o} B/(100X)Z 919 H3} Oil 2H8F %% $19] 795%9
g Idste 3 Atolol] AL 1B|H, 22%/veard] EIWI
Severity Scale9} Z}8HAl Btk H2 Severity level&

3.4

Axre] e wHs A B Ay ZleREe] 2

o i P OES 2 Qe BE 54E Moy &4 Mode® 2T

AL NE 2R ATE BERFoMRBA Ol L oo SoL L s e
£710] W H 09 B Severtty levet 717 £ A e K

o o . o 010 QM SoftwareS 7HEFTE Ho1H E4 Modest
$ YPAY BESZE BAM AR #¢ R0 Lo e s g 248 2
o A4 AAE BRI 1065 ool AXE L T e Ao
3 o e o _— 0 F HE gste A oste} vl AdHAE ST 1713 A
ARt H EE B Lew® 7Pn A Y AS ) aupuge) 97 £ Aok 29 awae) 9
o) 57k £7b0] A2 AAE HUS B Levael L0 O e o st voest ) B
B mobd o) ohd/k AZHEE BO OlRHE B Lo a0 o) mpel B2 28 AE
Tuming 710}, Coupling. 1817, % 2o} O Tank ol &4ke 9 = I aE AlS
S ey & AR §A AuE oo} Bk Axe] P o
o AHE AT O GIONE BARA T O g pe g ABE BNHT £7 GHle) AR R
Galon? €] %< F7M71A A =3 4 & R
29 waeol AU g BUsFy Al o 0
% 0l9] SAE & A7t Hof gk
f 5 L

= Sor0lEd BEX{A Ol JLAEIH] A

u T = —-:uﬂ-ﬂ =1L =x 7!'__E='|:.,. _.L.jH

[GAR) SREUYEHTA ALY
2y 28F

Tel : (041)351-2430

O
A wd ABZEE I3} A7)E FAG A, o843t
&

A, 722 gk 2 Bghd
EAR| 7} L-ol3taL 7]

2
o
i
lo,
it
o,
N
N,

FA7 2 A7) o 2
A0t WA ARY B ohleh AA2AL A%
o) AriHLE Atk A Fo PP dule) B
2 424 5 FPAA 20 TS 2 0 27
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A9 8% oA dFHHFA ¢Jst

of QAR EHES XS AP FE 10%
oo 2 7 FE7F A o, S dd ol 1
&4 Aol g 7Y Fhale] £A 02 1993
69 NAA 503 AY Aol WALHALY FRNAES
B35t 7, 19963 108 A1} RHAAGAE LNGES
2 A ek3tE 2Groupl E Vel LNGEF el LGy
2 gt el A, et 2R E 2zt A3,
D7F ARG A 23 i SAAY S FZEA H AT
o] AlY F E¥Cyde EHTTAA HAG EF
Cycde &AZold, A WAl A UALH AdA]
LGAlUA Y g8 AT JE LG 535y &
Ao W3t MTFHOZ Asly, BEY $AL
o] F717101H, AA fF5e iy EHg s



(Heavy Duty Industrial Gas Turbine) A ZA} 2, GE,
ABB, Westinghouse, Siemens oA =] 2 A} A o]
22 &9, LGE sy o] Xt 9l
+ Siemens®] Gas Turbine Model VB43AE A0 2

FE U B4, 24 D Aol e ARFE Fohn]
z @t}

2. LGEx S¢S @A M)
b A& AMe
DY A FRAEE ZAE 99 B3
(eRr=7tg e F
2)Ad8]-8-3F 1 550 MW (2 Gas Turbine+2 HRSG+
1 Steam Turbine)
3F3 W €Y 1 Gas Turbine(Simple Cycle) 2000
741¢
(A9 -AMA]) Steam Turbine(Combined Cycle)
20019 5€ 1¢
HALAE  HAZF2(LNG), HIARAEE AHAHE
508 Zt 3l FHEEte ARE
6) 3% 2 2 HF R gy (A¥le 53
FE4, 99 71153A 71%)
NArss B FYRF B4
8% 4
O Gas Turbine : Single Flow, Open Cyde Heavy
Duty Industrial Type
O HRSG : Triple Pressure, Non-Firing, Indoor,
Horizontal Type

2

o (HAE A

N~

O Steam Turbine : Tandem Compound, Condensing
Type
NFTHET  oRIHIIEE EFAZANN FTF
10983
O LNG : HYLNG7| AN A 55w, Faf B A
7155
(LNG Govemnor Station 71442 gH=t7FAFA}F AJF))
O ZAf  HARYE oLt IHF
AL E A4
O AAAFIE 1 100PPM ©]3}e] & NOx 444
O WiZI7}A : FRBA TS A E HA
AEEZo] EX

= 3T
O FELY : SR AL X
O &% R AF : 7I7ISW WA, ey AR,
AH] ]

)
2

O $HME 1 1MkV £HAZ
O GAA =AY FA AL
o A&

A

W WAL 154kV £98 GIS(Z7F2Z A7
H])

U A4 #2373

LG #ZE3%38 A4 233 (Milestone Schedules)

rlo
i
—\:T—"
iy
L

g &5 T A

o EH7Z: =& 1998, 12. 1

o E#rix FIYE e 1999. 2. 1

o JIEHRIZAE HEYF 1999. 4. 1

o 72BN A& 1999, 10, 1

o & A 2000. 1. 31

o F7IEHl AddeA 2001 5. 1

o 7k2EHYl 137 AEHY 2000, 3. 24

o 7}2EH 257 AEHY 2000. 3. 29

o 7F2HW Ay 24 2000. 7. 1

o F7IEHl X &4 2000, 2.

o} A& FeAu] WA 7E

LG F3E¢3E Y 77 A= 2HATA 9] FA
7 FAALE 71FELZE Power Blocke HA Sl
2 &3] WA sk o153 v X)(Slde Along) 7Hd 2.
2 AAEA Y. S AL Power Blocke] FAl¢]
He S71HER AEY g X staEy A
B2 S7IEN AE MSd o]AF 7 §lo] A £
A XSG HRSGAELS 7HAEE AE g3,

INGE $h7tagAt g4l ]
AL UE AAGE R 2A FFHH, HIFAER
AHEE AR(DO) AFAdvE dAL ME Tank
Farm Aread] ¥ X5 o] Qlt},

G/TZE3} HRSGAE Alold] z} 712Ed ©E& u}
ol A AEE X5t 7IAEY dE A JI5E
& FHojglon, BELA Aos 72N €2 7bzt
AAE F AEZ wj7)g

sl=ok4 BE(SLP : Sea Lift Pump)’} AX =
SLP Structure® §A]¢] &5 s 77k X
A=, A5 A5 d5E 13k F53h SLpY)
23 ¥¥ d)<4= Box Culvert Type2] Intake Cannel
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E E3}o, SLP Structure®t 4AA A Y= Power
Block 7}7b2 Lol v X® CWP Structureel] ThA] 22¢
AL, o] CWP Structured] <84 HZ(CWP:
Circulating Water Pump) % &4 Wz 3=
(SCWP : Seawater Cooling Water Pump) 7} X Et}.

Z71899 AE Yol ZX¥ Condenser§ AA U
2 WFE gE FAAAA Fence®t 55 FA7A
A FenceE W} AX ¥ Discharge Box Culvert® %3}
o B B %S Comer NP2 B3 vjFdET

$AAZE ¥X A EE Comerd AAE A
154kV GISelA A&E o] BALeA N EEHoR
12kmA o] $1X8 Sh=rdHFA 154kV St
Aol A, 28] ot

HAL AA A= o3 2ok

2. FoA54

1) JIAEE UE|
(1) 7F2ERIE 450] 169390 15T
o= LKA %LHEMME}.
(2) AEZE LNG 2 A% A4t 7HSEE 5o
Row, ol dAFEE ASF7AM ¢FE )
o} Egso] AAar)oA d4hHH, o] of Hof
A 274 AhvtAE HElA YT
A BlS A7 w7 o] Wi E 3] B
HE B
(3) AaASE A8 EA, LNGE ¢
& m&= Dry Low NOx Combusterol] A} 7‘3‘.{:’:}
3E AAYE Hagletd A= AR 4
& AE 55 AA7)d FY3te a‘m,ﬂ
3 E A& A7 At
4) ‘:%?ﬁﬂx.. 1298, 953, Sz, 25,
3,600 rpm, 60Hz¢] 34 X &/ F71¢A 7oy, &
298 21ke/aig, FE 09, AAAY 16KV
A} 206MVA o]t}

2) 5| el

(e N AgE 182" F=2)

579} 4
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(1) Bd3E Iy, 3L, AE, Ades
2 Sygolr, B2 o2 A JtAEN &Y
o wet £718 F718le] FFth

(2) Yy E= 3¢ (131.3kg/cd, 54827C), 5
(28.7kg/ci, 547.8C), A<t (464kg/ci, 23467C)
o] Z7E A S71HR FFE

3) Z7|e{d] UHM7|

(1) 71898l X557 z&zﬂ 39F 1289%ke/cia, 5
&+ 281kg/cia, A 45kg/cia (5438C / 5449
C / 2198C*) 3} Hﬂ?} 38mm Hg abs, 25 %
0% el AAEE(FREY) 1861IMW
2 2ol A Y| ¥ (Tandem Compound),
3600mpm, ©F T4/ 4A¥ HY, Side
Exhaust Type 542 At Ej¥lolth

*(F) HRSGOIA 2hiBt HAZT|of SE{RIONAM Bi7|
= 2|8 Estio] XY

HHl o2 FTFEBE HRSGOIA T3 A%
z7] QEE‘;}' :::;_Q_
(2) 2A7IE 7k2EN dA e e L 22
R )=
4) M HE
Zd8Y LNG 7t&E 7t
Hl”ﬂ%ﬂ}‘ﬂ@

TAIRZRE FFEHI,

AHE uAE ARAAR I B
¥ F AgxgdduE AR AYAFATE I A%
WALs T80 2 ALEEA Hoh

5) EE5 A8
(1) EZF A% Ei—?—
A, AL 27
ST E E?ﬁ}ﬂ A8 =
(2) sFREFe 97 (F %%%—4)—%— 04?%6‘}
FAZAANE A oFAZEA
)\iTEi TF weth
7} A2 SR A Z(Cladfer), 59
2 quJﬂ], u}olaggm, R/OAY] & &4 ©]
& A8 FAE 9}1:}.
EFAZANAN AxE oFe oFALE
IE ARAN EFAT Egai HUYA S B4
% B39 B4E B47) Hot WelE EEET
6) 55 % STHIE
(1) 8<47] Hot Wenﬂl S 5Pz o5 g
1712 BAY BEFgas 247 50% 239
ANE7|TE Vertical Pltﬁ 3UE FAE
(2) HRSG F43Z(IY ¥ SHFT AT
50% &3 3l AF71tE, £ 4%, o

i, o
H

r&ﬂ £
ey

N



HZ2AN 277 AdYa2RE 358 §
ok

st Hx o] EESo)A Zzte] HSRG I
©7] € HRSG X #EAL7NZ FFat2
el M U 4 F57] Bypass L&A

! AR G LT ZA )Y ZFE
t} o] FHIEE HRSG 1, 257] Alole] &
1 o] AAEd AYgFTE

) £BFATS 29 ASNoEA d5E A
55

HXo|| 23] A Intake Canal® k<
3 g5 ’H"F{" T8F Hzo oA E
of vtz W&k

T % 12kme H$FHAE
(Offshore In‘[ake)E 56]-04 NFerET 12
=] Roly, IAFH e dsrdsrHa)
el B5Camnd® YHET, B2, 95
IPYUTREEE 418 Tolal 3 28
]%Si AAEHNLH, &85 YT FXES
2571422 AT

O dasets 3 Secgey 4 3719
50% X2t o™ Vertical Wet Pit Type© ZA]
SLP Structure®] Pump Pitell 43X =1t}

(4) Z+ B=vlt} Trash Rack, Stop Gate, Trash
Rake ¥ Traveling Screeng ¥ 3s}= 254
v 7} AR = o)

6) E7le F9 4¢ e 99y, o) o
2O E B3 FAZ FAYY, Z7]EH o]
Side Exhaust TypeO] BE Z7169 %= 11)
A 29 77 AXFH AT

6) cHFATS BV FHY FARA Y )25
o 73 9 MAL WA 98 FE A"
H], Debris Fiter9} PaFYdn) Fo08 A5

(7) Z+ BE719] AFL 100% 2t1e) 247 AF
HZ 9ty A€

8) WA ZEAMH

ol e FLAF o AL FEMUE TIYE

Ag BXEUHAE, 2548 AF, vhtas)

(2)

FFAEE 2 AEASL THET, OF
2FAv|z 2AF] Ak

(2) B2 715AS) ANAHE BA7)RD) A
PR SAATCREE BR7) FAY
st &) RZHYY|E B3 TFE

(3) 27], 2AY) FEY7] D 2 HEHEY
B A4 4EE BAoE A2 AF9d

uh, 277 £427

) &€& 22k (ASME ISO Condition 7]3)
o 7}AEH] 11838 MW

o Z7]EHl ;1861 MW

o EFhA 15537 MW
"(F) ASME ISO Condition : T (SH4=04), AlCHLE(60%),
CH712H(1.013Bar), CH7|RZ(15C)

2) F&7| =
471 "2k, 3), ()8 2=

3) B7| E{8] 7| vt
38.1 mm Hg abs.

4) J|SA|ZF
O 7}2E®l

G Al 71F 1758

3. Siemens Gas Turbine (Model
No. V84.3A)9] A7]
7} 7FAEHl Lt

ZFEERHLE A23F AATAE )% T8 9%
24 Turbo Jet Engine©] Y] —Pi, i

ol 7L dEVY AR
EjHlo] RledEloln, 1 A%
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t}. Heavy Duty Industrial Gas Turbine®] & 2] ©] Je
Engine®] 71&¢ 7|22 V1N 7leS ZCE%@}O%
AR 2o A A, TAAAL Aol
FtAEHY-E B4 AFA vt BEEE 0] AAEH,
A A9] Needd} T8} 7t 3|APE AL = Z18ke] A
BE 7l mA SRS, 8B5S XYk o
Z Service System% ©]oll wat ZHz WA o] ghok
7}2~EHl 9] 71249 7§ Philosophys ZA 3744
Hog e, (1)7129 459 75E 7122
2 sld, AAF A AFE FoEN ALE TR
As 4 B8 (2)718HH AL A ] g AlE7]
zo) g7 2 theks), (3)H2FHY 24719 A

488 5 otk

g !
MR ! /]
13001~ & Turbine tniet Temperature
g x
2 ! o
=120 TETmoa~— anand
1101 /
1000
200 ‘-’dr
,,,,,, | A
/) 7
&
—800 - &
Ay
7 EA
00- - ég)
| 600 Gomprossor @£
T Discharge ) TAT actual
Pressure Pyy A Tar raten
5004 rateds A
actual @ / ! g
b d 00 + i
j [ Turbine Outlet Tanypg__r_zg}wn_{wgf
300 P ; :
T i
. > & ? With increasing TV and
200 “ constant TET the nc(ual TAT
/*’/{ increases, too.
i 7 |
“ — |

o ~ Tt i
e T L 1
Ty (Simplifiec) |

!

s
e 10044 087

% Tark=Tar- K

Temperatura | : T

=3 7 8

Siemensgl ]ﬂa‘-@% 7}-_/_:‘6:] 1?1—% q—-%g] 3Group _C_)_ i TATK(Curracieégj::‘;nfoistfex Temperatura)
- Simple Cycle -
AT (F& FA7 A4 Model)
; cﬂ- ol= § rd o) o
Group | Model Tubine | ISORating | Heat Rate | Compress, | Exhaust | st Year Dzagram‘ﬂ] i = M }_9} & ]47H4
speed (rpm)| (MW) | (kcal/kWh) | Ratio | Temp.(C) | Available | Curve Linefl] LH 2w Ao 7}_/;121 H] 9]
V64.3A 70 2,355 162 571 1996 . .
E4E 94‘3] == Chemlcal(Fuel)
2 | V842 3600 109 2,529 110 544 1985 = o = sz
V843A 180 2233 170 577 1994 Energy®] ¢F 1/35 27t AH33ke
3| V942 3000 159 2492 111 540 1981 8% AEgro] A7 Z HEFI 1/}
V9424 190 2,362 140 573 1997 e
s z] Z=Al(ok 589, F&
VO43A 255 2,233 170 577 1995 A S (o 58%) < Y’HT—'—;— =4 i}
22 wEE weghA o] B2 T84 £
)8 WAL 7hAEE 9] 4t Major Maker®] AL & 28 34372 Bottoming Steam Cycle(HRSGQ‘r

F ModelZ Hlw3t¥ v 2t

Steam Turbine Cycle)& 243814 Et} 7HAE Rl A

¢] Energy Balance= &3, 219, A&

Maker Model Turbine | ISO.Rating | Heat Rate | Compress. | Exhaust | 1st Year
speed | (MW) |(kcal/kWh)| Ratio | Temp(C) |Avalable| APE Zole Yot &£ b Aol HLH
Siemens | V843A 3600 180 2,233 170 577 1994 Ae= g g3 gt
GE |PG7241FA | 3600 17 2,373 155 602 1994
WH WS501F 3600 186 2,284 140 595 1989 Fuel gas energy(100%)
ABB GT24 3600 183 2,245 300 640 1994 =Useable electric energy(~238%)-+Generator

7h-ER e 718G 2 T
71E 4E7140

oule-Brayton Cycle©|™, &
A st 4EE U1 9
A7 % o] 22| 7t2E ERlA EH7]°L77}
A A 7ic}, ojuj e} 7F22) QE*L: Ads =& A
glolw, EuloA Azxrt2rt WiEE 22N Joule-
Brayton Cycle¢] S ®TH £ @de] 248 7hiH
11 9] Real Processell thg+ T-S Diagrame Th 1¥-3
7 zrom P=7)o ¢ Compression Line (D—@),
A& 7)0) 4 9] Combustion Line (@—@), El&lol|A 2]
Expansion Line (@—®), BHCZRE 7|29
Exhaust Line (@—®) 2.2 Closed Cyceo] A ETh
7A2HEe GRS ZNANURAZR HIATE=
v 24, Lower Value?| @3}8d{AE Higher
Value®] A71UAE W& Azich 1y &) T-S

4

37
5
Ax
ﬁgi
S
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Josses( ~0.8%)+Compressor Mechanical
Losses( ~0.5%)+Turbine mechanical losses(~05%)+
Radiation Loss of combustion chamber(~2%)+Exhaust heat
energy (~582%)
. 7bxElY] 2 Y B4
Siemens Gas Turbine V843AE A Z-g7gol A 2k
3 29, TEAh v FFAA A FEEE £
Ao Rt Wxe] B £ 2ARYPL FPHA &
=

% 7]9} EHS Single Casing® Z oYL, st
9] Rotor 722 Houth

Siemens Gas Turbine V84.3A2] Main Component+
Z= W o 293 2o



fear Suppost

Rotor Disk

Arrangement of the Main Components

1) ¢=7|2} E{219| Casing & Support

Compressor Bearing®} Gas Turbine Bearing A}e]2)
Turbine Single Casing< 3719} Section® 2 A=W,
Compressor Bearing Casing®] 2754 A28 A WA
Casing Compressor Stationary Blade Carrier - 122 4]
1ol A 957bX] 9] 9457] Stages} 5% 2 99 F714
o] ©] Casing®] EZFE ) Stationary Blade Carrier - 1
9] Eoll= Conical Welded Casinge] 2= EH ¢ %
H A Casing®] Compressor Stationary Blade Carrier-2 ©)
M g9AE S5 F de TR Ho J7, 13¢
- #7133 Bumer #7+0] ©]Casing®] &t} Al HA

Casing< Turbine Stationary Blade Carrier %= Exhaust
Casing®.E HFEm Combustion Chamber$t Turbine
Stationary Blade7} ©] Casing®l] &&= th o] Turbine
Stationary Blade”} A X| 5|+ Exhaust Casinge 7}2E
Hl 3t}+9] Exhaust Gas Diffuser} 1AE T}

7F2=E1R1-& Compressor Bearing Casing e A1 A &}= &
+2 A2 Compressor Support 27 9} Gas Turbine Rear
Outer Casinge A|A3he 7 5 85 RodZ A2
Rear Support 27), & 4THC 2 A7), X} o] £
Compressor Supports & Wk 22 dist 24
go] ¥, Rear Support= 43 B A3 CasingB % 5
EE ek g33E &
Aol Lo At 71%5S 2
ghe] EE3 A 4 T2 FHo Qi

Compressor Bearing Casing®l] Combined Journal Trust
Bearing®] Z# %] 93, o] Front Bearing PedestalS
Intake Air Flow Guide®] Ribo] ©]3} Ring®.2 =]
o} T3 o] Bearing Lube Ol AlZdA ZFHE
Lube Oilol] 2J3] & =|=H Rotor®} ShellAlo)ol] Lube
Ol Wedge7} 74 AEEE A&Eo M+ Bearng
Shell H7-¢] Nozzeol A 42 OlZ M Jacking H T},

227} 80rpm ©]4¢o]H Lube Ol WedgeZ} W& e
S 2L AL, 240rpmol At A Jacking Ol & T
ol 98 gloerg TuHEnh

Turbine Bearing Casing=> ¢ 7] €] Inner Cylindere]]
o Y=ol 9lem, 5719 Rib LinkZ 9% Casing
of ¥4¥th Turbine Bearing Casing Liner7} A3 =
of G 73] U581 FE3 Exhaust Gas &
=

2) Rotor

Rotor= Hollow Shaft¢} 2] ©¢] DiskZ T = ¢
At} CompressorZ] Front Hollow Shaft®} Compressor
Disk 15%e] 4, ZHE o] 7, Center Hollow Shaft
$lell Combuster?} A X =™, TurbineZ¢] Rear Hollow
Shaft®t Turbine Disk 4%e] 7, Y= o], 37]9
Hollow Shaft®} 19%+2] Disk7} RotorE A% )

Z} Disk®t Hollow Shaft Center Disk W glulsl
Zte o] BUR 9 9l Hirth Radial Serration Coupling7%
2 o] 410}, Centering®] AHgZE o] Torque’t Y
g3 Ae9E F JX 9F U guAs S+
U Siemensthe] S5 A 2 £EZ FHo] ith

TESF ©] Rotor Disk®} Hollow Shafty Central Tie Rod
of os ©dé] THE W Bending®l 9|3 VibrationS.
25¥ Central Tie RodE X387 $18td Damper
Ringo] A X]¥]¢] Rotor Disk9} Tie Rod ARo]ol|A] &5
9&8 st

Rotore] Fo 7 AAL2 o} 7t}

Rotor Part Part Material Remark
Compressor | Front Hollow Shaft 26NiCrMoV115 Abbreviation :
Rotor Disk 1 to 14 26NiCtMoV115 X high alloyed
Rotor Disk 15 26NiCrMoV145med | G * casted
Turbine  |Central Hollow Shaft | 26NiCrMoV115mod | GS  : casted steel
Rotor Disk 1 &2 [X12CiMoWVNBN1011| GGG : gray casted
Rotor Disk 3 &4 X12CrNiMol2 iron

Rear Hollow Shaft 26NiCrMoV115

A&7 EA7] Abol 9 ShaftelE= Hydraulic
Tuming Gear7} AX] = o], 7kAER 715, HA) A] Litt
Ol Flow7} §A%H Hydro-motor7} 2550 120rpm
S A AFIA "k

3) &7|2Z=7|(Compressor)
(1) F8 71&44
0y : &H3  ORotor & : 15
OStator @ :15 O : 1584 Ton/Hr,
OYEH] 11693  OYTFHNAIGV) : 7hH4)
OHjE F7|2% 1 413C
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At =718 Rotorg} Stator2 T4 =™, Rotor
= Hollow Shaftel] 2 &9Heko 2 w X3l
Disk BFZEH o] JANE TH3te 3 M9
g e ol&t) Statorr IR}t Casing
W (Outer Ring)oll &8, X =™ QX%WH@
3 wzol wjxFH o] & g o] R ¢E7| T
Mo @& FAdgth

z} gl ek @il Alel &, AF Blade?te] 7H4E
N ETEEAN, EFHUF 0] YFHAET T
2 ZAEZ L%E I gleH, o] FFE
A SEAURIF GE o7 vl EF7E
oA Ha o33 A& WHESHA GEHF
] o]Foizlth

PE7) JAINZE Y
YoungZh) 7} AAE 719
SH| 7} 7%214 ?4_7@7—} 1

o4

—

N, o
_9“"‘)@
@ 1o
B o
52
oy M o
o & o
»4_23
\,rsL‘:i
-Lwﬁ,_ﬁ
F'Eo?_‘,_ﬂ
i"#mlo
«1&‘
VE«

o =

AW

K

> oft flf fof %o 4
S oy

ot i
N

oy
g

‘J i
ox
o,
2
2

[-

o
}-m -
Lot
2
i
)
W
=

[¢)

LN o
ks
ox
i1}
9
o2
ret
B
tlo
o &
W b
3
ok
=L
by
1
)
offt
ko

A A 87IeE
3 Stall 7FAEEL 4 GOl A dF
7} doju ALY Fiter7b £ 371 ZF0°]
whel W= A4 71E, FA Ald 7HAERE £
P F S B F AEE A ¢EII L
d, €4 59 7tA FEE5ETF Fo
%—Oﬂ o]ﬂ ) /K oh;},
A, o] ¥ Stansw glol, &
FedA FoRAANET dASHA %Zlfs}?iﬁ
2 3% A e FEFsEdo] M,
NEEEAE A Aste A 1A
2ol oA (IGV: Inlet Guide Vane)9| &
702 (Blade Pitch)= 7ha4o 2 248 4 9]
T2 FHolth IGVY Aorlde “th. 2) Inlet
Guide Vane(IGV) Control” 8ol 7)€% o] St
T3 g4=7)7F 71E AA 5 ASE 4 A
SwgedA fiE HAH AL A5t IGVeld
d 471 ¢ —’FﬂLine(Blow—off Line?} -fDamper)
o] ¢+&7] F7+ ¢ 2 T thof] Z}zh A= o],

e ad

O _u ol
of¥
E\O{l

> o
_\L‘
o2
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olg) Eo} o] A&7 A& et HEH
4&371E WiE Diffuser® %O}%oi’ﬁ o
7] AYEE FHAste 3719 SHE 52
Z7+ AA YoungZte] AAE A& HeTh
Blow —off Confrol during Start—up
Speed Value Actuation Blow-off Point
=2780 pm (77.2%) Blow-off Pipe 3 Closed Stage 13
=2880 rpm (80%) Blow-off Pipe 2 : Closed Stage 9
3500 rpm (972%) | Blow-off Pipe 11 & 1.2 Closed Stage 5

Q+& 7)o A Blow-offA] 217 Bladeol| Vibrationo] gt
Adl= aﬁ W28 4 Q) ¥ & Blow-offH & 7} Stage
AnnularH F7ro] QlojA] o] FyFTro

TRY 4% 3|AY 587ER] €]
Bladedl® FYF710l 3 ogo] 2T 5ol
F Hu) 2002 o] 728t Sermetal Coating™]

o] 9.2, Compressor Bladed] 7} F2F AAE th&
3 72
Compressor Part Material Remark
Stator Stage 0 to 4 X20Cr13 Sermetal Coating
Blade Stage 5 to 9 X20Cr13
Stage 10 to 15 X20CrMol3
Rotor Stage 1 to 2 XA4CrNiMol651 | Sermetal Coating
Blade Stage 3 to 5 X20Cr13 Sermetal Coating
Stage 6 to 11 X20Cr13
Stage 12 to 15 X20CrMol3

7b2~E1¥1 9] ¢t 7] Blade} EIY] Bladed] 2 R
g 27193 Hskd TS f—?;o}—”— Aol w§- F
sstEE &7, nAg HAYA, EEEEY Y
o}71918 Arr Fiter System©] % il%\:‘r. FE3 o] Air
Fﬂter System&] Fiterel] £d7) 2% WA E 98 Anti-

cing’dH] 7} AX =] it

,571 Wel WA 22 d=7] Mol A Fiter7b A
AFHt s 4E7] eldd FEAES
T, 0 AHRE FI9 TEel i }O% *57] &
e B 2719 580 1% #a A
HL 15% 743tk o]3 e Blade2 Foll 23 &
A5 2908 AA} At On—Load 2 Off-Load
Washingo] 7153k 4|7} AX|=o] Slvt Off-Load
Washing Aol Cool-down Period, Detergent Washing,



Water Rinsing 5-¢] Z2}e] w}g} Washing& <=3 it}
4) AAT|(Combuster) 2! Burner
(1) 8 71&744
O ¥4 : Annular, 0 Combustor $°2F : 1
O Igniter 32]/43F : 24/Spark,
O Bumer ¥4|/4%F : Hybrid/24
O AEYY, LNG : 204~234kg/cm2a, DO :
81.5kg/cm?a,
O AAE 1 1584 Ton/Hr
(2) Combustor
ZFRERD AT kY Apshge 244 3
A F el A RNE PEE $ Uk A |
A2 AL A5, 7R 7] da
7H 2 (TIT © Turbine Inlet Temperature, 2E2.250(F
(1230(C)) ¢ 7450l & 7k2EHlY) &g 202
BUEE AAd 2T E 8 £ e #E 7e &
A7l B271€3 S9AEE E Y g WA S 7)
Zo] F4lo] k. ¥ wislEs A4AY sk ok sl
(Stabilization) o] T, 94719} T AATHGME 7
g dRAxNSo] dojUyRE T&F ZoA] 3y
< AT A7l Aol WS FR8H, =3 RE &
=, A3, 715, FERS 2 AR A 87
HE AT A8 HIRAdME g A4
g gt Zo] o)t A WA= wWEE 4
3= ANOx 94 7)&o)t}
= AL¥ General ElectricAl, WestinghouseAl 2
ABBAF] A7) ¥ 4)& Multiple Can Typed} Sio Type
o], £ Progctol H4¥ Siemens®] 47| ¥4
< =W HZ9 Annular Type(Ring Type)©]th. Annular
TypeH 471 Rotor Shafte] 818 EMT & T
Hel AEAPO1Y FHAA 7} e E3E dadz
A 2478 €] Bumer7} Q4% dHE 9 4FE uje) v x|
5ol Itk RotorE E8 AILYE Single Piece Hub
Section¥} Burner Casing2 2= o] 913, 1 $Jo] 43

d A7 g do7t dEFHI FXRE YR sty
ol Eo] glo] ggdo) He Ado] 9} sy A
AAE o]FojA gloA Can Typed] AXHE 3194
23H(Cross Fire Tube)o] {101, $347]9] Manhdeo]
Aol o] Aa7] W Inspectin EE Bumer @
Turbine A WA T4 Inspection7}A] 7}538}c}
Combustion Chamber®] WH-2 Ceramic Tied] £J3)
B3, 453717t Heat Shield?] R BoreZE E3)

Prossure Difforence depending
on etz mass fow =

,‘\

§
;
\\ oooling air
& Val
N Y e
1

ceimbustion air
h

1 H
Flows and Pressures around Combustion Chamber (Example)

(3) Burner

Burner= Siemensol Al 7238t Hybrid Burner2 A
Diffusion Burner, Premix Burner, Pilot Bumer 2 Igniter
7} Bumer AssemblyZ 2, AX 9t} Axial Swiders
Diffusion Burner®} Diagonal Swirlers Premix BurnerS}
Flame Tube End Plateo] 2%t}

A3} Al = Fuel Gas®) thE-£9| Diagonal Swirlere)
AGRE Bo7)o} =28 28] TFEH, 9714 o9
23719 94 A S4AER(Premix) ¥ £ Diagonal
Swirler& &3] daAGez BALET o]RE
Premix Modeg} #2t},

A F-38} Al Fuel Gas7} Diffusion Bumer® Z25H
Bumergz4lolA A7) (Minor Share == Burner
Core An)9} T & Axial SwiderE £3) 94X9
(Bumer Mouth )22 $9dHth o4& Diffusion
Modez} &t}

Fuel Gas 94 A] Premix PathE £3) 333 %= Fuel
Gas®] YHE-L Piot BumerE £3) Buner2Ale] 4
23719 EFHY o] Pilot GasE Axial SwirlerS £3)
ALA G A2 €t Piot Flame 94 M43
E #1389 Premix Mode £3 Al 34 £AHH,
Premix Mode &4 Al A44181E8S A7 A2 4
Al 3t Premix Mode$} Diffusion Mode?} EA]o) &
HAHEE AL E7F53h, @A Diffusion Modedl| A
Premix Mode, == 922 24 A3E uo 3sslo
TR L HE A"

559 7E2EH 242 Diffusion Gas Burnerd] A}
Ha B2 s Fal=o], #3238} Al Diffusion Mode
B A8t B8 78k 50% ©)4Fe] FE 3l
T8t Exhaust Gas %7} 480CE 23359 NOx
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Ze 48 A7]7] 98t Premix ModeZ &4 &
g3ty Ful Bt £88 7H4AZ @ Exhaust
Gas £&7} 470Co] £28 Bumer Modet H2.E
Premix Modeol| 4] Diffusion ModeZ 7 A 3hsic}

7}2~E% Combustion Chamber®] Flamed 44
(Flame Stabilization) 22 @& Fojok dl=H o|AL
Ar&To o8 F2 G¢& won, 1 9 45, F
oZ7|ulg, Aar W Z7|eE, EFVIAY Gl
uhg} g3k BT

Premix Bumer?} Diffusion Bumer2.th €53 -+
A HAFE (Low CO) 9 ¥ LU= (Low NOx)E
VeERlE AL I8-7914 & 4 2™, Bumer®] £
A 2@ 2= I¥-6A & F T

==

o

Fuet oil return

Fuel oft inlet B

s
'?;T‘{;? NO,-water

oy
R

O, -, OG- Emiusi

4
Exoass fut Ratio &

T T ¥ v
2200 1503 1200 1008

H \
Axial switor  Diagonat swider

el Emigsion of Pollutants

Bumer Assembly (Example) - Fuel Gas Combustion -

(4) NOx-Water Supply System

AxeA A AaAEE AL A3 7YY
o ASystemW] Bumerd] 45 333k NOx-Water
Supply Au|7F A=A =0} itk

B BAE 9AaXYrE 2o A
29 A EHET

NOx-Water Supply System¢] F8 7152 tha#
2

» To supply the bumers with demineralized water for
keeping exhaust gas pollution low and/or to increase
the GT Output.

e To control the amount of inkcted demineralized
water mass flow depending on the parameters of
combustion process.

o To shut down the demineralized water flow
immediately in case of a gas turbine trip,

o To fiter the demineralized water according to the
requirements of the gas turbine.
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Aveeage Fiame - Temperature (Compreasar - End Termperaure = 300°C)

NOx Reduction Control & F-A}Fo] o §t Set Point
2 AlA AAs) Eth & Set Ponte ERANEH GT
2839 o224 IFMozRE AAHEU, F3E
Ingction Water flow$} ¥l 3ted Closed Loop, Feed
Forward Flow Controllerel] &j3} Z& ¥t}

71% @ A=A Al NOx AZAduE Agos $4H
W, 7}A~EYl ¥AA X 2 Combustion Chamber
Humming*] Combustor2¢] Water #+9-& 271 13l
Emergency Shut -down Valve$} Control Valve?} A&
° 2 013% Wl ek

Water Injection®] ©WE& Operating Parameter
Characteristic?} %-3}e]] wWE Water Injction¥g Th
a8 et Aok

kyls
2 20

Power | e

Etticiency

fniection Water Flow
£

NOx Eppission

 Parameter with Water Inj

9 1 2 o 100 200 MW
inj, Water Flow Power
Fuel Flow

SEa ] Water Injecton Fiow / Charactoristic Curves (Examples)

5) 7IAE{EI(Turbine)
(1) &8 71&744

O ¥2] : Heavy Duty Industrial

O T 4 Stages,

O Rotor Speed : 3600pm

O Critical Speed : 1860/4500rpm

O Over Speed Test/Balancing : 3888/4320rpm
(108%/120%)

0 LNG Consumption : 34.6Ton/Hr (ASME
Condition)

0 D.O Consumption : 43.7Ton/Hr (ASME
Condition)

(2) Turbine® Stationary Blade¥™ Bolt9} Eccentric
Bush® Turbine Stationary Blade Carrierl& ®H
Grooveol] A+, A x5 ™ 2¢tol| A 4T+E 9 Inner Shroud
= Rotorol] t$t Seal Ringo] #2H# th. Turbine®| Rotor
Blade™= Fir Tree Root 3 &l ¢] Rotor Diskel] 3%, =]
€t} Turbine Aol QoIA 29| Hot Gasell T
A A" 4 U= Metalo] o}7] EEHAYA G2 E
2 Turbine Cooling ¥ ¥l F 83tk

dEANAM F718 FEF/E EHY F4A



(Coolant) 3 BEA (Sealant) 2 AHE-317) H|), Turbine

Cocling, Sealing Air Flow Diagram< 718-9 @ 718-10
I 7

{2816 | Twbine Cooting / Sealing

Turbine Stationary Blade Carrier$} EE Stationary
Turbine Bladet: U714 F719 Z71(2¥-10 A
Eal, Ea2, Ea3)E Y7 A 7] Stationary Blade Carrier2}
Outer ShroudAte]€] Hollow SpacedA] 377} ZE =

I Blade Vane 2% Hdlowol Al ZFH o} Stationary

A#:41 ] Turbing Blade Cooling Technigues

R, o] Y742 Blade EHo Codling
ASE ©1FH Bade® W7 A7tk 02 B

o) 7-of) 7FHg ¥4 9] Impingement Cooling, Convection
Cooling®4]-& AM£-¥ v} Turbine Blade Cooling
Technique¢t Turbine Blade®] Cooling Mechanism®l] T
S AdEE J"-11 2 IY-129 2k

Coolant
y {Goaling Al
Convaction cosling
(V8427 V842 1 VE5.3}

(simpified)

Turbine Blade= Hot Gas®t 33F HEHHW 2
Thermal ¥ Pressure StressE M= HE o] B2 High-
AlloyA| A3 E48 Coatings 314 @tk £3] Rotor
Blade 1 ¥ 28+2 Ik 9] Fx7]&0] Q3 ©d AN
A (Mono Crystal) FZ2¥Ho® AXE™, 2+ Turbine
Bladeo] 4= B2 Cooling Air Hole 7}271& E o =
< FEY AR el ot waA o|#F
Turbine Bladeol| th$t A&, Coating, %, 7}271& £
< Z} Gas Turbined] ZHALS] FQ A 7]& 2 A
Company Confidential Technique® 2 thHE17 9

Turbine Blade®] F83 AQL ohS T 7o)

TaT

Blade 19€ 47/A171 WZE7]E Blades

}\“ Hot Gas Stream.©. 2 }_____01 7}__7 . Oﬂ }\‘] Turbine Part Material Remark
—-= =S L= Stator | Stage 1 | G-CoCr23NilOWta (MAR-M 509) | HTK Coating

4717 39 F71E YAET P | puge | Stage 2 | G-NICTACOITIAIWMG (Rene 80) | HTK Coating
Inner Labyrinth Sealing®] &= AFE-E ). Stage 3 | G-NiCr22Col9TIAIWTaNb  (IN939) | HTK Coating

EIQl Rotory WHEZHE Cooling® &4, Stage 4 | G-NiCr22Col9TiAIWTaNb  (IN939)
Turbine Moving Blade Codling$- Airs ¢4+& Rotor | Stage 1 | G-NiCr12Co9TIAIWTaMo  (PWA1483) | Mono Crystal w/ HTK
71614 29t} Moving Blade 3 ¥ & | Bade | Stage 2 | G-NiCi22Col9TIAIW TaNbHf (IN6203DS) | Mono Crystal w/ HTK
o 927 ToN 279 T7)(KE)7} Stage 3 | G-NiCrl6Co8TIAIWMo (IN738LC) | HTK Coating
Inner Hollow Shaft Bore2 E8h] 235w Stage 4 | G-NiCr12Co8TIAIWMo (IN792)
I ¥ Moving Blade® T W2 483 259 & o} Zl2ElH9] A 7 Ao
717} Fa 8t & Second Stage Rotor Blade Y2+ 7]
T #%7] 129(ER) FAAM FFHH, Third$} Fouth 1) Load Operation
Stage Turbine Rotor Blade®= 957] 109H(Eil) F oA TY T Jk2EN 2219 FoHS 2 e
Cooling Air7h 571, SH¥ . oj, o] FY TVNFL tr)Eo] Jee wEch

E¥l AT Stator Blade 244 & Fimyl zhah2) 7 4571 #89 AFEES FAFE 747
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A 63 Gas Turbine BFEH &
TINEEE AY &% fF
27t A71717F A gt o] A9 guje T
Jlese] WE BEst Wehr] wEe fr1eEg
3} 2050 Halrl & 27|39 W pF 2
o Frhe AL BT

ko] “1¢-3 T-S Diagram 4ol A & 4 = Hie}
7o) g} 7| 257} A4 sFA (TVI actual ) TVI rated) &
2 1] (Pressure Ratio=Compressor Discharge Presstire
PVII/Ambient Air Pressure PVI)7} SolA 3L 445715
T LE7} BolAY TITE 7o) HolAA 23l dF
A A SR Holo slHE E&3 £HE I
7HaskA "o

upgba] 7FAENY &8 84 o] Lz k)
W34 5v, Gas Turbine Operating Parameter$} o 7]
T ¥slele] ARAAE g IY-134 & Uk

7}~ER1 9] 8 E3817} Base Load BT WolX|H o]
7FA] 8% W Fol &&o] Yolhthod7|A FHE & ol
X Tnket Guide Vane®] Z&d] 93 F7|3e] 74 v &
olth, 7}2E o] &35l Wl WE F2 Operating
Parameter?] W37F the 19-140 YeRt ok

of i = e to

. I
15 i 2 i i :
e (= :
H .
3 o
H 3
£ /
g 7
£ £
LE '-’~‘—7
s oy
2 .
ey <) T
+ ¥ ¥ .
© o w o« s t
o o om @
[TE5] Operating Pasameters versus Ambiont Alr Temneratiss (5R) Operating Parameters versus Power

7t2Ewo] o SAZANA 483 7HEH7] §
st E ZtE AAF 23t A3 FAIFH ok
&, F2 AAAZE e 22 Aol Ut

» Inlet Guide Vane Control

» Compressor Blow-off Control

o Exhaust Gas Temperature Control

» Cooling Air Control ‘

719 AAAZ o] FEHOLE FAd
Parameter24] TIT(Turbine Inlet Temperature : Turbine
A7 &) ¢ Guide Vaneol M9 &%, 19-3 4 “TET
o2 Z7))7F AHLEY TITY AALE $32 B H
23 98L& SuslEE AY F4SA WL Corrected
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Turbine Ottlet Temperature(Z18-3¢] “TATK 2 %7])
2 27351 TITS Alste] ALgg,
2) Inlet Guide Vane (IGV) Control
&7 e 24 7k IGV7E A X5 o] Suction
Air Flows 2387 sled 7F28H $4 5 Suction
Airg o] W39 QEEE GV CloeE Ard A
o] ofug HaZe &njgit F, IGVY Vaned
Maximtim Open Pogtion®] -10° (23 +3< 0°2 &
ol oA olefuldk &, B3l W2 R o 10° 9
x]) o)™ Minimum Open Position £, Close Position®] -
50°2 40° H$ WolA Contrd@th 72BN AR 2
1% ZE IGV7} CloeH o] 457 A5 S HA3)
A7, IGV Position®] #H4Ql AejelA 7153t
9] (Synchronization) & Load”} TATK Set Point7} €
w7kx] §A 3, B8}7} Base Loadol E2EH IGV
7t AW g g4}
7}2EH £80] dAFH FEEE QEFE 44
A §A =™, IGVE Close 318 Exhaust Gas €5+
Zztgch I8y A4 23 F IGVE 7HAEA
223 o8 go] Wasleigls Exhaust Gas 258 ¢
A §AEE SAFT Peak Load &4 Alddl&
IGVE Z2As® TATK & 453
7109 thed e Agoe g IGVE Ao Az
- 4k 7] B317F W3kelH ehe Turbine Blade9} Disk
2 HRSGE E33F= Hot Gas @ Exhaust Gas?]
L& A FA G
- 7b2EE AEs £4 A IGVE Closedtd 7hE
Byl 8L thd A% HRSGAA AArEE
271258 =4 $X3le] Pant AA &L =
A FA s
- A8 Fr|go] FAM WSkt % Fuel / Air
Ratibc® YA §XE ¢ JIeEB=E
oF 50953} A €] Premix Bumer&d& A
T Aok g I 24750l
21t Premix Burner$-82 90~100% Load Ato] o]
A FAF o & Aolrt.

2) Exhaust Gas Temperature Control

xhaust Gas Temperature= Turbine Outlet
Temperature (TATK)9} 2t B, TATK Control
& & AA 7]1&d upel Zo] FE IGVE 2EsH
Ht} & IGV =7} Maximum Position®] obd 7-$-¢]
¥ 2% IGVE TATK Control& ¥t}

TATK Set Pointy= Gas Turbine Operation Mode
(Simple Cycle or Combined Cycle)oll W&t 24 €t}



I s 22 Adge
£ Ao} A3

- Turbine Outlet Temperature (TATK)7} %35 %]
X E A7 S Control 3T}

- HRSG$9] Steam Temperature ZZ¢] 2|3}
Exhaust Gas Temperature® A 3Hslc}

- Gas Turbine L3 & $3%}9 Exhaust Gas & &
A gkt

= Exhaust Gas Temperature

3) Compressor Blow Off Control

¥ Section "W}, 3).F 71945 7] (Compressor) "o A A
&3 v} Z+o] Gas Turbine 71% F ¢&7] Bladed]
FA S FA-2 PG A SugingS WA 8}
7] 918t E7] A FOBHE ArE Blow-offA]7]
o} F7]&o) X% Blow-off ValveX Solencid Pilot
Valve?} Z£38}] Pneumatic® 2 25, o&7)d)
A HAES GEF7E AN 7 "o

Gas Turbine®] Trip¥ ™ Blow-off Valver= Open® ¥,
Gas Turbine Coasting DownAl YAHHE Hojyd
Blow-off Valver= Open® ™, Blow-off Valve Open A7}
£ 2x0|T

4) Protection

oW FAZZANAM T HAZALZHE Hojy

H Gas Turbine =+ Plant7} 918384 2 4 gt o
E}H B3 Crrcuit7} 538 Au)& ?_}’3_?_ AEE #
A A AF grtol# g AL JbssiE E8E HAANA
of 313 Ahgto] ¥ o3}E™ Gas Turbined AR AZ
t}. 2 Protection Channel& The-3} 2th

 Vibration Protection

* Bearing Temperature Protection

o Overspeed Protection

° Compressor Surge Protection

e Flame Supervision

° Combustion Chamber Pressure Drop Supervision

» Combustion Chamber Pressure Fluctuation
(Humming) Supervision

» Bumner Metal Temperature (Flashback) Supervision

o Turbine Outlet Temperature Protection

° Cooling Air Supervision

° Speed Supervision

A7) F Q. Protection Channele 7FAE RIS EA4

‘ii‘—:— 523 teme| B2 11709 7} g5
83t ATE AE FAN 7€ 5 ¢l

X

;C.Qmsi'

.o}k
o}
P
=

N

]
]

5

O

o}

3. Wew

2 oA Y EHE 7kaE Rl dlste] Siemens
Gas Tubineg HFE tHFU oY, A7 2 A BEA A <k
02 7FAENY EA (Proper) ol 38t 71&31th

A E3rEE R = 7hAE Y] BR) o9k
ZFRER BR(FES)AE, S718Y 2 B84
HRSG ¥ ##A%E, BOP(Balance of Plant) A% %—2
E 7L, kA o] Al A Clr-rx] 3 o

ArgrEo] théte] #¥ Engneer®] 8 ¥ Q7o R0
et 71 &8¢ 7130 A& F UE Ao
« 7k2ERl 2 HE(FS)AE
- Heat & Material Balance (Condensate 3 Boiler
Feed Water Cycle®] Uniquedt)

- Gas Turbine Performance & Compensation

- HZX(E$)AE (Fuel Gas & Oi, Air Filter,
Compressor Cleaning, HPU, etc)

- Electric System % SFC(Static Frequency
Converter, 7}2E ¥l 7]154X])

- Gas Turbine Controller ¥ Teleperm XP

- £ 8 Maintenance 78 A}k

« Z7IEW 9 AHAF

- Steam Turbine Design

- Steam Turbine Contral & Protection

*HRSG ¥ #HAS

- HRSG Proper

- Water & Steam Cycle

o9l 2N FRAEMIS) TE 9 B4 Section

o 3&':55] TH ARE € o B0, VHEENY 2
Aol” o] 7t F8 AoPNd 7le FER g
=3} 34 |3 Control Block Diagram A&+ &
oliE FEF slof o A7 A 4 1¥
T §lo] ol Mol Utk Q2 A /¥ A Contact®
2 As ot 7HssiA &Szt AzEh

B3t SiemensAt €122 MajprAle] 31l Modeldl T
&t z} gHEmle s v, HESY 1 L 7]
S8R0 H B E%E Ao, o] disteMe F

HI7F B&8te] o B2 F7H8 4l Study7t B L350
ArgE T

£ 27} 7FAER BA Y A=EE el el g 7+
@3 Aol s, FAAYE FASFAY A
A= AP Propct®, 3 EngineeringAt 31 7]&
=AM Gas Turbine, £3] Siemens Typedl W& A
9] 713 2H AF FRs= ZF YR £
RNLH Fh= vpgolt}

&
of

e 2

Ry

- 1 ME
—&N_L:M

Y o
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