Theme Plan | EREFEX [\

OERE B Ni6OAA v 8 )30 T Rz £
3 A B BCAPUR SIS 50 B 58

sKPHH, TS, B, S &
(NI TR 2B, 100 3 225127 )

WE: ATEATRBEABEL Ao ad R, AXELT ZRA N FER, B4 e BIK ) F48 6 07 A4 #08
PR, T B BN B A R S oA B R A4 3O AE B NIGOAA 12 PR B BB E - e i AR R W R,
FAF R, SATFRRR T AR EE T B AR, ik T ik 5A LB T REG B NGRS,
EEEY, A X FEITHERTER L AMNE, FURTRELEALG»H ., EREN, Bais L) (o) ARAT
PO BELERN (o) , BEEFTREES TAMGAL, RABMEAET, BEENGEASHe it FERE R E R ZAH
AR 6 A H, KB RT AR IS FE S ) G Fe TR B R RS AR PR AT 6 T ik

KEER: MO E; AR AW, HEsdr; SUEEEA

RESES: THI422  XERES: A

o fE Y, RS R, ORI RE R T RO B
DI A T 5 Bl B By 250 ) B By s 7 2 o i 3 A%
Pz T3 B AR B 3 O o R B AR R AR B 2 B
Y R IFF RS O, R AR R R, WA AR AT
RELA 7 5% 22 T LH IR, AT 52 W A 78 25 ) oW 2 1R
TERE, FFRKBRARKE B B U, 98 O s 81 R8O

1 5|I&

S B b S AR 7 Tl 45 L S BB 47 M MR A
TR, H A P AE T3 2o bt 1 4203 1 S5 I B
R AR B, T T2 10 1 3 £ i 47 e
(TitJBS / fy / BCSM) o S T % i T e IR A2 T 201
HWEAS 4 75 i JE I e i A U, AR AL T,

A B4 S i I BT R BE TN = 4k 51 2R TE 347 il g
A HLR A% 002 3 BIAS 1 2E AT AR R T e . HLIR S8
TAEm e B SR, s aRESIEET, &
EREURRIEAR, & LA (BRI

e b A PR T i R P i % £ T AT I TR &

BFEMG: tg.idnovo.com.cn

HURRI R CE RIS A PERE. S0 AR K I R
ZAN R ZRECH R A A U FE R T A o (s
M T BE) , B PN T S dRah . Wik ik pL
IREHE R AR 7 AN G 5 P e B, M2 47 A
[RIRF, S0EATIR T8 2 BOR B 2 B ilom T2, HI55 L
IRAEE S AR

2025 %28 - EHEEHIS | 31



Vil ERERX | Theme Plan

Tian"” ZRE50 T R ) 5 B AAE Z I3 2, 2 TR
RS R e A, AT SE T = 4RO ERUE
FRR, EBEEHOLE B B Fe-Mn-Si-Cr-Ni & 4k )2
P ) G P o B e B 1) RGN 1) B 4% B D) B RIS, 1%
BB AL T — B R, RS Sy AR AT AT 5%, AT
BEARRTR A% 7 ) FH4 8 oK TR B, Fang™ 257£ Stellite6
I B H R N La,Os, At (11 R BLIR N La,0; AT LAARTL &
L HEH B 43 Ak it e A A S dl it A . L, 04 19 5 LSy A Fil
R A (5 475 7 2 1 20 K T 9 R B 7 38 ok 3 0 HL I 2 PR
TYREEMRA R . L% S i fil s Rk 2 A 4,
PEAR T BR RS S AR MO IR B R h R AR B D, Sl R
/N B B R R A . D RN BB, B JE . FIRMRHE
Mk R BE AR (NiCu/Fe-36Ni1) ill#s 1 o .24 LA K
BE. Q' E ARG oM T B BRI ILE R HLEL,
TR, & 24 R ol LA 35 2 v AL 2 10 P e ok 2D
e B o T R B0 20 200 o ok i 24 TR R R AL 15 S O
IR T 228, T UABE AR A ik Fndd s, ) HL ik
LR,

B BRI 5T 0 48 v A 78 2 10 T R ek 2 Gk P L T
V£, Bn, DGR T ES BRI R B

Brrgar, WAbE . JaibE G gk o 2 2 (£ 5
TR R A R IR AR A R A . T B B e il
RO H T A 7 N Tk 2 e A HLEE MY, Ghorashi™Y
SR AR S M E B BRI AT R, REOE TR BB Mg A 5 B
HESL T LR AR A, Tamanna'™! S5 T b 5% 4% B2 D
TR e s R, WS AN BN T 2K
AP REMITA HEAT THFZE, Rong!™ ZE 48 T —Fh 45 & #4
0y %5 [ AHAS B3R B ) A BT RY, BFST T AH AH A Xt
FAREIE REF0RL A B 2, AR AR B8 T RS R TE R A
IS

RUE O IR B B Iska bk fT TV 2 WF9T,
(HAR 78 E T REUOE e 2 THER. BTt B it
Tt B AR D oy A W WA AS AL, Sl gk 508 T vk 4 v M T
TR A F AT MY R, AR Scal i ST O Y
YR SR, 5y W O 7 e R rh DR AN A
SRSl BE 7 T, A AU Ll B e Hs 78 1oL B v AN [ A
BRI AL, WA A1 58 T AR BE RN ) 43 A
HESL R S GBI R ISR A BB A
T 38 e K At

32 | EEEHIS - 2025F %28

2 FiEEXR

T e e A T T L o R 4 AT R B R A
)R SO s 7B L2 R R AR A A LU B, SO E
T ot PRI FE 1 FU A R A (PRI B, TEVR B
RUBCRE b, 565 - W ir iR, SHEotls BN Dk
Lo T .

B b T N v A R 1 s SRS R A RO 2 R T
(U - famh s/ B ReERBGE R, IR &
A A SRR BRGSO, AR RN, AR A
R I HAE ST Y S GLEE, AR s
AIE AR B S B 20 BB B TR 7 . TR O AR TR S 20 44 R
T, MOEPRICRE R L AR, EHZE B R
NEAFAESNE AR, BAF R iR S et . FIbiR1E
fE RSP O IR S TIRE RO R & A
:2Pzzem{_2itj] W

nr r

AT
95 =YGeony — 94 —cprAyAzA— (2)

K, g, AR E S G, j) B R ooty R, P
IR, a HICRSE, g M BB SR R,
rABIEEEE R, o REFLILIAE, p REEE,

BB A AL, DL O i BE SE h T B S s A i 0 46 4%
P, TEIADE N AT % 2 2 AT B A SIS i #0441
BE AT, AR A BE Rl A U G RE B S

EHOCIE B AR, INEAFNS HR 4] I A1 2 AN 35
SISl AN D S TE R T R p P AR SRR N ). R AR
& AR RS T A0 55 0 B AN, S BT A
(21 R FH W A 4 5 S s AT O R I DA I
B, ks 2B BB LB L, RO ST R R
B A 77 S B i e S oA B A ) 2 oR R I R 4k i, A
TR - ) S PRI A I EUE M & . B DR
s mnAR N, TR A 4 T AT AR AR FR AR O FL A
EINLd R Rk SR E B2 A4, PR ki 2E,
Xl F AR K 2 A R R 3L T k3 s A AT A
Fomh Y

E.ES (o, —a,)AT
T T U W(ES. +E5,) (3)

K, o M HEIRIR R N, E.. E RNBERM
R R, a.. a, FOREE BRI R 5,
AT BB SER2ZEMIREZ, 6. 6 AIEEBMEE




HIEE, u ZoRiAALL,

P X b R EO s T R TRE ., £
WRRR AT, BORREE AT R, R AN R A
H& . (EAEE - RS ARBTIRT, XA RS i
S PRI AR A BB A - 24 i Bk ) ] R A 22 1
I, 3 I e i R 5 B 5 5 PR R BE AT IR AR, (R b X AE
PN A TR B A B DR SR, AN T S
Rl il R 0 R 28 ) 27 B R AE

U EAE T TS A R A T E, X NiGOAA $y R it

Y. By AR BEVE B AR 45~105um 2 [A], OB KR B K

Theme Plan | EREFEX [\

WA REOE MG, &RIhETA 3 000W, Bt #E#Y
PR 985nm, e A Imm, BB 3161 A EEEM A
TERhZEE., #OLTE P A 1300 W, Xk # = F 2 1.0
PIA R B 483 B (300mm/min, 600mm/min)
BEATIE B SR, AR)E, BT XS R AT S I R R A
BRI

r/min,

3 Z&R5i1ie
ZE Rl Al E A e 1 iR, Hd R b,
FEzh3 0 R R BE T H 40 A o

le Ot

1 000 1200
)}Z(TJIIJ iV = 300mm/min

1400 1 600 1 800 2 000
) #EM 5V = 600mm/min

2200 K

Pa

-~

\

0.8 1.0
c) O}ﬁV 300mm/min

10°
1.2 1.4

) 045V =600mm/min

B1 =ESHEES

SR ) 4 3 R G L T O AR ) R D T AR
RO EAEE o T O P v, I Y e g T AR
W A O A o AR R, O SRR B N A o
tho BHL, FE@EFIRRARIRE DL, #lll S i T
SRARE e, BT ATEAE 78 o ook I MR AR I O o T
IRIET, Wl AT AR TEARTL

fEOE P B, REAWRA, XEREEER
7| - SRR S = A ON=Y - S Y RN B O =ib] 7
K2 B R RBLAT , SRR RPRIER D, ik 1R,
He A b3 TR IR T EL R O ECTET DT TP, R R AT L
52 BB DRI . AL R OB R, o 7 oy
(XFY FF 1R D) #RMHE BL ) A8 Arhi R Ty o fE AL

BFEMG: tg.idnovo.com.cn

Stk Zmm Al AL, mT R bR, S ERK
FIHER. 0o NIE Te Fitd nLAE H, A2 X I8 e v B
U B R T K, XA SRR B A BRI A
D R L 2 T 78 2% 12 T P

BOCIRS S 0 S, EEEREE X S LAY E
A AnTE 2 Fron, RTLAR B, SO SR B S R Xl B
T v B S BUAE OGO BE A vt A M T 1A D 7 B A
e a2, i it Je T A iR R AR AL SR 18 . B — A X
B G — A AR B A TE N, S EAESA AL ST
DRI, b Tt BT A0 0 B R, i i D i JE
FEBIN,

*l:l Hs(

20255 %28 - EHEEHIIS | 33



Vil EREHRE | Theme Plan
2500
2000
¥ 1500 |-
=
Juiz
1000
500
10 5 0 5 10
X/mm
—— 600mm/min —— 300mm/min
2 HkEREED 0 Sk, REEREEXHWLEINEES R

BOE I, AR, R E R,
RRTHR PR B R, K L . R RIIKZ
FIFE IR, SRR th e A N . R R T
i LU R JECTAT PR, RE RS b AT 52 B B DRI . A

B ORI, oy F1 oy #8 E s B2 D ] B7 . ) B
A, da R Sk B AE SRR o A anE 3 R, M
Bl 3a, 3c nTLARH, Ha B X e B 0 B 36 454 B 1)
BRI, XA G5 R D A AR A o4 ok 5 5 A A
TR A AR TR, (48 78 2 R0 A JEC 4 s SR AL
TR D EPRRE, 7oA TERKRIIERN /.

{EZR A, a8 BTN Sk, R aE R K,
BB KRG HE, KRR /N, BT E R
A5 B R AT BALAT , bes 2 )2 b e R g bR Ak 1) Bz B R A
AR, R LRI S IEE R A, R L TR
Rl RS b v oY B g bR 25t b Fe B D Tl s B ) e 7
52 B R DI E R, A 3b K 3d, 7R 4E B B R I
M AL AAL, BT R h R, R T BRHL
SR

mimRE T, WA ERAREE Y, BEEEE
SRk (PRI, R, WMEEBRAERE.,
T4 78 R AR SR R RSB/, W E R, R B

200 -
200 -
0 150 |
2200 | 100l
£ 400 | < I
_ER % 50
-600
i 3 0
-800 S0k
-1 000 F -100 F
1200 . . . . . . . . . , 150 L ) )
S5 4 3 02 -1 0 1 2 3 4 5 S5 4 3 2 -1 0 1 2 3 4 5
Y/mm Y/mm
—— YRR D ——— X 1 R VA Y5 18] )3 Y A X T 18 . )
a) BRI R 45 A V = 300mm/min b) SRR 5546 V = 600mm/min
200 -
0
2200
£ £
= 400 F =
= =
K -600 - H
-800 |-
1000 ey 200 . .
5 4 3 2 a1 0 1 2 3 4 5 5 4 3 2 -1 0 1 2 3 4 5
Y/mm Y/mm
——— A Y5 18 ) At X5 T VAt Y5 18] 37 VAt XT5 T
) YETELE AL 5345V = 300mm/min d) YEBEERI R )53 A V = 600mm/min
B3 RESERSERNENSHEE

34 | EEEHIS - 2025F %28



0K M= 0P 7 <237 =L B i OE A A E AN
P 5 A R A RAR BRI, KA R R AR

A ] 4348 E T NiGOAA H: {1 2 1 5% 4% ¥ ) 4 A1 4
B 4 Fror, NiGOAA f 8 R AR AL ) o — KT oy,
B, BOE SR AR T i X 5, R R R X TS
] 7 A ARG T Y 5 a7 AR R, BRIk, X5
i BE R BERR R . REL BAT T3 A 7 TR0 8 1o 7 A R 1% £
i it i 2, ﬁEﬁﬁﬁ%&ﬁ(@)SX%%Wi%
BL AT, RBVERT AN IME (o) A PR
B

900
800
700
600 -
500 ¢
400

& F1/MPa

300
200 ¢
100

0 1 1 1 1 1
0 1 2 3 4 5 6

550w S 4 A BE B /mm
— Exp-X' — Exp-Y - - Sim-X
B4 AREEHEET Ni6OAA HHEREEREN NS H
( V=300mm/min, V=600mm/min )

4 45

2 Sl i S T A e R £ 43 B R R BT £
R, T O I e . B R
e b T AR R R R DA e, S gk R, IS
T e R R R h ek, BRI DB, 5
X ST R R DAL, SRR OE (o) HRRE
%uﬁﬁ%%%%&ﬁmﬁﬂﬁwﬁﬂﬁ%ﬁ%W§ﬁ
st W] R B B0 A AT TR S o H e b it % i ED
%%AﬁﬂTﬁ@mﬁ%F¢&%Fﬁﬁﬁ%ﬁ&ﬁ%
SO ENLER, A P (LR S 5 = b A0 B R 1
P2 il T AR PRI S . R B S LIR T
LRI, AR R N T AT B 5
TSR T B 35 4 ), eoh, Fas i T 2480 T3k e e
ERPR S RETRIR 9%, Wb lath, FRalis gttt
SR R R 2 S WL R i 7 R P 0
KHE AN 52 E R, O

BFEMG: tg.idnovo.com.cn

(1]

(2]

[4]

(3]

(9]

[10]

(1]

Theme Plan | EREFEX [\

SEZ ik

RESL T, XWBAE, O, . Hi—
BREHIE TR S AT (0],
31(5) : 95-98.

ke, o, RuiE, . T Magics fU8kzs S PELE

R TGS (1], RefklE, 2021, 28(6) . 74-77.
DEBROY T, WEI H L, ZUBACK J S, et al. Additive

RBOEE AT AR
BRETE, 2024,

manufacturing of metallic components — Process,
structure and properties[J].
Science, 2018 (92) . 112-224.
ZHUANG D D, DU B, ZHANG S H, et al. Effect

Progress in Materials

and action mechanism of ultrasonic assistance on
microstructure and mechanical performance of laser
cladding 316L stainless steel coating[J]. Surface and
Coatings Technology, 2022 (433) . 128122.

TAOYF, LIJ, LVY H, et al. Effect of heat treatment
on residual stress and wear behaviors of the TiNi/Ti2Ni
based laser cladding composite coatings[J]. Optics &
Laser Technology, 2017 (97) . 379-389.

RONG Y M, XU JJ, LEI T, et al. Magnetism aided
mitigation of deformation and residual stress in
dissimilar joint 316L with EH36[J]. Journal of Materials
Processing Technology, 2018 (259) . 23-32.

TIANJ Y, XU P, LIU Q B. Effects of stress-induced
solid phase transformations on residual stress in laser
cladding a Fe-Mn-Si-Cr-Ni alloy coating[J]. Materials
2020 (193) . 108824.

FANG Y, CUI X, CAI Z, et al. Influence of La,0,

and Design,

addition on nano indentation hardness and residual stress
of Stellite6 coating prepared by plasma cladding[J].
Journal of Rare Earths, 2018 (36) : 873-878.

LI Y, DONG S, YAN S, et al. Deep pit repairing
of nodular cast iron by laser cladding NiCu/Fe-
36Ni low-expansion composite alloy[J]. Materials
Characterization, 2019 (151) . 273-279.

QI K, YANG Y, SUN R, et al. Effect of magnetic field
on crack control of Co-based alloy laser cladding[J].
Optics and Laser Technology, 2021 (141) . 107129.
ROY T, PARADOWSKA A, ABRAHAMS R, et

al. Residual stress in laser cladded heavy-haul rails

2025 %28 - EHEEHIIS | 35



V|

[12]

[13]

[14]

[15]

[16]

[17]

FEREK] | Theme Plan

investigated by neutron diffraction[J]. Journal of
Materials Processing Technology, 2019 (278) . 116511.
SILVIA B, GERALD W, THOMAS A, et al.
Residual stress and microstructure evolution in steel
tubes for different cooling conditions - Simulation and
verification[J]. Materials Science & Engineering, 2019
(747) . 73-79.

LOURENCO J M, SUN S D, SHARPK, et al. Fatigue
and fracture behavior of laser clad repair of AerMet 100
ultra-high strength steel[J]. International Journal of
Fatigue, 2016 (85) . 18-30.

GHORASHI M S, FARRAHI G H, MOVAHHEDY
M R. Considering cyclic plasticity to predict residual
stresses in laser cladding of Inconel 718 multi bead
samples[J].
(42) : 149-158.

TAMANNA N, CROUCH R, KABIR I R, et al. An

Journal of Manufacturing Processes, 2019

analytical model to predict and minimize the residual
stress of laser cladding process[J]. Applied Physics A,
2018 (124) . 202.

YUTB, ZHAO Y, SUNJ, et al. Process parameters
optimization and mechanical properties of forming parts
by direct laser fabrication of YCF101 alloy[J]. Journal
of Materials Processing Technology, 2018 (262) .
75-84.

RONG Y M, LEI T, XU J J, et al. Residual stress

36 | EEEHIS - 2025F %28

[18]

[19]

[20]

(21]

[22]

modelling in laser welding marine steel EH36
considering a thermodynamics-based solid phase
transformation[J]. International Journal of Mechanical
Sciences, 2018 (146-147) . 180-190.

ZHU L D, XUE P S, LAN Q, et al. Recent research
and development status of laser cladding: A review [J].
Optics and Laser Technology, 2021 (138) . 106915.
CHAI Q, FANG C, HUJ Y, et al. Huang, Cellular
automaton model for the simulation of laser cladding
profile of metal alloys[J]. Materials and Design, 2020
(195) ;. 109003.

YU T, DENG Q L, ZHANG W, et al. Crack formation
mechanism of laser cladding NiCrBSi alloy coating[J].
Journal of Shanghai Jiao Tong University, 2012, 46 (7) .
1043-1048.

HUANG H, TSHUTSUMI S, WANG J D, et al.
High performance computation of residual stress and
distortion in laser welded 301 L stainless sheets[J].
Finite Elements in Analysis and Design, 2017 (135) .
1-10.

NAZEMI N, URBANIC J, ALAM M. Hardness
and residual stress modeling of powder injection laser
cladding of P420 coating on AISI 1018 substrate[J].
The International Journal of Advanced Manufacturing

Technology, 2017 (93) . 3485-3503.
Weks H 1. 2025-02-28



