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To all whom it may concern:
Be 1t known that I, THOMAS A. KDISON, a
citizen of the United States, residing at Llew-

ellyn Park, in the county of Essex and State | | |
| registration of the first increments of cur-

g of New Jersey, have invented certain new
and useful Improvementsin Electric Meters,

(Case No. 1,047,) of which the followingis a
description. :

My invention relates to various new and

useful improvements in electric meters of the
type described in my patent dated October
23, 1900, No. 660,293, wherein is employed a
constant speed-motor, which drives a register
at a speed substantially proportional to the
‘current consumed.
‘seribed as a specific embodiment of the in-
vention an electric motor the speed of which

was maintained constant by a centrifugal

speed-governor,the motordriving one element
‘ofafrictional variable-speed gearing,the other
element of which was connected to the regis-
ter, and the relative positions of such gear

‘elements being determined by an ampere-in- |

dicator directly influenced by the current to
‘be measured. With said meter I provided

‘means for periodically separating the two co-
operating elements of the variable-speed gear- .

ing in order that the ampere-indicator might
be free to respond to variations in the con-

sumed current and not be subjeet tothe fric-

tional engagement of such codperating ele-
ments. - -

My present improvements are designed to
simplify the construction and increase the ef-

ficiency of an electric meter of the specific.

type described 1n said patent.

The improvements relate, first, t_odthe con- |

‘struction of a centrifugal speed-governor for
the electric motor, by means of which its ef-
ficieney and durability will be inereased; sec-
ond, to improvements in the construction and
arrangement of the ampere or other current

indicator; third, to the use of cut-out devices _ |
| ing weights 11 at their lower ends. The short

for short-circuiting the ampere-indicator 1n
the event of destructively-large currents in
the circuit; fourth, to- an improved manner
of connecting the register with the constant-
speed motor, whereby during periodic inter-
vals the current-indicator will be free to ad-
just itself to changes in the load absolutely
independent of any friction other than the

~negligible friction of the knife-edge pivots ol |

S

In my said patent I de-

tric motor.

the scale-beam; fifth, to the employment of
means whereby may be overcome a slight
errordue tothe magnetic inertia, which I have
found to exist in meters of this type in the

rent; sixth, to the doing away in an eleectric.
meter of magnetic, electric, or elastic con-
stants, which are necessarily variable, and

the employment of gravity only as a constant,

and, finally, to various otherdetailsin the con-

| struetion and operation, all as will be more

fully hereinafter set forth and claimed.

In order that my invention may be better
understood, attention is directed to the accom-
panying drawings,forminga partof this speci-

fication, and in which—

~ Figure 1 is a front elevation, partly in sec-
‘tion, showing the operative parts of my im-

proved meter; Fig. 2, a plan view thereof;
Fig. 3, a detail view of the cam and part of
the register; Fig. 4, a rear view of the cam;
Fig. 5, a side view thereof; Fig. 6, a front
end 'view thereof; Fig. 7, a cross-sectional
view thereof; Fig. 8, a diagram of the motor-
cirenits, and Fig. 9 a detail view of the bot-
tom bearing of the armature-shaft of the elec-

In all of the above views corresponding

| parts are represented by the same numerals

of reference. |

1 represents an electric motor of any suit-
able type, the armature 2 of which is mount-
ed on a vertical shaft 3. This shaft is stepped
on a bloek 4, of phosphor-bronze or other
hard material, which is received in a verti-
cally-adjustable cup 5 (see Fig. 9) for hold-
ing oil, so as to lubricate the shaft, as will
be understood. The armature-shaft 3 passes
through a bearing 6, carried by a suitable
base 7, which in turn is secured to a back
plate or bed 8. An arm 9 is secured to the
armature-shaft below the bearing 6 and ear-
ries at its free ends the bell-eranks 10, hav-

arms of the bell-cranks are provided with
buffers or friction-pads 12, made, preferably,
of fiber, and said pads cooperate with a disk
13, secured to the under side of the base and
made of hard smooth material, preferably a
olass disk cemented to said base. As the
speed of the armature 2 increases the cen-
trifugal weights 11 will swing outwardly, en-

100
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gaging the friction-pads 12 with the surface

| 13 so as to Impose a resistance to the rota-
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twe effect, whereby a practically constant
speed of the motor-armature will be secured.
Mounted in suitable bearings on the base 7 is
a shaft 14, which is rotated by the armature-
shaft 3 by' any sultable gearing, such as a
worm 15 and gear 16. This shaft carries a
barrel 17, to the periphery of which is se-
cuared a cam 18 of the generally triangular
form shown. The cam 18 may be separated
from the barrel 17 or he integral therewith,
as will be understood. Obviously so much

of the barrel 17 as is not coincident with the

cam 13 may be dispensed with. Further-
more, the barrel 17 may be entirely dispensed
with and the cam supported in other ways
from the shaft 14. Said cam is curved lon-
gitudinally on the arec of a circle struck from
the pivot of a scale-beam 19. The pivots of
this beam are formed by knife-edges 20, bear-
ing on lugs 21, carried by an arm 22, which
arm 18 rigidly secured to the plate 8. De-
pending from the beam 19 is an arm 23, which
works in an opening 24 in the arm 22, and

carried by the arm 23 at its lower end is a
register 25 of any suitable and appropriate
type. This register may be operated from a

gear 26, driven, for instance, through a worm
connection from a vertical shaft 27, as shown
in Kig. 3. The shaft 27 is preferably pro-
vided near its lower end with a gear 28, which

18 engaged with and driven by a worm 29 on

a shaft 30. The end of the shaft 30 opposite

the worm 29 is carried in a slotted bearing

31 and rests upon an adjusting -screw 62
The engagement between the worm 29 and
gear 28 18 .t:.uch as to permit the free end of
the shaft 30 to move slightly in the slotted

bearing 31 and away from the adjusting-

screw 32 without cramping or otherwise af-
feeting the driving operation between the

shafts 30 and 27. Carried by the shaft 30 is

a friction-wheel 33, which is adapted to be

periodically engaged and rotated by the cam
13 as the latter passes beneath said friction-

wheel. As the frietion-wheel is caused to

-engage different portions of said cam under

the effect of the current to be measu red as

will be deseribed, said wheel will be driven

through dlffelent arcs to operate the register

inter mlttently at a speed proportional £0 the

6o

current consumed.
T'he register 25 and the elements carried

thereby are preferably counterbalanced by

counterbalance - weights 34. Connected to

the scale-beam at one end by means of a

knife-edge connection 35 is a core 36 of an
ampere-mdlc&tm sald core being made, pref-
erably, of the purest Norway iron. In order

that this core may be made as light as possi-

ble, it is plefembly hollow, as mdlcdted and
may be provided at its ends with plun*s 37.
At the opposite end of the scale-beam is an

adjusting-weight 38, which sufficiently coun-

teracts the Welght of the core 36 as will per-

_‘

to be referred to are energized by such cuar-
rent. The ampere-indicator coils just men-
tioned are wound, preferably, on a coppertube
39, whieh is suitably carried by a support 40,
secured to the plate8. The meterillustrated
is intended specifically for use on a three-
wire system, in which case each of the out-
side wires (see Fig. 8) is in series with one
solenoid-coil or set of solenoid-coils which are
wound on the tube 39. Preferably with the
three-wire meter these coils are arrghged in
the four sets 41, 42, 43, and 44, as shown in
Kig. 1, each set bemﬂ'formed of a single layer
of eomparatwely coarse insulated wire helice-
ally wound in position.” The outside coil 41
is connected with the inside coil 44, as shown,

and said colls are arranged 1n series, for ex-
ample, with the negative main, as shown,
while the inner coils 42 and 43 are connected
together and are arranged in series with the
other main. By this arrangement the com-
bined magnetic eifect on the core 36 of the
coils 41 a,nd 44 is substantially equal to the
combined magnetic effect thereon of the coils
42 and 43, whereby corresponding movements
of the core 36 will be produced by a corre-
sponding current in either the positive or
negative main. This arrangement also en-
ableq me to shorten the vertical dimension of
the solenoid and to thereby reduce the length
and weightof the core. Thesolenoid coils re-
ferred to may be supported upon the tube 39
by means of a splitcollar44’, asshown, where-
by said coils may be also vertically adjust-
able with respect to said tube.” Ifindin prac-
tice that an ampere-indicator comprising one
or more solenoid-coils and an overweighted
core movable freely therein produces a propor-

| the firstincrementofcurrenttraversesthe coil

rent are caused to traverse said coil or coils,
owing o magnetic inertia of the core. Al-
though this error could be compensated by
| properly changing the form of the cam 18, as
will be obvious, I prefer to correctit by the em-
| ployment of acorrectiveauxiliarycoil45,made
of very fine wire and wound, preferably, on
the outside of the ampere-coilsand to arrange
the same, as shown, in series with the motor
1 across the line from one of the outside wires
to the neutral wire, as shown, or between both
i of the outside wires, as will be obvious. I
find in practice that the minute current nec-
| essary to operate themotor 1 and which trav-

erses the corrective coil 45 tends to overcome
the magnetic inertia of the core 36, so that
the latter becomes proportionately responsive

colls. In orderto prevent injury to the deli-
cate moving parts of the meter should the

| latter be sub;ject to adestructive current, as
might oceur in the case of a short circuit be- |

yond the meter, I prefer to employ a mag-
netie cut-out device 46 for each outside main

mit the latter to be moved to extents pr opor- i In a three-wire circuit or for one of the mains

tional to the current consumed when the coils

tionately-shorter movement of thecore when

or coils than when added increments thecur-

to the currents influencing the ampere coilor
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. each of whmh when &ttrac‘ﬁed ig adapted to ,

?03051

of a two-wire clrcmt and the arm&ture 47 oﬁ

~_close & shunt 48 around the ampere-coils,

“each shunﬁ meludmg the Ea-,id. &Lmature, as

In order to limit the extreme move- L
' short-cireuit the ampere- emis.

';jthe generation of Fouecault currems in the-
‘copper tube 39, due to.the presence in .the
{ ampere ccil or emis of such a, destructive eur-

shown. |
ments of the. core .36, 1. preferably ﬁmploy}
elastic buffers 49, Whmh are-carried by arms

50, secured to’ the plqte 8 above aud below

- smd core, as.shown.

IQ

20

25

3G

| reg:str&tion;

"The operation of my 1mprmred meter is. aa :
‘be suﬁment to prevent the core 3

be almost in engaﬂ'ement with the, na,rmw end, | medlately mspondmg thereto, and in:conses-

follows: Normaﬂy the friction-wheel 33 will

of the cam 18.  'When the meter is. properly‘

conneéted up. for use ‘with the mator in mul-}
-' Jeetmna,bf{e extent.

tiple, the latter will commence to operata

until its speed reaches. the deswed “point,.

whereupon such speed will. e maintained
constant by the centrifugal speed-governor
deseribed. The slight currant which trav-
erses the motor &lse influences the corrective.
coil 45 to overcome the magnetic inertia of
the core 36, so that when any current influ-
ences ihe. ampere-cmls on.either or both the.
outside mains the core 36 will be attracted te
the proper proportionate extent, swinging the
scale-beam 19 onits pivotand causing thﬁ frie-
tion-whesl 33 to be. sngaged by the proper part
of the cam 18 as to give the desired rate of
This movement of the. scale-
heam 19 under the infiuenge of the current to.

be measured?can take place without resist-

ance during that portion .of the rotation ‘of |
the shaft 1«5—1 when the cam id withdrawn from

- engagement with the friction-wheel, as will

40

45

50

55

._69

be understood. At thistime it will be.obvi-
ous that the ampere-indicator-will be free tq
adjust itself to the current to be measured
absolutely independent of any friction other
than the negligible. friction imposed by the
knife-edge -pivots 20. . At each rotation of
the, 5ha,fl. 14, therefore the cam 18 will en-
gage the f_rmtwn-wheel 33 to move the same

‘in a,; smaller or larger are, according to the-

current. to be measured, and. in this engage~
ment belween the cam and the frietion-wheel
the latter will be slightly elevated to lift the:

free end of the shaft 80 from the adjusting-
serew. 32, the shaft falling baek upon such.

a_ﬁ,]ugtmg-scmw after: _the_ cam has ceased to
engage the friction-wheel. - By thus regulat-
ing the adjusting-screw 32 so that the lower

- edge of the friction-wheel will be slightly be-

low the planeof the cam 18, whereby the lat-
ter will slightly elevate the frwtmmwherel at
each engagement therewith, I.do away with'
the necessity of securing a constant and deli«

cate adjustment between the cam and- frie-

‘tion-wheel and.at the same time prevent the
possibility of any lost motion due to-ordi-.

nary wear of either of said elements. By
winding " the -golenoid - coils: upon, &' eopper

!
|
5

'Sta,ntla,lly as set forth..

‘substa,ntmlly as sggt forth..

=

the current to be measured.. When a de-
snruetwe eu rrent tra%rses thé eireul t, as may
‘océnr in the case .of ‘a short ecircuit ‘beyond
'the mefer, the magnetic cut-out or cut-outs .

will” elme one or boﬁh of the shunts 48 10

By reason of -

5

rent, the dampening. effect refermd o mll

'fﬂ(m. im-

quence.the ampere coil or coils will be short-
circuited befors the gore is moved to an ob-

sufficient force to dislodge the pwaﬁs ‘of the

beam.
damp@mng‘ or making sluggish the move-

If means were. not employed for

In this movement the ..
core will engage the buffers 49, but not with '

oo
0

ments of the core, the latter would be moved

to its full extent ander the. influence of the
destruetive currents before the coil or coils.

could be. shori-cireuited and. there would be
danger of the pivots of the scale-beam Dbe-

9 O

coming dlslodtmﬁ or the.ineter @tharmse de-« '.

ra.nged

‘Having now deaembad my mvemmﬂ wh&t
I claim. asnew, and Gemre tosecure by Lett@rs.ﬂ

Patent, is as follows:

95

1. Iﬂ an alectme meﬁer the GOﬂ*blH&’GIGL o

‘with.an overbalaneed beam, a cote connected
to-one end of said beam, asm‘tmnary g¢oll sur-
rounding said eore-ﬁnd travéersed by thecur-
rent t@bbe measured, a register connected to
and movable with th@ beam, and a friction-

wheel movable with the beam and connected’

with said register, of a cam with which said

friction-wheel periodically codperates, andan

electric. motor eonnected ‘across the line for

100

10§ .

rotating said cam .ata constant Speed sub-ﬁr

2. in an electric meter;

| ‘the :cqmbmatmnv
'with an averbalanced beam, a core ¢dHnnecied’

i

‘to one end of said beam, astationary coilsur-

rounding said coreand traversed by the sur-
rent.to be moasured, & register mnnect@@r to
and movable with _'izh& beam, and: a friction-

wheel movable with the beam and ednnected
with said register,of a cam with which said

friction-wheel periocdically codperates,an elec-
tric motor connected across the line for rotat-

' ing said cam at a.constant speed, and an aux:
iliary coil of high resistance surrounding: the 1z
eore fm;- overeommf" magnﬂtm merism W thGL‘li'

$anf
et

Wy

3. In an eleciric meter

with 9n overbalanced beam,. a'core connected
to one end of said bea,m a stationarycoil sur-
rounding said core and fraversed by the cur

the wm mna,tmn, -

25

rent to ba measured, a register connected to

tubey as explained, I dampen or make slug- .
- gish the movements of the core.36; {mtboub '
however, affecting the accuracy of the, indi--

cator,) owing to the generation of Foucault

- eurrents in said tube due to variations'in the

strength of said coils produesd by changes in

trie motor ﬂnnected across the iine for rotat-
[ing said eam at ¢ constantspeed, atdan 2y

gnd-movable with the beam, and & frietion-
-wheel movable with-the. beam and cénnectod
.with said register, of a-cam with which-said
fricsion-wheel periodically coapemtes,an elec-

130




4

itiary coil-of high resi§tance surroundingthe |

core for overcoming magnetic inertia w1thcut
producing saturation or polarization thereof,

- said €0re belnﬂ' in series mth the moter eub-—"

5 stantially as set forth.

-4, 14 an eleéctric meter, the’ ccm‘bmatmn _
with & beam, a current-indiecator for moving,
said beam, a magnetic cut-out in series with’

the current-indicator for short-circuiting the

1o latter. when a destructive current hraverses

the cnt-cut and a register connected to and
movable with the beam of a variable-speed

gearing, one element of which is movable with {
the register, and a motor for operating the
15 other element of said gearing, substantially

-as and for the purposes set forth.

5. In an electric meter, the combma,tlen "

~with a current-indicator ha,vmn' a movable

- element, a beam to which said ._element_ is con-
zo0 nected, elastie buffers for limifing the  ex-

treme movements of said element; and 8 reg-
ister, of a variable-speed gearing the p051t10n

of whose elements is determlned by the posi--
tion of said beam, and a motor.for driving the
2y register through emd varlable-*speed ﬂ'e.a,rmg, :

eubstantla.lly as set forth. . -

6. In an electric meter, the ccmbmatwn
'with a beam, a core connected to one end of
said beamni, a copper tube surrounding said

30 core and in which the core is freely meveble,

an ampere-coil wound on the tube and trav-

ersed by the current to be measured, and a
register, of a variable- -speed gearing the Po--
.. sition of whose elements is determmed by the
-~ 3% posmcn of said beam, and a mototr for driv-
' mg the register through said variable- 3peed.

gearing, substantially as set forth.
7. In an electric meter, the combination
with a beam, a core connectcd to one end of

40 said beam, a copper tube. surroundmg said
‘core and in which the core is freely movable,
- an ampere-coil wound on the tube and trav-

ersed by the current to be measured, elastic

buffers for limiting: the extreme: mcvements'
45 of said core, a,nd a - register, of a. variable-

Speed gearing the posmcn of Whose elements

is determined by the position of 'said beam,
and a -motor for dr1v1ng the reg ister through
substa,ntlally as

said variable- speed gear1n

so set forth. | |

8. In & three- ere meter, the comblnatwn
with a beam, a core connected to one end of
a copper tube surrounding said.
core and within which the coreis freely mov-.
55 able, four ampere-coils Weund hehcelly and

said beam, a

inner coils being connected in serles ‘'with one
‘of the outside mains and theé two inner coils
being connected in series with the other out-
6o side main, and a register, of a variable- speed 1
goaring the position of whose elements is de-
termined by the position of said beam, and a |’
motor for driving said register through ‘sald.
variable-speed gearlng, eubsta,ntla.lly as set,

05 forth.

9, In-an electrlc meter the combmatwn'

mth a bea.m, a core. connected tc one end of

708,051

s2id beam, an ampere-cml surrounding the.
core and traversed by the current to be meas-
| ured, and a register, of a variable- speed gear-

ing the position of whose elements is deter- -
 1-mined by the position of said beam, a motor
‘fordriving sa.ld register through said variable-
‘speed gearing, and an a.umlla,ry coilinclosing -
‘the core for cverccmi'ng the magnetic inertia
thereof without producing saturatlen or pe-

la,rlzatlon substantially as set forth. -

s

5

10. ‘In -an electrie meter the ccmbma.tlcn- :

with a beam, a core ccnnected to one end of

said beam, an ampere-coil surrounding the
core and traversed by the current to be meas-

‘ured, and a register, of a variable-speed gear-
ing the position of whose elements is- deter-
-*mmed by'the position of said beam, a motor

fordriving said register through said variable-
speed gearing, and a stationary auxiliary coil

.1nclosmg the core and in series with said mo-
tor, substantially as set forth. -

11 In an electric meter, the cernbma,twn
with a beam, an ampere- indicator ‘the mov-

8o

85

9o |

able element of which is connected with said

‘beam, said indicator including a coil trav-
“ersed by the current to be measured, a regis-

ter, and a motor for operating said register,
of -a magnetic cut-out arranged to close

shtunt arcund the ampere-coil when said cut-

out is influenced by an abncrmal current
subst&ntlally as set forth.

95

12. In an electric meter, the combination

-'-w1th a register, an ampere mdlccter, and a

va,rla,ble-epeed cearing’ . the position of whose

i elements 1s determmed by said indicator, of

100

a coustant-speed motor for driving the regis-

a centmfuwel speed-regtlator for said motor
employing

13. In an electric meter, the compination

a weighted bell-crank carrying a
friction-pad - Wh1ch cooperates with a glass:
friction-surface, substantially as set foth

{ ter through the variable -speed gearing, and

105 .

with a registeranda drwlnb-motorf_of' allam- 110

movable, substantially as set forth.
14. In an. electric meter, the combination
with aregister and a drivin ﬂ'-mctor of an am-

pere-indicator comprising a ‘beam, a core con-
-nected to one end of said beam, a coil for in-
|-fluencing the core traversed by the current to -
-be measured, a copper tube on which the coil
t iswound and in which the core is freely mov-
able, and elastic buffers for limiting the ex-.
__treme movements of said core, substantlally.
as set. forth.

15, In an. electrlc meter thc comblnatlcn

fluencing the core traversed by the current to

be measured,amagnetic cut-outinecircuit with
‘said coil for ahuntmg the same when a d.e-

structive current 18 traversmg the coil, and a“

.pere-lndlcetor comprising a beam, a core con->-
‘nected to one end of said beamn, a coil forin-.
fluencing the core traversed by the current to;
“be measnred and a copper tube on which thg

coil is wound and in which the core 18 freely 115

I20

125

l"wn;h a register and a drwmfr-motor of an am-
pere- mdlcatcr comprising a beam a core ¢on-.
nected to one end of said beam, a coil forin-

130
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eapper tnbe on whwh the coil is wound and
in which the core is freel " movable, substan-
tially as set forth. -

- 16. In an eleectric meter the combmatlon
with a register and a motor for operatmﬂ' the

‘same, of an ampere-indicator comprising a |

- coil, a core, and an-auxiliary coil for subject-

ing the core to an mmal maﬂ'nettzmﬂ' ef"eet

E

without prodnemg polarization or satmation
thereof, substantially as set forth. |

This speclﬁeatmn signed a,nd mtneqsed thx%
28th da,y of Septembei 1800,

Witnesses:

- HRAN
. JNO.

THOMAS A, EDISON

L. DYER,
. TAYLOR.

10.
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