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To all whom it may concern:
Be it known that I, ApeLerT O. BE-
NECKE, & resident of Newark, in the county

of Essex and State of New Jersey, have in- |

vented certain new and useful Improve-
ments in Electrical Resistances, of which
the following is a specification..

My invention relates to improvements in
resistances which are intended to carry com-
paratively large currents, and especially to

shunts for electrical measuring instruments.’

The object of my invention is to reduce the
mechanical size of such resistances ‘to a
minimum, which is particularly important
in electrical measuring instruments, shunts
which have to be inserted in the conductors
carrying the current to be measured. If
such resistances were given a sulficient cross-
section not to become overheated by the
amount of electrical energy consumed in the
same by conversion into lgleat, they would be
so enormously large that their use would be-
come prohibitive,

There have been made several attempts
in the art to design such resistances in such
a manner that t%e dissipation of the heat
generated in the same is aided by the cooling
effect of the air-currents or by the radiation
from large surfaces. The most successful

attemgt in this direction is disclosed in
United States Patent No. 497,482, granted

to Edward Weston, dated May 16, 1893.
In the specification of this patent the inven-
tor states that he has been able to send a cur-
rent of one thousand amperes through each
square inch of cross-section of German silver
without overheating.

My invention has enabled me to pass &
current of ten thousand or even thirty thou-
sand amperes to each square inch cross-sec-
tion of a similar material without overheat-
ing the same. I have accomplished this
result by making the terminal plates of
my resistances of a material of high electrical
conductivity, as copper with ample cross-sec-
tion and mass to carry the current for which
the resistance is intended without being
heated to any appreciable amount, and by
reducing the cross-section of the resistance
material inserted between these terminals
to such an extent that the necessary lengths
to make up a resistance of required value
becomes so small that any heat generated

in the same will be rapidly conducted away
and absorbed by the large and massive ter-
minals, :

In carrying out my invention I make use
of the structure hereinafter described, and
illusirated by the accompanying drawings,
in which—

Figure 1 is a side view of my improvement.
Fig. 2 is a plan view of the same, and Fig. 3
illustrates a slight modification.

Like letters of reference refer to similar
parts throughout the specification and draw-
ings. ‘

The device consists, essentially, of the
massive terminals e and b, made of nmaterial
of high electrical conductivity, conneeted to-
gether by the resistance material ¢ of small
cross -.section and corresponding short
lengths. In practice 1 find it convenient to
fix the resistance material into the ends of
the terminals a and b by slotting the adja-
cent ends of the terminals, as illustrated in
Fig. 1, and then inserting the edges of the
resistance material into such slots and sol-
dering the same into position. However,
any convenient method may be employed
for uniting the resistance material with the
terminals in intimate metallic contact.

In the selection of suitable resistance ma-
terial it often happens that sucli material
when heated by the passage of an electrical
current in the open atmosphere will oxid-
ize, and thereby deteriorate. To prevent
this oxidation and keep the resistance ma-
terial from direct contact with the atmos-
phere, I find it convenient to serrate or dove-
tail adjacent ends of the terminals, as illus-
trated in Fig. 1, and to fill the space sur-
rounding the resistance material with some
non-conducting fireproof substance h. For

example, powaered glass held together bv
.some suitable binder, or miea, asri)estos, or

any other material will answer the purpose,
so long as it will keep the resistance material
from contact with the atmosphere and will
form an electrical insulator. ‘

As a convenient means of conneeting such
& resistance into an electrical cireunit I pro-
vide bolts and nuts ¢, by which the ordinary

-bus-bars may be connected to the ends of tlhie

device.
In case the device is used as a shunt for
electrical measuring instruments I provide
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furthermore, the binding screws e, to ‘which
the electrical measuring instrument ¢ is con- :
nected by means of conductor-wires f. :

The resistance material ¢ may be in the ,
form of a single thin sheet, as shown in Fig. 1, -
or in the form of a number of sheets. arranged
side by side ,or one on top of the other or in
the form of a single wire or a number of wires, |
as substantially illustrated in Fig. 3.

I have found by experiments that the cross-
section of the resistance material can be re-
duced almost indefinitely; but in practice I
find that in order to produce a number of
such devices of uniform resistance the length
of the resistance material should best be not
reduced to more than a length of about two-

shorter these lengths are chosen the more
difficult it will be to keep the same exactly
within desired limits.

In operation when such a resistance is con- |

neected in a circuit the current will pass from
the terminal a to the terminal b through the
resistance material ¢. A certain amount of
electrical energy will be consumed in the re--
ststance material and converted into heat.
This amount is directly proportional to the
resistance and to the square of current pass-
ing through the same. The heat developed
in the resistance material in cage the density
of the gurrent is as large as I have mentioned
above would under ordinary circumstances
be sufficient to fuse the resistance material
and therewith to render the device inopera-
tive. The extreme short lengths of the re-
sistance material thereby bringing the termi-

employed by me in conmection with the mass-
ive terminals prevent any overheating of the
resistance material, as all-heat' generated in .
e same is rapidly conducted awsy. by the
terminals whose masses are’ sufficientto ah-
sorb the heat without becoming’ thenisslves
overheated. ' e
It frequently happens in practice-that it is
desirable to have & resistance of greater car-

made in accordance with Figs. 1.and 2. Un- |
der such conditions it is only -necessary to’
cou}[;]e up several units of this t'{p’e in paralldl |
in the circuit or, better still, to place several of
the same one upon the other and connéef’
them all together by means of the connecting
bolts and nuts 4. In this mannerit is‘possi-
ble to colistruct the resistances after a si-nﬁle
may be ¢oupled |
together, as described, to" produce. the re-
quired resistance. -
I claim— - ) Lo
1, An electrical resistance device, consist-
ing of two blocks of metal of hjfgh» ecific |
high spe-

cific resistance and-short lengt

length conne‘ch_.ns'
said. blocks of metal, the free length.of said |.

conductor being suq'h that the heat gener- |

-ing of two blocks of metal of high ss)‘eciﬁc

546,007

ated therein by the passage of a current there-
through, is conducted to and absorbed by
said blocks of metal as rapidly as such heat is

%enerated, whereby said conductor will not.

e overheated. :

2. An electrical resistance device, consist-
ing of a short conductor of high specific re-
sistance, connecting two masses or blocks of
metal of high specitic conductivity, the free
length of said conductor being such that the
heat generated by the passage of an electrie
current therethrough will be absorbed by
said blocks of metal as rapidly as generateg,
whereby said conductor will not become
overheated. '

3. An electrical resistance device, compris-
ing two blocks or masses of metal of high spe-

cific conductivity separated by a short space,

& conductor. of iEh specific resistance con-
nected to said blocks and spapning said space,

the heat generated hy the passage of a cur-
rent therethrough, is tonducted to and ab-
sorbed by said blocks or masses of metal as
raﬁ)idly,as generated, whereby said conductor
will not become overheated.

4. A resistance device for electric circuit,
comprising two blocks or masses of metal of
high specific conductivity, and a_ conductor
of high specific resistancé connecting said
' blocks or masses of metal, said conductor be-
ing of such small cross-section. as to produce
the desired resistance within such a short
length thereof, that the heat  generated by
the passafe of an electric current there-
through will’ be conducted to' and absorbed
by the said-blocks or masses of metal as
rapidl{_ as generated, whereby said condue-
tor will not become overheated. -

.. 5, An électrical resistance device, consist-
~conductivity, and a conductor of hig
<ific resistance and short length conhecting
said_blocks of metal, the free length of said
conductor being such that the heat gener-

SPB-

) - | ated therein by :the. passage of a current
rying capacity than is found ina structure |

therethrough, is conducted to,and absorbed
by said-blocks of metal as rapidly as gener-
#ted, whereby said conductor will not be
()V_Qrfmat‘ed ; and a fire-proof insulating mate-
rial inclosing the free surface of said con-

duetor.

- ing of a.short conductor .of high specific re-
-slstance% connecting two masses or blocks ef

metal of high specific conductivity, the free

length of said conductor being such that the.
|- heat generated by the passage of an electric
"| currént the‘rethr-oth will 'be absorbed b

sajd blocks of metal 4s rapidly as generated,
whereby said »'conductor_wilf not be over-
heated, and a fireproof insulating miaterial
inclosing the free- surface of said conductor.

7. Anelectrical resistance devige, compris-

ing two blocks or masses of metal of high spe-

the length of said conductor being such that,
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cific conductivity separated by a short space,
a conductor of high specific resistance con-
nected to said blocks and spanning said space,
the length of said conductor being such that"
the heat generated by the passage of a cur-
rent therethrough, is conducted to and ab-
sorbed by said blocks or masses of metal as
rapidly as generated, whereby said conduc-
tor will not be overheated, and a fireproof
insulating material inclosing the free surface
of said conductor.

8. A resistance device for electric circuits,
comprising two blocks or masses of metal of
high specific conductivity, and a conductor
of high specific resistance connecting said
blocks or masses of metal, said conductor be-
ing of such small cross-section as to produce
the desired resistance within such -a short
length thereof, that the heat.generated by
the passage of an electric current there-
through will be conducted to and absorbéd
by the said blocks or masses of metal a3 rap-
idly as generated, whereby said conductor
will not become overheated, and a fireproof
insulating material inclosing the free surface
of said conductor.

9. An electrical resistance device, consist-
ing of two blocks of metal of high specific
conductivity, and a conductor of high spe-
cific resistance and short length connectin
said blocks of metal, the free length of sai
conductor being such that the heat gener-
ated therein by the passage of a current
therethrough, is conducted to and absorbed
by said blocks of meteal as rapidly asgener-
ated, whereby said conductor will not be
overheated, and means for connecting up

10. An electrical resistance device, con-
sisting of two blocks of metal of high specific

conductivity, and a conductor of high spe-
cific resistance and short length connecting :
said blocks of metal, the free length of said !
conductor being such that the heat gener-
ated thercin by the passage of a curvent
therethrough, is conducted to and absorbed

by said blocks of metal as rapidly as gener- |

8
ated, whereby said conductor  will not be
overheated, and a shunt-circuit leading
around said conductor. c
11. An electrical resistance device, con-
sisting of a short conductor of high specific
resistance, connecting two masses or blocks
of metal of high specific conductivity, the

_free length of said conductor being suchthat

the heat generated by the passage of an elec-
tric current therethrough will be absorbed
by said blocks of metal as rapidly as gener-
ated, whereby said conductor will not be
overheated, a shunt-circuit leading around
said conductor and means for connecting up
said resistance device in an electric circuit.
12. An ‘electrical resistance device, com-
prising two blocks or masses of metal of high
specific . conductivity located in close prox-
imity to each other and a conductor o high
specific resistance and short length

havin%
- its ends embedded into said blocks of meta.

respectively, thereby leaving a short free
length of conductor between said blocks of
metal.
13. An electrical resistance device, com-
rising two massive terminals, composed of
locks of metal of high specific conductivity

located in close proximity, and a conductor-

of high specific resistance having its ends em-
bedded into said blocks of metal respectively,
to leave a short free length of metall) between
said, terminals.

14. An electrical resistance device, con-

sisting of two blocks of metal of high specific.

conductivity and a high-resistance conductor
connecting said blocks of metal, said con-
ductor being of such short free length that
the heat generated therein by the passage of
a current therethrough is absorbed and dis-
sipated lsz said blocks of metal as rapidly as
generated. ' :
This specification signed and witnessed
this 18th day of May; 1906. .
ADELI{ERT 0. BENECKE.
Witnesses:
Loulis M. SANDERS,
FrEpk. C. FiscHER.
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