No..698,677. R Patented Apr. 29, 1902.
- T. DUNCAN. | '

- ELECTRIC METER.
A{Applicatim} filed Jan. 2, 1800. Renewed Dec. 16, 1801.)

(No Model.) 4 Sheets—Sheet I

o | “é{ 18 )
O 1
“ )Y O
| Gl
| TR LN I e T \
B [ 3 b 1 | /5
: 20 W 4 2o
| ' 4
: | | ] |
|
& e 5
A7~ l@:ﬁ' W N7
X (s
| | 1 | 44
N o /
QY 77
( 0005 1005 QS 0.
]
o
KILOWATT
. HOURS.
]
AT T = - e |
/7_!1|H If -”'h Nl — HI'!“” ””"”_ 17
S T TP —]
=) =l T ||/6'- — g
AN M= = It
‘ I { ﬂ“ | i
~_ ' ‘ ' ll[” II:“”H' .,:".._ |
| || T LT CLITTT T TTTTTCTTmg
O s <0 |
—— — 7/
Fig. 1
WITNESSES : . - INVENTOR. |

e . o i T'_bmzs'mmn
Ervon i e Y )

THE NORRAIS PETERS.CO., PHOTO-LITHO., WASHINGTON, D. C,




No. 698.677. ,, _ , Patented Apr. 29, 1902.
T. DUNCAN. B

ELEGTRIC METER.

[Apphca.tmn filed Jan. 2 1900. Renewed Dec. 16, 1901) |
(No Model.) 4 Sheets—Sheet 2,

!
|

78

B
M ' ' Ll ff
. 2 2 ) ,.- .-f..-.fx ffﬁ IO xv
| : %9 {:J-f:f frxf.«-'/ /A ff’ﬁr";'f Je sy f y; '{f"{ o

)

Y]

fffff;.fff TS r,r,-r.f.-'-:,;,-,, 77,

= Sembmcieen S
4 q.t 1?_,-, |

HIT1T SN N T R W B )1

”
T & i ,f .:':....r_ Jr..-f.f.{,. iy ,.,5.
Hoa NI IPEN VI VY A
e : ' A AR ?'r'-?r,.-'ff 5%
1 : ¥ f.r 2 7
- e,

I

D

I

SF | 28

ot

L, A f,-f*’.rf; A AP
i?ﬁ;,{f ff;;if;{ﬁ’;;:;?xff;fff 6
[ 705770000 100 A 0, 00

. 7 ?"f‘r’ 2 PN Y7

TTTTTTHERY X \,h“ I anvn A111%
O 1 _ , L1 ki,

ey S — S

|
| ,—-—--*'--"—-*——***-*—'“'---1::::_::;1"----'“"--—-,-'l' —| '|"“-r*-"|'

~ | Fig. 2.

WITNESSES : | | ' INVENTOR.

_ ,@’W,,z @@M %"Z"f% ,7%

THE HDHﬁIE PETERS CO., PHOTO-LITHO., WASHINGTON, D. C.




No. 698,677 . - Patented Apr. 29, 1902.
T. DUNCAN. - -

ELECTRIC METER.

. (Application flled Jan. 2, 1900. Rénewed. Dec. 16, 1801.)

4 Sheets—Sheei 3.

(No Model.}

"ff;r‘,;'ff ::Jj S 4 Y f;ff;f;ffff;f

Y ..-*'a'*,- LNl A fﬁf:"ﬂ-’f;x,f

g7 AP Le /z_,- -",-*'/4’1/#' A-r?’f Gl P, 5
AL 1 f e L 2 2SN f.-'.-’ff ..-'z*r_

----- - L
, i Y rYFrF PN I 2
- l :"’ﬁl .ﬁ o d.ﬁ.uf/r..:.#::: [ Pl ;',;...:,-;.;.;if,j":
ok (ALALS, /f/' ALV
It ook 77‘?7?;;;-;’—"' J-H"":",“ -?ffff?f#f
H-,L Av nr s Ly S 7, 2 L"
TN (TR - |
- ) I .
(W, '
X -
* — - 6
. \‘ =
. i -
i 7 “
7, ff;"-"'-"'#g t" Fr e
NN LI :‘.'-:,'ir' ":-".r Ny
Hfffff-’ff -”f..-sl'-"' v s .-;""f-'a.-

WITNESSES : | ! INVENTOR. -
| - THOMAS TDUNCAN

< vy @-W ' Larts a5

THE NORAIS PETERS CO., PHOTDO-LITHO., WASHINGTON, D. C.




No. 698,677. B  Ppatented Apr. 29, 1902.
- | "T. DUNCAN. S .
ELECTRIC METER.

Application filed Jan. 2, 1900. Renewed Dec. 16, 1901.) _.
(No Model.) - - 4 Sheets—Sheet 4.

-_._-.--'l-—---_------._.,—_
'--‘_
-.--

77

,.F..-"ﬂ"..-’..r..r"-“f ,f..-"'_f
A
- .-"' s
2 wf’ffxf AT ff;::,
f/lr J‘".i":.i" ,fffffffff;;
_.-':‘r fffff,-*fffff.f;ff

..-'Ir' L1277y ’ 7
'y ..-"'

-"""f*"-'"'-" sl lrp fff,.—,

fFUffff; .

e ;"'ff;’,‘,- < lfffv{f;f;;f;;;; -l'...-"f.,p Ay
..rf,-;-':, ”"”;"*’;,jg“"j,“”f’;fffx f;;?"""a
J:::"f;f";{#;ffa’fﬁf’f [1;!; ffffff;;fz;,
.-fff;,‘_f;-?, ;ff;ﬂ{,:v{r;;,rf;;f;;::;::;;f
R s PP r AV NG P s S e I\l
s AL T g g AR
i
o :
/" ey
"l-n-..'-..__ -'.."'___

-
e J—
e B J— Py
e - ek S ol B G ey

72 " =

WITNESSES : f | INVENTOR.

/d M{/Z @ W THQ{VAE .EUNCA
m 8 Dbt . %KA@%Y&‘

THE NORRIS PETERS CO, PHOTO-LITHO., WASHINGTON, D. C.




IO

£5

20

30

35

40

45

UNITED STATES

PaTrenT OFFICE.

TIHHOMAS DUNCAN, OF CHICAGO, ILLINOIS,

ASSIGNOR TO THE SIEMENS &

HALSKE ELECTRIC COMPANY OF AMERICA, OF CHICAGO, ILLINOIS, A

CORPORATION OF ILLINOIS.

ELECTRIC METER.

SPECIFICATION forming part of Letters Patent No. 693,677, dated .April 29, 1902.

(No model.)

Application filed January 2, 1900, Renewed December 16, 1801, Serial No, 36,059,

To all whom tt may concerr: |

Be it known that I, THOMAS DUNCAXN,a citi-
zen of the United States, residing at Chicago,
in the county of Cook and State of Illinois,
have invented a certain new and useful Im-
provement in Klectric Meters, (Case No. 324,)
of which the following is a full, clear, con-
cise, and exact description, reference being
bhad to the accompanying.-drawings, forming
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 invention 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 connection with |

other meters. |
More particularly, my invention has for its
object, first;an improvement upon direct-cur-

rent meters as at present constructed where-

by heavy currents may be measured ; second,
the employment of a new and simple form of

current - winding for producing effective |

torque; third, the provision of an improved

device for furnishing starfing torque which

18 adjustable to provide for variable compen-

sation; fourth, the provision of a torque-pro-

ducing device which may be adjusted- to
counteract any tendency the armature may
have to rotate upon no load, thus providing
for reversible compensation; fifth, an im-

proved construction of .a meter wherein. the

commutator or collector and the brushes en-
gaging the same are readily accessible.

In practicing certain features of myinven-

tion I preferably employ a heavy conductor
whieh may be formed of cast copper in the
shape of a letter S, the ends of this condue-
tor being adapted for inclusion in circuit with
a maln transmission-conductor, the S-shaped

conductor thereby constituting a field-wind-
ing.

| ings béinﬂ" inclosed by the S-shaped

‘inclosing an armature-winding.

An armature pleferably having two |
wmdmn's or setsof coils is provided, the wind- |

field-
conductor the loops of the conductor each
The arma-
ture-windings are thus sepa,ra,ted physically,
the central portion of the S-shaped field-con-
ductorintervening between the same. I pref-
erably . connect the armature- windings so

50

55

that current will flow through the same in

opposite directions. The current field-con-
ductoris preferably provided with vertically-
alined holes through which the armature-
shaft is passed. In order that the commu-
tator or collector may be accessible at all
times to permit cleaning of the same and of
the brushes engaging it, I preferably dispose

| the armature between the counting-train and
| the commutator.

In the preferred embodi-

60

ment of the invention the current field-con-

ductor constitutes a support for the upper
bearing of the armature-shaft. The torque-

adjusting device that I employ in my pres-

ent invention comprises a magnet which is

placed with its polesin juxtaposition with the
twowindingsof thearmature where two wind-

ings are employed. In order to adapt this
magnet for variable or reversible compensa-
tion, whereby a-starting torque may be cre-
ated where required or whereby tendency on
the part of the armature to ereep under no

Joad, as when subject to vibration, may be

counteracted I mount the magnet to rotate

‘about an axis extending tra,nsversely of the
‘axis of rotation of the armature, _
this feature of the invention is employed

Where

with an armature having a double winding,

the axis of rotation of the magnet is dlS*
posed between the windings of the arma-
ture, 80. that each winding may be cooOper-
atively associated with a magnetie pole. I
may employ either a permanent magnet or an

electromagnet with or without a magnetic
core.

I also provide for an adjustment of
the magnet toward or away from the arma-
ture toincrease or decrease its effect thereon.

I will more fully explain all the features of
my invention by reference to the accompa-
nying drawings, which illustrate the pre-
ferred embodiment thereof, in which— .
Figure 1 is a front elevation of a meter
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65 through the back piece to-the rear thereof,

‘erate with the armature.

ures. |
- In Fig. 81 have indicated a dlreot carrent

oonstruoto_d in accordance with the inven-
tion. Tig. 2 is a side view thereof.

ratus on line ¢ a of Fig. 1, circuit econnec-
tionsof the instruments beingdiagrammatic-
ally indicated. Fig. 4 is a detail view show-

Ing a coreless winding that may be employed

as apartot the-compensating device to cosp-
BFig. 5 is an eleva-
tion of the armature, showing another form
of compensating device associated therewith.
Fig. 6 18 a view of another form of winding
that may be employed in the compensating
device. Fig. 7 is adiagrammatic view illus-
trating the circuit 1elanlons between the se-
ries or current winding and the armature-
windings, the relative directions of current
to the armature-windings beingindicated by
the full line inclosing the same, while the di-
rection of the field-lines of force created by

the current in the current field-winding is

indicated by the closed dotted lines. Tig. 8
is a diagrammatic view illustrating the ecir-
cult connections of the armature and field.

Like parts are indicated by similar char-
acters of reference thr oucrhout the Seveml fig-

Wenorator 1 of heavy current supplying trans-
la,ting devices 2. A series field winding or
conductor 3 is included in circuit with one of
the mains 4. Thearmature-windings5 6 are
inclosed by the convolutions of the S-shaped
conductor. Thearmature-windings are pref-
erably duplicates of each other, the connec-
tions thereof being such that current will
flow through the coils of the armatures in
opposite directions. I preferably employ a
commutator 7 which 1s common to both of
the armature-windings, the armature-wind-
ings and commutator being mounted upon a
common shaft 8, provided with suitable bear-
ings at its ends. The commutator-brushes

9 Y serve to engage the commutator-segments ;

and to include the armature - windings in
bridge between-the sides of the transmis-
sion-circuit. In order to prevent too much
current from flowing through the armature-
windings, I employ ohmic resistance 10, which
i1s Included in series therewith in the same
bridge between the main conductors. As
shown most clearly in Figs. 1, 2, and 3, the
S-shaped field-conductor is rigid, being pref-
erably formed of cast copper. The verti-

cally-alined holes 11 are provided in three

parallel horizontal portions of the series con-
ductor, through which the armature-shaft 8
1s passed. Two metallic terminal posts 12 12
are provided for supporting a current-con-
ductor 3 at its terminals, the terminal posts

preferably being supported upon a vertical |
back piece 13, composed of marble or cther

suitable ma,terial Threaded stems 14 of the
posts are provided, these stems extending

Fig. 3
is a sectional view of a portion of the appa-

698,677

I Nuts 15 are screwed upon the said threaded

stems forthe purpose of connecting the termi-
nals of a main conductor with sald posts. The
armature-shaft 8 is provided at its lower end
withadamping-disk 16, whiech cobperates with
a pair of permanent maﬁ'neto 17 to retard the
rotation of the armaturo 1The upper bear-
ing 18 for the armature-shaft is preferably

mounted upon the rigid conduector 3, being
insulated therefrom.

| A rear extension 19 of
the support for the bearing 1§ is provided,
this extension supporting posts 20, provided
with vertical bores within which spindles 21
carrying the commutator-brushes may be
vertically and rotatably adjusted, clamping-
serews 22 Dbeing employed to secure the

70
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brushes in the positions to which they have

been adjusted. In order that access may be

‘readily had to the commutator and the com-

mutator - brushes, I preferably provide a
bracket 23, upon which the registering mech-
anism 24 may be mounted. This bracket 1is
placed in such position that the registering-
train is located below the armature, which is
thus interposed between the registering-train
and the commutator. I have shown a pinion
25 upon theshaft beneath the armature, which
actuates the counting-train.

Referring to Figs. 1 2,3,4,5,and 6, I have
shown a oomponsa,bin'g'magnet 26, which is
preferably provided with means for effecting
two adjustments thereof, one in a direction
transverse to the armature-shaft,whereby the
magnet may be moved from or toward the ar-
mature, and also a rotary adjustment where-
by the magnet may be reversed to change the

- polarity of the poles presented to the armas-

ture. 1 do not wish to be limited, however,
to the physical adjustment of the magnet for
reversing the polarity thereof as it is prebent-

ed to the armature.

I preferably provide the magnet with astem
27, which passes through a bore in the field-
conduetor 3, the said sbom being capable of
lonfrltudmal movement to move the compen-
sotm:ﬂ' magnet toward or from the armature
and rotarymovemont to effect the rotary ad-
justment of the magnet. Asthecurrentfiows
through the armature-coils in opposite direc-

tions, a single magnet will act effectively to
‘produce the desired torques.
will have one position of rotary adjustment

The magnet

to produce a starting torque to counteract
friction, while in order to provide for a re-
versible compensation to prevent the arma-

ture from creeping under no load the magnet

may be swung through a half-cirecle to present

poles of OppOSIte pohuty to the almatmo-

windings.
In I‘wo 1 and 2 I have indicated perma-
nent bar-maﬂoots for effecting these results.
In Fig. 3 T have shown an electromagnet

having a soft-iron coreinciosed by a winding.

In Iig. 4 I have shown an 8-shaped wind-
mrr uopmmded with a magnetic core.

g0

100

11O

115

I20

125

130




I0

20

25

30

35

40

45

50

55

- 6o

698,677

In Fig. 5 have shown two circular coils
mounted upon the stem 27.

In Fig. 6 I have shown two oblonﬂ* coils that
may form part of the cempensating device.

It 1s obvious that changes may ke readily
madein the apparatus hereiu 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-
struction shown; but, N |

- Having thus described my invention, I

claim as new and desire to secure by Letters

Patent—

1. In a wattmmeter, the eombmatlon with an
S-shaped field- oonduotm of an armature hav-
ing windings inclosed by ‘the convolutions of
Sd.ld conductor, and means forconnecting said
windings-in bmdﬂ'o between the sides of the
circuit in which the currenf is being meas-
ured, substantially as described.

9. In a meter, the combination with an S- |

shaped ﬁeld—conduetm of an armature hav-
ing windings inclosed by the convolutions of

sa,ld conductor the windings of the said ar-
mature being connected to ha,vo current flow |

through the same in opposite directions, sub-
stantlally as described.
3. In a meter, the combination with an S-

shaped field- conductor of an armature hav-
Ing windings inclosed by- the convolutions of
sald conductor, and a collecting device com-

mon to the windings of the armature, sub-
stantially as deseribed.

4. In a meter, the combination with an S-
shaped field-conductor, of an armature hav-
1ng windings inclosed by the convolutions of
sald conductor and a commutator common to

the windings ot the armature, substantially
~as deser 1bed -

5. In a meter, the combination with an S-
shaped field- conduotor of an armature hav-

ing windings ineclosed by the convolutions of
said conductor, the windings of the said ar- |

mature being connected to have current flow
through the same in opposite directions, and

a collector common to the windings of the ar-

mature, substantially as deserlbed

6. In a meter, the combination with an S-
shaped old-conduetor of an armature hav-
ing windings inclosed by the convolutions of
said conductor,' the windings of the said ar-
mature being connected to have current flow

through the same in opposite directions, a
commutator common tothe windingsof thear-

mature, and commutator- brushes for connect-
ing the armature in cireuit, substantially as
descrlbed |

7. In a Wattmeter,’tho combination witha

rigid S-shaped field-conductor, of an arma- |
turo having two windings, each convolution
of the ﬁold-conduetor inclosing a winding, a
commutator for the armature, and commuta-
tor-brushes for engaging the commutator and
including the windings in bridge between the .

W

sides of a transmlssmn-olrcmb substantlally 65

as described.
8. In a wattmeter, the oombma,tlou w1th a

rigid S-shaped ﬁeld conductor, of an arma-

| ture having two windings, each convolution

of the field-conductor inclosing a winding, a
commutator for the armature common to the
armature-windings, and commutator-brushes
for engaging the commutator and including
the windings in bridge between the sides of
a transmission -circuit, substantially as de-
scribed.

9. In a wattmeter, the combination with a
rigid S-shaped ﬁold-eonduotor of an arma-
ture having two windings, each convolution
of the field-conductor inclosing a winding, a
commutator common to the windings of the

armature and commutator-brushes engaging

the commutator for 1ncludmn' the ormaturo
between the sides of the transmission-cirecuit,

said windings being arranged to have current

flow through - -each in a direction opposite to

.that lowing in the other, substantially as de-
‘seribed.

10. In a meter, the comblnatlon Wlth an ars

mature adapted tu receive current from a dis-

tribution-circuit, of a magnetic corrective de-

70
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vice, and means for adjusting the same to-

ward or from the ar matm e, substantially as-

described.

11. In a meter, the oomblna,tlon with the
armature ther oof adoptod to.receive current
from a distrib_ution-oiro uit, of a magnetic cor-
‘rectivedevice cooperating with the armature,

93

sald corrective device being mounted to ro- .

tate about an axis transverse fto the axis of

100

| rotation of the armaburo, substantmlly as de- -
scribed.

12. In a meter, the oombmatlon W1th the |

armature thoreof formed in two windings or
setsof coills, of a sin ole magnotiocorreotivo de-
vice having two poles each opposed to a wind-

105

ing of the armature, and means for changing
the polarity of the said corrective device with .

respect to the armature, substantially as de-

.8cribed.

13. In a meter, tho oombmatlon mth tho
armature theroof formed in two windings or
sets of coils, of a single magnetic corrective
device having two poles each opposed to a

winding of the armature, said corrective de-

vice being rotatably mounted to change the
polarity of the poles of the corrective device

presented to the armature-windings, substan- -

tially as described.

. 14.. In a meter, the combmatlon W1th anar--
mature adapted to receive current from a dis-
tribution-circuit and havmn* two windingsor

sets of coils, of a single maﬁ'netle correotwe

device having two poles each opposed to-a
125

winding of the meter, substanmally as - do-

| sembod

110

113
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15. Ina metor the combination w1th an ar- -

mature adapted to receive current from a'dis-
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tribution-circuit and having two windings or | suitable journals for the armature, one sup-

sets of coils, of a single ma,fruetlc correctwe
device having two poles each opposed to a
winding of the meter, the said windings being

g connected to have current flow through each |

in adirection opposite to that flowing through
the other, substantially as deseribed.

16. In a, meter, the combination with a rigid

field - conductor of an armature ar ra,ncred

10 Wlthln the mﬂuence of-the field-conductor and

|

ported by the rlmd conductor substantially

as described.

In witness whereof I hereunto subseribe my -
name this 20th day of December, A, D). 1389. 1s

THOMAS DUNCAN.

\Vltnesses
WiLLiam F. HIEYER:,
JAMES W. DALTON.
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