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ABSTRACT: Although laser cladding coating has high binding strength, fine grain and high hardness, its low cladding
efficiency, high crack sensitivity and high powder consumption seriously limit its wide application in industry. To solve this

problem, researchers put forward high speed laser cladding and ultra-fast laser cladding method, through high-speed improve
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nickel-based alloy laser cladding coating and improve wear resistance coating. Methods the wear resistant coating of SD-NI45
on High-pressure plunger is prepared using Conventional Laser Cladding (CLA) (P=1.8 kW, v=500 mm/min) and High-speed
Laser Cladding (HLA) (P=1.8 kW, v =7000 mm/min). The dilution rate, microstructure and hardness of the two coatings were
measured, and the wear resistance of the cladding layer was analyzed by micro-friction and wear tester with controlled
atmosphere and scanning electron microscope. The dilution rate of high speed laser cladding layer is about 68% of that of
conventional laser cladding layer. The phase of high-speed laser cladding layer is basically the same as that of conventional laser
cladding layer, and there is no new phase precipitation, mainly including y-(Ni,Fe) solid solution, Cr-Ni-Fe solid solution,
Cr,;C¢ and a small amount of WC and other strengthened phases. However, the overall structure of high-speed laser cladding
layer is finer and the distribution of hard particles is more uniform. The microhardness of high-speed laser cladding layer and
conventional laser cladding layer are 600HV,; and 460HV | respectively. The wear width of the high-speed laser cladding layer
and the conventional laser cladding layer are 210 um and 315 um respectively, and the wear loss is (7.4+0.8) mg and (4.4+0.6)
mg respectively. The wear resistance of the high-speed laser cladding layer is about 1.7 times higher than that of the
conventional laser cladding layer. The high-speed laser cladding technology can effectively improve the crack sensitivity, high
dilution rate and thick coating of conventional laser cladding layer, and the hardness and wear resistance of high-speed laser
cladding layer are improved compared with conventional laser cladding layer.

KEY WORDS: laser cladding; high speed laser cladding; nickel base alloy; the dilution rate; microstructure; wear resistance

e A 3 1 T 9 K 2E A A i
A0 55 DA R A e 37 e Kk AR, -t Al 1 A HAts Tl
T TR AR TR K A il 1 3 1 LB 45 b R
FEZEE B LR T 24 MPa (R /1 R TAE, $0k TOF
A[35 100 MPa, 4B 38 5 R 355 7F 300~500 L/min,
I HT AT 3K 300~400 min~ U3, I, A ZEE
AR (R kB RR TR TR, X ER AR SE T
Ve ELAT BLAF AT PR B . T A SE T I U
ZHH 4 T A B R | OCIATE | B L
RN B UR 2 AR AR, A R A i i
PhobE, (ABEAK T2 MRS e T, kR, Xt
WEE Y i, Jf HIR)2 53R 45 &0 AR, b
FRE TREARN LR, Mot EA TR
YRR A% AT RO e, sl ORI e U i Ot ke i
ARG BERAR ARG S TEESSRE, IFREOE
WAL RIS IR 2 T v LA T AR TR 2 o 0
VR Z BAR A ES AR AR A/N  REREAR
R, A RORAL, AU, B AR
¥, HAET AWz n 258 1 ™ & A R

AN T3 MO AT, = O T A e T RE
FIFRAR . R SR ARG ) K D B0 3 2 3 JE 5 () R
2016 A4, FEFE IR Tl K24 fn i ) RV R o H AR
TF 5 BT 2 H T ] R4 F A% R B Uk 2 R A8 v ok
WO B AP ZEARTE 3 kW OISR T T3k
ARRFER<1% , JEJE N 10~250 pum H B GRS 4555
PERYIR)Z, WEEEEE R IR 200 m/min, EESCEN
500 cm®/min' . A5 56 iR OGO O e
B T 2B K00 B T2 P B © A T S 4E T 5T 10 4
/4, Thomas Schopphoven £ T ) F 8 15 3 IO
ISTERARYEE T Inconel625 182, IHRE T T 2%
(PO DUBEE | Mok i . R

JJZE ) X} Inconel625 #5782 B 52, #53] T —Ffr
[ Inconel625 #5751 o 2%+ 4 VR F ve sl ool b 7
BRAEWZ, IFRHERS T OGS 5k M T
A RER, 0T T e OGRS )2 1) 22 W 35 SO0
454, Andres Gasser. Zhong Z!'""iFIRA T 2%
BT i = UIBUR BOE £ JR U Inconel 718 742,
AT TR T2 SR TEE A FEIFLBR
THOZE R R M RE ST RIS o LA, PRAL TR
SR T A AE TR T AL XS P Incone-
1718 A& MOl b itk RE R i a2,k 222
# Adam Dworak!" )il i 8 /5 HUMOGIA T Stellite6 I
REIRZ, MARBREFREZ T ESHN e,

H FXS i MO E W R TR E
T4 WETE A EERe, X T & HO6e 5 )2 it
JES T b PR BE B ST A A, HL H A R R SO AR
FRE R R AR R SR o ASCDURRIE &
FEAEFE R R 45#NAVE R B ARE, SR & MBOEIE
7 ( Conventional Laser Cladding, fijFX CLA ) Fly i
W47 (High-speed Laser Cladding, fijF% HLA )
I A ) SD-Ni4s i BE VR 2, 78T T AR 2
(A BOUREE 4 , 30 Ao JEE $58 P 460 SIC 000 8 1 A i )2 1
EEVERE, HFIRATVHE THR STEEN R, R T
OIS E RIS 2 RZ MBI,

1 e

1.1 REWNHE

AR G618 A AR AR A AL M RE AT 1) 45#
W, HEZERIIIE 1R 1 45#4% IR 100 mmx
80 mmx10 mm FLAK AT UIR], FIFHFR4e6 H%R
AT S, BRI AL B 2 88 2w iE, &



b

a9k 1M

RIS - R A 2 R O B R A B U R L SV - 47 -

J AR W R T v e — il o BRIV VR I I St T, &
BREH

VAR R TE ] Y SD-Nid5 ¥ oK . B A ki 42 h
48~100 pm, HFEUIESWE 1 FiR, s an

K1 SD-Ni45 &k AR B ROIE 5L
Fig.1 Micro morphology of SD-Ni45 alloy powder

1R, AT ERERBYLE B ARIR A5, Bt
VAT R B T 200 CHET B A 4t# 1 h,

AR SZH 43 R ] ZKZM-4000 75 3K 350 i Al
IPJ YLS-6000 Y621 it , TARJFE BN =K 2 i,
RO 7 R R v R e O R TR s A SR AR B
AL FIURS AT b b, (LS 5t P T80 B 2 1 9 A 00 1)
B (Ti>T,) , AR Z iR (K 2a) o i
RO B R )25 36 Ry i, B A AR UL fin #4381 23k
IEACTRLEE , AR5 o G B LR R AT, 53R e Tt
B 2 ol T A T A 42 )2, T AN T O e
Bah T4, TEELTFE 100%AR 444 . iR E
5 AR ORI BE B A AR R ( Tig=T, ) . BEARM I >
(RRE I, X REI R TR SO B TREARIR 2 R
PG X R (FE 2b) Y BB T4
SHFE 2.

&1 SD-Nidb §& MK AS#HRA L F B 5
Tab.1 Chemical composition of SD-NI45 alloy powder and 45# matrix

wt.%
Samples C Cr Si Fe Ni Mo Al Mn B wC S P
SD-Ni45 0.64 13.74 2.72 15.14 49.1 0.46 0.008 0.04 2.16 16 — —
45# steel 0.42 <0.25 0.17~0.37 Bal. <0.25 — — 0.5~0.8 — — 0.035 0.035
Conventional laser cladding Ultra high-speed laser cladding
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Fig.2 Working principle diagram: (a) conventional laser cladding, (b)high-speed laser cladding
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ding and conventional laser cladding

Process Power Vlgigi?tr Overlap Carrier gas di:rlil(;ier
method  /kW Y rate/% /(L-min')
/(m-min~") /mm
CLA 1800 0.5 75 6 2
HLA 1800 7 75 6 2
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Tab.3 Calculation results of cladding layer dilution rate

Height of Penetration
Cladding _ MaUrix —pdding 9P ¥ pilition
penetration cladding o
layer layer . rate/%
h/pm Hium layer height
K (h+H)/um
CLA 180 154 334 53.89
HLA 50 85 135 37.03
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Tab.5 Mass percentage of components at each point in wear morphology of high-speed laser cladding layer and conven-

tional laser cladding layer

wt. %

Point  Ni Fe Cr (6] Si C w

Point  Ni Fe Cr (6] Si C w

bl 3480 34.03 1080 870 1.50 597 4.20

b2  32.60 40.07 1090 250 1.80 8.63 3.50

dl 22.41 4519 972 1295 129 4.61 3.83

d2  36.69 3772 7.86 845 1.16 490 322
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