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1 Clalm.

My invention relates to coll springs and the
art of treating the same to increase their useful
life in comperison with similar springs as here-
tofore manufactured, The invention s particu-
Iy applicable to helical compression springs such
as are commonly used as valve springs in inter-
nal combustion engines and as suspension springs
in automobiles and the like, which are particu-
larly susceptible to fallure due to fatigue result-
ing from the repeated application of stresses
thereto. .

It is Imown that the fatigue life of springs that
are subjected to repeated flexing stresses may
be increased by the cold working of the fibers
at and near the surfaces of the metal, as by
shot-blasting, and efforts have heretofore heen
made to apply this knowledge to the manufac-
ture of coil! springs by tumbling the springs
in a barrel in which they are being subiected
to & shot-blast, This method, however, has not
been satisfactory because of lack of uniformity
in the springs thus treated which results from
the varying degrees of treatment that different
springs recelved on account of the promiscuous
manner in which different springs were presented
to the blast of shot. In the case of larger coil
springs such as those used in automobijle suse
pensions, a better treatment has been obtalned
by conveying the springs through a fan-shaped
shot-stream with the axis of each spring par-
allel with the planes in which the stream is fan-
shaped, and rotating the springs about their axes
while passing through the shot-stream. By this
method the fibers on the outside of the colly are
subjected to substantially uniform treatment
but the fibers on the inside of the colls are
treated to s much less extent because of the
shielding effect of the portions of the coils which
are directly in the path of the shot.

When a helical compression spring is put un-
der compression the Innermost surface fibers of
the coils are subjected to an appreciably greater
maxtmum stress than the fibers at the surface
of the mean diameter of the coils, and the outer-
mosi surface fibers of the colls are subject to
less maximum stress than the surface fibers at
the mean diameter and very substantially less
maximum stress than the innermost surface
fibers. .

In my application Serial No. 345,019, flled July
11, 1840, now Patent No, 2,249,677, granted July
15, 1941, of which this application s a divisicn,
I have described and claimed my improved meth-
od and apparatus for shoi-blasting coil springs
80 as to substantially and uniformly improve the

10

20

25

30

33

40

40

50

&5

Company, Cleveland,

life of springs by shot-blasting them in such a
way that the effect of the shot-blasting on the
fibers at and adjacent the Inner and outer aur-
faces of the coils will be at least substantially
uniform, and preferably result in cold working
the inner surfaces to g greater extent than the
outer surfaces. of the coils, and thereby most
effectively Increase the strength and durability
of the springs by subjecting the flbers which are
subjected to the maximum stresses to the maxi-
rmum amount of cold working. The present ap-
plication relates to the springs per se which, as
the result of the improved method of shot-blast-
ing, are given novel and highly useful charac-
teristios.

In the accompanying drawings,

Fig. 1 is a side elevation of a helical spring of
the type above referred to.

Fig. 2 1z an end elevation thereof.

Fig. 3 13 a diagrammatic perspective view of
one form of apparatus for practicing my inven-
tion.

Flg, 4 i3 & dlagrammatic plan view of a coll
spring with its axis inclined to the direction of
movement through the shot-stream to minimize
the shielding of the inner surfaces of the coils.

Fig. 5 is a dlagram showing the manner in
which the springs are moved through the shot-
stream in the apparatus Nustrated in Fig. 3.

Pig. 8 is a diagram showing the paths of par-
ticular points on the coils through the shot-
stream.

In Figs. 1 and 2 I show a coil spring, which
has been initially formed of helically extending
conventional wire stock of the kind used in the
production of coll springs, ahd whose resistance
to fatigue has heen greatly increased as herein-
alfter explained. The fibers at the points {§ rep-
resent the outermost fibers of the coils, those at
the points (1 the Innermost fibers, and those
at the points 12 are on the mean dlameter of the
colls. When a spring of the type {llustrated in
Figs. 1 and 2 is compressed the innermost fibers,
as at the points (1, are subjected to the maximum
stress, and the outermost fibers, as at the points
10, are suhjected to & lower stress, whereas the
fibers at points 12 on the mean diameter are
stressed less than those at the points 11 but
greater than those at the points 10, Therefore,
in order to obtain the most effective results by
cold working or shot-blasting the surface fibers
of the coils 1t is essential that the innermost
fibers receive, at least, as much treatment as the
outermost fibers and, since the innermost Abers
are subjected to a greater stress than the outer-
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most Abers, when the spring s stressed, it i
‘desirable to give to the innermost flbers greater
strength through an increased amount of cold
working, and this is accomplished by the use
of the method and apparatus which will now be
described.

Referring to Fig. 3, 13 indicates a common
form of shot-throwing wheel and i4 and 18 a pair
of laterally adjustable spaced angle-iron sup-
ports for the ends of the coil springs {6 which
are to be shot-blasted. A beit {7 is carried by
pulleys 8 and 9, at the opposite ends of the

b5}

apparatus, and cne of these pulleys will be power -

driven to move the belt {7 at the desired rate
of speed. A series of suitably spaced fingers 29
are secured to the belt {7 and serve to move the
springs {8 through the shot-stream which is in-
dicated by the lines 21. In this connection it will
be noted that the axis of the springs is sub-
stantially parallel with the axis of fhe shot-
throwing wheel i3, and that the springs move
through the shof-stream in a direction parallel
to the planes in which the shot-stream is fanned
out longitudinally of the belt 7. The angle
irons {4 and {5 may be arranged horizontally
or the right-hand end thereof, as viewed in Fig,
3. may be slightly elevated so that the springs
will be rolled up-hill to some extent as they pass
through the shot-stream.

Referring to Fig. 4, in which one of the springs
{8 is illustrated, it will be noted theat the axis of
the spring is inclined to the direction of move-
ment of the belt §7, which is indicated by the
arrow 22, so that the lower half of the cofls of
the spring will be substantially parallel to the di-
rection in which the spring moves through the
machine. This is accomplished by having the
fingers 20 arranged at an angle to the direction
of movement of the belt 17. By thus positioning
the springs with reference to their direction of
translation through the shot-stream the inner
surfaces of the lower halves of the coils will be
shielded & minimum amount by the upper halves
of the coils and, as will be noted from Fig. 4, the
inner surfaces of the lower halves of the cofls will
be directly exposed to the action of the shot
which pass hetween the upper halves of the colls.

Referring to ¥igs. 5 and 6, and particularly to
Fig, 6, it will be noted that, as the springs move
through the shot-stream, every point on the sur-
faces of the coils will move in a cycloidal path.
For instanee, the point A will describe the path
indicated by the line 23, whereas the point B
will describe the path Indicated by the line 24,
If we assume that the shot particles are dis-
charged in a downward vertical direction by the
wheel 13 it will be obvious that the point A will
not be affected by the shot-stream ungil 15 moves
to the point 25 which is at the intersection of the
path 23 with the horizontal plane 26 through the
axis of the coil. In other words, the point A will
not be subjected to the shot-stream- until the
spring has rolled one-fourth of a revolution.
In a similar manner the point B on the inper sur-
face of the coil will not be affected by the shot-
stream until it reaches the point 27 where the
path 24 intersects the plane 28.

After passing the intersection 2§ the point A
will, theoretically, be subjected to the shot-
stream while the spring {s making a half revolu-
tion which will carry the point A over to the in-
terseciion 28 of the path 23 with the plane 28.
While the peint A is moving from the Intersection
25 to the intersection 28 the point B will move
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of the path 24 with the plane 28. Since the point
A moves from the intersection 28 to the intersec-
tion 28 in the same time interval that the point B
moves from the intersection 27 to the intersec-
tlon 29, 1t is obvlous that the polnt A will be car-
ried through the ghot-stream at a much higher
veloeity than that of the polunt B and, because the
point B, on the innermost surface of the spring,
moves through the shot-stream more slowly than
the point A on the outermost surface it will he
subjected to considerably more shot-blasting,
while passing through any particular section of
the ghot-stream, than will the point A in passing
through this same sectlon of the shot-stream.
Of course, on account of the shot-stream being
fanned out, in the direction in which the springs
are translated through it, the different portions
of the stream strike the colls at different angles
but, considering any particular section of the
shot-stream, the fibers on the inner surface of the
colis will be shot-blasted more than the fibers
oa the outer surface of the coils because of their
slower movement through this sectlon of the
shot-astream. The practical efect of this iz that
the inner surface of the coils will he worked, by
the shot-blast treatment, at least as much as the
outer surface, and, for the reasons stated, will
probably be worked more and therefore will be
given greater strength and durabllity because af
this shot-blast {reatment.

It will be apparent that, In addition to the fore-
going beneficlal resuits of this method of moving
the coils through the shot-stream, all of the
springs will receive a uniform treatment and with
the result that there will be greater uniformity in
the strength and fatigue life of the different
springs.

The improvement in the fatigue life of springs
by this improved method of shot-blasting is in-
dicated by the following table of tests in which
internal combustion valve springs approxirmately
112" in diameter end 2%’ long were alternately
compressed and released until fracture occurred:

¥

Number of
8prings
Cycles for fallare P
nie|ie
1000048000 _____ ... bY S EE
50000-50.999. ... .. 3. ]--
00069, - 1
70,000-79,589___ .
,006-59, 1.
00,000-99,990 PN
100,000-109,009 13 |
200, 000-290,000 ERT

¥

T

The above table indicates the number of cyecles
of compression and release by the column headed
“Cycles for failure.” There were three series of
tests and thirty-three springs were tested in each
serles. In column #1 the springs were in the
“as colled” condition or, in other words, ordinary
springs that had been through all of the usual
manufaciuring operations except that they had
not been ghot-blasted after being formed. Col-
umn #2 relates to springs exactly the same as
those in column #1 except that they had been

{rom the Intersection 27 to the intersection 29 756 shot-blasted by the barrel method hereinabove
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referred to. Column #3 relates to springs that
were exactly the same as those in column #1
except they had been shot-blasted in accordance
with my improved method herein described.
These tests showed that most of the ordinary
springs which had not been shot-blasted failed at
between 40,000 and 60,000 cycles, whereas most
of the springs that were shot-blasted by the bar-
rel method failed at between 100,000 gnd 300,000
cycles, and most of the springs shot-biasted In
accordance with my improved method falled at
between 1,000,000 and 3,000,000 cycles. From
these results it is apparent that my improved
method of shot-blasting enormously increases
the fatigue life of the springs and that, in com-
parison with springs which have not been shot-
blasted the average life is increased about Alty
times, and In comparison with the springs shot-
blasted by the barrel method the life has been in-
creased at least ten times.

In the actual practice of my improved method,
in an apparatus similar to that illustrated in Mg,
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3 for shot-blasting springs of the kind referred
to in the foregoing tahle, the shot-throwing wheel
13 was 1912 In diameter, 2% wide, and re-
voived at 2300 revolutions per minute. The belt
1T traveled at the rate of about 12" per minute.
and the wheel 13 discharged about 25¢ pounds of
shot per minute, the shot used being steel parti-
cles about .020°" in diameter, this shot being des-
ighated In the trade as #40.

Having thus described my invention, I claim:

A coil spring whose resistance to fatigue re-
sulting from the application of repeated stresses
thereto has been substantially increased, after
the spring has been formed, by substantially uni-
formly cold werking the fibers at and adjscent
the exterior surface of the convolutions and sub-
stantially unilormly cold working the flbers at
and adjacent the interior surface of the convo-
lutions but to a greater degree than the cold
working of the fibers at and adjacent to the ex-
terior surface of the convelutions.

WILLIAM H. WALLACE.
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