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to all usion it may concern: 
l3e it known that , GEORGE | ERisi, RT 

CoN DICT, a citize of the United States, re 
siding in the city, county, and State of New 
York, have il vented certain new and useful 
In provements in Regulating Hynamo-Elec 
tric Machines: aid i do hereby declare the 
following to be a full, clear, and exact de 
scription of the invention, such as will en 
able others skilled in the art to which it. 
appertains to lake and use the same. 
This invention relates to the control of 

dynamo electric machi)es. 
While the invention may be employed to 

regulate cither generator's or moto's, it is 
contein plated that it will be most widely 
employed to effect the speed control of no 
tors, and ('specially such not () 1's as are en 
ployed in railway service. 

It is an olicci, of the invention to effect 
the desired conti'l in an eficient mainer. 
and to this end there is provided a method 
()t and appa'atus for successively collect 
ing certain of the field windings in different 
relations, the manipulations of the wind 
ings referred to being effected without al 
tering the connections of the remaining field Windings. 

It has heretofore been proposed to effect. 
the control of electric in otol's loy sticces 
sively connecting their field windings in 
different relations, but all systells heretofore 
proposed for this purpose have involved the 
changing of the relative connections of the 
windings upon all of the poles. in fact, it 
is necessary in all prior systems. in order to 
produce balanced conditions in the arma 
ture, that the winding of each pole be sinu l 
taneously and correspondingly changed in 
its connections whenever it is desired to 
bring about a change in the relative collec 
tions of the field coils. In some types of 
machines, however, it is desirable to effect 
changes in the relative connections of cel'. 
tain of the coils, whereby the desired legul 
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 in):ly be 
divided into sections and the relative coll 
nections of the sections varied, or both, 
while throughout the ordinary regulation of 
the machine certain other of the field wind ings remain unchanged. 

A notable instance of a type of machine 
to which the present invention is applicalle, 
is that of a generator or notor which is stip 
lied with main field poles designed to fur 
lish the jail excitation and also with auxil 

i: 'y o' compensating poles which supply 
tht: conn)) titating field for the amature 
coils. via cli1}es of this type are especially 
adapted or use as variable voltage dynamos 
Ol' variable speed notors, and while the 
st 'ength of the main poles may be altered to 
claige the voltage or speed as the case inay 
)e, the relative connections of the winding 
to the auxiliary poles should remain - 
changed throughout the ordinary range of 
regulation. The number of the ampere 
tail's of the windings upon the auxiliary or 
colllllutilting poles then varies with the cur 
rent of the circuit to which the windings 
are collecteti, and in order that the commu 
tating fields may be of proper values to ef 
fect perfect commutation at all loals, the 
('in unitating pole windings will ordinarily 
be collected to the armiature circuit so that 
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the collamutating fields will vary with the 
load. 
While, as has been stated, the connections of the Windings upon the auxiliary poles 

sli (illel not be changed, and the current in 
those windings should vary with the load 
throughout the ordinary regulations of the 
imachine, it may be desirable, under some 
conditions, to vary the commutating fields 
independently of the load, and it is there 
fire, a further olject of the invention to 
provide a method of and appa'at us for ac 
eflaplishing that 'est it. This may be done 
by changing the relative connections of the auxiliary pole windlings. 

In the accompanying -- 
1 is a diagrahi showing the Windings of a 
motor suilicient for an understanding of 
the present invention, together with a con 
: 'oller for etic ('tilag the desired connectious. 
The controller is of the listial cylindric'a 
type, the cyli de' (') tacts being so \\ 1 as 
leveloped (; ; liable surface as is 'uston 
alry in illust 'ating such structures. The 
statioialty contacts are represented as circles 
according to the usual mode of represeita 
tion. iigs, 2 to S inclusive are simplified 
diagrams showing the connections of the 
various parts of the motor at different steps 

d'a Wings: Figure 
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of the controller. Fig. 9 is a vie: 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 upon 
which are mounted the main poles B, C, D 
and E 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 a, b, c, d, and e,f, g, h, 
and i, j, k, l, and m, n, op. Upon the coin mutating poles are windings N, O, P and Q, 
composed respectively of the sections q, r, 
ands, t and u, v and w, a. 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 controller 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 
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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 q, r, are con 
nected in parallel. To the stationary con 70 
tacts 2' and 4 are connected the stationary 
contacts 5' and 7' and therefore the circuit : 
is continued through conductors 5 and 7, 
sections S and t of the winding O upon the 
commutating pole G and the conductors 6 
and 8 to the stationary contacts 6' and 8', 
which are connected together, and to the 
stationary contacts 9 and 11. From the 

! contacts 9 and 11, the circuit may be traced 
through the conductors 9 and 11, sections u 
and as of the winding P upon the commu 
tation pole H and the conductors 10 and 12 
to the stationary contacts 10' and 12. The 
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contacts 10' and 12' are connected together 
and to the stationary contacts 13 and 15. 
From the contacts 13 and 15, the circuit 
proceeds through the conductors 13 and 15, 
the sections at and a of the winding Q, upon 

85 

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 

instead of being in one row, although the wholes are connected in series. From the 
latter construction might be adopted where 
the practical objections to the length are not 
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present or it causes no serious inconvenience. 
The various contacts will be referred to in 

stationary contact 17, the circuit proceeds 
through conductor 17, section m of the wind 
ing M upon the main pole E, conductor 18, 
stationary contact 18, stationary contact 

connection with the detailed description to 19, conductor 19, section in of the winding 
follow. A reversing switch W for inter 
Eging, the armature conductors is pro 

vided. This switch is of usual construction 

M, conductor 20, stationary contact 20, sta 
tionary contact 21, conductor 21, section o 
of the winding M, conductor 22, stationary 

and requires no special description. It is contact 22, stationary contact 23, conduc 
represented as having its movable contacts 
in development as in the case of the con 
troller V and, also in-correspondenee 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 controller 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: From the plus side of the source of supply to the resistance X, sta. 

65 

tionary contact a, to the stationary contacts 
1 and 3’ through conductors 1 and 3, sec 
tions g and r of the winding N upon the com 

3. 

tor 23, section p of the winding M, conduc 
tor 24, stationary contact 24, stationary con 
tact 25, conductor 25, section a of the wind 
ing J upon the main pole B, conductor 26, 
stationary contact. 26, stationary contact 27, 
conductor 27, section b of winding J, con 
ductor 28, stationary contact 28, stationary 
contact 29, conductor 29, section a of the 
winding J, conductor 30, stationary contact. 
30', stationary contact 31', conductor 31, sec 
tion d of the winding J, cónductor 32, sta 
tionary contact 32, stationary contact 33, 
conductor 33, section e of the winding K 
upon the main pole C, conductor 34, sta 
tionary contact 34", stationary contact 35, 
conductor 35, section f of winding K, con 
ductor 36, stationary contact 36', stationary 
contact 37, conductor 37, section g of wind. 
ing K, conductor 38, stationary contact 38', 
stationary contact 39, conductor 39, section 
h of winding K, conductor 40, stationary 
contact 40', stationary contact 41', condue. 
tor 41, seetion i of the winding Lupon the 
main pole D, conductor 42, stationary con 
tact 42", stationary contact 43', conductor 
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as shown in Fig. 2. 
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43, Section i ()f the winding it, conductor 4-4, 
stationary contact 44, stationary contact 45°, 
conductor 45, Section k of the winding , 
conductor 46, stationary contact 46, sta 
tionary contact at , coal dict or 47, section 
of the winding it, conductor 48, stationary 
contact 4S. stationary contact 49', conductor 
49' to the two top stationally contacts of the 
reversing switch W, assuming the reversing 
switch to be thrown to the left, from the 
left hand upper stationary contact circuit 
will be made through the conductor 49 to 
the brush T and through the winding of the 
armature R to the bitish J, thence through 
the conductor 50, to the lower middle left 
hand stationary contact of the revel'sing 
switch to the conductor 50', stationary con 
tact 50', and the stationary contact 51 to 
the minus side of the source of supply. The 
connections of the variotis windings are now 

it will now be ol 
served that the sections of the windings 
upon each inlain oie are connected in se 
ries, that these poies as wholes are connect 
ed in Series, and that the two sets of field 
windings (main pole and commutating pole) 
are connected in series with each other and 
with the staiting resistance and armature. 
The windings are those of a series motor, in 
which the field windings are of negligible 
resistance so that they cause small ohmic 
drop in the ailmature circuit. In this posi 
tion of the col) troller, it will be seen that the 
entire armature current traverses each sec 
tion of the main field windings and there 
fore the field is at its greatest strength which 
is a desirable condition at starting. It will 
be also observed that the windings of the 
connllutating poles are connected in series 
with the armatiire, so that the strength of 
the coni initiating field- is proportionate to 
the armature current which is desirable for 
producing perfect commutation at a loads. 

if now the cylinder be turned to the right. 
passing the Second and third positions of 
the controller indicated respectively by the 
dotted lines 2-2 and 3-3 for le 'ow of 

and the dotted lines 
for the other set of co 

tacts, the ?illy changes (cli'i'ing will co 
sist in the successive cutting ut of sections 
of the resistai'e X as the controller passes 
the steps referred (), and wie is the fourth 
position is reached as ificated y be lotted 
lines 4-4 til 4'-. 4, the resistance will be 
entirely cut out. The connectic is will then 
be as indicated is tig. 3, rail it will be ob 
served that the relative contections of the 
Various will diligs have not cen altered from 
those show in Fig. : : ind the only ch: ge 
which has been brought about is the cutting 
out of the starting resistance X 

- - - - ) 

it the next position of the controller in 
dicated by dotted lines 5-5 and 5'-3', the 
stationary contacts 16', 17 and 33 are coil 
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nected together, the contacts 48.32 and 49 
are connected together, otherwise tile con 
nections remain as in the fourth position. 
The connecting together of the contacts 
noted results in the connecting together of 
their respective conductors and conseciety 
the various windings are connected as shown 
in Fig. 4. An inspection of this last figure 
will show that the relative connections of 
the sections forming the winding of a pole 
have not been changed, but that the pole 
windings as entireties have been connected 
two in series aid the pairs in parallel. 
{Otherwise the conjections are as shown in 
Fig. 3. The current in the field coils is 
limited by the conterellectro-inotive force of 
the arnatalie and in the ai'i'agenheit shown 
in Fig. 4. the initin field coils will each re 
ceive one-half of the a 'nai : 'e citi'rent in 
stead of the whole ai'nature tailer it. as was 
the case when they were connected in series. 
The obvious result therefore is that the mag 
neto-notive force of the mail) poles all con 
sequently their magnetic field is weakened 
and an increased speed of the ai'nature takes 
place. The windings of the coin initating 
poles, however, take the full ai'iature 'ir 
rent as previously and therefore their field 
remains the same, except as it play loc 
changed by increase (or decrease of load. 

In position (3 of the controllier as indicated 
by dotted lines (5-6 and (3'-(5, the station 
ary contacts 16, 17, 25, 33. : 1c - are 
connected together, and the stationary c())- 
tacts 24, 32', 40', 4S' and 39 it gether, other. 
wise the connections renail as before. This 
change of collections 'estlis in the col)nect 
ing of each, of the Jain pole will clings as a 
whole singly in parallel with the others, the 
relative sections of the winding of a pole 
'eillaining u)}changed. The various wind 
ings will the be connected as slow 1 in Fig. 
5, which differs from Fig. only is that the 
nail pole windings : ye been conjected 
singly in parallel instead of collecting two 
in series and the ai's in parallel. One 
foil'th of the ai'il) at tire it "l'ent low asses 
through each pole will ling instead (, one 
half as was the case in the next }}'eceding 
position of the 'oint 'oller, all therefore, the 
.field being Weaker, the sle is further in 
creased. 

in the next position of the 'oltroller as 
indicated by the of let lines 7-7 at -7. 
the stationary coitacts 16', 17, 2 29, 
33. 37, 41 and 45° aire coinected together, 
while the stationary coil tacts 20, 24, 28. 
32. 36, 40° 44' 48" and 9 are connected 
togethe’, otherwise the collections rena in 
as before. The Vindings are now connected 
as shown in Fig. {5, foll which it will be 
seen that the Sections (if the Winding up); 
each main poie are divided into pairs, the 
inheribe's of which are connected in series, 
und that the several pairs are colinected in 
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parallel with each other. This change 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 if Fig. 5. 
There is therefore a still further weakening 
ef 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, 
25, 27, 29, 31', 33, 35', 37, 39, 41', 43', 
45', and 47 are connected together, while 
the stationary contacts 18, 20, 22, 24; 26, 
28, 30', 32, 34, 36', 38', 40,42, 44, 46, 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 
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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 
connections 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 
and 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 
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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, 

1,029,276 
reference may be made to the case where 
the motor is operating under an extremely 
heavy load and the sectional area of the 

65 

commutation poles is sufficient to permit 
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 increase of field in 

70 

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 of the 
field winding upon the commutation poles. 

75 
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85 
The connections by which applicant, in the 
structure illustrated, accomplishes this re 
sult will be described with reference to the 
connections 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 
gether in pairs, namely, 2 and 3', 4' and 5', 
6' and 7, 8 and 9', 10' and 11, 12' and 
13, 14 and 15'. Otherwise the connections 
remain as before. The change in the con 

90 
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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 

100. 

cause the entire strength of armature cur-. 
rent to flow through each section of the . 05 
commutation pole windings which is twice 
the strength 

nected in parallel. . 
In Figs. 9 to 15, is illustrated the appli 

cation of the invention to a motor of a 
different type from that previously de 
scribed. 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. , 

Referring to the drawings, last mentioned, 
the motor comprises a frame A, main poles 
B, C, D, and E, commutating poles F, 
G, H, I, armature R having a commu 
tator S' on which bear the brushes T and 
U'. Upon the main poles are placed the 
energizing windings J, K, L, and M re 
spectively, while upon the commutation 

of current which flowed 
through those sections when they were con 

110 

115 
tively high resistance and is connected 
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poles are respectively placed the windings 
N, O', P and Q. The windings upon the 
main poles are respectively divided into 
sections a? and b', d' and d", e' and j', y' 

5 and h'. Similarly the windings upon the 
coinnutation poles are divided into Sections 
p' and i', f' and k', d' and m', n' and O' re 
spectively. Secured to the terminals of the 
sections of the windings upon the commu- all of the source. 

10 tation poles are conductor's 101 to 116 re 
spectively, while the conductor's 117 to 132 
respectively are connected to the tei'iinals 
of the sections of the windings upon the 
main poles. As in Fig. 1, the conductor's 

5 are not shown in Fig. 9 in their entirety 
for the sake of clearness, but each of the 
conductors is connected to a stationary con 
tact of the controller V' which is designated 
by the number applied to the conductor 

20 primed. A reversing switch W' is provided 
as in the case of the apparait is illustrated 
in Fig. 1, and it will be understood in the 
explanation that is to follow that this 
switch is thrown to the left as \vas the case 

25 in considering the circuit connections of 
the apparatus of the first figure. A start: 
ing resistance X is provided as in the pre 
ceding apparatus. 

It being assumed that the c 
30 a position as indicated in Fig. 9, if now the 

reversing switch be thrown to the left and 
the movable contacts be moved toward tine 
right until the rows of siationary contacts 
lie respectively upon the lines 11-11 and 

35 11-1, which imark the first position of 
the controller, the al'mature circuit may be 
traced as follows: from one side of the line 
through the starting resistance X', to the 
stationary contact a', thence through the 

40 stationary contacts 101 and 193, which are 
connected together, through the conductors 
101 and 103, sections p' and i? of the wind 
ing N' upon the commutation pole F, con 
ductor's 102 and 104 to stationary contacts 

45 iO2 and 104", which are connected with the 
contacts 05 and 107. Thence the circuit 
passes through the conductors 105, 107, the 
sections f' and I' of the winding O' upon 
the pole G", conductors 106 and 108 to 

50 stationary contacts 106' and 108' which are 
connected with the contacts 109' and 11. 
Thence the circuit asses through condic 
tors 109 and 111, sections 2 and in of the 
winding P of the pole H', conductors 110 

55 and 112 to the stationary contacts {i,0' and 
12 which are connected together and to 

the contacts 113 and 1:57. Thence the cir 
cuit passes through the coin 
115, the sections in and o' of the winding 

60 Q', upon the pole i, conductors 113.and 116 
to the contacts 114 and 116, which are con 
nected together and to the contact. 133. 
Thence the circuit passes through the 
ductor 133' to the contact. 133' and thence 

as the 

-R - 

ontroller is in 

ductors 13 and 
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through the stationary contact. 133' of 
the reversing switch, conductor 133, brush 
T. commutator S', the winding of the ar 
nattie is'. brush U", conductor 134, station 
airy contact 134 of the reversing switch, 
tience through stationary contact, 134', 
conductor 34', stationary contact, 134 and 
stationary contact. 135, to the other termi 

r T field circuit may be traced as follows: 
from (ine side of the source of supply to 
the stationary contact 136 and thence to 
the stationary contacts 117, 119, 121, 123, 
125, 127, 129, and 131, thence circuits 
may be traced through the conductors, 117, 
119, 121, 123, 125, 127, 129 and 131 to one 
terminal of each of the sections of the main 
windings a, b, c', d', e, f', g’ and h’ 
through which the current passes to the con 
ductors 118, 120, 122, 124, 126, 128, 130 and 
132 to the stationary contacts 118, 120, 
122', 124, 126, 128, 130, and 132. The 
last mentioned stationary contacts are con 
nected to each other and to the stationary 
contact, 135°, the last mentioned contact be 
ing connected to the other side of the Source 
of supply. It will be observed 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 in parallel. , the current in the shunt, 
field windings depending upon the ohmic 
resistance of those windings, the connections 
which have been described offer the least, 
resistance to the passage of current 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 operates to cit 
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 in Fig. 11. 

in the 5th position of the controller, the 
stationary contacts 117, 119, 121, 123' are 
connected together and to the contact 136, 
the contacts 18, 120, 25 and 127 are 
connected together, the contacts 122, 124. 
$29, and 131 are connected together, and 
the contacts 126'. 128, 30', and 132' are 
connected together and to the contact 135 
which is connected 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 observed that the wind 
ings of the main poles as wholes are con 
nected in series in pairs and the pairs are 
connected in parallel across the line. Cther 
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 
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a pole windin 
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crease the field current and occasion a still 
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passage of current and the field of the motor 
is weakened with a corresponding increase 
in speed. - - 

In the next position of the controller, the 
contacts 117 and 119 are connected to 
gether and to the stationary contact 136, 
the stationary contacts 118, 120', 125, and 
127 are connected together, the stationary 
contacts 126', 128, 121' and 123' are con 
nected together, the contacts 122', 124, 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 um 
changed. The connections now are as 
shown in Fig. 13. It will now be seen that 
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 

g have not been changed, nor 
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 7th position of the controller, con 
tacts 136' 117' are connected together, as are 
also 118'' and 119, 120' and 121, 122 and 
123, 124' and 125, 126 and 127, 128’ and 
129, 130' and 131, 132' and 1357. Other 
wise the connections remain as before and 
the relative connections are now as shown 
in Fig. 14. It will be seen that the only 
change effected in the relative connection 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 

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 ae', and connect 
then with one side of the source of supply, 
contacts 102 and 103, 104 and 105,106 
and 107, 108 and 109, 110' and 111, 112' 
and 113, 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 
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position of the controller are as shown in 
Fig. 15. The only change in connections 
effected over the next preceding position 
consists in the connection of the sections of 
each of the commutation poles in series in 
stead of in parallel, to effect objects as de 
scribed in connection with the apparatus 

5 of Figs. I to 5 inclusive. 
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The invention 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 coils, whenever it 
is of minor importance to have extremely 
close regulation. 
Having thus described my invention, what 

I 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 windings upon 
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. 

2. 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 In testimony whereof I affix my signa 
created thereby, without changing the ture, in presence of two witnesses. 
grouping of the windings of the auxiliary 
field poles, and Subsequent movements of GEORGE HERBERT CONDICT. 

5 the controller change the grouping of the 
windings of the auxiliary field poles to Witnesses: 
strengthen the magnetic field created there- JoHN C. PENNIE, 
by, substantially as described. WALTER R. HERRICK. 


