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T atl whom it mm/ CONCern

Be it mmvv that ¥, Martix ‘Il‘uz,mz“z»m
a c-uxeh of the Lrnmre of (“ammm resid-
ing at Berlin, in the I {ingdom of Prussia
“and Empire of Gemmnv have inv ented cer-

tain new and useful Tmproveraents in Seli-
Acu*m‘he sistances for Electric y’ioﬁ rsy and
1 do .erebv deciave the following to !.,w 1

full, clear, and exact des@mrmn of i
vention. such as will emable others s‘:(ﬂled
in the qri to which it appertains to make
and use the same.

This invent wn relates to qeizzmmn stari-
ing-resistances «or electric motors made of
conduetors of very h gh positive temper:
ture-cocflicients, pred rably of iron, an{i

possessing the proper W that the iron, or
other so-called “l tion-resiStance, at its
frst insertion before the armature of the
motor to he started, beonmer very mc‘hiv

heated, eventy m,ly ap ¢ to inea (Eescefxcm anid
theie v e mases 1is value very
cc*wribi'sbxv {even up to ten times} abovs
that of the cold iron resists With the
inereasing armature-speed the te‘mon ab-
sorbed bv the variation-ves: st snee sinks sub-

sequently, }n congequence of the resistance
cooliz g, and decreases, until it finally 1s, as
a rule, ent ont in 2 steps by short-cireuit ting.

In the following will be (1@9( ribed special
forms of construction of such selfacting va-
riation sta 4 "eslnﬁ'lm es, the object of
W hiCLl is to aftain a guiet and steady work-
ing of such self-sturters on starting the mo-
1(1‘5, as well as the greatest possible sim-
plicity combined with the smallest cost. _

Figures 1-7 show diagrammatically the
arrangeiment of these self- starters, while
Figs. 813 illustrate graphically the work-
ing of the varmtlon resisiances during the
tt(uhng period.

Similar numerals refer to similar parts
thronghout the several views.

Tt has been found that it is possible to
regulate the duration of the starting- gemod
as well as the strength of the rusheg of cur-
10111 which occur at the first %mt(ng an
and the subsumcm switching off or cutting
out of the steps of the resistance by a cor-
responding division of the variation-resist-
ances into a sufficiently great number of

arallel conductors of a very small heat
mp(why, as well as by a series-connection of
the variation-resistances with a constant, re-
sistance, and also by a connection in par-

startiy o

| diagram

uth o‘x ordinary or coastint
Jle varlators (them‘fore, as a
istances). For in this way the
h bt% tmo of the m otox is

hem ca pacm‘,’ are more
ated and cooled, on this
h strength of the rush or
of 17_'3.*@nt felt at the switching on
and switching off in the net and on the
motor, and by g combination of a connec-
+iom in series or in yamﬂe‘ (or alse by both
at the same u"ne) of the variators with ac-
curately made constant resistances, 1t 18
possible to simplify the construction of the
self- reg {‘J-uma st‘utm{z-r sistances within
the limits of the rusl hes of carrenf allowed
2% trw respeetive wor‘{s, and thus save ex
el also the load capacity may be
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sim"/

Do

is a diag mmmﬂuc view of the

having smnhv variation resistances
in series and with means to auto-
¥

it out {he *‘eSssiances m sections.
dmm ammatic view of a starier
embod ying variators of different resistances
connected in multiple and with automatic
means, for cutting out ﬂm variation l'ef)lst-
ances in sections. Fig. 83 is a maegmmm‘mc
view of o starter employing variation re-
gistances connected in series, and means. for
manually cutting out tne variation resist-
ances in sections. Fig. 4 is a diagrammatic
view of a starter comprising the features of
the inventioh in snnphﬁed embodunent
¥ig. b is a diagrammatic view of & starter
embodvm; grouped variation resistances
and with a solenoid relay adapted to rajse
and make contact, cutting out a portion 01"?
ﬂle variation vesistance groups and to raise
i1l further and cut out the remalning
"vroum Fig, 6 shows in diagram a starter
employing but two variation resmhnces and
with means to retard the action of the auto-
moth cuwut Fig. 7 is a diagrammatic
view of a manu‘ﬂly operated otarter h(wrw
'nriation resistances connected in series
wuh n;dwidual constant resistances con—
nected in parallel one with each variation
remstancg and cut out therewith, ¥ig. 8
is a diagram 1husiratmg the shock of start-
ing the hne A showing the curve of numer-
ous 'vahsul)rs while tho line B illustrates
the use of fewer varia 'to Mig. 9-1s a
wherein ihe. uppe

G

v line

et :
. Y

A fac 4
Jlugtyates |
‘tv

76

in— '

=3
L1

80

[va)
2

(26}

B2

ot
[
<




o

10

15

20

25

30

36

=S
L]

45

b0

55

60

2

the passage of a current at the start while
the lower line illustrates the effect of a re-
dueing resistance in cireuit, Tig. 10 is a
dingram ilustrating the rise and fall of

. current as the variation resistances are cut

out in section. Fig. 11 i » diagram similar
to TMig. -10 Ulustrating a smalley Ioad and
consequent shiorter starting period. F ig. 12
is a diagram showing in dotted enrve the
tension absorbed by the motor under nup-
mal conditions, the full line representing
the resultant curve of absorption by the
variation resistance, Fig. 13 is a diagram
showing the variation of resistance in the
variators during starting, the full line rep-
resenting a heavy load on the motor, the
dotted line a light load.

In Figs. 1-5 the variation-resistances are
represented in their subdivision intoe numer-
ous parallel-groups, while in Figs. 3-5 there
have also been added constant series resist-
ances. IFigs. 6 and 7 show arrangements
without any sub-division of the variation-
resistancés into parallel and series connee-
tions, but on the other hand in series oy in
parallel connected resistances.

In Fig. 1 have been switched on in front
of the armature 1 of the motor (the mag-
net-field of the motor has for the sake of
simplicity been omitted) between the. points
¢ and ¢, several paraliel groups of varia-
tion-resistances 2,3 ... 10. The variators
consist, as a rule, of very thin iron wires of
a thickness of from about 5 up to 7y of a
millimeter, which are hermetically inclosed
in glass boxes filled with hydrogen, and ave
duzing  the starting temporarily “heated,
eventually up to incandescence. = An elec.
tromagnetic relay 11 provided with two ar-
matures 12 and 16, is for instance connected
across the motor armature, so that with the
Increasing speed of the motor its excitation
increases unkil (for instance in 220 volts in-
stallations) with g counter electromotive
force of about 150 volts, the small armature
16, on one side, which turns on the axle 17
is attracted against the counter-force of the

Spring 18 and closes a contact at 19. Here-
by the part of the variation-resistance lying

between the points 4 and b, thus for instance
the group of the variators 2 to 7, is shopt.
circuited after the same has, after the firgt
heating of all the variators, cooled again in
the meantime, For at 150 volts counter-
pressure all variators together only ahsorh
In the above instance 70 volts and if % of
the” same are now short-circuited the Iast
third, namely the variator-group 8-—10 must
for a short time absorb this rest ¢ tension
of 70 volts, ‘As g result the iron resistances
are eventually made incandescent again, if
the speed of the  motor increases sufficiently
slowly, or their inertia is small.  But then
they cool down again, as for instance at a
counter electromotive force of 200 volts they

1,052,001

need only absorb 20 volts, The relay 11
Las, as a consequence, been excited to such
an’ extent that the armatupe 12 iy drawn
into the coil and effects with the contact-
arm 13 on the contacts 14 and 15 also the
switching off of the Inst part of the varja-
tors, by short-cireuiting the whole variation-
resistance. The mamber of (he parallelly
connected variators depends on- the starting-
current requived for (he moter, if for in-
stance at 220 volts thepe ape required 6 am-
peres for attaining the momentum of stayt-
Ing corresponding with the load on the mo-
tor, therefore a power consumption of 6%
220=1.32 kilowatts, 6 series of variators are
connected in parallel each of wihich ig
calculatdd for 1 ampere and thus brings the
same to incandescence at 1 ampere per va-
riator, or 8 series each of 2 amperes are uged
when a correspandingly stronger iron wire
is used in the single variators, which only
becomes incandescent ot 9 amperes, or elge
numerous parallel and still thinner iron
wires are nsed in each of the glass hoxes.
In this way the parallel series are grouped
according to the consumption of cnrrent
and the starting-time will be the sherter the
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thinner the iron wires are, as the same can °

then et heat~d and cool down within a
small fraction of g second, as they have g
very small hei t-capacity. Bui on the other
hand the arrangement is made hereby more
complieated and expensive. The thinner the

iron wires are, or the smaller their heat-

capacity is, the more rapidly take place the 1

fluctuations of curvent at the first switehing
on of the whole ariation-resistance with
the motors and at the switching off of the
first part and the Iast part of the variater

Broups. so that with a very great subdivision

the rushes of eurrent

are no ronger notice-
able and likewise no

shocks on the motor.,

Fig. 2 shows a similar ar rangement as the
above described with conductors of a small
heat-capacity connected in parallel, in which
however, as'a varviation, instead of, for in-
stance, three variators of the same size con-
nected in series. only a large and a small
one are connected in series, sach of whieh is
again divided into parallel sections. In this
way the division, for instance into F and
of the tension can be made in a more simple
way. The relay 10 shows in Fig. 2 one ap-
mature, but which hag 9 motion steps. Tt
1s again connected with the motor 1, between
a-and ¢ is the above deseribed variation-re-
sistance 2.3 . . | 9 and the armature 11 of
the relay 10 is connected with the point
of the variation-vesistance, If the counter
electromotive force has for instance in 9290
volt motors reached 150 volts,~the iron core
11is drawn into 10 and short-eircuits in the
first place at 13 and 14 the greater part @, b
of the Variation—resistance,‘ that is to -say,
the large variators 2~-5, and at an incress.
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ing tension the contacts
gulde rod 15 are rals ;od by me iron core 11
which has been atiracted, higher up, miii
the contact-arm 12 of the armature 11
touches the contacts 16 and and discon-
nects b the
1’ebt r)f the vayiation-vesistance. The mode
of working is in other 1'%;»0(% w iHustrated
by Fig. 1, the v wviators of & lavger size 25
shown as samples are in paratle] connection
preferably ar 'anvgd for Um same strength
of eurrent as the variators of a smaller size
6—9. The number of the variators con-
nected in parallel and the thiclmess of the
vires for the same depends, us already
remavked, on the heat-capacity desived, the
admissible start ing duration, the load and
the admissible strength of the shocks
current.

In Fig. 3 there is connected with the Vm.‘i—
ators 2,8 ... 7 smzche@ in parallel a ¢
stant resistance 9, for instance of mckdm.
Behind the same is the armature 1 of the
motor, whose shunt field is marked with 8.
For the sake of distinctoess the switching
off of the steps is shown as being done by
means of a crank, but it can also be effected
quite 'mtomatlcally, for instance by the
above described relays. On putting the
crank 10 on the first contact the motor is
started, while the reducing- resmtfmc« 9 and
the groups of variators 917 (in series par-
allel) and the armature 1 are conngcted mn
series. If the speed of the armature has in-
creased to such an extent that the variators
have cooled down sufficiently (for instance
if only 70 volts are absorbed by the re.
dumng and variation-resistance) the cmok
is pat on the second contact and thereby
the constant reducing wsxst‘mcn 9 is
switched off, the vari intors 2 to 7 receive for
a short Hme the rest of the tension and be-
come heated, at the further inerease of the
speed they cool down again, the crank is
put on the next contact and 2,3, 5, 6
switched off, the rest of the tension is ab-
sorbed now by 4 and 7, which become heated
again, and if they have cooled down again,
which will be the case at a tension of the
armature of about 200 volty, the crank is
put on the Iast contact and the starting-
period terminated thereby. The field ta Tces

it
by short-cireuiting the whele or

current through the resistances.

Tn.the construction shown in Fig. 4 re-
sistances 2 to 7 and resistance 8 are at first
connected with the armature. Upon mov-
ing drm 9 to contact 13, resistances 5 to f
are short circuited qnd resistance 8 i
eliminated or cut out, and upon a furthe
movement of arm § to contact, 14 resistances
2, 3, and 4 are short circuited. In Fig. 5
{bls arrangement is represented in combi-
nation W]ﬂl an aufomdtlc relay, switched
off, for irtance in 2 steps. Also here are
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used, as shown by the parallel switching,

13 and 14 "‘11 the

of

kO.L

0
5

D
varistors of a small beat- Cfmamty 2, 3, 4,
5. ..10 connected in front of the armature
1 of the motor, moreover the constmm re-
sistance 12 is mncched to this series, in
order to reduce the initial shock of the cur-

rent, as the variators offer otherwise in their -

first cold state too little resistance. The re-
lny 11 is connected to the poles of the arma-
ture of the mo’cor; at a corresponding in-
creased speed the iron core 13 with the con-
tact 15 is raised up to ﬁhe contact-piece 18,
and as 13 is connected through the lesd 14
with the pmm b of tI variation-resist-
ance there takes place, as 16 is connected
through the ;ﬂude rod 19, with the prmt-vc
pole of the ﬂLu, and over 12 with the point
of the vavie tors, a short-circuiting of the
variators 2 to 7 and of the reducing-vesist-
ance 12, by the touchmor of 15and 16. There
rematn oﬂy connected 8 9,10 which absorb,
while uecommg keated '1g‘am, the rest of
the tension at & further incredse in the spead
the motor the iron core 13 is further
raised, together with 15, 16 and 19, until
16 is in contact with 17 and 18, and as 18 is
connected to point ¢ of the variators, the
fixed resistance 12, as well as the whole
va‘riatiﬂn-resistance, i svmtched off. By
using a suitable fixed resistance, for instance
of nwkelm, it is possible, even in spite of
the use of relatively inert iron resistances
of a thicker wire, or the like, as variators

to sufiiciently reduce the shock of the cur-

rent at the switching on and swuemng oﬁ,
and the construction may be O*re'mV simpli-
fied by wedncmc the number of parallel
switched variators.

In Fig. 6 is only used a single series, {or
instance of two variators 2 and 38, tﬁe same
are connected to the armature 1 of the mo-
tor, moreover the fixed reducing remsm‘we
4, Detween the points ¢ and b, is connected
to the \'amfuorn and the armature. When
the speed of the motor mcrmses, the iron
core 6 is attracted by the coil 5, and as §
through the lead 7 is connected with tne
point ¢ of the variators, the reducing-resist-
ance 4 and the largest of the vari ators, 2,
are switched off bv the contact 8 on 6
through its touching .the bar ¢. Now 3,
while bef*ommg heated again, absorbs the
rest of the tension, until finally, at the fur-
dler increase of the electromotive counter-

force, the iron armature 6 carrying the

bar g, 1’% further raised. But this rmsmp; 5 3

retarded as by a dash pot or cother brake,
whose stamper is fixed at 12, The contact
rod ¢ with the eylinder of the dash pot or
other impediment is thus raised very slowly,
until it forms a contact with 13 and 14 and
hereby switches off the remainder or the
whole variation- and reducing-resistance, as
14 i3 comnected with point ¢ of the vari-
ation-resistance. This brake may be timed
as desired, for instance for the duration of
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3 seconds. In this way there is attained
that the switching off of the remaining vari-
ation-resistance 3 does nob take place too
rapidly, in order that the same, if it pos-
Sesses a greater inertia in consequence of a
thicker wire and larger size, can, at least
for the greater part, cool down again, after
having absorbed the vest of the tension, for
which, ‘as a rule, about $ seconds are suffi-
cient. In consequence of this also more
inert resistances of g greater heat capacity
may be used in this step without any danger
of too great shocks or rushes of current by
such an artificial damping even if it is in-
step the relay 3 to
work in the case of g broportionately low
electromotive counter-force, or speed of the
motor, In order to he able to work the
automatic/ starter even with a low net
tension. '

In Fig. 7 there is finally shown how ‘the
power of the variation-starter can still be
further inecreased by a simple and strong
construction for working it by hand, which
however, quite similar to the one shown in
automatic by working
it with relays. Constant resistances 2, 4
and 6 of nickelin or the like are connected
to the variators 3, 5 and 7, each of the for-
mer being in parallel with one of the latter
and each parallel group being in series ye-
spectively between ¢ and by b and ¢, ¢ and 4.
The shunt field 14 of the motor 1is already
excited at the first position of the eranle 10,
on the sliding-piece 11, and hereby the fixed
resistance, for instance the nickelin resist-
ance §, and the serics of the variators 3, 5
and 7 with theiv parallel resistances 2, 4,
and 6 arve connected to the armature 1.
After the motor has attained a sufficient
speed, and if the crank 10 ix on the sliding-
piece 12, which is connected with point ¢ of
the variators, the fixed resistance 8, to-
gether with the two varigtors 3 and 5 and
their pavallel resistances 9 and 4, are
switched off as soon as the same have suf-
ficiently cooled down, and if, for instance,
altogether only 70 volts of 8,8, 5 and 7 with
220 volt-motors are absorbed. - These 70
volts are now absdérbed by the last group 7
and 6, in consequence of which 7 becomes
hot again and increases its resistance, and
after the speed of the motor has further in-
creased and in consequence of the cooling of 7
only, say, 15 volts are absorbed, the remain-
ing resistance is short cireuited off, and the
starting-period ends.. A remarkable fact in
this connection iz that though it is true that
the “elasticity ” of the rariation-vesistance
3, 5, 7 is slightly lessened by this paraliel
switching of 2, 4, 6, a greater load capacity
of the variation-starter is attained, for in-
stance if ‘the varintors are brought to in-
candescence already at 5 amperes, and can
only wvercome say 5 amperes X 220 volts=1.1

“after 0.59 secends still

1,062,001

kilowatt of motor-power on the starting, by
the parallel switching of a constant resist-
ance 2, 4, 6, which absorbs in the heated
state of the variators, in consequence of the
current-branching in this state only perbaps
2 amperes, the load-capacity could be in-
creased to a starting poweér of 7 am-
peres X220 volts=1.54 = kilowatts,
variation-capacity of the starter sinks, it is
true, by this paraliel switching, but the
slightly greater shocl caused by this, by
switching off the steps, is frequently stiil
admissible. - If therefore the greater lead-
Ing is for the sake of economy not to he
effected by iner. casing the number'of the varia.
tors then the addition of g constant resist-
ance offers within certain ILimits g means
Aor a better utilization of the variation
starters,

Iigs. 8-13 show the working of the dif-
ferent forms of construction. In Iig. 8
the curve A shows that, for instance, by
the use of numerous variators of
slight heat-capacity the shock of the current
sinks at the beginning exceedingly rapidly
from over 12 amperes almost lnomentarily to
about 8 amperes, and is after 0.5 seconds
about 2 amperes, while when using fewer
but inert variators, according to the curve
B, the carrent sinks much slower and is
nearly 5 amperes,
But it is possible, s Fig. 9 shows, by switch-
Ing on a constant resistance to sulficiently
reduce the initial shock of the current even
wilh variators of a great heat-capacity, so
that the fluctuation does 1o longer disturb
the net. The upper ctirve in Fig. 9 shows
the passage of the current during the fivst
seconus without the switching on of & ve-
ducing resistance; the lower curve shows
it with a reducing-resistance switched on,
© Figs. 10-13 show how the variation-re
sistances act when being switched on to the
motor.

TFig. 10 shows
magnitade of the initial shock of the cay-
rent, if no-constant rvesistance is switched
on to weaken it; the current then rises nt
the beginning over the point, 3, whereas for
instance with a fixed reducing resistance the
current is reduced down to the point ¢. The
current then sinks gradually, while the mo-
tor is working with its full power, in about
8 seconds, according to the cooling of the
resistance and the increase of the speed of
the moter down to the point ¢. Tere the
greater part of the variation—resistance, as
well as the constant reducing—resistance, ig
short-circuited, while the current for a chort
moment rises up to the point 4, in order to
sink then, according to the reheating of the
rest of the variators and the further in-
crease of the speed, rapidly down to the
point e. Now there tukes place, after about
5 seconds, the short-circuiting of the rest

in the dotted curve the 4
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sistanee, and the dotted

of the variator-. wiic the current increases
a little (point f) until, with the increasing
speed of the motor, at the point gy the pe:-
manence is reached. - With “¢” there is indi-

-cated in all curves on the abscissa the dura-

tion in seconds.

Fig. 11 is emactly similar to Fig. 10 with
only the difference that the power of the
motor is smaller here, that Js to say the
load. In consequence of this the whole
starting-period is much . shorter and lusts
only about 3 seconds; also here point b in-
dicates again the shock of the current, at
first without, and point ¢ with the switching
on of a constant resistance; e, d, indieates
again the shock of the current at the first,
¢ f that at the second step of switching off,
and ¢ the permanence.

In Fig. 12 the voltage at the resistance ig
shown by a full line curve and the voltage
at the motor by a dotted line. The amount
of tension absorbed by the starting-vesist-
ance is for instance at the beginning fully
920 volts, the same as the tension of the net,
it sinks within about 3 secends to 50 volls,
which are absorbed by the constant and the
variation-resistance, which has ccoled down
in the meantime.  Then takes place & short-
circuiting of the first step, and. after a fur:
ther 2 seconds, during wiich the amount of
tension absorbed by the rest of the variators

‘has sunk down fo abeut 15 volts, takes

place the full switching off, so that then the
full tension of for instanee 220 voils can
act in the armature of the motor. The curve
of the tension on ithe armature of the wo-
tor represents the connter-piece of the
showing the tension of the resist

Wig. 13 shows the variations of re-
cistance undergone by the vapiation stact-
ing-resistance during the starting iod in
the curve @ b, ¢, d, ¢, f, ¢, drawn in fuil
lines, at the full working of the motor,

therefore with a great stvain on the re
CULYE ity ¥y By i 00 D
shows the same with a slight lead on the
motor, therefore with a  weak current
Point 7 shows the small inifial vesistance
which the variation-resistance wonld show
in a cold state. By the switching on of u
constant additional resistance this initial
value is increased to the point @ or «, ancd
hereby, as explained, the shock of the cur-
rent 15 considerably redueced.

The different strengths of the current
easily found by dividing the amounts of
the absorbed tensions and the resistances.
The period of the heating of the variators
‘s marked with £, b and A, v, the peried of
the cooling with b, ¢ and so on, the yenewed
reheating of the rest of the yarialors is
shown by-d ¢, and z « and the renewed cool-
ing by ¢ f and w, w the short-circuitings are
shown by ¢, d, and f, g, respectively w, o
and so on.

o

are

The above described apparatus show the
working of the variation-resistances wug
diffevent loads, during the different
of switching, with different nmounts ot €
heat-capacity and inertia of the varluiows,
with and without any addition of a con-
ctant resistance, and these properties of the
variations of the amounts ¢f the resistances
of conductors with high temperature-coefii-
cients, especially of iron, make it possibie
{o work with one, two or several
switching-c#f for the different pury
starters, either with the hand or
i V(L}Isﬁ

na Fom
8ame 43 10%

xample
5 ean also be i
1 motors, and consequently al
for  alternating current or '

"

si
ent ig—
1. Tn a device of the class degeribad; a

inotor circuit, » self regulating resist
1

consisting of a plurality of resistance e

O3
(B34

rep

; connected in series parciiel
nected with the resistances frst mentioned,
b J
between of the brushes and the seif
0
with cen-
re adjacent to the solensid,
nected with the positive lead d

menis having a high positive
coetficient 1
arranged fo be included in the mo
euit, n substantially constant resistance
a selencid, o contact member, 2 conane
connecting the lntter with the motor cireuit
deting resistance’ and alko conn sied
the solenoid, a contact member
nected with the positive Jead of the cireuid,
an armaty 1 son-
and arranged
to conneet the contuaet members upon m

i ¥

ment of the core of the solenold, a von-
ductor connecting the core of the solenoid
with cortain of the resistances for short cir-
eniting & portion of the latte

nenig
for copneeting the solenoid with the nega-
tive lead of the cireuit.

o, Adeviccofthe character deseribed com-
prising a constant resistanee and a phurality
af groups of self-regulating resistanees
formed with condnctors of high tempera-
fure coellicients, said coustant resistance, adl
of saiil oroups and an arhsture connected
i series,

3. A starting resisfunce for electro-moe-
tors comprising a substantially constant re-
gsistance and a plurality of thin jron vesist-

!

I3

1=

ances connected in-parvallel with exch other,
said constant resistance and said iron re-
sistnnces being connected in-veries with each
other sud with the wrmature of said motor,

4 Tn a wolor starter, a group of resist-
ances compiising independent sections, each

comprising a cotd, an elect ro-iagaetic de-

vice for cutting oub one of the sections, said
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device being automatically operated by an
increase in voltage,
maining section Increasing at the moment
of cutting out in a degree and for a perind
substantially corresponding vith - the in-
crease of voltage resulting from such operi-
tion and a - constant resistance connected
with the group of resistances first men-
tioned.

5. In a motor starter, a proup of resist-
ances comprising independent sections, each
consisting of parallel connected coils con-

stituting units of a predetermined value,
the units of the respective sec'ions being

connected in series, an

electro-magnetic Je-
vice for cutting out one

of the sections, said

|
1

the resistance of the re- !

‘ of cutting out in g degree and for a period
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device being automatically operated by an
increase of voltage, the resistance of the
remaining section mereasing at the moment

substantially corresponding  with the in-
crease of voltage resulting from such opera-
tion and a constant resistance connected
with the group of resistances first inen-
tioned.

In testimony whereof T affix my signature
n presence of two witnesses,

- MARTIN KALLM ANN.
Witnesses:

Hexpy Hasreg,
Worpmarar Havurr,
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