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d'o all whom it may concern :

Be it known that I, RTGHALJD . MATHER,
of Windsor, (post- office address Hartford ,) 1n
the county of Hartford and State of (J{)lmecti-
cut, have invented a certain new and useful
Improvement in Dynamo-Electric Machines,
of which the following is a description, refer-
enree being had to lhb accompanying dmmnﬂs
where—

Figure 1 is what may be termed a ¢ front
new” of a machine embodying my said im-
provement. Yig. 2 is a side viewof the same.
Fig. 3 is a top or end view of the machine.
Fig. 41s a view of the machine in the same
position as in Ifig. 1, but with the exterior
casing and substantially the upper half of the
machine represented as cut in vertical section

on the plane denoted by the broken line x x of

If1g. 3. Tig. 5is a view of the machine in ver-
lel sectiononthe planedenoted by the broken
line o' 2’ of ig. 3. Tig. 6is a view of one part
of the field-magnet in horizontal section on
the plane deuoted by the broken line '/ 2/ of
Ifig. 4. Ifig. 71s a side (front as to position of
WIIOIL machine) view of the armatuare-core,
with insulated wire wound thereon. Tig. Sis
an enlarged peripheral view of the commuta-
tor. Iflg. 9 1s an enlarged view of the com-
mutator cut in axial section. Ifig, 101is an end
view of the commutator,

Themachine has a field-magnet in two parts,
arranged 1n the same general longitudinal line,
with the armature located and revolving be-
tween them in the same general line or plane.

The armature~One of the peculiarities of
this machine is the armature, the iron core of
which is a flat disk, @, cross-mortised at regu-

lar intervals on its periphery to hold the coils

of insulated wire in the case where three coils
are used, which is the case represented in the
drawings. There are six of these cross-mor-
tises. T'wo of these mortises are seen in the
armaturein Ifig, 5. The magunetic axisof this

dlfj]k 1S at I]ﬁhll &Ilﬂleb tothe axisof rotution—

. €., par ﬂlel with the plane of rotation. DMag-
netism seldomor neverextends far beneath the
suface of a mass of iron, especially when the
iron 1s in motion, In ﬂ*eufuml maguetism does
not extend more than au inch b&nmth the sur-
tface. IHence an armature in order to be very
effective (which meansthe production of a high

pa—y

—

(disk-armature,

{f\'ﬁ modael.)

wire on the armature-core) must have a con-
siderable amount of surface as compared with
the amount of metal contained in it, More-
over, the shape of the armature must be such
that the wire may be readily colled upon it.
Perhaps the most important condition as to

an armature is that it shoald need and require

"but a small space foritsrotation. " Magnetism,
like hieat, tends to a state of {Hffusion, never
to a s l&tB of concentration. If an armature is
large, 1t vequires a large magnetic field for i
to rotate in. That means a great deal of iron
and copper 1n the magnets. It also means a
oreat many foot-pounds in the current used to
charge the magnets. Oun the other hand, if a
magnefic field is small it requires but little
copper and iron, and but little force to main-
tain the current that charges the maguet., It
18 a general law thata smallmagnetic field ean
ve more easily maintained than a large but
equally intense one. It will therefore be
readily comprehended that an armature 1o the
disk form shown herein meets all the condi-
tions, Nopartofthedisk-armature canescape
magnetization, The large surface, combined
with the smallthickness, the thickness not ex-
ceeding one-third the diameter, insures com-
plete magnetic saturation, Moreover, there Is
no screening of one part of the armature by

another part, such as 1s ineident to the use of

the ring and the cylinder forms of armatare,
in wiiich also there 1s a great deal of space
lost within the armatareitself, owing to 1ts be-
ing made hollow; but there would be no usein
ﬁl]mﬂ such hollow and making 1t solid metal,
ior the magnetism could not penttmtb fo bl‘l{‘ll
a depth buzeath the surface as to atilize sueh
metal. Thereis no such loss of space in a
for the disk 1s either made
solid or composed of thin plates or laminie
separated by non-conducting material—paper,
torinstance—to prevent the cirealationof elec-

trie carrents within the armatuare-core itself.

in Hig. 5 of thedrawings I show the armature-
disk thus made of metal plates separated by
paner plates,
space in this disk-armature that it occupies
the least space of any armature yet devised,
eqqual currents produced Dbeing anderstood.
The number of peripheral mortises 1o the disk
18 proportional to the numberof coils laid upon

electro-motive foree with a short length of | thearmature—twodiametrically-opposite mor-

1t 13 because there 1s no loss of
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tises Lo each coil—and the namber of coils is

to be varied with the purpose to which the

whole machine is to be applied. The width
of one of these peripheral mortises will in gen-
eral be equal to the distance between two
neighboring mortises.

The letters b, ¢, and d denote the three coils
laid upon the .f;ulm?t,tur*(*5 one end of each ot
Whlbh communicates with one of the six plates

‘upon the periphery of the commutator lLierein-

after deseribed, and the other end of each of
which communicates with another of the six
commutator-plates which, on the commura-
tor, is diametrically opposite the plate first
mentioned, As these coils are laid upon the
armuatuare-core, eachof them surrounds a diame-
ter of the core. They are at the periphery of
the armature-core at substaintially equal dis-
tances apart. The invention is not limited to
any specific number of colls on the armatuare.
I prefertwo. Inounecowmplete rotation of such
an arinature as is herein described two elec-

])mducul in each coil—one
positive and the other negative. The daration
of each of these currvents is slightly less than

the daration of a semi-rotation of the arma- |

ture. 1In other words, the length of time that

tlic ecarrent lasts i1s almost identical with the

time reguired by the armature to periorin a
Speed inereases this difference,
but does not increase it greatly when the speed
1s kept within 1)1.{1(,1:1(3511 limits. YWhen thisar-
mature is rotated in 2 magnetic field the cur-
rents produoced 1 each coilhave a nearly-fixed
strength for a good portion of each semi-rota-
tion—that is to say, when the arwature begins
to make & certain semi-rotation the electrie
current in one of the armature-coils rises from
zero to a maximum and remains constant, or
nem"ly 50, until near the end of such semiro-

tation, when it descends rapidly to zero again..

’lhe current does not pass immediately from
7zero to the maximuw, nor does it pass 1mne-

«iately from the maximum to zero, but an ap-
preciable time is required for each of these |

changes, Ifach of these currents has a nearly-
fixed strength during two-thirds of a semi-rota-
tion of the armatnre—i. e., during one-third of
an entire rotation of the armature.

The shape of the armature-core before the
wire is wound upon it is, in plane view, that
of @ rectangle; but when the wire 18 1..-11(1 uapon
1t 1ts a]m]f}e is sabstantially that of an oval or

ellipse. This is caused by the coils being land
one upon another at the center, where they
cross one another., The major axis of this
ellipse 1s the diameter of the armature.

Where the herein-described form or arma-
ture is situated with regard to the field-mag-
nets, as herein described, every part of the

wire Iaid apon the armature saffers induetion.

No part eanbe idle. Cousequently a very high
electro-motive force is produced by a short
leneth of wire, Desides, the wire in the field-

1aenet coils aets directly upon the wire in the

armature, producing currents by directindue-
tion without the intervention of any metal

- whatever.

}

10, as seen in Higs, § and 18,

Thearmature s, moreover, removed
from all chiance ol injury. "The poles m the field-
magnets are 111(*1053{,,{15 a1, belng within the
(,011*1, diffusion i1s prevented, 50 tlmt the ma-
chine does nob maenetize every magnetizable
thing in its neichborhood., The advantages

that low {rom this form of construetion are
namerous and important.
The commutaior. — PThe commutator used

with the herein-desceribed armatave 1s of pecu-
lar construetion. Asalveady mentioned, there
arein the maehine shown in the drawings three
colls (‘:af_in;ml ted wire wound apon the arma-
ture-core,  1oneh coil s two ¢oends, making in
all six endas, each ol w m{_h communicates with
an lusulated metallic plate on the }H.’.‘-li]}h(}l"} of
the commutater, Theae gix ends are all seen
in ifie. 10, ¢ and e beiny the twe ends of one
coil—suy coil b—/ and /7 being the two ends
of another voil—say coil e—and ¢ and ¢ being
‘i:ha;tn o ends of the third eoil, say coil . 18ach
[ these enas cominunicates with a ;}u}"iphe il
phw of the communicator, which iy separate
and distinet and mmsulated from the other pe-
ripheral nlates. it follows there are as many
peripherai plates on the commuiator 4s there
are ends of armatare-colls—i. ¢., the nuamber
of peripheral piates on the commutator 1s
double the namber of colls in the armature—
two foreach coil, one for each end ol cach coll—
and the two appurtenant to & coll are diamet-
rically opposite each other on the commuatator.
The letters i and 4/ denote the commutator-
plates communicating with the ¢oil ends e and
¢ and appartenant to coil 0. The lefters ¢ and
fe" dentote the commutator- 11.-.11“*1 communieat-
ing with the coil ends f .fimlt ppurtenant to
coil ¢, Fhe letters g aud )f {'iumt”- the commau-
tator-plates communicating with the coil ends
g aud ¢ appurtenant to coil d. These
tator-plates are peripherally separ: ated from
each other by such an nterval as s requisite
for purposes ot insulation, and together they
form an open-eind hollow ¢ Imdu-—-;a construe-
tion which enables have aceess to all
parts, and thuas fend to p
the commutator-plates, These plates are sup-
ported npon the disk k, preferably beifed there-
carrvied on the ro-

i

£,{_}

(| 1
t.l._‘i}'.

f7

- tating armature-shart ¢, the rotarion of which

shaft and the armature 1-} given by a belt run-
ning on pulley m. ‘Tie coll ends enter the
hollow of the shaft near the ammatare and run
lengthwise throughout the same to the com-
mtiator,

The letters ¢f and af denote elastic
metal bearing at diametricallv-opposite polnts
on the periphery of the commutator as 1t ro-
tates, comwmonty ealled ¢ bhirushes” \When the
mnmtnm mmtm in o maenetie feld and the
brushes are joined by a conductor clectric cur-
rents are generated in the armatore-coils,
These currents are wn‘mmnm and In one di-
rection. It will e noticed that the brashes
which colicet the enrrents wonld Lear upon
cach setof peripheral commutator-plates 1 the
case when they are six in number, about ~;

WOINIM-
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1ent in each of the armature-coils is
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20

sixth, o1 sixty degrees, of the circuif in cach
semi-rotation if the commutator-plates were all
of the same size (which they are) and their
lines of separation were at right angles to the
plane of rotation.

Theory and practice both show that the cur-
produced
or tendsto be produced duringabout one-third
or one hundred and twenty degrees of the cir-
cuit in each semi-rotation, and each set of the
commutator-plates -should be in contact with
the brushes for the same duration, in order to
attain the full efficiency of the armature-coils.
To accomplish this it is necessary that each
commutator-plate should extend about one-
third of the entire distance around the circum-
ference of the commutator, and to permit this
the lines of separation between the commaua-
tator-plates are notatright anglesto the plane
of rotation, but are at some other angle there-
to proportioned to the width o1 these plates
and the width of the brushes. The one essen-
tial condition 1s that the angle shall be such
that each commutator-plate shall extend sub-
stantially around one-third of' the entire cir-
camference of the commutator, and this is true
whatever the number of armature-coils.

An advantage incident to the construetion
and operationof thearmatureand commutator

30 .herein described is that the spark generated

~when a brush quits a commutator- phte can

4.0

45
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than such width. _
‘will vary ander different;*circumstances,} being

be divided between the two brushes, and its
hurtful influence greatly lessened.

The field-magnet.—Having largely disposed
of the armature and commutator, I proceed to
the field-magnet of the machine, which consti-
tutes an important feature of the invention,
The field-magnet is largely in two parts or
poles lying in the same line of direetion with
the armature between them, which 1n effect is
a part of the field-magnet considered as a
whole.
up of two or more iron plates disposed side by
side, communicating b) metallic end and edge
“Ltta(,hments, but 1:10!3 in direct contact, to the
end that air may circulate between the plates,

The letters n and n denote two plates,which
make up one of sald parts or poles, and o and
0 denote two plates, which make up the other
of said parts or poles. These plates have a
width shightly greater than the diameter of
the armature and alength considerably greater
’Ihe length of thebe plates

generally from one and one-half to two times
as great as the diameter of the armature. The
combined thickness of these plates is consid-
erably greater than the thicknessof the arma-
ture- dlbk The ends of these plates next the
armature are substantially of the shape of the
arc of a circle, and 1n the intermediate ciren-
lar space the armature 1s located and rotates,
the shaft thereof being hung in suitable bear-

ings. The plates n # are supported and held
1n communication at the outer end by screws

p raaning through the end piece » of the gen-
~eral frame of the machine, and ov the edges

Iiach of said parts or poles is made

by serews s running through the biass edge-
plates . The plates 0 o are correspondingly
supported and held in communication at the
outer end by serews p’ runuing through the
end piece # of the general frame, and on the
cdges by the screws s running through the
brass edge-plates /.

Lt 1s desirable that theligure 1 cross-section
tormed by the field-magnet parts other than
the armature before the insunlated wire 1s
wonnd upon thhem shall be substantially the
sanie as the cross-section shape of the arma-
ture after the wire is laid on it, so that the
cotls on the field-magnet can be brought very
near to the dIlI‘lrlhlI{‘, and yet have one shape
throughout. Do bring this about pieces of
wood n w w wu, flat or hollow on the Inner xide
and convex or curved on the outer side, are
cisposed at the sides of the field-magnet and
sapported by pius o, with a space between
these wooden piecesand the field-magnet piates
for thecwrenlationof air. Then a cotl (or eoils)
of insnlated wire, 2, 1s wound over substan-
tlally the entire outside of the whole system,
secluding the armature, as well as the field-
magnet proper,except a small space at the lon-
gitudinal center, where the armature - shafit
emerges. In this waythe armature is magnet-
1zed directly by the c¢ollsof the field-magnet,
as well as by the core of the field maguet; hub
this is not all, indeed bat a small part, 01 the
advantages which flow from this construction,

As bas hereinbefore been stated, magnetism
tends to a state of diffusion;
conceuntration ¢an be brought about by proper
neans, as well as beat can be concentrated by
refraction,
maguetisi is toprevent the ¢ore from project-
ing beyond the coil maguetizing it. The far-
ther the core projects b(i‘} ond th coll the more
wiil the magnetism be ditfused. 1o gef the
best eflect, the endof the core should be within
the cavity of the ecil., When matters are ar-
anged 1n this way, whien 1s substantially the
arrangement 1 the construction herein de-
seribed, the magnetism seems to be concen-
trated to the very endsof thecore, Lengthen-
ing the core also has a conecentrating eftect.
When both these means are employed the mag:-
netic energy 1s of wonderfal intensity. The
electric current employed 1n the coil surround-
ing the field-magnet may come either from the
carrent generated by the armature or from a
distinet source.

The letters y y denote metallic shells con-
necting the eund pieces,  and #/, and protect-
ng the inclosed parts.

Thc letters z 2z denote cross-bars forming

bearingsforthearmature-shaft supported from
the edge-plates ¢ 7.

While the coils are moving in front of the
poeles of the field-magnet the coils are active—
that 1s, they are generating electric currents—
and the commutator-plates appartenant to the
colls are solocated with reference tothe points
of contact with the bDrushes that the brushes

pass from one commuatator - plate to another

but a state of

The way to prevent diffusion of
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while the coils, to which the last-mentioned
Mlates are appurtenant, ave thus active,sothat
the cuarrents coming off the {wo contiguous
commutator-plates at the time of the passage
of a brush from one to the other are moving
1 the
cether and not from one plate to the other, s
as to malie a short eireult.

Certain constructions—to-wit, directly sur-
rounding with a magnetizing coil or coils both
the field-magnets and the rotating armatuore,
an arinature having a core of eircular or simi-
lar outline on a shaft transverse to the plane
of rotationof thearmature and placed between
the partsof thefield-magnet, the endsof which
nextthearn: itmuuema ahfiped toa correspond-

same direction, so that they flow ofl to-

—

EIJ 0>

1. In a dynamo-electric machine, an arma- .
ture-core composed of a disk the thickness of

which does not exceed one-third its diameter,
and having a substantially solid center or in-
terior, and bhaving coilsof insulated wire wound
laterally thereon, substantially asdeseribed,

2. Inady Immo electrie 111.:1(,11111@., adiskarma-

| ture-core having peripheral mortises or sock-

ets and cotls of imuluted wire wound into such
sockets, substantially as shown and described.

53 Iu 2 (lynamo- dvctn(, machine, the com-
binationof anarmature-core, Lwoornore armas
ture-coils, and a commutator having two pe-

ripheral plates for each armature-coil, respect-

ing cuthine, and a ¢ircular armatuare-core later-

ally wound wit h lllbllldtt‘d wire, and 1in turn
smrrounded, so far as practicable, by the field-
magnet eoll or (:0115—.—lwmg fﬂmul in patent to
Blhihu Thompsoun, No. 233,047,

dg t.ed Oetober

1880, I hiereby disclaim the same as my in- .

vention.

I elaim as my Invention—

tially as described,

ively connected with the respective ends oi
the appurtenant coil, eacli of which plares ex-
tends substantially ﬂl‘(}ﬂll{l one-third the cir-
camference of the commutator, all substan-
and for the purpose set

forth.
RICHARD II. MATHIER

Yilnesses: |
W. E. SIMONDS,
JAMES J. GREBNE,
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