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To all whom 1t may concern:

Be it known that I, Hmmwricon Porm, a
subject of the German Kmperor, and a resi-
dent of Brooklyn, in the county of Kings and
State of New York, have invented certan
new and useful Improvements i IRvheostats,
of which the following is a specification.

My invention relates i general to rheo-
stats for all kinds of electric current.

More especially, my invention may be ap-
plied to rheostats which are used as motor
starters.

Broadly speaking, my invention comprises

any apparatus in which there 1s a resistance |

medium of which the short circuiting is ac-
complished gradually without the step by
step action by means of a conductive liquid
which 1

is caused by any suitable means to
oradually come into contact with more and
more of the resistance medium and thereby
decrease the resistance.

The object of my invention 1s to do away
with certain well known disadvantages
which are present in the rheostats now m
use. The rheostats now in common use
operate by the step by step short circuiting

of the resistance medium, and involve the

o
CD.

0D

use of a greater or less number of terminals
and contact pieces which are subject to
wear, owing to friction and the tendency to
spark, in addition to being expensive in con-
struction. The step by step short eircuiting
of the resistance medium 18 In many cases a
oreat disadvantage, and to decrease this
drawback, it has generally been the practice
to increase the number of terminals. But
this method of avoiding the disadvantages
oreatly increases the cost of construction,
and furthermore does not altogether do
away with the step by step action.

I accomplish the objects of my mvention
by mounting the resistance medium, (prefer-
ably a coil in helical form) upon a suitabl
supporting body, and providing a suitable
conductive medium, preferably mercury,
which throuch any suitable means is caused
to gradually rise or fall around the resistance
coil, one terminal of the resistance circuit
heing in contact with the conductive liquid

o

while the other is conductively attached to

the end of the coil opposite to that which 1s

dipping into the conductive liquid.

My improved rheostat does away entirely
with contact pleces, special contact levers,
and spark formation, and the short circuiting
of the resistance 1s gradual.

p—)

“applied to the apparatus shown in Kig. 3.

The rise and fall of the conductive liquid
may be accomplished by hand, or the device
may be provided with means for accom-

plishing this rise and fall automatically with-
out any attention from the operator.

For the purpose of setting forth clearly the
nature of my mvention, I have shown i the
drawings, and shall deseribe, a few forms of
the invention as adapted to operate auto-
matically as a motor starter, but 1 do not
limit the invention to the automatic forms
or to its use as motor starters only.

In the drawings Figure 1 18 a central sec-
tional elevation of a form of the apparatusin
which electric magnets, serving to automart-
ically actuate the rheostat, are arranged
above the resistance bearing body. Iig. 21s

“a diagram of a circuit which might be applhed

to the form of apparatus illustrated in Iig.
{. Fig. 3 is a central sectional elevation
of an apparatus 1 which electro magnets
are situated within the resistance bear-
ing body. TFig. 4 is a diagram of a circuit

)

Fig. 5 is an elevation, partly in section, show-
ing a somewhat different forin of the rheo-
stat supporting member. Fig. 6 is a dia-
oram of a circuit as applied to the apparatus
shown in Fig. 5, and Iig. 7 1s a central sec-
tional plan through the apparatus shown in
Fig. 5, illustrating in detail the formation of
the resistance coil retaining members and

the location of one of the channels for the
conductive hiqud.
In describing the apparatus shown in these
fioures, I shall use specific terms but 1t 1s to
be understood that I do not wish to hmit my
invention to the use of any particular form ot
construction or any particular material for
accomplishing the desired result, as anj
analogous form of construction or material
micht obviously be employed without de-
parting from the spirit of my mvention.
Referring now to Fig. 1, 10 mdicates a con-
taining vessel which may be of iron, for ex-
ample provided if necessary on the outside
with ribs for radiating whatever heat may be
produced in the rheostat. This vessel con-
tains a body of mercury 11 (or other suitable
conductive liquid) and within the contaiming
vessel 10, and dipping into the body of mer-
sury 11 1s a dram or other suitable body 12,
which has wound in helical form avound 1ts
periphery, the resistance coil 13.  The drum
12 may be of iron and covered upon 1its pe-
riphery with a coating of cnamel or other
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switable substance to insulate from it the
resistance coill 13; or this drum may be
made of some non-conductive material to ac-
complhish the same purpose.  The drum 12 1s
mounted in any suitable manner upon the
central shaft 14, which may also be prevent-
ed from turning by suitable means and may
also be of iron; and the lower end of the
shiaft 14 rests in a well 15 formed in the hot-
tom ot the containing vessel 10.  The bot-
tom of the (011tummn vessel 10 1s provided,
around the top of the well 15, with an annu-
lar recessed portion 16: and longitudinal
grooves 17 mayv be formed in the walls of the
well 15, The mercury can thus pass down
into the well 15 and eet below the lower end
of the shaft 14 and thus serve as a cushion
for the drum 12 upon its depression n the
body of mercury 11 through the means here-
111.«.1HL1f oqcubul Of course otheradditional
and equiva: ont cushioning devices mieht be
employed at any other suitable place without
departing hmn tlu} spirtt of my invention.

(;n(‘* terminal 18, in the resistance cireult,
12 secured upon ﬂle lower portion of the con-
tatning vessel 10 1 constant contact with the
body of mercury 11 and the current travels
from said terminal through the mercury up
to the lower portion of the resistance coil
13 which 1s dipping mto the mereury. A
layer of o1l may be provided on top of the
mereury to-keep its surface ¢lean and con-
cduet the heat from the resistance coil to the
containing vessel. PPassing through the re-
cistance coil, the current leaves the coil at a
terminal 19 whien 1s suitably positionaed at
the upper portion of the drum and msulated
therefrom and passes throueh the flexible
conductor 20, to the other terminal 21 of the
cireutt, which is secured 1n the upper portion
of the contaimming vessel 10 and insulated
therefrom by an msulation 22. Tt will thus
be seen that by causing the drum 12, which
bears the resistance coil 13, to sink further
mto the bodyv of ﬂlﬂlcmv 11, the mercury
will rise about the sides of “the drum 12 and
oracually come in contact with more and
more of the resistance coli 13 without any
step by step action and thus reduce the re-
sistance in the cirveuit 1in a perfeetly gradual
anier.

For the purpose of causing the drum carry-
g the resistance coil 13 to rise and fall in the
body of mereury 11, and thus vary the
amount of resistance m the circuit, I mav use
any suitable means, whether 111&1111&11? oT
duton’mumlh operated. I have shown,
however, in this ficure, & means for causing
this rise and fall autonmtwalh without any
attention from the operator.  Secured upon
the top of the contaming vessel 10, 1s a evlin-
drical casting 23, which is pm\*Jde(l with ear
pieces 24, cmw%ponfh]w to ear pieces 25 on
the vessel 10; and bolts 26 are passed through

| 27,

for a certain codperation ot

898,987

secured
castimg

whereby the casting 1s firmly
upon the vessel 10. The cylndrical
23 should
ductor of the magnetic fiux of the electro-
magnets soon to be deseribed.  Said iron

a%tmﬂ 23 has a centr al and somewhat taper-
g or conical core picce 28, which is centrally
1}01 ed to admit a brass 10([ 29 to slide verti-

cally through 1t.  The brass rod 29 has 1ts
lower end threaded and 1s serewed mmto a cor-

respondingly threaded recess m the upper
end of the %il&[t 14 which carries the resist-
ance hea 1110 drum 12, The upper end of the
brass rod 29 1s threaded and has secured
thereon a (*0110%pomhnﬂh* threaded movable
iron core piece 30, which 1s so formed as to be
complementary to the core piece 28, reterred
to. T'he core prece 28 1s made 1 the conieal
form referred to for the purpose of codperat-
g with the complementary core piece 30,
which has a conical or tapering recessed por-
tion, to produce a dimmution of the gap > be-

tween the two core pieces upon the lowering
of the core piece 30, as will appear herein-
alter. Surrounding the core piece 28, in the
cylindrical (‘a%tmn ii’}., are two electr omaunot
colls 31 and 3 the inner coil 31 1 lavIng its
terminals in the binding posts 33 and 34

while the outer coil 32 has its 10111111}{11- in
the binding posts 35 and 36.  These hinding
posts are mounted upon a cover plate 37
which 1s secured upon the castine 23 by
screws 3. The said terminals are insulater I
from the cover plate 37 (which should be of

iron) by msulation blocks 39 and 40. The
purpose of having two electromagnets sur-
round the core pieces 28 :mf_ 30 is to provide
them which 1s to
uture of eleetrieal

economize 1 the expenc
energy necessary for causimmg a depression oq
the 11101;'&1) ¢ core plece 30, as will heremaftter
appear from a de%mlp{mn of the cirewit by
which thisform of the device 1s best operated.
It will readily be seen that by the depression
of the movable core piece 30, under the in-
fluence of the electromagnets 31 and 32, a
depression of the resistance hearing drum 12
ts accomphished, and thereby the resistance
in the circuit deereased as ahove referred to.

In Fig. 2, I have shown one form of the
wiring which mieht be emploved for auto-
nmtlcalh “operating the apparatus, shown in
Fig. 1. In this fieure, 41 15 the motor, 4213
the positive switeh terminal of the line, and
43 the negative switeh terminal.  The cur-
rent enters when the switch

42 and 43 1s
turned on, and passes along the positive wire
44, to the connection l.); from which one

part of 1t passes through the flexible wire 20

into the resistance coil 13 3, throueh the mer-
cury 11, and out by the termiinal 180 There
is a circuit parallel to the resistance coil, hy
which the other part of the current leaves the
connection 45, and this comprises the con-

these ear pieces and secured m place by nuts | ductor 46, the outer magenet coil 32, and the

be of 1ron, as it 1s to serve as a con-
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conductor 47, the latter being connected to
the terminal 18, above referred to. The

united current from there on, passes by the
conductor 48 to the brush 49, through the
motor 41, out by the brush 50, and returns
by the negative conductor 51 to the negative
switch terminal 43, already mentioned.

A shunt circuit 1s led |
brush 49, which conveys a shunted current
along the conductor 52, up to the inner magnet
coil 31,-out of the said coil by the conduetor
53, and thence back to the negative brush 50,
where it

tive switeh terminal 43.  In the operation of

these eircuits in the shunted coil 31 the cur-
rent 1s very weak, when the motor is first

started, owing to the fact that the brush ten-

sion of every direct current motor is the
Therefore, the inner

smallest at the start. ]
magnet coil 31, which is fed by the shunt

from the motor, receives very little current. .
-On the other hand, the outer magnet coil 32,

which 1s paralled to the resistance coil 13,
and 1s fed by a portion of the main current,
recelves a comparatively large proportion of

“the current at the full tension, less the loss
through armature resistance which exists

between terminals 18 and 45 of the resistance
coil at the start of the motor. Considerable
energy Is thus expended to operate the rheo-
stat at thestart.  As the movable core 30 re-
sponds to the excitation of the magnet, it op-
erates to depress the drum 12 and thus cause
the mercury to gradually creep up the resist-
ance coil and steadily decrease the resistance
opposed to the main current. The effect of
this s to allow more current to pass through
the resistance coil 13.  Thus enough current
reaches the motor 41 to start it and as the
armature tension inereases with the number
of revolutions, consequently the inner mag-
net 31, which 1s shunted through the arma-
ture 41, 1s move strongly exeited; that is to
say, the inner magnet has its excitation in-
creased.  As the motor revolutions increase

more and more, due to the constant diminu-
tion of the resistance 13, the outer magnet 32,
receives less and less excitation as the tension.

between terminals 18 and 45 will decrease at
the same time and finally magnet 32 will be
"action when the resistance coil is short-
civcutted.  The depression of the drum 12 is
then maintained entirely by the magnetism
of the inner magnet 31.  Referring, now, for

a moment to Kig. 1, it will be seen that, as

the movable core 30 is lowered, the gap be-

tween the two core pieces 28 and 30, becomes
smaller and smaller.  As a result of this I am

enabled to maintain the necessary depression

of the drum 12 by a smaller magnet, because
the two core pieces are then nearer together,
and the lines of force exert a greater influence
on the iron core pieces. Therefore, as I need

off from the positive

again joins the main current and re-
turns with it by the conductor 51 to the nega-

portion of the iron vessel 59 and is insulated

3

| necessary magnetic force, I economize in the

amount of electrical energy, which must be
taken from the operation of the motor. In
practice, the parts are all so proportioned

‘that this operation is obtained with pertect
regularity. ' -

-

~ In Fig. 3, I have shown a form of the ap-
paratus which is slightly modified from that
shown in Fig. 1. In this form of apparatus,
59 mdicates the vessel which contains the
body of mercury 60 and is provided with a
well 61, annular recess 62 at the top of the
well and longitudinal grooves 63 in the in-
terror walls of the well, in the same manner
as the apparatus above described. A metal-

lic drum 64 of somewhat modified form,

carries a resistance coil 65 which is insulated

from the drum by a coat of enamel. The
drum itself may be made of insulating ma-
terial and the layer of enamel done away
with, it desired. This drum 64 is mounted
upon a central 1iron shaft 66, the lower end of
which operates in the well 61, which forms

‘a cushion for it in the same manner as the

well 15 described above. The said drum is
open at the top, and a brace 67 secured to the

shalt 66 and to the inner wall of the drum,
serves to readily secure the drum upon said
shaft. One terminal 68 of the circuit is se-
cured near the bottom of the containing ves-

sel 59 and i1s in constant contact with the
body of mercury 60. Current passes up from
the mercury into the resistance coil 65 and
leaves the resistance coil by the flexible con-
ductor 69 (shown broken away) which passes
through the upper portion of the vessel 59 in

an msulating sleeve 70. The flexible con-

ductor 69 is 1n electrical contact with a ter-
minal 71" which is secured upon the upper

therefrom by an insulation block 72, secured
to the vessel by screws 73. An iron cover
plate 74 is secured upon the top of the vessel
59 by means of bolts 75, and depending from
this cover plate 74, within the open upper
end of the drum 65, is a basket 76, preferably
of brass, which has slotted walls and a central
recess 1 which is held a hollow, tapering,
iron core piece 77. The basket 76 is secured
to the cover plate 74 by screws 78 which pass

through the flange 79 at the upper portion

of said basket; and the iron core piece 77 is
secured to the bottom of the basket 76 by
screws 80 which pass through a peripheral
flange on the said core piece. The upper end
of the drum supporting shaft 66 is enlarged
and fits loosely within the enlarged lower
end ol the hollow core piece 77." A brass
rod 82 passes loosely through the hollow
core piece 77 and may slide perpendicularly

therein. This brass rod has its lower end

threaded and serewed into a threaded por-
tion of the enlarged upper end of the shaft
66, and secured upon the upper end of said

now only very little current to generate the i brass rod 82, by a threaded portion there-
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of, 1s movable iron core piece 83, which is
complementary to the above mentioned
tapering core plece 77. A nut 84 is secured
upon the outer end of the brass rod 82.
Seated mr the basket 76 are two magnet coils,
the mner of which is shown at S5 and the
outer of which 1s shown at 86. The inner
magnet coll 85 has its terminals at binding
*‘_)osts 87 and 88 respectively, and the outer
magnet coil 86 has its terminals at binding
posts 89 and 90;, respectively. The ter-
minals 87 and 89 are secured upon the cover
plate 74 and insulated therefrom by an in-
sulation block 91; and the terminals 88 and
90 are secured upon said cover plate and in-
sulated therefrom by an insulation block 92.
Upon the excitation of these magnets, the
movable 1ron core piece 83 is depressed, and
through its supporting rod 82, it depresses
the shaft 66 which carries the
thereby causing the mercury to rise and
oradually short circuit the resistance coil in
the same manner as already deseribed with
reference to the apparatus shown in Fig. 1.
In Fig. 4, 1 have shown the cireuit which
iy serve ¢ to operate the rheostat shown in
Fig. 3 &utonmtlcalh as & motor starter. 93
is the positive terminal and 94 the negative
termimal of the switeh from the main, and
when the switch 1s turned on current enters
through the positive terminal 93 and passes
along “the positive wire 95 to the connection
“From the connection 96 one circuit
leads through the wire 97 to the resistance
coll 65, thr ouﬂh the body of mercury 60 and
out by the terminal 68. The other circuit
which 1s m parallel with the resistance coil
leads by the wire 9S to the outer coil 86 from
which the current passes by the conductor
99, down to the terminal 68 wheve its current
unites with the current from the resistance
coll and the united currents together pass
down the conductor 100 to the posﬁzwe brush
101 of the motor. The current passes from
the brush 101 through the motor out through
the brush 102 and back by negative wire 103
to the negative switeh terminal 94 above
mentioned. A shunt leaves the positive
brush 101 by the conductor 104, enters the
mner magnet coil 85, leaves the inner magnet
coil by a “conductor 105 and returns to the
primary circuit at brush 102, from which
point it passes by the wire 103 with the main
current from the motor back to the negative
switch terminal 94. The operation of the
circult in this case 1s in every way similar to
that deseribed with reference to the circuit
shown 1 Kie. 2, and therefore need not be
here 1epeated One pomt may be mentioned
in regard to the magnetic flux in which the
Ires. 1 and 3 are different from each other
s caused through the different ar-

and whieh 1s
1-’1nﬂ0111f}11t of the magnet coils. While in
I‘w the magnetic fux passed from the

movable core 30 through cover 37 thence

| vessel 59 over to the iron shaf

uny 64,

898,987

through the cylindrical casting 23 to core 28
back to core 30 the flux in I‘le. 3 passes from
core 83 through cover 74 thence through the
£ 66 over to core
77 and through the gaps back to core S3.
the latter case 1 am enabled to use at the
same time the resistance coil 65 besides mage-
net coil 86 for excitation, thus lessening con-
siderably the ampere turns of coil S6.

In both forms of the apparatus already de-
seribed, the resistance bearimg drum or eylin-
der has been caused to move ln the electro-
magnet depressimg the movable core piece.
The rise and fall of the mereury or other con-
ductive liquid in the retaining vessel has thus
been caused by the depression or elevation
of the drum. In such forms not only does
the conductive liquid rise around the resist-
ance coil but at the same time the resistance
coll 1s lowered, and therefore ereater relative
movement between the resistance coil and
the conductive hquid 1s accomplished, than
1f the resistance coil were maintained in a
stationary position, and the relative move-
ment between it and the conductive liquid
produced entirely by the movement of the
conductive hquul There are, however, nu-
Merous ways n flddltmn to these tor obtain-
mg a considerable rise or fall of the con-
ductive hiquid by relatively smaller move-
ments ot the body causing such rise or fall.
One other way (for example) by which this
may be accomplished will be seen from the
description of the apparatus illustrated in
Fig. 5.

In F Fig. 5, I have shown, partly in section, a
form of the : apparatus m which the separ ate
contamming vessel for holding the conductive
ligquid is done away with and the boc y which
supports the resistance coil serves the pur-
pose.

The apparatus shown n Fig. 5 may also
serve as an ilustration of one method of se-
curing the resistance coil upon its supporting
bod}r in such a manner that the adjacent
turns ot the coil are eflectually prevented
from contacting with each other and causing
short @11‘01111:111@ This form of the appa-
ratus 1s also deswncd to decrease the neces-
sary quantity of the conductive liquid rising
and falling about the resistance coil for vary-
ing the resistance.

Referring now speetfically to Ifig. 5, 110
designates a supporting hase of suitable ma-
terial upon which 1s resting the resistance
bearing body 111 prefer ably of porcelain,
china, plaster or some other similar non-
conductive material. This resistance bear-
ing body 111 1s provided with a central lon-

oitudinal, hollow or well 112, and between ;
 Fhe penphely of the body and the central

well 112, are hollow portions 113, which de-
crease the weight. At suitable intervals in

the periphery of the body 111, are a number
of longitudinal channels 114 (see Fig. 7), and

In

S

90

0D

100

106

110

115

120

130




10

o
4;'[

4.0

GO

808,087

at the sides of these channels the periphery
of the body is extended radially to form
longitudinal ribs 115.
ribs 115 are recessed %pplomnmtelv horizon-
tally at short intervals in such a manner that
the resistance coil 116 may be wound about
the periphery of the body 111 and fit into
them, so that the adjacent turns of the re-
sistance are thus separated {rom each other.

This construction is plainly shown n Fig. 5.
The horizontal slots in the longitudinal Tibs
115 are then filled in around the wire with a
siitable plastic material 117, as shown in
Fig. 5, and an msulating cover 118 secured
upon the outer edges of the ridees so that
there 1s thus munul between the two ridees
a channel which 1s 1 communication at th.e
bottom by suitable passages with the cen-
tral well 112, which contains the body of
METCury or other conductive iquid 119, and
in this channel the mercury can rise and
short circult the turns of the resistance coil
which cross the channel at intervals. Thus
the short circutting of the resistance coil by

“the rise of the conductive liquid takes plﬂ_.ce.

The msulatimg cover plat@ 118 may be se-
cured and iwhtene L upon the ribs 115 in any
sultable manner but I have shown it as being
secured thereto by passing  screws 120
through the same at suitable intervals and
lagtmmﬂ them 1n receiving sockets 121
which are embedded in the body 111,

Mounted upon the top of the body 111 1s
an iron casting 122 having a hollow central
core plece 123. The core plece 123 has
passed loosely thr ough 1t, a brass rod 124,
which has secured upon its upper end by
nuts 125, a movable 1ron core-piece 126,
which 1s Cunlplmnuhaly to the above men-
tioned hoﬂow core-plece 123. The hollow
core piece 123 1s tapering or conical in form,
and the cmrny in the movable core- piece 126
has tapering walls to correspond with 1t so
that upon depression of the latter core-piece
the cap between the two core-pieces 1s dimin-
ished, for the purposes already described Wlth
reference to the apparatus shown 1 g,
The lower end of the brass rod 124 ternunates
in a clevis 127, the bolt of which passes
t]:l.r{m_m a Sci uv—eve 128, which 1s screwed
mnto a A pluﬂﬂer 130 18 sus-
pended lmm the frame 129 by riveted con-
nection, and dips into the mercury at the
bouom of the well 112, Movement of the
core-piece 126 therefore operates the plunger
130 and causes a rise or fall of the nmmury 1n
the longitudinal channels 114 in the periph-
ery ol tlm body 111. This movement of the

core-piece 126 may be accomplished by two
electro-magnet coils, one of which is shown
at 131 and the other of which is shown at 132.

The terminal of the magnet coil 131 may
be at the binding posts 133 and 134 respec-
tively, and the wlmmcﬂ% of the magnet coil

| 132 may
 respectively.
These longitudinal

O

be at binding posts 135 and 136
The bmdnw posts 133 and 135
are secured upon the outer wall of the c: asting
122 1 any well krown manner, and msula,‘ted
therefrom by insulation block 137. The
terminale 134 and 136 are similarly 1‘110111112-@(1
upon and insulated from the casting 122 by
msulation blocks 138, An iron cover plate
139 may be fastened upon the casting 122
over the magnet cous by screws 140. For
the purpose of securing all parts of the appea-

ratus rigudly together, Secumw holts or rods
141 may L}(} p&%ged tthwh ear pieces or lugs
142 and 143 of the base 110 and castimg 122

r%pegtwolv and the two latter parts drawn
tightly toward each other and clamping be-
tween them the body 111, by tightening the
nuts 144. The condhietor 145 18 {‘*()11110@10{1
with the terminal 146 which 18 1n constant
contact with the mercury or other conduct-
ve liquid at the bottom of the well 112, ‘m{.
thus serves as one side of the cireuit lead mg

to or from the resistance coil.  The current
thus passes through the mercury, through
channels 114 into the resistance cotl, loaves

the resistance coil by a conductor 147 which
18 secured m a bmduw post 148, to which
latter the other side of the cireuit leading to
or from the resistance coil may be atts ched.
In the operation of this form of the appa-
ratus, the mercury rises simultaneously mn all
of the longitudinal channels 114 cshou CIT-
cutting the resistance coil first in one chan-
ael, then in the next, and so on around the
a..,ml section by sec tion accor ding to the num-
ver of the channels 114. ‘Whﬂo this manner
of operation is, to be sure, a step by step
short e uu‘unu of the col, noevertheless the
section of the coil which is cut out step by
step in each successive channel In this man-
ner is so very small and the change i resist-
ance as each section is cut out 1s so shight
that the short circuiting In my improved
rheostat as compared with that in other
rheostats 18 gradual.

In Fig. 6 1 have shown diagr %n’mmti(‘;ally
ncircult by which this form of apparatus may
be made to automatically operate as a motor
+tarter.  The positive and negative switeh
‘erminals are shown at 150 and 151 TeSPeC-
tively. When the switch is turned on, the
current passes ¢ along the wire 152 to the con-
aection 153, At 153 the current branches
and passes through parallel circuits, one
coing by wire 147 ‘ihwlwh the resistance coil
116 out by the terminal 146 and the con-
luctor 145 to the connection 154. The
other parallel eircuit comprises the conductor
155, outer magnet coil 132, and conductor
J.La6, which latter leads the current back to
‘he connection 154, where the two currents

sre united and from which the united current
‘ravels by the conductor 157 to the positive
motor brush 158. TFrom the positive brush
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the negative brush 159 and returns by con-
ductor 160 to the negative switch terminal
151. Leading from the positive brush 153
a shunt circuit carries a portion of the cur-
rent by a conductor 161 to the inner magnet
coil 131 and back by the conductor 162 to the
brush 159. The operation of the circuit in
this form is exactly the same as that a .remly
deseribed in the other examples, that is, the
magnet cotl, which 1s 1 parallel with the
main circuit at first gets mueh more current
than the magnet coil which 1s 1 shunt with
the motor, but as the resistance coil becomes
shortened more current passes through 1t
and the magnet coil 132 which 1s n pma]lel
with 1t recerves pr oportionately less current.
When the motor 1s running at full speed the
shunt maenct is doing all of the work m keep-
me the movable core-piece depressed and
thus keepmg the resistance coil short en-
cutted.
While i the forms illustrated a depression
of the drum or other bodv 1s ﬂccompllqhed
by the excitation of eleetro-magnets, T do
not wish to limit my invention to this con-
struction only.  The raising and lowering of

the drum or other body may “heo accon‘lphblmd

through suitable mechanism to raise or lower
the drum when the current is turned on or
off.  DBesides the above arrangement, onc
can also modify the device by nmhmﬂ the
drum or other 1}111110 er so heavy that it sinks
of 1ts own weight into the ]lqmd In that
case a speelal switch deviee 1s necessary for
the automatic operation of the rheostat.
The operation i this case, might be about as
tollows. A magnet with comparatively

ereat resistance 1s at first employed for rais-
mg the dram or plunger out of the hqmd
betore the motor 1s switched m. This takes
place by the turning on of the main switeh.

When the drum or plunger has Lhelebv
reached the highest point, a rod secured on
the plunger shaft strikes against a lever
whwh closes this special switch above-men-

tioned. By this special switeh, the circuit
through the starting resistance and the
motor, is then closed. A small auxiliary

cleetromagnet holds the lever which operates
the apecml switeh, closed as long as the
motor current remains switehed 1m.
ncreasing speed of the motor, the tension in
the starter falls and hhemee m the main
magnet coil which lies 1 parallel to the
starter and therewith the drawing power
ol the magnet. Thus the drum or plmwe
sinks f}m(luallv again mto the liquid and the
resistance decreases until it is final v short
circutted as the motor reaches full speed.
When the motor is cut out, then the auxiliary
electromagnet becomes 2180 deénergized and

8 SPring draws away the lever for operating

migeht be

by a speeial motor which would operate

With
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the current passes through the motor out by | the special switch and thereby sets the appa-

ratus for a new operation.

In the forms shown, the pluneer has been
centrally located and the Cmuluctuw hquid
has been caused to rise at the poeriphery.
The same result can., however.
plished by having the |)lunﬂm operate around
the. periphery and the rise in the conduct Ling
liquid takes placc- in a cenfral channel or well
i which the resistance may be loeated.

In the use of my rheostat with alternating
currents, it 1s ol course necessary to laminate
the 1ron pmta which are subjeet to heating.

It 18 obvious that the rheostat mwh{ he
put n eircurt with he lield coil of a Motor or
other machine, mstead of mn cirewt with the
armature as herein shown.

The dipping of the resistance medium mnto
the (mulmiw hquid may take place by
havine the resistance medium at first out of
(*mlta(*i with the conduetive hquid and then
moved mto the hquid as 1t dips. Such an
arrangement would gerve especially well in
the operation with a shunt wound motor.
Furthermore, some fluid other than a hiquid
used. mstead of the conductive
Liquid, without departing from the spirit of
my mvention. '

(laims.

In a motor starting device, the
bmation with & motor, and a rheostat
a resistance medium in series with the motor
armature; of an electromagnet adapted to
vary the active amount of said resistance
medium and h 1aving a coil in series with the
motor armature and a coil conneeted dir cetly
at the motor brushes m shunt with the motor
:11'111:1,‘51'11'(3

In a motor starting device, tl
bmatmn with a motor .@md Al 1]10(}%&1
a resistance medium m series with the motor
armature; of an electromagnet a{lapt{}d to
vary the active amount of said malc;taur*
medium and having one coil in series with
the motor armature and in shunt to the re-
sistance medium and another coil 1in shunt to
the motor armature.

3. In a motor starting device, the coms-
hination with a motor an{l aQ 11100%’[41 having

¢ O

¢ CO-

a resistance medium 1n sertes with the mwmr

armature, and a vessel containing conductive
liquid 1 said cireuit adapted hv 1ts movye-
ment to vary the active amount of said re-
sistance medmm of an electromagnet having
a coil in series with the motor armature and
a coil connected durectly at the
brushes m shunt to the motor armature, and
means whereby the electromagnet causes the
movement of said conductive liuid.

4. In a motor starting device, the coms-
bination with a motor and a theostat hiavi e
a resistance medium in series with the motor

fumatme and a veseel containing conductive
hqud m said circuit adapted b} 1ts move-
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ment to vary the active amount of said re- Jin the bottom thereof, an electromagnet

sistance medium, of an electromagnet having
a coil in series with the motor armature and
in shunt to the resistance medium and a coil
in shunt to the motor armature and means
whereby the electromagnet causes the move-
ment of said conductive liquad.

5. In a motor starting device, the com-
bination with a motor and a rheostat having
o resistance coil in series with the motor
armature and a vessel containing mercury n
its circuit adapted by its movement to vary
the active length of said resistance coil, of an
electromagnet having a coil in series with the
motor armature and a coil connected directly
at the motor brushes in shunt to the motor
armature and means whereby the electro-
magnet causes the movement of said mercury.

6. In a motor starting device, the com-
bination with a motor and a rheostat having
a resistance coil in series with the motor
armature and a vessel containing mercury 1n
said cireuit adapted by 1ts movement to vary
the active length of said resistance coil, of an
clectromagnet having a coil in series with the
motor armature and in shunt to the resist-
ance coll and a coil i shunt to the motor
armature and means whereby the electro-
magnet, causes the movement of said mer-

CUury.

7. In a motor starting device, the com-
bination with a motor and a rheostat having
a vessel containing conductive liquid in the

motor circuit, a drum dipping into said con-

ductive liquid and a resistance coil thereon,

of an electromagnet moving said drum in-

said conductive liquid and having a coil 1n
series with the motor armature and i shunt
with the resistance medium and a coil in shunt
to the motor armature.

8. A rheostat comprising in combination a
vessel containing conductive liquid, a shalt
within said vessel, a resistance bearing drum
fixed on said shaft and dipping into the con-
duetive liquid, a guide for one end of said
shaft in the bottom of said vessel, an electro-
magnet mounted upon said vessel and having
a stationary core-piece forming a guide tor
the other end of said shaft, and a movable
core-piece fixed on the upper end of said
shalt. |

9. A rheostat comprising in combination a
vessel containing conductive hquid, a shaft
within said vessel a resistance bearing drum
fixed on said shaft, and dipping into the con-
ductive liquid, a guide and cushioming de-
vice for one end of said shaft formed in the
bottom of said wvessel, an electromagnet
mounted upon said vessel and having a sta-
tionary core-piece forming a gwde for the
other end of said shaft and a movable core-
picce fixed on the upper end of said shaft.

10. A rheostat comprising in combination

mounted upon the top of said vessel and hav-
ing a hollowed stationary core-piece, a shalt
having one end resting in said guide and the
other end passing loosely through the hol-
lowed portion of said stationary core-piece, a
drum on said shaft bearing a resistance me-
dium and adapted by reciprocation of said
shaft to displace a variable amount of con-
ductive liquid, and a movable core-piece for
said electromagnet fixed on the upper end of
said shaft and adapted to reciprocate said
shaft when said electromagnet becomes en-
ergized.

11. A rheostat comprising in combination
a vessel containing conductive liquid, a guide
and cushioning device formed 1 the bottom
thereof, an electromagnet mounted upon the
top of said vessel and having a hollowed sta-
tionary core piece, a shaft having one end
resting in said guide and cushioning device
and the other end passing loosely through
the hollowed portion of said stationary core-
piece, a drum bearing a resistance medium
and adapted by reciprocation of said shatt to
displace a variable amount of conductive
liquid, and a movable core-piece for said
electromagnet fixed on the upper end of said
shaft and adapted to reciprocate said shaft
when sald electromagnet becomes energized.

12. A rheostat comprising in combination
a vessel containing conduetive liquid, a shalt
vithin said vessel, a resistance bearmng drum
fixed on said shaft and adapted by reciproca-
tion of said shaft to displace a wvariable
amount of said conductive liquid, a guide
for one end of said shaft in the bottom of
sald vessel, an electromagnet mounted upon
the top of said vessel, and having a centrally
perforated and tapering stationary core-
piece forming a guide for the other end of
said shaft, and a movable core-piece fixed on
the upper end of said shaft and having a re-
cessed portion corresponding to the tapering
of the stationary core-piece.

13. A rheostat comprising in combination
a vessel containing conductive liquid; a shaft
within said vessel, a resistance bearing drum
fixed on said shaft and adapted by reciproca-
tion of said shaft to displace a variable
amount of said conductive liquid, a guide
and cushioning device for one end of said
shaft in the bottom of said vessel and an
clectromagnet having a centrally perforated
and tapering stationary core-piece forming a
ouide for the other end of said shatt, and a
movable core-piece fixed on the upper end
of said shaft and having a recessed portion
corresponding to the tapering of the station-
ary core-piece. _

14. In a motor starting device, the com-
bination of a vessel contalning mercury In
the motor circuit, a shaft within said vessel,

a, vessel containing conduective liquid, a guide | a resistance bearing drum fixed on said shaft
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and dipping into the mercury, a guide for | guide for the other end of said shaft and a
one end of said shaft in the bottom of said | movable core-piece fixed on the upper end of
vessel; an electromagnet upon said vessel | said shatt.

having a coil in sertes with the motor arma- HEINRICH POTH.
5 ture and 1n shunt to the resistance medium Witnesses:
and a coill 1n shunt to the motor armature Wi G. DrckKER

;

and having a stationary core-plece forming a WirriaM HEINMUELLER.




	Drawings
	Front Page
	Specification
	Claims

