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UNITED STATES 
sys PATENT OFFICE. 

ARTHUR. F. NESBIT, OF WILKINSBURG, PENINSYLVANIA. 

DIRECT-CORRENT TRANSFORIVER, 

1,371,994. Specification of Letters Patent. I’atented Mar. 15, 1921. 
Application filed April 25, 1917. Serial No. 164,430. 

To all thom it may concern: 
Be it known that I, ARTHUR F. NESBIT, a 

citizen of the United States, and resident of 
Wilkinsburg, in the county of Allegheny 
and State of Pennsylvania, have invented 
certain new and useful Improvements in 
Direct-Current Transformers, of which the 
following is a specification. 
My invention relates to the construction and arrangement of the parts of a direct 

current transformer for use in producing 
direct currents of high potential. - 
One object of my invention is to provide 

a direct current transformer which is par 
ticularly adapted for use in developing a 
unidirectional current of substantially con 
stant polarity and an E. M. F. of any pre 
determined value, from an alternating. 
current. 
Another object of this invention is the 

production of a direct current transformer 
wherein a stationary stator and a stationary 
or locked rotor are employed, and whereby 
a unidirectional current of high potential 
is obtained from an alternating current of 
any voltage, frequency or phase combina 
tion. w . . . 

Another object of my invention is to pro 
vide a transformer wherein the primary or 
stator and secondary or rotor cores are in 
tegrated and whereby a direct current of 
any desired voltage is obtainable. 
A further object of the invention is to 

provide a high voltage, direct current trans 
former having improved means whereby 
sparkless commutation is effected, this re 
sult being accomplished by means of a com 
mutating field which is angularly adjustable 
about the axis of a primary core and a sec 
ondary core. 
A further object of the invention is to 

provide a high potential direct current 
transformer wherein the mass and number 
of the moving parts of the apparatus are 
reduced. - 

A still further object of my invention is to 
provide a transformer having the parts and 
novel constructions, arrangements, and com 
binations of parts illustrated in the draw 
ings, to be described in detail hereinafter, 
and to be particularly pointed out in the ap 
pended claims. - 
As is well known to those skilled in the 

art, in starting induction motors with the 
rotor at a standstill, the rotor acts as a 
“locked rotor' at the instant the circuit is 

closed on the stator windings, and that the 
rotating magnetic flux set up by the poly 
phase currents energizing the stator coils 
gives rise to a magnetic field which cuts the 
otol' coils with the same frequency, that is 
to say with the frequency of the E. M. F. impressed upon the stator coils. 

in constructing transformers in accord 
ance with my invention a rotor is provided 
which is fixed or permanently located with 
reference to the stator. And to that end the 
lamina of the cores preferably will be inte 
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grally formed and will be provided with a 
Series of rectangular or approximately rec 
tangular openings, the openings in the 
laminae forming the built up cores register 
ing to form a series of slots or gaps through 
which the windings of the stator and rotor 
coils extend. 

Referring now to the drawings, forming 
part of this specification, Figure 1 is an ele 
Vation, partly in section and partly diagram 
matic, showing a high potential, direct cuir 
rent, vertical transformer, (i. e. a trans 
former having an axially vertical commuta 
tor shaft), constructed and arranged in ac 
Cordance with my invention. 

Fig. 2 is a diagrammatic plan, on a some 
what larger scale (with the commutating 
field core and its windings omitted for the 
Sake of clearness) showing a preferred 
grouping of the series of high voltage coils 
on the locked rotor, and showing the connec 
tions between the rotor coils and the com 
mutator, on the commutator shaft in the 
particular construction illustrated in Fig. 1, 

Fig. 3 is a sectional elevation of the cores 
and the windings or coils of the stator and 
rotor cores (shown in the preceding figures.) 
and the commutating field cores, the section 
being taken on the line III-III of Fig. 2. 

Fig. 4 is a diagrammatic plan, similar to 
that of Fig. 2, showing the commutating 
field cores and the windings and connections 
to the windings on the axially adjustable 
primary commutating field core. 

Fig. 5 is a plan showing details in the con 
struction and arrangement of the slip rings 
and commutator segments and leads there 
for as mounted on the commutator shaft and 
shown diagrammatically in Fig. 2. 

Fig. 6 is an elevation, partly in section 
and partly diagrammatic, like that of Fig. 
1, showing a horizontal transformer or 
transformer modified to have an axially 
horizontal commutator shaft and having a 
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plurality of stator and rotor cores and com 
nutating field cores constructed and air 
i’anged in accordance with my invention. 

Fig. 7 is a detail plan showing a commu 
tator shaft having a multiple group of com 
mutators, slip rings and bus bars arranged 
thereon in accordance with my invention as 
constructed for use with the apparatus of 
Fig. 6. 

O In the accompanying drawings the letter 
A designates the primary or stator core and 
B the secondary or locked rotor core, of the 

15 

annular, integrated structure forming these 
cores. By integrated, as used herein, is 
meant a laminated structure having each 
lamina transversely divided into a series 
of segments and each segment forming part 
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of the core A and also part of the core B. 
When constructed as shown, the cores have 

20 windings thereon forming twelve primary 
s 2 3 4. r 6 7 38 9 or stator coils a, a”, a, a, a, a, a, d, ai, 

a', ai', and a1, and equal number of sec 
ondary or locked rotor coils b, b, b°, b, b, 
b°, b", bs, b°,b10, bi, and 7,12. ". 
Mounted above and in axial alinement with 

the stator and rotor cores are the commu 
tating field cores C and C of my improved 
transformer. The angularly adjustable pri 
mary field core C has windings thereon 
forming its coils 6, 6", c, c', c, c, c, d, c', 
c10, ci, and c'. The stationary secondary 
commutating field core C is embraced or . 
encircled by the windings forming the coils 

etc., of the locked rotor B 
shown in Figs. 1, 2 and 3.) Extending vertically through the axially 
central and axially alined openings in the 
cores B and C is a rotary commutator shaft, 
D and positioned on this shaft adjacent to 
its upper end, is a segmental commutating 
group or commutator E (Figs. 2 and 5) and 
coöperating group of slip rings F, to which 
the segments of the commutator E are per 
manently connected electrically. The lower. 
end of the shaft D is connected to the arma 
ture shaft of a synchronous motor G by 
which the shaft D is rotated. This motor, as 
shown, is positioned below the oil tank or 
container H in which the stator A, locked rotor B, and commutating field cores C and 
C are positioned so as to be submerged in 
the oil. It will be obvious, however, that 
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- the motor G may be supported above the 
tank H and be connected to the opposite. 
end of the shaft D and also that the shaft D 
and its driving motor G may be located at a 
distance, from the cores and coils of my im 
proved apparatus. - . . . . 

The tank H is secured 
which is fixed on a suitable foundation and 
the cores, A, B, are supported within the 
tank on a series of radial supports 3. The 
tank, which is cylindrical in cross section, is 
filled with oil to about the level indicated by 
the broken line 4, to keep the stator A and 

(as is 

O support 2. 

i,871,994. 
rotor B immersed in the oil and provide for 
effective insulation of the stator and l'otor, 
and the tank has a tight cover or lid 5 on its 
upper end. - 
Suitable supports 6 are provided above 

or on top of the locked rotor core B upon 
which the stationary or secondary core C 
of the commutating field core is positioned, 
and similar supports 7 above or on top of 
the stationary stator core A provide means 7 
for supporting the angularly adjustable, 
axially movable primary commutating field 
core C and series of windings forming its 
coils c', c, d, etc. . . 
The primary commutating field core C is 

arranged to turn angularly relative to the 
stator and rotor cores A and B and the coils 
a', a, etc., and b, b, etc., thereon, this field 
core C turning about the vertical axis of the 
stator and rotor when being adjusted rela- 85 

O 

5 

SO 

tive thereto and a suitable manually oper 
ated adjusting mechanism being provided 
for turning the commutating field core C 
and for locking the core C in adjusted po 
sition (see Fig. 1). 
As shown, the adjusting mechanism com 

prises, a segmental gear or curved rack & 
secured on the periphery of the core C and 
having teeth in mesh with those of the pin 
ion 9 on one end of the vertical shaft 10. 95 
The shaft is rotatably secured in the bracket 
bearings 11 and 12, which are fastened to the 
vertical wall of the tank H, and extends up 

90 

wardly to or above the oil leyel 4 in the . 
tank. The upper end of the shaft 10 is pro-. 100 
vided with a worm wheel 13 which meshes 
with the worm 14 on one end of the hori 
Zontal shaft 15, this shaft also being rota 
tably mounted in the upper bracket bearing 
12. The shaft 15 extends through a stuffing 105 
box and gland on the side wall of the tank 
H and is provided on its outer end with a 
hand wheel 16 for turning the shafts 10 and 
15 to adjust the primary commutating field 
core C and its coils c angularly with respect lio 
to the stator A and rotor B and coils a, and b 
therefor. As the adjustable commutating 
field core must be held in its adjusted posi 
tions, the Worm wheel 13 and worm 14 con 
veniently serve as a lock therefor in addi- 115 
tion to transmitting motion from the shaft 
15 to the shaft 10. 
The rotary commutator shaft D, which is 

shown centered on the vertical axis of the 
annulus forming the cores A and B for the 120 
stator and rotor, (and the axis of the tank . 
H), extends through a tube 17 in the tank H. and is provided, adjacent to its upper end, 
with the commutator or segmental commuta 
tor group E and coöperating group F of 125 
twelve slip rings, f, f', f, f, f, f, f7, f's, 9, 
f, f', and fi: The tube 17 is fastened, by 
a flange 18 on its lower end to the bottom of 
the tank H to form an oil tight joint therebe 
tween and a flange 19 on its upper end is se- 130. 
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cured to the cover or lid 5 of the tank to rig 
idly fasten the tube in upright position with 
in the tank. The vertical shaft D is ro 
tatably mounted in bearings 20, 21 which 

5 are secured to the ends of the tank H, and a 
third bearing 22, on the spider 23 is provided 
for the upper end of the shaft D. The 
spider 23 is secured in position on the upper 
ends of vertical posts 24 which are fastened 

10 to the upper end of the tank D. 
As shown, (Figs. 1, 2, and 3) the lami 

nated, annular structure forming the in 
tegrated cores A and B is provided with a 
series of twelve rectangular or substantially 

15 rectangular openings or gaps 25, through 
which extend the windings forming the coils 
a', a”, a, etc., of the stator A and coils b, b°, 
b8, etc., of the locked rotor B, when these . 
coils are assembled in operative position on 

20 the cores. To facilitate assembling the 
parts forming the integrated or unitary 
cores A and B, each lamina should be slitted 
and in building up the laminated structure 
the slits in the laminae should be staggered 25 to form overlapping joints. Such expedient 
being old and well known in making lami 
nated cores, need not be further described. 
The primary or stator circuit as shown, 

has a series of twelve polyphase windings a, 
30 a, etc., these coils preferably being con 

nected in Y or in star and the groups of coils 
having terminals m', m, and mi. (See Fig. 
2). The secondary or locked rotor circuit 
has a series of twelve polyphase windings 

35 or coils b, b. b3, b , b, b, b, b8, b°, b10, bil, 
and b which are connected in closed series 
as in a closed coil Gramme ring armature, 
the series of coils b, b°, etc. being properly 
insulated against the potential to be carried 

40... thereby. 
Positioned immediately above the primary 

or stator core A and its coils a, a, etc.; so as 
to be adjustable angularly relative to the 
coils on the core A, is the primary commu 

45 tating field core C and its series of twelve 
windings or coils c, c, c, c', c. c9, c', c, c, 
ci, c, and c, which also are connected in 
Y or in star, and the groups of coils having 
terminals N, N, N8 (Fig. 4); and immedi. 

50 ately above the secondary or locked rotor 
core B is the secondary or stationary core C1 
of the commutating field core, this core C, 
being embraced or encircled by the windings 
forming the coils b, b°, etc., of the locked 

55 rotor core B (Figs. 1, 2, and 4). 
The terminals n', n°, and in of the three 

groups of coils forming the primary com 
mutating circuit, however, are not located 
directly above the similar points m, m°, and 

60 m, on the main primary circuit, but are dis 
placed forward or backward with reference 
to them. This will represent a maximum 
possible magnetic displacement of approxi 
mately 90 degrees. The magnetic flux pro 

65 duced by the windings c, c', c, etc., will lag 

r 3. 

or lead according to the extent of adjustment 
with reference to the main primary magnetic 
flux. 
The terminals of each coil of the elec 

trically adjacent rotor coils) and b°, b and 
b8, b8 and b', b and b8, b5 and b, band.b7, b7 
and b8, b8 and b°, b° and b10, b0 and bill, bill 
and b1, b1 and b are connected together and 
have a common lead h, h°, h, h, h, h9, h", 
h, h9, h9, hi, or h. and these leads, as 
shown, are connected each to its individual 
ring it, 32, i. i*, *, *, i, ii, i, ii., iii, and 19. 
The group of bus rings it, i, etc., which en 
circles the shaft D and tube 17, is located 
within the tank H so as to be immersed in the 
oil in this tank. Each of the rings it, i, etc., 
has a lead i, j, f, i, j, i, j,i,j, i, j, 
and it, which extends upwardly through an 
insulated opening in the tank cover or lid 
5 and is connected by a carbon brush k, c, 
38, k", c, ?, c, -, -9, ki, ki, and k, to one 
of the slip rings.f, f', f, etc., in the group F 
of slip rings fastened on and rotating with 
the commutator shaft D. 

Obviously the rings i and leads i may be 
omitted, in such case the leads h extending 
to the brushes k for the slip rings f. 
The slip rings f, f', etc., are permanently 

connected electrically by leads i, l, l, etc., 
one to each of the commutator segments e, 
e', e, etc., forming the commutator E on the 
rotary commutator shaft D adjacent to the 
slip rings. (See Fig. 5.) 
The commutator segments e, e°, e, etc., 

are insulated from the shaft D and from 
each other in any of the various known ways 
and this insulation may conveniently be uti 
lized to support and insulate the leads l', l, 
etc. The necessary number of leakage rings 
26 will be provided at the ends of the group 
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F of slip rings and on each side of the com 
mutator F, and preferably a leakage ring 
26 will be supplied on the commutator shaft 
D between the adjacent slip rings f", f', etc., 
as shown in Fig. 5. - 
By splitting up the primary windings 

into a plurality of groups of coils, instead 
of one group for each phase as shown and 
described in connection with the apparatus 
of Figs. 1, 2, and 3, a multiplicity of rotary 
fields will be obtained, instead of a single 
two pole rotary field, this having the effect 
of decreasing the secondary voltage and in 
creasing the current carrying capacity of 
the locked rotor or secondary circuit, by per 
mitting the parallel grouping of the sec 
ondary coils. 
The brush I on the commutator E is con 

nected to the negative lead K and the brush 
J for the positive terminal is connected to 
a lead IL, these leads K, L, extending to the 
apparatus utilizing the high potential uni 
directional current generated by my im 
proved apparatus. 
The windings forming the primary or 
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source of alternating current. 
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cav 

stator coils (t", a”, etc., are connected in three 
groups of four coils each, the coils (t', (t", a', 
and a forming one group, the coils a, (i, 
a", and a, the second group and the other 
coils a, a”, a, and a, the third group. 
The coils of each group are connected in 
series, the leads g, c, q, from one terminal 
of the coils a, a? and at at one end of each 
group being connected in star and one ter 
minal of the coils a, a, and a', at the other 
end of each group being connected by a lead 
m, m”, and m° to a conductor leading to the 
The terminals n', n°, and n, for the three 

groups of coils c', c', 6, 6-0, 6", c, c-c', 
c, c, and c' on the commutating field core 
C are connected in the same way as the 
stator coils a, a”, etc., to the source of alter 
nating current used in operating my im 
proved transformer and the terminals for 
E. other end of the groups of coils being 
connected in star by leads , v', and v. 
The terminals for the synchronous motor G. 
also are connected to the source of alternat 
ing current. 

In the modified construction shown in 
Fig.6 the grouping of the coils on the pri 
mary or stator cores, the secondary or locked 
rotor cores and the primary commutating 
field cores, is the same as in Figs. 1, 2, 3, 
and 5. - The modified apparatus, however, has 
two separate stator cores A, and A-A, 
two rotor cores B and B-B, two primary 
field cores C and CC and two secondary 
field cores C. and CC. Each rotor core has 
its series of coresa", a, ai, etc., each stator 
core its coils b,b,b, etc., and each pri 
mary field core its windings or coils d", c', 
6', etc., and each stator and rotor unit has its complement of slip rings f, f, f, etc. 
The commutator shaft D being horizon 

tal, is mounted at its ends in bearings 20, 
21 which are secured on the ends of the 
high pressure cover 58 for the commutators, 
the cover being supported on the cover or 
lid 5 for the tank H. The synchronous mo 
tor G for driving the commutator shaft D 
also is mounted on the tank cover or lid 5, 
the commutator shaft being directly con 
nected to the armature shaft of the motor 
G. Each of the angularly adjustable, com 
mutating field cores C. and CC in the ap 
paratus of Fig. 6 preferably is geared to. 
the vertical shaft 10 of a single adjusting 
mechanism used there with so that the com 
mutating field cores and coils thereon will 
be adjusted in unison, in the manner shown 
in Fig. 5. The commutating field cores C 
may be arranged to be adjusted separately 
and independently, however, when found necessary or desirable. - In the apparatus 
of Fig.6 two commutators or groups of 
commutator segments F and F-F will be . 
employed one for each of the two station 65 
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ary or locked rotor cores B, B-B, and the 
brush J on one terminal of the commutator 
F-F will be connected by a lead to the 
terminal I of the opposite sign for the com 
mutator F while the brush J on the com 
mutator F and brush I on one terminal for 
the commutator FF will lead to the ap 
paratus of utilization of the generated 
unidirectional current. The operation of my improved apparatus 
will now be described. A source of alter 
nating or multi-phase current will be con 
nected by means of suitable conductors to 
the terminals m', m°, and m for the three 
groups of coils a on the stator core A, and 
to the terminals n', n., and n, for the simi larly arranged groups of coils C on the 
angularly adjustable commutating field core 
C, and also to the terminals for the syn 
chronous motor G. When current is sup 
plied in this manner the three series of 
primary coils a on the stator A are ener 
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gized and thereby caused to produce a two 
pole rotating magnetic field in the cores 
A and B. . . 

Thie flux of. this rotating magnetic field 
passes progressively through the series of 

90 

coils of the secondary or locked rotor core 
by the integrated cores A and B and in 
B by means of the magnetic path provided 

95 

duces electromotive forces in the coils b, 
b°, etc., of the secondary of locked rotor core . 
B. The time phase relations of the induced 
electromotive forces in the coils b, b, etc. 
relative to one another will be proportionate 
to the relative angular displacement of 
these coils b, b, etc. . . . . 
These secondary or locked rotor coils, b, 

b', etc., are spaced or positioned in regard 
to one another to have an equal angular 
displacement and the terminals of the elec 
trically adjacent coils are connected to 
gether so that the twelve coils forma.com 
plete series similar to a closed Gramme 
ring. . . . 
At the same time the multi-phase current 

is supplied to the terminals in, n°, and n°. 
of the groups of coils.c on the primary com 
mutating field core C, and the coils c, e, etc., 
also are energized and are caused to pro 
duce a two-pole, rotating magnetic field in 
the cores C and C. . - , , a ', 
The flux of this rotating magnetic field 

also passes progressively through the sec 
ondary or locked rotor coils b, b, etc., 
through the medium of the magnetic path 
provided by the cores C and C. 
The rotary magnetic field in the commu 

tating field cores C, C, however, is not in 
space phase relation with the primary ro 
tating magnetic field induced in the stator 
coilsa', a”, a, etc., but leads or lags behind. 
it by approximately 90 degrees, so that in 
this way the desired sparkless commutating 
conditions are obtained. As the displace. 
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ment of the group of commutating field 
coils c', c', c, etc., is not permanent but may 
be regulated and controlled angularly with 
respect to the coils of the stator core A by 
means of the adjusting mechanism which 
has been described, non-sparking commutat 
ing conditions equal to those of the most 
modern type of standard direct current ap 
paratus are obtained with my improved 
transformer. . . . . 
When found desirable or necessary see 

ondary field coils may be added to the core 
C. which will produce a rotating magnetic 
field at approximately 90 degrees magnetic 
displacement relative to the field obtained 
in the primary coils c on the core C so as to 
obtain sparkless commutation. 
The leads h", h., etc., which are connected 

at one end to the joined terminals of the 
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electrically adjacent coils b and b, b° and 
b', etc., extend each to its individual slip 
ring f,f, f, etc., (through its ring i", i', i. 
etc., when the rings are employed) and 
through the slip rings f, f', f, etc., and 
permanent leads l, l', etc., to its appro 
priate commutator segment e, e”, e, etc., 
forming the commutator or commutating 
group E on the shaft D, and as the syn 
chronous motor G for driving the commu 
tator shaft is connected to a common source 
of alternating multi-phase current the com 
mutator will be rotated synchronously with 
the current induced in the coils of the rotor, 
stator and commutating field cores. The 
E. M. F.'s induced in the secondary or 
locked rotor coils b, b, b, etc., when con 
nected in the manner described above, will 
be superposed one upon the other and be 
rectified to produce a unidirectional E.M. F., 
the value of which is dependent upon the 
geometrical sum of the individual E. M. F.'s. 
issued in the secondary or locked rotor 
COIS. 

It will, of course, be understood that the 
synchronous motor is used because it must 
rotate in step with the generator or trans 
former supplying current to it and to the 
coils of my improved transformer. 

Modifications in the constructions and ar 
rangements of the parts may be made. Ob 
viously the primary and secondary cores and 
coils therefor may be interchanged to posi 
tion the primary windings on the inside and 
secondary windings on the outside instead 
of as shown, and the commutating field cores 
may be similarly interchanged and also 
other combinations may be formed so long 
as the same magnetic circuit is embraced by 
the coils, without departing from my inven 
tion as defined in the appended claims. 

I claim:- - 
1. A transformer comprising a main field 

having integrated primary and secondary 
cores and a plurality of coils on said pri 
mary and secondary cores, a commutating 

field having a core and a plurality of coils 
on said core, said fields being displaced ap 
proximately 90 degrees in phase and said 
commutating field being angularly adjust 
able about the axis of said primary and sec 
ondary cores, a commutator group connected 
to the coils of said secondary core, and col 
lectors for said commutator group. 

2. A transformer cémprising a main field 
having integrated primary and secondary 
cores and a plurality of coils on said pri 
mary and secondary cores, a commutating 
field having a core and a plurality of coils 
on said core, said fields being displaced ap 
proximately 90 degrees in phase and said 
commutating field being angularly adjust 
able about the axis of Said primary and sec 
Ondary core, a commutator group connected 
to the coils of said secondary core, collec 
tors for Said commutator group, and means 
for adjusting said commutating field angu 
larly relative to said primary and secondary 
COIeS. 

- 3. A transformer comprising a main field having integrated primary and secondary 
cores with windings on said primary core 
and on said Secondary core, a commutating 
field having an adjustable core and wind 
ings on said adjustable core, said fields be 
ing displaced approximately 90 degrees in 
phase and said adjustable core being axially 
alined and being axially movable relative to 
the main fieldcore in adjusting the com 
mutating field, a rotating commutator 
group, and means for actuating said com 
mutator group. 

4. A transformer comprising a main field having integrated primary and secondary 
cores with windings on said primary core 
and on said secondary core, a commutating 
field having an adjustable core and wind 
ings on said adjustable core, said fields be ing displaced approximately 90 degrees in 
phase and said adjustable core being axially 
alined and being axially movable relative 
to the main field core in adjusting the com 
mutating field, a rotating commutator group 
and a synchronous motor for actuating the 
commutator group, said motor being con 
nected to the source of current for the wind 
ings on said primary core. - 

5. A transformer comprising a main field 
having cores and coils forming a stator and 
locked rotor, and an adjustable commutat 
ing field having a core and coils, said fields 
being in axial alinement and being displaced 
approximately 90 degrees in phase, a rotat 
ing commutator group connected to the coils 
of the locked rotor, means for adjusting said 
commutating field angularly relative to the 
main field, and means for actuating said ro 
tating commutator group. 

6. A transformer comprising a main field 
having cores and coils forming a stator and 
locked rotor, and an adjustable commutat 
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ing field having a core and coils, said fields 
being in axial alinement and being displaced 
approximately 90 degrees in phase, a rotat 
ing commutator group connected to the coils 
of the locked rotor, means for adjusting said 
commutating field an 
main field and a synchronous motor for ac 
tuating said rotating commutator group, 
said motor having terminals connected in 

larly relative to the 

parallel with the primary coils of said 
stator. . . . . . . 

7. A transformer comprising a main field 
having integrated primary and secondary 
cores, and a plurality of coils on said cores, 

a commutating field having a core and a 15 
plurality of coils thereon, said fields being 
displaced approximately 90 degrees in phase 
and said commutating field being angularly 
adjustable about the axis of the primary 
and secondary cores of said main field, and 20 
each corresponding group of the primary 
and stator coils being similarly connected 
to a source of power, a commutator group 
connected to the coils of said secondary core, 

... and collectors for said commutator group. 
In testimony whereof I have hereunto set 

my hand. " . 

25 

ARTHUR F. NESBIT. 


