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JULIEN M. BRADFORD, OF PORTLAND, MAINE.
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To all whom & may conecern:

Be it known that I, JULIEN M. BRADFORD,
a citizen of the United States, residing :LL
Portland, in the county of Cumberland and
State of W[mne have invented a new ant use-
ful Reﬂulﬂtmﬂ Apparatus for Dynamo-Elee-
tric WIaehmeq of W hich the fOHO‘ﬁ Ing is a
specification.

T'his apparatus is f]ebwued to maintain the
line-current within narrow limits of any re-

quired degree of intensity by changing the

agenerative power of the d} namo as often as

- may be necessary to secure this result. More-
over it acts automatically, changes in the ac-

tion of the dynamo being primarily induced
by the action of current- llltlltﬂtOIb cluded
in and operated by melplent changes in the
line-circuit,

Tosecure the different kinds of 1eﬂulm1011
for which this apparatus is 111tended 1t may
be used toincrease or decrease the resistance
offered to the passage of the current feeding
the magnetic field of the dynamo, or it may

~ be ccmsed to regulate the dynamo by moving

the (,01111111&3’(01* -brushes.
- The salient features of this
clude—

I'irst, the emplo) ment of a power to work
the reg ulaml which 1s entirely distinet and
mdependeut of the controlling-power, the
former being obtained from some convenient
motor and 1,110 latter being engendered by
comparatively weak currents apphed or with-

&ppm*a,t us 1n-

Teld from action by current-indicators worked
by incipient fluctuations of the line-current,

~such weak currents being used solely to ::Lpply
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the motive power, makmﬂ the necessary coms-
pensating changes, and not being in any way

directly 111%1*11111@111:&1 in supplymﬁ force to

effect this object. |
Second, the use of a stop-motion reg ulat-

ing device controlled by incipient ﬂuetua '

tionsof theline-current and operatingin such

a manner that aregulatingmovement may be

quickly applied, and the point at which this
movement is cut off will be dependent upon

‘the duration of the fluctuation. |
Third, the use of a reciprocating 1eﬂ*ul@t~.

ing dewceihat will produece an aceumula,—-
tive or differential effect, according to the
action ot the line-current indicator, provided
two or more of them work in combination

(No model.)

and are moved

| Fig. 0.

J‘)? eecentuos so arranged on
the driving-shaft that no two of the eurrent—
changers will commence and complete their

upw t1‘d and downward stroke at the same
An accumulative effect is produced
when the line-current indicator, Fig. 4 or 9,

time.

closes the circuits of omne class only, either

for increasing or diminishing the dynamo’s

action, thereby causing one or more strokes
in a single direction to be applied. The dif-
ferential effect is produced when theindicator

closes circults in quick sueccession for both
nereasing and diminishing the action of the

dynamo, thereby causing opposite action at
the same time, and a differential or inter-
mediateresultisultimately obtained. The ac-
cumulative action increases the quickness of
the regulator, and the differential action also

'cont-ributes -t{) the same result by allowing a

coarser feed by the pawl without thereby
disturbing the potential of the line-current.
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The extent of effective action within a given

time by this arrangement last described is
also in proportion to the duration of a fluec-
tuation of intensity of the line-current, and
the action of either regulating device is in-
tended to anticipate or 1“)1‘(3?’011L &,tronﬂ fluc-

tuation of that current.

IFourth, the use of two separate Cll*cuit-s,
one for diminishing and the other for increas-
ing the generative power of the dynamo, the
operation of which being such that a continu-
ance of the restraining-power of the regulator
1s not dependent upon the continuance of the

fluctuation of the line-current that primarily

caused 1t to be applied, the restraint being
held fixedly at one point, increased, or dimin-
ished, according to the state of the line-cur
rent.

This appar atus is intended to combine ex-
treme quickness with delicacy of regulation,
and i1s designed for ineandescent and are
light Cll"GHltS or for other systems of electric
dlstrlbutlon

Of the drawings illustrating this invention,
1isa front elevation qhomnﬂ the man- -

Fligure
ner of moving the 1‘6”‘111&&110—\\*]1661 D by the
stop-motion 1’*eﬂ111:;1,t1110' demce Fig. 2 1s a
front elevation showmﬂ the manner of 1N0OV-
ing the regulating- wheel D by the reciprocat-
ing reg ulatmn dewee_ Fig. 3 is a section of
ig. 1is a front ele‘mtiou showing
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the electrical connections between the regu-

lator and theline-currentindicator. Fig.5184a

diagram showing the path of the current feed-

ing the mﬂﬂ*neuc field of the dynamo through
the 1*e0'u1at01* I'ig. 6 is a front elevation of
Fig. 1 wwh the regulatmn wheel D removed.
I‘lfr 7 is a front elevation of Fig. 2 with the
drivin g-pulley A and the 1"@011]&1;111 g-wheel D
removed. Iig. 8is a plan view showmn" the
means by WhICh the motion of a number of
regulating-wheels may be concentrated upon
one shaft. Fig. 91is a front elevation show-
ing a line-current indicatqr. Fig.10isafront
elevatmn of four eceentries, showmﬂ their in-

clination one to the other as fixed upon the

driving-shaft. |

In carrying out my invention the reﬂ'uldtor
may be placed near the dynamo to be con-
trolled and set in motion by connecting pul-
ley A, Ifigs. 2 and 3, to an available motor
such as the eno*me working the dvnamo
This pulley is ;|0111ed to the dr iving-shaft B,
the length of which will depend upon the
number of regulating-wheels used in any par-
ticular case. In I‘}ﬂ‘ 4 four regulating-wheels
are shown, in whu,h case the dr-wm og-shaft
will carry four eccentrics C C* C? C4, Fl 10,
which may be of different sizes or the same
size, one being joined to the shaft under each
refrula,tmrr-wheel and their inclination one to
the other may. be nearly as shown in the fig-
ure. In all cases a movement of the regulat-
ing-wheel D, Figs. 1 and 2, is an 1111131&1 step

in eontrolhnﬂ' the dynamo and these wheels

are moved by regulating devices of two kinds,
one of which I call the “5top-mot10n 1"egulat-
ing device” and the other the “reciprocating
regulating device.”

The 1'egulat1nn* wheels above mentioned

have teeth, and in some cases a gap or space

may be left uncovered by teeth as a means of
limiting the movement of the wheels.

The stop motion regulating device, Fig. 6,
consists of the followmn* parts the levers b
¢ and 0 ¢, springs ¢ and ¢ g, pawls ¢ and qa,
springs d and d, disengaging-pins m and m,
stop-motion latches 7 and 3, temporary man'—

nets K and E, and the springs marked /. The

- two levers b ¢ are independent of each other

and may be moved freely on the stationary
shaft s, which also supports the regulating-
wheel d D. The upward motion of the levers

18 caused by the rotation of the eccentric C

~and the downward movement by the springs

55

q.
levers b ¢ are raised slightly to clear the ends
of the latchesj, so that there is a moment
at each revolution of the eccentric when
these latches may be pulled away from the
toothed surface of the levers by a magnet E
unimpeded by the frietion resulting from the
weight of a lever b ¢ resting thereon. W hen
a tempor ary magnet E is excited, the stop-
motion latch nearest to1tis drawn away from
the toothed surface of the lever, causing it to
fall and rise with each revolution of the eC-
centric and the pawl d joined to it to move

At each revolution of the eccentric C the

| the regulating-wheel D, Fig.

:
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1, by the .down-
ward qtrokes whu,h are 1’-epeated if onestroke
18 1115'.ufﬁ01ent until the magnet liberates

the latch, thereby causing the spring- { to
draw it aﬂ'mnst the Loothed surface of the le-

| ver, m*restmﬂ" its downward motion, it being

next raised by the motion of the eccentric O
to its extreme upward limif, the pawl d strik-
ing against the disengaging-pin m, thereby
removing it from the teeth of the Wheel D.
The levers b ¢ are made quite light to lessen
the momentum of their downward stroke,
and the.stop-motion latches may, if neces-
sary, be cushioned beneath their metallic
ends with rubber or other suitable substance,

so that the effect of the slight impact. may be

reduced to a nominal ﬁtrme

The reciprocating. 1"eﬂ'ulat1nﬂ' devwe Fln' 7,
consists of the followmfr pa,rts a lever e f h
loosely supported on the stationary shaftt s,

pawls 7 and ¢, springs & and k, and the two
temporary magnet% F. The slotted end of

the lever e f h incloses the eccentric (¢, the
rotation of which imparts a vibrating motion
to the lever and to the pawls, which are held
away from the 1"eg111&ting-wheel D, Fig. 2, by
means of the springs &£, but should an elec-
tric current excite a magnet If the pawl near-
est to the excited magnet engages with the
teeth of the wheel D, causing 1t to be moved
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at each downward stroke, the direction of mo-

tion being dependent upon whether a right
or a lett hand pawl acts upon the wheel.

ICO

If the dynamo is to be regulated by feeding

the magnetic field with a. eunent of V&I"l&ble
mtensﬂzy, the resistance-conductors and regu-
lating-wheels may be repeated, as shown in
Fig. 4

The regulating devices used to move the

Tey ul.:Ltlnﬂ"-wheelS in a given combination will

depend upon the kind of regulation wanted,
and which combination will give the best re-
sultsat the least expense must be determined
by careful experiment. In some casesa com-
bination of the stop-motion with the recipro-
cating regulating device may be used, there-

by modifying the effect of one by that of the

other and securing results not otherwise at-
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tainable by the use of one I‘BWULLUI]W device

unaided by the other.

The feeding-currententers the reg ulator by
way of the bmdmﬂ -post IS, Ifig. 4, thence to
the contact-arm a by way of the metallic
spring n, thence through more or-less of the
resistance- conductors, the ends of which lie
between o p and o p, ¢  and q 7, and finally
leaving the regulator by way of the binding-
post L. The 5t1*enﬂ*th of this current will
therefore Vm*y,a-eeordin g to the position given
to the arms « by the regulating-wheels to
which they are attached, the arrangement be-

120
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ing such that said feeding-current will be at

its maximum when the arms are moved to
their extreme limit to the right, as shown in

- IFig. 4, and at its minimum when at their ex-

treme limitin the opposite direction, as shown
in Fig. 5.

130
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- The motlon of seveml I‘E‘ﬂﬂlﬂtlllﬂ‘ Wh@@lb
may also be concentrated for moving the com-
mutator-brushes or a contact-arm, as last de-
seribed. In this case the mmuatuw -wheels
D are 1‘1ﬂ1dlv Jomed to the Sh&ft L Fig. 8.
Kach Sh@ﬂU carries a pinton N, cach of which
is held on the shaft by the springs Q. From

this arrangement, when one or more of the
regulating devloes 1 part motion to the regu-
.meg ‘*.vheelb D ina given direction, the wheel
but Should the reﬂul&mnﬂ de-'

R’ 18 moved:
vices act 0pp051tel§ at the same time the pin-

. 1ons N slip on the shafts U, and the motion

20

of the wheel R is stopped. By this arrange-

ment energy of regnlating action depends

upon the diameter of the eeeem rics actuating
the regulating devices and the number of

str Ol&(i‘& communicated thereby within a given

time to the 1wulfmtmfr—-wheelb We :;LL CluY-
rents only are requir ed to excite the electro-
111.:10116‘[8 (3011131'0111110 the reg Ll]..:';Ltll]ff"_ dewee&
and strong: currel]ts can have no mﬂuen(,e

whatever in incr eamn o the regulating energ oy
~of this apparatus.

When the apparatus 1eﬁulates by moving
the commutator- brushes, the eccentrices .;md

- regulating devieces may be 80 proportioned
| Lh.-,ut a single stroke will instantaneously move

30

the u,nulatuw-wheel suthiciently to cause the

lme-eurrent to change from the maximum to

the minimam w 01111110 limit, or the reverse,
and this stroke can mstﬂntl} be cut off at any
intermediate point by the stop-motion latch
or by differential action. In some cases one
side of the eccentrics working the stop-motion
regulating deviees can be cut away, thereby

~forming a cam of such shape that the stop-

40

motion deviees will drop when liberated un-

1mpeded by the eccentrics. A sufficient num-
ber of regulatinig devices in one combination

INSUres eﬂpaelty for instantaneous action

50
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with a low speed of the driving -shm" t by which
they are operated.
The shaft P, joined to the wheel R, would

be connected directly or by means of suita-
ble gearing to the (301111]111t&t01‘-—b1ﬂ&he‘; or

cont a,et-m m.
1t has been stated tlmt a movement of the
regulating-wheels D was an initial step in

regulating the line-cur rent, that motion was |

1111pmted o these wheels bj the regulating

“devices, and that the reg vlatuw dewces were

:«;‘Lpphed or withheld from action b}f the action

orinactionof the temporary magnets forming

a part of the regulating mechanism. If now
remains to deseribe the source of the currents
for exciting these magnets and the means by

which mld currents are applied or Withheld'

from action. |
A small battery B* Fig. 4, or a dylmmo-

- electriec machine may be used as a source ot

the above-mentioned currents, and several

different forms of line-currentindicators may

“be used to apply or withhold these currents

from action. Fig. 4 shows a small electric

I'line-current entering by the wires A®

This
engine rotates a centritugal governor 7, caus-

'_1110 the disk ¢ to rise and iall with changesin
the potential of the line-current.
potential of the line-current is within the
proper mean, the disk ¢ 1s midway between

W hen the

the upper and lower ends of the wires J.

101\?11’1@ from the battery through

the dyvnamo’s feeding-current passes to be in-

creased, and a fall of this disk completes
other circuits, causin

o an opposite result.
~ Instead of adjusting the apparatus so that

the circuits will be closed in succession, as

above described, the ends of the wires J,

which in practice will consist of adjustable

secrews, may be so arranged that the circuits
may be closed at onee, as shown in I1g. 9, and
although all the circuits for citherinereasing

or diminishing the action of the dynamo may

be closed at once the regulating deviees will

act in sucecession, because they rise and fall
at different mterval%? owing to the adjust-
ment of the eccentrics which move them.

~In the current-indiecator shown in I'ig. 9

the helix T? receives a current from the line-
" TOO

circuit, causing the lever ¢* d* to be moved

more or less, according to the strength of the
current. _
all of the cireuits for restraining the action

If the lever touches the screw e,

of the dynamo are closed at once, and if the
screw f* is touched the other eircuits for pro-
ducing
causing a St
as the eccentrics move into the right posi-
tion to cause this result.

Besides the above-described line-current
indicators, one may be used in which a part

of the line-current heats a conductor through.

which it passes, thereby causing expansion,
which, with contraction, may be used to make
and break circuits for the regulating devices.

Having deseribed my invention, I claim as
| S Y ; |
new and desire to secure by Letters Patent—

an opposite result arve closed, thereby
ccession of changes to take place

_7.O )

‘Should the potential of the line-current in--
crease or decline, a sucecession of cireuits are
completed throug h theabove-mentioned wires,
the current
the spring «® to the disk ¢ and back to the
other pole of the battery by a wire, (indicated
by the dotted line,) the mmnoement being
such that the cireuits completed by a rise of
the disk cause the resistance through which

75
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‘1. The combination, with a dynamo-electric

regulating devices, a line-current indicator

and two regulating-wheels for controlling the

dynamo, and two eccentrics arranged on the

~driving-shaft for obtaining accumulative and

diiferenti al action, substantially as deseribed.

. 'The combination, with a dynamo-electrie
nme]’une of two 1emﬂatmn devices, electric
cireults f01 eontlollmﬂ Smtl regulating de-

‘machine, of two stop-motion regulating de-
vices, electric circuits for controlling said

125.

vices, a line-current 111(11(3:.1101‘, two contact- B

arms, a series of resistance-conductors, and
two regulating-wheels for moving the contact-

engine 1, which 1s worked by a part of the | arms over the resistanee-conductors, and two




IO

20

30

35

40

eecentrlcs arrano*ed on the driving-shaft for
obtaining deeumula,twe and dlfferentml a.C-
tion, subsmntlally as set forth.

3. In a circuit-regulator arranged to vari-
ably increase or decrease the actwn of a
dynamo-electric machine, and in which a
strong increase or decrease of the line-cur-
rent 18 not necessary to produce variable ac-
tion, the combination of a line-current indi-

ea,tor two or more regulating devices, and

electrlc circuits for controlhntr sald regulat-

ing devices, eccentries for 0perat1nﬂ' the reg-

ulamnrr devices, and regulating-wheels for
controllmﬂ' the dynamoin such a manner that
1ts Weneratwe power may remain stationary

or be diminished or increased, Slestdntlally-

as set forth.,
4. The combination , with a dynamo-electric
machine, of two refrulatmﬂ' devices, electric

elrcmts .‘[or controllmﬂ' the regulating de-

vices, a line-current lDdlC&tOI‘ a,nd two regu-

lating-wheels for controlling the dynamo, and

two eccentrics arranged on the driving-shaft
for obtaining aeeumuldtwe and dlifer-entlal
action, substantlally as described.

5. The combination of an oscillating lever
b ¢, spring ¢, pawl q, stop-motion latch 7,
tempm‘m*y magnet E, spring /, and disengag-
ing-pin m with the wheel D, for ren'ulatmﬂ' a
dynamo- electme machine, qubstantla,lly as set
forth.

6. The combmalwn ‘with two or more reg-
lating devices and a drwmmshaft carrying

eceentmes for actuating Sald regulating de-"

vices, of two or more 1'efru1at1no'-wheels for
Bl‘&n‘%mlttll’lﬂ' the action of the reﬂulatmw de-
vices throun*h intermediate gearing to a shaft
regulating a dynamo- eleetrm machme, sub-
Stantla,lly as described.
7. The combination, with two or more regu- |

,clrcults and a line-current 1ndlcﬂt0r

410,663

lating devices and a driving-shaft carrying

eccentrics for operating said regulating de-

vices, of two or more regulating-wheels carry-
ing pinions held thereto in such a manner

‘that they may turn with said wheels when

the regulating devices act in concert to con-

.eentmte actmn accumulating according to

the operation of regulating dewces and sl1p

without turning with said wheels when the

regulating devices act in opposition for con-
centrating differential action, -substantially

as described.

8. The combination of a driving -shaft,
eccentrics on said shaft, two toothed levers,

each carrying a pawl, the regulating-wheels,
two stop-motion latches, each having an elec-

tro-magnet and -a spring to actuate 1if, two
sub-
stantlally as described. |

9. The combination of one or more toothed
regulamnﬂ'-wheels each having an untoothed
gap or space, one or more re’gulating devices
to move the regulating-wheels to the right or
left to an extent that will be limited by their

untoothed spaces, electric circuits, and a line--

current indicator, substantially as described.
10. The combination of a driving-shaft
carrying eccentrics, levers oscillated by said

shaft, pawls carrted by said levers, regulat-.
70

ing-wheels and gearing for controlling a dy-
namo - electric- machine, and stop-motion
latches actuated by electro-magnets through
changes in the intensity of the line-current to
cut oft the stroke of said levers at different
points, substantially as described.

, JULIEN M. BRADFORD.
Witnesses: |

H. M. BRADFORD,
A.'T. NOYES.
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Corrections in Letters Patent No. 410,663.-

-1t is hereby certified that in Letters Patent No. 410,005, JL_,1.f:1,nted September 10, 1339,

_up(m the application of Julien M. Bradford, of Portland, Maine, for an improvement

in “ Regulators for Dynamo-Electric Machines,” errors appear in the printed specifica-

tion requiring correction, as follows: In lines 54-53, page 1, the compound word ¢ cur-

rent- changers,” should read regulating devices, and in line 5, page 3, the word ¢ shaft”
should read shafts; and that the said Letters Patent should be read with these cor-

rections therein thc}t the same may conform to the recor d of the case in the Patent
Office.

Signed, Gountmswned,, and sealed this Sth day of October, A. D. 1339.

[SEAL.] CYRUS BUSSEY,
Assistant Seervetary of the Imterior,

Countersigned:

ROBERT J. FISHER,
Acting Commissioner of Patents.
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