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Abstract: The contact interface of electrical connector often occurs serious failures due to wear, so it is necessary to
study the fretting wear behavior in electrical contact mode. Based on the difference of ambient oxygen concentration
(10%, 20%, 30%) in electrical contact mode, this paper focused on the effect of oxygen concentration on fretting wear

behavior and wear mechanism of copper/brass. It indicated that the stable values of friction coefficient corresponding to
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oxygen content of 10%0,, 20%0, and 30%0, in the environment were 0.77, 0.71 and 0.80, respectively. The result of
friction dissipation energy was consistent with that of wear volume, i.e. the highest in 10%0, environment, the second in
30%O0, environment, the lowest in 20%0, environment. It can be inferred that the damage under the condition of lowest
oxygen content was more serious than that under the condition of high oxygen content. It can be seen from the electrical
contact life that the electrical contact performance was the best with 20%0,, the second with 10%0, and the worst with
30%0,.The fretting wear zone was oxidized in varying degrees under different oxygen concentrations, theoretically, the
more sufficient the oxygen content, the more serious the oxidation. Among them, the fretting wear resistance was the
worst in 10%0, environment and the electrical contact performance was the worst in 30%0, environment; while the
electrical contact performance and wear resistance were the best 20%0, environment. The results showed that there was
a nonlinear dependence between the electrical contact performance and the oxygen concentration in the atmosphere. The
oxidation wear was the most serious at 30% oxygen concentration, the microstructure was coarse and agglomerated
oxide particles which resulted in the higher contact resistance than the other two oxygen concentrations. However, more
debris induced by fretting wear was easy to be oxidized at lower concentration with 10%, so the contact resistance was
higher than oxygen concentration with 20% and less than oxygen concentration with 30%, the fresh wear debris was
loosely covered in the wear scar indicating that the oxygen content and wear debris dominated jointly the electrical
contact performance and wear behavior of copper. Combined with the results of white-light interferometry, scanning
electron microscope and electron probe microanalysis, it was found that the wear mechanisms under different oxygen

concentrations were mainly oxidation, material transfer and delamination.
Key words: electrical contact model; contact resistance; fretting wear; contact failure; oxygen atmosphere concentration
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Table 1 Test material properties

Material Size/mm Resistivity/(10 * Q-m) Density/(g/cm’) Hardness/HV,; Yield strength/MPa Elastic modulus/GPa Linear expansivity Poisson's ratio

Copper 30x10x10 1.75 8.96 102 258.646 100 16.6 0.37
Brass D5 6.42 8.50 150 239.689 110 12 0.33
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Fig. 1 Schematic of the wear tes: (a) Schematic diagram of electrical contact fretting wear test device (1. piezoelectric ceramic
actuator; 2. upper fixture; 3. force transducer; 4. sample; 5. displancement sensor; 6. precision lead screw); (b) Atmosphere device;
(c) Resistance measurement principle
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Fig. 2 F-D curve in different oxygen content environment
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3 RS RET RO R B IR AR R R T RRE 2

1600

—+— 10%0,

1400 [ = 20%0, s
—A 0,

1200 30%0,

1000 - \

800 ‘
600 |
400 |

Contact resistance/mQ

>\>>
L]

—— ¢
P
—e

200

Cycles/10°

(a) Electrical contact resistance

10
W Cycle to reach 50 mQ
B Cycle to reach 200 mQ
8 L

> 6

=

£

<

5l

10 20 30
Oxygen content/%

(b) Electrical contact life

Fig. 4 Contact resistance and electrical contact life under different test conditions

4 AN[E) GRS SR AF T - Ak oL BELAT P Ak 75 i



541

TR, 45 AR S SR PAE  S0 4/ SR B PR R A ol sl B 45 P REWE T 685

900 mQ. 4bF-30%0, 3551}, $2 i L BEHAE 7E2 000K 1
WG 46 1T #1260 mQ, SR J5 & H T B, 3 000K &
I 42 ik F BELAE B4R B TH 311 360 mQ, [ 5 1 HA Tk B
B —EE &S AT, 4ER5-7E1 360 mQ. 7] LUE
AN A B A B A B T, 2 fi Fl BHL A AR A0 R A —
10%0, 1 26 A4 T, i i BELET A B A K, 5 WA #¢
KB, M20%0,56 14, 4 i v, BHL e F A I8¢ 3 55
10%0, 5 71, 30%0, 4 15 Hh 4 fik v BHL 7R P 380 1k £ 7 g
B — R F H B 7 i SR VA F R A R, T PR R
fih 75 i BY 3858 A0V 5 KA i P PELAEL (R ) FT BT 1) (K
5o b IR 080 dedn Bl A B BB T IR AE, B 70
VIR e KB il v B, 2 2R 1 B D950 mQ, U 10%0,.
20%0,F130%O0, PRI %of 7 (1) i 73 il 22 600+ 5 500
F12 000. G4 5T THE{E 8200 mQ, M1]10%0,+ 20%0,F1
30%O, i XJ B 1) 25 iy 43 il /& 7 500+ 6 500712 000[ A,
El4(b)]. 7£10 000K G FE P95 10%0, 20%0,F130%0,
IS} X5 N B R 20 I 1 360+ 900F1 1 360 mQ. 58 M Ha
P fih 75 iy 340 2 2 ok R BHL UG VR AN, F Ak Mk R
20%0, 1 £, 10%0,8F K 2., 30%0, 0] i 722,

3 itig
3.1 BREHESH
S A9 A A 56 4% 1 T OB 5 o DX B0 2 K18

BEAM P T E, JOLB R BLE I, =M T
A RS S [ T LA B R, AT REBR IR R T A A T

1100 o plo6 1100

-----

y/pm 400

(d) 10%0,

-----

b) 20%0
(b) 2

(e) 20%0,

B A R N O, 20%0, BT B R B A
BN 30%0, A5 N HIBR AR E5(a~c)]. FE T
SE RS T = Y S R B 5 R R i 2R [ 5(d~D)]s
10%0, 0 55 T 1 BE JU AL G HER™ B, 20%0,38 58
(1) BE RO 0 HERL, e — e R BRI IR A 2
BEA, 30%0, 058 T B T B i AL K, 858 5 5
B, (H B AR, REHLAWAL

Kl 6(a) 1 10%0, 58 15 1 B IR (1 SEMJE 35 1], 7] DA
B EIR O X IBE RE R, KR 2R 5 7T 0
BRI BEPAZLLL, Ui AR 4 7 H, T B IR I 2R Ak e
F14 B o8 ORI~ AN, WA BRI 7 5 E R 1T . 20%0, 3035
IR LA B AEAE, BEIR Ot R LB R AR,
V5 Jig HBURE 35 5 43 A7 AE J L[] 6(b)]. 7E 30%0, 1) PR 58
R JZ ISR T B, (EAR R AL, BUMARZ iR,
JE TS 5 AR O B8 (4] SR A4 I 3 5 7 A FEI [T 6(c) ], A
BRI KT 53 AW b B R R B o, KRR AN
VS BB B A Fb SELRT g ™Y, K SR BRCBR 7
B e RS SR T, W] RE 5 A4 U 2 S A %,
) 4 T 4R A 2 1) 0TS A R 4 /N PR CuO 4, P 8
T A Cu,0, F i b A A K2 43 HL i sy, 4 9t SR A ok
Cu,OFLCuORT = A UK AR R, F i ZEE KT
TR AR 2 —E IEAEN T, AT RE S| AL Z ™
2 i 2 THT 11 S0 A UKL TE S 5001301 5 SO RS 43, 2k
PR B 2 38K, S 5 e SR i S B B B 3

() 30%0,

Fig. 5 Micrographs of wear scars under different oxygen content

K5 AF&EAE

BT B RS



aminat

(¢) 30%0,
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Fig. 8 Schematic diagram of the formation process of surface products in the contact area during fretting
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