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| 3 Claims.
1 |
This application is a continuation-in-part .of
‘my application, Serial No. 555,971, filed .Septem-
ber 27, 1244 and now abandoned.

.T.hls -mv.entlo.n relates .fo the manufacture of
tubes .and.more.particularly to such.of the more
refractory metals which .develop
anisotrophy,” notably molvhdenum and.tungsten.

.The principal object of my.invention, generally
considered, is.to provide tubing with high burst-.
ing .strength, .especially .of refractory metals
which .develop ‘“mechanical -anisotrophy”  and
“which are, therefore, wrought in such . a manner
as o provide. circumferential or peripheral grain
elongation, ‘that is such at angles to radii cf the
tubing. |

Another .object of.my. mventlcn is to provide :a
‘method of working metals by radially . for¢ing
hollow articles thereof into dies of varying cross-

“mechanical

£2%
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‘Figures'1l.shows-in axial-section, a-die-block of
polygonal cross section within -which is-a -hollow
cylindrical billet ‘having -an -outside diameter
slightly less than that of ‘the circle inscribed in
the polygon representing the die cavity, a tapered
mandrel being shcwn in the process of entering
the billet.

‘Pigure 2 is & transverse sectional view -of the

line II—IT of ‘Figure 1, in the direction-of the-ar-

10

IOwWSs..
‘Pigure 22 is a mew ccrreSpondmg to Figure 2,

but showing -in section, -a -modification of <the
mandrel thereof to g larger-scale.

“Figure.3 is g view similar to Figure 2,-but show-
ing the partsafter the mandrel has-expanded the
billet to .the size of:the die cavity.

“Figure 4 is g view similar to Figure 2, but show-

- ing the billet, ‘formed -as -in -Figure 3, ‘Temoved

sectional shapes so as to.elongate the grain struc-

ture circumiferentially.

A further object.of my invention is to manu-
facture tubing with circumferential grain elonga-
tion .comprising expanding a hollow billet in a die
cavity of a.shape difierent from the outer contour
~of.said billet (or as an alternative, compressing

sueh .a billet about.a mandrel by die members
having .engaging surfaces.shaped differently from
that. of the billet), then expanding the deformed
billet.in a die.cavity of a-different shape (or if
the .alternative .is -followed, .again .compressing
such a billet about a mandrel by .die members
- having engaging. surfaces shaped differently from

- that.of said billet), and.so on until.a tube: of .the
desired size and shape.is produced.

A still further object of my .invention is to
manufacture tubing .by first placing -a hollow
cylindrical .or .prismatic - billet, while heated to
“working temperature, in a die block cavity :of
different cross~sectional shape, that.is, polygonal
or .circular :in.cross section, as the-case may be,
expanding it by a tapered mandrel to quickly
drive .the plastic metal outward to fill the die
cavity, removing. the prismatic .or cylindrical bil-
let .so formed, .again placing .it in a . die block

cavity of different. cross-sectional shape, that.is,
~ circular.or.polygonal in.cross-section;:as the:case

may.be,-again .expanding it by .a mandrel to fill

said - cavity, and :alternating -with the polygonal

and circular die cavities until tubing of the de-

sired size_is .produced.

- Other objects and advantages of the invention,
" relating to the. particular arrangement and con-
struction .of the various parts, will become rap-
- parent as .the description: proceeds. |
. Referring to.the drawings:
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from the die thereof and placed in a die-having-a

cylindrical cavity for:subsequent-working.
“Figure 5 is a view corresponding -to ‘Figure- 4

but showing the billet after the same has ‘been

expanded in the cylindrical -die cavity, ‘as by
forcing 'a ‘tapered mandrel -thereinto.

Tigure 6 is a view corresponding to Figure 2,
but showing an. alternative form of die intowhich

g, cylindricadl billet -is to be-expanded.
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Figure 7 is a-view of an alternative apparatus
in which a prismatic billet is-to be squeezed to
cylindrical form gbhout a mandrel.

‘Figure 8 is a view corresponding ‘to Figure'T,
but showing the billet after having heen squeezed

t0 cylindrical form, .the .die portions removed

therefrom, and the next set-of differently-shaped
die portions positioned.for the next operation.

“Figure 9 is a sectional view of -a long-throated
die in which a prismatic billet is being forced by
a2 mandrel to thereby get both circumiferential
and -axial metal flow.

Tigure 10 is a view corresponding to Figure 9,
but.showing the employment of a short-throated
die, whereby the proportion of axial‘flow, as com-
pared with circumierentidl flow, is increased.

~Figure 11 is an axial.sectional view, with parts
in. side elevation, of apparatus for making long
tubes using .a draw bar.and.expansion head. en-
closed in .a thin walled metal slip fube. |

.Figure 12 is.a transverse sectional view, on the

line XII—XII of Figure.ll, in the direction..of
the arrows. -

Figure 13 is a perspective view -of .a .portion- ef
a.tube manufactured in accordance with my-in-
vention. :

-Certain. of the:more. refractcry metals, notably
molybdenum and .tungsten, -are -obtainable in
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llarge messes-enly by powder metallurgy precess- |

es, that is, by compacting and sintering the met-
als in powdered form, such as may have been
obtained by gaseous reduction of their oxides.

‘The billets as sintered may have considerable

strength but at ordinary temperatures they are

quite brittle and net well adapted te mechamcel _

application.

2,628,516 - R

By forging, _'sweglng end relhng, cemmencmg "

abt temperatures generally in excess of 1000° .C.,

- or between 1000° C. and 1500° C., when melyb-

denum is being manufactured, and generally in

10

excess of 1200° C., or between 1200° C. and 1750°

C. for tungsten, the sintered billets may be com-
 pacted, inter-crystalline bonding completed, and
grain growth and grain elongation brought about,

with the result that ductility is developed t0 a

useful degree and eccepteble meehemcal proper-
ties obtained.

Tubing, for exemple of molybdenum or tung-.

-eten can be made by drilling wrought bars and
swaging or drawing these blanks over mandrels

to elongate them and correspondingly reduce the
wall thickness to the desired extent. However,

because molyb denum and tungsten develep

veloped. In consequence, the circumferential

- mechanical strength and ductility are beth rela-
tively low, so that such tubing is of little use for

high pressure eppllcatlens |
. In order to prev1de such wrought tubmg mth

circumferential grain elongation and improved
35

resistance to bursting stresses, I propose the fol-
lowing sequence of operations, commencing with

relatively-thick walled tubes prepared by drilling

billets or wrought bars, or by hot piercing or
inverse extrustion of wrought billets. Although
my process is particularly adaptable for manu-
facture of tubes of molybdenum, I do not wish

 to be limited to this metal as other “anisotrophic”

“mold 22, as illustrated in Figure 3,

proximately 1000° and '1400° C. if formed of

- Imolybdenum. A suitable mandrel 25 is quickly

forced into the hollow interior 26 of the billet 21
and the aperture 38, causing the billet, which
initially has a dla,meter only slightly less than
that of the circle inscribed within the polygon
representing the mold cavity, to expand in the
so that it
flows la,terelly and more or less cempletely fills
the cavity space 23, thus causing metal thereof
to flow and be worked in the directions of the
arrows, that is, toward the corners of the dis,

forming longitudinal thickenings at such loca-

tions. Such treatment involves a consequent

circumferential grain elongation of the metal,

and forms the billet 40 of a different shape.
‘The extent of working during a single cycle

- of operation will range from approximately 109%

20

at the start while the billet is ‘“tender” i.-e. likely
to fail by tensile fracture, to 30 % dunng later
stages after some degree of circumferential fi-

- bering has developed and, cencomltently,_ a

- higher degree of plasticity.

“mechanical anisotrophy,” this kind of working
produces tubing with only its axial strength

due to the effected grain elengetmn strongly de-

30
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metals such as tungsten, may be similarly treat- o

ed. Therefore, in thlS spee1ﬁcet10n and in the
the werds " “the group consastmg of
molybdenum and tungsten” and like expressions,
do not exclude alloys in which the proportion of
the metal or metels incorporated with the molyh-

denum, tungsten, or alloy of such metals, is not

large enough to substantially affect the “an- - 50
1setrephlc” characteristics or 1mpa,1r the Werl_—:— |

ing properties.

I desirably start Wlth a. hellew cyhndrmel b11-_
although one of prismatic or non cylin~- |

let 21,
| drlcel shape may he substituted, if desired. The

billet may be of molybdenum produced in any
desired manner, as by powder metallurgy, but

preferably in accordance with the teachings of

45

Although the mandrel shown by Figure 1 con=

sists of a single, tapered bar circular in section,

it may advantageously consist of a series of seg- '

ments free to move radially under the impulse

~of a coaxial tapered wedging member as illus-
- trated in Figure 22, where 292 is the entire modi-

fied mandrel and 55 represents the tapered wedg-
ing member and 56 the corresponding segments

that are forced radially outward when the wedg-

ing membper 1s ferced emally In the eppreprla,te |
dlreetlen

The next 'step in the process is to remove the
billet 40, which is now square or other different

shape in sectional outline, while still having a

circular but enlarged bere In order to facili-

tate removal of the billet from the die 22, the

latter, as well as other dies for working eueh

| b111ets may be slightly tapered. axially.

~After removal and reheating to the Werklng |
temperature desired, the prlsmetlc blllet 40 is

then placed in a die or mold 26 having a ce,v1t3r o

of different shape, such as a cylindrical cavity
27, the diameter of the cavity being desirably
enly slightly greater than a miximum diameter

of said prismatic billet. - A mandrel 28 is then

 quickly forced into the prismatic billet 40, so

~ tion with Figures 2 and 3 may then be repeated,
and alternated with that described in connec=

ob

the Hall et al. Patent No. 2,431,690, dated Decem-

ber 2, 1947. The billet 2{ is introduced into a
- die 22 having a cavity diiferent In cross-section

from the outer cross-section of the billet. For

example, if the billet 21 is cylindrical, the die 22
has a cavity 23 dif

a square.  Of course, if a billet prismatic in
~ shape is sterted; with, as in Figures 11 and 12,
~ then the die cavity may be cylindrical, as
Figure 4,
other shape different from the partlculer przs-
matm shape of the billet. - -

The die or mold 22 is sheWn i'estlng on a sup-. '

porting table or block 24, desirably apertured as
indicated at 30,

be at a werkmg temperature say, between a,p-

in
that is, circular in cross-section, or-

and the billet 21 is assumed to
75

& @aq

erent in cross-section, in this
instance being shown as a polygon, spemﬁeelly -

65
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that it is again expanded, this time to &Dpreeeh
the hollow eylindrieal form, as indicated at 50
in Figure 5. The process described in connec-

tion with Figures 4 and 5, until the pipe 508,

illustrated in Figure 13, has the desired length

and wall thickness. As the tube wall becomes
thinner, the number ef 51des ef the dle ca,Vlty
should be increased. | | o

An alternative form is 111ustrated in F‘1gure 6.

~in which the die 222 instead of havmg a truly -

prlsmetlc cev1ty, or one square in cross section,
has a cavity 232, which is approximately square,
but. the - walls thereef are curved rather than

- straight, as illustrated. The use of this kind of

cavity for the receptlon of a billet 212 results in

a greater working per step, while at the same
time avoiding the formation of billets with sharp

edges Or corners. ‘This type of cavity enables
defermetlen to be effected: mth lewer radlal'
forces than with flat-sided cavities. = "

Figure 7 illustrates apparatus fer | effecting

- working by alternative means, that is, the die
220 is shown in two parts, designated respectively

29 and 3[ formum when closed a eenerally - .
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:-cylmdrical c‘avlty 32, in°which o ‘billet 21> pris—
‘matic in shape is-shown. ‘In ‘this “instanee, - the
~ biltet'is shown having s hexagonal -cross section
and a- ‘hollow mandrel 33 is dlsposed therewithin
and separated therefrom by a ITubricated film or
sheet 34. The mandrel 33 is-hollow to allow for
circulation of ‘a cooling fluid such as water. In
this instance, the working is effected by forcing
‘the die ‘portions 29 and 31 together" about ‘the
heated billet 24v,-or by foreing-the tapered man-
drel 33 thereinto, or both operations ‘may occur
simultaneously or sequentially, resulting in the
formation of ‘a cylmdrlcal billet or pipe Zﬂb
shown in Figure 8.

~The next step- in "the ‘process, ‘analogous to

' :that in ‘the "preceding - iristdance, is "to place the

10

15

billet 24b, which as illustrated:is:now «circular in

sectional -outline, -also having -a circular bore
which may be somewhat reduced in section be-
“cause ‘'of the preceding operation, after reheat-

20

ing-to the working temperature desired, between -

‘the parts-29¢ and 3i°¢of the die 22¢,  These parts
‘are like the parts 29 -and ‘31 of the die 22b in
Figure 7, except that they have plane billet-en-
gaging surfaces ‘defining o ‘prismatic -cavity,
which in this case is generally square in section.
A 'mandrel 33¢ of appropmate size, but other-

be used.
- In -this mctance the Workmg is effected by

asbout the heated billet 24b, or.by forcing the
mandre] 33°, if tapered, theremto or both op-
Cerations may -oceur ‘simultaneously or sequen-
tially, resulting in the formation of a prismatic
billet corresponding with that -designated 40 in
Figures 3 and 4.

wise as emplo;ed in-the preceding operation may

30
- forecing ‘the die portions 29°¢ and 3l¢ together -

The process described in connection with Fig-

ure 7 may then be repeated, and alternated with
- that described in connection with Figure 8, until
‘g, pipe or tube such as illustrated in Figure 13 is
produced, which has the desired length and wall
thickness. In other words, the process described
in connection with Figures 7 and 8 is just the op-

- posite of that of Figures 1 to 6, inclusive, in that
- the working is effected by force exertion and

compression from the outside in, with or without

expansion from the inside out, rather than mere

40

force exertion and expansion from the inside out.

The two procedures, have, however, the com-
mon feature, that is, the important feature of

-my invention, namely, that lateral, plastic flow

of the billet material is produced and, in conse-
quence, the circumferential strength and due-
tility of the wrought tube increased.

Alternatively or in conjunction with procedures
described above, other kinds of swaging may be
‘resorted to for inducing circumferential flow to-
gether with more or less axial elongation.

" For example a prismatic billet may be swaged
over a round mandrel which may be water-
cooled to preserve its strength and thermally

separated from the billet to conserve the tem-

perature of the latter and to facilitate the re-
moval of the mandrel after swaging. Or a pris-

matic billet is converted to a circular one by.

tangential flow from corner regions.

The proportion of circumferential to axial flow

during the working process may be regulated by
the des:tgn of the swaging die or mold. With a

lﬂng-throated die 35, as shown in Figure 9, where

the approach distance 36 is ereat, compared with
the radial distance 37 between the surface of
the mandrel and the corners of the billet, most
of the flow will be tangential. However, where

o0

o
] |

60

- temperature of the billet while in the die.

with the radial -distance 37%,

e

B
the approach distance 362 ‘is <small - ‘compared
‘with a “short-
throated die 38, as shown in -Figure 10, the axial
extension will be relatively great. "Thus 'we hdgve
the means for adjusting the relative extent "of

the axial and circumferential -extensions.

Referring now to the Figures 11 and 12, there
is ‘shown apparatus.for makmg”'long“tubes "Here
the billet 39 at working femperature is° shpped
into a long die tube 41 provided with a‘coil-42,
suitably insulated therefrom, for ‘maintaining

the working temperature-of ‘the:billét. This-¢oill
may either heat by radiation-or‘by-carryingihigh
‘frequency power.
sion head 44 is enclosed in-a ‘thin~walled metal
slip tube 45, thrust thmugh the bore:of ‘the billet,
and ‘attached to:a .draw head, that is,>the mov-
able head of the conventional draw bench, The

‘A draw ‘bar 43 with -.exXpan-

attached head 44 is then pulled through:thesslip

tube 45, expanding that:and the billet .39, end
causing circumferential flow .of the metal in the
billet, after which a corresponding change: in:the
die gand continued ‘working may be &
.described hereinbefore.

fected, as
- It will ‘be noted that as
the bhillet is shown prismatic, that is, squarein
exterior section, while the die 41 is shown having
a cylindrical cavity defined by an .inner tube 46

surrounded by the heating coil 42, the form ‘of

the bhillet after working is cylindrical, 50 that

stthsequent working, if any, invalves the use:of

g prismatic die, as in Figure:2.
The function of the slip .tube 45 is to provide
a relatively cool lubricated surface in-which the

expansion head 44 can slide as it advancesalong

the bore of the billet 39. The slip tube may be
of thin-walled seamless steel and will then.add

little to the resistance encountered by the ex-

pansion head, by greatly minimizing friction and
wear, as compared to that which would occur if
the expansion head were to slide for a consider-
able distance along the bore of the heated billet.

The draw bar 43 may be hollow, as indicated
at 41, to allow for oil 48 or other lubricant and
coclant which flows out of apertures 49 into the

= annular space between the slip tube 45 and the

draw bar 43, from whence it discharges as indi-
cated at al. |

While I have shown mandrels and d1es for the

most part with plane surfaces, I do not restrict

my proposals to such. For example, I may use
both dies and mandrels with surfaces having

wavy curvatures, as shown in Figure 6, to mini-

mize the areg of contact between die and bhillet,
thus reducing the radial forces required to induce
circumferential flow, as well as increase the
amount of working per die.

I also contemplate introducing fluid at high
pressure into the bore of the billet, or more par-
ticularly into the annular space between draw-
bar and slip tube, to provide supplementary radial
forc;s to minimize the duty on the expansion-
hea
 There is also the pmblem of maintaining the
In
addition to the use of the heating coil 42, I con-
template placing an insulating refractory lubri-
cious coating on the die say, mica, graphite, oil,
or a thin pre-formed sleeve of mica with inor-

- ganic bond, and passing current longitudinally

70

75

through the billet to heat or to supplement that
otherwise supplied.

From the foregoing dlsclosure, it will be seen
that I have provided a method for producing

seamless tubing with tangential fibre, and conse-

guent superior ductility and strength in tangen-
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tial or circumferentlal directions. Altheugh par- |

ticularly directed to the production of tubing of

molybdenum and tungsten in which mrcumfer- |

ential duct111ty has heen developed to a useful
degree in billets produced by the powder metal-
lurgy process, I do not wish to be limited there-

A |

to, as other materials, such as where the billets

are initially cast in shepe, may be snmlerly
_.Worked L .
T claim:

metallic member comprising enclosing a tube of
compacted and sintered metal powder, while the

10

1. The steps in the method of makmg a, tubular. o -generally circular die. -

Ssame is heated to working temperature, for its .

- full length in a die of generally polygonal cross-
- section, passing a tapered mandrel through said

15

" tube to expand it to fill the de, removing the

- expanded tube, enclosing said tube,; while heated

to working temperature, for its full length in an-

other die of generally circular cross-section, and

20

passing another tapered mandrel through said

- tube to expand it to fill the generally circular die.
- 2. The method of making a member of molyb-
denum comprising enclosing a tube of compacted
- and sintered molybdenum. powder, while the same

1s heated to between 1000° C. and 1500° C., for its

ful]l length in g die of generally pelygenal Cross~

section, passing a tapered mandrel through said
tube to expand it to fill the die, removing the
- expanded tube, enclosing said tube, while heated
to between 1000° C..and 1500° C., for its full length
in a die of generally circular cross-sectien‘, and
passing another tapered mandrel through said
~expanded tube to further expand 1t to fill the
- generally circular die.

comprising enclosing a tube of compacted and

25
30

. - o
3. The method of makmg a member of tungsten -

_smtered tungsten- powder, while the same ig

“heated to between 1200° C. and 1750° C., for its

full length in a die of generally pelygenel Cross-
section, passmg a tapered mandrel through said

tube to expand it to fill the die, removing the
expanded tube, enclosing said tube while heated
_to between 1200° C. and 1750° C., for its full lensth

in a die of generelly circular cress-sectlon and '
passing another tapered mandrel through said
expanded tube to further BXpand it to fill the

' PORTER H. BRACE,
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