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Abstract: Aiming at the drawback of short repair intervals of domestic aviation transmission systems, the hard
particles Al,O; and lubrication material PTFE were used as particles, employed with the brush plating technology to
prepare Ni—Al,O;, Ni-PTFE and Ni—Al,O;—PTFE composite coatings on the surface of T2 copper sheet, which is a
commonly used transition layer metal material on the rotor shaft. Scanning electron microscopy and microhardness
instruments were employed to characterize and analyze the microstructure, element content distribution, and
hardness of the coatings. The friction and wear tests on the coated samples were conducted with a self-made pin plate

friction and wear testing machin to explore the frictional properties and wear mechanism of the coating. The results
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show that with the increase of Al,O; particle content, the surface microcrystalline unit size of Ni—ALO,—PTFE
decreases and the microhardness increases. The maximum microhardness of Ni—AlL,O,—PTFE (3:1) is 236 HV,
which is about 66% higher than that of Ni-PTFE composite coating. The Ni—AlL,O,—PTFE composite coating
combines the advantages of Al,O, and PTFE, which not only reduces friction, but also has excellent wear resistance.
The anti-friction performance of Ni—Al,O;—PTFE (1:1) composite coating is the best, with a friction coefficient
reduction of about 52% compared to Ni-PTFE composite coating. The wear resistance of Ni—ALO,—PTFE (3:1)
composite coating is the best, and its wear rate is reduced by about 85% compared to Ni-PTFE composite coating.
The wear form of Ni—Al,O,—PTFE composite coating is mainly mechanical wear, with slight oxidative wear and
adhesive wear. The micro-convex plastic deformation on the surface of composite coating can provide a lubrication
film for the friction surface, of which PTFE is a self-lubricating particle, and Al,O; particles play a role in supporting
and strengthening the coating, preventing the coating from wear.
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6 FH 04 481 BRI Sy ST 4 434 20% 1 a—ALO;
Sy UL, RiAE A 30 nm; BEFH %9 PTFE 0k A it & 43
H60% 1150 BB, RLAE A 220 nm; 38 75 bi 2k =
H LR L (CTAB) R G MR . S48 o Ok 7E
W R TR AR E PR, R NH,*H,O0(100 mL/L) %




278 TR R =224 (A ZRBEAIR)

2024 4%

W VH B pH, 2 pH K 7.5 WFRZESE $E 20 min,

12N WO SR S, R A Nk 2, W

VAR ZH I A E AR (25 g/L). BER =4 (50 g/L). Bk

RN (22 g/L). BALEN (2.5 g/L), 3 SR AL AL A

L8 (2.5 g/L). FrBETREN (142 g/L), PR (94 g/L).
*2 ERERASRERE

Tab.2 Composition and concentration of substrate bath

445y b2 X Jo R /(g/L)
Fi NiSO,*6H,0 254
#4 7 C4H,0,(NH,), 56
HAEH (NH,),C,0, 0.1
2z vl CH,COONH, 23

1.2 T
121 EEHE

R L B R R ) £ 2 A B )R, T2 MRS
Bange 3, RAES K SLWM—3030 Bk i e, Y8 Jy
P, B FL YR, PR AT AR 0~30 VB Ry, FHAR
FB i A

FEHE 2 25 1, 5 X SRR UE T AL B L AR
WAE ] W20, W10, W7, W5, W3.5 [ 4 M0 4547
TR R I, {0 SRR B R, /N T 100 nmy BEJS 76
K CBEH R R T UE, HET A T . R R 2 B At
TaRE R B IR, A A3 30 s, U 10V,
R ah % Ny 6~8 memin ', 2B TAKIEVE, 6
TRE 2 AR BA 19 F v I SR 3 IR AR IR — 2 2
B e T A AR I, F k2= b B 15 s, RN -10 V.,
Rl Ny 6~8 memin ', P25 B T K IE L, 5k
IR E SR B TR AR . e 3 b ok R A
JZ, PTFE 43 HOR R B 53 8535 ) 40 mL/L, ALO, 5
PTFE MIRFR L 101, 2:1, 31, 383 LA F oiok:
43 TR R 2 T i 2 ) R SR TR, PR LA K
WL B FE AR PE RO W AR 2 5 82 . Bk
4350 remin' . KR 30 C, HELE S AR RS
Hy2~3 mm, HEEH RN 8 V, ELPERS[E] 2 10 min,
LB R M 30 mLemin ', BF 2R AR T2 &
[ Ni—ALO; #l Ni-PTFE & & 8% J2 /5 Jy %t R 4, H:
H1 ALO; Fl PTFE ZMHORIAF 455151 120,40 mL/L

K3 HREIZRERSH

Tab.3 Process flow and parameters of electric brush plating

Tt W HLE/V Jite #% B 1] /min % 2 A0 X RS B 1/ (memin )
CiREd FHL 5 10 0.5 6~8
Witk 35T -10 0.5 6~8
TAERE 2 BEEER 8 10.0 8

122 MEEERIE

K T B (SCIOS—2) WLELHY )2 5 1fi
WL ot R & w504, SR B T (HVS-
1000) i3 4% 2 1 BF . Ni—ALO,—PTFE 4% J2 2 Ifi #l
B 5 v, LA 4 38077 B ) IRR, 7 6 A T4k
Ab3E, 2 A LRI 2 R s 15 A N
50 g, PRIEIFTE] 2 10 s; oA PR AIE I 45 5 04 v A 1
TR R 9 7 1) S R R I 7 A s HEA TR, 22 B A
FKAA A e /IMA, BORI 4 54> 5 09 - S E AR b 38 2 1
FEfA
123 EEERRE

K FH EL 0 4 S R A S B g ML A 7 PR AR
5, K 2 AR S HAR N 8 mm i GCrl5 Af
BRAH A EE SR R, 2 BESCHk [17-19], B g S8,
4, MRS E 4 30 min, 2k 2 N, 2 3E00
] 5 JE A2 o, W sh 4R R RN U AT BE A B
0.08 m/s il 150 m, 140 ML RAES 2K 100 ms, X5
PIAE T EERE AR T b AT, AT AR 457 25 C

R4 EEEHABSH

Tab. 4 Friction and wear test parameters
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Fig.1 SEM images of surface and cross-section morphology of composite coatings and corresponding EDS detection results
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Fig. 4 Wear morphology of composite coatings
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