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Identification and Modeling of Gas Turbine and Response Investigation
of the Model to the Frequency Variation of Grid Power

A.Rabbani, A.Karimpor

Abstract: On the grid power, the generation power should be used immediately to maintain the grid
frequency constant. Therefore, grid generation power at any moment must be equal to the grid
consumption power. Increasing or decreasing grid consumption power leads to the request for an
increase or decrease in grid generation power; and if this request is not provided by the units in the
grid generation power, a power difference will be created causing the grid frequency deviation from
its nominal value. This grid power control process is called frequency control. In Iran, the main
component of frequency control is provided by gas turbines. As gas turbines have been more installed
in the country, the response of gas turbines to grid frequency variations has become more and more
important. In order to study the frequency response of these systems, an appropriate gas turbine model
is required. In this paper, the frequency model of a gas turbine has been identified. After modeling,
the model's response against the errors applied to the gas turbine from the grid power is investigated
by MATLAB software.

Keywords: Gas Turbine, Governor, System Identification, Modeling.

o sb e | i OB it J S ke a3 -0l 0 353 151 5 ST Oledtige el o S ales s S (e OIS s ege ok 5



Sl S S5 O S 4y e e 5l sy 25 5 ) 5 G5l e 5 gl VA

IS oS e

I g (S g -

S dpp 035 03,85 Sy g nS S Joli S8 5 e

50T 0,55 om0 5 St s L 152 058 bsliee gl G ol alaions
il (SO (551w s 5 (6551 s s 5 S
S5 Bl 5 o5 S OB OB o5 SHSe 5551
Ll s s esn 205 8 s Slasnie 335 o O o 5155

el 0 S151Y Jder 53 [¥4] 55!

x5 55 ey 3550 S8 s Slabeie ) Jgde

1Y &) BETyC
1I¥4 (15 e 4 53) 5 (8355 Sle
OF+ (18 ol 4 33) mn 5 (97 Sles
oy (436 1 p 5 5hS) 63555 om0
latal\l (Dl AS) s 3 oS b s 0I5
FYViOY (D5h5) 5 SM 5 Ol
YOMAA (Dl k) s 7~ A Ol s
ay (a6 o SAS) Ct v 23
FE/B) ) dlest

jlfm;,.’fgslh}loblg 3OS '"&5}95&3'—1’

B o) o 53 Sla i (e &5 o bl i s
NP PPV | NI AN [FEAN e o NN RICS AR CHNIUN
R Y T P - T RSP OB b
A2l op e Dl 2 5 4 Cpimes LS oS

5L Jde e el 5 Sksle bl ST aid b 5o
Bl oS okl S e )3 57 g0 g Sladde g o3y atia [S
23,8 w5 logne 5 sl gy cpl i 0 555

23 (b s (s s bl gl e gl g
2003 St Caglie 5 bl oa (5,5 4 BB S5 5 0l 05
Ctl olin g il S Lalis (gl e 03,15 (5, 0310 gla g 5
S8 s sl bl slls Gl Gy ol 3 GRS ol 53 1
ol 0y 8 oslizul

doudo -

el oz &l 36 Gl @l w3l wledae 0ySE
andllan (gl s Ol 5 oo ke (ol 51 sl (Sealss g0 5 Joke cdide (o ok
53 3505 e2linl 8 s 5 (Sl ge 5 5185 5 (SO Doy
S el ks G SE 5 (Sealuase s de s V1]
W] s die cpl el 555 e S8 s 5 5 - e sladte 5180
il Ik lejen (o el Su e Sl e a5 [A
Al 50s8 S8

Je opl il W EEE Juts G ooy 5 iloans 61 o3 Jute
i 538 5 S 4 b a e 6K 555 e e s 53 4
OLnEnsls IV SE g (Salia e Sloyat 4 5 Ko
bl S S s SVlas 3 5 slae (6,8 K Sllons
03 e s 63908 SLd ey dde O Jue sl s il e
oS sl Eol e ol 4 558 e bl Kas e o 5L
DB owup 3 [Va-1F] 55 due o .;:Jfﬁa Sl o8
el a3 &

Sl 0l 1,1 GAST Jao Lulal 58 s 5 Je [YAVA] s
- b s J 587 il o7 S5 G 5 (6 jledite 6l oo !
L8> psls )8 S S Jsm 3 Ol ST a5
S e5Y

il )l Sty den (51 oo 08 e &S5 GGOV Joe
olin (5o eyl U 58 s 5 s 1 018 op 458l da § Jae
&S GAST (sladie 51 (6 ks 5,8 onlinal Caliee J 257 (slacS 5k 5o
S Wloks o Kl GEOVL Juke by 3 5w eslitl s 53 A3
Ll 0k 141 [YY=V4] s 0T Sl

&y dde 31 genls i 1y o5y e Olioes [YA-YY] Lalul
oxlitul g iz 3y b4l ool 3 LS J ST ey
G S ns 5 S IS Glaysson adde (pl 53 cdles el
Sdae ol s Sl Olgie 4 oS ol otis 48 8 ki 55 36 s
AT ESIERC 1

Loyl y5 53 58 )5 5By gt S Joke &Sl G 5
S Sy s Lot IS Slatys g Jlest b ¢ uilS 3 Ol i
335 o o by 3tons cpl Jlasl il 03 £ oslinal € ooy
(it Y Jols e pl 33 8 5enyp adly Lol b 4 e LB, b
Ja 56 s w68 Wil 5058 U S o 5 56 s
TlAl 55 Sl 5l 5 58 e s alelid Glacs buy

.J};‘sﬁ

¥ Prediction Error Method

' Correlation Method

¥ Maximum Likelihood Estimation

Journal of Control, Vol. 12, No. 3, Fall 2018

WAV b o opled Y il ¢ 28 aloes


https://fa.wikipedia.org/wiki/%DA%A9%D9%85%D9%BE%D8%B1%D8%B3%D9%88%D8%B1
https://fa.wikipedia.org/wiki/%D9%85%D8%AD%D9%81%D8%B8%D9%87_%D8%A7%D8%AD%D8%AA%D8%B1%D8%A7%D9%82
https://fa.wikipedia.org/wiki/%D8%AA%D9%88%D8%B1%D8%A8%DB%8C%D9%86
https://fa.wikipedia.org/wiki/%D8%A7%D9%86%D8%B1%DA%98%DB%8C_%D9%85%DA%A9%D8%A7%D9%86%DB%8C%DA%A9%DB%8C
https://fa.wikipedia.org/wiki/%D9%85%D9%88%D9%84%D8%AF_%D8%A7%D9%84%DA%A9%D8%AA%D8%B1%DB%8C%DA%A9%DB%8C

%) oyl 4t lS 3 ey o ko Sl s 5 58 ey 5 Gl 5 plulis

IS oS e

K
G(S)zip
TPS+1 M)

K =1.25,TP =3.1308Second

P

3 Oy Olg @b Y-Y

Ll s W] e b S8 s sln sls 05 4l

015 alaly 53 bl o (V) sl p b 0 8B L oy 5 0552 09 S
338 ol B o Lo e 56 g Sl sl S
s or S Sran 015 O e 8 A L e 03503 S5 g
U5 S5 ol psm b 238 or dloms S5 Lalls 015 sl
O 05 S 0o 51 S8 )5 (b pan S g 5 5 55
338 ot el S )5 015 B sl 5 015 S e b Sl o
o 0313 0L Y JSGs 3 58 st s (g g 0 o (e 5 O 5l 5
sty 53) IS8 13505 51 58 5 okd 03 e Olg b e

ol 0 51,

P = A+ B, )

Py =—-02943+1292m1, ")

08 //
&

07
A ‘/

) 7~
J 0 /./
yd

02 /
01

03 04 05 06 07 08

JL{;}:"J);JJJ"‘)‘};CU“'\;’U;‘J‘)’)‘)}“"\J‘g":

BB Vens 8 ol sy 5 015 Kb ()5 (Y) Ly,

Loy okd 6, 803l L5155 s Ol bl 55 Ldl od o s
S5 3550 Ol (Sl ok 5 5 ol Olenkil )y 51135 Olenkily s
&b oledie rodle S s e 6l AT o Cons w Ya 5
de &S 0152 6338 abos b 3558 )5 (s 5 sles 015
3bedie 31,5 sl S Je 1 53 05 503 15158 s 5 51 e
Aibe 6355 lar Salda slao sl 51 ke 7 s 5 sl
oly el ok oslizl (6,805 b gy 3 e0ly ad 3 Slas 53 0T 56 5

YUSE s tde ol b SO 55kiE Sl el 5 S

Ol5 @ el g 7 b ot G 5 sl aubly ol
i ol Sl il o S8 oy g 55 ks 0l 5 58 s
daiss ,2b 81 s gl B[P I - TH N R W)
Do oS e 4 S Wb S ung 2 g S s Bl
58 Pl Olg o LOT 05,8 Jue 31 [P]

g SRS T

Ao 5l s 1 gls el B omp5 (s p 015 e
e Cambge 5 LS e kS g paS g liE e los
Sl Ve s il a [YA] b sl e 10 b es e J xS
Soge 53) dos ) sk 656 Sael s s L)s gl S gl
1S e a3 1031 s 0d& 3L b 5 ((Jases ol 15 e 055
SAE g Olg Ol deys Vocles il ey Ve s ol e
S NP pli)l 5o ey s Mo 4 0ly s 1wl .
Lot gl 088 5 55 b il DB YA L 1, L )s el
Oy Sl [YA] 0lp ol la oo 5l oslial 5 s Jasms
@leld Glacas il SN by S s S
el oky3 8 plowil o1 8l 4 53 V0 e (sle3 53 (s 5

s ol e s oS b ke 4 Oy 51 g 015 [valsb
dole slaw S8 ons b ss 1S e ST 1, Js5 L,
L o il g2 a8 0 Lyl gp Sl 168 1) g S
LBl o ol ) e a8 DED sltas Sl 5 L Ll b ) gy
S Gos e byl cpl Sk 88 b s plulid s 1

U8 s i 5 (B pan S g CohS L i s
il a gzl Sl e 5 SVolre asly a8 ST Sl szl
Sl abise 53 O ol Gl ol 5 1pa b Cst g Cnlis S5
ot el GBS () 250 5 53 30 8 (or ol Dbl
o> 8 el 58 Cal s 03y ol 55 L 5 TS s ol
el

Cons g5 58 s 5 s 5 015 53 S ST Jalso a0 pazs )
b 5ss8 1 eddb o 5y sl RSt i 55 Cs g IS 8
i W5 158 5 SLSE 550 015 S g J 1S 8 oobas

ST Bl L e S S b 6l 53505 008 s
" SIS OIS e sl (M) Cot g (658 55wt J 2857 5
Sl piged 5 St SRS e 4 a5 5L 0L 3 Jlesl sl
N Ple s alolid o Sloslizal b 5 o g J 287 b Sl go SS3
4 ol gl 45 0 Jolo S5 s ol 5 ST s Jole e

.nfsawlsu(\)dm.l);gy

' Inlet Guide Vane (IGV)

Journal of Control, Vol. 12, No. 3, Fall 2018

ARV ol o o5led VY W oJ =S dlone



S 4 il D 4 s Sk Sl 3 56 8 Sl 5 plolis A

IS oS e

oA OIS 4 5035 Ciip g e 5305 P o P 0) A 5o
255 ol Olea 3,13 0Ll 5 55 Lo 5 St S SN SL el 5
53 dl 8 0l 53 M]3 o alons 5 5135 (555 50 Slas Sl
b LS 507 B s 4 e S8 e § I
A e Lol s L 5 003 S 5 50 40 09, 5 5155
S Dl o 53 5 by o ids o530 w1558 s L8
S8 cmas a5y Cem s 0515 Grae Ol 51 GE ey
S8 Je Ity Lol 5o [¥V] a e Gk oS e ()13 6 503
Al PS5 4 SE

Per C 1 n
Js

B

v

(V] 5555 (ol Olas dmlons g S ) 5 Jobe ¥ K2

Oles Sltae oo il 5 plolis Jidw by Lild ol 5o
. . g _ 2 - .
Oles dewloes 31 g s F disloes ]_m\ml(g [ 5, e
ol 53338 o avalos (Palaily b g, Old Ol gy o

- - . 2 .

)anJ@LwﬂanJj Kg/m b\jjwﬁ\dw]@b
LS ek js s B Ol5 i 5 WP oy rad /s usly
G oS e s g Ol Al Dl e sk b
b 5 015 5 (gl Olem ik dabons ki 4 5 b (V) o
sl g B VO/FY Ll ) s
/xa)j

T=
P

n

)

Jxw'  24851x(100m)
P 159x10°

n

r= = 1542second (V)
558 a5 Ol wb (s SRS b oSk alons Sl ey
s e die 33 &GS Ll G huss s, oks 0b)
‘mg@;ﬁ@p;ﬁyc\;é\,,;.\;j_.?@)b;nu;.mw,'@
38 2l 5558 Sl 5L o

S8 5 S 53 edien madd gl eyl Slasia Y

PARAM DESCRIPTION VALUE UNIT
Kp Control Valve Correction 1.25 #
Tp Control Valve Time Constant 3.1308 sec
A Gas Turbine Constant -0.2943 #

B Gas Turbine Constant 1.292 #
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