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The fuel-cost functions in $/h for two 800 MW thermal plants are given by

C, = 400 + 6.0P; + 0.004P}
Ca =500+ BP+  ~PZ

where P, and P, are in MW.

(a) The incremental cost of power A is $8/MWh when the total power de-

mand is 550 MW. Neglecting losses, determine the optimal generation of
each plant.

(b) The incremental cost of power A is $10/MWh when the total power de-

mand is 1300 MW. Neglecting losses, determine the optimal generation of
each plant.

(c) From the results of (a) and (b) find the fuel-cost coefficients 3 and v of
the second plant.

2.

The fuel-cost functions in $/h for three thermal plants are given by

C) = 350 + 7.20P; + 0.0040P?
Cz = 500 + 7.30P; + 0.0025P}
C3 = 600 + 6.74P; + 0.0030P}

where P;, P,, and P3 are in MW. The governors are set such that generators
share the load equally. Neglecting line losses and generator limits, find the
total cost in $/h when the total load is

(i) Pp = 450 MW
(ii) Pp = 745 MW
(iii) Pp = 1335 MW

10
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3.

Neglecting line losses and generator limits, determine the optimal scheduling
of generation for each loading condition in Problem 2

(a) by analytical technique,

(b) using Iterative method. Start with an initial estimate of A = 7.5 $/MWh.
(c) find the savings in $/h for each case compared to the costs in Problem 7.8
when the generators shared load equally.

Use the dispatch program to check your results.

4,

Repeat Problem 3 (a) and (b), but this time consider the following genera-
tor limits (in MW)

122 < Py < 400
260 < Py < 600
50 < Pj < 445

Use the dispatch program to check your results.

The fuel-cost function in $/h of two thermal plants are

C; = 320 + 6.2P, + 0.004P}
C, = 200 + 6.0P; + 0.003P7

where P; and P, are in MW. Plant outputs are subject to the following limits
(in MW)

50 < P <250
50 < P, < 350

The per-unit system real power loss with generation expressed in per unit on
a 100-MVA base is given by

Pppu) = 0.0125P] ) + 0.00625P3 .,

The total load is 412.35 MW. Determine the optimal dispatch of generation.
Start with an initial estimate of A = 7 $/MWh. Use the dispatch program to
check your results.

11
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A 60-Hz synchronous generator having inertia constant H = 5 MJ/MVA and a
direct axis transient reactance X = 0.3 per unit is connected to an infinite bus
through a purely reactive circuit as shown in Figure 11.21. Reactances are marked
on the diagram on a common system base. The generator is delivering real power
P, = 0.8 per unit and @ = 0.074 per unit to the infinite bus at a voltage of V =1
per unit.

(a) A temporary three-phase fault occurs at the sending end of the line at point F'.
When the fault is cleared, both lines are intact. Determine the critical clearing angle
and the critical fault clearing time.

(b) A three-phase fault occurs at the middle of one of the lines, the fault is cleared,
and the faulted line is isolated. Determine the critical clearing angle.

1 2
Xt = 02 XLI = 0.3
E L , (H v =10
X'g=0.3 2 =22 H
FIGURE 11.21

60



Wy Sns Vo8 glaptins (o) 2

IS 58 9 98T s J s

A odes Ujgar STy (g5 Crioes 10,108 e )-‘-’L’ oS8 (Gg) p s Djpar ST Gl j0 s
o 8 69y 2 9551y Ole 9 59 gy 3 ST (g S (g oo (295 e B L g ol (S 5Ly ol s
e ez el adgl Sme oy ol 5l a8 (LS (AVR) o0 i Sloy <ol o)l 3G
RO J..ls AVR ¢ LFC ail> las )41 Q.l‘).ng.g ‘o)\o Gs}lb G&La)' <ol P el Gi‘.‘l&o REIOW oS 48
g a el Jiius jeboas SO, 5y S g S8 L J S Judoiga 128 g canl (S

Gail> g aS oo adg 1) LulSy8 g el (2e R oly LFO)GLE B L s el

ol )8, s

JrsS 9 gl 55 3L e (Jg8 (BB g b 0> 0 Wil )8 Lad LFC i o Slos Gloal
el (bl ) bgla s gy Jols (slaasl

1!

Sl Sy Sass

\
3

3 I —
Jhib >< O G Pout , Qout

Pm —
Pe

/

.J_)I\S Pﬁi‘-!im‘

LFC OoslS 3 Kaa

61



s A, e plg oleyd JUSew a5 098 o0 s T olil b ys (i (g5 g iS5 50 Ol s
5,815 o Oy Bl b Gl cel g oals Jlol (69559 55l sS4 g Ssdiss

g g0 00 yuadd w5l 280 00 bl s lev g il 3 50 s
o ysliss Sy polie 1 S5 ya ln 1) o @l GulS )8 S st ilo e
399155 Juod

ipld lugs dloles 5l

2H d’AS
2 E80 Ay A

o air T
dAa) 1

1)

) = —— A _A

dt 2H( pm pé’)
dAw 1
T (Ap —A

dt 2H( P, =4p.)
Laplace — Q(S)ZL(APW (S )_Ape (S ))

2HS

TORANIATNESPOURTS TR JEL g IO { PR g FRCISPWE MV U VY ROOWR VR K PON |

OP,(S)  + 1 AQ(S)

AP (S)
:)lg J»\O—r

oS58 4 atly sl g (Jl g (oldy; aile (WS B 4 anly e sl )bl JKake peew JST 50
ionl b Sl 55590 sl wiile
APe = APZ - DAw

ol 4 ly et AP
ol & anls Sl D A@
(9959) o5 B oS 4 )b i doj0 G s D

S so D=15 Sy s 0o 0 15 )L uilS 3 0 sess as o 1L ST ke ol

62



AP, (S)

AP, (S) +'(l\ ’ AQ(S)  BP(S)  + 1 AQ(S)
- | 2ms - —_— '_ 285 +D .
T

] AP, (S)

Homygh)adgl S oo Joe-Y

EYE Y G o Gloj b &5 0gdg0 Juo T Gloj ol g Jgl ad e rad 0 S0 S50 )95

AP 1

m

" TAP 14T, S

ﬂPV(S} 1 '&Pm(s)

N1+2,8

:()3)315);"4&)“ own.o.b.u" J».\.o—f

3509 21 ol b5 5 Ol bl Glp sl @ (oS ©p08 5 Ce e S 6l (255 0oy 2
5845 Mg oo el (Seig Sl g (Sillog SN o (SlSle taiwd ¥ Lo i g8 el 00 eme (i 4
Ceomd 93 5lylo dpaz (gla )i g8 0ad oo oolitul o (GlelSy s jo (Sdg xSl )l 5l had ol 1>
il oo (Sgyan g (Sodg Sl

5995 o UK 45 Canl iy il PID Ysosa) (Seig yiSUl 00 J 1S Sy 559l Sy 2SI Caod
Sl Lty GloleS CuaBse 5 5581505 (29,5 Ol eSS

S9SN 5558 (g S PLC 008 J 5 10 gyl (33lo5 5 398 69959 o ims (bl 2
95 S8 > Sl 89y Y (20 5 )b ed (nl 0 Shee b 5 ouds Jleel (Pilot valve) Losal, ot 4
238 50 JBA G5 Dyge j0 00,5 o0l 8 5508 (ol S5 et Gkl Gy sbeazm e s s5ise
Dgdge Jiie plaitiy 55l a4 g O)jsods e S8 Lol

63



Lo (slalind &y3m 55 SgaS a5 b by (SolSe ol 5l S O e Sl Gl
e ol Debi g il )8l azys el eyl cely AF 09l co el 8l cheir (655
Sfbes glp S oo ol (SSG lg GRIBl Gle Ty s 60908 e 5 edd e Syl e

Sl oo ooy lid py JSKG 0 5,08 B uile cdl> sledasin

1.06

A Speed changer set to give
1.04F ~~-_w>=10at P =0.625pu

Speed changer set to give
1.02 . w=10,atP=10pu
w RN - /
1.00 — =T
\lﬁw
0.98 L= |
AP >
) i )

0.9 0.75 1.0 1.25

P, pu

Ol A ey oasS pdais )5g 5l ewl (R :i}—?j;«cﬁ odiS pudail o po sdmo Ll S Ol cads

SOLAFG Rl b R%XACO ol$ 3(AP, ) e 5o
B 1
AP, = AP, ——Aw

450 s @b Sl eoliul LAF, o 5ol Condge Sl 4 (Sgpone oaiiS sl 3k 51 AR,

g se o ool

AP AP
S T A

AP (S) + T AP(S)
—
1+7.5

Aw(S)

=

64



Y Oy08 slapiw ow)p

...&.Ju’.o Cwdy LFC Jpus oS 6l ,5ho ode] s slo oS &b iz izl oS 5

AP (S)
AP._S) + T | APUS) [T ] AP,(S) + 1 AQ(S)
I+7,S N1+2,5 " 2HS+D -
' l T
R
ipulo YUl 3ho Seb sleslanl Ly 55 bos ali eole & jgoas
AQ (1+7,8)(1+T,S)

T = =
AP (ams +D)(1+TgS)(1+T,S)+]13

solys 5 &jgar Baile Ll glas Jlade 9,55 & 90 AP s (6399 50 Ay 5uesd G oS (2,8 S
D9

AP
APL(S): SL
Awg =Lim_, s.R(S)G(S).H(S)=(-AP,) 1 :
D+E

bl adlo 0gzg R, U R ouas colo b gl 35 cpaia a5 O508 g SO 0 ailie O g0
1
A :(—APL) ] ]
D+—+..+—
R R

1 n

L ogllae a5 Canl oo e Baile Sl gllas gllo pias (pl 958 o cdalive (g 2S5

65



ol |y 55m Be Gl 50 DlglKe Foe g axly g SllSa B0 v gl aly 45 590 S e s
el gllae aly il lgSe A+ o5ll 4 b 51 S e

Gl Sp=600 | R=0.06

G2 Sp=500 | R=0.04

Sl i sy el 5 S 3 Bl ol 3955 4ty 553 b (A

S, =1000MW — R = 100:><O.06=0.1pu
1
R = 000><0.04=0.08pu
500
90
AP, =——=0.09
T R
Ao =— BB 009 =-0.004pu
s 1 11 1
D+—+— —+

R, R, 0.1 008
Af =-0.004x60 = —0.24Hz — f " =60—0.24 = 59.76Hz
R=TA2 , ap-TA0 0004 04
AP R, 0.1
AP, =0.04x1000 = 40M W
AP, :_A_QZMZO'()SP”
R, 0.8

AP, =0.05x1000 = 50MW

M a adgi g wlS B Bl LaiST i wo )0V B0 il 8 50 el doy0 SO e sl )b asilis (@

-AP -0.09

Ao, = ] L = ] I =-0.00375pu
D+—+— 15+—+—
R, R, 0.1 0.08
Af =-0.00375x60=-0.225Hz — f """ =-0.225+60=159.775Hz
AP, = —Aw _-0.00375 _ 0.0375M W
R, 0.1

AP, =0.0375x1000=37.5MW
AP, =0.046875 — AP, = 46.875SMW

66



2950 oy 58 5515 gw il Colb (0.28 5,08 (0.5 e Sloy ol Dpad i G0 Y JLe

IRVEL S-S P JEPCWUUVI N PV K¥) PP JUR R | YCH JUUES I PR C O (-1}

A=(2><55+0.8)(1+0.2S)(1+0.5S)+R%
=S5’ +7.085%+10.56S +0.8+R%:0

1_x
R

1 10.56

7.08 08+ K
73.965-K

7.08
08+K 0

QO = N W

n »w v »

(7.08)(10.56)—-(0.8+K )>0—>K <73.9

—>l<73.9—>R >L—>R >0.0135
R 73.9

0.8+K >0>K >—0.8—>R%>—0.8—>R <(;—;—>R <-125®R >0

b SLSL s S 250MI b s 960Hz iS5 s asl R =0.05 558 s s o 51 (0

fauS oo bl uils 3 Ol youl joax SOMW o jlusl &

P 50
o=t - 2 o
P 250
Aw, = (—0.2);1 - (—0.2)L — 00096 pu
0.8+ 20.8
0.05

A®* =-0.0096x 60 =—0.576Hz
f =59.424H:

67



(AGC) g o35 555 aysil i
Sl ol e g e LulS 3 o Eaile el sl bl Gl g b 3 ek o 45 0b ounliv
Bl (K 538 ey oual o po 4 WSS

398155 SO b o 5

e Nl o )“'L&" )““‘“"" LS‘):’ )‘fJ‘)i"" ‘-i’ Ua> )b‘a" QQ)S )‘9'0 LS‘)‘f 6'9‘5 e u**’lsﬁ “‘9‘)7”‘ u" u“‘”ls LS‘)‘f
Sgin 03latwl (6l s AGC w51 593155 iz b o 50 Lol 098 co a8l piticen
AP(S)

+(‘> APS) ] aPu(s) 47 1 20(S)
1+TgS 1+1,8 4 2HS+D "

=

=]

5

g L (T (g sl a5
Dgdios yuntd 0 i [,35 Fly popde 5l oslaiwl b g

1
KP:B

2H
=

1 K,
2HS +D  1+STD
o-Ke AP,

TPS +i(1+ JS+ oK,
T R T

P P

2
A:L(H&j _AKLK

T’ R T,
1 K,Y
K=&, (”_Pj K
A=0 critical —state
K <K A <0 underdamp — state
K,>K., A>0 overdamp —state

68



Y Oy08 slapiw ow)p

ol 58 58 <Gl alwdiw

axdgl (uil5 3 J s )

A )5 0,u53 5l oolisnl g 5,98 0,515 5l s e adgl uilS 3 S oMol laladl

w gl s 3 J a5 =Y

g cud )b b GlaaYiaar g 09290 (89,08 slasxly (aled s o pe 0 coll Joadlygiws ulul
adgl uils )8 JiS 0,Slese b (J3ls a9 (uils )8 S ansl asls |, (AGC) je0 oy 5l o s

sdas B &y el 1o b g Wae ok 3,Shas 5l 256 Sz bl 4y gl 4o Sleladl ol aSh o s

255 (oo plnl (4l Jlail glad b (sudgs axly 29,5 Jle plgie 4) Bras g 0y G

Godg olg e 0 Wgds aSlll o)l Al i Gb W0l as g8 ‘537 slaxly wile ‘_,’_lLa»\g

Aid ge wils SIS T 0S8 as Sl o Al
09 (o0 plml 15 (hg; 90 4 Al J S

(AGC) 90 ol 51 5 5395 J S pomms )

(=8ly oyl 40 9 Joxe) Manual J s Y

b il 8 J yius -7

plnil 5 uilS 8 agads il s 4 aSds b 51 gl Gdo 51 a4l il 3 S odlol el

Girid lrequency (Hz)

Generation loss or load ehange occurs
1 [mitial slope of fregquency decline depends on
system inertia (cumulative inertial response of
/ all generators and loads)
i —
He P
o i
§ 1
1 : I
1 : ‘I
i s
P : : "
Ds}5-10s 20-30s 5~10 min Time
Inertial) response
L |
1'_ rl ‘-| 3 . |' n
Primary Secondary frequency |T,,;l15;m. frequency
frequency contral control (AGC) control (economic
(droop)

dispatch)

69



o 58 9 92551 olgF J S Loy yod

0iS S35 01 (s 9 6999 Sz jglS @

fo,lo S, 8L blijlaxcepn @

Aoy pb 1, LFC gl @

Sols plosl ayls 615 4z LFC JSuile el sllas 40,5 jao (ol @

ol pogie az 4D gy oo @

1%;“,;_',«5:_“;5%;#'&'&_,&?00,.mojnoofu._;u;.,ﬁpjggju -
JJLn.:.n:fuuiliJ_IjL;_JLaJMW.MJJOJTJT Lé));hiujﬁ.k.;ﬁdwué.wfﬁia

Sl bl 5123 50 S s e Ll e 2alS 58 o /1 0 53

Fa
—
-

"

..u_Jj;w.'u_ oK e A

el g Slamla b g5 90 Juld Gladhie SO Oyl e Sy

S, = \so MVA H,

I

¥S R, =Yy HZ/PU MW

Sy

I

V0o MVA Hy = ¥S Ry =v HZ/PU MW

sz b Bk S s aakate IS5l SR 00 MW Olpay azee 5L ST ()
S I el el 3 A g 5 page Ly 5155 310K p e W23l aal i 2alS
A5 b LDl wal

D = o/e\PU MW/HZ 45,2 ki o nyp 5508 g Slej ool ) assls (o
RVPSYRCIRTRE 5/ PER PR CR LI () IWEC g P11 NERCH JUOPE Y PR SN

A 250-MW, 60-Hz turbine generator set has a speed regulation of 5 percent
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a steady state value of 59.7Hz. Determine the increase in the turbine power
output.
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2.

A generating unit has a simplified linearized AVR system as shown in Figure
1

(a) Use the Routh-Hurwitz array to find the range of K,
for control system stability.

Vr'](-’)/_\ :f : VR(S) ! VF(’) ﬁ'; V((S)
- Amplifier Exciter
(v)

3.

A rate feedback stabilizer is added to the AVR system of Problem 2. as
shown in Figure 2. The stabilizer time constant is 77 = 0.04 second,
(a) Find the system closed-loop transfer function,

(b) Use the Routh-Hurwitz array to find the range of K r for control system stability.

Veer (5 T\ Velle) [0 Vile) = Vio)[ g3 ] ilo)
.| ., s
= Amplifier Exciter Generator
Stabilizer
Ky
I+7Fs
Sensor
(¥)
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	هر واحد نيروگاهي براي كنترل سرعت و قدرت خروجی به گاورنر براي تنظيم بخار، گاز و یا جريان آب ورودي به توربين، مجهز شده است. گاورنرها به 3 دسته: مكانيكي، الكترومكانيكي و الكترونيكي تقسيم مي‌شوند که در حال حاضر فقط از گاورنر الكترونيكي در نیروگاه‌های جديد...
	قسمت الكترونيكي گاورنر يك كنترل‎كننده الكترونيكي (معمولاً PID) حلقه بسته است که سيگنال‎هاي ورودي اين كنترل‎كننده توان خروجي ژنراتور و موقعيت گيت‌هاي توربين است.
	بر اساس سيگنال‎هاي ورودي فوق و پردازش آن‌ها در كنترل‌كننده PLC، سيگنال خروجي گاورنر الكترونيكي به شير راهنما(Pilot valve)  اعمال شده و با عملكرد اين شير، فشار و دبي لازم روغن براي حركت سـروو موتور و دريچه‎هاي توربين از طريق شير كنترل اصلي گاورنر فراهم...

