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1-1 WFgETs 5t

BEAN LT OEIED—D>THY, BALIMEZKPEITMP CamIEs 2 &L THF
W CH D~ T U A REBLEMITHD. L, BEAR TR LN DO S 13 RkFHE
GHRIKFELTEY, REGHEORREH CITREAILODEIG DB LD RN
b5, LrL, EBREFEHBEAIVDEZGOND KO IZNIT, KRFEHMO =2 2 ML
PEICEN TV RPOMOBE EEESIRZ 52 LN TE, a2 X MEIECEH G O &L T
THEBERD. L—PREAIUT—RAVRBEAR & Euls U CALBRIF[# 2355 <, B B ikt ]
DIHIATOND 2D O THE/NSLTHIENTED., MAFOAHGEERZHWT
HHEEND T DIZHAKRLCHHAM A LI L L2 &0, L—HITHEMESEENEIZ B W
THENLTND E VSRR ZRE> T D, 2O L —WREANITIINE R DOTRE 2R - 7=
FEMEZES T ENTELDBEN, BREOM EIZORB5LEZX 605, BIEA
BE AR Ry P oEE(IZIE FRP (MR 7 2F v 7) REPANSEA TN 5058,
2o LTl Ze R0 i LR 722 2 &Skt L CARHEDRS IR TE 5.

BT, BRI IRBM R 2B L, L —INEIC L 0 A4 U iEme BN R RBE 2R AT
DI ETRAGHBLENEYE, BANDRE L 2 2 RFARIN L —FEBIEAN DT
(1,212 ThnTH Y, BRIELEHHK SPCC ICBWCITRESHELBMEE, EVEEAN

BIRDPFOND Z EHALTVD.



1-2 WFFE H Y

R O R FINN L — VP ERRIBEA I K > TR ELESR SPCC IR\ TV BEA LR
BELIZ. LaL, SEPICERTE DA RDHEKIT 6.6Tmass% TH D72, B DR
FEA T OREAF DK & VMR T & R EABL O/ SO @ RE S CILRFERM L —
BRBEAIUZB W TR —FFICB W T HEMS BN ORFEEHED LA RNRRERD LE 2
bID. T TR TIIREEGHAEOR 2D 2 FEOMBKIE L THREBERIMN L —V F

BEAIIZ K DBEANBIRDEFON L0 EHF~D L2 AL L.
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2-1 ML

HEEREM & LT SWRM10(0.08mass%C)S45C(0.44mass%C) D[R FE & A D B 7 5 R 4
Z W= B O EFLAE 2 Table.2-1 127~ 7. 1 22mm, HE 3mm OFIH A H £ X 100mm

(O L T L—YREBE AL BRI L7

2-2  [RFEWAITIE

RFBIR LK ZE R T 71 ORBIR AR L, L— YV REmEICA T L —IC XD B L
BICR T A v —CHRSED 2 & TRFADHZHRKREICBANT 5. MaEH o R 3 B A AT
BOEEOENIZLVBMAELZER L. V— RS mIZRBBMEELD23mg/mm? L 72
% X9 IThE 22mm, & & 100mm O#HitFKAEIZ 50mg BAMT 5. Lo RFRM LIS

H% Fig2-1 (07T

2-3 EBRiE

AREFRTIE, ERH 1KW, R 10.6 u m, ERIEIRAL O REET A L — P T ~ &
8 Quattro AF1000E) A L 7-. Fig.2-2 |ZEBRILE OB X 4 "3, SEBRALE 1 LR 2
A A L—Y 5 RG, e, HEHEE BRI L > Tk s S . L o XL —3
e & FEhD ) AN B, /A0 &0 MRS EIC A TER T A 2 H S, ft
R THROTE RO LICRE L, 2HOMI AREFR NV - Fy MCRVEET S, L—F

WEOMET 0 7T 20T L —Yafl# L, fERHsRmE I v — IR OB AL E &



SHEEAHIET 5. £o, ERTADEBNILY A3y ZREET HARMERNH 5720, Ml
w2 OREEEHNT L X2 R#E L. L — PR ORGAED S 50mm BT 5,

SWRM10 & S45C ZN TN T L— Y IE ST L KRB BAMOAWAL X TEREZIT 72,

2-4  FEBRSEMF

L —H OfEH : CO L—H
L—HFHT) :-500W

R R T :10~100mm/s

PR B :50mm

BAITT L :+0,+5,£10mm

R SR EBRAT B : 0 u g/mm?,23 1 g/mm?
PR :SWRM10,345C

AT — R LK

2-5  FBR A Wl g

KRG SRS BE ATVER ORISR, TEIR, B SIS L CORMRERRD 720, BB L D

SRR AT o 7. LTI FIE & 7T

1. fRME ) 77 A 0y X EHOTIREBAN D 1 BN OERRELES 2 RS 7ML
CTHEEIZEIWT %, 3B %4 REFINE TEC 18 RAPID PRESS [ZHEHEIZ/2 D K 51T
AN, ZDOLENEN—7 T4 MHYREZEANT 20 900 THLS 5.

2. HEH oW 2 400 FHH 2000 FETOT A Y —#KAEHWTHIES 5.



3. N7t RFIc ko CEmtE FITFE1TS.
4. 3% T A Z —NVIRHRIZERNR L, BEANG O 2 H .
5. JFRBEMEE A W TR A BIET 5.

6. VAU By H—AMSKBHEE AV TS OWELT .

2-6 SEM #1%& O) EPMA 73#7

SEM(Scanning Electron Microscope, JEOL # JXA-8530F)% fV T SEM O @52 %17
7o ETRWEGEHN O R OF1EE &K OFL#EZ 53 5 72 12 EPMA(Electron Probe

Microanalysis, JEOL % JXA-8530F)% W\ Clg#r, safr&z17-72. L FICRIAEZRT.

1. MET 2HEAMOWERE 2 ) 77 A oy ZIZK VUL, ~—27 T4 FRBIRICHE
WiALe.

2. (A OWE 2 400 25 2000 FFE THOx A Y —fka W THHET S
3. NI RS ko THimEL EIF AT .

4. 3% T A X —NVEHICERNR L, WRE O Z 7.

5. HLEMAREICERATND K 91 Pt S EELZHVT Pt 27851 5.
6. LEDOHEHETSEM BaHET 5.

7. JTHELGHTIZC L Fe Zf5E L, EEDOR LHZ EPMA 2 W Tt 5.

ADVANTEC #H#lef FEZe 5 A @E#HF G 2 B &, RN 720 TREORNEDOLK

"

% 9.3Pa ¥ CIKF &, BERE LIRE 873K, FREFRFM] 99 B CTHZEEEL S L&21TH. HZE

e

BILEL A T > 72 S45C A X — M LV ER L7- SEM % Fig.2-3 129, 4372k



THIILZ T TND2, #HTIFETT7 2T M AVE A o TWHEEZD
5. Fig.2-3 TR LIzEfTzmmotr L7 b O % Fig.2-4 1277, Fig.2-3 THHH L7235
ITIRFORENF L, ROREMEL o TND I ENIND. 7274 NORFEHE
13 0~0.02mass%C TH Y, A7 A FDRFEFZAEIT 6.6Tmass%C TH 2 Z L2 bIXH
DHBRFITEA L ZA FEZLEZZ 6N, ENUNOEDTT7 = T4 F2EBZbN5. £
ZCRFBEHEOHPIL T D 4 FEEEOH SWRM10(0.08mass%C),S20C(0.20mass%C),
S45C(0.44mass%C),SK #4(0.88mass%CIZ EZEMLIL 21Ty, SEM %67 =7 A b &
BAUEA POFEEREZRIEL, 200 DIFEEN O REZHBEOHE 2R H 7. £ ORER

LIRFBEARERDOHEEIZ L V15 ONTMIERE Fig.2-5 (TR d . REBRTILSEM 70267 =

N

FA b AEA POFERZIEL, MIERICLIVMELEbDOEZRIZGHELTD.

LIUFIC R & A B OREIE D FINAOHINE 2 7~

1. L—HREZITo 72512 7V I RA VL TREZET 2 & THRZ &> DoHE 2%k
RLUEAT) . BZERR LOSRME 873K, 99 KiHTIT 5.

2. WET LMDV Z Y 77 A Ay XXV L, X—27 T4 MHARBIAGICHE
WiAte.

3. HEEASHOWITE Z 400 F 5 2000 FE TOT A Y —fkAE HWTHHES 5.

4, N7 EFIC L o Tt BT AT S

5. 3% T A X —/VIRHRIC 60~70 PRREIR L, WREE O A 24 2B ESED

6. HEEREMZE BRSNS & 912 Pt ZFEBEZ VT Pt 27851 5.

7. VRN Z 4000 {5 D55 T SEM © 2R3 5.

8. WHELIESEMGNOBHLI-bDEEAVHA N, TRUSNE T 2T A e LTER
YHEAMER, 724 PERELT 2 LTS BAVAA FOREBEEHAEE

6.67mass%, 7 =71 h% 0.002mass% & LT, FOHEBDOELGREEGA &% HIE



T5. LUNICRHEREZ TR,

x = 6.67a + 0.002b

y = 0.94x + 0.05

ZIT, y: REBEEAEOMIEME, x: REGHEONEMET 5.
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3-1 MRENEAEIC & 5%

Fig.3-1~8-4 I{Z SWRM10 & S45C O & MG TR S AL ic s iliiWrim O 5 54 7~ 7.
¥7-, Fig.3-5 F WAL L FER ORERZ R4, SWRM10 & S45C & & (ZHRSTHE
10mm/s~60mm/s (2B TIEF—AR— /LR ER S, RVIEITIALDBIE S, IREHH
FE 7T0mm/s~100mm/s {23V TIEEAE R OB EEIZ IR B Sz, A Tldzh i
X — R — U ERE S VT AR R 2 Winecup Y, A5 A OPERENATZ IR Z Semiellipse
BEFRT. F—R— A OAERITITRM 2K T DT OABNKLETH 5720, L—FITX
B NEADS 6\ BB EHE T 23N B O 2 38U Tl Winecup BBIZR S h, L —WIZ L B AZR
D 72 BRI AN O PH I B8O T 728D Semiellipse BB S - E 2 b 5.

Fig.3-6~3-8 12 SWRM10 & S45C D4 MG AL & IR OlE & RS & mfEOBER A <7,
SWRM10 & S45C & & IZHRGHHEEANE < 72 2 1AL TR, RS, mEN S LTnd. 2

U HRS R BE 03 < 22 DAL T AR A T 2720 Th D, £/, Winecup b

Semiellipse "UZER T HBRICHE, RS, BEPRKE L LTS, ZUTF—F—1L 0

BRI LD V—FRICRBEEIN D702 B2 b5,

Fig.3-6~3-8 & ¥ [A] UM 2 B\ TR BIRINARIES I I0E, RS, mENREBRMNEL
DIRFEIZ R TEI L TV 5. £72 Fig.3-9 I RFBIRIMNC L D ImE o migE o _EH-R LR
SR ORISR A RT. IREWIMZ LY SWRM10, S45C & b ICHEFEIE ORI X 57 20%

FRERB OB L. b—PRINERII L — Y REAEIEFE L TB Y, BEENRIC



IE EWINERBEEINT 5. IRFEMRZIBINT 2 Z LIk > THREmITRAIESE, L—
P OGNl L L — VP RINFIOZE 2 232 L2 D. LIED > TRBEMN L 7= RS
FE L —PRIERAINT D Z &I L - TR, RS, mESRBRINE L ORI~ T
MLzEEx 5. 723, SWRMI10 (2B L CTId#ER ¥ 2 X 5 IZRBIRINC X 2 @lai%

TRBX50, L—VFRIEEIZHTIEETILE NSO L b,
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B 4E IRBWINC KL D0
4-1  PREhEF O
4-1-1 SWRM10 O¥ARERZE i OfE &

Fig.4-1 |~ Winecup %, Fig.4-2 |Z Semiellipse % DIl 1 O i S R BR#E BA4 R~
JRFBUINEE LB T, WEEERN OB S 23K 400Hv F2E O S &R LI DIZK L, JRFEIR
NN U 7= Al 2% 1% Winecup %, Semiellipse %! & 12 700~1300Hv &% Offi & 27~ L,
IRFBUINCT & 0 1 S D h) LR Sz,

EAE A BME(SEMIC THBIZ T 5 & R R 21T Figd-3 (T3 & 9 B VRLF
DIFIEDHER ST, ZORLA D maHr OFE R % Figd-4 1ZRT . mobTofER, Bkt
D8k L IRFEOMERILLITB L Z 311 Lotz ALV A FOMEKKITFe;CTH D DT E
RFEOEEGIX 3L LD ENDLRVRIFITEA L XA M THHEZZOND.

B L% @ Winecup %, Semiellipse ! D& i O < 3k 2 Z £ Fig.4-5, Fig.4-
6 12”7, BERR LATOM S ITHA_T, WRIENOM I2ME T LTS, w7 oA MEkE
RLEITHIZETT7 2 T4 FeN—T A NMIERET H-OBELZBICHEIMETNT 5. L
T2 o TERENIZIZ~ AT A RRESIFELTWD EEZ NS, T, BRRSTHE
DIEFEN D RFE LA BOHEE R4 Figd-7 12777, Fig.4-8,4-9 |~ Winecup !, Fig.4-10,4-
11 (T Semiellipse ! DOIEFEE R E O RBIRMAEDOZNZEND SEM B4~ AL H
A FOMES X 1300HV F2EETH Y, [RFEG A & 0.4mass% D~ /L7 A NE T00Hv F2 &
Bl TH 5. ZHUIBERTBHNOBE DXL SX O E —HT 5. Lo CEalimEmix
BAUEA NEZAT YA PTHREINTNDEBZOND. ZHURERENIRA L

TeRFBIRIS T THEB S VD RNCEERE LT L X 9 72, WRENORFA S A BN R —
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WDt EZOBND.

4-1-2  S45C OYARIERFE i Ol =

Fig.4-12 |Z Winecup %!, Fig.4-13 |Z Semiellipse % DOyl F i O i S 5lBR RS B2/~
RFBEINEE LB CTIRBELET N ORE S 1% 900Hy FLEE &2 7R L7 DICkf L, RBEURIN L 7= VA7
H0% Winecup 4, Semiellipse % & (2 900~1300Hv 2 %~ L, SWRM10 TH 5 iL7-
L9 el S OBEE R ERII A O NI ol BPICIRFEZIRAG S LT X D IE8UTR
FERBUZ BT D728, IRFEGHBEORRDRFM TIXFR—FIFIZBNTH IRFEDORAH
FERER D LEZBND. L3> T SWRMI0 (2N TREGHED GV S45C TILHRFHE
YRR AV IZ< WEB Z BNDH. £, Table2-1 LW SWRM10 & S45C Ofifi gD
GHEELAND L, S45C B E L EATWVD Z LB 5. Wb R imiErEwE <
oW, WK EHT D & DR E REMROBAZLE L CRISE I, R’R#E
DOIRNEEZL T SE T D AEEER S 5. (4]

VAR 22 1A 2 S RIS X 0 15395 & SWRM10 & [FBEIC Fig.4-13 1R d & 5 2B
RLF- S BIEE STz, Z Ok 2 sohT L7t R(Fig.4-4) 70> HBLEE Sv7e Bk 138k & fR3#
DORFREEN 311 L7 TVWAZ ENL ZOMRITE A L 24 FELEEZBND.

BEE L1 O Winecup %!, Semiellipse ! OFRELEE O VAR H O X % Fig.4-14,
Fig.4-15 |{Z-~x L, Fig.4-16,4-17 |Z Winecup %!, Fig.4-18,4-19 |Z Semiellipse % DA
REDORFIRMAEDENZND SEM B2~ 7. SR LEZEOEIDMETLTNDZ LD
BRBNIC VT oA RRELFIELTVWEEEZLND. EA VXA MO SIX
1300HV FRETH Y, KFEEAHE 0.4~0.5mass% D~ /LT ¥ A kO X% 700~800Hv 2

FESIChD. ZHITABENOB I DXL X L —EKT A2 L LIEESNITE A v ¥ A
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Ne=nT oA P THEEN TV EEZLND.

4-2 PRRLET N DT S J7 I Ol &

4-2-1 SWRM10 OIEREBN O S FFn Off S

Fig.4-20 12 SWRM10 ® Winecup T 35 1F D ISR N O S J5 [0 O S GURARE R 2 =7
FERES EEBCIE 700~1300Hv FREE DR S & 72 v, HEFELE T HETlX 500~600Hv A DO S
Llpoln. REBWIM U T-EmE L4 SEM THi%21 5 & Fig.4-21 ® X 9 7 By vk @iz
STz, ZORIZET 2 RO ORI RE Fig.4-22 (R T. SN ORE RN HELE RFED
FARRHEAS 811 L7 o TV D Z EMD ZOMBNIEA XA FEEB 2 bND. iz, VRS
DR Ltk O S 5RBREE R & Figd-23 ([T, AN O S 13 EE, FEIcEbL LK T
LTWADZ EDBEERE B, THEBICEZDOTAT oA EBFELTNHEZEZ D
WD, R LE O S OF 6 IXEREHNITR A LT RFHRDZ 2 ICIEB S 05 Al
WZEEE L CLE D72, RN OIRBE R BN AL — L7720, BA L ZA FEv LT oW
A FBFELTWDHEDIEEEZLND.

VAR D IR FEH B A KA DRSS FRICHEE Lz b D% Figd-24 (TR L, FEREES EE
® SEM 4% Fig.4-25, IR O SEM %% Fig.4-26 (27, TRl B b~ Tt
MTEIIRBEAREMEN ENSND. O LENOERET L E T OB S OBEWIX

RAGABRDOEPFKIZEEZDBND. ZHUTHRIERE & REMRDBOG L, mkAL

XE

TZEM BT > TH RS AR S 2 BNCEEE S 5 720D ICE RS B8 & TEEC

R EHRITENIND L E L BND. FHT Winecup B OVRIES I CIEB TN AE 7= 1
REEH R LI N TIEN L EX BhB.
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4-2-2 S45C DEREERN O S F R Off =

Fig.4-18 |2 S45C OIERER O X F 1 O X3 ERfE R4 ~7. SWRM10 TH LAV XD
IRIRFBTINT KD S ~DOPERFERIIH DR o To. IRFUSHIN LTS R4 65
BAMBEIC L0 B2 5 & Figd-19 O L 5 R BOVHMBEAEIE SN, Z OMBRO S bs R
(Fig.4-15) & # % L8k L IRFBOMELEN 3:11 72> TNDHZ D ZOMkITE A 21 b
ELEZLND. RO RES A RE RN LIRS FAIHEE L2 b D% Fig.4-28 1R
L, Rl o> SEM 4% Fig.4-29, TRl Mo SEM 4% Fig.4-30 (27”73 SWRM10
THOLNT- XD REEREE EEE T TOM I DERITIA LT, BWREINORFEZHED
HEBOFRELMHIGT 2D TH -T2,

IS OFERD B RFEMADGTAUCE XA ETN CERESNICIEAT 2 Z L2 X 5 7T
HI72 R FEA EOIENIT S45C TH /L ONToD, [RFEWEK & WRE I OSIEN 4-1-2 THIT

FHATHH ESNZEEZHND.
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AR B IRFBNETIRAEBNICIEA L7255 A 2 IRFBIRAER 100% & L TEERORRELES
WD IRFBIRANREZRDT-.
PLTFICEHEA A2 R T.

M,
=—Xx100+C
Xmax Mg, + M. +

R = x 100

Xmax

2T, Xpax : ERER EORFBNETRA LT2HE DORHEZE A Blmass%l, Mg, : IRELEEO
B &mgl, M : RS BIC@BAT S o B DOE Rlmgl, C: M (L FH R ICEB T 5 IR
F oA Elmass%l, x : SEM &I LV B SN/ RFES A Elmass%], R: KFRAE[] &
T 5. F7o, Mp, EMAILLTORIZT LV Rz,

Mpe = pre X A

Mg = pe X W
ZIT, pre: SROEE 7.83[mg/mm?], A : EELES O [mm?], po : IRBBAAEE
0.23[mg/mm?], W : iR OME[mm] &5 5.

Fig.5-1 IZ& MM DR FBRALRZ T, SWRM10 (2B U TIEMBENEEE 2V < 72 5 (258

IF

N TRBIRARIIMEME & 72572, ZAULIRBIRINE OVEBERN O 1R 35 & A w3 PR
12X 5T 0.835~0.40mass% L E D FEEZRTOIZX L, IRl FORZINETIRA L-H

R EX g [ TR HE DR R D ICHENLTRESHEIML TV ETZHEEE I LS.

F[E

Fig.5-2 (Txpmqy & R EORfRZ R T, £7- Winecup BT L TRIWIRFRIRBAZEZ R L
7=DlE Fig.5-2 1279 £ 31 Winecup 13 Semiellipse AT b= Ty g PIE DMKV ME & 72

5 T 5 72 Winecup I3 R E IR AR Semiellipse B R TEL oozt &2 B 5.

3

S45C (2B U CTIEIRAHERIC X & FIRFRARIZIZIE 0% & e o772, Zhid Figd-7 1R



15

F BV S45C 1B L CIIIRAENIZIRENH E VIRA L7220, RBIBRARKINIIIE 0%

DIEIZ IRt BEZBND.



16

Few BATTLoEE

6-1 JEmEr oL

WEAVIE 2 KT 5728, AT T LA 5, £10mm OS5 TITVAREEOIE O _5H %237
7. Fig.6-1~6-2 |Z SWRM10 & S45C D& FREFSAETRpR S 7= ta sl i o 55 4 7~
F.oF e, BRIETLEITO 2L T, R SR WERERFE LTz, SWRMI10 &
S45C O RITT L & MESEEIC K 5 ORI OA 2 Th 2 Fig.6-3, 6-4 (R
VTSI T L AT R BABMI O &M T L —F O VX —FHEMNMEL, MO
R ETINET D Z LN TER -T2 E 265, Fig6-5 ITEAITT L &t
R D BALR & <. BEALIR O A - T, BT d L AT o 7o 3R FEBREIFH C15 b L7 [F IR
SHEEE COWRIEITY ¥ A 8 7 4 — B A(E0mm)PMEIE R TOLRME TR D RKEWER L 72
S, ZHUEY ¥ A R T 4 — B ADKMIZ DI TH S 172 Winecup BT F— R — /L DAL
XY L=V ORINENEINT 5720, FRIHEEIZBNTERITT L AT R 7o & &
DABVEDRELS 2D, fRELTHEMEESRES kol BZ2xbND. T2ZL,
Semiellipse ! & 7¢ o 7= @ REHHE ST B W CIEZE O EIT/NES < 72572, Fig.6-6 (S
37 L EERNTR S OBIRZ T BADGEEN D IS0 T, ERLETE S I3 S A
HHNTZ. ZIUTESDSEEN D IZON T, L—F O R UX—FEEN/ NS eoTaiod,
TEWETIABEG LR ol B X BND. Fig6-7 IZEMITT L L ERE O mfE DR
RZ g, B BHEN D IZ O CERES O AL 3 2B A A Bz, ZAUEE U
AR B D TIERIT T LT O IE EEAMETIENA R E < Ro TV D72, B &1
LT VRO & OB NRKE L 20, FERESOEEIED LizEBE 2 bh

2.
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6-2 il X~

Fig.6-8, Fig.6-9 |Z 10mm/s ® SWRM10 & S45C TOKE ST LRI T 5 R HEE X
L BREHREORRZ T ERIETLAEITO 2 & TSWRMI0 1EY v A N7+ — 1 A TOME
X LRL < 700~1300Hv FEEEZHER L Cu 5 23 LEikhY, 1300Hv £ OREV V53 A3 2\ M
M3d 5. S45C BRERIZY ¥ A R 7+ —H A TOMEE L [H U< 900~1300Hv £ % R
LTV 5 AR, 1300H F2EEDIEWER G LM 2 0 5. ZAUFERITT LEITH 2
& Cxpma R EORBNETRALTEHEORFZEH Elmass®) K& < EHT 57
DOIRRINICIRBM RN Y v A b7 4 — B ATHARERBAL, BAZA 3L AFHE
T5H0EEEZ NS, Fig.6-10, Fig.6-11 (2 SWRM10 & S45C TOAFE ML T LRI

BT Dxpar & BEHEHRE OBRE RT.
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7T-1 SO

R FAIN L —FIEFBEANIC X > T SWRM10 TIZVARIBIC R FEZRA L, IWREHN O
RFGH BN L LD, S45C IZHR W TITIEREN O R FE & A O M _EITIZIERE b A7)
o7z, % 2T SK #(0.88mass%C) & AN TR B L — FEERIBEANEZ TV, BE2EhES L
L ZAT72 o7z, Fig. -1 [ZIRFBIM L — FESRBEANE ORI O KA G A &4~ L, Figl-

ZSK# SEM 14, Fig.7-3 IZRABEWINEE L OWEEH O SEM 4, Fig.7-4 ([ZRFWINA
D OEERER O SEM g4 ~d. L —VIRREBE AN E OUSREE O R FE A EITIRFARMO A
WL LTHREAD LTV D, ZAUIKRKF R N O b #k) RS S, RN
DIRFERIEL, MRDEE T2 B2 5. ZORKRKINIRESA BN EORE, F2RKE
BN DI RE CEIS ST D EZ2 NS,

PRFBTAN L — IR RE A ISR R il CILR B R & R RS 3 2 RIR S &
[FIRFICABR OB SIERIL Z > TS EBE X BND. ZDTw, RO REEAROEAL
TSR & RS DEFHZ K> TR B, REGA RO SWRM10(0.08mass%C)

VR BSOS DM S, BURBOS IR S b RFEEAEDM L, IREZHED S
VY SK #4(0.88mass%C) TIEW R SOGMNH S, B FOGDMERE S5 7o RSB S A R
B LB ZBNS. S45C (2B W TR UG & LR BUSIT & % IR & H B OELD
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Table2-1 Chemical components (mass%).

SWRM10

(Base material hardness 240Hv)

C Si Mn| P S
0.08| 0.21] 0.21] 0.02 0.01
S45C

(Base material hardness 330Hv)

C Si Mn| P S
0.44| 0.19 0.73| 0.01] 0.18




(a)No-coating

(b)Carbon coating

Fig.2-1 Change of surface by carbon coating.



Nozzle

Specimen

/

Fig.2-2 Experimental apparatus.
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Fig.2-3 SEM observation result of cross section of S45C
after tempering.
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Fig.2-4 Surface analysis result of S45C after tempering.
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Fig.2-5 Correction formula of carbon content.



(a)10mm/s (b)40mm/s

(c)100mm/s

Fig.3-1 Cross section areas of molten metal of SWRM10
without carbon coating.



(a)10mm/s (b)40mm/s

(c)100mm/s

Fig.3-2 Cross section areas of molten metal of SWRM10
with carbon coating.



(a)10mm/s (b)40mm/s

(c)100mm/s

Fig.3-3 Cross section areas of molten metal of S45C
without carbon coating.



(b)40mm/s

(c)100mm/s

Fig.3-4 Cross section areas of molten metal of S45C
with carbon coating.
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Fig.3-5 Shape of molten metal at each condition.
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Fig.3-6 Change of width of molten metal
at each condition.
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Fig.3-8 Change of area of molten metal
at each condition.
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Fig.4-1Hardness distribution along width direction
of Winecup type molten metal of SWRM10.
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Fig.4-2 Hardness distribution along width direction of
Semiellipse type molten metal of SWRM10.



10mm/s

Fig.4-3 Black particles observed on molten surface
of SWRM10 by carbon coating.
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Fig.4-4 EPMA point analysis results of black spots observed
on surface of molten metal.
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Fig.4-5 Hardness after tempering distribution along width
direction of Winecup type molten metal of SWRM10.
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Fig.4-6 Hardness after tempering distribution along width
direction of Semiellipse type molten metal of SWRM10.
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Fig.4-7 Carbon concentration of molten metal
with carbon coating.
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Fig.4-8 SEM image of molten metal surface of SWRM10
of Winecup type.
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Fig.4-9 SEM image of molten metal surface of SWRM10
of Winecup type with carbon coating.
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Fig.4-10 SEM image of molten metal surface of SWRM10
of Semiellipse type.
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Fig.4-11 SEM image of molten metal surface of SWRM10
of Semiellipse type with carbon coating.
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Fig.4-11 S45C’s hardness distribution
along width direction of Winecup type molten metal.
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Fig.4-12 S45C’s hardness distribution
along width direction of Semiellipse type molten metal.



Fig.4-13 Black particles observed on molten surface
of S45C by carbon coating.
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Fig.4-14 Hardness after tempering distribution along width
direction of Winecup type molten metal of S45C.
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Fig.4-15 Hardness after tempering distribution along width
direction of Semiellipse type molten metal of S45C.
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Fig.4-16 SEM image of molten metal surface of S45C
of Winecup type.

- ipm JEOL  2015/12/02
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Fig.4-17 SEM image of molten metal surface of S45C
of Winecup type with carbon coating.
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Fig.4-18 SEM image of molten metal surface of S45C
of Semiellipse type.

2015/07/03
WD 10.9mm 17:42:22

Fig.4-19 SEM image of molten metal surface of S45C
of Semiellipse type with carbon coating.
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Fig.4-20 Hardness distribution along depth direction of
Winecup type molten metal of SWRM10.

Fig.4-21 Black particles inside molten metal
of SWRM10.
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Fig.4-22 EPMA point analysis result of black spots
inside molten metal.
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Fig.4-23 Hardness after tempering distribution along depth
direction of Winecup type molten metal of SWRM10.



1500 0.5

- 10mm/s —o—Hardness
—e—Carbon content
0.4
= I b=
L, 1000+ @
2 I 0.3 ,g,
£ g
£ |5
g L 0.2 g
S 500 §
S - S
0.1
:Ae-recieved
o0 - 005 1 0

Depth from upper surface(mm)

Fig.4-24 Change of carbon concentration along depth
direction of molten metal of SWRM10 by carbon coating.
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Fig.4-25 SEM image of upper part of molten metal
of SWRM10 of Semiellipse type.
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Fig.4-26 SEM image of lower part of molten metal
of SWRM10 of Semiellipse type.
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Fig.4-26 Hardness distribution along depth direction of
Winecup type molten metal of S45C.
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Fig.4-27 Black particles inside molten metal
of S45C.
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Fig.4-28 Change of carbon concentration along depth
direction of molten metal of S45C by carbon coating.
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Fig.4-29 SEM image of upper part of molten metal
of S45C of Semiellipse type.
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Fig.4-30 SEM image of lower part of molten metal
of S45C of Semiellipse type.
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Fig.5-2 Relationship between x,,,, and irradiation rate.



(a)Defocus distance +5mm, (b)Defocus distance +5mm,
10mm/s 40mm/s

(c)Defocus distance -5mm, (d)Defocus distance -5mm,
10mm/s 40mm/s

Fig.5-3 Cross section areas of molten metal by defocusing
of SWRM10 with carbon coating.



(e) Defocus distance +10mm, (f) Defocus distance +10mm,
10mm/s 40mm/s

(g) Defocus distance -10mm, (h) Defocus distance -10mm,
10mm/s 40mm/s

Fig.5-3 Continued.



(a)Defocus distance +5mm, (b)Defocus distance +5mm,
10mm/s 40mm/s

(c)Defocus distance -5mm, (bdDefocus distance -5mm,
10mm/s 40mm/s

Fig.5-4 Cross section areas of molten metal by defocusing
of S45C with carbon coating.



(e) Defocus distance +10mm, (f) Defocus distance +10mm,
10mm/s 40mm/s

(g) Defocus distance -10mm, (h) Defocus distance -10mm,
10mm/s 40mm/s

Fig.5-4 Continued.
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Fig.6-3 Focusing and formation of molten metal
of SWRM10 with carbon coating.
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Fig.6-4 Focusing and formation of molten metal
of S45C with carbon coating.
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Fig.6-5 Change of width of molten metal
by defocusing with carbon coating.



(a)SWRM10

(b)S45C

1.5 ' ' J . T ' ! T T 15 T T T T T T T T T
-+ Winecup type ——Defocusing+q [« Winecup type —o—Defocusing =G
[ © Semiellipse type—=—Defocusing*5| o Semiellipse type—s—Defocusing+5 |
—o—Defocusing-5 —o—Defocusing-5 |
= 1F —v—Defocusing+19— 1| —v—Defocusing+10
. ] E .
£ Defocusing-10] £ Defocusing-101
= = "
= 2
Q0.5+ 18050 i
0- % | . | 0' > = | . |
0 20 40 60 80 100 0 20 40 60 80 100
Irradiation speed[mm/s] Irradiation speed[mm/s]
Fig.6-6 Change of depth of molten metal
by defocusing with carbon coating.
(a)SWRM10 (b)S45C
1 T T T T T T T T T 1 T T T T T T T T T
i —o—Defocusing =@ I —o—Defocusing =@
08k ——Defocusing+5 | 08k ——Defocusing+5 |
: —o—Defocusing-5 ' —o—Defocusing-5
I~ —v—Defocusing+10 = | —v—Defocusing+10
£0.6[- Defocusing-101 £0.61 Defocusing-107
% i *  Winecup type % i *  Winecup type 1
20.4— o Semiellipse type 20.4— o Semiellipse typs
0.2+ 1 0.2- .
0 20 40 60 80 100 0 20 40 60 80 100

Irradiation speed[mm/s]

Irradiation speed[mm/s]

Fig.6-7 Change of area of molten metal
by defocusing with carbon coating.
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Fig.7-1 Carbon content of molten metal
at each condition of SK5.
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Fig.7-2 SEM image of SK5 base metal.
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Fig.7-3 SEM image of molten metal of SK5
without carbon coating.
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Fig.7-4 SEM image of molten metal of SK5
with carbon coating.
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Fig.7-5 Melt flow of Winecup type.
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Fig.7-6 Carbon penetration by molten metal flow.



