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L $

B Aa—37 WAetm. M e 1 e | B A3 MEACERN . fE SRk e s 3
B, & EEK. YAG B X, HEAN| S8, @BSEEKE, YAGEE, PIHEE 2mms.
i S s, B Ime. B 1I0Hz. BEHE 0. 45] R dme. EE Hz. BRSO 45]

1 AICALY 1 %) |r:1~'|i|'| on Mg, Lazer elndding of Al A1 " %) powder on :'l-||.e.

l.aser elndiding ol
YAl laser, scanning & e L1 SEnEn # . |:'.||-I width | YAG laiser. seanning '\-|l|'|'.| Fmm, #a i s wideh |
lm=. [reguency 10Hz. power 0. 45] | L E i|'|':|.||'l.-\.-¢' IOHE, v 5]
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remelted zone

subsirate -

M 4—-30 MAREE.YAG KE. KK Mg .’ri‘r-tﬁ'-sﬁ.n 0 MAEHN. YAGC K& X Mg _‘:'.--ti-

B E A L5 5. 58EM B . Al | MdE AI-125 5.5EM BEHIS . B M|
mirn 5. BERE Jme. W T0Hz. EME 0. TR MEMEEPE. FRE). AR 0. Thinm's: BEE Zms.
Laser cladding of Al— 12 5 5 powder on Mg, 5SEM | WA ISH= IES 1. 0265]
microgriaphi. #can Mg spedd Senmy 5. pulse widih aser ||.|l||!|||!: ol Al a. 0 S powWder o "-1.:. SEM
ims .l |'I-'-|r='-'-'--r 1, TB ':_l. IEHICE ||.II.|:||. '\-|.ll'r|-||'.H laser melied sonei Ugr [RETE A
suhstrate | low Part b ACanming 1-:||'|'|| L

| - 7
pulse wiidih s, H..'.|.d|.l or 1. 060

W11 MORH AL YAG MM Mg i | W12 MOGE . YAG . A1 My &8

MHM Al— 125 5.5EM S ME#. FIlEE | BHE Al 125 S, 5EM 888 8. 5

mm/s. R 3, 84 10Hz B 1. 19) 6, T5mm /s, BT Sens, A T0H2, B 1. 0265]
Lase r cloddimg of A 12, 5 Si powder on Mg.5EM | Laser cladding of Al i o powder an Mp. SEM

micrograph . scanning speed 2. Smms, ||'||'I width | mic ragrigh. scanming 1-|||'|':| . Vomm's . pulse woadil
Ame=s 10 Hz . power 1. 18] ims. 10 Hz . power 1. 0265]
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Ha-43 MAEHGN. YAGHEE. EE Mg &,
R AL 125 Si. SEM BmEE, QRN
e, BE Jme. BHAE 1OH:z. BEMR 1. 0Z65)
12, 5 % powder an Mg. SEM

. THmm
Laser cladding of Al

T r:|||||. RCHMmT R spieed 0. T5mm, 5. Fll.l|.'h'

width Jm=. Hz. power 1. 0265).

I 1
A AL
% . '.+:'&: TIme. W 15Hz. BER 1. 0285]

12.5 Si. SEM S #E#. BN E
i1, 75mam

|.a=er |'|.|r||||r|H o Al=12 5 5 |le||-:|hl an Mg, SEM

|||||'r|'|H'r.'||I;'|. AR MR -|ill'l'li .:l IFTIATL B s

I5Hz.

RiL II"-I.'

woildith Jms. power 1, 0365],

Hi—dd MEGE. YAG KL, EE Mg 8.
HEEE A2 5. SEM BBEHM, BamN
i oMtk FEE). PR E 0. Thmm's, bR
B mes, B I5Hz, BEH 1. 0265]

Laser cladding of Al—12.5 8 powder on Mg, SEM
micragraph showing laser melted zone{up part) and
. Thimam/ 2.

:.'I_||_|{|ri|'_|- 5 Ill'.'.' ri | & HCADANY =] A |

puilae width 3ms. 15Hz, power L D265

remelted zone

AN, YAG M. Bk Mg i, |BA—16 MEMM. YAG M. %1k Mg A&,

WA HHE Al—12.5 5. SEM @i, BagER
e PRI E KK FE), BT 0 Timm . B
W Ame. WE 1THz: B4 L. 0265)

Laser cladding of &1—12. 5 5i powder on Mg, 3EM
micrograph. showing laser melied sonelup parl and

subsirate low partd. scanning speed 9. 75mms,

| .|.|u|:=|.' widith dmz, 1THz. power 1. B265]).
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remelted zone

substrate

Ma—a7 BOACEHM. YAGMRE. Mg frd, | B4 10 MAEBN, YAG RE, N M &8,
WHMEHE A 125 5, SEM BRES,. BAmE | @R AI-125 S SEM BRI, Haadn
EOEM MO F#, SRR Smms, B | E. TR, S8 EF O Snmis. BE dms. W
ima. WA 10Hz, RERE 0. 525) % 15Hz. MMt 1. 0265)

Laser cla Iding of A [2. 5 3 powder on Mg. SEM Laser ¢ :.|!-|-|l|._' of 41— 12 S powder on Mg, SEM

micragraph. sha WIng laser meled eome i pari } micrograph.  showing rack=. =eanm I -
and substeate {low pari ). scanming speed 3mmSs. | 0 T5mmis.  pulss wirlih ime. 15Hz. power |
pailss wislth Zms. 10Hz, power 0, 525], 1. BEA5],

Ma-a9 MAERE. SO5EXK, C-Ti-AllF | ®M4—50 AN, SRk, C— T _“{__'
WHKR. YAGME. AW EE 0 5mm's. B | MHHE. YAGHE, HERE 2nm/s, BE Sms
ims. WA 17 Hz, BER 0. 64) W 1TH:, BER 0. 55

Lages « ladding of € I Al powder on Me. YA | sasr laddimg of I'i Al powder om Mg, YA

laser. = nnng spueed W cmmy s, pislse widih Sms. Inser, scanfifg apeed Sk s palse widih Sms,

lrequency 17 Hz, pEveeer O, 562,

I-r'l|ll' new 17 Hz. prwer O, 841,
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|I‘r-l'l 1 MAEE. e EE. C-Ti— Al
| MEHH. YAG . BRI 25mm/s, BT

ims, W3 10Hz, M 0. TEI)

Laser eledding of ( i — Al Eowder on Mg Y AL

laser, scanning speed 2. 5mm)s. pulse widih Sms.

frequency 10Hz, power 0. 73]

40pm 20pm

Ma—52 MAESE. EHEEEDMES EFR | B4-55 MAHE. REW. OO K. M
e & oC—| 5% — | 01Mn—0, 065 — 0. 0P ¥ EOW, HiEER 100mm min. 8 8EBLE R R
Laser cladding, subsiraie microsiructure of gray | Laser cladding. grey cast irom, OO laser, laser
cast rons chemenl composation; 300 — 1. 525 prwer BOOW., scanming spesd 400mm/ min. oo
L 0] M=, 65— 0. oHP,

|l|"||-||.!'r ol ¢ladded |:-|:-'|'r_

Ha-564 MAEMSE. EWGE. BLETHHE 1200W, |
158 HE ADOmen mime. B G 88 60 Q) |

Laser cladding. grey east iron. laser powser 1300W .

SCANMInE .'\-|.l|'|'\-:| AL - TR .'||||r|:"||-||-|_l'.. af cladded

I.-I r
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BA-5 MESEE. KEELDHEI00W. 7 | M4-56 MESENE. K%, 8EDE oow,
B M A00mm i . G W] 52 S A0 1S AR £1 48 i HE A00men min. 7 0 2 0T SR

Laser cladding, grey cast irons  laser  power | Laser cladding. grey cast iron. laser power 2000W,
P500%W . scanming speed A00mm/min. morphology | seanning spesd 400mm)/ min, morphaodogy of eladded

ol cladded laver layer,

I mm

WA 0T MEAE. M. MOLThE Tho0W. | A58 MAEE. MW, Bobo sow, §
FA P A Ommy i . 5 B B D 00 0 6 it o A00mm mim, B EE R

L.aser ||.|'.||Jir|u v Ty casl  Ion.  IRsce HEwWer l.aser I|-'I'1I|I|:R . Efey casl mron. Laser e B0OW,

- |
250W . scanming spesd A00mm min. morpholegy | s anning spesd AMmmmin. macmo — morphology of

of cladided SR L cludded |.|_|r|'r_
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FUN B A00men min, IR I RE G

l.n=er |

| GO0 .

cladding: Erey iFEfis  ARACF  pEYWCT

icanBing specd 4 Cmmy man.  ECro T mioT

phodogy of cladde

1 layer.

M 4 WS, N, BOEDE 2500,

FIHE I 400mm ) min. 4012 4 W4

| ASEF i .ull'llllﬂl Erey cast iren. aser power R

acanning speed A0 mn fens  wecm -|||-r-|||-,;.:: gy o

el ed |_.:_-..: I
|

i ORER L. MWL, ML IGONW.
man. 7 B T S R

Erey cast

140 BEME 1

[aser clndding. iman. |laser  power

1500W . scapnmung specd |0 fai.  SICTEE1T6

Lure ol 'I'-\.I"l"ll ||I-|"r.

Mio—62 MAEHE. KWGHE. MEHE 50W,
FIig o 300 min. S 8 00 £ E1 RS AR
lamer cladchng. grey cast wrans |amers e | 10w

RUATININE e SULIETINTR S fMEN.  THEICAOSLFUCiunG

cladded Iaver.
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W46 SALOM. MOEE. ML oE W,
T M T00mm min. G M ELE R R

-.'I'\'l.l II-{IIII:Il.lll BrEY (L ASRT Ffn= HARCT I_I:".'.'I'r | L) IIlll' .
scanming speed T00mmo'min. microstraciare ol clad
a1 Lyt

Imm

Ma-65 MAESN. K. BENE S00W,
KL R TR T TOE - & T  E ]

laser cladding: gprey cast ron. laser power |H00W ,
scanning speed 150mammin.  dendrivic morphology

i1 AR N
TIMEN 100

laddang - Erey casl aron.

LoanningE s | D HEmA T TR -

cladded layer

LR

AR

B AE AR 1500 .

e . R e A PR

laser powsr 15300W,

s rasirucior

Ilmm

k- -il. "'I.I E 1500W .

i 2 ¥ 400 min . o M S — RN S R

Laser

claddimg. grev easi ifms

lnser power 1500W,

scnnming spsid A00mm min.  dendeitic :|'l|'|-|||||..|:l.'

al &ladded BYET,
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T8 I 1000 mm/ min. SN

| ssaey .|...||I||.|_l- i T

mELER
sranmng specd LOD s, mmana

cladeled laver.

I mm

Ma—60 e, kKesd, RAEThE 1500W,
110 W TO0mm, min. 588 R W

Laser cledding . grev east sran. laser power 1500W .,

SCSINTNE x|.|--| TO0mnn min.  mACT |||:||l|||||l|ul.'

OGN, K. N ThE 1500w,

|zt power 1500W,

demdrnine marphagy

B 468 BOLEW. MEFEE. ML R 1500W.
I W 150w i, 48 8 AT 0

Lager |!-\.:|.||:|p_. Erey casl irom.  laser power 1500%W .

SCAMMNIEE .'\-lll“'\-\.l ] ITNTE S M. FACED ;|_.;;||:||||.|H-_-

ol ¢laddied liyer.

BMA—-70 MASN. KR, MEDE 1500w,
Fifiiie i 1000mm,/min. 4§ 8 E RS

Laser cladding . ETeY Chsl iron,. baser power L500W,

seanmng speed 1000mm) min. macro morphelesey |

{ cledded layer
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Ma—71 MESN. K. HEhEeOW, | M7 BAEE. KEE. RLIHE 250W.
§ 88 3 A00mm min. 8 W B 0 N R R T T A0 0w a8 0 2 0 0 IR R0 R

L.aser |'|.--'||‘||r||.e + EFOY CRAL UMD, lascr power S00W, Laser cladding, grey cast iron. laser power 250 T .

|

weanning spesd AMmm/min. wors ,-||.|r|;|:".||.,i:!l ol | scomming speed A00mms man.  wWan ||-.|_-|_.!|..|..|_-|, al

cladded laver. cladded layer.

471 WOEME. KWE, BRI Sow, | B4-Ti MOLEE. KHE. BETE 150w,
I A 1 50mm min. HFHIE S ESRR R 1Gemm min. SEEEHESEER

Laser «laddang . Erey Casl anin |aner pevaner | 5l oW, Laser cladding: grey cast rom . baser power |500% .

scanning speed 150mmemin. worn morphology of | scanmmg speed  1000mm/ min. worn momphology ol |

cladded Layer, cladded lawer,
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2mm

I—75 MAEHNE. K. AEMEY Smm, | M4-76 MAEHN. KOS, &Y 30mm,
2 LT L AR ik, HINEENER

Lager cladding. grey cast iron, Unckness af s LITL M Laser « |.|l||!|||!.e . ETEY cAst fen. LhecKness o sample

PeAEE I 5mm. ove !|.|||-l|:||.l_| TR T '||||r|||||-|:'i._l'.. ||r phmbe Sl nl,l.-':'l,.;.Fq I INACED :"""l"l"'l”H:" il

lndded kayer, 1l Layer.

| mirm

M7 MRAN. K. UK Y Somm. | BA—TE ML MR, GOMEIEM Y 150mm. |
57 P2 Y HNE TR,
Lazer cladding, grey ess1 iren. lengih of sample Lasee eladding - @ v cast iron. lengih ol safmjde

:'I"l' ‘mm . macr i r|II 'll'll-'.:- of claddied laver. plaie |50mam, mac |:'."r|-|||-|-I|_':.' of cladded layer

with eracks
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a7 AN, MWW, BN, WNRE | W80 BOLENL K. B 5050
wiE e R

lLaser ||i'|-:|||.'lllh EreyY Casl imihn. T ||'.||||.lh\.|||‘.::|' | seer |'|.'|-:|.||-||.:. ETey CEsl ron. msCro ||'_-:|_r|'.;"'.|..q._

of eladding loyer withowt overlapping. of clndding layer with 30 cverlapping belwesn two

ity e =

orle A g PR
d LiLAeF

o,

MA—E MEGE. EWE. EEENERE M-8 RASN. KRS, JRREMENRE
i &1 [} RiE
Laser cladding. grev cast iron. microstrocture of | Laser eladd mg: Erey cast imom. maceo— morphobogy

""'""I"='|"“|'5 afea of "I""'I"l"'lH layer, ol cladding Inyer with cve ||.||:_-_||-||g H 3 irsoes,
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M-8 MORETA. M. 5 lHEe SN
O ER. R

Laser cladding. grev cast wan, maomo — maarshology
of clndding leyer with overlapping of 5 treces.

showing cracks.

HA4—BS
HEEW

I.--\.'\-ll'l

P FLAE AL

[: |III!‘\:|:IIH- Ity RL] I (=t gk IIII}rIIII.-II-IH:.'

il claddeng layer wiih limit conditson.

MW, MR RN |

24 B R T

i A AN . R
B P L AR

lazer eladding. grey cast iron, mecro morphology

o ._'I3.||r|||||.l_' |.;|:,'|lr watliu® it conditen,

Ma-86 MEERE. M. THEAMERITT
AR RER. R
| I'IJ-"I_"I:IH + Ere¥ cast irdn. macro miGrp ey

ol l.i.i:||l:|lll|l: Inwer limited with '.|J-.'|||I||.| WHEET, '\-||l|'.".|||u

cracks.
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I
Mi—57 MAEHE. WHR. SEHECERG |
Hh TR ER

L.aser -\.'...||-\.||I|;-;| Erey casl amoms |'|-1l.||i|l'||£ minterinl

conlmnng 2. 72 0. |'|||-r:-|'|:.-i:-;.::.. of & '.h.||.'||||y_' |.1:.'--r_

AR RN, MWE. EEEE C G
B Ay b, 05 5 i o 0 i R R
La=zer cladding. pr ¥ casxl iron. eladding mmsteral

contamemg 4. 0550, morphology of cladding layver,

Hi-88 BMAESN. K8, SEHE C TRS
R 3. 46K BH MR E R R R
Lases II-I-II'I'IH- ErEY CES1 PG ||--:||||:||.l, fmnterinl

containing 3. 4634 C. morphology of cladding laves

M9 MEHE. K. BREE CHR G
B TzN. BRI MR

Laser cladding. grev casi iron. cladding  matenal

comtamamg 2. T2 40, merro— morphalogy of cladding

leyer with ""'"'HI" Irace.
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antainmg 4. 0550,
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chAst  IEGA, ||.|l.||‘|l-||l IMinEring

|
mucre- morpeeiog v al ;'.||r|||||.:

with single e,

hmw

M A—07 MR, KW, WM CER G
Mok LN, SREARERER

Laser cladding. grev cast iron: cladding material |
cantaining 2. TE¥ C. mecre-morphalogy of eladding |

layer with overlapping ol 3 troces,

L0
ol

=T

o - R, ERRIME C RS

lacdding. gres

- 1 -
1RRknangg A. Ob Fhl,

O A LS A R e

rasl irom. claddimg materisl

ETAL T Tr I.!II-IIIH ) -I'E :I:IIIIIII|H

rowith overlapping ol 3 lraces

M- EAESRN. KEE. STMHEE S RS
B Py O 165 R ] R AT R
Leser eladding . AreY Casl Bfons cladding maternl

ecilamng 0, 1625 . morphology of cladding layer.
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MHa—05 MALEN. Wik, BNEHE SRS B8 SEEE. 0, SWEE S RS
By sTHMENERsER Bt 0, 5200 R
Lmser |.'|l||.':ll'||.'. HTEY CEElL TN l:n.:||‘||:|p_ malerial | &sa [} ..-\.||.'|||||.L. EreyY casl andme ::||'-'|'||J_' makeria

contamang 0, 57 %5, morphelogy of cladding layver. | containing 0. B2 %%, morphalogy of cladding I

Ba-97 BAHN. K, SN SRS | B9 BESN. EEe., BEHEE S ES
R 124G B T LA Boh o STROR 3 AR N R

Laser cladding. geey east iron. cladding material | Laser cladding, grev cast iron, clodding manerial

eomlamng 1. 24 5. morphology of cladding layer. cunlaEimng 57 Yo Si.  maces morpholegy of cladding

lnger with overlapping of 3 traces.
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Ma—100 M. KibE. HEHES kG
ok 2 G T R R

CRAL  ITHA l.'.:||!'.|llla..' matenal

B oA—o0 MAEA. WS SEMR S ER
0y 124N 0 A R L

I.-I'"" ::..'_||-|:.:_ EREY Casi 1500 |_'|.-|||II'IP_ FATETIAL | I..:"".l L I"":I'"-'H v EFEY
containing 1. 24 %5, macro-morphelogy of cladding | contmnimg | %, macro-marphology of cadding
layer with overlapmng of § traces

|layer wilh i '.'|.-|.|:||l||.|{ al 3 traces,

2mim

MEA— 101 Sedeaiml. e, M EiE Sk | a0 B, k. SEEHE S RS
B 103 M 5 i R R R B Ay 0. RB23 04 & Qe R

Laser cladding. groy csst iron. cladding material | Loser cladding. groy east iron.  cladding material
v LT Si. macro-morphology of cladding | conaining 0. 824 5. macro-morphology ol cladding |
Layer with averlapping of 5 iraces. layer with oveslapping of
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Ma-10s MESRE. K. WS | B0 BESN. SN EEEET S F
CEE N 00 1SR 10 TR R TR : 10300 BT 0. A s, R R
Laser cladding. grey casi iton. cladding maienal | Laser cladding: grey cast imon: chemical composs

comtamanmg 0, 16555, macno -||.|r|:|'|:'\-|:',;:..' af :|:|||||||'.|g tion: Fe— 3 X0 — 0, 575 — 0, 564 . |||::|||||l||-|H:. i

Layer it nvi :I"i'l”"'H ol 10 v ', ||.J.-:|||I.‘||l_ laver,
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| .
|
|
MA—105 MAEEN ENMEHERERTY Fe B A N0G Ch . B O AR R R
L2300, BTS00 130 . 0 R0 0 o T # Fe— 3 230 —0, 575i— 1. 58Cu. 47 W 52 60 o0 1 iR
Laser clalchmg: grey cest ron. chemical composic | Laser cladding. grey cast iron. chemical eomposi
ey Fe— L 230 -0, 575 — 1, 1300 . ||:-|r|-||||||||.::.' al I e Fe— 3, 234 b 57 ™ . 360, moarphology of |
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Ma—108 AN . M. SN ELERT
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Laser clelding. grey cazt irom. chemcal compros
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phalagy 1 [ cladding |.:_-. ¢ with overlapping o
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Indiding Mayer with overlapping
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i 1]

Laser cladding. grey cast iron. chemecal composi
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phielogy of cladding layer with overlapping of [0
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BAa—111 SR K. SEEEEERS  Ma-112 BOCERE . M. HWet e
H Fe— 3. 2305 LETER— L 2N SHERNER B Fe—3 J30—0, 575 — 2. TaMi, SRR MER

Laser cladding. grey cast iron: chemical COm ML Laser cladding, grey cast iron,  chemical SO
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1 Fe— 3 23 TS 4 TTNG, o W Y Fe—3. Z3C— 0. 578 — 7, 04N, 48 8 B3 IE

Later cladding. grey cast iron, chemical compuosi Laser cledding, grey
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i 5—38 AN, A20Mai | fEEE o AlCo

S CTFR B . OO, R, N
2EOW, WIEEF fmmin

¥

Laser welding, 43CrMo € op allay 1/ AT 45"

Chottom alloyd . Clk laser. botesm of weld,

Ja00W . welding apesd 1. TEmy/midn.

lH:'I.'.'ll I




i 4] T MEMNE. 42CrMol # & ALC 530 BEAEEE. A20eMod =8 E S ALC
ST CFREME). OO, M. ¥ 2500W, B | 5" (FRME). CO. ¥, iy HE ZHODW . 8
ML 7o men T 1. T5m i

st welting . A20rMo  top alloy )0 8L Cu/as® Laser welding: 420rMa { top allay T L
Chottom alloy). CO)y laser, power ZBOOW, welding | (bottom alloyd, OOk laser. power 2800W, welding

speed L. T5m, min, apeed 1, 75m/ min

e A% MM, 20/ Mol FREE B ALCY | M 5—40 BRI, 120 Mo I BE AL Y
S CFEBHHE), CO, B, DhE 2200W, & |5 (FREEE). OO . IhaE 2RE0W. 58
MW 1. T5m, min #HE . "5m/ min

Laser welding, 42CeMo  top alloy 3/ALCa/45% | Laser welding. 12CrMo @ iap  allay 30 AL Co 45

|
(hotom alloyl. ULk Leser, power Z800W, welding | (bottom alloy). CO), laser. power 2RO0W . welding

apecd 1. 75m) fivin. speed 1, T5m man,



it e g o

541 MR, A2CrMol EEH B AUCY | 6542 MAEME. 12CMol EMH B ALC
R CTFREMS),. OO #x, The 220w, ME |G ICFEEE). O #E. % 2800w,
M L. Tim/ min M 1. 75 min

Laser welding. 42CeMo Cwp alloy 3/AVCu/45® | Laser welding. 420:Mo (wop alloy 1) ALCw/ 457
Chattom allowy. Cll laser. power ZRO0W . welding | (bottom allovd . Ok laser. power 2800W. welding

aparedd 1. Vo men, -\-|l|-.-'| 1. V5 min.

Ms—43 MAEHE. 2CMol FBHEALNCY | Mo—a0  #EEE 420Me/ AL/ Cul FSIEE /5
BOFWHE N, CO, A, ¥ ZB00W. S | (FRME). OO Bk, D% 200w, E 150mmn.
il HE 1. 75m/min WEHE 1 m/ min

Laser welding: 42CrMo { wop alloy 3/ ALCu/85° Laser welding. 420cMo/ALCu 1op

fillay 1.4
Chottom alloy . O laser . power 2R00W. welding | { boiom slloyy. (0k  lnser. power SRO0W, for

A . 7 5ims man Li0mm,. welding speed Tmi/min




645 MORMEE. 457 M5 W, CO, M. | MBS -6 MOESE. 50, 00, A, K
R 3300W. K 200mm. SEXEFE 2m' min 1200%W ., ME 200mm. WIEHIT 2o min

Laser welding, 4 | o Ok lnser. et SECOW, l.nser w||-|::|i{. 13 « Clk laser. power 3200W,

| Lliimm . welding spesd 2m)min loci 200mm . welding speed 2m min

i WIS, 457, OOy K. ThE | HE— 18 BMAWE. 45°. CO. 8K, oK
0w, ME 200mm. MEEIFE fq i MW, B 0mm. R Pmmi

laser welding. 4 « Uik leser. ey IA00W ., Laser welding. 45% . 0L lagier. power AZOW,

ey Bimmi. welding speed 2m) min ol ZUUmmm . -\.'.'I'l-'l'l',.' speed Fra min

£



IH v AeEWIE. 45%, OOy @, B M5 -5 BAERE., 37, OOy M. oh ¥
1Z00W . M 200, IV N H 2w min TA00W . MEE 200mm. ISR 2m mmn
lLasesr welding. 4 « D0} leser. pEvaEnr L0 W Laser weldimg, 45" . Ul laser, power 3200W.,

foe H00mm . welding Apsaed ST ENAT fact 200mm. welding specd Zms min.

I WO, 57, O M. T (H 2 EAWE. 457, Cly K X. ¥
200W . MEE 200mm. IE W 2o min THIOW, B 2Mimm. 4948 M Zm min

Laser welding. 4 . [k lasce. power 3X00W . | &gy weldings 457 « Ll basers  jmower SE00Y .

(ST HAmmi - -'-'l'|l|l|||.. -.||--|| =03, NTEANL, Focd 2rElamam.  wele iFpE =l CdTe Friem



o4 #ANR

B4l . 45", Oy M. ThE | E5 3 EME. 5%, Oy K. ThE
TR . MFE 150, RIER A 1. 75m/ min 2EOOW. e 150mm. PESRF 1. Thm min
owier SR,

Laser welding. 4 . [0k laser. power Z2EDOW. [&ser weldimg, 457, CLY  lazer, M

[T 1L Wl | T '-"I'u':l i. ¢ TH{ IRl Pr=za | mam . welding 2pecd 1. 0 m) min

|= AR, 45, CO): . ThE | M S 56 oW E. 45%, Ok M. R
HODW . A0 150mm. SHeESAF 1. 7im/ min 2REW, ME 150mm. WIE#ENE 1. S min

Laser weldimg. 4537, C0) lazer. powEr 2l 19, Lager welding,. 45% o ) BSEF. power SEIOW,

lae) 150mem. weld i =P d 1. 75m, min. {oei 150mm ., ﬁ|'|-||:||.-_ '\-|-|-\.-| L. Tham Fikn

T



& e T4 40 E

M5 - at . 45% . OO 3 K. I o R ErWIE. 4 . Uk & K. Th B
FROOW . ke Ome. TRIEAN 1. Thm min BW . mE 150mm. 1948 [LfL m. mn
laser welding, 4 o BN lamer, power  DHI 1w, Laser welding. 4 s L) impr.  power ZEODW .,

foct 150mm. welding speed 1. 75m,)/ min, lows Lolmmm . welding sjseedd 1. Vom) mer

I8 & i oA WE. 45 C0) %, oh % L ] R O T
RODW . IREP 150mm. S BEI 1. Thm mar ZHOD'W . MR 150mm., S4EEMW 1. 75m/ min
Laser welding, 4 ¢ L0Y  laser, power ZHGOW . Lager welding. 4 . LK laser, powi 2EMOW,

lact Iolimm. weliting speeed ], 55m min fori 150mm. welding ] 75 man.



£ LF BEWR

s8] B, 45T, CO, A, W | M5 -62 MAENE, 450, OO, M. TR
HO0W ., A 150mm. S B L. 75m min THOOW . BEE S0, REMSEN 1. 75m min
e welding, 45% . COL  |sser, power 2RV, Laser welding. 15% . 0L lascer. power 28 W .

| 50mem, welding speed 1. 75m min. loc) 150mm. welding speed L. T5m) min

5. 3.3 42CrMo/42CrMo g8 Y184

M i MIEHE. 4200Mo & 400Mo i@ | B 61 MENE. 20cMo & & 120cMo & 4.

Uk MW, ME 3200W, @EWSF 2m min OO, ON. BNEOE M. ThE Aroow, 8§

Laser weldmg . A20rMo slloy /AX0rMo allow. 1) 2m, min

laser, power 3I200W, welding speed 2m. min, Laser welding, A2CrMo alloy A92CeMo alloy. OO0
lasers Botiom of weld. power 3200W., welding

L



A A T4 40 B
82

ME—aF MAEWIE. 42CrMo & &

2 min

[azer weldmg, 420rMao alley AA20rMo allow, 1)

lamer:. hotbom of

wirlal - power 332 W .

speed 2y min.

Ms—67 @EME, 120Mo &&/12CMo & & .
i) m:llLu ‘t'l”.'!'. -|'||_|"+I 200w . NN I/ min

| T |.l.'|'|-'||||'_l. s e ;.lln:.'

| 3 MG :-|';"!.'. [

.....

{20 &g
CO. 8. 88 W, Th R SZooW. o bR

weleing

B 5—66 MAEME. 12CrMo & & /420Mo & 8,
Ll m - E.IH o Hir# 3IOoW., R 2 min
Laser welding. 42CeMo alloy

12CrMo alloy. C0R

lnger. weld, power 3200W . welding speed 2m/min.

B 5— &8
o), MR, WEE. o aRooW. RHEEN 2m/min
120 rMe alloy

B E, 20rMo F 8 20 Mo 4.

laser welding. 120 Mo .|||-|:..'. Ll

lasiers weld, power 3200 . welding =peed 2m) min.




PS8 MAME., 420rMe & M2C Mo . | M5—T0 #ERE. 120Mo & &4020Mo S &. |
Cid 0. 9EE. Thas a200W. IR 2m/ mir Crl, @ Tha j200%, WIEENE 2mn min
Laser welding . 430 o alloy S42CrMo .-|||l|_.. [ Lager weldmg. 42Crdo alloy/430rMa allow,. (1)

laser, weld., power 3Z00W, welding '\-|'|'|'|: ' Fi i prers power 3200W . welding speed 2 mar

42Co

i} Tl MR, 2CMo S A20Mo frd. | M5—T2 MENE. 20rMo 8120 Mo S 8.
OOy M. W 3200W, WM 2m min Crl . theE 2200W. EEHE 2m/min
Lagser welding, 4120rMoe allow/12CeMo alloy., 0 | aaer wi |||'|||;. 120 rha |||I||:| LY :-||.-l.-_ Lih

laser. power 3200W, welding speed 2m,/ min, lager: power J200W ., welding speisl 2m/min,




Mk e T4 40 W

B -

ME5-71 MENE. 2CrMo & /12CrMo f &, | I5—71 #EWE. 420Mo & & 420 Mo f &

Co) 8. ThE 1200W. BMEHN 2m/ min Cih, i A, WEEm . ¥ 2Row, &5 ok

Laser welding. 42CeMo alloy/42CeMo alloy. CO2 I. ¥3ms mm

lazer, power 3200W. welding speed 2m,"min, Lascr welding. 42CrMo alloy S420cMa alloy. OO
lnser. botiom of weld. power 2500W.  wilding

areed |, 75ms min.

veeld

M 575 MOLMEE. 20rMo FEMCMofr . | MS5—T6 MOEWE. 430Mo 8. OO 8.
Crl, %, hE zRo0W., B H 1. 7he min Oy ZEGOW, MWIEEE 1. 75m/ min
Laser weliding. 12CrMo mlloy 420 rMo alloy. U2 |.aser we ||'.|ng- i3 Mo allov., OO0 besers [Eraer

lascr. power THOOW . welding spwsed L. T5mnd mane TR W, -...-|.|||||“E apeed 1. T5m) min




HE5-77 MERE.
., N %,

E2Ce M 8 g A rMo & 8,
oh % FRODW,. 9 I
120 rMo allowy (420 rMa slloy.

ZRODW

wlding.

|lamiee s Lad s Y [ i, |'|l‘|l'||.'_

substrate,

M s5—7a
Cih .

OEME. 420Mo &4
0L . ok 2ROOW. dMIE &

120 Mo 5 i .

Laser weliling: 420 Mo :|:|||:.' 1M Mo allow,. )

laser.  borco W weld . HYWER FROOW . -'aI'I'II:IH_

'\-I-I.|1'| |. 3 ™, mir.

H5-78
CO 8O

A, 420 Mo & &
oo

120rMo o .

ROOW. 8 9k i 10

o

130 Me alloy. CO

PR HONW .

120rMo alloy

lasir weldmg .

laser, bottom of weld.

L II II '||_

'\-|-'--| i T I

M5—5
Ol .

MEME. 20cMo fr 8 120rMo
e FRoOW. HLEEEEMN 1. 7im
{20 rMo alloy

rhl
Frn
we|ding .

20 e Mo allaw, 0

lnsers power ZHO00W ., welding speed L. Thm min




L Ao T dn Bl

IR

L1l la':-_._

Loiser weelelisg

i R
ThE ZHOIW .

W2CrMo & @ (420rMo & &,
PESHE 1.7 Im
120 e allow

Fnim
ZCeMo alloy. Ok

laser. power 2E00W ., wolding speed 1. Tom man

5. 3.4 42CrMo/A5* IR 1R 8

B 5—82 WMAEE. 420Mo £ 495
Cfh, 8% - M B, I§ £ 2E00W,

(H0rMo & & .

o

Laser weiding, 420rMMo alloy 120 v :-||-|:.'. (]

laser., weld, [H YT SR . witlding sree]
L I

WEWRE. 120rMa

I o a5 (R
ho#E A200W., B3 W R

B E ). C0

.

Cl

lasrr welding. allis

1Z0rMo { 1op
200,

albowd. CU08, laser. powes welding specid

Y

RN, AZCrMol b BEH H 1 /45% ()
M Wb, Ok 8 K. o 3200w, 4 fE o i
~m; min

Lazer welding. 420eMo [ iop alloy 3741 ! bestlaim

.I"-I:--- L1 laser. P F g 0w . welding '-|l|':-|

Iy N




L RESR

M 5—85 MAEME. A20 Mol EREHRIA(F | M5—86 SOEWE, 12CMal | SEM B /45° ( F
WHE), CO, B, ThE 3200W, BEXFE | MHE. OO &, D 2200, 4058 3% W
Z2mJ min Zm, min

Laser welding, 42CrMa (wop alloy 245" ( bottem | Laser welding, 42CeMo ©1ap alles 17459 § boiiom
alloyd, OO laser. power 3Z200W. welding speed | alloy}. OOk laser. power 3200W, welding speed

ST Fm/ min.

B S-87 MR, 2CeMol EREHEAS(F | 588 SAHE. 12CrMol &) 15° E
BHE) O MA. h¥ 32000, WEEEKE | BEE). CO & K&, 5% 3200W, o R BT
dmman 2. min

Laser welding, 42CrMo {iop alloy /45" ( bonom | Laser welding, 420:Ma ¢ top alloy 1/45% © hottom
alloy )y OOl lasers power 3200W. welding speed | alloyd, ) laser. power 3200W, wilding  apeed

arm man. Zmm, i,



e O LR

L3 B MR, A20Mol FEBHEI MO | E5—90 RAEE. 12CMol FREEE ST

R E. OO 8. ¥ 3200w, SR ) . O 8%, MERKHH. S 200W,
£ 5 HE 2 menin

S Al
lLaser welding. 43070 ( 10p glloy 146" { bnmam [aser welding. 43CrMa Lixfe .|!|.|:. 8" L Dusl bism
allawy. U0k lnser. power SH0W. welding speed alloyd . ik laser. microstrocture in best affected
2. . pone. power S200W . welding speed 2m) min,

PES—01 BN, A2CMol EREEMOAETOF | BS-52 MOENE. 20Mol | BH BT OF
A E . OO, i, B 8, e 20w, | BEE). OO 80E. s 6. the 3zoo0w,

4 M Zm)/ min - fE.&#_ i/ I
Laser welthng. 430rMo € top allow 3457 { hooom Lsiser i |||||||;. 120 rMe o iap allow 174 ¢ baiam
:I.'.'l ! II 1 I.I-' I MicTiEEruc i 1|1l I'-| il 'III'_ ||-|| I|_|||'I | |_.| L IRASIFs | ||-r.||.\_||-_||"-||-\.| n hest |I“-€". 14 .'I

one, power S200W . welding sl S, une. power SX00W. welding apied Z2my min.



i 5 iy
MM,

O,
O 3%,
Fh [

L3 Mo wop

12CeMol b MM /405% CF
o S200W. 18

Laser welding '|||||:.'= | [ bodiam

il bei B Ok lamer, power 32

200W '--|'|||I:||.|, '\1|l|'|-:|

2m/ min. heat allected gom

M5—05 MAEWNE. 20Mal BB CF

BHH

be O, WEE. BhHE IZOOW. @9 IE LR

Lamer weldng. 420rMe [ 1op albow 1/45%  batiom

alleyl . 0 ser. power 2200W . welding speed

I8 5 a8
HH K. OO

L.aser '|'r|'|-\.|||:.-:.
byl ,

1. ¥om

5= MEWNE. D0Mal | AT - L
B E), CO, %5, h®E IZ00W, 8 5% 8w

Lazir welding, 4200 allow 3745 { bottom

lleyd s CCL laser. power L200W . welding s jeed
2/ it

XS, 12CrMod AR
o, oK

AA00W, 4 FE B HF

Mo C top alloy ¥ 45 1 boliom

Ll laser. power 3200W, "“'"I'I':'I'L apieed



a0

K T4 W

507 MOEWEE, 420 Mol FEHEIAS (F | M 5—08 BRI, 12CMol b REE M5 (T
BEEI R, CO: M, MR, I Z200W. ) EH B OO Kb, DK S200W. 0k N
W Ym/min #m/ min

Laser wolding. 430rMo (top alley 3/45% § botiom | Laser welding, 42CrMo ¢ wop alloy 1°45* { bottom
allay) . CLY lamer, botiom of weld. power 3200W, | allev): OOy laser. power 32060W, welding spisid

winr bl o g apred 1, iy e l. 75 min,

3.5 42CrMo/ Al/Curds® S8 2 e

H 50 mOAEE. 42CrMe/ AL Cad R #HED M 5—1 M EEE . 420 Mo/ ALCud | R B
ISP B, CO, 8E. H%E ZRO0W. BMFE | A5° FEEHE), CO, 8, o 2200w, #
| S0awrm. $04E EME 1 m) min 1i0mm. BEEEN 1m/ min

Laser welding, A50rMo/AL'Co { top slbow 3/45° Lazer welding, $2CeMos ALCu © 1op  alloy 3/45°
Chattam alloy b, C0k  laser. power ZRO0W. foei | Cbovom sllow ). 0k laser. power PROOW. o
I5tmam . welding speed 1m/min L50mm,. welding speed 1m/ min



34|

-I"l"-:l. I.".". 1

M. 420rM
B sy, Ol W,
G, TRUPE BN P | m,/min
r welding, $20rMos ALCa |

L WEEr |

ATl | FRH R

h B 2RO0W .

Ca b e

| S0 . -l.|'||||:|h l-\.|---r| | T/ T

L Briiam

ser welding.

MR

Fifd sy C0

.
R &R | m/min

120 rMo, Al
|aser,

[

M - '.-\.|-||||'||,, e | s Ere

I:. v

TRANW .

..'_I + SHOGW

':._| | '|.|

T

| .

2RO .

120 M AL i FHiH R

il =

[t

i 0

#oAEA

i ind  WEAeiE. 120rMo
G0 FBEEY M Y, OO %,
1 50mm . 8 #H 1m, min

AL Cul | @
oh$ 2EnOW, iEF

.-.-||-|-|:l.;. 120 Ml AL o 10 .||||-:. 145"

Cbattom alloy be Ok laser. power Z2800W, [oc

150mm. welding specd 1/ min

weld

crack

B8 5— 1

el rivin
.

A T

T .
5% 0 F B M # D,
wmen. S8 B
120 rM

Aot ERREHHD

i) o) 4 2E0OW, i

Laser welding. op  alloy 3745

[ boitom wllovl. O aser. power 2800W. {oci

lalimm. welding spsd | min



':.l'{'

A A T £

H 105 MAEHIE, 420eMo/ALCu |HEH E) P S—00s #AME. 420Me/AL'Cul FREE
STOFMMS). CO, MK, DhE 2000%. M | S (F8BHEE), CO, K. ThE WoW, #E
| 50mm. WEEF lm men I50mm. g i‘t"".- m, Mmile

sser welding, 420rMo/ &1L Ca o top  alloy ¥/ 45" Laser welding, 4206 Y Cu € nop “'- 14
{ botiom allay 1. CI 1: |a=aer, LRl L) HOHWY . boact { bottem sl vl LK) T (a8 o W [&)
1 5hmm . welding speed 15 mrim. 150mm. welding speed 1m/min

[k} 107 EESE, 20Mo/ALCol FFEHE) 2 IGE AR . 420 Mo/ Al/Cul |8 R
T MR, OO M. 5K 2000W. ME | 5" CFBHEE), CO, 8%, % 2m0W. i W
150mm. 95 # M 1 m/ min 150mm,. HERE Im min

laser welding. 42 rMo/Al'Cu 1 alloy 345" |.ager welding, 420eMa A0y o iop alley 3745
[ bknom @ liay ¥y O0h  lnses. power 2800W., Tocl bottom allovi. (1) L P e T HOOW ., oo

1 50mmi. welding speed 1m min. |50, welding spesd 1o mum.




MS—108 MEAEWE. 42CrMo/AL'Cal FHHH)
5% F B E M, N, Sh¥ 200w, @l
150mm. SIE#EN 1m/ min
el T

i benam allay ¥. LK

')

Laser webdang .

Al iap  alloy 1,/45"

lnser. JHEWET IBOW . Toci

150mms welting specd 1m/ min,

2. 3. 6

F5¥ HEHE

FEE—100 WA, 420Mal AL Col s E)
"I TFREESE. OO0, 8. IHE 2500W, K&
150mm. EMENE 1lm/ min

{30/ AL Ca

laser wn |||||.|g- \ Lyp _.II-:.:. b rAST

i I"‘"- Tam -III':"‘-' A I:.I :l I.I 2T I.-II'|'|--\. FoEHD :II-II'.. |'|'\-'

1 5-{bmms '|'-|'||1I.'|p_ apeed | marh.

M S—111 SMEHE, 42CeMe/ALCul | 84
A" ITF# ey, CO, S, oh¥E Eo0W. E
15 G wmﬂ'i‘t’ I/ mam

Laser welding, 420rMo)/ALCu © top allow 5745"
{ botvom sllow ) C0y laser. power ZRODW. foe
labmm, welding speed Tm/min, |

12CrMo/ Al/Cu/42CrMo i e 1o 4

Ms—112 MAMNE. 12CMa/ALCal FEEH)

RCrMed FRIHEE). O 8. )% 2800W, W8
B 150mm, EEF 1 75m min

Laser welding, 42CrMMo/ AL'Culiop alloy ) MA20rMo

{ botiom .||||.:.li- LAk IR .

luser, [t

DOWET

150mm. w :1|.|||.: apieed 1, 7 5m/ man.

03



8y

I &

#HEeriinl

il

i r¥ol FEEH M O

M 1S0mm. SLEESEMN 1. 7him/mm

Laser welding. 420 rMo

baotom allay 3. OO0k lasir. HWRT

iimm. wedibing &pesd

|12}

2al

WA, 42

120rMol FAEM 8. D

L

Omm. tWEHHE 1.7

ser welitipg s 420 rMo

TR & '--l'|l||:||.l_ wpied 1. 7

Rl Caal CETERE |n:. }

2EHIW,

113 BEAEEE. 420cMo/ALCul | EE#HE)
. D 2Riow,

fl

120 Mo

Crddos Al Cud | EEH )

A, TheE 2EO00W,

I/ muiE

Al ah

2T & [ T

R B LT T

ZHODW .

i I EAE . 42CrMoe/ ALl FAREE

2CeMol FREE®). CO. A, S ZR00W, K
B 150mm. S8 1. 75m/ min

Lgsir welding, 420r%Wa/ AL Cul vop alboyv) 20 Ma
Chottom alloy 1. CO0L  laser. power ZHODW . foci

| i, welding speed 1. 7580 min.

HE—116 #MAEWNE, 120Mo’ AT |- 4
{20rMod F e ey, OO, M. o W ZROW . i
FE 150mm. oM 1. Tom/ mir

Lazer wmelding, 40 rMo/ AL'Cui 1ap allos 18 e M

[ bottmm allay ¥, Ok lager. poower TRONIW . (o

150mm. welding speed 1. 75m, min



B 5117 MESEE. 420eMo/ AL Cud |- 84 0 )
O T 5{.r_r1=-=! 1, C0) MW, OPAE 2800W, B
P 150 i'.'l_gH_!'ll 1.4

Laser welding. 420rMa) Al |.||':I|-|: Al 1 /4 el

mi; min

Fsaant by albiy 3. U0 § 1SS POWET PEOOW . (e

1a0mm. welaing -|-.'."| 1. T5m/ min

L]
il FHEM S, OO

O R . 420 Mo/ AL Cul | il 88D

121 . MW .
B 150mm. :|:||' & W 1F 1ane/ men

Laser welding. 420 Mo/ ALSCul iop allay 1 420k o

i i

{biviom alloy 1. ) aser. power ZEIOW, foo
LiOmem . welding specd Tm/ mins, |

M s

A

115 #MEWIE . 12CeMo/ ALCul | #EH )
{2CeMol FREA M), OO 3%,
A 150mm, EMEIE 1. 75m min
Laser welding, 42CrMMo/ AL Culiop alloy ) 420 Mo
2B0OW,

A IHOOW . IR

{ Bacnomm :|:||.:,' Fe LAk lnser. power faci

150mmm.  weliling spisid 1, 7 5my man

W E . 420 Mo/ AL Cal S

H 612
{20rMod FEMM . O #E. DhE 25w,
WG [5omm. S8 ER Im, min

Laser welding . 420 Mo/ AL'CuCop allow ) A4 20rMo |
ZAODW . fec |

1l

Chonam alley ». O0h  laser, P

1 5dbmmm.  wlding speed 1m)/ min.



iﬁﬁi.#r.f-‘i‘:.il_i@ii

i e =

BS— 121 MAEE. W, CO MK, T | M52 MAENE. WE. CO ME. DR
APOW, MEEE T 2w min 200w . BVEESE fm/min
Laser welding .cast e U0 laser. pErmer S0 W, Laser welding.cast rrodis C0), Leser. power 32 W,

webiling apeed 2m) min. wihiling specd Smy onn

weld
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