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ThlS invention relates to telephone meter--

- 1ng systems, and more particularly to means

for periodically reversing the direction of

- current flow in a telephone circuit to operate

- 8 a meter which records the length of time the
telephone 1S 1n use.

It 15 an object of thls 1nvent10n to prowde

-- e novel, efficient and i Inexpensive means which

. 1s edepted to supply talking current and
10 meter operating current for such systems and
' Whmh eliminates the necessity of using ex-

pensive auxiliary apparatus for reversing the

direction of current flow therein to operate
the recording device.

15 The invention oompmses, n eombmatmn

with a telephone metering system, a direct

current generator equipped with brushes

“which may be periodically shifted to reduce
tact with the opposite sides of the commu-

tator 24 and are Tastened preferably by rock-

 the current produced by the genérator grad-

20 ually to zero and build 1t up gradually in the
opposite direction and a means for period-
leally shifting said brushes.

The drawing illustrates dlagrammatlcally_'

. a telephone system embodying the invention.
28 In the drawing, two subscribers’ stations A
and B with subscriber sets 1 and 17 are shown
with subscribers’ loops extendmg to the cen-

tral office and terminating in the jacks 2 and
Asshown, A represents the station of the

2’

30 calling subscriber and B that of the called
~subscriber. There are located at the stations
meters M and M’ which are adapted to re-
spend to current verla,tmns in the. subscrlb
ers’ loops. -

illustrated as the 1mpedance coil feed type.
Obviously, a cord circuit of the repeating coil
feed type may be used, if desired. The cord
circuit shown comprises the usual current
source 3 grounded at 4, a_current supply
bridge comprising the nnpedanee coils 5, the

~ capacities 6 and 6’, the cord. conductors 7 T,

- 8 and 8’ and the superwsory relay 9. Nor-

mally, the current supply bridge of the call-
ing subscriber is connected to the source 3

45
through the armatures 10 and 10’, the con-
~tacts 11 and 117, and the leads 12 and 127,
switching 1 meane 13 is provided to dlsconneet
the current supply bridge of the calling sub-

80 scrlber from the source 3 end to connect it to

The cord circuit C of a central oiﬁce 1S here |

1nvention.
be used to cause the rotation of the collector

This switching
means which is under the control of relay 9

‘comprises the relay 16 grounded at 17, the
‘armatures 10 and 107, the conductor 18 the

._the dlreot current generator G through the
armatures 10 and 10’, the contacts 14 and 14*
~and the leads 15 and 157,

55

contact 19, the ermeture 20 and the souree 21 -

grouinded at 99.

The direct current generetor G comprises
60

a magnet with north pole N and south pole

S, the armatiire 23 the commutator 24 and
'the brushes 25 end 26. The armature 23 is
shown -as the closed coil ring type and in-

cludes a plurality of coils 27 forming a closed

circtilt with leads 28 conneetlnn' said coils to
the bars of the commutator 24. Other types

of armatures may be used if des1red ‘Brushes

25 and 26 are positioned so 4s to be in con-

ing -brush rigging to the collector rings 29

a,nd 30, respectively. The collector ring 30
1S supported by the splder 31 and the col-

65
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lector ring 29 is rigidly fastened to the col- .

Jlector ring 30 by the insulated joints 32.

Stationary bruehes 33 and 34 which are con-
nected to leads 15 and 15" are positioned so

as to be 1n. contact w1th collector Tings 29
and 3C, respectively. The collector rings 29

and 30 w1th the brushes 25 and 26, respective-

Iy, are adapted to be rotated perlodwell}] |
through a predetermined arc, for example,

orie- half 1evolutlon As shown the arma-

used without departing from the scope of the
Any suitable drwmg means may

rings and brushes and any suitable means
may be prov1ded to regulate the arc and time

of rotation. Asdiagrammatically shown,the
driving means comprises a eontlm:lonslyr re-

| shaft 36
through a friction clutch 87 to the splder 31

volving motor 35 connected by

and the regulating means comprises a sole-

“noid 38 which is momentarily energized at
- predetermmed intervals of time by the clo-
sure Of 1tS clrcult Wthh 18 eontrolled by the 100

80 .

- ture rotates in a clockwise dlrectlon and the
collector rings and brushes in a counter- 85
~clockwise direction. An armature of the sta-

tionary type with a rotating magnet may be

00
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clock mechanism 39. The solenoid has an
armature 40 which, in its normal position,
engages one of the stop lugs 41 which are
fastencd at opposite points on the surface of
the collector ring 29. "T'he momentary ener-
o1zatlon of the solenoid 38 attracts 1its arma-
fure 40 and releases its engagement with the
stop lug 41.  Immediately thereafter and be-
fore the collector ring has completed 1ts one-

half revolution, for e:mmple the solenoid 1s
deenergized and its armature 1s restored to

its normal position by means of ribbin spring
42 to engage the other stop lug. As soon as
the stop lug 1sreleased from engagement with
the armature 40, the collector ring which 1s
under constant tension, due to its connection
with the continuously revolving motor 35
through the shaft 36 and the friction clutch
57, rotates, for example, on-half revolution
at substantially constant speed until its other
stop lug engages the armature 40. Obvious-

ly, the brushes 25 and 26 are rotated at the

same time as the collector rings 29 and 30.
It 1s to be understood that this invention 1s
not limited to the particular forms of driving
means and regulating means shown, nor to a
magnet having only two poles. A condenser
element 44, preferably of the electrolytic
type, 1s connected in parallel with the gen-
erator circuit through the stationary brashes
45 and 46 to absorb the ripples in the com-
mutator current and to prevent any noise
that might be caused by generator operation
from oettuw into the talking circuit.

Althou rr'h the question of sparking between
the brushes and the commutator bars is large-
ly a problem of design, several features have
been embodied in the . generator constituting a
part of the present invention to plevent
sparking. Inan ordm,,uy generator, the coils
which are directly under the brushes are No-

nentarily short-circuited. If the brushes are
1)0‘-“-’11310116(1 i the neutral area of the mag-

netic . the area in which the
coils are not CULtlﬂf" any lines of force but

are moving pamllel theletom——thew 1S no 1n-
cuced current acting in the short-circuited
coils. At this time. the current 1n the cir-
cuit of the active coils is flo wing through the
leads of the short-circuited coils, the corre-
Spondmn' commutator bars and brushes.
When these commutator bars pass out from
uncler the brushes, said 0011% are thrown as
perfectly idle coils into the cir cuit of the ac-
tive coils and the current flowing 1n this ecir-
cult will, for an instant, contnme to flow
through qald 1@‘1( s and q*ud commutator bars
and spark across the intervening space to the
brushes. due to the r%elf-nlductmn of said idle
coils. On the other hand. if the brushes are
placed in a retarded position with respect to
the neutral area of the magnetic field and the
clirection of rotation, thpre wﬂl be an induced
electromotive force actmn‘ in the short-cir-
cuited coils, which electr omotive force will

1,818,067

produce a large current therein due to the low
short-circuit resistance. This current will
tend to flow 1n a direction opposite to that of
the current in the active circuit. When the
commutator bars corresponding to said coils
nass out from under the brushes, both the
large short-circuited current and the current
of the active circuit will, for an instant, con-
tinue to flow from the commutator bars to the
brushes, due again to the self-induction of
the short- 0110111ted coils, and thus cause spark-
ing. In the generator disclosed in the draw-

ne, the brus shes are placed 1n an advanced
]JOSlth) n with respect to the neutral area of
the magnetic field and the direction of rota-
tion. DBecause of this, as the coils pass the
brushes, they, having already passed the neu-
tral area, are becrmmnr:r to enter the forward
macrnetlc field and to cut the magnetic lines
in such a way as to tend to set up 1n them a
current in the reverse direction—namely, in
the same direction as the current in the cir-
cult of the active ceils. Hence self-induction

will not be present in the coil at this time and

no sparking will result. In order to prevent
sparking when the brushes are being rotated,
carbon brushes having adequate contact re-
sistance and being large enough to cover at
least two commutator bars are employed.
Due to the contact resistance of the carbon
brushes, the resistance of the brushes to the
current flowing from the commutator bars in-
creases as the area of contact between the
brushes and the bars decreases. Obviously,
this tends to prevent sparking. By making

each brush large enough to cover several com-
mutator bars at the same time, part of the
current produced by the active coils passes
through the short-circuited coils while it 1s
still under the brush. Hence, when 1t passes
out from under the brush, self-induction, as
regards this current, will not be present and
the1e will be no tmdenc*, for this current to
spark across the space between the commu-
tator bar and the brush.

the self««induction of each co1l 1s reduced to a
minimum. Thisisobtained with a given volt-
age and current output by emplownn‘ 1 axi-
mum number of coils, commensurate Wlth
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As a further Sa.fegua.rd against sparking,

. 118

practical design, and 2 corresponding mini-

mum number of turns in each coil. Likewise,
the provision of comparatively wide pole
pieces, as shown, distributes the m"lfrnetlc field
11111f0rmh* over a large area and avoids con-
centration at any one point.
may be employed to prevent sparking, for ex-
ample, artificially increasing the resistance of
that part of the brush that last touches the
commutator bars and mmewsmg the resist-
ance of the leads 28.

The operation of the system is as follows:
When the calling subscriber at station A re-
moves his receiver from the hook to initiate
a call, the operator, in response to the signal

Other means

120

130



| est-ablishés a, conne_c'tion to-the 'centr'al office
1n the well-known manner. At this time, the

1,816,987

current flows from the positive terminal of
the source 3 through the lead 12, the contact
11, the armature 10 the upper left impedance
coil 5, the cord conductor 7, the jack 2, out
over the subscriber’s loop thr ough the meter

- and the subscriber’s set, back through the

10

18

20

the contact 19.

jack 2, the cord conductors 8, the lower lefs

1mpedance coll 5, the armature 107, the con-
" tact 117 and lead 12’ to the netratwe terminal
of the source 3. After the connection has
been completed through the cord circuit C to

the station B of the called subscriber and
when the called subscriber removes his re-

ceiver from the hook, the circuit including
“the relay 9 will be closed. The closure of this

circuit and the resulting energization of the
relay 9 causes the latter to attract its arma-
ture 20 which establishes a connection with

The estabhshment of this

- connection closes the circuit of the relay 16

30

and causes its energization. When energized,

‘this relay attracts 1ts armatures 10 and 10’ to
25

brealk thelr connection with the contacts 11

and 11’, respectively, and to establish their

connection with the contacts 14 and 14/, re-
spectively.
ply bridge of the
calling subscriber with the source 3 and con-
nects them to the generator (x through the

contacts 14 and 14" and the leads 15 and 157,

During this period, the generator G 1s sup-

_ plymtr current to the calling subscriber’s loop

35

40

and the source 3 to the called subseriber’s
loop. At predetermined intervals of time,

for example, every fifteen seconds, the clock

mechanism 89 causes the enﬂ'afrement between

the armature 40 and the stop lug 41 to be
momentarily released and the bru%hes 25 and

26 are rotated for example, one-half revolu-
tion as hitherto described. As they rotate

from their normal position to the mldpomts '

- of their arcs of rotation, the current in the

45

50
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calling subscriber’s Ioop 1s gradually de-
creased, due to the bucking of the electro-
motive force induced in the coils on the op-
~ posite sides of the armature.

‘At the 1nstant
the brushes reach the midpoints of their arcs

of rotation, there is no difference in potential
between the brushes and hence the current in

the calling subscriber’s loop is zero. When
the brushes pass these midpoints, the current
is reversed, flowing from the brush 26

. through the collector ring 30, the brush 34,

the lead 157, the contact 14’ tho armature 10’

- ductor 8, the jack 2, out over the subscriber’s
- loop, the meter and the sitbscriber’s set, back

60

y through the jack 2, the cord conductor 7 the
upper left 1mpedance coil 5, the armature 10,

~ the contact 14, the lead 15, the brush 33 and

the collector ring 29 to the brush 25. As the

" brushes 25 and 26 continue to rotate until the

| This breaks the connection of the
impedance coils of the sup

plete_d5. the reve_r-sed=' cur_rent; 18. gradually. in-

creased to its maximum. 'These reversals
which occur during the conversation at pre-
determined intervals of time take place very

‘rapidly, for example, in .01 seconds and each

revolution causes the operation of the meter
located in the calling subscriber’s loop ‘The
meter located in the called subscriber’s loop
1s not. operated due to the fact that the cur-
rent therein is not reversed. '

‘Although the invention has been. descmbed' .

specifically as a current reversing system, it

70

should be understood that a. qystem in which

‘the current is varied from a maximum to zero
and back again to a maximum of the same

polarity 1s within the scope of this invention.
As shown and deseribed, the generator is

connected on one side of the cord circuit only,

since, 1n general, 1t 1s desirable to charge the

call to the calhng subscriber-only. It isobvi-
ous, however, that the same mechanism could
be apphed on the other side of the cord cir-

cuit or on both sides of the cord circuit, if
desmed or may be used in place of the source
3 to supply talking current to both subsecrib-

ers’ lines. The mechamqm shown in the
drawing below the dotted lines. 43—43" may
be common to all the cords of a given ex-

“change or to a group of cords or, if desired,
may be sup_phed to each of the cords- sepa-

rately. Likewise, the connection of the: gen-

80

89
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erator with the cord cireults may be. unde N

the control of other means than the relay

the connectlon

- 'While this invention has been 1llustlated '
1n connection with a typical cord circuit,

1n such a manner that the operation of the. -

meter will begin at any desired tlme durmfr 100

usmﬂ' manual Operatlon 1£-18 apparent that S

it is equally app] tcable to machme sw1tchm<r

apparatus |
What is claimed is: o 3
1. In combination, a. magnet ha,vmﬂ' a
plurahty of poles, an armature 1n(3111d1n

core and a plurality of coils around said: core 5~Iﬂ10 o
“adapted to have electrocmotive force induced =~
‘therein by relative rotation between said mag-

net and said armature, a commutator includ-

ing a plurality of bars, said bars and said coils

--bemcr electrically connected to one another,

a pair of collector rings insulated from each
other, a pair of brushes fastened to said col-

‘105

3

lector rings and adapted to be in electrical -

contact with opposite sides.of said commuta-

tor, and means for peI'IOdIC‘IHV rotating said 190
- : collector rings through a predetermmed arc
- the lower left mmpedance coil 5, the cord ('on- |

to vary the current therethrough

2., In combination, a magnet havmgw a.'

plurality of poles, an armature including a

plurality of coils adapted to have electromo- ‘395

tive force induced therein by relative rota-

tion between said magnet and said armature,

ductlon of a predetermmed electromotwe

‘the number of said coils having a high ratio -

“to the number of turns in each 0011 in the pro-
one-half revolution, for example, its com-

g-
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force therein, a commutator including a
plurality of bars electrically connected to
sald coils, a pair of collector rings insulated
from each other, a pair of brushes of high

5 contact resistance fastened to said collector
rings and positioned so as to be 1n electrical
contact with opposite sides cf said commu-
tator along that edge of the magnetic field
which 1s beyond the neutral area thereof in

1o the direction of rotation, said brushes being
adapted to be simultaneously in contact with
a plurality of said commutator bars, a pair of
conductors in electrical connection with said
collector rings, and means for periodically

i5 rotating said brushes through a predeter-
mined are.

3. In a dynamo electric machine, a field
magnet, an armature adapted to have electro-
motive force induced therein by relative rota-

o tion between said magnet and said armature,
a commutator, and a pair of brushes in elec-
trical contact with opposite sides of said com-
mutator and adapted to be rotated period-
1cally through a predetermined arm to vary

o5 the current therethrough. |

4. In a dynamo electric machine having a

eld magnet and an armature adapted to
have electromotive force induced therein by
relative rotation between said magnet and

20 sald armature, a commutator, a pair of
brushes 1n electrical contact with opposite
sides of said commutator, a pair of collector
rings fastened to said brushes, and means for
periodically rotating said collector rings

25 through a predetermined arm to vary the
current therethrough. _

5. In a dynamo electric machine having a
field magnet and an armature adapted to
have electromotive force induced therein by

49 relative rotation between said magnet and
cald aermature, a commutator including a
plurality of bars, a pair of collector rings
insulated from each other, a pair of brushes
of high contact resistance fastened to said

45 collector rings and located so as to be in elec-
trical contact with opposite sides of said com-
mutator and in an advanced position with
respect to the neutral area of the magnetic

field and the direction of rotation, said

50 brushes being adapted to be simultaneously
in contact with a plurality of said commuta-
tor bars, and means for periodically rotating
said collector rings through a predetermined
arc to vary the current therethrough.

55 In testimony whereof I have signed my
name to this specification this 18th day of

December, 1928,
IRVING W. GREEN.
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