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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
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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
Scope of minor inspection plus
+ Hot gas path components

Scope of HGP inspection plus

+ Turbine and compressor
blading

* Rotor

= Combustion chamber

* Inner casing

« First and last turbine stage
« First compressor stage

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
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Fig. 9 Technical features - SGT5-4000F
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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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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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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. 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. 9 Relocation of oil mist vent
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Fig.10 Break in exhaust expansion

Fig.ll Temperature measurement in exhaust expansion

Fig.12 Forced cooling 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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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.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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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
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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
|
O\o /; ne e
\‘é 0e \o_\/
‘c'é 08 8 o
= S 1
o (% 1 &~
.9 e g (1] - A
3 5 'g: 0ns
g 0. $0_‘
w4 + 2 T
< =
o] 03 T (%)
; =
° g
g 02 i g 02 -~
o m ~ R =
0 |
(1]

100 2 L] § T 1000 2 S000

Frequency (Hz)
Fig.15 Sound absorption test result for Specimen®
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Fig.16 Sound absorption test result for Specimen®
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X—TJ—RK:¥—V U Y-V UF4RY, BEE EQa—F4 v7, EBI—F 4 V7, ©T Iy 7 EBRAME
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
GTDI111 95 14 15 38 3 49 - 23 - 01 001 - 1 |GE
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single crystal superalloys®
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gas turbine employing new single crystal superalloys
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NDHGE (KIKIZAFTY) 2707 7 Xy MEIZEN
FlL7ze L2L, FHOMELEOHHT, 3L LN
FENTITVE R A,

—A—E
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1. QPB (Quarterly Paper Book Club) Encyclopedia of
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published by Facts On File, 2nd Edition, (2004).
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Keynote session (courtesy of ASME/IGTI)
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