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' SPECIFIC&TION forming part of Letters Patent No. 698,676, dated April 29, 1802.
Application filed January 2, 1900, | Renewed January 6, 1902, Serial No. 88,487, (No model.)

lo all whom it may concermn:

Beit knownthatl, THOMAS DUNCAN, a citi- |

low rectanguldr bar-conductor the opposite
ends of which may be connected with a main

zen of the United States, residing at Chicago, | transmission-conductor, so that the current

in the county of Cook and State of Illinois,
have invented a certain new and useful Im-
provementin HElectric Meters, (Case No. 323,)
of which the following is a full, clear, con-

cise, and exact description reference being
had fo the accompanying drawmﬂ'e formmﬂ' '

a part of this specification.

My invention relates to meters, and more
particularly to that class of meters in which
motors are employed for actuating counting-
trains or totalizing mechanisms or indicators,
my invention having generally for its object

the provision of a meter of improved con-

struction and circuit arrangements.
More particularly, my mventwn relates to
wattmeters for measuring heavy direct cur-
rent, although I do not wish to be limited to

this application of the invention, as features

thereof may be employed in connectmn W1th
other meters. -

More particularly, my invention has for its
object, first, an improvement upon direct-

current meters as at present constructed;

whereby heavy currents may be accurately
and safely measured; second,
ment of a double armature coacting with a
series winding for measuring current; third,
the provision of an improved magnetic drag
for retarding the motion of the motor.por-
tion of the instrument wherein the permas-

nent magnet or magnets employed for this .
purpose are provided with a permanently--

closed path for lines of force, whereby the

~aging or the permanency of the strength of

40

the magnets 1S maintained; fourth, the re-
duction in weight of moving parts of instru-
ments; 1ifth, the provision of a device for
furnishing starting torque which is adjust-
able,toprovide variable compensation; sixth,
the provision of a torque-producing device
which may be adjusted to counteract any
tendency the armature may have to rotate
upon no load, thus providing t01 reversible
eompensatmn

In practicingcertain features of my inven-
tion I preferably employ a heavy conductor,

“to which may be formed in the shape of a hol-

Lhe employ--

‘netice eireuit.

will flow through the remaining sides of the

conductor in parallel paths in the same di- 53

rection. I interpose an armature provided
with two windings or sets of coils between
these parallel sides of the series or current
conductor. The windings of the armature
preferably have common connection with &
commutator or other collecting device, the
windings being so relatively arranged that
currenb flows throuo‘h the. coils thereof in op-
posite directions, whewby the effect of the
current flowing through the parallel sides of
the rectangular conductor upon the arma-
ture will not be neutralized. A shaft is em-
ployed upon which the duplicated armature-

‘'windings are mounted, this shaft being pref-

erably hollow and prefembly rotatably
mounted at its ends. A damping portion is
supported at one end of the shaft, preferably
the lower end, this damping portion being
preferably in the form of a disk of alumini-
nm. I preferably associate a pair of perma-
nent magnets with the damping-disk and pro-
vide a closed path for lines of force thereotf
preferably by causing the corner portions of
the permanent maﬂ'net to touch, the remain-
der being forced to thread the disk owing 1o
thereluctance of the magnetic eircuit.
vide an improved adjusting device whereby

the damping-magnets may be adjusted rela-

tively to the disk without breaking the mag-
This I preferably accomplish
by providing a pair of parallel guiding-slots
in a base portion of the meter-frame through
which clamping - screws engaging clamps
holding the magnets pass, these clamping-

screws being adjustable longitudinally of the

slots. I preferably place the counting-train

or totalizing mechanism abhove the commuta-

tor to permu ready access thereto.
The torque-adjusting device that I prefer-
ably employ consists of two magnets each

with a pole presented to an armature-wind- |

ing, the poles of the magnets presented to
the armature-windings being preferably of
unlike sign. The magnets are preferably ro-
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| tatably mounted to secure proper relative ad- 100
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justment between the armature-windingsand
the poles presented thereto, or where there is .

a tendency of the armature to rotate upon no
load the magnets may be swung completely
about to present the opposite poles to the ar-
mature-windings to counteract this tendency.
I do not wish to be limited, however, to the
employment of two mafrnets

I will more fully explam all the featmes of
myinvention by reference to the accompany-
ing drawings, which illustrate the preferred
embemment thereof in which—

Figurelis a front elevatlon of a meter con-
structed in accordance with the invention.
Fig. 2 18 a side view thereof, a portion of the
armature-shaft being broken away to show
1ts construction. Fig., 3 is a plan view of
parts of the mechanism. Fig. 4isa side ele-
vation of the armature- Wllldllflﬂ's and a pair
of compeusatmfr magnets associated there-
with. Hig. disa plan view showing my im-
proved dampmw device. Fig.6isa dl&”[‘&m-
matic view illustrating the 011“011113 IEldtIOHS
between the series or current winding and the
armature-windings, the relative direetmns of
current through the armature-windings be-
ing indicated by the full line melosmfr the
same, while the direction of the field lmes of
force created by the current in the current
field-winding is indicated by the closed dot-
ted lines. I‘w‘ 7 isadiagrammatic view illus-
trating anothm type of compensating mech-

- anism that may be cooperatively assomated
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with the armature. Fig. S8isa diagrammatic
view illustrating the cireuit connections of
the armature and field. Fig. 9 is a detailed
view illustrating the manner ot adjusting the
clamp that supports a permanent damping-
magnet.

Like parts are indicated by similar char-
acters of reference throughout the several fig-
ures.

In Fig. 8 I have indicated a generator 1 of
heavy cument—supplymw tmnslatmw devices
2. A series winding or eonduetm 3 18 In-
cluded in cireunit W1t11 one of the mains4, this
current-conductor being provided with par-

allel paths 5 5, between which the armature-

windings 6 6 are placed. The armature-wind-
ings are preferably duplicates of each other,

the connections thereof bheing such that cur-
rent will flow through coils of the armatares
in opposite directions. I preferably employ
a commutator 7, which is common to both of
the armature- WlIldlIlﬂ'S, the armature-wind-
ings and commutator being mounted upon a
common hollow shaft 8, )romded with suit-
able bearings at its ends. Thecommutator-
brushes 9 9 serve to engage the commutator-
segments and to include the armature-wind-

ings in bridge between the sides of the trans-

mission-c¢ircuit. Inordertopreventtoomuch
current from flowing: t,hrouﬂ'h the armature-

- wmdmgs I employohmlc Lemsta,nce 10, which

18 included in series therewith in the SAMeo
bridge between the main conductors. The

| space inclosed by the conductor 3.

| posts.
| supported thereby are preferably formed

‘armature to overcome the friction.

698,676

most clearly in Figs. 1, 2, and 3, where I have
disclosed the conductor as being rigid and
having an interior rectangular contour, the
armature-windings being disposed within the
~ Verti-
cally-alined holes 11 are provided in the up-
per and lower horizontal sides 5 5 of the cur-
rent-conductor,
armature-shaft 18 pa,ssed. Two metallic
terminal posts 12 12 are provided for support-
ing the current-conductor 3 at points mid-
way between the horizontal sides 5 5, the ter-

minal posts preferably being supported upon

through which the hollow

75

30 '

a vertical back piece 13, composed of marble -

or other suitable material. Threaded stems
14 of the posts are provided, these stems ex-
tending through the back piece to the rear
thereof. Nuts 15 are serewed upon the said
threaded stems for the purpose of connecting
the termiunals of a main conductor with said
The posts and the field-conductor

of copper. A magnet 16 is preferably asso-
ciated with each armature-winding 6,
magunets being preferably mounted upon a
Vertwa,lly disposed and rotatable shaft 17,
supported at its upper and lower ends in the
horizontally-extending arms of a bracket 18,
also preferably secured to the back piece 13.
A knurled thumb-piece 19 is secured to the
lower end of the shaft 17. A set-screw 20
serves to secure the shaft and the magnets
supported thereby in any position to WhICh
they have been deusted As the current
flows through the armature-coils in opposite
directions, in this instance, the poles present-
ed to the armature-windings are of unlike
sign. When the instroment.is adjusted, as
indicated in Figs. 3 and 7, the magnets will
cause a starting-torque to be exerted upon the
1f, how-
ever, there is a normal tendency on the part
of the armature to rotate when there is no
load—as, for example, due tothe vibrations

QO

these
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105
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of the instrument owing to the operation of

machinery in its neighborhood—the magnets

‘are rotated approximately through a half-

circle to cause the said magnets to act as
brakes to prevent the armatme from rotat-

‘1ng under no load.

In IFigs. 2, 3, and 4 I have indicated per-

Imanent bar- maﬂfnets for effecting the% re-

sults.

In Fig. 71 have shown two elecbromagnets,
soft-iron cores provided with windings 21 and
21, wound to produce the proper pola,mtleq
bemn" connected in the same bridge with the
mmatme windings. I prefemb‘y support a

totalizing or counting mechanism 22 upon

the outer, upper, and horizontal face of z

bracket 23, projecting horizontally from the
back piece 13.
23 separately from the back piece and secure
the back piece and bracket by means of
Screws.
through thefr amework of the totalizing mech-

1 preferably form the bracket

Fastening - screws 24- may project

conductor 5 1s preferably formed, as shown | anism into the bracket to secure the tota,hz-
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120

125

130




(O

20

30

35

40

45

50

35

6o

698,676

ing or counting mechanism in place.
commutator is located beneath the totalizing
mechanism, so that access may be readily
had thereto, the commutator-brushes being
secured at their rear ends to spindles 25, in-
serted within vertical bores provided in the
posts 26, secured upon the bracket 23. Set-
screws 27 are employed for securing the spin-
dles 25 in any position to which they have
been rotated or vertically adjusted. 'The
shaft 7 is provided with bearings at its ends,
the upper bearing being carried by the frame

of the totalizing mechanism. A wire 28 is

shown in Fig. 2 connected to the posts 12
and 26 to connect one of the brushes 9 with
a main. I preferably provide a dampiug-
disk 29 upon the lower end of the armature-
shait. I preferably employ a pair of perma-

nent magnets 30, cooperating with the disk,
and in order that the magnets may not lose_

strength I provide a per manent path for lines
of force thereof, preferably by bringing the
corner portions of the magnets into contact
as indicated most clearly in Figs. 1 and 5
By this arrangement sufficient lines of force
thread the damping or retarding disk to re-
tard the rotation of the armadture, while at
the same time the magnets do not lose their
strength. DBy providing a path for the lines
of force of the damping-magnets I am en-
abled to construct ameter which may remain

without recalibration for a very long period.

In order that the damping effect of the mag-
net may be adjusted, I preferably mount ea,eh
magnet upon a clamp 31, which may be se-

-eured to a bracket 32, preferably extending.,

horizontally from the vertical back piece 13,
parallel slots 33 being provided in the bracket

or base 32, through “which clamping-screws |

34 are passed from beneath the base into en-
gagement with the clamps 31. When it is
desired to adjust the damping action of the
magnets, the screws 34 are loosened and the

magnets are simultaneously shifted, where-

upon the screws 34 are retightened when the
desired adjustment has been secured,
slots 33 serving to permit the permanent mag-
nets to remain in contact irrespective of thelr
adjustment.

In Fig. 91 have indicated a cla,mp contain-
ing & portlon of a permanent damping-mag-
net, an alternative position of the clamp be-
ing indicated by dotted lines.

While I have herein disclosed an electro-

magnet for correcting errorin the rotation of
the armature as being provided with a core,

1 do not wish to limit myself to a man'net em-

ploying a magnet-core:

In some of the claims I use the tel m ‘“col-
lector” in the sense of a commutator or other

conducting device for conveying emlent to
the armature -

It is obvious that changes may b,e readily |

made in the apparatus herein shown and par-
ticularly described without departing from
the spirit of my invention, and I do not, there-
fore, wish to be limited to the precise con-

The |

|

the

=

struction shown or to the partleula,r applica-
tion of specific features of my invention; but,
Having thus described my: 1nvent10n I
claim’'as new and desne to secure by Lotters
Patent—-
- 1. In a mefer, the combination wmha cur-
rent - conductor having parallel paths and
adapted for inclusicm-in series’ with a main
conductor, of an armature adapted for inter-

position between the sides of the circuit, the

said armature being disposed between the
said parallel paths, the armature being pro-

vided with two adjacent Windingsfree of a

current-field portion between them and so re-

70

75

80 |

lated that current will pass through the same

| in opposite directions, substantially as de-

scribed.
- 2, Inameter,the combmabmn with a closed

conductor 3, of terminal posts 12,12, securing

85

the eonductor in place and connected with

oppositesidesthereof, whereby parallel paths
are afforded for current passing through the

conductor, and an armature inclosed by the- go

conductor thearmature having two adjacent

‘windings free of a current- field portion be-

tween them and so relatively arranged that
current will pass through the same i in oppo-
site directions, said windings being adapted
for inclusion in bridge between the sides of

05

the dIStrlbutmﬂ' elrcmt substantially as de-

| serlbed

3. In a meter, the combination, with a ear-

rent- eonductor having p&rallel paths and
adapted for inclusion in series with a main
conductor, of an armature adapted for inter-
position between the sides of the circuit, said
armature being disposed between the. said

‘parallel conduetors the armature being pro-

vided with two ad;]a,eent windings free of a

100

105

currgnt-field portion between them a collec- .
tor common to the said windings, and means |

for effecting connection between the said

windings and the sides of the distr 1but10n -Cir-

cuit, subqta,ntlally as described.. -
- 4, In a meter, the combination, Wlth a CUr-

I1IO

rent conductor having pamllel paths and

"adapted for inclusion in series with a main
conductor, of an armature adapted forinter-
‘position between the sides of the circuit, said
‘armature being disposed between the said

parallel conductors, thearmature being pro-

vided with two adjacent windings free of a

current-field portion between them, a com-
mutator common to the said wmdmﬂs, and
commutator-brushes engaging the commuta-
tor for including the said windings between

115

120

‘the sides of the d1str1but10n cireuit, substan- |

| tially as described.
5. In a meter, the combmatlon wwh aQ cur-_

125

rent - conduetor having parallel Daths and.

adapted for inclusion in_ series with a main
conductor, of an armature adapted for inter-.
position betWeen the sides of the circuit, said
“armature being disposed between the said

130

‘parallel conductors, the armature being pro- .
vided with two adjacent windings free .of a

current-field portion between them a collec-
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tor common to the said. wmdmﬂ'e and means ] number of lines of force threading the disk,

for effecting connection between the saild
windings and the sides of the distribution-cir-
cuit, the windings of the armature being so
relatively disposed that current will flow
through the same in opposite dir ectwne, sub-
stantially as described.

6. In a meter, the combination, wwh a cur-
rent- conductor having parellel paths and
adapted for inclusion in series with a main
conductor, of an armature adapted for inter-
position between the sides of the circuif, said

armature being disposed between the said

parallel eonductore ‘the armature being pro-
vided with two ed;]a,cent windings free of a
current-field portion between them, a com-
mutator common to the said windings, and
commutator-brushes engaging the commuta-
tor for including the said windings between
the sides of the distribuation-cireuit, the wind-
ings of the armature being so relatively dis-
posed that current will flow through the same
in opposite directions, substantially as de-
scribed.

7. In a meter, the eombmatlon with the ro-
tatable reterdmﬂ' element thereof, of a perma-
nent magnet coeperating therewit,h to check
the speed of rotation of the movable member
of the meter, and a portion of magnetic ma-
terial in metallic contact with the poles of said
magnet for short-circulting lines of force
threading the magnet away from the retard-
ing element and confining them to the closed
maﬂ'netle circuit meludmn" the permanenb
magnet substantially as described.

8. In a meter, the combination with the ro-
tatable retarding element thereof, of two per-
manent magnets for retarding the rotation of
the movable member of the meter incladed
in a closed magnetic cireuit to short-circuit
lines of force threading the magnets, to re-

duce the number of lines of force threading

the rotatable element, substantially as de-

‘seribed.
45

9. In a meter, the combination with the ro-

- tatable retarding element thereot, of two per-

50

manent magnets therefor, having direct con-
tact with each other to short-circuif lines of

force threading the magnets to reduce the
number of lmee of force threading the dlSk

- substantially as described.

55

- justing the said magnets with relation to the
s&id’ rotatable retarding element, without re-

60

10. In a meter, the combination with the ro-

tatable Ietardlne‘ element thereof, of two per-
manent magnets therefor, heving direct con-
tact with each other to short-circuit lines of
force threading the magnets to reduce the
number of lines of force, and means for ad-

moving ‘the magnets from comaet with each
other, substa,m:ielly as described. .
11. In a meter, the combination with the ro-

- tatable retarding element thereof, of two per-

manent magnets theretfor, having direct con-
tact with each other to short-circuit lines of

and a support for the magnets prowded Wlth
parallel guiding-slots a,nd clamping-screws
passing through the guiding-slots for secur-
ing the magnets in place, whereby the mag-
nets may be adjusted with relation to the ro-
tatable retarding element without being re-
moved from contact with each other, substan-
tially as described.

70

75

12. In a meter, the cembmatwn with a ro- -

tatable armature adapted to besupplied with
current through its coils from a distribution-
circuit, of an adj ustable magnet cooperating
therewith for correcting the movement of the
armature, eubetenblelly as deseribed. o

8o

13. In a meter, the combination with a ro-

tatable armature adapted to be supplied with
current through its coils from a distribution-

cireuit, of magnetic means cobperating there-
with to correect the movement thereof, the

said magnetic means beingadjustable, where-
by a pole of either sign may be presented to
the armature, substantially as deseribed.

14. In an electric meter, the combination
with.a rotatable armature having a winding
adapted to receive current from a distribu-
tion-cireuit, of a rotatably - adjustable mag-
netic device for correcting the movement of
the armature, substantially as deseribed.

15. In a meter, the combination with an ar-
mature provided with two windings or sets
of coils, of a pair of magnets each co6perating
with an armature-winding, whereby error in
the movement of the armature may be cor-
rected, substantially as described. |

0Q

95

00

16. In a meter, the combination Wlbh an ar-

| mature promded with windings through
which current is adapted to ﬂew in oppoelte

directions, of a pair of magnets presenting

[O§

unlike peles to the said wmdmﬂfs, substan-

tially as described.

17. In a meter, the cembmatlon with an ar-
mature promded with windings, through

| which current 1s adapted to flow in opposite

directions, of a pair of magnets presenting

unlike poles to the said windings, the said

windings being rotatably mounted, whereby

the poles presented to the &rmeture-wmdmee

may be reversed, substantially as descrlbed
18. In a meter, thecombination with thero-

110

115

tatable armature thereof, adapted to receive

current from a distribution-circuit, of an elec-

| tromagneticdevice havingawindingincluded

in circuit with the said armature, the said
magnet serving to create poles of unlike sign,
the said magnet serving to correct error in
the movement of the armatme substentmﬂy
as described.

19. In ameter, the cembmebwn with the ro-

: tatable ermetme thereof, adapted to receive

carrent froma dlstrlbutlon cireuit, of an elec-
tromagneticdevice havmwewmdmﬂ'mcluded

1 in elrcult with the said armeture, the said

magnet serving to create poles of unlike sign,
the_ said magnet serving to correct error in

force threading the magnets to reduce the | the movement of the armature, the magnet

120

125

130
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being rotatable, whereby a pole of either sign
may be presented to the armature, substan-
tially as described.

20. In a meter, the combination with a ro-
tatable armature adapted to be supplied with
carrent through its coils from a distribution-

circuit, of a magnetic device coOperating

therewith for correcting the movement of the
armature, and means for reversing the polar-
ity of the magnet as it is pr esented to the ar-

mature, subgtantla,lly as described.
21. In a meter,thecombination with the ro-
tatable retarding element thereof, of a per-

manent

check the speed of rotation of the movable
~member of the meter, and a portion of mag- |

magnet coOperating therewith to

5

[ netic material opposed to portions of both

poles ofthe permanent magnet and conveying
lines of force from one pole of said magnet
to the other, whereby lines of force th1ead1nn'

‘the magnet are short-circuited away from the

retarding element and confined to the mag-
netic circuit comprising the magnet and the
said portion of magnetic matemal, substan-
tially as desecribed.

In witness whereof I hereuntosubscribe my
name this 20th day of December, A. D. 1899.

THOMAS DUNCAN. .

Witnesses:
WiLLiAM F. MEYER,
JAMES W. DALTON.
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