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To all whom it may concern: '

Be it known that I, Erxesr O. E. Krire-
HAHN, a citizen of the United States, and
resident of Dobbins, county of Yuba, State
of California, have invented certain new and
useful ITmprovements in Protective Devices,
of which the following is a specification.

This invention relates to protective de-
vices for dynamo electric machinery and in
particular to protective devices for protect-
ing machines against internal short or open
circuits, that is, short or open circuits in th
coils of the machine. :

The objects of this invention are to pro-
vide a device which will notify the attend-
ant by signal'or otherwise when a coil in the
machine is defective or which will throw a
suitable circuit breaker.

The invention generally stated consists in
an induced member connected with a suié-
able indicating device or circuit breaker or
both, which is adapted to be placed in in-
ductive relation to the coils of a winding of
a dynamo electric machine which is to be
protected or tested. A defective coil will
act upon this induced member and operate
the signal or circuit breaker.

The induced member is preferably placed
in one of the pole faces, or forms one of the
pole windings. In the induction motor or
generator it is placed on the secondary while
in an inductor type of alternator it is placed
on the rotor or inductor. The induced
member may, however, be a separate instru-
ment and may then be placed or held in

‘proper position for the purpose of testing.

The induced member preferably comiprises

- a pair of coils which are connected In cireuit
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with a differential electro responsive device.
These coils are symmetrically placed with
respect to the windings to be protected or
tested; that is, they are placed apart 180
electrical degrees or a multiple thereof.
‘Where the coils form the field pole winding
they are placed on separate poles which may
be adjacent or not, as desired.

In the drawings,

Figure 1 is a diagram showing one Torm
of this invention in which the winding to be
tested or protected is the movable one;

Figs. 2,3 and 4 are diagrams showing dif-
ferent forms of this invention in which the
field coils form a part of the protective de-
vice;

M BN Y

Tig. 5 shows the invention applied to o
machine of the moving field typc;

_ Fig. 6 shows the invention applied to an
induction motor or generator;

Fig. 7 shows the invention applied to &
generator or motor of the inductor type;

Tigs. 8, 9 and 10 show in detail applica-
tions of this invention to direct and alter-
nating current machines, in which the field
is stationary while the armature is movable;

and Fig. 117s a diagram showing the theory

of operation. ,
Referring to Fig. 1, A designates the ar-

mature of a dynamo electric machine and ¥

the field, the armature being movable while

the field is stationary. The field leads are ¥

designated by L. A pair of induced mem-
bers B, C, are connected in circuit with the
coils D, E, of the differential devics G,
which is provided with a core H upon which
the differential coils D, K, are wound. The
differential device G 1s provided with an
armature I which is pivoted as shown and
provided with a hook J which engages &
pivotal member . A spring O normally
tends to move the member K to the right,
around its pivot, and a spring M normally
tends to hold the armature I with hook J
into engagement with the member K soc as
to hold it In the position shown in Kig. 1, an

“adjustable nut P being provided t& adjust

the tension of the spring. When the mem-
ber K is released it drops upon and de-
presses a circuit closer Q which closes the
circuit S containing the coil T of a cirenit
breaker U.
nected in cireuit V with the armature A or
preferably forins the main circuit brealer
of the machine, and operates to open the
armature or hoth armature and field. Ad-
justable resistances R, R, are included in eir-
cuit with the induced members B, C, and the
colls D, K.

The induced members B and C may be of
various forms, and may be applied to the
machine in various manners. Figs. 8, 9 and
10 show various arrangements. In Fig. 8,
the coils are shown as surrounding the pole
pieces. In this case the centers of the coils
will be on the center lines of the pole pieces,
and will therefore be 180 electrical degrees
or a multiple thereof apart. These coils are
connected to the relay in the manner shown
in Fig. L

In Fig. 9, the coils are shown as mount-
éd in slots in the pole pieces.
moust be so located that the center line of
one group of slots is spaced 180 clectrical

This circuit breaker is con- ¢

Thege slots !
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or o multiple thereof from the cen-
of the group of slots in another pole
The coils are, of course, wound
nd the tooth between two adjacent slots,
& ag i common when windings are laid in
" slots. - Tt is not necessary to locate these slots
in o definite position since they may be lo-
coted at any point in the pole pieces, just so
the center lines of the groups are spaced: a
proper distance apart. The number of the
windings is, of course, immaterial, since as
will be shown later, the effect of one will be
nentralized by the other during normal op-
eration, that is, when there is no defective
4 coil in the protected winding.
‘ In Tig. 10, the induced members are sepa-
rate members which are adapted to be placed
in inductive relation to theswinding A. The
eoils of the members B and C are wound
n suitable supports.b and ¢, whereby they
be secured to or held in engagement with
pole pieces. It will be noted that the
“faces of the pole pieces form stops so
; the members may be spaced apart 180

. doss
not however form a part of this inventicn.

The operation will now be described:
TThenever there is a short circuited coil in

armature, the current in this coil will be
nereased above. normal so that it will act

upon on esternal magnetizable object. This

hos been taken advantage of for testing pur-
" poses. For instance, it has been the practice
5o hold an iron object, as a screw driver, un-
der one of the pole pieces of a dynamo elec-
tric machine, the coil in passing the screw

river pulling or vibrating the same so as to
give an indication of the defective coil. In
with this invention, the induc-
a of such a defective coil is taken
advantage of in protecting or testing the
machine, by placing an induced member in
uctive relation to the armature. There
re however complications which necessi-
:abe that the induced device be specially con-

ing to Fig. 11, this figure shows an
ordinary two pole machine in which an ar-
mature rotates between the poles in the di-
rection of the arrow. For convenience, the
achine in this case is shown as a genera-
The lines of force due to the field will,
n the armature circuit is open, pass di-
 acvoss from N to S. When, however,
rmature cireuit is closed, there will be

6 up a field at right angles to the axis of
s ain exclting field, and this will cause
vesultant field to be shifted at an angle.
¢ lines of force will then condense under
s trailing pole pieces, if the machine is a
’ while under the leading ypole
he field will not be so condensed.
hig is shown diagrammatically in Iig. 11

The condition of the field as shown in Fig.
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11 is the same whether the machine is a di-
rech current generator or an alternating cur-
rent generator, since in both machines, the
armature field will be at right angles to the
main field. If the machine is a motor, of
course, the field as a whole will not be
changed much in form from that shown ex-
cept that the lines of force are now con-
densed under the leading pole pieces instead
of under the trailing pole pieces..

Under normal operations when the entire
or a part of the load is being thrown on and
off the generator or motor, the current pass-
ing through the armature will vary. Since
the armature field will thus vary with the
load, the angular position of the resultant

field and the strength of this resultant field

will also vary. That is, in u generator, as
the load is increased the resultant field will
shift in a clockwise direction while in a mo-
tor it will shift in a counter-clockwise direc-
tion. . ’

If, now, a single coil like B were placed
at the point @, for instanee, Fig. 11 the
shifting of the magnetic field or its varia-
tion in strength due to the load being
thrown on the machine, would cause a vari-
ation in the number of lines of force thread-
ing the coil B, and therefore would cause
an electro-responsive device connected in
circuit to be actuated. The same would be
true if the winding were placed arvound the
pole pieces as in Fig. 8, or if the winding
would be the pole winding itself as in Fig.
2. 1In that case, the total number of lines of
force threading the coil would vary, and
therefore would cause the  ctuation of the
electro-responsive deviee if a single coil like
B were used.

It is noted however, that in Fig. 11 the
field at diametrical opposite points @ and »’
will be of the same strength and that the
rariation in the strength of the field at »
will be the same as that for «’, or in the
same proportion. Similarly, any two points

located diametrically opposite for a two

- pole machine, will be symmetrical points,

since the strength of the field will vary
equally or proportionally. If therefore,two
coils Tike B and C are located at these sym-
metrical points, the effect on them will be
equal and therefore during the normal op-
eration of the machine, that is, when there
is no defective coil, the variation of the
current in the entire armature, as when a
load is thrown off or on, will affect both
coils B and C equally, and if these coils are
connected to a differential velay they will
neutralize each other and there will be no
actuation of the armature 1. »

If the induced members B and C are
placed symmetrical, that is, at anv two
polnts 180 electrical degrees or a multiple
thereol apart, there will be no actuation or
indication of the armature I. When, how-
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ever, one of the coils of the armaturs A is
short-cireuited and the armaturs rotaies in
the direction of the arrow, Fig. 1, the short
circuited coil will pass underneath B, be-
fore it will pass underneath G, and there-
fore it will act inductively upon B before

C. This will cause a current to be set up in
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~will drop down on @,

D before E, so that coil D will be energized

‘Ybefore E, whereby the armature I will be
K which

member
close the circuit S
breaker U, which will
both- the arraature

actuated, releasing the

and open the circuit
open the armature or

ond field. A similar action will take place
when there is a reversed coil in the armsa-

ture. Similarly when there is an open ¢ir-
cuited coil in the armature, the open circuit-
ed coil will pass B before it reaches C and
therefore the current will be set up in D
vefore B, and the armature will again be
actuated to open the circuit breaker U.

The above discussion applies to both al-
ternating and direct current machines, for

in both types of machines the inductive ac-

tion of the armature coils ab symmetrical
points will be equal. This has been veferred
to above. The action of & short or open eir-
cuited coil on B and C will also be the sams
in alternating current as in divect current
machines. This discussion applies as well
to' synchronous as to assynchronous ma-
chines, and to machines in which there is a

rotating magnetic field. Tn the latter type

of machine, the field instead of being sta-
tionary revolves, and the armature generally
revolves with it. In view of the fact that
the field poles are also spaced 180 électrical
degrees apart, the feld at any two points
spaced 180 electrical degrees apart will be
of the same strength, that is, the feld will
vary in the same proportion if the points are
considered as rotating around an armature.
T¢ therefore two coils B and C ate spaced
180 electrical degrees then these coils will
always be equally affected by the rotating
field and therefore one will neutralize the
other. This is true whether the coils B and
O be stationary or movable, since they al-
ways cut parts of the field which have the
same strength. When, however, there is a
defective coil in the primary winding, that
is, the winding which sets up the rotating
field, then since this defective coil is passed
by one of the coils B or C, before the other,
one of these coils will be affected ; thus caus-
ing an actuation of the electro-responsive
device in the manner described.

Tt will thus be seen that this invention
provides a protection against defective coils
within the machine itself but an external
short circuit will have no effect since the

oxternal short circuit will be distributed
over the entire armature winding and 7o
rogiter how large

the earrent flowing in the

" portable instrument which may be used

armaturs, the coils

e 2
.

‘

: T, will neutralize e
octher, By mesns of the adjustabis resis
ance B, B, the action of the coils E, G, upon
the differential coile D, B, may be closely
regulated so that under normal conditions,
that is, when thers are no defective coils, tho
coils B and C will exactly neutralize each
other. j '
tension of the spring M may be adjusted so a8
to correct irregularity of the air gap, etc.

Tnstead of operating a cireuit breaker, the
circuit © may includs a signal or a bell or 2
signal may be directly operated by means
of the armature I, for instance, it may ¥
directly connected to the shait upon whi
the member K is pivoted, in fact the di
ential devies G wiil operate as a signal t
is placed within the view of the operator.
is nob necessary that the induced mem
coils B, C, be placed underneath the p
pieces, since they may be placed st
other points arcund the armature, it bei
only necessary to space them 180 electrical
degrees apart, for as pointed out the induc-
tive action of the armature is equal ab sym-
metrical points. 1t may therefore be de-
sirable to place them between the pole pieces
as shown in Fig. 10. The action in this ¢
would of course be weaker but there are -
ductive impulses which will effect such coils
under certain conditions, especially during
certain transitory stages of a short circuib,
Armature reaction will also affecth such coil
and tend to actuate them. :

Preferably the induced coils. B, C, ar
placed on the machine and form & perms-
Tent attachment; they may, however, for
with the differential device

ay
<
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In Fig. 10, the mem-
bers B and € and their supports may form

with the differential relay and its attached

test out armatures.

;
;
o,
ba

parts a portable instrument which may
used for testing purposes. In testin
members B and C are placed in the po
chown in Fig. 10, the side faces of the pole
pieces forming stops whereby the memoers
may be correctly spaced. if there is mo
ghorh or open circuited il in the winding
A, it will be possible to adjust the rheostats
R and B (Fig. 1) so that there will be no
actuation of the armature I. Buf if there is
cuch a short or open circuited coil, it will be
impossible to adjust these rheostats, so 8s
to obtain a neutralization of the magnetic

LS
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coils D and E, in view of the fact that they :

are alternately affected by the defective coil.
The machine may therefore be tested o de-
tormine the existence of a defective coil.
Preferably two induced coils B, C, are pro-
vided, it is possible however to use a single
coil, espeeially where the device is in the
form of a portable ingtrument. When using
5, single coil the resistance B and the ten-
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By means of the adjustable nut £, the
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tion motor or generator.

sion of the spring P may be adjusted so that
under normal condition the armature I will
not be actuated but will be actuated only
when there is a large current flowing, that
is, when there is a short circuit in the arma-
ture coil.

In the arrangement shown in Fig. 1, the
induced members B, C, form separate coils.
In the form-shown in Figs. 2, 8 and 4, the
ield coils on the separate poles perform the
functions of the induced members or coils
B, C. In the construction shown in Fig. 9,

the field coils B2, C? are connected in cir- -

cuit with the coils D% E? of the differential
device G® The operation of this arrange-
ment is similar to.that shown in Fig. 1.

The defective coil whether short or open.

civcuited will pass the field coils B2 C% in
succession and will cause one of the differen-

> tial coils D2, B2, to be energized before the

otlier and thus actuate the armature 1% to
clogs Q? and open circuit breaker Uz.

The construction shown in Fig. 8 is simi-

.

Iar to that shown in Fig. 2, except that react-
coils W, W, W, are connected in cir-
with the field coils B®, C3, and on each
of the connections which lead to the
ifierential coils D% ES, These reactance
oils W will not interfere with the D. C.
ld current but will confine and intensify
the-inductive impulses. :
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lifferential coils D% B4, are connected to
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- éld coils B*, C% and spaced 360 electrical

egrees apart.
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in the construction shown in Fig. 5, the
invention is shown as applied to a dynamo
electric machine of the type in which the

ermature A® is stationary while the field F*

rotates. The slip rings which are connected
by the usual brushes to the field leads L° are
designated by @, . In order to reduce the
number of slip rings to four, those pole
adings B, C°, are utilized which are
aeavest the connections to the slip rings a, b.
Cae Bair of terminals of the differential
coils D°, E¥, are connected to the field leads
LS, while the other terminals are led to
trushes bearing on slip rings ¢, d, which

are connected on the other side of the field-
pole windings B®, C, as shown. The action"

of this form of the invention is similar to
thet shown in the preceding figures. In-

.stead of using the field windings, separate

coils may be mounted
in Mg, 1, o

f'ig. 6 shows the invention as applied to
20 induction motor or induction generator.,
The coils B?, C%, are in this case mounted in
slotg in the secondary or rotor of the indue-
These coils are
connected to slip rings m, n, o, which con-
uech by brushes to the -differential coils

in the pole pieces, as

In the construction shown in Fig. 4, the

» ¢ shows the invention applied to an.

1,280,795

alternating current generator or motor of
the inductor type. The inductor generator
or motor consists essentially of two com-

common magnetic circuit. The armatures
which are stationary are designated by A™

_plete independent armatures excited by.a -

70

and A™. The armatures are shown in this .
case as located side by side in order to illus- °

trate the invention more clearly. In a com-
plete machine, however, they are located co-
axially as is well known by those skilled in
the art and the rotor or inductors F* and
F™ are located on a common shaft. In this
case each armature winding must have its
separate protective device, therefore the in-
duced coils B™ and C™ are mounted upon
the poles of the inductor F™ and are con-

‘nected to slip rings which are connected

in circuit with the differential coils D™ and
E™. The induced coils B™ and C™ for the
armature winding A™ are similarly placed
on the inductor ™ and connected in circuit
with the differential coils D™ and E™, The
differential coils in this case are mounted
upon differential devices of similar con-
struction to that shown in Figs. 1, 2 and 3.
For the sake of simplicity, however, these
devices have been omitted in Fig. 7, as well
as in Figs. 4, 5 and 6. Tt is to be under-
stood, however, that in each of the con-
structions each of the differential coils actu-
atés an armature which opens a circuit
breaker in the circuit of the winding which
it protects, or operates a signal as described
in connection with Figs. 1, 2 and 8. In the
construction shown in Fig. 7, the circuit S7
includes a signal for the attendant. A
single signal circuit 87 is provided for both
armatures, the two circuit closers Q™ and
Q™ being connected in multiple across the
line S7.
is utilized for notifying the attendant of s
defect in either of the armature circuits. A
circuit breaker for the machine may be con-
nected in circuit the armatures to be actu-
ated by the circuit closers Q™ and Q™.

The device will not only protect the wind-
ing against short circuits or open circuits
in the individual coils of the winding but
also against short and open circuits o% sec-
tions of the winding. It will be obvious
that a section of a winding which is short
or open circuited will act in g similar man-
ner as a short or open circuit in g single coil.
+ This invention therefore provides a de-
vice. which will protect a dynamo electric
machine against the damage caused by de-
fective coils and also provides means and
a method whereby such defects may be dis-
covered or tested out. The invention is ap-
plicable to all types of dynamo electric ma-
chinery whether generators or motors or
whether direct or alternating current and
whether the winding to be protected or

‘tested is movable or stationary.
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‘are equivalent constructions.
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In the claims the terms “induced mem-
ber,” “winding,” and “coil” are used. It is
to be understood that these terms are to be
taken in their broadest sense, so as to in-
clude forms in which the induced members
B, C, are separate coils as in Figs. 1, 6 and
7, and also forms in which they are the
windings on the field poles. Both forms
The “induc-
ing member” and “induced member” are
respectively the members which induce and
have induced in them an electromotive force
of current.

1t is further obvious that various changes
may be made without departing from the
spirit of this invention and it 1s therefore
to be understood that this invention is not

. to be limited to the specific construction
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shown and described.

Having described my invention what I
claim and desire to secure by Letters-Patent
is
1. The combination with a dynamo elec-
tric machine having a rotor and a stator
and a winding on one of said members, of a
symmetrically ‘arranged induced winding
on the other of said members, and an elec-
tro-responsive device connected to said in-
duced winding and influenced by unsym-
metrical conditions in the first mentioned
winding. _

9. Means for detecting defects in an elec-
tric machine having a rotor member and a
stator member and a winding on one of said
members, said means comprising an induced
winding on the other of said members ar-

‘ranged in inductive relation to the first

winding, said induced winding comprising
a pair of coils symmetrically spaced with

respect to the first winding, and an elec-

trical device connected to the coils and re-
sponsive to variations in said first winding.

3. In a dynamo-electric machine, the

combination with a field frame and an ar-
mature having a winding and relatively
movable, of an induced winding on the field
frame in inductive relation to the armature
winding, said induced winding comprising
coils symmetrically spaced with respect -to
the armature winding, and a differential
electro-responsive device connected to the
coils. :
4, Means for detecting defects in an elec-
tric machine having a field frame provided
with poles and an armature movable rela-
tively thereto, said means comprising an in-
duced winding having coils located on sep-
arate field poles and an electro-responsive
device connected to the ceils and actuated
by variations of the current in the arma-
ture winding.

5. In a dynamo-electric machine, the com-
bination with a field frame having poles
and an armature relatively movable, of an
induced winding comprising coils located on

separate poles, and a differential electro-re-
sponsive device connected to the coils.

6. In a dynamo electric machine, the com-
bination with a field and an armature rela-
tively movable, of a field winding adapted
to be inductively affected by variations in

the armature field, and an electro-responsive.

device connected to said field winding and
adapted to be actuated and indicate an ab-
normal condition in the armature winding
due to the variations in the armature field.

7. In a dynamo-electric machine, the com-
bination with a field and an armature rela-
tively movable, of an electro-responsive de-
vice connected to the windings on the sep-
arate field poles and adapted to indicate an
abnormal condition in the armature wind-.
ing.

8. In a dynamo-electric machine, the eom-
bination with a field and an armature rela-
tively movable, of a differential electro-re-
sponsive device having coils, connections be-
tween one coil and the winding on one field
pole, and connections between the other coil
and the winding on the other field pole.

9. In a dynamo electric machine, the com-
bination with a field and an armature rela-
tively movable, of a field winding adapted
to be inductively affected by variations in
the armature field, a circuit breaker control-
ling the external circuit of said machine,
and means connected to said field winding
and actuated due to the variations in the
armature- field for operating said ecircuit
breaker. ‘

10. In a dynamo-electric machine, the
combination with a fleld and an armature
relatively movable, of a circuit breaker for

"the machine, operating means for said cir-

cuit breaker including a differential electro-
magnet, and connections between the elec-
tro-magnet and the separate field coil wind-
ngs. ‘

11. In a dynamo-electric machine, the
combination with a field and an armature
relatively movable, of an electro-responsive
device connected to one of the field pole
windings, and reactance coils in the field
eircuit on eachi side of the leads which con-
nect the electro-responsive device to the field
pole winding. :

12. In a dynamo-electric machine, the
combination with a field and an armature
relatively movable, of a differential electro-
responsive device having coils, connections
between one of the coils and the winding on
one fleld pole, connections between the other
coil and the winding on the other field pole,
and reactance coils in the field winding cir-
cuit located on each side of the leads which
connect the coils of the electro-responsive
device to the field windings.

- 138. The combination with a dynamo-elec-
tric machine comprising a rotatable and a
stationary element, of two electrical eircuits

5.
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gssociated therewith, each circuit compris-
ing a coil carried by one of said elements, a
winding, and means for adjusting the re-
sistance of the circuit, the two windings of
the circuits being differentially associated
so as to normally neutralize one another, and
a signal associated with said windings and
adapted to be actuated when sufficient cur-
rent flows in either of said windings to
oyercome the neutralizing effect of the other
wi,inding. :

the combination with a rotor and a stator
and a winding oh one of said members, of a

“pair of induced members and field coils on

the other of said members, and an electro-
responsive device connected to said induced

members and including means adapted to

indicate an abnormal condition in one of
said members. -

15. Means for detecting the presence of a
defect in an electric machine having a rotor
member, a stator member, and a winding on
one of said members, said means comprising
a mechanism having parts symmetrically ar-
ranged with respect to normal electrical con-
ditions in said machine and passive under
such conditions but rendered active in re-

14. In apparatus of the class described,

sponse to abnormal and unsymmetrical con-
ditions, substantially as set forth.

16. In an electric machine, the combina-
tion of a rotor having a winding thereon, a
stator having a winding thereon, said rotor
and stator windings being inductively re-
lated, and means associated with one of said
windings and including an electrically op-
erated device having parts symmetrically
disposed with respect to the field set up by
one of sald windings and arranged to oper-
ate only when an unsymmetrical condition is
established in one of the windings.

17. Means for detecting defective coils in

-an electric machine having a rotor member,

a stator member and a winding on one of
said members, said means comprising an
electro-responsive device having two parts
separated an angular distance of 180 elec-
trical degrees or a multiple thereof, sub-
stantially as set forth.

In testimony whereof I affix my signature
in presence of two witnesses.

ERNEST O. E. KLIPPHAHN.

Witnesses:
- 1. B. Apams,
C. H. Brcger.
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