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- size of wire or:bar.) With Jarge bars the cur-
- ren{ must be much greater than with small

- soutceof currentaregulableapparatus. - Either
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To all whom it may concern:

certain pressure the ends of the wires, bars,

-an electric current of great volume, but not.

PATENT OFFICE.

- ELIHU THOMSON, OF LYNN, MASSACHUSETTS.

APPARATUS FOR ELECTRIC WELDING.

SPECIFICATION fc-rmi'ng. ﬁart. of Lettéi& Patent INo. 347,140, dated August 10, 1886.

Application filed March 29, 1886.

‘Serial No. 197,077, (No model.)

Be it known that I, ELIHU THOMSON, a citi- ]
zen of the United States, and a resident of
Lyunn, in the county of Essex and State of
Massachusetts, have invented a certain new

and useful Method of and Apparatus for Blee- |

tric Welding, of which the following isa specifi-
cation. - - e T

My invention consists in a novel art or pro-
cess of and apparatus for forming joints be-.
tween metal wires; bars, and the like by the

ageney of an electric current. This art or |

process L term ‘‘electric welding.”’ :
One of the chief objects of my invention is
to secure a true and firm joint between metal
wires, &c., without the usual necessary appli-
cation of solders or metals melting at a lower
temperature, and to secure a complete weld
of the two abutted ends, which shall be as
strong and firm as any other part of the wires,
ba‘I‘S, &C'_’ ased. ... o
My invention enables sections of wires—as
of copper and its alloys,iron,silver, gold, &ec.——
to be jointed into one continuous length, and
the joints, being of the metal itself nearly uni-
form in texture with the rest, are strong, and
can be bent, twisted, hammered, and drawn
without rupture—a result not achieved before

my present invention. |

Briefly, the new art, which I term ‘‘electric
welding,”’ consists in bringing together with a

&e.,to be jointed, and which pressure mustbe
smail, and ean with my apparatus be regu-
lated at will, and then constituting the abut-
ted ends and a. slight- portion of the wire or.
bar on each side of such ends as the path for

necessarily of an electro-motive force of more:
than a few volts,(depending on the nature and

bars or wires, and it is-well to employ as a

continuous, intermittént, or alternating ‘cur-
rents of electricity may be employed. .

I will now proceed to describe,by reference
to figures, the manner in which I have prac-
ticed the process and the apparatus which I
have found suitable therefor. = |

Figure 1 shows my jointing-clamp with
wires ready to be electrically welded. TFig. 2

)

18 another view of .a portion of the same. TFig.
3 shows the placing of wire or barsin line in
the clamps before abutting the ends for weld-
Ing. Iig. 4 shows a joint just formed, there
being usually a slight burr or flange formed at
the junction after passage of cuvrent.” Tig.

shows removable clamps for holding wires of

varying sizes. Fig. 6 showsa clamp for hold-
Ing wires of three sizes as needed. Fig..7 in-
dicates-the substitution of manual pressure for
elastic-pressure in forming the joint. Fig. 8
indicates the substitution of gravity for elastie
pressure in forming the joint; Fig. 9, a modi-
fication of thesame. TFigs. 10, 11, 12, 13, 14,
and 15 indicate the application of my process
to other forms of bar, &e. Ifig. 16 illustrates
one of the ways of generating the heavy ecur-
rents needed in the practice of my invention.
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Fig. 17 illustrates a modification of a portion -

of I'ig. 16. T ig. 18 shows another way of ob-

taining currents of sufficient volume for prac-

ticing my invention. | -
L reserve for other applications for Letters
Patent certain other improvements in the ap-
paratus used in practice. S

75

In Tig. 1 is shown the apparatus applicable

to the case of joining ends of wires, &e. It
cousists of two arms or clamp-holding bars,

{ L I/, one only of which need be movable.
This 1s swung on a joint at A, which, when
the arms I I are whelly metallie, is insulated
by interposed washers and tube of insulating’
~material, as mica, in a way to allow the- free

movement at A, but no passage of current at

such point. Heavy cables C C, preferably

very many.times the section of the wires to
be jointed, connect I. I/, respectively, with
the terminals of apparatus, from which,at will,
a sudden flow of current of cousiderable vol-

| ume may be obtained. Suitable clamps, KXK',
(this latter, X', shown removed,) serve to bind

down firmly and make good electrical contact
with a portion of the length of the wirés to be

jointed. The wires W W'—say of copper,

brass, iron, steel, or German silver—are placed
1n the clamps with their ends abutting and
projecting, as shown at J, the edges of the
clamps being countersunk or rounded, so as

to leave a small portion of W and W’ un-

clamped near J. An adjustable spring, S, ar-

Q0
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ranged to pull I, L' together, but insulated by -

an terposed block of insulator I, is used to
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keep the wires W W’ abutted with a slight | equivalent parailel or right-line movements °

pressure. Isometimes provide aset of heavy
copper contacts, Z 7/, which automatically
connect L I after the joint at J is effected,ac-

companied, as it is, by the slight approach of |

the parts I I under the action of the spring
S when the metal at J welds.

Fig. 2 shows one leg, I/, removed and the
remaining one, L, seen from bebween them,

10 showing opening for wire and insulation of
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joint A in black.

Fig. 3 shows wires W W’ just before abut-
ment together with their relation to the clamps
K K. When in contact, as in Fig. 1, a pow-
erful current is passed from C to C, which
current has to pass the abutted ends at J.
However, if of great volume, even though the
resistanceat J beless than one fifty-thonsandth
of an ohm for very moderate-sized wires, heat
will be developed in the ratio of the square of
the current flowing, which heat will be formed
at J 1n sufficient amount to fuse the abutted
ends, and under slight pressure they will weld
over their whole section with a slight project-
ing burr or expausion, as indicated at J, Fig.
4. This will be seen to occur by the slight
yielding at J .and the approach of L I/ to-
ward each other by the elastic force of S. The
carrent 1s then stopped and the clamps re-
moved, and the wires W W’ will now be found
united into one. 'The burr can be readily
filed off or ground off, and if the clamps
K K’ were set oppositely at the start the
jJoint will be true with the axis of cach wire.
Of course it is important that the wires shall
be clean to insure contact, and though usunally
the joint is well formed without any flux,
such as borax, there is no objection to its use
1n slight amount in certain cases. In such
cases, after abutting the wires, a little moist
powdered borax or other flux may be applied
at J. The clamps for holding the wires may

~ be made removable shells, so as to be readily
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- on I/, extended, which latter may be gradu- ]
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substivuted when different sizes of wire are
to be clamped, although simple V-grooves

may be made in the clamps to accommodate

various sizes; or universal chucks may be em-
pioyed. All such variations are without im-
portance, and are evident to mechanics.

Iig. 5 shows removable clamyps, and Fig. 6

a compound clamp with three scts of grooves
of different sizes.

In Fig. 7 the spring S, Fig. 1, isleft off, and
1s replaced by handles, which may be manu-
ally pressed together in forming the joint. A
little practice willshow the pressure to be used
in each case.

In Fig. 8 an adjustable weight, P, sliding

ated, forms an efficient substitute for S, Fig.
1, the other parts being suitably disposed.
Instead of using a swinging joint, as A,
Fig. 1, 1t is sometimes preferable, as where
heavy wires are to be accurately abutted and

65 jointed, that the movablepiece L shall slide in

guides, giving a rectilinear motion, though |

may be attained in other well-known ways.

The clamps K K’ ean be shaped to suit va-
rious forms of wires or bars to be joined—such
as square, hexagonal, rectangular, &c.—and
it will be evident that tubes can be operated
upon instead of bars or wires. .

Fig. 10 shows two rectangular bars pre-
pared for juncture.

Fig. 11 shows how my invention may be em-
ployed to effect joints between pieces of differ-
ent form, W"in the figure being a flanged
head. In this connection it may be remarked
that my invention gives a great advantage in
permitting the formation of joints without
heating the metal to any considerable distance
on each side of the joint, so that temper, elas-
ticity, and finish remains nninjured.

IFig. 12 illustrates the union of a rectangn-
lar bar to a round bar.. It may be here said
that in all cases it is best that the elamps for
holding the picces be fitted to the shape of the
pieces, and clamp them quite near the june-
tion. In such way even rings, as in Fig. 13,
may be rendered endless; butin thiscase more
current is needed, as a portion passes around
the ring; but, further, on account of the
greater length, 1t is small compared with the
portion traversing the joint when the clear
ends are well abutted and the clamps K K’
embrace the ring, as indicated. In Fig. 13
the lower part of the ring R can, if needful,

be immersed in water to avoid any chance of

heating. |

In Ifig. 14 a long bar or wire of metal or a
band can be made endless, as in Fig. 13, and
I propose to apply my invention to the pro-
duction of endless steel pieces for band-saws
and the like, and so to remove the weaker
brazed joint and the consequent destruction
of temper near where it is made. My inven-

tion can also be applied to the production of

endless wires for endless twisted cables, and
1t may also be used to join the separate ends
of the wires of a twisted cable and so make
the cable endless. It is also possible to join
two smaller
Fig. 15. |

1o 1nsure success in effecting a joint the
parts opposed should, if possible, be of the
same section or at least of such dimensions

pleces to one larger piece, as in
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and melting-points as to melt nearly at the

same time, and so secure a thorough union of

the particles of both pieces. - However, junec-
tion is easily effected between German silver

\ and steel or iron and between brass and iron,

and In many other cases where the metals
joined differ. |
As an example of a means of securif® a
large flow of current with little electro-motive
force, such as is demanded by my invention,
the arrangement shown in Fig. 16 is used. In
this case an induction - coil consisting of a
core, If, of iron wire wound with two wind-
ings is employed. One of the windings is of
fine wire, A, and connected into a cireuit sup-
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the cirenit through M.
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plymg alternating currents suited to the size | consisting in the application of heavy currents

wire 1n M, while a simple switch, B, controls
The other winding, N,

18'a very few turns of very heavy conducbm
connected by short and thick connections ‘to
the wire-jointing clamps L I/, as in Fig. 1.

- When all is ready to make a- JOlllt the switch

[C
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B 1s closed for a second or two, at which time
the currents in N will be mduced and siuce-

the resistance of the wires to be Jomed will be
a large fraction of the actual resistance in the
secondary circuit, so alarge portion of the en-
ergy will be evolved where the joint is to be
made, 1mcipient fusion will result and subse-
quent thorough welding.. To save parts it

may be simpler to give the coil N the dispo-

~sition indicated in Fig. 17 by attaching L I/

20

to 1ts terminals, and having the ter mmals PoS-.

sess a slight elastlclty toward one another,so
as to glve the ]_)IQSSU.IO needed to make thc

joint.

In Flg 18 18 lllustrated the employ ment of

2 cell of secondary battery as a source of cur-
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rent. It need only be a plain Planté battely
of large surface, so as to yield, on occasion,
many thousands of amperes, according to the

diameter and the conducting - power of the

wires to be joined. It is charged by being
placed in a eireuit, a b, of moderate euueut
supply, such as an arc or other line.

The heavy conductors L 1/, one from ecach

terminal of the battery, are or dlnuuly sprung
apart and - insulated, asat I. When the wires

W W' are in place, they are kept out of con-

tact until the charge of the battery is suiii-
cient to give a flow of currentof a few seconds

~duration, at which time the handles I H’ are

pushed nearertowether thus effecting contact,

fusion, and weldmﬂ* b(,tw cen the ends of the

wires WV W'

Other sources of electricity may be used,
such as carrents from large dynamos, either
direct current or dlternatmﬂ in character.

Instead of employing the pressure of a

spring, or gravity, or manual pressure to effect

the Weldmg, I may obviously employ pressure
obtalned from any other source.

What I claim as my invention is—

1. The herein - described art of effecting
nunion between two pleces of metal, colaslsm;w
1n holding the same in contact at the point of
union and simultaneously passing a current of
electricity through the joint of a power to fuse
and unite the pieces, as and for the purpose
deseribed.

2. The process or art of eleciric welding, |

-!-';' H
L
LU uhi'

to traverse a joint to be welded, and the simul-
taneous application of a pressure or force tend-
1ng to move together the pieces to be welded.

3. The process or art of causing union be-
tween the ends of metal pieces in contact by
simultaneous application of fusing-currents of
electricity *111(1 mechamcal pressure ab the con-
tact.

4, In an apparabus for electrlc jointing of
metals, suitable clamps for holding the pieces
to be joined-movable toward one another, and
means, such as a spring, for exerting a press-
ure for forcing the pieces into contact, and

meansofapplying fusing-currents of electrieity

60

65

70

while such pieces rest in pressure contact, as

described.

5. The (,ombmatlon
¢lectric welding, of 6o arms or supports, L
L/, connected with a source of electric current,
removable dies or holding-clamps carried by

said arms, and means wherebv said arms may

Dbe pressed toward one anotber as and for the

purpose described. o
6. The cowmbination, in an apparatus for
electric welding, of- cla,mps or holders for

in an apparatus:for
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grasping the pieces to be welded, connections .- -

from said clamps to a suitable source of elec-
tric current, and an adjustable spring, or its
equivalent, asdescnbed for adjusting the force

with which the pieces are pressed toward ong

another during the operation of welding.

7. In an apparatus for electrie jointing of
metal wires, bars, &e., a primary feeding-line
connected to fmy suiltable source of current
and controlled by a switch, and a secondary
fusing or welding circuit connected to the
picees to be welded, and which are held in
pressare contact, together with suitable means
of transfer of energy from said primary line to
the cireuit of the {using or welding apparatus,
as described.

S. The art or process of electric welding,
consisting in applying to suitably guided aud
clamped pieces to be joined a powerful elec-

tric current at the- junction simultaneously
| with a pressure, whereby upon incipient fu-

sion at the joint a complete union is effected.

Signed at Lynn, in the county of Essex and
Smm of Massachusetts, this 23d day of Mdrch
A. D 1<<SG

RLIEU THOMSQN.-
Witnesses: | '

W. O. WAKEFIELD,
K. H. K1rerien.
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