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Development of Rails and Welding Techniques for Freight Railways
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Conventional technique New technique
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:Increase of initial hardness :Increase of carbon content
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(Extraction of Mathematically Important Microstructure Features and Similarity Analysis)

AR V==Y (48
Jepe s AL B PR
MR 4y T8 #%  Yoshitaka Adachi

LA ST
seewerer Zhi-Lei Wang
PR AL TR R

PERHEAR G O R % FHli 4 2 ISR L Tid, K& <4
ToO0T7Ta—F0d 5, — D3RI T2 N e
fECE 2FE AN T2 HETH Y. T2 TIFEIEEREY
IZEED W, RO (RS ARIER. TR 2 & metric FFBR)
B B WVIE ZTTOREEEE GEAEME, s, HhaE 72 & OfiAH -
WA AR ECR) AR 55, & O —DIXEHE DN
DI 8 — 2 2 BRI 2 FIETH 5. BEOREE
L NJHED BT X 5 LIRS s, Ml RED
MMk % & O — Rl C X 2 TTREM2 b 5 Z DTSR
2B 2 RO E BN 5 A CTH 5. MBI
MICHERREE T N, BUPICEELFMEE TH N, £
N5 ZfH > TG OMARIE 2 E7HI§ 2 Z & 23RO PR
IO Z L e h B LS5,

% 2T, AR TR A BUREED B0 25 it 72 & ONZ 2
D OGO SHPIRHI 22T B,

<2> PD3DEtERES

2.1 —MREEAIRRA 2 E % E U BEHRENR

FEARI T REE & 5 W3S 2 & O PRI O R =
I Z OYBEREIA 2 B CZ 2R E WA %, 20D
PIBRA 235D B B R E OFHIC DV T, AR ISREL
LENWTWBDOT, Bk H 5 IEBIRFA 20,

YA 2% = B
oot N ES
MRS TopErk @ali Toshio Ogawa

22 N=YZAFUMREOY—ER%EU-E BEIGENR

FERNZPH U 727X 22 D fRHT 213 4 4 7 — BB R
(Genus) BEHHTH % 23, MBI TIEIATE A L7022
DRHEICEBE 52 25805 0. 2 OE BRIl EETH
%, 2D &I BATEERITREWOMEHN/ S—2 27 v bk
Fuy—? 05 h5, Figl @) IRT X512, 4T 3
MEDLFOAEE T & P TEFER=, THE MM
BAEL, ZOBRIDBTES, /22 2SR SRV, =R
TEDEGAITIZ X HITKR BTN EE[ANTE S, —BEE 5
IZKEETHL &L SRREHIER A TR=1, THEH > TH
WS 5. #1. 7 2HHE S % h0, hl, h2ir e #HL 2Ll
T ZTOFRER (r) &I (r,) %K 5 H 72 D% (Gl
WIXE 7 YE) #Hi>TERIALZEDIW - 2TV M
(Fig.1 (b)) Td %, r2rlidH B K Z AL ZIROIEEIZH
W9 %, FFan (=IHEEREH- AR 2R VIEE . KB
(N2 L) BRBBDNIEREZEL 6D, ZOUNZ i
FA3 8= 27 v I ETidst AR S lEh - e L TER
%, 272K OF® % Figd (o) 1TR§/ -3 — FXTEBL
THHA Y H B, ZIRITOH % Fig.212R 7,

IN=V AT v MO F FTIIRHEE S LT 2 &3
BEL WA, 2S—Y 27 v MRS x, y AN —ERIBED 7 )
FEYID, ZO&Z ) 9 FROT Ty & 7 — 3 IVEE L
LCEHT2E (X7 PHELTWBZEIZhB), 7)Y
FHRSDERT-EHD, h—FIVEERZOMEL 5, T
IFTHI LT, BMFEE R EDT -2 L LTS Z e
T&E %, I, dfAakEH» 5 OFEEEHC K> T, Fay P OEA

* ANBEAAXAREBERF SR (KE RESF/N KTy 7] ([CBBIN LD EERTIAREEAE T,

628 |




2D plot

EEHEBF2

(B ICER LHEEAFEE O H SR UIE O FFHIE)

( b) KDE diagram

2D plot

«1r=0.6

00 05 10 15 20

Birth

( c) Barcode

(a)3DpIot
3~ a
2- s
)':1, .

ST ET-729 AT R ML OS—Y ZF v b
A= i PLEMEND) AR FIVERIC & D PIEEREk %

Hir-w3Zemncx 3, PLIA (1) TH5EAL6N3Y,

time

2D persistent homology analysis.
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Fig.2 3D persistent homology analysis.
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w(b,,d,)= arctan(C(dh -b, ),,) 2
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3.1 Z—S1HEIRE% (Two-point correlation function : TCF)
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Fig.3 An explanation of two-point correlation function analysis.
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Fig.4 Analysis result by two-point correlation function.
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Fig.5 Analysis result by normalized cross-correlation coefficient and cross-correlation function.
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Zero-mean normalized cross-correlation coefficient

A B C D
A 1.000 | 0.376 | 0.071 | 0.003
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C 0.071 |-0.057| 1.000 | -0.014
D 0.003 | 0.002 | -0.014| 1.000
CCF
A-A A-B

Fig.6 Analysis result by normalized cross-correlation coefficient and cross-correlation function.
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Fig.7 Gaussian mixture model powered by likelihood method.
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Fig.8 Principal component analysis.
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Fig.9 Self-organizing map.
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Fig.10 Microstructure recognition by convolutional neural network™ .
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