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Expectations for Machine Learning in Energy Industries
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Fig. 1 Relationships among Artificial Intelligence (AI),
Machine Learning (ML), and Deep Learning (DL)
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Table 1 Major 4 Topics of Machine Learning: Classification,
Regression, Clustering and Dimensionality Reduction

Type of y: Type of y:
Categorical Numerical
Supervised Classification Regression

Dimensionality

Unsupervised Reduction

Clustering
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Fig. 2 Two-Class (Binary) Classification

_3_

Download service for the GTSJ mMember of ID , via 216.73.216.129, 2025/07/02.

tree), ¥ % 574 LA b (random forest), %@/ $—
+ 7 1~ (multi-layer perceptron), @ Y A7 4 v
27 | (logistic regression), ¥ HR— FX2Z hb< ¥
> (support vector machine), k-#x ¥t #%3#: (k-nearest
neighborhood) % &3 5. % B, PlEDKE X —
VoK) SE BT, HAL N A X433 %% (naive Bayesian
classifier) ICX AFEENHFHTH S,
SHEFEOISTEIL D72 5205, W{RIC X 5 WKEE
i, OSCTRRER, SCEOE, REVGDYRTVHEITH A
Vo AAY—EYREOBIEIIENTH, X, Bl
T =7 D HIRBEREER MO 7 T AZHHLw, v
VLI BT —RAEHLOTE RV LGRS B, 12721,
HMOBELBRTWD LHIZ, #HiD Y H5EEETIE, F
NVAHTF ENTINRT — 8 BT D B,
4.2 HEFEEE
B2 (AR%EE) ' EEVHOREHTE
BEWHOM Y 250 (BEDILE, BYWOREEY,

IKFAIRE CTOHHE, 5 2 AN LOEELRRELX M
HNTBYAT L%, BEOERWHT—7 = FH LT
'ﬁEV) f:l/\o

Tk, RIAMAH A b & LTH % % Airbnb 22015
TR L, BRI > TRz g LTl
N5 Aerosolvet WHF—E 2% b ¥ MILZBIETDH
b0 ZOBIDEHI, FT—rH TN (ERWH) @
et OBtk X7 bvadibz Hhiz e 212, Hfiyx
N3 5EFIV () &) #1277 LvyH— (regressor)
ENFOY, B f(x) ZIRET — & D={(x1, y1), (2, ¥2 ),
(K, )} D2HHEET B & & UFFE D B VIZHLZ A
(regression) & IF5,

AT — & DO KA v T IWAZIE L Wil (5 ~x00)
VBT ENTHWS I ERG, REES F 0P E L
FIRRICEL S ) A TH D L D505, S0z UL,
SRR LG EE OB, WIHMENR S T AERTH
TIT)—ETH A2, BETHEH, &) HIlHh b,
SEFE LG FEE O 2 D% b THEDH ) HH LI
RIEDNL VDS, AT T —ERBEDA DR (F 21,
777K EOMESCEG, WM, %E) 2T
i Y 7EH ST 5o

B OYE LR, B4 Bl T 5
ENTE, mOEANLDIL, mAATHREIZLZH
JEIE ) (linear regression) EFNLVTH Y, Ihathxs
BHECTIHEREALT LT, $R=XRZ MV EiE
(support vector regression), /7 A #FEHJ5 (Gaussian
process regression), Jmj AT E A fF X I IR (locally
weighted linear regression) = EMPAEFNTEL, 72,
SEFBFETHLIERRL I X—k T ba ol
BEBMEICEET S LICX - THIERIERYREE T VA

W

FEoN b,
MR BT HERLRBOHE LT, AN (B,

HIER) <2 PV HRCERIETH Y, O, T



284 BB TR M F B DR LB Z YT

AEAHR 2 —E ¥R

o :
> Data samples apn?:;_z’xr:ma R ACY
% i .-
o
“E (-] [ ] ‘
> a
® e
=
[ |
Features x

Fig. 3 Regression
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Fig. 4 Clustering
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ETHY, HERWRBIEEBET VIR L 720K
T M1 (Factor Analysis; FA) & 7V, Hf % F % 5
45 HMr (Probabilistic Principal Components Analysis;
PPCA) E®F )V, %44 — b x> a2 —% (Variational
Autoencoder; VAE) & & Th b,

L2 AT, WICHIR & T Z AL XA 7 L RTHT
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H%5o
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KEOHOWGEaL v a reilHr—s LT, M
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WILT — 7 & 5bX_EHE LD T ITRKITT— 712
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MiExRDIIELTVLHETHE, Thbb, i
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boLELBRICEZRR, [T 2BFICETIULET A
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X, 7T L3 A AEEEIT & B AL (XS b
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PIAELTWD EEZ B A KE LRI 2 AR
BOMEEIL AN T —EREZZDGENTI TATY ¥
7, W E A IKRICR T MV EE 2 B BEHNRITH
W, NI LI ENTE D,

BRILT =52 6N7- 8 EITWHELE (X2 T
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(generative model) b S5N LA, KREOFIED X
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EBE, B2 —I NV Ay NI =2 & EN%
LB TH SHIB OVAER AL WET A v 7 — 2
(Generative Adversarial Networks; GAN) %%, 37,
ZD X BRABIEACHHASINWERZZITTW5,
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ELEOLND05, Wi EZIL, [HEFRTIT- 2
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ERSATEFTMEL, SOERSAE»SF T v 7
LETZET, /L (0F ) TIA4 NN —HEOMK
W) BEOHE - RETFT—F ZEKT S &) Blofi
HRMEE Lo TV I EIIARBMICIEF L TH S GE
IDRIBHES T TH D) ZEERFIMRTBEL WV,
COHTIT) BT AEMY LT RLLTUL, 7

FAZ) Y7, RICHEOHITENZENE K L72GMM,
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Fig. 2 Conceptual benefit of Predictive Alert System
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Fig. 3 Concept of Predictive Alert System.
Comparison between Actual Data and Model
Predicted Data
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Fig. 9 Capacity Forecasting in granular detail for better
dispatch and energy trading
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Fig. 11 Plant-wide system orchestration to lower heat rate

and reduce fuel consumption
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B X 2T EH O REAL, HREHEHROTE LE ~
O—ZA)V—7Far ba—VIZX SRS HEZY L7
A, WS ZOFEMTOHMORBBIIHELL, 4HSF
SELEIHTOEL ZEMEFHIELD DL BN S,
TV F VAT ORI X B FETE AR O I B R O )
DICETETHRLAV,

S E X

(1) GE'S DIGITAL ENERGY SOFTWARE SOLUTIONS
<https://www.ge.com/power/software?UTM_Source=
GEDigital> (accessed on 8 July, 2019).
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Before 1980 1980 2000 2010
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(B EBRS
Pedsion tres EIDJ e Rundum Forest )l En'ra‘n'ns ]

Distribution based
Parametric

oce | Isoration Forest

Graphical model

Artificial neural network

008
2000

s m
Non finear SVC_ |————a{ vSVC }.ﬂ"wn Tl a\m"}

63
Linear SVM }

[ Kernel method '-”.—p--——.|‘T "‘W
One-dlass SVM

Other: Reinforcement learning, Genetic algorithm, Ad hocleaming, .

Fig. 1 Progress of major machine learning algorithms
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NEEA 7 Ef/NT A 1ks, oML, Bt
DERIEKR, A<= 7Yy FMLiE, HROEI) -
IANF—EEIIRELZMORREZ AL TVE, Z
NEFYWEZ 2121%, EWRLCEL/mVWIL %K
W, FYINVDNT AT 4 — X = a v (Digital
Transformation: DX) DN & BRTIZDT 5 LEI D
50, DXUZ [BEAEAN (PHg) ORI S 725 3k
FRZCHEZHEMRTLIL] LEREN, FOhlE
WEE D ORS00 [ZbxiibH-b3HELEON
5] LETEbLIhLY, BAFEIBVTR BHOR
MG D B WA (B OB EAL - Bk E, ik

R 2019467 H 8 H
* 1 (—H) &wIhIemrger
IANF—A ) R—Y g VAL ¥ —
T240-0196 AEHE R 2-6-1

E-mail: tutumi@criepi.denken.or.jp

fifififi %2 B L5 2 g E~ DR OM A CTDX A X 1L
TWwWb, &8, DXII7F—%iEH, 7= HoE
# (Dataism)®& W) RERENOFIZH Y, Al .l
LT 5TV 7 VBB N O ATESE D — B2 B Lk
DTVD, AT, AIOHFTHEREOE L\ [HEK
2#3# ] (Machine Learning, LAFML&FCH) 1B L T,
WHZ#ED D LTORS v Mo, YFrom7Esel % B
RATERET L,

Fig. 112, FELMLFTEOLEL BT CEA LK
ERT o AT T MBI DS, B L85
SEZHOTENPHBEEINBRITITBEI BN LES
Vo MG, BHRROLZ VT4 —TF—= v 7IEID—
MiTH %o MIZHEROFEERZHMEDE TR L%
257 7N, F=FHOMWTIE R {BRIHE
H-4 5SVM (Support Vector Machine) 7% &, ZhZ

PSRRI D 38 7% 2 F1i%, MEIEEEZ 52505
HELTWw5b, F7, ICA (Independent Component
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Analysis) 7% &N FHEOL S, T OF RS
AR, BuBFEeUfrznEseTsy, +41
HiEThH b,

EC, INSEHROTFEROL I, SHflRy —
NEZo-THY, FLOPCICEEMFETY Yy > u— LT
FMALEY, 79 FH—E & LTS TRMICH
HWEEIC R o720 LTWwWb, T07:®, MLZ 9 721}
THNBEFIIRIBICFA->TWE, —HT [fne
9] EWARIEIZELIZZ, FELEHOBEENDH DD
bHEETH L, AT, ZORBEZD)T 4 —TTF—7%,
(2nTLE, GREHO®EE, LI 3Oo0BHI LR,

2. TA4—TT—ANMBOHL S LEEM

W4, 7 Om§ZHix L, MLISH ORI EF] 55 2
T4 T rRIRbE TS, 72720, T3 AL, 5§z
BN =82 & F— 7 # il HEPESRZ & TR
i - TR LK AT [HMid Y FEE] TH
52 lid, ABEOHBIIFERTHS ). B LI
ZIE, BT HNIEBR O S ILIRE 2 £ 315k,
EE O ) THIUTERORBEIREZR &, AHnfilifE
LHEABLEHRTH D,

YT INSHMEREAVNE SN T—s D2
tx [F4—=77—%] LIFATWw5 (Fig.2)o T4 —
TTF—5I12F, FEAORENE, mVMEE, Kl - A
ADL%E, WHBL L DM OIS % EOBINTEH
METHALIEIRKDONG, LT, ZOMEITLLT
TH: E2S) OMLOPEREA R E 50 —TF, A~X— 7%
YRLy VFNA AR E, ToTOHEREIZL D F— % DI
BHHRIZHIE I A M BOBEHICR ) DOOH DA,
NEDOTF—=F DL IWIFEZDT RV, B2 E2H5I1T1E,
FHRe T A M2 ET 25l 2500 - AR, EHER
B, BEMEROGH R ENLELRD, LoT, 20O
T BB EHEELC, RWCT 4 — 7Ty HE%
DD EDPHFERBIFOE RS, LT T, Mo
WFZEdpl % U CT 4 — 77— % OYUEIE %2 k<2,

— e

Data with answer

It takes a lot of time, effort and
cost to get it

Data without answer Locked treasure box
From Big Data
Noise alone, we can not

semi automatic
correction by IoT Error

=
BBig data is debt as it is.

Fig. 2 How to get the knowledge to teach to Al

know about users
or facilities.

2.1 ZTHES-OF/r— 7LD
BHEATIIBEB LIRS OMGMZ — K EHY,
WA 25T & ) NEARBEDOBK 217> Twd, Z

NBEFEBROFZILERBIZE D Vv, BETLHTAOH
B BT AL E A L2 Th 5, BRI
MR 12 20104F ICA BA e M E D Jl L 2 17w, IEH
% E#A1000F & WEBA B G D H % Z #1205 O
NEBEEA 7 — & UL L7z bz 2 THE oM
FHICHILT R, —&RICTF 4 — 77— 7 2 IUE L -5+
ThHbo YBArTIL, RO R EEMEZER T
EDW7-AIFEEZREL, RNETF—FIZEHT 2
LT, WMEOREVHNAREG O ELELERL 22

(Fig. 3)
More than 1000 gas data
and modal judgment data | Tranfo |

New gas

Transformer analysis results
Ol production Result
(No blackout
reguired) ONormal
Automatic | e, o
Gas-in-oil Judgment | ooverheating
analysis oDischarge
=0verheat+Dis
charge
it Olnsulating oil
= Normal mied

Finding a solution with :
the knowledge of Al + Maodal judgment | peterminethe appearance of power
electrical insulation by experts transformers with 98% accuracy

Fig. 3 Application of machine learning to power transformer
modal diagnosis
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HEVZBGRIROEREZ N, WEEEDFT YR T IO
mME&, SLRLKERERERL. BIZIE AN
F=F THLIEETARBEEIRGTD I B, IEHIEG
ﬁ‘ciC2H4, CoHo D 2 H A D &, W‘EKZ:E/EI\ﬁS‘i@?&*‘Tﬁ
INETEIC X B D O HIECHy, TCnHm (RALKFES
AHeE) O2BEDOANLHEWHETH D LS
2L 72

PERE L7 HE 252 X %, RAIT — Z 1Sk A3 IE
HRIF8% TH B0 S HICATEE, HHRERR LT
R ENBMA (OF) 7 —7I)VOid A A 5HIC b
AL 7245580, 2N F CH0%REDHERETH > 72D
D%RI80% T T EEIEDLZ LKLz, Wit
EHEHEL, BHOBYTIHH I w5,

2.2 HEHOHHE

BOBRMIIE A v FREPZHINTBY, EiEL
2B, HIEDSHEA ZZRRM O Y i 2 %, BhsE AR
HRENTWD, L L, 1Ek0HBICX 251N
NG XWH LT, HMIEMELH—L, HILOH#A
DO SHEHIICH L E T LEN DL, £2T, 4
B ClLE T8 O FIESKM % a8 H] L 72 S5 Wi v — IV %
M3 L7 (Fig. 4. OO, REMESOHE.
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® Problems in automatic judgment ——
® The judgment criteria for deterioration Good .
are not clear (difference by people) sl Sasmse 00 -
.
® Automatically narrows down plating colors and

rust colors that are effective for judgment and
achieves 98% judgment accuracy

Our development method  Narrow down to 23 valid image
Linear SKM features and improve accuracy
{Extend SVM)

1280 image feature quantities For At e e e m'

candidates automatically created jud t oy photography
(patterns, colors etc) Al Fironite

Fig. 4 Application of machine learning to deterioration
judgment of steel rust image

HAFIZEHBHNETH Y, HEREIR%E EK L7z, 72
2L, REPELE, L ORKEEEPHETH S /2
@, EbEHGE LomRIC L CHOHETE 2 X ) UET
BAENA L7z, fEkTHIUE, HMRIGITERL T
B T3 2 008F TH 5. Ut LY,
WG CTHH T e KE OB E 2 B8 A L2 BT,
HEIICA D R EBE ORI AL L S B2 B L
720 TORER, Bk AV, O R ELSBOREM
w5 23MONF AT H BN BIR S h, REPSEM
Z0BDAEETHILHETE D L H 127219

ZofITIE, BHOBSGHYE B X RS ILoHM
REHPEL, PEOLETHOHNIARE L T L2
OBFIH LT, HILREEZRT IV (K2 OEH)
ARG L7z EHRCHEF—=ZICHLT, INVEREL
Ty Yy 7NV, ANHPFHETLZ7TI4 Y KT A
FEfTRo T, TNVOMEL RO LREM L7z, Bl
B EBIOEMRLEDOF — LT LA TTFA4 =T F—
RS E L2 TH 5o

2.3 ETHEOREKRE

MPTClE, HERREE T L 72 3L 22 iR o LS
Mo, RERIMT 2 FELHE L CTE2"(Fig 5). M
WG, B8R LI D2FERRMOMNRERLTH Y,
BTNV 2R EICL A EFHIgED%, HE T

m Visually check the taken image and =
confirm damage %
® Labor reduction + oversight reduction =
v
® Given image data on arc marks, broken
wires, and corrosion, it is judged by linear

SKM Recording procedure by self-
propelled inspection device

m 90% detection accuracy in test video

v

Providing the medhod to multiple electric
power companies promoting practical use.

7l R

0t

Example of broken wire detection

Fig. 5 Automatic determination of transmission line damage
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L2872,

REHNE, MEEHOHTRENGE LT —7
T 2R L, AIOLIRIC ID@& WZEBR %
MDD L THGEE B L NS X DHEREROYE

EWVIATET, HBLICT A =TT =7 DIUEEITV, T—
FHEBIC L D MR Z I S, SRR &
DR LOWN %2 L) EREETH 5o

AILEEZHC R0V

EFENO BRI HIX 70558 2 DN— FIVASHI
MIELCH %, Fig 612, MLEM OB E L TLH %
RFEMZATMIZ IR L2, 9, F— 223l K
HRP P 7 2S804 XEEhTBY), Thz
Mz Loy BB ERD, 122 LRI T —
BOH, RYICEEMEZO»OXPNTH L\ 720, FHl
FOFEZ BB LIZHBIPLEE b, RIS, T—FD
R CMLS R R T W (FEfE) 1C£8 S 2 (4
WA ] 23 % R oOEIN, FEEEEM oMt 2 &
iGN T 5. O, FEEERHiZZD, MAGbE:

Data Preprocessing Classification/Prediction
r )
Cleansing | Feature General Supervised zw | Clustering
extraction purpose classification = 3 | (Unsupervised
Image for each Pre- g » | classification)
Video data type processing Demsmg:ﬂrse" Rmd;;nc § E kMeans, SOM, GMM,
Nose Color space Normalization, % s o= LLE, Isomap ...
Sensor data reduction, selection, dimension Boosting, Deep 4 g
Coad Interpolation | Image fiter, _] compression, Leaming’..: g2 | Anomaly detection
; of missin Signal dat S : % 5 i
E%Epz?';tm‘e il Fiver. " [c1assification linked with pre-processing f—,ﬁ Egﬁ,:%m;ﬁd
presare || e [ 7T, (Do Leaming (o, k- *5 [onecesmsiu
Gas value String Ao = | MT method, invariant
Electric Power | | deviation, vectorization, selection, 3 | method ... ]
Egsurﬁ Fe?rtur'g ; Vecuzlr o classification and
' extraction ol quantization, =
Taxt Correction of | text data, PCA, ICA prediction Prediction (regression,
Voice :?gplng \ﬁo:rind;m LLE, Isomap correlation analysis, estimation)
4 nction, T 5 = Linear regression, single
gTr:c%?gn a;& Prediction linked with pre-processing regression, multiple regression
iz Deep Learning (RNN), Lasso regression--- | SVR, RNN, LSTM, GRU

Flow of processing

Fig. 6 Typical preprocessing required for machine learning applications
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Fig. 7 Estimate actual demand by preprocessing
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Which level do you use it?

Retort food level: easy cooking in the -
microwave. Constration of usage =
freedom

Ready made services
Watson, Amazon Recognition/LEX, Google Cloud Speech API---

Home cooking level: Needs some cooking
skills but few mistakes. Well, I can eat.

Prepare data and use it with some customization
scikit-Learn, Bluemix, Amazon ML, Google Cloud ML, -

Cook level: Good tools have been prepared,
but the basics are professional. It's easy to
make difficult food and bad food.
Create a full scratch using the library
MXNET, TensorFlow, CNTK, -

Greater advantage is possible if you can use the lower levels tools

Fig. 8 Level of difficulty in using machine learning tools and
services
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Electricity demand (30 minutes value)

1 oz fpa pa [ -
5 :1c-w[ ﬁ] 84| =6

[Businnes attribute data]

Temperature data

-;J%u@m.sf
:——- Use only readily available historical data

Energy saving advice tool

.— Automatically generated

For each office
Advice report

[Meteoro!ogical Agency]

Small Business:

Small and medium-sized
factories, schools, public halls,
kindergartens, convenience
stores, commercial facilities, etc.

Fig. 9 Energy saving advice tool for medium-sized businesses

Annual breakdown of demand Annual breakdown of demand
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Time zone change of demand by Time zone change of demand by
actor factor
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Heatmap of estimated value kwh/h Heatmap of measured value KWh/h
o "
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Estimated result of | '
air conditioning 1 ai i
demand | demand

air conditioning —

Fig. 10 Accurately estimate air conditioning demand by utilizing
clustering
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4.2 PISNT— 2L & KEES (T IREIRITICEA ® Detect abnormal vibration of water turbine

from sensor information
¥ Large amount of normal data only, no

RS T RO RUIRRAD == XIEF A, 7
7Y NOREMEEE C, BHT— 5 Ol & A LEERR

v Impossible to generate abnormal vibration by

abnormal case

experiment o
PSR . . ale = T, . . Normal condition:
BOF— 5 Tho T, RHTEEAROERKEF - ~ Gy (SO
TSRO LESH L, FITYUHTIE, K% ® Apply a method to detect outliers (anomaly condition data
= e - - detection) from normal data Anomaly
EHT OSBRI Z IR & P I, WY, KRB m We confirmed that the exceptional data date AN

EoerH7F—r 2T [BRETROERZ %S

extracted in the experiment matches the time
when the oil leaked and the bearing was

{ Normal %

5, state
BT AMELAY ATHTE, kb L2SVMOR S il
We found the possibility of detecting anomalous
WDO—DTHB 17 FASVMEH VS, 175 ASVM sians. ’ T s s

7 — 7 SRk TR LT — % 2 & B4 mamE
(Anomaly Detection) FHEO—FETHY, T—F D4

Fig. 11 Abnormal estimation from normal sensor data
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Fig. 9 Hierarchical clustering of DTW distance between
anomaly database with test data.
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Fig. 1 Comparison of interfacial thermal resistances measured
and calculated by AMM (a) and DMM (b) models.
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Fig. 2 Experimental data of interfacial thermal resistance used
in machine learning.
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Fig. 3 Linear correlation of 11 physica properties related to
heat transfer.
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Fig. 3 Combustion behavior of model after burner.
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Fig. 4 Pressure history and spectrogram obtained by wavelet
transform.
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Fig. 6 Spectrogram of flame emission obtained by Gabor-filtered
DMD.
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Fig. 2 Schematic diagram of the experiment set-up
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Table 1 Flow rate conditions

¢ L/min Q¢ L/min
1 1 5 110 |20 | 30 |40 | 50 | 60 | 70 | 80
10 1 5110120 |30 |40 | 50 | 60 | 70 | 80
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Table 2 Details of training dataset
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Fig. 3 Overview of classification results
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dataset A, Bottom: dataset D
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Fig. 9 Pressure distribution along the surface of a circular
droplet (cylinder) exposed to uniform airflow.
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Fig. 10 Result of a numerical analysis of droplet breakup using
the AFM. Air flows from the left.
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Fig. 11 Pressure distribution on the surface of the droplet
shown on the lower left of this figure.
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The effects of boron and zirconium on tensile and creep properties in Ni-Co base superalloy (TMW*-4M3) were
investigated. Tensile tests at 650 C and creep tests at 725 C /630MPa of TMW-4M3 containing various boron and
zirconium concentrations were performed. The results showed that boron was found to have a larger effect than
zirconium on the high-temperature properties of TMW-4M3. Tensile strength, ductility, creep resistance, and creep
rupture ductility were improved effectively by increase of boron content. On the other hand, increase of zirconium
content reduced creep rupture ductility although it improved tensile strength and creep resistance slightly. (*TMW is
a trademark of National Institute for Materials Science registered in Japan.)
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Fig. 1 Typical microstructure of TMW-4M3 STD
(B:0.015%, Zr:0.029%) after heat-treatment

3.2 650 CHIR %

Fig. 2 (a)ICBE D 7% 5Low B#, STD# B X UFHigh
B o)) — A ih#i %, Fig. 2 WIZZr2 DR 7% % Low
Zr¥t, STD# B X UHigh Zrtt os)) — iz, Z
NZIRT, Fig. 2 ()X ), BEVPEHVWERITLE, B—
EMELTEBY, ZhCXYFERRS M ELTY
b ENGHoTze THIIH LTFig. 2 (b)Y, Zrads

Table 1 Chemical composition (wt%) and average grain size number (GSNo.) of TMW-4M3

Alloy C Ni Cr Co Mo A Al Ti B Zr GS No.
High B+Zr 0.017 Bal. 13.5 24.7 2.8 12 235 6.17 0.029 0.047 10.5
High Zr 0.015 Bal. 13.4 24.8 2.8 1.2 232 6.06 0.014 0.047 10.5
High B 0.016 Bal. 13.4 24.7 2.9 1.2 232 6.20 0.030 0.029 11.0
STD 0.015 Bal. 13.5 24.8 2.8 1.2 237 6.18 0.015 0.029 11.0
LowB 0.015 Bal. 13.5 24.8 2.8 1.2 2.36 6.12 0.008 0.028 11.0
LowZr 0.017 Bal. 13.5 24.4 2.9 1.2 235 6.17 0.017 0.017 10.5
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Fig. 2 Stress - stroke curves of TMW-4M3 with
(a) B:0.008-0.030% (Low B, STD, High B) and
(b) Zr:0.017-0.047% (Low Zr, STD, High Zr)
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Fig. 3 Tensile properties of TMW-4M3 with various B and Zr
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Fig. 4 Fracture surfaces of TMW-4M3 of (a) B:0.008% (Low B) ,
(b) B:0.015% (STD) and (c) B:0.030% (High B)
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Fig. 5 Creep curves of TMW-4M3 with various B and Zr
contents at 725C /630MPa: (a)full curves, (bJuntil 0.4%
creep strain

Fig. 6 (a), (b)B X ()2, B & 7 V) — I i &4,
02%27 V) — 7EAFER B X ORI MO OBk E 2
NENRT, Fig 6 (a), (B)BILKC)X Y, BEOWHN
o, 20— THiWiE A, 02%2 ) — 7 E AT ER
B LOHWAR DA LA IZm L7z BEXS 25
7)) = THUEANOREIIKE L, High B2z ) —7F
W Wi & iy X Low BM ORAUMETH D, 02%27 1) — TEA
FLEREMIZR 6 RETHY, HERMIEH 3B TH -7,
F 7-STDM x5 % High BM @ 2 ) — 7w Wi F 4w, 0.2%
7)) — 7 EARFERR B LI MTIE, wIhdls
BREEMELTEY, BREOBINATMW-AM3® 2 1) —
THEZ RS E S5 TE L LTROTAHTH %
NGtz BB ) =THEHENF LM E LA
HIZOWTIEAWTH BA%, Fig. 4 (a)-(c)TRLIZRR
BRI ORD L OMEEH s EZ 5N, 2V —F
BRHTHEL ) DR ABIEB X OFOER & 72 R R
RO PIH SN2 eHF—~HWTHDLEEZOND, —TF
ZrEDEIN L2234, Fig. 6 ()X ) 7 ) — FHii &g
M Ed22MEATH Y, Fig 6 ()& ) BEWIH T L
720

Download service for the GTSJ member of ID , via 216.73.216.129, 2025/07/02.



Vol.47 No.5 2019.9

Ni-CoEBELNERERS LIV I —THEMICRIZTBEZIDOFE 333

800
< 1@ 725°C/630MPa
£ 600
(0]
B
s 400 4
2
% —o0—Z7r.0.05%
S 200 4 —o—7r.0.03%
A& Zr0.017%
0
200
< (b)
C
K 150 A
k7
Q
8 100 A
3 i A
S 50 4 —o—7r.0.05%
o —o—7r.0.03%
= ]
g s Zr0017%
= 0 T T T T T T T
50
1 (c)
40 A
30 | A
R 20 A
d 4 —o—7r:0.05%
10 A —8—7r0.03%
E a  7Zr0.017%
0 T T T T T T v
0 0.01 0.02 0.03 0.04
B /wt%

Fig. 6 Creep properties of TMW-4M3 with various B and Zr
contents at 725C /630MPa: (a)creep rupture life, (b)time
to 0.2% creep strain, (¢)rupture elongation
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B YN — 2T 2 FEOREO LK (GT-91644)
MR Sz,

=5 ) TR, WHNARE=S ) Y I FEELT,
IV VRHIHB RIS T AE=5 ) V785 X ¥ D#
N PRE (GT-91018), E¥(MAHN A S —E VT DE
TN AR — A TSR ORE L @A (GT-90858) <,
ANNATFE—DOFTRy 7 ARBE=5 1) ¥ 7 Fow
PR L EMAER (GT-91150) DGR Sz, 7z,
P&WHEIZ X B H A SAffNT &2 7 VIRAT T — # @ H L
TREROWME (GT-90161) TI, HEEAEE D L5 W
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Fig. 1 Gas Turbine Cycle and SAS system including heat capacity elements modeled with GTPsim
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Fig. 2 Load shedding simulation with GTPsim
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#1201 AEREABL T (kW)

X% Size| /\#1  Small Unit | H1%  Medium Unit | A% Large Unit & W N
~735kW 736~22,064kW 22,065k W~ Total
H 7 =R N =G R A B = & G B < By M I = G B s RS I B = v~ G I B |
Application Code | Units | Output (kW) | Units | Output (kW) | Units | Output (kW) | Units | Output (kW)
N—2u0— F3EEH
Generator Drive for Base Load BL 3 927 10 72,320 23 | 5475,220 36 | 5548467
Y—zu— F5EH
Generator Drive for Peak Load PL 0 0 0 0 0 0 0 0
A Z% A

o e EM 61 27,653 161 299,450 0 0| 222 327,103
Generator Drive for Emergency
[} i Jif|
Merchant Marine M 0 0 0 0 0 0 0 0
i HHE H
Military Marine MM 0 0 6 65,188 0 0 6 65,188
At 7o v AH
Oil Refinery and Chemical Process OR 0 0 0 0 0 0 0 0
Zofn7at 2 [
Miscellaneous Chemical Process PR 0 0 0 0 0 0 0 0
£ B A XP 1 511 0 o] o ol 1 51
Experimental
z= il H
Air Conditioning ACD 0 0 0 0 0 0 0 0
%. ? fte MC 5 2446 7 9,754 0 0 12 12,200
Miscellaneous

PN =

" Total At 70 31077 | 184 | 446712 | 23 | 5475220 | 277 | 5953009

XP
MM  04% M
BL 13.0%
EM 80.1% BL 93.2%
2 20184 H#A A EEIA (%) X3 20184 MBI IEE (%)
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#2201 FRERIAERE AR (kW)

X% Size | /N8 Small Unit | 1% Medium Unit | A%! Large Unit & Woh
~735kW 736~22,064kW 22,065k W~ Total
PRFRERE el N = G I RS B = B < BN A = G B < s S I B = =G < B |
Kind of Fuel Code | Units | Output (kW) | Units | Output (kW) | Units | Output (kW) | Units | Output (kW)
WALK IR A
Liquefied Natural Gas LNG 0 0 0 0 4 958,400 4 958,400
RISH A GNG 0 0 5 41,060 13 | 3,529,480 18 | 3,570,540
Natural Gas
WAL AT A LPG 0 0 0 0 0 0 0 0
-
;}\é AMM7TS v b THA GOG 0 0 0] 0 0 0 0 0
H iR (FA k) A GCG 0 0 0 0 0 0 0 0
(?“f Tk A A GRF 0 0 0 0 1 33,040 1 33,040
ue
Akl 2 GTW | 3 927 | 14| 46158 | 0 o| 17| 47085
Town Gas
R A A
Blast Furnace Gas BFG 0 0 0 0 3 332,700 3 332,700
AWK NG 3 027 | 19| 87218 | 21 | 4853620 | 43 | 4941765
Sub Total
EYEH T 9 4,522 27 66,370 0 0 36 70,892
. erosene
B e
E
fﬁ Gas Oil K 11 4,391 48 120,828 0] 0 59 125,219
| ma
Heavy Oil No.l H1 46 21,186 90 172,296 0 0 136 193,482
Liquid 5 o =
AR NGE
Fuel  Sub Total 66 30,099 165 359,494 0 0 231 389,593
fih CB 0 0 0 0 2 621,600 2 621,600
BEREREL /NG
Sub Total 0 0 0 0 2 621,600 2 621,600
Z0fl
Miscellaneous Fuel MEF 1 51 0 0 0 0 1 51
AN =
DTO taluf 70 31,077 184 446,712 23 | 5,475,220 277 | 5,953,009

Z 01t 04%
AR 0.7%

B4 20184EIEIBIEE A RE S (%)

WARREEL 83.4% ’

GTW 0.8%
GRF 0.6%

X 5
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#3  201SFEHIBHIMABGEL O T (kW)
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X45 Size | /M Small Unit | %! Medium Unit | X#¢ Large Unit |
~735kW 736~22,064k W 22,065k W~ Total
bR =E o (=r S I | [=E [SA | [=E o
Location Units | Output (kW) | Units | Output (kW) | Units | Output (kW) | Units | Output (kW)
v i &
Hokkaido 1 400 4 4,300 0 0 5 5,200
w®ode
Tohoku 7 2,396 3 4,240 0 0 10 7,136
o H 24 9,170 60 133,646 0 0 84 142,816
Kanto
% gjhubuﬁﬁ 17 8,310 17 34,190 2 320,000 36 362,500
el 2
- .
v = & 7 3,741 36 96,280 0 0 43 100,021
Kinki
i) 5 1,860 7 8,600 0 0 12 10,460
Chugoku
]
Shikoku 5 2,600 1 800 0 0 6 3,400
Domestic| , Y
4 2,100 9 13,724 0 0 13 15,824
Use Kyushu
wooA 0 0| 2 2200 | 0 0| 2 2,200
Okinawa
i ME
Military Marine 0 0 6 65,1838 0 0 6 65,183
%.0) fts 0 0 5 13,994 8 | 1,741,100 13 | 1,755,094
Miscellaneous
AP A 70 31,077 | 150 377,662 10 | 2,061,100 | 230 | 2469839
Sub Total
= PN
North America 0 0 0 0 0 0 0 0
HoFg ook
South Central America 0 0 0 0 2 587.200 2 587.200
7 .V 7 0 0 30 35,300 6 | 1,194,000 36 | 1,229,800
ity Asia
H "
If] KM
F Oceania 0 0 0 0 0 0 0 0
174 P
0 0 2 9,500 1 346,500 3 356,000
For | Europe
Export| @37 - NIS;
xport| BT - NISEH] 0 0| 2| 23750 | 3| 990300 | 5| 1,014050
Russia + NIS
el R’
Middle East 0 0 0 0 0 0 0 0
1
77U 0 ol o0 o 1] 206120 1| 20612
Africa
Hthiey /N 0 0 34 69,050 13 | 3.414,120 47 | 3483170
Sub Total
s =-
- Total at 70 31,077 | 184 | 446712 | 23 | 5475220 | 277 | 5953009
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4 20184 W BREREA I AL PE B B O T (kW)
X4 Size| /& Small Unit | 7% Medium Unit | K%  Large Unit & Hoh

~735kW 736~22,064k W 22,065k W ~ Total
W BR B AR, e N G I R I =~ =G < s R R = G B < s B ) B B = < G B < s B
Driven Machinery Code | Units | Output (kW) | Units | Output (kW) | Units | Output (kW) | Units | Output (kW)
=B Rl
5%'@% G 62 | 26891 | 179 | 401,954 | 23 | 5475220 | 264 | 5904065
Electric Generator
A7 w 8 4,186 3 3,570 0 ol 11 7756
Water Pump
TSRS F 7213 Il iR PRR 0 0 2 41,188 0 0 2 41,188
HE DM 0 0 0 0 0 0 0 0
Z DOAWIT kg GC 0 0 0 0 0 0 0 0
AN =
- Total At 70 | 31077 184 | 446,712 23 | 5475220 | 277 | 5953009
PRR PRR 0.7%
w 0.1%_\
G 99.2%
X6 20184EBEEREI BRI AE i A ECE A (%) X7 20184EBLERENERA AT E A (%)
5 20184EH XA EAE R OIS (kW)
B X 4 kW) =L moh
Units Output Units | Output (kW)
0~146 2 171
AN 147~367 16 4,340
Small Unit
- 368~735 52 26,566
/NGE Sub Total 70 31,077
736~4,412 166 278,854
oA 4413~10296 12 73430
Medium Unit
73622, 064K W 10,297~16,180 3 36,640
16,181~22,064 3 57,788
/NEE Sub Total 184 446,712
K om 22,065~44,129 2 67.840
Large Unit 44,130~ 21 5,407,380
22,065k W~ /NEE Sub Total 23 5475220
& 7 Total 277 5,953,009
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%6 0ISHERANH A S — ¥ ¥ RHAEABRL O (6W)
K4 Size /N Small Unit Fiftl Medium Unit KHY Large Unit 2 W)
~735KW 736~ 22,064k W 22,065k W~ Total
Jif| & a—F | H% moh [EF o = i B W
Application Code Units | Output(kW) | Units | Output(kW) | Units |Output(kW)| Units |Output(kW)
N—An— FREMA | BL 0 0 0 0 6| 1695400 6| 1695400
V—su— F5EH | PL 0 0 0 0 0 0 0 0
| R EM 0 0 0 0 0 0 0 0
ECT XP 0 0 0 0 0 0 0 0
Zofl MC 0 0 0 0 0 0 0 0
D i 2 Sub Total 0 0 0 0 6 1695400 6 1695400
N—A0— FREMA | BL 3 927 6] 39070 1 112000 10| 151997
V—su— %@ | PL 0 0 0 0 0 0 0 0
lg I S EM 61| 27653 131 263650 0 0 192| 291,303
% | R XP 1 51 0 0 0 0 1 51
gy MM 0 0 4 24,000 0 0 4 24,000
Zol MC 0 0 7 9,754 0 0 9754
Domestic/Private Use | 65| 28631 148| 336474 1] 112,000 214| 477,105
EHNBEZEH /b it Sub Total ’ ’ ’ ’

EM&EE Domestic Use Total 65| 28631 148| 336474 7] 1807400 220| 2172505
N—Au— F %@ | BL 0 0 0 0 10| 3158620 10| 3158620

W |E—r7o—FREM | PL 0 0 0 0 0 0 0 0
%'3; FEwMREER EM 0 0 0 0 0 0 0 0
EA T XP 0 0 0 0 0 0 0 0
A lewem MM 0 0 0 0 0 0 0 0
Zofl MC 0 0 0 0 0 0 0 0

B e U b Total 0 0 0 0 10| 3158620 10| 3158620
N—AO— FREEMA | BL 0 0 4| 33250 2| 220700 6| 253950

i | E—su— KWW | PL 0 0 0 0 0 0 0 0
T EM 0 0 30| 35800 0 0 30| 35800
% | A XP 0 0 0 0 0 0 0
g MM 0 0 0 0 0 0
Zot MC 0 0 0 0 0 0

O b e U ol 0 0 34| 69050 2| 220700 36| 289750
#ith&rat  For Export Total 0 0 34| 69,050 12| 3379320 46| 3448370
N—Zu— F%EH | BL 0 0 0 0 16| 4854020 16| 4854020
V—su— K%@EM | PL 0 0 0 0 0 0 0 0
e EM 0 0 0 0 0 0 0 0
X o XP 0 0 0 0 0 0 0 0
E MM 0 0 0 0 0 0 0 0

Zofl MC 0 0 0 0 0 0 0 0
LA EEE & B Totl 0 0 0 0 16| 4854020 16| 4854020
N—An— FREA | BL 3 927 0] 72320 3| 332700 16| 405947
V—su— K%M | PL 0 0 0 0 0 0 0 0

% I R EM 61| 27653 161 299450 0 0 222| 327103
FEC XP 1 51 0 0 0 0 51
AL MM 0 0 4l 24000 0 0 24,000

Zofl MC 0 0 7 9754 0 0 9754
Private Usea sm & & Total 65| 28631 182| 405524 3| 332700 250 766855
i Grand Total 65| 28631 182| 405524 19| 5,186,720 266| 5620875

Note : Code Explanation BL : for Base Load PL

. for Peak Load EM : for Emergency
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KT 0I8ES—FK Vv bV I =K Ty VY
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25 A MR
20 Thrust 1148

BT
Number of Units

I LR A T A b
Normal Thrust at Sea Level Static Condition

%1

#8 2IEF—KY ¥ 7 by I LV F—KTuy S I
EEREK O (kW)

—
" 0~735kW | 736kW~ | i)y
2 2 %2
R P L P L P A
Application | Units O(i%);)lt Units %it\%t Units O(Et\%)lt
] 52 F A%
Fixed Wing Aircraft 0 0 0 0 0 0
’};)?77 AL 0| 16| 19824| 16| 19824
elicopter
I B R Eh
Aux. Drive Units 0 0 0 0 0 0
oot 0 0 16| 19824| 16| 19,824
Total ’ ’
¥ 2y LRk E AR

Normal Output at Sea Level Static Condition
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3. EiarE
#£9 7 I AROEMAERE #10 2 I AP oRALE
X Vi Size X o Size
e (o TR /%
Clase %ﬁﬁ%ﬁ;ﬁr 03 20134 [ 201445 | 201542 | 20164 | 20174 | 20184 Clase gﬂiﬁﬁfﬁglgf) 20134 [ 201445 | 20154 | 20164 | 20174 | 20184
Compressor Impeller Compressor Impeller
Class 1| O~ 100 | #3950 | #4135 | S0 | 415 | 046205 | 51855 Class 1| 0O~ 100 64| 55| 55| 50| 48] 48
Class 2| 101~ 200 |29930 3529435310 | 34041 |39,008 |37,067 Class 2| 101~ 200 29 29| 29| 20| 25| 21
Class 3| 201~ 300 574| 641| 668| 951| 897] 1,005 Class 3| 201~ 300 18] 18] 18] 15| 16| 15
Class 4| 301~ 400 20| 310] 183] 196| 164| 172 Class 4| 301~ 400 18] 18| 18] 12| 13| 10
Class 5 | 401~ 500 74| 161| 24| 209] 239] 181 Class 5| 401~ 500 | 16| 16| 13| 13| 12
Class 6 | 501~ 600 195 255 241| 233 173] 19 Class 6| 501~ 600 5] 16| 16| 14| 12| 9
Class 7| 601~ 700 150 232 184| 148| 88| 5 Class 7| 601~ 700 5] 17| 17| 7] 8| 6
Class 8| 701~ 800 33| 46| 35| 22| 38| 47 Class 8 | 701~ 800 5| 5| 5| 5| 3| 4
Class 9| 801~ 900 ou| 81| 11| 2| 44| 10 Class 9| 801~ 900 0] 9| 9| 4] 5| 2
Class 10| 901~1000 ol ol o] o] o o Class 10| 901~1000 ol o] o] o o o
Class 11| 1001~ ol ol o] o o o Class 11] 1001~ ol o] o] o o o
2t Total™ 31,310 |37,020 | 37,346 | 35915 | 40,651 | 38763 &l Total™ 124 128] 128] 90| 95| 79

Class 1 DHBEEHZ 728, Class 2 ~ 11O Z R,
As the Production number of Class] is too many, Total number only

includes Class2 to Classll.

i
]

2
[}
®B =
%z &
mils H

s ¥
350F 10
300F 10
250 10°
200F 10
150F 10
100F 10
50 10

#IBWREIWThIPRI - TH D,

4 AR, EATRIEAMELOOMm % 8§ 5 2 R,

The figure shows total number of superchargers over 100mm in

impeller diameter.

JE AR HAHE (mm)

Diameter of Compressor Impeller

P11 20184 e A oE 5 B O 8
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1,005
172 181 19
- 85
47 79
L | |48 10
21
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[ | || || || - 200 0,0
Class1 Class2 Class3 Class4 Classb5 Class6 Class7 Class8 Class 9 Class 10 Class 11 &&F
Total

Every model is an exhaust turbine type supercharger.
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