥ dH»YUdEe] HaE 98] 3 79 Power Fuse 7} A H o] o
1, Cablee] 2402 Adl 34 AC d8 AU g3l vty 4 f-oll &=
] F4& Conyerter System ©] &2l KolE & = o o 7 9o wet

A= olwo = Converter & &2Holl EA47F §l=5 A 2F= o] S 4 Atk

_—

"Bilter’
2 : o '
BRI
1 2 < P
R - i :
% : — (c& o)
(Acﬂtﬂggf‘a Ts *ﬁ

"Phase Controlled Rectifier’

[729¥6] Converter Circuit
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N/

( Full Wave ) ( Firing at 90°

o%

[297] SCR Gate Firing Zt%=o] WE Converter & & 7}3

RO

DC Filter "é '5‘.] ﬂ DC Filter ﬁ i] _'_c;:'_
(28] DC Filter A# X1¥°] Converter = = 3 &
A A = FY
ACHYH ;ﬁ =

2999 2ol Y¥Zo] ruFAYe] At wEEAd e WA (SCR)O <]
3 FahSol= ] AFdde] AvbEY



o] On ¥ SCR 2,
3 =24 o

=l
o
_O|L

Ao +Hkgtg e tisiA = SCR 14 W
210 3 #Zo] SCR 14 H<

M

i

A

b Qo] e AR e

[2910] oo w2 FFI= 54

A Ao -wkag o] i = SCR 23 ¥ On Elﬂ SCR 14 W&
Hu, AFE 28103 o] SCR 32 WS E3] 524 Ha Fa=d
Wkl AR Yol vk
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A S TAANA FAR7E 4899 Trouble Al Wdetes FA =AM HE
UPS AAHFAA 30 i3t Back-up ©] 7ts3tes AAHY, A== &
2y gk weEl Battery HS ,0—7} e A AlA Back-up Time2
zZ4 7bsstth. UPS &2 whel Battery AH 7} 24 % a1, Battery ¢ %
F+ A4 Battery, ¢zt Battery & thEEW @AY H$ FEHRSE ‘:'E]Jﬂ
& 24 Battery & 52 AFS3Fa Q)

3) Inverter

DC d9¥g& Fotell Fad ARG AAFas AC 2 wE7] S8 +d3
= AT = A 2A, A ZFAbe] mkEk SCR, Transistor, IGBT (Insulated
Gate Bipolar Transistor), GTO(Gate Turn Off SCR) 5 t}%¥3 ~x= AL
43to] System & FAJSa Jow, HF 4 o] AAZA FAAE i,
Inverter &39] 3.4 AC 2 ZA%fol= 12 719 A&7 A1EdY. &
Inverter &84S A7l% ol& &% FEAIH B AT Aol o8 =
AE =, 80| 3 A AFole ZhAREE 120 =9 dxE T &3
s TEA7IH ol 98] BXE9 Control PCB 7} A A= lth SCR &
AHEEE A Sele E%fﬂ SCR = Off A|A F7] ¢k J=(EF L % C
22X A EY Commutation Circuit7} F7F2 F Q3}t}.
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SCR & A}&3l+= Inverter 9 23 AE 7Has] 7l&sshd oS3 2o}

7F. SCR 1 On, SCR 2 Off, SCR 3 Off, SCR 4 On SCR 14 & On #]7]
, AFe 29 11 (a9 2ol 324 a1, Inverter TR o= +Vd 9 #
7= ™ Inverter 898> 219 11 (b)¢} o] Hth =3 o]%}

of Capacitor C2, C3 & Vd & ¥t} o]w, SCR 2 & On Al7]9,
7FA 0 &2 Capacitor C2 = 1912 (a)9} #Zo] WA ¥, Choke L1 o=
Capacitor C2 ¢ x4 Vd 7} <17FE o] SCR 1 ¢ Cathode WA}ol+=
2vd 9] Astel Q17be

1
_l’_
SCR1 A N/ scr3
T i V#F. N\ c3
vd e
} B I
vd L1 Inverter T.R } L2
.
| y |
B -~
B vd gla
SER2 N — ./ SCR4
4
(a)
(b)

[1"911] SCR 1,4 On A] @A Inverter 3|29 =2 2 Z&Huy
mebAl, SCR 1 2 94 Vd o 9s Off =|A ®th SCR 4 ¢ 5%,
2

543 Mechanism © ¢l&] Off ¥, A= Inverter TR o= 9 12 (b)
o o]l OV 7} QI7F=E Al €
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y +

scrR1 N7 R . =7

oV

| . * |
Vd T.1 + Inverter TR .2
d |

I]co2 vd c4

SCR2 N7 —1= Ll

(a)

(b)

[2#12] SCR 1 Off Mechanism % SCR 1,4 Off A] ¥ 13

1}, SCR 1 |Off, SCR 2 On, SCR 3 On; SCR 4 Off SCR 2,3 = On A 7]
W, AFE 29 4-10 (@8t 2ol 327 I Inverter TR o= - Vde
o] Q7HE ™ Inverter 23 F 2 g 15(b)2t 2o EWr Tk, o] s}
Aol Capacitor C2, C3 Vd 2 T3dE oldl, SCR 4 & On Al7]4,
7HA o & Capacitor €4 13 13 (a)¢F #o] BA L™, Choke L2 o+
Capacitor C4 9] ZAHS} Vd 7} ¢l7FEe) -SCR 3 ¢ Cathode WA}ol+=
2vd 9 z<te] ArtEch wEhA], SCR 3% ¢ Vd o 9& Off =4
#r}h. SCR 29 A$%E, 9% Mechanism o 938 Off v, A=,
Inverter T.R o= 19 13 (b)9} Zo] OV 7} A7k= Al €

o

H> offf 2

-
1
-
L
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S 4 —l,
SCR 1 SCR3

c1 vd — c3

vd

vd L1 |::|7 Inverter TR
‘ -~

+
€z Vd _ c4
scrR2 N N/ scr4

| |
5
12

1]

(b)
[72913] SCR 2,3 On A] @4 Inverter 3] 22| 52 % 333

4) Output Filter

Inverter ¢ \AC =82 B2 Ix3E stz olE AAS7] 93
Inverter =3 ol Filter & AX 3t} dutd oz Inverter 2ol A 3,
5 7azd7l F= Eeol @lfxo] =, olF A3anxdE= T2 Inverter
TRE Zig-zag® ZAA3LA Y -Inverter & PWM (Pulse Width Modulation)
Aojgtozn AAsH A 5 7 mEI= xR L - C Filter & F72
A zke] A AGY, 29 1565 A 5, 7 %3 A€ Output Filter ¢ <

£ = Aotk
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SCR 1 i} e Vd 57 scr3
C1 T . | CRY e
- . +
B vd N
va i et =
+1
R - ce __Vd i
SCR2 N — N scR4
|
(a)
(b)

[12147 SCR 3/Off Mechanism = SCR 2,3 Off A} &2 v}3

L1,C1: AFEB IV Ml A
L1 12 LRgC2ON 772021+ HIA
1 C2

Fo= 1

[Z19415] Output Filter
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5) Static Switch

Inverter Trouble A ¥ HA/ANAYS stua & A Fodk 2A
= 93k #2124 SCR Type , SCR - Magnetic Contactor =338, SC
~Circuit Breaker Z3%3o] o™ Control PCB o 2&] Alojgch. 1 A+
UPS ¢ SCR Type Static Switch 325 19 16 (a)o Z=AIsIA T o=
7veFs] Aws] B, 29 18 (b)) Static Switch Control Circuit ol A]
RL2 & Inverter 2 X9¥ Bypass 48z ¢o] A2 57| 4eHd wf o=}
e BEAMZ] HAolw, RL2 7F ofzaks o] dvkal 7F4e o, Bypass
To Load Push Button Switch & F2W, ®xA 7] RR1 ©] Off 5o, 1
g 16 (a)9] SCR207, SCR 208 ©] On ™ %3} Bypass Aoz AA
= A Hoh

=
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From Bypass Source

To Load

% R N SCR 209
SCR 210 _ RR1

From Inverter |

(a) Static Switch Circuit

J: Inverter
I— To Load
RL2 Push Button SW
1
il ]
- @ RL Q1 Bypass
RL2 == E To Load
Push Button SW

+
vd

FRemark
RL2: Inverter E=F 211} Bypass HR0| ST A [ HAEl= 22 HET|
RL1,RR1: 2 H&EI|

(b) Static Switch Control Circuit For Manual Transfer

[1916] @4 UPS & Static Switch Circuit
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¥, Inverter To Load Push Button Switch & F2W 29 16 (b)lA
SCR Q1 ©] On o] ®zA7] RL1, RRI ©] On ¥, RR1 H el <3|
29 16 (a) ¢ SCR 209, SCR 210 ©] On ¥ i, F3}l+= Inverter QPO =2
AAEA Ak B, 9% 7] FEel¥ RL2 Relay 7} Off S22 544
7F o] Fojd 4 glon IRl 248 wizhA & Off HA &+ SCR 9 &

Hujgo] AAE BT Peow offolx s A

6) Maintenance Bypass Switch

UPS Trouble & <13 2|24 A == @AY Al, F3toll dYS I+
3l7] 913 FAZA Circuit- Breaker Type, 3 Position Switch Type,
Circuit Breaker - 2 -Position Switch 23t o] et Fa=z 9o 7]&3H
3 7}A] Type 2] Maintenance Bypass Switch 3| 2& Z=A|8] B 19 17
3} 2

Maint® Bypass Switch

From Bypass T.R

LTI T EEEEEEE

Static S W {E

From Inverter To Load

A. Circuit Breaker Type Maintenance Bypass Switch
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Maint® Bypass Switch

From Bypass T.R.

From Inverter

Bl

Static Switch

L

To Load

Bl|
|

SENEEEEN NN NEEEEEEEEEEE

Switch Position Maint’" Bypass Switch
Contacts
B1 B2
Normal : =
Bypass =

B. Circuit Breaker -.2 Positien Switch Type Maintenance

Bypass Switch

From Bypass TR

From Inverter

Maint® Bypass Switch

To Load

:lllll.........llllllllll.........lllll=
: B3 Bl g
g W e e
illz........ E
E B2 | ! =

Static Switch' Hi—— /N/k i
:

Switch Position

Maint' Bypass Switch Contacts

B1

B2

B3

Normal

>

Bypass

—

——

ey

Bypass Isolate

C. 3 Position Switch Type Maintenance Bypass Switch

[Z2917] Type¥ Maintenance Bypass Switch 3] 2%
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(%3] UPS 49 ARH 2o we w4 wa

No 8

g

§-Pulse Rectifier 12-Pulse Rectifier IGBT Rectifier

s

1] 327E E@

A
AEATANVA

5 28E] 1
3 | THDi 30% 10%(option filter AHZ Al 5%) 3~6%
4| U 98 KA 0.8 014 M & 0.850]4 (option filler AFE AL 0.95) | A4 0.99 04
AgHE o - B-Pulse SCR Bridge = 12 + 6-Pulse SCR Bndge * 2% - 6-IGBT Bridge * 1<
5 i IIT = | Jinput Reactor - Input Reactor - 215 Reactor 1EA
- ez matd] §8) + BJ5 HPT| 1EA - UE ZoUH2I| 1EA
6 | AkE= 1020 2 CNE A - OtLhED 2, CINE HO + D8P Firmware H (f
7 | NEZREE [-NA - NA. - SZHERN(SY.M) 202E
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A

[¥4] Transfer Switch ¥/ 2 EA

Transfer Switch EA4
Akl HdY Aol AddL(Utility Power) ¥}
ATS H] 4 A9 (Emergency Power)Alolol] A X]5w 717
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