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To «ll whom it may concern:

De it known that I, CHARLES P. STEIN-
METZ, a citizen of the United States, residing at
Schenectady, in the county of beheneemdyj

5 State of New York, have invented certain new

and useful Improvements in Regulating Dy-
namo-Electric Machines, (Case No. 094-;;,) of
whici the following is a speclﬁ ation.

My invention has reference to the regula-

ro tion of dynamo-electric machines, and has for
one of 1ts objects to inerease the range of sta-

bleworking of such machines. DBy ‘‘stability
of working,” as applied to a self-exciting gen-
erator, for example, 1s meant that condition

15 of operation under which slight changes of

speed domnot produce corresponding changes
in the field-magnet strength. Ilitherto in
order to obtain stable WOlkmﬂ' it has been
necessary to maintain the ﬁeld excitation on

20 that part of the magnetic characteristic of

the machine which is above the knee. On
this part of the curve the field ampere-turns
may vary considerably without changing the
field strength appreciably.

tage of the machine is that directly due to the

changes in speed of the armature-conductors
If, however, the ma-

relatively to the field.
chine were to work on that part-of the mag-

20 netic characteristic below the knee, a small

change of voltage due to change of speed
would produce a considerable variation in
e field strength, which, acting in its turn,
would make the difference in voltage still
This instability of working is, as
has been said, largely avoided by maintain-
ing the field excitation above the knee of the
magnetic characteristic. Some disadvan-
mﬂes are, however, involved in this ar range-

field Strength attainable between the limits

of that portion of the magnetic characteristic

above the knee along which 1t is practicable

to work, it is possible to operate the machine
15 under stable conditions only within a small

change of voltage. My invention makes it

posmble to opemtc the machine within wide
limits of voltage and at the same time under
stable C()Ildltlﬂl}% at all voltages within the
so limits.

Another abject of my invention is to per-

_, Under these con-
25 ditions practically the only change of vol-

Thus, owing to the small change in

| ble, but

fect the regulation of dynamo-clectric ma-

chines under varying conditions of operation
within their load limits, that object being in
the case of a generator to sccurc constant
potential at sonme selected point on the sys-
tem and in the case of a motor to secure con-
stant speed.

Obviously to secure a straight compound-
ing or overcompounding curve a saturation
cuirve or magnetic characteristic of the ma-
chine is required, which is straight in the

range of stability—that is, above the first

bend. In machinesasordinarily constructed
the magnetic characteristic of the machine
within the range of stability 18 always to &

55

60

certain extent curved, and thus when com-

pounding the machine for constant potential
by means of a series field the voltage at half-
load is always higher than at no 10&{1 and fall
load, as is well known If the machine be
overcompounded by a series field the am-
pere-turns of which are proportional to the
load, the voltage does not rise proportionally
to the load, but rises more from no load to
half-load and less from half-load to full load.

In adifferentially-compounded or constant-
speed motor it is obvious that a magnetic
characteristic which is straight in the rangoe
of stability will give counstancy of speed at
constant voltage independent of the load.
The reverse is true in the cascof a generator
in which constancy of speed gives constant
voltage.

To offect the ends pointed out, I aim to so
proportion the magnetic circuit of the ma-
chine that the magnetic characteristic or sat-
uration curve will make a bend or *“knee” at
a lower flux than that at which the samec
would occur in a similar machine as ordina-
rily designed, the curve, however, extending
to subsmntmlly the same height as in the lat-
ter case. 'That portion of the magnetic char-
acteristic beyond the first knee according to
my invention is practically a straight linec.

One way in which the object of my inven-
tion may be accomplished is by arranging
the field-magnet winding of a multipolar ma-
chine so that some of the poles are brought to

saturation before the others. Thisn 1ethod of
obtalning the result desired is entirely feasi-
is practically-limited in its applica-
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tion to multipolar machines with series-
wound armatures. Iftdepends, nevertheless,
upon the same prineiples for its operation as
those constructions now to be deseribed.
Another means of effecting the results at

which I aim is a magnetic circuit having an

auxiliary air-gap which acts as an air-gap
only above a certain flux, being ineffective
below it. The auxiliary air-gap is produced
by suitably reducing the cross-section of the
magnetic circuit at a convenient point. Va-
rious means may be employed for this pur-

pose, as by forming a cut or cuts in the mag-

netic cireuit, eitherin the field-poles or in the
yoke. The cuts may extend into the iron
from one side only or from opposite sides, as
may be desired. The same purpose may be
accomplished by cutting a slot in the iron of
the magnetic circuit. |

The effectof locally reducing the cross-sec-
tion of the magnetic circuit istocause a part
of the iron to become saturated at a prede-
termined flux, the remainder of the cireuit be-
ing left unsaturated. When the flux rises
above the predetermined point, lines of force
pass across the auxiliary air-gap, which thus
has the effect of introducing an additional re-
sistance into the magnetic circuit at this point
in the saturation curve. It is obvious that
the values of magnetization which would cor-
respond to certain magnetizing forces were
the auxiliary air-gap not present occur at
higher magnetizing forces when the auxiliary
alr-gap is present. The resultis that a bend
or knee is produced in the saturation curve
at that voltage at which the air-gap becomes
ellective. By proper proportioning of the re-
duced part of the magnetic circuit this bend-

- Ing may be made to occur at any desired vol-
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tage below that at which saturation would nor-
mally talke place. The desired inclination in
the curve above the bend so produced is ef-
fected by suitably proportioning the auxil-
lary air-gap. It will thus be seen that my in-
vention renders possible the production of
dynamo-electric machines with close regula-
tion through any desired range of stable
working. |

1he method of and the apparatus embody-
ing my invention will be better understood
from the accompanying drawings, in which—

Figures 1 and 2 are diagrammatic views of
dynamo-electric machines embodying my in-
vention. Fig. 8 is an explanatory diagram
of saturation curves. Tig. 4 illustrates the
first method of carrying out the invention.
Fig. 5 is a modification, and Fig. 6 is a detail.

Referring to the drawings more in detail,
Fig. 1 is a diagram showing the magnetic
circuit and field-windings of a dynamo-elec-
tric machine embodying myinvention. The
machine belongs to the usual type of com-
pound-wound machines, A representing the
armature of the machine, B the yoke, and
C'to C* the pole-pieces, which are magnetized
by the series winding S and shunt-winding S’
In the pole-pieces slots ¢ ¢’ are made. Pref-

18 not cuf.

erably these extend in from that side of the
field-pole which is strengthened by the arma-
ture reaction, thus helping to reduce the ef-
fect of the same. InFig. 2 I have shown the
same parts with the same reference-letters,
but here the slots ¢ ¢’ extend in from both
sides of the field-magnet, and, as shown in
dotted lines, they may be of various widths
and lengths. Atc®c¢*I have shown in dotted
lines that the slotsor cuts may bein the yoke
of the field-magnet and need not necessarily
be in the field-magnet poles themselves.

If the field-poles be cut in any of the ways
shown, the slot will have no effect on the sat-
uration curve at low voltage—that is, at a
voltage where the total flux of the machine
can pass through themagnetic material which
As soon, however, as saturation
is reached at this point, the magnetic lux has

to pass through the additional air-gap in the

cut, which increases the reluctance of the
magnetic circuit. At this point the bend
occurs in the saturation curve. These ac-

‘tions are best understood from the diagrams

in Fig. 3. In this diagram the solid line 1 is
the ordinary saturation curve of a dynamo-
electric machine without cuts or slots in the
magnetic circuit. As will be seen, this curve
bends at the point ¢ and the working range
of the machine which it represents is between
the points d d, the available range of voltage
of the machine being thus much restricted.

If now the field-poles of the machine have

side cuts formed therein, as shown in Figs. 1
and 2, these cuts will have no effect in the
saturation curve at very low voltage—that is,
at a voltage where the total flux of the ma-
chine can pass through the reduced section
of the magnetic circuit of the machine with-
out saturating thesame. As soon, however,
as saturation is reached at this place the
magnetic flux has to pass through the addi-
tional air-gap introduced by the cut. Under
these conditions, in order to produce a certain
flux, an increased field excitation is needed
over that which would produce the same flux

1f no cuts in the magnetic circuit were pres-

ent. - The dotted curve 4, having the pointb
for its origin, represents the increased field
excitation necessary for any given flux in
the case where the cut takes away two-thirds
of the magnetic cross-section of the field-pole
and is about half the width of the air-gap of
the machine.

Combining curves 1 and 4 by adding ab-

scissee gives curve 2. The resultis a satura-
tion curvewhich bends at a point correspond-

ing to a low voltage of the machine and then

continues in a straight line up to the same
voltage at which curve 1 reaches its bend,
and at this voltage a second and final bend is
reached. The working range of the machine
would thus be from about the bend D to the
point d'. If, however, the thickness of the

cut ¢ be made twice as great, the curve of the
machine would take the form shown in curve
s—that is, have a greater inclination on its
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stable range.
would come at ¢® at about the same voltage
as in the other cases considered, so that the
stable working range would be between the
points 0 and ¢*. Thus amachine embodying
my invention operates under stable condi-
tions a little above a predetermined point 0,
Fig. 3, while without the cut it would 1‘{33(3]1
stability only at the point «, corresponding

to a much greater voltage of the machine.

The posﬂmn of the point b at which the curve
makes its first bend is determined by the
cross-section of the magnetic circuit at the
cut, while the inclination of the curve above
this point is determined by the width of the
auxiliary air-gap introduced by the cut into
the magnetic circuit.

It will be noticed that the saturation curves
2 and 3 are practically straight between the
point b and the second bend. If the machine
works at any voltage within this range, the
compounding curve will be straight instead
of curved, as would be the case if the ma-
chine were working at a point on the ordinary
saturation curve beyond the bend—as, for
example, between ¢ and d, curve 1. The ma-
chine, moreover, would work with stability
under these conditions, because the magnetic

flux would vary slowly compared to the tield

ampere-turns, as has been explained.

I have described my invention as applied
to continuous-current machines; but it 18
equally applicable to alternators,where close

regulation—that is, a small rise of voltage
When the load is thrown off—is desired. In
these machines a high saturation is often em-
ployed in the whole magnetic circuit as well
asthe field-poles. This has the disadvantage
of limiting the range of voltage, which tends

to malke such machines, while very satisfac-

tory under proper running conditions, un-
suitable to give their full voltage at a lowered
speed or to give a higher than the rated vol-
tage, as 1s frequently necessary to cover un-
By the ap-
plication of my invention to such machines
the same inereased slope of the saturation
curve may be obtained as in the case of con-
tinuous-current machines, thusobtaining the
same advantages of improved regulation and
Increased working range.

In Fig. 5 I haveillastrated a modified form
of my invention which is well adapted to al-
ternators. The machine shown is of the re-
volving field type, to the field-magnet wind-
ings of which eurrent is passed by the collee-
tors o p from any suitable source of excita-
tion. In the pole-pieces holes C° are cut, the
effect being to reduce the magnetic eross-see-
tion of the poles and so accomplish the de-
sired modification of the saturation curve.

IFig. 6 shows how by Inserting a piece of

iron 1h the holes illustrated in Ifig. 5 the regu-

lation may be readily altered to suit particu-
lar conditions. If the cross-section of the

Tio second and final bend | as shown in solid section,

the voltage at
which the primary bend in the curve takes
place will be raised, while if it be placed as
shown in dotted section the air-gap will be
diminished and the inclination of the curve
aboveits primary bend made correspondingly
less.

The first arrangement for carrying out my
invention outlined in my statement of inven-
tion is illustrated in Fig. 4. IHere the poles
C' C?* C* CPhave but few turns of winding as
compared totheother poles. Inconsequence

they are free to change as the regulation may
‘require, while the poles C? C* C° CY being

wound with many turns are nearly or qmte
saturated. The consequence isthatthe mag-
netic eircuits passing through the poles ¢?, ¢,
¢, and ¢? reach saturation before the others.
The curve of saturation of the machine as a
whole thus has a bend occurring at the vol-
tage, at which the circuits through the poles
c3, ¢t ¢°, and ¢! reach saturation.
the difference in the value of the electromo-
tive forces produced in the armature by the
several differing magnetic fields it 18 neces-
sary to employ a series-wound armature with
thisembodimentof myinvention. Although,
as already stated, there are undesirable fea-
tures abont this form of my invention it is
operative and beneficial, though not so de-
sirable as the other forms shown.

Owing to the straight compounding curve
resulting from the application of my inven-
tion a constant speed independent of the load
is obtained in the case of a motor at constant
voltage., The reverse is true in the case of a
oenerator where constancy of speed gives
constant voltage or a voltage gradually rising
as the load comes on, as preferred. Slight
variations of specd in the case of the genera-
tor and like variations of voltage in the case
of amotor have but little effect, as heretofore

explained.

My invention is particularly applicable in

‘the case of generators used as exciters, in

which stable working through a wide range of
voltage 1s desired, and in all other cases
where stable working and close regulation
over a wide range is desirablo my uwmmen
will be found of great value.

By using the ferm “dynano- -electric ma-

chine” in the elaims it 1s manifest that I in-

clude motors as well as generators, for the
constructions indicated are equally as appli-
cable to the one as to the other.
What I claim as new, and desire to sccure
by Letters Patent of the United States, is—-
1. The method of operating a dynamo-elee-
tric machine which consists in causing the

saturation curve of the machine to bend at a

flux value lower than that at which the bend
would normally occur, and operating the ma-
chine on that pavt of the curve above the
bend. |

2. Themethod of adjusting thestable work-

hole be diminished, aswhen the iron is placed | ing range of dyname-electric machines which

Owing to
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consists in varying the relnetance of the mag-
netic cireuit by a definite amount and at a
predetermined flux. -

3. The method of securing a straight com-
pounding curvein adynamo-electric machine
which consists in operatively introducing an
alr-gap into the magnetic circuit at a prede-
termined flux. _ ' _

4. The method of ecompounding dynamo-
electric machines, which consists in creating
a magnetic flux by the action of two magneto-
motive forces one of which is substantially
constant and the other of which varies with
the load, and artificially causing a bend in
the saturation curve of the magnetic eircuit
in which said magnetomotive forces operate,
at a point below that of normal operation.

5. Themethod of extending the stable work-

“1ng range of dynamo-electric machines which

consists in artificially increasing the reluct-
ance of the magnetic circuit at a predeter-
mined flux. "

6. In a dynamo-electric machine, a mag-

netic circuit having an auxiliary air-gap ef-
fective only above a predetermined flux.

T

4 - 608,309

- 7. In a dynamo-electric machine, a mag-
netic circuit having an auxiliary air-gap ef-

means for adjusting the length of said air-gap.

3. In a dynamo-electric machine, a mag-
netic eircuit having an auxiliary air-gap ef-
fective only above a predetermined flux, and
means for simultaneously adjusting the
length of said air-gap and determining the

Mflux at which it becomes effective.

- 9. A dynamo-electric machine or motor,
having an armature and field-poles, one or
more of the field-poles having a hole cut
through them acting as an additional air-gap,
with a block of magnetic material filling part

 of the hole, and serving by its position and
size to adjust the shape of the characteristic
curve of the machine.

a

~ In witness whereof I have hereunto set my
hand this 21st day of April, 1898. |

CHARLES P. STEINMETZ.

Witn 0SSes:
b. B. HoLL,
M. H._ KEMERSON.
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