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To aZZ whom, it may concern. 
Be it known that I, HERMANN LEMP, a citi 

zen of the United States, and a resident of 
Lynn, in the county of Essex and State of Mas‘ 
saohusetts, have invented certain new and 
useful Electric Metal-“forking Apparatus, of , 
which the following is a speci?cation. 
My invention relates to that class of elec 

trical apparatus which is designed to furnish 
electric currents of large volume or heating 
effect and in which provision is made for per~ 
mitting a movement of the part which is in‘ 
contact with or holds the work or device to 
be heated, while at the same time the elec 
trical connection to the source of heating 
currents is maintained. 
My invention relates more particularly to 

electric metal-working apparatus in which 
the source of the heavy heating-currents is the 
secondary of a transformer; and the object 
of the invention is primarily to avoid the 
losses which are due in apparatus of this char 
acter, ‘and more especially in electric metal 
working apparatus, to the resistance of the 
‘various contacts or joints through which the 
current passes from the secondary to the 
moving part of the apparatus; 
In the usual types of electric metal-workin g 

devices, in which there are one or two or more 
sliding contacts through which a current of 
perhaps thousands of amperes must pass, 
there is a marked inefficiency arising from 
the CQR losses or watts consumed in heating 
the joints or sliding surfaces. The only 
practical method heretofore employed for re 
ducing these losses, to wit, the enlargement 
of the area of contact, is attained by increased 
cost for conducting material and labor in 
preparing the surfaces. Special construc 
tions of the devices for effecting the same pur 
pose are usually expensive, because of the 
complication of parts, and are not practical 
for rough usage. 
The object of my invention is to do away 

with all joints or sliding contacts in electric 
metal-working apparatus wherein the current 
is supplied from the secondary of a trans 
former to reduce the weight of material and 
the cost. . 

To this end my invention consists, essen 
tially, in making the whole secondary circuit 

'ble secondary. 

continuous or without joint or break and at 
taching or securing the terminals or work~ 
holding devices directly to said secondary, 
which latter is made movable at its polar por 
tion or part, to which‘the said holder is se 
cured. 
In carrying out my invention I preferably 

construct the secondary as a ?exible conduc 
tor made up preferably of a number of cop 
per strips. , 

It is'desirable to construct the secondary 
entirely of the copper strips or ?exible pieces; 
but it would be Within my invention to make 
the terminals only ?exible, the work-holders 
being attached directly to said ?exible termi 
nals and being movable without sliding con 
tact by reason of such flexibility. The parts 
of the secondary are preferably made of 
wrought-copper, which, being of nearly twice 
the conductivity, will require but half the 
weight necessary for the construction of 
secondaries from cast-copper. The cost of 
wrought-copper being but slightly greater 
than cast-copper the total cost of the second 
ary will be reduced nearly ?fty per cent, to 
say nothing about the reduction in labor at 
tendant upon‘ the doing away with sliding 
contacts. 
My invention consists, further, in certain 

details of construction and disposition of the 
parts, as hereinafter more particularly de— 
scribed, and then specified in the claims. 

In the accompanying drawings, Figure 1 is 
a front elevation of a metal-working appara 
tus having a transformer constructed in ac 
cordance with my invention. Fig. 2 is an end 
view of the same. Figs. 3, 4:, and 5 illustrate 
ways of attaching the terminals of the ?exi 

Fig. 6 is a plan of a large ma— 
chine embodying a modification of the inven 
tion. Fig. 7 shows a type of machine in which 
a number of separate secondaries are em 
ployed. 

In Fig. l I have illustrated my invention 
as applied to a machine adapted for butt-weld 
ing or other operation requiring a similar 
movement of the work holder or holders. 
A represents the frame of the machine, and 

B B’ the work-holding terminals, one or both 
of which may be made movable and which are 
provided with the usual jaws or clamping de 

60 

80 

85 

90 



10 

25 

35 

45 

55 

65 

2 564,331 

vices C C’. These parts are practically the 
same as in ordinary types of electric welding 
machines. ' 

The core of the transformer which supplies 
the heating-currents to the terminals B B’ and 
to the work held in them is indicated at K and 
is shown in Fig. 2 complete, while in Fig. 1 
one-half has been removed to show the pri 
mary and secondary. One-half of the pri 
mary has also been removed in Fig. 1 in order 
that the secondary may be seen. 
L L’ are the primary coils, which are prac 

tieally one coil, but are divided and disposed 
on opposite sides of the secondary for a rea 
son to be hereinafter stated. 
M is the secondary made of flexible strips or 

ribbons of conducting material, preferably 
copper, and to which the work holders or ter 
minals B 3’- are directly fastened or secured. 
The secondary being flexible, it is obvious 
that the movement necessary for the one or 
both work holders or terminals will merely 
cause the secondary to slightly bend, and the 
necessity for sliding contacts, which are re 
quired with a rigid secondary, is avoided. 
The terminals of the secondary may be at 
tached or fastened in any desired way. Some 
of the ways are indicated in Figs. 8, 4E, and 5. 

In Fig. 3 the work holder or terminal B is 
provided with a lateral groove, into which the 
end of the secondary is inserted and is held 
by a wedge or key N. The ends of the strips 
making up the secondary are carefully cut off, 
so that they will be of uniform length, and 
will each make contact at its end with the ter 
minal-block B. The wedge N serves to hold 
the secondaries very closely together. A pin 
0 may be applied through a hole in the end 
of the flexible conductor, so that when the 
wedge is loosened the strips will not fall apart. 
In preference to depending upon friction to 
hold the wedge in place, I employ one or more 
screws P P’, which pass through the wedge 
and into the terminal, so that the wedge may 
be forcibly drawn up and securely held against 
loosening. 

In Fig. 5 the ends of the strips are held in 
place by the pin 0, which passes through the 
strips and the terminal or block B, and a good 
connection is made by soldering or brazing M 
and B. 
The preferred method of connecting the 

terminal 13 and the strips M together is in 
dicated in Fig. -l. This method consists in 
separating the ends of M slightly apart, plac 
ing them in a mold, and casting the terminal 
B around them. 

It will be observed that in all cases the sec 
ondary is itself practically continuous or un 
broken throughout its whole length, and that 
the work holders or terminals are always in 
solid electrical connection therewith during 
their movement, and yet that there is no slid~ 
ing contact or joint in the whole circuit. 
While I have described the use of thin flexi 

ble strips, and prefer to employ them as they 
may be made of rolled copper, I do not limit 

myself to strips or ribbons, but may make up 
the secondary from any pieces having suit 
able l'lexibility. The secondary in Fig. 1 is 
shown as of a U shape, but the form of the 
secondary in outline constitutes no part of 
my invention. Said secondary might, for in 
stance, be of an endless form, like the link of 
a chain, as will be presently described. 

In order to guide the work holder ortermi 
nal, which in the machine Fig. l. requires to 
be moved, as, for instance, work'holder B’, 
any suitable means may be employed. In the 
present instance I have shown for this pur~ 
pose two rods D D’, to which a slide B’ is 
pinned. These rods may work in grooves in 
the side of B to keepD and I)’ in correct aline 
ment. The rods D D’ work between grooved 
rollers ff’ f2 f3 f‘1 j“, which are mounted in 
suitable posts or uprights e c’ a’ on the frame A. 
These rollers prevent side movement, but al 
low free longitudinal movement. The pres~ 
sure for welding or similar operation is ob 
tained by the weights G, which are hung from 
a chain J, working on a pulley I. 
II, attached to the rods, is fastened to the axis 
of the pulley I. This arrangement simply 
multiplies the effect of the weights. 
The secondary M is placed between the two 

primary coils or sections of coil, as indicated 
in Figs. 1 and 2, for the following reasons: 
There is a certain repulsion between the pri 
mary and the secondary coils of a transformer, 
and to make practical use of this the two pri 
maries are braced on the side away from the 
secondary and the latter allowed to hang 
freely between them. As the repelling effect 
will be the same from each primary, the sec— 
ondary is magnetically held free from any 
friction with the insulation of the primary or 
other parts. It is also an advantage, owing to 
the self-induction of the secondary, to have 
the primary lie parallel and as close to it as 
possible, as shown, rather than wind it on 
some other part of the core. 
In Fig. (3 I have shown a secondary which 

is of endless form and in the general shape 
of an oval or chain link. B B’ are the work 
holders, B’ being the movable one operated 
by ?uid-pressure from suitable cylinders and 
pistons. The work-holders are attached to 
the consequent poles of the secondary M. 
Two primary coils L L2 are employed, and 
each has preferably its own iron core K K’. 
The connections of the coil are so made as 
to set up consequent poles in the secondary 
M, at the opposite sides thereof, where the 
holders or terminals B B’ are attached. In 
this instance the upper half of each one of 
the two coils L L2 is removed to allow the 
secondary to be seen. 
C O’ are the clamping devices, and D D’ 

D2 D3 are suitable guides for the work-hold 
ers. These guides are shown in dotted lines. 
The terminal B may be made adjust-able by 
means of a screw R. The secondary M is 
made of a strip or strips of sheet metal, such 
as copper, preferably wrought or rolled cop 
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per, wound into form, as indicated. The ?exi 
bility thus secured allows sufficient move 
ment of the work-holder B’, which, like the 
work-holder B, is fastened or secured di 
rectly to the secondary in any of the ways 
before described or in any other proper man 
ner. As willbe observed, the currents gen 
erated in the two halves of the secondary 
will ?ow in parallel from one Work-holder to 
the other and through the work. 
My invention is applicable to other forms 

of Welding apparatus, as, for instance, to an 
apparatus constructed in accordance with 
patent of Hermann Lemp, No. 440, 641. Thus, 
as indicated in Fig. 7, two secondaries M M 
might be arranged to supply the work in 
parallel, and the primary coil divided or 
made up of three coils or sections of coil L 
L’ L2, one of which is placed between the two 
secondaries. The number of secondaries 
might be as many as circumstances should 
require. 
There are other advantages attendant upon 

the use of secondaries constructed as herein 
before described besides the ability to dis 
pense with sliding contacts. Thus, for in 
stance, with alternating currents of high fre 
quency the current resides principally upon 
the surface of the conductor, the interior be 
ing of little value. When the secondary is 
made up in the manner described of a num 
ber of conductors, such as thin strips of 
metal, a much greater total surface is pro 
vided, and consequently a'greater carrying 
capacity obtained, than when a solid bar is 
employed. Besides, with this construction 
the cooling-surface is greater and a greater 
current density may be employed without 
danger of overheating. In order to secure 
this effect to the greatest extent, it is desir 
able to lay the strips together rather loosely. 
WVhat I claim as my invention is-— 
1. In an apparatus for supplying heating 

currents of large volume, a ?exible trans 
former-secondary composed of pieces or strips 
of conducting material and having a single 
turn or bend, in combination with two work— 
holders opposed to one another and ?xed rig 
idly and directly to each piece of the second 
ary for the purpose set forth. 

2. In a transformer, the combination with 
a primary, of a secondary formed in a single 
turn and composed of metal strips laid in 
planes transverse to the direction of the turn 

and work-holders secured to the poles of said 
secondary. 

3. In an electric metal-Working apparatus, 
a transformer having a U -shaped ?exible sec 
ondary constructed of thin sheets or strips of 
copper and laminated in planes transverse to 
the line of movement of the Work-holders, as 
and for the purpose described. 

4. In an electric metal-working apparatus,‘ 
the combination with a ?exible secondary con 
structed of thin sheets or strips of copper, of 
work-holders in direct contact With every sin 
gle turn of said secondary. 

5. In a transformer for electric metal-work 
ing apparatus, the combination substantially 
as described, with a secondary composed of 

_ sheets or strips of copper piled upon one an 
other, of Work-holders cast thereon in inti 
mate contact with each single turn of said sec 
ondary, as and for the purpose described. 

6. A transformer consisting of a secondary 
of endless form having consequent poles, in 
combination with suitable primary coils 
Wound or connected to induce'said poles, and 
work~holders mounted upon said secondaries 
at said poles. 

7. In an electric metal-working apparatus, 
the combination with an endless ?exible sec 
ondary, of Work-holders attached to opposite 
sides thereof, and primaries for inducing cur 
rents in said secondaries. 

8. In an electric metal-working apparatus, 
a ?exible secondary of endless form having 
consequent poles at opposite sides thereof, 
work-holders mounted at such consequent 
polar points, and primaries suitably located 
to induce said poles, as and for the purpose 
described. 

9. A transformer-secondary consisting of a 
mass of rolled copper strips forming a ?exible 
support for the work-holders and movable in 
the magnetic ?eld of a ?xed primary. 

10. The combination, substantially as de 
scribed, with the two primaries or sections of 
primary, of‘ the ?exible secondary hanging 
freely between said primaries or sections of 
primaries, as and for the purpose described. 
Signed at Lynn, in the county of Essex and 

State of Massachusetts, this 12th day of June, 
A. D. 1891. 

HERMANN LEMP. 
Witnesses: 

WARREN B. LEWIS, 
WILLIAM L. PARKER. 
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