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Fig. 4 Pre-mixed combustor for 1150C class D-type gas turbine

Fig. 5 Pre-mixed combustor with multi-mixers for 1350 C class

F-type gas turbine
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Fig. 6 Development history of MHI's low NOx combustors for
industrial gas turbines
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Table 1 Performance comparison of M501G and M501]
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Fig. 2 Siemens gas turbines portfolio

The basis for the Siemens and Westinghouse industrial gas turbines -

both had axial compressors.
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33 MAC inspection schedule: 41 MAC inspection schedule:

EOH EOH
33,000 66,000 41,000 82,000

Minor inspection | Minor inspection | Minor inspection | Minor inspection |
every 8,000h every 8,000h every 8,000h every 8,000h
HGPI Major Major Major

Inspection types

Minor inspection Hot gas path inspection Major inspection

« Combustion chamber Scope of minor inspection plus Scope of HGP inspection plus

* Inner casing + Hot gas path components + Turbine and compressor
« First and last turbine stage blading
« First compressor stage * Rotor

Open: Manholes, turbine,
compressor
Typical duration: ~21-29days  Typical duration: ~26-35 days

Open: Manholes Open: Manholes, turbine

Typical duration: ~3 days

Fig. 7 Maintenance interval option - SGT5/6-2000E
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Fig. 8 Fuel flexibility - SGT5/6-2000E

2.3 SGT5-4000FH X & —E W

FZ7 9 Z0%#E 6 & L TSGT5-4000F 2 HL b & 1T %,
SGT5/6-2000ED FA R L L TR SNz m A5 — ¥
YTHY, MEEITI098E X EEEEAHGL, R
FH#I70015 2550H2/60Hz 5 & CiE i Td 5. SGT5/6-
2000E& L CHEE L TULT o drd 5, (149)
-FW%A&%Smﬁamﬁﬂﬁmﬁx

S A4 B E IO AREOEA (5 1 LI

C2UDN—F =T FOT = 2 T — KRB
kI Iv I I AN L IBERR T A T

SIEMENS
et profile:

I Annular walk-in combustion chamber with individually mHom bust
i oraptmised unsine loading

' Minimized degradation with HCO by

of clearances at high load W High cycling capability due to

fullyair cooled hot gas path
without cooling air coolers

I Al rotating compres
st cycling blscesroplacoatie ot

capability through fast acting rotor do-sack o I

inlet guide vane W Flexibiity W Performance M Serviceability

Fig. 9 Technical features - SGT5-4000F
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Fig.10 SGT5-4000F continuous evolution
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Fig.11 Technical evolution - SGT5-4000F

Standard solutionsfor advanced flexibility already
implementedin latest SGT5-4000F

Optional service
upgrade solution

Benefit Benefit

All service upgrades are available forall engine versions

Fig.12 Further options - SGT5-4000F
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* Compr.stat. design  * Turbine vane carrier * Bearings « Turbine diffuser
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The SGT-8000H conce

s proven features from Siemens and (former)
Westinghouse engines and introduces new technology

Fig.15 SGT5/6-8000H design concept
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Fig. 2 General H-25 cross section drawing and main design modification item of H-25(42)
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Fig. 6 Test pieces picked from turbine wheel
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Fig. 7 Result of material test
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Fig. 17 Test facility and H-25(42) full load test composition
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Table 1 Result of H-25(42) development

No. Item Unit | H-25(35) H-25(42)
1 GT Output % Base +10.4
2 Thermal Efficiency % Base +4.9
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Gas Turbine, Emergency Power Unit, Type M1T-26, Power Source for Peak Shaving
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Fig. 1 Kawasaki S1A-01 gas turbine and its generator set
PU200 as the pioneer of emergency power unit in Japan
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Fig. 2 History of Kawasaki small-middle class Gas Turbine
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Fig. 4 Development of cooling structure of 1st turbine blade
for M1 series Gas Turbine
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Fig. 5 Cross sections of M1T-26 gas turbine
New design parts and minor changing parts are painted
dark and light respectively. The others are same as
MI1T-23S.

Tabel 1 Specification of M1T-26 comparing with conventional
MI1T-33A and fundamental M1T-23S

Item unit M1T-33A M1T-26 M1T-23S
Power (*1) kw 4,000 3,600
Fuel consumption (*2) L/h 1,810 1,750 1,500
Air flow ka/s 12.6 9.4 7.8
Exhaust gas temp. °c 540 630 655
Engine Weight t 14.70 7.95 7.70

Notes; All items are calculated in the condition at ambient temp.:40°C,
altitude:150m, Inlet/Exhaust duct loss: 0.98/2.94kPa.

*1)at Generator End, *2) with Heavy Oil type-A
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Fig. 6 Comparison of 1st impeller for archaic SIA-01 and for the

for the latest model

latest model
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Fig. 7 Comparison of 4th turbine nozzle for preceding M1A-23S
and for latest M1T-26
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Table 1 List of typical failures in the past
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Fig. 3 Places of typical failures in the past
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Fig. 4 High-cycle fatigue in blade

Fig. 5 Thinning of high-temperature oxidation in blade

Fig. 6 Damage of high-temperature oxidation in vane
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Fig. 7 Damage of high-temperature oxidation in vane
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Fig. 8 Additional oil mist fan
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Fig.ll Temperature measurement in exhaust expansion
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Fig.13 Improvement of cable wear in conduit
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Fig.l4 Transition of the number of users about 2 year interval inspection
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Fig.15 Example of Larson-Miller parameter for 1st blade
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Table 2 Example of history management sheet for hot parts of

gas turbine
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Fig.16 Vane appearance in inspection
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Fig.17 Transition of unscheduled number of stop
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Table 3 Example of history management sheet of combination change for vane
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Fig.18 Portable tent for inspection in the rain

Fig.19 Hand-made tool for assemble

Fig.20 Improvement of assemble work by electrical operation
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Fig.21 Transition of the number of unscheduled stop by aging

Fig.22 Thermal distortion of the gas turbine casing
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Fig.23 The number of overhaul inspection versus operation years
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Fig. 6 Seal-bush after 10,000 hours use (after cleaning)



Vol.43 No.5 2015.9

AR EREDEREMR L 339

3.2 [HEEREH

8000 & v ) BRI X ¥ 7 F v A WS, &w
BEMEZERT 27201008, HHTERITEL R ER
Th oo B Z ERHEN T 2546, #zeh
T OBEFEIC & B WSz iR LR, REEKMHERWIZ X
BIERAR T 23T ¥ A ORMAE, Wind et 2 B3 25 %

FH% o MR CIMREBRE 2§ 5 2 L% <,

THT TR AN & 2 RIS R L 72 @ G ok
BIEEZRBRL Twbo Zok, FiZEtks L1
LS 7Y RE OB % 2 AT B TIERA L 72,

Fig. 8 Semi-floating bearing

X 7 [ R s, X8 IS RO
FNEFNRT, M7k 7 V70— Ml EFIENE TR
V= Thb, ZOMZTREFERTHLr— v 7 Ln
T Ll e ORIIAE L, ®2hEET A2 &2k,
Mmoo ciicoh Sy 2% Th b, —
Ji, K8ixtI7u— Ml LIMFEN LT IZTH
o 77 u— NiliZ LR, 2ok E S %
2ODE VEERITFONTWS, ATIAEBRETIE,
MiEge w2tz L ) S b0, REEEICERSL LI 7
O— hR7 Y 272 Lz, SHFHERBR 1S To
FHFERICE D, REMOMEHICEVWEEREICMNET S
WRMWICE BT 28T v A0, MM EwIC X
DS BEREMEE SN DRI T ICH - TH, W linsg
EWERD Z EDPERIN TN S,

3.3 EiRE

WD a Ly - - VISR TWHR
1, BB S OPERIRBI R EE T, R 7 10— Vs
OWBIZXY, BIREDIAET D, IR TR IR
PR T s, BAMGL, ERAHERICOLHS
TREVED D 50 MAGHEASBIE S M7z MR T-aH AR
ERLTBEST, 197040 F T3 ) BEIC X 2 fmE~
MY v 7 RERFIHE L7 RATES D BAR B aa T T IZ A Vv
BNTE 7z, FIEBRORETI AN E L 7219804 A LAk 13 A
REZ L2 OB FESERL, ZOFEESHT
bHWLN TS, HRREFREZ 72 B IRE) B
B Ro—Bl%, KIITRT. T &) REHEAR 0%
FEICXD, BEEHEBICB O TEWRE CRILR SO
WTEDL LI IR oT,

RIRBOFHNEAN S, BB DM IE KAV E
MThb, BIRBOFHNICIE, K100 X 5 (R EIHE
TL720FATr =X EBEESHEZFHIL, A v
TNV THBEVIETLA=FIZL ) FILBNE S 2 1S
ETLFENEL PLHVWLNTWAYE, AL, X
Vw7 7 HRIT MR & FIEI Ml L Tnwbs 2 &
25 RN OREPIKE L, T2, BEETIIER/
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Fig.12 Nozzle ring type (ATI4 turbocharger)
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Erosion

Fig.16 Nozzle ring with thermal splay coating
after 10,000 hours use (after cleaning)
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Fig.13 Deposit at turbine impeller u \
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Fig.17 The location where erosion is intense
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Fig.l4 Nozzle ring with thermal splay coating WSO Z, FNFIRT, 2HTHRR LD
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Fig.15 Nozzle ring with thermal splay coating
after 10,000 hours use (before cleaning)
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Fig.19 Parts structure of AT14 turbocharger
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1. &8

IV rFRN - 7y v —AREE (B SR
720, WIS EREZ G LN AV R A v F
RNANVPHEH SN T VD, ZO8kViE, SNABIRO N
SHANAT NN F T TL—b O8—=T7xL—1}) &
TL—=FTH Y P v FLMEETHY, NVAFLVY
RSO K X Y EFEZIT> T b,

IV VFEN T = ZAOWNEIZ 3 REE D72
B, BRI 6 fAIRON= D 2 3 TITMBETE % 470 3
WML L, > FA v F SRV EZEIEL TWDHA, £
T 3IRME~NOEEEDOH LT VI F TV TLFR T
Va7 EHGSEZE TMERIESAEL R, TIANY
vy Ehb, BT, BiRLBORETICB) S AR

OEAMAEOEN ) VBRI ZIT) 2 LI12X D,

FATH AL 7 VAR PLHETRETH %o

AFETIE, —BAEFEANHARMEEE RSP L OFR
BT, BEALDSBHES Lo min Ak v R AL 7 v
ST TNVITLF I TN LIZOWTHNT 5,

2. REOFIVINZHLAT
2.1 R
BRFBEIZX 6 AT HRENTDH 505 6 M

WKk L 724 — " —gikiERa 7 (0Xa7) %,

Bk L2703y I unonray (7Ly 223
T) HELHbH, £ XTIV INZ L aTRRONE
BlZmRd, Ty vFtv - 77 v —RE2I, 64
WRKOT NV IN=Z A LT T EMAEIEL, 3 KMELL
Wb TV 5,

Table 1 Typical shape for aluminum honeycomb core

Hexagonal Over expand Flexible
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Fig. 1 Expansion method of aluminum honeycomb core
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Fig. 2 Corrugate method of aluminum honeycomb core
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Fig. 3 Shape of double flexible honeycomb core
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Adhesive primer

Oxide film

Aluminum foil

Fig. 4 PAA aluminum foil

l aluminum sheet

Stacked corrugated
aluminum sheet

Adhesive is cured by
hot platen press

After slicing, the slice is
expanded to  double
flexible shape.

Fig. 5 Manufacturing flow for double-flexible honeycomb core
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Fig. 6 Formability for three - dimensional curved surface

Fig. 8 Honeycomb bare compression test

L direction

v

a
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Cell Pitch

Specimen

W direction Fig. 9 Plate shear test

Fig. 7 Cell of Double flexible honeycomb core

Table 2 Physical properties for AL-double-flex. core

Typeb9 Type7.1

Cell size 11.3mm 13.6mm
Cell pitch 21.5mm 25.9mm
Density 71kg/m® 54kg/m’
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JimEWHINZOWTHESE L, 8o 7L — Mg Fig.10 Delamination test
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Table 3 Mechanical properties for aluminum double flexible
honeycomb core (PSI)

Typeb.9 Type7.1
Bare Compression 910 602
L direction Plate Shear Strength 342 240
L direction Plate Shear Modulus 66,307 52,803
W direction Plate Shear Strength 222 160
W direction Plate Shear Modulus 23,317 20,990
Node bond Delamination 58 80
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Table 4 Salt spray test result

Weight loss by corrosion
(mg/ft?)

Chromic acid coating

185
honeycomb
Phosphoric Acid Anodize

5.1
honeycomb
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Perforated plate

Inside

Outside

Fig.11 Sound absorption honeycomb panel
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Fig.12 Theory for sound absorption

Fig.13 Double flexible honeycomb model for analysis
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Table 5 Perforated plate

Plate thickness, hole size, pitch,

perforated type and open area Note

ImmT X ¢ 2mm X pitch3.5mm 60 degree
staggered, open area 29.6%

1mmT X ¢ 4mm X pitch7mm 60 degree |Same open area
staggered, open area 29.6% as D

ImmT X ¢ Imm X pitch10.5mm Straight, | Smallest hole size
open area 0.7% and Open area
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Table 6 Specimen(@ Panel Configuration

Specimen®
Honeycomb shape Double-Flex
Aluminum foil thickness 114 ym
Honeycomb
Pitch 5.9 mm
Honeycomb thickness 159 mm
Material A5052P-H34
Thickness 1.0 mm
Perforated
Plate Hole size and pitch Perforated type 60(1;%;;;2& d
Open area 29.60%
Material A5052P-H34
Base Plate
Thickness 1.0 mm
|
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Fig.14 Sound absorption test result for Specimen®
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Table 7 Specimen@ Panel Configuration

Table 8 Specimen(® Panel Configuration

Specimen®) Specimen®)
Honeycomb shape Double-Flex Honeycomb shape Double-Flex
Aluminum foil thickness 114 um Aluminum foil thickness 114 um
Honeycomb [— Honeycomb [—
Pitch 59 mm Pitch 5.9 mm
Honeycomb thickness 159 mm Honeycomb thickness 159 mm
Material A5052P-H34 Material A5052P-H34
Thickness 1.0 mm Thickness 1.0 mm
Perforated $4xP7 Perforated 5 1xP105
Plate : : X Plate : : X P10.
Hole size and pitch Perforated type 60 staggered Hole size and pitch Perforated type streight
Open area 29.60% Open area 0.70%
Material A5052P-H34 Base Plate | None (direct set to test apparatus base plate)
Base Plate
Thickness 1.0 mm
|
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Fig.15 Sound absorption test result for Specimen®
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Fig.16 Sound absorption test result for Specimen®
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Turbine Blade, Turbine Disc, Superalloy, EQ Coating, Thermal Barrier Coating, Ceramic
Matrix Composite
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Table 1 Typical chemical composition of Ni-base superalloys (wt% , balNi)"
i it % M ok (wi% &R Ni) ) )
H ae Co C Mo W Al Ti Nb Ta Hf Re Ru C B Zr *0fh A e
Inconel 713C - 125 42 - 61 08 2 - 012 0012 0.1 INCO
IN738 85 16 17 28 34 34 1.7 - 011 001 01 INCO
c|N792 9 124 19 38 31 45 -39 - 012 002 02 INCO
C[MarM247 100 85 07 10 56 1 - 3 - 016 0015 0.04 M.Marietta
Rene 80 95 14 4 4 3 5 - - 017 0015 0.03 - |GE
TM-321 82 81 - 126 5 08 4.7 - 011 001 005 - [NIMS
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single crystal superalloys®
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gas turbine employing new single crystal superalloys
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