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SRR ;~5?T0 a,ZZ wham tt may coneern. N

" g.invented certain new and useful Improve-

- other worde,
agnet coils,.

the power expended to, drlve the dynamo-elec- |
in accordance with !
- uthe changed resistance of its circuit; belng lees;' |
- ?_'30 a8 the resistance is lees, and greater as the-:

trlc machine varies dlrec

reeletanee i8 greater

lng the principles of our invention, a dynamo-

“arc type, the current from the machine pass-

- ing successivély threngh-all the lamps and:
throngh the field-maguets of. the machine. . If
_the electrical resigtauce of the circuit remains

i'?_ -..'.‘40 uniformthe carrent will remain uniform. Let

“now half ‘of the lamps be: removed from. the
elremt by ew1tchm ‘around them in'the ordi-
. 'pary. manner. The resistance of the. circuit
‘being thus rendered much less than before, the

mcreaeed
ineremmg the intensity of ‘the light from the

remammg #ix Jamps, throwmg a great strain

..current due to the circuit being of small re-

ce and gwing rlse to hea.ting of the mre

of Phlladelphla, Pennsylvama, have Jelntly.i

‘We ac-

S . (
Be 1t known that. we, ELIHU THOMSON and.s_ “If all the lamps but one be eut out of the eu- :
| cuit these disadvantageous effects are. enor-.
_.mouely intensified from the machine runnmg
cLE T on an almost short cireuit. -
- . ‘ments in the Regulatlon of Electric Currents | 1
:'f_f}?_ff._Deve10ped by a Dynamo-Eleetric Machine by |
" a Movement. of its Commutator Brushes, of
. Ijlﬁ';_-'_f":f:Whlch the followmg is such a. deserxptmn a8 |
10

tent traversing it.

is impracticable for continuous running, while
the third involves special construction of the =
machine, or the use of apparatus which greatly
'.cempllcatee theworking and requires frequent
“adjustment of the cemmutater te be made to L
~avoid short- -circuiting. S -

Eeeﬂs of the machme and other dlsadventeges

it is often desirable to reduce. the light-giving .

‘capacity of a mdchine, 8o as either to dimin-
| ish the amount of hght given outin each lamp

{or:to reduee the number of lampsin the eir- " =
‘will enable those’ elulled m the a.rt to ma.kef

DA ;-end use the same:
- The ebJeet of our mventlen 13 to pmwde 1m-!
. __.'_provedc means for. controllmg antomatically -
. thestrength ofan electric carrent flowingover.

a ¢ircuit. composed of a dynamp-electric ma-

- 227 chine and one or more: electric. lamps, orother’
~ appliances through which the current passes,.
" and $o obtain said control without the intro-}
PR 5'_?§ductmn of resistances assuch; and. without va--
‘rying the speed or field of the dynaino-eleetric |
“ ' machine, and at the same tlme if desired, to
- " utilize the reaction principle. for the magnetl-'

~ ' zation of said dynamo-electrie machine—or, in’
T to cause the current generated to
' :-'-_1"25 pass through the field-m |
| complleh theee résults at the same time .that |

cuit. - The latter result-has heretofore. been' 6o

"faceemphshed by the introduction into theeir- =
cuit, in place of the unused lamps, of equivalent
'_reemtancee of iron wire,; or the like, .or by
‘modifying the speed ‘of the macliine, or by
‘changing. the ﬁeld magnet eircuit or the cur- 65
‘The first method, or that =
of resistance substitution, requires that the. "~

saie power be. expended whether all 'or but .

few of the lights be used.  The second method . =

‘In the improved system of 0per£tt10n pre T

vided by our present invention we possess the . -
.ablllty to cut'out’ lamp after lamp-from.¢ir-
-euit, and yet maintain - a uniform current -
getrenﬂ-th in the remaining lamps andeconomy 80 R
- | of motive power prepmtlenal tothediminished
- Tiet us'suppose; for the purpoee of elueldat ! resistance, while the normal light-giving power

Of Gaeh lamp Il()t (‘,l]t out 13 I]]a,lnta]ned and an - S
" electric. machine. runnmg at .a constant speed: | o

R absence of heating or necessity for any other
. .'3i..-;.f'35 a.nd havmg in its .circuit twelve lamps of the

adjustments than those at the commutator.of 8 S5 -

|

the machine obviated. These adjustments are

referably made automatic, for we find. that -

~with the commutator need by us, as herein

‘specified, & proper adjustment of the commu-

| tator bemg effected when a certain resistance go '

|

is in circuit, a similar adpmtment will, when

“the: reemtance is changed, give the same cur-

‘rent. Inour eyetem we have employedadyn-
| amo- -electric machine in which the-eommu- -~
‘tator is constructed of three insulated segments g5
‘of aring connected to threearmature-coils.The

1;:'c(:-lleetntlg brushes applied to said commutator

- upon the motive power,caused by the increased |

are supported so as to be movable around the |
“commutator without ehaugmg therelative po-
eitmne of the two colleetore. . ThlS movement mo

~Yet, in’ praetlce, 55




of the collectmg br ushee .sm eﬂ Lnowu in the
a.l:b .

Figure 1 shows a commutator couswl:mg of
three insulated segments, K/, K", and K", and

' supposedly attached to the armature emla in .
‘accordance w ith ourformer inventions. Bear-
ing upon'the comsmutator-segments, and par
allel and opposite to each other, are two strips

. of metal, C €, for conducting off the ¢urrent
10 from the seﬂ'ments, and called *‘commutator

collecting-brushes. V- ~fFhestotbétwéeil or Bep"*"‘

arating two segments, K’ K" is made at an ob-
- lique :111,,1@, as shown

“each olher twenty to thirty degrees circum-
ferentla,lly around the commutator, a single

pair of colleeting-brushes are used, the planes | we are enabled, siniply by changing the posi-

of which are tangent to the clrcumference of
the commutator at opposite points and parallel

2¢ 10 each other, as before stated. - These collect-

ing-Lrushes are supported.on a bar, BB, Fig.
.1, moving concentrically with the center of
| the cemmutﬂtor and enabling the collectors

- CCtobe placed in different positions rela-
-2 5 tively to the comnutator-segments while still

remaining in the same positions relatively to

each other. The ends of the bur B B describe

the arcs shown in the dotted lines. The sup-
: posed direction of revolution of the commuta-
30 tor is shown by the arrow. The collectors C
"’ are mounted so as to be insulated from each

other, and ‘the current dlscharged into said

collectors from the armature-coils and. seg-

~ ments X, K”, and K", attached to them, passes

35
nets of the machine,
thence also into the circait of the lamps, 8ix
of which are indicated as 1, 2, 3, 4, and 6.
At each lamp is placed a smtch 8, by which.

40 any of them may be shunted around or cutout

of the circuit. When thesix lampsare being
‘used the collectors C C' are adjusted to the

proper position as to absence of spark and
~other irregularities,and to carry off the current

45 .of the normal working strepgth. Supposing
‘now that three of the switches be closed,so as to
remove half the number of lamps, a movement

of the commutator-collectors C C' forward.in |
‘the direction of revolution of the commutator

50 restores the current ‘to its former working

~ strength, and, even.though all the lamps but |

~one be su*ltched from the circuit, we tind that

a similar movement may be given to the col-

~ lectors, and that they may be set in such posi-

'?‘5_ of only the normal working’ ebrength Any
~number of lamps in circuit may thus be put
~ out of use and a position of the commutator-
collectors found which will 1estore the nor mal
current strength. | , -

~ YWe are aw are that jn the opemblon of-ecom-
mutators of the Pacinotti type, such as the
~ Gramme, Siemens,and the like,where the coils
- onthecar matureare numerous and connected in

60

from said collectors to. the coils of ﬁeld mag-
(indicated by M M,) and

tion as to discharge into the circuit a current |

“closed eireuit end to end, a movement forward

§

— T

1'tion ‘increases 'it,

founded is substantially as follows: E
revolution the commutator-segments have po- -

238315 -

brushes around suld commutfttor from the pe -
|'sition of maximum effect, or the position when -

' the commuator- segmente that are simultane- -
| ously In coritact. with a collecbmg -brush, are ,o .

of eqnal potential resulisin decreased. culreut

‘but the variation of the current so obtamed is
‘attended  with damaging. short - eircuiting of -

the coils of the armature—a fact well known in .

‘the.operation of such commutators when the. 7 5
‘position of equal potential mentioned is not
Cmatnvetred] " T Teur *eystem short; czrcu‘itmg
of the-armature-coils is prevented

When the two ends of |
a slot are angularly dlsple.ced with respecb to

‘Where - the-amount-of separation of the car-

_bon electrodes or lengtli of arc ‘of the lamps- 80 L
‘used in our system varies with the current:

strength, increasing and demeasmfrtheremth,

tion of the commutator collecting-brushes; to -
vary, the amountof carrent passing through 8s .
the lJamps, aud hence their light-giving power.

In practice, therefore, by a simple mov emenb

of the commutator-collectors:C'C/, we.are en-

abled to turn up.or down the hghts in the eir- -
cuit. A motionin the direction of revolution; gc" .

or in the direction of the.ar row; Fig: 1, di-

minishes the current- producmg power ot the
machine, while motion in the opposite- tlnee
- These results are accom--
phshed with a consumption of power depend-: 93; |

ing on the electro-motive force of the current
produced and without short-cireniting any of -

the armature-coils. ‘We. dre not aware ﬂum

‘these resiilis, nnattended by injurious effects, .
‘such as waste of power and ehmt mrcmtmg, 100 .

have ever before been realized. : - SR
The punciple upon whieh our eg Stéin - SR
During,

sitions one hundred and elghty degrees from
each other, of maximum positive and maxi-
mum negative polarity respectively. Whenthe

103"

_collectors C. €' are set for the nofmal current

with the total number of lamps in circuit, the '_
segments K’ X” K’ will bredk. contact mth '

positions of maximum electro-motive force. .
On removing some of the lamps:from the cir-" .

cnit the current is increased, but may be re- ~
stored to 1its ‘normal. streugth by placing the-115
commutator-collectors: C C..in ‘'such position
that segments are in contact with them when

the electro-imotive forceis below its maximum,
this being; accomp]ished by moving the col-
lectors forward in- the direction of revolution.

tator - collectors in an armatuare- coil system

‘with ‘three branches results from the fact that.
for the major part of the revolution but two 125 .
-armature-coils and their. corresponding seg-
‘ments, as K’ and K”, are in connection with

said brushes the - electw motive force of the -

‘current produced in the armature being, when,'
“both armature-coils—as those attached to K’ -130

and K”, respectively—are acting in the same

or backward of the commutater collecbmg h dlrecblon to produce current; the sum of their

110
- the collectors C C' shortly after passing their .

'r'2o .
‘The ability to so vary the electro-motive force
by a simple motion forward of the commus-



‘5 electro-motive forces, _.
L eegment as K/, may leave the celleetmg brush
G, even: after the armature-coil to.one termi-’

electro metl ve forces, and when t,hey are aetm g

‘oppositely to each other, as‘'when the commu-
tator-brushes are. placed far forward in the di- | ps
‘rection of revolublon, the difference ef thelr:f
‘In this'latter case the

-'nal of which said segment is atthched has

f:'-f: passed beyond the nent ral point, the current in-
‘said coil being prevented from reveremg at

“" - the neutral point by the superior electro-mo-

. tiveforce of theother armature-coil with which,

' for the time, it is ctonjointly acting, as that ar- |

- mabure coil one terminal of which is attached -
‘The moments when all three ‘segments
"-jrgj-.-irand then cerreepondmg armature - coils ‘are
- simultaneously in direct contact with: the col-
- lecting-brushes corleepond to the tlmes when
~either of the collecting-brushes C C’ is over: a
26 Slot between any two'segments. At this mo- |
~ment a transfer of the current takes place |
~ from the coil.and segment, leaving the com- |
" mutator- brush to the succeeding-coil-and seg-
~ ment coming into contact therewith, which

trausfer is repeated at every slot in the com-

"""""""

25
+ - mutator.

- "ble time, and the current produced is. due to

. the resultant action between the coils in-their .
. maximum position operating in. conjaunetion -
.30 with. coils that have. either passed or have
‘not; attained: that posmon “hen in cueulbmth’a

N 'the collect

35

4-5

50

rs cQ..
" We:haw

e speed is at its lowest the machine shall yet be

. This transfer occupiesanapprecia-
| present system.
~erating, theretore, so far as it relates to auto-
‘matic regulation, i3’ based uponthesame prin-
ciples of operatlon as our previous invention; .
-and it consists in an improved conetructwn;__.
‘| and.mode of use of the appara,tus employed in:
herembefore deséribed our mebhod- uPatent No. 223,659. R
. _of regu]atmg the strength of the current trav- |-
‘ersing the cireuit by a movement of the com-
- mutator collecting- brushee, so that whatever
©béthenumberof lamps in the ¢ircuit,up to the
© ‘maximum,the normalcurrent Btrengbh may be.
. obtained; but as in'practice the lamps are gen- |-
- to erally at a distance from- the: dynamo -electric.
" machine furnishing the -currgnt, and as fhe-
- switching out of clrculb of one or more of the
o f-‘lamps would necessitate an adjustment of the |
commutator-brushes, as before described, we
prefer to effect said adJ ustment automatlcall y
" and ‘without the introduction .of. resistance-
~ coils; and maintain, notwithstanding changes
0 in the number of lamps used upon the clrcult |
a practleally uniform current. strength with-
5-out requiring the attendance of the operator..
Wefind in praetlce, inoreover, that we obtain |
“with this automatic regnlatlon of the current
“str ength an independence of epeed varmtmns
‘in the machine, it being only necessary to 80"

‘adjust the speed of running that when the!|
8, or. equwalent eouutexbalnnce Wi

"’parts motions to said core, which: motmns are,
in turn, imparted. by therod R tmth-e suppor ts--‘. L
of the coamutator collecting - “brushes C ¢,
thus varylug their position WIth reepect te the’ o
"_segments of the commutator.

“Wearetherefore

- .

L -_j"";euﬂ?}elent in power to. mamtam the number of |
- Nighits plaeetl in itsbireuits. -
e able to Opemte snceesefully under conditions |
of motive-power variations that have hitherto
- been’ reeogmzed as: fatal to steqdmess of hght_ B
o .'._'ebtamed
o In Umted Smtes I’.a,tent Vo 223 6a9 J anu-_.;. |

any convemenb pomb

-electro- mwnet D following changes in the cur-
rent. -

i

L
b

clilnes, w hl(,h methed is addptable to the pres
ent casé of current regulation.
air of commutator-collectors, C (', are em-

‘ployed with an inclined or augulmly slotted
| _commutator, as hereinbefore mentioned, the
‘eurrent of the machine is caused to traverse -
an pleetro magnet, the variations in the power

‘of which current and magnet either directly or =
' mdlreetly serve to effect the adjustment of the
commautator-colleetors with or without centrif- -
agal regulatlon in a similar way to thatshown

1 and described in Patent No. 223,659, before re-

When asingie -

ferred to. Theregu]atlenef bheeurrentstrengthf[

‘isreadily obtained by causing the main current
of the machine, ora shunted portion thereof, -
to traverse an electro-magnetic controlling de-
‘vice, operating to throw into or out of-action -
‘an electro-magnet or equivalent motor device,
which, in turn, imparts motion to the commnu-
tator collectmg -brashes. T
‘vention, alrea.dy referred to, the motor device - -~

used may be adapted to move by the current, -

‘or by the motive power, or by suitable eleck R
‘work,orother mechanismadaptedtobethrown go =
ind or oub of action: by an electro-magnet, and .- =
constitutes, as before, a minor feature of our-

~Our present method of op-

In Fig. 2 the dlreet cu rfeut ef the maehme 1s

+AS in our former in-:

100.
'conveyed through the coils of the electro-mag- . - -

net D, pleced in the circuit of the machine at__ -

The core H is hung.upon a lever, L,

2

Itsarmature Bissuit-
ably supported s0.asto be mov able to and from .
the electro-magnet, as by the lever F, and. held-
away from the man-net by anadjustablespring, .
Z. Two contact-pieces, p g,are provided, adapt F
-ed tobe closed or opened by movements of the
lever F, due to variations in the power of the .~ .
110
The contact-pieces p ¢ serve as'a shunt.
‘of small resistance or short cireuit around an
‘electro-magneticcoil, G, provided withamova- -
‘ble core, H, suitably supported in the axis of
‘the coili
‘connected by a rod, R, with “the swinging. bar -
B B of the eommutdtm collecting-brushes, a
.dash-pot, J, being provided to prev ent toosud- -
-den and. leent motions.of thé Jever, |
;_'hlons in the magnetic pull of the coil G- upon.
its ironcore H, opposed by the action of spring  *
ight; im-

.[_0'51__. .- .

s

Varia- |
120

! | '-I- :"-,IS .I.I I I |

The mode of operation is snbetantmlly as

o _follows The cutting out of one or more lamps
" ary 20, 1880, before referred to; ye. have de- | from the circuit of the machine,oranincreasein
'hecrlbed a meane of auto matlcally adjusting the

o :commutater eellectors of dymmo eleebmc ma-

the speed of rotation of the latter, causes a cor-

1esp0ndmw mcreflse in the current tmversmg

I'je__- -




- armature E,"opposed by the spring Z, opens
~ the contacts P q, diverting the cunent of the.
~machine through the coil G, which, in attract-
ing its core H, readjusts the collecbmfr brashes
| carrent bll(}l]t L again

S

spring,

the circuit of which the eoils cfthc electro- mag- |
net D form a part, and a necessity for readjust--
‘ment of the commutator-brushes to prevent a’

continued increased current and sparks at.the
commutator. Theincreasedattractionuponthe

"(J LGS Drnwu'u the X
to the normal, dt whlch moment the mnabure
Ii 18 released by the magnet D, and the con-

tacts p ¢ are again closed, and arc ready to al-

Jow the same action to bc repeated on a fur-
ther 1ncrease of current strength., On the de-

~creasc in the current strength, due to any

cause, the armature E not being attracted suf-
fictently to open the contacts p g, the eurrent
isdiverted through them from the coil G , Which,
failing to attmcb its core H, a counteracting-
S, moves the commntatcr colleetors C
(7, so as to increase the current or raise it to
the normal. A dash- -pot,J,with oil or glycerine,

. prevents violent motions ‘of the lever L, and

35
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during normal action a sufficient number of
makes and breaks at the contacts p ¢ occur to
maintain the current at its proper Strength
and the collectors C ¢’ in their proper position
to maiitain that strength and avoid 111311110115
hurning.. An *ultomatlcrendmst.ment of posi-
{ion is thua magte to follow every removal of a
Limn from or introduction into the clrcmr

Fig. 3is a plan of the parts shown in Fig. 2,

the parts visible in said plan being demgnatcd
by similarletterstothosein Fig. 2,as described.
In Iig. 2 the various parts are shown as oc-
cupying positions separate from one another;

but in practice we sometimes combine the mo-
tor-coil &G and-core H, with the rod R, dash-pot

J, and spring S, into a single ccmpact device.
Phis combined device forms the subject of a
separate application for Letters Patent.

The magnet D and armature E, Fig. 2, in-
stead of {Lctmfr to open and close contacts P q,

may serve to tlmm in or out of action a me-.

chanicpl motor device by movements imparted
to a {riction-cluteh or its equivalent. In this
case the power which moves the commutator-
collectors or brushes is obtained eitherdirectly
from the rotary motion of the machine, or by
clock - work or other suitable mechanism

- thrown in or oul of action by variations in the

oy
'

; electro-maguet D we refer to I Fig. b

strength ol the currenttraversing themagnet D.
Asa tvpn of thismodified useof the contrcllm g

of t;-hc.c]cct-rc-nmgnct-__l')' are, as bcforc,;- placed

in any convenient part of the eireuit of the ma-.

~hige.  Thearmature I is mounted upon a-le-

~or, Iosuitably supported and free to move. |

support B B of the commutators.

- e -l

|

wy el

The coils |

_ Witnesses:

. p3w31s

The lever F bears a roller, R, agamsb whlch 60
hangs the rod R, attached to the swinging

Held by a -
spring, Z, away from the magnet D, the arma-

ture K is frc%to respond to variations of its at-

traction. e rod R 1s suitably guided and 65
attached to B B by a double joint or link. A
wheel or roller, W, rotated in the direction of -
the arrow by any suitable means, 18 placed at
a suuill interval from tie rod R, as shown, so
that the rod R is almost a tangenb thereto. 70
A band of raubber prcfembly surroundg the
edge of thewheel W. The remammg parts,S,
I> B, and CC), are as in Fig.’2, and serve the
same functlons |

“L'he operation is essentially as follows: On 7:
an abnormal increase of the current strength
the magnet D attracts its armature I, and so
moves the lever I as to throw the rod R against
the periphery of the rotating wheel W. The
friction of the wheel W upon the rod R so
produced results in a movement of the rod R
and the parts to which it is attached against
the elastic force of the spring S, resultmg in a
readjustment of the collectors C (', as h¥.ein-
before desceribed. A corrcspondmﬂ' decrease
in the current strength, and release of the ar-
mature B, the rod R being thrown out of frie-
tional contact with the thcl W by the spring
Z, is followed by a readjustment in the con-

brar y direction by the action of the spring 8. go, .

In praetice, a position of’ equilibrinm is soon
attained between the counteracting mﬂueuces, |

such as to maintain the carrent at a practi-

cally normal working stlcngth
We claim— -
1. In a eurrent- rcgulator for a dy namo- elcc-'
tric machine, the combination of a device re-

‘sponding to changes in the main or generated

current, a shifting commutator for said ma-
chmc, and mechanism -controlled by said re-
sponsive device to shift the commutatm to
those positions where the current.taken up by |
said commutator shall be constant.

2. Ina current-regulator for a dynamo-elec- |
tric machmc, an electro-magnetic device acted 105"
upon’by variations in the main or generated
carrent, an adjustable or shifting commutator
for the machme and mechanism controlled by
said electro- maguetlc device to adjust the com-

100 .

mutator to those positions where the main or 110.

generated current taken up by said commu-
tator shall be constant.

ELIHU THOMSON.
EDWIN .J. HOUSTON.

FREDK. F. CHRISTINE,
Geo. L. RICHE | -
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- Correction in- Lette

= It is hereby certified thatin Letters Patent No. 238,315, granted March 1, 1881, upon
g'- tke application of Elihu Thomson and Edwin J. Houston, of _Philadelpy*ia, Penn-
N sylvania, for an improvement in ¢ Current Begulators for Dynamo-electric Machines,”

- . | "an error appears requiring correction as follows: The drawings forming a part of said
= | patent should have been corrected, as directed by the patentees in an amendment and
'+ | drawing duly filed before the issue of the patent, by erasing the short line showiry

| § ‘connection of the electro-magnet D with hine ranning to the brush G’ and cpnueci;ed .
S | instead to wire leading from maguet G; that with sach correction, figures 2 aud 3 of

| -the drawings woald-hiave appeared B3 ujfod the slicet hereto attached marked 3; and
- that the drawings and the pati_ant shoald be read as herein set forth to make the same
conform to the record of the case in the Patent Office. . - | '

" Sigped, countersigned, and.sealed this 9th day of 0¢t0b¢r,.A'. D. 1833. '.
- . - - M. L. JOSLYN,

 [SEAL.] | . .
: - Acting Secretary of the Interior.
- Countersigned: | .
E. M. MARBLE, .
 Commissioner of Patents.
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