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8 Claims.

This invention relates to the manufacture and
treatment of metals and has particular refer-
ence to the manufacture of bar stock of ferrous
metals heving improved characteristics. ’

The ususal and customary methods for manu-
facturing bar stock of steel, alloy steels, and simi<
lar materials are such that the direction of the fi-
ber flow is parallel to the longitudinal axis of the
bar. In the meanufecture of verious types of
10 articles, it is customeary to cut the metal either
lengthwise or cross-wise of the bar. Because of
this the cuis will normally He either parallel
with the fber or cross-wise thereof,

It is s well known fact that the resistance to
abrasion and the uitimate strength of the metal
differ depending upon whether the force is ap-
pled in the direction of, or af right anzles to,
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the fiber flow. In the former case, the strain is

- borne by the ends of the fibers of the metal
20 while in the latter the strain must be borne by
the weaker flow lines. In the former case the
metal exhibits its greatest strength while in the
latter it exhibits its minimum strength.

In meking torque transmitting members it s
convenient and economical to cui the splines,
teeth and the like, lengthwise of the bar, whereby
the faces thereof must necessarily lie paraliel
to the fiber flow. Under these circumstances
the force directed agalnst these portions of the
member is af right angles to the fiber flow of the
metal and as a result the metal exhibits its mini-
mum strength whereby the portions are relative-
ly easily broken off. In the case of*torque tramns-
mitting members such as gears and the like, it
becomes necessary, in order to develop sufficient
strength, and resistance to wear in the teeth,
to form the blanks through a forging operation
to rearrange the fiber flow. However, the use of
forging operations results in a member in which
the metal is of variable density whereby satis-
factory heat treatment of the member becomes
difficult.

‘There is also a considerable difference in the
machining characteristics of the metal depend-
ing upon the relation between the direction of
the cut and the direction of the fiber flow, this
difference being a maximum when cross-wise
and lengthwise cuts are made on the usual type
of bar stock. :

One of the principal objects of my lnvention
is the provision of torque transmitting members
from bar stock wherein the fiber flow is heli-
eally directed within the bar thereby to produce
an object of improved torsional strength, ma-
chinability and wear resisting properties, par-

25

30

35

40

45

50

&5

(Cl. 28—159.8)

ticularly in the teeth or {ransmitting projections.

Another obieet of the imvention is the pro-
vision of torque transmitting members having
materially less susceptibility to distorsion during.
the heat treatment thereof.

I have also simed to provide a torque trans-
mitting member wherein the fiber flow thereof is
helically directed within the member to increase -
the torsional strength and impsact value thereof.

Ancther object of the invention is the provi- 10
sion of s torgue transmitting member having
longitudinal faces wherein the fiber flow lies at
an angle with respect to the faces. .

A still further object of the inventien is the ‘
provision of a method for manufacturing toothed 15
torque transmitting members wherein the cost of
meanufacture is materially reduced.

Other objects and attendani advantages will
become apparent to those skilled in the art Irom
the following description and the accompanymg 20
drawings in which—

. Figure 1 shows & conventional bar stock sec-
tion wherein the fber ﬂow lies parallel to the lon-
gitudinal axis;

Fig. 2 shows a bar stock section in which the 95
fiher flow lies helieally about the Iongitudinal
axis, representing one step in my improved
method;

Fig. 3 is a wide elevation of 2 propeller shait
splined stud end made from bar stock in which 30
the fiber flow is helically arranged;

Fig. 4 i5 & side view of a blank from which &
gear 1is to be cut;

Fig. b is a side view of the gear before the teeth
have been cut therein; and

Pig. 6 is g side view of the finished gear.

The invention contemplates, the twisting of
bar stock of steel or similar material in order to
helically dispose the fiber flow about the longi-
tudinal center of the bar. This permits the 40
forming of longitudinal or transverse slots or
- projections on the bar in the usual manner with-

out having the fiber flow parallel with the longi-
tudinal surfaces thus formed. Because of the
helical direction of the fiber flow, the transverse 45
slots or projections are cut across the fiber flow
so that such formeations will have greater
strength and greater wearing properties. The
amount of this twist may vary considerably de-
pending upon the purpose for which the material 50
is to be used. I have in some instances twisted
the stock through an angle of 75° per inch and
in other cases I have succeeded in 1mparting a
twist of as much as 375° per inch.

Referring to the drawings, Fig. 1 shows a por- 55
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tion of conventional steel bar stock, the shading
designated by the numeral 5 representing the
fiber flow of the metal. In this figsure the fiber
flow will be seen to lie parallel with the longi-
tudinal axis of the bar. In Fig. 2, the lines desig-
nated collectively by the numeral 6 indicate the

_ position of the fiber flow after a bar such as that
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shown in Fig. 1 has been progressively twisted.
Fig. 3 shows a stub end made from twisted bar
stock similar to that shown in Fig. 2. The nu-
meral 1 designates an upset head on the end of
a bar 8 and indicates the manner in which the
usual metal working methods may be employed
without disturbing the helical position of the fiber
flow. Splines Il are formed in the bar through
which rotary motion is transmitted to the stub
end. It will be seen from the lines 6 that the
fiber flow lies at an angle with respect to the
faces Il of the splines thereby imparting mate-
rially greater torsional strength and higher im-
pact value than would be the case were stock of
the nature shown in Fig. 1 used.

Figs. 4, 5, and 6 show the various steps in the
formation of a gear. In this instance a blank I3
of suitable length is cut from bar stock of sub-
stantially the same diameter as the gear to be
formed; the bar having previously been twisted
to dispose the grain flow 6 helically about the
longitudinal center of the bar. The structure
shown in Fig. 5 is then formed from the blank 13
by the usual well known machining operations,
after which the teeth {4 are cut on the outer
surface of the gear as shown in Tig. 6 to provide
faces 15 and 6. It will be secn that the grain
flow 6 within the teeth (4 lies at an angle with
respect to the faces 15 and 16, and that when the
faces 15 and 16 are brought against the faces of
a cooperating gear the force exerted upon these
faces will be directed against the ends of the
metal fiber, that is, at an angle with respect to
the grain flow rather than parallel therewith.
In forming a gear in this manner from twisted
bar stock the forging operations are completely
eliminated and a gear having uniform strength
results. It will furthermore be seen that by
eliminating the forging operation and cutting
the gear directly from a twisted blank, a member
results in which the metal is of uniform density
and which may be heat treated without the diffi-
culties attendant upon variable metal density.

The orientation of the fiber flow may be accom-
plished by any desired method. In one particular
instance I have employed a bar of commercial
steel in which the fiber flow lies parallel to the
longitudinal axis. I have heated this bar to a
temperature near the rolling temperature of the
metal and have then imparted rotation to one end
of the bar, the other end being held stationary.
I believe it advisable to impart the twist to the
bar at a temperature near the rolling tempera-
ture in order to avoid any possible rupture. This
exact temperature will, of course, vary somewhat
depending upon the composition of the metal. If
desired, the twisting of the bar stock may be
accomplished during the rolling process. At this
time the metal is at a temperature suitable for
the twisting process and such a step may be inter-
posed between various steps of the rolling oper-
ation. I have then normalized and annealed the
metal and found that the orientation of the fiber
flow has not been altered by this treatment. A
feature of this invention is, however, the fact that
these operations are normally eliminated, there-
by reducing the cost of manufacture. Upon
=azchining the bars so treated I have observed
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that the machinability of the metal has beert
materially improved.

In order to compare the characteristics of bars
in which the fiber flow is parallel to the geometric
axis and bars in which the fiber flow was heli-
cally disposed, I have conducted a number of
tests in which stub ends made of both types of
bars were employed. The treatment of each was
identical except for the twisting step, the twisted
bar being given a twist of 75° per inch. Both
pieces were made from the same bar; were nor-
malized together in the same furnace; were an-
nealed together in the same furnace, and were
hardened, and drawn in the same manner and by
the same operator. Upon test both articles
showed the same Rockwell hardness (R. C. S.).
The article made from the metal in which the
fiber flow was helically disposed showed noticeably
less dimensional changes during the heat treat-
ment, while the torque strength for the twisted
article was 1075 foot pounds and the torque
strength for the article in which the fiber flow
was parallel to the geometric axis was 975 foot
pounds. These tests conclusively show that the
article made from the steel in which the fiber
flow was helically disposed had a greater torque
strength, were less susceptible to distortion and
displayed improved machinability.

The use of my invention permits the use of
cheaper grades of material in torque members
and like articles wherein torsional strength is a
material factor. The use of the process materially
improves the machinability of the metal and
thereby reduces the machining costs.

The cost of producing articles in quantity is
reduced because of the fact that fewer of the
finished articles are rejected upon inspection be-
cause of distortion during the heat treatment
thereof. This is probably due to the fact that
the twisting operation brings the metal to a more
uniform density, increases the density of the metal
and brings the fibers thereof in closer proximity.

The invention also serves as an inspection step
as any glaring defects in the metal will be ap-
parent during the twisting operation and rejec-
tion may be made at this time. Minor defects
of the metal will be cured by twisting the metal
as described. Thus the use of the twisting opera-
tion avoids the possibility of such defects going
unnoticed until final inspection of the bar stock
or even until the finished articles have been man-
ufactured. In this manner the number of reject-
ed finished articles is still further reduced where-
by the cost of production is also reduced.

A further result of the use of my invention is
the fact that when longitudinal forms or shapes
are produced the fiber flow will not lie in a plane
parallel to the longitudinal faces but rather at an
angle with respect thereto, thereby materially
increasing the strength of the article to forces di-
rected at right angles to these longitudinal faces.

The invention is, however, by no means limited
to the particular applications herein set forth
but will be of value in innumerable other and
different uses. Por example, my invention may
be advantageously employed in the manufacture
of line shafts, coiled spring axles, sucker rods,
journals, and innumerable uiher articles of com-
merce in which desirable characteristics will be

imparted to the finished article by helically dis- g

posing the grain flow in the bar stock from which
they are manufactured.

While I have thus described and illustrated a
specific embodiment of my invention I am aware
that numerous alterations and changes may be
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made therein without materially departing from
the spirit of the invention and the scope of the
appended claims in which—

I claim:

1. An article of manufacture comprising a solid
torque transmitting member formed from a single
piece of metal and wherein a substantial amount
of the metal fiber flow is helically directed
to & substantial degree throughout the length of
sald member. . }

2. An article of manufacture comprising &

torque transmitting member of improved torque
strength and wearing properties formed from a
solid bar and having at least one working face
parallel to the longitudinal axis of the bar, the.
grain flow being helically arranged in sald member
and at an angle with respect to said working
face. .
. 3. The method of manufacturing a toothed
torque transmitting member of metal bar stock
which includes forming a solid bar of sald metal,
helically directing the floer flow of said metal
while substantially at its rolling tempersture, and
circumferentially and longitudinally cutting the
resultant bar to the desired shape, and to form
torque transmitting teeth. .

4. The method of forming & toothed torque
transmitting member which includes forming &

3

solid bar of desired diameter in which the grain
flow is helically directed, machining the bar to
size and shape, and heat treating the same.

5. The method of manufacturing splined stub -

ends which includes the steps of forming a solid
bar of metal, twisting said bar to helically direct
the grain flow of said metal, and cutting longitu-
dinal slots in said bar to form teeth therein.

6. The method of forming gears which consists
in the steps of forming a solid bar of metal,
twisting the bar to helically direct the grain flow,
machining the resultant bar o form the gear,
and heat treating the same. ‘ :

7. The method of forming gears which inc¢ludes
machining & solid bar in which the grain flow is
helically directed to shape the gear and form teeth
therein, and heat treating said gear.

8. The method of forming toothed torque trans-

mitting members without forging which includes
the steps of forming a solid bar of metal in which
the grain flow is helically directed and machining
the same to shape the member and form teeth
therein, and heat treating the same for the purpose
of causing the ends of the metal grain to face
the working faces of the teeth and to produce a
member of uniform density.

. HORACE L. WAISNER.
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