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SPECIFICATION forming part of Letters Patent No. 725,799, dated April 21, 19023,
Application filed April 13, 1800, S_eri'ajl.N.a:riZ,‘?Bl. (No model.

o all whom it moay concerr:

Be it known that I, ALLEN AUGUSTUS TIR-
RILL, of Laconia, in the county of Belknap,
State of New Hampshire, have invented cer-
tain new and useful Improvements in Auto-
matic Potential-Regulators for Dynamos, of
which the following is a specification.

The present improvements are illustrated
in the accompanying drawings, in which—

Figure 1 is a diagram of all of the circuits
and devices. Fig. 2isadiagram of the solen-
Fig. 3 is a diagram of the relay-
Fig. 4 is adiagram of the regulating-
Figs. 5 and 6 are diagrams of the
Fig. 7 is a front view of
Fie. 8 is a detail

Fig. 9 is a side

circeuit.
circuit.
reversing-circuits,

view of the solenoid-cores.

end view of the main switch. Fig. 10 is a
side view of the main switch., Fig. 1118 an
end view of one of the reversing-switches.
Fig.12is a detail section in a plane indicated
by the line 12 12 in Fig. 11. Fig. 13 isa side
view of the relay-magnet. Ifig. 1418 a dia-
ogram of the relay-windings. TIfigs. 15and 16
are detail views of the relay-contacts. FIig.
17 is a cross-section of the relay-core at its
bend. Fig. 18isa detail view of the solenoid-
contacts. Fig. 19 is a side view of the pro-
tecting-mnagnet. Fig. 20 is a side view of the
trolley-switch. Tig. 21 is an end view of the
trolley-switch., Fig. 22 is a section on a plane
indicated by the line 22 22 in Fig. 20. Figs.
23 and 24 are diagrams of modifications.

In Letters Patent of the United States No.
620,514, eranted February 23, 1899, to my

‘assignee, there is described an automatic

potential-regulator for dynamos which com-
prises as its fundamental features, first, a
dvnamo having arheostat in a shunt-circuit;

second, a solenoid-regulator in a shant from

thesupply-wiresleading fromthe dynamo,the
solenoid by its operation controlling a pair of
solenoid-contacts; third, a relay-magnet in a

shunt from the supply-wires of the dynamo,

which shunt also inecludes the solenoid-con-
tacts, so that the relay-shunt is opened and
closed by the action of the solenoid, the relay

-sidered. _
to be opened—that is, separated—the rheo-

| relay-contacts in the dynamo-shunt, so as to

cut in and out the rheostat, and, fourth, a pro-
tecting-magnet which isin thesolenoid-circuit
and which controls a pair of protecting-con-
tacts in the relay-circuit. These several fea-
tures are shown in the diagrammatic Fig. 1 of
the present drawings, wherein A is a dynamo.
B is the regulating resistance or rheostat in
the dynamo-shunt. C is the solenoid, ¢ ¢’ be-
ing the solenoid-contacts controlled by it. D

is the relay, d d’' being the relay-contacts con-

trolled by it, and E is the protecting-mag-
net, e ¢ being the contacts controlled by it.
The dynamo shunt-circuit isindicated by ref-
erence characters B’ to B by which it will
be seen that the relay-contacts d d' control
the dynamo shunt-circuit. The solenoid-eir-
cuit is indicated by the reference characters
C' to C% by which it will be seen that this
circuit is always normally operative and that
the protecting-magnet K is included 1n 1it.
The relay-circuit is indicated by the refer-
ence characters D’ to D8, by which it will be

seen that it includes both the solenoid-con-

tacts ¢ ¢’ and the protecting-contacts ee’. The

solenoid and relay circuits are both shunts

from the supply-circuit A’ A% The protect-
ing-magnet K of said patent Leing in a per-
manently-operative circuit when the system
was in proper order, its contacts ¢ € were

normally together, so that under ordinary

' working conditions only the solenoid-contacts

¢ ¢’ and the relay-contacts d d’ are to be con-
Assuming theselatter contacts d d'

stat B of said patent (or so much of it as is
employed for regulating purposes) was then
in circuit.

C COMPANY, OF SCHENEC-
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Should there then have been a -

fail in potential, the solenoid received lessen-

ergy, and as the result of its structural rela-
tion to its contacts cc¢' the latter would then
close, (as the apparatus of the said patenb

07

was constructed,) thus closing the relay-cir- -

cuit D’ to DY thereby energizing the relay
and closing its contacts d d’, as the relay of
said patent was constructed and arranged.

95

The diagram shows the relay and solenoid -
of the present invention, which in this respect

in turn by its operation controlling a pair of | are different, though having the same eifect
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on the regulating -circuit.
closing the contacts d d' was thereby to close
the dyna,mo shunt or regulating circuit B’ to
B* and to shunt entuely out ‘rhe entire regu-
lating resistance DB, so that the potentlal of
the dynamo mbtcml,ly rose. Owing to the
rise in potential, the solenoid *"ecelved addi-
tional eunergy, thereby separating (in said
patented construction) its contacts ¢ ¢’, thus
breaking ther ela,y-clreult which in turn bI oke
the dynamo shunt-circuit at that point, thus
again putting in circuit the entire regulating
resistance. Theregulatorthusacted automat-
ically to at once eub in and out the entireregu-
lating resistance. By having this zeﬂ'ulatmn‘
rpsmta,nce equal to or greater than necessary
to compensate for the maximum variations
in the load on the dynamo the potential on
the supply-wires was maintained constant by
this mode of automatic regulation, notwith-
standing the varying tax or (;ema,nd made
apon the supply-wires by the starting or stop-

ping of electric moiors or by rendermﬂ* active
As pomted-

or 1dle other electricity-users.
out in said Patent No. 620,514, the purpose of
the relay was to lessen sparkmf“ at and stick-
ing of the solenoid-contacts ¢ ¢’ , which would
mterfere with the sensitiveness of the regu-
lation and cause flickering of lights in the
supply-cireuit and rapidly deqtioy the con-
tacts. The purpose of the protecting-magnet
E was to prevent the danger which would

~arise in case of an aceldenbal break in the

solenoid-ecircuit. Such a break would other-
wise cut out the solenoid, (thus having the
same effect on it as a fall in potential,) ) thus
permanently closing its contacts, and conse-
quently permanently closing the relay-con-
tacts, thereby closing the dynmno shunt and
permanennly (,losmﬂ* ashunt acress the entire
regulating leblsmnee
tentla,l on the supply-line would run up to a
high and dangerous pitech. To prevent this,
t;he protectmih magnet controlled a b(:‘(,(}[l(].
break in the relay-circuit, which break was
nocrmally closed as long as the solenoid-eir-
cuit in which the protecting-magnet was lo-
cated remained intact. Should the solenoid-
¢ircuit be aceldeatally broken, the protect-
Ing-magnet would lose its energy and its con-
mﬁts Would open, thereby permanently open-
ing the relay-circuit,thus leaving the dynamo
shunt-cireuit permdnently ..uoken at the re-
ld“’ contacts d d'. Consequently the entire
egulating resistance would then be at all
tllﬂtﬁb operative, and as the automatic regu-
lator would beinoperative the dynamo would
act like any ordinary dynamo of the same
type with a permanent rheostat. The said
prior patent, No. 620,514, describes these fea-
tares and their mode of opemtion 1n detail.

The present invention consists in improve-

ments upon the system of automatic regula-
tion constituted bV these prior Ieatureb and
has for its objects, first, the extension of the

As a result the po-

The result of | regulated by the same regulator:

725,799

second, in-
creasing the Sensmwauess of tLe regulation,
and, ‘t}nrd the improvement of the struetme
of the pa,rts of the apparatus.

The principal features of 1mp10vement are
as follows:

IFirst. The solenoid C (which is preferably

single instead of double, as specifically illus-

trated insaid Patent No. 620,514)isa stopped-

core and plunger magnet hamnﬂ* an adjust-

able soft-iron stop-core and lﬂ,temll} extend-
ing soft-iron heads to both the stop and the
movable core. DBy the employment of this
device greater power is given, due to the
shortenmw of the air tra,velse of the magnetie
lines of for'(.,e Also fluctuations in Voltwge
due to the heating effect on the solenoid
when starting are prevented and greater
speed of action is given to the movable core,
thereby increasing the sensitiveness of the
reculation.

Second. Permanent non-inductive resist-

ance (consisting, preferably, of two incan-

descent electric lamps F and FF) is infro-
duced into the solenoid-cirecuit. This is of
advantage, since the resistance quickly heats
to 1ts maximum temperature, thus prevent-
ing fluctuation due to heating. The effect
of heating is to increase the resistance of the
solenoid, and hence more current would be
required for its operation if the entire re-
sistance should be in the coils. Hence the

735

80
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external resistance econoinizes the current

consumed in regulation.

Third. Special means are employedfor ad- .

justing the contacts of the solenoid.

Fourth. The relay D is a horseshoe-elec-

tromagnet having a laminated core of soft-

iron wire,which renders it more sensitive and

increases the rapidity of its action.

Fifth., Therelay D is differentially Vound
One winding 18 always in circuit. The other
winding is in circuit with the solenmd -COoN-
tacts ¢ ¢. Hence when the contacts ¢ ¢’ sep-
arate the counter electromotive force there-
by generated, which otherwise would cause
sparking, 1s avoided, because the current is
always Howing through the relay.

Sixth. Permanentnon-inductiveresistance,
consisting, preferably, of two incandescent

electric lamps G and GG (see FFigs. 1, 3, and
6) is introduced in the lelay-nweult This
obviates sparking and sticking at the solen-
old-contacts ¢ ¢’, because it preserves a con-
stant and automatically uniform resistance
through the relay D, whether one or both of
the differential windings or coils is in c¢ir-
cuit,

Seventh. The coustruction of the relay-
contacts d d is such as to prevent them
sticking together, this action being that of a
mech&nieal weld or interlock breaker.

Highth. Reversing-switches H I, of novel
construction, are emploved for ‘Lhepurpose of
reversing the flow of carrent through the

system, sothat a plumlity of dynamos may be A solenmd contacts ¢ ¢’ and the rel.a,y-contaets
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dd, respectively. By reversing the carrent | susljended from one end of the lever M, Whlch

from time to time unequal wearing of the
contacts of each palr is avoided.
Ninth. A condenser is introduced in the

dynamo-shunt toavoid sparking at the relay- |

contacts d d'.

Tenth. When a plurality of dynamos are
regulated by the same regulator, any one of
the dynamos can be used singly or as the
ren'ulatmfr-dynamo of several dynamos run-
ning simultaneously. To enable this to be
done, ““trolley-switeh” J of novel construc-
tion is employed.

The circuit connections for all the forego-
ing features are iliustrated in Ifig. 1; but the
various structural features are 1nd1e&ted dia-
orammabtically only in Figs. 1 to 6, inclusive.
The structural features are. illustrated in de-
tail in Figs. 7 to 22, inclusive. As Fig. 1 is
rendered somewhat obscure, because of the
multiplicity of the circuits, the several inde-
pendent circuits embraced in it are sepa-

rately illustrated in Fig. 2, (the solenoid-cir-
cuit,) Fig. 3, (the 1ela,y c,ne_mt ) Fig. 4, (the

'dynamo shunt or regulating cilcmt) and

Figs. 5 and 6, (one of the reversing-circuits.)
Tn Fig.1 two dynamos A AAare 111u5trated

and of bhese A isshown as the regulating- dy--

namo for the time being. A’ A®arethe main
supply or bus wires connected with the dy-
namos by wires A® A%

Referring to Figs. 1 and 2, the solenoid-

circuit starts from the shunt-wire A°, leading
from the supply-wire A', thence by wire O
to the first lamp F, thence by wire C? to the
second lamp FF, theuce by wire C° to the
coils of the sclenoid C, thence by wire C* to
the coils of the protecting-magnet K, thence
by wire C° to the return shunt-wire A®° lead-
ing to the return supply-wire A*. Whenever,

Lhelefme there is current in the suppl;-
wire and the system ig intact, the solenoid ¢
and the protecting-magnet & are energized.

The lamps F and FF in this circuit are Cordi-

nary incandescent electric lights, which are
used because they furnish non- 11:1(1110131?9 re-
sistance, as already explained, and at the

same time give visual indication of the con-
tinuity of the solenoid-circuit.

In Fig. 7 the
lamp F is shown, while only the socket f01 the
lamp FI is indicated.

The novel features of constructlon of the
solenoid are illustrated in Figs. 7and8. The

lower supporting-bracket a of the solenoid

extends beneath the central passage of the
coils and is there female-threaded to.receive
and longitudinally adjust the adjustable soft-
iron stop-core K. This permits the normal
adjustment of the stop-core relatively to the
electrically-controlled moving core L to regu-
late the aetion of the solenoid. Dboth cores
extend beyond the solencid-coil, and each at
its outwardly-projecting end is provided with
a laterally expanded or extending soft-iron
These heads shorten the air trav-

erseof the maguetic lines of force, as already |
explained.

il -,

is pivoted at 0, (see Fig. 7,) and at its other
‘The pull
of the solenoid on the lever is resisted by an
(See Fig. 7.) The free

end carries the. solenoid-contact c.

adjustable spring 7.
end of thesolenoid-lever M plays between two
adjustable limiting-stops ¢ ¢', Kig. 7. The
movable solenoid-contact ¢ on the lever M co-
operates with fixed contactsc’. The detail con-
struction and adjustment of these contacts 1s
shown in Fig. 18. 'The contact ¢ is of plati-
num or other non-corrodible metal and is se-
cured to a cap h, which screws on the end of
stem ¢ and is held in place thereon by set-
screw 4. The stem ¢ screws adjustably in
lever M and is held in place by set-serew k.
Thus the contact ¢ is rendered adjustable
and is eleetrleall v integral with lever M. The
cther contact ¢’ (also of similar metal) is se-
cured at one end of a yielding support con-

70

75
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sisting of an elastic strip !/ of thin spring ' .

metal, which is fastened at 1ts other end. to

bracket m, and this spring-support is adjust-

able by means of set-screw n and lock-nut
0. - When the voltage on the lineis below
the normal, the spring / overcomes the pull
of the solenoid, and the contacts ¢ ¢ are sepa-

90

rated. Anincrease of potential gives greater 95

energy to the solenoid and pulis harder upon:

its moving core, thereby overcommﬂ' spring f

and bunwmﬂ- the contacts ¢ ¢ toc’*ether thus

closing the rela,y circuit D’ to D8 of Whlch"

they eonsmtute terminals.
- The relay D is a di

ing composed of a bundle of soft-iron wires
», independently shellacked for lamination,
which are bent to horseshoe shape and are
bound together by a wire winding ¢... Kig.

17 is a cross-section through the wmdlng q.

The differential windings R and S of the re-
lay-coils are dmmammatwally shown in Fig.
14. "The current traverses these two wmd-

elentlally wound
horseshoe electromagnet, the detalls of which
are best shown in Fws 13.to 17. As shown
in Figs. 13 and 17, the core is laminated, be-

100

105

ITO

ings in opposite directions, as indicated by

appmprlate arrows 1n Kig. 14,
wires 7' 7 of winding R are connected to blnd-
ing-post r, Fig. 13..
winding S are cmmected:to 'binding-post*'s,

The ingoing -

The ingoing wires s’ s of -

I15

while the outgoing wires 73 r*s°s*of both wind-

ings are all connected to the common binding--

postzﬁ One of the windings, as R, 18 always
in circuit, the connections (see Flf‘rs 1 and

3) being as follows: The relay- circuit starts

120

from the main shunt-wire A°, thénce by wire

D’ to incandescent lamp G, ‘thence by wire

D? to incandescent lamp G'r G, thence by

wire D?® to main switch N and reversing-

25

SWlteh H, thence by wire D* to blndlnﬂ'~post '
thence by winding R to binding-post/,

bhence by wire D® to revelsmfr-smteh H, and
thence by wire 'D® to main b]l[l[lt -wire ‘A°.

‘130
Winding R is hence always in-circuit and -

always in circuit with the non-inductive ex-

ternal resistances G and GG. Of these lat-

The moving core Liisadjustably i ter the lamp GG‘r is shown in Fig. 7, but only
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the socket for the lamp G. The other wind-

ing S is in ¢irceuit with the solenoid- contacts

The binding-post 7 is connected by wire D°

-with Solenmd contact ¢', and binding-post s

is connected by wire D8 with the solenmd le-
ver M and by said lever with the other solen-
oid-eontactc Whenever, therefore, the con-
tacts ¢ ¢' come together by the action of the
solenoid, the cur rent flows through winding
>, but in eontrary direction to its dir ection
throngh winding K. Hence when the solen-
oid-contacts are open the reiay is energized
by the current flowing through coil R; but
when said contacts are closed the current
through winding S neutralizes that through
winding

force of the relay. 'This changing status of

the relay is utilized (as will be  hereinafter.

shown) to govern the dynamo-regulating
shunt-cirecuit. The non-inductive external

resistance, consisting of the lamps G and GG,

1t will be noted, is in circuit both when the
solenoid-contacts are open and when theyare
closed. The windings R and S can hence
have very low resistance, thus avoiding in-
duction, and since the la,mps G and GG af-
ford in themselves the necessary resistance
the flow of eurrent is substantially the same

whether one or both windings are in opera-

tion. Henco Spnlklnﬂ‘ at and sticking of the
solenoid-contacts is avoided. The l&mps (=
and GG also give visual indication that the
regulatorisin working condition. The chang-
ing status of the relf},y D controls the demon
of the relay-contacts d d', which are terminals
of the 1*egn1ating-eirenit B’ to BS% The ar-
mature O, pivoted at u, carries the movable
relay-contact d, which is adjustable thereon
and electrically integral therewith. The con-
tact d is of platinum or other suitable non-

corrodible metal and is secured to the end of |

a stem v, screwing in the armature and held

- 1n place by a set-screw w, Figs. 15 and 16.

45

50
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The stem v has a milled head & for operating
it, held in place by set-screw . Hence the
eontact ¢ may be adjusted at will relatively
to the stationary contactd’. Said stationary
contact d' is of platinum orsimilar metal and
is mounted at one end of a yielding support
P, consisting of a thin strip of elastic metal
ﬁrmly clnmped at the other end, as shown.

The armature is pulled away from the relay-
magnet to separate the relay-contacts d d’ by
an &d,] ustable spring Q. When the current

passesonly through winding R, therelay-mag-

net is energized and the contacts d d’ are in
contact and the circuit controlled by them is
closed. When, however, current also passes
through Wlndmﬂ' > (by virtue of increasein po-
tential on the- 11ne) the relay is rendered inac-

tive and the spring Q separates the relay-con-

tacts, thereby breaking the circuit controlled
by them. The ﬂemble ylelding mounting of
the stationary contact d’ acts as a mechanical
weld-breaker or interlock-breaker to prevent
the contacts d d’ sticking or welding together.

Yhen said contacts are elosed as shown in |

itg free end.

R, thus destroying the magnetic

725,799

| Fig. 15, their faces are not parallel, since

contact d tilts, because its suppmt y1elds at
Conseqnently there is a rock-
ing movement between the two contacts as
they separate from each other, thus mechan-
ically breaking any weld orinterlock between
them.

The dynamo shunt-cirenit or regulating-
cireuit connections are shown in Figs. 1 and
4 and are as follows: The circuit starts with
shunt-wire B',which extends to trolley-switch
J, thence by wire B* to reversing-switch I,
thence by wire B° to the relay-armature O
and relay-contact c, thence to contact d’',when
the circuit is closed, thence by wire B* to the
reversing-switceh I, thence by wire B° to trol-
ley-switeh J,and completes thecircuit through
the shunt-wire B®. When, therefore, the po-
tential 1s below the normal, the solenoid-con-
tacts are open, the relay-contacts are closed,
the regulating-eircuit is closed, and the regu-
lating resistance B is shunted out. Conse-

| quently the potential on the line quickly

rises, and thereupon the solenoid - contacts
close, the relay-contacts open, the regulating-
circult is broken, and the regulating resist-
ance B is thrown into action. While the ef-
fect thus produced 1s the same, the mode of
operation here present is different from that
of the regulator of the said prior patent, No.
620,014, in which the fall of potential closed

“the solenoid-contacts, and thereby closed the

relay-contacts.

To avoid sparking at the relay-contacts d
d’', a condenser T is located in a bridge B* BS
across said contaets. (See Figs. 1 and 4.)

T'o prevent dangerous rise in potential due
to permanent shunting of the regulating re-
sistance B in case of defect in the solenoid-
circuit O’ to C°, two means of protection are
shown, which can be used conjointly or inde-
pendently. As shown in Figs. 1 and 3, the
limiving-stop ¢ (against which the solenoid-
lever M is pulled by spring f when the solen-
oid-coil is rendered inoperative) is connected
by bridge-wire K’ with a solenoid-contact ¢,
thus bringing both contacts ¢ ¢’ in cirenit and
having the same effect as a rise in potential —
that 1s to say, putting winding S of the relay
permanently in ecircuit, thus permanently
opening the relay-contacts and leaving the
regulating resistance B permanently active.
The same effecti is produced by the protect-
ing - 1nagneb K. This magnet controls two
contacts e e', which are connected, respec-
tively, by wires E? and E? with wires D7 and
D3 of the relay- wmdmw S, bridging across the
solenoid-contacts ¢ ¢, As lonﬂ' as current
flows through the pmtecting-magnet 1ts con-
tacts ¢ ¢’ are separated; but in case of acci-
dent to the solenoid-circuit (in which- protect-
ing-magnet is located) the contacts e ¢' come
together and the same effect is produced as
by the bridge-wire KE'. ~ As shown in Fig. 19,

the armatme U of the protecting - magnet
pivoted at z, carries the contact e, contact e’
being adjustable in fixed bracket V. An ad-
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justablespring W forces the contacts together | illustrated in Figs. 7, 20, 21, and 22, the switch

on failure of current in the magnet H.

In order toprevent unequal wearing of the
solenoid-contacts and of the relay-confacts,
reversing-switeches H and I are used to re-
verse from time to time at will the direction
of the current flowing through said contacts.
Both reversing-switches are alike, so that the
description will be confined to the switch H
for reversing the current through the portion
of the relay-circuit which includes the solen-
oid-contacts. Theswitchisatwo-poleswitch,
and its circuit connections are shown in Figs.
5 and 6, which show the different portions of
the switech. The switch comprises two mov-
able metal bars X and XX, which are per-
manently electrically connected to posts 2
and 3, respectively, and which can be moved
from the position shown in Fig. 5, where they

are in electric connection, respectively, with

posts 1 and 4, to the position shown in FHig.

6, where they are in electric connection re-

spectively with posts 6 and 5. Post 11scon-
nected with the leading-in wire D? post 4
with the leading-in wire D¢, post 2 with the
wire D%, leading to the solenoid-contacts, and
post 8 with the wire D? leading from said
contacts, as shown in Figs. 1 and 3, as well
as in Figs. 5 and 6. Posts 1 and 5 are con-
nected by wire D? and posts 4 and 6 by wire
D1, When the bars X and XX are in the
position of Fig. 5, the current flows along
wire D3, post 1, bar X, post 2, wire D* to con-
tacts ¢’ ¢, wire D?, post 3, bar XX, post 4, and
wire D¢ When, however, the bars X and

XX are in the position of Fig. 6, the current

flows along wire D3, post 1, wire D, post 9,
bar XX, post 3, wire D° to contacts ¢ ¢’, wire
D¢, post 2, bar X, post 6, wire D™, post 4, and
wire DF, thus flowing through the contacts in
the opposite direction.

The construction of the reversing-switch Is
shown in Figs. 7, 9, 11, and 12. As there

shown, the two bars X and XX are pivoted
at 7 in slots at the outer end of the short

posts 2 and 3, respectively, and are connected
at their outer ends by insulating-block 3,
having manipulating-handle 9. Each of the
posts 1, 4, 5, and 6 is a long one and has at
outer end a pair of resilient metal contacts
10 and 11, between which the corresponding
bar X or XX is grasped to make electric
connection. Hence when the switch oceu-
pies one position its bars are gripped by the
contacts of ona set of the reversing-posts, and
when it is moved to the other position its
bars are gripped by the contacts of the other
To facilitate making contact,

Hig, 12.

As shown in Fig. 1, two dynamos, A and
AA are illustrated, both connected with the
same mains A’ A% The resistance-circuit ot
either of these dynamos may be connected
with the regulator by means of the switch
J, and in exactly the same manner a larger

|

J is adapted for use with three dynamos.
Whatever may be the number of dynamos,
the regulating-circuit of each can be brought
into operative relation with the regulator, so
thateach dynamo can be used independently,
or all of the dynamos may be used simultane-
ously, in which case the particular dynamo

connected with the regulator serves to regu--

late the entire output of current. Of course
in the last-named case the regulating resist-

ance B or BB, which is in operation with the

regulator, should be sufficient to compensate
for any probable or expected variation in po-
tential on the line, and such being the case
the regulation will be efficient whatever num-
ber of dynamos may be employed.
The switch J, which is adapted to bring an
one of the regulating resistances into oper-
ative relation with the regulator, is of novel
construction and is aptly termed a *‘trolley-
switch.” The trolley-switch is adapted to
both swing and glide along a track Y,swing-
ing on said track to be brought into and out
of connection with electrical contacts 12 13
and sliding on said track so as to be brought
in register with one of several groups of such
contacts. The switch J comprises a base 14,
having at one end a manipulating-handle 1o
and at the opposite end four trucks or roll-
ers 16 16, suitably journaled thereon and in
a cap-plate 17, secured thereto by screws 16.
These rollers embrace the track Y, as best
shown in Fig. 20, and are shaped on their
peripheries to conform to the cylindrical sec-
tional shape of said track. ~Hence said switch
can be both swung on the track as a pivot, and
also slid along the same. The base 14 car-
ries on opposite sides metal bars 19 and 20,
secured thereto but insulated therefrom, the

| switeh being'thus a ¢ two-pole” switeh. One

bar, 19, is connected by a flexible insulated
cable B® (counstituting a part of the corre-
spondingly-lettered circuit connection) to a
suitable binding-post 21, and the other bar,
20, is connected by a flexible insulated cable
BB® (constituting a part of the correspond-
ingly-lettered circuit connection) to a suit-
able binding-post 22. As shown in Fig. 7,
the trolley-switch is adapted to be brought
into cooperation with any one of three groups
of contacts 12 13. Kach contact12or 13 com-
prises a base-plate 23, having secured there-
to a strip of resilient sheet metal having two
clasping-prongs 24, (see Fig. 22,) between
which one of the bars 19 or 20 of the switch
is adapted to enter and to be grasped, the bar
being beveled to facilitate its entrance. As
indicated in Fig. 4, each contact 12 is con-

‘mnected to wire B’ and each contact 13 to wire

Bf of the regulating-circuit of the dynamo to
which it corresponds. Consequently when
the trolley -switeh is swung down with 1ts
bars grasped by one of the groups of con-
tacts 12 13 it connects the external condue-
tors B’ B with the respective conductors B?

number of dynamos may be controlled. As | B’ of the regulating apparatus. To permit
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each bar 19 and 20 to be straddled by the | ancesis the same asin the modification shown

prongs 24, the base 14 is cut away to form
openings 25 for this purpose. (See Fig. 7.)
To insure the proper operation of the trol-
ley-switech, fixed guide and positioning posts

Z, spaced apart and beveled on their up-

per ends, Fig. 21, are provided between the
track Y and the contacts 12 13, against one
of which the base 14 of the switeh will abut
except only when the switeh isin proper po-
sition along the track to have its bars 19 20
register with a group of the pré_ngs 24.

The main switech N is a ““single - pole”
switch and is illustrated in detail in Figs. 9
and 10. It and its adjuncts ars eonstructed
like a single bar X or XX of the reversing-
switch fmd the posts 2 and 3 thereof, so that
further deseription of its constr uction seems
unnecessary. By means of it the relay-cir-
cuit D' to D% may be opened and closed at
will. When said switch is opened, the entire
regualator is rendered Inoperative. There
Ihen being no current in the relay-circuit,
the relay-contacts  d' are separated by the
spring (), so that the dynamo resistance is
then operative just as in an ordinary dynamo
of this type.

The several parts of the reﬂ'ulamnw appa-
ratus are mounted upon a fauwa,ble lnsulat-
ing-base 100, preferably of marble.

Kig. 23 is a diagram similar to Fig. 1, but
simplified, so as toshow the prinecipal cireuits
only, which illustrates a plural ity of dyna,-
mos (two being shown, but the principle be-
ing the same for a ]arﬂ'er number) connected
to a single 1'egu1abing-1*eiay, but so arranged
that the independent rheostats Band BB for
the dynamos are both used for regulating
purposes.  Simple two-pole qwﬂeheq (not re-
versing) are indicated at HH to control the
regulating-circult of each dynamo independ-
emly As here shown, the conductors B’ B’
of the reﬂ‘ulatmﬂ'-mrcults of both dynamos

- merge at 26, and the return-conductors B¢ B8

45

50

§S5

6o

of both merge at 27. An adjustable equal-
izing resistance ER is introduced in each in-
pendent regulating-circuit, so that the two
dynamos may be equalized when both are in
operation. When the relay-contacts d d’ are
separated, both equalizing resistances KR are
inoperative and both rheostats Band BB are
operative. When, however, thecontactsd d’
are brought to&*ether (when the potential on
the line falls ) both rheostats B.and BB are
inoperative-and both equalizing resistances
are in operation. :

Fig. 24 1s a diagram of another modification
in which there are as many relays D DD, &e.,
as there are dynamos, two relays and two dy-
namos being shown.  Both relays are gov-
erned by Lhe same solenaid and both dyn&-
mos feed the same supply-wires. In this case
each dynamo-regulating circuit terminates in

a pair of relay-contacts, as in Fig. 1, but is |

also equipped with an equalizing resistance
ER, as in Fig. 23. In this modification the

l
i

in Kig. 23.

I claim as my invention—

1. Adjustable electrical contacts compris-
ing, in combination, a lever, a stud electric-
ally connected with said lever, and screwing

thereinforadjustment, acontacton said stud,
and a second contact mounted on a flexible
resilient support, substantially as set forth.

2. The combination with a dynamo having

| mains extending therafrom, of an automatic
potential-regulator having a relay- magnet
which controls the approach and separation
of electrical contacts constituting ter

minals
of a regulating-circuit, said relay being dif-
ferentially wound, one winding of which is
in a normally closed cireuit, and the other of
which isin & shunt from said normally closed
circait terminating in a pair of controlling-
contacts, and a controlling-magnet or solen-
old in a shunt from the mains which controls
the approach and separation of said control-

| ling-contagcts, substantially as set forth.

3. A differentially-wound relay having two
windings, one of whica is normally in circuit
and the other of which isadapted to be opened
and closed, in combination with external re-
sistance in circuit with said windings, sub-
stantially as set forth. -

4, The combination with a dynamo having
mains extending therefrom, of an automatic
potential-reg ul&tor having aireﬂ'nlatm o resist-
ance in a shuub from Lhe dynamo, a regulat-
ing-circuit terminating in a pair of relay-con-
tacts which control th:e operativeness of the
regulating resistance, a relay-magnet control-
ling said relay -contacts, a condenser in a
bridge across the regulating shunt-circuit,and
a eontmllmw magnet or solenmd in a s}:mnt
from the mains controllmw contacts consti-

- tuting the terminals of the SEle shunt which

includes said relay, substantially asset forth.

5. The combinationof a dynamo, the mains
fed by it, a regulatingshunt-circuit terminat-
ing in relay-contacts, a relay-magnet control-
ling said relay-contacts, controlling-contacts
constituting ferminals of the relay-magnet
cireuit, a controlling-magnet or solenoid in a

shunt frem the mains controlling said control-

ling-contacts, and operatively connected with
one of said contacts soas to bringitinto elec-
trical connection with the other contact when
the potential on the mains rises, and a pro-
tecting-stop with which said contact (opera-
tively connected with the controlling-magnet
or solenoid) becomes electrically connected
upon failure of current in said controlling-
magnet, or solenoid, said protecting-stop be-

1ng in electrical connection with the relay-

circuit so that said cireuit is thereby closed,
substantially as set forth, whereby failure of
currentinthe controlling-circuit has the same
offect as an increase in potential.

6. A plurality of dynamos, all of which sup-
ply the same mains, a regulating resistance
for each dynamo, and a regulating-circuit for

action of the rheostats and equalizing resist- | each dynamo, only one of which is operative
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at a time, In combination with an automatic
potential-regulator common to all of said dy-
namos, and a switeh which is adapted to con-
nectin turn and at will the regulating-circait
of eachdynamotothe Ief‘-"ulfltor %uhqtamlally
as bet forth.

. A plur ality of dynamos dll of which feed
the same mains, independent regulating re-
sistances therefor, adapted to be coupled in
parallel with a single regulating-magnet, in

combination with said magnet adapted to

concurrently contrel said resistances, and
equalizing resistances in theseparate circuits
of said regulating rem%tancea substantially
as set fmth

3. A plarality of dynamos, all of which feed

the same mains, independent regulating re-
sistances for said dygamos, and relay-mag-

nets for controlling said resistances, in com- .

bination with a single contlollmﬁ'-ma;,net or
solenoid which sjnnulmneously controls said
relays, substantially as set forth.

9. A switeh adapted to move in two paths,
in combination with a plurality of contacts,
the movewment of said switch in one path car-
rying it from register with one contact to the
next, and irs movement in the other path car-

rying it into and out of electrical connection

with the contact with which it is then in reg-
ister, substantially as set forth.

10. A two-pole trolley-switeh comprising
two mechanically-connected but electrically-
insulated conducting-bars, said switch being

~adapted to both swing and slide, in combina-

tion with a plurality of groups or pairs of con-
tacts, the sliding movement of the switch car-

rying its bars successively into register with

each group or petirof contacts, and its swing-

1ing movement carrying said bars into and out

of electrical connection with the pair of con-

tacts with which they are for the time being

in register, substantially as set forth.
The track circular in cross-section, in
combination with the swinging and sliding
trolley-switeh having a plurality of grooved
rollers which embrace turn and slide along
sald track, substantially as set forth. |
12. Theswingingandsliding trolley-switch,

and the plar a,hty of contacts with which itco-
~operates,in combination with guide and reg-

1ster posts which permit the completion of the
swinging movement of the switch toward the
¢O ntaets onlv wheninr egister ther ewwh sub-
stantially as set forth.

13. Adi; feremlallv-wound relay h:ewmﬂ two
windings, one of which is normally in 011‘(311113
and theother of which isadapted to be opened

and closed, in combination with external re-

sistance in circult with sald windings.

14. A two-pole reversing-switehi compris-
ing, 1n combination, four outside contacts the
diagonals of which are permanently electric-
ally connected with each other, and one pair
of which are terminals of an electric cireuait,
two Iintermediate posts which are located be-

1 said mau'neb being

.

A

tween the two pa,i"is of said outside contacts,

said posts being the terminals of the en'cmt
in which the current is to be reversed; and

two mechanically-connected but msulated.-

bars normally electrically and mechanically
connected to said intermediate posts, and

adapted to be moved into electrical connec-
tion with either pair of said outside contacts,

substantially as set forth.
15. Thecombination witha dynamo having
mains extending therefrom, of an a,utomatle

70

potential- refrula tor having acontrolling-mag-

net or &,olenold in a shunb from the mains
which controls the regulation of the voltage
in the mains, permanent non-induactive re-

sistance in said shunt external to said mag-
net, and: a regulating-cirenit which 18 con-

trolled by eonmets governed by said control-

ling-magnet or solenmd sald contacts oper-
atmcr to simultaneoasly cut in or out the en-

80

tire 1*efrula,tmw resistance, SUbSthtlall}T as

set forth.
16. The combination of a pluraiity of dy'
namos all of whieh feed the same mains, reg-

ulating resistance for said dynamos, a smn*le
automatic potential-regulator which snnul-'

ta,ueously regulates all of the dynamos which
may be in use, said rewulator operatmn‘ to
mmultaneously cut in or out the entire reg-

ulating resistance, substantially as set forth
17. Thecombination w1bhadynam0havmﬂ'_
| mains extending therefrom, of an automatic

potenbml I'ewulator having a controlling-mag-
net in a shuut from the mains which controls
the regulation of the voltage in the mains,
a stOpped core and plun-

Go

05

LGO

ger mag net havinﬂ* an adjustable stop-core,

and a movwble core, one of said cores having
a laterally-exp mded head, substantlally as

Set forth.
18. Thecombination mbh adynamo having

) mains extending therefrom, of an automatm

potenual reﬂ*nlator having a contr olling-mag-
net in a Shtmt from the mains which eontrol%
the regulation of the voltage in the mains,
said magnet being a sbopped core and plun-
ger maﬂ'neb havmﬂ* a stop-core, and a mov-
a,ble core, one of said cores having a later-
ally-expa,nded head,substantially as set forth.

19. Thecombination with adynamohaving
mains extending therefrom, of an automatic.

| potential- -regulator having a conl:rolhnﬂ‘-mat,-

net in a shunt from the mains for control-
ling the regulation of the voltage in the
mains, said magnet being a stopped -core and
plunfrel magnet havmﬂ'a stop-core and & mov-
able core, one of sald cores having a later-
ally-expanded head.

In witness whereof I have hereunto swned
my name in the presence of two %lleCI‘lblI]ﬂ‘
witnesses.

ALLEN AUGUSTUS TIRRILL.

Witnesses:

STEPHEN S, JEWETT,
ErAsTUs P. Jn EWBLL
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