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| The present invention Trelates to a method of
brazing, and more particularly to a method for

copprer hrazing together metal struectures at leass

one of which is formed of a chromium alloy. The

invention is especially well adapted for the mak-
ing of terminal connections in electric resistor
units of the sheathed and insulated coil type.

It has heretofore been known that copper
hrazing of chromium alloys such as nickel
chromium alloys and the like without the use

=

of a fiux cannot be carried out satisfactorily in-

atmospheres other than pure dry hydrogen.
Such an atmosphere is not normally available
In commercial heat treating furnaces.
mercial heat treating and brazing furnaces ordi-

Com--

narily contain an atmosphere made up of the

combustion products of ordinary city gas burned
in air. These combustion products ordinarily
include hydrogen, various gasecus oxidizing
ageniss such 28 carbon monoxide and carbon
diozide, and a substantial residuum of nitrogen.

It is a general obkject of my invention to pro-
vide a new and novel method for brazing metals,

sugch as chromium alloys and the like, which are

readily oxidizable at brazing temperature in at- °

moespheres other than pure hydrogen, and to do
so in an atmosphere including only a relatively
small amount of hydrogen.

|
A

It is a further cbject of my imrention to provide

2 new and novel method for forming a strong
copper brazed joint with a. chromium alloy struc-

fure and in an aimosphere including hvdrogen

and orie or more oxides of carbon.

30

It is still another object of my invention to

provide a new and improved method of making:

a8 terminal connection between a threaded ter-

minal bolt -and a coiled resistance wire in 5 re-

sistor unit of the sheathed insulated type.

It is a- particular object of my invention to pro-

vide a new and novel method of making a

sheathed and insulated electric heating resistor

including a chromium alloy resistance wire cop~--

per brazed to a terminal conductor.
The novel features which are characteristic
of my invention are set forth with greater par-

ficularity in the appended claims. My invention

will be further understocod, however, and its
various objects and advantages further appre-
ciated by reference to the following detailed spec-

fication taken in conjunction with the accom- -
panying drawing, the single figure of which shows.

2 pair of metal structures assembled together in

juxtaposition in prevaration for g brazing opera-

tion in accordance with my invention.
Referring now to the drawing, I have shown a

29-—155.9)
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fragmentary cross-sectional view of an assembly
of metal structures to be copper brazed together.
By way of example of my new and improved
brazing method I have shown the structure to be
brazed as an improved terminal structure for an
electric heating resistor of the metal sheathed:
type illustrated in Patent = 1,367,341—Abbott.
Such a resistor comprises an outer metal sheath,
such as a steel tube 2, within which is tightly
compacted a mass of granulated heat refractory
electric insulating material, such as powdered
fused magnesium oxide 4. Fmbedded in the
vody of magnesium oxide and held spaced from
the walls of the tube 3 by the magnesium oxide.
and by Insulating spacers, such as a nerforated
spacer 8, I provide a threaded terminal bolt § con-
nected to a helically coiled electric resistance ele-
ment or wire 1. The terminal bolt 8§ may suitably
be formed of steel, and has its threaded end por-.
tion plated, as at 8, with a suitable brazing metal
such as conper or a copper-cobalt alloy contain-
ing about 3% cobalt. I prefer, however, to em-
ploy a copper-nickel-iron brazing alloy contain-
ing about 85% copper, 10% nickel and 5% iron.
It will be understood by those skilled in the art
that when T refer hereinafter to “copper brazing”
or to “copper plating” of one of the parts to be
brazed I do not intend that my invention shall
be limited to the use of pure copper only, but I
intend to inciude within these terms the use of
any suitable copper brazing allecy such as those
mentioned above. Threaded on to the threaded
end of the terminal bolt 6§ and staked in place I
nrovide a helically coiled electric resistance wire

5- 1 forimed of a chromium alloy, such as an alloy

containing approximately 80% nickel and 20%
chromium.

In carryving out the brazing operstion of a
chromium alloy in accordance with my invention,
one of the parts to be brazed together, such as
the terminal boelt 8, is first copper-plated. The
helically coiled chromium alloy resistance wire 7.
is then threaded on to the threaded end of the
polt § to form a joint, as shown in the drawing.
Next the threaded on portion of the resistance
wire is staked into the threads of the bolt to im-~
prove the metal contact at the joint, as indicated
by the deformation of the threaded on turns of
the coil 1. The coil and terminal assembly are

then inserted into a.-metal tube or sheath 3 and

held in spaced relation with the walls of the
sheath by means of a plurality of perforated in-
sulating spacers such as the spacer 5. With the
terminal assembly thus in place in the tube, the-

o entire tube is filled with 2 mass of granulateg
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fused magnesiim oxide, the oxide filtering
through the perforated spacers. In the
completed article this oxide has the func-
tion of holding the resistance coil and ter-
minals firmly in place and insulating them
from the walls of the sheath 3. The magnesium
oxide is then tightly compacted into the tube
hy any suitable means. For the purpose of thus
tightly compacting the magnesium oxide, I pre-
fer to reduce the diameter of the outer tubular
sheath 3 by swaging or rolling.

With the structures to be brazed together thus

assembled with a thin coating of brazing metal in
the joint between the structures and the entire

structure embedded in a compacted mass of gran-
ulated fused magnesium oxide, I place the entire
structure in a heat treating furnace or other suit-
able space containing an atmosphere including
approximately 10-209, hydrogen and various ox-
ides of carbon. I prefer to utilize an atmosphere
comprising approximately 16% hydrogen, 10%
carbon monoxide, 5% carbon dioxide, 1149
methane and the remainder nitrogen. The struc-
tures are then heated up to an annealing tem-
perature which may, for example, suitably be of
the order of 1125° C. At this temperature the
copper plating melts and makes a very effective
brazed joint with the chromium alloy coill and
the steel terminal bolt.

The metal sheathed resistance heating unit
which I have illustrated by way of example bene-
fits from the foregoing heat treatment not only
in that the terminal brazing opperation is carried
out, but also in that the outer steel tube or sheath
is annealed at the same time. This annealing
operation is usually necessary after swaging or
roiling of the tube, so that my new and novel
method of copper brazing as applied to resistor
units of the type illustrated may be carried out
without any heat treating operations other than
those which are otherwise necessary for the pro-
duction of this type of resistor.

While I have illustrated a preferred embodi-
ment of my invention by way of illustration, many
modifications will occur to those skilled in the
art, and I therefore wish to have it understood
that I intend in the appended claims to cover ali
such modifications as fall within the true spirit
and scope of my invention.

What I claim as new and desire to secure by
Letters Patent of the United States is:

1. The method of copper brazing together a
threaded terminal bolt and a helically coiled re-
sistance wire of chromium alloy in a resistor unit
of the sheathed insulated type which comprises
plating at least the end of said bolt with brazing
metal threading the end of said coiled wire onto
the plated end of said bolt to form a joint, posi-
tioning said wire and bolt in a metal sheath
spaced from the walls thereof, compacting into
said sheath a mass of electrically insulating
granulated heat refractory material to embed
sald wire and joint, and heating the assembled
unit in a space containing an atmosphere includ-
ing hydrogen and an oxide of carbon.

2. The method of copper brazing together a
threaded terminal bolt and a helically coiled re-
sistance wire of chromium alloy in a resistor unit
of the sheathed insulated type which comprises
plating at least the end of said bolt with brazing
metal, threading the end of said coiled wire onto
the plated end of said bolt to form a joint, stak-
ing sald joint, positioning said wire and bolt sub-
stantially centrally in an elongated metal sheath
spaced from the walls thereof, compacting into
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embed said wire and joint, and heating the as-
sembled unit in a space containing an atmos-

‘phere including hydrogen, carbon monoxide and

carbon dioxide. |

3. The method of making a metal sheathed
electric resistor unit which comprises plating with
brazing metal at least the end of a terminal bolt,
threading onto said plated end the end turns of
a helically coiled resistance wire formed of a
chromium alloy thereby to form a joint, position-
ing said wire and holt within a metal sheath and
spaced from the walls thereof, compacting into

said sheath a mass of electrically insulating gran-
ulated heat refractory material comprising a

metallic oxide to embed said joint, reducing the
size of said sheath to further compact said ma-
terial, and heat treating said unit at brazing tem-
perature in a furnace containing an atmosphere
including hydrogen and an oxide of carbon there-
by simultaneously to anneal said sheath and
braze said joint.

4. The method of making a metal sheathed
electric resistor unit which comprises plating with
brazing metal at least the end of a threaded ter-
minal bolt, threading onto said plated end the
end turns of a helically coiled resistance wire
formed of a chromium alloy thereby to form a
joint, staking said wire and nolt together at said
joint, positioning said wire and bholt substantially

centrally in an elongated tubular metal sheatb

and spaced from the walls thereof, eompacting
into said sheath a mass of granulated filsed MgC
to embed said wire and joint, reducing the cross
section of said sheath to further compact said
MgO0, and heat treating the assernbled uiiit at
brazing temperature in a furnace containing an
atmosphere including hydrogen, carbon monox<
ide and carbon dioxide, thereby simultaneously
to anneal said sheath and braze said joint.

5. The method of copper brazing together a
terminal member and a resistance wire of chro-
mium alloy in a resistor unit of the slieathed in-
sulated type which comprises sssembling the ter-
nminal member and the resistance wire in juxta-
position to form a joint with a thin coating of
brazing metal therebetween, positioning the said
terminal member and wire within a metal sheath
and spaced from the walls thercof, compacting
into the said sheath a mass of electrically in-
sulatineg granulated heat refractory material to
embed said wire and joint, and heating the as-
sembled unit in a space containing an atmos-
phere including hydrogen and an oxide of carbon.

6. The method of copper brazing together, in a
resistor unit of the sheathed insulated type, a
terminal member and a resistance wire, at least
one of which is formed of a chromium alloy,
which method comprises assembling the terminal
member and resistance wire in juxtaposition to
form a joint with a body of brazing metal adja-
cent the said joint, positioning the said terminal
member and wire within a metal sheath and
spaced from the walls thereof, compacting into
the said sheath a mass of electrically insulating
granulated heat refractory material to embed
said wire and joint, and heating the assembled
unit in a space containing an atmosphere includ-
ing hydrogen and gaseous oxidizing agents.

7. The method of copper brazing together, i1t a
resistor unit of the sheathed insulated type, a
terminal member and a resistance wire, at least
one 0f which is readily oxidizable at brazing
temperature in an atmosphere other than pure
hyvdrogen, which method comprises assemhling
the terminal member and resistance wire in jux-

sald sheath a mass of granulated fused MgO ta 786 taposition to form a joint with a body of brazing
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5
metal adjacent the said joint, positioning the said
terminal member and wire within a metal sheath
and spaced from the walls thereof, compacting
into the said sheath a mass of electrically insulat-
ing granulated heating refractory material to
embed said wire and joint, and heating the as-
sembled unit in a space containing an atmosphere
including hydrogen and a gaseous oxidizing agent.
THOMAS E. FINCH
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