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Fatigue wear performance of composite electroplating layer on cylinder
liner surface under alternating load
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Abstract: The cylinder liner of an automobile engine is subjected to high-frequency alternating contact stress during
service, which accelerates the fatigue failure of the coating, and its dynamic tangential force response is difficult to
directly measure. Therefore, the fatigue wear performance of composite electroplating layer on the surface of
automobile engine cylinder liner under alternating load is studied. The plating solution was prepared by using a
beaker as the plating tank. Materials such as nickel sulfate, cobalt sulfate, sodium tungstate, sodium citrate, sodium
saccharin, and sodium dodecy| sulfate were sequentially added. The solution was then prepared by magnetic stirring,
constant volume, and pH optimization. Subsequently, a composite electroplating layer was prepared on the surface
of automotive engine cylinder liners using electroplating method. The maximum tangential force and wear
morphology changes of the coating were tested under different levels and cycles of alternating loads, and the wear
rate of the coating was calculated. The experimental results show that under the alternating loads, the maximum
tangential force of the coating greatly fluctuates as the number of cycles increases. Though the fluctuation is
relatively similar during the initial stages of cycling. The increasing number of fatigue alternating load cycles and
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displacement amplitude will exacerbate the wear of the coating. Under high alternating loads, the wear degree of
coating intensifies with increasing number of cycles, with both the loss and wear rate rising significantly.
Keywords: alternating load; composite electroplating; engine cylinder liner; fatigue wear
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Tab.l Materials used in the preparation of composite

electroplating layers
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Tab.2 Equipment used for the preparation of composite

electroplating layers

P T % RS V&
P ERL [B] %47 20 r/min, %5
PN | IR EBR | ZD-600 | %434 2 800 r/min,
] FLIR 200 A
HL T AR g
7R AR AN 40 kHz, 8
i ﬂ&ﬁwﬁlwmeEFJ% 2 H
L PR 55 °C
Gl
HN T L
s | g | onc | FRE0IC, B
Y K 24 =
BEWRBIE/NT£1 C
A ®
| AR SEEE 200 °C, I
TEIRKG X o
= WEAAM | HH-WO | 2 600 W, 1753 B
) 23] F01°C
EVIGIAT IR 0.001, BERE
T s g o
Bl B 1 . KPM-12A| % 3, K HiEk
BEY R
L5IN 200 N

HoRYE RS AR J1. et B ST T S
TR S e LY,
122 #izH %

B PIRERI S Z G DRMIE NS
1, fEmERERENEE LB TR, BRI
T 2y [ I {30 N LB o, A P ) 0 R LA B
2 min, FRREINSRRAAFIFTERREN, 15+
2 min, FEHEREENAN T e R ER A B RN IR )
2 min, S MMEARSRE . FIANEH K
YRAHRESR, EREEHIE250mL, E5 5 H
Wk A3 4P 2 A A BLER 78 Vs S A5 FH SR RN i
PR S VA B 2 VR A T R P pHAE 4
123 A FoiRirkesiikess

T A YRR VR b SCTE ) ) B R PR T Ak
S AR R E . B A R AR E TE
TRIKIEER T, TR E NS0 °C, SE AR LS ,
WAL S B R KB T e, R e
LR, IR RL IR S YA EARIE, IUAHT
SRR N BHR AT RS B IR B BH AR AR I, 38 F R
PLJE 5% A FL YR A8 25 B 1Ok 78 0 rhe "R S 1Y)
PORE, W MR A A4 0 5 B T R4 T4
b, HUH S BN ASC R FU R R R Sh AL L &R 1T
HA BRI,

1.3 RSEmMEEENIK
1.3.1 R E &t

155 F 22 Ty e sk 30 B 407 56 AL e A% S 3 A8 AR 4%
foaf BTN AN EE A VE R AT 1A RS AT I
IKBhs, SN A A AT, A8 AR AT 1)
LY Bl 5 4903 3 Rl 40 331 90~ 50 N1 ~50 Hz. %
REEHLE R OFe . Bl EBIRAS SF A E e A
SRR 7, AR TSR MR T, B Rss AR
BT o

W SR Ie A R E Rl LR 6 b,
EA B A RN SRR, R AL E,
TREE T RO R S EU I D R L. e
PRENARIE I N1 ~50 Hz, AR 1N, Hik
BoAF i R PRI L B P AE+1 mm, J3 e HLAE
IR i E BB R ARIE R RS, il &M
FE S PEASAZ B Anr T I BE B DA S i # AR A4K,
MR A A BT i BS AL T R 55 VERE . BhASHIEE S
TIE:‘*/]—:[W-W]O
132 RREEFPEIFAKT R FESREE

RN Z 0 /b BB X BAE7EX



2026 & 4 H

L E 5 H W

AR B AW (R 397 ) .73 .

HRGWEBIX, Kb bEEBXRREERT R H
R RN, ISR i R I g R B M AR
s IREEBIX A S ERX IR, HEIAEE I
15 BARERX LS EE AL, WISz
H B ™ EE R 5 A7 AT B AR AR o RIS L9
FEIR ULy ) 400. 800+ 1200 1 600 2 000
12 400, HHTESEIFREIX (MR IR AE 730 A 1.5F0
2.5 um). IR G IX (RLAETRAE 5> A A 6F19 pm) PA K&
ARV TS X (BLAEMRAE 53 7 925 FAS55 ) Ji I 476 4
LARE, WATBUENTON, ok KV E 11381k,
ISV AR VA B 2 9% 57 R A 1 RO,
1.3.3  TRVEF VR KRBT R BRI

W TR0 WL BE B P AS R A8 AR e 55 4. S0F
100 N, FEXPIFIZARE AT T, 2 nlfEF 57500,
5000, 50 0001100 000K, MELIH-FaFEA A5 2%
FF, ERBRIEIEL.
1.3.4 FREVE» IR T R E R 57 B4R

W TR I0 WL BE B P AN [ A8 AR e 55 4 S0F
100 N, FEXPIFIZARE AT T, 2 mlfEF 57500,
5000, 50 0001100 0007, 537k &: Hl f5 IR i
BT EAR, I T B S R 55 I AN ]
AT T, BEEEMREEN R, AHR0)TE
PR R .

o=V /Wxd) (1

A, VERIRBEA R ISR S AR, s slia il

TEANEI AL A 8, dANRIE SRR .
2 HZR5ITR

2.1 ARHEFE T RBE S B a2

EEBIRHLAIE X3, 2 ASFRIEAE 57 T
HF, BRI EKYIA /24, g R
B

IIMTE LRI RN, B2 BIAZ A A, BT i
JZ B AR ) o B () B 57 06K
e gn, PRALAZ IEAE T BB R S D) 1R sl
BOR, (HYBRR B EGR, ETHESAEEAR
XRMAEDEIRFEIX, PR AN A2 A AT I i L
BON—5 HEEE IR REI I, AR i E
T HPEE B R dR B R . B L), BARPY
T RS W A T BRR B K VT a A ZE RO, IX3R W)
FERGTRAIX, PR AL 32 2O R2 R (E AN E A
UCEIEIRISE R, (ES AR 3 DR AR — 2. B 1(c)
t, RE IR IRIE ZEFEEOR, HE K VIR 138
WEONHGL . X R RBAEZIX, R BB
CLZe AR, AL AR IR R K D) R 7 AR5 i A
GG, T BN R R

i P 1 e T DA, A AR I
KO A B BRI #R A0 R B 451, S EUR K
DI BTt e EAFIER X T, B2 XA A 8T
Wi MLAFAEZE 5, (EL PR B 3R W BE 2 A R
ISEn, AR BE AR RSB N 2K

o 1L5pmi IR =2 5 m A E

Iy
o
41}
a

]

w
o
T
N
(4}
T

| = ML =. opm LS AL

—1

== 25l IR o S5pmi AR (i

T

A

@
=]
T

/i

EONIEPE LA
w

=
31
T

RV S AERIN
B

o
T
.
o

T

_

o

i
4}

F’izﬁ]\hJ}JiEWN
o

_

N\

o

400 800 1200 1600 2000 2400
PEA R EL IR

(@) PRBEBX
A1

400 800 1200 1600 2000 2400
PEIR B

(b) BAWHK
TR BRI NTL

400 800 1200 1600 2000 2400
(LEERVE- 1A

(c) BHHEBEX

Fig.1 Change of tangential force with different fatigue cycles

22 RHEFEIFLEUIR S BRI 0E

A AR B AT RS FIE AR, = IR 43
AR, RIS RN E2R .
IMTE2RERSE Y, AR BRI EE &
S EEZ I B SRR R B, H SR AR AR
HATAEL, o AR BT & T B

iz

P NIRRT LSRG, A8 AR EAR G IR 57 (B
SN 2 0 B0 B PR BT N, MR 2
RIRBIREIR5000K%), 242 BB Emn, &
ZHIRG . 584 B BE BLAEFR 100 0004%). X
FEAS RIS AR R fmf S5 20 0% 2 BB B I, IR A AR 3,
TI(SONYELR R, B2 AR FE B, JEFR100 0007K



° 74+ Apr. 2026

Plating and Finishing

Vol.48 No.4 Serial No.397

AHIE A H ™ B S B A 01 o 58 1 28 AR A7 (100 N)
SR, PERBIREERONM™E, JEFA100 000K H
DL E IR, YR IR R R e, B
JEFEA R, W RMELE MR )G, BT LA
H, AR AR 55 R R, VR R
TR B 2 BB .

(a) 50 N 7EFF 500 X (b) 100 N 7E¥F 500 I

() 50 N fEF 5 000 & (d) 100 N fEFF 5 000 I

(e) 50 N fG¥F 50 000 X (f) 100 N f&¥ 50 000 %

(h) 50 N 7&F 100 000 X (i) 100 N 7EFF 100 000 X
B2 ZTHEERRE

Fig.2 Effects of alternating load on worn morphology
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Fig.3 Fatigue loss under different alternating loads
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