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Abstract Aiming at the processing difficulties of laser cladding remanufacturing layer of large centrifugal
pipeline compressor blade, cladding damping alloy formula and repaired layer milling process theory are
investigated. The laser cladding repaired layers are prepared by FeCr alloy and Cu mixed powder on KMN steel
substrate. The microstructure, phase constitution, hardness and wear resistance of the repaired layer are
investigated by scanning electron microscope, X—ray diffractometer, energy dispersive spectrometer, Vickers
digital micro—hardness tester, sliding wear tester and optical profiler. Vibration signal is collected during side
milling process of repaired layer. The impact of Cu on machining vibration and surface roughness is
investigated. The results show that, the grain size decreases dramatically and the microstructure of repaired
layer is refined with the Cu content increasing. The hardness and wear resistance of coatings with Cu are
improved significantly. Machining vibrations of repaired layer with Cu are obviously reduced, and the chatter is
effectively avoided occurring.
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i FH 4] J5 2 43 8K 0~16% 1) FeCr & 42 By BHFE KMN 89 56 0R L A7 800 Is B8 S 050 o 3058 it FH KMN 4K
FeCr £ 4 By BHE 27 B4 T i 20 BN 38 1 s, il 46 AT 99.5% 4 83 5 FeCr & &M RHE & T R 1
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T B 4 500 mm/min, 15 5 1R R 40% , R)Z B R R R 0.5£0.05 mm, B E )2 SR 2£0.2 mm,
KMN 5 A N i 1548 52 )2 SR B 8] 1 o, AR ROST (L) 58 (W) i (HL) 43 90 28 120,78 .5 mm , 18 5 )2 RS
Lo \W. H.53 5124 40,20 .2 mm,

1 FeCr a4 Mok KMN 3462 7T 3 41 5 (5 et 4340, %)
Table 1 Chemical composition of FeCr alloy powder and KMN steel (mass fraction, %)

Chemical
C Mn Si Mo Cr Ni Cu P S B Fe
element
KMN 0.13~0.18 0.5~0.8 0.17~0.37 0.9~1.1 2.2~2.5 - <0.30 <0.030 =<0.030 - Balance
FeCr alloy
0.15 - 1.1 1.0 17.35 1.35 - - - <1.26 Balance
powder
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Fig.1 Schematic illustration of laser cladding layer and substrate
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Table 2 Milling conditions of laser cladding layers

Exp.# Feed f /(mm/z) Axial Doc a,/mm Cutting speed V /(m/min) Radial Doc a./mm
1 0.02 4 150 0.3
2 0.04 4 150 0.3
3 0.06 4 150 0.3
4 0.08 4 150 0.3
5 0.02 8 150 0.3
6 0.02 12 150 0.3
7 0.02 16 150 0.3
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Fig.3 Microstructure of laser cladding layer with different Cu contents. (a) First layer of 4% content of Cu; (b) 0; (¢) 4%;

(d) 8%; (e) 12%; (f) 16%
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3.3 R 2 53 X Bt H 3k E AR KE B RV 20

A5 Bl ) D s 1A 9E A T R 5T A IO B ) 2 TDRELBE B2 R A S R 23 0 A0 T 11 12 s, e [ T
B V=150 m/min, a.=0.3 mm, £=0.02 mm/z, & 12 4% & & V=150 m/min, a,=4 mm,a.=0.3 mm. M & F 0] 55|,
FA TR DD ZH0T i J5 e 2 H008 A o8 45 10 hn 1 2 TaDRELRE FB2 F) 52 Wiy R A S A TR] A, RIS 35 4l A 188 52 2= 3 T R
it B (R R T % 4 (048 52 )2 4 3R TDHLURE B2 5 B8 G 4 0 2% 5 A O HE I, 3 TDRELRE 32 {05 ¥ e I 4 5 e s 2
1690} 2% T HELAE B2 (BB /) o

270

400t —=-4%Cu  —e-8% Cu
‘\.—_/ —~-12%Cu v 16% Cu

240¢ 350F —+-0% Cu

E 210} -\l—\_’__. E 300+

— T,

e " 250

="1g0]

150l —=4%Cu  —+-8%Cu 200

—4-12%Cu  —+16% Cu

—+0% Cu 150
20— 8 12 16 0.02 0.04 0.06 0.08
Axial depth of cutting /mm Feed /(mm/z)
LT AR 552 4 3 B0k 3% D HDRE J2 (8 14 5% ) P 12 A [e] g 147 22 45 ek A0 J5 Ak 0 0] 3 T A 2 {9 52 0
Fig.11 Effect of mass fraction of Cu on the surface roughness Fig.12 Effect of mass fraction of Cu on the surface roughness
at different axial depths of cutting at different feeds

DIH o T3k F2 o 9 4 Sl 08 i T 3K T8 5 A R R Bk Sl ) ZRE T A 3 6 0 T T B AR S B 2%
PR S ] 5 ek AORT 0 T 2 THDRELRE B2 A 532 ) AL A 5 0 5 53 800 5 1 0 T R S 68 52 g R A A TR AL AN
AR 52 )2 B R 2l W AR 0 B 10 I TR e, 3R O A 22 5 A 5 R 0 S B 169% I 8 S 2 B R LA, B ) et
FEHR 30 55 H8Ch A2, A5 /4 2 BT dwe e o AH W HAR DI ER TT0 55, VIR S 16 mm I AN 35 401 (9 48 52 )2 3% T M
B BEAEAT BT BT, 856 b SCRI ISR 5 20 B Al 0, 5 2 B O AR 12 2 80T BEE) G B b R AR T R A o
3.4 FARHIED

BEH ok B ARG E VE AR T A S A T R AR T B R 2 AR e AR R B R B s DR
fig , BHLJE 114 5E i 32 & 1T LAl 3 Granatol Liicke(G—L){v 45 BH JE BRI A0 A1 FHE #LIS i B . G-L BB A 1E
PR ZAE T, A i B 5 AL 7 A SR S E AR R A AT BT AU R, BT 6 B Tk 3 E Y
WHE. & 4 P i I I 7 AR B e 25 (PR S 55 BT FL A BEE BT RN A BB & B 1 2 554740

0303003-7



S I S
S 22 RS I OR, R TS BN FE R 0 . BT BELJE BRI A A b i 22 R ST 2 i T A% R R 7 A
2y, T2 A T RE R, T AR IR Sh AR o B O AN B SR SR AN AL | SRR 30, A28 kL K
R 408 A =2 T S50 TE 5] K X T 30 A R S MM T 0 T A BB RO RN R 2 ST T RR A A o
IHFER IR S BE R M 2 . DO AR DT R MO BB R ol DUH AR Z IR S RE L, 32 A B A9 L 1k
AE , il 75 B AN A 4 Shsss 38 B W TR sh A H .
L5 XHE S TR A BE TR PR AR B 20 B DG R A I AR AT FeCr 12 52 2 WE LAY 50 vy 1) B8 B8 T 3 T [
AR ) o B b R 2l L 4w R T B, Fe-Cr-Cu & & by BHE & T 890 U 48 HL e R i 48 52 753
Mo ST RO 12% W18 5 TR B R e R A RE LT ) AR A A X 5 e ) AR A R B 3 T A
i, AR B A B REEE 7 T T e 4 AL 80T 48 8 141 i o

4 %5 B

W TE FeCr 4 4 KB e VR4 0 25, 148 1 LA 6 MU % sh 30 6 S RE R O I BB S 2 3B R 10
TR IEAT T A 0T, %40 00 2 5 B TR 3 L 2 06 B R AR AL IEAT T AT G, BB ST

1) 5 75 28 9 IR BN T 404k SR 1A F L BE 2 A Ik 0 00 06 5 )2 B 0 R A TR T

2) GNP 16 R M H A T 2 6 R R TR B R T R T L B2 AR T R 41
AL B AR AL ROV SR Y

3) 5N R 0 16 S SR A L L AR O 2 06 A 2 5 ol 9 0 S I, 3 AR e AR L S C
(AT A 25 T 1 5 J2 B BEL R

£ Z X #

1 Shu Linsen, Cao Huajun, Xu Lei, et al.. 3D characteristic modeling method and application for remanufactured impeller of centrifugal
compressor|J]. Chinese Journal of Mechanical Engineering, 2014, 50(3): 184-190.
EPMRAR, AR VR T AL RO R LR A 5 R R A = A R R D). MU PR A 4R, 2014, 50(3): 184-190.

2 Feng Hui, Li Jianfeng, Sun Jie. Study on remanufacturing repair of damaged crank shaft journal surface by laser cladding[]].
Chinese J Lasers, 2014, 41(8): 0803003.
BRSNS, il Rl Rl ST 00 2 T B ROL I S 2 5210 P EREOE, 2014, 41(8): 0803003,

3 Li Jianing, Gong ShuiLi, Wang Xichang, et al.. Physical and surface performance of laser clad Ni based coating on a TA15-2 alloy
[J]. Chinese J Lasers, 2013, 40(11): 1103008.
BT, JUKA], ETGE, 55 TA15-28 G R HOLHE & Ni LR )Z Y8 5 R mIERE(). *h E#OE, 2013, 40(11): 1103008.

4 Liu Haiqing, Liu Xiubo, Meng Xiangjun, et al.. Study on y—NiCrAITi/TiC+TiW Co/CrS+Ti,CS high—temperature self-lubricating
wear resistant composite coating on Ti—6A1-4V by laser cladding[]J]. Chinese J Lasers, 2013, 41(3): 0303005.
XUMET, KT P, d ke, 5. Ti-6A1-4V & 4 WO B y—NiCrAITI/TiC+TiW Co/CrS+Ti,CS = i [ 18 ¥ i i 52 4 i 2 W52 ).
O, 2013, 41(3): 0303005.

5 Golmakaniyoon S, Mahmudi R. Microstructure and creep behavior of the rare—earth doped Mg—6Zn-3Cu cast alloy[J]. Materials
Science & Engineering A, 2011, 528(3): 1668-1677.

6 Lu Xili, Chen Feng, Li Weishu, et al.. Effect of Ce addition on the microstructure and damping properties of Cu—Al-Mn shape
memory alloys[J]. Journal of Alloys and Compounds, 2009, 480(2): 608-611.

7 Zhang Zhongming, Wang Jincheng, Xu Donghui, et al.. Effect of Al, Cu, Mg content on microstructure and damping capacity of zinc
based alloy[J]. The Chinese Journal of Nonferrous metals, 1999, 9(S1): 1-6.
SR, LA, ARACKE, AE 40 IR VBE X SRS BEIE S e L BUR B PR RE RSZ M ). P EAT (g B AR, 1999, 9(S1): 1-6.

8 Li Jiging. Study on Preparation and Ageing Precipitation Behavior of Superlight Mg—Li Alloy with Cu Addition[D]. Harbin: Harbin
Engineering University, 2011. 26-36.
IR B R A A B BT AT BT D], M R MR I LR RS, 2011, 26-36.

9 Azcoitia C, Karimi A. Magnetomechanical damping in Fe—Cr alloys and effect of Al and Mo addition[J]. Journal of Alloys and
Compounds, 2000, 310(1): 160-164.

10 Baik S. High damping Fe—Mn martensitic alloys for engineering applications[J]. Nuclear Engineering and Design, 2000, 198(3):

0303003-8



S I S

241-252.

11 Zhao Rongda. Influence of Copper on Microstructure and Properties of Low Carbon Martensite Antibacterial Stainless Steel[D].
Fuxin: Liaoning Technical University, 2009. 26-33.
A 5 A IRl T CC A BT BN 5 4 2 SR RE I B2 R (D], BUB: 1L T TREHOR K2, 2009. 26-33.

12 Qin Bin, Ma Yongzhu, Jiang Laizhu. Study on the properties of Cu—containing martensitic stainless steel[J]. Baosteel Technology,
2013, 2: 43-46.
Z o, SRR, TEARTR. & 5 GRS R PERE DT TE(T]. MR, 2013, 2: 43-46.

13 Zeren M, Karakulak E, Giimiis S. Influence of Cu addition on microstructure and hardness of near—eutectic Al=Si-xCu-alloys[J].
Transactions of Nonferrous Metals Society of China, 2011, 21(8): 1698-1702.

14 Li Jianchun. Effect of Mn and Cu content on microstructure and properties of Zn— Al alloy[J]. Physical Testing and Chemical
Analysis Part A: Physical Testing, 2009, 45(6): 331-334.
A G X R A S VS VERE A R M [J]. BRALAG 56 (W B S3 ME), 2009, 45(6): 331-334.

15 Choudhury S K, Sharath M' S. On-line control of machine tool vibration during turning operation[J]. Journal of Materials Processing
Technology, 1995, 47: 251-259.

16 Huang Panling, Li Jianfeng, Sun Jie, et al.. Study on performance in dry ailling aeronautical titanium alloy thin—wall components
with two types of tools[J]. Journal of Cleaner Production, 2013, 67: 258-264.

17 Yang Y, Muiioa J, Altintas Y. Optimization of multiple tuned mass dampers to suppress machine tool chatter[J]. International
Journal of Machine Tools and Manufacture, 2010, 50(9): 834-842.

18 Siddhpura M, Paurobally R. A review of chatter vibration research in turning[J]. International Journal of Machine Tools and
Manufacture, 2012, 61: 27-47.

19 Al-Regib E, Ni J, Lee S. Programming spindle speed variation for machine tool chatter suppression[J]. International Journal of
Machine Tools and Manufacture, 2003, 43(12): 1229-1240.

20 Hu Wenquan, Hu Shiju, Zhang Weiqiang. Influence of copper on antibacterial property and mechanical property of low—carbon
martensite stainless steel[J]. Material & Heat Trement, 2009, 38(2): 32-34.
A SC A, WA A, sl Ao . AR XA B TG AR 5 O BT P 1 A ) 2 MR RE RS R[], A0 T T2, 2009, 38(2): 32-34.

21 Li Na. Study on effects of copper in steel[J]. Journal of University of Science and Technology Liaoning, 2011, 34(2): 160-165.
25 M. HAAE R T PR R IR D). 18 TR R 2 2k A, 2011, 34(2): 160-165.

22 Ouyang Huangsheng. Effects of Cu Content on the Microstructure and Mechanical Properties of 9Ni Cold Steel[D]. Kunming:
Kunming University of Science and Technology, 2012. 14-16.
WCRH SV . Cu 5 ) ONG AR LA M P AL 25 " PR RE Y 2 W [D . B2 B B BT, 2012, 14-16.

23 Zhang Lingfeng, Xiong Yi, Zhang Yi, et al.. Microstructure of high manganese steel by laser shock processing[J]. Chinese ] Lasers,
2011, 38(6): 226-229.
e, BE B, 0K B . BRI TE O SR TR oW AE (D] th O, 2011, 38(6): 226-229.

24 Granatol A, Liicke K. Application of dislocation theory to internal friction phenomena at high frequencies[J]. Appl Phy, 1956, 27(7):
789-805.

25 Liu Xianlan. Study on Mechanical Properties and Damping Capacities of Mg—Zn—Nd~-Cd-Zr Alloy[D]. Changsha: Central South
University, 2012. 11-14.
X524 Mg—Zn—-Nd-Cd-Zr & 4 () F1 5 PERE AN BELJE PE REF 5T [D]. | V0 e K2%, 2012 11-14.

EEHRE: R4

0303003-9



