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2.1 FFuneesl jURmunsysudydinnulaendiy 01tieudie uasan nwingey
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(Nt 2) | (Fvianszunseiogsen) UATWIEN Uag US1AUYT
LA 2 N1ANATY ALUTUNTT, VAYT, T8, JUNYT L5
[Fwminvay3) Wag 730
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. . Y3ina ()
awu | eunsel
il | a2 | a3 | ARl | ave2 | anal3 | s
1 FDCU-RCS - - 56 - - - 56
2 FDCU-LRC - 41 15 - 66 - 122
3 FDCU-LRR 22 19 10 23 - 37 111
4 FDCU-SCB - 52 - 59 17 65 193
U 22 112 81 82 83 102 482
- 57 2 (Ngu 2)
. . Usinau (m)
awu | gunsal
Al | a2 | a3 | anal | ave2 | nvR3 | s
1 FDCU-RCS 15 124 3 28 - - 170
2 FDCU-LRC - - 100 - - - 100
3 FDCU-LRR - 1 14 2 4 1 22
4 FDCU-SCB - - - - - 49 49
91 15 125 117 30 4 50 341
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98 7 YeUILAN1TIURAYOUIU (SCOPE OF WORK)
7.1 swiiseylinudnyanaseunauis nssensugunsal  FDCU-RCS, FDCU-LRC,
FDCU-LRR uaw FDCU-SCB wiasdirunuitinsidlussuudmingeen wasdiunsiavmgunsal FOCU-RCS,
FDCU-LRC, FDCU-LRR uag FDCU-SCB wiaugaiuausilvel iilefinkmaunuveadniizenou saufls
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7.2 f5uinnavesdwweaugunsal FDCU-RCS, FDCU-LRC, FDCU-LRR Wwag FDCU-SCB
wionguAn Tilandendenndostfuausiossves min. amu Technical Specification 2%4n73
\WousorusyuuAsansuazszuy SCADA w83 niln. Taelsinausaufuldedsanysel Yeminulag
au Technical Specification mnfideanslaiivnrioudaiudeulatssmaneiiuduaduil g
fornuiiszyliludeulvszmenaifiudvacuiun waesmdsmamnegg e wagauaziion
wasaaulalld wn nvln. Salalldsniuuasiuieununngaiing
73 ffudsoniuaunisviau (Work Schedule) vesnu3onsy uarfindsgunaal
FOCU suszeznaniidmunlindiadslunisuszninsian ifisgasidenuiuanutiessesinan
nsifiunisvesiuluuiadiu dnsmaruimiluwasfeufnduiosazlnoauelugiuuy
484 Microsoft Project 412w 4 (8) 40 Ingdadaenarssuatiudiuim 1 iy o diurdmau 3
(a131) A Yuieu Tudnntuasuniludyon waeTudweuiiui

DeeXe

74 ffuidonauesia aunsaleylna (Spare Part) fidndudmiumstisesinwinay
gouuguunlrliiiemed mivssevian 10 @v) U lagagdoassysnonis wavsiniluudassioms
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7.5 mmamwuuagﬁmﬁ%qﬂmaﬁ FDCU-RCS, FDCU-LRC, FDCU-LRR ugy FDCU-SCB
W3ougAIUAL

(1) Fuiagdoshnsdmatdeuiionseoniuy uasindsgunsaiieg
W Fadesiiswarioniioamed nrln. avanunsafinnsan waviuses (Approved) faunisAnds
lnersuinazdosdianniden wazseazildeaniaiumaiinvesgunsal FDCU-RCS, FDCU-LRC,
FDCU-LRR, FDCU-SCB, gimunsiazgunsaiusenau SUILUUNIRARIE S UM IR uNURE AT
T nila. s wazsuses anelu 90 (\Madv) Tu tudnanniuasunsludayay, way fudseuitui
nvln. AgAndun1siTan wavidealvgSuinmsunigly 15 Fu) Ju
yhnns dudnaniuiildfuienansangFuing
) {{%‘Ufﬁw%é”laqaaﬂmumiamé?qqﬂﬂizﬁ FDCU-RCS, FDCU-LRC, FDCU-LRR
way FDCU-SCB wisugatunn aus1eazidenly Technical Specification lnglasun1ssusesain
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€ ala (% 1

n¥ln. (Approved) laglailvifinansynusiogUnsalfifinfsagiiu (Existing Equipment) #3alkanseny
weeiign nMsvdsuuuaailelag Wegluanusuiinveuvedsudng uazgsudnaaeniesanldane
Windun avln. 8nlle Teeluniseeniuvazfesdlswazidonnmaluil

(2.1) T18n159Unsal FDCU - RCS wioudaiuny sis 1 4a Usznaume

G 518n159Un50 U | e
1 Feeder Device Control Unit (FDCU) 1 Set
2 Accessories

2.1 Steel Plate with Handle 1 Set
2.2 Terminal Block (For Supply, Analog, DI/DO, Ground) 1 Lot
2.3 Control Inhibit Switch 1 Set
2.4 Miniature Circuit Breaker (MCB) for FDCU 1 Set
2.5 Miniature Circuit Breaker (MCB) for WRL 1 Set
2.6 DC surge protector for FDCU and WRL 1 Lot
2.7 Data link Cable (for connect FDCU and WRL) 1 Lot
- RS232
- Ethernet Cable
2.8 Cable tray /Name plate 1 Lot
2.9 aelw (Metallic Cables) Usgnaumay 1 Lot
- anelvldmSudeyeyau Digital Input &
fvunlitpenin 1 asediadiuns
- anglwdmsudeyryad Digital Output A
fvunlditesnii 1.5 mfieduns
- aneldwsudeyeyou Analog VT wandmuauayindeviihiu)
fvwnlitesnit 1.5 meeladuns
- anlvidwEudanas Analog CT wendnumk(uayiveviiy)
Hvunlitpsni 2.5 mMIladung
- melldmdu DC Supply Fumllwuany/dmlinav)
fvunlitesnit 2.5 mM3eiaduns
- anglvldmSunse Alen-ndes
fvunlitesnit 4 asedadiuns
3. | dmuAn RCS 1 Set
3.1 wuRLe3 Lead-acid gel electrolyte type or LiFePO4 1 Lot
3.2 Control Cable 1 Set
3.3 Power Cable 1 Set
3.4 ACC Board 1 Set
3.5 Power Supply 100 - 240 VAC to 24 VDC 1 Set
3.6 Battery Charger 1 Set
3.7 Battery Tester 1 Set
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(2.1.1) dwiuvrungaiuau FOCU - RCS Interface d519azi8en
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Outside View

YAGI ANTENNA
SWITCH
RCS

(]

: External Power

. Source

: 110/230 VAC

[}

| ccacaa cessssseee

T1 : Switch RCS
12: PT 3 Phase 110VAC 50Hz
T3: Antenna

T4 : Spare For GPS.

U7 3 laezunsugaiunu RCS

Inside View

JUT 4 degelaezinsugaiuau RCS

Back panel
§¢m. From cabinet
Front Panel -
FDCU TRANSCEIVER
—
ﬁ) ACC
[E—
u TA1 Terminal
i PSU+CHG BATT
I 5. om. From cabinet m; i 4
71+ Switch RES
12 PT 3 Phase 110VAC 50tz / External Power Source 110/220 VAC 50tz =
T3 : For Antenna
T4 : Spare
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(2.1.2) &wmsuane Control Cable wag Power Cable fi518a¢.20909 91

- 919azdeaved T1 (Control Cable Wiring)

Cabinat : Male Terminal
Wire  : Female Terminal

Terminal Class A 2000V

Insert Arrangement 2811 Wire: NYY 1.5 Sqmm, 25-31Amp.
Service Rating A
MNumber of Contacts 4 18
Contact Size 12 16
PEA Differrent RCS Model
e s Regurement GaEW Precse-TYPE Al Precse-TYPE B [hatMaxwg  U-Tah Guankul
1 16 Curent Phase A (+) A M A A n T A
2 16 |Curent Phase A (- ) B P B B p U B
3 16 |Curent Phase B (+) C Q C C r v C
4 16 |Curent Phase B (- ) o) R D D 5 W D
5 16 |Curent Phase C (+) E 5 E E m X E
6 16 Curent Phase C (- ) F T F F f ¥ F
7 16 |Common (+) G G,B G G PGEB (JADGIL) G
B8 16 Close Status H H M H R E H
9 16 Low Gas Alarm I E 1 1 A K L
10 12 |Motor (<) J E N N cd ek RS S
11 12 |Moter (+) K C,M{OCC-) P P MU VW NP NP
12 12  |Spare L
13 12 |Spare M
14 16 Open Status M ] 0 J X F T
15 16 Mechanical Lock P K K K b H K
16 16 |Low Gas Lockout R A[OC+) L L T M 1]
17 16 |Etc.1 s D{CC+) JSCC) M{HO-nc) | J(MS520) C -
18 16 Etc.2 T F (RY3) H{5CO) O{HO-no) H(MS2C) B =
19 16 |Spare u
20 16 Spare v
21 16 Spare w
2 16 |Spare X
Fuse Sze 15/ 408, 404 an 104
Current PSU 104 304 30A BA{200VA)
Current Mokor 10A <23A 154 2.3A
Detai OC :open coll : Soring Charge for GHG:handie cperabon [new sheet ref. MUY notuse|
ccidosecol |Soring Charge fr L0SE [
© @

CONTACT LEGEND 16 i2

Current Ratings 13 23 Amp.
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- 3wazdunve9 T2 (Power Cable Wiring)

T2

Wire

Terminal Class D 2800V

Cabinet : Male Terminal (PIN)
: Female Terminal (SOCKET)

Insert Arrangement 24-2

Service Rating D Wire: NYY 1.5 Sq mm. 25-31Amp.

Number of Contacts 7

Contact Size 12

PEA Differrent RCS Model
RNG DESCRIFTION Standard G&W TYPEA | TYPEB
1 12 Voltage Phase A A A A A
2 12 Voltage Phase B B B B B
3 12 Voltage Phase C C C C G
4 12 Neutral D D D D
5 12 110/220 VAC Line E = - =
6 12 110/220 VAC Neutral F = = .
7 12 Spare G : B
& @

CONTACT LEGEND 16 12

Current Ratings 13 23 Amp.
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- 3wazdunvee T3 (T3 Description)

-

T3 DESCRIPTION

Lightning & Surge Protection
N-Type Female Both

[ AN
i

\p_toueven g )

| MAXIMUM CHARACTERISTICS

APLCATION
SULMEAD AT
WL | kG
Iz 1O VDOCWST
VAR

ST L

WA TN
| TG AT Smy TD Ro0e
PR aaEE A TR

N0t OWOR TRTOUCNCT RANGE
A0 Vel OWER TROQUENCY RANGE
oL R

AN DAL

WHI 300w, Ue (LOW) TSOW, TOOMR 10 1GW 1ZW
Hdg‘;\.u 220N Tea FOR Javies

S0uA WE GI000-4-5 B/ 0 WAVIFORM 500 JOULES

=4¥C T0 +AC SIORAGE/OPIRATING »50°C

230 [s3.3)

w30 [s0.2]

@ G;) . s [872)

ML DR MO AR

o8
5. ML 12/26,/90

—— |
|3 wmowe [ A3

ok R SRR S MLt [T

el
| L CANg | 115308
e

CUSTOMER Pin

| R MATHEUS | 12/01,s8

vy e
it k™ T T R

o
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318au188au83 ACC Board (ACC Board Description)

- 13 -

¥

(2.1.3) &M3U995 ACC Board iseavidannall

CB3 : 2 | +24VDC 1
SCT :5: 2 0VDC 2
SCT 92 Common 3
SCT : 10 : 2 : Close Status 4
SCT : 11 : 2 : Low Gas Alarm 5
SCT 16 ¢ 2 Open Status &
SCT : 17 : 2 : Mechanical Lock 7
SCT : 18 : 2 : Low Gas Lockout 8
SCT :19:2 | Efc.1 Q
SCT : 20 .2 Efc.2 10
DI Low Batt 11
Ol : High Batt b
DI : Batt Fail 13
DI ; Over CHG 14
Common (+DI) 15
Spare 16
SCT : 12 : 2 : Mator (=) 17
SCT ;13 : 2 : Motor (+) 18
SCT : 51 :2 : Lamp Test A 1g
SCT 152 .2 Lamp TestB o0
SCT : 28 : 2 Local =1
SCT : 29 : 2 : Remote 22
SCT ! 30! 2 Common (+)L /R o3
SCT 135 : 2 : Close 24
SCT 136 2 Open o5
SCT 137 . 2 Common (+) /O 26
SCT : 48 : 2 ! Lamp Low Gas Alarm o7
SCT : 49 : 2 : Lamp Low Gas Lockout o8
SCT : 42 : 2 ! Lamp Mechanical Lock g
SCT ; 43 ; 2 | Lamp Mechanical Free 20
SCT : 44 : 2 | Lamp Low Batt 31
SCT : 45 : 2 ! Lamp High Batt T2
SCT : 47 : 2 ! Lamp Over Charge 33
SCT ; 46 ; 2 : Lamp Batt Failed Alarm 34
SCT : 54 : 2 Door Switch 5
Spare 31
Spare 32
Spare 33
Spare 34
Spare =5

( Aeypany Aejay ) peosg-00v

A |[FDCU ; DI1 ; Close Status

B [FOCU : DIZ : Open Status

c |FDCU : DI3 : Local

o |[FDCU : DI4 : Remote

E |[FDCLU ; DIS : Low Gas Alarm
F |FDCU : DI& ¢ Low Gas Lockout
o |FDCU @ DIT7 @ Mechanical Lock
H [FDCU : DI8 : Mechanical Free
1 |FDCU ; DI9 : Mator Travel

] |FDCU ; DI10 | Low Batt

[ |FDCU : DI11 : High Batt

L |FDCU : DI12 : Over Charge
M [FDCL ¢ DI13 | Spare

n IFDCU ; DI14 ; Batt Failed Alarm
o |FDCU ¢ DILS @ Door Switch

P |FDCU : DI16 © Spare

g [FBCU ; DOL : Close

R |FDCU : D02 Open

5 |FDCU : DO3 : Sapre

T |FDCU : DO4 @ Spare

L |Spare

Y |Spare

w [Spare

¥ |Spare

Y |Spare

Z |Spare

Af |Spare

AB|Spare

AC [Spare

AL |Spare

AE |Spare

AF |Spare

AG|Spare

AH|Spare

Al |Spare

Al|Spare

MK |Spare

AL [Spare
AM|Spare

AN |Spare
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- 3wazdunve9 TAL (TA1 Description)

Tal
SLT :8:2 1 3 "
SLT : 10 :2 2 ol 4 z:i :1;
SCT @ 25 :2 1 3 :
SCT %6 2 2 Lae 4 ixi 3
CBl1: 3 1 5 [SCT:1:1:Line
CB1: 4 2
T2 3 3 SLc:
CB2: 4 4 & [SET : 2 :1: Neutral
SCTi312 1 CB3 2 |Focu 2T
SCTi3:2 1 CB4 2 [aCC: 1: +24vDC BCT 532
SCTH 352 1 CBS 2 |RADIO : 42400
SW1:5 1 SCT 1 2 [PSU : Line
SW1:6 1 SCT:2 2 |PSU ; Mevtral
[BaTT(use) - 4+24vDC _[PSU: +24vDC 1 SCT 3 2 JcB3: CB4: 1 Jems - 1 |
PSU : +12 VDT : Spare 1 SCT : 4 2
[BATT (Use) : nwDC PSU 0V 1 SCT 15 2 |Focu ; ovoe [acc:2:0vDC  [replo:owvpc  [SCT:32:2
PSU 0V Spare 1 SCT : 6 2
CHG @ +24WDC 1 SET 1 7 2 [BATT : +24%DC |
CHG @ 0WDE 1 SCT : 8 2 [BATT : 0WDC |
T1: & : Curent Phase & (+) 1 BETo 2 |FDCU : Curent Phase & (+)
T1:B : Curent Phase & (=] 1 GLT.i 3 2 |FDCU : Curent Fhase & (=)
T1:C: Curent Phase B (+) 1 SLT : 3 2 |FDCU : Curent Phase B (+)
T1:D: Curent Phase B (-] 1 SLT ;4 2 |FDCU : Curent Phase B (-]
T1:E : Curent Phase C(+) 1 SLT: 5 2 |FDCU : Curent Phase € (+)
T1:F: Curent Phase C (=) 1 SLT i 6 7 |FDCU : Curent Fhase C (-]
Ti: G :Common 1 SCT: 9 2 [ACC: 3
T1: H :Close status 1 SCT ¢ 10 2 |ACC 4
T1:1:Low Gas Alarm 1 SCT 11 2 [ACC: 5
T1:1:Mortor (=) 1 ST+ 12 2 |acC 17
T1: K :Mator (4] 1 SCT @ 13 7 |acC ;18
Ti:L:Spare 1 SCT: 14 2
T1:M: Spare 1 SCT: 15 2
T1: M :0pen Status 1 SCT : 16 2 [ACC: &
T1: P :Mechanical Lock 1 SCT @ 17 3 |acC:7
T1:R :Low Gas Lockout 1 SCT: 18 2 (aCC:8
T1:5:Etc.l 1 SCT: 19 2 (ACC:9
T1:T :Ete.2 1 SCT ;20 2 (aCC: 10
Ti:U: Spare 1 SCT: 21 2
Ti:W:Spare 1 SCT : 22 2
T1: W :Spare 1 SCT:23 2
T1:¥:Spare 1 SCT: 24 2
T2 : & : Valtage Phase & 1 SLT : 7 2 |FDCU : Waltage Phase &
T2 : B : Voltage Phase B 1 SLT 2 |FDCU @ Voltage Phase B CB1:1
T2: € : Valtage Phasa © 1 SLT : 9 3 [FDCU @ Valtage Phase C
T2 : D :Meutral 1 SLT: 10 2 |FDCU : Meutral CB1:2
T2 : E :110/220 YAC Line 1 SCT : 25 - cB2: 1
T2 F 1110220 YaC Meutral 1 SCT @ 26 2= CB2: 2
T2: G :Spare 1 SCT: 27 1
SW1:1: Local 1 SCT : 28 2 (aCC: 21 SCT:31:12 |
SW1:2: Remate 1 SCT @ 29 2 [aCC: 22 SCT:33:2 |
SW1:3: Common (4] L /R 1 SCT @ 30 2 |aCC 23
Lampl : + (Local) 1 SCT: 31 2 |SCT:28:2
Lampl : - (Local) 1 50T @ 32 2 [s€T:5:2 SCT :34:2 |
Lamp2 : + (Remote) 1 SeTaR 2 [sCT:29:2
Lamp2 : - (Remote) 1 SCT : 34 2 [SCT:32:2 SCT:39:12
SW2: 1: Close 1 SCT 35 2 |ACC : 24 SCT:38:2
SW2:2: Open 1 SCT @ 36 2 (aCC: 25 SCT :40:2
SW2 : 3 Common [ +) CfO 1 SET a7 2 [ACC : 28
Lamp3 @ + (Clasa) 1 SCT @ 38 2 [seT:35:2
Lamp3 : - (Close) 1 5CT: 39 2 |SCT :34: 2 SCT:41:2 |
Lamp4 : + (Open) 1 SCT o 40 2 [SCT:36:2
Lamp4 : = (Open) 1 SET : 41 2 [SCT:39:2 SCT:50:2 |
Lamps : + (Mech lack) 1 SCT @ 42 2 |ACC @28
Lampé : + (Mech Free) 1 SCT : 43 2 |aCC 30
Lamp? ! + (Low Batt) 1 SOT @ 44 2 [aCC @31
Lamp8 : + (High Batt) 1 SCT 1 45 2 |acc: 32
Lamp® : + (Batt Fail Alm) 1 SCT : 46 2 |ACC @ 34
Lampl0 : + (Batt CHG Over) 1 SCT 147 2 |acC 33
Lampll: + (Law Gass Alm) 1 SCT @ 48 3 |acC:27
Lampl2 : +(Low Gas Lock) 1 SCT @ 43 2 |acC: 28
Lamp GMND 1 SCT @ 50 2 |SCT :41: 2
Lamptest SW @ & 1 SCT : 51 2 [aCC: 19
Lamptest SW : B 1 SET : 52 2 [aCC @20
|Door Switch @ & | 1 SCT : 53 2 |CEI4 32 |
|D00r Switch 1 B | 1 SCT @ 54 2 |ACC 135 |
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(2.2) T18n1sgUnsal FDCU - LRC niaugmiuay s 1 ya Usznausiey

AU 518n159Uns0 U | e
fAinIuAN LRC (SCADA Ready) 1 Set
1.1 wunme3 Lead-acid gel electrolyte type 1 Lot
1.2 Control Cable 1 Set
1.3 Power Cable 1 Set
1.4 Battery Charger 1 Set
1.5 Battery Tester 1 Set

nugwe: dmsun1sesniuugaIual LRC Tie198s Specification no. RPRO-047/2564
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(2.3) T18n15gUnsal FOCU - LRR w3pugaiuas fo 1 4n Usenaunie

G 518n159Uns0 U | e
1 Feeder Device Control Unit (FDCU) 1 Set
2 Accessories

2.1 Steel Plate with Handle 1 Set
2.2 Terminal Block (For Supply, Analog, DI/DO, Ground) 1 Lot
2.3 Miniature Circuit Breaker (MCB) for FDCU 1 Set
2.4 Miniature Circuit Breaker (MCB) for WRL 1 Set
2.5 DC surge protector for FDCU and WRL 1 Lot
2.6 Data link Cable (for connect FDCU and WRL) 1 Lot
- RS232
- Ethernet Cable
2.7 Cable tray /Name plate 1 Lot
2.8 &gln (Metallic Cables) Usgnaumay 1 Lot
- anelvldmSudeyeyau Digital Input @wn
fvualiddesnin 1 mssfiadiuns
- anelvdmSudeyeya Digital Output @
fvuwaldtesnin 1.5 msediagiuns
- aneldwsudeyeyou Analog VT wendmuauayinievihii)
fvualitdesnin 1.5 msrediadiuns
- andlwdmiudiyanas Analog CT uendma(unyvividevah
RY) fvwnelidesnii 2.5 msliadiuns
- analvdmu DC Supply dunalnuanydsm(inau)
fvualidesnin 2.5 msrediadiuns
- angldwmsunsne dlder-ndes
founlddesnin 4 ars1efiediuns
3. | gaumu LRR 1 Set
3.1 wuALAe3 Lead-acid gel electrolyte type 1 Lot
3.2 Control Cable 1 Set
3.3 Power Cable 1 Set
3.4 Battery Charger 1 Set
3.5 Battery Tester 1 Set

nAgWe: dmIun15e0nLUUEAIUAN LRR 1819849 Specification no. RTRN-039/2561
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(2.4) T18n13gUnsal FDCU - SCB wiaugaiuau sie 1 ya Usznausmie

G 518n159Uns0 U | e
1 Feeder Device Control Unit (FDCU) 1 Set
2 Accessories

2.1 Steel Plate with Handle 1 Set
2.2 Terminal Block (For Supply, Analog, DI/DO, Ground) 1 Lot
2.3 Control Inhibit Switch 1 Set
2.4 Miniature Circuit Breaker (MCB) for FDCU 1 Set
2.5 Miniature Circuit Breaker (MCB) for WRL 1 Set
2.6 DC surge protector for FDCU and WRL 1 Lot
2.7 Data link Cable (for connect FDCU and WRL) 1 Lot
- RS232
- Ethernet Cable
2.8 Cable tray /Name plate 1 Lot
2.9 &gl (Metallic Cables) Usgnaumnay 1 Lot
- anelvldmSudeyeyau Digital Input @
Jownlddesnit 1 asneladiuns
- anelvdmsudeyeya Digital Output @
fualidesnin 1.5 aseliaaiuns
- aneldwsudeyeyou Analog VT wondmnauauayindevihin)
fvunlidesnin 1.5 msrediadiuns
- anellvidvsudaynnes Analog CT wendnuivte(uavivileyiiidu)
fvualitdesnin 2.5 msrediadiuns
- aglwdmsu DC Supply umlluany/da(inau)
fvualidesnin 2.5 msrediadiuns
- anglrldmSunsig filen-ndes
founlitdesnin 4 ars1efiediuns
3. | dmumn SCB 1 Set
3.1 wuALAe3 Lead-acid gel electrolyte type 1 Lot
3.2 Control Cable 1 Set
3.3 Power Cable 1 Set
3.4 Battery Charger 1 Set
3.5 Battery Tester 1 Set

nAgWe: dmIun1sesniuugaIuAx SCB 1a1984 Specification no. RPRO-008/2555
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(3) dmiuuunneinldlugeaiuaugunsal FOCU-RCS, FDCU-LRC, FDCU-LRR
uaz FDCU-SCB Tgsuidlduunmeiiifnmamifsieluil
(3.1) $1nuwunmesuiadu 2 siems fil
(3.1.1) :79M571 1 (NGt 1)
Huwumeo3uun 12 V 48 Lead-acid gel electrolyte type
dm3uU FDCU-LRR 913w 111 4
- LuUAWESUN 24 V ¥ Lead-acid gel electrolyte type
dm3u FDCU-RCS, FDCU-LRC wag FDCU-LRR 9111 366 40
- LUAPBR IR 24 V il LiFePOA sy FDCU-RCS $1uau 5 49
(3.1.2) 519M37 2 ("l 2)
dwumeeivun 12 V ¥ Lead-acid gel electrolyte type
dm3U FDCU-LRR 913U 22 90
- LUAWERUN 24 V ¥ Lead-acid gel electrolyte type
&y FDCU-RCS, FDCU-LRC uag FDCU-LRR 9113w 302 4
- LUMABIIUIA 24V wia LiFePO4  d1wsu FDCU-RCS
U 17 9
(3.2) uupimedfesdianuannsaissnefiarsosFunI s uresgunsal
FDCU Local Control Panel wagingidunanlifosnnauass (12) 42lus lunsdiflunasdnglal AC
Suman swdimeluszesnani fosdemuamsalumsvienliosnitdesseu Open - Close ves
gUnsal RCS lugmmniuandondigunsal RCS amnsnvhold adingieseglulvundedyg
nategetios 20% vewiatlutag 12 H9lue warardoalisuaziBeAveINIIAIUINIAILAIINT AV
wusmeImudernvusiidundndu
(3.3) Tumsfwlnufien1seanuuuwusmesazfeafiansaniadedusig
Fasoluil N15¥ALYEUnNL (Temperature  correction  factor), Jadusuteditnveuunines
(Design Margin) Wag “Uf\]é’amqmﬂ%mwaal,l,wmaé Tunsaliasfoninauesvazdennuduiig
ownsldsuvemunmeiiivyfugumdl
(3.0) wumseifiengnisldnususilsivdosningu (10) Utgumaiiszy 20 °C
3.5) uunmeIfassesumenafihantagnusienisiansou
36) lilvensd@wmsumaditaznsszuieoinia lneseulivesnin 15w,
3.7) LUAWe3Yin Lead-acid gel electrolyte type
(3.2.1) lA5UN10NLULLATNAFDUAINNINTFIU IEC 60896-21, DIN
43534, BS 6290 Part 4 %38LfiguLi
(3.8) wunwedvin LiFePO4
(3.8.1) uumimessadl Active Balance 8s nszua Discharge 88136 1.5 A
(3.8.2) WusiAeFaw] BVIS 85 20A LUy Common Port Tnerosdinasauia
(3.8.2.1) Over Charge Protection

(
(
(

(3.8.2.2) Over Discharge Protection
(3.8.2.3) Over Current Protection
(3.8.2.4) Shot Circuit Protection
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(3.8.3) 1944 X90 female Wnaneda+ wazda- anBattery Tngldans
guadefuateves BMS uaziduans@alau 144a X90 male Whaneifu Board controller

(3.8.0) nMsitanunusiaz Cell fadlafionlduiumnun Ine Bus bar
Hoadarmmunegnasn 1.5 mm.

(3.8.5) WUALABIHOWIUNTTYN Balance  Cell  uwazdndesnoau
panaaauld na. 91U 1 Y

(3.8.6) fesiiany Ground Batt (#ea1n Busbar Cell 7 4 uay Cell 11 5)
yadeatuaeves BMS uwanluaedala iesesfudymyins Point Ground Batt Wity Board
Controller Tngldmevatnanauin @ 5 mm. Inefosin Fuse 1A @Elifnsldnudyaaided
sunsaiflatimsandiellsinszualilils) ae Ground Batt T4y FDCU-RCS iy

(3.8.7) wunaes Fasiudhewliuszdn (Filament Tap) egnsties 3 seu

(3.8.8) Mt 3.1, 38 waw 3.9 dewudeTldumanIeviaviavanun
dietlesturhuariu nedesdipmuduauiulidanas wasverliiadn

(3.8.9) vauzle91u Charge Way Discharge 1C W36 Battery @il
ANurndusiag Cell Aoslaiiin 0.1 Volt uazdndasnsaunanaaeuly nvin. 91w 1 4n

(3.8.10) gunnivszneuiiovan desmgamgiwidels 70°C iyt

I:Active Balance %*@ Ground Batt
B4 -----

sUMssieneasnely Battery (lan1g FDCU - RCS)

(4) Battery Chargers

wasdgln DC Azl Battery Chargers fiflaniansAianmsafivuaenle
&4 Battery Chargers fosilsnoavidondisil

1) fusssu Battery Wognunsanuidia (29.0 Volt)

2) A Battery Wioaz3uwde (24.0 Volt) Tawaninsaufualdduas
(Step) 0.1 Volt

3)  Anszuavisaaunsadeild (0.1 - 0.3 O) lneanunsauSuelatuas
(Step) 0.5 A

9)  fpudul993913UUU Constant Current (CC) uay Constant Voltage (CV)
Fudlomifunsmsaiuudiazfosinnsusa

5)  Fesauisandsudulnuanisynsadaluid Weussfununnedanas

fnnenaald wazlunsalselull azasudulrundnigassnga "lawisa" Ingswnlusi@iie:
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Y Aa 1 dASuy
usIAULUAWBILAUATIAGL

5.1)

52) 9auniIngey (Ambient temperature ) 11A31 60 °C

53)  natlumsvsannisuudiluedidivue wu §3ud (24) $alus
5.4) wuneeTlannduiiuaudas (WameIduman)

6) fszuutesiunsewaiiu wsasuiu waglnnseen
7) Battery Chargers fiaqiin1369aefu

8) Battery Chargers fsa13150U4iun194in Deep Discharge Lilogaylde
unaswasnulniinszuaadu (AC) st Battery Charger 9gfpsdinnsifiounei9asianslasuunines
Vavun snuailiusuld veilenswulunmaIninafinald

YONWILBNTDMNAUAV A UL %é’aaﬁmmmmsdumiL‘%uﬁumﬂﬁauﬁw{aiﬂﬁ:
1 v
2) deyey mmaummmmmmaim

) dryey mmaummwmmmaim
)
3) duaanfieununmesauman
)
)

€

€

4) deyey ']WLG]GULLNﬂu‘lWﬁWLﬂu‘U@QLﬂiaﬂ‘mifﬂLL‘UG]LG]@?
5) dtyey ’]EIJLG]’@‘HLL‘UG]LG]E]']T"UW]ﬂ’]SLSUEJNWE]

€

Foyanas Alarm aedesuansuy Local Control Panel wiaxllnluanidaiuy LED fiaing
s dynos Alarm wishiasgnaslusgug TOMS dwmiunasslvl LED sosainafiswediazdiuld
Tuiifuasunndi uagsoailiidunisnsaoununne? ileTauasfnmunisidouaninyeanunined
fiintuiilonaniuly uarardosanusanenumaimeifina1voaunnodlud TOMS 1§ ns
anindsnanienataanussfulaiin nszualiih wazmnuuummeindeet elosiunisiden
YouuUAADIHBUTI AR AN M
(5) dwi¥uany Control Cable ua Power Cable #ldugunsal FDCU-RCS, FDCUALRC,

FDCU-LRR wag FDCU-SCB Tfsusnesindumadsumeviadulaglildidutan Military Grade was
Aasaninsaldnusiuivgunsalfiule

7.6 \Hosnnadidunumadyniidunisindsgunsal FDCU-RCS, FDCU-LRC,
FDCU-LRR waw FDCU-SCB w¥ougmuau lussuusmnefidnelnud dnjudfuiasdostiiums
shenmszdaseds waeuulunsdudunisidaeuuazuiueu Tunsdfifinudndudessuliie
UfjuRau miUmwymaammﬂiymumuﬂuLﬁ]mmwuaq . saviegetiey 15 @u) Jwihnis

7.7 vl aswsiiad i ieviudhiimun wasussaunutufuisegdlnddn
paemsTETARILAIEINM TRARsuRsn T ssuU sl dan

78 f3udiosiavitydnenisgunsal FOCU i3ensusnuavesusasuvs nioy
thdsgunsnifiseneuiiamuniithey foRnisuazthsedneu nsliituansine

7.9 fFuihaazdesinmgaiuauivhaintan Stainless Steel (Type 304L) wunlal
Ween3n 2 fadiuns lneveaaun1uuInggIu 1IEC60529  wazlaunsgiunistleany IP54 n3efnin
wiouniudiadouiduding (RAL  7032) wargunsaiduqiliieados 1Wu Connector, 2995A2UAY,
LUALAESS uargATSILUMMDST el Ffauauiitamumaunurenfnty arunsoldeuiimiy
gUnsolfuiiRndeldruegdulutiagtuls
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71085 U s osdevnuainaua (Master Key) uszgnnayuaiiiedendrunumasannsmy
Tngnstwihdugianaduginuanaauds
7.11 mslneusy
fsuiseesiudumsiniinousuiifidonasounquaufissyliludorivun
mawedn ieliimiifives nwn. ansminsesagenszuuldiesdaonounisdefineusugiuing
Fossudiums feil
(1) {uissdosdaenarsneazifoaiadonanioniveanisiineusuls
nvla. frsanlianuifiuseunounisineusy Tneilevnuesmdngas (Training Course) fasazaupqa
HananquinarnaUiol uavazdossevaguiommngunal mumeasBendemillaseyly
Yamvuanemailn
(2) FEuihsdesdavmanui uazyhmsilneusy Wudwiineu avin. nguil 1 dwau
laifosndn 12 Guass) au wag nguil 2 S1uruliifosndn 12 @uaes) au Tnsusasnguilszoznansiy
laifeundn 35 (awdusin) Falus Wuniseusuiuarlitiu 7 (3a) $2lus duduludiuenlddang
madunaazebodesivnuendmind min. fdnsameusu avn. andulFuinveualidnesena
7.12 MIIREUDNETT
mMendanismidunundnaia §Fudnsazdosdndaonansil nesgunsal
AUAY 21779 LED 4u 15 nvin. drifnenlng) TnedswaziBoadsil

U ()
GRIAINY 59815 Hard | Soft NUBLYR)

Copy File

[y

As-Built Documents and Drawing d S ugenua

1 S, 3 d@ 13U Soft  File
RCS WAQZHNANNN oo .
: : NIUI199¢MD 3
2 Operation and Maintenance (O&M) Manual 3 3 v .
: TatAvlugunsal
FDCU Maintenance Software and )
3 . . - Flash Drive
Configuration

7.13 MInTIRde LAz NagouaUnsal FDCU
(1) mMIvmgeu Factory Acceptance Test (FAT) gunsad FDCU o 1594 mugn&n

d3udnsaziesdndiununiimaaey (Test Plan) wious1eazidunnIs
AABY Factory Acceptance Test (FAT) ai lsanufudn vieanuififiudrsdnnion 19 nvln.
finsanlvianuiuvseudrmihnouiuSumeaeuass ool min. azdadmiifidh Winess msvaaeui
sudunsleegiuing nieuasmeodeduldaunansnaasundouanuiiu (dnd)

(2) N1SNAABDYU Site Acceptance Test (SAT) wagn1snaaaunsdousafy
5%UU SCADA (End To End Test (ETE))

H3U9199A0adnLNUNITNAdOU (Test Plan) Wiausgayidunnis

VINEBU Site Acceptance Test (SAT) wagn1snAdaUNSlouseiusEuY SCADA (End To End Test
(ETE) uazszuvdeaisves nwa. lagiauswduldedrsanysal uazgfuinadeadniniongunsal
dwunadeugunsal FDCU fusguu SCADA Tiasudau wazddlid nila. Rarsanliaiiuiiugeu
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[

danthroutusumageuats (unsdliissuudeasues nln. Linfeudmiunismeaey WigFudna
JawSeugunsalyn Simulator 7 nwa. saxiy leldlunsvaaeuls)

. azdaudmhiidn Witness nmsmageunthaudiduiunislas §3u
$19 wievasaneileterlufdaunmnismaaeunsonn iy @i

48 8 MIfnA1UTuRaAIYALYY
nsAnAUuLaz AL nsdliuiisveudsy videlfundn fus viodweuian
gUnsniffiseazidunliinssmudnyndramn
8.1 n¥la. azenLiunsAaAUSU (PENALTY) 5% Tunsdlsneg il

) a a1

- nsfluenmilonsmIuANYeIAdy LR INMIAgAIde VS ong AN salfiddyan

LidpeFulinvou wWu guandnfanisusednisriufanisivuiendunmenidnnisuangunsaliud
waueludye visednsiausulvdnand
a g L4 Gl Id a U a Y YV
- N3 TUAIINADINITVRY NN, vTeLlunAveIRneSTUURT I DUWA LR D990
WagunanAu

1

- nssldygyiideRanainmaenarsifigallainldlaiAnnanu 1w sugunsal
Pladfinmsndnass s

1%
g

viail gunsalfiverUAsudiesgniesnudeimua (SPECIFICATION) wes nvin. Tag

finunmuasauaudfvisusivsefnindyawiningunsaiivewdsu daumniasauaudfnes
nhaunsalludyauidignaessnudenmunves niin. lnellnunmuazauaudiegluiiniuns g

b =le

fvunimoasFulildenls nvin. azAndrvaive TnsUszifiuanyarwesgunsaifiveiudsu Ssanas
wseneanIngunsadludyaeie
8.2 n9ln. azAnANUSY (PENALTY) 5% Tunseisine il

- fuiwelasuvdoiiundn fauslagbildidumn aude 8.1

- §Tudndeinisaniiin vieanvuin vieandtwiu lngasaadesiuaninnisly
Uit savhauldnuaudsInmsnvesna.

il qunsnifivellAsunieiindesgniesnudorinun (SPECIFICATION) v
nyln. uazdesdinunmiazauandiiisunviefnitgunsalludnan uimngunsaiiveiUdsunie
iindsnaninsulinunmazgaautadesnitgunsalludygy uidgndesnudeivunves ama,
TnefguunmuazanautfoglufifaiiumsguimunimessSulildulagFuiBusely nvin. fn
AvawaLindndsuenvionna1Usu (PENALTY) 5% lasussifiuainyarivesgunsaifivaidasy
videriuiudianamiesosningunsalludoygn

dnsunsdinsveriiundndaeiandyyda nvia. 15‘€Juaau1ﬁLﬁaJLLa”a§u;§%’U5N
ansnsnthietgunsaivftegludyniiuuargunsaifiverisiudmdndiunishnddldud nvn. agld
fnsanfuruiu (PENALTY) 5% fawhngiuinasldgunsalmudyauiuuasmnidunsdingunsal
fvoifuiufiyacsnigunsalludyaiuuarldfinsAneense | uduiiu aiiengunsaifes
ludyanifuiifyarigeaniunfasdifaerlifasanfuinmeildinliududedda

90 9 midadvduazmsadlnuiugiienu

(%

Mgy NNFININ wae/v3e WWusnunungrng detidu sadeu laq gindndlddadu
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v @

99 10 nsvihuseiude

DR X% v

muualigsuindesiussiudessudSunauselonidu nin. wazdaweuduaty

nsussaiUsrufsndomndngunstsadeuseiuseliun avn. deutufildsumisdeundsan nvin,
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Scope

This Specification Describes the requirements with the manufacturer shall comply in
order to supply Feeder Device Control Unit for Remote Controlled Switches for 22 kV and 33
kV 50 Hz in Provincial Electricity Authority Distribution System.

1. Common Requirements
This clause describes the Authority’s common requirements that apply to the FDCU
equipment.
1.1 General

The following general requirements shall be met:

1) The FDCU equipment shall be designed, fabricated, assembled, finished, and
documented with workmanship of the highest production quality and shall conform
to all applicable quality control standards of the original manufacturer and/or
Contractor.

2) All materials shall be new, unused, and of the best industrial grade.

3) The equipment shall incorporate all recent improvements in both design and
materials and, in this respect, shall be assembled using current production
components from reliable component manufacturers. Manufacturer standard
designs shall be used as much as possible.

4) To facilitate expansion and maintenance, modularity shall be employed in the
design of the equipment.

5) Major components shall carry permanent labels providing a cross-reference to the
Contractor’s corresponding documentation.

6) Materials promoting the growth of fungus or susceptibility to corrosion and heat
degradation shall not be used. Steps shall be taken to provide rodent proof
installations.

7) The equipment shall support internal clock time retention in the event of a power
supply failure. In this respect, the use of an on-board battery is not acceptable (also
refer to Clause 2.3.4). The mechanism for internal clock retention shall not require
periodic maintenance.

8) All features of the proposed equipment, as described in the Contractor’s proposal
and associated reference materials, shall be fully supported by the equipment

delivered.

1.2 Standards
With respect to installation procedures and associated accessories (such as power
cables, ground cables, surge arrestors, etc.), the standards of the Engineering Institute of
Thailand shall apply. Otherwise, the FDCU equipment shall be designed in accordance with

applicable International Electro technical Commission (IEC) standards and comply, as may be
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necessary, to standards published by other organizations, such as the Institute of Electrical
and Electronic Engineers (IEEE), American National Standards Institute (ANSI), National
Equipment Manufacturers Association (NEMA), and Electronic Industries Alliance (EIA).

For conditions not covered by the referenced standards, other internationally
recognized standards identified by the Contractor and approved by the Authority shall apply.
In all cases, the provisions of the latest current edition or revision of the referenced standard
or code shall apply. If the initially referenced standard or code has been superseded, any

such reference shall imply a reference to the new standard or code.

1.3 Service Conditions

The FDCU equipment shall be suitable for continuous outdoor operation in Thailand’s
tropical monsoon climate, which includes exposure to severe frequently occurring
thunderstorms. It shall also be suitable for conditions where it will be exposed to heavy
industrial pollution, salt-spray, and high levels of airborne dust. These exposure requirements
shall apply to all accessories that may be vulnerable to such weather and environmental
conditions as well. Thus, the Contractor’s proposal shall have clearly clarified how the FDCU
equipment and its accessories comply with such requirements. Otherwise, as may be
necessary, conformal coating (Class 2 in accordance with IEC 60870-2-2 or Class 3K7 in
accordance with [EC 60721) shall apply to all components that are prone to misoperation
and/or damage from such exposure.

In addition, the equipment shall have been type tested for continuous operation

under specific conditions as follows:

1) Temperature: 0°C to 70°C (IEC 60068-2-1, 2, 3, and 14, or equivalent)

2) Temperature Gradlient: Up to 30°C (IEC 60068-2-1, 2, 3, and 14, or equivalent)

3) Relative Humidity: Up to 95% at 40°C (IEC 60068-2-30 and 38, or equivalent)

4) Cyclic Damp Heat: 40°C to 25°C at 95% Relative Humidity (EC 60068-2-30
and 38, or equivalent)

5) Absolute Humidity: Up to 29¢/ m’ (EC 60068-2-30 and 38, or equivalent)

6) Vibration (sinusoidal):  2g acceleration, 9 to 350Hz (IEC 60068-2-6, or equivalent)

7) Shock: 15¢g, 11ms test (IEC 60068-2-27, or equivalent)

8) Tilted Pole: Up to 10 degrees from vertical in any direction

9) Altitude: Up to 1,000 meters.

The required type tests shall have been carried out by suitably accredited test
laboratories that are independent of the manufacturer and Contractor. Certified copies of all
type test certificates and test results shall have been included as part of the Contractor’s
proposal.
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1.4 Fail Safe Design

The FDCU shall be designed to prevent false control actions being executed and
erroneous data being transmitted. In this respect, they shall incorporate the following fail-safe
design criteria in their control output logic:

1) No false output shall result from a single point of failure in any FDCU.

2) No false output shall result during FDCU power up or power down.

3) No false output shall result from inadvertently inserting a circuit card into a wrong

slot within the FDCU.

1.5 Maintainability
The Authority prefers FDCU equipment designs that do not require periodic preventive
maintenance and inspection. If periodic maintenance is required, it shall be possible to
perform all such work in the field without dismounting the equipment and without requiring
that the associated power system circuit be de-energized.
Within this context, the FDCU hardware shall:

1) Be designed to minimize or eliminate the need for periodic maintenance.

2) Be assembled from modules to facilitate troubleshooting on a module basis.

3) Be configured to simplify the removal and replacement of modules or component
parts with minimum effort.

4) Include module interfaces that minimize opportunities for damage due to removal
and replacement of modules and plugging and unplugging cables within the control
cabinet.

5) Include graphic placard warnings of hazardous and potentially damaging actions.

The FDCU software, including firmware and firmware parameters where applicable, shall:

1) Include a mechanism to locally display the operating software and firmware
versions.

2) Be remotely downloadable and upgradeable in an encrypted form to assure a
secure and complete download (refer to Clause 2.3.3).

3) Be downloaded into parallel memory for error check and decryption before being
loaded into operating memory.

4) Be stored locally as a previous version before new software and firmware is
executed and, on this basis, be available for restoration.

5) Employ watchdog timers to detect FDCU failure and generate a restart.

6) Be supported by operation and maintenance information in the FDCU user manual.

1.6 Immunity to Electrical Stress and Disturbance
The electrical and electronic components of the FDCU shall satisfy the requirements
for insulation, isolation, and immunity from electromagnetic interference, radiated
disturbance, and electrostatic discharge by complying with relevant international standards. In
this respect, the standards with which the FDCU comply shall be identified by the Contractor
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for Authority approval and shall have been verified by type tests carried out by suitably
accredited test laboratories that are independent of the Contractor and/or manufacturer of
the FDCU components. Certified copies of all relevant test certificates and test results shall

have been included as part of the Contractor’s proposal.

1.6.1 Minimum Insulation of Equipment

The following classes of exposure to electrical interference shall be used in
interpreting the insulation requirements of all components and wiring as installed:

1) Exposed Equijpment - Exposed equipment terminals may be interconnected
without special protection of the insulation. Equipment terminals shall be considered exposed if
they are galvanically connected to current or potential transformer secondary circuits.

2) Controlled Exposure Equijpment - Controlled exposure equipment terminals
may be interconnected when relevant conditions are satisfied. Equipment terminals shall be
considered controlled exposure terminals when the following criteria are met:

a) The rated voltage of the associated circuit does not exceed 32 Vac or 48 Vdc.

b) Direct galvanic connections to exposed equipment terminals are made
using a suitable barrier device that has the isolation ratings required for exposed equipment.

Exposed equipment terminals shall be intrinsically designed to meet the
insulation requirements. The provision of externally mounted “add-on” circuitry, including
devices such as auxiliary relays, isolating transformers, and electronic or gas suppressors,
solely for compliance with the insulation requirements shall not be permitted.

Within the context above, the FDCU shall meet or exceed the minimum
insulation requirements listed in Exhibit 1-1.

Exhibit 1-1: Minimum Insulation Requirements

Specified Details
Recukrements Test Standard
q (or equivalent) Exposed Controlled Exposure
Equipment Equipment
IEC 60255-5
Rated Insulation Voltage 500 V 60V
Table |
. . IEC 60255-5 Table |
Dielectric Test Voltage ) 2.0 kV rms 1.0 kV rms
Series B (Clause 6)
Insulation Resistance IEC 60255-5
Required Required
Test (Clause 7)
5 kv 5 kv
IEC 60255-5
Impulse Voltage Test 1.2/50 ps 1.2/50ps
(Clause 8)
0.5 0.5
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1.6.2 Immunity from EMI, Radiated Disturbance, and Electrostatic Discharge
The FDCU shall be designed for safe operation in harsh environments subject to

high voltages. Their data communication ports shall be designed to withstand disturbance

testing without permanent corruption of data and subsequent delay of data transfer. Within

this context, they shall conform to the immunity, susceptibility, and interference requirements

shown in Exhibit 1-2.

Exhibit 1-2: Immunity, Susceptibility, and Interference Requirements

. Test Standard . .
Requirements . Class or Level | Specified Details
(or equivalent)
High Voltage Impulse IEC 60060-1 - 5kVv, 0.5 J
Electrical Disturbances IEC 60255-22-1 Class 3 2.5 kv CM
(1 MHz Burst) IEC 60255-22-1 Class 3 1.0 kV DM
Electrostatic Discharge IEC 61000-4-2 Level 3 8 kV air
[IMmmunity IEC 61000-4-2 Level 4 8 kV direct
Radiated Immunity IEC 61000-4-3 Level 3 80 MHz-1 GHz
IEC 61000-4-4 Level 4 4 kv
Fast Transient/Burst Immunity I[EC 60255-22-4 Class 4 4 kv
ANSI/IEEE C37.90.1 - 4-5 kv
Surge Immunity IEC 61000-4-5 Level 4 2 kv/a kv
Conducted Immunity IEC 61000-4-6 Level 3 0oV
) o Required for ac
Harmonics Emissions IEC 61000-4-7 -
powered systems
Power Frequency Magnetic
IEC 61000-4-8 Level 4 30 A/m
Field Immunity
Pulse Magnetic Field Immunity IEC 61000-4-9 Level 5 1000 A/m
Damped Oscillatory Magnetic
IEC 61000-4-10 Level 4 30 A/m
Field Immunity
Ring Wave
Oscillatory Transient I[EC 61000-4-12 Level 3 Damped
eve
Immunity IEC 61000-4-12 Oscillatory
2 kv

2. FDCU Functional Requirements

This clause describes FDCU functional requirements from the perspective of remote

monitoring and control of the Authority’s remote controlled switches. Required FDCU

configuration, maintenance, and diagnostic features are also described.
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2.1 TDMS Interface

Each FDCU shall support two-way communications at least four Front-End Processors
(FEPs) which have specific IP Address for each of FEPs. These FEPs and other servers will
comprise the central computer platforms for DDIP’s new Transmission and Distribution
Management System (TDMS). The TDMS computer platforms will host the SCADA and
EMS/DMS applications that will support remote power system operations from multiple
Authority control centers and, in this respect, the computer platforms and control centers will
provide backup for each other. The FRTUs shall communicate with the FEPs at data centers
using the secure authentication of the DNP 3.0 protocol over IP.

Within this context, each FDCU shall use the co-located Communication Equipment
supplied and installed by contractor, such that the data can be received by data centers
simultaneously. It shall be possible for the data to be sent under the following DNP 3.0
defined modes of operation:

1) During a Class 0, 1, 2, and/or 3 poll by the TDMS. This shall include:

a) Integrity and report by exception polling.
b) Sending selected status or analog points on demand.

2) During an unsolicited (spontaneous) Class 1, 2, and/or 3 FRTU response to a power
system event. This shall include sending an analog or status point value in the
event:

a) An analog value exceeds an individually configurable dead band around its
previously reported value.

b) An analog value exceeds an individually configurable Threshold.

c) A status point changes state.

The FDCU shall include the capability to receive and implement DNP 3.0 control
commands as sent from any SCADA server that is a part of the two TDMS data center
platforms. The capability to configure the FDCU remotely using a secured and/or encrypted
TCP/IP protocol like “https” shall also be supported.

2.2 Input/Output Points
The FDCU shall include facilities for handling all required analog input, status input,
and control output points. The requirements for each type of Input/Output point are
described in the Input/Output point for FDCU-RCS Interface table.

2.2.1 Analog Inputs
The FDCU shall:
1) Acquire analog inputs directly without transducers from each of three power
system voltage and current terminals in the existing or Contactor-provided
RCS control cabinets.

2) Apply suitable filtering to eliminate the risk of signal aliasing.
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3) Use voltage and current inputs for calculations that support TDMS acquisition

of the following data as a minimum:

a) Line-to-line voltages.

b) Phase current magnitudes and phase angles.

c) Real and reactive powers (three-phase kW and kVar totals with sign).
d) Power factor.

4) Accept ac voltage input signals with a normal input level of 110 V.

5) Employ analog to digital converters with minimum of 16-bit resolution for a
bipolar input signal.

6) Accurately resolve ac voltage input signal levels from 0 to 150 V.

7) Accurately resolve ac current input signals with normal ranges of 0 to 5 A or 0
to 1 A

8) Include the capability to report all analog values that have changed by more
than their programmable dead bands from their last values successfully
reported to the TDMS.

9) Record maximum rms fault current signals, over a period of at least one (1)
second, up to 20 times normal (100 A) within a maximum error of 2.5% of Full
Scale Deflection (FSD).

10) Not impose a total analog input burden of more than 0.5 VA for all current

and voltage inputs.

11) Demonstrate an overall analog input error of no more than +0.2% of 1.2

times normal FSD over the temperature range 0 to 70 °C.

12) Reject common mode ac (50 Hz) voltages up to 150 V.

2.2.2 Status Inputs
As a minimum, the FDCU shall accept isolated wet and dry single contact two-
state status inputs and two-state status inputs with memory, i.e.,, Momentary Change Detection
(MCD) inputs. Input change of state shall be timestamped to a precision of 1 millisecond.
Within this context:
1) AWl necessary wetting voltage, current limiting, input isolation, and bounce
filtering shall be provided.
2) Contact de-bounce time periods shall be individually configurable.
3) The input circuits shall be optically isolated from the external signal.
4) Unless the FDCU can provide its own self-supplied wetting voltages, input
contact wetting voltages shall be 24 Vdc as obtained from the dc power
supply in the existing or Contactor-provided RCS control cabinets.

5) Each wetting voltage circuit shall be protected with its own circuit breaker.
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2.2.3 Control Outputs
The FDCU shall support the following control output features:
1) A Select-CheckBack-Before-Operate (SCBO) procedure for all control operations.

In this respect, the following concepts shall apply:

a) On receipt of a control point select command, the FDCU shall check that
no other point is selected, select the requested point, acknowledge the
select command, and start a Command Receipt Timer.

b) Control point selection shall be canceled if the subsequent operate
command is not received within the Control Receipt Timer’s
programmable time-out period, which shall be adjustable from five (5) to
thirty (30) seconds.

c) On receipt of the operate command, if the control point has remained
selected and no other point has become selected, the FDCU shall then
initiate the requested control action.

d) The SCBO procedure shall be canceled automatically on completion of
the control action or if not completed within an adjustable time-out
period of up to 60 seconds.

e) Any further attempt at control shall require a new SCBO procedure.

2) RCS opening and closing by sending commands to a complimentary pair of
contact outputs such that:

a) One command activates the contact used to open the switch.

b) The other command activates the contact used to close the switch.

c) Only one contact output in a complimentary pair can be activated at a time.

3) Momentary control where each output provides a contact closure pulse
having an individually programmable duration from 1 to 60 seconds in
increments of 1 second.

The following requirements shall also apply:

1) The voltage rating of the control output contacts shall be 24 Vdc.

2) All control power shall be obtained from the existing or Contractor supplied

24 Vdc power supply.

3) FDCU control outputs shall be able to drive loads of at least six (6) amps.

4) Output relays shall be designed for 10° (one million) mechanical operations.

5) The FDCU shall monitor all operations and local status information and give
warnings or advisory messages when any wrong operational sequence is
requested.

6) Abnormal conditions shall inhibit control operations, e.g., low gas-pressure
lockout of an RCS.
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2.2.4 Feeder Fault Current Detection
The FDCU shall be able to detect and report the passage of momentary as well
as sustained feeder fault currents. Within this context, sensitive earth fault as well as all other
fault type detection shall be supported. It shall also be able to detect and report loss of
power system voltage and a return-to-normal feeder energized state. In this respect, the
following functional requirements shall be met:

1) Fault passage detection shall be based on checking if a current set point
value has been exceeded. If such a condition is detected and continues for a
specified time duration, the detection logic shall result in a Fault Event being
registered and reported to the TDMS.

2) Fault passage detection shall include reporting features for the different types
of fault that can occur. In this respect, for example, the fault detection
features associated with such relays as follows shall be incorporated, where
equivalent IEC 60617 codes as well as the referenced ANSI codes may apply:
a) Overcurrent (ANSI 50/51, 50G/51G)

b) Sensitive earth fault (ANSI 50SEF)

c) Directional relay (ANSI 67)

d) Broken conductor (ANSI 46BC or ANSI 47BC)
e) Negative sequence voltage (ANSI 47)

W
=

Detection of a return-to-normal state shall be based on recognizing that the
voltage level has been above a configurable set point for a specified time, in
which case a Fault Cleared Event shall be registered, reported to the TDMS,
and used to reset the FDCU so it is ready to detect any subsequent fault.

4) The FDCU shall support TDMS downloading and uploading of the set points
and time periods that correspond to Fault Events and Fault Clearance Events
using the DNP 3.0 protocol.

5) The FDCU’s feeder fault detection function shall:

a) Work properly for all possible configurations of the power system circuit
where the FDCU is installed.

b) Prevent miss-operation due to magnetizing inrush currents and other
transient no-fault conditions.

c) Report the fault current level with time stamp to the TDMS and reset the
fault current register to zero.

d) Report Fault Event, Fault Direction, and Fault Clearance Event details as
time-stamped Sequence of Events (SOEs).

e) Save the last 128 Fault Events along with their corresponding Fault
Direction and associated Fault Clearance Event details and, on demand,
report them to the TDMS.
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f) Support a configurable format for local fault record reporting including the
Comma Separated Variable (CSV) format for use in a spreadsheet and the
COMTRADE (IEEE C37.111-1999) format for use with a commercial COMTRADE

viewer.

2.2.5 Point Counts

The FDCU shall be equipped to handle the I/O list described in the relevant
tables shown in the Input/Output point for FDCU-RCS Interface table. They shall also include
spare I/O points fully configured and available for immediate use by the Authority. In this
respect, at least 5% of the number of status points, and 5% of the control output point in
each as-built distributed /0O module shall be spare.

The spare status and control output points shall be wired from the FDCU 1/O card
to the associated terminal strips in the associated control cabinet. Additional I/O point on the
I/O card beyond those needed to satisfy the requirement for spare points need not be wired.

2.3 FDCU Architecture
The FDCU shall incorporate a programming capability within an architecture that
supports convenient installation, maintenance, and expansion features. The architecture shall
include a central processing module, I/O module, control module, communications Interface,
and time and date Facility. Associated equipment such as dc power supply and local control

panel are described elsewhere in the Technical Specifications.

2.3.1 Central Processing Module
The Central Processing Module (CPM) shall:
1) Support a high-level language processing capability per the open IEC-61131-3
standard for programmable logic controllers.
2) Support management of the FDCU database from a local test set including
the DAC Simulator.
3) Support download and upload of FDCU parameters and configuration data.
4) Implement the DNP 3.0 Secure Authentication protocol interface with the TDMS.
5) Control data acquisition from the RCS and the sending of control commands
to the RCS using an 1/0 module.
6) In accepting commands from the TDMS:
a) Perform address recognition.
b) Assemble response messages in accordance with the received command
messages.
c) Transmit these messages to the TDMS.
7)
8) Manage communications between all other functional modules of the FDCU.
9) Determine the integrity of the FDCU.
10) Provide diagnostic information in the message structure that the TDMS shall monitor.

Provide interfaces for a time standard and test set.

10
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11) Set a flag if the FDCU performs a restart for any reason including power
failure.

12) Include a watch-dog timer that is reset regularly by FDCU software. If the
software fails to reset the watch-dog timer (e.g., because of a software error
causing the software to “loop” or “hang”), then the timer shall expire

causing the CPM to reset and restart.

2.3.2 1/O Module

I/0 module requirements include the following capabilities and features:

1) Capability to accept analog and status inputs and send control outputs. This
shall include fault current measurements.

2) Capability of being replaced without reprogramming, redefinition of
configuration parameters, or rewiring.

3) A Control Switch (CS) that, if not in its normal control position, inhibits RCS
control from the TDMS or test set.

4) A status input contact so that the TDMS or test set can monitor if the position
of the CS is in its normal control position.

5) Capability to report the position of the Local/Remote (L/R) switch supplied
with the RCS. For the CS to be effective, the L/R switch must be in “Remote.”
Otherwise, with the L/R switch in “Local”, remote control from the TDMS or

test set shall be disabled irrespective of the CS position.

2.3.3 Communications Interface

The FDCU shall be provided with a communications including necessary and

sufficient numbers and types of port that can be used to support:

1) Remote data communications with external systems and devices over an
Ethernet/IP network using the secure authentication of DNP 3.0 protocol over IP.
This shall include data communications with multiple masters, as in the TDMS
systems at the Authority’s two data centers, and the DAC Simulator.

2) Local and remote configuration with a static IP address.

3) The fully implemented message security features of the DNP 3.0 protocol
running over TCP/IP. This capability shall be demonstrated successfully as
part of factory acceptance testing.

4) Communications that is not degraded by simultaneous activity in other parts
of the FDCU.

5) Temporary connection of laptops (such as the DAC Simulator or FDCU test
set) for local installation, maintenance, diagnostic, and test purposes for all
configurations and data access functions associated with the FDCU.

6) SCP/SSH with respect to downloading, for example, FDCU configuration

parameters and firmware updates.

11
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7) Features such as HTTPS for web server functionality (refer to Clause 2.3.5).

8) Blocking or disabling of ports to prevent unauthorized access.

9) MAC and IP filtering so that Ethernet traffic is limited to a configurable

“whitelist” of network device MAC and IP addresses.

10) Access control using a secure log-in procedure. As a minimum, this shall
include user authentication based on a unique username and password.

11) System logging (syslog) at a device or system level. Syslog alerts shall
include remote user access activity including successful and unsuccessful

login attempts.

2.3.4 Time and Date Function

The FDCU'’s time and date shall:

1) Include an internal time-of-day clock for data collection coordination. The
time resolution of the internal clock shall be one (1) ms or better and,
without synchronization, the time shall drift by no more than 5 ms per hour.

2) Use the existing or Contractor-provided RCS control cabinet’s 24 Vdc power
supply as the only source of power for the internal clock, i.e., no other source
such as an internal (on-board) battery shall be used.

3) Synchronize the internal clock whenever the FDCU is powered up. This shall
not prevent the FDCU from immediately registering inputs even before the
time and date reference signal has been received. Any such inputs shall be
reported to the TDMS with the appropriate time and date, i.e., use of an
arbitrary default time and date is not acceptable.

4) Be able to receive a DNP 3.0 compliant time and date message that contains
a Greenwich Mean Time (GMT) reference signal, generated by the TDMS in
long format and in such a way as to properly account for communication
path delays.

5) Be able to synchronize the internal clock to the GMT time and date received
from the TDMS.

6) Be able to synchronize to an optional Global Positioning System (GPS)
receiver. The GPS antenna shall be of low profile type for secure and
moisture-resistant mounting on top of the FDCU enclosure. The receiver shall
be used to synchronize the internal clock to the correct GMT time and date
within a time resolution of at least 1 millisecond.

2.3.5 Web Server Function
The FDCU shall include a web server. The module’s facilities shall be accessible
through a secure HTTPS connection both locally and remotely by means of not only the
FDCU test set, but also a standard laptop PC, tablet, or smartphone. Access shall be password

protected and allow for different permissions based on defined user roles. Passwords and

12
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roles shall be defined during project implementation and after project has completed. As a
minimum, the facilities of the web server shall include:

1) Maintenance features that include the capability to upgrade and configure
FDCU firmware.

2) The capability to set FDCU communication parameters such as DNP3 Source
Address, Destination Address, Timeouts, Retries, Frame Size, etc.

3) The capability to set FDCU clock time, time synchronization, and fault
detection features.

4) Display and clearance of historical logs and the capability to export logs in
CSV format.

5) MMI features such as mimic and graphic displays supporting for example RCS
monitoring and control, visualization of site location details, and presentation
of voltage and current measurements.

6) An FDCU field testing feature that allows a locally entered data point
(simulating for example a power system voltage measurement) to be sent to

the TDMS via DNP 3.0 along with an appropriate data quality code.

2.4 Software/Firmware
The term “software” is used in these Technical Specifications to mean software or
software implemented through firmware. Complete and comprehensive documentation shall

be provided for all software.

2.4.1 Operating System

The FDCU operating system shall:

1) Be a real-time non-proprietary operating system.

2) Manage and support all FDCU applications.

3) Support editing and customization by the Authority as needed to maintain
FDCU operation.

4) Provide automatic restarts of the FDCU on power restoration, memory parity
errors, hardware failures, and manual request.

5) Initialize the FDCU on power-up and begin execution of the FDCU functions
without intervention by the TDMS.

6) Report all restarts to the TDMS.

2.4.2 Operating Software
The FDCU operating software shall be:
1) Prepared in a high-level language such as the I[EC61131 programming suite.
2) Documented in detail.

3) Free of additional licensing charges or license agreements.

4) Supported by protocol, configuration, and application data contained in easily

programmable non-volatile memory such as Flash EPROM.

13
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5) Independent of any data communications protocol that would impose
restrictions on the flexibility or functionality of the FDCU. In this respect,
protocol changes shall be capable of being accomplished by locally and
remotely implemented software/firmware changes only.

2.4.3 Diagnostic Software
FDCU diagnostic software shall:
1) Continuously monitor operation of the FDCU.
2) Report FDCU hardware errors to the TDMS.
3) Check for memory, processor, and input/output errors and failures.
4) Be sufficiently detailed to detect malfunctions to the level of the smallest
replaceable component.
5) Facilitate isolation and correction of all failures.
6)
7) Include integrated on-line diagnostic functions in all functional module nodes.
)

8) Report diagnostic results to the CPM for store and forward to the TDMS.

Include features promoting rapid fault isolation and component replacement.

2.5 Interlocking
The FDCU shall include configurable interlock logic to prevent misoperation of the
RCS. In addition to preventing RCS operation locally and/or remotely in accordance with the
positions of the Local/Remote and Mechanical Lock/Free switches, the RCS control command
shall be prohibited in the case of a low SF4 gas alarm. The interlock information shall be sent
to the TDMS via the DNP 3.0 protocol.

2.6 FDCU Testing

2.6.1 Factory Acceptance Test
The Factory Acceptance Test (FAT) shall take place on each and every FDCU
Interfaces when fully assembled in readiness for transportation to site. The FAT shall
demonstrate that all of the component parts and functions of the FDCU interfaces are in
good working order and properly configured for the FDCU Interface’s designated site including
integration with the DMS. Where applicable, the FAT procedures shall make full use of the
test set.
The FAT shall verify that the FDCU can meet such basic requirements as follows:
1) Visual Inspection of Equipment (refer to Approval Drawing).
2) Fail safe design.
3) Rigorous testing of each input and output function of the FDCU (refer to
Annex A: Input/Output point for FDCU-RCS Interface).
4) Detection of fault current amplitude and direction as follow:
- Phase Fault Current A, B, C
- Overcurrent (ANSI50/51, 50G/51G)

14
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- Sensitive earth fault (ANSI 50SEF)
- Directional Relay (ANSI 67)
- Broken conductor (ANSI 46BC or ANSI 47BC)
- Negative sequence voltage (ANSI47)
5) Ability to communicate with external systems using the DNP 3.0 (Secure
Authentication) over serial and IP protocols at the specified data rates.

6) Ability to support download and upload FDCU parameters and configuration data.

At the end of FAT, the Contractor shall submit a corresponding test report for
Authority review and approval.

2.6.2 Site Acceptance Testing

Each FDCU Interfaces shall be tested at site. This shall include unit testing by the
Contractor, at the time of installation of each FDCU Interfaces to ensure all components can
be powered up and are in good working order, and subsequent site acceptance testing (SAT)
to demonstrate that the FDCU Interfaces is fully operational with respect to the functional
capabilities intended for use at its specifically assigned site. Prior to SAT, the Authority shall
inspect the interface installation and corresponding Contractor maintenance records to
identify all equipment that may have been modified, repaired, or replaced between the
completion of FAT and the start of SAT.

To the fullest extent, site acceptance testing shall be carried out by using the
functional capabilities of each FDCU to monitor and control the site’s associated power
system equipment. This may require power system outages in full coordination with the
Authority’s dispatchers. Otherwise, the functional capabilities shall be exercised using non-
outage techniques such as simulating analog and status inputs and checking for control
output signals at points of connection that may need to be temporarily isolated from power
system equipment.

SAT shall also include a full demonstration of the FDCU Interfaces from the
perspective of interoperating with its assigned DMS. In this respect, the Contractor shall make
full use of the Test Sets to be provided for this purpose. Testing via a Test Set shall verify that
the FDCU Interfaces are fully operational and capable of meeting or supporting all functional
performance requirements. This shall include point-by-point checks to make sure that the
database in the FDCU Interfaces is properly mapped to the corresponding DMS database.

The Test Set shall be connected to the FDCU’s communication ports.

It is the Authority’s intent to formally witness all FDCU tests. These tests shall be
conducted by the Contractor using Contractor-prepared test plans and procedures approved
by the Authority. In addition, the Authority reserves the right to subject selected FDCU
Interfaces to the same tests performed in the factory. If several FDCU Interfaces of the same
type fail SAT, such that a consistent pattern of failure becomes evident, the Authority also

reserves the right to suspend SAT, and the transportation to site of additional FDCU interfaces
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of the same type, until a satisfactory resolution is reached concerning the steps to be taken
to correct such failures.

The Contractor shall also prepare and submit reports following completion of the
tests whether successful or not successful. These reports shall be duly signed by Authority and
Contractor representatives participating in the tests. In the event any SAT test or associated site
inspection is not completed successfully, the Contractor shall take all necessary corrective
actions and inform the Authority of a schedule for retesting and/or re-inspection.

No FDCU Interfaces shall be accepted as complete until the Authority is satisfied
that all variances associated with an individual site have been corrected and that the FDCU
Interfaces is SCADA ready, i.e., can be considered fully available for integration with its DMS

master station.

2.6.3 End-to-End Tests

The Authority will be responsible for commissioning each DMS master station
under typical field conditions, including the need to verify that it can interoperate successfully
with the Contractor’s installed FDCU Interfaces. Verification shall be based on end-to-end
tests concerned with:

1. Checking for correct database mapping between the DMS and the FDCU Interfaces

2. Making sure that the DMS and FDCU Interfaces, working together as an integrated
system, can meet the Authority’s overall functional performance requirements.

In effect, the end-to-end tests shall serve as a means of commissioning the
FDCU interfaces as well as the DMS. The Contractor, therefore, shall support commissioning
by having adequate Contractor personnel on hand to witness the end-to-end tests and to
help resolve any variances that may be raised in connection with the FDCU interfaces.
Variances specifically identified as FDCU interface problems shall be taken care of as quickly
as possible. Otherwise, commissioning of the FDCU interfaces and the beginning of the
corresponding warranty period may be unduly delayed.

Prior to starting the warranty period, the Contractor shall submit a report clearly
identifying the results of all end-to-end testing from the perspective of the FDCU interfaces.
This shall include a summary of the variances detected and whether or not these variances
were successfully corrected. Where necessary, for Authority consideration, the report shall

also include the Contractor’s plan for resolving any and all variances not yet correct.
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2.7 FDCU Accessories

2.7.1 Miniature Circuit Breaker (MCB)

MCB shall be qualified as following;

- Standard: I[EC60898 or IEC60947 or equivalent

— Current rating: suitable for FDCU and Communication Equipment
- Voltage rating: at least 48 Vdc

— Interrupting rating 10 kA

- No. of poles: 2 poles

- Mounting: DIN Rail

— Contact position indicator: ~ shows the correct position of the contact

2.7.2 Control inhibit switch

Control Inhibit Switch shall be qualified as following;

- Standard: I[EC60947-30r equivalent

- Type: 2 positions, 90°, CAM switch
— Nameplate: Control inhibit switch

— Current rating: at least 10 A

- Voltage rating: at least 400V

- Contacts: 4NO/ANC

- Handle: Short handle

2.7.3 Terminal Blocks

Terminal blocks shall be qualified as following;

1) They shall be used for connecting dc power cables to the FDCU and
Communication Equipment and for terminating all I/O signals between the
RCS and FDCU.

2) They shall be of heavy-duty at least 400 Vdc molded-block (bare-wire
compression) type with molded insulating barriers between terminals.

3) No more than two cable wires shall be connected to any terminal.

4) Each terminal block and individual terminal shall have white, removable, self-
extinguishing fireproof marking strips for circuit identification.

5) Termination blocks with by-pass bridges shall be provided for all ac inputs from CTs.

6) Adequate space as well as terminal blocks shall be provided for routing all
associated cabling within the control cabinet.

7) All individual status input, AC voltage input and control output point shall be
isolatable without the need to remove wiring by means of individual terminal
blocks of the removable link type.

8) Terminal Blocks shall be tested with accordance with IEC60947-7-1 or equivalent.

9) Ground terminal block shall be green/yellow.
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2.7.4 Metallic Cables and Wiring
All metallic cables and wiring shall be qualified as following;

1) Use copper conductors with flame retardant insulation. They shall also meet
the flame test requirements of IEC60332-3 Category C.
2) Rated Voltage: 600 V
2) Be neatly laced and clamped.
3) Employ permanent labels for identification.
)

4) Use size and color-coded conductor’s following in Exhibit 2-1

Exhibit 2-1: Cable Size & Insulation Color

Nominal cross-

Cable sectional area Insulation Color
(sg.mm.)

DC Supply (Positive) 2.5 White

DC Supply (Negative) 25 Black

Digital Input 1 Gray

Digital Output 1.5 Gray
1.5 A - Red

Analog Input (Voltage) = o Yelow
1.5 C - Blue
1.5 N — Green
2.5 A - Red

Analog Input (Current) 2> - vellow
2.5 C - Blue
2.5 N — Green

Ground 4 Green/Yellow

2.7.5 FDCU Steel Plate Dimension

FDCU Steel Plate shall be qualified as following;

- Material: stainless

- Primer coat: the number of coats is one (1) or two (2) coats
of Epoxy (Misc) Anti-Corrosive Primer.

- Subsequent coat: RAL 7032 gray color.

- Dimensions: height between 450 - 530 mm. width between
580 - 600 mm. and thickness 2 mm.
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