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Potented Jumwe 11, 1812,

Renewed Gctober 8, 1810.  Serial e, 586,069,

Ao all whom it may concern:

Be it known that I, Grorer Hersewr
Coxnrer, u citizen of the United States, re-
siding in the city, county, and State of New
York, have fuvented certain new and useful
Improvements in Regulating Dynamo-Klee-
tric Machines; and [ do Liereby declare the
tollowing to be a {ull. ¢ v, and exact de-
seription of the invention, such as will en-
able others skilled in the art to which it
appertains to make and use the same.

This invention velates 1o the control
dynamo electric machines,

While the invention may be employed o
regulate either generators’ or motors, it i
contemplated that it will he most widely
employed to etfect the speed control of 100
tors, und especially sueh motors as are eni-
ploved in railway service,

It is an object of the invention to effect
the desired contrsl in un efficient manner,
and to this end there is provided a method
ol and apparatus for successively connect-
ing certain of the field windings 1 different
relations. the manipulations of the wind-
ings referred o being effected without al-
tering the conneetions of the remaining field
windings.

It has heretofore been proposed to effect
the control of electric motors Ly stcces-

sively conneeting their field  windings in
different relations, but all systoms heretofore
proposed for this purpose have involved the
changing of the relative connections of the
windings upon all of the poles. In fact, it
1s necessary in all prior systems. in order 1o
produce balanced conditions in the arma-
ture, thatthe winding of each pole b simul-
taneously and corvespondingly changed in
its counections whenever it is desired to
bring about a change in the relative connec-
tions of the field coils. I some types of
machines, however, it is desitable to effoet
changes 1n the rvelative connections of cer-
tain of the coils, whereby the desired regu-
lation is effected, either by changing the re-
lations of the coils of the poles to each other
as wholes or the winding of a pole may he
divided into sections and the relative con-
vections of the’ sections varied, or hoth.
while throughont the ordinary vegulation of
the machine certain other of the field wind-

ngs remdin unchanged.

ot

|
}

A notable instance of a type of machine
to which the present invention is applicable,
is that of a generator or moter which is sup-
phied with main field poles designed to fur-
nish the main excitation and also with auxil-
Iy or compensating poles which supply

the commutating field for the armatuve
colls. Machines of thig type are especially

adapted for nse as varviable voltage dynmmos
or variable. speed motors, and while the
strength of the main poles may be altered to
change the voltage or speed as the case may
ey the relative connections of the winding
upon the anxiliary poles should remain .
changed throughout the ordinary range of
regulation.  The number of the ampere
turas of the windings upon the auxiliary or
commutating poles then varies with the cur-
rent of the cirenit to which the windings
are connected, and in erder that the commu-

tating fields may be of proper valueg to ef- -

feet perfect commutation at all loads, the
commutating pole windings will ordinarily
be connected to the arature civeuit so that
the commutating fields will rary with the
load.
White,
of the windings upon the auxiliary poles
should not be changed, and the curront in
those windings shonld vary with the load
throughout the ordinary réoulations of the
machine, it may be desivable, under some
conditions, to vary the conmtating frelds
independently of the load, and it is there.
fove, a further object of the invention to
provide a method of and apparatus for ae-
complishing that resnit. This way be done
by changing the relative connections of the
auxiliary pole windings, '
In the accompanying :
Iis'a dingrans showing the windings of a
motor sufticient for an understanding  of
the present invention. together with a con-
froller for effecting the desired connections.
The controller is of the. usial evlindrical
type. the evlinder coutacts being shown as
developed upana plane surface as is custon-
ary in illusteating such structures. The
stationiary contacts ave represented as civeles
aceerding to the usnal mode of representa-
tion. iMigs. 2 to 8 inclmsive are simpiified
diagrams showing the connections of the
various parts of the motor at different steps

drawings; Figure

as has been stated, the connections
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of the controller. Fig. 9 is a vie;i similar
to Fig. 1 of a modified form of motor and
controller therefor, and Figs. 10 to 15 in-
clusive are simplified diagrams showing the
connections of the motor of Fig. 9 in the
different positions of its controller.
Referring to the drawings and first to
Fig. 1, the motor comprises a frame A upen
which are mounted the main poles B, C, D
and ¥ and the auxiliary or compensating
poles F, G, H and I, the last set of poles be-

‘ing designed to furnish the commutating

fields for the armature coils and located in
the spaces between the main poles. Upon
the main poles of the motor are mounted the
windings J, K, L and M composed respec-
tively of the sections @, b, ¢, d, and ¢, 1, g, &,
and ¢, §, %, 1, and m, n, 0, p. Upon the com-

‘mutating poles are windings N, O, P and Q,

composed respectively of the sections ¢, 7,
and s, £ and u, v and w, ». Within the poles
rotates the armature R having the commu-
tator S and a suitable number of brushes
T, U, which bear upon commutator segments
connected to coils lying under the commu-

tating poles. The contreller V comprises |

movable and stationary contacts as herein-
before referred to, and in order to prevent

"excessive length of the controller, the sta-
30.

tionary contacts are divided into two rows
instead of being in one rogw, although the
latter construction might be adopted where

* the practical objections to the length are not

- 85

40
48

50

present or it causes no serious inconvenience.
The various contacts will be referred to in
connection with the detailed description to
follow. A reversing switch W for inter-
changing the armature conductors is pro-
vided., This switch is of usual construction
and requires no-special description. It is
represented as having its movable contacts

in development as in the case of the con-
troller V' and, also in._correspondence with-

the illustration of the controller, the station-
ary contacts are shown as circles. The

-usual starting resistance X may be provided.

Suitable conductors connect the terminals
of the various field sections with the station-

~ary contacts of the controller. In order to

avoid confusion, however, the conductors are
partly broken away, each of the said con-
ductors being numbered and connected to the
fixed controllerr contact designated by the

. conductor number primed.
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The apparatus being in the position as

shown in Fig. 1, if the movable contacts be |

turned toward the right until they come into
engagement with the stationary contacts and
the rows of the latter lie along the lines 1—1
and 1’—1’ respectively; the circuit may then
be traced as follows: Krom the plus side of

_the source of supply to the resistance X, sta-

tionary contact z, to the stationary contacts

1’ and 8’ through ‘conductors 1 and 3, sec-

tions ¢ and 7 of the winding N upon+he com-

'

2
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mutating pole F and through the conductors
2°and 4 to the stationary contacts 2" and 4/,
which are connected together. It will be ob-
served that the two sections ¢, », are con-
nected in parallel. To the stationary con-
tacts 2" and 4’ are conuected the stationary -
contacts 5’ and 7’ and therefore the circuit
is continued through conductors 5 and T,
sections s and # of the winding O upon the
commuiating polé G and the conductors 6
and 8 to the stationary confacts 6" and 8,
which are connected together, and to the
stationary contacts 9 and 117. From the
tcontacts 9 and 11, the circuit may be traced
through the conductors 9 and 11, sections u
and ¥ of the winding P upon the commu-
tation pole H and the conductors 10 and 12
o the stationary contacts 10" and 127. The
contacts 10" and 12" are. connected together
and to the stationary contacts 13 and 15.
From the contacts 18’ and 15, the ‘civcuit
_proceeds through the conductors 13 and. 15,
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the sections 2 and @ of the winding Q upon

the commutation pole I and the :conductors
14 and 16 to the stationary contacts 14" and
16" which are connected together and to the
stationary contact 17°. It will be observed
that the sections of each of the commutation
pole windings are connected in parallel with
each other and the windings of the poles as.
wholes are connected in.series. From. the
stationary contact 17", the circuit proceeds
through conductor 17, section m of the wind-
ing M upon the main pole E, esnductor 18, -
stationary contact 18’, stationary contact
19’, econductor 19, section n of the winding
M, conductor 20, stationary contact 20’, sta-

90
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tionary contact 21’, conductor 21, section 0 .
of the winding M, conductor 22, stitionary

contact 22/, stationary contact 23°, conduc-
tor 28, section p of the winding M, conduc-
tor 24, stationaey contact 247, stationary con-
_tact 257, conductor 25, section ¢ of the wind-
ing J upen the main pole B, conductor 26,
stationary contact:26', stationary contact 27/,
conductor 27, section & of winding J, con-
ductor 28, stationary contact 28’, stationary
contact 29, conductor 29, section ¢ of the
winding J, conductor 30, stationary contact.
30, stationary contact 31’, conductor 31, sec-
tion d of the winding J, cénductor 82, sta-
tionary contact 327, stationary contact 33/,
conductor 33, séction ¢ of the winding K
upon the main pole C, conductor 34, sta-
tionary contact 34’, stationary contact 85,
conductor 33, section f of winding K, con-
ductor 36, stationary contact 36’, stationary
contact 877, conductor 37, section g of wind~
ing X, conductor 38, stationary contact 38,
stationary contact 39", conductor 89, section
% of winding K, conductor 40, stationary
contact 40, stationary contact 41’,. conduc-
tor 41, seetion ¢ of the winding L upon the
main pole D, conductor 42, stationary con:
tact 49, stationary contact 43", conductor
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43, section 7 of the w inding I, conductor 44,
smtmnarv contact 44 ,si(mon ry contact 45 ,
conductor 45 , section /o of the winding 1.,
conductor ’«) stationary con{aot 467, sta-
tionary contact 47’. condnetor 47, section [
of the winding I, conductor 48, stationary
contact 487, sta Umww contact 49, conductor
49’ to the two top stationar v contacts of the
reversing switch W, assimning the reversing
switeh to be thrown io the left, from the

Jeft hand upper stationary contact cirenit

will be madc throngh the conductor 4‘) to
the brush T and throu%‘\ the winding of the
armature R to the brush 1, thenee through
the conductor 50, to ihe lo wer middle left
hand stationary contact of the reversing
5wuch {o the conductar 5077, stationa: 'Y ¢on-
tact 507, and the s{nt‘iuna‘y CUH[A(" 517 to
the minus side of the souree of £ supply. The
connections of the various \vmdnws are now

as shown in Fig. 2. Tt will now be oh-
served that the he(mom of the W]ndmas

upon each mmain po}ﬂ Rre mnpected in se-
ries, that th 33 px,ms as wholes are connect-
ed In series. and that the {wo sets of field
windings (main pole and commutating pole)
are connem.ml m series with e t(/h Mnor and
with the starting resistance and armature.
The windings are those of 1 series inotor, in
which the field indings ave of negligi ible
1‘@815(@11(" so that {he\' canse snmll (\hmlo
drop i in the armature c“cuit In this posi-
tion of the contr oller, it will be seen that the
entire ary nature current ty averses each see-
tien of the main field wmd*ngs and there-
fore the field is at its greatest strength which
is u desirable condition at s‘mrhnﬁ Tt will
be also ubser\'om that the wmduwb ot the
commutating pn]« are u)nn >(10d in series
with the (111 atnre, so that the strength of
the commutating field- is pwpm‘um mte {o
the armature current which 18 desirable for
producing perfect (rnnmnmhon af all loads,
H now the evlinder be turued to the right.
passing the sccond and {hird Positions of
the controller indieated respectively by the
dotted lines 22 and 3-8 for e row of

stationary contacts and ihe dotted lines
272" and 3--3" {or the oiher set of con-
tacts, the enly oh anges veenrring will con-

sist ru the suceessive entting oul of seetions
of the resistance X aw the (()X‘(H)”(‘l passes
the steps veferved Lol and when e fonrth
pesition s reached Bs mndicated l»)' the dotted
Hines 4—4 ] 4247, the yosistonee will he
entirely eut out. The connee tiens will {hen
be as im?ica((’d in Fiew 3,-and it will Le ob-
served that the relative con 1‘“611(;115 of the
varions windings have gol been aliered from
those shown in Iig. 2 and the (mlv change
which has been inun olie about i the <11thnu
aut of the stariing wistanee .

Tn the next position of the um‘uoﬂm i1~
dicated by dotted lines 53 and 5 '—35’, the
,i:_.uon.zu contacts 167, 17" and 88 are con-

" remains the same,

feld bmno weaker,

N

nected together, the contacts 487, 32" and 497
are (annoc(od together, otherwise the con-
nections remain as in the founth position.
The connecting together of the contacts ny
noted results in the connecting together of
their 10\1)!@1\ e conductors and consequently

the varions wmdnws are counected us shown

m 1*10 4, An ]mpe(tmn of this last figure
will show that the relative connections of
the sections forming the winding of a pole
have not been (lmnwd but that the pole
wmdnma as enmwlu have been connected
two in series and the paivs in parallel.
Otherwise the connec tions are as shown in
Fig. 3. The cureent in the field coils ix
]nmted by t m((mhiwolu-tw motive foree of
ule n'ma*me and in the » arrangement shown
in Fig. 4, the main feid coils wil) each re-
ceive one h‘l]\l‘ of 1he armature eurrent in-
stead of the wholé armature current, ns was
the case when they were connected in series.
The obvious resnlf ilmuumc 1s that the mag-
neto-motive force of the main poles and con-
sequently their magnetic field is weakened
and an inereased speed of the armatnre takes
place. The windings of the comuntating
poles, however, take the full wrmatnre e
rent as prwwuslv and therefore their field
exeept as it may e
changed 1 by inere: ase or decrease of loadl.

In) position G of the mmrollu as indieated
by dotted lines 6—¢ and () —07, the station-
arv contacts 107, 177, 25 ’3%’, sud 417 are

ronnected tooethcr and the stationavy con-
tacts 247,327, 407 -1b and 497 together, othep-
wise the LonthUons remalin as l>v ore. This
dmnoe of connections results in the connect-
ing of cach. of the main pole windings as a
whole singlv in plm”cl with the others. {he
relative sections of the windh ng of a pole
relmaining unchanged.  The \.nmu\ wind-
mgs will ihon be conneeted as shown in e,
5, which differs from Iri 1. ondy in that the
main pole windings Litve been connected
singly in mml el instead of connecting two
in series and the pairs in pavallel.  One-
fourth of the armature current now passes
through cach pole winding instead 6f one-
half ag was the case in the next preceding
position of the controller, anil therefore, the
the spead s furthier
umaod

In the next position of the cont 1()”(*1‘ As
indicated by the dotied Hines 7- -7 and 77—77

the stationary (-mi rets 167, 177, 217, 257, 297, .
337, 37", 417 and 45" are connected ¢ togetlier,
while the stalionary coutacts 207, 947, 987,
327, 367, 407 447, 48 7 aud 49 wre conneefed

togeth v, otherwise the
as before. The windi connected
as before. The windings mre now conneetec
as shown in Fig. 6, from which it will be
seen that the sections of the winding upon
each main pole are divided into pairs, the
menibers of which ave 1

connected
and that the several pairy ave connected in

contiections remain

i1-

in series,
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parallel with each other. This changel in
the connections of the windings of the main

‘poles is the only change which has been

made over the connections set forth in Fig.

5. The result of the new connections is to

divide the armature current into eight parts

and therefore the current flowing in the main .
pole windings is only half as great as where-

the connections were as shown i Fig. 5.
There is therefore a still further weakening

f the main field of the motor and a further
- increase in its speed.

In the next position of the controller as
indicated by dotted lines 8—8 and 8—8’,
the stationary contacts 16, 17/, 19, 21/, 23’,
o5’, 97, 297,°81’, 887, 85", 87, 89’, 41/, 43",
45’ and 47’ are.connected together, while
the stationary contacts 18/, 207, 227, 24/, 26/,
287, 307, 82, 84/, 367, 38, 40/, 42’, 44’, 467,
48" and 49" are connected. together, other-

~wise the connections remain as before. The
‘connecting of the contacts as described re-

- sults in the connecting of each of the sec-

25

tions of the various pole windings in paral-
lel with the remainder, as shown in Fig. 7.

- It will now be seen that the armature cur-

30

35

~ 40h

45

50

rent is divided among sixteen paths and that
therefore the current strength in the wind-
ing is one-half that in the next preceding

position of the controller and the speed of

the motor is.correspondingly increased.
Up to the present point, it will be noted

‘there has been no change in’the relative

connecticns of the windings or coils com-
posing the windings of the commutating
poles. From the first position of the con-
troller up to the present point, the sections

of each pole have been connected in parallel

anid the windings of the poles as wholes
ave been connected in series, and they have
been connected in series with the armature
so that the strength of the commutating

: field is varied only by reason of a change in
the armature current. The changes in the

speed of the motor have been brought about
by varying the connections of the windings
upon the main poles without changing the
relative connections of the windings upon
the commutating poles. The connections
established by the controller in passing

through the range which it traverses in the.

ordinary regulation of the motor have been

- explained in detail, and it is desirable that

55

60

in the effecting of the usual control of the.

motor, the relative connections of the com-
mutation pole windings - should not be

changed. It may be, however, that under,
certain conditions of operation, it may be

desirable to change the relative connections
of 'the commutation pole windings and there-

-fore 'a set of contacts has been provided

whereby the desired change may be brought
about.. As-an instance of the conditions un-
der which such a change would be desirable,

11,020,276

reference may be made to the case where
the motor is operating under an extremely
heavy load and the sectional area of the

85

commutation poles is sufficient to permif -

the increase of magnetism in proportion to
the increase in load where the loads are

‘within the limits marking the normal or

usual operation of the motor, but is not
sufficient to permit an increass of field in

proportion to the armature current where

the load is outside the normal limits on ac-
count of the approach of the commutation
poles to saturation. In such a case, it-is
necessary to increase the magneto-motive
force in a greater proportion than is neces-
sary to produce the desired increase in mag-
netism at a point further removed from
saturation. This disproportionate increase
in the magneto-motive force may be effected

by altering the relative connections rf the:

field winding upon the commutation poles.

70
75
80

85

The connections by which applicant, in the

structure illustrated, accomplishes this re-
sult will be described with reference to the
conneetions which are established-when the
controller is in its 9th position, as indi-
cated by the dotted lines 9—9 and 9'—9’.
In this position of the controller, the fol-
lowing stationary contacts are connected to-

90

gether in pairs, namely, 2" and 8’, 4" and 5', * A

6" and 7/, 8 and 9, 10’ and 11, 12" and

18, 14’ and 15’. Otherwise the connections

remain as before. The change in the con-

95 -

nection of the contacts as noted operates to - - .

change the relative connections of the sec-
tions of each commutation pole winding

- from parallel to series, the other connections

remaining unchanged as shown in Fig. 8.

The effect of the change in connections is to
cause the entire strength of armature cur- .
‘rent to flow.through each section of the.

100.

105

commutation pole windings which iIs twiceé -
the strength of current which ' ™ flowed -

through those sections when they were con-

nected in parallel. S

In Figs. 9 to 15, is illustrated the appli-
cation of the inpvention to a motor of a
different type from that previously de-
séribed. This motor belongs to that class
of motors commonly known in the art as
shunt motors and is characterized by the
fact that the field winding is of compara-

across the terminals of the armature in-
stead of in series therewith as in the case
of a series motor. ’ R

- Referring to the drawings, last mentioned,
the motor comprises a frame A’, main poles

B’; ¢/, D', and B’, commutating poles F’,-

G, 2/, T/, armature R’ having a commu-
tator 8’ on which bear the brushes T” and

U’. Upon the main poles are placed the

energizing windings J, K’, I/, and M’ re-

spectively, “while upon the commutation

110
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‘tively high resistance and is connected -
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poles ave vespectively placed the windings
N7, O, P and Q7. The windings upon the
main poles are 1‘espe(uwly dl ded 1nto
sections ¢” and &', ¢ anll ', ¢ and i’ g
and 2. Similarly the windings npon the
commutation poles ave divided into sections
" and ', " and &', 7" and m/, 2" and ¢ re-
spectively. Secured to the terminals of the
sections of the windings upon the commu-
tation poles are conductors 101 to 116 ve-
spectively, while the conductors 117 to 132
respectively are connected to the ternunals
of the sections of the windings apon the
main poles. As in Fig. 1, the conductors
are not shown in [ig. 9 in their entivety
for the sake of clearn ness, but each®of the
conductors is connected to & std[mn(n‘v con-
tact of the controller V/ which is designated
by the number applied to eonduetor
primed. A rveversing switeh W' is provided
as in the case of the apparatus tlustrated

the

“in Fig. 1, and it will be understood in the

25
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. connected with the contacts 109" ar

&85 ¢

60

“contacts 1057

‘tors 109

explanation that is to %Ti yw o that this
switch is thrown to the left as w as the case
in considering the cu'(nut conne ctmns of
the appamtus of the first figure. A start-
ing resistance X’ 1 the pre-
cedino apparatus,

1s provided as in

bdn(f assnmpd that th o controller is in”

a position as indicated in Fig. §, if now the
reversing switch be *hr(m n to the left and
the movable contacts be moved toward the
right until the rows of stationary copm(“"s
lie respectively upon the lines 11—11 and
11’ —11 which mark the first position of
the controller, the armature circuit may he
traced as follows: from ons side of the line
through the starting resistance X/, to the
stationary contact @', thence through the
stationary contacts 101" and 1037, which are
connected together, throngh the conductors
101 and 103, sections p” and ¢’ of the wind-
ing N’ upon the commutation pole F”, con-
ductors 102 and 104 to stationary contacts
102" and 1047, which are connected with the
and 1077, Thence the circuit
passes through the conductors 103, 107, the
sections " and %" of the winding &’ upon
the pole fT. conductors 106 and 108 to
stationary contacts 106’ and 108 which are
nd 111%
Thence the circuit masses thmugh conduc-
and 111, wc’ﬂo*l“ U and m” of the
winding P’ of the pole ', conductors 110
and 112 fo the stationgry contacts 110”7 and
112" which are connected together and to
the contacts 1183”7 and 118°. Thence the cir-

_&

cuit passes through the conductors 113 and
115, the sections n” and o’ of the winding
bl N pn]

€)', upon the pole I’, conductors 114.and 116
to the contacts 1147 and 1167, which ave con-
nected together and fo the contact 133"
Thence the circuit passes through the con-
ductor 133" to the contact 133"" and thence
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through the stationary contact 133" of
the reversing switeh, conductor 133,-brush
A commuta wtor &, the winding of the ar-
mature B’ brush U , conductor 184, station-
ary contact 134* of the reversing switch,
thence through stationary contact 134777,
conduetor 131”, stationary contact 134" and
statlonary Coni‘?cd.135’, to the other termi-
:MI o+' the source

The Held eirenit may be traced as follows:
from one side of the source of supply to
the stationary contact 136" and thence to
the stationary contacts 1177, 1197, 1217, 123,
1257, 1277, 1297, and 1317, thence circuits
may be traced through the conductors, 117,
119, 121, 1923, 1925, 194, 129 and 13t to one
terminal of each of the sections of thn main
windings o, 0’, ¢, d’, ¢, {, (/ and 2/
through which the current p mes to the con-
ductors 118, 120, 192, 124, 126, 128, 130 and

132 to the stationary contacts 1187, 1207
1997, 1947, 1267, 1287, 180/, and 132) The
last mentioned stationary contacts are con-

nected to cach other and to the S(atlonmy
contact 1357, the last mentioned contact be-
ing connected to the other side of the source
a* sumhv R will be obsewed that in this
position of the controller all the sections of
the main windings are individually con-
nected between the terminals of the source
of supply and that the sections are con-
nected 1n parallel. . The current in the shunt
field windi ings depending upon the ohmic
resistance of those windings, the connections
which have beer described onfm the least
resistance to the passage of eurrent and
therefore the current will be relatively large

and the field strong, which is a desirable
condition at starting. The connections .are
then as shown in Fig. 10. Further move-

ment of the controller to the right until
the 4th position indicated by the dotted
lines 14—14 and 14" -14" overates to cut
out the starting resistance X’ in a well
known manner, and in the 4th position this
resistance is entirely cut out, the connec-
tions being as shown i in Fig. 11

In the 5th position of the controller, the
stationary contacts 1177, 1197, 1217, 123’ are
connected together and "co the contact 136,
the contacts 1187, 1907, and 1277 are
connected tog’ether the Ponhctq 1927, 1247,
1297, and 1317 are connected tqoether, and
the contacts 1267, 128/, 130/, and 152" are
connected together and to the contact 185’
which is connemed with the other side of
the source of supply. The connections of
the various windings are now as shown in
Fig. 12, It will be opserved that the wind-
ings of the main poles as wholes are con-
nected in series in pairs and the pairs are
connected in para allel across the line. Gther-
wise the relative connections of the wind-
ings and armature remain as before. The
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main field windings in this position of the |

. controller offer increased resistance to the

10

20

assage of current and the field of the motor
1s weakened with a corresponding increase
in speed. ,

In the next position of the controller, the
contacts 1177 and 119" are connected to-
gether and to the stationary contact 136/,
the stationary contacts 118’, 1207, 125, and
127 ave connected together, the stationary
contacts 1267, 128’, 191" and 123" are con-
unected together, the contacts 1227, 1247, 129",
131’ are connected together, and the con-
tacts 130" and 132" are connected together
and to the contact 135" which is connected

“to the other side of the source of supply.
" Otherwise the

connections remain
changed. The connections now are as
shown in Fig. 138. It will now be seen that

un-

the only change effected by this step in the

connections has been the connecting of- the
main pole windings as wholes in series.
The relative connections of the sections of

. a pole winding have not been changed, nor
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have the relative connections of the arma-
ture and the other windings been changed.
The result therefore is to oppose a greater
resistance to the flow of current through
the field windings with a corresponding
weakening of field and increase of speed.
In the Tth position of the controller, con-
tacts 136° 117" are connected together, as are
also 118" and 1197, 120’ and 121/, 122’ and
123°, 124’ and 1257, 126’ and 127/, 128" and
1297, 130" and 131, 132" and 135", Other-
wise the connections remain as before and
the relative connections are now as shown
in Fig. 14. Tt will be seen that the only
change effected in the relative copnection of
the windings has been to connect the sec-
tions of the main windings singly in se-

ries. The effect of this connection is to de-

~ crease the field current and occasion a still

50

further increase in speed.

In the next and last position of the con-
troller, the object is to change the relative
connections of the windings of the commu-
tation poles and to this end, contacts are
provided which connect together the sta-
tionary contacts 101’ and «’, and connect
them with one side of the source of supply,
contacts 102” and 103, 104’ and 105’, 106
and 107/, 108" and 109’, 110” and 1117, 112’
and 1137, 114’ and 115, and 116’ and 133’
are respectively connected together. Other-
wise the connections remain as before and

“the total connections as-established in this

60

position of the controller are as shown in

Fig. 13. The only change in connections
effected over the mnext preceding position

consists in the connection of the sections of
cach of the commutation poles in series in-
stead of in parallel] to effect objects as. de-
scribed in conneéetion with the apparatus

5 of Wigs. 1 to 5 inclusive. ‘
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The ifvention has been illustrated and de-
scribed sufficiently to enable anyone skilled:
in the art to practise it. It will be under-
stood, however, that equivalent ‘apparatus
may be employed for carrying out the

method and that various relative connec--
tions of the windings of the machine to be

controlled may be employed without depart-
ing from the spirit of the invention. It is
also apparent (as indicated, for instance, in
Figs. 2, 3, 4 and 5, by dotted lines) that the
coils on the auxiliary poles may be single
coils, instead of parallel eoils, whenever it
is of minor importance to have extremely
close regulation. ‘

Having thus described myinvention, what
T claim and desire to secure by Letters Pat-
ent, is:— : . :

1. The combination with a dynamo elec-
tric machine having main field. poles and
auxiliary poles creating a <commutating
field, an armature and conductors associ-
ated therewith, and sectional windingsupon
the said poles, of a controller having con-
tacts connected with the individual sections
of said windings and so arranged that the
initial movements of the controller change

the grouping of the windings of the main -

field poles with respect to one another to
weaken the magnetic field created thereby,
without changing the grouping of the wind-
ings of the auxiliary field poles, and subse-
quent movements of the controller change
the grouping of the windings of the auxil-
iary field poles to strengthen the magnetic
field created thereby, substantially -as de-
scribed. o

9. The combination with a dynamo elec-
tric machine having main field "windings
and auxiliary windings creating a commu-
tating field, an armature and conductors as-
sociated therewith, of a controller having
contacts connected with the said windings
so arranged that the initial movement of the
controller changes the grouping of the main
field windings with respect to one another
to weaken the magnetic field created there-
by, without changing the connections of the
auxiliary field windings, and subsequent
movements of the controller change the
grouping of the auxiliary windings to
strengthen the magnetic field created there-
by, substantially as described. :

3. The combination with a dynamo-elec-
tric machine having main field poles and
auxiliary poles creating a commutating

field, an armature and conductors associated
therewith, and windings upon the said main-

field poles and auxiliary poles connected in
series with one another and with the arma-
ture, of a controller having contacts con-
nected with the said windings and so ar-
ranged that the initial movements of the
controller change the grouping of the wind-
ings of the main field poles with respect to
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one another to weaken the magnetic field
created thereby, without changing the
grouping of the windings of the auxiliary
field "poles, and subsequent movements of
the controller change the grouping of the
windings of the auxiliary field poles to
strengthen the magnctic field created there-
by, substantially as described.

In testimony whereof I affix my signa-
ture, in presence of two witnesses.

GEORGE HERBERT CONDICT.

‘Witnesses:
Joun C. PenNig,
Wavrrer' R. HEerrick,




