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BACKGROUND QOF T EGINVENTION

1. Field of the Invention

The present invention relates to a stainless steel
wire. More particularly, the present invention relateémésﬂé
stainless steel wire for automatic coiling for manufacturing a
spring and a method for manufacturing the same.

2. Description of the Related Art

In general, stainless steel wires for a spring'have a
poor heat conduction and ‘tend to 'undergo remarkable work-_
hardening. Thus, these stainless steel wires’do not exhibit
sufficient surface lubricant property'w%th‘tools. Accordingly,
these stainless steel wires are inferior to carbon steel wires
for spring in drawability at the wire manufacturing and
wbrkability at the subsequeht step.(e.g., coiling); In other
words, tﬁese stainleés steel Qires are disadvantageous in that
they can’hardly be provided with sufficient surface lubricant
propertf“;t wire drawing.step and subsequent steps such as

coiling step, thereby making_ it impossible to raise the

_production speed sufficiently'or resulting in the production of

spring products having unsettled shapes. Thus, as stainless
steel wires for automatic coiling there have heretofore been
used those obtained by a method which comprises plating the
surface of.stainless steel wires with nickel (Ni), and then

drawing the wire to provide better surface lubricant property
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poor heat conduction and tend to undergo remarkabl e work- har
these stainless steel wires do not exhibit sufficient surface
property with tools. Accordingly, these stainless steel wires
to .carbon steel wires for spring in drawability -at the wre
manufacturing and workability at the subsequent step (e.g.,
other words, these stainless steel wres are di sadvant ageous

har dl ided with sufficien f | ybr i ]
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| npossi bl e r al t.he roduyct i speggd. jciently or resu
producti on Pt@f%er%pr%ﬁ?d'lﬁra&gi?& ;lf 'a%?’f?g 54%2&54{%7;%) shapes. Thus,

deni ng. Thus,
| ubri cant.
are inferior

coiling). In.
in that they

lting in the
as stainless

steel wire

s for aulmRhlegsCoLb! Ngad Nerghdiay e'sh:earﬁ{l(géy esheel wires are

superior to stainless steel wires merely coated with a resin or

the like. However, these stainless steel wires cannot

| necessarily meet sufficiently the recent growing demand for
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high performance stainless steel wires free from the foregoing
disadvantages.

Further, a stainless steel wire has been recently
disciosed obtained by plating a stainless steel wire with_
nickel (Ni) to a thickness of from not less than 1 um to 5 um,
coating the stainless steel wire with a synthetic resin, and
then drawing the stainless steel wire to a reduction of area of
not less than 60% (Unéxamined Japanese Patent Publication
(kokai) No. Hei. 6-226330). '

The stainless steel wire disclosed in Unexamined
Japanese Patent Publication No. 6-226330 can be coiled at a
high rate when worked into a spring. The products thus
obtained have a uniform dimension. = That is,.the stainless
steel wire exhibits a good coilability. However, the foregoing
stainless steel wire cannot necessarily meet.sufficiently the
demand for preéision coiling at an even higher rate free from
the foregoing.difficulties.

On the other hand, as the solvent for dissolving a
resin contéining flﬁbrine (F) or chlorine (Cl) therein there is

used freon, trichloroethylene, or the like. However, these

i
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used those obtained by a nethod which conprises plating the surface of
stainless steel wires with nickel (Ni), and then drawing the wire to
provi de better surface |ubricant property

2 at wire drawing step and subsequent steps (Exam ned Japanese Patent

Publ i cation No. Sho. 44-14572). Needl ess to say, these stainless

steel wires are superior to stainless steel wires nerely coated with a

resin or the Iike. However th se st%inless steel wres cannot
solvents are con51dere e a nuisance that causes

environmental destruction. Further, the foregoing resin is
disadvantageous in thaﬁ the low temperature annealing
(ﬁempering) after working into spring, which is an essential
5 process for the production of spring, causes fluorine (F) or

chlorine (Cl) constituting the resin to evaporate and hurt the

human body.
U Y OF THE INVENTION
10 It is an object of the present invention to provide a_

stainless steel wire for automatic coiling which causes no

environmental pollution and exhibits an excellent surface
lubricant property.

A method for producing a stainless steel wire according

15 to the present invention compriseé the steps of: plating nickel

| having a thickness in the range of lum t9 5S5um on a stainless

steel éore wire comprising carbon (C) in an amount of not moxre

than 0.15% by weight, silicon (Si) in an amount of not more

than 1.00% by weight,_manganese.(Mn) in anlamount of not more

20 than 2.00%, nickel (Ni) in an amount of from not less than

6.50% by weight to less than 14.00% by weight and chromium (Cr)

in an amount of from not less than 17.00% by weight to less

than 20.00% by weight; generating an inorganic salt coat film

comprising at least one of potassium sulfate and borax (borate)

25 and free from chlorine (Cl) and fluorlne (F). from an aqueous
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necessarily neet sufficiently the recent growi ng demand for high
performance stainless steel wires free fromthe foregoing disadvantages.
Further, a stainless steel wire has been recently disclosed obtained by
plating a stainless steel wire with nickel (N ) to a thickness of from not
less than 1 [errmto 5 [err]m coating the stainless steel wire with a
synthetic resin, and then drawing the stainless steel wire to a reduction

of area of ot Jess than ,60% (Unexam ned Japanese Patent Publi gati on,
Ckokai ) No.SPRIt1QR 2 Pepsieposited ofyhe madlivs Platel Aerd BNScRBRRIng,
Unexam ned _,Japanese_Pat ent . Publ i cation No. 5-226330_ can be il ed at a

P on e Tt o IS AR &of PR R Pt TR of JBE, Koe i Enar 664

Thus produced stainless steel has a tensile strength of

the stainless steel wire is not less than 160 kgf/mm? and a
5 surface roughness thereof is in the range of 0.80 to 12.5 umRz.

The producing method of the present invention does not
require the use of any solvent that Ean causes environmental
destruction. - Further, the coat film..cannot evaporate to
produce any gas harmful to the human bédy when heated during

10 spring forming. - -

In accordance with the producing method of the present
invention, the formation of a nickel (Ni) plate and an
inorganic salt depbsit film reduces the frictioﬁal resistance
of dies with stainless steel wire during drawing, making it

15 possible to raise the drawing speed. Into the indentation on
the coat film. deposited on the surface af the steel wire, a
powder lubricant 1is injected which theén adds to surface
lubricant property during drawing. In other words, the burning
of stainless \stéel wire with dies during drawing can be

20 prevented, prolonging the life of the drawing dies.

The injection of a lubricant into the indentation has
another advantage. In other wordé, when formed into spring,
the stainless steel wiﬁe for automatic coiling thus obtained
shows an increased surface lubricant property and hence a

25 . reduced frictional resistance with respect to the spring

RER
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obt ai ned have a uniform di mensi on. That-.is, the stainless steel wre
exhibits a good coilability. However, the foregoing stainless steel wre
cannot necessarily neet sufficiently the denmand for precision coiling at
an even higher rate free from the foregoing difficulties. On the
ot her hand, as the solvent for ‘dissolving a resin containing fluorine (F)
or chlorine (Cl) therein there is wused freon, trichloroethylene, or the

i ke. HOV\%%%intghe’&?ol (spring bending dies), making it 3f)ossj.ble to
reduce the variation of spring shape in wiling.

The stainless steel wire for automatic coiling

according to the present invention comprises a surface coat

5 filﬁ composed of a higher melting inorganic salt rathef than

resin. Even when subjected to low temperature annealing

(tempering), the spring products forﬁed'by the stainless steel

is free from soot and discoloration. Accordingly, the spring

products can be provided with the same clean surface conditions

10 ‘'as seen before the low temperature annealing (tempering)._

Further, the stainless steel wire according to the present

invention cannot produce any harmful gas.

BRIEF DESCRIPTION OF THE DRAWING
15 In the accompany drawing, Figure is a typical diagram
of the cross section of a stainless steel wire for automatic

coiling according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

20 Detailed description of the present invention will be
described as follows.

Alproducing method according to the presént.inventidn

' comprises the steps of: plating nickel (Ni) having a thickness

in the range of lum to 5um on -a stainless steel wire

25 comprising carbon (C) in an amount of not more than 0.15% by

weight (preferably not less than 0.05% by weight), silicon (Si)
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solvents are considered to be a nuisance that causes environnental
destruction. Further, the foregoing resin is disadvantageous in that the
| ow t enperature annealing (tenpering) after working into spring, which is
an essential process for the production of spring, causes fluorine (F) or
chlorine (C) constituting the resin to evaporate and hurt the human body.
SUMVARY OF THE | NVENTI ON It is an object of the present invention

Lo PrON e 2 ook e o 5, e K Y b NSl R0

property.'less than 0.1% by weight), manganese (Mn) in an amount of not

more than 2.00% (preferably not léss than 0.1% by weight),

nickel (Ni) in an amount of from not less than 6.50% by weight

5 to less than 14.00% by weight and chromium (Cr) in an amount of

from not less th;n 17.00% by weight to less than 20.00% by

weight, generating an inorganic salt coat film mainly

comprising at least one of potassium sulfate and borax (borate)

and free from chlorine (Cl) and fluorine (F) from an aqueous

10 . solution to be deposited on the nickel plate layer as a_

substrate, and then drawing the wire to a reduction of area of

not less than 60%. The inorganic.salt is dissolved in water or

hot water, and then applied to the surface of a nickel(Ni)-

plated stainless steel wire. The stainless steel wire is then

15 dried to remove the water content from the coat layer so that

a coat film is deposited on and attached to the substrate.

This method does not reéuire the use of any coat film and

solvent that can pollute global environment and thus causes no
pollution. |

20 The stainless steel wire for automatic coiling obtained

by the producing method according to the present invention

comprises a nickel (Ni) plate layer having a thiékness of from

not less than 0.3 um to not more than 1.7 um and a coat film

mainly comprising at least one of potassium sulfate and borax

25 (borate) and free from chlorine (Cl) and fluorine (F) deposited

on said nickel layer and has a tensile strength of not less
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A nmethod for producing a stainless steel wire according to the present

i nvention conprises the steps of: plating nickel having a thickness in the
range of 1l[lerrJmto 5[errJmon a stainless steel core wire conprising
carbon (C) .in an anount of not nmore than. 0.15%-by weight, silicon (Si) in
an anount of not nore than 1.00% by wei ght, manganese (M) in an anount of
not nore than 2.00% nickel (Ni) in an amount of fromnot | ess than 6.50%

DY el Ot L8 o5 e R o Bt Bl Lo et O 5
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fluorine (Fargfé¥gﬁfyaqﬂﬁﬂysl.0 to 10.0 pmRz to further enhance the
foregoing effect.

5 The surface roughness (according to JIS B 0601) of the
stainless steel wire for automatic coiling which . has been
finally drawn is defined to be from 0.8 umRz ﬁo 12.5 umRz as
disclosed in Unexamined Japanese Patent Publication (kokai) No.
6-226330. To this end, it is necessary that the surface

10 roughness of the unplated stainless steel wire or the plating
conditions (e.qg., liquid composition, pH, temperature, current,
stifring) be controlled. Since stainless steel wire for
automatic coiling is used for producing a spring, the tensile
.strength of the stainless steel wire for automatic coiling

15 needs to be not less than 160 kgf/mm?.

Incidentally, thé surface roughness of the stainless

- steel wire for automatic coiling which has been finally drawn
is preferably defined to be from 1.0umRz to l0umRz.

When the inorganic salt solufion from generating a coat

20 film is deposited undérgoes chemical reaction with the nickel
(Ni) plate as a substrate, é reaction product such as nickel
sulfate, nickel borate and nickel oxide is produced. In this
case, the surface coat film is baked and discolored by the low
temperature annealing (tempering) effected after coiling.

25 Therefore, it is importan£ that the solution of an inorganic

salt in water or hot water which has been applied and attached

(AR
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sol ution to be deposited on the nickel plate layer; and drawing the wire
to a reduction of area of not |ess than 60% Thus produced

stainl ess steel has a tensile strength of the stainless steel wire is not
| ess than 160 kgf/m{err] and a surface roughness thereof is in the range

of 0.80 to 12.5 [err]nRz. The praoduci ng met hod of the present
I nvention does not require the use of any solvent that can causes
envi ronnmental destruction. Further, the coat filmcannot evaporate to

to the substrate be dried to cause the inorganic salt to be
" deposited on the substrate without causing any chemical
reaction.
It is also important that the inorganic-salt be not
5 dissolved in a solution which undergoes chemical feaction with
stainless steel, such as hydrochloric acid and phosphoric acid.
A solvent which does not react with stainless steel such as
water and hot water should be absolutely used. In.this case,
the 'surface coat film cannot be baked during the low
10 temperature annealing (tempering). The resulting steel wire_
has a clean surface. The surface coat film is free of chlorine
(Cl) or fluorine (F) and thus doesn’'t produce any gas that
pollutes environmental environment or any gas harmful to the
human body. |
15 EXAMPLES
‘The present invention will be further described in the
following examples as.cqmpared with comparative examples and
conventional examples. The stainless steel wire was SUS304

(corresponding to JIS G 4314). The chemical composition of two

20 kinds (A, B) of the stainless steel wire is set forth in Table
1.
Table 1
Kind Chémical composition (wt-%)

25 _ gieel C Si . Mn P S Nil Cr Mo

304A | 0.077 0.52 1.27 0.025 0.010 8.55 18.58 0.02
304B 0.076 0.57 1.31 0.022 0.008 8.69 = 18.71 0.03

-8 - - This Sheet Has Been R«

T



produce any gas harnful to the human body- when heated during spring

form ng. I n accordance with the produci ng nethod of the present

i nvention, the formation of a nickel (Ni) plate and an inorganic salt
deposit filmreduces the frictional resistance -of- dies with stainless
steel wire during drawing, nmaking it possible to raise the draw ng speed.
Into the indentation on the coat filmdeposited on the surface of the
steel wire, a powder Iubrlcant i s |n$gcted whi ch then adds to surface

| ubricant property MuFYREFRE aM2FTaR OBt HB® GBPESE, SERLLAD REng S&pinless
LA eSS SLesk) Wige ! Bodl 25 HLLDY SHEIRS SR REPASERLC bl 90 1o
| ndent at | on hasdlameter stainless steel wire 1 having the chemical
composition set forth in Table 1 in which a carbide had been
5 solid-dissolved and recrystallized in the substrate metal was
dipped in an.ordinary Watts bath to have a nickel (Ni) plate 2
deposited thereon. This ﬁreatment was effected for all samples
except E, F, and G set forth in Table 2. These stainless steel
wires plated with nickel (Ni) had a metal plate thickness and
10 a surface roughness (detérmined by means of a contact finger.
electrical surface rouéhness meter and represented by 10-point
average roughness according to JIS B 0601) as set forth in

Table 2. |
All the samples except E, F and G were each then coated
15 . with a film 3 on the nickel (Ni) plate 2 as set forth in Table
2. The samples E, F and G were each then_coatéd with a film 3
directly on the stainless steel wire 1 as.set forth in Table 2.
In other words, the stainless steel wire plated with nickel
(Ni) is dipped in a solution of an inorganic éalt of the
20 present invention set forth in Table 2 in hot water, and then
dried to cause the inorganic salt to be deposited on the

surface of the nickel (Ni) plate.

A solution of an inorganic salt mainly consisting of as
a main component at least one of potassium sulfate and borax
25 (borate) does not undergo chemiqal reaction with nickel (Ni).

When the inorganic salt which has been applied to the substrate

heet Has Been Reilaced
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anot her advantage. |In other words, when formed into spring, the stainless
steel wire for automatic coiling thus obtained shows an increased surface
| ubri cant property and hence a reduced frictional resistance with

respect to the spring . . 5 form ng
tool (spring bending dies), making it possible to reduce the variation
of spring shape in coil.ing. The stainless steel wire for automatic

coilin accor ing to the esent invention c i ses a surface cqat
9 grlgd (lnclJHLng spontaneous é¥§¥ng, not to nentgon of

drylng under heating, which is effective for the enhancement of
drying speed) to remove the Qater content therefrom, whereby
the inorganic salt is depositéd on the surface of the nickel

5 (Ni) plate. The inorganic salt thus deposited is merely
attached to the nickel (Ni) as the substrate.

The coat film thus formed follows the surface roughness
of the nickel (Ni) plate as the substrate. The surface
roughness of the coat.film in turn has an effect on the surface

10 roughness of the drawn stainless steel wire as shown in Table_
3. During wire drawing, a powder lubricant for drawing enters
into the indentation on the sﬁrface coat film (which'cannot be
identified for its shape but can be measured by means of a
contact finger electrical surface roughﬁess meter). Thus, the

15 stainless steel wire can exhibit an even better surface
lubricant property at the drawing step. and the subsequent

coiling step.
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filmconposed of a higher nelting inorganic salt rather than resin. Even
when subjected to |ow tenperature annealing (tenpering), the sprlng
products fornmed by the stainless steel is free fromsoot and

di scol oration. Accordingly, the spring products can be provided with the
sane clean surface conditions as seen before the |ow tenperature annealing
(tenmpering). Further, the stainless steel wire according to the present

i nvention cannot produce any harnful gas. BRI EF
DESCRI PT! Omﬁ 1n the acconpany drawing, Figure is a
typi cal dlﬂ%&@ﬂléﬁ the gressqseshioR-qfna stain @5§t5E§§h wire for
automatic (colling accordipg tq LHgsPresgRtshhyention.
stee | of Ni rough-
1 plate ness
(m) {(MmRz)
“Conventional
Example A | 304A -3 12.3 Ethylene chloride
5 B | 304A 3.4 6.3 Ethylene tetrafluoride
C | 304A 3 32 Ethylene triflorochloride
D} 304A 3 12.3 None
E | 304B 0 - Ferbond (oxalic acid coat
film)
Comparative .
10 Example F | 304B 0 - Potassium sulfate
G| 304B 0 - Potassium sulfate (60%) +
borax (40%) --
H | 304B 0.5 12.3 do.
I| 304B | 81 12.3 do.
15 J | 304B 31 1.6 do.
K| 304B 3 50 do.
Example L | 304B 3 12.3 do.
M| 304B | 3 12.3 Potassium sulfate
N | 304B 3 12.3 Borax
20 O} 304B 1.2 12.3 Potassium sulfate (60%) +
' borax (40%)
P | 304B 4.5 12.3 do.
Q| 304B 3 2.5 _ do.
R | 304B 3 32 do.
25 S| 304B 3 3.2 do.
T | 304B 3 25 do.

(Sémples E, F and G each exhibit a surface roughness of

6.3, which is the surface roughness of single stainless steel
30 free of nickel (Ni) plate and coat film.)
(Wiré drawing test)

The stainless steel wires consisting a nickel (Ni)
plate and a coat film and the stainless steel wires consisting
of a coat film alone as set forth in Table 2 above were each

35 drawn to a diameter of 1.0 mm. The surface roughness of these

- 11 - This Sheet Has Been Reilaced
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON . Det ai | ed description of the
present invention will be described as foll ows. A produci ng net hod
according to the present invention conprises the steps of: plating nickel
(Ni) having a thickness in the range of 1[errfmto 5[errlmon a
stainless steel wire conprising carbon (C) in an anount of not nore than
0.15% by weight (preferably not |ess than 0.05% by weight), silicon (Si)

stainless steel wires thus drawn was then determined according

to JIS B 0601. The continuous drawing through a plurality of

diess was effected under ordinary conditions. In some detail,

as the drawing machine there was used a straight type

5 continuous drawing machine. As the dies for drawing the steel

wire to redﬁce the section area of the wire there was used a

sintered diamond dies. As the powder lubricant for wire
drawing there was used a calcium stearate lubricant.

The measurements of the surface rbughness (according to

10 JIS B 0601) of the wire thus drawn are set forth in Table 3.,

The éurface roughness of the wire.was measured at the surface

of the coat film 3. However, since the coat film 3 was thin

and uniform, it can be thought that the surface roughness of

the coat film 3 follows that of the nickel (Ni) plate, if any.

15 Sample K had a great-surface_roughness and thus was not adapted

to be used as stainless steel wire for high quality spring.

Therefore, Sample K was not subjected to spring working test.

Table 3
Sample Surface roughness of drawn
wire (umRz)

20 Conventional Example A 3.2
B 1.6
c 12.3
D 3.2
E 3.2

25 Comparative Example F 3.2
G 3.2
H 3.2
I 3.2
J 0.4

30 K 25

-
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6.

t han
(pref
from

I n an anount of not nore than 1.00% by wei ght (preferably not |ess
0. 1% by wei ght), nmanganese (M) in an anount of not nore than 2.00%
erably not less than 0.1% by weight), nickel (Ni) in an anount of
not |ess than 6.50% by weight to |ess than 14.00% by wei ght and

chromum (Cr) in an amount of fromnot |ess than 17.00% by weight to |ess

t han
conpr
from
depos
Wre

5

di ssol ved i{n water or 0 3.2
P 3.2
Q 0.8
R 12.3
s 1.0
T 10.0

10

15

20

25

30

20. 00% by weight, generating an inorganic salt coat filmminly
ising at_least one of potassiumsulfate and borax (borate) and free
chloﬂrgkédgﬂeand fluorine (F) frompn aqueous solution to be
ited ¢gn the nickel plate |layer pps a | substrate, ang.ihen draw ng tﬁe
to a nfeduction of area of not pess Fhan 60% The in@rganic salt is

(Spring torming test)

All the foregoing steel wires thus drawn except
Comparative Example K were worked into a spring by an automatic
coiling machine.

For spring forming, a precision automatic coilinq_

machine was used. 300 pieces of spring having the following

dimension were formed from each of these steel wires.

Wire diameter: 1.0 mm
Inner diameter of coil: 10.0 mm
Total number of coils: 8.5

Number of active coils (tﬁrn which effectively works

under load): 7.5

Free length (target free length): 40.0 mm

The mean and standard deviation of the free length
(height of épring under no load, whiéh.is the result of the
production with 40.0 mm as the target) of the springs thus
produced were then determined. The results are set forth in
Table 4. The stainless steel wire of Compérativé Example I had
a thick metal plate which was peeled off when coiled. Then,

the coiling of the sample was dropped.

Table 4

- 13 -
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hot water, and then applied to the surface of a nickel (Ni)- plated
stainless steel wire. The stainless steel wire is then dried to renove the
wat er content fromthe coat |ayer so that a coat filmis deposited on and
attached to the substrate. This nethod dges not- require the use of any
coat filmand solvent that can pollute gl obal environnent and thus causes
no pollution. The stainless steel wire for automatic coiling

obtai ned hythe producing nethod according to-the present invention
conprises g nigkmh1dN) plate | pyganhayi Bged thi ckngsstafddr@racvpiticss
than 0.3 [err]n1to not nore thanlénatheqhhq1and a cgat film minly
conpri si ng teast—onme of —potagsrum suf fate and—borax —— (boratre)and Trge
from chl or i|riRer@ntignk¥ | uori ne| (F) deposited
Example A 40.007 0.126
B 40.004 0.120
5 c 40.005 0.126
D 40.035 0.171
E 40.010 0.620
Comparative
Example F 40.520 0.755
10 G 40.733 0.698
H 40.535 0.322
J 40.100 0.278
‘Example L 40.005 10.062
M 40.004 0.082
15 N 39.998 0.085 ]
o) 40.006 0.085 3
P 39.996 0.054
Q 40.010 0.115
R 40.009 0.108
20 S 39.997 0.079
T 40.021 0.081

Table 4 shows that the springs coiled from the
stainless steel wires for automatic coiling according to the
present invention had 1little varied frée lengths as can be

25 confirmed in Examples L to T. Further, Examples L, M, N, O, P,
S and T, which exhibit a surface roughness of from 1.0 to 10.0
umRz, showed an extremely small variation in free length. The
ratio of actuél free length to'target free lgngth of spring is
referred to és "free length ratio”, by which the quality of the

30 spring can be judged. |

In general, precision springs having é free 1length
ratio falling within + 0.1% are considered good.

Ultraprecision springs having a free length ratio falling

within * 0.05% are considered good. The percentage of the
35 number of products falling outside the above'defined_range in
- 14 -

Sheet Has Been Re; laced

“THi L



on said nickel layer and has a tensile strength of not |ess ~ than
160 kgf/mierr] and a surface roughness of from0.8 to 12.5 J[err]nRz. The
surface roughness of the stainless steel wire is preferably from 1.0 to
10.0 [err]nRz to further enhance the foregoing effect.’ The
surface roughness (according to JIS B 0601) of the stainless steel wre

for automatic coiling which has been finally drawn is defined to be from
0.8 [err]m%%éCE%gaf H%ﬂﬂégqogsproducts (300) is regarded as percent

defective.

The results are set forth in Table S.

(All the

figures in Table 5 indicate percentage.)

Table 5
5 Sample Conventional Example | Comparative Example
Criterion
of
evaluation A B C D E F G H J
Free length
10 ratio
Within 0 0 0 1.0 26 30 29 13 11
+0.1%
Within 4.3 4.0 4.3 14 53 69 58 24 18
15 +0.05% ' 4
Table 5 (cont’d
Sample Example
20 Criterion
of '
evaluation L M N O P Q R S T
Free length
ratio
25
Within 0 0 0 0 0 0 0 0 0
+0.1% '
Within 01.7 2.3 2.303.03.72.31.3
t0.05% .
30 (The figures indicate the percentage of the number of products
falling outside the criterion of free length ratio: within ¢
0.15% or & 0.05%.)
Table 5 shows that the examples of the present
invention had a low percent defective as compared with the
35 ~ comparative examples and conventional examples. Among the

examples of the present invention, Examples L, M, N, 0, P, S

- 15 -
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di scl osed i n Unexam ned Japanese Patent Publication (kokai) No. 6-226330.
To this end, it is necessary that the surface roughness of the unpl ated
stainless steel wire or the plating conditions (e.g., liquid composition,
pH,. tenperature, current, stirring) be control.led. Si nce stainl ess
steel wire for automatic coiling is used for producing a spring, the
tensile strength of the stainless steel wire for automatic coiling

to be not les tha 0_kgf/ ally, the surface
q’%iﬁ?} g mkgrfa%ﬁ Eovg?naﬁﬁo%me%ow.wmecwfhégoween

roughness ofn¢ her
finally dr |y defined to be fr o] err,

When t he im%at?\? cﬁggq t“"@’i %(ﬂﬁ'?‘f&ﬂ& EPIE gsﬁlaéga e I"&h fe E &fd Ft‘ed
en oﬁ% from each group of the spring

under goes chem cal g@algzl{é"co Vé"vetxhe ttk}& ni ck

needs

products. These samples were then subjected to low temperature
5 annealing (tempering) at a temperature of 350°C for 15 minutes.
The gas thus produced was then checked to see if it has any
offensive smell. Further, the spring products thus tempered

were observed for surface conditions (occurrence and degree of

discoloration).

The results are set forth in Table 6.

10 Table 6 B
Sample Surface conditions Produced gas
Conventional
Example A No discoloration Offensive smell

B do. do.
15 o} do. _ do.
D | Discolored in brown | No offensive smell
E | Discolored in dark do.
brown spots
Comparative

20 Example F No discoloration No offensive smell
G do. do.
H do. do.
J do. do.

25 Example L No discoloration No offensive smell
M do. do.
N do. do.
0 do. do.
P do. do.

30 Q do. do.
R do. do.
] do. do.
T do. do.

Table 6 shows that among the conventional examples,
35 Examples A, B and C showed a relatively small variation in

coiling but produced a smell offensive to the nose (possibly a

is Sheet Has Been RTllaced
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(Ni) plate as a substrate, a reaction product such as nickel sulfate,

ni ckel borate and nickel oxide is produced. In this case, the surface coat
firlmis baked and discolored by the | ow tenperature annealing (tenpering)
effected after coiling. Therefore, it is_inportant that the solution of an
inorganic salt in Water or hot water which has been applied and attached
8. to the substrate be dried to cause the inorganic salt to be deposited

on the substra
gas cééiafﬂfﬁénghloéﬁﬁﬁ'%Elf”gk Ef orlné (F)), and Examples D

and E showed a great variation in coiling and a remarkable
discoloration and thus cannot be used as precision springs. It
is thought that the discoloration of Sample E is attributed to
5 the color of an oxide film produced by the oxidation of the
surface of the spring. It is also thought that the color of
Sample E is produced when some reaction products (oxide and
hydroxide) obtained by the reactich of the stainless steel wire
free of nickel (Ni) and coat film with oxalic acid is baked.

10 Comparative Examples F, G, H and J neither showed
discoloration nor produced stinking gas and thus are good in
this respect.. However, these comparative examples showed a
great variation of spring shape in coiling as can be seen in
Tables 4 and 5.

15 Examples L, M, N, O, P, Q, R, S, and T neither showed
discoloration nor produced stinking gas when subjected to low
temperature annealing (tempering). As can be seen in Tables 4
and 5, the stainless steel wires of these examples showed an
extremely small variation of spring shape in coiling and thus

20 can provide excellent precision spring products. |

As mentioned above, the coat £film obtained by the
method according to the present.invention is free from fluorine
(F) or.chlorine (Cl), which has adverse effects on the global
environment or the human body. Another problem is that the

25 application of an organic resin coat containing fluorine (F) or

chlorine (Cl) to the surface of stainless steel wire requires

Sheet Has Been Reilaced - 17 -




reacti on. It is also inportant that the inorganic salt be not

di ssolved in a solution which undergoes chem cal reaction with stainless
st'eel, such as hydrochloric acid and phosphoric acid. A solvent which does
not. react with stainless steel such as water and-hot water should be
absolutely used. In this case, the surface coat filmcannot be baked
during the low tenperature annealing (tenpering). The resulting steel
wire has a _clean surface. The surface coat. filmis free oggchlorlne éCJ)

or fluorinéleF)ushP radéwlfmpvmcéﬂ%ﬂhg%%st% Yer?)%w gsts on th

environnent%.béynronnent or_any_gas har

to
EXAMVPLES env1ronment, ven h stal ess QEeel wire

consisting of a coat film thus obtained provides a stainless
steel wire for automatic coiling which shows little variation

5 of spring shape in coiling when formed into a spring. Further,
the stainless steel wire thus coiled is aéyantageous in that it
neither shows discoloration nor produces-;ny gas harmful to the
human body or stinking smell when subjected to low temperature
annealing (tempering).

10 In the féregoing examples, SUS304 was used.  The,
present invention can be also applied to an austenite stainless
steel wire (stainless steel comprising carbon (C) in an amount
of not more than 0.15% by weight (preferably not less than
0.05% by weight), silicon (Si) in an amount of not more than

15 1.00% by weight (preferably not less than 0.1% by weiéht),
manganese (Mn) in an amount of not more than 2.00% by weight
(preferably not less than 0.1% by weight), nickel (Ni) in an
amount of ffom not less than 6.50% by weight to less than
14.00% by weight, and chromium in an amount of from not less

20 than 17.00% by weight to less thaﬁ 20.00% by'weight) which
develops its tensile strength when subjected to working such as

~drawing can be applied as in the examples of.the present
invention. |

As the composition of the inorganic salt coat film to

- 25 be used in the examples of the present invention, there have

been exemplified potassium sulfate and borax (borate). The

- 18 -
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The present invention will be further described in the follow ng exanples
as conpared with conparative exanples and conventional exanples. The
st'ainl ess steel wire was SUS304 (corresponding to JIS G 4314). The

chem cal conposition of two kinds (A, B) of the stainless steel wire is
set forth in Table 1. Table 1 Kind ’ Cheni cal
conposition (w-% of steel C Si Vvh P S Ni Cr
N0, S0 Cksipies o6 % Degsents 1ayendiga c3h be al30 applied to othar  °

inorganic salts such as salt obtained by the neutralization of
a strong alkali (e.g., sodium sulfate, lithium sulfate, sodium
sulfite, potassium sulfite, sodium molybdate, sodium silicate,
5 potassium silicate) with a strong acid (excluding hydrochloric
acid, phosphoric acid and other acids which react with
stainless steel and nitric acid, which accelerates the

passivation of stainless steel).

‘This Sheet Has Been RTlaced :
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A typical diagramof the cross section of- a stainless steel wire 4 for
automatic coiling is showmn in Fig. 1. A 2.3 mmdianeter stainless steel
wire 1 having the chem cal conposition set forth in Tablgis$hdetHadBeeaReplaced
carbi de had been solid-dissolved and recrystallized in th ta
was dipped in an ordinary Watts bath to have a nickel (Nﬂ'@]ﬁﬂ@lﬂ[
deposited thereon. This treatnent was effected for all sa _

F, and G set forth in _Table 2. These stainless steel wres plated with

ni ckel (N M ¥ thickness and a surface roughness

(determ ned by means of _a _cqntact_finger . el.ectrical_sutface roughness
meter and represenﬁéd b9 ﬂéﬁ&ﬁﬁufor roducing a sLalniess stedd wire,

comprising the steps of:
plating nickel having a thickness in the range of 1lum
5 to S5um on a stainless steel core wire comprising carbon (C) in
an amount of not more than 0.15% by weight, silicon (Si) in an
amount of not more than 1.00% by weight, manganese (Mn) in an
amount of not more than 2.00%, nickel (Ni) in an amount of from
not less than 6.50% by weight to less than 14.00% by weight and
10 chromium (Cr) in an amount of from not less than 17.00% by_
weight to less than 20.00% by weight;
generating an inorganic salt coat film comprising at
‘least one of potassium sulfate and borax (borate) and free from
chlorine (Cl) and fluorine (F) from an agueous solution to be
15 deposited on said nickel plate layer; and
drawing said wire to a reduction of area of not less

than 60%.

2. The producing method according to claim 1, wherein
20 the amount of said carbon is not less than 0.05% by weight, the
amount of said silicon is not less than 0.1% by weight, and the

amount of said manganese is not less than 0.1% by weight.

3. A method for producing a spring of a stainless

25 - steel wire, comprising the steps of:

- 20 -
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average roughness according to JIS B 0601) as set forthin Table 2.

Al the sanples except E, F and G were each then coated yy dhbet Bad BebriReplacad
the nickel (Ni) plate 2 as set forth in Table 2. The sanpy G
were each then coated with a film3 directly on the stai m%m% %‘e
as set forth in Table 2. In other words, the stainless st ed
with nickel (N) is dipped in a solution of an +norganic salt of the
present invention set forth in Table 2 in hot water, and then dried to
cause the inorgani B1a&ing: 8iskedehaviingd 2ot hiifkness fige s Kanggieckel M N )

pl at e. A solution of an inorganrc salt mainly consisting of _as. a
mai n conpoffenbHBt ONedsttakplefs pota’t| AR I ER UM b9Eag carbon (C) in

an amount of not more than 0.15% by weight} silicon (Si) in an

1 .

amount of not more than 1.00% by weight, manganese (Mn) in an
S amount of not more than 2.00%, nickel (Ni) in an amount of from
not less than 6.50% by weight to less than 14.00% by weight and
chromium (Cr) in an amount of from not less than 17.00% by
weight to less than 20.00%'bf weight;
generating an inorganic salt coat film comprising at
10 least one of potassium sulfate and borax (borate) and free from_
chlorine (Cl) and fluorine (F) from an aqueous solution to be
deposited on said nickel plate layer;
drawing said wire to a reduction of area of not less
than 60%; and

15 ' coiling said drawn stainless wire.

4. The producing method according to claim 3, wherein
the amount of said carbon is not less than 0.05% by weight, the
amount of said silicon is not less than 0.1% by weight, and the

20 amount of said manganese is not less than 0.1% by weight.

5. A stainless steel wire comprising:
a stainless steel core wire.comprising carbon (C) in an
amount of not more than 0.15% by weight, silicon (Si) in an
25 amount of not more than 1.00% by weight, manganese (Mn) in an

amount of not more than 2.00%, nickel (Ni) in an amount of from

- 21 -
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(bbrate) does not undergo chem cal reaction with nickel (Ni). Wen the

I norgani c salt which has been applied to t higs She@rdlas Bée Replaced Is dried
(i'ncl udi ng spont aneous drying, not to nenti { nder heati ng,
whi.ch is effective for the enhancenment of, o renove the

wat er content therefrom whereby the inorganic salt i posited on t-he
surface of the nickel (N) plate. The inorganic salt thus deposited is
merely

not less than 6.50% by weight to less than 14.00% by weight and
chromium (Cr) in an amount of from not less than 17.00% by
weight to less than 20.00% by.weight;
a nickel (Ni) plate layer having a thickness of from
S not less than 0.3 pum to not more than 1.7 um on said stainless
steel core wire; and |
an inorganic salt.coaﬁ film comprising at least one of
potassiumlsulfate and borax (borate) and free from chlorine
(Cl) 'and fluorine (F) deposited on said nickel léyer;
10 -wherein a tensile strengfh of said stainless steel wire
is not less than 160 kgf/mm? and a surface roughness thereof is

in the range of 0.80 to 12.5 umRz.

6. The stainless steel wire according to claim 5,
15 wherein said surface roughness is from 1.0 to 10.0 umRz.
7. The stainless steel wire according to claim 5,

wherein the amount of said carbon is not less than 0.05% by
weight, the amount of said silicon is not less than 0.1% by
20 weight, and the amount of said manganese is not less than 0.1%

by weight.

8. A spring comprising:
a stainless steel core wire comprising caibon (C) in an
25 amount of not more than 0.15% by weight, silicon (Si) in an
amount of not more than 1.00% by weight, manganese (Mn) in an

- 22 -
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attached to the nickel (Ni) as the substrate. The coat filmthus
formed follows the surface roughﬁmﬁﬁmﬁﬂﬁﬂwmx &el (N ) plate as the

sUbstrat e. The surface roughne filmin turn has an effect
on the surface roughness of the s steel wire as shown in
Table 3. During wire drawi ng, a po er nt for drawing enters into

the indentation on the surface coat film (which cannot be identified for
its shape but can be neasured means of a_ contact .finger electrical

surface r o@@l‘i’h’égs"l#efl@?;)moﬁﬁu’éhalf e 08t aihid dfbel 1Rl AB BBAUBRHPHI TR

even better, 3unLace yLubE AP LY & 1S UHAY 29,308 by i 5RE ana
chromium (Cr) in an amount of from not less than 17.00% by
weight to less than 20.00% by weight;

5 a nickel (Ni) plate layer having a thickness of from
not less than 0.3 um to not mdre than 1.7 um on said stainless
steel core wire; and

an inorganic salt coat film comprising at least one of

potassium sulfate and borax (borate) and free from chlorine

10 (Cl) and fluorine (F) deposited oh said nickel 1ayer; -
wherein a tensile strength of said stainless steel wire

is not less than 160 kgf/mm? and a surface roughness thereof is

in the range of 0.80 to 12.5 umRz.

15 9. The spring according to claim 8, wherein said

surface roughness is from 1.0 to 10.0 umRz.

10. The spring according to claim 8, wherein the
amount of said carbon is not less than 0.05% by weight, the
20 amount of said silicon is not less than 0.1% by weight, and the

amount of said manganese is not less than 0.1% by weight.

- 23 -
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Tabl e 2 Sampl e Kind Thick- Ni . Coat film | of

ness surface stee . of N .. -rough- 1

plate ness ([err]m ([err] nRz) Convent i onal
Exanpl e A 304A -3 12.3 Ethyl ene chloride B 304A
3.4 6.3 Et hyl ene tetrafl uoride : C 304A 3 32

Et hyl ene triflorochl oride D 304A 3 12.3 None

E 304B 0 - - Fer bond goxalic aci d_coat

film Conpar ative Exanple == HE INVENTION Pot assi um
sulfate

A stainless steel wire is plated with nickel (Ni) to a
thickness of from not less than 1 um to not more than 5 um. An
inorganic salt coat film mainly composed - of at least one of
5 potassium sulfate and borax (borate) and free from fluorine (F)
or chlorine (Cl) is then depositéd on the nickel (Ni) plate 2
as the substrate. The steel wire is then drawn to a reduction
of area of not less than 60% to adjust the surface roughness
thereof to a range of from 0.80 to 12.5 umRz, preferably from

10 1.0 to 10.0 umRz. ' _ -

This Sheet Has Been Rz'ilaced
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G 304B 0 - Pot assi um sul fate (60% +

borsax (40% H 304B 0.5 »:12.3 do. I
304B 8 12. 3 do. ' J 304B 3 1.6
do. - K 304B . 3 50 .. do.- -Exanpl e L 304B
3 12.3 do. M 304B 3 12.3 Pot assium sul fate
N 304B 3 12. 3 Bor ax O 304B 1.2 12. 3
Pot assium sul fate (60% + bor ax
(40% P 304B 4.5 12. 3 do. : O 304B

2.5 do. R 304B 3 32 do. '
S 304B 3 3.2 do. T 304B 3 25
do. (Sanples E, F and G each exhibit a surface roughness of 6.3,
which is the surface rou ness of single stainless steel free of nickel
(Ni) plate and coat fil XYFe dr awi ng test)

g .
3 -
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The stainless steel wres consi Stl &a n;‘% ZSTML EMENEI‘ SHBtETS | I'1Q

and the stainless steel wres con

in“Table 2 above were each drawn to a dlaneter
roughness of these

steel wires thus drawn was then deter ni4¥ed accor
continuous drawi ng through a plurality of diess
ordinary conditions. In sonme detail, as the dr

¢sbnplmdmrmgé§ g8b
ﬁ
)ft’j gigl;,ﬂ@ Tf‘@g ..... eIBal,ged 23

dlmg\bsﬁ@ctJ I S (; -ﬁﬁged vares
was effecte e

WA S Ll © ’Y@??W j

a straight type STAINLESS STEEL WIRE AND PRODUC

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a stainless steel
wire. More particularly, the present invention relates to a
stainless steel wire for automatic coiling for manufacturing a
spring and a method for manufacturing the same.

2. Description of the Related Art

In general, stainless steel wires for a spring have a
poor heat conduction and tend to undergo remarkable work-
hardening. Thus, these stainless steel wires do not exhibit
sufficient sﬁrface lubricant property with tools. Accordingly,
these stainless steel wires are inferior to carbon steel wires
for spring in drawability at the wire manufacturing. and
workability at the subsequent step (e.g., coiling). In other
words, these stainless steel wires are disadvantageous in.that
they can hardly be provided with sgfficient surface lubricant
property at wire drawing.step and subsequent steps such as
coiling step, thereby making ip impossible to raise the
production speed sufficiently or resﬁlting in the production of
spring products having unsettled shapes. Thus, as stainless
steel wires for automatic coiling there have heretofore been
used those obtained by a method'which comprises plating the
surface of stainless steel wires with nickel (Ni), and then

drawing the wire to provide better surface lubricant proberty'

2,
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conti nyous draw ng nmachine. As the dies for drawing the steel wre to
reduce the section area of the wire there was used a sintered di anond

di €s. As the powder lubricant for wire drawing there was used a cal ci um
stearate |ubricant. The measurengnts of the surface roughness
(according to JIS B 0601) of the wire tfiis drawn are set forth in Table 3.
The surface roughness of the wire was neasured at the surface of the coat
film3. However, since the coat film3 was thin and uniform it can be

t hought t hett wiee sdréwirgr stighnesd subseguegdatstepsn GExahinad Uhpaneset he
nickel (Ni) plate, if any. Sanple K had a great surface roughness and thus
was not adeatent RublﬁsaﬁiﬂﬁzﬂpfnﬁhmJe%%-%%gé2)mﬁre for high quality '

spring. Therefore, Sanple K was not subjected to spring working test.
Needless to say, these stainless steel wires are

superior to stainless steel wires merely coated with a resin or
the like. However, these stainless steel wires cannot
necessarily meet sufficieﬁtly the recent growing demand for
high performance stainless steel wires free from the foregoing
disadvantages.

Further, a stainless steel wire has been recently
disclosed obtained by plating a stainless steel wire with_
nickel (Ni) to a thickness of from not less than 1 pm to 5 um,
coating the stainless stéel wire with a synthetic fesin, and
then drawing the stainless steel wire to a reduction of area of
not less than 60% (Unexamined. Japanese Patent Publication
(kokai) No. Hei. 6-226330).

The stainless steel wire disclosed in Unexamined
Japanese Patent Publication No. 6-226330 can be coiled at a
high rate when. worked into a spring. The products thus
obtained have a uniform dimension.. That is, the Stainless
steel wire exhibits a good coilability. However, the foregoing
stainless steel wire cannot necessarily meet sufficientl? the
demand for precision coiling.at an even higher rate free from
the foregoing difficulties.

On the other hand, as the solvent for dissolving a
resin containing fluorine (f) or chlorine (Cl) therein there is

used freon, trichloroethylene, or the like. However, these

_ This is the replacement sheet
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Table 3 Sampl e Surface roughness of drawn

wire ([err]mRz) Conventional .Exanpl e A 3.2

B ¢ 1.6 -C 12.3

D 3.2 3 E 3.2
Conpar ati ve Exanpl e F —_— 3.2 G
3.2 H 3.2

3.2 J 0.4 :

K solvents 2hare considered to be a nuisancel13that causes

environmental destruction. Further, the foregoing resin is
disadvantageous in that the 1ow. temperature annealing
(tempering) after working into spring, which is an essential
process for the production of spring, causes fluorine (F) or
chlorine (Cl) constituting the resin to evaporate and hurt the

human body.

SUMMARY OF THE INVENTION

It is an object of the present invention to ﬁrovide a_
stainless steel wire for automatiﬁ coiling which causes no
environmental pollution and exhibits an excellent surface
lubricant property.

A method for producing a stainless steel wire according
to tﬂe present invention comprises the steps of: plating nickel
having a thickness in the range of 1lum to Sum.on a stainless
steel core wire comprising carbon (C) in an amount of not more
than 0.15% by weight, silicon (Si) in an amount of not more
than 1.00% by weight, manganése (Mn) in an amount of not more
than 2.00%, nickel (Ni) in an amount of from not less than
6.50% by weight to less than 14.00% by weight and chromium (Cr)
in an amount of from not less than 17.00% by weight to less
than 20.00% by weight; geneiafing an inorgahic salt coat film
comprising at least one of potassium sulfate and borax (borate)

and free from chlorine (Cl) and fluorine (F) from an agqueous

This is the replacement sheet
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Exampl e L 3.2 M

3.2 _ N 32

0o _ 3.2 P 3.2
Q 0.8 R 12.3
S - 1.0 S T 10. 0
(Spring formng test) Al the foregoing steel wires thus drawn

except Conparative Exanple K were worked into a spring by an automatic

coiling nagblLition to be dePosSpdd@nf €&l Agckel ppEstsi iveri il ideaeding ng

machi ne was used. 300 pieces of spring having the follow ng dinmension were
fornmed frotheaewhref tbhaseedtieelioni v€sarea of nol lesdi aheher0%.

Lo Thus produced stainless steel has a tensile strength of
the stainless steel wire is not less fhan 160 kgf/mm? and a
surface roughness thereof is in the range of 0.80 to 12.5 umRz.

The producing method of the present invention does not
require the use of any solveﬁt that can causes environmental
destruction. Further, the coat film cannot evaporate to
produce any gas harmful to the human bédy when heated during
spring forming. _ —

In accordance with the producing method of the present
invention, the formation of a nickel (Ni) plate and an-
inorganic salt deposit film reduces the frictional resistance
of dies with stainless steel wire during drawing, making it
possible to raise the drawing speed. Into the indentation on
the coat film. deposited on the surface of the steel wire, a
powder lubr;cant is injected which theh adds to surface
lubricant property during drawing. In other words, the burning
of stainlesé steel wire with dies during drawing can be
prevented, prolonging the life of the drawing dies.

‘The injection of a lubricant into the indentation has
another advantage. In other words, when formed into spring,
the stainless steel wire for automatic coiling thus obtained

shows an increased surface lubricant property and hence a

reduced frictional resistance with respect to the spring

This is the replacerment sheet

Date: 2 6 SEP 1997



I nner di ameter of coil: 10.0 mm Total nunber of coils:
8.5 Nunber of active coils (turn which effectively works

under | oad): : 7.5 Free length (target free
l ength): 40.0 mm The nmean and st andard_devi ati '- ' ;
| ength (height of spring under no | oadi/=which is the r.
production with 40.0 mmas the target) of the springs t ‘
then deternmined. The results are set forth in Table 4. The stainless steel
wire of CofpemitgveoBlanpseringatendingi ckiee) al maikitng whicrpassitpes| ed of f
when coiled. Then, the coiling of the sanple was dropped. Table 4

reduce the variation of spring shape in wiling.

The stainless steel wire for automatic coiling
according to the present invention comprises a surface coat
film composed of a higher mélting inorganic salt rather than
resin. Even when subjected to low temperature annealing
(tempering), the spring products formed by the stainless steel
is free from soot and discoloration. Accordingly, the spring
products can be provided with the same clean surfacé conditions
as seen before the low temperature annealing (tempering).__
Further, the stainless steel wire according to the present

invention cannot produce any harmful gas.

BRIEF DESCRIPTION OF THE DRAWING
In the accompany drawing, Figure is a typical diagram
of the cross'section of a stainless steel wire for automatic

coiling according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Detailed description of the present invention will be
described as follows.

A producing method according to the present invention
comprises the steps of: plating nickel (Ni) having a thickness
in the range of I;Lm ﬁo‘ Sum on ‘a stainless steel wire
comprising carbon (C) in an amount of not more than 0.15% by

‘weight (preferably not less than 0.05% by weight), silicon (Si)

is Sheet Has Been R laced
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Sanpl e . Mean of free St andard devi ati on
length (mm  Conventional Exanple A 40. 007
0. 126 B 40. 004 0.120
C 40. 005 0.126 ‘ _ D 40. 035
0.171 E 40. 010 ~=- 0.620 Conparative
Exanpl e F 40. 520 0. 755 G
40. 733 - 0.698 H 40. 535

in an amount of not more than 1.00% by weight (preferably not

0. 322

less than 0.1% by weight), manganese (Mn) in-an amount of not
more than 2.00% (preferably not less than 0.1% by weight),
nickel (Ni) in an amount of from not less than 6.50% by weight
to less than 14.00% by weight and chromium (Cr) in an amount of
from not less than 17.00% by weight to less than 20.00% by
weight, generating an inorganic salt coat film mainly
comprising at least one of potassium sulfate and borax (borate)
and freé from chlorine (Cl) and fluorine (F) from an aqueous
solution to be deposited on the nickel plate layer as a_
substrate, and then drawing the wire to a reduction of area of
not less than 60%. The inorganic salt is dissolved in water or
hot water, and then applied to the.surface of a nickel(Ni)-~
plated stainless steel wire. The stainless steel wire is then
dried to remove the water content from the coat layer so that
a coat film is deposited on and attached to the substrate.
This method does not require the use of any coat film and
solvent that can pollute global environment and thus causes no
pollution.

The stainless steel wire for automatic coiling obtained
by the producing method according to the present invention
comprises a nickel (Ni) plate layer having a thickness of from
not less than 0.3 pm to not more than 1.7 um and a coat film
mainly comprising at least one of potassium sulfate and borax
(borate) and free from chlorine (Cl) and fluorine (F) deposited

on said nickel layer and has a tensile strength of not less

This is the replacement sheet
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J .
0. 062
N °

0. 085
Q
0.108
T
Springs

40. 100 0.278 Exanple L. 40. 005

M +40. 004 0.082
39. 998 0. 085 O 40. 006
P 39. 996 7 L 0. 054
40. 010 ' 0. 115 : R 40. 009
S 39. 997 0. 079
40. 021 0. 081 Table 4 shows that the

cthrad 160r kaf/mmd asdaien|susfanecrovwghesss opfafrematl-8 doi 13hd

according to the present invention had little varied free I engths as can
be confir#B&zi-n Bhpiestace orpughpeshect BhgpFeainlesp ﬁte@ mires ihd
T, which exhibit a_surface roughness of from1.0 to 10.0 [err]nRz, showed

an extrenePyesRERPLYarfEeMort ith fReelfefgthiRaheo r SUrSheE agRhancer dee
Iength to tar et free Ien%th of springis referred to as "free length

rati o"

by EQKPERIPHe®4ESF Yy of the .

The surface rOughnéss (accoxrding to JIS B 0601) of the
stainless steel wire for automatic coiling which has been
finally drawn is defined to be from 0.8 umRz to 12.5 umRz as
disclosed in Unexamined Japanese Patent Publication (kokai) No.
6-226330. To this end, it is necessary that the surface
roughness of the unplated stainless steél wire or the plating
conditions (e.g., liquid composition, pH, temperature, current,
stirring) be controlled. Since stainless steel wire for
automatic coiling is used for producing a spring, the tensile
strength of the stainless steel wire for automatic coiling
needs to be not less than 160 kgf/mm?.

Incidentally, the surface roughness of the stainless
steel wire for automatic coiling which has been finally drawn
is preferably defined to be from 1.0umRz to 10upmRz.

When the inorganic salt soiution from generating a coat
film is deposited undergoes chemical reaction with the nickel
(Ni) plate as a substrate, a reaction product such as nickel
sulfate, nickel borate and nickel oxide is produced. In.this
case, the surface coat film is baked and discolored by the low
temperature annealing (tempering) effected after coiling.
Therefore, it is important that the solution of an inorganic

salt in water or hot water which has been applied and attached
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spring, can be judged. I n general, precision springs having a free
|l ength ratio falling W thin + 0.1% are consi der ed good.
U traprecision springs having a free length ratio falling within 0.05%
are consi dered good. The percentage ofy,the nunber of products falling
outside the above defined range in ;;* 15.
the total nunber of products (300) I s regarded as percent
to the substrate be dried to cause the inorganic salt to be
deposited on the substrate without causing any chemical
reaction.

It is also important that the inorganic salt be not
dissolved in a solution which undergoes chemical reaction with.
stainless steel, such as hydrochloric acid and phosphoric acid.
A solvent which does not react with stainless steel such as
water and hoﬁ water shquld be absolutely used. In this case,
the ‘surface coat film cannot be bakéd during the low
temperature annealing (tempering). The resulting steel wire_
has a clean surface. The surface coat film is free of-chlorine
(Cl) or fluorine (F) and thus doesn’t produce any gas thét
pollutes environmental environment or any gas harmful to the
human body.

EXAMPLES

Thé present invention will be further described in the
following examples as compared with comparative examples and
conventional exampies. The stainless steel wire was SUS304

(corresponding to JIS G 4314). The chemical composition of two

kinds (A, B) of the stainless steel wire is set forth in Table

1.
Table 1
Kind Chemical composition (wt-%)
gieel c Si Mn P s Ni  Cr Mo

304A 0.077 0.52 1.27 0.025 0.010 8.55 18.58 0.02
304B 0.076 0.57 1.31 0.022 0.008 8.69 18.71 0.03
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defective. The results are set forth in Table 5. (Al the figures in

-Table 5 indicaté percentage.) Table 5 Sanple Conventi onal Exanpl e
Conparative Exanple Criterion of eval uation A B C D E F
G H J Free length ratio Wthin O .0 O 1.0 26 30 29 13
11 0.1% Wthin 4.3 4.0 473 14 53 69 58 24 18
0.05% Table 5 (cont'd) Sanple Exanple Criterion of evaluation L

M N O P Q R S TFreelengthratio
A typical diagram of the cross section of a stainless

steel wire 4 for automatic coiling is shown in Fig. 1. A 2.3
mm diameter stainless steel wire 1 having the chemical
composition set forth in Table 1 in which a carbide had been
solid-dissolved and recrystallized in the substrate metal was
dipped in an ordinary Watts bath to have a nickel (Ni) plate 2
deposited thereon. This treatment was effected for all samples
except E, F, and G set forth in Tablé 2. These stainless steel
wires plated with nickel (Ni) had a metal plate thickness and
a surface roﬁghness (determined by means of a contact finger.
electrical surface roughness meterland represented by 10-point
average roughness according to JIS B 0601) as set forth in
Table 2.

All thé samples except E, F and G were each then coated
with a film 3 on the nickel (Ni) plate 2 as set forth in Table
2. The samples E, F and G were each then .coated with a film 3
directly on the stainless steel wire 1 as set forth in Table 2.
In other words, the stainless steel wire plated with nickel
(Ni) is dipped in a solution of an inorganic salt of the
present invention set forth in Table 2 in hot water, and then
dried to cause the inorganic salt to be deposited on the
surface of the nickel (Ni) plate.

A solution of an inorganic salt mainly consisting of as
a main component at least one of potassium sulfate and borax
(borate) does not undergo chemical reaction with nickel (Ni).

When the inorganic salt which has been applied to the substrate
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Wthin 0 O 0 0O 0 O O O 0 0.1% Wt hin 01.7
2.32.303.03.72.313 - 0.05% (The figures indicate the percentage
of “the nunber of products falling outside the criterion of free length
ratio: within 0.15%or 0.05%) 1q Table 5 shows that the exanples
of "the present invention had a | ow per defective as conpared with the
conpar ati ve exanpl es and conventional exanples. Anmong the exanpl es of
the present invention, Exanples L, M N, O P, S
is dried (including spontaneous drying, not to mention of
drying under heating, which is effective for the enhancement of
drying speed) to remove the water content therefrom, whereby
the inorganic salt is deposited on the surface of the nickel
(Ni) plate. The inorganic salt thus deposited is merely
attached to the nickel (Ni) as the substrate.

The coat film thus formed follows the surface roughness
of the nickel (Ni) plate as the substrate. The surface
roughness of the coat film in turn has an effect on the surface
roughness of the drawn stainless steel wire as shown in Table_
3. During wire drawing, a powder lubricant for drawing enters
into the indentation on the surface coat film (which cannot be
identified for its shape but can be measured by means of a
contact finger electrical surface roughness meter). Thus, the

! stainless steel wire can exhibit an even better surface

lubricant property at the drawing step. and the subsequent

coiling step.
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and T, which had a surface roughness defined to a range of from 1.0 to
10.0 [err]nRz, showed an extrenely snmall percent defective. 50

pi eces were taken out fromeach group of the spring products. These
sanpl es were then subjected to | ow tenpefature . annealing (tenpering) at a
tenperature of 350[err]C for 15 m nutes™— The gas thus produced was then
checked to see if it has any offensive snell. Further, the spring products
thus tenpered were observed for surface conditions (occurrence and degree
of discolpsalaieon). The results are set forth in Table 6. Table 6 Sanple

Surface cdnditilons r Qduckd. gas Cbnventi onal anpl.e A No
di scol or atfi ¥FP+e CIfensﬁ%BHSWEP3C - s hCJ%%;galm do.
do. : o ness surface
stee | of Ni rough-
1 plate ness
{ Hm) (umRz)
Conventional
Example A | 304A 3 12.3 | Ethylene chloride
B | 304A 3.4 6.3 Ethylene tetrafluoride
C | 304A 3 32 Ethylene triflorochloride
D | 304A 3 12.3 None
E | 304B 0 - Ferbond (oxalic acid coat
£ilm)
Comparative _
Example F | 304B 0 - Potassium sulfate
G| 304B 0 - Potassium sulfate (60%) +
borax (40%) --
H| 304B 0.5 12.3 do.
I| 304B 8 12.3 do.
J | 304B 3 1.6 do.
K| 304B 3 50 do.
Example L | 304B 3 12.3 do.
M{ 304B 3 12.3 Potassium sulfate
N | 304B 3 12.3 Borax
0| 304B 1.2 12.3 Potassium sulfate (60%) +
borax (40%)
P | 304B 4.5 12.3 do.
0| 304B 3 2.5 _ do.
R | 304B 3 32 do.
S| 304B 3 3.2 do.
T | 304B 3 25 do.

(Samples E, F and G each exhibit a surface roughness of
. 6.3, which is the surface roughness of single stainless steel
free of nickel (Ni) plate and coat film.)
(Wire drawing test)
The stainless steel wires consisting'a nickel (Ni)
plate and a coat film and the stainless steel wires consisting
of a coat film alone as set forth in Table 2 above were each

drawn to a diameter of 1.0 mm. The surface roughness of these
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C- . do. do. D Discolored in

brown No of fensive snell - " E Discolored in dark
do. - brown spots Conparative Exanple F No
di scol orati on No of f ensive snel | 12 .. G do.
do. H do. — do.
J - do. do. Exanpl e L No
di scol orati on No of f ensive snel | M do.
do. stainless shleel wires tlhus drawn was then dettkrmined according
O do. do. P do.
do. ' to JIS B 06Q1. The cogginuous drawing throqﬁh a plurality of
R do. do. do.
" do. diess was effected undgp ordinary condltlonsdo In some defgil, 6

shows that anong the conventional exanples, Exanples A, B and C showed a
rel ativel yaSmtheyafFaviBg | RACRLNE| ngneke pratlucted shelItxatEMsi V&R

t he nose ossi_bl
(pontlnu%us drawing machine. As the dies for drawing the steel

wire to reduce the section area of the wire there was used a
sintered diamond dies. '~ As the powder lubricant for wire
drawing there was used a calcium séearate lubricant.

The measurements of the surface roughness (according to
JIS B 0601) of the wire thus drawn are set forth in Table 3.
The surface roughness of the wire was measured at the surface
of the coat film 3. However, since the coat film 3 was thin
and uniform, it can be thought that the surface roughness of
the coat film 3 follows that of the nickel (Ni) plate, if any.
Sample K had a great surface roughness and thus was not adapted
to be used as stainless steel_wire for high quality spring.

Therefore, Sample K was not subjected to spring working test.

Table 3

Sample Surface roughness of drawn
wire (upmRz)

Conventional Example

'_.l

Comparative Example

HOHIQOT [mOoQmly
NoOoOWWwwww Wi W
B NN NN NN OYN

[\8)
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17 gas containing chlorine () or fluorine (F)), and Exanples D and E
showed a great variation in coiling and a remarkable discoloration and
thus cannot be used as precision springs. It is thought that the

di scoloration of Sanple E is attributed 4o the color of an oxide film
produced by the oxidation of the surface of the spring. It is also thought
that the color of Sanple E is produced when sone reaction products (oxide
and hydroxi de) obtained by the reaction of the stainless steel wre

Example

[
ORFRFMNOWWWWLW
e o 8 & s e s s o
OQWoONMNDNDNND

—

Hn-oovwo=ZREr

(Spring forming test)

All the foregoing steel wires thus drawn except
Comparative Example K were worked into a spring by an automatic
coiling machine.

For spring forming, a precision automatic coiling
machihe was used. 300 pieces of spring having the following

dimension were formed from each of these steel wires.

Wire diameter: 1.0 mm
Inner diameter of coil: 10.0 mm
Total number of coils: 815

Number of active coils (turn which effectively works

under load): 7.5

Free length (target free length): 40.0 mm

The mean and standard deviation of the ifree length
(height of spring under no load, which is the result of the
production Qith 40.0 mm as the target) of the springs thus
produced were then determined. The results are set forth in
Table 4. The stainless steel wire of Comparative Example I had
a thick metal plate which was peeled off when coiled. Then,
the coiling of the sample was dropped.

Table 4
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free of nickel (Ni) and coat filmwth oxalic acid is baked.

Conparative Exanples F, G H and J neither showed discoloration nor
produced stinking gas and thus are good in this respect. However, these
conpar ati ve exanpl es showed a great vqiéftion of. spring shape in coiling
as can be seen in Tables 4 and 5. ~ Examples L, M N, O P, Q R S,
~and T neither showed discoloration nor produced stlnklng gas mhen
subjected to |l ow tenperature annealing (tenpering). As can be seen i

Tables 4 Jand.5 he st ai nl ess I of these
extrenely lnﬁ T iation of s %éggtﬁ%%fggln coiling éﬁ?%f? &Q@g§9b€gv de
excel | ent pL€G+§+On—SpFan—pFGéaeﬂg— AS nert.uucu above;—the—cont
fil m obt aijn@sh¥ant tenal
| Example A 40.007 0.126
B 40.004 0.120
C 40.005 0.126
D 40.035 0.171
E 40.010 0.620
Comparative
Example F 40.520 0.755
G 40.733 0.698 -
H 40.535 0.322
J 40.100 0.278
Example L 40.005 0.062
M 40.004 0.082
N 39.998 0.085
0 40.006 0.085 T
P 39.996 0.054
0 40.010 0.115
R 40.009 0.108
S 39.997 0.079
T 40.021 0.081

Table 4 shows that the springs coiled from the
stainless steel wires for automatic coiling according to the
present invention had little varied free lengths as can be
confirmed in Examples L to T. Further, Examples L, M, N, O, P,
S and T, which exhibit a surface roughness of from 1.0 to 10.0
umRz, showed an extremely small variation in free length. The
ratio of actual free length to target free length of.spring is
referred to as "free length ratio", by which the quality of the
spring can be judged.

In general, precision springs having a free length
ratio falling within t 0.1% are considered good.
Ultraprecision springé having a free length ratio falling
within * 0.05% are considered good. The percentage of the

number of products falling outside the above defined range in
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met hod according to the present invention is free fromfluorine (F) or
chlorine (C), which has adverse effects ‘'on the gl obal environnent or the
human body. Another problemis that the application of an organic resin
coat containing fluorine (F) or chloripg (C) to the surface of stainless
. steel wire requires : — 18 t he use of
flon or tricrene, which has adverse effects on the gl obal environnent, as

a solvent. The stainless steel wire consisting of a coat filmthus
obt ai ned ptbei detad stampeérsof products (300) 1Is regarded as percent

defective. The results are set forth in Table 5. (All the

figures in Table 5 indicate percentage.)

Table 5
Sample Conventional Example | Comparative Example
Criterion
of :
evaluation A B C D E F G H J
Free length
ratio
Within 0 0 0 1.0 26 30 29 13 11
$0.1%
Within 4.3 4.0 4.3 14 53 69 58 24 18
+0.05% 1

Table 5 (cont’d

Sample ' Example
Criterion
of
evaluation L M N O P Q R S T
Free length
ratio
Within 0 O 0 0 0 O 0 0 0
0.1%
Within 0 1.7 2.3 2.3 0 3.0 3.7 2.3 1.3
+0.05%

(The figures indicate the percentage of the number of products
falling outside the criterion of free length ratio: within £

0.15% or t 0.05%.)

Table 5 shows that the examples of the present
invention had a low percent defective as compared with the
comparative examples and conventional examples. Among the

examples of the present invention, Examples L, M, N, O, P, S
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st eel

shape in coiling when forned into a spring. Further,
wire thus coiled is advantageous in that it
nor produces any gas harnfu

subj ected to | ow tenperature

f or egoi ng exanpl es,

applied to an austenite stainless

wire for automatic coiling which shows little variation

st eel

wire (stainless steel

of spring
t he stainl ess steel

nei t her shows di scol oration
to the hu body or stinking snell when
anneal i ng enpering) . . In the
SUS304 was used. The present invention can be al so

conpri si ng

carbon (C) amd an ahiuht hadf a oir faxe ddsghriesldWddifived gid a paeker alil Fromt

| ess t han

0. 05% by wei ght),

silicon (Si)

in an anount of not nore than

1. 00% by wdi.ghtto( plePepaBlzy mbbwkdsant dabréméWybymaklgheércentradgfaesievé Vh)

in an anount of not nore than 2.00% by wei ght
50 pieces were taken out from each group of the spring

products. These samples were then subjected to low temperature

i annealing (tempering) at a temperature of 350°C for 15 minutes.

The gas thus produced was then checked to see if it has any

offensive smell.

Further, the spring products thus tempered

were observed for surface conditions (occurrence and degree of

discoloration). The results are set forth in Table 6.
Table 6 -
Sample Surface conditions Produced gas
Conventional
Example A No discoloration Offensive smell
: B do. do.
c do. ~ do.
D | Discolored in brown | No offensive smell
E | Discolored in dark do.
brown spots
Comparative
Example F No discoloration No offensive smell
G do. ~do.
H do. do.
J do. do.
Example L No discoloration No offensive smell
M do. do.
N do. do.
0 do. do.
P do. do.
Q do. do.
R do. do.
S do. do.
T do. do.

Table 6 shows that among the conventional examples,

Examples A, B and C showed a relatively small variation in -

coiling but produced a smell offensive to the nose (possibly a
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(preferably not less than 0.1% by weight), nickel (Ni) in an anount of
fromnot |ess than 6.50% by weight to | ess than 14.00% by wei ght, and
chromiumin an anount of fromnot |ess than 17.00% by weight to | ess than
20;OQ@6by wei ght) which develops its te sile strength when subjected to
wor ki ng such as draw ng can be applied=&s in the exanples of the present
I nventi on. As the conposition of the inorganic salt coat filmto
be used in the exanples of the present invention, there have been
exenpl i fi edapotassainisgl €hlerand belaxotbbiuegine (Tigd. and Examples D
and E showed a great variation in coiling and a remarkable
discoloration and thus cannot be used as precision springs. It
is thought that the discoloration of Sample E is attributed to
the color of an oxide film produced by the oxidation of the
surface of the spring. It is also thought that the color of
Sample E is produced when some reaction products (oxide and
hydfoxide) obtained by the reaction of the stainless steel wire
free 'of nickel (Ni) and coat £film with oxalic acid is baked.
Comparative Examples F, G, H and lJ neither showed
discoloration nor produced stiﬁking gas and thus are good in
this respect. However, these comparative examples showed a
great variation of spring shape in coiling as can be seen in
Tables 4 and 5. |
Examples.L, M, N, 0, P, Q, R, S, and T neither showed
discoloration nor produced stinking gas when subjected to low
temperature annealing (tempering). As can be seen in Tables 4
and 5, the stainless steel wires of these examples showed an
extremely small variation of spring shape in coiling and thus
can provide excellent precision spfing products.
As mentioned above, the coat film obtained by the
method according to the present invention is free from fluorine
(F) or chlorine (Cl), which has adverse effects on the global
environment or the human body. Another problem is that the

application of an organic resin coat containing fluorine (F) or

chlorine (Cl) to the surface of stainless steel wire requires

This is the replacement sheet

2 6 SEP 997

Date:.



19 exanpl es of the present invention can be also applied to other
“inorganic salts such as salt obtained by the neutralization of a strong

alkali (e.g., sodiumsulfate, lithiumsulfate, sodium sulfite, potassium
sulfite, sodiumnolybdate, sodiumsilicglge, potassiumsilicate) with a
-strong acid (excluding hydrochloric actes—phosphoric acid and other acids

which react with stainless steel and nitric acid, which accelerates the

passi vation of stainless steel). _
the use of flon or tricrene, which has adverse effects on the
global environment, as a solvent. The stainless steel wire
consisting of a coat film thus obtained provides a stainless
steel wire for automatic coiling which shows little variation
of spring shape in coiling when formed into a spring. Further,
the stainless steel wire thus coiled is advantageous in that it
neither shows discoloration nor produces any gas harmful to the
human body or stinking smell when subjected to low temperature
annealing (tempering).

In the foregoing examples, SUS304 was used. The_
present invention can be also applied to an austenite stainless
steel wire (stainless steel comprising carbon (C) in an amount
of not more than 0.15% by weight (preferably not less than
0.05% by weight), silicon (Si) in an amount of not more than
1.00% by weight (preferably not less than 0.1% by weight),
manganese (Mn) in an amount of not more than 2.00% by weight
(preferably not less than 0.1% by weight), nickel (Ni) in an
amount of from not less than 6.50% by weight to less than
14.00% by weight, and chromium in an amount of from not less
than 17.00% by weight to less than 20.00% by weight) which
develops its tensile strength when subjected to working such as
drawing can be applied as in the examples of the present
invention.

As the composition of the inorganic salt coat film to
be.used in the examples of the present invention, there have

been exemplified potassium sulfate and borax (borate). The
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20 VWHAT IS CLAI MED | S: 1. A method for producing a stainless
steel wire, conprising the steps of: E pl ati ng ni ckel having a
thickness in the range of 1[err]Jm to 5[ err]mon a stainless steel core
w re conprising carbon (C) in an anmount of not nore than 0.15% by wei ght,
silicon (Si) in an amount of not nore tan 1. 00% by wei ght, manganese (M)
in an anmount of not nore than 2.00% nickel (Ni) in an anmount of from not
| ess than 6.50% by weight to | ess than 14. 00% by wei ght and chrom um (Cr)
i n an anoueikamplesoofnbthel pssséhanidvefNtohycanchbghdlso dmskiediain 20:HE¥6 by
wei ght ;

? inorganic salts such as salt obtained by the neutralization of

a strong alkali (e.q., sodium sulfate, lithium sulfate, sodium
sulfite, potassium sulfite, sodium molybdate, sodium silicate,
potassium silicate) with a strong acid (excluding hydrochloric
acid, phosphoric acid and other acids which react with
stainless steel and nitric acid, which accelerates the

passivation of stainless steel).
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generating an inorganic salt coat filmconprising at |east one of
pot assi um suhﬁias&emdB&ﬁmédaorat e) and free from: chlorine (d) and

fluorine (F) f _ solution to be deposited on said nickel plate
id wire to a reduction of Cryimdaetieem iy
0 2. The produéi met hod acqoFRIE rSHEES BAGBEEN']

| ayer; and
wherein the anmbunt of said carbon is not |ess than 0. 05

not | ess than

amobunt of said silicon is not less than 0.1% by wei ght, b —arroot—uf
sai d manganeggairs 180tTAeHEDt hgs 0. 1% by wei ght . 3. A nethod for
produci ng a spring of a stainless

1. A method for producing a stainless steel wire,

comprising the steps of:

plating nickel having a thickness in the range of lum
to 5um on a stainless steel core wire comprising carbon (C)‘in.
an amount of not more thaﬁ 0.15% by weight, silicon (Si) in an
amount of not more than 1.00% by weight, manganese (Mn) in an
amount of not more thén 2.00%, nickel (Ni) in an amount of from
not less than 6.50% by weight to less than 14.00% by weight and
chromium (Cr) in an amount of from not less than 17.00% by_
weight to less than 20.00% by weight;

generating an inorganic salt coat film comprising at
least one of potassium sulfate and borax (borate) and free from
chlorine (Cl) and fluorine (F) from an aqueous solution to be
deposited on said nickel plate layer; and

drawing said wire to a reduction of area of not less

than 60%.

2. The producing method according to claim 1, wherein
the amount of said carbon is not less than 0.05% by weight, the
amount of said silicon is not less than 0.1% by weight, and the

amount of said manganese is not less than 0.1% by weight.

3. A method for producing a spring of a stainless

steel wire, comprising the steps of:
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steel wire, Tonprising the—steps of: pl ati ng ni ckel
having a thchﬁne§le he ran e of 1[err]m to 5[err]mon a stainless steel

core wire conpr in an amount of not mor than 0. 15% by

wei ght, SI|ICO nDunt of ngt nore than 1. 0 EEN
manganese (IVh) of not rmrgithan 2.00% '\IIASB
n 14 JM%{#“

anmount of from not Iess than 6.50% by weight to |ess t
plating nickel having a thickness in the range of lum

. and

to Sum on a stainless steel core wire comprising carbon (C) in
an amount of not more than 0.15% by weight, silicon (Si) in an
amount of not more than 1.00% by weight, manganese (Mn) in an
amount of not more than 2.00%, nickel (Ni) in an amount of from
not less than 6;50% by weight to less fhan 14.00% by weight and
chromium (Cr) in an amount of from not less than 17.00% by
weight to less than 20.00% by weight;
| generating an inorganic salt coat film comprising at
least one of potéssium sulfate and borax (borate) and free from
chlorine (Cl) and fluorine (F) from an aqueous solution.to be
deposited on said nickel plate layer;
drawing said wire to a reduction of area of not less
than 60%; and

coiling said drawn stainless wire.

4. The producing method according to claim 3, wherein
the amount of said carbon is not less than 0.05% by weight, the
amount of said silicon is not less than 0.1% by weight, and the

amount of said manganese is not less than 0.1% by Qeight.

5. A stainless steel wire comprising:

a stainless steel core wiré comprising carbon (C) in an
amount of not more than 0.15% by weight, silicon (Si) in an
amount of not more than 1.00% by weight, manganese (Mn) in an

amount of not more than 2.00%, nickel (Ni) in an amount of from
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chromum (Cr) in an anmount of fromnot |ess than 17.00% by weight to |ess
than 20.00% by wei ght; generating an inorganic salt coat film
conprising at |east one of potassiumsulfate and borax (borate) and free
from chlorine (C) and fluorine (F) from an aqueous solution to be

deposited on said nickel -plate |ayer; 22, drawi ng said wire to a
reduction of cross section of not |less than 60% and coiling said
drawn stainless wre. 4. The produci ng nethod according. to claim

3, Wwherei n ndbeles®wtarofs .$0% bgawkaghitstooles esshdmam 0005 %bwaigjhghtandt he
amount of said silicon is not less than 0.1% by wei ght, and the
chromium (Cr) in an amount of from not less than 17.00% by
weight to less than 20.00% by weight;

a nickel (Ni) plate layer having a thickness of from
not less than 0.3 pm to not more than 1.7 um on said stainless
steel core wire; and

an inorganic salt coat film comprising at least one of
potassium sulfate and borax (borate) and free from chlorine
(Cl) 'and fluorine (F) deposited on said nickel layer;

wherein a tensile strength of said stainless steel wire

is not less than 160 kgf/mm? and a surface roughness thereof is

in the range of 0.80 to 12.5 umRz.

6. The stainless steel wire according to claim 5,

wherein said surface roughness is from 1.0 to 10.0 umRz.

7. The stainless steel wire according to claim 5,
wherein the amount of said carbon is not less than 0.05% by
weight, the amount of said silicon is not less than 0.1% by
weight, and the amount of said manganese is not less than 0.1%

by weight.

8. A spring comprising:
a stainless steel core wire comprising carbon (C) in an
amount of not more than 0.15% by weight, silicon (Si) in an

amount of not more than 1.00% by weight, manganese (Mn) in an

, ,!II"J "mL, '""" "ILI ” l!l, This is the replacement sheet
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anount of said manganese is not [ess than 0.1% by weight. 5 A
stainless steel wire conprising: - a stainless steel core wire
comprising carbon (C) in an anount of not nore than 0.15% by wei ght,
silicon (Si) in an anmount of not nore an 1.00% by wei ght, manganese (M)
in an amount of not nore than 2. 00% Kel (Ni) in an anmount of from

22 not |ess than 6.50% by weight to | ess than 14. 00% by wei ght and

amount of not more than 2.00%, nickel (Ni) in an amount of from
not less than 6.50% by weight to less than 14.00% by weight and
chromium (Cr) in an améunt of from not less than 17.00% by
weight to less than 20.00% by weight;

a nickel (Ni) plate layer having a thickness of from
not less than 0.3 um to not more than 1.7 um on said stainless
steel core wire; and

an inorganic salt coat film comprising at least one of
potassium sulfate and borax (borate) and free from chlorine
(Clj and fluorine (F) deposited on said nickel layer; -
 wherein a tensile strength of said stainless steel wire

is not less than 160 kgf/mm? and a surface roughness thereof is

in the range of 0.80 to 12.5 umRz.

9. The spring according to claim 8, wherein said

surface roughness is from 1.0 to 10.0 pmRz.

10. The spring according to claim 8, wherein the
amount of said carbon is not less than 0.05% by weight, the
amount of said silicon is not less than 0.1% by weight, and the

amount of said manganese is not less than 0.1% by weight.
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chromum (Cr) in an anount of fron1nofhlesé than 17.00% by weight to |ess

t han 20. 00% by wei ght; a ni.ckel (Ni) plate |ayer having a
t hi'ckness of from not less than 0.3 [err]mté not nore than 1.7 [err]mon
sai d stainless steel core wire; and , an.norganic salt coat film

s

conpri sing at : s (borate) and free
fromchl orine e ' €d on sai d ni ckel | ayer;

wherein a tensile strength of said stainless steel wire is not |less than
160 kgf/mmierr] and a surfac@UMMARYN@FS THEe TMVENTION n the range of 0.80 to

12.5 [err] nRz. 6. The stainless steel wre aqcordln%.to claim
5, A stainless steel wire is plated with nickel (Ni) to a

thickness of from not less than 1 um to not more than 5 um. An
inorganic salt coat film mainly composed of at least one of
potassium sulfate and borax (borate) and free from fluorine (F)
or chlorine (Cl) is then deposited on the nickel (Ni) plate 2
as the substrate. The steel wire is then drawn to a reduction
of area of not less than 60% to adjust the surface roughness
thereof to a range of from 0.80 to 1?.5 umRz, preferably from

1.0 to 10.0 umRz.
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wherein said surface roughness is froml Oto 10.0 [err] nRz. 7.
The stainless steel -wire according to cl al m 5, wherein the anmount of said
carbon is not less than 0.05% by Wwei ght t heamount of said silicon is not
less than 0.1%by weight, and the amount of said manganese is not |ess
than 0.1% by weight. : 8. A sprtng conprising: a
stainless steel core wire conprising carbon (C in an anount of not nore
than 0.15% by weight, silicon (Si) in an anount of not nore than 1.00% by
wei ght, manganese (M1) in an :

This is the replacement shact



unt . .of _from-—aet

23 amount of not nore than 2.00% nickel (Ni) TiPGh anmg
| e5s t han 6. 50% by weight to Iess‘thahﬂl4VOOWQby wei ght 3;
in-an anount of fromnot |ess than 17.00% by Wéram%lﬁﬂ

wei ght; a nickel (N) plate |ayer having a’thicK
less than 0.3 [err]mto not nore than 1.7 [err]mon said S
core wire; and an inorganic sal® coat filmconpri
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of potassium sulfate and borax (borate) and free ﬂronlch

forming tool (spring bending dies), making it possible to
reduce the variation of spring shape in coiling.

The stainless steel wire for automatic coiling
according to the present invention comprises a surface coat
film composed of a higher melting inorganic salt rather than
resin. Even when subjected to low temperature annealing
(tempering), the spring products formed by the stainless steel
is free from soot and discoloration. Accordingly, the spring
products can be provided with the same clean surface conditions
as seen before the low temperature ann'ea-ling (tempering)._
Further, the stainless steel wire according to the present

invention cannot produce any harmful gas.

BRIFF DESCRIPTION OF THE DRAWING

In the accompany drawing, Figure is a typical diagram
of the cross section of a stainless steel wire for automatic

coiling according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Detailed descfiption of the present invention will be
described as follows.

A producing method according to the present invention
comprises the steps of: plating nickel (Ni) having a thickness
in the range of 1lum to Sum on -a stainless steel wire
comprising carbon (C) in an amount of not more than 0.15% by

weight (preferably not less than 0.05% by weight), silicon (Si)
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(d) and fluorine (F) deposited on said nlckel | ayer; J%@Z%iﬁ?go
tensi-l e stremgth of said stainless«$téel"'wirey i s not |ess rhanr-i60

- kgf/mm{err] and a surface roughness thereof is in the ran eRcﬂLAEcMQNT(BFEET

12.5.[err] nRz. 9. The spring according to cl ai § F
surface roughness is from1.0 to 10.0 [err]nﬂz 1 fzggsfrlng
according to claim@8, wherein the amountf sai d carbon i op

0. 05% by weight, the anount of said silicon is not |ess thak-0.-1%hy
wei ght, and the anount of said nmanganese is not |ess than] O. 1@6by wei ght .
WHAT LAIMED I

1. A method for producing & stainless steel wire,
comprising the steps of:

plating nickel having a thickness in the range of lum
to 5um on a stainless steel core wire comprising carbon (C)_in
an amount of not more than 0.15% by weight, silicon (Si) in an
amount of not more than 1.00% by weight; manganese (Mn) in an
amount of not more than 2.00%, nickel (Ni) in an amount of from
not less than 6.50% by weight to less than 14.00% by weight and
chromium (Cr) in an ‘amount of from not less than 17.00% by_
weight to less than 20.00% by weight;

generating an inorganic salt coat film comprising at
least one of potassium sulfate and borax (borate) and free from
chlorine (Cl) and fluorine (F) from an aqueous'solution to be
deposited on said nickel plaée layer; and

drawing said wire to a reduction of cross section of

not less than 60%.

2. The producing method according to claim 1, wherein
the amount of said carbon is'hot less than 0.05% by weight, the
amount of said silicon is not less than 0.1% by weight, and the

amount of said manganese is not less than 0.1% by weight.

3. A method for producing a spring of a stainless

steel wire, comprising the steps of:

KR ) R
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plating nickel having a thickness in tRe range of 1lum
to Sum on a stainless steel core wire comprising carbon (C) in
an amount of not more than 0.15% by weight, silicon (Si) in an
amount of not more than 1.00% by'weight, manganese (Mn) in an
‘amount of not more than 2.00%, nickel (Ni) in an amount of from
not less than 6.50% by weight to less than 14.00% by weight and
chromium (Cr) in an amount of from not less'than 17.00% by
weight to less than 20.00% by weight;

generating an inorganic salt coat film comprising at
least one of potassium Qulfate and borax (borate) and free from
chlorine (Cl) and fluorine (F) from an agueous solution to be
deposited on said nickel plate layer;

drawing said wire to a reduction of cross section of

not less than 60%; and

coiling said drawn stainless wire.

"4. The producing method according to claim 3, wherein
the amount of said carbon is not less than 0.05% by weight, the
amount of said silicon is not less than 0.1% by weight, and the

amount of said manganese is not less than 0.1% by weight.

5. A stainless steel wire comprising:

a stainless steel core wire comprising carbon (C) in an
amount of not more than 0.15% by weight, silicon (Si) in an
amount of not more than 1.00% by weight, manganese (Mn) in an

amount of not more than 2.00%, nickel (Ni) in an amount of from
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