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Abstract

In order to improve the friction and wear performance of wind power bearings, prolong the ser-
vice life, and reduce the operation and maintenance costs, the hardness, friction coefficient and
wear rate are the evaluation indicators of friction and wear performance. The non-equilibrium
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magnetron sputtering deposition technology was used to deposit the Ni-DLC composite coating on
the 42GrMo steel matrix, and the friction and scratch tests were carried out on the composite
coating to test the hardness, friction coefficient and wear rate of the coating, and the magnetron
sputtering process parameters were controlled to study its influence on the evaluation index.
Based on orthogonal experiments, the exponential regression prediction model and the BP neural
network prediction model are established, and the exponential regression prediction model is ve-
rified by experiments to have good accuracy, which can guide the actual production, which has
certain theoretical significance.
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FL T 7R 2 AT FH RV R G0 AR AT HIAZ O A, LR Bl 10 B8 4 55 4% 1 e R AR A 77 o A2 X FL il 7
FRIEAT . RS AN EE R R . BB REENA E G2 (Ni-DLC) B A MBS RE. 5 1R E
i B A L ) 2 M RS O o, TEVR B A R TR UAR I J2 T 2 1 X FL el R Dl 5 T B A RE AL RS iy, AT FAEAI
AL IS 4E A -

AR, EWNANFE X E G DLC MRZEEEEEE M RE AT 7T, Chen Y S5 [2]481 F B IR SRR
UUF MoS,-DLC ¥R 2, HFFE MoS, & & TRk Z S5 [ I M Re s, ICHE L 2 & iR E 5 AlLO; BRIAR T
R BEASAT R LB o 25 53R, MoS, (45 2432815 T 4R 2 HURR 45 B, PR vh R 2B B B 3 R 55 B 453
Pillaca E %5 Ling J S5 [3]/ AN B AR 138 5 2 45 R bl & B e B SRR Z, SHREMORSE . TE
JEE P R HOCRIAE B AT IR . 45 R R, BEMR AR, BEHURGEEE YA S . Ya P J S5[41R A bk s R Al
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Figure 1. Schematic diagram of magnetron sputtering
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2.2. KRR EHIEDRR

22.1. SKBEMH

ARSI A K AR B 2 B N A B 42CrMo SRRl A IR Zh AR OS5 280 TXF R . K EAR 30 mm ()
42CrMo W EHE I 2 D) R BARBEAT UIE], SR EAL 30 mm. JERE 5 mm RIEAAFE . 42CrMo 41 )%
PEREINZE 1 P, HAb 22l ik 2 fos.

Table 1. Mechanical properties of 42CrMo steel
5% 1. 42CrMo MR S T RE

ZH B/ (kg'm ™) ARALE JERGEEE/MPa BPEALEL/GPa BB E/MPa i EE/HY
A 7850 0.28 930 212 1080 600

Table 2. Elements and contents of 42CrMo steel (wt%)
% 2. 42CrMo SR TR R & 2 (Wt%)

P Cu C Mn Cr Mo Si Ni Fe

0.03 0.03 0.37 0.77 0.98 0.21 0.15 0.04 97.4

22.2. BEH&EZTE

W44 1% F UDP-700 7 A1 1 i i 3 W S 28 4 A LR 1) %% Ni-DLC iR 2. TEJF A& IR Z/T, 75
WA SREE AT AT NI BE AT 2225 N PE RS IG A U BT B o 2225 5 PR By 1 BB, SCpfe ], TR E .
ZREH 4 NIRHIALE, TR RE. ZEAEARE.

Ni-DLC ¥/Z Ui 24 N SER AT HAME & . BERHL A LB, B T3R5, #BIEW T

1) ATHASZIGHES: ¥ 42CrMo BNIEAARE A, {HH] 200#. 800#. 2000#PACKT+T BEAE Fr, o F e A
FHIE BB e BB TSR, W5 JEARE H BN BT /K 2T R D9 i o 8 7 35 0k 10~15 4. K L BCR R
& L, FAWRBUE SR R G, BER . ERASEH D, & EASEE T ER D, B
IR E SR,

2) BEIEHLIE A SZEL: FTIFHLAS IR S AT IR A R, H B A3 5 % 107° Pa. IR SI T E (Y .

3) BT &ili: B FERLHRIE, W 10 48, BAEENES, EFESEMRT IR, Bk,
IS SAL, DRI A

4) YIB Ni-DLC #:J2: FTJF Ni $EFF IR, JUFR 20 min, B Ni fENEIEZE, S5 H] Ni $E4 HJE,
FTHF A SRR FIR, R I )

5) HUHFEF: SCHIHAR LR, BJE PR Y. SRERAED 30 e, FTFMCRIRAIE =, B
FARFE

2.3. ERREMREMRTTE

ASCAEH LSXPT BUGK IRA, @ Efr SO RO R, SLIRE A MR . 050
BER IR O A, HHEEANI SRR, TR RE AR %R A R AR, S A 2 R

i MFT-5000 i BE R BE 500 AL, D& Ni-DLC ¥R)Z 1 BRI R4, WA SLIe e itk s 3 vkl
W, BCPSE AR i & e 4 HhE -
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2.4, LG RGR

W IEAZ S5, WA RO D A DS DU AR SR8 K, 34 ) AR 58 %5 AN IS R 1 R A2 BLAR . AR
B TR BEFEESE, TN HERMIT . kAR

RS ThE Q. YIRURSE C. UIBAE P /NIRRT TS 4[14]-[16], DAURZTERE H. BEEER
B BEIRER M ONEERBERUPN RS T IE RS SE R . BV AT 4 ANKF, Bt 16 ALIERSSRE, WidE
Wit ZHUK UL 3 foR, IEACSEEEE Rk 4 Fios.

Table 3. Sputtering factor level
# 3 IZ580k¥Ex

7K 1 2 3 4
W =R IW 50 110 170 230
PURREEC 75 100 125 150
VIR A E/Pa 0.3 0.8 1.3 1.8

Table 4. Orthogonal experiment results of magnetron sputtering
4 HFETESTIERSEWEER R

- Wl Th 3 PUBLIR L TAVAE i PR B M
QW cIC P/Pa H/GPa R u 107 mm*/Nm

1 50 75 0.3 7.165 0.141 50.622

2 50 100 0.8 7.386 0.121 40.336

3 50 125 1.3 7.55 0.125 43.845

4 50 150 1.8 7.92 0.152 55.581

5 110 75 0.8 7.638 0.105 24.392

6 110 100 0.3 7.783 0.130 47.957

7 110 125 1.8 8.057 0.117 29.663

8 110 150 1.3 7.101 0.121 35.812

9 170 75 1.3 7.802 0.105 21.613
10 170 100 1.8 8.02 0.112 29.326
1 170 125 0.3 8.136 0.118 32.534
12 170 150 0.8 7.079 0.105 21.655
13 230 75 1.8 7.665 0.138 48.43
14 230 100 1.3 8.389 0.112 27.971
15 230 125 0.8 8.565 0.099 15.034
16 230 150 0.3 7.761 0.102 26.768
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N T B TR TR ) T 2 00 T 2 BE R I AR b AR S i e, 8 342 ) AR B ) S8 3 # s
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3.1. WETS¥xt Ni-DLC ixEEERF MM

TEREEE IR BRI St b, (REFDURVAR N 1.1 Pa, WFFCAS RIS Th SR ORI %o i 2 0 2 )
WA RRAEE . PRl 2 AN, MUTARR AR, 2 T R I A W Th 2 I T v S T e e AR . 7R DR )% 200 W
W, BEREIR B RAE: HThERAE 200~230 W N, BEFEZ M8/ LERIT D% 50 W~200 W I, —J7 [Hix2
sp® EEGEWIG A, fE 200 W i, SEERE; B AR E RS R, RTRsifeaR,
DLC WU EE IS, /b TIRJZHEE 528, AT Ni &8I, WImEUE R ZE#H AL K. 200 W
DAL ThEe R 2 B S AL T R B0R B D, i D3 8 B IS, B3R Ni-DLC ¥R
JERISERBAEAR AT 3 B0 20 AR ]

B 2 vT51, AU DR, RS E TURURE A mnfi s, RIERBIDER. TTRUREER
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Figure 2. Hardness curves of different sediment pressures

2. NEITRGI T ERFE R T LR ZE

(RS THEE 2 140 W, B0 RIUURVSE R URR B 5 T-08 E i EE r sema e . i 3 man, 4
VORUR RS, WEEE AR SENTI S, SIETHE R . o i s % i SRR SR 2
B ERITEREAS N, MU SUETE 0.3 Pa~1.5 Pa i, B F 5 AR AU S 1E g, R SR BE A (AR AR 3 K,
G BT ISR T R A2, (RE NI SR TS IR ANy 8, (AR BT E 4], Wi g 2
WERE . YIRS EART 1.5 Pabl, B RERS YRS R IR/, R & AU S8 4 iR
Rt E IR0, BEER DLC (45 H), M mMRASEIIRAG, MR 2 e .

3.2. BETSHF Ni-DLC i BEE A= i
LERGIE IR S B s g b, RTINS BN 1.1 Pa, BIFSTA RIS Sh 28 Fn AR s B ot T BE 3t R B () 5

MR . A 4 aTH, MPTRUREAAR, 12 BRI R B & TS T 2R B K e s JE K, 7R RS TR
200 W I, JEIE ZBUATHR/IME: 4INZELE 200~230 W I, PEHE ZEOGEETIG K. 7F 50 W~200 W I, 1k
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Figure 3. Hardness curves of different sputtering powers
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Figure 4. Friction coefficient curves of different sputtering
powers
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JE I EEE R R R . HUIRVRURAE 0.3 Pa~1.1 Pa Itf, FEEEERBCS VIR UL R EH, FOSEREARRI I
AEAT, A TR A BB, AT 5 IRIRR I Z R R R, X B8R R R
JR T B T ORBE S WO B, TR RO BRI A5, T A 5 s B R AR 8 iR KT 1.1 Pa
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Figure 5. Friction coefficient curves of different sedimentary
pressures
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3.3. WETSH Ni-DLC R EEREMT MM E

TERERE DR ST RS o, AREFDURBVSUEN 1.1 Pa, W FUAS RIS T S RN R R 5 T B 45 2R 1§
. B 6 AN, MUTRURBEAAR, )2 B 40 3R A P S Th 2 A3 R S st/ Ja 3K, 7E IR T3 200 W
B, BEHRIA R/ MA: HIHRAE 200~230 W B, EEHRIZHTIE K. 75 50 W~200 W i, IS5 25 (1) 34
K, HohTiEiy R rraes, SEMEREEEELT. ATRENTEFSS TR BRMERE, #
BT NBUR R SR, BRIRE R ERIZ . SR D2 200W DL BT, 3w i IS Th 2 5 SOtk )5
TFEM R RN =400 2 W AE, T2 W= R RN B, SERE KA B HEEN,
KR 2 I B4

B 6 AL, YIRS, RZERNEVIRIREN &, E#kN, 7E 150°CH, REE
R/ TR, SUIBURERE S, TR TSR 1T R, RN N B AETE BRI
AR, RSB NIRE, RN RE S M AR R GRS, 3SR 2 B R 2
PE, TN TR I B2

TREFIRS Dh2 2 140 W, B FAS RIS R AR DTRUR E X T 2 B 40 2 p sema B . el 7wl
MPTRRIREAA, B2 B I A TR SRR S Jeo G386k, s s R M TR SR #R S E iR2
MR K. MPTRSURAE 0.3 Pa~1.4 Pa i, BEHR SIS 2R LT, BEABEE DR SRR F &,
K KR BCR, SRR RN, SREE TS IR AR, TEAREE R Ni-DLC 82, BRI,
MY RT 1.4 Pa iy, BEHUREEA VR SEMIRMm K, B @Ak, BrREk, #RE
THEE LR, “FIIZhREREAK, BHEE. FRARN ). BB G K, 5B, MSFEERET KA.
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Figure 6. Curves of wear rate for different sputtering powers
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ARETERE . AR R, DHREOE S R TN FR b P A A, 22 3C

H :UlXQh «Cl2 x pls

1=U,xQM xCHk x Pl (1-1)
M =U3 ><Qi7 xCls x pl
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logH =logU, + j, logQ + j, logC + j, log P
log u=logU, + j,logQ + j;logC + j, log P (1-2)
logM =logU, + j, logQ + j;logC + j, log P

4 y=logH. log u. logM, ky=1logU;. log Uy, log Uz, Xi» X2» X3=log Q. log C. log P. 41 Rzl

Fios:
y =K, + KX + KX, + KX (1-3)
WETFR
Y1 =0 T o X + QX + AgXg + &
Yo =0 + 04Xy + 00X + 03X + &, (1-4)
Yie = Qg + A X5 + Ay Xy + AgXig3 + Exg
e
Y1 1 Xy X X &
X X X % &
Y = y:Z’ X = . :Zl :22 :23 y &= (Zl, &= :2 (1'5)
3
Yo 1 Yo Yo Xies €16
FEN SRR
Y=aX+¢ (1-6)
EJ'?%" kO‘ k]_\ k2\ k3?‘~j dg~ az» Ay, aj H@E%/J\:%{Ef[‘y )r\”J k ﬂﬂ_Fﬁz
k=(X"X)"xTy (1-7)

MG 4 IEATSEI0 B, BRZTHEATSREE Hy R RB o FIESIR M5 RIS AN 230 8] (Y
FRE A A, X (1-8) .
H = 1008604 5 QUO00LT4 ,, -0.000035 , 00076
11 = 10708575 5 Q000048 | - -0000174 . p0.0208 (1-8)

M :101.735 % Q—0.001386 x C—0.00054 x P0.0302

4.2. BP #£ZM4%&

BP #1228 0 2% 22 — ML AT M\ 210t (0 I ) A% RR st R MR 22 I m) A% B R N T 22 o 25 45528, 94
e 8 s, B =AM TSECA NS, RIEMERIE RIS, KIEER A Xl
EAEL Q-9 R, SEHRIFEIRZE, 2 10 MRS B, TR 2 e BAR R AR .

y=+J0+p+b, 1<b<10 (1-9)

[, y RS oy p RN E RN R AT s A
TEHESIRZ M REFE R BP #PE AL 7T LA T N ZRAER, 7% B bs s 25008 F VA — 16 R 200 i )5
—b R, AR E R (1-10) s, SR Trainlm sE0Zk H bRk %, purelin /E LR %, B
ZRIRBON 1000, 23153 %A 0.01, 145 H Frfe/NigZ 4 0.00001.
X — X

X = (1-10)
o
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Figure 8. BP neural network topology
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