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Table 1 Parameters of electrical contact test

Parameter Value
Circuit condition DC 24V, 20 A, resistive load
Operation number 10000
Contact force/cN 50
Frequency/Hz 2 (on 0.5)
Contact gap/mm 0.5
Surrounding gas Air
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Fig. 1 SEM images of AgNi with different Ni contents: (a) AgNil0; (b) AgNil5; (c) AgNi20; (d) AgNi30
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Fig. 3 Arc time versus operation number for AgNi contact materials with different Ni contents: (a) AgNil0; (b) AgNil5; (c)
AgNi20; (d) AgNi30
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Table 2 Physical properties of AgNi materials with different Ni contents
Material Relative density/%  Resistivity/(uQ-cm) Hardness, HV, Tensile strength/MPa  Elongation/%
AgNil0 99.5 1.83 57 216 28
AgNil5 99.2 2.10 65 234 24
AgNi20 99.1 2.25 76 268 21
AgNi30 99.2 2.34 81 282 17
50 50
(@) (b)
401 401
£30f £30}
Q
E E
° 20} 220t
< <
10F

0 2 4 6 8 10
Operation number/103

W
(==}

(d)

N
(=)
T

(O8]
(=]
T

Arc time/ms
[\e]
=)

—
(=]

0 2 4 6 8 10
Operation number/10?

ECAE T BRI 8] A 358 73 A7 9K, BRI 8] Bt 73 B ik
HOG s R, KB —gxBEETRE, HZ
JE A I R T 0 RN
232 iR

Kl 4 B AN [R] Ni 2 & 1) AgNi fih 254 500 X
ISP 244 R0 5 KB A MR e B 4 T o B2 A
2. M 4Gyl LUE H,  BEAE 20 Wi 3 msgm
SFHRINRE B T AgNi30 2518 m) B TF R bAA,
i fik 25 PRS- 35 A SN A £ I 4 T B0 I /N )
BEHE NI ERN M, FHBIKRREAEL, A
R IFAHE . B 4(b) i KRR &



3750 T A e E SR 2022 4 12
1500
@ —=—AgNil0 00 g
| —e—AgNil5 C,max
1250 +AgN120 o :_ Ilgc, av.erage
+AgNl30 g 15t ¢, min
210007 s 3
=y - =]
= 8
on 17}
g 750 % 10
5 2
< 500 g S
o r & L E—— -
8 pe O
2501 '% """"
0 9 i p . 10 0S— 10 15 20 25 30 35
Operation number/10? w(Ni)/%
6000 ® AN B5  AIFINi &2 AgNi fit & f I E A i 2k e BHL
5000 —e—AgNil5 T\ . Fig. 5 Contact resistances of AgNi contacts with different
=ASAgNI20 Il Ni contents
—*—AgNi30 [\
2 4000¢ i1
% J j HLPE Y 19.75 mQ,  HL AgNi10 fry 5 K H fidh i B K il
2 3000 F | - \ ISR N %
5 N 5% s B ko A O SR T HA R AR
< 2000 A o Ol B 5, HOFUTE R, 0 Ak R B T 3R
S X oM.
1000 A
0 2 4 6 8 10

Operation number/103
4 ANTF NI & & AgNi il x5 ~F 2 A I RE B A A AR
SIHE 5 B 73 W7 B 1 pth 2
Fig. 4 Average(a) and max(b) arc energy versus operation
number for AgNi contact materials with different Ni

contents

L DUE H, AgNi30 RSN A & 2 25 22 i T 3
i JLERE S, K BRIRE 2L s T A, HLBE
B WA, sOKRIREE BRI GES, S5
SICERT [ A ALLEE 23 Bt o $ ke i 7000 TR BAJS - fe K AR
JRAE R RIZU AN . NI S &R 10%. 15%. 20% [
e BRI RE B H A LB 53T R 39 03 50 9 A B
2o BRYNHIBE BN S B T fil sSE TARIRZS I ml 521
Wbk RS, W IR M A R A T
WA U B ik i PR RE T AR AL, ELRERE A fid 5
TAEZ .
233 il pH

IS Btz AN TR Ni 7 52 1 AgNi fisk 25042 frk v B
BENi SR 2. WEISTTLLE H, P34l
FL L I N S S e P K, T A Kk R B
BE NI & BRI K 2L B E R, B
fi L BELY3E A B R R 22 Ao e A N30 ) i K B2 ik

_p [mH
Rc_ 2 F (1)

X RONFEAREE: p AMEIRIHEIEZ, F ik
FAEfil it F Ak s H PR AR . W14h
BB, B i H BEL PR DK /N 5 Rk Al A i EL 26 ol I
EL, W02 FT4, AgNi [ FH 2R R0 5 A i it
Ni A B8 I B O, DR ok Ak e BEL B N 25 R ) 4
DT3GR o i AR S fi 5 SR T SN il o A AR
A, NI FUTRRURT A AL 22 8 25 38 K ik R B
DR, B NT s 0, Al 0 o K fik i P 2
K.
234 PUIESEE

B 6 BT~ AN R Ni 2 2 1) AgNi filt s 18 38
B NE 6 T LLE R, R Bt R
90% M, AgNilO 1] 4% 42 J) 5 /N N 12 N, 1
AgNi30 ()45 17 77 5 Rk 3 7 50 eN, AgNil5 Al
AgNi20 Ul Fz30 , {H 72 S TH A el it 90% DL
AgNi20 [ IR T BB B R, IR 77 Bl Ni 2 & (1) 1
IR E K. 2 REIPIRIE S| 95% I, AgNi30 [
JEIE 71965 N, HARHZL AgNil0 )45 . o RME
J2 77 BE Ni & E 3G I oK, AgNil0 f KSR 7
Ik T55 cN, AgNil5 [ RIEHE 7135 2] 100 N, 1
AgNi20 1 AgNi30 [ d5 KIEHE 71 5T 120 eN. 5



B, S NI G R AgNi RURMAEHE RER HL oS 20 3751

F32EE 12
100

X 801

2

=]

3

g 60

b ——AgNil0

2 40t ——AgNil5

= .

= —A—AgN¥2O

g ——AgNi30

3 20f

0 20 40 60 80 100 120
Welding force/cN

6 AN[EI N5 1) AgNi il UG IR 852 70 A 25
Fig. 6 Cumulative welding frequencies according to

welding force for AgNi contact materials with different Ni

contents

&1 SHORHE R AR IR RE B A T V)R R, B
Ni &880, PRI R, JEH R AgNi30 i
KIRINBERBENECR, I, HPUAIEIERE T .

2.4 NiZEX AgNi MR HAIFZNT

K17 Firzm AN [R) Ni 2 & 1¥) AgNi fitk s57E 24 V/20
A B3 T 10000 5 BT R ARAGIE . KT
I LAE H, AgNilo filt s AT RN # 7 ) 5 H AR AN
[ A BH AR B AR 56 8%, Ni & BBt 10% LLG AR
¥R TT 10 A N IHARAE I S5 7%, H AgNi20 ¥ 7% &
B K (99 A% 5 B 185 41 0.95 mg,  BHB% 5t & 082 0.79
mg), T AgNi30 # kL% % & b AgNi20 & 2 Jik /),
23 590 5 BH A% J5T B 4 A0 0.49 myg,  BH AR T & 2> 0.3

1:5
V) Anode
U/ Cathode
1.0}
0
£
2 0.5
g
S
2 0
<
=
-0.5
-1.0 . . : .
10 15 20 30
w(Ni)/%

7 AFINGCE K AgNi it IR 15 i 224k
Fig.7 Mass change of eroded anode and cathode for AgNi

contacts with different Ni contents

mg. 4 4R IR T B AR B nE S, U
AgNi i 55052 HL RSN S o B 1 R T 4 8 Rk
IR . B AgNil5 MR E R A LIS,
BE NS, SRE &S, H AgNi30
JR I IIAE) 0.19 mg. X 32 B i T fd 5 BT =
(340 52 4 1A DA &R IR 2R A 520,
Bl 4 A7 &0 AgNilo (1 85 90 s &= 1K i A2, A Utk
AgNil0 filt 5UR A ST R M, 4 RIS B 2
A A SRR NI B E RN ES. &
T E P 3 AT 4 T, AgNiLS FIRADINT &) FTRITAE
I AgNil0 K HEEsh B &, FE&)E K Wk
WK, B HEL T AgNils A5 1N Lt AgNilo
Ao BRI, BEFE NI AR AR, RIER R
48 Kz /N T NI AL BB S I, BRI R
B N 7 3G N3G K .

Kl 8 BT/~ AN A Ni 5 5 AgNi i 5 7E 24 V/20 A
43 W 10000 IR J5 HLIMZ 1l 5 i R TSR . Horf,
Kl 8(a). (b). (c)FI(d)FT~ ABAM Ml i, F8(al).
(b (c)F(AD) T N AR AL MIE 8(a)F(al)
R LUE H, AgNil0 78 fLBIVR bl 5 R P2, %
B RRIMFIMT, PR A 48R sh R,
U AR B LI, BAARER T o0 H I 2R
BE, AR il a2 I B Ag IS T K
TR AT o T 8(b)Al(b 1) AT LA i, AgNil5
(Y BH AR 2 1 F I F XAE /N, (R BT, H
FLIFLL AgNi10 BRI 2, 5 AgNil0 2L, [kt
HHIR 4 B BEAT TR A, (ER AR X 3 LE AgNil0
BRI BEAE NS B 4S80, BHAR R )
LIRSS 2, RIEMBTE K, BIR A9 5 b ey
o B8N, AgNi20 fit £ BH R s H L B
R M ST, R A B 00 4 A R S Rt B R
T, ISR AgNi1S 58K, 1 B ) B AR i <k
(L 8(c 1))t BN IE L L IR kR, {H
LB o B, WEIR Y B IR A TR R N S
AgNilSH:T . M Ni & ik 3 30% B, anl&l 8(d) Al
N, PHMRERH B s I, O B A I 0
SERTE RO “kidie” TE3R, ot B ) B AR (0
B8 BA BRI, HifREdRrEoh
B AgNi30 fi £ FHAR JE Tk X 38 % A b E AR
(1 AgNiF R, AE R A A o T F IR 4 J etk



3752 [ E B4 R 2022 4% 12 A

8 IIEINi & =11 AgNi HELSIR A 1 fih 5 3R T 250
Fig. 8 Erosion morphologies of eroded AgNi contacts with different Ni contents: (a) AgNil0, anode; (al) AgNil0, cathode;
(b) AgNil5, anode; (bl) AgNil5, cathode; (c) AgNi20, anode; (c1) AgNi20, cathode; (d) AgNi30, anode; (d1) AgNi30,
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Fig. 9 Cross-sectional morphologies of eroded AgNi anode and cathode contacts with different Ni contents: (a) AgNilO,

anode; (al) AgNilO, cathode; (b) AgNil5, anode; (b1) AgNil5, cathode; (c) AgNi20, anode; (c1) AgNi20, cathode;

(d) AgNi30, anode; (d1) AgNi30, cathode
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=3 10X NALE K EDS 45 2R
Table 3 EDS result of marked positions in Fig. 10

25um

and AgNi30 contacts: (a) AgNil0O, anode; (b) AgNilO,

Mass fraction/%

Element - - = -
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Ni 79.98 66.54 1.38 09.93 81.77
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Effect of Ni content on performance and arc behavior of
AgNi electric contact material

LI Ai-kun, CHEN Yong-tai, HU Jie-qiong, WANG Sai-bei, CHEN Song, XIE Ming

(State Key Laboratory of Advanced Technologies for Comprehensive Utilization of Platinum Metals,
Kunming Institute of Precious Metals, Kunming 650106, China)

Abstract: AgNi contacts are the most widely used electric contact materials. AgNi electric contact materials with
different Ni contents were fabricated using powder metallurgy method, and the arc erosion behavior of the contacts
was tested under a DC resistive load (24 V, 20 A, DC). The effects of Ni content on the microstructure, arc erosion
morphology, mechanical performance, and electrical contact performance were systematacially studied by SEM,
mechanical property testing, and electrical contact test system. The arc erosion mechanism was discussed. The
results show that Ni disperses in the Ag substrate as fibers. With the increase of Ni content, the AgNi materials
show an increasing strength and electrical resistivity while a decreasing plasticity. The contact resistance increases
significantly and the welding resistance decline for the AgNi contacts. Fluctuation of the arc time increases with
increasing the Ni content, while the average arc time and arc energy show no obvious increment. The maximum
arc energy of AgNi30 increases obviously along with the operation number. Except for the AgNil0, material
transfers from the anode to the cathode, with the mass change first increases then decreases when the Ni content
increases. A pit on the anode surface and a bump on the cathode surface are formed after erosion. The pit and
bump become larger and more lumped with increasing the Ni content.

Key words: AgNi electric contact material; arc erosion; contact resistance; arc time; material transfer
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