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FEARENEMATCIE, T2l O B BEEREEANTHIET, —EOEE T
DA BAEDERS I TND. LINLARND, ik OWEMBURA T A SLUTIKFL TR, 2%
RAE D IEIRTD, RAZE DL DIZE ORI ZE T 57210 T, B CEMRRAELZITA
HRAEBOE MBI THD. AT CO B FRABRE CIIEHEX A RIELTHGbHY, 1%
DSRS0 T BB R CRMAZFERSN D L% R0 TREL COMIBIEENRET D20
ERERRDOIR TR EIND. £, DA @b OEITICEY, AEFEFEE A D (15~64 %) 23
2050 LTI 5,540 7N (2023 FJE 7,395 T ADBHK 25%08) ~JED T HE RIAEN TS 1L Z
D7z, B MUICL DT AN, BRSO AR O, filfs TRERIC LD ERE S
L bE HE LT A TR B B b A7 2O ARSI TS,

ERREI T, Fig. 1-1 IZBRT 2900, I8 TRIZE W, S RERHE, 704,
ARy MMEH SRS, DO, W ;‘rLﬁaﬂWﬁ% ﬂ%ﬂ% END7w, AT

Fig. 1-1 Examples of automatic welding machines used in ship construction processes.

(a) Welding carriages, (b) line welders and (c) welding robots
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T, BRI A TR B R MO HEE I BT AR RS IIL T 5. RE S &1k, 7 —X
DY RID DI —IVROE = BB D010, =a—T Ry b — %S BTG L TR,
FHEEEN) @D IR E O— FETHD. WHERMOREEICFEL T, B, BE, VA%
TEREE, b—F R AWLE, RO BB REE AT — 2L THEEIET U H Iy e s
DU RIS EAHEE T 228705, RO BG4 1927 15T, SRR E R R
WA SILTWDDEPEREZR I AT DL B2 728D, RSB~ AICEEL TImaAMNI 252
PREIND b, IREERICRAE T Dba— MDD RE L BRI NE S T\ ial, M
~OBANZT TR D, Fo, B —NERRERE LG L PR S TCHEEITI VAT A
DYGE, AT 7 REHOIMEBEHR3V B L7257, Jit O EIXHEEE 722,

L EDIRIEZ L, M ARRIESS OB LI E ML E S AT ATl mifg a8 7 — 2L
LTI, BT A—4 (B, BIERE) Z A #E L QaBe — ROV R 2K X
HEETEDVAT LERFE T HRETHA).

AMFZETIE, EMFTOBY; Tl i v RER R A TR A8 b A7 2O e BEEL,
BRI SN0 T —% (EHEBTeE) L LR —EfHE L THRE T DB 51 (LLRE,
(RBEE E S ) LT 2) DAEFE T —2 LU THWIRBFE ET L (Fig. 122 28R) OBE%
& B R A FE L 7.
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Fig. 1-2  Conceptual diagram of in-line welding inspection system.



1.2 BEERNMHEE IR AEITIFE

W TRICBI ARG O =271 AL T, A7 e A TOMEE L BHHELTZX
Batia<e, HEMLOT-DORIHRE 2 £ TICEfEOEEHE =, RS Sk A RT=2) 7%t
B, BE=HIT I, T FIERRESNL TN,

A A L7250 Tl SRR BB AT LR T 0%—7 7 /ny—LL Tk
YT HARNICE B OMEE, JERABS IR SND AN T — o Rt A R LT — 2 &
M-BERHIEERIH LT — oo EICRE SNV — P DR %2 AT T
BT DL —Y —L P LR E BT CCD DATITOWTOIEARMN2% 2 J7 L F 4]
ZfgE LTz

EFS 31E, MAG BRI 57 m—aRn— /LRl G R R E ORI EDA > 7 a2
HFAROFEBUZMT T, 7—271E T LIRS Oz 5 O E T e 25 5 78 F1E CRIZE Al g
PR BT A BRFE T 2720018, AR~ AR SR RE I oD IR = i PR | 202518 1 5= %41 L 7= BPF (Optical Band-
path Filter) 3%/ E L, CMOS 727, InGaAs I AT CIRHEBISR A BIZR LT /E IR, & R&MICBI 2
REFHNT 5 FEEZEL, BPF IBEDOfRHEZB L.

HARDIE 4, BB 24l LR\ B T RVABEIZIC OV T CCD AT EFF IRy NARE S A
TLERW, AT AN EDF vy T SRR OB AT O LB S T IR L E S D
Fro T ERINTEDZEERL, IR AL TN TR EHIET 57 4 — R 747 — Nl
WIS AT DEAEFEL, FERICIOAE AtEERLU.

RS S1E, ANy 2R — LD ELIRNT T AR I T 12 mm O JEARBH LA F£F D8k
HAR DI KT BREL, CCD W AT XD VAR A B B E2 975 7 1546 JONR BRI B
FlEERFLT 2L ar b —TOEREERITUI SR, BR/ A RADEEEL %I dsPIC %
TG L7 B BIRO M, XV A IERED EBITHIHICFRIMILIZ CCD AAT DL ¥y 2 A
27, VEREHIAR O R a IO TS R AL E OB 21TV, BRSO O 7 VTV X 436 LU
RO AR LTz

HHIL 6, RSN CCD AT % AW B HITEAR O FHIIR> CCD 1 AT % Vo — R
REIMBRAE S AT LOREE, ZhEOMIEZHAS DR/ ULA MAG OB LA EE
PR RO A R R L LT R 2 B BEE s A7 DRUWELIGE, L—Y Rt
& IR-CCD A7 % - [E EELE B e GTAW T AT AOFESE, L —W @5 L DN
KM TFIEEMZ AL 7 e AWEE Y AT O ERGEEE T 72,

LS 71, L — P CO MR eiE B I B W T — P LR IR A IR T 5

CMOS B AZZAf AL, BASEEE, BASEE, BRSETT IMLEZ RO DI AT LB R, B ot
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BRT ~OVEBEFEBRICLOBHYERE 15 mm BAE, BHSCIRHE 3 mm F2EE O FEH IR VIRBA S o
BHIZRBW T2 BIEMEREN B D Z e 2 MR LTz,

Liu & 8%, ¥ =R — VT IR T —IIEBEICB W TORET — L B Z K2 AR CCD I AT %
N=RELFAN T TALNARANATYNEN o T EARR TR B2 7V AT DAL, B
IOV — N eX— R — VAR T T HIE TR B E T D R RE L.

Hong & %1%, MO Ty DIRBER D~ A 7075 X< T — 715 (MPAW)  HHTIATIA A AR
JRERINT HT-OIE T — VOB B Z ST 5/ v T~ A raevartrh—%H
L, PG LI BEE T — VORI 2 )T V2 A LTHIH T2 KEEZR &2 VT2 ]
BGAET VTV X L2 BRFE LA A B LSO BIRZ S DT A—Z 2B LA 7 REE A
RN T VHA DI DT D7 4 — RS 7% 2~ 2 K Baalk ] o B L U T Re 97528 %
PR

RS 0L, AU e AREE S EE BB T, AT TomHARE LFEEH
CMOS HAZHAKTEHE N AT EANBL — VIR A B D5 LIEERRO T — 7B
DB AR CTEHIL, IR LT — @2 LD 2 A0 ER T L — AL —]
1% 100 Hz LL FCThHAHZEZHIBINIL, —MAI72ESEH CMOS 7 A7) i k5 Al gt 2R L
7z

Izutani & E, HEHAYFHRD MAG EHEPICTERSND T m—R— VAR B) A SR E X
FRAA—D L T ALE LR E AT W TRIEEL, 7 —27 N CORRT T4 Rfab Ay B &5
SEDHEERFIL.

BrEVE 2L, REHAT — VB LDERERT HREEESGEL, HMLEO T I XL
ORI DX v T H ALK L HEL, CMOS 1 AT LD iR 8 & i AL BR-F AR 2 O TR
AR E AL, R E OB 2R N E OA L T aE RE=H) T O ATREMEIZ DU
THRFTL, 50 mm FRBR P IS HERR BE DB AR R AT KT L Ch e i B ORIl FTRE CTh D T L2 R
L7z,

BRI, BEERA LT R AT m—R— VR AE BT B LS, SRR (SM400) T 529
FRVHEIC Zn Vo F T I7A~EBATL, MAG WEHERICRAE LT ADRIA S £ B G % i
HAZIZEVBIEEL, 7T —7H FORIEBEBRGEZRZ DTN, AT mEATOT m—R—/1 %
ERRENCA B ChDHEB LT

Wu 5 #/%, GMAW (Gas Metal Arc Welding) C/EE 1 mm O & ¥aHEL7- BRI QR BEEIE
LEIMET=HVT L, M54 (PDD) 38 XUV T ABEE /347 (CFD) ~ZEHR LT T — X715
HENIZ T 7 Vg — VA =y TR - N TR M Do 57 v — T L RO N7 v



— 7 OLFIIBNT 92% D8R AR LT,

Zhu & i3, BB SVE BRI D 2\ HRIMRARTE B Y E Ve R R e AT L& BR L,
TN E AR T DT D T 2 — 78 (LPR) 7 /LA VR AR UEBRIC KO MRGEL 7%
R, WEROFEIT NTY XL ARTEVHHREE LR 2F D, M HHRAZE1X1+0.086 mm LAY
ThoHI LBz

Shao & 0%, > —2AMEAY 0.1 mm RGO —PFIEREIZRBW TG IERE Y — AORHME EfE
ICRSF LT 572012 CCD B AT, TLEU NIy IL UK, 4 DDOL—HF—ARNTAT T ay =y
H— 1 DONFETANA—TRERESNIZE Y ar o YL EG LT LT X LR — A,
T LHUDLE, TERRASZ MV E RIS BGALER T LAY R LA R UERUIAE R,
PIRERR AT 0.005 mm AKiili ThHhDHZEAAEALTZ.

AT R 28 ORI 8 & =B CIE, &5 1, 2SIV AMIG #2817 5 3.2 mm
JE DRI SS41 DYERIOIETIARIES DY 7 EFIBEICBIL T 2 B0 CCD Sy & h A
Z ORI AT O RE TR MG, EHEER, RO @b =2—T7 L Xy N —2% Hn
AL OIR T IA RS EHEE T2 HIEERREL, RIARESOHNDNSLEE —R D7 72 A {#
ATV, BE 7 VTR TEDWEERE R OFHZRL CICHEIc =2 —F L 2y N —27 55
FOT 7oA CHHIEE R

Suga & 183, KEHHAARA~D TIG VATV TR — L DIIR E~HEE, CCD WAT %A
L=a2—F Nk NI — 2% OV CTHAG U B 4 B VR B R it e — RIS B S8, VBT — v
DHEZ FRE I 9 DR AR v b AT DEARRIEEL, TOH AR L.

Zhang & PIE, B AI=a—F/Lxy N —2 (CNN) EE#EEIGEEHL T, oy 7 —278%
BZBITDTNIZVLEBDT 4—T T == T RXR—=ADF T4 TOEIARAR R D K Mot
HHIZOWTREIL, 7— 2 oD FEEBLET 7 — 7 N a A B W T R AR LTS 3
HZETEMGIT T DR SRS EE 3 99.38%D CNN £ 7 /LA 7R LTz,

s 200, e — REE OB 7 E AR LR K ZHE T 5V AT LEEL T HE T
B IA IR =2 —F )L Ry NI —7 D—2Td% ResNet50 23t RVVEZIEZ RLIZZE, Fio
A= Ty T BRIV, TUH Ty NEVE LD B O RITALEE TFIEO B HEIZ OV THERRL,

Y2 B R B IEE S, RRLEICK L CHETHDLZEERLT.

Huang & '/, GMAW (Gas Metal Arc Welding) DI ISHEZ I\ TIEEE T — L O BB HIR
il — VDR ANTA—2 5L, BT SRS UTe T A= 2 DO LA S HT L e —
FIRZTEB AR LT 2% B BRIV RIRET VAL

Yamane b 2(%, 77X~ T —7EEHE (PAW) IZBWT, I — VIl OB HIA =2 —T )V



7 —7 (CNN) A LB ST A= 25 84R L, vy 7 EE) T COREPE T A= O]
HEREL, ZOHMNMEAFBRICIORFELT:.

Xia b B1%, F—AF—/V TIG & HIZ HDR 0 A7 24 LIS~ — /1 &% — 73— L i
OB IRIATF=2—T )V Ry N — 7 (Resnet) 2 ] LIE 72842, IWITTAARR, %D, 0
VMLE T AL, T X By Nk T DB AT LR LT,

Xu b L, PR Y NIBWT, AR T L —ay, R RAIE, A
—ULNTyFR T, WHET VO, OF B omH, KGRI & YA T L 22
FITDONWTEED, BEBRILIET LT XL AT OIS LD, WS, R, V7
WA LRI RERESE R T - ZEAHIL, SBOBETMERLEL, ATV MaaRy
NEEEDNFEBLH RO Z LA TAELT-.

HARD 251, 7~V A MAG ¥4 Tz —fRIERESIES (SS400) DBRSE A LAY 457 D FajEse
BEEHITI T CMOS AT TEAF LIl B R 2 D& 1A T2 =2 —F )L F T —27 (CNN)
D—>Td% ResNet50 ZfEHL, v 7 BB 2 E e — RN H 2B 26 v — M
DEERLRREHEE DA BMEA R LT

D 260, BT RIERERE O > THHL — W HEEI FTHLRER (LUVT) Wit 5K i
O H Bk EALER E DT IR H 1TSS EfficientNetBO, ResNetl8, ResNet34,
ResNet50 #3171, SUS304 FARD EFH T —4% F\W -3 EEEEERIZ XY SoTA E7 /L &b
L, RMaD 7TV 5T T, KNGO O H2 TR 25150, TR ME RIS E
7L IR ChH L LA MR L.

215 3, A BR A A O LIRS T, 7 — 2R BER IR BT DR B O B
%, BIHIAI=2—T )Ry NI —ID—2Th% Resnetl8 & HWTIHER ], [5#5), (A4 ]
D3DDIZALGHEL, HERIEA W5 HIEEMGEL, WUEBESRIEOIRIR 0, RHEH
REDFHIMA FIRES § 2 ZL CREEEIN AR ° B BE B O R E1THOEL IR R L.

Amarnath & /%, 2B a—HXE Va2 H LTz GTAW (2351 D8 HE K it HH -~ IR
L CEHIAHBR=2—TF LRy N —7 (CNN) IZELDRIESSE YV ar b VAT p—~ — & AIA AT
WET DS, SESF RS TOMROMEL ELOMN L.

PERED 208, By RTAVIEEE B8 IRL — &2 TRy R A - L — P VERE L O RSk
B AE 2 J@VAHEC W Tlie— X7 FE 3 CMOS AT EERLIcA A Tk Ae=H) 07
BRI E AW 228 T, B, TR, VA YA SR IR B TRE Th DT
RU, Z4— RSy ZEE IR0 K b~ AR 22 L7z,

B ICIMZ BRI E 50T S22 =) 7B L ERICBEL T, BEL 0%, A8



GTAW ZE{& (R7 VA4, fRFEHR) , iRl GTAW (R FEHMR, 27 L AHR) , Hiib
GMAW (T LI=0 L54r) , BhAL SAW (RS2SR , - BB GMAW (FRSEHiIR) 007 — 7 ¥t
DAV T AR ok SV BRIZDUNT, BB - B - VAR - AR - o — LR TR DAE
TOMRBE R LT CCD WAZ, B, EH~A7n7 4 %A USRS R L 28 a1T -
TAE R, VRBERE IR T 0 B TR R LTI 8 B OB G S L B L TBLN, RARZHIEC LY
BEDWINTE, Bk FORRMEAZ W5 FIEE L CREHENT FIER AR CThHILERL
7o, FIREEET A O HE) GTAW THHEEEE SHHIZ CCD AATIZLDT — 7 IRAED b
BV NEEESET IPA S AT LAOHH EBRAATVRHESAEO RO M E B 22T
THT LR L.

BHERME BT LTI 7RG ELTFHNCBELC, FEIT 3, BEMEIT VA2 A L3
Wis AT DITOWT, IEHEN ORI, WHEEE, WHERESOMEEZTUFL, BRICHT5
TR R D 7= BUE R A S o T L — L L L U B IRBE DR A AV T L2 A
LTRREIL, HEROME R 2 H B2 5 5 iE0B 2 7 LI HFla R LTz, E-E R
LR CHOIEARRBIE T —F N—AE DL TENIE, TI0BOHEE CRIEA SO L
IR AT LDOBHFE N L ENTZ.

Zhang 5 2%, TAR=U AE4ED GTAW ([CBIIDEBWE DOV T VA A LEROT-DIZ, T—
JEITNE BEBARL, FERISEIR ClIy = — 7 Lo by NEBIC LY, BT A—F ~D 7SV A
TEHERL, I EEE Tl Welch 1EICHESWTE B/ AT — AT LB B 23R U
Bdh U R 2B 52 O CABE — RO E R R LIRS, AT IALAR R, RIS,
TIARRIZ I D K e i CEH T LB L7z,

Na b 3%, VEH SAD B ZBE 2 DAL TA L BEAROT, MIG ARy NHOT 27 v~
AT VAEERL, 7 —2 & QR — RO BERIRGHIZID T — 74 A5 5 LB S 2O
DEMRERIGLT 27 N~ A7 T L ADERL L AT MF VA MIG IRBEC BT DR BB & B
B R B A T e E R LT

Yusof & 3%, I 7 v AHNIR L T AR T 57212, APISLXT0 23A 780D MIG #a1%
FHZHUG L7 5 8(E T2 t/b L b 7 —U 284 (HHT) Z W TOTL, Rl IORE FOR
BT ADPMFAET DRI CH BRIV —RIE Y — U am T LA MR L, A T A EBER
Fats S A7 LOBRFEIZ T 53 D Al etk & R LTz,

L ED AT TR EHITIIA L 7 e AE=ZY T TOE=L) T RTINS AV B
THY, EGAE LRV, SOITHRTE CURE 8 2 A LT 0D DA s L
7-.



1.3 ABFEOEEK

ARG SCOBEE LRI LT EL TS,

%1 EIIFEW T, AWFFEOE & AR, BE 2 EATAIEO B R, AFFEORERIZ OV TIR
2.

2 B, ERTFIEOFEM THD, KT HREHORBRIRLEHERERO ik, L
Bas, FRESRIP LR — NABURIR T — 2 OBUS 5 5L R E O Fh 5B L CRILA
5.

% 3 ETIE, B — AR ORI EOHEE I LR 78 o2, A7 —420
AT THLBRES, BBEEEDESR, T8 WMGE 7 ANMURY 3T 57 —FBIRF O A,
T AT =2 LT 7 )V OHEE RS R T VAIZ B L TR 2.

¥ 4 BT, ERERE COFRBRICIVEGLN-T — 2Tk HHE R B O @R 78 T
TNORRIMEH LIz, 7 —Z ORI, RIEFE ONA/R—="FA=F (ma—m 4, [
B, Bt 7 VAR L) DA DT EFEE REE T ANCHER T2 AN 17 —2 0
BREELEBB EHEERE B2 D A RET LIk A L.

%5 ETIE, 54 BICTRBILZRE B T 7 WV ORRRFIELEMMBISI OB TRk S
BHIZOIAT TR T IEEZ ORE R, BEAIRRD.

5 6 T TIL, AWFFE CTROIVAEIRO LD b, FERREZ R T



F2E  EEERGT —ZA Y —FABIRIR T —F DG I

AWFZETITMARE I M SN DB ELD T fikFOK V- 2REEOE —RIVBUE
ROIBIEF LT o Z Ty MGl L, ZDOMDIMBUZIR, fkF, SERIEDNERIAFIET D NER
KMo (T vo—rR—)b, A7 EZAD, WITABARE, MERR, E—FREOEINE) T5REL

7200,

B AU ETIT o T ta BB Tl —F DO LB ONTYA B O 7 — 23R E LT 5 Tl
ELTEY, TNEBEERMEL-5. BT, BE, VA VEGHEITRERMELEDITEEICL
W oERT —2E2T=F) T LEASL.. 2RO KBIRIFEFES. B4 RE —NTIRERSH720
T OFEE TR CERA SO B2 H TR FITINA, B IERIEDBH 2 TRLSE 7 T
S COEYEE G TR 90 DFRBRIAZRUEL, LiRDO T BB LT D L7 — 2 2 5

L7-.
EEEZ ORBRIRKIT ke — AN FHI LY, W — AT O =R oo R % BudS
R BT T 35 EE — RV IR T — 22 R 7.

Pﬂ!

21 KRFETHRBERBREBERMT —F

ABRFECIIAARE IS TSI T DAL O T MEPEFHMx R E L. METREICERL
T, HOPCORBIRMIHIZRESK 5 ecm ORAHTZAT22, FHl 1 SAFONRICEEL T T #k
FABYELUIZ, BWEERBUIEE 2 BTV, 1 E B IEERBUINEOMER OO 5 RO FER A%
L, 2 BEHIE 1 [ HORER CORBRETEDURBRAZ R T 72O EROIEEZ 500mm 235
150mm ~#fi/NL7z 85 RDFET 90 RDFER F 22 LTz, i JH U7 ia BB Eis O TR &~k %
Fig. 2-1 i TNT Table 2-1 12774, $f (% Fig. 2-2 DL —MIR$IE@Y, JIS G3101 SS400 & —

s )7 iAE 2 Al FH LTz fEFIREORR 1% Fig. 2-3 1TR T

WEEEIRIT, A~ OIRZHEETR Welbee Inverter M500 2 L, I8 D/ 3T A—Z 5 HL
54572 Table 2-4 |Z7R” T /T A—=ZDFE=HF) TN A[REZR Welbee SV — AT =)L T 4L 7 E=
X E-2560 YRR —RFwhE K-7231 PC Y 7 U =7 2R 2EIFICEW AT, 58 100 3] (0.01

FOMINRE) O CIABEET, IWHEEE, VA Y EEE 2B, 17 17 O FERENT &I X1s R
FEMNBRH L.

B RBRAR DR E LTI A X5 E IR B2 E i (Are current), 7% EVAETE /L (Arc voltage) , 1A
P2 (Travel speed) , VA7 22 L & (Distance of wire aiming point) , h—F &£ (Torch

9



travel angle) , F—FEh{EF (Torch work angle) 238%. —[a] H ORBRAKEED FRER (K5 OIS
1% Table 2-2, 2 [F] H O Z:{1-% Table 2-3 27”7

Fig. 2-1  Test piece used for the Tee shaped-joint welding.

Table 2-1 Dimension of test pieces (unit in mm)

Dimension of test piece
Number of
tl t2 B1 B2 B3 L
the weld test
1st Welding
5 12 9 500 100 245.5 1000
Test
2nd  Welding
85 12 10 150 100 70 1000
Test

10
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ELEMEET INSPECTION CERTIFICATE

100-3071 HRBT RERAOA—TH 6

REFERENCENo." JEG  -05H24C e HEAD OFFICE T RRINOUCLT i Vooh A0 TOKTO 103 1. Tes
. i 5 3 i
GONTRAGTMNo. * 0-165-K3-1-6-CY02 CUSTOMER °  YUTAKA KOZAI/KANDA “orta anen '1.msnx%suﬁgkéiﬁvﬁ)ﬁz%ﬂgvgﬁuzW.m
2 . REXE B2 E B i W W =
COMMODITY HOT ROLLED STEEL SHEET IN COIL CUSTOMER'S CONTROL No. CEATIFICATE NG, :20K3212607 PAGE ¢ 1E
® [ E J 03- 00
SPECIFICATION * J1S 63101 S5400 DATEOFISSUE  :2020-07-04 194
5 @ .
NOTE :
REES 3l 3R 8 B L L b % # 4% CHEMICALCOMPOSITION %
A B =B INSPECTION No TENSILE TEST = |IMPACT TEST
+ & [o— : e [ EAE | clsi|M|P|s
SIZE QUAN{  Mass L g |2
MM Ty KG CAST No. COIL No. o % | % e [ T |Eem | X100 | x1e0| X100 | x1000f x1000f X100 [ X100 | X100 | X100 | X100
i i N/MM2 | w2 3] |4] ave |EACH .5 Blixss0e] 100n{ <1000 x1000{ 1000 1000
] F09846-1 I i il 1
6. 0X15634XC 16/ 1 24290/ 273331 F09846/ | 280 | 437 30 H 16 2| 44| 10/ 10 1 ]
; [ F07141-1
6. 0X1536XC 17, Z271100| FO7141] 16 280 436 30 16] 1 44 12| 6 b
F09828~1
6.0X1543XC 19) 273331 F09828/ I 280 | 437 |30 16 2 44/ 10/ 10
F09825
9.0X1228XC 28! ZT1186§ F09825 (6 294 | 448 |31 160 1 62( 12 6
E01133-1
12.0X1231XC 37| 251789 E01133/ /6] 322 487 26 170 1) 93| 12| 5
F04982
12.0X1536XC 38| 273130 F04982/ 16| 311 470 28 16 1| 86 15| 8
F03453-1
12.0X2137X¢C 40| 271950 F03453/ |G 300 | 480 29 171 1|89/ 19 6
E01081 |
18.0X1535XC 42| Z51830| E01081] 6| 251 452 34 16 0 88/ 12| 5
TOTAL :
<NOTICE> |
MODIFICATION iT0 ‘OR [UN CER[TIF|ICATTE [I'S
STRICTLY PHOHUBI‘ EID]. NS ON THE JAUTIHENT ICITY|
OF THI'S CERT IF I CATE|, ~MA L.
UsSuITAGJP. NIFP\ONSTEE
BRNOTES|[1] 6.1 A Gagelength A:50mm C:70mm E:80mm G:200mm H:2' 1:8' J5.65/S0 (2] v.n i Yield Ratio R.A:2) Reduction Of Area [£3] A:2f Acoeptable G4 2:25mm 3:33mm 4:3.33mm 5: 5.0mm
6:6.67mm 7:7.5mm 8:6.7mm 9 MM Hol Coil Thickness,Hot Rolled Sheet Thickness [+3] HRB : Rockwell B Scale HRC: Rockwell C Scale HV:Vickers AGS:#— 27#4 b %K Austenite Grain Size FGS: 7x31 k 1& Fenite Grain Size
NMI : 5k& &7t Non Metallic inclusions [ %] P : @44 Product Analysis SH: EMWES Shear Fracture CF:REE®R Crystallinity Fracture LE : Ik Lateral Expansion.
IRENAUBEEORM E LUAME o THES L, TORKEREMRLTL B LEUALET,
T857-0863
e HEAR T = T 1-32% B W S e L SR
A
B TR AN SRR
Pt AT ol Dt R
OHID L AR KYUSHU WORKS

194 4 03- 00 374

Fig. 2-2 Mill (inspection) certificate of test pieces

Fig. 2-3 Horizontal fillet weld test
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Distance of wire
aiming point

Torch travel angle

()

Fig. 2-4 Definition of welding position.

Table 2-2 Welding condition of 1 welding test

W=

(+)

Ty Weldlng direction

Distance
Torch Torch
Arc Arc Travel | of wire wire Gas
travel work
No. current | voltage speed aiming Extension | flow
angle angle
[A] [V] [cm/min] | point [mm] [L/min]
[deg.] [deg.]
[mm]
1 200 35 20 0 0 40 25 30
2 200 25 20 3 0 40 25 30
3 200 35 40 0 0 40 25 30
4 350 35 40 0 0 40 25 30
5 350 35 40 0 -20 40 25 30
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Table 2-3 Welding condition of 2™ welding test

Distance
Torch Torch
Arc Arc Travel of wire wire Gas
travel work
No. current | voltage speed aiming Extension | flow
angle angle
[A] [V] [cm/min] | point [mm] [L/min]

- [deg.] [deg.]
1 250 25 20 0 0 40 25 30
2 350 25 20 0 0 40 25 30
3 250 35 20 0 0 40 25 30
4 350 35 20 0 0 40 25 30
5 250 25 40 0 0 40 25 30
6 350 25 40 0 0 40 25 30
7 250 25 20 3 0 40 25 30
8 350 25 20 3 0 40 25 30
9 250 35 40 0 0 40 25 30
10 350 35 40 0 0 40 25 30
11 250 35 20 3 0 40 25 30
12 350 35 20 3 0 40 25 30
13 250 25 40 3 0 40 25 30
14 350 25 40 3 0 40 25 30
15 250 35 40 3 0 40 25 30
16 350 35 40 3 0 40 25 30
17 350 35 20 0 20 40 25 30
18 350 35 40 0 20 40 25 30
19 350 35 20 0 -20 40 25 30
20 350 35 40 0 -20 40 25 30
21 200 35 20 0 0 40 25 30
22 200 25 20 3 0 40 25 30
23 200 35 40 0 0 40 25 30
24 350 35 40 0 0 40 25 30
25 350 35 40 0 -20 40 25 30
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2.2 BEE—FABIERT —Z0EE

221 Rl —YVENMNFERWZHIE

KWFZEDR G THL T fhFOE—RABIANIE T DICHT=0, HIEREIL 1S05817:2023 °H
ARSI TARERS FEEAEYE (JSQS) 3D T & 1y hOFFAMEZZ B, 0.1 mm L0 & K5 EE O JIE K
ENLETHLHEEZ . MERMIZEAL TP EZ T OEL TER, it~z Zi 20
mm OFPAIIEEE —RRHL LA E L.

FITARMFIETIE, ERROBEMHEE R T 5% — =0 248 ZRocL — AR ER (LI-
V7200%) DL —H K Fig. 2-5, RENISHAW @ Tonic TI00xRGSZ V=7 T a—% L AT LE
FOVRGSZ20 A7 —/V 3Fig. 2-6 ZAll G o #aEAT 7 Mo U TR — 72 FEAE R (0.2 mm)
ERFOREE — R O 7 07 7 A VD, ZRTHERET — 4 (CSV B ZHfG L7, Fig. 2-7 12l
ERFORR T2 . JERRIL PSS A THIRFTHZLATE, KEYENCE Y7 h LJ-
Navigator2 £7zi3 LI-Observer (2T =Rt Ht4 (Fig. 2-8) it 5N TED.

Fig. 2-5 KEYENCE sensor head LJ-V72003¢

Fig. 2-6 RENISHAW T100x RGSZ linear encoder system?®’
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Fig. 2-8 3D image of measured data by LJ-Navigator2
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2.2.2 U NAMERES HOWEREY — B R T —F O

AWFIE T, IR &7 % 710 b (Fig. 2-9) OVREERR IR 7o iy i iR e — RV kT
—ZEUTHI Uz, R AN R IS OIREEAAR NS, 7o 2 0y MNIS R R AL
BAFEEDER LD R G THLHEBITREFITRE AR5 L TEERIAALLT, ISQS < ISO
5817 2 CITFFRMENSHUESILTCOAIE H THY, EMBLIGICB W THIKBAETHIX B THS.

Depth of undercut (Vertical Plate)

l Leg length (Vertical plate)

Depth of undercut = —
—Y (Main plate) | T

. Leg length (Main Plate)

Fig. 2-9 Definition of weld bead shape

2.2.2.1 THAGFLIZEEHEY — NIIRD ZIRGCEIE T — Z A R0T 5 91y NES TR & DY e
—RABIGIRT —H BB 27 0l T L EAER LT, HEE I T DAy H IR E DT —4
WL EDOAELZIRNT 0T T DT DUERGD . LU AR CIER LT 7 0l T DT — 2 JLER
FIECOWTER RS, 22385, EHRADTFIECHOWTER TV, HEFRAG FREDFETIT.

BERE O FEUE, R — P EALEFCEUGF L 0.2 mm FFEOVERE — R L CEE S5 1m0
Wit 2 WRoTT —2 0D EBGIEUERR, Vs ki, e — ROV (ME, 722 1ok OlE
FeCRD, VEBET 1A O FERE XU L2 Wi 7 — X ONEFIZHEV 0.2 mm [EIFE CME L/ EELT-.
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EHGELERR AR DD
1. 2221 Tz ZRoc—PEMEHCHIE L7 iaHe — R oW Lo miffa s
T2.
2. WE MDD 10 AR U 31k AW CIEEIE AR ST CUELRO x #his
oA EEZFHET 5. (Fig. 2-10 ).

(@ Approximate straight line by
the least-squares method. __

of (D Select 10 points from the . 7
edges of the measurement B ,"
points "

(3) the angle of the x-axis
to the approximate
straight line

Fig. 2-10 Calculation of the angle between the approximate straight line and the x-axis
at 10 points.

3. —RTORETOLRNRLREONAETHRDIKL, KITPIERE x B354 5
ZRDHD. (Fig. 2-11 &)

(D Shifting one point at a
time

(@) Approximate straight line by
the least-squares method.

(3 the angle of the x-axis
9.+ to the approximate
2 straight line

X-axis

Repeat until the last point, shifting one point at a time, finding each approximate
curve and its angle with respect to the x-axis.

Fig. 2-11 Sequentially calculate the angle between the approximate straight line and

the x-axis at 10 points, shifting one point at a time.
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4.

ROTZETOMEDIS, AR D220 SR ET — 2 THERN SN DA ET — X DIE
FEAiZ TR, RAEEO X275, (Fig. 2-12 &)

160

140 - Histogram of the angle
between the approximate

120 b curve and the x-axis.

100

80 L
Mode
60 L
40 L
20 +
0 | E— —
=30 =20 -10 0

Fig. 2-12 Frequency distribution and mode of angular data consisting of half of the

point cloud data on the vertical plate side.

ELITHRHEO XKW OT —2 DO SfEZFREL, kDB LML ML,
INE RO FEREA 1235, (Fig. 2-13 /)

| Filtered Vertical Plate Data Histogram
L§

Calculating the
median from N

mode data

¢ -45 448 ":lﬁ 444 -442 44 438 436 -434 432 -4
Median
—Reference angle of the vertical plate

Fig. 2-13 Definition of ‘reference angle of the vertical plate’.
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6. THEM DO ELYER B ) IZHL T, 9010 deg. DFIFAIC AD T EARZHE K 54 TD
W 2 AR A S LT 7%, (Fig. 2-14 /)

50 -

45+

40 -

35

30

25

20 r

All measurement points that form an
approximate straight line within 90 =
10 [deg] of the ‘reference angle of

the vertical plate’.

Fig. 2-14  Candidate points of main plate

7. HHEHSHZRIE UKL T S AMEE T (Turkey @ Biweight V5 %) 2T, 4R
DT IERR AR DD, 2D L& /N R IETRDH% [ ETRIEMR ORI y 47
M OREREE L7z, FEEAMFTE 2 mm INO 520 R ELT, 2mm A2 25 I3 EH
HE 0 LU TRV 5. (Fig. 2-15 2

Set the weight to zero.

=

5 10 15 0 25 30 3 4 4 50 5 Approximate straight line by the

X

least-squares method.

Fig. 2-15 Thresholds and weights for the distance between each point and the

approximate line used in the robust estimation method.
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8. MEHRH FARD FNAZATHER DI E#RZ KD 5.

LI EDFNET, Wriki o AR EMER DIl iz K7z,

WIZ, Fig. 2-16 IZBIR T DR O mEEHEE — RO R A 205 5 (JISZ3001) | ThHHEREIE
iz RO FNATRD 5.

Fig. 2-16 Weld toe

1. fERDDEOEOEROUESPLAFE 10 AT Oy Ty L, Evr7y 7 s
M RO ISR A /N SRIEICIORD .

2. ROTEEIEAZDOWNT, BLFERD 5.
OUTLEARE 11 B D EDIERE d; (Fig. 2-17 )

Fig. 2-17 Distance d; between the approximate straight line and the 11th point.
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@4 HEENT-UTLEARR (5 SENS 13 S H TESNZTEIERR) L0 -, (Fig.
2-18 2 R)

@
QO
R

Fig. 2-18 Angle 6, with the approximate straight line 4 points away (points 11 to 14).

@ D TR LM ED B dy_mp, do_vp (Fig. 2-19 )

Calculate the distance from the main plate and the
distance from the vertical plate for each point

Fig. 2-19 Distance between the main plate and the vertical plate at each point

dy_mp, dn_vp.
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@EROIT LB/ T A0, [deg] (Fig. 2-20 £:[f)

Fig. 2-20 Angle 64 with the approximate straight line of the main plate.

3. DA NAm o R AR P L S Al R e D
@ d;>0.1 mm A3,
@ 6,>1° 1o,
@ 1<dy_vp<20mm 7>, -1 <d, mp <1 mm(Fig. 2-21 Z}&)

Search area

Fig. 2-21 Search area of the welding toe.
mo,

@ abs(8,) < 10 [deg.]
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4. 3.CROTIEHE LS EEAT R O T ERED BEED b /NSO R AR B LR 55,
ERLFMEIC IR R L A PRIR LT

I W DR — R AVBU IR T — 2 THEHT 2 o MRS, HEZ R 5.

T U T MESIIRE TR 4 mm LUINO SR EZ T 7 Iy Ml Uiz, LT, Tu A7
o MER & ERETNIHER O ITELE RSO M2 F L, e/ IMEZ T > & B MESE LT (Fig.
2-22 &08) .

a1e|d |eolIaA

approximate
straight line

Depth of undercu:t:I:____ ] Main plate

Fig. 2-22 Definition of undercut depth for main plate.

R ERDOGE, HEROITIERRE RO om0 HREEL Lz (Fig. 2-23 Z2).

aul 1q8!_e_us
alewixoidde

ale|d |ealjiap

\ ‘Weld toe

Main plate

|
‘
* >

Leg length
Fig. 2-23 Definition of leg length for main plate.
LLEIZRD, ZRoe— P EALEHT TRIE LIS Wi OB — R & 18k, itz & 2o oD

VEREDHIRIE B A DMIR LT 2 Ty MES &SR T2
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BIE  REFEETVOREFE

30 BREFEOHME

V)& % (Deep Learning) 1, ARIDIMOMREHILO AR AL 72 2 @G 2 R D= —
TN T =7 % AT, AT =2 B e 8 — ORI B B8 T 580 T s,
VLA, FRICEHE R0 A 3R, HARAS B VS0 BT, RO FiEE2 ST
HEZRLTHRY, EXREFNTHAISHSN TN,

—a—I Ny N —20%, ANJE, PiE GEAUE), BROH I E SR D EEE RS
THEY, FBIUIEBEDO=2—a o BEEND. ANBIZET MCEZONET — 252 T bk
B, BAEEH I EIZEOT — 25 L. BhVEEH I EICh K =a—n
VIIANMEICEAE L, SHITAAT AEMNZIAEIIHRIEOEFE (LB E AT 52 TH
IMEZEFHEL, TNEROBE~MEET S, ZORBORAERIZEY, BHERBIRIEDZE 8
TR OO 2N W RS 725

S FEBRIC BT D E RO E BRI, WHie — AN IR E DT — 2 2R E 7 H e 7
NDOFE LT INAETHIDITIN T U T —H O e R E | LT 5. TR H I Ox5:
ELTEWRHSEZ T H A ERL, HIIERICR A 52 DB E T ER LT 5. K
FFRIZIBNTI, R I m 7 DR U7 A R R AR A L, VB R E7m13 7
B Iy NESZ HIERET AR HET VOB EIT . IEEFB O LRI, ABNIC
R 2170, 7 — 2 E&ERZOEATHEW THIEREZ B TXL R THD. R TI,
FHER 1 7 i L 7o 2R ST DR B A WO T2, HERD FIETITEL ORI O S0
KBGO E A ZHIZ A EEEAHZEEI-> TS,

ZITU, HURE R T T IV ORE SRR OERUITIEIC W THBT T 5.

N

3.1.1 EEEEHETVORE

A 52T O BB SR IZ I BUE MY 7+ =7 MATLAB (R2022a version) @ Deep
Learning Toolbox ¥IZFEESIN TS fitnet ZFIHL, AN ENRIEN =2 —F /L Ry T
— VML, ETe, DL N ISR~ FE 7 VEREIL, BEARRIC MATLAB OHIMIEREL
L.

fitnet 2 L7- %y NI — 23 E&/EA RV NI —7THY, Xy T =T DX EDOT X THD=2—
By, WOBOT R CO=a—ar LEASN TSRy N —7Thd. Ty T —212k-> Tl
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B D=2 — v BT RIRD T —Ab 55705, AL TSR EHT-VD=a—m BUIFTEL T
5.

TEMEALBIERCI, BaUE TR IESE 7B A MRS (tanh B350, 1@ CHUBARERS
AL, @B LT D ERNEFED—>THS Dropout & JEDH N A ERLLF
#2242 E L& E % Batch Normalization (34# Ft3°, Nguyen-Widrow /& #1371V X L 9%
AL TRy N =220 Hb L. £/ BRI ) R =2 LTz

BEADOFHHETFIETHLFE BT MATLAB I27 74 /LN CEIESH TS 12 FEEO R
WALT VTR LT,

ZIHD MATLAB IZ31F 5 BARM 71572818, MATLAB v =27 VRl 5SRO L.

Table 3-1 Optimization algorithm in MATLAB deep learning toolbox.

No. English name Japanese name Function name

1 Levenberg-Marquardt LR R—7 2L — ME trainlm
backpropagation

2 Bayesian regularization ~A XIEANE trainbr
backpropagation

3 BFGS quasi-Newton method BFGS #=o— ik trainbfg

4 Resilient backpropagation MR RS trainrp

5 Scaled conjugate gradient A=V v 7 I A EE trainscg
backpropagation

6 Conjugate gradient Powell - Beale U A& — M &3k traincgb
backpropagation with Powell- B ABLIE
Beale restarts collapse

7 Conjugate gradient Fletcher - Powell H:45 Ak traincgf
backpropagation with Fletcher-
Reeves updates

8 Conjugate gradient Polak - Ribiére A% AJfdE traincgp
backpropagation with Polak-
Ribiére updates

9 One-step secant backpropagation | 1 A7 v 7E#R{% trainoss
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10 Gradient descent with F— A UK LNEAF & AR A traingdm
momentum backpropagation

11 Gradient descent with AR SR AR E T A traingdx
momentum and adaptive WIS FEBEEFER L-E— A
learning rate backpropagation LA & AERE TIEOT R

12 Gradient descent AEETE traingd
backpropagation

12 T D e b7 VY X LD ERIME IS,

SRR, P AV a— )b, Epoch {1 HHI0/2E D

BEN fitnet DREEMEZE AL TWD. £ LD T NATY X LORBEEEZ L TR .

Table 3-2 Levenberg-Marquardt backpropagation*?

Function name in MATLAB trainlm
Ttem Default value Explanation
net.trainParam.epochs 1000 Maximum number of epochs to train
net.trainParam.goal 0 Performance goal.
net.trainParam.max_fail 6 Maximum validation failures.
net.trainParam.min_grad 1.00E-07 Minimum performance gradient.
net.trainParam.mu 0.001 Initial mu.
net.trainParam.mu_dec 0.1 Decrease factor for mu.
net.trainParam.mu_inc 10 Increase factor for mu.
net.trainParam.mu_max 1.00E+10 Maximum value for mu.
net.trainParam.show 25 Epochs between displays (NaN for no
displays).
net.trainParam.showCommandLine FALSE Generate command-line output.
net.trainParam.showWindow TRUE Show training GUI.
net.trainParam.time inf Maximum time to train in seconds.
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Table 3-3 Bayesian regularization backpropagation®?

Function name in MATLAB trainbr

Item Default value Explanation
net.trainParam.epochs 1000 Maximum number of epochs to train.
net.trainParam.goal 0 Performance goal.
net.trainParam.mu 0.005 Marquardt adjustment parameter.
net.trainParam.mu_dec 0.1 Decrease factor for mu.
net.trainParam.mu_inc 10 Increase factor for mu.
net.trainParam.mu_max 1.00E+10 Maximum value for mu.
net.trainParam.max_fail inf Maximum validation failures.
net.trainParam.min_grad 1.00E-07 Minimum performance gradient.
net.trainParam.show 25 Epochs between displays (NaN for no

displays).

net.trainParam.showComman | FALSE Generate command-line output.
dLine
net.trainParam.showWindow TRUE Show training GUI.
net.trainParam.time inf Maximum time to train in seconds.
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Table 3-4 BFGS quasi-Newton method**

Function name in MATLAB trainbfg

Item Default value Explanation

net.trainParam.epochs 1000 Maximum number of epochs to train.

net.trainParam.showWindow TRUE Show training GUI.

net.trainParam.show 25 Epochs between displays (NaN for no
displays).

net.trainParam.showCommandLine | FALSE Generate command-line output.

net.trainParam.goal 0 Performance goal.

net.trainParam.time inf Maximum time to train in seconds.

net.trainParam.min_grad 1.00E-06 Minimum performance gradient.

net.trainParam.max_fail 6 Maximum validation failures.

net.trainParam.searchFcn 'srchbac' Name of line search routine to use.

net.trainParam.scal_tol 20 Divide into delta to determine tolerance
for linear search.

net.trainParam.alpha 0.001 Scale factor that determines sufficient
reduction in perf.

net.trainParam.beta 0.1 Scale factor that determines sufficiently
large step size.

net.trainParam.delta 0.01 Initial step size in interval location step.

net.trainParam.gama 0.1 Parameter to avoid small reductions in
performance, usually set to 0.1 (see
srch_cha).

net.trainParam.low_lim 0.1 Lower limit on change in step size.

net.trainParam.up_lim 0.5 Upper limit on change in step size.

net.trainParam.maxstep 100 Maximum step length.

net.trainParam.minstep 1.00E-06 Minimum step length.

net.trainParam.bmax 26 Maximum step size.
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net.trainParam.batch_frag

In case of multiple batches, they are
considered independent. Any nonzero value
implies a fragmented batch, so the final layer’

s conditions of a previous trained epoch are

used as initial conditions for the next epoch.

Table 3-5 Resilient backpropagation*

Function name in MATLAB trainrp
Item Default value Explanation
net.trainParam.epochs 1000 Maximum number of epochs to train.
net.trainParam.show 25 Epochs between displays (NaN for no
displays).
net.trainParam.showCommandLine | FALSE Generate command-line output.
net.trainParam.showWindow TRUE Show training GUI.
net.trainParam.goal 0 Performance goal.
net.trainParam.time inf Maximum time to train in seconds.
net.trainParam.min_grad 1.00E-05 Minimum performance gradient.
net.trainParam.max_fail 6 Maximum validation failures.
net.trainParam.lr 0.01 Learning rate. T
net.trainParam.delt_inc 1.2 Increment to weight change.
net.trainParam.delt_dec 0.5 Decrement to weight change.
net.trainParam.delta0 0.07 Initial weight change.
net.trainParam.deltamax 50 Maximum weight change.
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Table 3-6 Scaled conjugate gradient backpropagation*

Function name in MATLAB trainscg

Item Default value Explanation

net.trainParam.epochs 1000 Maximum number of epochs to train.

net.trainParam.show 25 Epochs between displays (NaN for no
displays).

net.trainParam.showCommandLine | FALSE Generate command-line output.

net.trainParam.showWindow TRUE Show training GUI.

net.trainParam.goal 0 Performance goal.

net.trainParam.time inf Maximum time to train in seconds.

net.trainParam.min_grad 1.00E-06 Minimum performance gradient.

net.trainParam.max_fail 6 Maximum validation failures.

net.trainParam.mu 0.005 Marquardt adjustment parameter. T

net.trainParam.sigma 5.00E-05 Determine change in weight for second
derivative approximation.

net.trainParam.lambda 5.00E-07 Parameter for regulating the

indefiniteness of the Hessian.
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Table 3-7 Conjugate gradient backpropagation with Powell-Beale restarts collapse*’

Function name in MATLAB traincgb

Item Default value Explanation

net.trainParam.epochs 1000 Maximum number of epochs to train

net.trainParam.show 25 Epochs between displays (NaN for no
displays)

net.trainParam.showCommandLine | FALSE Generate command-line output

net.trainParam.showWindow TRUE Show training GUI

net.trainParam.goal 0 Performance goal

net.trainParam.time inf Maximum time to train in seconds

net.trainParam.min_grad 1.00E-10 Minimum performance gradient

net.trainParam.max_fail 6 Maximum validation failures

net.trainParam.searchFcn 'srchcha’ Name of line search routine to use

net.trainParam.scal_tol 20 Divide into delta to determine tolerance
for linearsearch.

net.trainParam.alpha 0.001 Scale factor that determines sufficient
reduction inperf

net.trainParam.beta 0.1 Scale factor that determines sufficiently
large step size

net.trainParam.delta 0.01 Initial step size in interval location step

net.trainParam.gama 0.1 Parameter to avoid small reductions in
performance, usually set to00.1(see
srch_cha)

net.trainParam.low_lim 0.1 Lower limit on change in step size

net.trainParam.up_lim 0.5 Upper limit on change in step size

net.trainParam.maxstep 100 Maximum step length

net.trainParam.minstep 1.00E-06 Minimum step length

net.trainParam.bmax 26 Maximum step size
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Table 3-8 Conjugate gradient backpropagation with Fletcher-Reeves updates*®

Function name in MATLAB traincgf

Item Default value Explanation

net.trainParam.epochs 1000 Maximum number of epochs to train

net.trainParam.show 25 Epochs between displays (NaN for no
displays)

net.trainParam.showCommandLine | FALSE Generate command-line output

net.trainParam.showWindow TRUE Show training GUI

net.trainParam.goal 0 Performance goal

net.trainParam.time inf Maximum time to train in seconds

net.trainParam.min_grad 1.00E-10 Minimum performance gradient

net.trainParam.max_fail 6 Maximum validation failures

net.trainParam.searchFcn 'srchcha’ Name of line search routine to use

net.trainParam.scal_tol 20 Divide into delta to determine tolerance
for linearsearch.

net.trainParam.alpha 0.001 Scale factor that determines sufficient
reduction inperf

net.trainParam.beta 0.1 Scale factor that determines sufficiently
large step size

net.trainParam.delta 0.01 Initial step size in interval location step

net.trainParam.gama 0.1 Parameter to avoid small reductions in
performance, usually set to00.1(see
srch_cha)

net.trainParam.low_lim 0.1 Lower limit on change in step size

net.trainParam.up_lim 0.5 Upper limit on change in step size

net.trainParam.maxstep 100 Maximum step length

net.trainParam.minstep 1.00E-06 Minimum step length

net.trainParam.bmax 26 Maximum step size
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Table 3-9 Conjugate gradient backpropagation with Polak-Ribiére updates*’

Function name in MATLAB traincegp

Item Default value Explanation

net.trainParam.epochs 1000 Maximum number of epochs to train

net.trainParam.show 25 Epochs between displays (NaN for no
displays)

net.trainParam.showCommandLine | FALSE Generate command-line output

net.trainParam.showWindow TRUE Show training GUI

net.trainParam.goal 0 Performance goal

net.trainParam.time inf Maximum time to train in seconds

net.trainParam.min_grad 1.00E-10 Minimum performance gradient

net.trainParam.max_fail 6 Maximum validation failures

net.trainParam.searchFcn 'srchcha’ Name of line search routine to use

net.trainParam.scal_tol 20 Divide into delta to determine tolerance
for linearsearch.

net.trainParam.alpha 0.001 Scale factor that determines sufficient
reduction inperf

net.trainParam.beta 0.1 Scale factor that determines sufficiently
large step size

net.trainParam.delta 0.01 Initial step size in interval location step

net.trainParam.gama 0.1 Parameter to avoid small reductions in
performance, usually set to00.1(see
srch_cha)

net.trainParam.low_lim 0.1 Lower limit on change in step size

net.trainParam.up_lim 0.5 Upper limit on change in step size

net.trainParam.maxstep 100 Maximum step length

net.trainParam.minstep 1.00E-06 Minimum step length

net.trainParam.bmax 26 Maximum step size
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Table 3-10 One-step secant backpropagation™

Function name in MATLAB trainoss

Item Default value Explanation

net.trainParam.epochs 1000 Maximum number of epochs to train

net.trainParam.goal 0 Performance goal

net.trainParam.max_fail 6 Maximum validation failures

net.trainParam.min_grad 1.00E-10 Minimum performance gradient

net.trainParam.searchFcn 'srchbac' Name of line search routine to use

net.trainParam.show 25 Epochs between displays (NaN for no
displays)

net.trainParam.showCommandLine | FALSE Generate command-line output

net.trainParam.showWindow TRUE Show training GUI

net.trainParam.time inf Maximum time to train in seconds

net.trainParam.scal_tol 20 Divide into delta to determine tolerance

for linearsearch.

net.trainParam.alpha 0.001 Scale factor that determines sufficient
reduction inperf

net.trainParam.beta 0.1 Scale factor that determines sufficiently
large step size

net.trainParam.delta 0.01 Initial step size in interval location step

net.trainParam.gama 0.1 Parameter to avoid small reductions in
performance, usually set t00.1(see
srch_cha)

net.trainParam.low_lim 0.1 Lower limit on change in step size

net.trainParam.up_lim 0.5 Upper limit on change in step size

net.trainParam.maxstep 100 Maximum step length

net.trainParam.minstep 1.00E-06 Minimum step length

net.trainParam.bmax 26 Maximum step size
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Table 3-11 Gradient descent with momentum backpropagation®'

Function name in MATLAB traingdm

Item Default value Explanation
net.trainParam.epochs 1000 Maximum number of epochs to train
net.trainParam.goal 0 Performance goal
net.trainParam.lr 0.01 Learning rate
net.trainParam.max_fail 6 Maximum validation failures
net.trainParam.mc 0.9 Momentum constant
net.trainParam.min_grad 1.00E-05 Minimum performance gradient
net.trainParam.show 25 Epochs between showing progress
net.trainParam.showCommandLine | FALSE Generate command-line output
net.trainParam.showWindow TRUE Show training GUI
net.trainParam.time inf Maximum time to train in seconds
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Table 3-12 Gradient descent with momentum and adaptive learning rate backpropagation>?

Function name in MATLAB traingdx

Item Default value Explanation

net.trainParam.epochs 1000 Maximum number of epochs to train.

net.trainParam.goal 0 Performance goal.

net.trainParam.lr 0.01 Learning rate.

net.trainParam.lr_inc 1.05 Ratio to increase learning rate.

net.trainParam.lr_dec 0.7 Ratio to decrease learning rate.

net.trainParam.max_fail 6 Maximum validation failures.

net.trainParam.max_perf_inc 1.04 Maximum performance increase.

net.trainParam.mc 0.9 Momentum constant.

net.trainParam.min_grad 1.00E-05 Minimum performance gradient.

net.trainParam.show 25 Epochs between displays (NaN for no
displays).

net.trainParam.showCommandLine | FALSE Generate command-line output.

net.trainParam.showWindow TRUE Show training GUI.

net.trainParam.time inf Maximum time to train in seconds.

Table 3-13 Gradient descent backpropagation™

Function name in MATLAB traingd

Item Default value Explanation

net.trainParam.epochs 1000 Maximum number of epochs to train.

net.trainParam.goal 0 Performance goal.

net.trainParam.showCommandLine | FALSE Generate command-line output.

net.trainParam.showWindow TRUE Show training GUI.

net.trainParam.lr 0.01 Learning rate.

net.trainParam.max_fail 6 Maximum validation failures.

net.trainParam.min_grad 1.00E-05 Minimum performance gradient.

net.trainParam.show 25 Epochs between displays (NaN for no
displays).

net.trainParam.time inf Maximum time to train in seconds.
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3.1.2 FHEEDVERK

32 B CRHIAT DA > CRYIGNI- BT — 4% AT, s EOMBZ21To7-. 91D,
BN L UTVR B OIS DND 3 DORSRYIT —4 (FBif, BT, VA Y&kl E) ZXig, F
Y, FEVENR 72, JQBE, TREE, UMl foRME, f/ME, PO EDSEAME, B E DR ER 7,
WO MEDIREE, BRI EDEEE, WO EO T RAE, D e RAE, PO EDfe/IME, BRI,
T —7{ERERED 16 MHEOFKHEAZFHEL, ZHUCE->T 48 WITORBENIMLERER TS
(Table 3-14). MNA T, BEEFRMFLL TEBOEE, JHVMLE, M—F A, JH A (IA), UAP5Es
MU, o — /LR AR (Table 3-15) 25, G T 54 IRTTOFHEEST M ETERLT .

BRIE BTN TE, ATMERELL VRS TSNS ZER O TNDD, RS
(ZRITDEE SR 1 SORMBRAEO P TIIEEME THLHDD,  Table 2-2, Table 2-3 (-3 K
NCHRBRIR B IR A B AR IR LA LS ETWDI20), BMERICEERS LK UM L
LCERALE. 72, BRABORME CTHIMRIIERT —FNOVIME, T4y NIET —
HNO IR A A LTz,

Table 3-14 Statistics within the frame of the monitored variable conditions

(current, voltage and wire feed rate)

1 Mean value

2 | Standard deviation

3 | kurtosis

4 | Skewness

5 | Median value

6 | Maximum value
7

Minimum value

8 | Mean value of the derivative

9 | Standard deviation of the derivative value

10 | Peak value of the derivative value

11 | Skewness of the derivative value

12 | Median value of the derivative

13 | Maximum value of the derivative

14 | Minimum value of the derivative
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15 | Percentage of short-circuits

16 | Percentage of arc loss

Table 3-15 Set values for each test piece of fixed conditions

1 | Travel speed [cm/min]

Distance of wire aiming point [mm]

Torch travel angle [deg.]

wire Extension [mm]

2
3
4 | Torch work angle [deg.]
5
6

Gas flow [L/min]

32 HEFFEETNVOFEBRUOFTHMIERT57 —F 2y bOER T

AWFZE UL, WO a7 ICE ENDEMOEE, VA VISR HRERE ORERS|T — 4%
AWT, BB ER DR MRS E ChHOMR LT X Ty N HEET 5.

BIZITRAM T A2 L, B E DR RIT — X DARROMMEHERN T 556, REFEET L
DFEBNANEHESNDFEE T —HIBRERINT — 2 DIBIEO DK T0%ETOT —H T, FEHL
T2 T ICK L TRIEZEDRWEED (] 30%) DT — X% L CHEER A5+ 52 08—
RETHD. DFED, —DORERERY|T — 2% T — 2T ANT — 28T HFIEEZ R
5.

— 5T, AW TR B WSRO a7 7 — 22 G $572018, £ 1
m OFRERIEA~DOWEHEZE 90 [F#DIKL TELDOT —FZEFL T\D. 7 —Z DR EEL TEZ W
HLOD, RERSIT — 2L TR EE, R BRIKDORERST — 2132 B LR ICHEShZb
DTHDIZ, 90 [E15r OIRERFNT — 2 %20 F E R dh 7 I EAE L CRE e —DDORRYIT
—H LB LIRS, Bl 2L, KRBT —H TR MR O R B R T
B, BIEMEDEEESN D, LA RBRIROR R T — & 2R dh 7 I SE R L CR& R —
DORERFNT —H LU THEO ST HE, TH) 1 m OFRBEEICEREENRESET T 52—

40



RO EWVIFRSTe T — A DOREA FE L CLEIRNA DD, BLIETIL, | m B2 DEHITE
WP CIXYSTVENZHY, TA T2V E DIHNT 20 m R HEHELHLHT-0, @l T —4t&y
M HETLUNENRDD.

K BREEECHNDND T — 7 TR R E RN A S ZE TR 2L T
W5, EDT=0, IREHLSCZ D% ORBE — R OIRIC -2 2 BN RKRE O OIZEIT O EIRCE
JEDWERYNT — 2 THDHEAGE N Tlz. TD728, iBEO ROV OME A 728 % %8 § 505
PEIT/NEL, L LABEED T =2 %o THEE T 0B 7 E 7 VA ER T 2008 I ThHoH L
Bz

IR RANT —Z DFFHTIZ I T, ZDRIIDDOREEE D @ ORI E O 21T) 2 LI T H B 2R
Tho. Frlo, WREFEE AWERRET — 2008 Tk, BRI A7 B0 B
M FEL 72D ZEN . ZORBEIZRILT 5780, RIFFE T, BEORRYT —Z DAL T;
BERRIL, ZOHBIFFARIZ KOS FIEL BN,

—RIZRRE R AN T — 2 OfHT i L TE, YL h=a—F/L Ry U —7 (RNN) #R &4
HIFLEE (LSTM) 3728 ORI ET VA 320515, SHICH CEIFET L SRBEN LA ET
IV STENSTARTRIZSFEFHOTIENR T A, RNN X° LSTM 1, 7 —Z ORI RFRfRE
RADDIENTODN, FEICEZOFAZRLET HIENRETHL. /e, RHROT —
AR T ABIE RN A LT, BT VOREENBRbNLZ NS S, A CHlF
FBT NRBENNIET I T IIVTIERISE G 1208, BHERIERIEBMR 2B 2 DITIT RIS
H5.

AHFFETIX, BERINT — 2% [EE SN R R XD, RN CHRETIR M ELFE
TOFELHEAL. ZOFEL, DR OT —2 2/ NS5 (FEIT) I FIL, 22 hoEN
T, R, BeKAE, FoIMBEE W SToRE R EL TRIE - E 7 /WIZAT) 3%, RNN ° LSTM &
HE LT, [ E R OZ VIS A SIARLA R 7 AR RE LRV IS Th D70, RHIM D
KR T — 2Tk L ChH AR RS E E 2. WICE 2L, BICHEIT D HETRRYT
—ZDEMIZMEN 2T T HZENHL A0, Bk OBOIERSCE D% O — R h
R DN RENDITEL DR DT —H ThHEWHGEN DT H LR NEE 2 7.

ZOIDNTEITHFIL TEONHFT BEREFE T T VOMAEREL TR 224 T, K
RINT =2 DFERBITLABIEEMEZ M A >, BERFHEAET VIR 5L
REL72D.
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321 BOESE

LI, Fig. 3-1 IR IO VRFEUR A TR BT 7 NS> C— B BB S LIS K)o 7o iR ) &
EFTD. BRES FL IIBOBEEEITHMOWEE, BBENE Fs (XM 5 2 ORI
TofREENEhET. B21E, Fig 3-1 ® EXTIE FL=20mm, Fs=20mm %, FXTIEF,
=20 mm, Fs=4mm /<L TC5.

Lv.w
. Frame Lengthc 20 Frame Shift: 20

+ -

i
i
i
1
[l
]
v
L

i
i
i
i
i

il
1

Frame 1 ; : . ;[mm]
Frame 2 | i E
Frame 3 | | E
Frame 4 | |
Lv.w
o Frame Lemgthc 20 Frame Shift- 4
- il b
Frame 1| | ; i . i . x [mm]
Frame 2 | I A -
Frame 3 | i i i ' i
Frame 4 | ] i P
Frame 5 | |
Frame & | | ‘
Frame 7 | ]

Fig. 3-1 Schematic diagram of frame length and frame shift.

R L2 RIS UIEGE, ARESnAE0O Fn Tl ToTRdbins.
Fy=(L-F)/Fs+1 (1)
B1Z1E, FE 1,000 mm ORERAEE F, = 10 mm, Fs= 1 mm O5{ETHEELZSE, 991 HO
BT —APMERRSIL, EBRFERBEOE S TIX 90 (KOIEEERBRIAN LA EE 89,190 HOET —X

PAERSILD. ARBFZETIE, KEMEERROCIEFIZEEG C&7=7 —#1% 87,995 HITHY, bz
oI NT—HELUTHE.
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3.2.2 BERWEEE, BIE, TAN —F~D455EIFiE

T =2y MR T DICHTZ0, FE, MRAE, TANT —ZICRICENOT —2 0N RE 528
ERAX eI BET D720 IRDFINATT — 2y MAERR LTZ.

FPERBRAEDLBRESLEBBH R CIRELIBNOREH 107 7 — 2 Off 5 & (Table
3-14) LEHEHREE, UAVIWMLES 6 DOE EHE (Table 3-15) 2Rt AKEL TEHR T2, RIC
[FICEOWEHE —FAMBIAR T — 2 Ot at & (R TFEIIE, 722 1y M3 K ) 2 H A5
LLTEAE TS, 2%, BT —ZTRBRIKREICXBIL2 T =28y LT, 20T —2 2y %
B, MGk, 7ANT =2~k 53157 (Fig. 3-2 /) .

Data set from
Test piece #1 Test piece #2 Test piece #90

| |

: Frame90-1 :

I Frame90-2 |

I Frame90-3 |

Frame2-4 | | Frame90-4 | |
Frame2-5 Frame90-5

Fig. 3-2 Convert test piece to frame data

RIZ, AR E D THLEL - B Il O OFIA L B IR TH MR T 2
NOEENFEE, MREE, T AN T —2 2y hEIEF L EE A IINTRBR IR E D 753177

B T - AR B L T R TR CEDEE X . UL, MR E7 X =AM D 2
DR T ThHEERESEDO— D> TH LN —F DINMLEDOEIC IV B AT DMWY T
—HZBRLNARO D FAET LB 2, ERHE SRR O FHELEFEL, Zhond T —2ty
RV R CTEENDINCHRBEZEI Y T, Fe, 7o Xy ML TE 1 RORBRED
MR AL LT, TR TR CfifiExI G725 0.5 mm ZH 257 V4 By NESOEE A D7
DTl ZOEE AT — 2By MOEW R TEH ENLINTHBRAELEI Y Tz, LTICE
KRR R FIEZ R D,

[7—%ty s E R FE]

1. ETORBRKICHLT, #5alBRIRDIEEE — N W O BRI -5 A SHESRREE)
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& B ZkH5

F BRI U RS IR A SHERAPEEIR B O C 2kD5.

C &b LITRBR IR ZFEIRICY — 5

V—hTeT =22y MEZ AR (F M) THid7 —2 8y a4 >0 7 ) —71253
%

T 0% 0 RRGE 15% 0 TAR 15%DEN G5 INCT — 22y My Bl T AT 104
TN—T DT —2y N 70%, 15%, 15%ICEWERORIZ T T2 Ay 7y
LSBT =By N N—T, BiEE T — 2By NN —F TRV — 2y S L—T L
T5. BRBEBRICE YTy T 57 — 22y MIITEEOT- %8 7 — 2y ML
AT — 2y MR NBURE LA IS TN, TANT — 2By MRITk T — 2By MMk
IS T — Sy NI ARRET — 2 By MEE GO E L.

WG, TANT —HE ENDERBARORA T > 5 71> MBSO F¥ED %
B/NETHIDITIESSE D AT (D5, MGk, 7ANT —2 80, Bk
V10.5 mm ZHR 57 5 71y hOEE DOFEIfEZRD, 3 DOFEIEOIERERZES
EF#TD)

5,6 % 50 FEIFIKL, F/ho D &85 1070 T — 2y hDGr T a5,

Std of Undercut Average

10 2 I s ' I I I I | 1
0 05 1 15 2 25 3 35 4 45 5

Loop Number 2« 10°
Fig. 3-3 Standard deviation of the mean of the number of undercut in each piece and

number of calculation loop
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FD%, KT =2y NIEENIEEORERIKOT —4% 1 DORT —2THEE LT, Table
3-16 \ZAEF 90 (KD 4T — & hA~DFRBR ARSI 455 T a1

Table 3-16 Data sets allocation.

Training Data generated from 62 test pieces according to Fs/F settings.
Validation Data generated from 12 test pieces according to Fs/Fy settings.
Test Data generated from 16 test pieces according to Fs/Fy settings.

VL RIZEY, 38, WRGE, 7 AN, =&ty MIE D B D W RS D3 B R D E
YTELIZ. Fig 34 IZEBKRES 10 mm, EEE®E | mm OLEOFE, MGk, 7AN —XIZE %
N5 0.5 mm ZE 2 DR T2 Tr MEOFRKRIBEEE 73 A% Fig. 3-5 ICERES 100 mm, &
Bt 1 mm OO & EOME AR OSB3 A 2= T

Relative Frequency Distribution of Undercut Vertical (Train, Validation, Test)
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Walidation
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o
[

0.15
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0 0.5 1 1.5 2 2.5
Undercut Vertical

Fig. 3-4 Relative frequency distribution of undercut in train, validation, test data for vertical plate
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Relative Frequency Distribution of Leglength Vertical (Train, Validation, Test)
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Fig. 3-5 Relative frequency distribution of leg length in train, validation, test data for vertical plate
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3.3 BEEFEETNLVOTHNEEOFMFELE

IR &7 2 o NESO FRMEZ H L U THOBRIL, MRS RIS 5 Pl
Ze, TUH Ty NESIIARBICB TR KEAEN 2. 5 4 BTG T 20, BREIEZELS
WL EAT). BREINVRKELDEBERNOY T NWVENEE 25BN O RN RS,
RIEFEHET VBT —FOREEYNH I TERWATEEERHS. LnL, BRESIZXHTH
A BEOEENTH THL-O AT TIXBRAN O BB T2 TR SRS L TERAL
7=,

3.2.2 TR FIEIE S THEISNTEE T — 22y bV, 3o T —I O ELOFEEEAT
I. FEeWNT, MREET —Z By ML TRy N — 7 OBELEREEL, i FH LS. 0%, 8
LRRRET — 2By N TR ESNIZ A NI — I DEAEZANT, RIEMOT AN =&y e ATIL,
RINT =T D EREE LR 5. =a—T LRy NI — IO EANEEEICETHET,

DFE, WEE, TAN wR ALK T SO ELEEL, Ry N —ZOELOYHEIE
ELBAEZEZ T3 MOFEAEML, ZOH CTheh mWHEE R 2 7 LA 3N T 5.

TR T L ORETERS FE ORI A S L CIRERREL (RY) 3d 5. REFREITIER /3 HTIcEs
(T2 RMME T DHEEME OB N2 £ T THY, W G.D)IWEHDERDO T O—>T
HDOH, REFFETIL, 54 IILEWVIRIRITTOFHEE AT ML ERIZHT0, FE~7 LD H i
FEDORESEEET D72 B i TR 3 7 E R 2L (adjusted R2) 2 £R AL 72,

2?:1(% - }7)2
R:P=1-=—"—r - 3.1
S Gi—9)? 3.1
yi : FEHIME,
Ve ERED TR,
yHEEE

B HH BE R R BRI, BB AL DY TV n B E AL O B B E (KRG
Hop) AW TKRA 3.2) THzLNA.
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Z?=1(Yi - y)z n—1
adjusted R* =1 — X 3.2
/ i(i—¥)? n—-p-1 (32)

y; - I,

Ty FEHHEOFLEE,

9 HEEME

n: 7N

p:FHEEAI VO E HE G E ORI

BIELT, Fr =100 mm, Fs=20 mm OSRMET, FEESTIVOEYT T VEDN 4140 5 ThH-
72T %, BIZIIMGE, TANT =2y NI BT 2R T AHD 15%I2 4722 621 {HD
iE, TANT =2y FORHEE ATV OV T NI EI D AUIZEREEA 0.90 Tho7254,
RRRIE, 7 AN =2ty MTEI1T5H B HEETREE S R EREUTAY 0.89 L7250, T —FF3 D7

A% 54 RITO A HEOFEE TR TER\ 20, ARFFECIE B B EERE 2RE R 5% v
THEENRG EE AR 35, B i BT R EARE O T 1 LT THY, 1ITHWEEREEE D =
<, 1 BREENDIZE FHANEL HEEME D BEN TV DL EIR T 5.
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FaE  FEREREICBIIOEIERREFE ET VORR

4.1 BERE[CNFELNAIS—RFGA—Z DT VR —F

FHEICHAT T, ERERE COWRB Y T VOHEREZ A S W57 R RO
{BALER 72 5 TNINA/N—= T A—= 2 THLE BHT-VDO=a—a B (N), BHEDOE (H), BIO
RBALT VTR (A) DTV R —F 54T o7,

HEDOFET —H Fig. 4-1 DINTEDOEEOHIE THHEENREEETIX 10 {520 ER->TL
FH. M, =a—T VR T —ZICB W T BB REVFEEIZEEREN SO EHFE
I, Fy NI =7 DERG 2 DEBNRELIDI0I, BERE R OBFMETH-TH, T
— B DAV NSNS THEERE R G- 2 5B NSV N TL R fERMED 5. Zhi
BT D72 ORI MV OV EEZ 012, BRMER 2% 1 IS DI LB A L, Z4uc
DR E AT MV HEERE R~ G- 2 DB A — b LT, ZOR5 K% Fig. 42 [T 7.

400
Current ditortion Eﬁ
350
Training data before standardization Maximum Jalue of
current 559

Number of dimensions: 54 dimensions
Number of windows: 3988

7 il

3 4

Q.

)

5- 30Voltage
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0 25 \ d
Window number \
201

Maximum value

of voltage

Fig. 4-1 Raw training data for current and voltage statistics.
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Training data before standardization

400 S aEsb

200 56 A A 4 |
0 . vuir
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Training data after standardization Converted to mean 0, standard deviation 1. ‘

20 1 .
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Fig. 4-2 Training data for current and voltage statistics before and after the standardization process.

EBIZ, EEFHET VOEERNAANR—NFGA—FTHLHEEHTZVDO=2—aH(N), &
MWEOH(H), BEOFREL T LTV X5 (A TR, FAINCIE Y72 G4 ATL T
WS, AT, ==2—u 2 (N 1 1255 10, BAVBOE(H) 13 1296 10, it 7 =Y
A (A) 1 3.1.1 T~/ MATLAB (2SS TWD 12 O LT /LT VX LD HiH 55
KL, 7V R —F 2L TR RIS EMEEARR L. —2—mr W) 23 6, RiVBD (H)
N5, Fem b7 LAY R A (A) SPE (R $E TS (Resilient backpropagation) ODFA A& > TH H
H BERREE I S EARER DRI LA D )% Fig. 4-3 (TR T
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Resilient backpropagation (trainrp)

- Adjusted coefficient of
. determination with 6 neurons
. 09 4
Hidden layers : 5 and 5 hidden layers

]

08

0.7

06 -

0.5

0.4

A
="
e
"

03

Neurons : 6

Adjusted coefficient of determination

10

4 H 6 8
Hidden layers

Fig. 4-3 Calculation results for the degree-of-freedom-adjusted coefficient of determination for a
combination of number of neurons (N) of 6, number of hidden layers (H) of 5 and

optimization algorithm (A) Resilient backpropagation.

1 DOBREZEBBEEOMAG DRI T, TR —F %ffio T R A/3—/37
A—HDYRBEHEATOR I, BBLE 4 HORMZELZ (ML PC A~X> 7 ;Intel Xeon
Silver 4210R CPU A& %% 2.40 GHz 10 =7 20 AL-vR, 96 GB #EY, NVIDIA GeForce
RTX 3080 GPU).

AL BR 2 LT R & I ML T )y R —F TERR LT 1 Tl R A /3= /" FA—H
ZRAWCIER BT VDR 23 LT, Fig. 4-4(a) [ZIEHEE, Fig. 4-4(b) (X7 & b
REDT ANT —H T3 2 FMME EHEE O sl RAn 3. EHEI R OWRE %8 E7 L Cl,
Za—r (N % 4, RBABOE(H) % 7, Hi{b7 /1TV AL (A) 2L MATLAB 12528 T
WDA =V 7 IR AL LTz, Fiz, T2 Dy NESORBE S EET VT, =a—
n B (N) % 4, B o (H) % 4, FiE{b 7 V3V A (A) I2iE~ 4 X EHIME (Bayesian
regularization backpropagation) & fif i L7=. BWOREIIMHE, 7o ¥ Wy MEELHICERES
(Fr) =5mm, BZBEI&E (Fs) =1mm Tb2 (Table 4-1).

I HR R i AR E AR BT, I RHEE TR 0.68, 7 0y MESHEE THY 0.58 THY,
T AN —H BT HHEEMEE EREDONIXIED S ENIEF IR EL, MR LT V& Ty N
SDOFEET NO/RTA—ZDOBREINILED RN DD L2 MR LIZ.
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Table 4-1 Best hyperparameters among those explored in the standardization process and grid search

Weld shape Leg Length Undercut Depth
Number of neurons 4 4
Number of hidden
7 4
layers
Optimization SCG (Scaled Conjugate
Bayesian Regularization
algorithm Gradient method)
Frame length (fix) 5 mm 5 mm
Frame shift (fix) 1 mm 1 mm
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Fig. 4-4 Result of standardized processing in addition to automatic search of neural
network parameters. (a) Predicted leg length, (b) Predicted undercut
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4.2 BRIILEBBIEICETIRG

M EHEEL T 2y NESHER IR AR ES (F) & B B U ER OB
D BICEREX(F) % 5, 10, 20, 30, 50, 75, 100, 150, &0 200 mm @ 9 A CFHELIH

FH S RS 1 AR BRI DFE R D7 a1 N Fig. 4-5 1R 7. 72383 3.2.2 TR~ 727 — 2 53Kk,
3.3 Tz 3 EOEHBUCI DRy NI — I O BEADOYIHMEDFRE, 4.1 THRATAEAE RGN
TV R —F &= iEE#E L.

HHaANEEL, BBEE (Fo) X 1 mm O—SIZEELE. 2L, BBEERL/NSGRE
THZET, EWEFE T VBNET — 2 OEBZ LI E TELIITR, HEERE D
M EZEH 5T 5B 212720 ThD.

Fig. 4-5 \ZR3d012, I EHEEIZH WL FL = 100 mm O T T, 7o¥ By MESHE

BT Fr =10 mm O T B W R R ERBD R RKIEZRL TV,
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Fig. 4-5 Adjusted R? versus frame length in leg length prediction and undercut prediction.
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Fig. 4-6  Adjusted R? versus frame shift in leg length prediction and undercut prediction.

Fig. 4-6 |21, SHEIMREHEE LT 2 By MESHEEIZEAL C, B EIE Fe& B M TR A0k
ERBOEFREEZRL TS, BRKESIE, Fig. 4-5 O H HEREE 2R ERED K EZ R
BRESE BRI R ORI RHEE CRRES FL = 100 mm, 724 1y MNESHEE TERK
X FL =10 mm I[ZEEL TWD. I EHEE CI3EBE &2 1, 10, 30, 40, 50, 75, 100 mm D
SACEHE L. T Dy NESHEE TIX 1, 3, 5, 10 mm O S CTEHHE L. IsEHE 0SB B &%
K 100 mm, 72X By NESOEBEBEAE KK 10 mm LL7-D1F, BBEHENBRESEBZD
Gity, BT —HEARR T DRI BB B REBREIZDOEIH Y TL57 — 4RO TLEI L%
Pz DIC BB ENEZ BREILELVIDZNLL FITROVERSH LD ThD.

FHEORER, EHEHEHRHEE TIX Fs=50 mm O T T, 78 Iy NESHEE Tl Fs=1 mm
DA T CTH B G HR E R B R Z R LT,

TR RAMEE ClE, BB RARET DI B B E T R ER DY S22 D h
WHIINTHZD, —J5, Fs =40 mm TIiZ A MG 0 EREBAME T LVEL, Fs= 50 mm
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TIHEMm I E<AZ .

IR D Fs= 40 mm, 50 mm COEBERRAHEE 31T DR8I 5 o> FERIE, /2 AHheHh 2 =
DHEEMELL CTHT —F &7 my b, Htia A OBAE CTHE 7 — 2 O EE LT AT —42 0
FASEHHEE D22 ZE DT TR LIZX % Fig. 4-7 1T, OIS A DA R fEI 2%
WEEE DR TEL, BV THSTZMEIRITT —F SO R, 7RO TRl 7= il
BIEIC 6 U CHEEME DS TRBEL T D, 370 b FSHEE CECQUVRWEIHZ /RL T,

ZOEND, FEHT —ZORXHBERE LT ANT — X ORHBEE O 2N A DK SRV T7 1A
HH D~ AT 2]) T2 T —ZHIA L\ OEECTIE, SFERIE S T HAE O T & 077 M7 28 A
DD, OFEY, ENEFNOMHEDEICEIT LT AN =2 LTl 7 — 2= HETX
mNE, HEEREED FHEFAL TVD.

SHBROFFETIY BWHEER L2 RBLT 57201203

(1) BREXRMGEFEEICBIIAE T =2 LT AT —Z O RN NS B ko7 T — 4

Ty FOIRY T EATD.
() WEERME RSB 258 T — 2 LT AT — 2 DRI 7278 8% b - Th RIER
BOBEOT =259 2.

EVSTZXPRN U ETHHEB 2 HNDLD, ZOZBMEIISHRIVELOT — 22 BFUMRGES

HWEL 0%

Fs =40 mm

10 = 0.06
O datal a

— — — — data2 4 0.05
i Train - Test s

10.04

Predicted LegLength [mm]
S
=
Difference in Relative Freguency (Train — Test)
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Fs = 50 mm

10 A 0.06
O  datal s
— — — — data2 47 1005
9r Train - Test ,’
— — — data3 ’ 0.04
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* : : * - - -0.08
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Measured Leglength [mm]
|:| The relative difference between training data and test data is in the negative region
O Areas with a large amount of data

O Areas where the difference between the actual and predicted values is large

Fig. 4-7 The difference between the relative frequency of the training data and of the test data for the

result of leg length at Fs= 40 mm and Fs =50mm.

ARl R AR D TERR B 0.9 B AT MADVER R CTEDFEET NORER
INTETLEZ NG, MEDOHEET Fs=50 mm T H HEREE AR EREITRKETHS
0.93 Z/RL72AS, Fs=1 mm O CHIZFRICEME CTHD 091 ZRL72. FS = 50 mm DT
I T — 2803 1,610 A THDAY FS = | mm OSRATIIRT —FEI K 50 50D 79,895 fiiZ72
%, FET —HBUITET VORI EOT-OIZA B ThHEE Z | I E R OTRE 55 £
TVORESEL N E TR B AR AR B BT 7018, ARFE CIIE R HEE 123
L ER BB A 1 mm EEDT.

UL EORBRESLEBE BT A B EREE AR ERE O A R E X, REHERE
HEE BV TIE FL = 100 mm, Fs= 1 mm, 7% By MNESHEEICB WL FL = 10 mm, Fs= 1
mm AR U COR BEE LTz, WHHRHET T DA O BRAE CORE 5% Table
4-2 |2 FEE L HEE A OO Leile % Fig. 4-8(a)ll, T Z Hy MNESHEE BT HRTR O & BAE TO%E
HIE EHE BB bl % Fig. 4-8(b)IZ/RT .
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Table 4-2  Best hyperparameters among those explored in frame length and frame shift

Weld shape Leg Length Undercut Depth
Number of neurons 9 9
Number of hidden
7 8
layers
Optimization Polak-Ribiére Conjugate
Levenberg-Marquardt®4
algorithm Gradient®3
Frame length (fix) 100 mm 10 mm
Frame shift (fix) 1 mm 1 mm
Number of frame
79,895 87,995

data
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Fig. 4-8 Comparison of measured and predicted (a) weld leg length and (b) undercut.
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Fig. 4-9 Comparison of measured and predicted values for some frame numbers in the test data.

(a) weld leg length, (b) undercut
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FRLOEBEIE ORIEFE T VD Epoch #EATIZHEYFE, WGE, T AT —XIZX D4
T 3EFA 7% (Half mean squared error) & LB L7=27" 77 % Fig. 4-10 |~ d. 238, WGE, 7AMOA

TIZH\T Epoch DIEFTIZHED -4 “IRFEDBD BRSNS, ZIUT, FBHT —Z DI
RN AT o PR 2L, PRy N — 72 CE TN DT EARIEL TN,
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Fig. 4-10 Comparison for half mean squared error from training, validation, and test data as the

learning model for estimating the weld leg length progresses through Epoch progression.

PLEDFEENG, EEREEREE CORBFE T T VO 72 /\A /=T A—2 LI DIREE 5
TEL, WETITERBICHENT T, BEEREE T EREEfE L7,
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BSE BSREICBIORIE

51 HBREBICBIIIEREE

BUGERIE COM At A D 572012, 8 G WHE B L7k A REHE O it LR
ZF 96 RIFEML, §i Trh Ot yny (B, B, VA VEiaEES) 2Bz, AFER
T, BHEEIREL T YD-500VR1% (500A) , A #ICIEL Wel-Handy Multi 1190%, L CiaHE
TAXIZIFEAZ VR FCAW MX-20097 (T A Y 4% 1.4 mm) 24 L7, Fig. 5-1 [ARERIZEBIT D
DG HEDOE T, BRIV A X% Table 5-1 (ZR”3, ZOHAR(T Table 2-1 @ 2[5 H O¥EH:
AR THWEb D LFRIFRTHD.

Welding
carriage

Welding

Fig. 5-1 Welding carriage.
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1000

Fig. 5-2 illustration of test piece (unit in mm)

Dimension of test piece

Number of the

tl t2 B1 B2 B3 L
weld test

3rd Welding Test 96 12 10 150 100 70 1000

Table 5-1 Dimension of test pieces simulated field environment (unit in mm)

2.2.1 O Table 2-2, Table 2-3 T/RLCIEHESAHILE KA IS HE R o & 3538 T 272D Et, &
JE, DAY ERGHEE2 8 DR BERIFICER L BT HOW F 2R EL T — & INELR, K
ECIIBG COEMMLRIHREL T, 56 HAROBUGE (D OBRIEHIELINET 5720, &
i, FEIEARIEIE F B CRESHAMEICEEL, MRIXIREHE 2 A H 452 T2 51k
R UT. VRBEHRE T — 2 LU ] VR B R O N SR 2 Tz

Bl CRATHRMEL TR, M OREICENQRBISN Zn Vv F 7714~ HGE#EHEGH
DA EDTAVIMLE T, > — VR ARG RO 728 OIMOERNZ I DRACT 4
Y NREDRDD.

AFZERTIX Fig. 5-2 725 ONT Table 5-1 1ZRSNDABRIRIZ A 96 [RIDFEH M TallRa L,
FREOBUBBREE CRALSCT WK AT 5720, EREIFICKMEFH T T DI E RN &5
DTz, 728, BURBREICB W THLINLO KMl R CIABE B - VAR - IR EEE E O IR FE T
—IREER FICRERIER RN E L CRAETLZENZ N0, SRR BIAEIE AU IEFIRREND
BRD IO R EIRIEA R A SE DL TH— RO P IEF R IE L R EIRIEDRLE (5E55)
FTHIETHIGRE AL
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TR M i 56 L2\ B O C 24 8], BRBRIKRHIZ Zn Vo T T I~ ERBILIZR
HE (1000 mm DOFRERIRDN, Fig. 5-3 WHEALE DY 500 mm~1000 mm D X2 Zn Vv F 7T~
ZURAN) C 24 [8], BiARSETIRAE (Fig. 5-5 S HEALE DY 500 mm~1000 mm Of#, #HEN—F el
RSN 2.5 mm FRE$597) T 24 [B], T AR LD SETRAE (Fig. 5-6 T HEALE D 500
mm~1000 mm O[#], HAFEEZHK) 20 L/min 735 5~10 L/min [Z3537) T 24 [IOFEEARE
{17z,

Bl5 BRI B R CORRE S 4 Table 5-2 (R 7.

Zinc painting

Zinc rich primer is painted from abt. 50cm
to100cm

Current: fixed

Voltage: fixed

Fig. 5-3 illustration of a test piece applied zinc rich primer painting

Fig. 5-4 Zinc rich primer painting
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Derailment

 2.5mm

Shift the aiming position from abt. 50cm

to100cm
Current: fixed
Voltage: fixed

Fig. 5-5 illustration of a test piece of derailment

(Gas reduction

During the last 50 cm, the gas flow rate is
reduced from 20 L/min to about 10 L/min.
Current: fixed
Voltage: fixed

Fig. 5-6 illustration of a test piece of gas reduction



Table 5-2  Set-up conditions in field environmental weld test

No. Arc Arc Travel Distance | Torch Torch wire Gas flow zine
curren | voltage | speed | ofwire | travel | work | Extensio | [L/min] | paintin
t [Al vl [em/min] | aiming | angle | angle | n[mml g
point [deg] | I[degl
[mm]

1 260 28 33.90 0 0 40 25 20 N/A

2 260 28 34.09 0 0 40 25 20 A
3 260 28 33.90 0/2.5 0 40 25 20 N/A
4 260 28 33.90 0 0 40 25 20/10 N/A
5 260 28 34.29 0 0 40 25 20 N/A

6 260 28 33.90 0 0 40 25 20 A
7 260 28 34.09 0/2.5 0 40 25 20 N/A
8 260 28 34.09 0 0 40 25 20/10 N/A
9 260 28 37.74 0 0 40 25 20 N/A

10 260 28 37.04 0 0 40 25 20 A
11 260 28 37.27 0/2.5 0 40 25 20 N/A
12 260 28 37.04 0 0 40 25 20/10 N/A
13 260 28 36.81 0 0 40 25 20 N/A

14 260 28 37.27 0 0 40 25 20 A
15 260 28 37.27 0/2.5 0 40 25 20 N/A
16 260 28 37.04 0 0 40 25 20/8 N/A
17 260 28 30.77 0 0 40 25 20 N/A

18 260 28 30.93 0 0 40 25 20 A
19 260 28 31.09 0/2.5 0 40 25 20 N/A
20 260 28 30.93 0 0 40 25 20/5 N/A
21 260 28 31.25 0 0 40 25 20 N/A

22 260 28 30.93 0 0 40 25 20 A
23 260 28 30.93 0/2.5 0 40 25 20 N/A
24 260 28 30.93 0 0 40 25 20/5 N/A
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25 260 28 40.00 0 0 40 25 20 N/A
26 260 28 41.38 0 0 40 25 20 A

27 260 28 41.38 0/2.5 0 40 25 20 N/A
28 260 28 41.96 0 0 40 25 20/5 N/A
29 260 28 41.38 0 0 40 25 20 N/A
30 260 28 41.38 0 0 40 25 20 A

31 260 28 41.96 0/2.5 0 40 25 20 N/A
32 260 28 41.67 0 0 40 25 20/5 N/A
33 260 28 44.44 0 0 40 25 20 N/A
34 260 28 44.78 0 0 40 25 20 A

35 260 28 44.78 0/2.5 0 40 25 20 N/A
36 260 28 44.78 0 0 40 25 20/5 N/A
37 260 28 44.78 0 0 40 25 20 N/A
38 260 28 44.78 0 0 40 25 20 A

39 260 28 44.78 0/2.5 0 40 25 20 N/A
40 260 28 44.78 0 0 40 25 20/5 N/A
41 260 28 38.22 0 0 40 25 20 N/A
42 260 28 38.46 0 0 40 25 20 A

43 260 28 38.71 0/2.5 0 40 25 20 N/A
44 260 28 38.46 0 0 40 25 20/5 N/A
45 260 28 38.96 0 0 40 25 20 N/A
46 260 28 38.22 0 0 40 25 20 A

47 260 28 38.46 0/2.5 0 40 25 20 N/A
48 260 28 38.71 0 0 40 25 20/5 N/A
49 260 28 51.72 0 0 40 25 20 N/A
50 260 28 52.17 0 0 40 25 20 A

51 260 28 51.72 0/2.5 0 40 25 20 N/A
52 260 28 50.85 0 0 40 25 20/5 N/A
53 260 28 53.10 0 0 40 25 20 N/A
54 260 28 53.57 0 0 40 25 20 A
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55 260 28 52.63 0/2.5 0 40 25 20 N/A
56 260 28 52.17 0 0 40 25 20/5 N/A
57 260 28 48.78 0 0 40 25 20 N/A
58 260 28 50.42 0 0 40 25 20 A

59 260 28 53.57 0/2.5 0 40 25 20 N/A
60 260 28 53.57 0 0 40 25 20/5 N/A
61 260 28 53.10 0 0 40 25 20 N/A
62 260 28 49.18 0 0 40 25 20 A

63 260 28 53.57 0/2.5 0 40 25 20 N/A
64 260 28 53.57 0 0 40 25 20/5 N/A
65 260 28 48.39 0 0 40 25 20 N/A
66 260 28 48.39 0 0 40 25 20 A

67 260 28 48.00 0/2.5 0 40 25 20 N/A
68 260 28 48.39 0 0 40 25 20/5 N/A
69 260 28 48.00 0 0 40 25 20 N/A
70 260 28 48.00 0 0 40 25 20 A

71 260 28 48.39 0/2.5 0 40 25 20 N/A
72 260 28 48.39 0 0 40 25 20/5 N/A
73 260 28 61.22 0 0 40 25 20 N/A
74 260 28 65.22 0 0 40 25 20 A

75 260 28 65.22 0/2.5 0 40 25 20 N/A
76 260 28 65.93 0 0 40 25 20/5 N/A
77 260 28 65.22 0 0 40 25 20 N/A
78 260 28 65.93 0 0 40 25 20 A

79 260 28 65.22 0/2.5 0 40 25 20 N/A
80 260 28 65.93 0 0 40 25 20/5 N/A
81 260 28 68.18 0 0 40 25 20 N/A
82 260 28 68.18 0 0 40 25 20 A

83 260 28 68.18 0/2.5 0 40 25 20 N/A
84 260 28 67.42 0 0 40 25 20/5 N/A
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85 260 28 66.67 0 0 40 25 20 N/A
86 260 28 68.97 0 0 40 25 20 A

87 260 28 68.18 0/2.5 0 40 25 20 N/A
88 260 28 65.93 0 0 40 25 20/5 N/A
89 260 28 62.50 0 0 40 25 20 N/A
90 260 28 63.83 0 0 40 25 20 A

91 260 28 63.16 0/2.5 0 40 25 20 N/A
92 260 28 63.16 0/2.5 0 40 25 20/5 N/A
93 260 28 62.50 0 0 40 25 20 N/A
94 260 28 63.83 0 0 40 25 20 A

95 260 28 63.16 0/2.5 0 40 25 20 N/A
96 260 28 63.16 0 0 40 25 20/5 N/A
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Fig. 5-7, Fig. 5-8, Fig. 5-9, Fig. 5-10 [Zia#BRE RoOEHE — N8I 2~ 3.
Fig. 5-7 138 7 S COE—RA4MEL, Fig. 5-8 13 Zn VT 7' I A4~ %847 LT=¥34C, Fig. 5-9 1%
fli 5B A BRS T8, Fig 5-10 3V AR EZ D SE-HETH2.

i 0 : L

599123456789123456789

L
el TR
*

=

Fig. 5-7 Photograph of weld bead appearance of normal condition
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Fig. 5-8 Photograph of weld bead appearance of zinc rich primer painting
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Fig. 5-9 Photograph of weld bead appearance of gas reduction
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Fig. 5-10 Photograph of weld bead appearance of derailment
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52 MSEEEENLORELIEERE Ins T —F2 AW R R OHEE

ABFFETIX, NA/S—/ 3T A—FDOERFSMTH 4 ECHRMALFIEEZE AL, R
BRI A S LT, A=/ RTA—=Z D7V R —F 3K @HI- 0D =a—a B (N) % 1 2
510, EAVEE (H) % 1 75 10 O TRIEL, RETFEET NVOIXY NI —IEHL DT H 7V
FYRL(A) I, 3.1.1 TRz MATLAB IZF3ESN TS 12 FEAD Feifl 7 /L2 YR LD HiFA
TAToT-. BRES (F) EEBIE (Fg) I2OWTI, 42 HiTHALIVR BRI, IWHEHERET

(23U TIE Fr= 100 mm, Fs= 1 mm, 724 7y NESIZR LT Fi= 10 mm, ZBEE Fs=1 mm
IZEEL CRHAEEIT -T2,

FT, TANT —H DR E DB FIZBITHEEHEM R O FLPE L HEE [EO ik Fig. 5-11 1R
T HEICEL L 4 mm LT, 7mm BL EOEFTAFRETVEEN TETWDIEN DD,

Good prediction, except for the range above 7 mm and
8 | below 4 mm.

S W
\/ ——Measured
—Predicted
1000 1500 5000 5500 6000 6500 7000
Frame Number

-

Leg Length [mm]

[T

Fig. 5-11 Comparison of measured values and predicted values of leg length for some frame numbers

in simulated field environment.
FRRIZ, 7o 1y NESOERMEEHEB MO Lg% Fig. 5-12 (2R d. 7o H By MESIZOW

Ti, 5,400 FH, 6,300 % H, 7,200 HEHOEFZESITHOE =X L TUFEAEBRETETVR
W ENEIZEIND.
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Fig. 5-12 Comparison of measured values and predicted values of undercut for some

frame numbers in simulated field environment.

FITTUE T MNESICETAEROEM %, Fr=10mm, Fs =5 mm ~Z E L TIHITHHL
To. TANT —ZDEE IR DT 4 Ty NESO FERNE EHEEEO Hefgz Fig. 5-13 2R,
TOEMETF TR, TUX Iy MNESOE — 725U TERA 7B IE DS R TX A,

—Measured Predicted values react to the measured values in some area.
5 —— Predicted

Undercut [mm]

0 500 1000 1500 2000 2500 3000

Frame Number

Fig. 5-13 Comparison of measured values and predicted values of undercut for some frame

numbers in simulated field environment. (Calculation conditions: Fr= 10, Fs= 5).

BIGER B A L T=SRM 2T, IR ET U Xy FOHEE T\ CThc B D B H EEFRFE 5% AR E
fffﬁﬁz}gfﬂ—‘Lfl%?/l/@/\{/f»—/\"?}»—&%: Table 5-3 |25

WHEHEICERIL CIL, Fi=100 mm, Fs= 1 mm &L, "A/N—_FGXA—=H D HEDEITT VR
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P —=FOfER=a—m i (N) =10, RIVEDE (H) =10, HKiE{k7 1TV R L (A) 1L BFGS %
Za—NARGE THD. 7o F Iy NESIZOWTE, Fi=10 mm, Fs=5 mm &L, /NA/3—/3F
A—B DA EDEIL N=1, H= 6, Il {t.T7 /LY R L (A) [ LW RIRIE THD.

FIe B TOT AN —H T DR B EHEE 1231 2 FHE L HEE O LA Fig. 5-14 12,
T Ty NESHEE 2 351F 2 FERE L HEE [ O i % Fig. 5-15 ICENEAURT .

B RS SR TEAR BRI VAR HETE C 0.69, 724 By NESHEE T 0.45 &, 4.2 HiCilk
AT RBREBRBE L LR M ERS D RS

Fig. 5-14 OMEHEE T 7D BFERED 4 mm LLFE 7 mm LA EOREICTHEE & 0 e
RZTHN5. Fig. 5-15 DT & Iy MEE ST 7 D>BIZFEHMEAS 0.5 mm PA T TIEHEEE)S 0 mm
& 0.5 mm UTLIT 2 43 ST, FERIEL 0.5 mm ZH8 2 57 — X (IHEEMTIL 0.5 mm T
DIZERNSN TN,

Table 5-3 Parameter for weld defect estimation of simulated field environment in shipyard.

Weld shape Leg Length Undercut Depth
Number of neurons 10 1
Number of hidden
10 6
layers
Optimization
BFGS Quasi-Newton68 Resilient Backpropagationt®
algorithm
Frame length (fix) 100 mm 10 mm
Frame shift (fix) 1 mm 5 mm

Number of frame
79,383 17,633
data
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Fig. 5-14 Comparison between prediction and experiment of leg length on vertical plate side.
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Fig. 5-15 Comparison between prediction and experiment of undercut on vertical plate side.
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IR DOHEEIZ DWW, AHBEIOICFE T — 25 EF QO CETHEERED M E3 55
ABDBDY, i TRMEOHZE O THEETHZENFRETHLEE ZLND. — 5T, TV ZHvh
RSOHEBIZBIL T, M LA TR OGN EEL <, BE MR EBbins.

AWFZETIE, B B R ERBDMES R o7 RREL T, EICLLTOERNE 2 HND.
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