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[571 ABSTRACT 
A high-strength, ultra-fine wire having an excellent 
workability in stranding, comprising a steel comprised 
of, in terms of  % by weight, 0.85 to 1.10% of C, 0.10 to 
0.70% of Si, 0.20 to 0.60% of Mn. 0.10 to 0 . 6 0 9  of Cr ,  
0.005% or  less of Al and optionally at least one member 
selected from 0.10 to  2.W% of Ni and 0.10 to 3.00% o f  
C o  w ~ t h  the balance F e  and unavoidable impurities and,  
provided thereon. a brass plating, the steel wire having 
a diameter of 0.1 to 0.4 rnm and a tensile strength of 400 
kgf\rnm2 o r  more, the surface of the brass plating being 
provided with indentations having a depth of  2 pn o r  
less at intervals of 50 pm or less in a percentage area of  
indentations of 10 to 80%; and a process and apparatus 
for producing a high strength, ultra fine steel wire, 
comprising subjecting a steei wire material t o  a pntent- 
ing treatment, brass plating and wire drawing and sub-  
jecting the steel wire material to a shot peening treat- 
ment in an air blast system while applying a tension to 
the steel wire material. 

8 Claims, 7 Drawing Sheets 
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the extra thin wire into a residual compression stress. 
HIGH STRENGTH, lJLTRA FINE STEEL WIRE Nevertheless, to convert a residual tensile stress in the 

H A \ 3 S G  EXCELLEST \I'ORKABILITY IN surface layer of a high-strength of 400 kgf/mm2 or 
STRANDING AND PROCESS A N D  APPARATUS more, ultra fine steel wire to a residua] compression 

FOR PRODUCING THE SAME ' 5 stress, it is necessary to conduct a high degree of shot 
peening, so that problems arise such as an increase in the 

TECHNICAL F I E L D  . surface roughness and peeling of a brass plating in the 
The present invention relates to a high strength, ultra surface layer having a reduced thickness due to wire 

fine steel wire provided with a brass plating for use as an drawing. 
element wire for a steel tire cord, c s!eei belt cord, etc., 
said steel wire having an excellent workability in strand- DISCLOSURE OF THE INVENTION 

ing and a wire diameter of 0.1 to  0 .4  mm and a tensile The present invention has been made under the 
strength of 400 kgf/mm2 or more, and a process and above-described circumstances, and an object of the 
apparatus for producing the same. present invention is to  provide a steel wire capable of 

BACKGROUND ART 
l 5  realizing a high-strength, ultra fine steel wire having an 

excellent workability in stranding through the preven- 
In order to attain a reduction in the weight, an im- tion of an increase in the frequency of a brcaking of a 

provement in the fatigue strength, etc., there is an ever- wire in the step of twisting during thc production of a 
increasing demand for an increase in the strength of an high strength, ultra fine steel wire having a wire diame- 
ultra fine steel wire. A very fine steel wire used for the 20 ter of 0.1 to 0.4 mm and a tensile strength of 400 
r e i n f ~ r ~ e m e n t  of  trres of automobiles, various belts for kgflmm2 o r  more, by wire drawing, and a process and 
industries, etc., has hitherto been produced by subject- apparatus  for producing the same, 
ing a hot-rolled wirc material of a hrgh carbon steel to ~ , ~ ~ t ,  the present inventors made a detailed analysis 
a repeated intermediate wire drawing and a patenting of {he form of fracture in the breaking of which 
treatment to bring the wire into a desired wire diameter 2 5  frequently occurs during of a high 
and then subjecting the w e  to a final patenting treat- ultra fine ,+,ire. ln the twisting of a 
merit, the treated wire for improving I h e  wire stress, a tensile stress and a bending stress are applied to 
dra\wb~lity and the adhesion to rubber, and subjecting the steel wire, and as a result, i t  is apparent that ,  when 
the plated wire to wet drawing to a predetermined wire the strength of the steel wire is increased, cracking 
diameter. For example, the steel tire cord is produced 30 (delamination) often occurs along the direction of wire 
by finally twisting the element wire produced by the drawing, as shown in FIG. 1, which causes a breaking above-described method by a tuisting machine, such as 
a doublc twister. of a wire in the twisting step. Accordingly, the present 

In the above-descr~bed manufacturing process, in inventors analyzed the influence of chemical ingredi- 
order to attain an increase in the strength o f a n  fine 3 5  ents of a steel wire, the tensile strength after final pa- 

steel ,,.ire, i t  l s  necessary to  the strength of an tenting treatment, wire drawing strain, etc., on the oc- 

element wire after the f inal  treatment or  lo currence of  delamination, and made various studies into 
Increase the final \\'ire drawing strain, but an increase in means of  increasing the strength of an ultra fine steel 
the strength of the element wire after the final patenting to make i t  less liable deiamination.  

treatment or the wire drai\.ing strain frequently gives 40 the mearts of increasing the  of 

rise to a breaking of a in [he step of a f te r  an ultra fine steel wire include (1) the selection ofchem- 
the Rr,re dra,\,ing. \\.hich remarkably lowers [he pro. ical ingredients having a high tensile strength after pa- 
duc t rv j tb ,  F~~ t h , ~  reason, for example, in the case tenting treatment. (2) the selection of chemical ingredi- 
steel \vire having a u i r e  diameter of 0 .3  mmh wherein ents havine a high Percentage of work hardening in a 
use is made of S W R S ~ L A ,  [he limitation of [he 45 wire drawing, and (3) an increase in the wire drawing 
strength sufficient t o  withstand tu!isting is 340 strain. It has been found that the means for increasine 
kgf/&:, and i t  is difficult to produce an u l t r  fine steel 
wire having a higher strength on a commercial scale. 

On the other hand, in order to improve the workabil- 
ity in stranding of a high carbon steel wire having an 
increased tensile strength, for example, Japanese Unex- 
amined Parent Publication (Kokai) Nos. 60-204865 and 
63-24016 and Japanese Examined Patent Publication 
(Kokoku) No. 3-23674 propose a high carbon wire ma- 
terial for an ultra fine wire less liable to  breaking in the 
step of twisting, through the regulation of chemical 
ingredients such as C ,  Si. Mn and Cr .  As apparent also 
from \\,orking examples, the tensile strength of the steel 
wire is 350 to 360 kgf/mm? at highest, which limits an 
increase in the strength of an ultra fine steel wire. Fur- 
ther, in order to improve the fatigue properties of the 
ultra fine steel wire, for example, Japanese Lnesamined 
Parent Publication (Kokai) No. 2-179333 proposes a 
process for contrnuously producing an ultra fine wire 
having a high fatigue resistance, through a continuous 
projection of fine hard particles onto the surface of an 
ultra fine u i re  having a diameter of 0.5 mm or less ro 
improbe the residual tensile stress of the surface layer of 

- 
the strength through the optimal selection of chemical 
ingredients having a high tensile strength and a h ~ g h  
percentage of work hardening in wire drawing after the 

50 patenting treatment is most useful for preventing the 
occurrence of delamination, i.e., a breaking of a wire in 
the step of twisting the wire. Nevertheless, it has been 
also found that there is a limitation on the increase in the 
strength of an ultra fine steel wire having an excellent 

5 5  workability in stranding when only the above-described 
chemical ingredients are  selected. The results of an 
example of the analysis of  the relationship between the 
tensile strength of an ultra fine steel wire and the fre- 
quency of wire breaking in the wire twisting step 1s 

60 shown in FIG. 2. Even though use is made of a 0.88% 
C-0.49% Si-0.30% Mn-0.51% C r  system having a high 
tensile strength after the patenting treatment and a high 
percentage of work hardening in the wire drawing 
(marked in the drawing), the delamination often 

65 occurs when the tensile strength of the ultra fine steel 
wire exceeds 390 kgfimm2, SO that the wire breaking 
frequency in the wire twisting step rapid!). increases. 0 
in the drawing shows the results in the case of an alloy 
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of a 0.81% C-0 .269  Si-0.48% Mn system (SWRS82A) ultra fine steel wire having an excellent workability in 
commonly used for steel cords, and it is apparent that, stranding, comprising a steel comprised of, in terms of 
in this case, the wire brea~ing frequency when twisting % by weight, 0.85 to 1.10% of C, 0.10 to 0.70% of Si, 
the wire is further rapidly increased. 0.20 to 0.60% of Mn, 0.10 to 0.60% of Cr, 0.005% or 

Further studies were made into means for preventing 5 less of Al and optionally at least one member selected 
the occurrence of delamination in a high strength, ultra from 0.10 to 2.00% of Ni and 0.10 to 3.00%, of  CO with 
fine steel wire, and as a result, it was found that, when the balance consisring of Fe  and unavoidable impurities, 
the surface layer of the ultra tine steel wire is subjected and provided thereon, a brass plating layer, said steel 
to plastic deformation after wire drawing, the occur- wire having a diameter of 0.1 to 0.4 mm and a tensile 
rence of delamination can be prevented even though the 10 strength of 400 kgf/mrn2 or  more, the surface of the 
tensile strength exceeds 400 kgf/mm2, which contrib- brass plating being provided with indentations formed 
Utes to a significant improvement in the workability in by plastic deformation having a depth of 2 prn or less at 
stranding of an ultra fine steel wire having a high intervals of 50 pm or  less in a percentage area of inden- 
strength. Specifically, the wire breaking frequency in tations of 10 to 80%; a process for producing a high 
the twisting step can be significantly reduced in the wire 15 strength, ultra fine steel wire, comprising subjecting a 
twisting step by imparting homogeneous, fine indenta- steel wire material comprising said ingredients to a 
tions formed by plastic deformation to the surface of the patenting treatment so as to have a tensile strength of 
ultra fine steel wire. As a result of a detailed analysis of 145 to 165 kgf/mm2, plating the treated steel wire mate- 
the influence of indentations on the workability in rial with brass, subjecting the plated steel wire material 
stranding of wire, it was found that the intervals of 
indentations, the depth of indentations and the percent- 
age area of indentations are important factors to an 
improvement in the workability in stranding of an ultra 
fine steel wire having a high strength, and i t  is important 
to conduct an optimal control of these factors. 

It is known that the macroscopic residual tensile 
stress caused on the surface of the ultra fine steel wire 
significantly increases with an increase of the tensile 
strength of the ultra fine steel wlre. In this case, it is 
considered that the heterogeneity of more microscopic 
residual stress in the circumferential direction and lon- 
gitudinal direction of the ultra fine steel wire also 1s 
increased. The reason why the provision of indentations 
formed by plastic deformation on the ultra fine steel 
wire having a high strength contributes to the preven- 
tion of de!aminat~on is believed robe because the provi- 
sion of indentations reduces the heterogeneity of the 
microscopic residual stress distribution. 

For this reason, the present inventors made studies 
into various methods of providing homogeneous, fine 
indentations formed by plastic deformation on the sur- 
face of an ultra fine steel \vire, and as a result, found that 
i t  is most useful fol- t h ~ s  purpose to subject the ulrra fine 
steel wire after u i re  drau.ing to a shot peenlng treat- 
ment in an air blast system, wherein use is made of 
compressed alr. 

Specificall!., i t  was found that, \\.hen the ulrra fine 
steel wire is subjected to an optimal shot peening treat- 
ment, even though the strength of the ultra fine steel 
wire exceeds 400 kgf/mm', i t  is possible to produce a 
high strength, ultra fine steel wire less liable to breaking 
and having an excellent workability in stranding. 

Such an optimal shot peening treatment can be at- 
tained by a shot peening treatment under a much milder 
conditions than in the case of the conventional shot 
peening treatment used for improving the fatigue 
strength. Therefore. even though the residual stress is 
on the side of the tensile stress, uhen  the remaining 
residual stress is homogeneous, i t  is possible to signifi- 
cantly improve the workability in stranding of an ultra 
fine \\ire having a high strength. 

In the ultra fine wire according to the present inven- 
tion. a brass plating is provided on the surface thereof. 
for improving the adh-sion to rubber. The shot peening 
treatment conditions shou!d be taken into consideration 
so that the plat~ng layer is not peeled. 

The present invention has been mads based on the 
above-descr~bed finding, and provides a high strength. 

20 to wire drawing under a t rue  strain of 3.7 to 4.5 to form 
a steel wire having a diameter of 0.1 to 0.4 mm, and 
subjecting the steel wire to a shot peening treatment in 
an air blast system through the use of compressed air 
under conditions of a shot grain diameter of 100 l m  or 

25  less, a HV hardness of a shot grain of 700 or  more, a Sp 
value [Sp = air blast pressure (kgf/cm2) x shot peening 
treatment time (sec)]]of 5 to 100 kgf/cm2.sec. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 F IG.  I. is a scanning electron photomicrograph show- 
ing an example of a fracture of wire breaking caused by 
delamtnation when twisting a high strength, ultra fine 
steel wire; 

F IG.  2 is a diagram showing the results of an example 
35 of an analysis of the relationship between the tensile 

strength of an ultra fine steel wire and the wire breaking 
frequency when twisting a wire; 

F IG.  3 is a diagram showing the results of an example 
of an analysis of the relationship between the percent- 

40 age area of indentations formed by plastic deformation 
on the surface layer of an ultra fine steel wire and the 
wire breaking frequency when twisting a wire; 

FIG.  4 is a diagram showing the results of an example 
of an analysis of the relationship between the residual 

4 stress of the surface layer of an ultra fine steel wire and 
the parameter Sp during a shot peening treatment; 

F I G  5 1s a diagram showing the results of an example 
of an analysis of the relationship between the residua! 
stress of the surface layer of an ultra fine steel wire and 

50 the wire breaking frequency when twistmg a wire; 
F IG.  6 is a diagram showing the results of an example 

of an analysis of the relationship betwecn the parameter 
Sp during a shot peening treatment and the wire break- 
ing frequency when twisting a wire; 

5 5  FIG.  7 is a diagram showing the results of an example 
of an analysis of the influence of the parameter Sp dur- 
ing a shot peening treatment on the adhesion between 
steel cords and rubber; 

FIG. 8 is a schematic diagram showing indentations 
60 formed by a plastic deformation of an ultra fine steel 

usire on the surface of an ultra fine steel wire; 
FIGS. 9a and 9b is a scanning electron photomicro- 

graph showing an example of  the state of the surface of 
an ultra fine steel wire subjected to a shot peening treat- 

55 ment and an ultra fine steel wire produced by the con- 
ventional process: 

FIG.  10 is a partially sectional schematic perspective 
vie\\. of an apparatus of the present invent~on; 
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5 
FIG. 11 is a partially front sectional view of FIG. 10: 

and 
FIG. 12 is a partially enlarged front vievv of FIG. 10. 

BEST MODE OF CARRYING OUT INVENTION 

The present invention will now be described in more 
detail. 

First, the expression "high strength, ultra fine steel 
wire having an excellent workability in stranding" used 
in the present invention is intended to mean that the 
wire breaking frequency per 1000 kg of an ultra fine 
steel wire when twisting an ultra fine steel wire having 
a tensile strength of 400 kgf/'mm2 or  more is Stimes or 
less. When the breaking frequency exceeds 5 times, the 
productivity becomes so low that the product is not a 
high strength, ultra fine steel wire having an excellent 
workability in stranding. 

The reason for the limitation of the ingredients of a 
steel having a good wire drawability and able to be 
subjected to a patenting treatment to have a tensile 
strength of 145 to 165 kgf/mm2 and subjected to wire 
drawing to finally produce an ultra fine steel wire hav- 
ing a good workabiliry in stranding and a high strength 
of 400 kgf/mm? or  more, as intended in the present 
invention, will be now described. 

C: C has the effect of increasing the tensile strength 
after a patenting treatment and enhancing the percent- 
age of work hardening in wire drawing, which enables 
the tensile strength of the ultra fine steel wire to be 
enhanced with a less wire drawing strain. Conse- 
quently, i t  becomes possible to produce an ultra fine 
steel wire having a good workability in srranding and a 
high strength of 400 kgf'/mm? or more. When the C 
content is less than 0.85%. i t  is difficult to obtain a 
tensile strength of 145 kgf:/mm? or more after the pa- 
tenting treatment even when an alloying element is 
added. Further, in this case, the percentage of work 
hardening in wire drauinp is so small that i t  is impossi- 
ble to obrain a strength of 400 kgf/'mm?or more in rerrns 
of the tensile strength of an ultra fine steel wire, and 
even though the strength is increased to 403 kgf/rnmIor 
more by increasing the \vile drav.ing strain, the work- 
ability In stranding is poor. On the other hand, when the 
C content exceeds I .]%, proeutectoid cementite precip- 
itates on a grain boundary of austenite during the pa- 
tenting treatment, to rhus deteriorate [he wir: drawabil- 
iry. a breakins of the wire frequently occurs in the wire 
drawing or twisting step. For this reason, the C content 
is limited to 0.85 to 1 .108.  

Si: Si is useful for strengthening ferrite in pearlite and 
deoxidizing a steel. When the Si content is less than 
0.17?, the above-descr~bed effect cannot be expected, 
and when the content exceeds 0.7%, a hard SiO2 inclu- 
sion is liable to occur. For this reason, the Si content is 
limited to 0.1 to 0.7%. 

Mn: Mn IS an element necessary for not only deoxida- 
tion and desulfur~zation but also ior enhancing the ten- 
sile strength after the patenting treatment. When the 
Mn content is less than O.2%, the above-described effect 
cannot be attained, and the content exceeds 0.692, the 
effect is saturated and the treatment time needed for 
completing the pearlite transformation at the patenting 
treatment becomes so long that the productivity is low- 
ered. For this reason, the h4n content is limited to 0.2 to 
0 .64 .  

Cr:  Cr is an element useful for reducing the space 
ber\+.een cementites of pearlire, to enhance the tensile 
strength after a patenting treatment, and particularly. 

6 
for improving the percentage of work hardening in wire 
drawing, and is indispensable for improving the u.ork- 
ability in stranding of a high-strength, ultra-fine steel 
wire. When the Cr content is less than 0.1 92, the above- 
described function is poor, and when the content ex- 
ceeds 0.6%, the time needed for completing the pearlite 
transformation at the patenting treatment becomes so 
long that the productivity is lowered. For  this reason, 
the Cr content is limited to 0.1 to 0.6%. 

Al: A1 becomes liable to form an Al l03  inclusion 
having the largest hardness in the inclusions of the steel 
when the A1 content exceeds O.OOS%, which is a cause 
of wire breaking during wire drawing or twisting. For 
this reason, the Al content is limited to 0.005% or less. 

The high strength, ultra fine steel wire having an 
excellent workability in stranding according to the pres- 
ent invention may contain, besides the above-described 
elements, at least one of 0.1 to 2.0% of Ni and 0.1 to 
3.0% of Co. 

Ni: Ni has the effect of improving the wire drawabil- 
ity of pearlite produced by transformation at the patent- 
ing treatment, and further, improving the workability in 
stranding of the high strength, ultra fine steel wire. 
When the Ni content is less than 0.1%, the above- 
described effect cannot be attained, and when the con- 
tent exceeds 2.0%, the effect corresponding to the 
amount of addition cannot be satisfactorily attained. 
For this reason, the upper limit of the Ni content is set 
to 2.O%,. 

Co: As with Ni, Co has the effect of improving the 
wire drawab~lity of pearlite produced by transformation 
at the patenting treatment, and improving the workabil- 
ity in stranding, and further, increasmg the transforma- 
tion rate of pearlite to enhance the productivity of the 
patenting treatment. When the Co content is less than 
0.1%, the effect of the above-described function is un- 
satisfactory, and when the content exceeds 3.0%, the 
effect is saturated. For  this reason, the Co content is 
iirniied to 0.1 to 3.0%. 

Although there is no particular limiration on other 
elements, the contents of P, S and N are preferably 
0.015% or  less. 0.015% or less, and 0 . 0 0 %  or less, 
respective1 y .  

The reason for the limitation of the tensile strength 
after the patenting treatment will be now described. 

The tensile strength after the patenting treatment is 
preferably as high as possible, because an ultra fine steel 
wire having a high strength can be produced under a 
louj wire drawing condition, which contributes to an 
improvement in the workability in stranding. Neverthe- 
less, when the steel wire material is subjected to a pa- 
tenting treatment at a low temperature, to have a tensile 
strength exceeding 165 kgf/mml, pearlite having a dete- 
riorated wire drawability or bainite harmful to the wire 
drawability often occur, and thus the wire breaking 
frequently occurs when drawing and twisting a wire. 
On the other hand, when the steel wire material IS sub- 
jected to a patenting treatment at a high temperature, to 
have a tensile strength of less than 145 kgf/mm?, an 
intended ultra-fine steel wire having a high strength of 
400 kgf/mm2 or more cannot be obtained, or  a very 
high wire drawing strain becomes necessary for increas- 
ing the tensile strength to 400 kgf/mm2 or more. so that 
wire workability in stranding is poor. Therefore. the 
tensile strength after the patenting treatment is limited 
to 145 to 165 kgf/rnm'. As long as the components fall 
w,ithin the scope of the present invention, a rensile 
strength of 145 to 165 kgf/mm!after the patenting treat- 
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7 
ment can be attained when the patenting treatment 
temperature is from 560' to 600" C. 

In the wire drawing, to bring the tensile strength of 
an ultra fine steel wire having a wire diameter of 0.1 to 
0.4 mm into 400 kgf/mm: or more through the use of a 
steel wire having a tensile strength of 145 to 165 
kgf/mm?, i t  is necessary for the wire drawing strain to 
be 3.7 or more in terms of the true strain (true 
strain = 2  x In (D/d) wherem D is a wire diameter at the 
time of the patenting treatment and d is a final wire 
diameter). On the other hand, when wire drawing is 
conducted under a true strain exceeding 4.5, the ductil- 
ity is louered and the a breaking of a wire frequently 
occurs in the wire drawing or  twisting of a wire. For 
this reason, the wire drawing strain is limited to 3.7 to 
4.5 in terms of the true strain. 

The reason for the limitation of the distribution, 
depth and percentage area of indentations formed by 
plastic deformation on the surface layer of the ultra fine 
steel wire important to the improvement in the work- 
ability in stranding of an ultra fine steel \\.ii: having a 
tensile strength of 400 kgf/rnm! or more contemplated 
in the present invention, and the reason for the limita- 
tion of shot peening conditions for attaining this pur- 
pose. will be no\\ described. 

First, the reason for the limitation of the indentation 
formed by plastic deformation on the surface layer of 
the ultra h e  steel w,ire will be described. As schemati- 
cally s h o j ~ n  in FIG. 8,  the term "depth of indentations 
(H)" used in the present invention is intended to mean 
the depth from the surface of the steel wire, and the 
term "intervals of indentations (L)" used in the present 
invention is intended io mean the distance between one 
mdentation and an adjacent indentation. Further, the 
tern] "percentage area of identations" is intended to 
mean a value determined by the equation: percentage 
area of indentations= B/ .4  x 100%. irherein A repre- 
seiiis x i  a r a  oi"a i e h t  piece and B represents a total area 
oiindertations. The measurement of these values can be 
easil). conducted by use of a scanning electron micro- 
scope. 

Depth of indentations: When the depth of indenta- 
tions exceeds 2 pm.  stress concentrates at the incenta- 
tions, which causes not only a frequenr \\,ire breaking 
when t\visting a byire but also a lowered fatigue 
strength. On the other hand. %,hen the depth exceeds 2 
pm, the brass plating of the wrface layer of the steel 
wire becomes liable to peeling, and the adhesion to 
rubber is also lowered. For this reason, the depth of 
indentations is limited to 2 p m  or less. 

Intervals of indentations: No satisfactory effect of 
improving the workability in stranding can be attained 
when indentations are evenly provided in the longitudi- 
nal direction and the circumferential direction of the 
ultra indentations are limited to 50 pm or  less. 

Percentage area of indentations: As shown In FIG. 3, 
the effect of improving the workability in stranding of 
wire is small when the percentage area of indentations is 
less than 10% or  less. On the other hand, when the 60 
percentage area of indentations exceeds 80%. the effect 
of improving the workability in stranding of wire 1s 
saturated. and further, the brass plating layer becomes 
liable to peeling, whereby the adhesion to rubber is 
lowered. For this reason, the percentage area of inden- 6 5  
tations is limited to 10 to 80%.  

FIG. 3 shoii.s the relationship bet~veen the percent- 
age area of indentations of a steel wire produced under 

8 
conditions of Run No. I4  of Example 2 and the wire 
breaking frequency when twisting the wire. 

An example of a high strength, ultra fine steel wire 
having the above-described indentations is shown in 
F IG.  9. In an ultra thin steel wire having plastically 
deformed indentations shown in FIG. 912, even when 
the tensile strength exceeds 402 kgf/mrn2, the wire 
breaking frequency when twisting a wire is SO smali that 
steel cords can be produced with a very high efficiency. 
FIG.  96 shows the appearance of an ultra fine steel wire 
by the conventional process, i.e., produced without a 
shot peening treatment. 

The  reason for the limitation of the shot peening 
conditions for providing plastically deformed indenta- 
tions on the surface layer of the high strength, ultra fine 
steel wire will be now described. As a result of various 
studies of the shot peening method, it was found that a 
method wherein a shot grain is blown against the steel 
wire through an blast nozzle in an air blast system 
through the use of compressed air is best suited for 
efficiently conducting the shot peening treatment of an 
ultra-fine steel wire. Therefore, in the present invention, 
use is made of the above-described shot peening 
mcthod. Since the purpose of the shot peening treat- 
ment used in the present invention is different from that 
of the shot peening treatment conducted for improving 
the fatigue strength of gears, shafts, etc., the shot peen- 
ing treatment used in the present invention is character- 
ized in that the shot peening treatment is conducted 
under much milder conditions that those in the case of 
the convent~onal shot peening. For example, when the 
measurement of arc height was attempted through the 
use of a test piece N in conformity with the standards 
established by Japan Spring Manufacturers Association 
(JSMA) (operarion srandard for shot peening), the arc 
height under proper shot peening conditions of the 
present invention was 0.1 mmN or less. Therefore, it is 
difficult to measure the arc height and coverage indicat- 
ing the degree of shut peening, particularly the arc 
height. For this reason, the shot grain diameter, HV 
hardness of the shot grain, and parameter Sp indicating 
thc degree of shot peening are newly adopted in the 
present invention. Specifically, the parameter Sp indi- 
cates the degree of shot peening and is obtained by 
multiplying the air blast pressure (kgf/cm*) by the shot 
peening treatment time jsec). 

The  relationship between the parameter Sp at the 
shot peening treatment and the wire breaking frequency 
when twisting a wire will be now described in detail. 

FIG. 4 shows the relationship between the parameter 
Sp (kgf/crn2.sec) and the residual stress (kgf/mm2) o f  
the surface layer of an ultra tine steel wire with respect 
to a steel wire produced under conditions of Run No. 19 
of Example 2, with the residual stress being 107 
kgf/mrn2 when the parameter Sp is zero, i.e., when no 
shot peening of the present invention was conducted. 
The residual stress indicates a macroscopic stress of an 
ultra fine steel wire, which is a value determined by 
putting a number of ultra fine steel wires side by side 
without a space therebetween, and measuring the stress 
by an X-ray method. 

In the drawing, when the parameter Sp i s  gradually 
increased through a shot peening of the present inven- 
tion, the residual stress is lowered. When the parameter 
Sp reaches 100 kgf/cm2.sec, the brass plating layer of 
the surface of the steel wire begins to peel. The residual 
stress becomes zero when the parameter Sp reaches 200 
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kgf/cm2.sec. Thereafter, the residual stress shlfts from even when the above-described shot peening treatment 
the tension side to the compression side. is conducted. 

FIG.  5 shows the relationship berS&een the residual The brass plating of the surface layer of the steel wire 
stress (kgflmrn') of the surface layer of the ultra fine according to the present invention is a plating compris- 
steel wire In the steel wire of FIG. 4 and the wire break- 5 ing, in terms of % by weight, 50 to 75% of Cu and 25 to 
ing frequency (times/1000 kg) when twisting a wire. In 50% of Zn with the balance consisting of unavoidable 
samples subjected to shot peening sccording to the impurities. The brass plating is conducted after the 
present invention (marked 0 in the drawing), the wire patenting treatment for improving the wire drawability 
breaking frequency is 5 times or less. On the other hand, and the adhesion between the steel wire and the rubber. 
in samples not subjected to shot peening (marked 0 in 10 The thickness of the brass plating is preferably from 1 to 
the drawing), the wire breaking frequency is 15 times or 3 pm. In the present invention, although a high 
more. strength, ultra fine steel wire having a brass plating is 

That is, even though the shot peening treatment is contemplated, the effect of improving the workability 
conducted under a very mild condition of a parameter in stranding of wire can be attained in the case of an 
Sp of 100 kgf/cm?.sec (residual stress: about 45 I5 ultra fine steel wire having a plating of Cu, Sn, Ni, Zn 
kgf/mm?) or less by taking the peeling of brass plating or the like, or an alloy plating thereof. There is no limi- 
into consideration, when the shot peening conditions tation on the plating. 
(shot grain diameter and HV hardness of shot grain) of The ultra fine steel wire subjected to brass plating is 
the present invention are satisfied, i t  is possible to signif- then subjected to a shot peening treatment, and the 
icantly improve the workability in stranding of the 20 influence of the parameter Sp on the adhesion between 
wire. steels cords and rubber is shown in FIG.  7.  The  above- 

The lower limit of the parameter Sp can be explained described adhesion is expressed in terms of the pull-out 
by an example shown in FIG.  6 .  FIG. 6 shows the rela- load (kg0 necessary for pulling steel cords out of the 
tionship between the parameter Sp and the wire break- rubber. When the parameter Sp becomes 100 
ing frequency %,hen twisting a wire in the case of Run 25 kgf/cm2.sec or  more, the adhesion between the steel 
KO. 16 (marked 0 in the drawing) and Run No. 28 cords and the rubber is rapidly lowered. 
(marked on the drawing) in Example 2. When the Sp As described above, an optimal selection of the com- 
value is iess than 5 kgf/cm2.sec, the wire breaking fre- position of the steel material. the tensile strength after 
qucncy is rapidly increased. patenting treatment and the wire drawing strain and a 

Therefore, in the present invention. when the param- 30 proper shot peening treatment of the ultra fine steel 
eter Sp is less than 5 kgf,/cm2.sec. since the percentage wire after wire drawing according to the present inven- 
area of indentations of the surface layer of a steel wire tion enables the occurrence of delamination to be pre- 
is small, and an even ~ndentation cannot be provided, vented, so that it becomes possible to produce a high 
the effect of Improving the v.*orkability in stranding of a strength, ultra fine steel wire having an excellent wire 
high strength, ultra fine steel wire is low.. On the other 3 5  workability in stranding, a wire diameter of 0.1 to 0.4 
hand. when the parameter Sp exceeds 100 kgf/cm?.sec, mm, and a strength of 433 kgf/mm2 or more. 
the effect of improving the workability in stranding of A shot peening apparatus used for practicing the 
wire is saturated and the brass plat~ng on the surface of present invention will now be described. F IG.  10 is a 
the steel wire is peeled. 50 that, in a final stage, a prob- schematic view of an apparatus used for the shot peen- 
lem arises in that the adhesion between the steel wire 40 ing treatment ofan ultra fine steel wire, In the drawing. 
and the rubber is deteriorated. For this reason, the pa- numeral 1 designates an exhaust hole, 2 and 3 are oppos- 
rameter Sp is limited to 5 to 100 kgf/cml. The air blast ing side walls, 4 is an inlet of a steel wire, 5 is an outlet 
pressure is preferably from 3 to 8 kgflcm?. In this range, of a steel wire, 6 is an inclined bottom, 7 is a shot grain 
i t  is preferred to adjust the shot peening treatment time discharge pipe, 8 is an ultrasonic oscillation generating 
in such a manner that the Sp parameter is from 5 to 100 45 apparatus, 9 is a cabinet, 10 and 11 are side walls respec- 
kgf/cm?. tively orthogonal to side walls 2 and 3. 1 2  is a shaft for 

In the shot peening treatment of the present shot rotating a roller, 13 is a roller, 141 to 14jare each a steel 
grain are specified as follows. wire winding roller. 15 is a compressed air feed hose, 16 

Shot grain diameter: When the shot gram diameter is a shot grain feed hose, 17 is a nozzle, 181 to 183 are 
exceeds 100 pm, it becomes difficult for shot grains to 5 0  each a shot nozzle, 19 is a slanted wall. 20 is a shot grain 
evenly colnde against the surface of an ultra fine steel recovery pipe, 21 is a shot grain sieve, 22 is an uncoiler, 
wire having a wire diameter of 0.1 to 0.4 mm. Further, 23 is a tension control brake, 24 is an inlet guide roller, 
in this case, since the depth of indentations is liable to 25 is an outlet guide roller, 26 is a load measuring de- 
exceed 2 prn, the effect of improving thc workability in vice, 27 is a winding coiler, 28 is a shot peening treat- 
stranding is small and a problem arises in that the brass 55 ment apparatus, 29 is an ultra thin steel wire, 30 is a shot 
plating becomes liable to peeling. For this reason, the grain, and 31 is a broken shot grain. The ultra thin steel 
shot grain diameter is limited to 100 Fm or less. The wire 29 is passed from the uncoiler 22 through the ten- 
shot grain diameter is preferably from 20 to 80 pm. sion control brake 23 and the guide roller 24, subjected 

HV hardness of shot crain When the HV hardness of to a desired shot peening treatment within the shot 
the shot grain is less than 700, i t  becomes difficult to 6 0  peening treatment apparatus 28, and passed through the 
efficiently provide plastically deformed indentations on guide roller 25 to wind the steel wide by the winding 
the surface layer of a high strength, ultra fine steel u.ire coiler 27. FIG. 11 is a front sectional view wherein the 
having a tensile strength of 400 kgf/mm? or more. For v~cinity of the shot grain discharge pipe 7 is shown in an 
this reason, the HV hardness of the shot grain is limited enlarged state, to indicate the position for mounting the 
to 700 or more. 65 ultrasonic oscillarion generating device 8. The  shot 

When the reduction of area of an ultra fine steel wire grain sieve 21 is adapred for screening and recovering 
after ~ v i r e  drau.ing is iess than 30% no improvement in broken shot grains, and the ultrasonic oscillation gener- 
the workab~litp in stranding of wire can be expected ating device 8 is adapted for preventing a clogging of  
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the sieve 21. FIG. 12 is a front enlarged view of the provided at equal intervals in a center distance of the 
tension control brake 23. shaft I?  of 300 mm, and grooves having a depth of 1 mm 

The tension control brakes 23 each comprise a cylin- and a pitch of 1 mm provided on the surface of the 
der 32 and a brake 33, moveable by compressed air 35 roller 13 so that the ultra fine steel wire 29 can be 
and a solenoid valve 34, provided so as to face each 5 wound. The  ultra fine steel wire 29 was wound 30 times. 
other between the uncoiler 22 and the inlet guide roller The steel wire winding rollers 14, to 1Q3 were provided 
24. The solenoid valve 34 is connected to the load mea- 50 as to be freely removable depending upon test condi- 
suring device 26 through electrical wiring 36, and the tions. The shaft 12 was engaged with the roller 13, for 
air flow rate is regulared by an electric signal from the coping with the rotation at a high speed, depending 
load measuring device 26. The flow rate is regulated lo upon the test conditions. Unbroken shot grains 30 after 
when the tensi& of the steel wire 29 is lower than the 
lower limit of the load previously set in the load mea- 
suring device 26. When the lower limit of the load is less 
than 0.5 kgf, since the ultra fine steel wire relaxes, an 
efficient shot peening treatment cannot be conducted. 
For this reason, the load is limited to 0.5 kgf or more. 
The lower limit of load is 5 kgf at which the homogene- 
ous peening effect is saturated in the shot peening. 

The method of shot peening according to the present 
invention will be now described in more detail. 

EXAMPLE 1 

The chemical compositions of materials under test are 
given in Table 1. These materials under test were hot- 
rolled into wires having a diameter of 5.5 mm, which 
were subjected to primary wire drawing, primary pa- 
tenting treatment and secondary wire drawing. to bring 
the wire diameter to 1.24 to 2.00 mm. Thereafter, these 
wires were subjected to a final patenting treatment 
(austenitizing temperature: 950" C., lead bath tempera- 
ture: 560" to 600" C.). brass plating treatment, and wet 
wire drawing at a wire drawing rate of 600 m/m~n.  

The resultant ultra fine steel wires having a wire 
diameter of 0.15 and 0.2 m m  were subjected to a shot 
peening treatment by the following process. 

. A s  shoivn in FIG. 10, the ultra tine steel wires were 
delivered from an uncoiler bobbin 22 ha\,ing a diamete~ 
of 150 mm at a rate of 600 m/min, subjected to a s h o ~  
peening treatment within a shot peening cabinet 9 h a v  
in& a size of 10002(  DOO OX 1OOO mm, and ~ 3 j e c t e d  to a 
shot peening treatment according to the present inven. 
tion u,hile winding the wires by a winding bobbin 27 
having a diameter of 190 mm. The load measurmg de- 
vice 26 is adapted for measuring the tension of the ultra 
fine steel \vire 29 and s e n d m  a signal to the control 
brake 23 when the tension falls below the set lower limit 
of the load. in the present test, the lower limit of the 
load was set to 0.5 kg, and the tension applied to the 
steel wire was limited to 0.7 kg on the average. The 
dead weight of the uncoiler was 7 kg. The area of 
contact of the tension control brake 23 with the uitra 
fine stcel wire 29 comprised a hard rubber. As shown in 
FIG. 12, the tension is controlled by nipping or releas- 
ing the ultra fine steel wire 29 by an electric signal from 
the load measuring device 26. The shot grain 30 is a 
spherical steel bead, and the sieve 21 can be replaced at 
any time, depending upon the test. At that time, to 
eliminate a clogging of the sieve 21, an ulrrasonic oscil- 
lation generating device 8 having an oscillation fre- 
quency of 50 kHz and a high frequency output of 60 W 
was provided close to the sieve 21 in the inclined wall 
19 and outside the cabiner 9, to allo\+ a degree of sieving 
of the shot grain 30 of substantially 1004.  The shot 
nozzle 181 to 18; is an air suction system, and the nozzle 
17 comprises a ceramic. The rollers 13 of the steel wire 
winding rollers 141 to 143 have a diameter of 100 mm 
and comprise a ceramic having a larger hardness than 
that of the shot grain 30. Up to three rollers can be 

the shot peening treatment are recovered through the 
shot grain recovery pipe 20, repeatedly fed into the shot 
grain feed hose 16, and repeatedly and continuously 
projected through the ceramic nozzle 17. With respect 

l 5  to the compressed air, air in the atmosphere was dehu- 
midified to a humidity of 20% or  less to prevent the shot 
grain 30 from condensing, and continuously fed at a 
constant presure of 5 kgf/cm2 by a compressor through 
a compressed air feed hose 15. 

20 The steel wire thus obtained was transferred to a 
double twister type twisting machine, where 1003 kg of 
the steel wire was subjected to doublc twisting (pitch: 5 
mm) at 16,000 rpm. 

Table 2 shows the influence of the depth of indenta- 
25 tions, intervals of indentations and percentage area of 

indentations of the surface layer of an ultra fine steel 
wire on the mechanical properties of the ultra fine steel 
wire, and the wire breaking frequency and rotary bend- 

30 ~ng,fatigue. In the wire twisting test, the wire workabil- 
~ t y  In stranding was evaluated based on the wire break- 
ing frequency per 1OOO kg in the above-described twist- 
ing machine. In the evaluation, when the %,ire breaking 
frequency was 5 times or less, the wire workability in 

35 stranding was evaluated as acceptable, and when the 
wire breaking frequency exceeded 5 tlmes, the wire 
workability in stranding was evaluated as unacceptable, 
due to a lowerinp of the product~vity. The fatigue prop- 
erties were evaluated by conducting a rotary bending 

40 test under a stress of 100 kgf/mm2, to determine the 
number rotations necessary for a breaking of the wire. 
In Tahle 2, Run Nos. 2, 7, 9 and 10 are examples of the 
present invention, and the other Run Nos. are compara- 
tive examples. As can be seen from the table, in all 

$ 5  examples of the present invention, the wire breaking 
frequency when twisting an ultra fine steel wire having 
a tensile strength of 400 kgf/mm2 or more was very 
small, and the steel wires had an excellent wire work- 
ability in stranding. Further, it is apparent that an im- 

50 provement in the fatigue properties can be attained. On 
the other hand, all the Run Nos. 1, 6 and 8 as compara- 
tive examples are ultra fine steel wires produced by the 
conventional process and free from indentations on the 
surface layer. In this case, the wire breaking frequency 

$ 5  when twisting a wire was very large. In Run Nos. 3 to 
5, as comparative exampies, since the depth, intervals 
and percentage area of impressions formed by plastic 
deformation on the surface layer of an ultra fine steel 
wire are improper, no significant improvement in the 

60 wire workability in stranding can be attained, or the 
fatigue properties were deteriorated. Specifically, the 
wire breaking frequency exceeds five times due to ex- 
cessively large intervals of indentations in the case of  
Run Nos. 3, and an excessively small percentage area of 

65  indentations in the case of Run No. 4. In the case of Run 
No. 5, since the depth of the indentations exceeds 2 pm, 
the wire breaking frequent) exceeded five times, and 
fatigue properties were deteriorated. 
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TABLE 1 after the patenting treatment is l o w  On the other hand, 

Type 
in Run No. 13, although the tensile itrength after the 

of patenting treatment is high, since no Cr is contained, the 
steel C Si Mn P S Cr NI  co A \  percentage of work hardening when wire drawing is 

A 0.hl  O.26 0.48 0 009 0.007 - - - 0,U3:1 5 low. In both cases, an intended tensile strength of 400 
B 0 .~5 0.21 0.51 0.00s 0 . ~ 0 6  0 27 - - kgfimm2 or more could not be attained. Run Nos. 12 
c 0 4.: 0.23 0.51 0.008 0.008 - - , - O.WI6 and 14 are each an example wherein the wire drawing 
D 0.81 0.49 0.30 0010 0.00.' 0.1 - - 0 . ~ i 6  strain is increased for enhancing the tensile strength of ' O.'' O.'' O r n 7  

O I S  0.23 A,:: :::; the ultra fine steel wire. In No. 12, since the wire draw- F 0.86 0.48 0.57 0006 0.005 0 36 - 
G 1198 0 2 1  0 3 1  0mo .006  0.11 - - 0 . ~ ~ 0  10 ing strain is high, a wire breaking frequently occurs 
H 0.89 0.67 0.31 o OCM O.mi 0.59 - 2.81 0 . 1 ~ 1  I during the wire drawing. On the other hand, in Run No. 
1 0.95 0.30 0.29 0035 0.008 o 26 1.81 - O . 1 3 3 ~ ~  14, the reduction of area of the ultra fine steel wire is so 
J 0.90 0.26 0.41 0.009 0.008 0 37 - - 0.00'4 low that no improvement in the wire workability in 

stranding can be attained even when the ultra fine steel 

TABLE 2 

Mechanic31 properties Breahng 
of ultra line steel Impressions of surface Shot peenlnp conditions oi wire 

wlr? layer of ultra fine shot HV durlng Rotary  

Type u ire tensile reduct~on steel ulre gram haraness Parameter twlstlng bending 
R u n  nf disnirlcr s ~ r e n g ~ i i  of area depth ~nrcrvaI$ pe rcen tng  diameter of shcr Sp  kgf /  ol uire faugue 
No. \lee1 rnm kgf/rnm2 5 prn p m  area :W urn grain c m 2  . wc (rime$) (t~rnest 

EXAMPLE 2 40 
The lnflusnce of mechanical properties after patent- 

ing treatment and wire d r a u h g  conditions on the me- 
chanical properties of ultra fine steel wires when using 
the materials under test listed in Table 1 are g i ~ r n  in 
Table 3. The shot peening treatment conditions for 42 
improving the workability in stranding of a high 
strength. ultra fine steel wire and the wire breaking 
frequency \vhen twisttng a wire are also given In Table 
X The heat treatment conditions for patenting, wire 
draxing conditions, and \+ire workability in stranding 50 
were evaluated by the same method as described above 
(Example 1). 

Run Nos. 16, 19 to 21 and 2 5  to 28 in Table 3 are 
examples of the present invention, and the other Run 
Nos. are comparative examples. As can be seen from the 5 5  
table, in all examples of the present invent~on, the tensile 
strength of the ultra fine steel wire was 400 kgf/mm!or 
more as contemplated in the present invention. Further, 
since the shot peening conditions were in a proper 
range, the depth, intervals and percentage area of inden- 60 
tations also are optimal, so that the wire breaking fre- 
quency is low and the production of a high strength. 
ultra fine steel wire having an excellent workability in 
stranding can be realized. 

On the other hand. with respect to comparative ex- 65 
amples. SWRSSZA is used in Run Nos. 11 and 12, and 
Sb'RS92A IS used in Run Nos. 13 and 14. In Run No. 
11, since the C content is so lour, the tensile strengrh 

wire is subjectcd to a shot pecning treatment. 
Further, in Ko. 15  as a comparative example, al- 

though Cr  is added, since the C content is so lo\\, that a 
tensile strengrh of 145 kgfirnm- or more cannot be oh- 
tained after the patenting treatment. i t  beco~nes impossi- 
ble for the tensile strength of the final ultra fine steel 
wire to reach 400 k g f / m m b r  more. 

I n  Run No. 17, although the tensile strength after the 
patenting treatment was as high as 150 kgf/rnm2, since 
the wire drawing strain was so low, the tensile strength 
of the ultra fine steel wire was less than 400 kgfimm?. 

In Run Nos. 18, 22 and 23 as comparative examples, 
although the tensile strength of the ultra tine steel wire 
was 400 kgf/mm!or more, stnce the shot peening condi- 
tions were improper, no improvement in the workabii- 
ity in stranding of wire could be attained. In No. 18,  
since no shot peening treatment was conducted, the 
wire breaking frequency when twisting a wire is high. 
Although the wire breaking frequency when twisting is 
lowered, the wire breaking frequency does not reach 5 
times or less due to an excessively large shot gram d i m -  
eter in the case of Run No. 12 and an excessively lo\+, 
parameter Sp  in the case of Run No. 23. I n  Kun No. 24 
as a comparative example, although the tensile strength 
and workability in stranding of wire each reach an in- 
tended level, the parameter Sp in the shot peening treat- 
ment is so large that the brass plating is peeled off and 
the adhesion between the steel -,ire and the rubber is 
lo\\sered. 
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TABLE 3 
htrchanical pro- 

Mechanrcal properttea \Vire drauvne condttions pcrues of ultra Shot peenrng condittons Breaking of 

afier patentlnp. malerial finished fine steel w:re shot HV hard. %Ire during 
type tensile reduction wrre wire tensile reduction grain ness of Parameter twistit!g of  

Run of strength of area diameter diameter true strength of area diameter shot u t r e  
SJ sier.1 Ig!/n1m2 Cc rn rn mm strain Lgf/mrnL Cr pm gram kgi/cm- . sec (rimes) 

1 1  A 135 45 I 34 0.20 3.80 358 47 - - - 4 
I? A I34 44 1.55 0.20 4.10 - - - - - - 
13 C 147 42 133  0 20 3.79 355 40 - - - 9 
I4 C 144 4 1 148 0.20 4.00 395 2 3 50 845 28 32 

B 142 39 1.34 0.20 3.80 377 39 50 845 32 I 6 D 151 46 1 .K  0.20 3.89 405 3 5 50 790 4 2  I 
17 D 150 35 1.24 0.20 3.64 380 43 50 790 45 0 

D l i l  46 1.40 0.20 3.89 405 3 5 .- A - 17 
E 162 43 I 42 0.20 3 . 9 2  428 32 70 910 28 2 

!li F I49 8 47 
1 0.20 3.03 414 37 70 910 33 I 

G 153 42 1.96 0 30 3.75 449 38 30 850 36 I 
!? G 1 3  42 1.96 0 30 3.75 449 3 8 120 850 36 9 
23 H 154 46 1.41 0.20 3.91 417 35 80 830 3 I6 

H 151 46 1 4 :  0.20 3.91 417 3 5 80 830 130 3 
H I,, 46 1 4 :  0.20 3.91 417 35 80 830 54 1 

'8 ; ;;; 45 1.38 0.20 3.86 415 34 30 740 91 I 
45 2.00 0.30 3.79 408 3 7 30 740 7 

F IS0 
4 

48 1.25 0.i' 4.24 435 3.1 50 790 28 3 

lrioiel 1: er.mpli. ni !he pwrcni in\enl i<#n 

EXAMPLE 3 

Table 4 shows the influence of the Sp parameter in 
the shot peening treatment on the wire breaking fre- 
quency! the adhesion between rubber and steel cords, 
and the rotar!. bending fatigue properties. .After the 
wire drawing, the shot peening treatment \\'as con- 
ducted under conditions of a shot gram diameter of 511 
pm and a HV hardness of shot grain of 850. 1 X 7 ~ 0 . 2  
twisted cords were used as the steel cords, and a com- 
pounded rubber given in Table 5 was used as the rubber. 
Steel cords having a lengrh of 12 .5  mm were embedded 
in an unvulcanized rubber, and vulcanizatior~ Mas con- 
ducted at 150' C. for 30 min. A load necessary for pull- 
ing the steel cords out of the vuicanized rubber was 
measured, to evaluate \he adhesion between the rubber 
and the cords. In the mzasuremenr of the rotary bending 
fatigue properties. the fatigue strength of cords pro- 

2 5  ultra fine steel wires having a tensile strength of 400 
kgf/mm2 or more. Further, in this case, the fatigue 
strength of the cords is superior to that of cords not 
subjected to a shot peening treatment. 

On the other hand, in Run Nos. 29 and 35 as compara- 
30 tive examples which have not been subjected to a shot 

peening treatment, the wire breaking frequency is high. 
In Kun KO. 30 as a comparative example, since the 
parameter Sp at the shot peening treatment is too small, 
the effect of the shot peening is so small that the wire 

35 breaking frequency does not reach the 5 times or less 
contemplated in the present invention. Further, in Run 
Nos. 33, 34 and 39 as comparative examples, although 
the u i r e  workability in stranding and t h e  fatigue 
strength of the cords are superior, since the parameter 

$0 Sp is too large, rhr brass plating is peeled off, and thus 
the adhesion between the cords and the rubber is deteri- 
orated. 

~ l rchan ica l  pro- 
perties of Breaking o f  

ultra fine veel wire wire d u r ~ n g  

Typ? tensile reductior: Parameter tu . isr in~ of Adhesion bc tu tcn  Fatigue strength 
R u n  of st:er,gth of area s P, wire rubber and cords of cords 
Ko stee' kgf/mrn2 kgf/cm- . sec (times) k g f  k ~ f i m n '  

29 D 4M 3 5 0 17 45.2 YB 
3G D XS -. 1 =, 3 9 50.1 100 
31 D 40.5 35 42 I 51.8 126 
- -  7' D JC5 3 5 86 0 50.3 134 
3.7 D 4C5 3 5 107 1 43.5 136 
34 D 405 35 131 2 31.2 138 
35 E 428 3 2 0 36 49 6 94 
36 E 423 32 9 4 49.9 102 
3 7  E 428  32 28 2 51.3 120 
? S  E 428 32 67 1 52.  1 132 
39 E 428 32 123 7 37 5 136 

vided with rubber was determined in 15 cords by a 
staircase method, at a test repet~ticn of 5 S ] O h .  

Run Nos. 31, 32 and 26 to 38 in Table 4 are examples 
of the presen: invention, and the other Run Kos. are 
comparative examples. As can be seen from Table 4, all 65  
examples of the present invention exhibit a I o n  wire 
breaking frequency when tu%ting a wire arid an excel- 
lent adhesion bet\veen the steel cords and the ruhber in 

TABLE 5 
Ccrnpounding agent Part5 by u.cigir 

na.cra! rubber 100 
zinc oxide i 

carbon black 50 
sulfur 5 
stearic acid I 
cobalt naphthennte I 
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T.4BLE I-continued etc., and the effect of the present invention is very sig- 
nificant from the viewpoint of industry. 

Cnmpounding agent Parts b!. \ r t r p h ~  We claim: 
s o i ~ m m g  agent 3 1. A high strength, ultra fine steel wire having an 
V L I C ~ ~ I Z B I I O ~  ncceierator 

I 5 excellent workability in stranding comprising a steel 
having a composition consisting essentially of, in terms 

In the present examples, a steel wire was wound of % by weight, 0.85 to 1.10% of C, 0.10 to 0.70% of Si, 
around the roller 14 and subjected to shot peening while 0.20 to 0.60% of  bin, 0.10 to 0 .608  of Cr and 0.005% or 
applying tension, ~h~ wire breaking frequency when less of A1 with the balance Fe and unavoidable impuri- 

a wire si given i n  ~ ~ b l ~  6, i n  comparison with 10 ties and, provided thereon, a brass plating, said steel 

that where no tension was applied and that where the wire having a diameter of  0.1 to 0.4 mm and a tensile 

tension was applied by an ungrooved roller. strength of 400 kgf/mmz or more, the surface of the 
brass plating being provided with indentations formed 

T A B L E  6 by plastic deformation having a depth of 2 prn or less at 
wire breaking 15  intervals of 50 p m  or less in a percentage area of inden- 

frequency when tations of 10 to 80%. 
Grooves of Control of Tension twtstlng 2. The ultra fine steel wire according to claim 1, 

lension kg) which further has, in terms of 8 by weight, at least one 
Prcsent groovcd controlled 0 7 3 
invenlion 
Comp. I grooved no1 0 3 I 3  

controlled 
Comp. 2 ur;groo\ ed conrrollrd 0 S 9 

In Comparative 1, since the tension of the ultra fine 
steel wire is below the set value of the lower load limit 
and no tension control device was operated, the ultra 
fine steel wire was relaxed and deviated from a propel 
projection range. This prevented the shot grain from 
evenly colliding against the surface of the ultra fine steel 
\vile, and thus a sufficient effect could not be attained. 

In Comparat~ve 2, since use was made of a steel wire 
winding roiler not provided with grooves, the ultra fine 
steel \$,ires overlapped each other on the winding roller. 
u'hich prevented the ultra fine steel wires from being 
evenly subjected to shot peening, so that a satisfactory 
improvement effect could not be obtained. 

By contrast, all exarnplcs of ;he prcscn: invmtion 
exhibited good results. This is attributable to the provi- 
sion of grooves capable of winding the ultra tine steel 
wire on the surface of the steel wire winding roller 
within the conventional shot peening treatment device, 
to complete a treatment method suitable for ultra fine 
steel wrires for enhancing the productivity, and further, 
the prevention of relaxation through the mountmg of a 
device for controlling the tension of an ultra fine steel 
wire during a shot peening treatment to enable the shot 
peening treatment to be conducted under consranr con- 
ditions. From these facts, i t  is apparent that the shot 
peening treatment apparatus of the present invention is 
useful for an ultra fine steel wire. 

Industrial Applicability 
As described above, the present invention enables a 

high strength, ultra fine steel wire having a wire diarne- 
ter of 0.1 to 0.4 mm, a tensile strength of 400 kgf/rnm? 
or  more, and an excellent workability in stranding to be 
produced through an optimal selection of chemical 
ingredients, a tensile strength after patenting treatment, 
and wire drawing strain. The steel wlre can be used as 
an element wire for a steel tire cord, a steel belt cord, 

of 0.10 to 2.00% of Ni and 0.10 to 3.00% of Co. 
20 3. A process for producing a high strength, ultra fine 

steel wire comprising: 
subjecting a steel wire material having a composition 

consisting essentially of, in terms of 7k by weight, 
0.85 to 1.10% of C, 0.10 to 0.70% of Si, 0.20 to 

25 0.606 of bln, 0.10 to 0.60% of Cr and 0.005% or  
less of A1 with the balance F e  and unavoidable 
impurities to a patenting treatment so as ro have a 
tensile strength of 145 to 165 kgf/mm?: 

plating the treated steel wire material with brass; 
30 subjecting the plated steel wire material to wire 

drawing under a true strain of 3.? to 4.5 to form a 
steel wire having a diameter of 0. I to 0.4 mm; 

subjecting the steel wlre to a shot peening treatment 
in an air blast system through the use of com- 

3 5  pressed air under conditions of a shot grain diame- 
ter of 100 pm or less, a HV hardness of a shot grain 
of 700 or more, a Sp value [Sp=air blast pressure 
(kgf/cm2) 4: shot peening treatmen! time (sec)j of 5 
to 1 0  kgf/cm2.sec. 

40 4. The process according to claim 3, wherein said 
steel wire material further has, in terms of % by weight, 
at least one of 0.10 to 2.00% of Ni and 0.10 to 3.W% of 
Co. 

5. The process according to claim 3 or 4, wherein the 
45 shot peening treatment is conducted while appiyng a 

tension of 0.5 to 5.0 kgf to said ultra fine steel wire. 
6. A shot peening treatment apparatus for an ultra 

fine steel wire, comprising a plurality of rotatable steel 
wire winding rolls provided within a cabinet (9) and a 

50 shot nozzle provided between said rollers, an ultra fine 
steel wire (29) being wound around said rollers and 
travelled to conduct a shot peening treatment, charac- 
terized in that a tension control brake is provided on the 
upstream side of said rollers. 

5 5  7. The apparatus according to claim 6 ,  wherein the 
ultra fine steel wire can be wound around the surface of 
the steel wire winding rollers. 

8. The apparatus according to claim 6, wherein said 
tension control brake is attached to a load measuring 

60 device having a tension set to a predetermined value. 
* * * * *  
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