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Preface to ""New Development of Gas Turbine Peripheral

Equipment Technology™
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Fig. 1 Gas Turbine Power Generation including Peripheral Equipment

Table 1 40 Classic Troubles at the Japan Gas Turbine Users Association (Excluding Generators and Waste Heat Boilers)

Bad Parts, Bad Parts,
System 4 NO. Keyword System NO. Keyword
Damaged Parts Damaged Parts
. Performance Degradation, Surge, Combustor 21 |Abnormal Wall Thinning in Combustor
Intake~ Intake Filter 1
Compressor Dents 22 |Misfire
Compressor |Inlet Cooling 2 |Dew Point Rust Ignitor 23 |Transformer Damage due to Drain
Snow Damage 3 |Louver Filter Differencial Press Up Hot Parts  (Blade and Vane 24 [High Temp Oxidation,Creep Damage
Bypass Door 4 |Deterioration of Seal Gasket 25 Damage due to Pattern Factor
Inlet Door 5 |Seal Deterioration Deterioration
Rotor 26 |Poor Cooling
Intake Silencer 6 |Rust due to Aging ) ) )
. . . 27 |Disk Thermal Strain due to Aging
IGV 7 |Aging Deformation of Link 28 |Disk Cavity Temp Defect
Compressor Blade 8 [Pitting Corrosion Coupling 29 |Coupling Bolt Damage
Rotor 9 |[Cooling Air Piping Corrosion Wiring 30 |Incorrect Direction
Bleed Valve 10 |Heat Resist to O-ring and Grease Rotor Cooling Air 31 |Rust Prevention Filter by Drain
Seal 11 |Rust Blockage due to Moisture Water Wash 32 |Cooling Hole Blockage
Turning Motor 12 |Bearing Damage Exhaust Thermometer 33 [Sheath Break
Fuel~ Gas Compressor 13 |Bearing Damage due to Fuel Gas Exhaust Expansion 34 Iantrument Damage in Enclosure due to
urst
Combustor 14 |Slide Valve Malfunction Reduction Gears
Auxili ! 35 |Bearing D
15 |Fuel Nozzle Sticking by Oil Mist uxiliary Torque Converters caring Damage
. . A Beari
16 |Abnormal Vibration due to Ester Oil Hj:::lj}c Vibration Meter 36 |Malfunction due to Defective Connector
17 |Gas Penetration into Oil 37 |Disconnection
18 |LO Supply Temp Control Lubricating Oil Piping | 38 |Flexible Piping Damage
19 |Interlock Improvement Oil Mist Fan 39 Bearing Damage due to Carbonization,
SR o Sticking with Unsaturated Carbide Gas Increase Seal Press
uel Nozzle Fuel Ventilation (Ventilation Fan 40 [Bearing Damage
-2
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Introduction of GT Intake Filter System Such as
Filter House, Duct, Enclosure and Others
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Fig. 1 Trend of Energy / Power supply of Japan
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GT intake filter, Filter Element, HEPA filter, Enclosure, Inlet Duct, Silencer, Exhaust duct, Stack
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Fig. 2 Outline layout of GT Air Intake Filter House
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Table 1 Comparison table of Air Filter testing method and grading*'>¢'7/8)

JIS 89908{2001j ASHRAE Standard 52.2(2017) ASHRAE 52.1(2009)| EN EN779(2012) EN1822(2009)
R (HEE) |Mipi|_'num ) . Average | .. Avg, ’ o
etz (k@) |Efficiency Composite Average Particle Size Average DustSpot Filter Atie stan;:,e of Avg Eft at Min. Eff, Efficiency at
X3 (HME) |Reporting Efficiency(% in Size Range um) | Arrestance SISPOL | oy aes 0.4pum at 0.4pm MPPS
DSMEIZTHE |Value Efficiency Syn Dust
Range E1| Range E2 | Range E3 Test :;gaégp Test Final DP 450 Pa
MERV_| 03—10 | 1.0-3.0 | 3.0 — 100 % % EN % % % %
1 N/A N/A E3¢ 20% Avg { 65 £20 G1 50%A =65
‘ A /A E3¢ 20% Avg < 65 £ 20
2 € N/A N/A E3 < 20% Avg< 70 {20 2 65%A =80
Jesta (R 2 A N/A E3<20% | Avg<75 | <20
HEILTLIALE A /A 209%=E 80 20 = o~
HixR NA NA | 35%<E3 | 85 2025 il
N/A N/A 50% =E3 90 25-30
8 NA | 20%=E2 | 70%=<E3 | 92 3035 | SS%AS®0
9 N/A 35%=E2 | 75%=E3 95 40-45 M5 40%A=
10 N/A 50%=E2 | 80%=E3 96 50-55 Em60
B2 (hEE) 11 20%<E1| 65%=<E2 | 85%=<E3 97 60-65 | 1o 60%AS
XEIZEP(MEW 12 35% =E1| 80%=E2 | 90%=E3 98 70-75 Em8o
LR 13 50%<=E1| 85% =E2 | 90%=E3 98 80-85 F7 80% =Em90 35
14 |75%=E1] 90%=E2 | 95%=E3 99 90-95 | F8 90% =Emg5 55
15 B59%=<E1| 90%=<E2 | 95%=<E3 99 a5 Fa 95% <Em3 70
16 95%=E1| 95%=E2 | 95%=E3 100 29 E10 >85
E1 >95
Rot1 (BH8iE) E12 e
MEIZHEPAD L 1% il
Pt ] N/A NA N/A N/A N/A N/A H14 >99.995
L >99.999
U >>99.99995
U1 >>99.999995
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Fig. 3 Variety of dust contaminants, particle distribution and
applicable filter
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Fig. 4 Setting example of Coalescer
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Fig. 5 Structure of combined type HEPA filter
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Fig. 6 Sample comparison trend curve of HEPA filter by
Shinwa and other Supplier
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Table 2 Table of our main products for GT air intake filter

application
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Fig. 7 Sample appearance of Cartridge Filter
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Fig. 8 Sample appearance of GT air intake filter house which
contains Cartridge type filter

Fig. 9 Setting example of Cartridge type filter
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Fig. 10 Sample appearance of the whole GT package and our

handled equipment
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Fig. 12 Sample of GT intake filter house (2)
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Fig. 14 Sample of GT intake Silencer
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Fig. 18 Sample of Exhaust Stack
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Fig. 6 Pitch line velocity of the epicyclic gear for gas turbine
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4.5 REREEHZOEREK

HAY — € HIRARICH SN AEIZE, AN
BhiE e 2 2720, TXDEZL N, I
AP EZSHC SN S, TR 52 E IR T
ENDHT2D, FTA MAYIVIZHFRRED SR % 5
ELTWh, 2AHANYEIZIE, BT CEBH ORI
fif 2 %Pz LB 2 S H 3 25655 %6

WA S BN, F RS-y AT
BT ENL 0, URFRER TR DN S 720, A%
TR, BHRIREE D 70T LB, T S %

LoD, EFAZHHT LI EPUEL RS> TS,

5. BAREMBEDIREES &

PHUCBIE L7z akibg i, AmnEiEs L CE otk
BT %o WHEOMZOMERE, B - IREIOWE, %
e, iAo IRROMGEZR L2, B)IIEEREE %
i3 %, Fig. 1105 HIZ, HHEELEEEL 2 B~
THMER L TV AHT 2R, Loy 7Lz
Hy TN TITORE, GEROEMEMERKE L, £
IR E LTn b, BRI, W, ), dRE)
FHERE A ) A CHE L T AT 2R T,

Fig. 11 The epicyclic gears on the power circulation type gear
testing machine

6. SEDEIM

Wk, OB Ay - REEERIE SHITK
AMEL T EEZ bNA, THICHA T, HEEBEIC
$ B IREED B ERIZOWTRELDOIZEZ HEDTE D,
BRORE L % 2HEROPM B L ZFT W5,

F72, Ruer@EERLMEGET, TH=— X1
SR BEMEEANTEN ST R o T b, FEEMEIC
HESEICL D2 MEAMDEH LR, —BRi s X9 1
ELZMIE S Z v 7 % R R RN L 7Rm & e L
TWb, VIR, EERENOIRIORNEZZZ T,
FH L, sAABRICEERNELZIH L <, SRk
WHEDHESNL EEZ TnD,

7. IV

AfETiE, - NROFTAY —E VIZHW SN A
BB OREE & RIFHE, BE 254 T TEEINLDIZh
B & 9715 BE R A5 M 2 SR & 2 it AL o S O He At
DWTIRRz, T2, INSOEEMRYLT 5720 D%
LWEMIZOWTRA Lz, 4%, SHIEEShLH
DK DIZEA, HRICEHBL T FiIfFETH %,

HE

ISHRHENETET AREZHFE, HBET (B
W) WARERIK, HAREHEITL¥ESR HI=a 7YX
Iy v a vORRERICERERZDSES 2G5, 222
LCHEZRT %,

& & Xk

(1) REUPIESE, LR S Bl o R L i A iy Vol
15, (2010), pp. 319-347.

(2) AGMA 217.01 : Gear Scoring Design for Aerospace
Spur and Helical Power Gears, (1965).

(3) HABREILESBME, WEHMMO A 708y 7 —
AW S 5545 D% mill g & 2 OFHli, JGMA 9901-01
(2020).
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Technical Trends in Gas Turbine Control System
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1. [FU&HIC

AAY —E OB L T7I5 S L, S
K, EREOEMN B LU, B R IREEC X B BREEAN
DEIRZAT D 72DIZHIH Y 27 2 D F72FHENT K E Vs
EMEPOEHIE T2 UE L, Be 2t 200200
T, HIEEZ A — A IR B 2 ) AN s, Hilr
WHICHRITEVWTWE D EEbND,
SHOBEBA—ADHHHT, HHELF—T
MR ME OHAM 2T ANTHERZHEL VLD, &
FEHORE LR Z4T ) 7201213, ki 2 B TR
ENFcaryR—% Vb elAEDLEL LY, —HLZE
FHEBECHE SN2 VRV P TY AT ARET
HZENPEFE LW,

AT, =S50 E5%%2 AT A/0F

Va— VoV TRT 7 F 22— TG AT
AEwEFL, Mk (Ty FT—F) DSBS L6 2
T A%, BN ER T 2 RN 5. o<
BN, FEEN, FEHOTAY —Y U Eokk 4 REE)
FRICHR)L  FERED D B TH Y, TAF—C U A=
W2 HEERH S Tw b ERZFo,

2. HlEY AT LBE

ARCTHMT DHE S AT 212DV T, F—E IR
7 A OB & Fig. WR$ . EAE, #2757 412K
LNBLEME LT, Al & 7 5% (Programmable
Logic Controller, PLC) ®WLPEEET], 4rHk I/OX 1Ak 7
HROFIEDTTREZBEI NV T, S 5IIEKREHE 7 7
Vr—3a VORBEERSDICTE LHBERESR, Y32

To Load

L Smart IB

v |l

ﬁ Fuel Skid

PLC

" | —o—cis b stmp——o
Central Control Room [CCR) [ty —
olg
'al

|IBEXIX]

WA

HMI E

2 GT Fuel .-&?.
I Supply k-

Fig. 1 Overview of Gas Turbine Control System
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210 HZE—E IS X7 LIS 3513 5 AT B BAH X4 —E L 2am
L= a2 YO¥R-FET, flfL A7 28KT—HL

Fev)a—arPROLNTRL, AT, Hl#EY SIREELITEELED
AFLADEIAVR=FZY N THD [HAY =¥ il : i

i (PLC)J, [4#1/0 (Distributed 1/0) J, [%Zc4=l#
8 (Safety PLC) |, [EE VT - BE) 7 7 F 21—
y ], [BSEBHEHERE ] [2oWTHIA - 3T 5,

3. ARF—EHI#EE (PLC)

KRIHTIE, #AF¥—E Yy, #Ry—Erear7sLy
P— (E=FEEOa T Ly =3 EL) E0m
ORI A2 EHE LT S N2PLCE M - 3
T 5. UHPLCIZ, # A% —E UHlEDIED, HitkDH
HMHITH o BIBOGEI/OB X OBE SV TREH 7 2
FaT—FIZdHIELTW5b,

31 N—K9I7

HIBIFEPH OB L > TEEEINE, REWNLN—FY
T 7 % Table 112729,

Table 1 PLC Products for Gas Turbine

Simplex PLC Duplex PLC (2 E{E PLC) | Triplex PLC (3 E{k PLC)

Flex 500

MicroNet Plus

MicroNet TMR

Small — Middle Size of GT|

Small — Large Size of GT

Middle — Large Size of GT

Exp. Chassis: Up to 7 racks
Exp. CAN up to 70 ports

Exp. Chassis: Up to 3 racks

Ethernet x 4 ports
CAN x 4 ports

Ethernet x 4 ports / CPU
CAN x 5 ports / CPU

Ethernet x 2 ports / CPU
CAN x 2 ports / CPU

SIL-3 Certified
(MSM Required)

SIL-3 Certified
(MSM Required)

Product Manual B26838

Product Manual B26166

Product Manual B26167

WAEOMEIM E LTI, ¥ —¥ ¥ ¥ X7 A EPLCOHIH
oYy 7 OMTRTOZTELEZITOIVOEY 2— LD
eE BN, CPUDSIW S N 72PLCHTIE %R <, Z0
VORLELLTWAE Ky R—4 b GHER, B
AF v N, F—ErIrrua—Ix, SEERHIEEE %
E) OBLICEHRBT LI EDERICRY)DOH DL (4L
1/0), LitDuplex PLC, Triplex PLCIx#iik > ¥ — &
Y R—PLTWEH, PLCHICHET A/0FY 22—
VELNZHMEINICH D, I SR VO 4 XX PIET & T
BLTNSL o Twh, T2, REHHIEAFRL, WER
T 7 F 22— ITBECANOBITHED LN THED,
Bk D7 4 — )V BN X BN b3S L 72PLCAYEE
KENb,

3.2 H@ET7TIVIS— aHERERE (GAP)

Wy 7Y 7y —3 3 o3 (Graphical
Application Programmer, GAP) (ZDWTHHT %,
GAPIZ, ¥HMPLCHBORIEEET, FAF—E Y
Ry —VrReLyruny Y viTorkc RO
PLCICIRIE S A L CTW 5, 7075 2 otk X,
Jrvrvaryuy sk, BLUV—-Frr vy
V77 rrvarFy—radXzHR—-—FrL TS

Spend Corb D |

Fig. 2 GAP Sample View
(Fig. 2) -

19804 I FHIHER DS FHIE S NI 2 A HN—T 3 &~
7T REYRLUTCBIEICES 20, BTEHOT 7Y
r—varyTho THHEDN—Y 3 VITEBEMTTHET
Hbo MEDEELENL, BIIHED VA7 ZH/NR
WCHIZAZENTE S,

GAPRE LM77 r g a2 20 $MFH L L
THEHTHZEE2/MELTEBY, BRIy 7 25t
ZENTE RO, jliE HWEELTorYy 7N
VRS B BN v, 72, Y 2 —VikEF (Modular
Design, MD) Z %K=+ L TWwWa 70, flfliay vy
DIEHRETA T 7)) —=ER - FHITLHZLET, 77V
r—3 a3 MR ERRNICIT) S EATE L, BT,
Fig. IR LI, N—=FrzT7ICHTLIuY v 7=,
F—Y U HIENCET 2Ty 7, S 5ITIE, KA
ofEa Ty 7 EE2WHNTA TT)—& LTER LT
BLZET, KB TeY 27 NI T 7V r— 3
YTHoTH, LB RADARDY) X7 TR/
BB EDUREE R B,

Control Logic Library
Hardware Turbine Control Fuel Control Lube Oil Control
=
O E || pnE
O-m ||E W
GAP

Fig. 3 Tllustration of Modular Design in Control Application

GAPIF, 48 I21L—33>V 7 [nVel ®
Mathworkst:# [Matlab / Simlink ] 7 ED#EY I =2
L—2aryVy 7 e R=1 LT, HI#HT7 7)) r—
va VSIS, HAY—ErRemitkE gL -E T
FHWCYIal—Yarv {92 77Yr—
YavoRgiaYy s F v 2 BT LCERTS S
LR TH D, B OEEAL-uY Yy 7RV I
L—2 3 VTR LA OB TE 5720, FRYMEE
DL, RN ORMERT T r— a MEEE
HARE—-PFLTWD, YIal—Tartniyl, —itft
i E T, SEICN U TR 2 KD b oo
WD Th o 72A%, AAETIZBATER A & 3Bk, Bty
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HEFLEABOYR—-FET, BELERMINTS
D, b LTELREL TV,

3.3 HIEERITL— M EE

— W HRPLCOFEATRMNE, 77V 75— a vo4A4
ADWBEZT5720, /OB 2=V LDEFD%
Y WBEIRER B Ed T, AR R FEH AL E B B,
HAY—E IR ERI RO CTHEL 2572
O, BYRARY AR, TT)r—3a 4 204k

(2 & 2 FEAT R OZALIHIBERE IS5 R 2 AR E o

— ) T Y44 DPLCIX, Rate Group& B3 AHBETT 7
Vir—2a HNOy A7 FATRZBEICERLTBY,
TTN = a4 ARE AR Y AT DR 2T
TS, FESNZHUTHE T Y v 7 2ETT L LN
WHEE o TWbe FETEMORER 5 msz A
&L, 10ms, 20ms, 40ms, 80msdB & 160 msD FAT
JEA 2 SR EDFETH B0 HFEATHINFEE S 7z
Wayy 7o A271%, Rate Group 5ms, Rate Group
10ms, Rate Group 20ms (Z OO EITHE b HEE) &
WL, "= =7 2»b0fE5HAA [HW Read] %
HiAA THW Write] O Y &, RE SN T
WMPLSSET T 5o

Fig. 412 %Rate Group® % A Z ML 2 o ¥ 2 — )V |2
DWW TSR ZRT, B 2 X3 EHI# % Rate Group
S5msllE ) BT A, #HEMHT Yy 7L, Sms
O 1ERFPMNTHN= FY 70X 2 HER OB
[HW Read], #l# v ¥ v 2 9247 [Control Logic] #»*
BN—=FYZT7ANON)VTILERAEOEF AR [HW
Write| £ TORELI A DD L, [ 5ms Exec.] DI
MESICTHA=F7ZT7OMBDOEFHEITH) KF A
73 5msT EICETEIND, Fz, WEHI % Rate
Group 20 msiZE] Y B T/24E, 5 msD LA 4 1]
IILE % ik L, THW Read] 725 [Control Logic],
[HW Write] ¥ CTRHZE T, N—F 77O
NEEHFT D, KY 2 713H20 msZT L ICFETEI b,
Z D dRate Groupd A7 bFEBETH B, ZD X 7%
YA r V2 —NVEHWDZ LT, ) ARRE
R, TTVr—varH A A EORELZITIL, —
TR OB ZEH L T b,

B, CPUDMLHEGE I IE AR TH % 729, HKRate
Group® % A 7 BCPUDILHFE I %2 54 A TH -
7eWpfr, PLCRRH LTI =2 ahsd, 20
&, CPUDAMEZE=F) Y7 LDoD, uIv 7D

5ms Exec.

IHW Head| Control Logic | HW writel

L
Time Flow [ms] | 5 | 10
5ms Task
10ms Task
20ms Task
40ms Task
80ms Task

160ms Task ‘

Fig. 4 Overview of Rate Group Execution Schedule

M EATb IR 5 R v,

Fig. 5IZ/NELG A 7 — & v O B PEHIH O FEH % 7R3
I, EERTERIRBIC B B HEERIE O LR 75 7
THbH (FETRER, HEdEE B X ORI~
MBS MEEZRRT. =37V ¥ 7 A0 mso 7
FI7DLEBEDT A VIEGTOEMETHY, TROITA
L, BRI SES TH S ). HERENS, #H
T 2y 7 28T, EHHIERE SO M DERE T
#Rate Group 5 msiZ#I D B TTW5, HEEEZ100
% & L7z3f, FERUZIEH 001 %O ERE Tl S
TWa,

. 0.999sec

d =100.011%

'1 GT Spe

ool o Ll

111§ A.0.02% 1t

I
99.991%

Actuator Demand = 18.047%

AL A 0 8315 11 LT

1721

Fig. 5 Sample of Speed Control Fluctuation for Small GT

4. 4#0/0 (Distributed 1/0)

VAT AERORICKE ARGET 275, WHT 51
FEE, DHOFT AT -y ThHhoTOHHEANZBRS
= AD% V., TNSDES EGIHEICEE S /2PLC
T ORI AE, BEOREUIM YD 0, BT - BREE
WE, E, OBE ML, AVTFFUREEOLE, B
FUCEE T 27— 70— FR8E/ET A MId R v,
T —TNDHEZ D I EIfE, A VT ;U ADOHME
LR b TNDY) A7 BT %o

2O L7z R AT 572012, FAERT7 4 — IV I
A (TR ABHFRERZMETA V LICERFEL, &)
% L OIEHE VR WEBTT ) Hifl) 12 X %45 H1/012
THRBEIT) S ENFERICRDVDOOH D, HH1/0F
5 Hik#% (Junction Box, JB) ICHUMI L, 7 — % @f3
W CHIEISRICRE L2PLCE B 7 — ¥ O%ZEZ21TH
(LLR%, 43BR1/0% U L 72JB% Smart JBEFRT 5)o
AY =¥V AT ADKEF (Fuel Skid, Oil Console
% &) ICFENZFNSmart JBERET S LT, KEE
OV ED LI ENTE D, BHFRERICBWTI,
PLC: O¥MFRZMEr — 7NV DR ERY, fFEDH
WAL R T O 35 & ORCARICHE S 5 M T TV A2
DA RE L %2 %o

SHIL/ODEAITZL S OREDEH LD OD, fHFBRE
GREE, B, IR IHM=E LTI %%
7202, FERIBEEOKT, BEHEGOEKTRHELO
Wk sE, JIOMER Y X7 035843 5 BBl X - T,
7 =T — OB L EOMILVLEE Y, FlEE I
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BAHA X4 —E 255

FlEHT I e TER,

22T, HIiHBRBEVERE & R0 5 Hl/OTdH HRTCnet
(Real Time Controller net) %#i/9 %. HAEOBEE %
Table 212723 (AL 7+ w27 AJ1, AO: 7+u 7,
DL #::AJJ, DO: #rxiliJy, TC: #Ext AJJ, RTD:
TERARPTARAT)) o A BRBEIREE RRR100 C £ THIG L
THY, Smart [BRGT OEARNZL L, i HBREAHHE K
RHFTICERE T A 2 L 2w L TR E N2 HI/0T
B b, MEIEMRED 20, BiRoREZIRT S
ERTE D,

Table 2 RTCnet Product Specifications

RTCnet Series

IATEX: Zone 2, Category 3, Group II G, Ex nA IIC T4 Ge X
IPhysical Dimensions (mm) : Approx. 112 x 169 x 30

Operation Range: -40 to 100 °C

\Vibration:8.2 Grms, industrial skid mount, Shock: 40 G, 3x each axis
EMC: EN 61000-6-4, EN 61000-6-2

Module RTD TC AIO DI DO
1/0 RTDx8ch | TCx8ch [AIx8,AOx2| DIxl6ch [DO x l6ch
Supported Rate 20ms ~ 20ms ~ 10ms ~ 10ms ~ 10ms ~
Prod. Manual B26640

RTCnet& PLCH @ 7 — ¥ #ifg 1%, 2 HE AL ENL7-[H
WICANs# A (Controller Area Network® g T K A >,
Ry v a2t THEINZBEFRTH D, BN/
4 AR, By — UL A LTBY, o
TV —FHEOEELHBRIIHCOLN TV LHELATH
%o) B, Bi3.3IHTHM L A-FAT RS R
(Rate Group) IZHIHEEHTW5,

CAN Bus®#fEwIdix®E 1 MbpsTH U, —2OD

CAN Bus? LI 21T 2 B35 8%, /0K, @fEHEE

B O FEATRII D F RGN L > THIBR S B, FoREAM:
%%, CAN Bus®DWLIRRE)) % 2 5 ¥56r1d, RTCnet% #
BOCAN BusiCEH W IRS Z & THIST %, ZOWE I
BHY =V E72IEGAPOREREICTIT ) 2 LT E %o

2 %1 2 & fLPLC [MicroNet Plus] &, CPUL @
CAN Port x 5 portiZ iz, HHOPHET /N4 A (RTN
Gateway) = H w5 Z & T, # K T70 port¥ TCAN
BusZ i3 5 2 &M TE b, KREDE T % HEEN TR
Y 08N L4, CPUDMBEEE) % 2 72 Wil
D, CAN PortZ L L CHIGHRETH 5.

%R, HLMELFEM (Table 3) Zitiz, £
MAETEEZRBLET A, 430 choE5 % —D20D
CAN BuslZEMHE L DRERZH SN2 24K DEF
WE, 3ARoMER (CAN Hi, CAN Lo, GND) 24
FTEBMAL L STBY, HVAERBMELZRLTW
%o

Table 3 Estimated number of control signals per CAN Bus

. Rate Group .
Dl ) 10ms 20ms Alms Hlims 160ms Jotal Ch Nixe
Al 8 24 24 0 0 56 112
AO 2 6 ] 0 14 28
1l 1] 2 [ [ [ 32 64
DO 0 0 16 144 0 160 320
TC [ [ 24 B0 1] 104 208
RTD 0 0 0 ] 64 64 192

CAN Bus Band Rate = 1Mbps Total = 430ch 924

5. Safety PLC

NI - iy - BEFEHEEZB 720l FAY—E ¥
VAT LAOIREEFICEMAL, REBRHEICEY e
BRI S LB E B Do FRICHEE, JREY,
WEB X ORERIEELERAELRECTH L. HEOELIC
DWW —E VHIHOPLC & Ab i E o —HEib %
195, TOMERERICOVWTIE, F—E o
PLCOMT o Hifr &, ARBICH R RAERE 25T 5 (PLC
+ AMRIRERE O 2 L) G h b, F—E Y A=A
RL—WTHA REEIH L 00, Btke L iz %s
ZRKIRICRERES 5 720012, Mz L2/ E < b
5Safety PLCE&ZIET A2 & 2L TWwWb, RIEHT
&, ML L CERE S A AMBIRERE Td 5 Safety PLC
(ProTech Serise) %#HN7 %,

Table 412CF MY 7z Safety PLCOH:AROBE % 309,

Table 4 Safety PLC Products Specifications

Type Simplex Safety PLC 2003 Triplex Safety PLC
Photo
- Y
Prod. Mane ProTech SX ProTech GII/ MicroNet Safety Module
GT Size Small Size — Middle Size of GT Middle Size — Large Size of GT
Overspeed Independent Trip DO: < 10ms @ > 1kHz
Trip N Speed Input
Response < 10ms @ > IkHz Speed Input Voted Trip DO: < 20ms @ > 1kHz Speed
Time Input
Prod. Manual B26546 GII: B26709, MSM: B35060

ProTech GIlZ, MIEEFKDOADSafety PLCT, i
BIOMEMBEOREZIT) . 2Dy — ¥ X DILGHE,
2HRET HUEND L.

MicroNet Safety Module (MSM) (&, ProTech GII
OMEREERITMZ, K104 (10ch / €Y 2—)
OT7FuarZAI (AD FdESAT DD I2X 5%
HEDUFETH Do 4-20 mAICERR L2WMER S, REME
B, MEETEE=FY) VL, BWEEBALEICT
T — ADOFEBRRAEEMEILEIT ) 108D L oREE R
W DY, BERAHIIL U THEERRET 5. G,
MSME 2, [ B % 4 HAKTEC61508 0 4 4x /K #ESIL-3 0
AL Z T TV B,

ProTech SXi, IEC61508DSIL-20 2k # % ) 72
Simplex®Safety PLCT, 2ch®D#EEZOMR#EL L
7 DA (420 mA) F 7213 DIC & 5 R % i 2 Tw
%o MSMFEBRIVHIEARR 7, wREMES, WEFTZE=
yV L, BEERZZEECT I — A0SR
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%179 2 &L D TE %Safety PLCTH %,

B dSafety PLCIZILVHSTH ), ZDOFRED A
THRET Yy 7 2 WET L ENTEL (GAPE
LCHET 22 L bR & L 72N ASOEM [
(Sequence of Event: 584: U724 N> b 258405 & It
ICREke FRT HHERE) ICKMEE NG 720, Bl EHMI
(Human - Machine Interface: 75 7 4 # V7 TRk -
BRI R) 2R T AED v, D TE WM
HIRD BB B B B AR LICHESE TR, T
AN Tut AR MBI TELHEDSD L. B, HIKER
IZBWTC, Safety PLCIiZV E— PL/OIZHIE L TW i\,
EDD, LY —OOEMALEL L L EIZITE
BWiZ&7-w,

6. BEINILT, BET7IF1I—4

AT, 74—V ENRIHIS L-BE SV T B X
W ZEBIEHOBE T 7 F 2T — % 2T 5. N,
W REZEH - FEHIRRIS 2 ¥ — ¥ U EERH SN
LY, ZREERODHLEEH V) 22— a v Thb, il
FEERE) 2 5 BEMELABATT A 2 12X ), HIENREEC
MEs2EOIA IR NTTNDY X7 ZHIHTE S
728, Bfioa 2 MEREHREFIICH ST 5. PLC
MOEDNVT - TrFaL—yOMNERSETE FI
AN (BE)T7 7 F2z—5NHOE— % 2§l % i
HEE) OFMBEIZL > THEWIEH LD OO, FIZFHEM
773:CANOpen, Al (4-20 mA, 05 V), EGD (Ethernet
Global Data Protocol: 4 —% % v b % i 723818 J730)
B XU PWM (Pulse Width Modulation: fif. & &4 filfi 7
NRVADTF2—F 4 —HICEoTHREESNLES) 12
IR LTWD, BEHEIEIRELIO msPHNTH D,
INEMEZ FEO, MERASETOLENICOVWTIE, 3
HAIL DEGD, 2 HEAL®CAN, B X O'CAN& AT (4-20
mA, 05 V) DNy 77y FITHIELTWwS, ThHd
4% =7 x2—AE L7ZPLCTH UL, H— Fr3—
74 —DPLCTH o> THMMHATHETH %,

BB LT T 4 =V 24T 2 LT, Shwn
BeAE T, fLEiRse, fME74 — KNy 2Ry vy by
T URADIED, FIANRLT 7 F 21— 7 NEROEH
(BE—=~OBFHMER, NI N WRES) &S
NBFED DD, T—F wilddEit L TBL T LItk D,
TFAREL EIEHT A2 LA TE S,

B A NI Id el b 8 72 E 70 X — 2 DAL )
HAFERSINTEY, PLCHNOMERET Y v 7 0%
W358 iR EREITRETH S, AEH
BOFBPANE T2, T3 7& T LA DARETH h F
FEPEDS B, F72, FYUFVEEIC L A ERAHEIL,
AR EWENEHT LN wzd, PLCOL®
BAEICH L CHREICEHET LD TE S, 2D,
BERD NIV TRT 7 F 2. T— & k) IEHED D 155k 70 il £
MNTE, LIRS —E RN E 25,

Table S5IZAHIHE 7 AUH IS L-BH IV TB LY
BT 7 F 22— 0FREEZRT (B, EWFF
Shutoff Valveld, On/Offfil#ld A D720, 74—V F
IN A RN E B RE LIS TH B ) o

Table 5 Electric Valve and Actuator Products

Fuel Gas Control Valve
GS Series LESV-II Series

Photo

< 13608 kg/h Cg < 6600
1.5 inch SAE Flanges 2 to 6 inch ANSI Class 600

Flow, Port Size
Fuel Connection

Product Manual B26513, B26514, B26418 B35076
Liquid Fuel Control Valve
LQ Series ELMV /ELBV

Photo

Q0

< 22680 kg/h Cv<65.1
LQ25: 1.312-12 UN Thread Port } -
LQ50: 1.5 inch SAE Flanges 2, 4 inch ANSI Class 1500
B26027, B26161, B26162,
B26739
Water Control Valve

WT6 EWMV

Flow, Port Size

Fuel Connection

Product Manual B26306

Photo

). -4
2 bilaad
Flow, Port Size Upto 6 Cv Up to 86.7 Cv
Fuel Connection 1.5 inch SAE Flanges 2, 4 inch ANSI Class 1500
Product Manual B26717 B26306
Shutoff Vale

LSOV 25 (Liquid)

. ) o

Photo -“ ;L
O

[

Flow, Port Size <13 608 kg/h
Fuel Connection |1.625-12 UN Straight Thread Port

GSOV/ USOV (Gas or Liquid)
"

Acd <3787 mm?>
2, 3, inch ANSI Class 600

Product Manual B40148 B26190, B26307, B26355
Electrical Linear Actuator
ELA 80 ELA 150

_v- m

Photo ﬂ

ot LW
Stroke 199.0 mm 119.6 mm
Force
(0.5sec Peak) 56 kN (80 kN) 105 kN (160 kN)
Max Speed 60.5 to 74.4 mm/s 31.4t037.3 mm/s
Product Manual B26844

Cg: Flow Coefficient for Choke Flow Valve, Acd: Flow Port Area Coefficient

7. HEHEHIEHEE

ARIETIE, BRSO WCHIERE L 20 R 20
BEMNT 5o FEEHEEEeasYgen, LSxIIH A ¥ —
vy, ERF—Ey, HAZVVY, F4—¥LrI vy
v EOFTERHEIC LB LR E — oDy r— I
WA L7-ULHSE R CHh Ho easYgend & U'LSx
DOFZHESLIR O T 4% HE % Table 612783

HISEBERLBEIA Y M T — 27 WOERIEHHE L,
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Table 6 Generator and Breaker Controller
Genset Controller Circuit Breaker Controller CAN Bus © a2t
easYgen 3000XT LSx 3 ':‘.h. N
TN 1| femmd ﬂH 1) i
& [ -2t . ‘ ~__PLANT LOAD 1 ~
LT L] “"‘:1. H 'i"f'qi: I:é:: S

Start/Stop Control:
Auto / Manual / Load Dependent Start Stop Mode
(with Soft Loading / Unloading)
Frequency Control, Voltage Control, Active & Reactive Power Control
Load Sharing Control
Import Power / Export Power Control
Circuit Breaker Control: Synchronization, Dead Bus Closure
Protection
Meter and status monitor
Event recorder (with time stamp)
Monitoring Function for total member of network
Programmable Logic
Multi-L HMI with Operation Button
Expansion I/O
Ethernet x 3, CAN x 3, RS485, USB
Product Manual B37581

f£4 v F7—2% (CAN, Ethernet) THWIZHEHT 5
Z &, Fig. 6lCR- &) 2 WMLBE LAY VT =0T
HoTh, RELWESY VT =27 OEHDOAT, LK
PIZE I > 2 T 2 OREEDPTREE % 50 AR2HD
SEBBEH 8L & e K16EDE F v b7 — 7 DR
IS LTB Y, WHER T 2 BRI A X
THoTHERMY A A TH-oTHEDL S LAIGWHET
Hbo Tl BRERIN—-—THEHDL VI —T 2 —AF
Y 2 — ) (Group Controller) %#i%iE$ 52 & T, 496
H UL E (31 units x 16 groups) O K BAFEIEH iz AHS 0]
HEE b,

FEED L OERSHOBEIE Y VF v R 5 — %R
FALTEY, Filc~Ay—ar v a—9%2FET52
CIIWETIE RV, Ay M7 =22 A L THWIZHED
BB L OB A Y b7 — 27 NOERZEHRE Y 7L 5
ALTY=T L, EORERL Y MHBED X H AN
HETLEIRELO0», EOENGREHRATSLLE I, &
OBy P EEMSEDD, EOAML N ORE
AT ERBRZ R SE200%, ZHIBEAHIB L
[EEFEEHI ], ERRR AR, 2o 0N [AfS
] FOHEET .

SNFIRAY—FROERFEIL, EEEOFBR
R - MNP AR R SIS LTy Y T DT
LET 7VICHHEARECH L 2 L &, XYl ITRE
by AT DRSNS B 2 & TH Do FERMER MW
BOILR - M ERHRE Il LA T, RE
LAy b= o8- WOEELOKRT, YTV
VAT LADOFMEEET) FDNETH b ERDOFEE
HPLCO X2, WIMT TV r— a v OEHEELT)
BNz, aAMRTHBIT NI TVEEY RS
ZRIBICKO T ENTE D, F72, YAF¥—a 2 b

iﬁ.:. .

*q]
'IL GENERATOR LOAD 1

-
: 3

w g i
uis

CAN Bus

A

*
é

o| s

*
1
CAN Bus

*1: Circuit Breaker Control Signals
- 3ph Voltage Singals (VT) x 2sets
- 3ph Current Singals [PT) - Speed Bias Signals
- Breaker On/Off Control Singals - Voltage Bias Signals
- Breaker Status Feedback - etc.
*3: Breaker Status Feedback

*2: Prime Mover Control Signals
- Start / Stop Signals

Fig. 6 easYgen & LSx Electrical Network Overview

O— 5Dk ET, VAT ALRIEHRGEE 25 Y
A7 BHRANRICTHZENTE D, W TIE, KPA¥E
DTF—=% kv ¥ —OIFHEEEMEL, AT v ks
T—AF—ay, NU—RAF—3a YIS
bhTwsbaryha—5Thb,

8. HFhYIC

AT, HASZ - Oflflly A7 2IZBHEL 72,
FERD D LB DIEME L BN S TW2nT, &
#1/0 Module, PLCB XU NIV TR T 7 F a2t —%7
E KHIAVFE—AV P ERFOLDIIEET LI LT,
IVEREICHA Y -y Y AT A% HMT 5 2 &A%l HE
D, BEFROREVERELR Y AT LHERIZFS TS
bDEEZ D, GHOHHY AT LOEFRLHIEICH
72oTC, AfgE SBECLZITNEENTH S,

HEF
MHAANBREK, 7= A4 KIE, RERD £ & DI2E
LEEZIF LMz 2w, Z2ICRLTHER
K %o

2 EZ X
(1) gWME7Fayy b7,

(2) Woodward Home Page <https://www.woodward.
com/> (ZHEH20204E 4 H17H).
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The Recent Technology Trends in Development of Ignition Exciters Including

No-radiation Type for Gas Turbines
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HASE Shinji OTANI Naoya
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Key Words : Ignition, Exciter, Radiation, Thyristor, IGBT, MOSFET, Laser, Microwave
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F72, WMOHFTIIHEREITEL L8 L v KGR A5E
ENTWD, RETIE, 78RO MAEEEOBEEIER M

X%,

2. HRAA—ECHEAREBIIOWVT
2.1 EXEMERE

HAY =Y BB B VF Tl %
A= 5N BEmIER (Capacitor Discharge
Type) EMEN L HAEHL LSRN TEY, iz
MR EHONRNLREFEFTOHLPEHTAY -
WCHW BN TW DY, JEARR 2 KR % Fig. 1R T,
MOREEES, XA 5, W) —=F 47 F145D3D
DAYR—=F Y N THEENS, BE»OSMAGENE
JEid, =% A 7 EG0EENT V2 (T) THESNR,
HEIAVFELCaryFryy (O) ICKEESNSL, 2
YFEUH (C) OXBEEDSEATLE, A= F vy
TEVWHI AL v F U THFEF (G) HVEBELTEEL, I
HN)—=FEML, 41 754 Z RO KIHITERA N —
IWELTANRN=TZ ZANVERHBENS,

szt 202045 A 8 H
* 1 BRI E R
T151-0051 AR FEKr 4+ 5-23-13
T AL
E-mail: Naoya_Ootani@ydk.yokogawa.co.jp

o
AC100V
110V
i20v
50/60Hz
{or200Vv]
(o

Input Power Exciter Output Lead Igniter

Fig. 1 Basic Electrical Circuit for Ignition of Capacitor
Discharge Type

2.2 RIEBXFRXOBESR

A 7 A % 5k O R BB & R AR B AT
2 WBETIAIZEBANN—2 2AEL38LHRT
RAER K E S, 1860MFEIZIV ) T — Vs g% L7z A
W= 75 7P oZDFEHIZIS0FEEL dDMEDL > T
W, TORIEEKGERITIE, 1) SN EED S
RBEE YL CRRT A EAHEEE, 2) MEMEHC X S
B 3) BERBET CIXRENWEE, 4) 127
A Z R OMRE, 5) FMHEIHDOHTOIK, & \vo72HE
LT ST B0,

2.3 AN—=9UX vy 7OEERERFBRESHIE AR
IF-w@BEE—FEREEHICOVT

Tl L7z RAEs K RoMES L idfofEs LT,
BIANESY A4 TORBEMIKEBEBNTICH S X
N=0Fx v 7L Ay F /P TREINLZZAVFD
BRELI-EH L WEDD, AW ETHL 2 ) 7
V858 ) A ERAR 2 A LTV b,

RO R B 0k ORI A TC 365502 X 2 B i
BEEORILICE S %38 T, HlilEE B2 5 g
WEE A L2k - BB, 1) RE, i, &
W, BESE, RSO L BIRE I, 2) ik - Al o
FRE L, MEE, MRS ICMb SR - MR L,
3) BABEE < B IE, BEIEOMNER, 721K
BHRRIGR AT E OIS OB BAREMN T S hvTw
Zs[mo

Z O JRCF R B Al BT BB (TAEA:
International Atomic Energy Agency) ZS%E % 72
PRILHE\ZHES° 5 72D, SEL64E 6 H IS KIFIZSIE S 7z,
IHZEASIZBWT, HKEBEIZ A S— 7 F v v T
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TRRBLH % W 2 5 MKEE R R T 2 8510E, BT
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RREGEOERIIBNC, EPOEBZE R TLEDND
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EPFTVDBE W) MEDDH 5,

T s =R I O BENCEH 5 T 7 VFfl L LT
&, BETIC 2 WG CE 05 e & ok sl
UM OHEDRD B, mEDFHE LTI A—HITLD
ANz sk - WoEAs S S 7,

F 72, 20114 3 AC564 L7z dde st 05 S 1 2
PO RS E T DR BRI X 2 BRI &
D, EROBEFBICHTE2ARLENEE Y, KT
BOBWET (K FAEy ) BEONBRE, Bk
RN 3 B BL AR ICE £ 2 7200, Zhbo
LD OMSEW B R GH T B KEEISH LAT T 4
T A A=V %WhhZ LB EEINT,

COXHIBERODL L, B LU —¥h ok
WEEZGH LEVWERKEENEIFNLZ L LR T,

3. HEHREL S AEBORR
31 AN=UFX vy TOREBRKIIOVT

ERD XD BBENS, A= F vy TOREL &
D MR E R EE WAL v F v I ET RV
KEETE (R L A UKEEE) DOBF O UEMEDHE Uz,

RELELRDBAL v F Y 7HEFICR, B AVFES
RRVAA v F ¥ TIBEEIRD SN B0 FRIHZHE
A ALY —E O REEICIE, i RSB 2RO
BKOMIZTRITFEDO 7 L— A7 M X BFE KT 2L
TL—AT7T 7 MDD DS KICO R I NS 72
DY B OIS E A R L 7o 5l R BRI A s L
7oHERE - MERE & S WEBMEDSRO 55,

WA, SNSOEREPEERZAL v F U IR FITE
DFEHT 729, Fig. 212773 1) +#4 U %, 2) IGBT
(Insulated Gate Bipolar Transistor), 3) MOSFET (Metal
Oxide Semiconductor Field Effect Transistor) % fiifi
&L THET 21T o 720

WITFNOEFIZBWTH, FFHFORAMEH LRI
B, YRR L TWb, A4 ) A YT
BEMB L UCERERICBEN TV S, A1 v F v 7%
HIZDOWTIEMOSFET2SIR b EN TV L OO RV
FHEENKBIZALLTWAS, IGBTIZBWTDH AL v
F IR EBIIMEAE R L TV B, TRV FHEED
T TRV, INS5DOZT ENSHHIE FAf VAT %
AN=7 XXy TORBBRE R DAL v F ¥ THEF L
LC EzEDLZ L E LT

C
Anode IJ
o] J
Gate
Cathode E
(b)IGBT

(a) Thyristor (c)MOSFET

Fig. 2 Semi-conductive Switching Elements

3.2 HAURFERAVWEEREBORRIRR

PFAVAYZ AL v F Y THETFE LT ) X
& Ji Ao EKEEORSIE, Uik Bl EE L Tw b
General Electrictl:4x F @ K Unisontl ®Hi il 2 & % <17,
MZERT Y VICHEHT 52 L% HIRICHED T,

P A RF TR SKEE O P % Fig. 31287

AERIC X B EBEAE R DA R, Table 1o X H 12, A
W= Fx v T2 TR D 28— F v v T
WZxF L, ML L OREARMERED D B Z & iR L 72

Thyristor
o T . (|
Ll | B |
AC100V Re
110V
i20v i =
50/60Hz
lor200v] A
i 1
Input Power Exciter Output Lead Igniter

Fig. 3 Electrical Circuit of Ignition using Thyristor Switching
Element Type

Table 1 Comparison in the performances

Items Spark Gap Type Thyristor Type
Input Current (A) 0.9 0.9
Spark Rate
(Times/Sec) 30 32
Output Voltage (V) 3100 3200
Spark Energy (J) 0.7 1.2

AV ZAF RO E LT, Fig 40X 912, Fv—
VEREOWEE R THRL L, 28— Fx v 7l
EH2ENHLOICHL, 41 25 )NiE, —ETH
LI ENGMolze AN—=0 Fx vy TONHEMIL, —
ERREICEZE SN TV, BET LB, BMOEMH
REFICL Y RET 2BEIRELILT 5, —H, A4
VAY e EElkE, AL v F U FONE % B EBED
EIE—ETH A0, TOX) RFEEOAEBRIBR SN
72dbDEEZOND, T2, A= PHERTAL L,
Fig. 50 X 512, A= 27 Fx v THAOWIKIE, 77 A
XAFARCETFTLTWwS, —F, 49 A7 HNZ,
A A% % 7z Bl EETOFRRE b, B AH— 51
WD EV) T EDEREINTZe TNHDH ALY AT
KO, ZANVF R % LR L Rnag Kk
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wPeak Difference vlnvariable Peak
N a S S AAN N/ A
B/ oA 2O Y
o [ [ 3 S [l A
> | Ff ';H .-f - o X2 { !
Time Time
(a) Spark Gap Type (b) Thyristor Type
Fig. 4 Wave height of Charge Waveform
Current
o £ o o ZVOltage )
o0 g ¥ 2
S L . = — i Ig=)
]l s £z z
>
Voltage i
i RCurrent
Time Time
(a) Spark Gap Type (b) Thyristor Type

Fig. 5 Spark Waveform
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Wiz,

Thyristor Switching Element
Outline Dimensions
W150 X H50 X D130

Fig. 6 Prototype Ignition using Thyristor
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Outline Dimensions
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Fig. 7 No-radiational Ignition
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Fig. 8 Laser Ignition Plug ¥
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Fig. 9 Outline of Ignition Plug using Microwave "
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Fig. 10 Ignition Plug for Non-thermal Plasma "
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Fig. 11 Laser Ignition for CO2 Turbine
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Fig. 2 Generator structure
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Fig. 4 Generator rotor
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Fig. 5 Rotor pole type
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Studies of Film Cooling Performance Improvement

by V-shaped Flow Control Device

ABSTRACT

A 2"

FUNAZAKI Ken-ichi

i i

SAITO Suzuna

This paper describes a new V-shaped flow control device to improve film cooling performance of gas turbine
cooling holes. This is invented with the aim of reducing the aerodynamic loss and the thermal load of devices, which
are regarded as points for improvement of the double flow control devices (DFCD) invented by some of the authors.
This device is a VV-shaped protrusion that is created by merging a pair of protrusions with the shape of hemi-spheroid.
In addition, this is attached to the turbine blade surface just upstream of each of cooling holes. The purpose of this
study is to optimize V shaped device, by use of CFD and Taguchi Methods so as to increase film effectiveness of the
cooling hole and decrease the device-based total pressure loss than DFCD.

X—T—RF:HARY—E >, 74 NVAEH, W, ®=, %752V v F, CFD
Key words : Gas Turbine, Film Cooling, Flow Control, Efficiency, Taguchi-Method, CFD
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M7 4V 2 HINZE 7 ave & FFAIREE & L Claifb L
TRERID, VEFNAL ZETFNA, ARMBERD L L
THBEDO/NE DBV TS CRVPOIIGIRI E e L, 2
HEEOEBAMFHFETE B 2 &, $7-DFCD X Y %HI4L
L REMEIL V2D TN, ARBDBEH SN, 751
A BROBAMHIRD HIfFTE S 2 LR ENTz,
KX T, Bzl 7T NA ATHIVFET N, A
OEELIZDOWTIHRE T 5o R LEEMTEEI S EILT
WY 7 4 OV DG EIRNEE 7 ave. BEESHERRELL, TN
A ALKMTIE 7 4V WGEHRE ok BE L, BT
XD VETNA AORBEIIREER LR, 260
2, R ENLRHEBZIRIC O W T ORI R IZow
THET 5,
OF%its
a b, ¢ EARE [-]
BR :WREI LI [-]
d @ wHEILER (10[mm])
DR : #IEH [-]
M i [kg/s]

DE K]
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i
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n AR

e ¢ FWMAA [deg]
P 1) [Pal C AR ]
q B [W/m?] n 7 ANV AEERE -]
Re: LA IVAE [-] o B [kg/m?]

X,y z L BT, ¥ywFIa, A8 Y )
R T
ve © AL T I vd @ FNA 2K

i &4 wall : Wi
n AR TIRZER
t - total o 1 FEit

Fig.1 Flow mechanism 7

2. RELFE
21 BE
R L TIRRBILTEICY Z7F AV y RO Wiz,
ENSEURE I SE SNDF v 1 I Sl PR = DAV S N £}
PEBRTLHEME D L, S5, Py TV TF—%
ORI E BN TE B FEPET N5,
22 BYUYFAVYYFK
(1) REERRBHEORN
VUSRS LIEIRE L O O~D %R T,

VFT N4 ZA ORI - BEER 1038 5E
& W KA E
WIS AR ROUE

PE L 72 KEEE D E R EZADHE ) fF1F
OTIER SN ZVETFT AL ZABIRE F 72 5T
PRI~ TV F— ¥ oW
PV FNTF—F B 7SN B OV ied b
Kogee

@ EH SN R ETEIR O PR
(2) HIEMAFRURERTF

TR FERF ST A— 7 & LTHIETRE 2 R+, =
RTINS 2 0% CTHET 2 2 LA TE
BWIHTTH B, RESLTIIVET N ZIIROIMR,
B I UERECICHWZZHMETA ~ E%Fig. 212773
A TA ~EIZBWT, A: AngleldVETF /N4 20
Bl & ¥, B: DistanceldVFET/NA A @Sk Km L&
HILH L OBERE, C : HeightlZVEFNA A0 E, D
LengthliZVFETFNA AE SR L) LimfllEE, E:
Length2l3VF 7 N\NA A@ &l KK ) TRME S TH

© OO

Bo HIHIHET-OKEMFEIZOVTIE, 7ack iMlifEEEE L
TR SN REROZREHREE LT, KFEOHNTS
% [DBVOBB O/ & [F34 20| #Hig
LTable 10 Y #wE L7zo F 72, A TG
Z5HRTIEREL, TNENORTITK L 4 KHEZED
HTRHIENLLIGHRRZ R L7z RiR#EILICHRA
L 72 EARF% Table 2127R 3, Table 20 A ~ Eiil#A
T, B 1 ~ 4 13Levell ~ Leveld% 9, 216FFEOV
TN AR ENT, CFDITIC L 24> 7 v 57—
Y OREET o720 72, MERNTICIERBAMA
e (=0, 5, 10 deg) #E%E L 7zo DFCDIZ$ % ff5E”
IZBWT, e BTN AWK T % mtgEIc e bz
5.2, nICRELSHEET LI LIS > TWD,
(3) FHME+ER

EALIREE E LC, WHIL TR 7 1 v A% H%)
T pwe CEYHBO0=<x/d<20, -3=<2/d<3), x/d=20
BT HEERIRE L, ROTNNA ALK 7 4V
LIFEIRNFR 9 a1 %Lf:o AT PR X 2B T RBLT &
HEEPHOICERE L ze NS 7 4 V2B HER », K(2)
IZAEEH AR C (%H.ééFme~ X3)), Jﬁ ﬁﬂﬂﬁ
RO EXY 2RI,

Too = Twan

n= ()
Pirer — Pt

(:”372...@)
1/2'poo'Uoo

M, My

tref M, + M., t,2 M, + M., too (3)

Y=aNge+b-1/27-1/+c Nyg -+(4)

RA)DOIRIEE, 320BRLZFMEH (nwe &EHE
BEBRBOBEKL/ C, nw) OEAMFEPFHTHENS
N, ZOMEIFRKMEIEINLZLERENETH 5. 1/ 01
p ERWIEE SV EE S TWD, A
f2%a, b, c (atb+c=1) ZED I HITED L HITDON
TRWEZIRE DS RN L s, VETFINA 7\2&%!%0) H
HWTH D naeEH LDDTable 3IT/RT L 9 I2AF3E
D OEMMRBOMAEbERatiol ~ 132 HEL, 1
FNOMAEGDEEIIVET NA ZADERBEIGIROBER %
Tolze B, 1/0 & pullLTIE, FNEN05HMb
TREEIC G- 2 5B % 3OOFMIEA M Thiz 5 2 L %
HinE LT, BRI OVETFINA A %2 iRiE L72i
nWi% 3 OO FMMmAASRNTHITL, ThZhoiitA
PG T2 7 e L O/ § DI KAl T/ MED 7 O T34 4l
(Dave 031, 177 1082, 7v:030) 2 5il#EREK%E
KTz ZORREE LT, 1/ ITHBREL/27%2 %L
TWw5, Table 3O EALREIL, ¥WEIZY 2 7zRatiol &
&, 7acERAElORatio2 ~ 8 (a=b=c), 1/ EMHM
MDRatiod ~ 13 (b=a=c) EhoTWhb, TDXH LR
MOBAIMRBOMAEGHET I D L ORI E#E TN
A ADFEME LCHESN, e B H®E, w8
L72VETFNA ABENE LN L O L MfES iz,
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228 VEFRRANEIE TN RCED T IV LAHEEENEICEAT AR BARAZX & —EFR5E
F o LIRER O 720121, SNILEIEh 5 ¥ Table 3 Weighting factor
FFNSEIAX NOERINT 5 2 EHBEITR Combination a b G
éo SNH:%:IEHK- aifﬁ(m’i"{ﬁ)ﬂ Lfio Z'Kﬁ}f%c:ﬁb‘f, S Ratiol 0.33 0.33 0.33
AL T ), NIRRT 0 £ A S T - 08 o1 o1
%éo Ybiiﬁ(‘l)fﬁﬂﬂéﬂ, (ﬁiilci%ﬁ:% (Casel Ratio3 0.7 02 0.1
~ Casel6), nidiREERE L £ T, AWK TEn=37T Ratiod 0.6 03 0.1
H%o Ratio5 0.6 0.2 0.2
Ratio6 0.5 0.3 0.2
S/N); = —10log > 1 1 1
S/ & (Yi,s=oaeg2 Yie=sdeg” Yi.s=1oaeg2) (5) Ratio? 0.5 0.4 0.1
Ratio8 0.4 0.3 0.3
' ~ Ratio9 0.4 0.4 0.2
SiANgle C:Height Ratiol0 0.4 0.5 0.1
_ Ratioll 0.3 0.6 0.1
':x\’ﬂﬁﬁﬁ Ratiol2 0.3 0.5 02
'ﬁﬁﬁgﬁ Ratiol3 0.3 0.4 0.3
E:Length
3. BERR
Fig. 2 Control factor 3.1 RV ILIN—

Table 1 Control factor's level

ATV VN =20, UHRARIENT Y 7 P ANSYS®
CFX® verl71"Z il L7z 72, &%t Xm

PR UIRANS, FiLiEE FIVIZSSTE 7V 2 4 H LI

AT o 720 AW TR L 7ZZRANSH#EAT L OSST & 7

VO OF Y2 oW TId, DECDEALICE T 5

Kawabata b O g7 W2 TR SN TW5H, + 2 Tid,

Bl AL Je OSBRI il AL 0 AR THRSR S 72 IR

MPEEF—H LT EDRENT WD, AFZETHAL T

WABVETINA AD T 4 )V AEHR RN FICET 2 2 h
Z A LIEIDFCDERKETH B & E 2 5, RANSHM T

WIEIIRDIRE DT RETH B L HIWT L 720

3.2 MITKXA> - FHEEF

(R R X 1>

Fig. 3IZHEH L7201 B X A ¥ 27§ BIZm AL

fofxic & D, WA, & STy, A

2NV FF Nzl & Lo T Do BHE SIS T 1 O 1 )

FLF#IZ36d, zHIZ 1 ¥y F506ds L. wHITL

JE K 1ZRound hole, # H#IfLIEFfHa=30(deg] TH 5.

F72, WMAAFRMEDOZ (e=5 10[deg]) &, wHL

EVETFINA ZADEBENIE 2 ANV FFIIHEZRZIT T,

TREGMREN LN EGEITSZETHBLTWS,

(2)FtERF

A EAL TR U 7284 13 & TIE s - T4

WL, A XA EREZ T TUT O

DIZIRE L7z BERDEBEUANTHREF DT P 7 O RS

0=y/d=250O #H A T 1 [mml], 25=y/d<35D i T

Levell Level2 Level3 Level4
A : Angle 25deg 30deg 35deg 40deg

B : Distance 1.0d 1.2d 1.4d 1.6d

C : Height 0.3d 0.4d 0.5d 0.6d

D : Lengthl 0.5d 0.8d 1.2d 1.5d

E : Length2 1.5d 2.0d 2.5d 3.0d

Table 2 116 orthogonal table

A B C D E

Casel 1 1 1 1 1
Case2 1 2 2 2 2
Case3 1 3 3 3 3
Case4 1 4 4 4 4
Case5 2 1 2 3 4
Case6 2 2 1 4 3
Case7 2 3 4 1 2
Case8 2 4 3 2 1
Case9 3 1 3 4 2
Casel0 3 2 4 3 1
Casell 3 3 1 2 4
Casel2 3 4 2 1 3
Casel3 4 1 4 2 3
Casel4 4 2 3 1 4
Casel5 4 3 2 4 1
Casel6 4 4 1 3 2

3 [mml, 35=y/d=<75D#PH T 5[mm] & L7z, %
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2R ER Y 7 ME-3.0=y/d=-320FP{ 1 [mm], -32
<y/d=-130O#PH T3 [mm] & L7z, F 72, BEW L
WCIE 7Y XA Xy ¥ 2% m/EFiE: 0004 [mm], i
K12, RREE 228 BRIMT 7 b L RABED S
W L7z,

K BALOKEF IS B TH U ETHER LT
By, FHEBRTFOREFEREIIH2500/ NV TH 5,
F72, v 1 R TH S, Fig 4ITEIEKEVETINA X
DIEFERT
3.3 RTERG

ARWFZE T L 72T 4 % Table 4127877

RER S ITHHILE R, REHEICADOREL ZN
ZFRUHVZ2L A VA BRe%#6,000& L7z, Ri(6)TESR
SNBMEMLEBRIZL0, N(7)TEFRKSNL T E
WG OBEEILDRIZ1S53E Lize FMELNTulZ 1% &
L7ze 72, EMADICIIERE (REFa7714)0V)
52700 SHIZEBRNIBT 28R EEAR (v/d=10T
024d) % FHT 5720 TH 5, EBOMITTIX, x)iH
200d, y 5 E7.5d, z)i6dDE TR N X 4 ¥ % JINZHE
LC, AEIZHE#E (937Tm/s) #5252 & T, Ehk
B —F L EES AR N b 0 ADGMHCE 2
72

i T (v ot I ST T S N B 8 O b |
T Y N Y O s e L T A e A Bt e S G
A L720 T N A A4 ¥ R 2SS 1T 502 1 I B
Gt R ZEEAINT SR X I BE SRS & 7213 W B
SHEE#EA L7z,

BR = pyU;/pesUco +++(6)

DR = pz/pe *++(7)

Table 4 Calculation conditions

Reynolds number Re=6,000
Blowing ratio BR=1.0
Density ratio DR=1.53

Mainstream inlet Velocity profile [m/s]

298.15 [K]
Secondary flow inlet 8.72X 10 [kg/s]
194.85 [K]
Mainstream outlet Static pressure 0 [PaG]

Fig. 3 Computational domain

(a) All domain

(b) Device

Fig. 4 Computational grid

4. BWREEE

SNILE A 5 & R S & KHEMED 7 1V 265 EIE
HE~NOREEZ 75 7L L - E R E K OBl % Fig. 512,
CORRDP SO NI BE IR O # R % Table 5127R
Fo %P, Fig SldRatiolDFERTH 5. LRFFMEZHL
% 72 % RatioD B IR IR R RIC R 2 AR D
& L7z, Table 5OA ~ EZHIMIK T, 51~ 41
Level 1 ~ Level 4% %9, mARBOM A G DI
HaEfb & T o 7245 H & LT, Ratio2} U'Ratio3, Ratio4,
Ratio6}z O'Ratio7, & 5 (ZRatioll } FRatiol225 % <&
NIRBFRREERE R L7z ZOME, 9205k
HaEGrZLEholze LTIZINLDIREENS, &
HHEF2ED LI ITEIRENT VL0 EELET L,

A : AnglelZLevel 1 ~ 3 (25, 30, 35deg.) A I/ 35
A—=% L L CTHEIENT, Angleds KT % &L DBVOHE
SILRL, n2MLET 525 (DWMKT LD 5,
¥ 72, B : DistanceidLevel 1 (1.0d) K ULevel 2 (1.2d)
Wi/ 8T A —% L LUCT#IEN 7z, DistancedV/hE Wi
EVETNA AWGH SN, 754 A2 BIRO S E )]
W B720BIINIZEEZ S, L2L, T3 AEHH
FLASE 2 B L HIZZAOWRE L 2 0B L Ty EiPERE DS
BKFTA2HMEH L5, SHICETORBILERIZBY
T, D: LengthliZLevel 2 (08d) ASIx#/NT A —% L
LCGEENTz. THUEANISE THW 2 EAMREICE DL S
T, VETNA 2O EERRILICIZ08dD R/ ST A — F
ThHHIEERBLTVS, $72, E: Length2 Tl
DK & WwLevel 3 (25d) K ULevel 4 (3.0d) A& /<
FA—F L LTHEIEN /2, BWEITEW L 72wk i
BT b Length2{d fill f#1 KN i KAE2.0d 73 % 131 T
Wiz, TN 5L, Length2A3E\W EDBVOREDML KL,
ANV R ANGEHIZZR S L D IFEN, p25EL kb7
OREIINTEEZ B

Table 612/RF & 5 1235172 9 D DEMEIZIRIZ LR
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AT, FRS ORREIC oW T IR L7z, it
IZKawamura 2 & #1b % 17 - 72 DFCD% @& ZE L 720 2
DDFCDIZ 2\ TFig. 612K O Table 712
ERT .

SN ratio
kbbb Lo anww s

ATAZAIAS B1B2BIB4 CIC2CICs D1D2DID4  ETE2EIEL

Fig. 5 Response graphs for major effect (Ratiol)

Fig. 6 Optimized DFCD

Table 5 Optimal parameters

A B C D 18
Ratiol 2 1 4 2 3
Ratio2 3 1 3 2 4
Ratio3 3 1 3 2 4
Ratio4 1 1 3 2 4
Ratio5 3 1 4 2 4
Ratio6 1 1 3 2 4
Ratio7 1 1 3 2 4
Ratio8 2 1 4 2 4
Ratio9 1 1 3 2 3
Ratiol0 1 1 1 2 4
Ratioll 1 2 1 2 3
Ratiol2 1 2 1 2 3 |
Ratiol3 2 2 4 2 3
Table 6 Rename parameters

after before

Optl Ratiol

Opt2 Ratio2, Ratio3

Opt3 Ratio4, Ratio6, Ratio7

Opt4 Ratio5

Opt5 Ratio8

Opt6 Ratio9

Opt7 Ratiol0

Opt8 Ratioll, Ratiol2

Opt9 Ratiol3

Table 7 parameters of optimized DFCD

Angle 30 [deg.]
Curvature of fillet 0.1d
Distancel 1.3d
Distance2 1.4d
Height 0.6d
Lengthl 0.1d
Length2 0.1d
Widthl 0.2d
Width2 0.2d

4.1 AHILTHZ 1 IVLSHHESI 0

Fig. 7, 8, 912 € =0, 5, 10 [deg.] ZBF & HILT i
T AN LG EEE 5 5541 % kT Fig. 70 e =0 [deg.]
IZBWT, DFCD& L3 % & 0ptl, 2, 4, 5, 8 9 Tt
WC AT TN 9 GADPLR L T B FHZOpt3,
6, TIE TN T 5 A AN L7z TD 3 Dokl
1ZA : Angle?’Level 1 (25deg.) &B : Distance?SLevel 1
(10d) TH 5., Lo L, Optl, 2 4, 5TIEB : Distance

0 5 10 15 20
x/d

Fig. 7 Contours of film cooling effectiveness
(Inflow angle = 0 deg.)
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Level 1 (1.0d) TH ZRZBLAMEWEIRIFTH S 2
LD, A AngleDEEN KT E2 D725 LZERHO
—DThbEEZ N5, A: AngledLevel 1 (25deg.)
DOptIFWHIL T A S E DO WHEN R 5 5 23,
M Opt & AT A28 > 7 AN O FHIR AN LT
5o A Angleld/DEWIT E T T A28 IO
H WIS T BUFE DD B 720, T DX I IlLlevel 1
Tl p PR VFER E B o720

Fig. 8 ¢ =5 [deg.] IZBWT, DFCD& T 5 &,
T Af0deg. & FREIZOpt3, 6, 7TI& A8 JF A~ DA 5 4E
WS/ L7z L2rL, Opt3, 61& € =0 [deg] £V
TR T A28 Y FFI AN DA A ALK L 720 Opt7id
C : Height#'Level 1 (0.3d) &fkwZ &3 dHY, DBVO
HBAVNE L, B ED XL 9 5CRVPZIIHITE T
WHRWED p MR o 7e e E X b, EDOMOOptiE—
KZR DA O FHIRDSH/N L7225, DFCDX ) HF
I T AR Y IAND IR ZER DA B TR L 72 b
DA%\, LA L, Opt8idOpt7 & FAEIZC : HeightAs
Level 1 (03d) &{&\272®, DBVOBBEA/NE L, ¢

n

0 Emsaams m 1.0

0 5 10 15 20

Fig. 8 Contours of film cooling effectiveness
(Inflow angle = 5 deg.)

12X BCRVPE OFHALE O X LI & ) CRVPOIIIT
HINEL %Y, DFCDX D & T T n 29K < 7 28
Ko

Fig. 99 ¢ =10 [deg] (ZBWT, ¢=5 [deg] &
FEIZODLS3, 61X A 7% 2 F AN D IR 225 D A 75 FHIR AN
KL7zo MDOIIRD € =5 [deg.] & FBEIC RZBR DN
AN L7z & TOO0ptIZDFCD & X, » AKX
2otz

L72255 T, Opt3, 6Tl e ILKR & 2232 JI
ANDZIRZBERDOMNFFIRIER L, MOIBIRIE e K
LI ZRZBRDOMNEFID /AN L7z, ThiE, A:
Angle?P K& (B L TWDL ¥ 2 5, 72, Opt8ix
A @ Angle &C : Height?#d /& Whevel 1TH-TD,
[ Uit/ 89 A — 4 O0pt7 & 0 b EFIALK L7,
Z i, B: Distance E : Length2iZ & U, DBVA®)
BHIZCRVPZ I CE 7200728 % 2 %,

X
¥

-t
—
——

\
-

\
.
~—
—
=

0 5 10 20

x/d

Fig. 9 Contours of film cooling effectiveness

15

(Inflow angle = 10 deg.)

4.2 AHLTRETEH T 1)V LSHHESHE
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AN AR R R %2 7R L7z Opt3, 61F e 5K & 12 7 ave
DI L 7278, DFCDX V) 7 aedME VY, Opt7id 3 L <
vy pae® R L72o T 72, Opt8IZDFCD & 1) 7 0¥
WSRIE/ST A =7 DT VOpt7E VI 3EFE g ae®
w720

F 72, Opt8lEDFCD X V) 7 ave PR\ 2S iR /8T X —
Z OEVOpt7TL D 3ERE Ve ZDMDO0ptit e =0,
5 [deg] @& &, DFCD& D 7 weEV D DHBL A,
=10 [deg] ® & &, DFCD&X V) 7 aedMEWEE R % R
L7z E72, naellBWT e 20T AT 8N 2 M
DFCD%% R b B\

0.4
0.35
0.3

025
fo2
0.15
0.05

Optl Opt2 Opt3 Opt4 OptS Opt6 Opt7 Opt8 Opt9 DFCD

m0deg. ®wSdeg. O10deg.

Fig. 10 Area-averaged film cooling effectiveness

4.3 ZFEBEEXFH

Fig. 1N EIEHERB L 2R T o 7 a1 0pt3, 6,
7, C : Height D\ Opt8IZDFCD & R 23K v, &
72, naeSiEm\0ptl, 95 DFCD L Y b =10 [deg] BA
AMIEZ AN S WEZ IR L7z 2B I3EAR A
=bh, b2aFMDOELLNTDHY, paedk D CIZEHA
EVWCREILSN NS EEZ b,

ZDOMDO0ptid ¢ ASDFCD & &2 m it R % R L7z,
CHIBEAIMEEEDPKRE L, allBEHAZEWZZD L
%z b

14
1.2 |

0.4 |
0.2

Optl Opt2 Opt3 Optd Opt5 Opt6 Opt7 Opt8 Optd DFCD

E0deg. mSdeg. 010 deg.

orep
2 o
a o 00 =

Fig. 11 Total pressure loss factor

4.4 FINA ZRET 1 IV LEHDES

Fig. 1212 e =0 [deg.] O F /N4 ARMED 5 A%
7 ave D’ 1&U‘Opt3 6, 71X, TNNA AEHMIZBWT LD
Opt& R ZBR DO L 72/ L7ze Th
DYE ] ﬁf%%A Angle’SLevel 1 (25deg.) &B:
Distance?’Level 1 (1.0d) £V, 734 ZA9GHIFLE %
CHMEPKE L, HHEROWNIEDLY, TN AFK

€« &
-«

Fig. 12 Contours of Device film cooling effectiveness

MTO ML o7z ER 5D,

DFCD & Wik § % &, & TOOptD ZIRER D55
AAHER L7 R AR L7ze THIEDFCD& ) $Optd
B : DistancedV/NE W72 E 2 %,

4.5 TNA AREFET 1 IV LSHRHE

Fig. 1312754 AR T 7 4V NG HRE %
RT o TNA AKMMOD p 534 OFGR & MRS, &To
Opt 2°DFCD & D n D @EWHRZR L7 72, 7w
X awe & ERIITMHEIAAFHETH D, 7w o 72
Opt3, 6, 71 7 vad MOOpt & L E R % /R L 72,

0.4
0.35
0.3
0.25

Al
oo IR MR B

Optl Opt2 Opt3 Opt4 OptS Opt6 Opt7 Opt8 Opt9 DFCD

m0deg. ®=5deg. 0O10deg.

Fig. 13 Device area-averaged film cooling effectiveness

4.6 TNAAREREEERD?

Fig. 1412 € =0 [deg.] ®» 754 R F i (R =R
ZRY o NONIBIREREZ/RT, DFCDE KT 5 &,
Opt7Z B < Optid 77354 A F il 2= 1 O B fmE 2R AT Vs
¥ 72, 4455 50ptidDFCD & ) /854 A R O A
RN EERE KR E o lze LA T, Optid
TN A TFRMFERADFCD X D mHIsn, FifloF
INA A HBROBEAFTHIEASTE L EZ BN D,

e q. e
htc = —— (8)
L2L, 72354 A Rl B SzER S <, 2R
ZENPEENZ20TRED RV, TO70, 7354

ATHRMOBARHIE S TS, 734 2 LM
DFCDEZDL L FTHAMHAH T L TH %o
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Fig. 14 Contours of Device film cooling effectiveness
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MikEmotz, F72,

LS, KO TIIVET N, ZAD & Emd b
D DLengthl D /3F X —51308dTH %,

EEMINIDFCDE Y 7ave. nwadiE <, MWD D
VETFNA XA THELZIBIKRTH %5, ¢=0, 5 [deg]

130ptl, 2,9, =10 [deg] TIiZOpt32’DFCD & h
HROTNA AD p 35 L, MWV ET N, A &
272

% L ORI » 257 <, { ADFCD & A% 8w
NavelBWTHAM e 1T 50
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Development of 300kW Ammonia Combustion Micro Gas Turbine

i RN
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Recently, ammonia is focused as one of the hydrogen carriers, research and demonstration of direct combustion

utilization has been reported. Toyota Energy Solutions Inc. (TE) has participated in a research project on ammonia
combustion power generation using a 50kW micro gas turbine (MGT) in collaboration with Tohoku University and
the National Institute of Advanced Industrial Science and Technology, and has obtained many results. This time, TE
has begun research on a 300kW MGT for industrial use, and has achieved 100% ammonia-only combustion as a result
of evaluating various prototype combustors for ammonia combustion.
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Key words : Micro Gas Turbine, Ammonia Combustion, Combustor, Diffusion Combustion, Premixed Combustion,

NOXx, Fuel Control
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Fig. 1 300 kW ammonia combustion MGT package
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Fig. 2 Ammonia supply unit in the package
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Table 1 Specifications of 300 kW MGT

FAE 300kW MGT
eI 295kW (25C)
SRR 17.4%
§ HB 1 7 v
I i 3 )5 40,000min-1
BB ek 66
PRIGE S A T i B 300C
AN Fm (13A) 150.2 Nm®/h
PREWH T (NHsH#5) 3289 kg/h
PES A AR 496°C
FEERIEA 7] A 56 PR B

IAneaR
STEPO+STEPI~3

Fig. 3 300 kW MGT cross section
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Fig. 7 Prototype combustors for ammonia combustion
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Fig. 8 NOx emissions (after NOx removal unit)
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Fig. 10 300 kW MGT operation with 100% ammonia combustion
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Table 2 Test results at 100% ammonia combustion
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Pem AR (ke 1)

O; % 174
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CcO ppm 0
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Fig. 11 Combustor liner wall temperature

4. SHEDERH

£ [E300kW MGTIZBW T T ¥ = 7 100%H 5 % 5%
L7228, SRR OB I8 5850l At
BRI Z1Z U, 7 v E= 7R EMRBEE P O 3K
PRFL B o 5 B L RR50kW MGTTOHIRICHED L
ENOXIRBER AT D BEB 72 &7 ¥ & = 7 MRBEH Al O 7 BE
BICH Y MA T F/2, REVHAT # A (LNG)
BRLDOY YT NT 2 —T IUERMGTHIB O T =T
BeAGRN (RAbER) ~OFIH % &8k X7 A Ot
MY, BERDOCO 7Y —T7 v ETHRE HIEA 25
B L OO L2 HIEL T EZTH 5,

B

AKAEGE (DO—EB) (XN B E R HA - 4 ) X—
VarvARBEOWKK A I N— g VAR ST A
(SIP) [ A VF—Fx 7| GEHEAN D JST) I2&-
TEBSNE Lz FILKRFO/IMMFREEZ I LD T
188, T2 7T RC ORI EHHH L L
FE9,

T 72RER T O AL, 7 2 ' = 7 R A o A A5
T Z V7272 & F LBl att (BlfE, &%
KXAHJERA) B X OTALAIZ KIS ERT O BRHE D
J5 2 WL HALE L P E 9

% £ Xk

(1) SIP (MEMEEY A / N—Y g VAIETT 75 4) “Z )b
F—Fx V7", RMEIETE TR T HBREE,
CTUEZTHEES A 7a Ay —E 27 (2019).

(2) FhiE, AWM, “TUESTERRETLAAS —
Yy, HARBRBESAGE Vol 58, No. 186 (2016), pp.
215-222

(3) FIEHZEIID, “HAY—E L IIBITAT v E= TS
FA", HAmA Ry — v o llEEEs (EHE) 56
A, C-12 (2016), pp. 259-264

(4) EB/INRE, 7 YEZTHES COIUNERIHRIGCC
FE -7 VEZTHHOBIRE T A Y — ¥ VBT ORE.",
A4 T A ¥ — v S GEH) G CE,
C-11 (2016), pp. 253-257

— 57 —
Download service for the GTSJ member of ID , via 216.73.216.87, 2025/06/07.



240 BAH X4 —E %45k

Vol.48 No.4 2020.7

| BeffasmsL

— i NiZEE 5 B O 1 HIFLE PH O BHEE — F PR O RS

Failure Mode Prediction Method Around Cooling Hole in A Directionally
Solidified Ni-Base Superalloy

ABSTRACT
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Introduction of renewable energies into the energy grid line may impel the land base gas turbine systems expose
more frequent load change, which promotes the thermal stress cycles in the structural components. Under this
condition, it is essential to know or predict the component lives more precisely, after understanding what type of
failure mode is the most pronounced in several types of failures; e.g. fatigue, creep, and oxidation. In this work, the
experiments were performed under two different conditions to investigate possible failure modes around cooling hole,
around which the transient thermal stress as well as creep were significant. The experiments showed that the failure
mode was sensitivity changed to the temperature and the load condition around cooling hole. A new method was
proposed to predict to the predominant failure mode, taking account of loading frequency, mean stress and thermal

stress.
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Fig. 1 Geometry of hollow specimen with cooling holes.
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Fig. 2 Illustration of the test system used in the experiment.
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Fig. 5 Crack initiation and propagation around the cooling hole
under the condition A.
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Fig. 8 Crack initiation and propagation around the cooling hole
under the condition B.
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Step 2. Compare each failure time to determine
the predominant failure mode
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Fig. 12 Concept to predict of predominant failure mode.
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Table 4 Applicability of the present life prediction method to

the results by other researchers %-%.

Material Stress Temperature  Frequency  Failure mode in ref.  Predicted failure
amplitude (by experiments) mode

Udimet 115 936 MPa 760 °C 1 Hz Fatigue Fatigue

Udimet 115 660 MPa 760 °C 1 Hz Creep Creep

Udimet 115 316 MPa 760 °C 1 Hz Creep Creep

SUS 316 166.7 MPa 650 °C 1/12Hz Fatigue Fatigue

SUS 316 166.7 MPa 650 °C 1/3 Hz Fatigue Fatigue

SUS 316 166.7MPa 650 °C 1/600 Hz Creep Creep

SUS 316 215.8MPa 600 °C 1/600 Hz Creep Creep
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Study on The Optimization of Blade Resonant Response and Amount of Unbalance
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KANEKO Yasutomo

ABSTRACT

This study proposes a practical optimization method of bladed disks that makes resonant response and amount of
unbalance of the bladed disk small by sorting the blades on a disk. To verify the proposed optimization method, first,
the original mistuned bladed disk is generated by Monte Carlo simulations. Second, the optimal bladed disk with a
small amplification factor and a small amount of unbalance is searched by using Monte Carlo simulations and the
genetic algorithm. The amplification factor and the amount of unbalance of the optimal bladed disk are compared with
those of the original bladed disk. In addition, the amount of unbalance of the optimal bladed disk is also compared
with that by the conventional balancing method. From the analysis results, the validity of the proposed optimization
method is verified. Applying the proposed method, the reliability of bladed disks can be increased without increasing
the manufacturing cost.
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Key words : Gas Turbine, Steam Turbine, Forced Vibration, Mistuning, Amount of Unbalance, Optimal Design
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