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Abstract  Cu-Ni-Si-P alloys have been studied in order to develop connector material which has a fa-
vorable combination of strength, electrical conductivity, elastic limit, thermal softening resistence and
bend formability. Three kinds of trial alloys with various nickel and silicon content were melted and
cast, hot rolled at about 900°C and cold rolled. Mechanical properties and electrical conductivities of
these alloys annealed at 450°C, 500°C and 550°C were investigated. An alloy with the composition of Cu
~2.7%Ni1-0.53%S51-0.029% P, which shows a favorable combination of high strength and high electrical
conductivity, has been developed. Various characteristics of the alloy 1 connector material were evaluat-
ed and compared with phospher bronze(C5210R-H) and brass(C2600R-EH) connector material.
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Fig. 1. Phase diagram for Cu-Ni;Si dual base
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Table 1. Physical and mechanical properties of various connector materials

z = | C5210R-H | C7701R-H | C2600R-EH
) CDA725-EH | KLF5-H | PMC102-EH
54 (A4 %) () (&%)
Cu Bal Cu Bal Cu Bal Cu Bal. Cu Bal.
sty o e u bk Cu Bal. U Bak Sn 2.0 Ni 1.5
(Wi%) Sn 8.0 Ni18 Zn 30 Ni 9.0 Fe 0.1 Si 0.3
? P 0.15 Zn 27 Sn 2.3 ) )
P 0.03 P 0.03
H 2 8.80 8.69 8.55 8.90 8.90 8.91
A A
w9 A 5 9.8 12.7 11.0 14.2 12.1 12.7
(10'MPa)
A7 d e 11 5.5 28 11 35 62
(%IACS)* )
Z
dd=s 63 29 120 46 134 260
(W/m-K)
A=
647 666 568 608 540 558
(MPa)
0.2% 357
NGRS 568 540 490 440 - 520
(MPa)
A& : }
20Min. 4Min. 6Min. 9Min. 7 6
(%)
=
7 200 200 170 180 150 160
(Hv) |
Spring 390 480 200 290 390 290
limit(MPa) 1
*o] mALY ©olE 19139 4£FH #%59 neAT 20CoH 17241 u2mol U e W O] AS HEO
Z 3o 100%IACS(International Annealed Coppre Standard) 2 &3t Ao s WE QP8 TAHLEL o9}
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Table 2. Chemical composition of cast slabs(wt. ZHd WE S WHIE XAFS
%) 2.1.3 A 27t

Alloy Ni Si P | Cu Alloy 164 15mF#AE Yziedads AR
1 274 | 053 | 0029 | Bal & ARE ElelA oA 0.7mm A 2 g g
2 2.90 0.24 | 0029 | Bal hedsta 450T el A 1041 o Al &g st
3 1.46 0.26 | 0027 | Bal - 0.5m FA 2 EgEAs i Th o] WRkeel
* Alloy 3=PMC102 ‘ f Ase] 2FSAA A Springd MHS
A sh 450°C e} Tension Annealer(o] A xj= #
2 ARS BYsden, 0 ARE H20 o A g dHdA AEE dAlss A
ERA 9L T 2 ol O medde dHANA =
2.1.2 4 2 A EAHY Fed AAY 2ZPH AN s neol
°olg FHE 900ToA FA8mZ HIHet A Az AR gste FAIH, A o] Au)
Asled e & SAsxed, g i A AR 9w AR o] Auls A 7T
AL B AFAAE st FUE 04md  ga ) oA 183 AAYS F AFAe
AP st Al&ste] A 1Lom7bAl Y7Re} 2 sk =g, wwAHoe ZE C5210R-H

A MRS APRolA 450C, 500C = (14%&), C2600R-EH(3H5) 2 PMC102-EH
550C & 1~12412k AJaAelE Fystn 73 (Alloy 3) & A-88t 1t}
= A3EE 2 2Hae S A 2.2 A @
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Fig. 2. Specimen for tensile test(ASTM E8)
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Fig. 4. Schematic diagram for spring test
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Fig. 5. Schematic diagram for multiple 90°C bend
test
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Table 3. Tensile strength, hardness and electrical conductivity of specimens in aging peak and 10hour-aged

states at 450°C, 500C and 550C

Properties Tensile Vickers Electrical
State Strength Hardness Conductivity
(MPa) (Gv 5kg) (%1ACS)
Aging Aging 10hour Aging 10hour Aging 10hour
Temp. Alloy peak -aged peak -aged peak -aged
Alloy 1 740 680 211 188 484 51.1
450°C Alloy 2 615 605 188 178 36.4 38.9
Alloy 3 608 515 182 162 52.2 59.4
Alloy 1 710 465 203 134 48.2 57.0
500C Alloy 2 620 410 185 111 38.5 43.5
Alloy 3 590 328 172 85 56.0 65.4
Alloy 1 675 380 201 107 47.1 52.3
550C Alloy 2 615 340 177 90 38.5 44.0
Alloy 3 580 310 175 84 51.2 58.7
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Table 4. Mechanical properties and electrical conductivity of Alloy 1 and comparative alloys

Proper Tensile Yield . Vickers Spring Electrical
) Elongation o .
-tles Strength Strength (%) Hardness limit Cdnductivity
Alloy (MPa) (MPa) ? (Hv 5kg) (MPa) (%IACS)
Alloy 1 670 625 05.8 196 412 58.1
C2600R-EH 567 490 7.0 169 255 28.2
C5210R-H 633 569 28.2 204 446 11.0
PMC102-EH
565 525 5.6 159 297 64.0
(Alloy 3)
(58%IACS)9 #Ho] o]Foz7 £ Con-

nectorA& A o] &elw

zZt Al gk 907 wiE FPAFL g7l
Ao WHE 2 5o JEMRAG H 59
A Bl upelre], Alloy 19 ¥lE FgALe
C5210R-Holl v &A= Hoix 1} C2600R-EH
U PMC102-EHRE & $438 Aoz eyt
o}, =3 2 E o] Connectorz] 59 duk
Ho 2 oFHE FEQU 43 oS FE3I
RENNE F F ARXTh CSMORH
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Table 5. Cycles to failure of Alloy 1 and compara-
. R . . 1 1 1 1 1 i ! 1
tive alloys in multiple 90" bend test RT 100 200 300 400 500 600 700

Annealing Temperature(T X5min)

Bend Axis|Perpendicular tojParallel to
Alloy rolling direction |rolling direction Fig. 16. Softening behaviors of Alloy 1 and com-
Alloy 1 12.8 11.1 parative alloys
C2600R-EH 11.3 7.3
C5210R-H 16.3 11.0
PMC102-EH 10.4 8.3
@9, Alloy 13 vlagaol g Jges

of me FH=wstE 19 160 Jehl ok

dFo Aurt 27 459 80%7F He
258 Wgexs2 AostH Alloy 12 540
C, C5210R-H¥ 370°C, C2600R-EHE 320
C, 2892 PMCI02-EH+ 480C=2 el
th. kA Alloy 12 CS5210R-Hoj vls) W<
157} oF 150Coly =o}, B} $43 U

o

AE L U&E ¢ F YUAvh Photo. 1& Photo. 1. Scanning electron microscope of cross-
Alloy 19] @Az A& FAAHAEHw]| A o2 3 section for Alloy 1( x75)
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Fig. 17. X-ray diffraction pattern precipitates for
Alloy 1
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