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UNITED STATES

1,842,280

GEORGE E. NEUBERTH, OF NEWARK, NEW JERSEY, ASSIGNOR, BY MESNE »ASSIGN~‘
' MENTS, TO TUBE REDUCING CORPORATION,

CORPORATION OF DELAWARE

OF WILMINGTON, DELAWARE, A

METAL TUBE

Application filed April 11,

When a metallic tube is subjected to ten-
sional stresses in a cold working process so
as to elongate it and reduce its cross-sec-
tional area, e. g. in cold drawing, the individ-
ual grains or crystals of the metal, when ex-
amined microscopically, exhibit what are
commonly known as “slip-lines” extending
cross-wise of the grain at a substantial angle
(30 degrees or more) to the direction of elon-
gation. There may be one or more sets of
these slip-lines in each grain, the lines in each
set being substantially parallel; and, as a
rule, these lines increase and become more
apparent with the degree of working as the
latter approaches the limiting point where
further working causes a rupture of the tube.
(See, for example, Figures 15 and 16 in Tech-
nical Publication No. 93 of the American In-
stitute of Mining and Metallurgical Engi-
neers, by Frank W. Harris, 1928.) These
slip-lines are generally understood to indi-
cate a slippage of the component parts or
blocks of each crystal with respect to one
another; and are exhibited when, upon the
application of mechanical stresses, the in-
dividual crystals are subdivided into smaller
blocks or fragments which tend to slide upon
each other. If these stresses are continued
indefinitely, there is complete separation and
the crystals are broken along these lines. If

in cold drawing, for example, the working of

the metal is continued too far, annealing will
not consolidate or reorganize the crystals,
and rupture of the metal soon follows. In
cold drawing, therefore, annealing is resort-
ed to before rupture of the metal occurs in

- order that the crystals may bé consolidated,
" i. e. returned to their normal condition, in
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which case the slip-lines disappear. - Thus,
cold drawing as practiced heretofore, has
consisted of alternate drawing and anneal-
ing operations which were continued until
the ultimate reduction or elongation desired
had been reached. S

In my copending patent application Serial
No. 229,887, filed October 31, 1927, Patent
No. 1,810,855, dated June 16, 1931, I have
illustrated and described a method of cold
working metallic tubes, in accordance with
which their elongation and reduction may

1931. Serial No. 529,534. -

be carried to an almost unlimited extent with-
out annealing and with no tendency of the
metal to rupture. It results, therefore, that
my method of reduction or elongation en-
ables one to reduce, if not dispense entirely
with, the alternate annealings. -

‘When I filed my copending patent applica-
tion aforesaid, I realized that, in accordance
with my method, the action of the forces set
up within the metal of the tube produced a
different result in the metallic structure there-
of from any produced by methods of cold
working now in common use, and that it
was due to this structural difference that
the elongation or reduction could be contin-
ued indefinitely without rupturing the metal;
and in referring to this difference I then
stated it as follows: “The (my) method also
works the metal of the tube so that it is given
a grain or, rather, it has elongated longitu-
dinal fibre established.”

When specimens of tubes produced by my
process are properly etched to disclose intra-
crystalline detail and are examined under
the microscope or by photomicrographs,
(longitudinal sections being taken through
the axis of the tube) visible slip-lines which
are characteristic of ordinary cold worked
metals are lacking in a majority of the grains,
if not entirely absent, and instead, lines
(which for convenience may hereinafter be
called “fold lines” and which for the most
part are wholly disassociated from the slip-
lines) appear, extending substantially paral-
lel to the axis of elongation, which said lines
indicate alternate ridges and valleys in the
surface of the etched metal. These ridges
and valleys give the appearance, under the
microscope and in photomicrographs, of
elongated longitudinal fibers. '

It is believed that these fold lines may in-
dicate an intracrystalline fragmentation in
which the fragments, instead of being dis-
posed in planes extending at an angle to the
axis of elongation as in ordinary cold work,
are disposed in planes extending substantial-
ly parallel to the axis of elongation. An-
other interpretation of these fold lines is that
they may represent fluid movement of mole-

cules within the crystals. In any event, re- °
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gardless of the interpretation, it is found
that on tubes disclosing the characteristic
fold lines described above, and failing to
disclose the ordinary slip-lines in a majority
of the grains, cold working may be continued

- almost indefinitely without annealing. Thus,

taking for example mild steel tube and work-
ing by known drawing methods, whereas
it is possible to make a one and one-half to
one reduction without annealing, it is not
feasible in ordinary commercial operations
to make greater reductions without anneal-
ing. The tube formed as a result of this
drawing would be highly embrittled.

On the other hand, by applying a pre-
ponderance of compressive stresses in such
manner as to produce a tube disclosing the
above described fold lines rather than slip
lines it has been found possible, starting with
the same mild steel tube, to make a seven-
teen to one reduction without annealing, and
in certain cases even greater reductions may
be effected without destroying the character-
istics of the metal, When these relatively
high reductions are made the crystals appear
to be merged so that no distinct boundaries
between the crystals can be developed by
etching, and the entire surface of the sections
shows fold lines. .

With other metal tubes which can be re-
duced by cold drawing and cold rolling meth-
ods, it has also been observed that where such
tubes are worked by compressive stress
methods to produce the above described ef-

5 fect, many times as much working can be

done without annealing and without destroy-
ing the characteristics of the metal.

Tubes of certain metals, as for example,
Monel metal and certain special steels have
not heretofore been successfully reduced by
cold drawing methods except at great ex-
pense due to the low reductions possible and
the necessity of frequent annealing. When
worked by my method to produce fold lines
rather than slip lines, it has been found pos-
sible to reduce such tubes, and to make with-
out difficulty reductions as great as three to
one. QGreater reductions can be and have
been made in certain cases.

It will be understood that tubes worked
by known drawing and rolling processes may
disclose to microscopic examination, occa-
sional grains distributed here and there
throughout the metal in which no slip-lines
appear or in which the slip-lines produced
by cold work lie in planes parallel to the
axis of elongation. Conversely, tubes
worked by my method may disclose occa-
sional grains 1n which no fold lines appedr
or in which slip-lines appear which are dis-
posed in planes lying at an angle to the

axis of elongation.- In mild steel tubes.

worked by my process, for exampley:ordi-
nary slip-lines do not appear in more than
one-third of the grains. This may result

1,842,280

from the fact that occasional grains are so
shaped or oriented that working by any
method causes a result departing from the
normal, as represented by the majority of
the grains. It has been noted, however, that
as working proceeds, the tendency to conform
to the normal intracrystalline effect of the
working is increased, so that the greater the
degree of working, the fewer are these ob-
servable departures from the normal.

Since one method and apparatus.for pro-
dusing metal tubes having the above de-
scribed intracrystalline structure is described
in my copending application aforesaid, and
since I referred to it therein as having “an
elongated longitudinal fiber,” the present ap-

lication is to be regarded as a continuation
in part of the aforesaid application. An im-
proved method and apparatus for producing
tubes having the above described intracrys-
talline structure is also described in my co-
pending application Serial No. 353,717, filed
April 9, 1929, Patent No. 1,810,886, dated
June 16, 1931, but it will be understood that
the said tubes may be produced by other
methods, and the invention herein claimed is
in no sense limited to tubes so produced.

In the drawings, Figure 1 shows the above
described fold lines in the initial stages of
their development, this figure being a repro-
duction of a photomicrograph taken at a
magnification of one thousand diameters, of
a tube which has been submitted to a two and

. one-half to one reduction. The initial devel-

opment of the longitudinal fold lines giving
the appearance of an intracrystalline longi-
tudinal fiber is plainly apparent in the crys-
tal extending along the middle of Figure 1
as indicated by reference character a. Fig-
ure 2 is a similar reproduction of a photo-
micrograph taken at a magnification of one
thousand diameters, of metal which has been
submitted to a reduction of six and one-half
to one. The development of the fold lines b
is considerably more marked and the appear-
ance of longitudinal fibres is quite distinct.

Figure 8 is a similar reproduction of a
photomicrograé)h taken at a magnification of
one thousand diameters of metal which has
been submitted to a reduction of thirteen to
one. In this.figure the development of the
fold lines ¢ and the appearance of longitudi-
nal fibres is increasingly apparent.

In each of the above figures the absence
of ordinary transverse slip-lines will be ap-
parent. _ :

Figure 4 is a similar reproduction of a
photomicrograph taken at a magnification of
one thousand (ﬁnmeters of metal worked by
an especially effective cold drawing process,

70

75

8

05

100

105

110

118

120

128

and submitted to a reduction of two and one- .

half to one. In this figure the development
of the ordinary slip-lines is apparent at d,
and a comparison of this figure with Figures
1, 2 and 3 illustrates the difference between
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the metal structure here described and
claimed and that which is characteristic of
known cold working processes.

Figures 5, 6, 7 and 8 illustrate in semi-
diagrammatic form a method and apparatus
which may be used for the production of
tubes having the characteristics hereinbefore
described, and, as will be understood, the dis-

_ closures of my aforesaid copending applica-
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tions may be referred to for a more complete
disclosure, o

Figures 5a and 5b represent the stage in
the preferred cycle of operation at which the
reducing devices 1 have reached their rear-
most position relative to the stock 2 and-the
latter has just been fed forward relative to

the longitudinally fixed tapered mandrel 3.:

The stock, as shown in Figure 50, is round
and slightly loose on the mandrel from the
preceding consolidating action. The arrows
indicate that the next movement which will
occur will be a forward action of the reduc-
ing devices.

igures 6 and 65 represent the stage in

5 the cycle at which the reducing devices have

moved forward to the end of the reducing
stroke. The stock, as shown in Figure 6, 1s
slightly elliptical and ribs or incipient fins 4
show on the side of the tube where the roll

grooves met. 'The arrow indicates that the

next movement will be a turning of the tube
and mandrel.

Figures Ta and 7b represent the stage in
the cycle at which the tube and mandrel have
been turned 90° and the reducing devices are
ready to commence their rearward movement
as indicated by the arrows. - _

Figures 8a and 8b represent the stage in
the cycle at which the reducing devices have
completed their rearward movement or con-
solidating action. The arrows indicate that
the next movement will be the forward feed-
ing of the tube along the mandrel. ,

It will be understood that the invention

‘may be variously modified and embodied

within the scope of the subjoined claims.

I claim as my invention :

1. As an article of manufacture a metal
tube characterized by this: that the surfaces
of a majority of the crystals in a longitudinal
section taken through the longitudinal axis
thereof appear to be made up for the most
part of elongated longitudinal fibres.

2. As an article. of manufacture a metal
tube characterized by this: that in a longi-
tudinal section taken through the longitudi-
nal axis thereof a majority of the crystals ap-
pear elongated with surfaces made up for the
most part of elongated longitudinal fibres.

3. As an article of manufacture a metal
tube characterized by this: that in a section
taken through the longitudinal axis thereof
the surfaces of the majority of the crystals
appear to be made up of elongated longitudi-

5 nal fibres and to be free of slip-lines.

3

4. As an ﬁrticle of manufacture a metai

tube characterized by this: that in a longitudi--

nal section taken through the longitudinal
axis thereof the surfaces of the majority of
the crystals appear to be made up of elon-
gated longitudinal fibres and the surfaces of
not more than one-third of the crystals appear
to have slip-lines.

5. As an article of manufacture a metal
tube characterized by this: that in a longi- ;

tudinal section taken through the longitudinal
axis thereof the surfaces of the majority of
the crystals exhibit at least one fold line and
are substantially free from slip-lines.

6. As an article of manufacture a metal
tube characterized by this: that in a longi-
tudinal section taken through the longitudi-
nal axis thereof the surfaces of the majority
of the crystals exhibit a plurality of fold
lines and are substantially free from slip-
lines. : '

7. As an article of manufacture a metal
tube characterized by this: that in a longi-
tudinal section taken through the longitudinal

axis thereof the crystals apﬁear to be merged :

and the entire surface of the section to con-
sist of longitudinal fold lines.

8. As an article of manufacture a metal
tube characterized by this: that in a longi-
tudinal section taken parallel to the longitudi-
nal axis thereof the surfaces of the majority
of the crystals appear to be made up of elon-
gated longitudinal fibres and the surfaces of
Jess than one-third of the crystals appear to
have slip-lines forming an angle greater than
thirty degrees with said axis.

9. As an article of manufacture a metal
tube characterized by this: that in a longi-

tudinal section taken parallel to the longitudi- -

nal axis thereof the crystals are elongated
and the surfaces of a majority of the crystals
exhibit no slip-lines.

10. As an article of manufacture a metal
tube characterized by this: that in a longi-
tudinal section taken parallel to the longitudi-
nal axis thereof the crystals are elongated
and the surfaces of a majority of the crystals
exhibit substantially no angular lines other
than fold-lines.

11. As an article of manufacture a metal
tube characterized by this: that in a longi-
tudinal section taken parallel to the longitudi-
nal axis thereof the surfaces of two-thirds
of the crystals exhibit substantially no angu-
lar lines other than fold-lines.

12. As an article of manufacture, a metal
tube in which the intracrystalline structure
is characterized by the presence, in a major-
ity of the crystals, of fold lines extending
substantially parallel to the axis of elongation
of the tube, and by the substantial absence
of slip-lines. '

13. As an article of manufacture, a metal
tube in which the intracrystalline structure
is characterized by the presence, in a major-

0

&40

83

3

10C,

108

(A1)

U



. 4 1,849,380

8

ity of the crystals, of fold lines extending
substantially parallel to the axis of elongation
of the tube and by the absence, from a major-
ity of the crystals, of slip-lines extending at
an angle to the said axis of elongation.

14. As an article of manufacture, a metal
tube in which the intracrystalline structure,
in a majority of the crystals, comprises for
the most part fragments disposed in planes

10 substantially Eearallel to the axis of elonga-

18

tion of the tu
In testimony whereof, I have signed my
name to this specification this 10th day of
April, 1931. A
GEORGE E. NEUBERTH.

CERTIFICATE OF CORRECTION.
htglt No. 1,842,280. Granted January 19, 1932, to
GEORGE E. NEUBERTH.

It is hereby certified that error appears in the printed specification of the
above numbered patent requiring correction as follows: Page 1, line 47, for the
number "1,810,855" read 1,810,835; and that the said Letters Patent should be
read with this correction therein that the same may conform to the record of
the case in the Patent Office. - -
‘Signed and sealed this 22nd day of March, A. D. 1932.

. M. J. Moore,
(Seal) Acting Commissioner of Patents.
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