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UNITED STATES

PATENT OFFICE.

MAURICE HUTIN AND MAURICE LEBLANC, OF PARIS, FRANCE.

METHOD OF AND MEANS FOR SYNCHRONIZING.

SPECIFICATION forming part of Letters Patent No. 613,206, dated October 25, 1898,

Apploation filed December 30,1897, Serial No. 664,719,

(No model.)

Patented in France February 9, 1897, No, 263,905 ;

in Austria February 23,1897, No, 47,/2,427; in Belgium July 24, 1887, No, 129,681 ; in Switzerland July 24, 1837, No.

14,7922, and in Ttaly Jaly 29, 1897, No. 45,440,479,

To all whom it may concerwn:

Be it known that we, MAURICE HUTIN and
MAURICE LEBLANC, citizens of the Republic
of France, and residents of Pari is, France,
have invented certain new and useful Im-
provements in the Methods of and Means for
Synchronizing, of which the following is &

specification, and for which we have received

patents in the following countries: France,
February 9, 1897, No. 263 905; Austria, Feb-
raary 23, 1897 No 47 /2, 427 Belglum July
24, 1897, No. 129 6381 ; Smtzerland provisional
patent, July 24,_1897', No. 14,722, and Italy,
July 29, 1897, No. 45,440 ,7479.

Our invention relates to a method of and

apparatus forsecuring thesynchronousmove-
ment or rotation of two bodies or shafts placed
at different points, and, though useful in va-
rious relations, 18 partwularly adapted for

use in connection with systems ot multiplex

telephony or telegraphy, as, for example,

" those systems set forth in our appheatmn for
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Letters Patent, Serial No. 664,720, filed De-
cember 30, 1897

Our mveutlon also comprises a new method
of and apparatus for impressing upon a cir-
cnit an electromotive force proportional to a

‘given periodic electric current, and various
other improvements to be hereinafter more

particularly described and claimed.
In the drawings attached to this specifica-

tion, Figure 1is anillustrative diagram. Fig.

2 18 2 view of our improved synehlomzlng
system in a simple form. Ifig.31sa diagram
of our improved system prowded with two
reinforcing-generators at each station con-
nected in cascade. Fig. 4 is a perspective
view of the field-magnet structure of the pre-
ferred form of our improved reinforcing-gen-
erator. Fig. 5is a diagram of the connec-
tions of the reinforcing-generator, and Kig.
0 is a general diagrammatic view of a station
completely equipped with our improved syn-
chronizing device in its preferred form.
Inourapplication above mentioned we have
disclosed systems of multiplex telephony and
telegraphy based upon the presence, at each
end of the line, of a distributer serving to

‘connect the line-wire successively to a num-

| ber of local circuits.

If these distributers
are driven at sufficient speed and in absolute
synchronism in any suitable way, 1t 18 possi-
ble to treat each coérdinate pair of local cir-
cuits—that is to say, the pair of local circuits,
one at each end of the line, upon which the
distributers bear atthesame instant of time—
as if they were connected by a special and in-
dependent line-wire. The distributers are
driven at each end of the line by direct-cur-
rent motors, whose armature-windings are
connected at diametrically opposite points
to a pair of rings in such a way that each

motor acts not only to produce power for

driving the distributer, but also to generate
single-phase alternating current of a fre-
quency depending upon the rate of rotation ot
the motor. If now the brushes bearing on
these rings be so connected that the two mo-
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tors act astwoelectrically-connected alternat-

ing-current dynamo-electric machines, the
motors will tend to run in synchronism, since
the leading motor will furnish an alternating

current which will tend to increase 1ts load

and to decrease the load of the other machine.
We have also shown in the said application
how it is possible to fransmit this synchroniz-
ing-current over the same line wire or wires
over which the signaling-currents flow with-

75

out interfering with the operation either of

the motor or of the signals.

Though we have, as illustrating one of the
uses to which our present invention may be
put; mentioned its application to systems of
multiplex telephon; and teleglaphy 1t 18 ob-
vious that it is useful in various other rela-
tions.

In general let 1 1’, Fig. 1, represent two al-
tern&ting-eurrent dynamo-electric machines,
which in the particular application shown are
of the single-phase type mounted upon shafts
2 2'. which are driven by mechanical power
in any preferred way, and let us suppose that

it is desired t0 maintain these shafts accu-

rately in synchronism. ‘Thealternating-cur-
rent dynamo -electric machines shown are
composed of similar shuttle-shaped direct-
current field-magnets 3 3, mounted on the

30
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shafts 2 2', and single-phase external station-
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ary armatures 4 4" in induective relation to the
ield-magnets. The two armatures may be

placed in parallel by lines 6 7, though ordi-.

narily theline 7 is replaced by the earth con-
nections 8 §'.

It will be seen, supposing that the motive
power applied to each of the two shafts 2 2’
18 approximately the same, as would be the
case 1f they were driven by similar direct-
current motors supplied with current at the
same voltage, and also supposing that the
loads on the two shafts are alike, that the two
shafts will tend to be maintained in synchro-
nous rotation, and we will have in the line 6
merely a synchronizing-current—that is to
say, a current which exists only at times
when the machines tend to depart from syn-
chronism and whose magnitude is dependent
on the amount of this departure. When the
machinesare running rigidly in synchronism,

no current whatever will flow in the line 6. |

Such an arrangement is satisfactory wher-
ever the line is short and of low resistance;
but in certain cases, and notably in the ap-
plication to telephony and telegraphy, it is
necessary that the line should be of high re-
sistance as compared with the lines of ordi-
nary power-distribution systems, and it is
highly inconvenient to give to the generators
1 1" a sufficiently-high electromotive force to
overcome this resistance; but whatever may
be the resistance of the line it is in the sys-
tem shown always necessary that energy be
transported over the line-wire from one sta-
tion to the other sufficient to check any de-
parture from synchronism. OQOurinvention is
designed to avoid these difficulties and to re-
quire of the line that it transmit only certain
weak currents which serve merely, as it were,
to indicate when the two machines are out of
synchronism and to set in motion other ap-
paratus which will correct the difficulty. To
effect this object, we connect around each of
the alternators 1 1’ a branch circuit contain-
Ing a resistance, preferably non-inductive, as
55. Thealternators will evidently normally
supply current to these resistances, which re-
sistances may be said to consume at all times

i

- part or all of the energy generated by the al-
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ternators, and thus toconstitute an extra load
upon each of the machines, the normal load
beingof course theline-current. If nowinany
way we could vary the amount of energy con-
sumed by one of these resistances, as by
causing the resistanceof one machine to con-
sume less than its normal amount of energy
when that particular machine lagged and to
consume more than its normal amount when
that particular machine ran in advance,we
could obviously greatly increase the correct-

- ing-torque, tending to restore synchronism.

Further, if the energy consumed by both re-
sistances could be made to vary simulta-
neously and inversely with any departure
from synchronism the corrective torque

would be still further augmented. There are |

| @ number of ways in which this result may

be brought about; but we prefer to accom-
plish it by inserting in each of the branch
circuits containing a resistance a source of
electromotive force proportional to the syn-
chronizing-current on the line.

Let 2 be the intensity of the synchronizing
currents which actually flow in the line 6
with any given departure from synchronism.
It will be evident that ¢ is in general a pe-
riodic function. Suppose also that we are
able in some way to develop in the shunt-cir-
cuits 9 10 and 9’ 10, in which the resistances
5 5" are introduced, an electromotive force e
proportional to the current +—that is to say,
such an electromotive force that where K is
a constant factor e=K 1. Let us also sup-
pose that we are able to give the factor K any
value whatever.

Designating by p the resistance of the line
6, by 2’ and h? the instantaneous values of
the potentials with reference to the earth at
the points 99, respectively, by I' and I? the
currents which flow in the coils 5 5', and by
R R the resistances of the branches 9 10 ¢’
10, which resistances are supposed to be
equal, we have

,_h'te
! R °
but
e=K 1,
therefore
f__h/f K
P=rTrw
but
_ W=7
p ?

from which it follows that

Ir____l?;: I{(]lf__hﬂ)
R PR

Similarly it may be proved that
12 K0 —N?)

R o R

Now the current actually flowing through the

armature 4 of the alternator 1 when no syn-

chronizing-current is flowing on the line 6—

: A

that is to say, when /i'=/77, is 5
Suppose that by reason of some departure

from synchronism the potentials /' and 72

vary, so that '—/*=qa, the current due to

the alternator 1 will be

N KR —12)
R

[2=

' — R
p R T P

where the first term represents the current
flowing to earth from the point 9, owing to
the potential /', the second term represents
the current 1’ flowing to earth from the point
J, due to the electromotive force ¢, and the
third term represents the current flowing
through the line 6, due to the difference of
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potential n'—h2
the generator 1, due to the chanﬂ'e of poten-

-y
L' . ) (1 _l_K)
In the same manner it may be proved that the

tial dlﬁerence L, then becomes

corresponding change of output of the gen-

! s —h'— 7?/3
erator 1’ is equal to . —{— . but if

the electromotive force e had not been inter-
posed in the cirvcuits 9 10 this \arlatmn of

Ll
0
thus appears that by mtloduuno 111130 the

branch circuit an electromotive f01 ce e equal
to K 2 we are able to increase the change in

output due to the given departure from syn- |-

chronism as 1if we had actually reduced the
resistance of the line by dividing the resist-

ance o by the factor (H—R) which factor we

‘can evidently render as great as we choose by |

simply varying the e'onstant K. From this it
follows that by interposing in the branch cir-
cuits 9 10 and 9° 10’ electromotive forces of the
proper values and at all times proportional to
the synchronizing-current flowing 1n the line
we are able to increase the output of the gen-
erators 1 and 1’ with a given departure from
synchronism, and thus to increase the correct-
ing-torque, which tends to restore synchro-
nism, in such a way as to entirely neutralize
the deleterious effect of a long and high-re-
sistance transmission-line. Thisdesired elec-

“tromotive force may be procured in various

ways; but the method which we prefer is to
place in circuit with each of the resistances

- 5 5" a current-reinforcer, such as we have de-
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scribed and illustrated in our former applica-
tion, Serial No. 635,035, filed May 4, 1397.
This improved reinforcer may consist simply
of an ordinary dynamo-electric machine of
the direct-current type interposed in the cir-
cuit, as shown at 11 11', Fig. 2. It is known
that the electromotive force of such a machine
is proportionalin magnitude and hasthe same

direction as the current flowing through its

field-magnet coils. If, therefore, we excite
the field-magnets with a current 7, the elec-
tromotive force generated in the armature
will be equal to K 2 or to e, using the notation

‘above explained, and the electromotive force
e will be, practically speaking,
the current ..

in phase with
‘We therefore pass through the
field-magnet windings 12 12’ of the two ma-
chines 11 11’ the cuuent flowing on the line
6 by making the connections shown in Fig. 2
and insert the armatures 13 13’ of the two
machines in series with the resistances 5 &',
respectively. It is preferable to make these
connections between the line ¢ and the field-

magnets 12 12’ directly rather than induec-

twely

By the use of such a machine properly de-
signed we are able to increase the factor K to

a value as large as thirty-three, which will in | ments of the commutator 19,

The change of output of |

many cases be sufficient; but when we desne
that this factor shall hfwe a still larger value
we mount two or more of the 1emforemn*—ma-
chines in cascade, as Shown in Fiﬂ‘ 3, where
the line-circuit feeds, as in Kig. 2, the field-
magnets 12 12’ of the reinforcing-machines 11
11'; butthearmatures 13 13’ of these machines
feed the field-magnet windings 15 15 of the
reinforcers 14 li’ whose ar ma,tmes 16 16’ in

turn supply cur 1ent ab an elech omotive force

e—=K¢totheresistances 5and 5, respectively.
In this way we are able to give K a very large
value and to maintain l*igid synchronism be-
tween two shafts which are situated at a great
distance from each other and connected only
by an or dinary telegraph-wire without pass-
ing over the line anything more than feeble
lndlcatmﬂ‘ currents, which, as above ex-
plained, do not themselves aet directly to re-
store synchronism, but merely set in action
the reinfor cmﬂ‘-maehm es.

Asan 111ustmt1011 of the value which IX may
practically attain by such arrangement it
may be observed that it the current furnished
by thearmature of any one of the reinforcing-
machines is thirty-three timesas great as the
current supplied to its field - magnets then
each of the reinforcing-machines mounted in

cascade will operate to multiply the factor KX
by thirty-three. Thus if there -are two rein-
forcing-machines the factor K becomes ap-
proumately one thousand, and 1f there are
three reinforcing-machines mounted in cas-
cade the factor K becomes thirty-six thou-
sand. From this it will be seen that the
very slight synchronizing impulses on the
line are converted into very powerful syn-

chronizing impulses in the branch circuits 9

10 9' 10" by the action of the reinforcing-ma-
chines. | |

Where our improvements are to be used
merely for synchronous telegraphic and tele-
phonic distributers, the amount of. work to
be done by the motive power applied to the
shafts 2 2’ is very small and it is easy by the
addition of a fly-wheel of suitable dimensions
to cause any departure from synchronism to
be so slow as to be readily corrected by the
devices shown; but it is well in the use of
our invention to anul the self-induction and
reaction of the armature-circuits of the rein-
forcing-machines, and we have therefore de-

vised the forms shown in Figs. 4and 5. Kig.

5 shows the connections of the reinforcer. 12
is the field-magnet winding in series with the
line 6, as shown in Fig. 2, while 13 1s the ar-
mature. As the field-magnet excitation is
alternating, 1t is well to make some special
provisions to avoid sparking, which we ac-
complish in the manner set outin our former
application, Serial No. 631,625, filed April 10,

1897, by dividing the ar matule winding into

two sets of coils 17 17, &e., and 13 1'8, &e.,
wound alternately upon the armature and
connected, respectively, to alternate seg-
This construc-

‘_;13_‘
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tion amounts to two Gramme rings, wound ]

upon the same core and connected alter-
In the position
shown the brushes 20 21 bear on such seg-
ments that the winding 18 only is in cireuit.

An instant later both of the windings 17 18
will be energized in multiple, and still later
the winding 17 only will be in circuit. It re-
sults from this construction, as more fully
explained in our said former application, Se-
rial No. 631,625, that unless the brushes are
wide enough to span two commutator - seg-
ments no one of the armature-coils can ever
be short-circuited by a brush, which removes

the chief cause of sparking in dynamo-elec- .

tric machines.

T'o neutralize the self-induction and reac-
tion of the armature, we wind upon the field-
magnets the additional or neutralizing coil
22, more fully described in our above-men-
tioned former application, Serial No. 635,035.
This coil is connected in series with the ar-
mature and 18 so proportioned that the mag-

netomotive force which it generates is at all

times equal and opposite to the magneto-
motive force generated by the armature.

In order to prevent the magnetomotive
force of the coil 22 from being short-circuited
through the frame of the machine and to force
1t to balance and neutralize the armature mag-
netomotive forces, we prefer to support the
ring 23, (shown in Ifig. 4,) upon which the
field-magnet windings are carried, by an an-
nulus 24, preferably of copper or other non-
magnetic metal, which in turn is carried by
the supports 25 26. This annulus is made in
two parts, as shown, for convenience in as-
sembling the machine and incloses the field-
core on all sides except toward the air-gap, as
shown in the drawings. The field and arma-
ture cores are preferably laminated, as is
usual in alternating machinery.

Fig. 6 shows a complete station equipped
with ourimproved synchronizing devices with
the reinforeing-generators. The shaft 2 to be
synchronized is driven by the direct-current
motor 1, consisting of an armature 4 and a
leld-magnet 3, preferably supplied with cur-
rentin mulbiple from the direct-current source
27, here shown as a storage battery, through
the regulating-rheostat 28. The armature is
of the ordinary Gramme type or of any other

~ preferred form provided with a commutator

55
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29 and brushes 30 31.

To avoid the necessity of a separate alter-
nating generator, we may connect two dia-
metrically opposite sections of the commuta-
tor 29 respectively with the rings 32 33, on
which bear the brushes 34 35. The ring 32
and brush 34 are connected to the earth-plate
S or to the return 7 (shown in Fig. 1) if a com-
plete metallic circuit is used, while the ring
Jo and the brush 35 are connected to the line
6, In which is interposed the field - magnet
winding 12 of the first reinforcing-generator
11. Similar connections are made at the op-
posite end of the line.

Upon the shaft 2 is shown the fly-wheel 306
for the purpose above set forth. The three
reinforcing - generators 11, 14, and 37 are
mounted.on the shaft 38 and driven by any
suitable power independently of the direct-
current motor1 or may be placed on the same
shatft with the direct-current motor. The first
of these reinforcing-machines 11 has its field-
magnet winding 12 mounted in series with the

line 6, as already stated,while its armature 13

supplies the neutralizing-winding 22 and also
supplies the field - magnet winding 15 of the
second reinforcing - machine 14. The arma-
ture 16 of the second reinforcer supplies its
own neutralizing-winding 40 and also supplies
the field-magnet winding 41 of the third, and
in this case the last, reinforcer 37. The arma-
ture 42 of the machine 37 in turn supplies its

own neutralizing-winding 43 and further sup-

plies current due to an electromotive force
e=I{ ¢ to the resistance 5, connected, as in
Figs. 1, 2, and 3, between the line 6 and the

~earth 8 or return-wire and in series with the

armature 42.

As the output of each of the various rein-
forcing - generators 14 and 37 is greater than
that of the one which feeds its field-magnet
their sizes are correspondingly inereased, as
indicated roughly in the drawings.

Obviously any desired device whose motion
18 required to be synchronized may be carried
by the shaft 2. .

The operation of the system thus consti-
tuted 1s as follows: Normally the two shafts
2 and 2, I'igs. 1, 2, and 3, are driven ap-
proximately at the same speed by the direct-

current motors or other sources of power.

Any considerable tendency to depart from
synchronism may be roughly corrected by
the rheostat 28, Fig. 6, aided by the balanc-
ing action of the fly-wheel 36. As long as
absolute synchronism is maintaining each of
the alternating generators monnted on the
shafts to be synchronized, no matter how
many may be connected to each line, feeds
current to its own particular resistance 5 5,
but nocurrent of synchronization passes over
the line 6; but if one machine tends to run
slightly ahead of the other the field-magnets
of the first reinforcing-machine of each of
the alternators are excited, which, through
the operation of the several reinforcers con-
nected in cascade, supplies an electromotive
force e=K 72 to each of the branch circuits
containing the resistances 5 5. The opera-
tion of these electromotive forces will be to
increase the output of one machine—that
which tends to run in advance—and to de-
crease the output of the other machine—that
which tends to lag—and synchronism will be
restored. It thus appearsthat while one set

of the reinforcing-machines is running as
generators the other set may be running as
motors, absorbing energy from the particular
generator to which they are connected.
Though we prefer to provide each of the
| alternators to be synchronized with a branch
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circuit—such as 910, Figs. 2 and 3—provided | situated at a distance from each other, of a

with one or more 1'elnf0reers it will be ap-
parent that this i1s not essential, as-one such
circuit will tend strongly to synchronize a
pair of alternators. In all cases, however,
superior results are obtained by providing
each alternator with its own separate branch
circuit and reinforcer.

We do not limit ourselves to the partwular
forms shown and described, as it is evident
that they may be great]ly varied without de-

parting from the spirit and scope of our in-

vention; but

We claim as our invention and -desire to
secure by Letters Patent—

1. The method of synchronizing two or
more alternate-current dynamo-electric ma-

chines, electrically connected together, which |
consists in varying an extra load on one or

more of these machines, by and in accord-
ance with any departure from synchronism,
substantially as described.

2. The method of synchronizing two alter-
natling-current dynamo-electric maechines,
electrically connected together, which con-
sists in feeding current from one or more of
the machines to one or more branch circuits,
and varying the amount of energy consumed
by said branch circuit or circuits by and in
accordance with any departure from syn-
chronism, substantially as described.

3. The method of synchronizing two alter-
nating -current dynamo -electric machines,
electrically connected together, which con-
sists in generating, by and in accordance
with any departure from synchronism, in a

branch circuit shunted around one or both of |

said dynamo-electric machines, an electro-
motive force proportional to the synchroniz-
ing-current passing on the line, and thereby
altermﬂ' the load of the dyna,mo-electrm ma-
chines by such an amount as to restore syn-
chronism, substantially as described.

4, The meth’od of synchronizing two or
more alternate-current dynamo-electric ma-
chines, electrically connected together, which
consists in magnifying the natural sy110h1'0-

~nizing impulses, by producing by the same a

- 50

55

field of force, and generating artificial syn-
chronizing 1mpulses by the relative rotation

- between an armature and said field, substan-

tially as described.
5. The combination with two axes situated

“at distant points, and means for rotating the

same in approximate synchronism, of two al-

- ternating-current dynamo-electric machines

60

65

each mechanically connected to one of the

axes, the two dyvnamo-electric machines be-
ing electrically connected together, by a high-
remstanee circuit; a branch current around
one or each of the dynamo-machines, and
means for altering the amount of energy con-
sumed by said braneh circuit or circuits by
and in accordance with any departure from
synchronism, substantially as described.

like number of alternating-current dynamo—
electric machines, each mecha,mea,lly con-
nected to one of the said axes, electrical con-
nections between said dynamo-electric ma-
chines, a shunt circuit or circuits for one or
more of the dynamos, and means for generat-
ing in each shunt-circuit an electromotive
force proportiona,l to the synchronizing-cur-
rent passing on the line connecting the dyna-
mo-machines, substantially as descrlbed

7. As a means for synchronizing two inde-
pendently-driven axes, a pair of alternating-
current dynamo- electric machines, one me-
chanically connected to each of the axes, 4
circuit connecting the machines, and a shunt
around each of the dynamo- machines Con-
taining each a source of electromotive force
proportmnal to the current in the line, sub-
stantially as described. |

8. As a means for correcting any departure
from synchronism in the rotation of two axes
sitnated at distant points, an alternating-cur-
rent dynamo-electric machine mechanically
connected to each of the axes, a line-wire con-
necting the two machines, a return a branch
cu'cmt adapted to consume energy shunted
around each of the dynamo-electric machines,
and two reinforcing dynamo - electric ma-
chines of the direct-current type each having
its field-magnet supplied with current from
the line and its armature supplying current
acting to vary the amount of energy consumed
in one of the branch circuits, substantially as
described.

9. As a means for synchronizing the rota-
tion of two axes at distant points, a pair of
alternating - current dynamo - electric ma-
chines, one mechanically connected to each
of the axes, a line-wire connecting the ma-
chines, a 1*eturn a, branch circuit adapted to
consume energy shunted around each of the
machines, and two sets of reinforcing-ma-
chines connected in cascade, the field of the
first machine of each set beinﬂ* in series with
the line, and the armature of the last machine

of each set being interposed in one of the

branch cirecuits, substantmlly as described.
10. The combination with two axes situated

at distant points, of a direct-current electric

motor upon each axis, a source of current-

| supply for each of the motors, connections

for taking alternating current from each mo-
tor to a separa‘ne branch circuit, a line-wire
and a return connecting the said branch cir-
cuits and machines, and a source of an elec-
tromotive force, varying in accordance with
the current in the line-wire, interposed in
each of the branch circuits, substantially as
described.

11. The combination Wlth two axes situated
at distant points, of a fly-wheel and a direct-
current electric motor upon each shaft, a
source of current-supply for each of the mo-
tors, independent means for regulating the

6. The combination with a number of axes i speed of the motors, eonnectwns for takmo‘
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alternating current from each motor toa sepa- |

rate branch cireuit, a line-wire and a return
connecting the said branch circuits and mo-
tors, and a source of an electromotive force
varying in accordance with the cuarrent in
the line-wire, interposed in each of the branch
circuits, substantially as described.

In testimony whereof we have signed our

names to this specification in the presence of
two subseribing witnesses.

MAURICE IIUTIN.
MAURICE LEBLANC.

Witnesses:
EDWARD P. I\IACLEA“\T
PATUL BOUR.
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