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1.1 AROER

IAEOHERE R - BREEEO B E 0 & &bz, |k, 7T v Me & opEE
o, MLZERE, BENE, BRiE 7R & OISR O Ml L7 b u =7 RE TR,
G EEE E T OFEENT T, LEMMO/N - R EL, Hrx - HE
FALOTRBW L EEZH L TETEY . 26 OMEHT X L TR D &
BREZ VRN 5T 5 2 L O TE DZREUHEIALE L ENTWD, Zh
O ORMLIREIT & LT, BEAIL, BRI —=0 772 BT K 2 RSB H M3
b1, ZAHLOFETIE, MERIOMMEZLET 252 LITK Y DR L
DTN MEHEA OVERBLL EOREZ RIS L Z LT TE R, 207
D, AR LHMERED M ERNKEE L 72D KO K R BREE T2 W Tk, BT EH A
MEBIREIZER SEL 2 LICKD2UWEMTON D, Z0 &5 IR 2 s
SELRMUBE D% Fig 1.1 1R ¥, — AN RFEM B 247 53 2 Kt
Bt & LT, Do TRWGHE & WV o TN HES 1T K 2 URTE R FIE 460 & 7 —
IUE, TITAHERAK TB LR —V T T v T 7 810 L W o I IREE S
I X DR RIEIZ S LD, D o & OV PHEIL & C Rl ~ D R Ak
WZHFITH D, Do ZIETIIHERBERDOUBDBLIEL WS RER & 5, I

———— Hardening
Heat treatment

——— (Carburizing

— Metal plating

Surface modification Mechanical joint

— Thermal spray

— Plasma transferred arc welding

Welded joint

— Laser cladding

Fig. 1.1 Surface modification techniques.
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Fig. 1.2 Schematic diagram of thermal spray.

Tungsten electrode

Water cooling nozzle

Powder material

-

~__Plasmaarc

Substrate

™

\\

La'yer

Fig. 1.3 Schematic diagram of plasma transferred arc welding.

SHEIE Fig. 1.2 IORTEOIC@BB LY T X v 7 AME 2 B S & 5 I
RIEDLZ LT HRZEHRT 2 FETH D0, ZOFIETILBE L ERE T
B G DTRR S IVT T o I — 20 RIC L DB G I &L » TR S S
MDD, AR L OEAETEDNE HEEL O3 < BUERBEENTER LI W
WO TN B D, ZHUUTK LT, IR G IS X 2 BRI AIE TIE, BIR & Btk



Laser

Molten metal

Fig. 1.4 Schematic diagram of laser cladding.

WNYRRL L SRS A I X VA SN D 2D EEMEN B 2 RIS ATRE C &
%o Fig. 1.3 R T L9 7 — 7 RS L OV 7 X~ I IRASIERE I ER & L C
T2 %FALTEY | BREOEAICHEHE SN TEn, ABMENRE Wz
ROBGENRRKE N LWV o TR, Wil L2 B O BEA~DIR A () 2338
HF D OFIEOFENME T 5 LW 2R S D, Z 2 T AH%E Tid, Fig.
14 IZRT RO RV —YEERE L TREZER ST v — 7 T vT 1 7k
IZEHR LTz,

L—HT T T 4 7 BNEDNEN T — BN E < ABAOIEEE 7o il
MABECTH D E VST AT T H L=V EHWD =D, M ~DRAREL
INELFTHZENRARRE D, 2D, V—H T T T 4 7 TIIRM OB
RN ARBPD IRV BAF 7RI ATERT 2 2 R A[RE & 72 5 1119, 2000
EZAETIIL—YRIEE LT COz L—FRBHICL—HFE LTHOWLA T
7o 519, 2, L—HFHARhAROMEE L B — MR, ARER EiconT
WA SN TWD, SR BITH R 2 AREAN S L CTEMIZEM L, 1200 W @
COz L—HEHWTRIEZTER Lo R 2 e LT\ D 18, ZOWEICLD L,
U4 —E I L KO KER R TH Y, A U I L DIRER
D72 EITBD DRV ERE LT D, RS IR EE A L
T Co KBS KIEZTER LTofERZHE L TS 19, L—HE 10 kW D COq
L—HERAWTEY, AEEE LR L O RE S~ e L Tnd, 2o
WEICLD & MREERMATTIZHGT 5 2 & TRWEREDERNELND Z
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EL ETEMOBEBERRILI S T T 4 T BEN L BRER D 2 b B
BHLTWD, THFEIE, 7 7 A 83— =GR L —F & F W B e 5 03 8
LTW5 2023, ZbHd L —HE COg L—H & bl LT ABD FlFEME D & <
o TS E, BIORBMEIOWILRNEmNE W7o /D X0 msnE 7R
B ATRE & 725 E I S D, —REVISEFEDO L —Y 7 T v 7 1 7T
B4 2 WF5EIE, WIEROEME W 72 FLE 6| Fig. 1.5 IR T X 9 ICKRE R
it 2 FERR L C 2 SIS R A G L TR ZAT 5 &\ o le 7 a2 A3 E
EIRo TG 2420, Z OFIETIIMEHER @< EESTERATETH DS, L
MUIRIND, B ~EHEL — PR R S 5720 PTA 72 & & 4 5 & ARATIR
72 BN TE R RTRE Cdo 2 23, FLERIIATIR AR & < 72 0 R0 < | B~ DB
BT VE VSRS D, & 2T, AL TITEER L — P & VT
MRFFEIRCED V=Y I T T 4 T %ITH, HIRFEE I L—F R ERE
FAUTHRS S ez RSB ORI NAFIEE ThH 5 EHifF S b, £72,
COz L—H L HERY | L—HFHADOHIEIER SN E Vo R mNE ZNETO
MAFEICLD L=V T T ¢ 7 XV EREOENT- LIRS ATRETH 5
WP END, BB LIZL D ITHRFBEICLIDL—Y I Ty T 0 72T 5
FEIE CO2 L —H & W FER DB STV DD, R OEREIZEENC SV T
ERR DN TR, RN CEGE B D/ S R IR A TER T 2 72 DI, RO
WRZFEZHET 5 ENEETHH LB LD, MAROEMZEENICEEL
H2270BANRTA=2L LT, HRIIBTLHLV—FDEMT T 7 AL,
L—HONRT —FE ABGE, A —N—T v TR DL, £l MEORT X —

Powder
Laser

y |

Molten pool

Fig. 1.5 Laser cladding with powder feeding
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B LTHMREAWVDTZORERFT O D, Frlo, B RICBIT D L —F Dz
M7 77 A MIV—F T T T 4 U TIZBWCERICEETHL LEZ BN
Do ZHUL, L—HOZERT BT 7 A VR—FETROVE MEOEENE L BRI
TR RSN EE L 72 DA REME DN B DT Th D, AR D O 9TIL, K%
b B O AR CEO TRBEIERAIT> TWEHN, B — ROEFHOFE S
T RPEBEICEZIAENTEY , BRABHL TWDZ ERREBEIATH
5o o, TOHRETEHL—FDOT BT 7 A VPRI TWRY, DX D7
MHBEIRITBIT D =7 07 7 A )VHIHB RIEE I W TCEHETH L &
BERXOIDN, B—AT 0T 7 A ERROERIEB ORI T 5 WA 134T
DTV, £72, L—HFDZERT 1 7 7 A VI Z1T 5 DB T, HR~D
FIROFAERLCTHENRARIC L DRI SO KR P 2L L ST /RN D 5,
ZDHD, V=Y T T 4 U TICB TR NS R E R T DT
X, L=V OB IR T HZEM T w7 7 A AHIENCINZ T, L=V DT —#
JELABBERA— R =T v TRENVSTENRT A—ZOHENMLETH D, -,
BB L CRBMRE VD720, T 2HMRRBRORIEA1T > 2 & T,
BTG RN B 7 NBA 2 AR L AR~ DB DA FTRE & 70 2 & WiFF &
N5, TAVETIT, B RDORED IR B e NBVEIZ 5 % 2 58T &
IZEN TR, £ 2T, AR TIIREO AR/ N E < i~ DEGE
DINE IR BT T D720, EIROANT A—EZ N L —H T T T 4 U TIC
BT DMAEORMEFER L O EREIC G 2 2 EBEZRD, N E TITRK
DRIEE S & LT, 1 mm BREDORENFEE TR TNS 18, Ll
NOFET OMRBENEL 0D & KIERAIZ LB ABEAHE K L TLEWN,
EROBSEELNREL 2D B2 N, BEELZ/NELT572O21E, 1E
B2 DREHZEL THIENEETH D, UH LRSS ~OEHAE L
TIE, 200 pm ODEIBKELEZZ HLD 20, £ TR TIE, FHFETHH
RIE S IIAMFFETIZ 200 pm TEE L,



1.2 AHAERTHWSIHE

AWFFETIL 304 BT o L A Hilds K Ot s FH P 3R 8 S45C % Eotii okl &
LTHWe, Zhunid, —MREITER % 2B S IS O DAV D 23 ITHEEREME ROt
JEEMEDMERNTZ | THEFE - ISR 2 —7 4 DB L I o T 5, MHEEFRENE
MEFE LT, Co A4 TH D Stellite A4 295 Ni-Cr-Si-B A4 295 03261 F
5%, Ni-Cr-Si-B &4, flsin 1000°CREE & Stellite 7a4: & Hefis L CIX
<, ETmhVESEBND T2 RABVTRBIZR A AR TCH DL B2 b5, £
ZCARBIZETIE, BERBFE LT Ni-Cr-Si-B A4 % v 7=, Table 1 ([ZAHFSE

Tablel Composition of Ni-Cr-Si-B alloy powder

Chemical composition (wt%)

Material
Ni Cr  Si B Fe C
NJ=Cr=Si-Balloy Bal. 163 4.3 33 42 09
powder
|| | 1 1 L]
’ -
® Ni,B;
= T & Ni .
= A Cr,G
= L + CrB |
& ® Ni,B,
L.
(43 ] * CF583
~— L -
>‘ *
i3
w =
=
D)
4+
c
i +
®

30 40 50 60 70 80 90
260/6 (deg)

Fig. 1.6 X-ray diffraction pattens of Ni-Cr-Si-B alloy



TfEH L7z Ni-Cr-Si-B G D& 27, Ni-Cr-Si-B &4 EEFE - MifE &
BN DR TR, 20 L VUL T 807 PIER ST b, Fig.
B R D X BRET R Z — % md, 2ONZ—nbaynnd K512, Ni
v MY w7 2L LT Cr ALY, Cr A V{bW7s Ekkx 2o & 7o AT W i3 A E
T HTOMENEND, Fe DIRENE 2D & 20 DHT BT 5729
3D R LI IR 2B 5 2 ENHETH D,

1.3 L—HELEERMBOMBEER

—REIIC Fig. 1.7 (TR L 2 @& BB O e EIT R I L > TR L,
R RAZ 72 513 EWIRRITIEIMNT 5, ZhE, G5 2 WE OISE OREIRIE
Fig. 1.8 [T KO ICE MK TH LW E P OmER 2 EH S5 Z &I
E2bDTHY ., ZOMERA DISEILEMIL D FWRENZ L > TEILT 570
THod 32, FBIOPRESIND LeRPICRBIERPEEL, ZOBREX
T HBEF AR S WEMBNICEE T 5, —KANICE&BEMEHIINE Sz B
HEF PR LHEBET 52 L TRFAIRBIZBESERo R LFX =L 5, 2O
e, e RBMEIOHMBEERT bbb L—Y L@ BMEIOMAEIENZE 25
I, EREZTEGRTOHHREFORLIBNEZ L LITRD, @&

100 I 1 I 1 I I 1 ) I

o

o
f
|
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o
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_Carbon steel .
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Absorption rate(%)
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o
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Fig. 1.7 Absorption rate of laser beam with several materials.



Vibration
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.
Electron

Electricfield

I E=E,exp(—iwt)

Fig. 1.8 Schematic diagram of laser and electron interaction.

Polarization :P

< m;-'leus — optical
lectric-field:E

0000 — o006 —

o000 — 0000

e e — 0000 —
0000 — 0000 —

Fig. 1.9 (a) Schematic diagram of free electron of metal. (b) Schematic diagram of
polarization of metal.

Free electron

MEFCIE, Fig. 1L.9@IZRT X 5 IR L TV DR 703 %8 1 % B L CIER
LT, BREFELMHEINIRELRSTWNS 3, ZOHHEFEIZ
L—YRRSEND & Fig. LIOICRT L 9 ICHBETFE LR ONME D HE
SN T, BB PAELD, 20L& HBEFOH ) ES) R
FRAD X 91275,

2 *
- 4 7n§5=qE (1.1)

dat? T dt

T, mMIEFOAER., ulXEFOLEME, IR, A IXEFOBGEL
DFBFIRERT (BERIE), ¢l3EM. ElXL—YeoELETh s, £ 2 HITE
T EEBOWEL, TRbbBEBICLAEEARTEHTHD, 2T, L—V}k



DOAFEAWNEE ot 5L, BIINTO L —FHOELIC X - Tl i=ZH5h
THDT, BEFDOMNEZU = ujexp(—iwt). B E%E = Ejexp(—iwt) £ £T 2
ENTES, T25EXRADITIKRKDE I D,

(—m*a)2 — #) u, exp(—iwt) = qEy exp(—iwt) (1.2)

ORI, BEFOEN ulx

q 1
Uy = —— — F 1.3
0 m* w(w+%) 0 (1.3

DA o DR TR IND,
T, IRETEEEZENETLHE, BHEFICEDO9MIIP = —gNut I
DI EMb, i

_Ng®_ 1

m* w(w+%)

P =

Ey (1.4)

LB, ZIT, L—PRICEDER ENRH SNBEOSBEHOBEREE D
TR TRIND,

D =¢&yE + P =gy E (1.5)

T IT, IIEZEOFHER,  IERFEXRTHDH, RNAHIZKA.H)EMRAT

Ng?> 1
D=€0E0_ d

——F, = E 1.6
o w(w+%) 0 = €o&r (1.6)

LD, ZORER, e 1%



(1.7)

L%, ZIT, @RTOAMEBETEIRfELOTIATTHLLEEZD T
ENFRETH D72, WNUTTRT 77 A~ IR B wp

2
w2 = (1.8)
m &g
ERADITRAT D &
2
g =1— —2 (1.9)
w(w+;)

LVEFFERNEIND, RAYE FA—FoRE NS, =T, BEFEER
ZL—PROERTRT ERAD LI D,

2
g.=1——2P (1.10)
r 2me 2me | Ly ‘
A (/1 T

ZIZT, LN EEAN LIS A O R RIIEFFEER:, 2 AV Tk
DEHTFREIND,

VEr+1

(1.11)
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Fig. 1.10 Absorption ratio at various wavelength.

ZOWE, B TH D « WAELRWEEITXA.9) LY . v —FOIRENEN 7
T AREEBLUL T OGS, FERPADFERERDTOMFRRITL L5,
LIRS, —RANCEBITATRD « 285720, BFERN/ERLLE RV
DERDN 1 2 FEY . HOWNAAET 5, Fig. 1.10 (277 A IREED KK
R T 680 nm, B DOBELOMEINEFH#Z 6.5X1015 s & L TEHAE LIZEROED
B RZ RS, Ziud, NI OMMHELZERE L2 DOTh D, ZORENG,
DR ENEL RIS RME T2 2 E B3 005, Zhud, EoRENEL
725 EREEBKREL D720, BYBELICL > THEL SN D EFAKE <
RHEDTHD, L—FILIZBWT, ORI E W DI T E 5 <
BT, ZORERNLEEEO LRI TIIEAEN THL Z LRI
Teo Z2C, AW TITERIN LAITO 2 ERAMRETH LM N E2AT 5
L—H O TR RN SR L — & iz,
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1.4 ZERHBOFFH

L—YENERBICAHTLE, ER LI ICHEEFIZL o TRE S
%, ZORE, MEHERmEAEEE TIXRWIGE I AR B4 2 F IS S b
GELEED, o=, ERBEICL—FHDBAKNT S & Fig. L.1LIRT LD
2, FOMRICE D B UHAENT L2 122570, L—FoRINER
WNEINT 5 B2 615, Fig. 112 [ZARFRIZHV S Ni-Cr-Si-B 540K
KOSV MO REZ RS, ZORENSSND KD, 27 Cld
DK 68% T D DITHF LT, MiEE WD & RIR=ED 30%fRE F TR T35
LI ENGMD, TOZENL, BEEHWD EELEIT L0 RIED E < 72
D 1o OB RV X — RN E L T D,
SEMARITIEFICBRERPMMENZ ERMON TV D 3336 X, &@kL
TRIOEEARFRED /NS W2 BYRER EIZEK A L TITOND 72D Th
%, Gusarov HDOFBEIZL D & BREHRKOBRE R I ELOYHEITKFH
P BHRAH A, K ORERBLORRICE > TEED E LTWD, EERY
WZHE STk 2 72 B R OBMRE R T, Gusarov HDET /MIZ L < —E L
THY., L LT0.02~0.1 WmK RRE & 725> T\ 5, ABFZETHV S Ni-Cr-
Si-B A4&D /7 MK 5 EYRERIZ 20 WmK BRETHHZ L0 b, &R
MRITASV 78 & i U CIFRFICBMRE SRR Z LR D, 20D, B
KBERT 2 FTL =PRI L DBDILHNIZ L A EE TRV EE X B
%o bl U7 ELEAHC X D WRINR ORI OB EROK T OEN S, &

Substrate

Fig. 1.11 Schematic diagram of diffuse reflection of metal powder.
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Fig. 1.12 Reflectance of material.
BMREHN L —H T T T 4 TII=RAF—EREH VN L THDL
bbb,

1.5 AHMEDEMRUER

AWFFETIE, AR L —F % AV T Ni-Cr-Si-B 4K % 304 TLAT L
B F X OVBEMRAS & IR B8 S45C Mt BT 5, BRI, L—PBREN
—HETRWE A LI A A A — R —F &AW TR EZITV., EERICE
F5 V=DM T a7 7 A VR EEREIC G 2 DB LNCT D, KRIZ,
Hb LT FEREREZ L L7 7 ARy TN EER L= EHN=7 T > b
My TRIDT A = AT BT DEIO R ORGE BT L. BRIZBIT D
B — AT R 7 7 A VBRI 2 2B LT D, RIZ, 7T v R B
Y TRDT A =L HNTRIEEREZITOBRD, L= ORU —EESA
BB IO — =T TRPGEEEICG 2 DR BEZALNCT D, S5HIT,
B R ORI L E DTSR G- 2 DR B E W DN L, AR OB
DIRIHEAT 5,

R SCIIAER A B D TR 6 BETHM S5, Fig. 1.13 IZARGR IO E BIR
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Fig. 1.13 Flow chart of this study.
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Fig. 2.1 Schematic diagrams of the beam profile effect on cladding layer formation.
(a) Schematic diagram of laser scanning. (b) Schematic diagrams of overlapping of

laser spot. (c) Cross-section images of overlapping laser spot.
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Direct diode laser
High speed video camera

steel plate XY stage
Ni-base self-fluxing alloy

Fig. 2.2 Schematic diagram of experimental setup.

Fig. 2.3 Beam profile of Gaussian-like beam at the focal point.
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Fig. 2.4 Schematic diagram of laser scanning and high speed

video observation method.

ZEENTEREE I A T Z VT 1000 fps THRE L=, 2 DR iFg24Lr
T LI L—F OB Ik L CRE SN, xy ‘FEnn 307 OFfE TR

Teo BIROFHE & LT, 2Rifi & O 4 6 FBAMER I K » TEIZE 24TV fifE 0.5
N CTERIEDKEEES Hmo ey 51— A S 2 {E L, EDXIZ X > TREF O
TRBEZREST D & T, EEOHREF T,

2.3 HERHERELIOEE

2.3.1 —[EHRSIC X 2 KRR

Figure 2.5 |2 L —H¥ & —[alf#5| ST, Ni-Cr-Si-B &4 &% 304 B AT
L AFHEAR BT S B Rr oW B R A m T, L—F D123 200 W,
N —FEEEN 2.3 X104 W/em?2 DS TRSIEE % 5, 10 3L 15 mm/s ~&
fbxw2 &, Fig. 2.5@ImEivd K Hic, 5 EN 5 mm/s DFEAFIZBNT
X S FEAN IR S EITIAA TWD Z ENR 0D, fslEHEN 10 B O
15 mm/s DRIV T, Figs. 2.50) B LIRS D K D ITERA~DIE
TIABRDIN S TR IR STV D 2 N5, AR S Tz BB Wy i F

24



200 pm

-
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Fig. 2.5 Optical images of cross sections of cladding layer. Laser power of
(a)-(c), (d)-(f) and (g)-G) were 200, 220 and 240 W and scanning velocity of
(a),(d),(g) 5 (b),(e),(h) 10 (c),(H),3) 15 mm/s, respectively.
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Fig. 2.6 Optical images of cladding layer at the overlap rate of 80% (a),
(e) and @), 85% (b), () and (j), 90% (c), (2) and (k) and 95% (d), (h) and
(0.((2)~(d) 240 W, (e)~(h) 220 W and ()~() 200 W. 5 mm/s).
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Fig. 2.7 Optical images of cladding layer at the overlap rate of 80% (a),
(e) and (@), 85% (b), () and (), 90% (c), (2) and (k) and 95% (d), (h) and
(D.((2)~(d) 240 W, (e)~(h) 220 W and ()~() 200 W. 10 mm/s).
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Fig. 2.8 Optical images of cladding layer at the overlap rate of 80% (a),
(e) and (@), 85% (b), (© and (), 90% (c), (2) and (k) and 95% (d), (h) and
(D).((2)~(d) 240 W, (e)~(h) 220 W and (i)~(1) 200 W. 15 mm/s).
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Fig. 2.9 Cross sections of cladding layer at the overlap rate of 80% (a),
(e) and (1), 85% (b), () and (), 90% (c), (g) and (k) and 95% (d), (h) and
(1).((@)~(d) 240 W, (e)~(h) 220 W and ()~(1) 200 W. 5 mm/s).
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Fig. 2.10 Cross sections of cladding layer at the overlap rate of 80% (a),
(e) and (1), 85% (b), () and (), 90% (¢), (2) and (k) and 95% (d), (h) and
1).(a)~(d) 240 W, (e)~(h) 220 W and ()~(1) 200 W. 10 mm/s).
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Fig. 2.11 Cross sections of cladding layer at the overlap rate of 80% (a),
(e) and (1), 85% (b), () and (), 90% (c), (2) and (k) and 95% (d), (h) and
D.((a)~(d) 240 W, (e)~(h) 220 W and (1)~(1) 200 W. 15 mm/s).
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Fig. 2.12 High speed observation images of cladding layer formation
phenomena of (a), (b), (c), (d), (e), (), (g) and (h) were 0, 10, 20, 30, 40,

50, 60 and 70 ms, respectively.
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Melted particle

Neck between particles

Fig. 2.13 Schematic diagram of melted powder gathering.

Fig. 2.14 High speed image of (a) hump formation and (b) layer and

substrate melting.
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Fig. 2.15 (a) Laser beam profile of direct diode laser (b) schematic
diagram of laser intensity of direct diode laser and (c) the optical image

of laser irradiated area.
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~
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Fig. 2.16 Schematic diagram of laser beam shaping.

Fig. 2.17 Laser beam profile after beam shaping.
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Fig. 2.18 Optical images of cladding layer surfaces (a) before beam

shaping and (b) after beam shaping.
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Fig. 2.19 Vickers hardness of cladding layers (a) before beam
shaping and (b) after beam shaping.
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Fig. 4.3 Beam profile at the focal point.
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Fig. 4.4 Schematic of laser scanning method and observation direction.

Fig. 4.5 Optical image of strain scanning method
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Fig. 4.6 Optical images of cladding layer surface at the power density

of 3.9X10* W/cm?. Heat input of (a), (b), (c), (d) and (e) was 150, 175,
200, 225 and 250 J/cm, respectively.
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Fig. 4.7 Optical images of cladding layer surface at the power
density of 4.5X 104 W/cm2. Heat input of (a), (b), (c), (d) and (e)
was 150, 175, 200, 225 and 250 J/cm, respectively.
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Fig. 4.8 Optical images of cladding layer surface at the power
density of 5.1 X104 W/cm2. Heat input of (a), (b), (c), (d) and (e)
was 150, 175, 200, 225 and 250 J/cm, respectively.

Fig. 4.9 Optical images of cladding layer surface at the power
density of 5.7 X104 W/cm2. Heat input of (a), (b), (c), (d) and (e)
was 150, 175, 200, 225 and 250 J/cm, respectively.
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Fig. 4.10 Optical images of cladding layer surface at the power
density of 6.3 X104 W/cm2. Heat input of (a), (b), (c), (d) and (e)
was 150, 175, 200, 225 and 250 J/cm, respectively.

Fig. 4.11 Optical images of cladding layer cross section at the
power density of 3.9 X 104 W/cm2. Heat input of (a), (b), (c), (d) and
(e) was 150, 175, 200, 225 and 250 J/cm, respectively.
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Fig. 4.12 Optical images of cladding layer cross section at the
power density of 4.5 X 104 W/ecm?2. Heat input of (a), (b), (c), (d) and
(e) was 150, 175, 200, 225 and 250 J/cm, respectively.

Fig. 4.13 Optical images of cladding layer cross section at the
power density of 5.1 X 104 W/cm?2. Heat input of (a), (b), (c), (d) and
(e) was 150, 175, 200, 225 and 250 J/cm, respectively.
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Fig. 4.14 Optical images of cladding layer cross section at the
power density of 5.7 X 104 W/cm2. Heat input of (a), (b), (c), (d) and
(e) was 150, 175, 200, 225 and 250 J/cm, respectively.

Fig. 4.15 Optical images of cladding layer cross section at the
power density of 6.3 X 104 W/cm?2. Heat input of (a), (b), (c), (d) and
(e) was 150, 175, 200, 225 and 250 J/cm, respectively.
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Fig. 4.16 Lattice spacing of cladding layer.
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Fig. 4.17 High speed video images of cladding layer formation

phenomena with (a) Gaussian-like and (b) flat-top beam.
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Mounting resin

Cladding layer

. Substrate
e

Fig. 4.18 Optical images of cladding layer surfaces formed with overlap
ratio of (a) 30%, (c) 40%, (e) 50%, (g) 60%, () 70%, (k) 80% and (m) 90%.
Cross sections of the cladding layers of (a), (c), (e), (g), (1), (k) and (m) are
shown in (b), (d), ), (h), §), () and (n), respectively.
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Fig. 4.19Variation of surface roughness (Ra) as a function of overlap ratio.
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Fig. 4.20 Variation of Viayer/Vpowder and Fe content as a
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Fig. 4.21 Optical images of cladding layer surface at the heat input
and overlap ratio of 150 J/cm and 60%. Power density of (a), (b), (c),
(d) and (e) was 3.9, 4.5, 5.1, 5.7 and 6.3 X 103 W/cm?, respectively.
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Fig. 4.22 Optical images of cladding layer surface at the heat input
and overlap ratio of 175 J/cm and 60%. Power density of (a), (b), (c),
(d) and (e) was 3.9, 4.5, 5.1, 5.7 and 6.3 X103 W/cm2, respectively.

Fig. 4.23 Optical images of cladding layer surface at the heat input

and overlap ratio of 200 J/cm and 60%. Power density of (a), (b), (c),
(d) and (e) was 3.9, 4.5, 5.1, 5.7 and 6.3 X103 W/cm?2, respectively.
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Fig. 4.24 Optical images of cladding layer surface at the heat input
and overlap ratio of 225 J/cm and 60%. Power density of (a), (b), (c),
(d) and (e) was 3.9, 4.5, 5.1, 5.7 and 6.3 X 103 W/cm?2, respectively.

Fig. 4.25 Optical images of cladding layer surface at the heat input

and overlap ratio of 250 J/cm and 60%. Power density of (a), (b), (c),
(d) and (e) was 3.9, 4.5, 5.1, 5.7 and 6.3 X 103 W/cm?2, respectively.
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Fig. 4.26 Optical images of cladding layer cross section at the heat
input and overlap ratio of 150 J/cm and 60%. Power density of (a), (b),
(c), () and (e) was 3.9, 4.5, 5.1, 5.7 and 6.3 X 103 W/cm?2, respectively.

Fig. 4.27 Optical images of cladding layer cross section at the heat input
and overlap ratio of 175 J/cm and 60%. Power density of (a), (b), (c), (d)
and (e) was 3.9, 4.5, 5.1, 5.7 and 6.3 X103 W/cm?2, respectively.
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Fig. 4.28 Optical images of cladding layer cross section at the heat
input and overlap ratio of 200 J/cm and 60%. Power density of (a), (b),
(), () and (e) was 3.9, 4.5, 5.1, 5.7 and 6.3 X 103 W/cm2, respectively.

SR

Fig. 4.29 Optical images of cladding layer cross section at the heat
input and overlap ratio of 225 J/cm and 60%. Power density of (a), (b),
(c), (d) and (e) was 3.9, 4.5, 5.1, 5.7 and 6.3 X 103 W/cm?2, respectively.
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Fig. 4.30 Optical images of cladding layer cross section at the heat
input and overlap ratio of 250 J/cm and 60%. Power density of (a), (b),
(0), (d) and (e) was 3.9, 4.5, 5.1, 5.7 and 6.3 X 103 W/cm?2, respectively.
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Fig. 4.31 Variation of surface roughness

(Ra) as a function of heat input.

74



1000 . . .

2
"3’ 900 f -
» 800} ,_ -
2 -4 5x10" W
= ~-5.1%10" W/on’
-5 8x10* Won
700 —
100 150 200 250 300

E (J/cm)
Fig. 4.32 Variation of Vickers hardness
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Fig. 4.33Process map for formation of cladding

layer with smooth surface and low dilution.
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Fig. 4.35(a) SEM image, element distribution of (b) Cr and (c) Ni.
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Fig. 4.36 Optical images of the cladding layer surfaces formed with
(a) a Gaussian-like beam and (b) a flat-top beam. Cross-sections of

the cladding layers in (a) and (b) are shown in (c) and (d), respectively.
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Fig. 4.37 X-ray diffraction patterns of cladding layer formed

with flat-top and Gaussian-like beam.
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4mirPat = %nrﬁp[c(Tm —T,) + Hy] [1]

E7Bb, ZZTorp  PLay 1. 0. e BEWHoIZZNLEI, Kk (m), L—
PoRT— (W), IR, @Sl ZET 2R (o), B (glemd) ., HEL (J/gK) .,
BE (JIg) THDH, MXELRESET, BllET SRR 2k 5 &

T= %p[c(Tm —Ty) + Hy] [2]

L%, ZORIZ Ni-Cr-Si-B 5E&0WMAE & U CRlA, B, HEd LR
FNEN 1273 K, 8.06 g/lem3, 0.44J/gK 3110 300d/g & LT L, Al
R L U ChR -2 lRISET DM 2RO 72 77 7 % Figs.1 ITR-d, ZDRF,
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Fig. 5.1 Melting time of particle.
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MARERND & RN LV EHSERT 2 2 E MRS N D, Rl ORLFI13E
HRINCE > TR 21T 5 £ B2 5N 50, IBE EREENEL 725D T,
R U TR 7O ESH E L, K VARABO M TR RS ATREE 725 &
BEZOND, £ T, KRETIIMRORRZ B S & TR ETT 9. BART
(ZIZRIEEDS 30, 40 B LB um OBy REMEHT 25, H/OKFED 30 pm T
BHLHEME LT, BRROMERDPIEK FIEEZ2 T AT b~ A RIETIE, RO AR
N30 pmBREIZ2D T ENET BN, o, R/ E< b &, 7%
HRIFFIZHEAELIGD D EFE X B, £ 2T, AR Cldi/hokit e LT 30
pm OMKEFEHL TS,

AREETIL, PR 30 BLV 55 um OFED Ni-Cr-Si-B A& MmARE AW T,
304 BAT U ARSI B, ABVE L NRNT —FELB(LSHETL—F & —[[]
ol SETHEZ KT 52 & T, MRORRN ARG 2 5B~
W L —FEEEKAERGI95 Z & T 10mm X 10 mm O ZEZ B L, R
FICIT DRIBRD ARG 2 DB ZTI~To, WIS, Hebl & U TR B
FH S45C Fob & AV ThIZE 30, 40 B LV 55 um DRIFED Ni-Cr-Si-B A4
MR ERWCTEBEERZ1T o7, ABVE S | MIRKORRZ TN ENE(L S THK
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T3 — AR S ZE L CREM U 7=, HAZ O RiFE I FEAMEEE 22T X 0 37l L 7=,
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B4 X% Fig. 5.3(@)IZ737 XK 912 2600X300 1 m2.TH 5, Fig. 5.3 (b) 12#H al
FEO V=Y OWETRE 7 v 7 7 A VAR, SREAR IR R S ftEhs L —
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Fig. 5.2 Schematic diagram of experimental setup.
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Fig. 5.3 Beam profile at the focal point.
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Fig. 5.4 SEM images of the Ni-Cr-Si-B alloys: (a) 30, (b) 40 and (¢) 55 pm.

L—WX BESMAR R 7Ty Ny T E—LTHDLZ L0135 h 5, 50 mm
X 50 mm X 3mm YA X DEEAEE ] R S45C Hatli 2 XY 27 — ¥ RIZ[EE
L. Ni-Cr-Si-B &4 AK% 200 um ECTHE LEREZITo72, L—FITmAEE
WXL, XY AT =V L LU —VomEnicsmg S 7, Tablel (T
i L 7= Ni-Cr-Si-B A4 Ok % 7~ 97, Ni-Cr-Si-B &4 KX Fig. 5.4 © SEM
BIEMGITR T XL 9 IR 30, 40, 55 um OWZFEHLTEHBY, ZDX
MBND XK, BTORBROMROERITERE T —72 k& &2 ThH 5, Fig.
5.5 (A LIy R ORLEE /3 A & 7”97, BRENASRIES, Mt BHEE & 72 > TV D,
FNENOMRITBIEDAAOWRN Y ¥ —TTH D ENNND, HRORZEN
INEL 72D ERERENET D720, L—H OWINENZELT D RN H 5
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Fig. 5.5 Particle size distributions for Ni-Cr-Si-B alloy powders.
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Fig. 5.6 Diffuse reflectance for Ni-Cr-Si1-B alloy powders.
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Fig. 5.7 Schematic of laser scanninng method and observation direction.

L7EBEOSMEIE L —F O RU —EE % 3.9~6.3 X104 Wiem2, 753 E 2 2 b X
52 & TAEEE 150~250 J/cm TAE LS W7o, ABVEIZE=P/v & L THD
Z 2T, EIFAREJ/cm), P XL —Y ), v ITRE1IHE (cm/s) Th D, KIZ,
F—=R—=F v T EE 60%E LT 10 mm X 10 mm OEEFRK 1T 72, KIZ,
FM % S45C AT v L AFFEERIZE (L EE T, L—W & —[mlfF5] ST Ni-Cr-
Si-B A& A LT, Z OO L —F 00— X 3.9X10¢ Wem?, A
BT 150~250 J/em TEAL SH7-, FKIEOF MR L OWrim i 3E R IEmMeE cEl% L
7o FRIRERSILEEE S A Z Z VT 1000 fps THEIZE L7z, #1223 Fig. 5.7
AT E I L= o5 EIcx L CEwRE S AN LB L, xy FREN S 30° D
fHE CRIE AT -, BIAIZIZ, ANV a— T —2 70 T2 Lz, B
L7z 3R 3 L OWiia 2 P B IC KV Bl Le, MDY v 1 — Rl
S 0.2N OMES THIE Lz, HAZ OFEITEFEMEBRIC L > THIEL
770

53 ERHERELIVEE
531 MZEOMBENRERKICHLEGZAREIZER HFE(1 EIFS])

77y by =LA HTLERL—FONRY —FE 2 3.9, 4.5, 5.1,
5.7 B L1 6.3X10* Wiem? — [R5 | S TR L7 RO REBEME R 2 2
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Fig. 5.8 Optical images of cladding layer surface at the power density of 3.9
X104 W/em2. Heat input of (a), (b), (c), (d) and (e) was 150, 175, 200, 225
and 250 J/cm, respectively.

Fig. 5.9 Optical images of cladding layer surface at the power density of
4.5% 104 W/ecm2. Heat input of (a), (b), (c), (d) and (e) was 150, 175, 200,
225 and 250 J/cm, respectively.
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Fig. 5.10 Optical images of cladding layer surface at the power density of
5.1 X10* W/cm2. Heat input of (a), (b), (¢), (d) and (e) was 150, 175, 200,
225 and 250 J/cm, respectively.

Fig. 5.11 Optical images of cladding layer surface at the power density of
5.7 X 10* W/cm2. Heat input of (a), (b), (c), (d) and (e) was 150, 175, 200, 225
and 250 J/cm, respectively.
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Fig. 5.12 Optical images of cladding layer surface at the power density
of 6.3X10* W/em2. Heat input of (a), (b), (¢), (d) and (e) was 150, 175,
200, 225 and 250 J/cm, respectively.

Fig. 5.13 Optical images of cladding layer cross section at the power
density of 3.9 X104 W/cm2. Heat input of (a), (b), (c), (d) and (e) was
150, 175, 200, 225 and 250 J/cm, respectively.
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Fig. 5.14 Optical images of cladding layer cross section at the power
density of 4.5X 104 W/cm2. Heat input of (a), (b), (c), (d) and (e) was
150, 175, 200, 225 and 250 J/cm, respectively.

Fig. 5.15 Optical images of cladding layer cross section at the
power density of 5.1 X 104 W/em?2. Heat input of (a), (b), (c), (d) and
(e) was 150, 175, 200, 225 and 250 J/cm, respectively.
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Fig. 5.16 Optical images of cladding layer cross section at the
power density of 5.7 X 104 W/ecm2. Heat input of (a), (b), (c), (d) and
(e) was 150, 175, 200, 225 and 250 J/cm, respectively.

4

Fig. 5.17 Optical images of cladding layer cross section at the
power density of 6.3 X 104 W/cm2. Heat input of (a), (b), (c), (d) and
(e) was 150, 175, 200, 225 and 250 J/cm, respectively.
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Fig. 5.18 Variation of dilution ratio as a function of heat input.

Zh Fig. 5.8, 5.9, 5.10, 5.11 BEL 512 (R8T, D& &, ABEL 25 Jlem
TORMIET, ZORMBEIIHICT D, KIEOW mEl g4 R % Fig. 5.13,
5.14, 5.15,5.16 B LW 5.17 (TR T, H 4 ETHOINKE 55 pm DK%
WA L g LT, ki 30 um O¥EEHWS &, Fig. 5.8(b) DfE R )
S H X OIZRBRONT =B ABAEOSRMETRIEEANREL 725 Z &
MRINTWD, ZOMERIIMO /T —FFEDORMEIZIBW T HFEERT, Kift 30
pm OBREKEHND Z & TREERICMLE R ABEMET 2 Z RN E
ol WITIARIZE L T, NY—&E 3.9X104 Wem2 OS5 THAREE

R 30 pmBIOE5 um THIE L=V T 7% Fig. 5.18 12”9, &FEXAE

(X ERIA Fr TS o R RR O CHl -T2 b D TH D, ZOFRER D, 30

pm OMKERND EFNENRKREL 2D ERLND, T, BMRERKIC
EOVRT LK RoTeledThHEBZXBND,

92



5.3.2 MEDHENKIEMRICDEGAREICE R SFE(ERERFSI)

F—=N—=TF v THRE 60% T—EL LT, NU—FKEL 3.9, 4.5, 5.1, 5.7HB XL
' 6.3X104 W/em?2 TABVE 2 2L ST L7 RIEE EHBIEER 2 T
Fig. 5.19, 5.20, 5.21, 5.22 3 X 11 5.23 |Z7", AZE|E 150, 175, 200, 225
BLO250J/cm TENENEAL I TRIEZA LTz, ZAUTKHET 2 Wil
EfE R Z N Fig. 5.24, 5.25, 5.26, 5.27 B8 L 10 5.28 lTRT, 25 OfE R

RGN

Fig. 5.19 Optical images of cladding layer surface at the heat input and
overlap ratio of 150 J/cm and 60%. Power density of (a), (b), (c), (d) and
(e) was 3.9, 4.5, 5.1, 5.7 and 6.3 X104 W/cm2, respectively.

Fig. 5.20 Optical images of cladding layer surface at the heat input
and overlap ratio of 175 J/cm and 60%. Power density of (a), (b), (c),
(d) and (e) was 3.9, 4.5, 5.1, 5.7 and 6.3 X104 W/cm?2, respectively.
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Fig. 5.21 Optical images of cladding layer surface at the heat input
and overlap ratio of 200 J/cm and 60%. Power density of (a), (b), (c),
(d) and (e) was 3.9, 4.5, 5.1, 5.7 and 6.3 x10¢ W/cm?2, respectively.

Fig. 5.22 Optical images of cladding layer surface at the heat input

and overlap ratio of 225 J/cm and 60%. Power density of (a), (b), (c),
(d) and (e) was 3.9, 4.5, 5.1, 5.7 and 6.3 x10* W/cm?2, respectively.
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Fig. 5.23 Optical images of cladding layer surface at the heat input
and overlap ratio of 250 J/cm and 60%. Power density of (a), (b), (c),
(d) and (e) was 3.9, 4.5, 5.1, 5.7 and 6.3 X104 W/cm2, respectively.

”I N L \p—:-

Fig. 5.24 Optical images of cladding layer cross section at the heat
input and overlap ratio of 150 J/cm and 60%. Power density of (a), (b),
(), (d) and (e) was 3.9, 4.5, 5.1, 5.7 and 6.3 X 103 W/cm?2, respectively.
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Fig. 5.25 Optical images of cladding layer cross section at the heat
input and overlap ratio of 175 J/cm and 60%. Power density of (a), (b),
(c), (d) and (e) was 3.9, 4.5, 5.1, 5.7 and 6.3 X 103 W/cm?2, respectively.

Fig. 5.26 Optical images of cladding layer cross section at the heat

input and overlap ratio of 200 J/cm and 60%. Power density of (a), (b),
(0), (d) and (e) was 3.9, 4.5, 5.1, 5.7 and 6.3 X 103 W/cm?2, respectively.
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Fig. 5.27 Optical images of cladding layer cross section at the heat
input and overlap ratio of 225 J/cm and 60%. Power density of (a), (b),
(), (d) and (e) was 3.9, 4.5, 5.1, 5.7 and 6.3 X103 W/cm?2, respectively.

Fig. 5.28 Optical images of cladding layer cross section at the heat

input and overlap ratio of 250 J/cm and 60%. Power density of (a), (b),
(c), () and (e) was 3.9, 4.5, 5.1, 5.7 and 6.3 X 103 W/cm?2, respectively.
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Fig. 5.29 Variation of surface roughness (Ra) as a

function of heat input.
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Fig. 5.30 Variation of Vickers hardness as a function of heat input.
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Fig. 5.31 Process map for formation of cladding layer with smooth

surface and low dilution by using 30 and 55 u m powder.

M, R 30 pm OHMKREAND L. 1 EHREIOHE & FEERIC L D IRAED
MR B EDS B ATRE TS D Z E BN L N E 2572, Fig. 5.29 B LD
Fig. 5.30 |[Z/3U —# % 5.8 X104 W/em?2 TABE 2 2L S 720 Ra B L
By N—AMED ST 7 &Y, RalZB LT, RifE 30 um O REZ AW
52 TE/NE R ABRE CHIRREENER AR TH DL Z LN E RS
oo ZHAUCKI LT, By B — AW S TRIEE 55 um OKE WIS L g
LT, L0/NWSBRABETIKFTLTCLEY ZENHALMNE RS-, THUE, KL
BN 30 pm OMKRERND & R L2 ROHRIERR ELTHnb 7,
FERIZBAN DT R TWAHTEDOTHLEEZLND, ZOMEND,
BIEEAN 30 um OMKREZMAND &, L—V 2 EKERG S8 585838 RA 4
LT R ERHLNE7 o7, Fig. 53112030 um BELO55 um
DR Z HNT25E O BRBETERR TS~ v T &R T, ZOREND, Ktz
INS LT D & RIETEA FTRESREMEABVANC > 7 35 2 LR BN 2o
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5.3.3 MEROABRFHEIC & 2RZEIDIER

Figure. 5.32 ([Z ABAVER L O R ORiR%E TN ENEL SH TR L7 KK
KON FHMEBES 2o~ T, ABED 150 Jlem OZMETIE, Kifk 30, 40, 55
pm O EDEKMETH RIS oz, ABVEE 162.5 J/em ([ZHN &+
% &, Fig. 5.32 @ITRT X 9 IR 30 um OFRMEIZEBWTOREZBFENE
SRz, KBNS 40um BEOE5 pm OFMFIZBWTIE, Fig. 5.32 (@B LW
DIZRT XD ICABENZNEI 200 35 KO 250 J/em DSAAIZ BV TR
RS NTz, 2D ORERNG  KiRE/ NS THZETEY /NS ABRE TR
BIERRBFIRETH D Z LR BN E o7z, R 30 um OHREHHT S

Fig. 5.32 Optical microscope images of cladding layer surfaces for heat
inputs of (a-c) 162.5, (d-f) 200 and (g-1) 250 J/cm, and alloy particle sizes
of (a, d and g) 30, (b, e and h) 40 and (c, f and i) 55 pm.

' a

Laser ir[adiated area

Fig. 5.33 High-speed video images of laser cladding formation with

(a) 30 and (b) 55 nm size particles.
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By TR

Fig. 5.34 Optical micrograph of cross section of cladding layer

formed with heat input of 162.5 J/cm and 30 pm powder.

& KIFEDS 55 pm DR LI LT 35% ABEDMERAIRE ThH 2 Z L 3 B
Loz,

Fig. 5.33 |2, K& 830 BL U556 pm OMEKEHWIZREDOEHE D A T 1T
LM ROEMBEOBEM R L RT, L—FEEGOP RN SN TE
D EPDEHNRGI SN TN D, RN 830 1 m ORIV TIE, BREL
T RDIEAR FITRAVADR D IESTERL S LT\ D 2 &2 Fig. 5.32 (@65
Mb, LLRAR G, 55 pmOKMREZ W6, b— P RRIRICER L 72k
RKPRTRNZ 72 > CTH Y RIERTERR ST RN & A Fig. 5.32 0685
INTTe oz, ZORERING | RIEDN/ NS RZ MO E . Wk L2l R O
AVED A L TWD Z &3 nnd, Ziud, KirOREED /NS < 72 % & RTEMME
WA 2720 KT OIREREML LT RolelcdThHh D EZEZXBND, T O
R FREOABEORMIZBNTS LV /NI R ABVCTRIBEIZA FTRE & 72 > T2
EEZIBND,

Fig. 5.34 IZ AZBVE K O RRIENE N1 162.5 Jlem, 30 um OFRMIZE
T D W B R 2R T, AR BRSO F OIS B, BB TR O A L LT
LU HAZ Th %, ZORRNE, FROE T IABDIEF /N SO BENTE
RENTND Z ENTnDd, £lo, B TEOBEEIC HAZ SRS TS 2
EMRENTWSD Fig. 5. 35 IOy h— Rl 70 7 7 A )V E/RT, B
T3 — AR SRR D o B | BRI 2> > TIEFICEHAI L TV 5, RBEfl2S
T2~ b OPEREE, Mt Y =AW 2R L TN D, ZORRNG, BUEES
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SOE B — AL 914 HV T, HAZ fHIk D > 7 — Al XX 780HV, AR
DE Y I—AEI(X 2256 HV THDLHZ ENmhrolc, THHDORENSL, RS
150 um OFEKE THAZ PR INTWD Z ERH LN E -T2, HAZ OfF
SVERLTWLDIE~NALT oA RBERSNTWNDHIEDTHLEZZ B
%9,

BB AE R 2 JEC HAZ O S LTV S w2 HIE L7z, Fig.5.36
IZEREN 3FEHEOMKRE WD | ABAEITKxd 2 HAZ SEI O gD 7 Z
7 &t Al A AR, fiefhs HAZ OmfE s 22> T b, FLEIZ 30 um,
PUAFIZN 40 pm, =255 pm OMREHWTEREOREEZRL TS, =
DFEF G HAZ OEFEIIABEIZX U TRIZIZEM L T\ D Z ER 0o Tz,
F 72, HAZ OEBITHRORARITIE & A ERATF LIR0DS, RO/ S 7ot o
F O N OT N HAZ OmEENRKE N ERbrolz, Ziud, RN/ E<
Ipolztzh, FRICBPMED D 0T < RV BGE N ER LTIz E B2 bivd,
DFERDD . HAZ KRBT 2720101k, ABEZKET 52 ENEETHDHZ L
BB E ol INSTRMREMERT 2 & L0 /NS 7 ABVE CRIEA TR AT
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Fig. 5.35 Vickers hardness profile of cross section of cladding layer.
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Fig. 5.36 HAZ areas as functions of heat input when using (O) 30,
() 40 and (A) 55 1 m alloy particles.

RETH B2, HAZ Z KT 5 72D S RO KR E WS Z EBNER
ThHdHI ENghrol,
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T2 7, RRER SR R OSBRI 2 | il A3 & DRy R C BB T RK T RE 72 /b D
ABREIZBIT 2 HAZ OEfEZ TR L TWD, ZORENS, /NS EERNWD
&L KON ABE TRIENERATRE L 725 DT, HAZ OEBIMEK T E 5
ZENGMDH, ZOTTI0L, MHLIEHERORIRED 30, 40 BLV 55 u
m ORI TIEL HAZ OSSR £ £ 0.29, 0.33 8L 0.37 mm2 TH
HTEMFND, ZORERNS, K% 55umN 30 um IZBfbExEH &
T, HAZ OEREN 22% K ATEETH D Z LNy hoT-, il L RDOE S 1X
200 pm T—EEL LTWDD, I LI ROBFIZ—EIC bbb,
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Fig. 5.37 Area of HAZ formed using using 30, 40 and 55 pm alloy

particles in conjunction with minimal heat inputs.

MR E/NSL$T5Z LT HAZ OmBEMEEAIEETH D Z & NRENT-,

INHORENS, MROKIZEE 55 pm 225 30 um ICBLEELZ LT
PRI B I NBVE 2RI T2 Z EBNARECTH DL Z e Loz, ZD
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i L7 R ORI OHP TIZBAE R BITAE LN EEBZ 6ND D, 2D &
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Zohd, Tbbh, KRz /NS5 2 & TR LIZHmROBEMA 2 90° L
T LRDEEIET DR ELS 720 | RABNTRIEER A AREL o7 L%
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54 F&&H

FifE 30 pm @ Ni-Cr-Si-B A& K% AV T 304 B AT > L AGHHAMR FIT R
TR FEBR AT o 72, T ORER, RIBED 30 pm O¥REM WD & KifE 55 u
m OKEERANWTGE & LT E 0 /NS e ABVE CRIBEZRA ATRETH 5 2
EVNRENT, Fo, L= E2EEERS ST 10 mm X 10 mm O SR A AL
T2 & L VIRABD S TR A FIRETH 203, ARAFEAET 5 BIHE MK
TTH2ZERHLMNE ST, ZOZEND K30 pm OMKREHND &
TR TR NS R A TR D T2 0 OSRMEMEABRICS 7 h 95 Z &R
B E 7 oTz, Rifk% 30, 40 B ON55 um OMEZE W TIRERD SEER % i
PRI FH IR R B S45C MK L TiT o 70, Z DGR, 304 AT L ZAHHAR
ZHWEGE ERRRIZ, NSRBI OMEKRE WD Z & TR VARABCTREN
FERRAIBETH D Z LR 7oTc, 20L& RIEEEUIMLE22 NBVEITH)
5% AIEECTH D Z ERH LN e oTz, ERED A T % AW TR RO
FENEBIER UIAER RIRPKRE ey K E D & VR L IZ R NRAURDS B
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