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INTRODUCAO

Como a
informacao de
temp. alta
chega aos
computadores?
Quem e como
controla os
equipamentos?
Etapas basicas
do projeto do

UGL1 - Temp alta
enr do estator

Poco de drenage -
Bomba l - Ligada
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Dados

Do campo até
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computadores
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AQUISICAO DE DADOS

Scan Process

Read inputs |«

The scanis a
a continuous
and sequential

process
Adjusts
outputs
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SELECAO DOS SINAIS A SEREM AQUISITADOS

PLC REF. MESSAGE
-AD01{-A104) FROM TAG DESCRIPTION FUNCTION | REV
~T102 1 0
1 558 CA01CAADTCKODZ_XM212 U1 PAR CON RECH TIEMPO MUY LARGO ACTIUADOD N-ACTUAD 111110 2
2 55B CA01CAADICHDN XG236 U1 SELECTOR SINCRONIZACION POS AUTO MANUAL 0 110 2
3 S58 C101CAADTEPDDT XM248 U1 RELE SINCRONIZADOR NORMAL FALLA 201110 04
4 558 C101CAADEPOO2_XM248 U1 RELE VERIFICACION SING FALLA M-FALLA 211100 4
5 S5B CAMCAADGT203_XM248 U1 §5B.U FUSIBLE PT NORMAL FALLA 201110 2
& S5B CIDICAADGT201_XG242 U1 BARRA MUERTA DETECTAD N-DETEC 0 110 2
v SPARE 2
8 55B C101BACO1EG201_XG248 U1 INTERRUPTOR 1G1 BOBIMA DISP 1 NORMAL FALLA 0 000 2
g 55B C101BACOIEG202 XG248 U1 INTERRUPTOR 1G1 BOBINA DISF 2 NORMAL EALLA 0 000 2
10 T C101BATOMEDD11_XM247 U1 ALIMENTACION CA TR T1 FALLA M-FALLA 211110 3
11 T C101BATO1AH201_XG239 U1 VENTILACION TR T1 CONECTAD N-COMECT 0 110 2
12 T1 CA01BATO1AHZD1 XM236 U1 VENTILACION TR T1 CONTROL AUTO N-AUTO 0 110 2
13 T1 C101BATO1AHZD1_XM247 U1 VENTILACION TR T1 FALLA M-FALLA 211110 2
14 T C101BATO1EDODS XM247 U1 TAB TR T1 VOLTAJE CONTROL FALLA M-FALLA 211110 2
18 T C101BATO1EGD31_XM212 U1 RELE BUC TR T1 ALARMA ACTUADO M-ACTUAD 211110 2
16 T1 CABATON CLOOT SXM220 U1 TANGUE ACEITE TR T1 NIVEL BAJO N-BAJD 211110 2
17 T1 C101BATO1CLOD1SXM216 U1 TANGUE ACEITE TR T1 NIVEL ALTO N-ALTO 211110 2
18 T C101BATO1CTO71_XM215 U1 DEV BAJA O ALTA TR T1 TEMP ALTA M-ALTA, 211110 4
19 T1 C101BATO1CTO01_XM215 U1 ACEITE TR T4 TEMPERATURA ALTA MN-ALTA 211110 4
20 SPARE 0
21 FACU C101SGMOZEGDI1_XM212 U1 TRIP Z1 INCENDIO TR T1 ACTUADC N-ACTUAD 111110 4
22 EACL C101SGMOZEWD24 XM212 U1 TRIP Z2 INCENDIO TR T1 ACTUADO N-ACTUAD 111110 4
23 SPARE 4
24 SPARE 4
25 SPARE 0A
26 GFP.U C101CHAD1GWO44_XM247 U1 GPP.U ALIM RELE PROTECCION FALLA H-FALLA 211110 2
27 GPP.U CAO1CHATDEWO1E XM24T U1 RELE PRT PRINCIPAL GENERADOR FALLA W-FALLA 211110 0
28 GPP.U C101CHAT4EWO16_XM247 U1 RELE PRT RESPALDO GENENERADOR FALLA M-FALLA 211110 oA
29 GPP.U CA0TCHADIGWO0T_XM247 U1 GPP.U ALIMENTACION 125 VDC FALLA M-FALLA 211110 4
30 GPP.U CA01CHADIGWOOE XM247 U1 GPP.U ALIM RELE INTERFAZ FALLA W-FALLA 211110 0A
H GPP.U CA01BAWDIGT241_XM247 U1 FUS PT PRT CUB CERRE NEUTRO FALLA MN-FALLA 211110 3
32 GPP.U C101BABD1GT251 XM247 U1 FUSIBLE PT PRT PRIN CUBE SURTO FALLA M-FALLA 211110 3
Hydro Technical Training GE Internal — For Distribution within GE 8




SELECAO DOS SINAIS A SEREM AQUISITADOS

PLC REF.
m:im-.:zm FROM TAG DESCRIPTION UNIT | Vmin | Vmax | Smin| Smax | Low L:w HIGH H:‘;H REV
1 TGCU C101MEUODCEZ03ITXRO029 U1 REG VEL AJUSTE SPT POTENCIA % 19166 | 31992 0 100 4
2 TGCU C101MEUODCSO11TRO026 U1 TURBINA VELOCIDAD Yo 6400 [ 32000 0 212,35 4
3 GTBA C101MEUESCLOO TXQO00S U1 ACUMULADOR PISTOMN NIV ACEITE mm E352 | 31982 0 1027 1024 | 671 | 1376 | 1897 4
4 GTEH C101MEUZ1CPOOTTXQ005 U1 UNID HID RV PRES ACEITE LINEA Bar | 6400 | 32000 | O 250 187.5 4
5 GTBH C10IMEUS1CTOD1 TXQ001 U1 UNID HID RV ACEITE TANG TEMP °c | s400 | 32000| o 150 125| 4
[ SPARE oA
7 SPARE oA
8 SPARE 0A
9 SPARE 0A
10 SPARE 04
11 SPARE A,
12 SPARE [T
13 SPARE 0A,
14 SPARE 0A
15 SPARE 0A
16 SPARE DA
ALST@:M LOCAL CONTROL BOARD - UNIT 1 - LCB.U1 - DIGITAL INPUTS BY MODBUS CHANGUINOLA | HPP
TGC-TSLG-N
ADDRESS TAG DESCRIPTION MESSAGE FUNCTION | REV
INTERNAL | EXTERMAL 1 0
%R2002:0 10 C10TMEUIDEZD31_XN211 U1 TSLG-N FALLA MAYOR ACTUADA MN-ACTUAD 211110 2
%R2002:1 11 C101MEUOCENDS XM257 U1 TSLG-N SEMAL FREC UNIDAD PERDIDO N-PERDID 211110 2
SR2002:2 1:2 C101MEU10EZD33 XN211 U1 TSLG-N SPC FALLA MAYOR ACTUADA M-ACTUAD 211110 2
R2002:3 1:3 C101MEU10EZD41_XN211 U1 TSLE-N FAL MAYOR COMM TSLG-S ACTUADA M-ACTUAD 211110 2
HRZ003:0 20 C101MEUMOEGDST XN211 U1 TSLG-N FALLA MENOR ACTUADA N-ACTUAD 211110 2
HR2003:1 2:1 C10MEUMOEG1S1_XN211 U1 TSLG-N SPC FALLA MENOR ACTUADA MN-ACTUAD 211110 2
HRZ003:2 22 C101MEU0CEDDS XM257 U1 TSLG-N FRECUENCIA RED PERDIDO N-PERDID 211110 2
HRZ003:3 2:3 C101MEUOCEDDS_XM247 U1 TSLG-N FRECUENCIA UNIDAD PERDIDO N-PERDID 211110 2
WR2003:4 2:4 CA0IMELNOCEDDS XN247 U1 TSLG-N SEMAL POTENCIA FALLA M-FALLA 211110 2
%RZ003:6 26 C101MEUT0EGDST XN247 U1 TSLG-N CAIDA FALLA M-FALLA, 211110 2
HR2003:11 211 C101MEUM0EGDET_XN211 U1 TSLG-N FAL MENOR COMM TSLG-S ACTUADA M-ACTUAD 211110 2
SR2004:0 30 CA0IMEUMOEG251 XN242 U1 TSLG-N OPERACION LIMITACION DETECTAD N-DETEC 0 110 4
SeR2004:3 33 C1MMELIDDS001 XA223 L1 TSLG-N SELECION DEL SPT ANALDG DIGITAL o 110 2
YaR2004:4 34 C101MEU10EG3ST XN242 U1 TSLG-N ACTUADORES EN OFPERAC DETECTAD N-DETEC 0 110 4
SLRZ004:7 37 C101MELMDDS002_XA258 U1 TSLG-N REALIMENTACION POTENCIA POSICION 0110 3
%RZ004:8 38 CATMEUI0DS003 XA214 U1 TSLG-N OPERACION EN RED AISLAD PARAL 0 110 2
HR2004:10 310 CIMMELIDDS004_XAZ42 U1 TSLG-N ACTIVD DETECTAD N-DETEC 0 110 2
%R2004:11 311 C101MELMDDS005_XA242 U1 TSLG-N EN PRUEBA, DETECTAD M-DETEC o110 2
%RZ005:0 4:0 C101MEU10EZD33 XN247 U1 TSLG-N SPC1 FALLA MN-FALLA, 211110 2




ARQUITETURA CENTRALIZADA

UAC DE UNIDADE GERADORA (UG1 e UG2)
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ARQUITETURA DISTRIBUIDA
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ALOCACAO DOS COMPONENTES NOS PAINEIS
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CONEXAO DO CLP AOS EQUIPAMENTOS DE CAMPO
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REDES DE COMUNICACAO COM EQUIPAMENTOS — PROTOCOLO MODBUS RTU (OU OUTROS)
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TROCA DE DADOS
ENTRE OS CLPS E OS
COMPUTADORES DA
SALA DE CONTROLE



Mesmo protocolo de
comunicacao usado nos CLPs

Control: Standard architecture nos computadores do SDSC.

CENTRO REMOTO

ngineeri ation

SALA DE
CONTROLE
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CONTROLE DOS

EQUIPAMENTOS DA
USINA



CONTROLADOR LOGICO PROGRAMAVEL

Entr.1 >

5
Entr.2 I

= o)

(@] 2 5

2 Saida 1

Entr.2
Entr.3

Scan Process

Read inputs |t ‘— 6

The scanis a
a continuous
and sequential

process

2iy
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Diagramas Logicos Basicos Pre-condicoes de

Partida

STARTUP RELEASE

Ol Level Normal

Cil Temperature Mormal
Winding Tenpealun hioemal
Buchiaiz Alam

& —ESin Trarfores
Feeder Fauly e

“Wollage Fan System Fauky

Fan Systam Autoivatic Conal
Temperature Devios Fauly
rmmuncation With DCS Faulty

Sysdem Fauly
Firs Adanmi
‘Water Spray Vahs Clasad

& — Transiemar Fire Prolecion

Dypsaruad

Remode Cantrl

Faulty & |— Geonerator Crouil Breaker

Faadar Faully

Earith Svwiltches Opened

Inderinos Ralyy Volags Fauly
Protection Devices Fauky

& p— Pmlacion Systam
Trip Cirus Fauky [Rermerk 1]
Vokage Trarsiomers Fauly

Lock-Out Felays Ressl

Dioar Closed —I_I

Contrallar Panels Fauly
Fardar Fauly

FLC Fauky

& b—DCs Contraller

Digital Quipuls Enabiad

FBO00 Meswark Fauky

Major Fauky
Leak-Aulimalic ;:_c

Locakhanual Conial —()
Feeder Fauky =]

Tactrymater Fauky —C] & — Tumine Speed Load Govemer (TELG)
|Feeenark 2]

SrSiop Viaksa 5o Positon —

Cormenunicalion Wilh DCS Fauly  —(]

Sump Tark O Tempeealune Mormal
Sump Tank Of Laval Mommal

ol Prrrges: O
il Fumrgs Avaisila
I Fumps Romobe Conial

Hydro Technical Training

—— Hydraubc Uni of Spesd Govesnar

Door Cloged

A Rakaass Valve Cloged

CGuide Bearing Temperatse Mamal
Giuicks Baaing Oil Lereal Momal
Wicked Gabe Manual Lock Acivased
Wicken Galbe Automatc Lick Actiated
Wil G Chistd

Imdet Vake Manual Lock Actived
Inlet Valhvwe Cossd

EyPaas Vil Clossd

Guide Besrng Ol Tamp, Hamal
Head Cower Water Level High
Spaad = 05

[AT L TATTATT ]

ByPass Yake Closed —
‘Wear Ring Nomal —
Mainianance Saal Ackvaied —c
Fiker Clogged —(

Pumps On e

‘iear 0f Shaft Sealing Ring Mormal —
Pumges Rerote Conirl =

Filiar Panal Faully —(]

Waler Valve Oosed —

Waler Valve fvaiable —
Walar Vaka FRamaia Conim| e

Water Pumps Inverter Awailable
Water Pumps kreriar Rermote Cordrol
Caornunication With DOS Falty

DG Bar Vollaga Faulty
MG Essaniial Bar Vollage Fauky

Stap-up Tranafommer
Transfomar Fing Pratecian
Generator Cioul Broaker
Projecson Syalem
Auscenatic Voliaga Ragulaiar
Wibradon Mondlonng Sysiem
Gerewalor Firs Prolecion
DG Conobar

Turhing Spead Gowemor
Fydraubc Lint of Speed Governar
Ganarnalor

Turtng

Shafl Seal

Cosalingg Watar Syalam
Commen Sarvicas

— Turkine

=Skt Sual

= Cscling Walar Sysiam
(Remark 3j

e Cwraericen Sinfviaic.
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Sequéncia de Partida

1
. Cantrofier First 34 Start Excitatian
Lo s
Y5
T Black Slar Operation (34) T~ Genarsor vokage = 100%
Mﬂ ------ - (345)
(1) Corrober Runnng 4 Excired
[5] 7 -. 48 &= E B EE F B0 EdAddEEEEE R I dEEEEEEE R AadaEd
1 Stand SHIT
Slaup Orde (508 Sia .
[horessrisisassasaiiiiiiiiai E Siario Ralosas {sou £ a5 Start Syneronisaiion
12 Start Auxlllaries [45) + E:ﬂ;:jmﬂrml Breakar
{12) == Ausliaries Resdy isee Definilion of Siablke 5 Synafronized
Slales)
[2]— Ready for Spinning L] Shutdown
Startup Order (sae Sta
() & —3 g elanss {ues %1
E:“. Star Bpinaing
{23) 1 Spiving at Speed bo Load

k| Adiimg Watfrout Valtage

Normal Operasion
Sanug Onider @8& Stptup Commprds {
Esiciting Refaasn (a0 Stabk Siaes

Start Exoftation
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Acoes da sequéncia de partida

START AUXILIARIES

Start High Flow Warning Systen

Ovdar Brakes O

High Flow Waming Systerm On

Start Spead Govemor Main Pump

Brakoges O

Sfart Main Cooling Water Pump

Spead Govamor Main Pump On

12

Open Cooling Water Vahe

Cooling Water Main Pump On

Start High Pressure Main Pump

Caonling Waler Flow Normmal

Drsable Creep Detector

High Presswe Main Pump On

Energiza Speed Gowvemor intermitiency
Solenoid Vabes (SVI51/51V352) ()

Creap Dedacior OfF

Biock Prodection Funclion 81

AR Cookmg Waler Fiow Nomal

START SPINNING

Deactivate Automatic Lock of Turbine Gate
(SV151)

Deactivate Speed Governor Infermittency
Solenoid Valve (SV251/5VI52) (%)

Opaen ByPass Valve of Inlet Valve (SV152)

23

Open Inlet and Emergency Valves (SV150)

Close ByPass Valve of Inflet Valve [SV152)

Order Brakes O

Start Turbine Speed Load Gowvernar (TSLG)
(RO = 1)

Stop High Prassure Main Pump

Activate Funclion On Protection System

myuru reciineal riaiiiny

trlet Valve Oparad

& Emergency Vaive Opanad

Speed > 85 %

Awtomatic Lock Deschvated
fntermitfancy Sofancid Valve Deactivaled

By-Pass Opened
Prazsure Balanced

Inlet Wailve Opened
Emargency Valve Opened
ByPass Valve Closed

Speed Govermor O
v & Spead = 50 %
G I idl — FUI DISUIDUUULT Wil OE 22



Acoes da sequéncia de partida

START EXCITATION

34

Start Automatic Volfage Reguiator (AVR)

START SYNCHRONIZATION

Start Synchronizer System
45

Close Gemerator Unit Circwit Breaker

Hydro Technical Training

Werwrmal Cperlion

Biack Stant Opevation

SYNCHRONIZED

Activate Modbus Write Function on TSLG
{80H = 1)

Activate Analog Reference Function on TSLG
(RT=1)

Activate Power Feedback Function on TSLG
(RS =1)

Activate Interconnected Network Function on
TSLG (R128-ON = 1/R128-0FF = 0)

i1 Activate Vallage Contral Mode on AVR
Active Power Sefpoint » Minimunr Load
Activate Isolated Network Furction on TSLG
(R1ZBOFF =1/ R128-0N = 0}
r— Activate Remp Start Function on AVR

Close Field Breaker

Voltage Setpoint = 100 %

"""""" & | Generator Cirouit Breaker Close Order

Narmal Operation

Normal Qperation

Narmal Operafion

Normal Operation

Mormal Qperation

Biack Sart Operation

Black Stan Operation
Ramp Slavt Ovder

Black Star Oparation
Ramp Sfart Activated
Farkd Bresafoer Cloge CQrdler

GE Internal — For Distribution within GE
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Controle de bombas de drenagem

Encender manual:

Control manual (haja 40)

L & —Encander B1
i encandar B1 (manusl)

[IHM local)

Encander aufomatico

n B1-B2-B3 selecraoradn (hoja 60— 8

Encender primera bomba (L) (hoja 61)

B5-B1-52 salecoonado (hoja G0}

[Encender segunda bamba (L5) (hoja 61) &
—] .
— & t==Encander B1
— it
BE2-B3-B1 selecooradn (haya B0}
B
Encender tercera bomba (LE) (hoia 673
Ercends jodas bombas. (LT}
{hcja B1)
. Opsracian aulomaiics (hoja 60}
Permizo de ancender

Apagar bombss (L1)
{hoja B1) 0
Fala arancadar 8 ———————(]
BlFall — ]

B1 apagada

& t—Pemisc ercender B1

Acthacidn de [a salkda de encender

Encender B1 manual)

Actvar zalida

Encandsr B1 [sna) 1
ancender

Permisn B1

Proviucaicn de i $e0l Dajg presion en @ descand

COMP
Medicion de presiin
carg BT —_&  AB
A= —I
Yakar baja prasidn tala ] A= Baya presicn descarga B1

Hydro Technical Training

Apagar manual:
Cantrol manual {hoja 40
& [—Apager B1
Crckén apagar B manu)
(IHM lacal)
Apagar automatico
B1-82-B3 i hixga &) &
Apagar pimera bomba {LZ] [ho@ 61}
B3-21-B2 selsccionade (haja &)
Apagar segurda [L3) (hog 1) &M o=t
_— & |—Apsgar B
— {Buite]
B2-23-B1 seleccianado (haja )
B et
FApagar teroera bomba (LA) (o 61
Apagar bombas (L1} (haoja 1)
Dparacitn aulomaiica (hoja 60)
Falas
E1 ancandida 1
& 2l 5 |— Falla bap presidn descanmgas B1
Baja presian descaga B1 8 b—
Falla haja prasiin = a
descarga B1 —
Falla baja presidn descarga B1
Fala arancador B1 PR Apagar B1 {falka}
B1 Falla
Permiso de apagar
Bi ik E—Dermisu apagar B1
Activacion de Ia salida de apagar

Agagar B1 {marual)
Apagar 81 (auts)

Autivar saida

apagar B1

Panmisa apagar B1

Apagar B1 (falka)
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Intertravamento - Seguranca

Interruptor Q1 abierto

Interruptor @1 indisponible

Abrir interruptor Q1
(falla)

Interruptor Q2 abierto

Subtensién barraje 1

Falla medicion tension
barraje 1

Subtension alimantador 1

Falla medicidn tensidn
alimentador 1

Interruptor QA cerrado

Blogueo disparado
alimentador 2

Subtension alimentador 2

Falla medicidn tensidn
alimentador 2

Interruptor QA abierto

Hydro Technical Training

Permiso de cierre

i
o
i
e
i
e
& Interruptor 41
permiso cierre
|
Y
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TELAS DO SDSC



VISAO GERAL DO SDSC

FUNCICH GO _ scron acton saooo TR peeso of evevres [NEEHE
MUEVD MSHY LIKK GPS COM CCC | Fas | ume con o Heerrs |
LINK COM CIS _ e eps con anrpe [T

umk gps con costsors: [N
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VISAO DOS PAINEIS & CLP’S

{1

{11

{14

BERRHAREE

BEREH AR REERARAREHRE

EEEEEET

{1




CONTROLE DA UNIDADE

RECULADDR D VELDCIAD |

wona 0E conmraL PoT, AcTiva (RTINS
OPERACION EW RED EEETET
scavinmecion | T

s o s N

rer. pomacove b resiLaoor (T

POTEMCEA ACTTVA
SET POINT APERTURA,

rer. aperTURe ceL REGULAD TR

FOSICION DE LOS ALABEE
SET POINT LIM, AFERTLIRA

LIMITADOR AFERTLIAA
ORODP

ser o remint ooce NN

PERN. ORODP DEL REGQULADOR

FREDUENLC LA

CONTROL ESCRITA MOE

| | arrsne 1| P
|| FeEs pE BoouEn | | UNID. HIDR. REGLL
| | coagums sUPERIOR | | COJLCOME. EMP. GUTA

_|| GG OE LA TURE. _|| EIET. ENFRIAMIENTO

Hydro Technical Training

EXCITACTON

AR EM CONTROL
o conrroL PO, REACTIVA (R

COMTROL DE |
SET FOINT VOLTAJE

WOLTAJE DEL GEMERADDR

SET POINT POTENCIA REACTINA,
REF. PDT. REACT. DE LA EXCIN.
FOTENCTA REACTT

TARGEMTE PHL

WOLTAJE DE EXCITACTON
CORRIENTE DE EXCITACION

GE Internal — For Distribution within GE 29



PRE-CONDICOES DE PARTIDA

m
m

TAE = ALIMENTACION 12E8WDC MODAMWAL
TELE — W LIETO

TElE — & LIETD

TADT PRIMCIPAL WORMAL

TAOT RESFALOO MORMAL

TELG = COMTROL MO LOCAL SUTOMATICO
TSLG — COMTROL MO LOCAL kANUAL
WALYLILA EMERGENGLA CERRAOA
LIMITADOR DE APERTUAA EM COMDICIDN

(=]

CBLLLL ﬁﬂl

= ALDMENTACION 125 YOO HORMAL
— ALIMENTACION 24 VOO HORKAL

LL
B &

I

(I T Y T R T |

TaB = ALDMEWTACIOM 12B wOC MORMAL
TaH — ALIMENTACION 24 YOO KORKAL
[vEL ACEITE TANOLE HD ALTD

[VEL ACEITE TAMOLE NO BT
TEMPERATURA ACETTE TAMOUE MO ALTA
CAJOM EMES 1 INSERIDD

CAJOM EBOMEA 1 NORMAL

EOKEA 1 CONTROL REMITO
BB 1 APAGADA

CAJOM EMES 2 INEERIDD

CAJOM ERAES 2 MORMAL

BOMBA 2 CONTROL REMOTO
BOMBA 2 APAGADA

= =

L

:
:
E
;

EIM ALARWE, [MCESDIO
WALVULA. DLLWID CERRADA

[T SISTEMA COWTRA [HCEMDIO ACTRMADO
[T =in alagm NCENOID

Hydro Technical Training

TAB = PUERTA FECHAD®

FELE OE PROTECGION MORMAL
TRANSFORUWADOR EXCITACTON MORWAL
EXCITACION — COMTROL ALTOMATICO
EXCITACTON — CONTROL REMOTO
INTERAUFTOR DE CAMPO ASTERTO
COHUKNICACTON CON DCS KORMAL

l

WFC 3000 ETH FALLA

RED FROO0 WORWAL

FC DEL TAB E/5 GEM TUR CONTROL LOCA. SIN FALLA
Fi DEL TABLERD EXS GEM TUR MOWITORDOD E[N FALLA
PG DEL TABLERO E/E GEN TUR MCC SIN FALLA
T&E CONTROL LOCAL ENTRADA DIGTAL ALIM

THE E/S GEM TUR EMTRADA DIGITAL ALTW

THB CONTAOL LOCAL SALI0A DIGITAL ACTDVADN,

TAB E/5 GEN TUR SALIDA DIGITAL ACTTVADA

TAB EXE GEN TUR — ALDM EWNT AMALDG HORWAL
TEE E/S MCC ENTRADS DTGITAL HORMAL

TAE E/S MCC SALIDA DIGITAL ACTIVADS

LLAYE SMCRONISMO POSICION ALTO

RELE SINCROMIZADOR HORMAL

RELE WERIFICACION SINCROMISWO RORWAL

TP TAB SINCROMIEMO PARADS MORWAL

S
a
:

TAE FROT TRAFD — WOLT. RELE INTERF. HORKRL
FT PROTECLON TRAD

RELE PROT. PRINCIFAL TRAFD v LINEA MORMAL
RELE PROT. REEFALDD TRAFD Y LINEA MORWAL
RELE FROT. PRINCIFAL GEMERADOR MORWAL
FUS PT PROT. PRINC. CUBICLLO SURTD

RELE PROT. REEPALDD GEMERADOR NORMAL
FUS PT PROT. REEP. CUBICULD SURTO

TAB PROT GEM. — WOLT. RELE [NTERF. MORMAL
FUS FT PROT. CUBICULD CER. MEUTRO

TAB EIMC. PAR. — ALTWL 125D NORMAL

TAB SIMC. PAR. — WOLT. CIRC. PAR. MORWAL

[T+ RELES BLOAUED ELECTRICO 1 2 REARMADOS

RELE BLDOQUED MECAMICD REMAMADD

RELE BLOGUED PARCIAL EIN RECHAZD REARMADO
RELE BLOGUED PARCIAL (DM RECHAZD REMRMADD
RELE BLOQUED LINEA CORTA ¥ TRAFD REARMALO
TAE PARD % SINCR. PT HORMAL

COMTROL || coNTROL coRTunTD
ARRAMOLE 1| pase

RELES OE BLOGUED | | TEMPERATURAS

REG. DE VELDCIDAD | | UNID. WIDR. RECUL
COLGULA SUPERIOR | | COJ.COME. EMP. GLIA
COLGULA OE LA TURE. | | SIST. ENFRIMMIENTO
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SEQUENCIA DE PARTIDA

l ATSLADS (L&) I

| ¥ Fresos apLcancs
| [ o [ BOMEA BV EMCENDIDA

T LIMEA COW PRESICH

WELOC, MOM, VAZIO (W)

| I Excrracton encenDIDe o

| ¥ o ¥ BouBs ENFR. ENCENDIDA
| I WALVLILA AGLLA ENFRIMALENTO ABLERTA

FiLH4 FRUERL
IHHHA AR CHAN

EXCITADS {LIE)

mooo oE cPeracton | NS
mooe DE seraicuE | IS
ARFANCAR |

W PRUEB4 EOMBEW RESPALDO [WI. CCE o
I 0 M BOMBA [NJ. DOE EMCEMDIDA ()
W CREEP DETECTOR APAGADD o
7 PROTECCION 81 BLOGUEADA (]

[ % COMUN INFORM 0 SIST DNFD EN WALAL

2 l LISTA P ARRAMGUE (LILA) I

[T TRAES AITOMATICA ALABES DESAFLICADS D)

T VALY, EYPASS OE LS MARTPOSA ABCERTA o
¥ PRESION RALAMCEAD

[T WALVULA EMERGENCLA ABIESTS O
T WALWULA WARDFGSA ASLERTA

| 7 waLv. BYPAcs [E LA MARTPOSA CERRADG (D)
| 7 Frewos pEsspLICADOS Q

¥ FEGULADCR DE VELOCIDAD EMCEMDODO
7 UNIDAD EW KOVIMIEMTE

W CELOCIDAD APAGAR Bl NI

[T [T BOMEAS M), CCE APAGAIME
[T wELOCIDAD LIBERAL CE LA EXCITACION

m T SISTEMA SINCROMWIZACION EMGEMOLDG
I INTERRLURTOR DE LA UNIDAD CERRADD

EH BARRA WUERTA

SIMCROMIZADA (US)

rrerrupTor cavpo | T
resULanoR veLocioan BN RED ([

FUNGION RAMP START |

R
® o o o 9

FOSICION DE LOS M.ABES
LIMITADOR DE AFERTURA
WVELOCIDAD DE LA TURBITNA
CORRIEMTE OE EXCITACION
WOLTAJE DE EXCITACION
POTENCLA ACTIVA.

FOTEMCIA REACTIM,

WOLTAJE [DEL GEMERADOR
TARGERTE FHI

FRECLUENCTA DEL SENERADOR
STEF DEL REGULADOR [E WELOCIDAD

M CONTROL M PED
| | RELES OF moguEn | | TEMPERATURAS
M REG. OF VELOEGIOAD M UMITL HIDE. REGUL

MODO DE CONTROL | ErEa

7 FAlLe COMUMIDAD 01 [T FaLLa COMUNIDAD 02
ACTIVAR SIGMALIZACICM |

INFORWAHO0 COMUNIDGD 07 [NFORMANDD COMUNIDAD 0T

Hydro Technical Training
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SISTEMA DE RESFRIAMENTO

UNIDAD HIDA. AV

| | coNTROL | | CONTROL COKTUKTD A3UA DE SERVICTO
ARRMNOUE | | Para

|| #ELES DE BLoguEd | | TEMPERATURAS

UNEDAD HIDR. BV

-
-

myuru reciineal riaiiiny O Hierndl — FuUl DISuIiouuaun wid i o




MEDICOES DE TEMPERATURA

| |cowtRoL | | PROTECCTONES

| | amranoue || PR
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SISTEMA DE LUBRIFICACAO

|

I | conmrow
| | arranaue
_| | PerES 0E ELOOUED

[

] —

-

ENFRIAMIENTO LI
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MEDIA TENSAO
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AUXILIARES CA

BiRfA WO EEEMCIAL
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AUXILIARES CC

DEEDE F1E2 HASTA F142

Hydro Technical Training GE Internal — For Distribution within GE




DRENAGEM E ESGOTAMENTO

SLCCION U1

EUCCION UZ

coerer secopncs | (T

IT FALLA TEMGION 4E0WAC (MCT,EW H—ESSENCIAL)

v seovocs | RN

I7 FALLA TERSION 4BIWAL (WSS BAREA PRINCIFAL)
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MEDICOES HIDRAULICAS
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SUBESTACAO

SE CHAMGUINOLA, ~ ZE CAMATAS
A 1NE |

LA

22401

EhA 2

ZaM11

2512

L3ATE O 2L
23WIE O Z3IMET
2g1E O 23E3

2513

TEER#AA TELFDWID'
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General Overview



Control System lifecycle

DCS Excitation &
Governing System

. .

10 Years 10/ 15 Years

The lifecycle is mainly driven by PLC which are closed to PC lifecycle

Generator

Controls equipment is made with :

Generator
& Turbine

)
|
i_

40+ Years

Very short compare to Turbine &

* Purchasing component from the market (PLC, electrical components, cubicle, cables, ....)

* Programming done internally (regulation models)
» Test (done internally)
* Commissioning (done at site)

Hydro Technical Training

.
HUB

GE Internal — For Distribution within GE 42



Market Controls Overview — Competition

Controls Only Turnkey
(without machine) (with machine)
Amount of project K€ ME
Project Schedule Few months Few years
Number of competitors 5 to 10 3to5
Type of competitor Major Hydro Players (Voith, Major Hydro Players
Andritz) (Voith, Andritz)

Major Automation Companies  Consortium
(ABB, Siemens, Emerson)

Local Automation/ Engineering

Companies

Differentiator » Plant integrator
« Knowledge of Machine
« Knowledge of Hydro Process
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Market Controls Overview — Market Trends

 Customer drivers

—Price

—Performance

—Systems Availability

—More Flexibility & Reliability

—Grid criteria evolution (strong contribution of Controls)

» Cybersecurity
« Remote Control

» Real time monitoring of the machine

Hydro Technical Training GE Internal — For Distribution within GE
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