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This invention relates broadly to the manufacture of
metal articles and, more particularly, to the improve-
ment of the physical and mechanical properties thereoi.
While the invention is of general utility in the menu-
facture of articles of all kinds from both ferrous and
non-ferrous metals, it is described in this specification
as z;pplied to the manufacture of springs from carbon
steel. :

It is a well known and conventional practice in the
manufacture of springs of all types to improve the per-
formance of the spring by controlling the direction and
magnitude of the stresses in the outer fibres of the spring
and, at the same time and by the same means, to remove
some of the surface imperfections. This is done by such
processes as shot blasting, tumbling and the like -and
;esults in higher fatigue limit, greater yield strength and
greater spring life. These known processes are invari-
ably carried out at room temperature in practice and
must be followed by some method of partially relieving
the stress in the outer fibres in order to resicre the
elastic limit of the metal. ' .

In a further development in the art to which the-in-
wvention broadly relates, it has been found that the
mechanical and physical properties of steel and articles
made from steel may be improved by warm drawing or
extruding steel bars at about 500° F. Various specific
processes using this basic method are disclosed in United
States Letters Patent granted to La Salle Steel Company,
Nos. 2,767,835-6-7-8. It is claimed that in the practice
of these methods the improved properties are secured
without increase in warping value and with reduced
residual stresses and stress control without the necessity
for additional steps employed in other processes for siress
relief. Tt will be found that in these processes the ma-
terial acquires most of its hardness and other physical
properties as a result of the warm working.

In United States Letters Patent No. 2,717,846 to Rich-
ard F. Harvey, issued September 13, 1955; there is dis-
closed and claimed a process which is asserted in the
specification of the patent to improve the physical prop-
erties of a steel article of manufacture, such as a spring,
and which consists in austenizing by heating above the
critical temperature, then cooling to a temperature range
between 300° F. and 700° F., and shot blasting in the
latter temperature range. In this process the material
acquires most of its hardness and other physical prop-
erties as a result of the heat treatment itself and the shot
blasting produces only a marginal increase in these prop-
erties if, in fact any at all, because of the austenizing
step.

The present invention has to do, in general, with
processes such as those described, and is therefore in-

. tended to provide an improved process for improving
\the physical and mechanical properties of springs made

from ferrous and non-ferrous metals, such as by raising
the fatigue limit, giving greater yield strength, and in-
creasing the life of the spring. A specific objective of
the invention has been to provide such a process which
will result in deeper penetration of the mechanical work-
ing to which the spring is subjected during the practice
of the process, thus producing a deeper layer of com-
pressive stresses at and adjacent the surface than is
produced by known methods. A second specific objec-
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tive of the invention has been to produce a spring having
a yield point higher than that produced by the practice
of known processes. A third specific objective has been
to provide a process for improving the physical and
mechanical properties of a spring without the necessity
for stress relief after shot blasting, tumbling or other
mechanical working, thus eliminating this final step which
is required in known processes. A further specific objec-
tive of the invention has been to provide, as a new
article of manufacture, a spring which has the deeper
surface layer of compressive siresses, and the higher
yield point provided by manufacture according to the
present invention or, stated otherwise, a’ spring manu-
factured in accordance with the process of the present
invention, : :

In the manufacture of springs by the method provided
by this invention the spring is first formed to the desired
shape. For example, in the manufacture of springs from
carbon steel the steel wire or strip is wound into helical
shape, or otherwise formed into whatever configuration
is desired. The formed spring may then be subjected to
processes which impart to the spring material its principal
physical characteristics, such as hardness and strength.
As is well known, this may be done by heat treatment
or cold working and may be performed before or after
the spring material is formed into spring shape.

When the spring has been formed and its major physical
characteristics have been imparted to it, it is subjected to
mechanical working at a temperature above room tem-
perature and just below the softening point of the metal
from which it is made. If the spring is made of carbon
steel it will be mechanically worked in accordance with
the invention at a temperature above room temperature
and just below the softening temperature, which will -in
turn depend on the steel microstructure, and will in gen-
eral therefore be worked in the range of temperaiures
just below 600° F. and within the range of 300° F. to
600° F.

The term “mechanical working” as used in connection
with my invention includes shot blasting, tumbling or
similar known procedures which. impact and -plastically
distort the structure of the spring at and adjacent to its
surface and.impart compressive stresses to a deep layer
adjacent and including the surface.

In accordance with the invention the spring is main-
tained at the specified temperature or within the specified
temperature Tange during the entire period when it is
subjected to mechanical working. It has been found
that the temperature of the spring will be reduced if it is
subjected to mechanical working, such as ‘shot b}as'ting
or tumbling, by means, such as shot-which are themselves
either cold or at a temperature less than that at which
the spring being treated is maintained during treatment.
Accordingly, the shot or other devices which ‘are impart-
ing mechanical working to the spring are themselves
maintained at the same temperature, or within the same
temperature range, as the spring during the entire period
of mechanical working, which is below the softening point
of the metal of the spring in all cases and is below the
tempering temperature in the case of carbon steel.

In a typical example of the practice of the invention
a spring is formed by coiling a carbon steel wire, which
has been subjected to heat treatment or cold working
processes in order to impart to the spring the major part
of its physical characteristics, such as hardness, it being
understosd that the invention is applicable only to the

' manufacture of articles to which the major part of their

70

physical properties have already been imparted at the
time when the processes according to the invention are
practiced. After heat treatment or cold working the

~ spring is heated to a temperature in the range specified,

which is the range just below the softening temperature,
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this being, in the case of carbon steel, within the range
of 300° F. to 600° F. "If the spring is to be mechani-
cally worked by shot blasting it may be maintainied at
the specified temperature for a period of twenty minutes
and during that entire period is subjected to shot peening.
During the entire period of shot peening the shot therm-
selves, as well as the spring, are maintained at the speci-
fied temperature in order to prevent any reduction of the
temperature of the spring during shot blasting.

It will be seen that shot blasting, tumbling or cther 1

mechanical working at the warim working temperatures
according to this invention do not constitute or cause a
change in the shape of the article such as is produced
by hot or cold rolling, heading and similar operations,
all of which are intended to, and do, preduce shape
changes the effects of which extend entirely throughout
the material of the article to which they are applied. On
the contrary, mechanical working in accordance with the
present invention is not intended to, and does not, pro-
duce any change in shape and its effect to resiricted to
a surface layer although this layer is deeper than that
produced by cold shot peening, cold tumbling or other
known processes.

It has been found that springs and other ferrous and
non-ferrous articles which are treated in accordance with
this invention have a deeper surface layer of compres-
sive siress than articles treated in accordance with con-
ventional processes. This is apparently and probably
because of the lower yield point of the metal during
mechanical working produced by maintaining the spring
at the specified temperature range during the entire
period of mechanical working. It has also been found
that after mechanical working in accordance with this
invention it is not necessary to subject the spring to any
stress relieving operation.

While I have described certain steps in the practice
of the method according to the inveation, it will be
understood by those skilled in the art to which the inven-
tion relates that other steps, as well as modifications of
those described, may be practiced without departing in
any way from the spirit or scope of the invention, for
the limits of which reference must be made to the ap-
pended claims.

What is claimed is:

1. The method of surface strengthening a spring which
comprises the steps of forming the spriug to shape, treat-
ing the spring as by heat treatment or cold working to
impart thereto the principal part of the desired physical
properties of the metal from which the spring is formed,
heating the spring to a temperature above room tem-

perature and just below the softening temperature of

the metal of which the spring is formed, and whilz
maintaining the spring at such temperature subjecting it
to surface mechanical working which does not produce
any substantial change in its shape or size.

2. The method of surface strengthening a spring which
comprises the steps of forming the spring to shape, treat-
ing the spring as by heat treatment or cold working, to
impart thereto the principal part of the desired physical
properties of the metal from which the spring is formed,
heating the article to a temperature above room tem-
perature and just below the -re-crystallization tempera-
ture of the metal of which the spring is formed, and
while maintaining the spring at such temperature sub-
jecting it to surface mechanical working which does not
produce any substantial change in its shape or size.

3. The method of surface strengthening & spring which
comprises the steps of forming the spring to shape, treat-
ing the spring as by heat treatment or cold working to
impart thereto the principal part of the desired physical
properties of the metal from which the spring is formed,
heating the spring to a temperature abeve room tem-
perature and below the softening temperature of the metal
of which the spring is formed, and while maintalning the
spring at such temperature subjecting it to surface
mechanical working which does not produce any sub-
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stantial change in its shape or size, and during the
mechanical working maintaining the mechanical working
means at the temperature of the article being worked.

4. The method of manufacturing a spring from carbon
steel to improve its physical properties such as fatigue
limit, yield strength and life, which comprises the steps
of forming the spring to a desired shape, treating thc
spring as by heat treatment or cold working to impart
thereto the principal physical characterisiics such as hard-
ness and strength, then heating the spring to a tempera-
ture just below the softening temperatuie of the carbon
steel, and while maintaining it at this temperature sub-
jecting the spring to surface mechanical working which
does not produce any substantial change in its shape or
size,

5. The method of manufacturing a spring from carbon
steel to improve its physical properties such as fatigue
limit, yield strength and life, which comprises ihe steps
of forming the spring to a desired shape, trealing the
spring as by heat treatment or cold working to impart
thereto the principal physical characteristics such as hard-
ness and strength, then heating the spring to a tempera-
ture within the range of 300° F. to 600° ¥., and while
maintaining it at this temperature subjecting the spring
to surface mechanical working which does not produce
any substantial change in its shape or size.

6. The method of manufacturing a spring from carbon
steel to improve its physical properties such as fatigue
limit, yield strength and life, which comprises the steps
of forming the spring to a desired shape, treating the
spring as by heat treatment or cold working to impart
thereto the principal physical characteristics such as
hardness and strength, then heating the spring within the
range 300° F. to 600° F., and while maintaining it in
this temperature range subjecting the spring to shot
blasting. '

7. The method of manufacturing a spring from carbon
steel to improve ifs physical properties such as fatigue
limit, yield strength and life, which comprises the steps
of forming the spring to a desired shape, treating the
spring as by heat treatment or cold working to impart
thereto the principal physical characteristics such as hard-
ness and strength, then heating the spring within the
range of 300° F. to 600° F., and while maintaining it
in this temperature range subjecting the spring to surface
peening by shot heated to the same temperature as the
spring.

8. The method of manufacturing a spring from carbon
steel to improve its physical properties such as fatigue
limit, yield strength and life, which comprises the sieps
of forming the spring to a desired shape, treating the
spring as by heat treatment or cold working to give its
principal physical characteristics such as hardness and
strength, then heating the spring to a temperature just
below the softening temperature of the carbon steel,
mechanically working the surface of the spring without
any substantial change in its shape or size, and main-
taining the spring and the mechanical working means at
such temperature during the entire mechanical working.

9. The mefhod of manufacturing a spring from carbon
stecl to improve its physical properties such as fatigue
limit, yield strength and life, which cemprises the steps
of forming the spring t0 a desired shape, treating the
spring as by heat treatment or cold working to give its
principal physical characteristics such as hardness and
strength, then heating the spring te a temperature just

below the softening terperature of the carbon steel, .

shot blasting the spring while maintaining it at such
temperature, and maintaining the shot at the same tem-
perature while blasting,

10. As a mew article of manufacture, a spring formed
of ferrous material having a layer of compressively
stressed material at and adjacent its surface which is
deeper than that produced by cold shot peening, which
has been mechanically surface worked without substan-
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tial change in its shape or size while being maintained 2,881,107 Nachtman . _ Apr. 7, 1959
at a temperature just below the temperature at which 2,881,108 Nachtman o Apr. 7, 1959
the spring material will be permanently softened. OTHER REFERENCES
References Cited in the file of this patent 5 Pomp: The Manufacture and Properties of Steel Wire,

UNITED STATES PATENTS pp. 92-3, 1954.

974,822 Potter Nov. 8, 1910




