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Expansion of Application of Low Alloy Steels to Hydrogen Filling Stations

~Examples of Development of Pressure Vessel for Hydrogen Filling Station and Investigation of Emulating
Evaluation Technique for Mechanical Properties of Low Alloy Steel in High Pressure Hydrogen Gas~
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Development of Technologies of High-strength Stainless Steel for
High Pressure Gaseous Hydrogen Environments
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-0.06 -1.0 -6.0 -13.5 -23.5 -3.0 -0.30 -0.30 -0.4
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X103, BB O fy & 280 & B 7258 O & SEh
DEFR LG RE S OBIRE RS, MR O fy 23/ & <
5 e, RIEEEhOSEREIHINL oIS X Zim kL.,
5 a IS ORI W T MO HIES5RE X T 5
800MPa %K L 7z, MA T, EEBO 6 7254 M w%
E LR WIhOBESFIZE5~15%D 6 7 = 7 4
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MARK C Si Mn Ni Cr Mo N I Ni H&
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c 0.009 0.39 2.35 12.6 244 2.81 0.097 33.9
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YS309LMo 0.02 0.50 1.50 13.8 23.1 2.20 less 0.110 33.0
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Active Learning for Manufacturing
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Ichiro Takeuchi
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B8 T Edk o B ED B B H AR TR 5
BB E2 (Active Learning) 13dm & fREM A MERETH 5
Ll 0 EHOMMDO—DThH 5., Hhilid D ¥EELid, AT
T—=2 EWMNT—2DXT GIFFEREITHEIND) 5425
NIRBLT, AHIBIR A TS 2 B8 % A0 B TH
%o BIPEEA B ORE % 2R Bl b 0 35 & Uit
TE 3, 1L, FERRPEIC W, EERAME AT, ks
RENNDEZEZB L, ThE TIT - 795 6 TR RIS
BI$ 2 Mk A 192 70 238l 0 8 LR 5 Z &8
TE 5, Hliid 0 E T, &0 % < OFFFEEHF] vl g
ThhXH 51ZE. k0 BIMEa B A EHEE ICHEETE 5,
Bz, & F & & 5B UG A MES RG-S T 7OV IS
7 A IBIGR A EREE IR TE 5 2 EAHIE T B8,
ZOEENL, KEOFIHER A NEE k5,

%< DEERIFE TR, RIS EDIZ B2 Hh 5720,
R 2 B (FBR SR & RS RO T) %135 DId i
Ly, 20728, TE B TP 0FlEf T, T& 57210
EREEIC A BB A R TE 5K A LRADBEL K S,
ZDO &S KR LIKRO—DE LT, I % REBY A2 5BIR$
37 7u—FhELOND, UL, EEREEOF % i
. EROFEGSRE (AN) OO &2 6, FEEIZIER
170 (BB EGHIG L < & 5) & 0% REEIIICEIRG
BT LEEWT S, 20X, AEfEES T X AR
=W AR % BEBIAI IR U 2528 & B 2 47
7 70— FIREEEEE LI TV B Y FERGE A RY
2P B —H O AL LTI Tl 0 | RESY
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FIAVER COFERGHEO—FE L R 2 Z L3 TE 5, 1=
R 22 FEBREH I ClE— DO FEBR A G D RIS RTDHE
BREAE 2D T L E I ALV, BRI CIE IR
DE FIL % BRITHH L & 53 6 WIS 12 FHERSEPE 03I
PN S, BRI, MRRIE Tk, MORMESE (Material
Informatics) &IHIN 238 2EH #EHTH D, Bed)E
ORI R PRHER 5 E O Thh T B (il
X, 34)),

2> MERE

ZIZTC, ARTEADMEREFBILTHBZ ), st
LB BRR L R0 970 K 9 02, (AR 7 F2BRE Hli i 4 5 2
5Z&I2L &I, MRAEREFHELANBED B, T b %,
Xy Xy oy AnERT T EIZT B, FHSMEx, & L2FERE
FRAT > CHBRRE Ry, 152 T U 2k y,=1* () LT
TEIZT B, 22T fF ix oy 3BT 0 28k A ET
B TH2DOT *REDEKS LBRTH 5D0iE (s
WL TSN LY) bhbane L, ff () 238550
2+ (Thbb, EERAr CEEEAITITAL) FRENE
DEF B, ZZTOHMIE, TRTONMBY OFEEREITDHT,
TE B2V TR Th 2FBR T ot 2 f*
BT AHEA RS Z L TH D, TOHMNERBT 5720,
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ENEPD DT & EFEGFIE WS,

DI oSG i A B E O S HE TR T 5 L LITD
k1 B, FEREM e XIZ AR, FEAERy € Vigi
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DOWNRLEDBTITv Ry A THS, 2T T.XEY
. ZhEh, Al hyo &0 5 3l0EAETH S, A

| 195




5258 Vol.26 (2021) No.4

NESXPHREG OGS (Tabb, WREA IR
A LTy TENTODE5E) &7 — VIUREE) A8 LT, X
GRS DOLE (b b, nEEAE TR ORI 5 2
ENTWIEA) &0 1) BIgHeE LIRS, ARTld, Nl
D OFERGZMEHBZ TN D7280. ANEAHX={x,.., 2yl
EREINDES LT - NEIF+EHE2E L5 LTk b,
NES Y2 G OWE & RURRE, BERES O%a %
JHME & 805, AR Tl IR A ERZER Y =R Tdh
25, Thabb, FRERNEIEE L TR I EAIZIR
ELTEREIT,

DI, gedy e OHAN Zmh 25 L & 5. sedr@eEo
ATy TalEt=1, 2, ~&fio TRy LIZTH, AT v
THZ BT, T TIZBIEGEHE 2 T D 7z A $EL 7%
bbb, T TICERBITbh TGRSR E 7~ b 0 Hfl
(labeled instance) & WO, F 72 BIGEHIT 23T h R T
At1#41% 7 ~)L 7 Uil (unlabeled instance) &8,
2Ty THIBT S TN D RFIOESEL, FT~LEL
HHDEAREZU LRTZLIZT5, D EoRILERAWS &,
BEIEEHORAN AFENEHIOTLT) ZLD X H 12k
%o BEEIFET LT ZLERHOTZDIETLTY LD
SITHICE U 2B a: X> RTH S, ZOBIK o (v) 135ES
BE$ (Acquisition Function) &I, ANxiZBWTT T v
oKy o AR AL T ) 2135 2 e
EHWETH A0 52 ERILTEEDTH D, LT, ED
KA A0 ERL PITX ST ED KD BIEEBIE A S N
DAL, ARTE, RENOREE) AED 2 27 L LT,
BEEEE (Function Approximation) . f¢i#{l (Optimization) .
L AOLEAHETE (Level Set Estimation) D324 & 4, 217
NDZATIZBNTED XS HERBEE VS RE» &3
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Input: AJEERFEREM : {21,
1: BMEEEE TV f 2011t

,EN}

20t 0, L+ 0, U +{1,...,N}
3: while k& 25723 do

for i €U’ do

AL a(x;) ZFHE

end for
it + argmax; g a(x;)
Yir = f*(21)
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10: Lt LT U et} Ut Ut (it}
11 {(@i,y0) biepr BT —2 L UTHREEE TV [ 2 0%H
12: end while
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X213 4 & 2 @FEE 7L OBl %R LT %, il & fit
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OIS FBRALF & FFRERO T DY ((x,0,)) A%
LT3, 256D 5, 7L —ONUANTEBIZEER L7 -
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ZZC 3T 790Ky 2 ABKTH S, 7 — L RIREE):
BT TNTOEREZT AL, YRENE, TRTOREK
HAKS Z ENTE B, BB 72 OBEH = E O H i
TE 5DV, X (1) OHEBIEE N <
THILTH5D,

== true function
—— predictive mean
uncertainty

-6 -4 -2 0 2 4 6
X

2 ARBEEFIVOA

iteration 1

HD K REFICH T BRESFE

Y ZEFEE T IS BN TUE, BAINTHT 2 AT
BB & > TERIL SN T 5 DT, BEGEO 72
B OREHIFE I DR TIE, AEFEMEY T o
(Uncertatinty Sampling) & FEZH 5 IESRIE
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DERKELDBEIBANEERZLIZK S,

X 3 IIAFERYES » 7)) v 7 OBSBB O S L e 7
EBERLIZEDTH S, AMEFWY V7)) v Tld, Bl
WTORENTNB T GEFEET VORI Z D F F1i#
BEKE LTHWS, KOFELP A S X512, RHEFE
BT VT, TEBRETHFICATINERIEh S, Th
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TN B D EAOBIG Y, i€ LIZIRAEL TNz LI
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ICATOEINAT S BER LN & A2RE LT 5, B
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HOER %S LOYD B T LN TE B, FEE NI
F TN IDE LTI B E S TR ICE R ST
& DT < AR 5 FERETIRAD 57 B T < 2 Sl 1
TWB38DTh 5,

iteration 2 iteration 3

2 == true function 2 == true function

== true function
— predictive mean

uncertainty 2

M3 (%) THEERMEY LT JOBREEHAOB SR, THEEEY TV I TR FREEORES RN EREN S,
(B) TREEY TV JIE3 5 BIEE TV EBBRBOHEZ DA
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D, BELOrOOLEEFS

MFLET T v Ry 7 ZABBOTRTEM B BED
L BALPOEEI el & %55 & 9 & Ay (BN #
AT 72K TR, s b 728 DREBIEE B EIE T H
b, A AT T ICHED < BREIEEIC BV TR b 2 17
I BerliE XA sl (Bayesian Optimization) & WA,
WRICHIZEATDR T3, Bl 21, PPRFEE SR B 1
ZIPFHERIETIE. & - & & SO PIHE 2 F oMkt & T &
TP EVEREE TROFH LIZnE NI == 2D
B, 72 FE I, T TILOREL N 2 S— 85 A —
R TELZTDHEVEEOFE TR L 7znkn) =—
ZWBH Y, XA TR UEZ DEARY — L & 5T,

R O 72 ORI ANBERO S22 6, kb
TT oKy 7 ABBIENKREL BB DERDITHZ LT
HBHDT,
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xeX

ETEHRhENDAROMTHECRD B Z ERHBER S,
LD 72 DOREEIEE T, ZNETITHO > 2 BED
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Yep =max f*(x,)
iell
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iteration 1

LA RIS L F B, A Hxic i 3 T M4 A 4
£ () (o)} = N(y (x),07 (%)) b ah 3 Z L ARIHLC

s (5) = Pr( () > (.3, )

LEALE NS,

PHZHED KT, Y K DAL TE K% & 51
FOENGEIZ SERBIBOEA K E < L 52, BEIZE-
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RN S A DL 5, ETHERH
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LElftehs,

NA X b O EARBBUC O W THm X N B R R
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BHEN B B, 5% (exploration) & IZAFEFEIEDENE Z
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XN B 720, EORDAL B S N85 ORER R W A
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iteration 2 iteration 3
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— predictivemean  ~ uncertaint y —— predictive mean  ~ uncertainty — predictive m uncertainty
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198 |

30



REE)~AE T3, XI3ORIBGI IR & A 0| E MR & Z
A TIIAEIMEA B > TEERES NS AL A EHE
RINCHERL TR 2 edbr b,
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Lty FHEED 72D OREE)FE TR BIEX DS »lTh
Tftid & B R K E Al A & Bid, 72 & ARREFMER &
STERFEEINT, BUARHEOMWZ & 0 _E8l1 2 A T a2 AW
B AHEIGEIRL Th b Z e nbh b,
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iteration 2
2 == true function threshold 2 == true functior
— predictive mean uncertainty

== true function
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For Understanding and Controlling Processes with Non-steady Temperature Fields

FIATRE

Asuka Suzuki

15 BUBC

FEDET 2 MRHES TR 7L — 7 Cid, gk
T IZ Ak EDEEEN— X ET RO MRk,
A= 24t, BEENEEETI ML BT 0w 2 (BULE, &
L BERE, BRI OG, L RS, AHInEE % (Additive
Manufacturing)) (2DWTHIFEEFEEL T3, ZOHTY
ARiLFIZ TR AL RIE & AHINELEED 2 D12 DWW TR
N3, INn5 2007 atx 212, 7'at ZSRELN S
T2 LR D B, T ORI Z 12RO RS - M
B R 7R A A HCT & 2 KT, BUR O BERCHIE A L,

LG 7 1 & 2 Tt JFRHE 7 2 SR BIAR Ty 78k
EES ARG | 2FIT 5. 207 0t 213ER
KD 5 BRI & SEORS £ THES 3 &, oz b
IBHERT L, S LA A A T AL X — - BRI CA T
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ALNi, NiAl, TiB,, TiC, % &) Z1E#l§ 2 L THRIAET
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LZIVEBEDEESZEAIHILGNTNEY, 22T RAeid
Z 9 U725 AL RM S0 U 72 A0RIB R 2 et L T B,
72, BIROMERL RO 720 . LICREFLIRER R Z D
Bls Bt & AW L= 4 92 L T 3,

HINMBLEFEIEFEEH EhTn33D 7)Y v 2 THwbsh
270v 2 ThH 32, fEkOT T+ Z it YRI5 &
MR & R ER 7y A D BR< 2 & TRROTZICEIE L T
W22DIZH Uy LS TR 2 L T Z & TH
BIDOTIROEE A 1EES % . Z DIRKOF]EIIPERDOELLT
FETE Lo IR - bRa Y —&Fio7
WRALETE 228 Th b, YT L — T TEICHIZL
TV B AHNELEEO F 1T DHARIRE @SS (Powder bed
fusion, PBF) ¥i] T& %, ZDOJA TR, Kk & 5 5 Sk
KAEGHES I ¢ mFEEHE L, L -y LET
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AFLHETIE, R K5 b2 RIn 7 1 v 2 F6 KO
HEEIZBEY B YR 7 L — T OBRO—EIZ DV TR
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(a) Schematic illustrations showing metal/polymer joining via porous layers synthesized through in-situ

exothermic reactions, (b, ¢, e, f) SEM images of surfaces and cross-sections of the porous layers fabricated
through (b, c) overall heating and (e, f) local laser heating, (d, g) photographs of the joints via the porous
layers, and vertical sections of equilibrium phase diagrams for (h) Fe-Ti-B ternary system at B/Ti = 2 and Al-

Ti-C ternary system at Al/Ti=1.
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(a-g) Photographs showing (a-f) combustion foaming behavior and (g) porous AlsTi, (h)
SEM image showing the microstructure in the porous AlsTi, and (i-p) X-ray radioscopy
images showing the volume change of the sample and formation of pores inside the
sample.
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Red: high gas velocity

Euler-Lagrange coupling dynamics model for multiphase flow in coke bed. a) Description of the

distribution of a physical quantity using the SPH kernel function, b) Assembly configuration for
packing simulation of non-spherical solids, ¢) Calculated cokes packed bed structure, d) Molten iron
and slag distributions, e) Gas velocity distributions with or without melts.
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Fig.2 Gas distributions with or without holdup melts in coke bed.
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Table1 Monitoring objects and sensing method.

Objects Conventional Problem The research
method consortium
Vibration Accelerometer Point Mirror-drive
monitoring High-speed
Motion Visual Monitoring Active Vision
monitoring load
Displacement | Strain gauge Point Sampling Moire
monitoring Method
Laser Doppler | Point
Vibrometer monitoring
Digital  image | Responsiveness
correlation
method
Thinning Visual Monitoring Estimate by the
Crack monitoring load above method
Ultrasonic Point
testing monitoring
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Fig.1 Concept of the intelligent anomaly diagnosis system.
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Fig.2 Concept of Mirror-drive High-speed Active Vision.
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Fig.4 The results of a field test.
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Fig.6 Setup for a field test.

7L —24L — b 80fps T AT\, i X M7z [li{§ 00 5
B BSR4 2 416 x 416 i3 2 it U CEN DT %4775 -
726

Fig.712, MR & LT a v R 7 Off i AN 2354 0
THE1 Dy 2N 5 & U2 DB IRHAE R AR T, 0.lmm %
EOIRBELA B 0. [ I 7 —BEE#RT 774 7E D 3
V] OWEFRRTE RO N 10HZD ¥ — 7 BBIER SNz, fif
H W 25 A3 0.4mm AR DEN 3 H 1 | Fig.81T7R &
N3 &5, Ef2AOZHERAD IR L Tns Z &
B N7z, MHEDOFHOFENIPRONED & LHEF TR
B K> THHTZS28DTH 5,

REILETIVICKDERIRDEIL
ERTADIER| 2

YUYV T = A b EE A BT 2 AICBI L, AR
ETRETFIAR=-ZZEBTTu—F L F— 2 EH L BT
7u—F TR E D 72, ABETEHIEDETINNR—-ZAT S
T —F 2NN G,

T A REERINT AL LT SO L EWVE
wk HT@ML#%%%@A%#&v#@ﬂﬁ%ﬁﬁ%&#
BT H B, HB NI ATV T4 N Z—DINHIZE
5%@%%@&@%@&@@@%@%%@%&@5%@m
T3R5 5. 25 OFETEUNEDZIZHIEIZ K6
TEEIITMIY 2T L ERENT B &L BRRORFERLA L
DFNAE SN B2 EAL) IS L THEIZ T 7 -2 %
FEXED I LIThD, — . 2 UTHiiRIc s 5 &9
ISREETS 5 &L AMITRRI L 720 (k) % k4 ) 2

A ¢

TUT DT FEERW: M LRHEREZN

<E 08

SE 04

£ 0 -

8 —” s

Lo

a % 10 20 30
Time (s)

(a) Measured displacement for the y direction

— 0.020
E 0015
(V]
0.010
0.005 + .
o 2 L‘_ . .
0 10 20 30 40

Frequency (Hz)

m

Amplitud

(b) Frequency analysis of displacement for the y direction

Fig.7 The result of a field test.
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Fig.9 Framework of the diagnosis using model sets.

Fig.10 Spring-mass-damper system used as the numerical
example.
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Fig.11 The result of a numerical simulation.
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Fig.14 Vibration data (load/empty), displacement (above), velocity
(middle), acceleration (lower).
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(middle), acceleration (lower).
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