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Abstract Controlling and optimizing the local remanufactured multilayer stereo forming microstructures of K418
thin-walled blades is a difficult task. This study investigates a laser-based remanufacturing coating process and
microstructure control of K414 alloy. The alloy is coated with Inconel 718. The formation of Inconel 718 is tested
by three processes, which are used for observing the microstructure of the coating, testing mechanical properties,
and then comparing, analyzing, and conducting a single-channel multilayer stereo forming test. According to the
test results, the optimal coating parameters are as follows: laser power is 1.2 kW, scanning speed is 300 mm/min,
powder feeding rate is 25 g/min, gas flow rate is 3 L/min, pulse width is 10 ms, and duty ratio is 1:1. The matrix
combining with a single coating forms a strong metallurgical bonding with height of 1. 537 mm and width of
1.414 mm. The coating mainly consists of fine and dense equiaxed crystal dendrites, oriented columnar dendrites,
and cell crystals. The microhardness of the coating is 263.7-289.7 HV, .. The total height of a multi-layer three-
dimensional formation is 3.67 mm with a microhardness range of 284.3-315.5 HV, ,. The bottom layer is coated
with Laves, MC, and v’ phases. The hardness of the bottom layer is increased by the dispersion-strengthened alloy.
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Table 1 Main element components of K418 substrate and Inconel 718 powder (mass fraction, %)
Element Cr Mo Fe Ti C Nb Ni
K418 11.5-13.5 3.8-4.8 0-1 5.5-6.4 0.50—-1 0.08-0.16 — Bal.
Inconel 718 17-21 2.8-3.3 — 0.3-0.7 0.75-1.15 0.02-0.06 5-5.5 Bal.
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Fig. 1 Laser remanufacturing forming system. (a) Schematic diagram; (b) scene diagram
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Table 2 Process parameters of laser single-pass cladding forming test on Inconel 718
Scanning Feeding rate Carrier gas flow
No. Power /kW ) ) )
speed /(mm ¢ min ') speed v /(g * min ') V,/(L*min ")
1 1.2 300 25 3
2 2.0 360 30 3
3 2.5 360 30 3
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Table 3 Macroscopic size of Inconel 718 cladding layer

Cladding height Cladding width

Lapping
No.

H /mm W /mm ratior;/%
1 1.537 1.414 10.09
2 1.734 1.565 16.28
3 1.851 1.947 22.81
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Fig. 2 Microstructure under condition of process 1. (a) Cladding metallographic microstructure; (b) top of microstructure;

(c¢) middle of microstructure; (d) bottom of microstructure
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Fig. 3 Microstructure under condition of process 2. (a) Cladding metallographic microstructure; (b) top of microstructure;

(¢) middle of microstructure; (d) bottom ofmicrostructure
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Fig. 4 Microhardness distribution of cladding layer

under conditions of processes 1 and 2
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Fig. 5 Microhardness distribution of three-dimensional formed Inconel 718 cladding layer
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Fig. 6 Microstructure and precipitation phase of underlying cladding layer. (a) Microstructure; (b) precipitate phase

031401-6



Wt 5ot T o R

7 K418 MR O & OB . (0 TR OB B AR 5 (b) B i BUR S B 51

Fig. 7 Laser remanufacturing forming test of K418 blade. (a) Morphology before remanufacturing forming;

(b) morphology after remanufacturing forming

4 4k 1w

¥ FH Inconel 718 7£ K418 H iR & 4 3 mi oL 1718
6 1 e B ROE T 2R IF WA Z 1Y 2 WL IE
S AR 2 I T 2R R L 6T L 4 B O s U
TZHAT T HRE 2 2 OB RS I A SRR T2
T T K418 Z 4 A A BOG Tl v iUB B &

1) XF Inconel 718 P 3E % )2 i) 22 WL IE 50 . i B¢
R G M A SR R AR B 0 X L A AT L B T
Inconel 718 3615 #ill & 7R B T 2 Fe e 240, |
BWOLT R 1.2 kW, 4 3 £ 24 300 mm/min, %
Ky Ry 25 g/min, AR N 3 L/min, fk 58 K
10 ms, &R 101,

2) M T EBHCF JInconel 718 HIEE)Z S
K418 FMRTE K T R AP 1R & 45 2 10 B A 58
BE43 504 1.537 mm.1.414 mm, # B E 510.09%,
BIZ A LR Ry SR AR R R
PR B Ry 263.7~289.7 HV,, .,

3) Inconel 718 7 & MU ¥ i 51 )2 i JE 42 T i
AZ 7 0.68 mm, = 2P S & BN 3.67 mm, 2
IR Y Ol 284.3~315.5 HV,, , B 2 KT
H Laves MC Fl ", ¥R 83L& 4 2 & TR 8
TR AR IR AE L T 20 F Bc A B 35 B A5 B xit A7
K418 it f7 T BB & .

2 % X #

[1] Wang XD, Luo SH, He W F, et al. Effects of laser
shock processing without coating on mechanical
properties of K24 nickel based alloy[J]. Infrared and
Laser Engineering, 2017, 46(1): 0106005.

FEE, BEGE, T, . RRIBEHOCE X
K24 BEA & 1% thaemsgm [J]. 4458061

031401-7

(2]

(3]

(4]

(5]

(6]

7]

(8]

£, 2017, 46(1): 0106005.

Wang H, Wang L W, Wang T, et al. Method and
implementation of remanufacture and repair of
aircraft engine damaged blades[J]. Acta Aeronautica
et Astronautica Sinica, 2016, 37(3): 1036-1048.
E, B, B, LU LS HLE G
W 5 EM ], M ¥, 2016, 37(3):
1036-1048.

Wang J F, Zhang C, Jing Y, et al. Thermodynamics-
based hot corrosion evaluation for turbine blade of gas
turbine for offshore platform [J]. Journal of
Engineering for Thermal Energy and Power, 2019,
34(1): 51-57.

FHEFE, i, FE, . ETRIEITRNE LT
BRASR PR R PR Dl A A Y LT A
TR, 2019, 34(1): 51-57.

Nicolaus M, Moshwald K, Maier H J. Regeneration
of high pressure turbine blades. Development of a
hybrid brazing and aluminizing process by means of
thermal spraying[J]. Procedia CIRP, 2017, 59: 72-
76.

Katnam K B, Comer A J, Roy D, et al. Composite
repair in wind turbine blades: an overview[]J]. The
Journal of Adhesion, 2015, 91¢(1/2): 113-139.
Toma S L. The influence of jet gas temperature on
the characteristics of steel coating obtained by wire
arc spraying [J]. Surface and Coatings Technology,
2013, 220: 261-265.

Li C H, Hou Y L, Zhao T T, et al. Rapid
manufacture and mechanical property evaluation of
arc spraying 3Crl3 automobile’s front hood die[]].
Recent Patents on Mechanical Engineering, 2013, 6
(3): 216-226.

Shen J] Y, Ren W B, Xue Y P, et al. Laser repairing

process of TC4 blades with crack and volume damage



Wt 5ot T o R

(9]

[10]

[11]

[12]

[13]

[14]

[J]. Infrared and Laser Engineering, 2019, 48(6):
0606008.

e, AL4EM, BEWF, 4. TC4 it R8I
OO E T 205 ] . 405 5806 TR, 2019,
48(6): 0606008.

LiJ, Zhang S, Hou J B. Study on powder metallurgy
repair technology for K417G alloy[J]. Transactions
of the China Welding Institution, 2018, 39(1): 84-
88, 133.

Zed, e, AR, K417G &g liERe
SMARBOHS TAT]. BHEE, 2018, 39(1): 84-
88, 133.

LaiJ, Lu Y Y, Zhang H, et al. Liquation cracks in
superalloys repaired by low-heat input pulsed laser
[J]. Chinese Journal of Lasers, 2019, 46 (4):
0402011.

M, B, SR, . IR AR OB R
&SRS [J]. T E#OE, 2019, 46(4):
0402011.

LuP H, LiuJ R, Xue L, et al. Microstructure and
cracking behavior of K418 superalloy by laser forming
repairing[J]. Rare Metal Materials and Engineering,
2012, 41(2): 315-319.

S, X, B, 5. BOBUE B R K418 5
BEENRHARS TR K], WA mHES
T#2, 2012, 41(2): 315-319.

Henderson M B, Arrell D, Larsson R, et al. Nickel
based superalloy welding practices for industrial gas
turbine applications [J]. Science and Technology of
Welding and Joining, 2004, 9(1): 13-21.

Guan Y S, Liu E Z, Guan X R, et al. Influence of Ru
on solidification behavior, microstructure and
hardness of Re-free Ni-based equiaxed superalloys
with high Cr content [J].
Science &. Technology, 2016, 32(3): 271-281.
Chen X M, Lin Y C, Chen M S, et al.

Journal of Materials

Microstructural evolution of a nickel-based superalloy
during hot deformation [J]. Materials & Design,
2015, 77: 41-49.

[15]

[16]

[17]

(18]

[19]

[20]

[21]

031401-8

Ren W B, Dong S Y, Xu B S, et al. Finite element
analysis and test verification for thermal field of CW/
pulsed laser remanufacture[J]. Rare Metal Materials
and Engineering, 2017, 46(9): 2487-2492.

fEYEM, #witis, R, . &2/ koo oG f
EREARITT S R RSAE ] . WA 48 # 8
5T#, 2017, 46(9): 2487-2492.

Kurz W, Fisher D J. Dendrite growth at the limit of
spacing [ J]. Acta
Metallurgica, 1981, 29(1): 11-20.

McDonald G, Hendricks R C. Effect of thermal

stability: tip radius and

cycling on ZrO,-Y,O; thermal barrier coatings[J].
Thin Solid Films, 1980, 73(2): 491-496.

Tan Y, Liao J, Li J Y, et al. Microstructure
evolution and microhardness of Inconel 740 alloy in
conditions prepared by

different heat-treatment

electron beam melting [J]. Journal of Materials
Engineering, 2015, 43(4): 19-24.

WL, B, A, % B T HUAHR Inconel 740 &
SN A A BRZS TS By 20 A S WA EE (T, M
BHTAR, 2015, 43¢4): 19-24.

Zhu G X, Zhang A F, Li D C, et al. Model of layer
thickness of thin-walled parts in laser metal direct
manufacturing[J]. Transactions of the China Welding
Institution, 2010, 31(8): 57-60.

KA, kW, 2ok, S5 WOt B W%
2 MR )] R4k, 2010, 31(8):
57-60.

Sui S, Tan H, Chen J, et al. The influence of Laves
phases on the room temperature tensile properties of
Inconel 718 fabricated by
additive manufacturing [J]. Acta Materialia, 2019,
164: 413-427.

powder feeding laser

Zhang R C. Studies on component segregation and
strengthening mechanism of laser cladding Inconel
718 alloy coating[D]. Shanghai: Shanghai Jiao Tong
University, 2013.

WKSEIN . BWOEIET Inconel 718 & 451 2 MY B2 TR B
SIS (D] R RSl R, 2013,



