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[57] ABSrnACT

An apparatus and process for improving the micro-
structure of electrically conducting materials is dis-
closed by the present invention. A revolving heat

source applies heat to the surface of the material evenly
and quickly. One or more heat sinks quickly cool the

material. In the preferred embodiment, the cooling may

be done in such a way as to promote as high a degree of
directionalgraingrowth as desiredor completely non-

directional grain growth.

1 Claim, 1 Drawing Sheet
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HIGH TEMPERATURE ELECTRIC ARC FURNACE
AND METHOD

ORIGIN OF THE INVENTION 5

The inventio n described herein was made by employ-
ees of theUnited StatesGovernment and nmy be _U-

factured and used by or for the Government for govern-

menta_ p_ without the payment of any roya/t/es 10
thereon or therefor.

BACKGROUND OF THE INVENTION

This invention relates to apparatuses and processes

for improving the microstructure of electrically con- 15
ducting materials. More specifically, the present inven-
tion relates to an apparatus and process for substantially
improving the grain size of electrically conducting ma-
terials such as metals and alloys and for forming gram

boundaries in a directional or nondirectional manner, 20
whichever is desired.

Electrically conducting materials such as elemental
metals, metallic alloys, and some ceramics, can be char-
acterized by their microstructure, which includes phase
morphologies. The particular microstructure of a spe- 25
cific sample of material depends on many variables, one
of which is how it was processed. For example, MAR-
M246(HF) (a nickel-based superalloy) was melted and
solidified with the proce_ described in this patent. The

microstructure Was enhanced by various changes in 30
phase morphology. These included eliminating gamma*
gamma prime eutecfic phase islands from the section of
rod which was melted and solidified with this process.

carbide morphology was changed from large

script-types to extremely Small, fine, extremely well 35
dispersed carbides. Other rods of MAR-M246(HF) with

an original small, f'me block carbide morphology were
processed in this same manner. The resulting carbide

morphology change after melting and sofidification was
the same; extremely small, fine, and extremely well 4O
dispersed carbides.

The microstru_ure of these materials, and/or rela-

tive orientation of the boundaries of the grains of these
materials, gives them d'tfferent mechanical properties.
In some applications nondirectional or equlaxed micro- 45
structure is preferable to more high directional struc-
ture. In other applications, the reverse is true, such as

when the material may see greater stresses and be sub-
jected to greater fatigue in one direction than in an-
other. 50

The present invention is an apparatus and a process
for significantly improving the microstructure of elec.
trically conducting materials by reducing the size of the
material's grains and for determining the microstructure
of the material which includes establishing the desired 55

relative directionality of the grain boundaries.
It is an object of the present invention to improve the

microstructure of electrically conducting material. It is
another object of the present invention to rapidly melt
and quickly cool electrically conducting materials. It is 60
still further an object of the present invention to evenly
melt and unevenly cool electrically conducting materi-
als when a higher degree of directional grain growth is
desired.

It is yet a further object of the invention to establish 65
very f'me carbide morphology and the desired micro-
structure of a particular sample of electrically conduct-
ing material.
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These and other objects of the invention will become

apparent to someone skilled in the art of apparatuses
and processes for improving the microstructure of elec-
trically conducting material upon reviewing the follow-

ing description of the invention.

SUMMARY OF THE INVENTION

The present invention is an apparatus and a process
for improving the microstructure of electrically con-
ducting materials. The apparatus comprises a source of
intense heat, such as an inert gas tungsten arc, a laser
welder, focused thermal radiation or an electron beam,
that can quickly melt the surface of the material to be

improved. Specifically, the heat source must be capable
of melting a 3 mm diameter rod, 10 mm in length, within
approximately 5 seconds.

The heat source must be capable of moving rapidly
over the surface to heat the material both quickly and
evenly. The rate of movement and the degree of heating

must be controllable by standard means so that a wide
variety of types and shapes of materials can be im-

proved by the instant invention.
In the preferred embodiment, the heat source re-

volves about the material near to the surface, heating

the surface to bring the temperature of the material

quickly to its melting temperature. It is also desirable in
the preferred embodiment that the revolving source

apply heat to each portion of the surface in any single
pass so that the heat is evenly applied.

The material must be quickly cooled, to resolidify it
within a few seconds. A 3 mm diameter rod, 10 nun in

length, must be re_alidlfied in approximately l0 sec-
onds. In order to cool it that quickly, heat sinks capable
of establishing a large temperature gradient across the
boundary of the surface of ihe material and the surface

of the heat sink must be provided adjacent to the mate-
rial.

The heat sinks should have a surface equal to or
smaller than the surface of the material when a highly

directional gram growth pattern is d_ired. The cooling
will then take place in the direction of the gradient and

grain growth will follow the cooling. Thus, by placing
heat sinks at specific locations the grain growth can be

rather precisely controlled.
Alternatively, the heat sink can be the atmosphere

surrounding the material when no particular direction-

ality in gram growth is required. It is only necessary
that the temperature of the heat sink be sufficiently
lower than the solidifying temperature of the material
so that the large temperature gradient is established at

all points on the surface of the material.
The present invention is especially advantageous for

material to be processed in a near zero-gravity environ-
ment. The weightlessness alIows a melted sample to be

held in place by its own surface tension rather than a
support that interferes with the heating and melting of
the material. Also, the rotation of the heat source is

unobstructed in the weightless, unsupported condition
since it does not have to avoid the material support and
can heat the entire surface of the material.

Several examples of the improvements of the present
invention are provided. To facilitate even heating and

cooling, the samples of material were made in the form
of rods approximately 90 mm long and diameters of 2 to
5 ram. Copper, aluminum, tungsten and a nickel-based
superalloy were used as sample materials. Large alumi-
num heat sinks were placed at each end of a rod. The
aluminum heat sinks were in the form of cylinders 13
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mm in diameter and 25 rnm long. The region of the rod
that was melted and resolidified is called a nugget.

A commercial inert gas tungsten tube welder capable

of 100 amperes DCSP was used to melt a portion of
each rod. The weld arc revolved around the axis of the

particular rod in each test. The melting took approxi-
mately-5 _onds; cooling took ap-l)ro_xufiately 10 sec-
ond&

The experiments were performed in a near weightless
environment achieved in a single., parabolic climb and l0

dive of a KC-135 aircraft, although the present inven-

tion does not require a specific aircraft or weightleas
condltionL

Table A reflects the results of ground test samples 15
verified in microgravity flight.

DESCRIPTION OF THE DRAWINGS

The construction designed to carry out the invention
will here_r be described, together with Other fea-
tures thereof.

The invention will be more readily understood from

a reading of the following specification and by refer-
ence to the accompanying drawings forming a part
thereof, wherein an example of the invention is shown 25
and wherein:

FIG. l, showing a perspective view of a rod sample
and heat sink configuration; and

FIG. 2, showing a perspective view of heat source on
the rod sample. 30

DESCRIFTION OF A PREFERRED
EMBODIMENT

The present invention is an apparatus for improving
the microstructure of an electrically conducting mate- 35

rial. The invention applies heat energy to the surface of
the material which heat energy is conducted to the
interior of the material.

The invention comprises a means for heating the

material when the source of heat is positioned adjacent 40

to a portion of the surface of the material. The heat
energy suppfied to the surface is of sufficient intensity to
cause the temperature of the material to rise to or above
the melting temperature of the material so that the ma-
terial melts. The source of heat must be capable of melt- 45
ing a 3 mm diameter rod of material 10 mm long within
approximately 5 seconds.

The apparatus has a means for controlling the heating
means which is operatively connected to the heating
means. In the preferred embodiment, a laser, an inert 50

gas tungsten arc, focused thermal radiation or an elec-
tron beam can be used to apply heat energy to the sur-
face of the material. Standard controlling devices for

energizing and deenergizing these heat sources and for 55
controlling the level of heat energy applied are widely
available.

The apparatus also comprises a means for revolving
the heat source about the surface of the material

whereby approximately all portions of the surface may 60

be heated in any one revolution. The revolving of the

heat source assures that the heating is done uniformly
over the entire surface of the material to be heated and

that the material is melted throughout at approximately
the same time. The rate at which the revolving heat 65

source moves is controlled by standard means prefera-
bly electrical and its rate of movement, path and level of
applied heat energy can be programmed for a given

sample size and shape. For a sample that is rod shaped,

approximately 3 mm in diameter, the heat source should
be capable of revolving at least I0 times per minute, and

preferably at least sixty times per minute.
5 Heat sinks positioned adjacent to the material provide

a ine.an_s__f0 r_cooling the inatefi___ b_y_re_c__eivingheat en-
ergy from the melted material across the boundary
between the surface of the material and the surface of

the heat sink. The heat sinks may be in position before

the heating is done or moved into position after the

heating is done. It is important, however, that the cool-
ing be done quickly. If the heat sinks are positioned after
the heating, a means" for controlling the cooling is pro-
vided by any suitable electrical or electromechanical
apparatus. If the cooling means is the ambient tempera-
ture of the environment, a means must be provided to
maintain the temperature of that environment suffi-

ciently below the solidification temperature of the mate-

20 rial so that a large temperature gradient will exist across
the boundary between the surfaces of the heat sinks and

the material to assure rapid cooling.
If directional grain growth is desired, the surfaces of

the heat sinks will be equal to or smaller than the surface

of the material so that there is a preferential flow of heat
energy from the me]iecVmatex_hrough the material in

the direction of the heat gradient established at the heat
sink boundary.

The present invention is also a process for improving
the microstructure of xn electrically conducting mate-

rial. The process comprises the rapid and even applica-
tion of heat to the surface of the material until the tem-

perature of the material is above the melting tempera-
ture so as to melt the material being processed all at

approximately the same time at which time the heating
is halted and followed by the rapid cgoling of the mate-

rial below the solidification temperature of the material
so that the material solidifies.

The heating is most evenly accomplished by moving

a heat source rapidly over the entire surface of the

material, energizing the heat source so that heat is ap-
plied at sufficient intensity to melt the material.
The heat sinksmay be placed at any partof the sur-

faceof the materialwhere heat flow out of the material

and intothe heatsinkisdesired.The arrangement can

be as simpleor as complex as desiredbased on the ulti-

mate purpose to be served by the material.
In the configuration selected for experimentation,

shown in FIG. 1, a rod 10 is positioned between heat

sinks 11. The heat sinks 11 will produce a gradient

across the heat sink/rod boundary 12 and its counter-

part ai theo_ endbfthe rod. Thus, _ growth will
take place in direction shown by the arrows.

In FIG. 2, rod 10 is being heated by heat source 13
such as an Automatic Tube Welder Model PA-100STW

manufactured by Weldlogic, Inc., of Chatsworth, Calif.
or NIKA-BTW Model 9121 ST International. This heat

source 13, having a power cable 14, a handle 15, and a

weld head 16 surrounds the rod 10. An inert gas tung-
sten arc within the weld head 16 orbits rod 10.

While a preferred embodiment of the invention has
been described using specific terms, such description is

for illustrative purposes only, and it is to be understood

that changes and variations may be made without de-

parting from the spirit or scope of the following claims.
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Sample Are - - Nugget

No. Material Length Current RPM Position Size Remarks

1 Ahtmmtun 0.635 mm 30 amp. 24 Hor. 4.76 × 5.33 mm
2 Aluminum 1.24 tam 30 amp. 24 Hor. 4.76 × 6.2 mm

3 Aluminum 1.24 mm 30 amp. g Hot. 4.76 × 7.1 mm

4 Aluminum 1,24 mm 50 amp. 24 Vert. 4.76 × 18.4 mm

J Alumin_am 1.24 mm 50 rap, 24 Hor. 6.2 × 5.7 mm

6 Aluminum 1.24 mm 75 amp. 24 Vcn-t. 6,2 × 13.9 mm
7 Copper 1,24 mm 75 amp. 24 Vert. 4.1 × 3.2 mm

8 Coppm" 1.24 mm 75 amp. 24 Hot. 4.1 × 4.3 mm

9 Ttmgltlm 1.24 mm 90 amp. 24 Vert. 3,2 × 2.8 mm

10 Tungsten 1.24 mm 100 amp. 24 Vert. 3,2 mm

Nugget islonger

ou top,

started on side
and moved under

Nugget sagged
about l.J mm

Gravity opened
melt zone

NOTE&
Arc leaIk"thsresu/ted in voices o[9 Md 14vol_ (Ari_ Shiek_& GU) ODCSP). Nui_r_ sizes are sample di_-ter × rluuet
lenlrth ill millimeterl. All s_apl_ were made at Met'rick Enl_,_'lnl, NMhville on an orbital tube welder. RPM is the rate
the arc moved around the _.mple (revolutiom per nlmute).

What is claimed is:

1. A proecs for improving the microstructure of an
electrically conducting material, said material having a 25
thickness of at least three (3) millimeters, comprising
the steps of:

a. in a zero-gravity environment, heating said mate-

rial to a molten state throughout said thickness,
said heating occurring during a period of approxi- 30
mately five (5) seconds;

b. while maintaining a zero-gravity environment,

allowing said material to cool and resolidify while
using at least two heat sinks in contact with said
material, said cooling and resolidification occur-

ring during a period of approximately ten (10) sec-
onds;

whereby said heat sinks induce temperature gradients

in said material during said cooling step sufficient
to cause grain growth in the direction of said tem-
perature gradients.
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