CONSEJO NACIONAL DE OPERACION
CNO

Acuerdo No. 886
7 de julio de 2016

Por el cual se aprueba la incorporacion de un cambio de los parametros
técnicos y los sistemas de control asociados a la unidad 3 de San Francisco
y de las unidades 1, 2, y 3 de Guadalupe IV

El Consejo Nacional de Operacion en uso de sus facultades legales, en
especial las conferidas en el Articulo 36 de la Ley 143 de 1994, el Anexo
general de la Resoluciéon CREG 025 de 1995 y su Reglamento Interno y
segun lo aprobado en la reunion No. 494 del 7 de julio de 2016 v,

CONSIDERANDO

1. Que en el Acuerdo 752 de 2015 (hoy Acuerdo 843 de 2016) se
establecieron los requerimientos para la obtencion y validacion de
parametros del generador y los modelos del sistema de excitacion, control
de velocidad/potencia y estabilizadores de sistemas de potencia de las
unidades de generacion del SIN y se definieron las pautas para las pruebas
y reajustes de los controles de generacion.

2. Que siguiendo el procedimiento para solicitar el cambio de parametros
técnicos de las plantas de generacién del Acuerdo 497 de 2010, EPM E.S.P.
solicité al CND mediante comunicaciones con numero de radicado en XM
201644006812-3, 201644006813-3 y 201644006814-3 del 12 de abril de
2016 y 201644007532-3 del 20 de abril de 2016 el cambio de los
parametros técnicos y los sistemas de control asociados a los generadores
de la unidad 3 de San Francisco y de las unidades 1, 2, y 3 de Guadalupe
V.

3. Que XM S.A. E.S.P. mediante comunicacion 007772-1 del 29 de abril de
2016 dio concepto favorable a la solicitud de modificacion de los
parametros técnicos y los sistemas de control asociados a los generadores
de la unidad 3 de San Francisco y de las unidades 1, 2, y 3 de Guadalupe
IV.

4. Que el Subcomité de Controles en la reunion 72 del 21 de abril de 2016
dio su concepto favorable a la solicitud de modificacion de los parametros
técnicos y los sistemas de control asociados a los generadores de la unidad
3 de San Francisco y de las unidades 1, 2, y 3 de Guadalupe IV.

5. Que el Comité de Operacion en la reunion 274 del 30 de junio de 2016
recomendo la expedicion del presente Acuerdo.
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ACUERDA:

PRIMERO. Aprobar la incorporacion de los cambios en los parametros
técnicos y los sistemas de control asociados a los generadores de la unidad
3 de San Francisco y de las unidades 1, 2, y 3 de Guadalupe IV como se
muestra en los Anexos del presente Acuerdo que hacen parte integral del
mismo.

SEGUNDO. El presente Acuerdo rige para el despacho que se realizara el
11 de julio de 2016 para la operacion del 12 de julio de 2016.

Presidente, Secretario Técnico,

W //N 4 O//
DIANA M. ] NEZ RODRIGUEZ LBERT LARTE AGUI
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ANEXO 1: Parametros unidad 1 de Guadalupe IV

Ia
gv?%ea

bla 1. Parametros de generador
ok 'v,asq%a:

Rated power 5n [] 77400000
Rated power Sni (MW 77.40
Rated cutput voltage Un vl 13800
Frequency fn [Hz] 60
Armature resistance Ra [ohm)] 0,126
d-axis reactance ¥d [p.u] 1.001
d-axis transient reactance ¥pd [p.u.] 0.311
d-axis subtransient reactance ¥ppd [jp.u.] 0.202
q-axis reactance %0 [p.u] 0.331
g-axis subtransient reactance Xppq [p.u] 0.111
Leakage reactance X1 [p.u] 0.051
d axis open circuit transient time constant Tpdo [s] 8.355
d axis open circuit subtransient time constant Tppdo [s] 0.044
g axis open circuit subtransient time constant Tppgo [s] 0.042
Field current base ifhase [A] 465
Field voltage hase Vfbase v] 54
inertia constant H (MW s/ MVA] 4.921

Tabla 2. Parametros de transformador elevador

Mominal power sSntr [wa) 135000000
Mominal coil Untr2 W] 230000
Mominal coil Untrl [w] 13800
Trafo Inductance Uk [jz.u] 0.135

Tabla 3. Parametros de la red

Reactancia He [p.u.] 0.010
Resistance Re [p.u.] 0001
Short circuit power | SCMVA [Wwa] 2000000000
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REGULADOR DE TENSION (AVR):
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Figura 1. Modelo SIMULINK, bloque “AVR”
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Figura 2. Modelo SIMULINK, bloque “AVR_ERROR”
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Flgura3 Modelo SIMULINK bloque “LEAD LAG_SELECTOR”

Tabla 4. Parametros AVR

Measuring filter time constant TR [s] 0.1
Reactive power compensation factor KiR [p.ufp.u] 0.0:
AVR controlier fisrt lead time constant TC1i1 [s] .0
AVR controller fisrst lag time constant TB11 [s] 15.0|
steady state gain KR1 [s] 450
AVR output negative ceiling value Vamin [s] -5.1880
AVR cutput positive ceiling value YWarmamn [p.u.] 5.89495
ifmax controller first lag time constant TB13 [s] 1.0
ifmax controlier first lead time constant TC13 [s] 0.9
PC controller first lag time constant TBL1EG [s] .0
PQ controller first lead time constant | TC16 _isd ci A
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SISTEMA ESTABILIZADOR DE POTENCIA (PSS):
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Figura 5. Modelo SIMULINK, bloque “PE ADJUST”.
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Tg_blg,s VPaljémetrosPSS o

pors Sililiiio) it 3 i |

Wash out time constant

Wash out time constant

Wash out time constant TW3 [s] 2.0000
Wash out time constant TW4 [s] 2.0000
PSS gain factor KS1 [p.u] 5.0000
Compensation factor for calculation of integral of electrical power K52 [p.u] 0.4100
Signal matching factor KS3 [p.u] 1.0000
Lead time constant of conditioning network 5 ) [s] 0.1800
Lag time constant of conditioning network e [s] 0.0400
Lead time constant of conditioning network T3 [s] 0.1800
Lag time constant of conditioning network T4 [s] 0.0400
Rotor angular frequency deviation transducer time constant T6 (5] 0.0200
Time constant for integral of electrical power calculation | [s] 2.0000
Ramp Tracking filter time constant T9 [s] 0.1000
Lead time constant of conditioning network T10 [s] 1.0001
Lag time constant of conditioning network Ti1 [s] 1.0000
Ramp Tracking filter degree M [] 5.0000
PSS block parameter BlockPSS [] 1.0000
Minimum active power level for PSS release PTmin [pu) 0.3000
PSS release parameter PSSEnable [] 1.0000
PSS release time delay TON [s] 1.0000
Maximum terminal voltage level for PSS blocking Vvimax | [p.u.] 1.1000
Minimum terminal voltage level for PS5 blocking VTmin [p.u.] 0.9000
Terminal voltage limit value for reduction of PSS maximun limit of PSS signal VTSLmax | [p.u.] 1.0700
Integration time of VTSLmax limitation TSL [s] 1.0000
Maxim limit of PSS signal vsmax | [p.u.] 0.1000
Minimum limit of PSS signal vsmin | [p.u.] -0.1000
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LIMITADOR DE SUBEXCITACION (PQ LIMITER):
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Figura 9. Modelo SIMULINK, bloque “PQ_LIMITER”.
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Figura 10. Modelo SIMULINK, bloque “FILTER MEASUREMENT”.
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Tabla 6. Parametros PQ limiter.

Lookup table (x1) PQx(1) [p.u.] 0.000

Lookup table (x2) PQx(2) [p.u.] 0.200

Lookup table (x3) PQx(3) [p.u.] 0.400

Lookup table (x4) PQx(4) [p.u.] 0.600

Lookup table (x5) PQx(5) [p.u.] 0.800

Lookup table (x6) PQx(6) [p.u.] 1.000

Lookup table (y1) PQy(1) | [p.ul -0.600 -0.601
Lookup table (y2) PQy(2) [p.u.] -0.550 -0.55528
Lookup table (y3) PQy(3) | [p.u.] -0.500 -0.50956
Lookup table (y4) PQy(4) | [p.u.] -0.450 -0.4459
Lookup table (y5) PQy(5) [p.u.] -0.400 -0.3357
Lookup table (y6) PQy(6) [p.u.] -0.350 -0.1757
Low limit PQ reference Pglimref| [p.u.] -0.327

Steady state gain KR6 |[p.u./p.u.] 50.00

Steady state gain adjustment | KR6i |[p.u./p.u.] 0.05

ACUERDO 886

12



CONSEJO NACIONAL DE OPERACION
CNO

LIMITADOR DE SOBRE EXCITACION (IFMAX LIMITER):
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Figura 13. Modelo SIMULINK, bloque “IFMAX_LIMITER”
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Figura 14. Modelo SIMULINK, bloque “THERMAL PROTECTION”
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' Ta_bl;n 7. Parametros [Fmax limiter
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Maximum faeld current I|m|t IFmax [p.u.] 2.6911
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Exponent‘fa.ctor of inverse time KexplF £ 1.0
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Inverse time characteristic integration KHF (1/s] 0.0
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Figura 16. Modelo SIMULINK, bloque “SUBSYSTEM”.

Tabla 8 Parémetros V/Hz limiter.

 DESCRIPCION VARIABLE UNIDAD CUnitl
Maximum V/Hz gradient LimGrad [p.u.] 1.15
Maximum generator vo ' tage VTfn [p.u] 1.10
Exponent factor of inverse time characteristic KexpVH 1.00
Inverse time integration constant KHVH [1/5] 0.00 |
Cooling integration constant KCVH [1/s] 0.001 i
Fixed time integration constant KToVH [1/5] 1000.000 ]
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TURBINA Y GOBERNADOR:
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Figura 17. Modelo SIMULINK conjunto regulador de velocidad.
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MODELO DE LA CONDUCCION:
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Flgura 18 Modelo SIMULINK, bloque “PENSTOCK SHARED”

Tabla 9. Pardmetros penstock shared.

Inertia of water (Water time constant) Tw_shared sec |  [s] 0.266
Elastic water column (Elastic time constant) Tl_shared_sec [s] 756.000
Friction of water (friction and geometric losses) | R_shared sec | [1/m] 0.002
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MODELOS DINAN_IICOS DE CONTROL:
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Figura 19. Modelo SIMUILINK, bloque “UNIT 1 REGULATOR?”.
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Figura 20. Modelo SIMULINK, bloque “NL_EWC1”,
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by S (i ek

Inertia of water {Water time constant)
Elastic water column (Elastic time constant) Tl _penstockl [s] 0.018
Friction of water (friction and geometric losses} | R_penstockl | [1/m] | 0.001
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Figura 21. Modelo SIMULINK, bloque “CONTROLLER1”.
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Tahla 11. l’ars'ime'tros Controllerl.

i Unitl

‘ B D R i i ity
R Sl Y S - porEPm | : s
Dead band ZM1 [p.u.] 0.000
Time constant Tgl [s] 3.000
Time constant TEL [s] 2.000
Estatism epl [p.u.] 0.050
Gain btl 1] 0.100 0.700
Time constant Tdl [s] 5.000 1.000
Gain controller Kwl [ 1] 100.000

Tabla 12. Tabla looku

p Potencia vs Apertura compuerta.

ver 1 [p.u.l Lgate_1 [p.u.] Lpower_1 [p.u.] Lgate_1 [p.u.]
0.059 0.103 0.610 0.501
0.120 0.151 0.668 0.551
0.192 0.200 0.730 0.601
0.268 0.250 0.783 0.651
0.343 0.301 0.825 0.701
0.411 0.350 0.852 0.750
0.487 0.401 0.905 0.801
0.552 0.450 0.948 0.850
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MARSLO DIpTRIBMIROR:
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Figura 22. Modelo SIMULINK, bloque “DISTRIBUTOR1”.

Tabla 184 _Par#metros DIS’I_‘RIBUTORI

Proportional gain distributor control loop |KpYd_1 [ ]

Integral gain distributor control loop Kivd_1 fo) 5.000
Lower limit integrator control loop LiiYd_1 [p.u.] -0.100
Upper limit integrator control loop LsiYd_1 [p.u.] 0.100
Feedback gain Kyd_1 [p.u./v] | 0.063
Time of feedback filter measurement TYd_1 [s] 0.010
Feedback gain lead - lag block Kdl_1 = 1.000
Time of fedback gain lead - lag block TavyYd_1 [s] 0.010
Time of fedback gain lead - lag block TatYd_1 [s] 0.010
Feedback off set Meaoffyd_1| [p.u.] 0.500
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I
Dist_valve_seot_1
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| | . [ -
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Figura 23. Modelo SIMULINK, bloque “DISTRIBUTOR VALVE”,

Tabla 14 Parémgtros DISTRIBUTOR VALVE.

_‘; N ? ﬂ&, - ',"-"ﬁ',- g2t

Proportiona! gain distributor valve controi loop

KpYvd_1

Integral gain distributor valve control loop Kivvd_1 3 20.000
Lower limit integrator control loop LiiYvd_1 [p.u.] | -1.000
Upper limit integrator control loop LsiYvd_1 [p.u.] | 1000 |
Feedback gain Kyvd_1 [p.u.fv] | 0425
Time of feedback filter measurement TYvd_1 [s] 0.010
Feedback gain lead - lag block Kd2_1 [ ] 1.000
Time of fedback gain lead - lag block TavYvd 1 [s] 0.020
Time of fedback gain lead - lag block TatYvd_1 [s] 0.010
Feedback off set Meaoffyvd_1 | [p.u.] | 0.000
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Figura 24. Modelo SIMULINK, bloque “PROPORTIONAL VALVE”.

Tabla 15. Parametros PROPORTIONAL VALVE.

Proportional gain proportional valve control loop | KpYvp_1 [ ] 0.900
Integral gain proportional valve control loop KiYvp_1 [] 11.000
Amplitude Dither ADYvp 1 [p.u.] | 0.020
Frequency Dither FDYvp_1 [Hz] | 40.000
Lower limit integrator control loop LiiYvp_1 [p.u.] | -0.100
Upper limit integrator control loop LsiYvp_1 [p.u.] | 0.400
Gain ramp KsYvp_1 ] 3.000
Output off set OutoffYvp_1 (v] 0.000
Minimum limit proportional valve Minvp_1 [v] -3.000
Maximum limit proportional valve Maxvp_1 [v] 10.000 17.700
Feedback gain KYvp 1 [p.u./v] | 0.100
Feedback off set MeaoffYvp_1 | [p.u.] | 0.000
Time of feedback filter measurement TYvp_1 [s] 0.010
Feedback gain lead - lag block Kd3_1 [] 1.000
Time of fedback gain lead - lag block TavYvp_1 [s] 0.020
Time of fedback gain lead - lag block TatYvp_1 [s] 0.010
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ANEXO 2: Parametros unidad 2 de Guadalupe IV

Tabla 1. Pardametros de generador

Rated power Sn [W] 77400000
Rated power Snl (MW 7740
Rated output voltage Un [v] 13800
Frequency n [Hz] 60
Armature resistance Ra [ohm] 0.126
d-axis reactance ¥d [p.u.] 1.001
d-axis transient reactance ¥pd [p.u.] 0.311
d-axis subtransient reactance Xppd [p.ul] 0.202
g-axis reactance Xq [p.u.] 0.331
q-axis subtransient reactance XppRq (p.u.] 0.111
Leakage reactance ¥ [p.u) 0.051
d axis open circuit transient time constant Tpdo [s] 8.355
d axis open circuit subtransient time constant Tppdo [s] 0.044
q axis open circuit subtransient time constant TpRqo [s] 0.042
Field current base Ifbase [A] 465
Field voltage hase Vfbase V] 54
Inertia constant H [MW s/ MVA] 4.400

Tabla.2. Parémetrqs de transf r ador elevador‘

i K L}

Nmmal ower | Snr [va] 135000000
Nominal coil Untr2 V] 230000
Noemina! coil Untri [V] 13800
Trafo Inductance Uk [p.u] 0.131

ACUERDO 886

A



CONSEJO NACIONAL DE OPERACION

CNO

Tabla 3. Parametros de la red

2,

Reactancia Xe [p.u.] 0.010
Resistance Re [p.u.] 0.001
Short circuit power | SCMVA [wval 2000000000

REGULADOR DE TENSION (AVR):
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@
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Q=f(P) signal

(&)

1Fmax signal

®)

PSS signal

O,

_AVR error

& max
g :I | Vi sol|--
tirg-——wactive_signal_track

=1 track
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Figura 1. Modelo SIMULINK, bloque “AVR”
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Figura 2. Modelo SIMULINK, bloque “AVR_ERROR”
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AVR_track ' ;
e [
Qi wrock | |
(3,_ S ;.1'_} -[-\
1Fman_track
i . M ' 0-3‘ > #e
active_s ignal_track [ ]
Q@1 1A }
lower upper limit
[(VAmax *“TBH)(KR1*TC11);
- (VAMIn* TBTIY(KR1*TC11)}
. n[ i I
[~ 3
lower upper limit
[(VAmax " TB16)/(KR1*TC16):
(VAmin*TB16)(KR1*TC16)]
L
j....
lower;upper limit
[(VAmax*TB1I/(KR1*TC13):
(VAmin*TB13WKR1*TC13)]
PSS _track [
L5 Jrr— ettt —eofee F —

|
e

[(VAmax* TBI)(KR1°TC11);
(VAmim TBTYKRT* TC11))

o 1 ol o
158 +1
num;den
[remran)

imbal input; output
[VEKRTVI'KR1] |

o OBse7 2
a2 s
num;den
[TC16,1: TB16,1)

inital input;output
[VIKRT.VIKR1]

| asses
25s+1
num;den
[TC13,1:T813,1)
inital input;output
[VFKR1.VI'KR 1)

LY

|
Selector

gt

. —
151 |

[VAma/KRY,
VAmIKR1)

[Tl e
gl >
R

lowe rupper limit
[VAmin;VAma J'KR 1

Figura 3. Modelo SIMULINK, bloque “LEAD_LAG_SELECTOR”
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‘..r“ﬁ]%ﬂ“_

stant TR [5] 0.1
Reactive power compensation factor KIR [p.ufp.ul 0.0
AVR controller fisrt lead time constant TC1i1 [s] 3.0
AVR controller fisrst lag time constant TB1i1 [s] 15.0
Steady state gain KR1 [s] 450
AVR output negative ceiling value Yamin [s] -5.1880
AVR output positive ceiling value Vamax [p.u.] 5.8995
ifmax controller first lag time constant TB1i3 [s] 2.5
Ifmax controller first lead time constant TC13 [s] 0.5
PQ controller first lag time constant TB16 [s] 3.0
PQ controller first lead time constant TC1i6 [s] 0.8

SISTEMA ESTABILIZADOR DE POTENCIA (PSS):

Pe adjust
Pe J
@ e PPe Pe_adjust .
>
VT adjust
- Vt adj 1 _
@ |Vt ramp_adjust
Vt adj 2
PVt ad) 2 2
PSS 2B
red P Pe PSS_signal
p rsd VS1 P VST
PSS logic Out1 |
> PSS logic
IEEEPSS2B
(1 3} » IEEEPSS2B

Figura 4. Modelo SIMULINK, bloque “PSS”.
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[ 1 J o)
A
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[ PTrun | - - -Ilogs’_ . -|,(l % | RS
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Initial input;otput{0,0]
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Figura 5. Modelo SIMULINK, bloque “PE ADJUST”.
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F:gura 6 Modelo SIMUL[NK bloque “VT ADJUST”
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Figura 7. Modelo SIMULINK, bloque “PSS 2B”.
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Figura 8. Modelo SIMULINK, bloque “RAMP_ADJUST™.

ACUERDO 886

n



CONSEJO NACIONAL DE OPERACION
CNO

Tala 5. Parémetros PSS ’

itz il

B b5 A ok 4 Kl st o
Wash out time constant TW1 (s] 2.0000
Wash out time constant TW2 (s) 2.0000
Wash out time constant TW3 [s) 2.0000
Wash out time constant TwWa [s] 2.0000
PSS gain factor KS1 [p.u] 5.0000
Compensation factor for calculation of integral of electrical power KS2 [p.u.] 0.4100
Signal matching factor KS3 [p.u] 1.0000
Lead time constant of conditioning network T1 [s] 0.1800
Lag time constant of conditioning network T2 (s] 0.0400
Lead time constant of conditioning network T3 [s] 0.1800
Lag time constant of conditioning network T4 (5] 0.0400
Rotor angular frequency deviation transducer time constant 76 (5] 0.0200
Time constant for integral of electrical power calculation 17 [s] 2.0000
Ramp Tracking filter time constant T9 [s] 0.1000
Lead time constant of conditioning network T10 [s] 1.0001
Lag time constant of conditioning network Til [s] 1.0000
Ramp Tracking filter degree M [] 5.0000
PSS black parameter BlockPSS [) 1.0000
Minimum active power level for PSS release PTmin [p.u.] 0.3000
PSS release parameter PSSEnable [] 1.0000
PSS release time delay TON (s] 1.0000
Maximum terminal voltage level for PSS blocking VTmax (p.u.] 1.1000
Minimum terminal voltage level for PSS blocking VTmin [p.u.] 0.9000
Terminal voltage limit value for reduction of PS5 maximun limit of PS5 signal VTStmax | [p.u.] 1.0700
Integration time of VTSLmax limitation TSL [s] 1.0000
Maxim limit of P5S signal VSmax [p.u.] 0.1000
Minimum limit of PSS signal VSmin [p.u.] -0.1000
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LIMITADOR DE SUBEXCITACION (PQ LIMITER):

Automatic gan

correction
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e PSS logic
‘-lool
Figura 9. Modelo SIMULINK, bloque “PQ_LIMITER”.
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Figura 10. Modelo SIMULINK, bloque “FILTER MEASUREMENT?”.
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Figura 11. Modelo SIMULINK, bloque “LIMITER SETPOINT CALCULATION”,
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lower,upper limit [0 1;inf}
[0.01;inf]

Figura 12. Modelo SIMULINK, bloque “AUTOMATIC GAIN CORRECTION”,
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Tabla 6. Pardmetros PQ limiter.

£ ooty e | ono | e o s s -
Lookup table (x1) PQx(1) [p.u.] 0.000

Lookup table (x2) POx(2) | [pu] |  0.200

Lookup table (x3) PQx(3) [p.u.] 0.400

Lookup table (x4) PQx(4) [p.u.] 0.600

Lookup table (x5) PQx(5) [p.u.] 0.800

Lookup table (x6) PQx(6) [p.u.] 1.000

Lookup table (y1) PQy(1) [p.u.] -0.600 -0.601
Lookup table (y2) PQy(2) (p.u.] -0.550 -0.55528
Lookup table (y3) PQy(3) [p.u.] -0.500 -0.50956
Lookup table (y4) PQy(4) [p.u.] -0.450 -0.4459
Lookup table (y5) PQy(5) [p.u.] -0.400 -0.3357
Lookup table (y6) PQy(6) [p.u.] -0.350 -0.1757
Low limit PQ, reference Isaiimref [p.u.] -0.32'7“

Steady state gain ) —_KR_G__[_pu—/puT ~ 50.00 1T
Steady state gain adjustment KR6i | [p.u./p.u.] 0.09

LIMITADOR DE SOBRE EXCITACION (IFMAX LIMITER):
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Figura 13. Modelo SIMULINK, bloque “IFMAX_LIMITER”.
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Figura 14. Modelo SIMULINK, bloque “THERMAL PROTECTION”.

’I:abla e Par;imetros IFmax limiter

gl g ek YR ERBIECRRE
DESCRIPCION VARIABLE UNIDAD | declarado por PRI

Datos Digsilent del
R L : CND
Maximum field current limit IFmax | [p.u.] 2.6911
Maximum thermal field current limit IFth [p.u.] 2.0183 1.7809

Exponent factor of inverse time

characteristic RaaplF [ 39
Inverse time characteristic integration KHE (1/s] 0.0
constant

Cooling integration constant KCF [1/s] 0.2
Fixed time integration constant KToF [1/s] 0.1
Steady state gain KR3 [p.u./p.u.]| 500.0
Steady state gain adjustment KR3i [p.u./p.u.] 0.3
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LIMITADOR RELACION VOLTIOS — HERTZ (V/Hz LIMITER):
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Figura 15. Modelo SIMULINK, bloque “V/HZ,_LIMITER”.
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Figura 16. Modelo SIMULINK, bloque “SUBSYSTEM”.
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Tabla 8. Parémetros V/Hz limiter.

VARIABLE |  UNIDAD Unit2
Mammum Vsz gradxent LimGrad [p.u.] 115
Maximum generator voltage VTfn [p.u.] 1.10
Exponent factor of inverse time characteristic KexpVH 1.00
Inverse time integration constant KHVH [1/s] 0.00
Cooling integration constant KCWH [1/s] 0.001
Fixed time integration caonstant KToVH [1/s] 1000.000
TURBINA Y GOBERNADOR:
________ e
Head Static tic | —'.-J-;;ni_nn:
| head |y
r--atuulm- ]

“F"“s-efs{ 1) }
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P-data
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G-data
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- (1 rueasmia
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Figura 17. Modelo SIMULINK conjunto regulador de velocidad.
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MODELO DE LA CONDUCCION:
total flow
initial condition
[q_shared_sec_ini] initial condition
lower,upper [h_shared_sec_ini]
saturation limit lower;upper saturation limit
Head_static | {0:3) o1

2'Tw_shared_sec/Tl_shared_sec"2

I i1

Figura 18. Modelo SIMULINK, bloque “PENSTOCK SHARED”

Tabla 9. Parametros penstock shared.

Inertia of water (Water time constant] Tw_shared_sec |  [s] 0.266
Elastic water column (Elastic time constant) T|_shared_sec [s] 756.000
Friction of water (friction and geometric losses) | R_shared sec | [1/m] 0.002
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MODELOS DINAMICOS DE CONTROL:

shared_head
L
P_mecn_1
P _set 1 . o b o 1)
< e § Flow_1
Inject_1 ME S P .‘,....,.—:] 1)
L+ vy iy MM g

o))
Figura 19. Modelo SIMULINK, bloque “UNIT 2 REGULATOR?”.
MODELO CONDUCCION FINAL Y TURBINA HIDRAULICA (NL_EWC):
QL) s ) R_penstock2 l— u? r!
Head

v

()] »SIgN(P_se1s(2)) w1/ Tw_penstock? - w15 v 3

! " initial condition [q_penstock_ini2] Flow_2

Ll lower;upper saturation limit
[o;1]
1':/" - ___ 2'Tw_penstock2/(TI_penstock2*2) ')
initial condition ) 1
[h_turb ini2)
lower;upper saturation Hmitfo; 1]
Fa .
(20 ' »
nid :oifﬁ}lmo ! ”Efl :lg—
Inpul{G_st_2] .
table data[A_st 2] o ] ’é ; ; o
< [ ,// P’;?:'h 2
Figura 20. Modelo SIMULINK, bloque “NL_EWC2”.

Tabla 10. Parametros conduccion final y turbina (NL_EWC2).
P R T T,  VARIABLE | UNIDAD | uni2
Inertia of water (Water time constant)

Tw_penstock?2| [s] | 0.018
Elastic water column (Elastic time constant) Tl penstock2 | [s] | 0.018

Friction of water (friction and geometric losses) | R_penstock2 | [1/m] | 0.001

ACUERDO 886
39

Disteiburor_pos 1



CONSEJO NACIONAL DE OPERACION
CNO

MODELO CONTROLADOR:
start, end dead rone num den(1.Tg2, 1]
[~ZM2:Z2M2) initial input;output{0:0]
. ! | !
i /
,fi.j —I_J&_ﬁ..r ] '|/| ! "l_aaset
numdlenf1;Tiz, 2]
fevitial input,output
»_men P se l'.(?);-PV selts(2)) i
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L g " P
P sets(2) | e clen i
C2> ..! ls j % (12 Td2,0;Td2,1]| 0.1
e T 2+l initial input;output g9
| num den(1:Tg2,1) [0;0] %

| initial input;output
’ [P _sets(2),P scts(2)]
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lower, upper satruation limit
[o:1)

Figura 21. Modelo SIMULINK, bloque “CONTROLLER2”.
Tabla 11. Parﬂmptrps Cmg?trollerZ.

Dead band ZM?2 [p.u.] 0.000
Time constant Tg2 [s] 3.000
Time constant Tf2 [s] 2.000
Estatism ep2 [p.u.] 0.050
Gain bt2 [] 0.100 0.700
Time constant Td2 [s] 1.000
Gain controller Kw?2 [ ] 100.000

Tabla 12. Tabla lookup Potencia vs Apertura compuerta.

L |p.u.] g | u.] | Lpowegl B Lol == L
0.050 0.010 0.800 0.970
0.100 0.090
0.200 0.234
0.300 0.398
0.400 0.544
0.500 0D.685
0.600 0.795
0.700 0.890
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MODELO DISTRIBUIDOR:

Dist_set_2

1 s ) e® KpYd 2 > s
i —

saluration

[2:2]
- KiVd 2 - w15/

| initial condition [0]
lower;upper saturarion limit
[LiiYd_2;LsiYd_2]

| | s [
.oom""L. < Kelt 2]. |1 [..
. 0.01s+1 S 1Q.015+1
num,den
[Tav¥d _2.1.Tat¥Yd_2,1)
initial input, output
{0.5.0.5]

[0.5:0.5]

Meaoffyd_2 |

o
num.denf1.TVd_2.1)
initial input,output

o M omsevemz pveponz -

Distributor valve

< Kvd 2'-

l’/
-
/J

Distributor_pos_2
1)

Figura 22. Modelo SIMULINK, bloque “DISTRIBUTOR2”.

Tbla lS.Pm_’ﬁm t 0s DISRIBUTORZ

Proportional gain distributor control loop [KpYd_2

Integral gain distributor control loop Kivd_2 L] 5.000
Lower limit integrator control loop LitYd_2 [p.u.] | -0.100
Upper limit integrator control loop LsiYd_2 [p.u.] | 0.100
Feedback gain Kyd 2 [p.u./v]| 0,063
Time of feaedback filter measurement TYd_2 [s] 0.010
Feedback gain lead - lag block Kdl_2 o 1.000
Time of fedback gain lead - lag block Tavyd_2 [s] 0.010
Time of fedback gain lead - lag block Tatyd_2 [s] 0.010
Feedback off set Meaoffyd 2 | [p.u.] | 0.500
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Disl_ul;o_set_'{ . ""».\ —_ —e *_ Dist_valve pos 2
D o)+ koY 2> ) olPop.vaive w2 Popaveposz| 1 w15> v 1)
]) ‘ // .k‘) R .|..,4,w@!w!..u- A ;T i/
L Proportional valve |

lower;upper saturation limit
[LiiYvd _2;LsiYvd 2]

| e - - |

L 0.015s+1], e 1 ; 4 .

< K22 ; (e K 2 e
o1sr] - ]‘ uﬁ;:é P, J‘

num;den num;den

KiYvd 2 -me :
/ initial condition (0] I
|
!
|

[TavYvd 2,1;TatYvd 2,1] [1;TYvd 2,1]
initial input;output initial input;output
[0.5:0.5) {0.5,0.5)
Meaofryvd 2|

Figura 23. Modelo SIMULINK, bloque “DISTRIBUTOR VALVE”,

2 MU \}

Proportiona lve control loop

Integral gain distributor valve control loop KiYvd_2 [ ] 20.000
Lower limit integrator control loop Liiyvd_2 [p.u.] | -1.000
Upper limit integrator contral loop LsiYvd_2 [p.u.] | 1.000
Feedback gain KYvd_2 [p.u./v]| 0425
Time of feedback filter measurement TYvd_2 [s] 0.005
Feedback gain lead - lag block Kd2_2 o 1.000
Time of fedback gain lead - lag block TavYvd_2 [s] 0.015
Time of fedback gain lead - lag block TatYvd_2 [s] 0.010
Feedback off set Meaoffyvd 2 | [p.u.] | 0.000
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Dither '
amplitude;period | QutoftYvp 2]
[ADYvp _2; 1/FDYvp 2] '

Prop valve set 2 ]“ll L | '

: [ ' Prop valve pos 2
C1 ) »s ) v wKpYyp 2 = L O » KsYvp 2 L0 -{ J 1723 _——v-»(_1
‘) ’i’/ ‘) i j’// ) __'( | . g
: L~ lower;upper limit

[Minvp_2;Maxvp_2)

> KiYvp 2 - : /

-

tnitial condition [0)
lower;upper saturation limit
[LiiYvp 2:LsiYvp 2]

+ [ ‘
e ']- Kas_2e |t }- LM KYwp2
0.01s+1 L0.01s+1 A
num;den num:den
[TavYvp _2,1;TatYvp 2,1) [1:TYvp 2,1]
initial input;output initial input;output
[0.5:0.5] [0.5;0.5)

MoaoffYvp. 2

Figura 24. Modelo SIMULINK, bloque “PROPORTIONAL VALVE”,

Tabla 15, Parametros PROPORTIONAL VALVE.

T R T

e vawaste | unoap | VO | xw para Base de Datos.
R Hebl g it ) Aty : o P?.‘:EEM 4;:;_,;.‘_U§¢sllantddlsm&i_, i
Proportional gain proportional valve control loop [KpYvp_2 [ ] 0.900
Integral gain proportional valve control loop KiYvp_2 [ ] 6.000
Amplitude Dither ADYvp_2 [p.u.] | o0.040
Frequency Dither FDYvp_2 [Hz] | 30.000
Lower limit integrator control loop LiiYvp_2 [p.u.] | -0.400
Upper limit integrator control loop LsiYvp_2 [p.u.] | 0.400
Gain ramp KsYvp_2 &) 3.000
Output off set OutoffYvp 2 [v] 0.000
Minimum limit proportional valve Minvp_2 [v] -3.000
Maximum limit proportional valve Maxvp_2 [v] 10.000 12.300
Feedback gain KYvp_2 [p.u./v]| 0.100
Feedback off set MeaoffYvp_2 | [p.u.] | 0.000
Time of feedback filter measurement TYvp_2 [s] 0.010
Feedback gain lead - lag block Kd3 2 {i5) 1.000
Time of fedback gain lead - lag block TavYvp_2 [s] 0.030
Time of fedback gain lead - lag block TatYvp_2 [s) 0.010
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ANEXO 3: Parametros unidad 3 de Guadalupe IV

Tabla l Pariametros de generador

Rated power Sn [w] 77400000
Rated power Snl [MWwW] 77.40
Rated output voltage un W] 13800
Frequency fn [Hz] 60
Armature resistance Ra [ohm] 0.126
d-axis reactance Xd [p.u.) 1.001
d-axis transient reactance Xpd [p.u.] 0.311
d-axis subtransient reactance Xppd [jp.u.] 0.202
q-axis reactance X0 [p.u) 0.331
q-axis subtransient reactance Xppa [p.u.] 0.111
Leakage reactance X! [pp.u.) 0.051
d axis open circuit transient time constant Tpdo [s] 8.355
d axis open circuit subtransient time constant Tppdo [s] 0.044
q axis open circuit subtransient time constant Tppqo [s] 0.042
Field current hase ifbase [A] 465
Field voitage base Vfbase [v] 54
Inertia constant H [MWs/MVA] 4.438
Tabla 2 Parﬁmctros de transformador elevador
VARIABLE|  UNIDAD ~ Unit3
Momina! power Sntr [WA] 135000000
Nominal coil Untr2 (W] 230000
Mominal coil Untrl [v] 13800
Trafo Inductance Uk [p.u] 0.131
Tabla 3 Parametros de la red
et VARIABLE | UNIDAD |
Reactanma Xe [p.u.] 0.010
Resistance Re [p.u.] 0.001
Short circuit power | SCMVA [wa] 2000000000
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REGULADOR DE TENSION (AVR):

AVR
VHZ signal L i
(2) ® VN _signal
vt setpoint

load lag selector

)
Qe
@
P)
@
v

(2)

w{VI_segpoint

AVR track

Vi solfp » y
active signal_track .

Q=1(P) signal i

(6) |

A d

O=i{F) track

:

IFmax_signal '

@ '

PSS _signal

(5)

v

L) D

| lower.upper limit

[VAmIn;
VAmax]

Figura 1. Modelo SIMULINK, bloque “AVR”
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Figura 2. Modelo SIMULINK, bloque “AVR_ERROR”
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Figura 3. Modelo SIMULINK, bloque “LEAD_LAG_SELECTOR?”

Tabla 4, Parémetros AVR

el DESCRIPCION VARIABLE | UNIDAD |  Unit3
Measurmg filter time constant TR (5] 0.1
Reactive power compensation factor KIR (p.u/p.ul 0.0
AVR controller fisrt lead time constant o o [5] 3.0
AVR controller fisrst lag time constant 1811 [5] 30.0
Steady state gain KR1 [5] 450
AVR output negative ceiling value Vamin (5] -5.1880
AVR output positive ceiling value Vamax [p.ul] 5.8995
Ifmax controller first lag time constant TBL3 [5] 2.5
Ifmax controller first lead time constant TC13 [s] 0.5
PQ controller first lag time constant TB16 [5] 3.0
PQ controller first lead time constant TCL6 [5] 0.8
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SISTEMA ESTABILIZADOR DE POTENCIA (PSS):

P .
Pe e adjust
(3 ) e Pp{Pe Pe_adjust b X
>
VT adjust
Vit v
‘ Vt adj 1
(4 ) P\t ramp_adjust
Vt adj 2
PVt adj 2 >
PSS 2B
Pl s
red P Pe PSS_signal
@. b rsd VS1 P V51 ‘}
PSS logic Out1 |
5 P PSS logic
IEEEPSS2B
€1 ) P IEEEPSS2B

Figura 4. Modelo SIMULINK, bloque “PSS”.
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Figura 5. Modelo SIMULINK, bloque “PE ADJUST”.
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Figura 6. Modelo SIMULINK, bloque “VT ADJUST”.
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Figura 7. Modelo SIMULINK, bloque “PSS 2B”.
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Edy F=3
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Figura 8. Modelo SIMULINK, bloque “RAMP_ADJUST?”.

Tabla 5. Parémetros PSS

B il

[s]

2.0000

Wash out time constant TW1

Wash out time constant TW2 [s] 2.0000
Wash out time constant TW3 [s] 2.0000
Wash out time constant TWa (5] 2.0000
PSS gain factor KS1 [p.u] | S.0000
Compensation factor for calculation of integral of electrical power KS2 [p.u] | 0.4100
Signal matching factor KS3 [p.u.] 1.0000
Lead time constant of conditioning network TL [s] 0.1800
Lag time constant of conditioning network T2 [s] 0.0400
Lead time constant of conditioning network T3 [s] 0.1800
Lag time constant of conditioning network T4 [s] 0.0400
Rotor angular frequency deviation transducer time constant T6 [s] 0.0200
Time constant for integral of electrical power calculation T7 [s] 2.0000
Ramp Tracking filter time constant T9 [s] 0.1000
Lead time constant of conditioning network Ti0 [s] 1.0001
Lag time constant of conditioning network Tii [s] 1.0000
Ramp Tracking filter degree M [] 5.0000
P5S block parameter BlockP5sS [] 1.0000
Minimum active power leve!l for PSS release PTmin [p.u] 0.3000
PSS release parameter PSSEnable (1] 1.0000
PSS release time delay TON (s] 1.0000
Maximum terminal voltage level for PSS blocking VTmax [p.u.] | 1.1000
Minimum terminal voltage level for PSS blocking VTmin [p.u.] | 0.9000
Terminal voltage limit value for reduction of PSS maximun limit of PSS signal VTSLmax | [p.u.] | 1.0700
Integration time of VTSLmax !imitation TSL (s] 1.0000
Maxim limit of PSS signal VSmax [p.u.) | 0.1000
Minimum limit of PSS signal VSmin [p.u.] | -0.1000
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LIMITADOR DE SUBEXCITACION (PQ LIMITER):
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Figura 9. Modelo SIMULINK, bloque “PQ_LIMITER”.

Figura 10,
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Modelo SIMULINK, bloque “FILTER MEASUREMENT”.
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Figura 11. Modelo SIMULINK, bloque “LIMITER SETPOINT CALCULATION.
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Figura 12. Modelo SIMULINK, bloque “AUTOMATIC GAIN CORRECTION?,
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Tabla 6. Paael;éi_metr_(r)_s= PQ limiter.

CRIPCION

Lookup table (x1) PQx(1) [p.u.] 0.000

Lookup table (x2) PQx(2) [p.u.] 0.200

Lookup table (x3) PQx(3) [p.u.] 0.400

Lookup table (x4) PQx(4) [p.u.] 0.600

Lookup table (x5) PQOx(5) [p.u.] 0.800

Lookup table (x6) PQx(6) [p.u.] 1.000

Lookup table (y1) PQy(1) [p.u.] -0.600 -0.601
Lookup table (y2) PQy(2) [p.u.] -0.550 -0.55528
Lookup table (y3) PQy(3) [p.u.] -0.500 -0.50956
Lookup table (y4) PQy(4) [p.u.] -0.450 -0.4459
Lookup table (y5) PQy(5) [p.u.] -0.400 -0.3357
Lookup table (y6) PQy(6) [p.u.] -0.350 -0.1757
Low limit PQ reference Pqglimref [p.u.] -0.327

Steady state gain KRG [p.u./p.u.] 50.00

Steady state gain adjustment KRG [p.u./p.u.] 0.09

LIMITADOR DE SOBRE EXCITACION (IFMAX LIMITER):

protection

»iF ra
1 B B | Ourel
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: |
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: o] > 0.5 et KRJI
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mmar m our
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Figura 13. Modelo SIMULINK, bloque “IFMAX_LIMITER”.
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Flgura 14. Modelo SIMULINK bioque “THERMAL PROTECTION”
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Tabla 7. Parametros IFmax limiter

i ! AR . S
Maximum field current limit [p.u.]
Maximum thermal field current limit [p.u.] 2.0183 1.7000
Exponent factor of inverse time
iy - 1.0

characteristic
Inverse time characteristic integration KHE (1/s] 0.0
constant
Cooling integration constant KCF [1/s] 0.2
Fixed time integration constant KToF [1/s] 0.1
Steady state gain KR3 [p.u./p.u.]| 500.0
Steady state gain adjustment KR3i [p.u./p.u.] 0.3
LIMITADOR RELACION VOLTIOS — HERTZ (V/IHz LIMITER):

[es ) . |
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Figura 15. Modelo SIMULINK, bloque “V/HZ,_LIMITER”.
ACUERDO 886

53



CONSEJO NACIONAL DE OPERACION

CNO
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Figura 16. Modelo SIMULINK, bloque “SUBSYSTEM”.
Tabla 8. Parametros V/Hz limiter.

SRR R B s v B i o R R e e e el
Maximum V/Hz gradient LimGrad [pul] 145
Maximum generator voltage VTfn [p.ul] 1.10
Exponent factor of inverse time characteristic KexpVH - 1.00
Inverse time integration constant KHYH [1/s] 0.00
Cooling integration constant KCVH [1/s] 0.001
Fixed time integration constant KToVH [1/5] 1000.000
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TURBINA Y GOBERNADOR:
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Figura 17. Modelo SIMULINK conjunto regulador de velocidad.
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MODELO DE LA CONDUCCION:
rorq_f_ﬂow
QL
initial condition

[q_shared_sec_ini] initial condition
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Head_static ' - (0.3 | \“\‘“\-\,._ ,'m:”

@—H:j}—ﬁm“'maud'“r\" ol /s |+ ) 2Tw_shared_sec/T|_shared_sec'? = /5| %L
/ / l h!‘d

| ;

Figura 18. Modelo SIMULINK, bloque “PENSTOCK SHARED”

Tabla 9 Paramctros penstock shared.

b

OBGPCON | VARMBE | UNDAD | nig

Inertia ofwater(Watertlme constant] Tw shared sec | [s] 0.266

Elastic water column (Elastictime constant) | Tl shared sec | [s] | 756000

Friction of water (riction and geometriclosses) | R shared sec | [/m] | 0002
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MODELOS DINAMICOS DE CONTROL.:

- P_mech_1
» tabuggniunit-ln e > 2)
Lo
shared_head
ALyt T T
P _set 1 > Flow 1
1‘)____# SNSH—— . Lo ¢ Moas s FmIl——» 1)
>
I TS Controler? Distabutor) NL_EWC)
inject_1 | .

3 ) H| abwdgriunit-2 "/ ot
/ i, Distributor_pos_1
l/ L 1-abusignunit-3) e 3 )
—/- o
S

Flgura 19 Modclo SlMULlNK bloque “UNIT 2 REGULATOR”.

MODELO CONDUCCION FINAL Y TURBINA HIDRAULICA (NL_EWC):

1) Ll .. R _penstock3 —|2.
Hoad 7 -~ r 4 I‘ —'—}‘

?) msign(P_sets(3)) =« w 1/Tw_penstockd I+/s/- f . 2)

1 o b e lnifh'll condition [q_penstock_ini3] | Flow_3

hawer lower upper sfumraﬂun lirnit
'
L] ld:,u'}‘ — 2°Tw _penstock3(TI penstocki®2) ()
Inttlal condition g ~—— r‘ t
[h_turb_ini3} —
lowar upper saturation Hmit{0:1]
& D) . /’ . > ‘
Gate_sot_3 L. -l X | o
lookup table 1 | v by
input{G st 3]
table datafA_st_3] ud |
" h ] 1 f.ﬂ/'/-/‘ P’:";’;:l 3
L— .. #:
Figura 20. Modelo SIMULINK, bloque “NL._EWC3”,

Tabla 10. Pardmetros conduccion final y turbma (NL_EWC3).
PR DESCRIPCION e VARIABLE UNIDAD | Unit3
Inertia of water (Water time constant) Tw_penstock3 [s] 0.018
Elastic water column (Elastic time constant) Tl_penstock3 [s] 0.018
Friction of water (friction and geometric losses) | R_penstock3 | [1/m] 0.001
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MODELO CONTROLADOR:
s rtart,ond dead zono numydenf1, Tg3, 1)
. [-ZM3. ZM3) initial input,outputf{0:0]
CX > ol GRS, [ l, .{ _‘,f-’_], s R ’ v A0 bl
r inj S e { LET..

ey, odenf1 T3 1)
initial input. outpurt

P = e solr:(J);P sors(3))
3 - -
e .il.._ZL“J } " e ey : T)
P sors(3) num den
CX oA A (br3 "Tcl3,0;Tel3,1]|0.055%
* irvitial input, outpurt +1
—n s
numdenf1,; Tg3,1) f[o:o] "~ —
irvitial input, output
[P sots(3):P sets(3)]
v i Dist_seort_3
- -| 0.7928 - - ) D = 1 )

lookup table
inputfl power 1)
table datafl gate 3]

e

initial condition{X o]
lower;uppor saturation lirmit
[o;1}

Figura 21. Modelo SIMULINK, bloque “CONTROLLER3”.

Tabla 11. Panimetrqs Controller3.

: . Unit3 G :
o vanneie LonBaB | Sl | e paree Digattant de) D
i ] por EPM |

Dead band ZM3 [p.u.] 0.000
Time constant Tg3 [s] 3.000
Time constant T3 [s] 2.000
Estatism ep3 [p.u.] 0.050
Gain bt3 [] 0.050 0.650
Time constant Td3 [s] 1.000
Gain controller Kw3 [] 100.000
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Tabla 12 ‘ Tabla Iookup Potencia vs Apertura compuerta.

| 1gate 3[p.ul | Lp o] e 3 [p.u.]
0,103 0.610 0.501
0.151 0.668 0.551
0.200 0.730 0.601
0.250 0.783 0.651
0.301 0.825 0.701
0.350 0.852 0.750
0.401 0.905 0.801
0.450 0.948 0.850
MODELO DISTRIBUIDOR
Dist_set_3 .Q .‘\-‘""'n_\ -Q .‘ “._Distributor_pos_3
CEa e KpYd 3 £ _ ve t 1 1)

| l/ { saturation Dis l‘dbmor valve i /

| (-2:2]

| .JmJ_&“ J{fs |

initial condition [0]
lower,upper saturarion limit
[LiiYd_3Lsivd_3]

0.01015%1 e £ e
]- < Wd1_3 - I- ® _Kvd_3
0.01541 e j. \0.015% l)‘ \\I'

num den numdenf1,TYd_3,1]
[TavYd_3,1;TatYd_3,1] initial inputoutput |
initial input;output (0.5,0.6] |
[0.5,0.5] i
| MeaoffYd_3 l )
s

B i e s———

Flgura 22 Modelo SIMULINK, bloque “DISTRIBUTOR3”.
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Tabla 13. Parametros DISTRIBUTOR3

| DESCRIPCION VARIABLE | UNIDAD | Unit3
Proportional gain distributor control loop [KpYd_3 [ ] 10.000
Integral gain distributor control loop Kivd_3 L] 5.000
Lower limit integrator control loop Liiyd_3 [p.u.] | -0.100
Upper limit integrator control loop LsiYd_3 [p.u.] | 0.00
Feedback gain Kyd_3 [p.u.fv] | 0.063
Time of feedback filter measurement TYd 3 (5] 0.010
Feedback gain lead - lag block Kdl_3 | ] 1.000
Time of fedback gain lead - lag block Tavyd 3 [s] 0.010
Time of fedback gain lead - lag block TatYd_3 [s] 0.010
Feedback off set Meaoffyd 3| [p.u.] | 0.500

Dist_valve set 3

) ‘ ”w

I~ Dist valve pos 1
mop valve set 3 Prop vafn_spn 3}
Proportional valve

., I Hy (1)
|
-(ﬂs / } f

:nmal condition [0]
lower;upper saturation limit
[LitYvd 3;LsiYvd 3]

num;den num;den
[Tav¥vd 3,1, TatYvd 3.1] [1;TYvd _3,1]
initial input;output Initial input;owput
[0.5:0.5) [0.5;0.5]

N\vd 3

>

[Moaoﬂ\rvd 3J

Figura 23. Modelo SIMULINK, bloque “DISTRIBUTOR VALVE”.
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'_I‘abla 14. Parametros DISTRIBUTOR VALVE.

; DESCRIPCION VARIABLE UNIDAD Unit3
Proportional gain distributor valve control loop [KpYvd_3 [ ] 3.000
Integral gain distributor valve control loop KiYvd_3 i 20.000
Lower limit integrator control loop LiiYvd_3 [p.u.] | -1.000
Upper limit integrator control loop LsiYvd_3 [p.u.] | 1.000
Feedback gain Kyvd_3 [p.u.fv] | 0425
Time of feedback filter measurement TYvd_3 (5] 0.010
Feedback gain lead - lag block Kd2_3 o 1.000
Time of fedback gain lead - lag block Tavyvd 3 [s] 0.020
Time of fedback gain lead - lag block TatYvd_3 [s] 0.010
Feedback off set Meaoffyvd 3 | [p.u.] | 0.000

Dither
amplitude period
[ADYvp_3,1/FDYvp_3)
il
Prop_valve_set_3 -] . -
CI) KoYvp_3 >

>

initial condition [0)
tower;upper saturation limit

[LiiYvp _3,LsiYvp_3)

0.025+1 I 'de_J
+

numden

num.den

| QutoftYvp_3

o f}

kit ,a¢¢+
.Q.ﬂu:xJ' @ N

lower;upper limit
[Minvp_3;Maxvp_3]

[TavYvp_3.1,TatYvp_3,1)
initial inp utoutp ut
[05:0 8]

(1, TYvp_23,1]

initial input;output

(0.5,085)

1R o

Prop_valve_pos_J
s D

{ Ehaoﬂ‘ ng_ ] }

e e s e e s

Figura 24. Modelo SIMULINK, bloque “PROPORTIONAL VALVE”.
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Tabla 15. Parametros PROPORTIONAL VALVE.

: . . :f::fi A 3::::_ i .\Ialorpropuest.u.nor

ki DESCRIPCION VARIABLE UNIDAR | . larado mn:’;r-:?::ecu D;tos
et ﬁ por EPM

Proportional gain proportional valve control loop |KpYvp_3 [ ] 0.900

Integral gain proportional valve control loop KiYvp 3 [ ] 20.000

Amplitude Dither ADYvp_3 [p.u.] | 0.040

Frequency Dither FDYvp_3 [Hz] | 20.000

Lower limit integrator control loop LiiYvp 3 [p.u.] | -0.500

Upper limit integrator control loop LsiYvp_3 [p.u.] | 0.400

Gain ramp KsYvp_3 i 3.000

Output off set OutoffYvp_3 [v] 0.000

Minimum limit proportional valve Minvp_3 [v] -1.000

Maximum limit proportional valve Maxvp_3 [v] 10.000 12.800
Feedback gain KYvp_3 [p.u./v] | 0.100

Feedback off set Meaoffyvp_3 | [p.u.] | 0.000

Time of feedback filter measurement TYvp_3 [s] 0.010

Feedback gain lead - lag block Kd3 3 Itz 1.000

Time of fedback gain lead - lag block TavYvp 3 [s] 0.020

Time of fedback gain lead - lag block TatYvp 3 [s] 0.010
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ANEXO 4: Parametros unidad 3 de San Francisco

Generador:
Tabla 1 Valores base para calculos por unidad en el generador

Dato

Sn

Fp

Xd

xd

Xl

Xq

x»q

Xe

Dato Descripcién Valor
Sb ‘ Potencia base 53MVA
Vb Voltaje base 13,8 kV

Tabla 2 Parametros técnicos del generador 3 de la Central San Francisco

Descripcién

Fabricante

Potencia Aparente

Factor de Potencia

Rotacion

Reactancia
sincrénica de eje
directo (d)

Reactancia
transitoria de eje
| directo (d) ‘

Reactancia sub-
transitoria de eje
directo(d)

Reactancia de
dispersion

Reactancia
sincrénica de eje
de cuadratura (q)

\

\

r Reactancia

‘ subtransitoria de
eje de cuadratura

(q)

Reactancia vista
por el generador

ANEXOS

Dato Descripcidn
Zbgen Impedancia base
Xe ' Impedancia externa vista por el generador

Valor Valor Dato
Reportado Utilizado
MITSUBISHI MITSUBISHI Vn
53 MVA 53 MVA T'do
0,85 0.35 T"do
400 RPM 400 RPM T"qo
1,0918 pu 1.43 pu Ag
0,3975 pu 0.44 pu Bg
|
0,3084 pu 0.324 pu .. H
0,13938 pu 0.15 pu D
0,9045 pu 0.704 pu Ifd
0.3174 pu 0.317 pu vid
0.1225 pu 0.1225 pu 2P

Descripcion

Voltaje salida generador

Constante de tiempo del campo
a vacio de eje directo(d)

Constante de tiempo sub-
transitoria a vacio de eje
directo(d)

Constante de tiempo sub-
transitoria a vacio de eje de
cuadratura (q)

Parametro de la saturacion

Parametro de la saturacion

Constante de Inercia

Coeficiente de amortiguacion

Corriente de campo base del
generador

Tensién de campo base del
generador

Numero de polos

(Rotor tipo Polos salientes)

Valor
3,593 0

0.44Q

Valor
Reportado

13800V

3.4442 5

0,04 s

0,045

0 pu

0 pu

3.73s

0.35 pu/pu

250 A

0V

18

Valor
Utilizado

13800 v

9s

0.068 s

0235

0 pu

0 pu

7s

0.15 pu/pu

210A

88.62

18

Tabla 3 Datos de la excitacion del generador 3 de la Central San Francisco

Dato
WRE-

lexc

Descripcion
Voltaje de techo

Corriente Excitacion

Valor Dato Descripcién Valor
| 350V | Vexc Voltaje excitacion 275V
| 330A | W Rotacién | 400rpm |
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Gobernador de turbina:
Tabla 4 Informacion general del Gobernador de turbina

Tipo de Turbina Francis
Fabricante Sistema de Control Andritz Hvd.ro |

Tipo de Sistema de Control Digital

Tabla 5 Valores base para calculos por unidad en el Gobernador de turbina

Dato | Descripcién Valor Dato Descripcién Valor
sb | Potenciabase(MVA] = 48 | YAb | Posicién Distribuidor (%] = 100 |
" RPM | Velocidad Nominal a0 | ] I

Modulo controlador SPC (Speed Controller):

: Cwe

. C1 e 4

J|wret  SCYAD Dwa —» '®
GD—MM“ il SCYA
wref PID

Vlwe Cm% i o

we
SFC

Figura 1 Bloque de control médulo SPC

- ACUERDO 886
64




CONSEJO NACIONAL DE OPERACION

B L. A

Tabla 6 Entradas y salidas del bloque de control SPC (Speed Controller)

Pardmetro

wref

Dwe

we

SCYA

Ubicacion dentro del programa

Entrada utilizada para conectar la referencia de velocidad.

Descripcién

Entrada utilizada para conectar sefales a la referencia de velocidad,
como por ejemplo para realizar escalones de velocidad en vacio

Salida de control al servomotor

Libreria San_FranciscoU3

Modulo controlador POC (Power Controller):

3 Dwe

) wref

N we

W Pref

3 DPe

SCYAp

TPPey

POC

Entrada utilizada para conectar la retroalimentacion de velocidad.

o
Dwe
2 oo » 7 / 20
wref
Dead Zone Bp
O—
we
Pref
mr2 »
P+
DPe - BevA
» Y0 SCYA
5 D
@ »| Pe Pef » ; )
Pe e
»| PO YAO
SPO

Figura 2 Bloque de control médulo POC
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Tabla 7 Entradas y salidas del bloque de control POC (Speed Controller)
Pardmetro Descripcidn
wref Entrada utilizada para conectar la referencia de velocidad.

Entrada utilizada para conectar sefiales a sumar a la referencia de

D
L velocidad, como por ejemplo para realizar pruebas de estatismo.
we | Entrada utilizada para conectar la sefal de retroalimentacion de
| velocidad. |
Pref i Entrada para conectar la sefial de referencia de potencia.
DPe : Entrada para conectar sefiales a sumar a la referencia de
potencia, como por ejemplo para realizar inyeccion de sefiales.
Pe Entrada para conectar la sefial de retroalimentacion de potencia
eléctrica.
SCYA Salida de control al servomotor
TPPe Salida para la medicion de potencia eléctrica.
Ubicacién dentro del programa Libreria San_FranciscoU3

Tabla 8 Parametros Controlador Gobernador turbina

Dato Descripcion Valor Dato Descripcion Valor
Deadband Banda muerta ‘ 0.0005 | Bp Estatismo permanente - 1/0.05
Kp Ganancia i 0.6 I Tiempo de accion l 3s
proporcional PID integral PID
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Servomotor:
YA
CYA | CYA
YA »{ 1 '
b Gt il e
SCYA SCYA .
TPYA u—ma—-

SERVOMOTOR TPYA

Figura 3 Bloque de control servomotor
Tabla 9 Entradas y salidas del bloque de control Servomotor

Parametro Descripcion
SCVA Entrada para conectar la sefal de control al servomotor.
YA Salida de la sefal de apertura de distribuidor.
TPYA Salida para la medicion de la sefal de posicion del distribuidor.
Ubicacién dentro del programa Libreria San_FranciscoU3

Tabla 10 Parametros Servomotor

Dato Descripcion Valor Dato Descripcién Valor
i Tc | Tiempo cierre | 4.01s Ta | Tiempo apertura 17.9s
! I servomotor | | servomotor
4 . | }
Kp I Ganancia | 2.7 sielerror de YA <1% KpPa Ganancia Apertura | 0.055 |
} | servomotor | ‘
|

proporcional WPO ) | |
2.7*2.5sielerror de YA >1% | |
. 4 |

KPc ‘ Ganancia Cierre 1.5
servomotor
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Turbina y Conduccion:

G ’———Vﬁ—

(uli‘)lu{‘)) 2 » |
M dw
N YA P l:

J? |

Figura 4 Bloque de control turbina y conduccion

Tabla 11 Entradas y salidas del bloque de control turbina y conduccion

Pardmetro Descripcion
dw Entrada para conectar la sefial de desviacion de velocidad.
| YA Entrada para conectar la sefial de apertura de distribuidor.
: & Entrada para conectar la posicion abierto (0) o cerrado (1) del interruptor de
unidad.
Pm Salida de la potencia mecanica
Ubicacién dentro del programa Libreria San FranciscoU3
Tabla 12 Parametros turbina y conduccion
Dato Descripcion Valor Dato Descripcion Valor Valor sugerido por
declarado XM para base de
por EPM datos CND
D ; Amortiguamiento turbina = 0.15 tw Tiempo arranque agua 0.2s 0.755s
| RPM ' Revoluciones por minuto 400 r/m | SNL Velocidad sin carga 0.058
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Regulador de Voltaje:
Tabla 13 Informacion general del regulador de voltaje
Fabricante Sistema de Control Serpro S.A
Modelo RAV 1101 2P 330K/275
Tipo de Sistema de Control ' Digital

Tabla 14 Valores base para calculos por unidad en el regulador de voltaje

Dato Descripcion Valor | Dato | Descripcién Valor
Sh Potencia base 53 MVA Vb Voltaje Generador base 13800 Vac
VFb Voltaje campo base 88.62 vdc IFb Corriente campo base 210 Adc
AVR:
CD ] T =
] | v froredl ‘ VARSY E‘**h{> B ””’(‘(%‘)
o sl
D ounl- varen | iiegreior
(%2 i
3 ov (82, l
A Vel SCVFh . \ X
% & : RN
y vHZS i*
CE
Y EVHZ - l
y OELS PVih & __I b e
Y EOEL " -
¥ UELS L‘j N LN SR i
§ vFo 16 Y 8L .
¥ a6 C") ‘1“ "\ s Al e ) i I I ‘_‘Q—?
AVR

Figura 5 Bloque de control del AVR
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Tabla 15 Entradas y salidas del bloque de control AVR

§ l.’.a.r.émetro | Descripcion
? DV Entrada bara conectar una seffal para ser sumada a la referencia de Voltage, como por ejemplo un
escalon,
Viref Entrada para conectar el voltage de referencia
. \4l Entrada para conectar la retroalimentacion de voltaje generado
Yhis : Entrada para conectar la sefial del médulo V/Hz.
EVHZ Entrada para habilitar (1) o deshabilitar (0) la entrada VHZS
| . 65[5 Entrada para conectar la sefial del médulo OEL.
| EoRL Entrada para habilitar (1) o deshabilitar (0) la entrada OELS.
UELS Entrada para conectar la sefial del médulo UEL.
‘ EUEL Entrada para habilitar (1) o deshabilitar (0) la entrada UELS.
| vFo Entrada para conectar el Voltaje de campo inicial VFO.
QG | Entrada para conectar la potencia reactiva generada.
SCVF | Salida de la sefial de control al mddulo Driver.
: ™Y 4 Salida para la medicion del voltage gene.rado.
Tyt Salida para la medicién de la potencia reactiva genera.da.
| itge - Libreria San_FranciscoU3
Tabla 16 Parametros AVR
Valor Valor sugerido por |
Dato Descripcion declarado XM para base de Dato Descripcion Valor
por EPM datos CND
Var6l Ganancia proporcional Pl 1 3.1 Var60 Tiempo de accion integral Pl 1/2.5
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Driver:
e D)2 e e
SCVF | VF
VF |
¥ SCVF TPvED |
1
TPVF
Figura 6 Bloque de control del Driver
Tabla 17 Entradas y salidas del bloque de control AVR
Parametro Descripcion
SCVE Entrada para la sefial de control proveniente del modulo
AVR.
VF Salida de la sefal de voltaje de campo.
TPVE Salida para la medicién del voltage de campo.
Ubicaciéon dentro del programa ‘ Libreria San FranciscoU3
Modulo V/Hz:
| REFVHZ TRASDUCTOR VHZ adidi
REFVHZ
VHZS 1
YV vhzsh C2)»|v *"‘
vT SVHZ »| svHz
N we @-p we
we
VHZ TVHZ VHZ

Figura 7 Bloque de control del V/IHz

Tabla 18 Entradas y salldas del bloque de control VIHz

Pardmetro * Descripeién
SCVF "~ Entrada para conectar el valor de referencia de V/Hz '
VI lElntra;clla para conectar la seﬁél.de voltaje geherado.
We Entrada para conectar la sefial de velocidad.
VHZS

Salida de la sefal de control del V/Hz.

Ubicacién dentro del programa Libreria San FranciscoU3

ACUERDO 886
71



CONSEJO NACIONAL DE OPERACION

- CNO

Tabla 19 Parametros V/IHz

Dato Descripcién Valor Dato Descripcion Valor
REFVHZ Referencia V/Hz 1.03 REFVHZ Referencia V/Hz en 1.08
para las pruebas operacion normal
Modulo OEL:
x -1
MEGAMP-00

‘ MULT-020EL

VARI520EL
1830
R1040

} ‘
COEL
Y ae :D— ) (ST
e S i L (——RH2%- g s
B g [
MULT-030EL il R1241
OELS[y Avofe j X I
> i .1—‘ } 5Q-020EL
Y ROEL VARIS10EL
1057
OEL T I e 5
ROEL
Figura 8 Bloque de control del OEL
Tabla 20 Entradas y salidas del bloque de control OEL
Pardametro Descripcién
QG Entrada para conectar la potencia reactiva generada
COEL ! Entrada para conectar el centro del circulo en que opera el OEL.
Pe Entrada para conectar la poetcnia electrica generada. {
ROEL Entrada para conectar el radio del circulo en que opera el OEL, |
Qs Salida de la sefial de control del OEL. .
Ubicacidn dentro del programa Libreria San .FranciscoU.?: [
Tabla 21 Parametros OEL
Dato | Descripcién Valor Dato Descripcién Valor
COEL | Centro circulo en que opera OEL en pruebéé 0.68 pu ROEL Radio circulo en que 1.21pu

y operacion normal opera OEL en pruebasy

operacién normal

LS
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Modulo UEL:

LDI-00

TP 147

1040 ol
i
) QG .b_._._;,—._m. S R~ .%;?
N CUEL RI0Z
UELS — et
[ G o —
N EL AL
N RUEL Jm'j il
UEL Wi Lald EL 'IRPWI;: I‘:";&?
Figura 9 Bloque de control del UEL
Tabla 22 Entradas y salidas del bloque de control UEL
b : RO A 3 ol |
QG Entrada para conectar la potencia reactiva generada
CUEL Entrada para conectar el centro del circulo en que opera el UEL.
Pe Entrada para conectar la potencia electrica generada.
RUEL Entrada para conectar el radio del circulo en que opera el UEL.
UELS . Salida de la sefial de control del UEL.
Ubicacion dentro del programa ' Libreria San FranciscoU3
Tabla 23 Parametros UEL
‘Dato ‘ Descripcion valor  Dato 'Descripcién Valor
CUEL Centro circulo en que opera UEL en pruebasy 5 272 pu s RUEL | Radio circulo en que ' 3.02 pu
operacion normal | opera UEL en pruebas

y operacién normal
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