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To acl whom it may concern:
Be 1t known that I, Wirsour L. MERRILL, a

citizen of the United States, residing at Schen-

ectady, in the county of Schenectady, State
5 of New York, have invented certain new and
useful Improvements in Regulating Dynamo-
Electric Machines, of Whlch the followmﬁ' 1S

a specification.
My present invention relates to means for

10 regulating theamountof currentflowing in the
beld-windings of dynamo-electric machines,
and comprises certainimprovements, thenovel

- features of which are particularly pointed out
in the appended claims.

15 Theinvention itself will be best understood
by reference to the following description,
which 1s to be taken in connection with the ac-
companying drawings, in which—

Figure 1 represents one embodiment of my

20 inventmn and Fig. 2 a modification.

In Fig. 1 the machine to be regulated is of

the direct-current type, having an armature
indicated at 1 and a field- Wmdlnﬂ' at 2. This

jeld-winding 1s in shunt to the brushes 3 4,
25 which bear upon the commutator, these
brushes being in turn connected to the mains

5 6, by which current 1s conveyed to or from
the machine. In series with the field-wind-

| ing 2 are a number of adjustable resistance-
30 sections represented at 7, 8,9, and 10, the lat-
ter resistance being manually adjusted for the
purpose of regulating the conditions of op-
eration of the machine. The remaining re-
sistance - sections are utilized in connection

35 with the controlling-magnet 11, connected,
through an adjustable resistance 19, in shunt

to the terminals of the machine, as indicated.
This regulating-magnet being thus connected
between the terminals of the machine to be

10 regulated 1s responsive 1n the strength of its
magnetic core to variations of voltage between
these terminals. Thus as the voltage at the
terminals of the machine rises or talls the
strength of the core of theregulating-magnet

45 TiSes and falls correSpondmo‘ly Within the
influence of the magnetic field produced by
the regulating-magnet is placed a resiliently-
mounted armature 13, consisting 1n this case

of a stretched strip of magnetic material,

which when the strength of the field of the
regulating -magnet is below normal presses
against an adjustable contact 14 and when the
strength of the field 1s above normal 1s urged
away from this contact. The opening and
closing of this contact 1s arranged 1n the fol-
Iowmw manner, so as to pr oduce cor respond-
ing variations in the resistance in circuit with
the field-winding 2 01: the machine to be regu-
lated. -

A relay-magnet 15 is connected in shunt to

‘the resistance 7 and includes in circuit there-

with the adjustable contact 14 and the codp-
erating armature or strip 13. This connec-
tion 1n shunt to the resistance 7 furnishes a
convenient meaps for energizing the relay 15;
but it isevident that any other suitable source
of current may be employed. ™Thisrelay op-
erates upon an armature 16 to open and close
at the contacts 17 18 the circuits of a plural-
1ty of other relay-magnets 19 to 24, inclusive.

These magnets receive thelr energy ifrom a

shunt connectlon across a resistance 8, in se-
ries with the field 2; but, as in the case of the
master-relay 15, current might be supplied to
these magnets in any suitable manner. Lhese
magnets I have represented 1n the drawings
as belng connected in series with each other;

‘but it is evident that various other modes of

connection might be employed without depart-
ing essentially from my invention—such, for
example, as connecting the magnets in multi-
ple with each other or in multlple series or the
like. These connections are too obvious to
need illustration in the drawings.

Each of the relay-magnets 19 to 24 operates
upon a corresponding armature to open and
close a pair of contacts. Kach pair of con-
tacts 1s included in a circuit shunted about a
section of the resistance9. Thus, forexample,
the magnet 19, by drawing down 1ts armature

25, brings the latterinto engagement with the
fixed contact 26, thereby short-circuiting the

section 27 of the resistance 9. In the same

way each of the other magnets acts upon its §
armature and a fixed contact to open or close
a short circuit about the other sections of the
resistance 9, as will be evident from the draw-
| Ings without specific reference by numerals to
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the parts thus mentioned. Across the malke-
and-break contacts operated by the relay-inag-
nets 19 to 24 are connected a series of con-
densers 28 to 33,
sparks produced when the contacts are opened.

In adjusting the apparatus for normal op-
eration the adjustable contact 14 is arranged
so that the attraction of the magnet 11 1s such
that the contact between the armature 13 and

the adjustable contact 14 is just upon the point

of opening. The strength of field of the ma-
chineis at the same time ad justed to the amount

desired by means of the adjustable resistance
10.  If now there occurs the slightest increase
in voltage across the terminals of the machine,
the contacts 13 and 14 open, thereby desner-
g1zing the master-relay 15 and causing the ar-
mature of the master-relay to fall back, thus
opening the circuit of the relays 19 to 24, the
armatures of which fly back, thus opening the

short circuits about the several sections of the
resistance 9, thus suddenly inserting a large
resistance in the circuit of the field 2, and so
reducing the- field streneth. This reduction
in field strength immediately reacts to reduce
the voltage at the terminals of the machine,
which 1n turn weakens the magnet 11 and
allows the contacts 13 and 14 to close, there-
by energizing the master-relay 15, which then
closes the circuits of the relays 19 to 24, which
operate to short-cireuit the several sections of
the resistance 9. The voltage at the terminals
of the machine then rises.

In practice it 1s found that the armature 13
keeps up a continuous vibration, thereby caus-
ing a continuous opening and clogin o of the
shunt-circuits about the sections of the re-
sistance 9. The rapidity with which these op-
erations take place prevents any perceptible
variation in the voltage across the terminals
of the regulated machine, and this voltage is
maintained constant throughout wide varia-
tions of load.

The arrangement which I have
scribed is intended
nection with mae
in the field-circuit is of considerable value.
By using a plarality of relays 19 to 24. con-
trolling a corrospfmdimr number of contacts,
as at 25, the current to be broken by the re-
lays 1s dividec up, so that only a compara-
tively small proportion of the total current
15 to be taken care of by each relay. The
spark produced at each relay-contact is there-
fore much smaller than if a single relay were
employed to shunt the resistance 9, and this
sparl 1s still further reduced in the case of
each pair of the relay-contacts by the use of
a condenser shunted about the same, as indi-

cated.

In Fig. 2 certain other features of my in-
vention are shown 1n connection with the reou-
lation-of an alternating-current machine, the
armature of which is mdlcated conventlomll N
at 34 and the field-winding at 35. From the

above de-
particularly for use in con-

inclusive, for reducing the

45, causesareverseacti

1nes 1n which the currvent

armature extend thealternating-current mains
36, which supply current to a suitable receiv-

g circult or circuits. The field-winding 85
of the alter nating-current machine is %upphed
with current hom an exciter, the armature
of which is indicated at 37 Mld its field-wind-
ing at 88. In circuit with this field-winding
1s an adjustable resistance 39, corresponding
to the resistance 10 in Fig. 1 and other ad-
]u%mble resistances 40 and 41. The resistance
41 1s divided into three sections, about which
shunt - circuits are alternately opened and
closed by the operation of the relay-magnets
42, 43, and 44, which relay-magnets arc con-
tlolled dir ectly by the reg ulatm&—maﬂ net 45.

This regulating-magnet a(,tq upon an arma-
ture 46, consisting, as shown, of a stretched
strip of magnetic material, whlch armature

1s adapted to make contact with an adjustable
contact47. The coil of the relay 42 is shunted
about the resistance 40 in the ficld-civeunit and
includes in circuit therewith the malke-and-
break contacts 46 and 47. When the con-
tacts 46 and 47 close, the magnet 42 is ener-
gized, thus drawing down its armature 48,

whlm when it touehes the lixed contact i&)
closes the circuit of the next relay-coil 43

about the section 50 of the resistance 41.

The magnet 43 being thus energized in turn
draws down its armature 51, s vhich when it
meets the codperating fixed contact 52 closes
the circuit of the last relay-magnet 44 of the
series, the armature of which in turn is drawn
down against the contact 53, theleby shunt-
Ing the remaining sections *}4 and 55 of the
resistance 41. |

Separation of the contacts 46 and 47, due
to strengthening of the controlling - magnet
on to take t}h(,e, Wllel e-
upon the sections of the r e%lSthI}CB 41 are suc-
cessively open-circuited in a reverse order
from that described.

I have found that it the controlling-magnet
45 15 connected directly across the alternat-
ing-current mains 36 the resulting reculation
may be very unsatisfactory, due to a sort of
surging or hunting which takes place, the
Volt.;w > of the mains being caused to rise and
fall more or less SpdSII]OdICd.lL}T. This 1s per-
haps due to some time lag between the regu-
lating effect communicated to the exciter of
the main machine and the resulting action of
the exciter on the field of the main machine.
Whatever the cause of the phenomenon may
be, I find that it may be prevented by sup-
"le’ ing the controlling-magnet 45 with a di-
rect current derived from and proportional
to the voltage of the alternating-current mains
36, to Wluch end I connect the regulating-
magnet 45 1n circuit with the direct-current
end of a small rotary converter 56, the alter-
nating-current ter minals 57 of which ar e Con-
nected across the mains 36.

It will be noted in connection with Fig. 2
that the relay-magnets 42 to 44 are contr olled
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lay, as 1n Fig. 1.

their solenoids so wound or are otherwise ar-
ranged so that they carry no larger current
than can be conveniently handled by the con-
tacts 46 and 47. If the relay-magnets for
any reason carry too large a carrent to be con-
trolled directly by the controlling-magnet 45,
I may interpose a relay, such as shown at 15

in Fig. 1; but the use of this latter relayis not

an esc;entlal element of my invention broadly
considered.

What] claimas new, and desire to secure by
Letters Patent of the United States, 18—

1. The combination of a dynamo-electric
machine. a sectional resistance in the field-cir-
cuit of said dynamo-electric machine, short-
circulting contacts for each section, and actu-
ating means for said contacts supplied by cur-
rent derived from said field-circuit.

2. The combination of an alternating-cur-
rent dynamo-electric machine, a vibrator for
controlling the voltage of said dynamo-elec-
tric machine, and means for supplying said
vibrator with direct current of a voltage va-
rying in response to variation ot Voltao'e of
sald dynamo-electric machine.

3. The combination of an alternating-cur-
rent dynamo-electric machine, vibratory re-
sistance-varying mechanism for varying the
voltage of said dynamo-electric machine, and
means for controlling said mechanism by di-
rect current varying in voltage with the vari-
ation of voltage of said dvnamo electric ma-
chine.

4. Thecombination with an alternating-cur-
rent dynamo-electric machine, of a contact

8

“directly from the regulating-magnet 45 in- | making and breaking device for -controlling
stead of through the instrumentality of a re-
This direct control 1ssuit- |
able where the relay-magnets 42 to 44 have

the voltage of sald dynamo-electric machine,
and means for deriving a direct current from
a connection across the alternating-current
mains extending from said machine and sup-
plying said direct current to said device. |

5. The combination of a dynamo-electric
machine, an exciter therefor, a sectional re-
sistance or a series of resistances in series In
the field-circuit of said exciter, circuit mak-
ing and breaking devicesin shunt respectively
t0 the sections or resistances in the field-cir-
cult and actuated by current in the field-cir-
cuit, and a magnet responsive to the voltage
at the terminals of said machine for eontrol-
ling said contacts.

6. The combination of an alternating-cur-
rent dynamo -electric machine, an exciter
therefor, a resistance in circuit with the field
of said exclter a magnet for causing said re-
sistance to be cut into and out of the field-
circuif, and means for supplying said mag-
net with a direct current of a voltage varying
In response to variation of the voltage on the
mains extending from sald alternating-cur-
rent dynamo-electric machine.

7. The combination of an alternating-cur-
rent dynamo -electric machine, an exciter
therefor, a rotary converter connected across
mains extending from said alternating-current
dynamo- electrlc machine, and a VlbratorV re-
sistance-changing device qupphed with direct
current from said rotary converter.

- In witness whereof I have hereunto set my
hand this 10th day of June, 1902.
WILBUR L. MERRILIL.

Witnesses:
Bexyavmin B. Hori,
HerLeN ORFORD.
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