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Dynamic deformation and experimental optimization of FV520 (B)
steel blade for laser remanufacture

REN Weibin, DONG Shiyun, XU Binshi, YAN Shixing, FANG Jinxiang
(National Key Laboratory for Remanufacturing, Academy of Armored Forces Engineering, Beijing 100072, China)

Abstract; Aiming at the deformation controlling for compressor blades with volume damage, the birth and death
finite element method was adopted to simulate the forming course of pulsed laser remanufacture. The dynamic
deformation process and rules were got through the analysis. The pulsed laser forming process was optimized. The
IPG optical fiber laser remanufacturing system was taken to experiment on the laser remanufacturing forming on
impeller. The PowerScan II blue light three dimensional reverse seeking measuring instrument was taken to measure
the size of the remanufacturing forming deformation precisely. The conclusion of the finite element analysis was
validated. The results show that, through the time increasing of the first and last two layers, the whole forming
deformation is controlled within 1 mm; the deformation precision of heat-affected zone is controlled between 0.28 ~
0.50 mm; the dimension precision after mechanical machining is within 0.02 mm; the angle precision is within
0.03°. The optimization of pulsed laser technology is verified. The process is taken reference for the remanufacturing
forming of blade parts.
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Fig.1 The deformation distribution of remanufacture for the blade
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Fig.2  The deformation process of the heat-affected zone and

other forming layers
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Tab.1 The element composition of alloy and substrate material %
BB Cr Cu Mn Nb Ni C Fe
FeCrNiCu 11.77~12.87 3.25~3.35 0.68~0.78 0.54~0.64 4.52~4.62 0.14~0.25 Bal
FV520(B) 13.00~14.50 1.30~3.80 0.30~1.00 0.25~0.45 5.00~6.00 0.02~0.07 Bal
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Fig.3 The whole morphology of the compressor blade after

laserremanufacture
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Fig.4 The overall deformation distribution of the (1) blade

after remanufacture
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Fig.5 The overall deformation distribution of the (2) blade
after remanufacture
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Fig. 6 The overall morphology of the formed blades after

mechanical processing

4 #

1) FV520( B) 4 46 LI R 380G P 3 o 72
rh, FREZ R X P AR 2 B A7 BUYWI46 W6 )2 O 1o 7 A
i A SR T 8 e R AR BRTE e A BUE 2.

2) i R Pl v 22 2 BOE b R v B0 A 2
B B [ [R] , wT LA 8008/ s B 4% e X K% iU
RV AR KA, SEAEARIE AR R HIFE 1 mm LAPY, #4
S XA P I 7E 0.28 ~0.50 mm DAPA.

3) SCHVIE AR R A T 200 A 4 i T o v 22
J2 UV AR s il EL AT 38 3k 35 FH M, 45 ) B oK 208
A ) ELR T3 1 TR AN ) T 28 S A A 7 e 4.

%% Xk

[1] LEE B, SUH J, LEE H, et al. Investigations on fretting fatigue in
aircraft engine compressor blade[ J ].Engineering Failure Analysis,
2011, 18(7) :1900-1908.

[2] #hlnid, BEAE. L/ Bkvh CO, MOBKE DS IRA 4 K403[ 1] . E
#6,2010,37(3) :852-857.

ZHONG Rutao, XIONG Zheng. Research on continuous/pulse laser
clading superalloy K403 [ J]. Chinese Journal of Lasers, 2010,
37(3) :852-857.

[3] JENDRZEJWSKI R, SLIWINSKI G, KRAWCZUK M, et al. Tem-
perature and stress during laser cladding of double-layer coating[ J].
Surface and Coating Technology, 2006, 201(3) :3328-3334.

JENDRZEJEWSKI R, SLIWINSKI G, CONDE A, et al. Influence

of the base preheating on cracking of the laser-cladded coatings

—
IS
i

[C]// Laser Processing of Advanced Materials and Laser Micro-
technologies. Moscow: SPIE, 2003(3) :356-361.

[5] BOKWON L, JUNGJUN H, HONGCHUL L, et al. Investigations on
fretting fatigue in aircraft engine compressor blade|[ J].Engineering
Failure Analysis,2011,18(7) :1900-1908.

[6] FARRHI G H, TIREHDAST M, MASOUMI K A, et al. Failure
analysis of a gas turbine compressor[ J].Engineering Failure Analy-
sis,2011,18( 1) :474-484.

[7] KIM J D, PENG Y. Melt pool shape and dilution of laser cladding
with wire feeding[ J]. Materials Processing Technology, 2000, 104
(7) :284-293.

[8] HOADLEY A F A, RAPPAZ M. A thermal of model laser cladding
by power injection[ J]. Metallurgical Transation, 1992, 23(2).
631-642.

(9] BE3CHS, M, iHE 55, TCA $h & 423 Ot R OB P BUE o 72

IRESSEUABAILT]. Wi a8 SR A ,2007,36(7) : 1193~
1199.
JIA Wenpeng, LIN Xin, TAN Hua, et al. Numerical simulation for
temperature field of TC4 titanium alloy hollow blade during laser
rapid forming process[ J]. Rare Metal Materials and Engineering,
2007, 36(7): 1193-1199.

[10]3kFLE, 5kT, 5k, 55, 6061 454 4 3 TEOL I B IR B 37 1

UL ] DRBR Tl K224, 2007,29(3) :267-270.
ZHANG Chunhua, ZHANG Ning, ZHANG Song, et al. Simulation
of laser cladding temperature field on surface of 6061Al alloy[ J].
Journal of Shenyang University of Technology, 2007, 29(3) .267—-
270.

[11]ZHONG M L, SUN H Q, LIU W J, et al. Boundary liquation and
interface cracking characterization in laser deposition of inconel718
on directionally solidified ni-based super alloy[ J]. Seript Materia-
lia, 2005, 53(4) :159-164.

[12]JHOADLEY A F A, RAPPAZ M. A thermal of model laser cladding
by power injection[ J]. Metallurgical Transation, 1992, 23(2).
631-642.

[ 13 , HEtHIE | iR 1o, 55 5 20 508 I OG- 3 1AL OB
SRS ] .0 O, 2014,34(6) :533-538.

REN Weibin, Dong Shiyun, XU Binshi, et al. Laser remanufacture
quantitative forming of complex special-shaped surface and analysis
on precision[ J]. Applied Laser, 2014, 34(6) :533-538.

[ 14 E4EMs , T HihIE AR5+ 5 SO BUE 16 S e i Jy B4t

M= AE AT [ T] AR, 2015,36(6) :52-56.
REN Weibin, DONG Shiyun, XU Binshi, et al. Analysis of three-
dimension deformation for thin-welled blade simulator repaired by
laser deposited [ J ]. Tranactions of the China Welding Institution,
2015,36(6) :52-56.

(wiE B BHZ)



