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To all whom it may concern: articularly thin, when cast-steel is used. 
Be it known that I, GANo S. DUNN, a citi- But, on using with and supporting from this 

zen of the United States of America, and a type of yoke inwardly projecting poles with 
resident of East Orange, county of Essex, pole-shoes and pole-horns of the proportions 
and State of New Jersey, have invented cer 
tain new and useful Improvements in Dy 
namo-Electric Machines, of which the fol 
lowing is a specification. 

This invention relates to modifications in 
troduced in dynamo-electric machines, and 
the method of introducing such modifica 
tions to reduce and prevent audible vibra 
tions or humming, particularly in connec 
tion with those forms of machines wherein 
annular frames, or yokes support the cores 
for the field-magnets, and the yokes and 
pole-horns of the pole-shoes have for struc 
tural and electrical reasons been so modified 
that there is an increase in the tendency to 
vibrate audibly. 
The object of this invention is to intro 

duce such modifications in the dimensions, 
particularly of the cores of the field-magnets 
and of the air-gaps between the pole-shoes 
and armature, as will enable the parts to re 
sist vibration and will reduce the cause there 
of, and to avoid modifications which involve 
an addition to the material and weight of 
the machine. - 

In machines as usually constructed, the 
width of the yoke measured axially, and the 
thickness measured radially, are such as to 
give the requisite cross-section to carry the 
magnetic lines, and the thickness has usu 
ally approximated to that of the width, so 
that the yoke would possess considerable 
stiffness to resist vibration, or any deforma 
tion from its original circular form. I have 
found it desirable to depart materially from 
this type of machine with a thick and rigid 
yoke, in developing a closed or semi-closed 
E. of machine, by extending the yoke in 
the direction of its axis, so that it will essen 
tially shield the field-coils and armature, and 
be in this sense an inclosing yoke for the ar 
mature and fields, and the addition of end 
shields of simple form will effect a complete 
inclosure of the electrical parts of the ma-. 
chine. In so doing, substantially the same 
cross-sectional area, is preferably preserved, 
in order to ayoid additional weight and ma 
terial in the frame. This necessitates a ma 

heretofore used, the shell E. to have 
resonating properties, and vibrations are set 
up in the magnet-poles by reason of the in 
sufficient stiffness of the yoke for the support 
of the cores of the magnet-poles and by the 
fluctuating mechanical action caused by the 
fluctuating magnetic flux between the arma 
ture teeth and pole-horns as the teeth ap 
proach and leave the horns. This results in 
a humming noise of such intensity as to ren 
der the machine commercially undesirable. 
The thicknesses of the pole-horns of the 

pole-shoes which project over the edges of 
the cores have also been modified by making 
the pole-horns thinner, as this permits an 
equal reduction in the outside diameter of 
the machine with the consequent saving of 
weight and material. It is also carried to 
such an extent as to bring about, when the 
machine is running, a considerable degree of 
magnetic saturation which cannot be mate 
rially increased by any reactions of the ar 
mature. In this way distortion of the field 
under load is materially reduced, but reduc 

- tion in thickness increases the susceptibility 
of the horns to vibration, and to vibrations 
at periods within the auditory range. 
The objectionable audible vibrations which 

result from either or both of the above de 
fined modifications, when other parts are 
reserved with the usual proportions, can, I 
E. be substantially eliminated, first, by in 
creasing the dimensions of the cores in the 
circumferential direction of the machine, 
and, second, by so modifying the air-gaps 
that there will be extended arcs of approach 
and recession under the pole-shoes with suit 
ably graduated increase or diminution of the 
magnetic flux between the pole-shoes and 
each armature tooth. 
A machine modified as above pointed out, 

and embodying my invention, is illustrated 
in the accompanying two sheets of drawings 
which form a part of this application, and in 
which 

Figure 1 is a vertical section through the 
inclosing frame of a dynamo-electric ma 
chine on the line I-I of Fig. 2. Fig. 2 is a 

terial reduction in the thickness of the yoke, transverse section through the machine on 
so that the yoke is, in effect, a comparatively the line II-II of Fig. 1, one of the pole-shoes 
thin annular shell or band, and it becomes and pole-horns being partly broken away. 
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Fig. 3 shows the outline of a pole-shoe and its 
relation to the armature face together with 
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construction lines which accurately indicate 
its form and the theory of construction. 
Fig. 4 is a curve diagram illustrating the 
modification in the air-gaps. 
The invention herein claimed, is illustrated 

by drawings carefully made to scale of a di 
rect-current machine rated at one horse 
ower, and having an outside diameter of 

12; inches, but machines have been devel 
oped in various sizes ranging from one-fourth 
to three horse power, and they are chiefly 
used as electric motors. A cast-steel or 
cast-iron annular inclosing shell or yoke 1, 
which also serves as a part of the magnet 
frame, is of substantially cylindrical form 
with open ends and inwardly projecting 
cores 2 cast thereon. The yoke is of Sub 
stantially sufficient width to cover the ends 
of the field-coils 3, and as illustrated is some 
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what wider, with inwardly turned flanges, 
which to a certain extent cover the sides of 
the field-coils. 
measured radially, as on the line a-a, is a 
comparatively small fraction of the width of 
the yoke measured in the direction of the 
axis of the machine, or on the line b-b. 
This is practicable so far as conductivity for 
magnetism is concerned, because the cross 
section, which is requisite, is afforded by 
reason of the increased width. As an in 
closing yoke of these proportions affords a 
less substantial support for the cores in a 
circumferential direction, which is the direc 
tion of greatest vibratory strains, I have 
found it necessary to materially modify the 
dimensions of the cores, particularly by an 
increase in the thickness of each measured 
in the direction of the circumference of the 
machine, as on the line c-c, and by having 
the bases of the cores cover a materially 
greater portion of the circumference of the 
yoke. The latter is thereby muffled and 
stiffened to such an extent as to destroy its 
resonance to vibrations within the auditory 
range. Vibrations of the cores in a Re 
perpendicular to the axis, of the machine, which is the only plane in which the revolving 
armature would tend to set up such vibra 
tions, are likewise prevented by the increase 
in base rigidity of the cores. With the in 
crease of E. dimension the thickness of the 
core in the direction of the axis of the ma 
chine as on the line d-d is correspondingly 
reduced, so that the cross-section will not 
exceed what is required for magnetic conduc 
tivity for the sake of economy of material in 
the surroundingfield-coils. This results in a 
core wherein the dimension in the direction 
of the circumference of the machine exceeds 
the dimension in the direction of the axis of 
the machine. - 

An armature 4, the coils of which lie be 
5 tween the teeth and in the slots of a lami 

The thickness of the yoke. 

898.228 

nated armature-core, revolves between the 
pole-shoes 55 which are built up of sheet 
iron or laminated. Pole-horns 66 project 
laterally from the pole-shoes, and extend 
the faces of the pole-shoes and magnetic field 
in which the armature revolves, so that they 
will embrace such arcs as have been found 
practicable and desirable for the best results 
electrically, and the distance apart of the 
tips of the pole-horns of each pole-shoe is 
fixed by such considerations. The pole 
horns overhang the feed-coils and whatever 
thickness is allotted to these pole-horns must 
be allowed for in the outside diameter of the 
machine. As this is expensive, the thick 
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ness is kept down as much as possible, for 
example, to the dimensions indicated by the 
line ele. In adjusting, this thickness, the magnetic conductivity is brought up to about 
the point of saturation to counteract the tend 
ency to distortion of the field by armature 
reactions when the machine is running under 
load. But this weakens the pole-horns, and 
renders them subject" to vibration. The 
distance apart of the tips and the thickness 
of the pole-horns being 
consideration above referred to, it follows 
that the lengthff of each pole-horn is de 
pendent on the width of the E, portion of 
the field-core measured in the direction of the 
circumference of the machine, this being the 
same as the similar dimension of the core to 
which the pole-shoe is attached. Increase 
in this dimension of the core, above discussed 
with respect to the stiffening of the core and 
yoke, therefore, also results in a shortening 
and consequent stiffening of the pole-horns 
so that they will not vibrate audibly. 
The field-coils are wound upon forms to 

the shape illustrated in Fig. 1, but the coil as 
originally wound is flat, each convolution 
being substantially in a plane for conveni 
ence in winding, as it is not practicable to 
give the coils the additional curvature or 
bowed form illustrated in Fig. 2, in the proc 
ess of winding. If the field-cores had been 
of the usual proportions with their greatest 
dimensions in the direction of the axis of the 
machine and their dimensions in the cir 
cumferential direction of the machine kept 
as Small as possible, the field-coils could be 
left straight instead of bowed, or bent but 
slightly. But with the dimensions of the 
field-cores modified as herein set forth, this 
additional curvature becomes necessary. to 
save space and material at the base of the 
core. This curvature is given to the coils 
after winding by forcibly bending them to 
the bowed form shown in Fig. 2, before set 
ting them in place on the cores in the ma 
chine. u 

In addition to the modifications above 
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discussed in detail, the purpose of which is to . 
overcome the tendency of the machine to re 
spond to audible periods of vibration when 130 
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site the pole-shoes. 
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such are imposed, it is a further object of the 
invention to mitigate the cause of vibration 
so far as possible, which is due to the sue cession of impulses as the armature teeth 
come into or leave the magnetic field oppo 
tapering the air-gaps at the pole-horns or 
terminal sections of the air-gaps, so that 
there will be extended arcs of approach and 
recession, particularly the latter, and, when 
one tooth is passing out of the field, another 
tooth will be entering the arc of recession and 
commencing to leave. Hence, two or more 
teeth will always lie along the path of reces 
sion at the same time, the number of teeth. 
will not fluctuate, and it is of further im 
portance that the rate of approach or reces 
sion as measured by the rate of change in the 
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magnetic pull which is proportional to the 
20 square of the magnetic flux should be uni 

form, or that the sum of the pulls due to the 
magnetic flux to all of the teeth should be a 
constant quantity. This has been effected 
by suitable adjustment of the air-gap along 
this arc based on the principle that the mag 
netic pull is inversely proportional to the 
square of the air-gap. 
In the specific example herein shown, it is 

intended to produce a field which embraces 
an arc of about 151 degrees, in which 32 de 
ees is an arc of approach, 87 degrees of the 
eld is to be uniform, and about 32 degrees is 

an arc of recession. Three teeth always lie 
along the arc of approach and also along the 
arc of recession. In the illustrated example 
there are thirty-five teeth in the armature 
and three teeth subtend an angle of slightly 
less than 32 degrees, which is here assumed 
for convenience of subdivision and calcula 
tion. Since the grade of the tempered sec 
tions of approach and recession is slight at 
points immediately adjoining the uniform 
section, the discrepancy is negligible. The 
air-gap is made 0.050's over the uniform por 
tion. The magnetic pull through the arma 
ture teeth commences or ends at the point a, 
where it is zero, and becomes uniform after 
passing the point e. If the magnetic pull at 
e be represented by 4, then the air-gap is 
raded to give at the equally spaced interme 

diate points b c d values in arithmetical ratio 
as 1 2 3. The relative air-gaps at c de are 
respectively 0.071', 0.058', 0.050'. The re 
ciprocals of the squares of these numbers are 
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in the proportional relations of 234. Hence 
the reciprocal of the square of the air-gap 
length bears a constant ratio to the distance 
along the armature periphery from the fixed point (t. 

In the curve diagram, the point a is placed 
at the origin. The axis X represents f 
veloped face of that part of the pole-horn 
which is used as an arc of approach or re 
cession, and the ordinates represent the air 

This is accomplished by 

e Sl 
face of the armature, the curve is the de 

8 

gap. -The ordinates are drawn to an exag 
gerated scale to accentuate and better illus 
trate the peculiarities of the curve of inverse 
squares. 
equation 

a = 0.08'2. 
ly 

In this equation a represents the angular dis 
tance from a in degrees, and y represents the 
theoretical air-gap in inches or decimals of an 
*inch. This curve is represented by the line 
b'c' de', and the pole-face rst u conforms to 
this line except near the tip, where, since the 
lines of force are not approximately radial 
and do not lie along the ordinates, but scat 
ter, an empirical modification by cutting 
back or turning up the nose of the tip from 
the curve oil inverse squares is necessary in 
order to continue the uniform increase or 
diminution of magnetic pull or flux squared 
per degree of angle, or to so adjust the mag 
netic flux that the sum of the squares of the 
magnetic flux to all of the teeth will be a con 
stant quantity as the armature reyolves. 
For the convenience of the die-maker in con 
structing a die to cut out the blanks for the 
pole-shoe, this required curve has been very 
closely approximated by extending the cir 
cular arc for of uniform intensity which is 
struck from the armature center with a ra 
dius of 3.050' through 82 degrees, with tan 
gent arcs of 3.480' radius which envelop the 
armature through arcs r s of 15 degrees each, 
thence continuing the surface with the tan 
gents sit to the latter arcs till they meet re 
verse curvest u, of 0.410' radius, the centers 
of which are on radial lines 8 degrees further 
around the armature. This graduation of 
the air-gap, whereby audible, yibration is 
overcome, is effective with machines of other 
types than that specifically illustrated herein, 
and I do not limit myself in this feature of 
the invention either to an inclosing yoke, or 
to the adaptation of the dimensions of the 
cores for the same purpose. 
The open ends of the yoke have attached 

to them end-shields 77 which complete the 
inclosure of the electrical parts and carry 
bearings for the armature-shaft, and support 
the brushes and other parts, the details of 
which are fully set forthin my United States 
Patent No. 792,762, dated June 20, 1905. 
As the novel features of these parts are 
therein claimed, they are not herein set forth in detail. 
Machines such as are herein set forth have 

been manufactured in large quantities and 
are found to be free from objectionable audi 
ble vibration. 
What I claim as new and desire to secure 

by Letters Patent of the United States is: 
1. A dynamo-electric machine having an 

air-gap section in which the reciprocal of the 
square of the air-gap length bears a constant 

The curve is represented by the 
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ratio to the distance along the armature 
periphery from a fixed point, substantially as 
described. 2. A dynamo-electric machine having an 
air-gap section at intermediate portions of 
which the reciprocal of the square of the air 
gap length bears a constant ratio to the dis 
tance along the armature periphery from a 
fixed point, and near the wider end of which 
the gap is further increased to effect through 
out a change in the square of the magnetic flux 
which bears a constant ratio to the distance 
along the armature periphery from said fixed 
point, substantially as described. 

3. A dynamo-electric machine having a 
toothed armature and an air gap between 
the armature and field with graduated ter 
minal sections wherein the reciprocal of the 
square of the air-gap length bears a constant 
ratio to the distance along the armature 
periphery from a fixed point, each terminal 
section being extended over an arc which is 
the same as that embracing several teeth, 
substantially as described. 

4. A dynamo-electric machine having a 
toothed armature and an air gap between 
the armature and field with graduated ter 
minal sections wherein the reciprocal of the 
square of the air-gap length bears a constant 
ratio to the distance along the armature pe 
riphery from a fixed point and wherein the gap 
is further Ed near the wider ends to 
effect throughout each terminal section a 
change in the square of the magnetic flux 
which bears a constant ratio to the distance 
along the armature periphery from said fixed 

898,228 

point, each terminal section being extended 
over an arc which is the same as that embrac 
ing several teeth, substantially as described. 

5. A dynamo-electric machine having an 
air gap with graduated terminal sections 
wherein the reciprocal of the square of the 
air-gap length bears a constant ratio to the 
distance along the armature periphery from 
a fixed point, and a pole the core of which is 
elongated in the direction of the circumfer 
ence of the machine, substantially as de 
scribed. - 

6. A dynamo-electric machine having an 
air - gap with graduated terminal sections 
wherein the reciprocal of the square of the 
air-gap length bears a constant ratio to the 
distance along the armature periphery from 
a fixed point and wherein the gap is further 
increased near the wider ends to effect 
throughout each terminal section a change 
in the square of the magnetic flux which 
bears a constant ratio to the distance along 
the armature periphery from said fixed 
point, each terminal section being extended 
over an arc which is the same as that em 
bracing several teeth, and a pole the core of 
which is elongated in the direction of the 
circumference of the machine, substantially 
as described. 

Signed by me at East Orange, New Jersey, 
February 10, 1905. 

GANO S. DUNN. 
Witnesses: 

HOWARD M. GASSMAN, 
MARY E. SAMMIS. 
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