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A Study on the Design of the Bay Controller for Generator Protection and Control

G IR A N i C )
(Nak-Won Jang - Chun*Hee Woo - Sung-Hwan Lee)

Abstract - In this paper, we designed the bay control unit that is based on the microprocessors and integrates with
the new technology of electrical, electronic, and mechanical fields. Nowadays the customers have required much more
integrated multi-protection relay, monitoring, control devices and power management for better and easier maintenance,
performance, electrical system analysis and communication according to new trend of switchboard. This bay controller
supplies those requirements of customers with easy handling and operation. This bay controller provides a graphic
display with rear-lit liquid crystal LCD and push buttons as kinds of HMI(Human Machine Interface). This bay
controller provides the parameter setting program, control setting program, various editors and fault recording and
analysis program on Windows/95/98/NT/2000/XP for HMI. In addition, this bay controller can be set manually and this

manual setting function helps user to interface easily.
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Table 1 Protective relay function
ANSI Protection Function
258 3 unit synchro check
1 Under voltage
46 Phase balance current
47 Phase balance voltage
50 Instantaneous overcurrent
H0G/N Instantaneous ground overcurrent
51 Inverse/definite overcurrent
51G/N Inverse/definite ground overcurrent
59 Inverse/definite overvoltage
59N Ground overvoltage
67 Directional overcurrent
67GS/GD Directional ground overcurrent
79 Auto - reclosing
81 Under/over frequency
951 Inrush blocking
EHd 2 BEAHMIEL vistAl B

Table 2 The inverse characteristic of the protective
relay function

A EL T K a C
WAl B4 0.14 0.02 0

ARYEA B4 135 1.0 0

ZhgA] B 80.0 20 0
Type D 0.0515 0.02 0.114
Type E 19.61 20 0.491
Type F 28.2 20 0.1217

Normal Inverse
TME 005-100

Very Inverse
TMS 0.05-10.0
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Extremely inverse
TME 008 - 10.0

Inverse Type D
TME 0.95 - 100

inverse Type F

Inverse Type E | TMB 0.05 2100

TMS 0.05-16.0

a8 1 BEARI 9 dstA] E4 R4
Fig. 1 The inverse characteristic curves of the
protective relay function

1) Synchro check(258) 71%

Synchro check AA71%5& F A9 AC Powerd] Al
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2) Under voltage(27) 71%

BEHGAR 75 8L WAt vhgstr]

98 7%e 7AAv, A BEAE vpzl 25 AR et
3) Phase balance current{(46) 7%

4) Phase balance voltage(47) 715
Mol BHY AANSE 43 A EFE, 2Ex
PT H2 B, Aty 44, PT 2%
HEa EA4L 7R B3 AEdrigelch
5) Instantaneous overcurrent(50) &
Instantaneous ground overcurrent(50G/N) 7]%
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6) Inverse/definite overcurrent(51) &

Inverse/definite ground overcurrent(51G/N) 715
AR L PFAD7IE B & oy TFA
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7) Inverse/definite overvoltage(59) 71%

FAYARN 5L Aade] FAR @& olge} o4
ol §EsE A7k ARYARFE £ A
4HQl Dol YAT S 12 AT AARAE 23 57)
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A BT RN S4E AT B BYTHe 33l

o} 51, 51G/N & Al EA M F Normal Inverse

8) Ground overvoltage(59N) 7]
Aga ARt AA7 TS S} M 7IAY 1F

(5] - O
FoAAE 74 we 1FL 14 AFnAoirh o nHE
aYE TR FY, 24 A uFeo dH, AHLE ¥
Aste g E v A F 5 Ao wEbN dAH 1R
& 9oyt 24 AF 3Fe) s, 7ivie] e dHu
Az 8o mAE Go] BmH THETIE = A
Ad7Isor #4443 HEY davt o ¢4 BT 0
A BEAE IR BgA 5AAFA2 2¥1L9 51, 51G/N
o Al EAFY F Inverse FAE o] &3
9) Directional overcurrent(67) 7]
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10) Directional ground overcurrent(67GS/GD) 715
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11) Auto - reclosing(79) 715
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12) Under/over frequency(81) 7
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13) Inrush
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‘1 Genecal Paramster
* 0113, PREAKER ) -UN FEEDBACK : FUNC.10 *
0114, ~OFF PEEDBACK: none
0115 - CR->OFF cantrol event
Gas (b 0115 - OFF->ON control event

1
Bl: 2.8 2117 - IN positon fesdback : none
P2 Q118. - DUT position feedbsck: none
2.5 9118, - OUT->IN coniral event

CB: 2.3 0120. - IN->0OUT control event
©121. - EARTH O¥ pos. feedbatk: none
0Di22. - EARTH OFF pos.feedn. : none

0128 ~ BARTH-»OFF ctrl event
0124, - OFF-DEARTH otrl. event.
0125. - control time

— T
I 2 G2 Basl AlAH 2 o R0 3

Fig. 2 The graphic screen of the double busbar system
and control
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)] 5 oo 105,50 21rfp 020821 15:40:42042)
] Undervok zst o 1403.50_2 herit 02.00.21 154012042 1
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£ 1403.50 2 fim#t 02.08.24 15:40:1205 &
i3
a3 gajolde Mol 5w

Fig. 3 The screen of the alarm/event control

zZb gdgol olWlEE AHeldtr] 98t Active Alarm,
Alarm Groups, Active Events, Event History®} & 7%
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2.4 Process 2=

a9 4v Aade ZIAAE EYHIY £ Qe
Process B2 #H#olch old] B ulel zre] Alad®l %)
g, 2e9 48, AFdr), 3 power management system
3 o) we R WE A, ags ZF /09 On-Off 4
HE &A% F U

2

Xey combination:

PROCESS LIST

Synchronizing page
Motar status

Breaker counter
Power masagement display of
Load coatrol selected graphic
0 view

Ft N ez N Ea
(e 3 (e J( o
a2 4 Process mode o o 2+
Fig. 4 The main screen of the process mode
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2.5 Fault Recording 2 &

B AAZ S dAEe] da 48T e A7)
(Fault Recording)y> XA FNA 1%
‘%} Xﬂ?‘r F oA7A @40 s E AN EY

- RECORDER SETTING -

Recosder ; ON
Samples :72
Rec. period: S80sec
Pretrigger : 58 %
Trigger by : ait

-tate 00y 11m 24d display of
Aime :47h 54m 08s selected graphic

Keyhoard control

STARYT RECORDER
STOP RECORDER

a8 5 Fault recording 88 ¥ nhg &t
Fig. 5 The setting screen of the fault recording and wave
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Fig. 6 The screen of the parameter setting
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3.1 Main CPU ® =

AR, AF 2 2H75E AN F%E7] f3yo, 24
59 DSP CPUE Al&3ln A a3 S {ZE€ = J= o
|3o] vy wWEIE AL HC
s N

! E??%é
| SRAM FLASH |
! MEM. |
DUAL osp YO
PORT ¢ > cPU G——— &2
RAM Hoig
1;»13@.“
NER
FLASH
MEM,
. J
a8 7 Main CPU 25 HW 8%
Fig..- 7 The H/W block diagram of main CPU board

32 CT/PT B E

wAzie AF 2 AY AFs] Yeleg R AL
AHYEE e CTS PTE AH4stich A%s 99 a2
He2 a2 HAF 48 nesz A

~

c'[ﬁ P — ‘.
T pup xGIZ |
£ C .
i e . oual |
MUX. '_’CON::RTER_’ ;352 — m ;
i [ T
PT —-) XCHE | o i
czang i
L J
a2l 8 CT/PTREE= HW 23 =
Fig. 8 The H/MW block diagram of CT/PT board
3.3 Trip Mol R =
TRIP Alo] BEE A% Atx A Ad71E AHeolstx, %
Z #9¢ Aojst: 22z 2 2% YA A% 24
328 FASAT. £¥ AW/ =YL BAY) Asd
TCS(Trip Coil Supervision)7]s=< #ast ot
r N
=% 11
RELAY L #x . RELAY
HOIS Y ax P s
] TCS L
ouey (€
. J

a3 9 TRIP Mo 2= HWwW E3L
Fig. 9 The H/W block diagram of Trip control board

4. NE #D

o] &o| A= bay controllerd BE715H ZH7FS o
£33 FAA A 5L Ad 3 ATRE VeERUT 2¥
& H37)%E A g°}7] 23 NEAA HAEE JHENS

J& 10 A EER| AR

Fig. 10 Photo of test equipment

S AZeH7) Astel 4A A
gasnz 29 102 2o A

Synchro check A& 7159 B4 Az AAHLGS
110VE Age dees 52 A 34 Mg HE
E HA2GEVIE w1 5FAL AAHL FHAL BEAo] A
B olmg HA(0.19Y we HHA0S)Y HE o] A
L stk Q7AYGe 33 HAde) "EHA FAAAXA
9} 0%, 50%, 70%% 7tgich olf F&AAS] & &eae
FTAERA £5% £+ 3Bms oWl EHE UFHsin Y
2 F 34 YeERATH

= 3 Synchro check A 2152 SEAIZIR A}
Table 3 The operation time error of a synchro check relay

function
A ES EEREEE B e
TIE 2| ae 2| D 2 lana| en
Sk ° %
A1 %) | (8] [S]
= 0 0.100 {£35ms| 0.112 | 12ms
A2 50 |0.100 |+35ms| 0.125 | 25ms
a | 35 70 ]0.100 |+35ms| 0.117 | 17ms
= 1 55W) 0 |1000] 5% | 9.907 | 0.9%
Ac| 30 |1000] 5% | 9.895 | 1.1%
Al 70 11000 | +5% | 9.887 | 1.1%
2) Under voltage(27) 7%
A Ad Nz B4 APRAL FARYGY) 20%-
50%91 sl A 4RAE AYE ¥ ¥ FHAY
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Table 4 The operation time error of a under voltage relay

function
3L =) Al =
ol U bk
o i P N e K e B
Bl LRl ox S
Eun fo o] Zg ;(6] (%) ‘ 1l a5 } [b]
[S] R4 RY

0 1100} +5% 9.992 0.1%
50 1100 | 5% 9.991 0.1%
I 70 [ 100} 5% 9.995 0.1%
gk | (22V) 0 1010 ]+35ms| 0.120 20ms
50
70

0.10 | +35ms | 0121 21ms
0.10 | +35ms| 0.119 19ms

3) Phase balance current(46) 7%

HEHY HAR AA VF B4 NER0e 3AA
FE SAR MEE dddA T2 AL HAO50E ¥
I FHAZE ARE A BAol AA ojnz Hi
(019)% w9t HW(109)Y HE o] 4L o ¢
7HHFE SRR 200%, 500%, 1000%E I HEch o]
w BRIk HBoAE THAFAANTY 5% EE
Bms o HAE wHtn Y-S X S04 JeERAT

E 5 BBY NHE AN SIAIZL 2%

Table 5 The operation time error of a phase balance
current relay function

1 5; 5| 5%
Az | A Az | o
SAERET I B O T I
[S]

200 010 +35ms | 0.128 | 28ms
£ 2 | 500 [0.10] 36ms | 0123 | 23ms
NEE 1000 |0.10| £35ms | 0117 | 17ms
“105a) 200 |100] 5% | 99% | 0.1%
g Ao | 500 [100] 5% | 9987 | 0.1%

1000 [100] 5% | 9983 | 02%

4) Phase balance voltage(47) 71
FedE PG A 71594
E 1I0VE A9 "‘Eﬂoﬂﬁ
3 AN AAHL

S T o 8
(0. S)°‘ web #H oi( 105)%1 Hﬂ&. ol HEE st o
AARE FRAAAAL 200%, 500%, 1000068 U7ET ol
JEaAITe] 130 i

m R RS =) 51 1o %
o %&Mﬂ% M%ﬁdﬂ T3
=
=:

S 2|5 Bay Controler &40 2r3F o332
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Table 6 The operation time error of a phase balance
voltage relay function

I T | K] K IR EE
A ZAZH 23}

VB s oo | TE T s

[S)

200 | 010 | +35ms | 0.129 | 20ms
8 A4 | 500 | 010 | +35ms | 0120 |20ms
R 1000 | 010 | £35ms | 0.113 |13ms
Taw 200 11000 | 5% | 9995 |0.1%
. Ad | 500 | 1000 | 5% | 9.9% |0.1%
1000 | 1000 | +5% | 9.980 |02%

5) Instantaneous overcurrent(50)

4"‘] AAF AM 7TE ¢AELE
o Axtel A By wpep 2o ¢¥
sl s A¢ oOmsolﬁ}J A} he]
o] o] Fo]zck gttt
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Table 7 The operation time error of an instantaneous over

current reiay function

) N B e
T %wii% =l ;‘id%%wlz}gﬂ
Hla owlm alt T oo A

R R
N R T S I P
A | ea aom)| oI5t

6) Inverse/definite overcurrent(51)
Al FHF AD 7% ATA BT WA, g

A, ZNEA] B BF 0?614 A7bAFoll wE ARt
EAQs 2 o] B3 AAE E 8 ~ 9o UG A
A=) 2] 2009%, 500% % 1000 %4 FHAAFE U7bsta, old
2RI HLoate BAZAADY 5% T 35mso]
WO E tEsln deS ¢ & Ut

E 8 Mot R AX Jlsel SEAZ 2K

Table 8 The operation time error of a definite ov
relay function

er current

salas|t 25 e w
7 [z 52| a8 | £33
NRRE -
2| 2 Tlag| ex v o
AN (%) s R% R%
2001 10.0 | £5% 9.993 0.1%
ZHH300] 100 5% 9.993 0.1%
Al HA 10001 100§ +5% 9.990 0.1%
gt | (5A) 2001 0.10 | £3oms 0.126 2bms
A 2 41300010 | +35ms 0.121 21ms
10001 0.10 | £35ms 0.118 18ms
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=z 9 BIStA| DpME MM SEAIZL 2%
Table 9 The operation time error of an inverse over current
relay function

7) Inverse/definite overvoltage(59) 715

FHG AH 715 ASA BT A 5 8T
o A7PAHSt] wWE AEAT I oA B ARE
% 10 o Jehuidch FAR Y 130%, 150% L 200%9
g HehE AVeta, o FAANY HELoeAE FHFH
AlZkel +5% E 35ms oW HYE wEsT LS ¥
F doh
x 10 2™ AM Jlsel SXAIZL 2R
Table 10 The operation time error of an inverse over

voltage relay function
=) Al =
=zl OQE] o "o 277 _Q_F‘(}-
=zt ° lTzx] 318 |=

q: ojzl g Bl :i H& |ERAS)
bl BCICH P P []S]L 24 gsa  |rsa

A% 130 §0.100 | +35ms 0.122 22ms
2 (0'1) 150 ] 0.100 | £35ms 0.121 21ms
-y Ha ' 200 10.100 | £35ms 0.119 19ms
:1 (120V) | gy | 130 {1000 5% | 9989 01%

(10.0) 150 1 10.00 | +5% 9.987 0.1%

200 11000 | 5% 9.986 0.1%
EPS 130 | 1.331 | +35ms 1.342 1lms
ak| (0.05) 150 | 0.860 | £35ms 0.874 14ms
5 Ha ’ 200 | 0501 | +35ms 0.517 16ms
:] (120V) A 130 }266.10] +5% 256.60 3.6%
(10.0) 150 |171.94] +5%

) 200 |100.29f 5%

8) Ground overvoltage(59N) 7%

AAAG AW NS £A EAN RPA B4L 2T

52

o YFAYL Artete} ojm FAA|I] BmseldE AE
= o, WA B4 A9 ARHXY 130%, 150% 2L 200%9)
=z |agy | Zx= =7
|54 °: ‘j“ o °} 8 s | oAt g HMte vt o TAALY HEAE FHF
7z = z ' —_—
2l A ;j ;; ;%)Tr AR o3 7HS] ZA17FY] 5% EE 35ms oW HYE BEsln JLS ¢
EPS 200} 0501 | +35ms| 0513 |12ms
wf (0.05) 500 | 0.214 | +35ms | 0226 |12ms E: 11 X|2tn™ el AN 7159 SEAZE 2%
o H% [ 1000} 0149 | +36ms | 0.160 |1lms Table 11 The operation time error of a ground over voltage
et 0, = 0,
A (1A) | gy |200 {10029 ii)/o 98.22:: 2‘1;4) retay function
(100) 500 | 42797 | +5% | 42625 | 0.4%
11,0000 20.706 | 5% | 29.591 | 0.4% R RN D] B . DES
. 200 | 0675 | +35ms | 0676 | 1ms oL, 58 ;
7 HaE 500 | 0.169 +3522 0.180 11::5 g S S R o 2} s LA
_ : - : g | ax 0 =
| "2 | 009 76500[ 0075 [235ms | 0,086 | 1lms 4| 8% || [S] [S]
#| (1A | 5o [200 ]13500] £5% [131.044]29% =l g4 50ms
A 100y 2% 33750 | +5% | 33584 | 05% aleon! - 110 g | 4Mms | -
11,000} 15.000 | +5% | 14.942 [0.49% ~
) 4 [.200] 1333 ]+35ms | 1309 |24ms g |20 1331 |+3ms| 1338 | 7ms
e 005) 500] 0167 | +35ms| 0178 [11ms 5 (0(;) 150 | 0.860 |+35ms| 0877 |17ms
=) N — . =) O
‘11 Ha 1%) 256-%1:7 i3g$5 23%030232 lgr;l; HEE 200 | 0501 [+35ms| 0521 |20ms
& 1A | 4 . +59% | 256. 7% 3 — ~
| ] o ool 3333 amoe T 33002 1095 X (20V) a0 130 | 266.10| +5% | 25469 |4.3%
100 [T000T 8081 | *5% | 8042 | 05% 100) 150 [ 17194 5% | 166.40 |3.2%
200 110029 | +5% | 97.66 |26%

9) Directional overcurrent(67) 715
Wby BAF A 715 HA BT ek
Al BEAS g7 A7MAFY WE A
129 JERAT &
, g JAAAY, 52 A
,F4 AAXY 200%, 500% H1000%
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10) Directional ground overcurrent(67GS/GD) 7%
A g AR A V1Fe ARA EHE A
takd A AAF AR F67GS)T $IFd AT
FBIGD)e2 vdoh A7AFe @2 AUE
ol @3 AARE E 137 1400 JERE. F
Ak ARXNE AEAY, 5/ A
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Table 12 The operation time error of a directional over Xt
current relay function Table 13 The operation time error of a selective directional
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