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A S B0 FREERE R R PP HE A e 5 )2 3 T P B R A )2
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B 1 23000 W R PESGEF O 6 3 8 R 40 M2 208 T 2R B K, WO E RGO HOL
i PR G ABB HUE ARG KRR IR TAER SN, K&ESEILER 1, TESECh
HOLTIE 1500 ~2400 W, #6900 ~ 1200 nm, 5 15 ~21 mm/s, BER 1 ~ 1 mm, R H0R
(AU IE A AR B FE ) 1.8 ~2. 4 v/min, RIS AYSIE S ~ 10 MPa, M S AYSE 10 ~ 14 MPa,
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2 JEREOEER RFL-AS000D i 109 ), e N S
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at u == E (=) 2 X ‘7 \C‘
3 @;}g A R i 40 g/ mol e e Eﬁégggf
- RH-DFOM-01 g fii% Inconel 718 AINEREY (23T
o BBRE S AR <1% &bttt H B A1 B2 7
. i E Y Loy AN T AR AR BE
5 ML BRTIRUS1510A K 1500 mm (B 5 WA
6 SRR 3000 W it IEIE H A 1 15§ 4 Inconel 718 P42 R ouHE 1 i
Y7 3k HMZ 12 mm EE s 15 it e A PR ]

1.2 BLEITZRBH
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TV 28 SEBREHE JLAA] RSF ZR R M AR UGG ZEoR |, b SOy AR A A L3 2 R 3,

35
301
251
20 1
15

H4rt/%

101
5t

0
25 30 35 40 45 50 55 60
ok R~ /pm

(a) TOWIESH (b) RitemAm
A 2 Inconel 718 &4 AT A K125 H B

Fz2 Q690 ERERLZEK S
ILE C Si Mo P Cr Nb Ni Cu Mn B

FESH/% <0.18  <0.6 <0.3 <0.03 <I1.0 <0.11 <0.8 <0.8 <2.0 <0.004

&3 Inconel 718 BEMERNUERS
TLE Ni Cr Nb Ti Mo Al C Si Mn Fe
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1.3 EXRWSEILLIE
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K A BOLTE/W B FHE/ (mm + s7") CEMHE/(r - min™") D #5425/ %
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KF- 4 2400 21 2.4 60
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T K& AW HWEB/(mm-s™') H&EC(r-mn') K% D/% KWEVPHEE/ % 15/ mm
1 1500 15 1.8 30 87.20 8.40
2 1500 17 2.0 40 79.48 8.59
3 1500 19 2.2 50 86.36 9.35
4 1500 21 2.4 60 73.00 4.95
5 1800 15 2.0 50 76.23 9.24
6 1800 17 1.8 60 73.98 5.12
7 1800 19 2.4 30 90. 19 8.73
8 1800 21 2.2 40 85.16 7.83
9 2100 15 2.2 60 74.53 7.22
10 2100 17 2.4 50 77.92 8.80
11 2100 19 1.8 40 79.10 9.04
12 2100 21 2.0 30 88.39 8.78
13 2400 15 2.4 40 75.15 9.26
14 2400 17 2.2 30 78.57 9.31
15 2400 19 2.0 60 69.09 8.74
16 2400 21 1.8 50 75.95 8.07
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k, 81.51 78.28 79.06 86.09
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HERB LT
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SEFE LTI 4 A PR 204 5 )23 500 FEE P9 S5 M 4 By 52 i) 2 250 ( BIDH%  ERT 38 6 I R 22 1B LA 4 A~

R W) 8 UE R T AR
¢ = AA, + Bu, + Cv, + Do, (4)

A A RREECTPR (W) BACEHHEE (mm/s) , CARRERH R (v/min) , D RRIEIL R (%) , A,
RO CTIRF M REL, w, A0 R AL, v, IR R R A, o, AR R A,
o W, 0, BB 31 18.01% 25.08% .18.97% 37.94%

M7 HRf LUE H

(1) B WOCTI AR I, 18582 2 58 B a8l Nim H5 K TEBOE Iy 2400 W I #5522 T8 2 A fx
KA. B YOG RNt B 7 T AR B BE S/ | 425 GH A FHIBCSS , RR R (B 46 5 Ky AR AN
REFE a4t , DR MO 8 23 T8 BE 35/ | Bl AR WO D) 5B B 3 in  ZE RO GTR AR — 8 A5 0F T, i AR B g
PRI A IR AR AR SRAR 58 2 I RE S 4 it rh e T P b A T 1S I 45 5 P A 2 IR R K
FEWD T R AR W 2 T8 BB
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AR A SE I, Jei 2 T ARG O [ I 9 ol A S TR 2 S P

(3) BEAE 2By AR B G0, 5 8 2 9 B () A2 A A B S S i N R 3 ZE 88 355 2.0 1/ min
B IR B KRAA . A0 Hr e B AT B G 36 400 TR BT O, B, T AR N 1k K e e — e R T R4S 3] T3
I A A5 9 TR A R R S AE RGN, P BUS B R TEREIE N, kR SR AR G e i TR 2
HWOLTCER BTS2, A )2 S U

(4) RGN A7 )2 98 B R IR AR A K FEFE 15 0 50% i SR 3 B KAl #5454k
SEHG TN | e 75 J2 5 E DR/

5 L 153 4 DRI ELR s R 40 A, B, C, D,
2.3 ZEES KL

R A8 T A2 10 X 75 22 3 T P R J3 AR 7 22 i 2 %) 0 B 45 SR mT R, 4% T 5 S 8800 3R T 1 4 2 1) 5%
) 2 P R “ FE 4R > WOLTIER > AL > k38" XN R T ES8AG N A, B,C;D, ;5%
T EBHO RS2 58 BE 520 U« FE 43 > AR BUEE > DMl 3 > WOLDh R | X AL T
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AV R Z T8 EE G BTG bR, TEXT 2 DR bR A 8 Z 5, 4% B B D0 i 2 1 D
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TELRA VIS, 75 S 3 FR 1H T4 B AU 2 ST L M s AN [R] N B8 B4 F R 23 A, IR S il i S s
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Fy= g (5)
Xmax - Xmin

W, = Y-Y. ’ (6)
Ymax - Ymin

Z=w xF,+0, xW,, (7)

b Py ORREF R RARAR SRR L, W, I EIR SR RIE I Z N E oy, T bR V RoR R n R
JE X SRR TR B (E, Y R R 90 BB B, T A RS max min FoR R RMEME/ME, 0, AL
RIFREAE TR PPN P IR Z AR, 0, RALGEZ SEREAE R PO h A S AR

PR S A e 2 TR B R S A ORI PR B, 3 i o R Ry A R T A
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VLN EE, I, 0, BUEHR 0.6,0, BUEHR 0.4, L5 A TFMEE R S,



P BT RS2 4 ( HAABERR) 539 %

x8 HZARATDESWER

JP5 o M= - e L ZEA VS
A/W B/(mm-s™) C/(r+min"") D/ % 15 D R

1 1500 15 1.8 30 0.78 0.86 0. 828
2 1500 17 2.0 40 0.83 0.49 0.626
3 1500 19 2.2 50 1.00 0.82 0.694
4 1500 21 2.4 60 0.00 0.19 0.114
5 1800 15 2.0 50 0.98 0.34 0.596
6 1800 17 1.8 60 0.04 0.23 0.154
7 1800 19 2.4 30 0.86 1.00 0.944
8 1800 21 2.2 40 0.65 0.76 0.716
9 2100 15 2.2 60 0.52 0.26 0.364
10 2100 17 2.4 50 0.88 0.42 0.604
11 2100 19 1.8 40 0.93 0.47 0.654
12 2100 21 2.0 30 0.87 0.91 0.894
13 2400 15 2.4 40 0.98 0.29 0.548
14 2400 17 2.2 30 0.99 0.45 0. 666
15 2400 19 2.0 60 0.86 0.00 0.344
16 2400 21 1.8 50 0.71 0.33 0.482
k, 0.566 0.584 0.530 0.833

k, 0.603 0.513 0.615 0.636

k, 0.629 0.659 0.610 0.594

k, 0.510 0.552 0.553 0.224

R 0.119 0.147 0.086 0.589

WAV MR R R E T L B8 AN AB,C,D,, EIOETI R 2100 W, 1385 3 5 K
wmwm%&@$ﬁzvmm%%$ﬁm%o%%mﬁ%%ﬁﬁ%%ﬁ%%%%ﬁﬁﬁ%@@S%
R, W AT LA 1% T A ST Hil % e 3 0 2 5O HTAH L 3R P-4 I 2 SEREROR . Ji X &
H DR A 7 2 A T A 00 R S 380 ) R P B A 2 T DA AR S 0 B )2 2R 1T
HEPE N 80.50% ,MEE)ZTEE R 9. 04 mm , 15 7 J2 %ﬁﬁﬁizmln S TG R RE R Ve A3 TN
SALEENFRGREE 1 4G RAF, LA G BTt iRft, X5k 1 R LRS- AL i i 2 8040 i e
W PERRb 2

(a) fLALHT (b) ks
B8 Bl HIEIEEEAEITY R

3 #it
(1) $ PRt 2 THT - J8F 0 S ) K, 35 A0 T R B /N . 0 o P RSO 0 28 0 s 7 J2 2 T
T SRR 3 T B A 534 R R L R B /MO T 3R AT D i o

HORE B2 2 0
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(2) BRI 8 2 58 B 058 W B R, WOR T 5 W d /0N 306 493 3k 230 A4 i 88 %o 0 7 )22 9 38 1)
S I AN 2 BRI R Rk by 3 AT DUARA R SE e )2

(3) L LR BV ME AT B W) B Z B IE T T 2S84 6 M HOETh % 2100 W, 54
19 mm/s, 352 2 r/min, 535 30% .

[ & % X B ]

] EVA, IR SRR 27SiMn SR TIHOCHE B 304 ANEHRIZHAURITEREL ) ]. /s Hb B, 2020,45(4) :188-193.
1= RS B RUE. 45 R TIEOEHEEL Co S @B T 2L ] APRHTA,2020,34 (36 1) 1) 1448451,
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Optimization of Inconel 718 high temperature alloy single layer

multi-pass laser cladding forming process

WANG Cong', CHEN Jian-gang'*, PENG Yan-long', LI Jian-gang', LIU Zhao'
1. School of Mechanical Engineering, Shaanxi University of Technology, Hanzhong 723000, China;
2. School of Mechanical Engineering, Xi’ an Jiaotong University, Xi’ an 710049, China

Abstract; In order to improve the quality of nickel based high temperature alloy laser clad forming, or-
thogonal test method was used to analyze the variation of surface flatness and clad width of single-layer multi-
pass laser cladding of Inconel 718 high temperature alloy under different process parameters (laser power,
scanning speed, powder feeding rate and lap rate). The optimum process conditions for the forming quality
were obtained by combining the integrated scoring method, including laser power of 2100 W, scanning speed
of 19 mm/s, powder feeding rate of 2 r/min, and lap rate of 30% ; among which, the lap rate had the greatest
influence on the surface flatness and weld width of the welded layer, the powder feeding rate had the least in-
fluence on the surface flatness, and the laser power had the least influence on the weld width.

Key words: Inconel 718 high temperature alloy; laser cladding; single layer multi-pass; orthogonal

test method ; forming quality



