934 % 52 h B X W L IE Vol. 34 No. 2
2021 4E 4 A CHINA SURFACE ENGINEERING Apr. 2021

doi; 10. 11933/j. issn. 1007-9289. 20200302001
SIS B Ni625/WC 5 E R B RPEEFN EEIE EE M BE

FHEX BEEa FEw
( B PRT RPN TAE22Be [ 200093)

TR O T4 S 5T A A Bl 25 A i M R iR A MR i, SHBOGHE T Ni625 il WC &4 2 AR ok 1 986 WAk 1 8 982 = 451 M i
HEFTRISR , Lol A C L RGBT 23805 28R ¥ 51 A ikt FIF UMT-Tribolab JE5 82 B 451 il 50 AL HE A7 B8 452 P 451
TR, AT IBE B PR B R M 5 e EE B B 10 1) (RIS, AR R S AR T IR s e PR I BT T I 58 R 4B R 52, SREE I 4y
M A BRPR S AN 75 55 s il 2 16T WA R AE A 2 B 4000 550 B 5 0 i 5 A0 K A 85 45 R 0 o i 7 X 0 285 SR 40 BT 1) Stk 1
ST AUZE G IP IR i B RO A T 22800 B0t Th % 2 kW #F 45385 600 mm/min 3R 2543 4. 5 v/min fR
PORTE 15,1 L/min BRI E 5. 4 1/min ' WC TR 5 H 10% . AFFT SR AHRE M s e bl sh & i R ot g
KRR WOCKAT, BB, IRV, W5, SRmME

hESES: U463

Properties of Vibration and Noise Reduction and Friction/ Wear
Performance of Laser Cladded Ni625/WC Coatings

WANG Shuwen LIAO Yuhong WANG Tengdi
(College of Mechanical Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: In order to improve the wear resistance and vibration and noise reduction performance of automobile and high-speed railway
brake discs, the vibration and noise reduction and friction and wear properties of laser cladding Ni625 and WC composite coatings were
studied. The powder ratio and laser clading parameters were designed by using the uniform distribution method. Friction and wear tests
were performed by means of a UMT-Tribolab friction and wear tester. During the tests, the data acquisition and signal processing sys-
tem developed by Beijing Oriental Institute of Vibration and Noise was employed to collect and analyze the measured vibration and noise
signals. After the experiments, the variation of the coefficients of friction was analyzed, and the tested surfaces were characterized by a
white light interferometer. Based on the analysis of the experimental results of friction, wear, and vibration and noise, a fuzzy compre-
hensive evaluation model was developed, and the optimal laser cladding process parameters were determined as follows: laser power
2 kW, feed speed 600 mm/min, powder feeder speed 4. 5 r/min, shielding gas flow 15. 1 L/min, powder feeding gas flow 5. 4 L/min,
and WC mass ratio of 10%. This study is of great significance to the surface modification of automobile and high-speed train cast iron
brake discs.

Keywords : laser cladding; friction and wear; vibration and noise; uniform distribution method; surface modifiction
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Table 1 Chemical composition of Ni625 powder

Chemical element C Si Mn Cr Ni Fe

Co Mo P S Nb Al Ti Cu

Mass fraction/ % 0.04 0.16 0.04 20.9

61.52  4.46

0.01 8.56 0.003 0.001 3.31 0.01 0.18 0. 06
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(a) Ni625 powder

(b) WC powder
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Fig. 1  Micro morphology of laser cladding powder

1.2 HARBRELE

WO R R IEHOGE AL AT A
ENAR AT SCR I 2 Bits B TR 26 4y 2tk
TTHOLIEHE

IEHE R HOGAS N8 ELE P ( TRUMPF) A R 1
TruDisk4002 B H 2030648, % MO6 48 U)K 7F 80 ~
4 000 W 2] | Dyt th AR e, 7 AR i G R BT i
TR, HAT & bk e A T DR 3 AR RE
HRAZ A IR A5, R HAT S DI RE R 4 R

HUBBN T T 68 FH 008 2 TR 905 88 20 s ) 7S 2
BEARIHLER A X FPALER AR A R, K F ikt

Reflective mirror
Laser beam

Powder
/spray nozzle

Cladding layer

B2 #oek T R s
Fig. 2 Ilustration of laser cladding mode-synchronous
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Table 2 Laser cladding parameter level

Laser power/ W Feed spe.ed/ Rotating speed of. Protective .gas Powder feed. gas WC powder

( mm/min) powder feeder/ (r/min) flow/ ( 1/min) flow/ ( 1/min) content/ %
800 480 4.1 15.1 4.0 5
950 500 4.2 15.2 4.2 10
1100 520 4.3 15.3 4.4 15
1250 540 4.4 15.4 4.6 20
1 400 560 4.5 15.5 4.8 25
1550 580 4.6 15.6 5.0 30
1700 600 4.7 15.7 5.2 35
1 850 620 4.8 15.8 5.4 40
2 000 640 4.9 15.9 5.6 45
2150 660 5.0 16.0 5.8 50
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Table 3 Laser cladding parameter

Program Laser power/W Feed speed / Rotating speed of Protective gas Powder feed gas WC powder

(mm/min) powder feeder/ (r/min) flow/ ( L/min) flow/ ( L/min) content/ %
1 1(800) 2(500) 3(4.3) 5(15.5) 7(5.2) 10(50)
2 2(950) 4(540) 6(4.6) 10(16.0) 3(4.4) 9(45)
3 3(1100) 6(580) 9(4.9) 4(15.4) 10(5.8) 8(40)
4 4(1250) 8(620) 1(4.1) 9(15.9) 6(5.0) 7(35)
5 5(1400) 10(660) 4(4.4) 3(15.3) 2(4.2) 6(30)
6 6(1550) 1(480) 7(4.7) 8(15.8) 9(5.6) 5(25)
7 7(1700) 3(520) 10(5.0) 2(15.2) 5(4.8) 4(20)
8 8(1 850) 5(560) 2(4.2) 7(15.7) 1(4.0) 3(15)
9 9(2 000) 7(600) 5(4.5) 1(15.1) 8(5.4) 2(10)
10 10(2 150) 9(640) 8(4.8) 6(15.6) 4(4.6) 1(5)
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Fig. 3 Lase cladded specimen after surface polishing
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Table 4 Saaty scale table

Scale Meaning

1 x is equally important than y

3 x is slightly more important than y

5 x is relatively more important than y

7 x is extremely more important than y

9 x is absolutely more important than y
2,4,6,8 The middle value of two adjacent judgments
Reciprocal The importance of y over x

F B AL —BOPEH p e AT — | | DO R Y
BEAL—EME RI{E A 0.0.0.90, CI F1 CR 435l 3% 2
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KEFIEE S B, MFE 5 ATLLE AW B T-6,
(1 CR BB ART 0. 1, g — UM R 5 I A% 1 A W
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Table 5 Judgment matrix

7-G, G -1, G, -1, Gy -1, G, -1,
T 6 G G G, w 6, I, w L w6 I, I w G, Iy w
G, 1 12 5 4 0336 I 1 1 1 1 L 1 172 033 I 1 1

G, 2 1 5 4 0.474
G, 1/5 1/5 1 1/3  0.065

G, 174 174 3 1 0. 125

X,.=4.158 CI=0.0527 RI=0.90

A =1 CI=0
CR=0.059<0. 1 :

1y 2 1 0. 666

=1 cI=0 N =2 CI=0 Ao =1 CI=0

25 T-G, ZHENEX HARZ B HIWEE G-
1, SEFEHRJZ R D) J2 B T W R | o i FLARR AR )
IH—ARAb B 25 R AFRE T 2 B AR XS R AL

AR R TS B AR R BRI HES ) A
], 0 — AR AL B 5 A 45 5
Q= [0.336 0.474 0.021 84 0.04329 0.125]"
4.3 THTEIEMERE

BOE M e 1Y i = (E N x, R ShRE B e (H
VBB N w5 x, p, ;o 0, A WFEFE, 1535
WIEVPANHLE 25 I BIPPAN Fabn By 25 5, 7 2
HATHNA— AR5 R HiFE, eshPE REEE R (4)

1A,
=i2 - (4)

[0, 74] (16227 (0. 138
0. 82 137.8 0.132
0. 09 5.55 0.123
0. 65 111.2 0. 131
0.12 13.99 0. 124

*=loa| Y lasor| f 0141
0. 82 26.21 0.136
0. 09 6. 00 0.125
0. 07 4.55 0.125
0.71 ] 126.51 10.132
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70,017 9] 70,026 17

0.005 1 0. 045 3

0. 000 7 0.011 1

0.002 1 0.013 6

0.002 8 0.003 3

""Tlooora| " Tloons

0.009 3 0.012 9

0.003 3 0. 008 7

0.004 5 0. 006 7

10.005 8 | 10.015 1|
C0.1741 03119 0.1056 0.3384 0,168 8]
0.1929 0.2650 0.1010 0.0964 0.2930
0.0211 0.0107 0.0941 0.0132 0.0718
0.1529 0.2138 0.1002 0.0397 0.088 0
00282 0.0269 0.0049 0.0529 0.0213
R= 10029 00501 01079 0.0265 00763
0.1829 0.0504 0.1041 0.1758 0.083 4
0.0211 0.0115 0.0956 0.0624 0.0563

0.0164 0.0087 0.0956 0.0851 0.0433
10.1671 0.0510 0.1010 0.1096 0.097 7]
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KT A A R T Bk R T AT IO
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[ AR AE T EE 484 3l R 75 {5 5 IR AT 1 0 4y
BT, I X IO 6 2 0 B R R By TR T 300 s 46 o S i
FEMAT TS AINT AT, 0 R 25 SR Y

SYHT, L T RO ZE A PR RIS B IR A5 e

(1) fEFRER I LT HOBIEE Nie25/We &
BRI, AT LA R 7™ A EE AR 7S F R 3, Y
WO 2 000 W #E 453 - 600 mm/min %45
LFE R 4.5 v/ min PR S 15,1 L/min 3£
WA N 5.4 L/min \WC R FTR R 10% I}, 7E
IR TR 1900 Hz Ab i) R MR 55K 90% |, 1T #E
BAARSNINAR 700 Ha AL AURARR I 53k 97%

(2) BOLKETE Ni625/WC EA5)2, i85k it
AR 2 T R R 2 80 T 50% , B P R AR 2B SRR Y
5% ~10% , TR K3 55 T 5 2k ARG 1 1 e s ik
A, 4K AT

(3) I EHE B Ni625/WC 240 2 1aRE 1 JEE 5
DRIBCRR AT AN R B )N, O LR E A W S 42 e

(4) VB PRFEESCR i I ) 3.5.8.9 Sk FERY
JEE 5 DRV /N ELRG R ] Bt s e tho vl /0 14 i .
VLA BOEIA T Ni625/ WC A0 J2 A el I [ g A L 2
TR 2 0 B 8 DRSO /N PN R D B R 451 A i 2> i
SRIZMNM A B LR,
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