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improved by adding at least one element selected from the group consisting of Sn, Zn, Fe, Mg and Ti to
45 the alloy composition of the first aspect. No effect is obtained if each of the elements is less than 0.05%. In
contrast, if each of them exceeds 0.35% or if the total amount is more than 1.0%, the effect is not only
saturated, but also electrical conductivity is lowered.
For a better understanding of the invention, reference is made to the attached drawings, whersin:
Fig. 1 is a graph showing the relationship between the content of AL and that of Ni +Co; and
50 Fig. 2 is a graph showing the relationship between the content of Be and that of Ni + Co.
First, the reasons for the limitation of the respective ingredients of the alloys according to the present
invention will be explained below.
In the following, "%" means "% by weight” unless otherwise specified.
if Be is less than 0.15%, strength is lowered due to decreased precipitation hardenability, and
55 coarsening of crystalline grains cannot be prevented during solution treatment. In contrast, if Be is more
than 0.35%, the costs of the materials cannot be reduced. Thus, Be is set in a range from 0.15 to 0.35%.
A! is an important element to complement strength reduction due to the decreased amount of Be and
particularly to improve stress relaxation property. If Al is less than 0.3%, its effect is not remarkable. In
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the ot her® H8fjowing sppgific eamelas O8I nt of Ni and Co is nore than 3.5% there
arise praoblens in that strength is reduced, electrical conductivity becones
| owke a%’é"ggf'—talbi lity and hot processability of the materials are danaged.
Thus, Lohe tﬂto?'No@WWhoé?ﬁ-BNhlloW& t@fir&tsasﬁeg of the present invention, Nos. 9-13: alloys of the
second aspect of the present invention) and Comparative alloys Nos. 1-10 having respective compositions
given in Table 1 were each melt and cast in a high frequency wave induction furnace, hot forged, hot rolled,
and repeatedly annealed and rolled, thereby obtaining alloy sheets of 0.34 mm in thickness. Next, each of
them was heated at 930°C for 5 minutes and cooled in water as a final solution treatment, rolled at a draft
45 of 40%, and aged at 450° C for 2 hours. Then, various characteristics were measured. Results are shown in
Table 2. Comparative Example 10 was an alloy having a nominal composition of Cu-0.4% Be-1.8%Ni, and
Comparative alloy No. 11 was a commercially available spring phosphor bronze.
The stress relaxation property was determined by applying a maximum bending stress of 400 MPa (40
kgf/mm?2) fo a test piece, roleasing a. bending load by maintaining it at 200°C for 100 hours, measuring a
s0 perpetually deformed amount, and converting the deformed amount to a stress residual percentage.
The bending formability was evaluated by the ratio of R/t in which R and t were the minimum radium
causing no cracks when the test piece was bent, and the thickness of the test piece, respectively.
The above characteristics were examined with respect to a longitudinal direction and a {ransverse
direction to a rolling direction.
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10 in arange from1.6 to 3.5% preferably from2.0 to 2.7% The

rel ati onshi ps between the total amount of NI _and Co and the content of
[err] or the content of Be have be&ROI4FBE] in detail. As a result, it
was found that the nost preferable characteristics can be obtai ned when

t hey satis h ollowing inequalities (1) and (2) in ternms of weight
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treatnment, as is seen fromFigs. 1 and 2, the content of (NN + Co) nust be
i ncreased ®kpblmenn8rease 25 in [err]. Further, when the content of Be
decreases, that of (Ni + Co) nust be increased. Next, the second aspect of
t he present iSpecmeng bavingial thickness ok PP awmia dhickhess wikcobtrined hyl paeaseing Bxample [lioy Nos.
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| f each™f the elenents is less than 0.05% no effect is recognized. 30 On
the other hand, if each of themis nore than 0.35%or if the total content
thereof is nore than 1.0% the effect is not only saturated, but also

el ectrical conductivity is lowered. The alloys according to the first and
second gﬁpects of the present invention have equival ent or nore excellent
spring characteristics as conpared with spring phosphor bronze, have
particularly excellent stress relaxation property, electrical conductivity,
and formability, and are excellent in terns of costs. 35 Next ,
characteristic values of the alloys according to the present invention wll
be giverswith reference to the follow ng specific exanpl es bel ow.
Experiment 1: 40 Alloy Nos. 1-14 (Nos. 1-8: alloys of the first aspect
of the present invention, Nos. 9-13: alloys of the second aspect of the
present invention) and Conparative alloys Nos. 1-10 having respective
conpositions given in Table 1 were each nelt and cast in a high frequency
wave i ndection furnace, hot forged, hot rolled, and repeatedly anneal ed and
rolled, thereby obtaining alloy sheets of 0.34 mmin thickness. Next, each
of themwas heated at 930 * C for 5 mnutes and cooled in water as a final
solution treatment, rolled at a draft 45 of 40% and aged at 450 * C for 2
hours. Then, various characteristics were neasured. Results are shown in
Tabl e 2% Conparative Exanple 10 was an al |l oy having a nominal conposition
of Cu-0.4%Be-1.8%\i, and Conparative alloy No. 11 was a comrercially
avaj | abl e spring phosphor bronze. The stress relaxation property was

det ®m ned by applying a maxi num bendi ng stress of 400 MPa (40 kgf/[err])
to a teg} piece, releasing a bending load by naintaining it at 200[err] C
for 100 hours, neasuring a :
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o “ 3 78 68 39 2.0 | 2.0
s
" 4 79 79 18 2.6 | 3.0
40
" 5 73 75 29 2.8 | 4.0
" 6]:. 80 70 19 3.0 | 3.0
o . 7 78 72 2 2.8 | 3.0
" 8 80 75 20 2.6 | 2.8
" 9 79 74 20 2.5 | 2.5
50 " 10 78 78 53 1.4 | 1.6

85




~

12 92: 84 31 2.0 3.7 30 " 13
91 85 31 2.0 3.9 Conparative 68
60 33 2.8 4 EP 053341588 B1 1 35 " 2
72 63 20 2.8 4.5 3 80 70
42 2.5 4.2 " 4 Uncapabl e of being rolled due to edge
cut 4o " 5 75 7 22 3.0 7.5 "
6 Uncapabl.e—of _bei ng raolle dLr‘g,g-?-]ﬁ?—éi J cut. 45 7
Uncapabl e of aei ng rolled dgget® efge cut 8 | riec®dical Bending0
24 5 2. 6.0 8 | relaxd¥ion :;::‘n;‘ 7P conductivity | fx@ability 3.5
6.5 50 " @roperty B4\ o900 84nacs R/t54
2.0 3.0 As [is clear fifom ¢¥e chpr agterl st{c vaiWes i lrldnlge
Exanpl es, accgrdrmg—totifepresentfrnventTonf—as—55—conpared he
conventional ¢F¥*aplge bhde al¥oy i Corfdar at fve ak} oy 1390, | the Be
content,is dedqreaged To educs the maT%rl al £OST, _and S{ress feraxation
property is inproved whi fe st®Pength i s %fmint bj ned3%t the ]
Further, as cdnpamed Wi§h theggspripng phgsphof brogge in{Conp al | oy
No. 11, the al | el | ent
stress rel axat]i on *proper gy, bQ FP 08814 5P3 Blazlectfical fcandugtivity
and forembi | i tfy—As—mentifomed—above—the—eteptrtcatty—cpndoctive—spri ng
materials accdrdifig to ftdue pré&sent} i nvdAt i on| have3dore ¢xtd |jerd-6t ¢t al
bal ance anong |vari,ous characterist]cs d coki pe%\grrra ces Crainms 1.
An el ectricall ] corisi sti ha. by ighl d® d 5%t ¢ 0.35%
of Be, 0.3 to]l.5% of A} eitgger ohe orgzbot hf of Nygand Po,isn fa 4 gt §l amount
of 1.6%0 3.5 i Loidable impuritiled>1d 2. An
el ectrically qondwcti ves frat ersal cordnng th clagm 1, n/neneihn i e
fol | ow ng i nequatt+tres—ate-sat+sfrecd—the—cophtents—etnp—exprfessed]{i n
wei ght percent]: (£.75 ® (.5 ®0A contes) [efr] (¥ confehd 4 GeOcpntent) S
(2.75 4.0.5 x fA——content },
2 & 10 20 82 33 1.5 3.5
" 11 20 83 36 1.7 2.9
" 12 92 84 31 2.0 3.7
» = 13 91 85 31 2.0 3.9
Comparative .
Example 1 68 60 33 2.8 4.1
3 . 2 72 63 20 2.8 | 4.5
‘_ » 3 80 70 42 2.5 4.2
. 4 Uncapable of being rolled due to edge cut
40
" 5 75 70 22 3.0 7.5
. 8 Uncapable of being zolled due to edge cut
o b 7 Uncapable of being rolled due to edge cut
" 8 82 80 24 2.7 6.0
. 8 87 76 23 3.8 6.5
50 “ 10 84 84 54 2.0 3.0

As is clear from the characteristic values in the above Examples, according to the present invention, as

55

compared with the conventional Cu-Ni-Be base alloy in Comparative alloy No. 10, the Be content is

decreased to reduce the material cost, and stress relaxation property is improved while strength is
maintained at the same level. Further, as compared with the spring phosphor bronze in Comparative alioy
No. 11, the alloys according to the present invention have more excellent siress relaxation property,

10



15 (2.4 - 2 x Be content) S (N content + Co content) [err] (3.6 - 2 X
Be content). 3. An electrically conductive spring material consisting by
wei ght of 0.15 to 0.35%of Be, 0.3 t%P9354/(§3§BAI ei ther one or both of Ni
and Co in a total anount of 1.6 to 3.5% at | east one of Sn, Zn, Fe My and

Ti in ".a tot L .%%Pydﬂhu ngﬁo 3o net hgb un ec?rca aé%ﬂ u% rify ath
Fe, Ng and écc;efnﬁ ?oetﬂ& ééeni mvengﬁbh%@ 6%"‘&; dpfog a?a ée l?no lﬁ@lg&%chggét gtl?‘énoa@:és

unavoi dabl e An el ectrica y con I9ve s
accordi ng to clalm 3 wherel n the follow ng i nequal ities are satisfied, the
contents peichimeXxpressed in wei ght percent: 25 (.75 + 0.5 x A

content) S (Ni content + Co content) [err] (2.75 + 0.5 x Al content), (2.4
- 2 x Be cont etitelechiedny bordbitive mab@intondistiag by weigridt 0.19 B0t35% (0B BE, 03 t6 15%B# A, either
content). Pat e ansgh E NEandoCo th.a fotak krhéunt 6f1.6 & 3.5% hihg @SiaddBiveing @u, and abavaitidble
0,15 bis 0, 35 ifcpmities’o Be, 0,3 bis 1,5 Gew.-% Al, entweder einem oder beiden
aus N und Co in einer Gesantnenge von 1,6 bis 3,5 Gew. -% besteht, wobei
der Rest au@ @n algetiicalncondudivel matetiab accowiing e aim 1g wihrgeim the dalibwitd inedRalititd ark satisfiedh
| ei t f ghi ges Mdheegontghts heiadhexpressed incaeiaht paigent: n di e f ol genden Ungl ei chungen
erfUlt werden, 35 wobei der Gehalt in Gew chtsprozent ausgedrackt ist:
(1,75 + 0,5 x (AF8 At A yeorentng (NCeomignt; + Co contendiFP¥y +P§ 0Alzgntantly 5

Al - Gehal 9 | (z<2ﬂ 2X§°>€°'B%“)ééHa<f°ﬂl?"fs* ERicotsat £ 8.6 12 xBe ceen F)t) s (3 6 - 2 X

Be- Gehal t) Fl ektrjsch | eiffahi s Federn 0 Ri s

0, 35 Cow | ofaen Shouenl Sohahay ns pely t; . ”;Hg ﬁsqtg '% 19/» o

;nd I n el n# ‘%ﬂ aﬁeb $ to 6/n g)wthgthe a?r;: ac{ 0 n, Eﬁ 8 H" prese! nt’
n ’ un q)e ) 09 0 Ie\yeé}:@'r th 8% VO t}Z) ’? 0 ’

mobel d|e vor handene nge elnes j-eaen au My und Ti O, 05 bi s

0,35 Gew. - % beir

Ver unr ei ni gunzg?{gf E’gﬁ%ﬁﬁ? h té,ﬁ%ﬁ Ji% Aen gimﬁg% %@;*tag‘rmlng meﬁlgg ho orC

Anspruch 3, worin die fol genden Ung el chungen erfU It werden, wobei der
Gehal t i s Gewi(s:18 SUBZARbnGHISORKEch@l + (06 ordny E2.75 @ &5 XakbmGaNal t) S

(N -CGehalt + (@4 Ceh®bicintént)SANi/@ntentOr Bo ¥orfdnt)Sahiel 2 x BeBbhtent). (2,4 - 2 X
Be-CGehalt) S (N -CGehalt + Co-CGehalt) S (3,6 - 2 x Be-CGehalt).

Revend| cat | Batentanspriidhlt 6r i au .el ect ri quenent conduct eur constitu6.de 0,15 a
0,35% en poids de Be, de 0,3 b 1,5%de A, ss ~ de N et Co dans une
quantit ese ot all%eku'echlleﬁﬁfwes , Miaerialg desl aus(P; @rﬂ%@ﬁﬁlﬁmﬂéoﬁﬁ, 032bithH 16 Hewe oAl aentwader

Cu et les i rrpmfr@me@e'i befien ta&%N'e@d Cpjin einerprgamirgogpnypn 1,6 bis 3,5 Gew.-% besteht, wobei der
Rest aus Cu und unvermeidlichen Verunreinigungen besteht.

2. Elektrisch [eitfihiges Material nach Anspruch 1, worin die folgenden Ungleichungen erflilit werden,
35 wobei der Gehalt in Gewichtsprozent ausgedriickt ist:

(1,756 + 0,5 x Al-Gehalt) £ (Ni-Gehalt + Co-Gehalt) £ (2,75 + 0,5 x Al-Gehalt),
(2,4 - 2 x Be-Gehalt) £ (Ni-Gehalt + Co-Gehalt) S (3,6 - 2 x Be-Gehalt).

40 3. Elektrisch leitfihiges Federnmaterial, das aus 0,15 bis 0,35 Gew-% Be, 0,3 bis 1.5 Gew-% Al,
entweder einem oder beiden aus Ni und Co in einer Gesamtmenge von 1,6 bis 3,5 Gew.-%, zumindest
einem aus Sn, Zn, Fe, Mg und Ti in einer Gesamtmenge von 0,05 bis 1,0 Gew.-% besteht, wobei die
vorhandene Menge eines jeden aus Sn, Zn, Fe, Mg und Ti 0,05 bis 0,35 Gew.-% betréigt, wobei der
Rest aus Cu und unvermeidlichen Verunreinigungen besteht.

45

4. Elekirisch leitendes Federnmateriai nach Anspruch 3, worin die folgenden Ungleichungen erflllt
werden, wobei der Gehalt in Gewichtsprozent ausgedriickt ist:

(1,75 + 0,5 x Al-Gehalt) s (Ni-Gehalt + Co-Gehalt) £ (2,75 + 0,5 x Al-Gehalt),
50 (2,4 - 2 x Be-Gehalt) £ (Ni-Gehalt + Co-Gehalt) £ (3,6 - 2 x Be-Gehalt).

1. Matériau électriquement conducteur constitu;;*de 0,15 3 0,35% en poids de Be, de 0,3 & 1,5% de Al,
55 de Ni et Co dans une quantité totale de 1,6 2 3,5%, seul ou en combinaison, la balance étant du Cu et
les impuretés inévitables.

11



el ectrical conductivity and formability. As nmentioned above, the
el ectrically conductive spring materials according to the present invention
have nore excellent total bal ance H#MI4EBBUs characteristics and cost
perfor mances. s CI ains 1. An eI ectricall y conduct i ve rrat erial consisting by
ht of Q 9 50/ to g At one or bothap

. electrical condyct andf a oV "tl’l con ive enal
and In %Ccé F gé tntl_lg 3“ ||e @é} %ﬁ ‘g mr Qﬁ’gﬂcs and cot
unavoi dabl Serkd ec dl caI y conduc‘f ve material accor
to claiml1, W’IEI‘EII’I the foIIovm ng |nequaI|t|es are satisfied, the contents
bei ng expregsims i n wei ght percent: (1.75 + 0.5 x Al content) S (N content
+ Co content) 5 (2.75 + 0.5 x Al content), 15 (2.4 - 2 x Be content) S
(N cont entt. +ad@lectRall @BdictiPe faterfal consistiig BEwdightbra0s Yo 0.85% 6t BR) €T 1i580f |AY either
conduct i ve spgrertg bbloe Ni aid CooRd wfal dghubtyof Wi 1g 5% fiheObalahcet iibing . A ainavdidabld) . 3
to 1.5% of Alimpaitisdier one or both of NN and Co in a total anpbunt of 1.6 to
3.5% atwl east one of Sn, Zn, Fe, Mg and Ti in a total anmount of 0.05 to
1. 0% wi t h t2heAreslertrictlly ebndgetivé materiah gccSding Brglain-¢, whetgingivedfolibiving inegualities 28 satisfied,
bei ng 0. 05 tothQCQDmbeimaemabamme"e!seimg:e@J and unavoi dabl e inmpurities. 4. An
el ectrically conductive spri material according to claim3, wherein the
fol | owi ng i nel@@al*i §-5 w4l captentis(Nj eppipgt - Co prntent) A (%15 & OB &M, "@R‘bressed in
wei ght pér cené424 x Be cortant)a{Ni,copfent C%F°"@Bt?t§§?ﬁ')2’55"(ﬂf‘t°@ ntent + Co content)

S (2.75 + %(gAxelAl content 2 4 - on
content) S %ié

eor le anq)
| ei tfahl ges t\gt%tp? f' g]; t0,1 o each ar:‘% g g ’93)

Al , der

bi s 3 5 W, - la7})%es 3) | %‘H& "t‘% un unver rrel dI [ chen

Verunr ei ni qungen, %atye(!a ® sﬁina 'ﬁéidrél% rcﬁngttE cmngswt{mnetﬁé fthomaqttqema;rarg:h
1, worin die £g g@ cdnt efng e n Wi Htj'pér en’t’Ver en wobei

Gehalt in Gew chtsprozent ausgedr~ckt i1st: (1 + 0, 5 x Al - Geha It) S

(Ni - Gehalst: + @os Ged)ek I comterfiy%s (RiPeotteRl 5cxc&*én63§f(@5t-)os(x2\léontent2 x Be-Gehalt) S
(N -Gehalt + @a-@aldodteny I (Ri ®ntent2 Bo Enteiph .6 -)2 x Bdcontdnt). El ekt ri sch

| eitffhiges Fedemmaterial, das aus 0,15 bis 0,35 Gew.-%Be, 0,3 bis 1,5
CGew. - % Al , ratentsasigichei nem oder bei den aus Ni und Co in einer Gesant nmenge
von 1,6 bis 3,5 Gew. -% zum ndest einemaus Sn, Zn, Fe, Mg und Ti in einer
Gesant mengd- VElektel) Bithiges IMaerigle vies: 845 [9cI5thish0.35 Gieyyds Besj &3 bis r1ivafetetie Ab/eriyeder

ei nes j eden aeireSeder fgidenmgs Nl\?‘dlﬁ?dﬂ giner (Regmntipnge yorB 56 bis @S- %Vb%'tl?e&g’lt woRejisisf
der Rest aus GesteHS@uWRY el @%Wwwmeép?ﬁtﬁhngen besteht. 45 4

El ektrisch | eitendes Federnmateri aI nach Ans oruch 3, wori °§=SI e fo'tﬂt wergen

Ungl ei chundenElghtisoh jeftighiogs, Material ggg Rﬂt‘ff' glie  folasngeyy Yngleichingon. pf

ausgedr | Kt j websider Gehalt in Gewnchtsprozent ausgedriickt ist

(1,75 + 0,5 x Al-Gehalf)  (Ni-Gehalt + Co-Gehalt) £ (2,75 + 0,5 x Al-Gehalt),

v (2,4 - 2 x Bo-Gohalt) £ (Ni-Gehalt + Co-Gehalt) £ (3,6 - 2 x Be-Gehalt).

40 3. Elekirisch leitfihiges Federnmaterial, das aus 0,15 bis 0,35 Gew.-% Be, 0,3 bis 1,5 Gew.-% Al,
entweder sinem oder beiden aus Ni und Co in einer Gesamtmenge von 1,6 bis 3,5 Gew.-%, zumindest
einem aus Sn, Zn, Fe, Mg und Ti in einer Gesamtmenge von 0,05 bis 1,0 Gew.~% besteht, wobei die
vorhandene Menge eines jeden aus Sn, Zn, Fe, Mg und Ti 0,05 bis 0,35 Gew.-% betréigt, wobsei der
Rest aus Cu und unvermeidlichen Verunreinigungen besteht.

45
4. Elektrisch leitendes Federnmaterial nach Anspruch 3, worin die folgenden Ungleichungen erflilit
werden, wobei der Gehalt in Gewichtsprozent ausgedrlickt ist:
(1,75 + 0,5 x Al-Gehalt) £ (Ni-Geohalt + Co-Gehali) £ (2,75 + 0.5 x Al-Gehalt),
50 (2,4 - 2 x Be-Gehalt) < (Ni-Gehalt + Co-Gehalt) £ (3,6 - 2 x Be-Gehalt).

Revendications

1. Matériau électriquement conducteur constitué de 0,15 & 0,35% en poids de Be, de 0,3 & 1,5% de Al
55 de Ni et Co dans une quantité totale de 1,6 & 3,5%, seul ou en combinaison, la balance étant du Cu et
les impuretés inévitables.

T



y

(1,75 +-0,5 x AM Gehalt) S (Ni-Gehalt + Co-Gehalt) S (2,75 + 0,5 x

AM Gehal t), 50 (2,4 - 2 x Be-Gehalt) S éN|-GehaIt + Co-Gehalt) S (3,6 -
2 x Be-Gehalt). Revendl catlons 1.ER®3#S23 B3| ectri quenent conduct eur
constitue de 0,15 a 0,35% en poids de Be, de 0,3 h 1,5%de A, 55 de Ni

et Co .‘dan HabeehCdofuEtedt Somn i F%hﬂs He ‘?& nﬁéﬁgﬁés@ﬂfvéfh
oo e ottt S I Al e A SRS B 7,

selon la reygendl @%tx't&\euﬂemqare@néupmu{eﬁarbm@gal(ﬁsds o%wtmmiaﬁs\osont

sati sf gi tes,(ziBﬁxﬁmﬁanms%@memwmasem)am £RiBhoubsh B ds: (1,75 + 0,5
X teneur en Al) S (teneur en Ni + teneur en Co) S (2,75 + O, 5 x teneur en

Al), 5 3 Matrids élastiqué detiGusimeftcolfibtod doh<tii® e 0215 3\D,35% lof HOIUS deBe, (@) 0,552 ( 3, 6
- 2 X teneunsededa)de NB et Odrbditrsbil Woibdnacdinbifisdn,Ginané GuagtivttorIBide d Bré03)E%, el Imoins
constitu6 deurDdelsn, an,Fe3dgmicTi dpBivds qubstitB®ialecte (D53 G0, lHQkanlits o chaalie pimi 81, Co,
soit sewl s@ntFeemMgeanDipnésbito dlantede Q02 (LBAML fa Kaldnce &b cdwstitléeOpahk dB, G/et des

noi ns | ' un dmepufstés ingwitablpe, My et Ti dans une quantite totale de 0,05 A 1,0%
| a quantit6 de chacun parm Sn, tO Zn, Fe, My et Ti presents 6tant de
0,05 & 0,85Matérian Batiguecleatriaterment Gpndudtauy @elo'pépr revendicgtion (3. dans Ipausl lee nggalités

i n6vi t abl es SUWP"“’R/ER“BW‘%@%I'°<§§?'T‘?ﬁ‘ﬂ%étmt @@E‘W?Wr?@"‘@ﬂﬁﬂﬂr’ct eur selon la
revenditation_3, | es i nega UI v % sont satl sfaites, les

t 6t & 5’é>‘3 P ippewr g 5 4apeue 7 tgne 93‘)? t
A) gm(erne e'"feft%SA neonhl+ tanau ?'vg? %ﬁf u{‘e@h@lﬁe on M) (24 2

X teneur en Be) S (teneur en N + teneur en Co) S (3,6 - 2 x teneur en Be).
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