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W TH STRESS- FREE SLI T EDGES BACKGROUND OF THE I NVENTION 2 ? 2 uAYh2083

i nvention relates to a process for produci ng copper-based articles of

manuf act urWOPNAI8Iave stress-free edges and the article so pPoHIRIEQI86Thi n
copper strips have a wi de range of uses in conmmercial practice. They are
used for instance to 10 nake termnals foR el ectrical connectors. Qher

i mportant uses include the manufacture of spring elenments and the |ike. The
copper, strips are supplied t t r or their use in making
such various article of r@nﬁ%&%gggglgﬁiﬂmﬁ urers generally obtain
copper stripsintheﬂgﬂ - E Is sinply a | ong
.copper strip rolled into a coil. The manufacturer then uses a press, such
as those made by 20 BrudergxcrEROoORD OFd rHEcYNANETONI The M nster Machine
Conmpany; Mnster, Chio, to stanp € SLrrpin esired shape for the
-part to be nmade. The articles so produced can be sinple springs, male

term r%al s, or fermal e Thiai havention nedatiwe, to m \RderRss 260xonfi gurati ons.
After dthe st | ng. operation in_the press,_the parts remain.attached to the
ori ginal st BUGERCoBbE AT agel Brtitates ok B it W es

st anped at $acsLHCeOr ede S0ANAI RBABIES Al &NEb Prohiced. t he two edges.

After stamping, the parts can be used as is, partjcularly if_stanped from
tinned copper. In ot HER1RnGPRRABESStERPSIMaYE & WisprngePhresehen pl ated

with vario Sl ' or her, t ~' ~ SAY
2003 WO ooﬁ%&%ﬁ%ﬁ%&?ﬁ%@ga?‘zﬂeﬁc ‘Ie?‘?”te?dn or %ﬁﬁ?}s“?%]%%it the end
use 4 t he nedEparemiinal esfobuelagtpiabilngainddimmay.t iGlhesy they are still
attached tq_the carrier strip.and it is_i rtant that they pass through
the vari ous™RHABnM 30T 1“7"2%\1%8 éh& H\aﬁ%%ﬁ‘b‘:& q%'at%’y%ausi ng any
probl ens. [AldnthtiNearid NEhe OPDEKAL | PRe URDHRAF st 1Si PIRHIGADH I e d ay@ved or
detached fromthe carrier strip. In the case where the articles are

t er mi nal s, Mem&fagtarenmeeeady t 08| Ehedirc alsel G aRdiaID s BU MR LHPWE res and

ﬁzrsng‘lr)I g]g 149 A Pl St PEa L QL housing. Such connectors usually have a
S

The manufacturers generally obtain copper
strips in the form of pancake coils. A pancake coil is
simply a long copper strip rolled into a coil. The
manufacturer then uses a press, such as those made by

20 Bruderer, Ridgefield, New Jersey or The Minster Machine
Company, Minster; Ohio, to stamp the strip into the
desired shape for the part to be made. The articles so
produced can be simple springs, male terminals, or

female terminals, for instance, in various

2 configurations. After the stamping operation in the
press, the parts remain attached to the original strip,
which is called a carrier. The carrier can have shapes
stamped at each edge or in many instances along one of

30 the two edges. After stamping, the parts can be used as

is, particularly if stamped from tinned copper. In other
instances, the articles so produced are then plated with

various corrosion resistant or other metals such as

B y



term nals. For use .in such stanping operations, as well 15 as for the final
product, it is inportant that the shape of the strip be stable §ijtipava203

m ni rum of burring, canber, twist, or coil set. Unfortunately, even a strip
t hat appear?’%@ﬁzg?‘act ory to visual inspection can create difPFE{BIS01869
after the stanping operation. Thus, 20 a strip can exhibit die exit canber
or twst, especially if the carrier strip ps-only at one edge of the
original strip. A nunmber of possibilities can explain such 25 undesirable

lts It d, be, that i dual . hi dden st inin the stri
ol vad T oRLERELer ERfmEtu BT &0 R A0 CT | W6 BpBr SEPBRZused 1o

prepare the gttigsekrrom a copper coil, the edges of the strip may have been

pi nched off or sheared. Indeed, it 30 is not possible to shear a strip
wi t hout introduci ng st Pagdag pdedine of dhe srprapRRedthey apehssall

operation a || a I { e _of, t:ne strj e ongat ed
and woul d Ii%g£¥%ﬁg§ kgnégﬁ ?ﬁ%ﬁgfﬁg%ﬂggg%Fﬁﬁ% |H%% %@Eﬁgﬁ%ggoghghe
pi nched edgethéyspakk, thirough ThAYaXI@RsWEAWEIZAT KT/ + B991AG8AAd- 3

does nét create, nuch distortjon. However, the stresses caused by slitting
this first ed5¥iREnSEEPEOHGEPPYaICANSERTH RISt PRRERS): (P HRBeEh8dge of

the strip. Thiisa1dopaihtidhl, BRARAA:G SIS YRIGHdUid FhifostdBiNg

operation separates t ges. he probl ém can be predicted I n a nunber
of ways. Onedekychedt frommbhe garrisfr tshteigpt.riln hhetocdseagyhéue thaving the

slit edges and_adj acent tal .untouched. If there is Ilikely 1o be.a
ot bl et heAF bhat aF ng 80 ERETPRAR rmitiEthaTe SoTeqi b f}EeEFbfal
dependiOng upesndhet 825t stehak sPiAGRsSiand disisembaéd Alrted e phayeibesp nade
to aneliorate this problem Normally, one of the operations is a stretch 15
bend | evel i rgth#¥ chowsingr eUel SONESSEQrgnysprddicave |atnEreerrep, This
al so inprove§e££§h$iggting operation on the coil. A good slitter with a

as

| ooping pit or I'p core will allow the tension for each individual cut
to For use in such stamping operations, as well

15 as for the final product, it is important that the shape
of the strip be stable with a minimum of burring,
camber, twist, or coil set. Unfortunately, even a strip
that appears satisfactory to visual inspection can
create difficulties after the stamping operation. Thus,

20 a strip can exhibit die exit camber or twist, especially
if the carrier strip is only at one edge of the original
strip.

A number of possibilities can explain such

25 undesirable results. It could be that residual, hidden
stresses remain in the strip received from the strip
manufacturer. During the slitting operation used to
prepare the strips from a copper coil, the edges of the
strip may have been pinched off or sheared. Indeed, it

30 is not possible to shear a strip without introducing

stresses into the strip so produced. In such an

operation a very small area along the edge of the strip
has been elongated and would like to be longer than the

35 strip. Since the area of the pinched edge is small, it



‘be controlled. Wth these tools and a careful setup 20 during slitting, it
is possible to provide a product which can be stanped wi thout @7pMAHI280h by
t he manuf acturer. However, there are tines when the design of_the gart of
the die mak¥OMB2Hpificult to stanp so 25 that a seeningly pefFEHIIOIFEP
Will result in problenms with twi st or canber THE | NVENTI ON Accordingly, the
present invention. provides 30 copper cail3 stock which does not encounter
the twi st and canber problens of prior art nethods when it is used to nake

connectors, rin and the like. ,Brjef t resent _invention provides a
process for ‘%%’o%J% FEHT e fdﬁ#\%g%?ﬁrgﬁﬂgﬂ’ﬁﬁ’s? &s %If'eeses%%ges
which 35  Zatded\by2 3 MG AW/ B82B34firsit _eddd/ EBA9HB1E6YgHAPCESS

conprises slitting a coil of copper-based sheet to produce strjips of the
sheet, heat idftanfesiy ftresses uvimakle LoRer 2o@get eét the attidphere to a

sel ected tempgiat ur & fi9r éeéﬁgéﬁj %%S@%t&ﬁ?gﬁﬁ% {_lﬁgtigo;&@)%r, and cooling

the strip to rodmtenperature. een thi's sinple
oper ation prsbangeiho Gperatsion pSepar£oes stivdi edigesti ps when stanped and/ or
cut wifl not exhibit any camher or twist. Instead, the copper strips

provi ded by the pr esethhe_l(PIi i‘_Eﬁ\“cl%ﬁl Fb‘"eeQPs‘é‘ae?olﬁr_édH be% iaf es of
manufact ur e (g4 dhd Pwrr?‘?t e’l?.% %o STEMAES . Qf@,éf‘%ﬁé@t%%hgy St Y ,0b! ens.

The term coppér - based is used ‘herein 15 to nea pper and ‘a wi de
vari ety of &oppdreasingy$henslcit cadgdr arsdddijrcert pratailcandfoudmedar esent
invention. EqQr .(.nstance,..n.additi.on to el.ectrolytic_copper., copper alloys
cont ai ni ng z-[%lr’ﬁ:h&recd'ﬁpé‘rlkoﬁﬁyo&so &5hthi R R § S n 131?1. Bﬁmggé‘:hh@d according to
the pl@sent md@&i@Qess 11PEVRY G Off FRned &l AoyBibRs) udepkehrii#0- seri es
of alloys of copper and zinc and the 500-series of alloys of copper and
tin. SpecifMPoH [thps Pa&silicapiar erressintiditibhze®d. copper itsel f, include

25 C194, C230, C260, @422 (2%, 5 b ecg{;g?(mgggﬁ;fggy@%,isc:lgzlo,

C50715, and C50725. tion to treating pancake ro t he process of
t hi s i nvent paooblempaNbromalldy,y asefafi oy dpexaitinonsriveasstwedct copper

sheet. A traverse roll, is i“?l sl,.t. copper strip wound gnto reel. In view
of t has t enpBFRELLE Ve S obrdh FEAES IRFTIRART | BAS PRESHEE! armat or i al
nmust be oneswaitele rWiskl-i .t ABtiand e infRvENttHEePei et ihg bperbieoh me
required to conplete 35 . )
on the coil. A good slitter with a looping pit or a slip
core will allow the tension for each individual cut to
be controlled. With these tools and a careful setup
20 during slitting, it is possible to provide a.product
which can be stamped without a problem by the
manufacturer. However, there are times when the design
of the part of the die makes it difficult to stamp so
25 that a seemingly perfect strip will result in problems

with twist or camber

THE INVENTION

Accordingly, the present invention .provides
30 copper coil stock which does not encounter the twist and
| camber problems of prior art methods when it 'is used to
make connectors, springs and the like. Briefly, the
present invention provides a process for producing

3 articles of manufacture having stress-free edges which
5



2‘7 MAY 2003 WO 001.32834 PCT/1B99/01869 - 5 that step of the process. A

particularly useful material for the reels is mld steel. It ha 1M, 8@ ung
that the tenBerature used in heating the coils of strips according to the
i nvention NYO4333hge from about 200C to about 250C. If the t 201868 | s

much | ower than 200C, the desired result wll not be obtained. At
t enperatures over about 250C, there is a-waste of energy and ot her
undesirabl e side effects begin to occur. Tenperatures in the range of 10

from alout 4 v eens o] especi.al | referred. The tine
required foig%ﬁ%&ﬁ%é%§@$§5§ﬁ£H?f%éﬁgggnéec?ﬁ&nfgﬁou Q#Ef#ﬁ%ﬁét $2h hours.
Shorter tines gerotmdwistgeirss adf ythavehebe, ehledtlinyf Hanitiigantiy 4 educi ng

the canber or twist in the copper strips. Longer tinmes do not generally
provi de bet f¥rnage unden f (Mt eehive phEOS 9 49 Raliestedit e of

product. It WE%%%IBA_%@% Nefeceed '»:ﬂfnlgertbaia ne‘é%lo‘jé r&ép;gerthe

I nvention to Intain the copper strip rolls at the treatnent per at ur e
for tour toamdykiodldurg.thhidterip widervami eempeiratap@er and copper all oy

sheet €an be treated, thicknesses of 1 20 m. s 25 (.0.010-0.020 inches)
are generally used in %é‘%&lﬁ%’btﬁ?ﬁngf i:B@F tgﬂ&lss SAP 18 ABSFRE IR nner

sheets do netroRdwe st ke pddeniidi geauhr 8di13nghdcea =i r iy GiHegsses becone
too stiff and heavy for the uses contenplated for 30 copper strip stock

prepared acstrapeg ead/ny igutentibh. natweubibdtgenyt assitiemiadt Hwicetn be
wdth of tnangrepdd; o aohnek PLELES Bhptbabl BY 1 B e YR anut act uri ng
requi i@nent snebnthese didi @ ixedBS%to Brédidy¥ 3083 MeVYBadIhfacture
PCT/ 1 B99/ 01869 - 6 , .
such as terminals, springs, and the like without such
problems.
The term copper-based material is used herein
15 to mean copper and a wide variety of copper alloys,
which can be used in the practice of the present
invention. For instance, in addition to electrolytic
copper, copper alloys containing zinc or copper alloys
containing tin can be treated according to the present
20 process. Examples of copper alloys include the
200-series of alloys of copper and zinc and the
500-series of alloys of copper and tin. Specific alloys
desirably used, in addition to copper itself, include
c194, c230, €260, C422, C425, €510, C511, €519, C521,
C1453, €19210, C50715, and C50725.

In addition to treating pancake rolls, the

25

process of this invention is particularly useful for
treating traverse wound copper sheet. A traverse roll is

30 a slit copper strip wound onto a reel. In view of the
temperature treatment according to the invention, the
reel material must be one which will withstand the

treatment temperature for the time required to complete

35



‘cbpper or copper alloy strip stock described herein, the width of the

strips can range fromone-quarter inch to four or nore inches.2Th¥AY3R
desirabl e i for the copper strips are from about one to Eﬁﬁh. S.
The copperwﬁﬂﬁﬁénﬁaterial is annealed in a 5 protective atnngp er%ﬁﬁﬂﬁgon
nitrogen, and other non-reactive gases can be used to protect the copper
strips in the furnace. In sone instances,5it+ is desirable to use a reducing
at mosphere to provide the 10 best results. Thus, nitrogen containing from
about cone pE[fHeNtd® P PRECHROLARNE 09D st el £F I $usd ful Smgéé’ff’éi” ly
preferred to use a protective atnospheré of nitrogen containing fromfive
to 25 perceiur hlr ogeal s The malldowiteglExanpl es are given to illustrate

‘enbodi f the i ' it | f d ' it.
Tt w11 be. under st oot & AP ot RE8B EoHel S8e e [Yeupeintons St he.

T

invention ifedtding &xWE €803508FEELRS Rs/gﬁgdlocﬂﬁ%g hes et exoRstit Bsn 20

i ndicated in the appended d ai ns. A 40-inch dianmeter coil of

11.8-?I t hark raopperfiemi agoatWdDPC ot o2dbonth@$0°8.sl If theo pancake 25
coi |l sYof strips having a mﬁdtﬂ ﬁf one inch. The pancake ¢oils are then
t

pl aced in &9RIRFIERat® BHEN AOWES) t82agr €A br e thed APt ed Fettiite of
P . . ' ! t g
hrocthon_ e HeAae, ShfhinRu. L AETEBP AU, N BRI Sader o e

that tenpersidfiee fra sixsteuss. efbegyl andact ey iriasiiiayl Pafiadted to
cool to roomtenperature, the inert _atnosphere is vented, and the strip
coil s are tHERGTERRILN r&fn PREVFur REBRSTAtUEGE 35N they napge 03 WO

00l 34834 PCT/ 1B991018 t hi tnent,, th i | ked del i d
to manuf actPlt SAMEn 500 £8; 7087 BRTS medfoFabaR. toonl EoRtrardtr e
springs, tedfedredand the like, it isfound that the parts produced by the

stanpi ng operationsSare flat. There is no tw st or canber to the

fini shedarticl es. EXANRIE time reauizedcémwohromes tindderddantecarn10r equire
that the mgtarjale e ta{kgs(&ésgnéé"oﬂ@ r +8 %%Erh'h% 1C&hd e L Yilnd S F 1T into
strips and traversewound on a Steel reel. Then e traverse wound Tteelswith
t he d6ri ps narte gelnexed Iy lsavat thef effiace afidsignadtiedntiliyh reeducdingy e of 25

percent hydrogen_and 7515. percent pjtrogen _as an.inert atnmosphere. The
Feel o axel DR FAMRSH (1 FHLTheth PhECEORPeS Foistin GPOSHE B498%r o x
hours. The doundAC@drieddEIpabievigerpetted reedltd @ndoeMeeHreRfudre; the
inert atnosphere is20renoved, and the reels are then renoved from

t hef ur nace Ehaf o¥enails REQAEeRhen Faker @€l Brodusitoddted Sarspasied lahd
del i vered {0 FRNIYALHY %b%@m%lgn t b&iméﬂ?sCBEp‘i’:g[weSt:i.rém'v%?ltg%np“c%duced

arefree of "tw st and ca ey are stanped to25produce termna
strips. O hemnimsaliodthef dupwengsthepsrolps ean thiesdpeatimgatsati sfactory

{ hoS0t rperTBPE Aot rehd & (H8E ot RLSBEGHPREA -t emper at urefor the requi red
tinme. The protective yimsphenedéSvasedty afy coypRlr and copper
alloy sheet can be treated, thicknesses of 10 to 20 mils
25 (0.010-0.020 inches) are generally used in the
manufacture of terminals and springs. Thinner sheets do
not have the strength required, and greater thicknesses
become too stiff and heavy for the uses contemplated for
30 copper strip stock prepared according to the invention.
A wide range of coil widths can be used for
slitting. Generally, widths of 12 to 50 inches are used.
The width of the slit strips themselves can also vary.

In view of manufacturing requirements of those using the
35



35 21 MAY 20p3 g WHAT IS CLAIMED IS 1. A process for producing articles
wth-stress-free slit edges, which nethod conprises slitting a qu 2003
copper - based sheet to produce strips of the copper-based material

heating t hdVQ®M33834i n a furnace under a protective at nospher €CAIB9/01869
tenperature of from about 200C to about 250C for a period of tine to free
the strip of stresses, and cooling the strgps while in the furnace unti
the furnace has cooled to roomtenperature, venting said protective

t d i id sirips | i d, f 2. A
ScCor O n.t SOEPEENOE viRseh HLORoRhErE Lathik HEBEEThet o Bete ity "ERepper
alloy. 3. AuRRGEST ALl Plps Ockh aidhge WESRI Hnéhguaktey iacantal | oy of

copper and zinc or an alloy of copper and tin, 15 4. A process according to
daim| whefeus oie mapeiRghes. i Ehe repstibdesipvapletvidbbat feaothes. A

orocess Aol W e WELE Dh0NE ORE4ASYS chRES out for [rom
heatiqg is carried outTHeorcdpmen adordip frmatte hDal sié canhesledi ght ahours.
protective atmosphere. Argon, nitrogen, and other
non-reactive gases can be used to protect the copper
strips in the furnace. In some instances, it is
desirable to use a reducing atmosphere to provide the
10 best results. Thus, nitrogen containing from about one
percent to 30 percent hydrogen is preferred. It is
especially preferred to use a protective atmosphere of
nitrogen containing from five to 25 percent hydrogen.

15 The following Examples are given to illustrate
embodiments of the invention as it is presently
preferred to practice it. It will be understood that
these Examples are illustrative, and the invention is
not to be considered as restricted thereto except as

20 indicated in the appended Claims.

EXAMPLE I
A 40-inch diameter coil of 11.8-mil thick
copper having a width of 24 inches is slit into pancake

25 coils of strips having a width of one inch. The pancake
coils are then placed in a batch furnace and the coils
are protected with a mixture of five percent hydrogen in

dry nitrogen as an inert atmosphere. The coils are then

maintained at a temperature of about 200°C and
30 maintained at that temperature for six hours. The
furnace is thereafter permitted to cool to room
temperature, the inert atmosphere is vented, and the

strip coils are then removed from the furnace. After

35



9 2 7 MAY 2003 7. A process according to Claim1l wherein the protective

at nosphere conprises an inert gas. 8. A process according to CRdi MAY 2003
wherein th |ve at mosphere conprises 5 nitrogen.

accordi ng 5886%’. M1 wherein the protective atnosphere i s a rmﬁ’g‘“”

at nosphere. 1 o 10. A process according to Caim9 wherein the atnosphere
contains from about one to about 30 percen? By volune of hydrogen. 11. A
process according to Caim 10 wherein the protective atnosphere contains
from 76 to 99,per eeabth¥ntQ! ¥AR €biNls AR hd Il Delereqf tbhe

at nosphere is t 5 hydrogen. 12. A process according to Claim1 wherein the
wi dt h of thenanufpstugefrsem about onequarter inch to four inches. 20 13. A
"process according to ngin1% mhereln t % of t.he strl s ks, fromone to
two inches. 14. A proc B8 RSt & eﬁr]ﬁ?ma%ﬁ%eY t hi ckness
is from 0. Olfhh@fQcldPel agb&ags%teéhma&@ AaA\d AR AR A% Ry 0" *01;
‘<@bt. {vpchYSU]ca]ca]caug

W] calU|ca] cafeanfichesures) §é@§ap@@ﬁ@&?@aﬁamﬁﬂm%eﬁmta?@8 a

\lﬁ]Yclkmq \(/:\q?nga %\K)Ff}igg} ?Jg céa ca cagr cagj cgf‘gg] cé-] caﬁﬁ] caf] caJ(i ca(fca] caU] ca

] ca] ca] ca] cadftchd¢takcal ca] cal] ca] ca] ca] ca] ca] ca

Iopbp4benp>A36ytniCAYSU]ca]ca]caLﬂca!caH|ca]caLﬂca]ca]caLﬂca]caLﬂca]caLﬂca]

cal] ca] caU] ca] calU] ca] ca] ca] ca LE 1
It is also common for a manufacturer to

10 require that the material be traverse wound. In such
instances the coil is slit into strips and traverse
wound on a steel reel. Then the traverse wound reels
with the strips are placed in a batch furnace and

15 protectgd with a mixture of 25 percent hydrogen and 75

percent nitrogen as an inert atmosphere. The reels are

then maintained in the furnace at a temperature of 240°C
for six hours. The furnace is thereafter permitted to
cool to room temperature, the inert atmosphere is

20 removed, and the reels are then removed from. the

furnace. After this treaiment, the reels so produced are

packed and delivered to manufacturers.
Here again, the copper strips so produced are

25 free of twist and camber when they are stamped to
produce terminal strips.

Other methods of heating the strips can also
provide satisfactory results. For instance, it is
possible to use an induction furnace to raise the

30 temperature of the strips to the required temperature
for the required time. The protective atmosphere is used

in any event.

35
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said protective atmosphere and removing said strips from said furnace.

10 2. A process according to Claim 1 wherein the copper-based sheet is copper or a copper

alloy.

3. A process according to Claim 2 wherein the alloy is an alloy of copper and zinc or an

alloy of copper and tin.

4. A process according to Claim | wherein the temperature is trom about 200°C to

about 240°C.

5. A process according to Claim 1 wherein the heating is carried out for from one hour

20  to ten hours.

6. A process according to Claim 1 wherein the heating is carried out for from about four

hours to about eight hours.
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14. A process according to Claim 1 wherein the sheet thickness is from 0.010 to 0.020

inches.
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