48 4% %510 3]
2019 4F 10 A

mAEERMBISIR

RARE METAL MATERIALS AND ENGINEERING

K418 585 &M ki3t B El &Ik
514 gei=Hl

M, AeF !, k4eiR! hirt? £’ mEx!
(1. YLHBET 2B, T M 213001)
(2. WEERE IR e 4 I BOR [ B R T sE %%, b5t 100072)

 E: EX K418 mil A A AR AR B IS S S A LA AR AR AR R s, LA S AR A% s 7 R
Sy HbR, BT R . DAL BB A, B OB TR O T8, S T BRI BRI . 4
REW: BB R RE KNI IERE, SO S5 G 45 A, MR R RBEAE L mm APy, JBAEREBEAE 0.03
mm LA, BB R SRR HVo, b 9~14 GPa, #BId3E4k 20%. 7EmE B0 FHikes ~, M4 K HIA 13 500 t/min,

Vol.48, No.10
October 2019

HBHRIE AR K R K ZZE N 0.4 mm, TR MiFE X IRING, 17730 PR 2ok,

KHEIR: BKIPEOL: MRS, W, K418
REESES: TG132.3"3 XEEFRIRAE: A

TEHE: 1002-185X(2019)10-3315-05

K418 Bt it A 4 AF 0 a5 KI5 08 il &
&, T RIFR m A ERE, W2 N T E
AU UR R ZNHL. M HEE 38 . PR A LSS 1) %
PR B T B REARE R K T e .
G TR BT NI A AU L I (EDEE B A T L o 7 e e i
AR, Bl HLATHE, TSR AT
HESAE 5 T T REAT 22 35 Ry n BB AT (H ik
T A AT — 5 S PR ETS,

(1) AP AL Ti TR ER G, FEdRT
SR B AEICERN, Rk
INPERRAR DA S s i B, FRAR M RMERE. O L2 &
L ) s e I PR AR R, AR SEBR OB T, B
FHWOCH AL E WD), DRI A e S AT B
ARSI [0, B R R A 78 0, G S
PEBE 5 B AR B VT BC P e LLORIE, 8B BB A7 ) 22 P e T
NN

(2) HEIEMIAE LM T NI NI K, 55l
S ARG, BT AR PR DL R A i [X 3
K. CABI A 3 2 SR R AT TGRS I 2294 1) T
SR EIAS, ERINT2E A, HAEEH T
S TAR,  JU LA JR S 0N AR I 1 2

(3) AIREAETR, AR S AR B I, B

i HEA: 2018-10-27

WRIE WA A I T7 % 3 2L 2 IR AL B LI
B B JOT RO, 350 T OB T E S s A B A
CIECUEPRNE R 4N PN S S AR EYVA: N
ity B, AWRBE TS K418 S RAT
R SR D P ) B vt B L, SRR mT R ik
WO AL T2, SEL T OB IR K A 05 DA Kk
REATULEC =], -7 T e i AL 1 il 1 22 PR e,
e £ 4 Y A A AR R e T2 .

1SS AR

K418 &40 yAHUTIE AL R sl & 4, %A &
4 IR A% T A 700~850 °C. T T 124
Ko WA T B %A A o B ) i RN A A
MR MR E SRR 1 FTas. AR B R
PEo BT Rl A0, R AR R P R AR R, e REAEAE
DL T iR [ -

(1) "Lz k. —HWEEESSMEL, /A
WREZAN, Wiz, HEIGR R NS5 ER
AR SO A B NTO, NIO S 5 il 24 42 8 R I AL
W R ARk R R N TE e HaO Bl CO, A ARTE 4t o e
Al R, KRR, P45 4L;

(2) HAERG. IS S IR B R SUBUR M

EEWHE: WMTEER (CJ20180058); LA KA ESZEAIE -] (11311711802, M 1T ke & -l it L RE T i sk = PO

B (CRM2018A02)

TEBE N AT, 55, 1983 4, i+, TR T 2= Bk TR0, Y8 5 213001, HLi%: 0519-86953085, E-mail: renweibin100@

163.com



* 3316 -

Wt &R TR

848

S, B BRSECR ARSI P T AR s L L, XL
FE 45 i JE AR IS i X SRR R, B A R A
TR, R TR IR o 3K P I 45 A A T AN T A
MR, S5k

(3) K. BIREERANEE, BEIRD,
T A 3 o R v A R AR A O A i PR R A B A
N, GWEERIEZERT, £2280ET, ERiEH
AWE, 5 B G2 Nt R

25 1, K418 A& i i slba i fd, a2 ihim
HERE DL BRI I AR E 41, X I Bl B LA S AR 2K
Ve I A T AR S e I A P R A T IR DG B ER T
2 BKiEEREE T 2L
2.1 Bk #A l

BEeh i b R R L 5 7 AR P R A
R, BURSGTE S N30 0 E AR, R ik i o A ok
(SIS R NIRRT A A R A N e i
S0 PR BRI 18] o 351 AT R B O B R SE 56
TEMY, BOLThR 1.2 kW, B ER 3 mm, FHHE
J¥ 5 mm/s, FIERRIE)Z T 3.2 mm, BRIPEEOGEK G
10 ms, (FAE 11 HE— 2050 ki O S H 9k B kAT
Wl 1R

5 EH KPP IE TEX L, 2R BB kb
WOR TSI T 3 —5thAk:

(1) TELRUEABL 78 20 OB I 3eAE F, 7ERIFE &2t
N SRS N K, HE Db T I N FERE

BEn I

i

TR RN TRL, RS T i P R R 5

() BotohFEI RS, RAMN I, K
FTHI T R TE 80% I LR IFF AL/ I ) (I B, i
PR SRR R A T, LAk D B A4 B0 fE 5 1) S
FETHEOCREEAT R, 05 IR GETHE B4 D)%

(3) KMBKIEOC I F T WA, 524 b3k
75 5 25 1) [ I 18] 40 SE R R B, R 4l i 41 20
YA
2.2 REPGILEEEIEE

SEI WO AE R S A, O B A A
VD r ARG L g D prRt:

2
gL exp(- ) (D
TU"H I"H

KAy MBCEREE AR HRARRE R A 2 B
s e, O g B AR R e KRR T

BOER RS, BOtH A B AR, JeR
JIT T 1 s it 52 OO M BT o i v A 6]~ i
JrdmAEAL, Al 2 fron. Bk, OB RS RO Ok
PHINE 221, i it i ~F 350 L8] e s I T i~ 3, f 3 Bl ok
TE R EB I B 2 AR I R SR A AR 50 A d T R
T, EHAEZ R OB R, 1230 0 B B I SR AR AL
IR TG AE L 82 B 1 R BEAT M2, 3 R 3
BTG RSBk, e LASCBLM AR 0 14544

HT T2 S 85 B T ) RO 8 2% 7 AR A 8 T2 R
B, S5 AR BT IO LT AR, T ABLTR P9 5 X %
R G RAEAT TZAL

F 1 REARA S

Table 1 Test material composition (/%)

Material Ni Cr Nb Mo Ti Al Co C Fe
Cladding layer  50.25~55.87 17.22~21.83  4.75~5.55 2.84~3.83 0.65~1.62 0.23~0.84 0.93~1.02 0.03~0.08 Bal.
K418 50.01~55.20 17.01~21.04 4.42~5.38 2.81~3.32 0.62~1.53 0.34~0.75 0.36~0.98 0.02~0.08 Bal.
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Fig.1 Output waveform of pulsed laser for laser remanufacture
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Fig.2 Double half ellipsoid energy distribution of molten pool in
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Fig.3 Process of the volume damage impellers for laser remanu-
facture: (a) overall morphology of the volume damage
blades before laser remanufacture and (b) overall morpho-

logy of the blades after laser remanufacture
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Fig.4 Metallographic structure of the forming layer and interface: (a) top cladding layer, (b) middle cladding layer,

(c) bottom cladding layer, and (d) cladding interface
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Fig.5 XRD patterns of precipitated particle in the laser cladding layer
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Fig.7 Test result of remanufacturing impeller dynamic balance
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Forming and Performance Control of Pulsed Laser Remanufacturing
for K418 Alloy Impeller

Ren Weibin', Zhou Jinyu', Zhang Suorong', Xu Binshi*, Wang Yujiang?, Chen Guoyan'
(1. Jiangsu University of Technology, Changzhou 213001, China)
(2. Science and Technology on Remanufacturing Laboratory, Academy of Armored Force Engineering, Beijing 100072, China)

Abstract: Due to the high material cost, the complex manufacturing process and the frequent volume damage of K418 cast superalloy
impeller, the laser remanufacture for edge volume damage of this type was taken as a target, and the composition-approached and
process-matched alloy was designed. Its shape and performance was recovered by the waveform modulated pulse laser. The results show
that no surface and internal cracks exist, while a metallurgical bonding occurs between the forming layer and the substrate. The forming
precision is within 1 mm, and the deformation precision is within 0.03 mm. The surface HV(; hardness of the forming zone is 9~14 GPa,
which is 20% higher than that of the substrate. In the high temperature dynamic balance test, the maximum rotation speed of the impeller is
13 500 r/min, the maximum difference value with the ideal design amplitude is 0.4 mm, and there is no deflection and surge. It can meet
the dynamic balance performance requirements.
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Corresponding author: Ren Weibin, Ph. D., Jiangsu University of Technology, Changzhou 213001, P. R. China, Tel: 0086-519-86953085,
E-mail: renweibin100@163.com



