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Application filed May 4, 1926. Serial No. 106,696. 
This invention relates to improvements in 

electrical motors or generators, and is more 
particularly adapted for high voltage di 
rect current machines. 

5 The invention is chiefly characterized by 
providing a metallic shield between the pe 
riphery of the armature and the pole faces 
and maintaining the shield at a potential 
difference intermediate that of the terminals 

lf of the machine. 
Although broadly considered the invention 

may be practiced by sub-dividing the elec 
trostatic field between the armature and 
the pole pieces and maintaining at least half 
of the sub-divided field substantially uni 
form, this latter sub-division is preferably 
effected by interposing an electrostatic shield 
between the armature and pole pieces, which 
shield is preferably maintained at a potential 

2 difference having a value intermediate that 
of the terminals of the machine. The 
main objects are to decrease the insulation 
losses of the armature; to reduce the leakage 
current losses at high voltages and to reduce 
the surface creepage losses; to maintain a 
low resistance to the magnetic flux and to 
reduce hysteresis and eddy current losses; 
to provide a machine adapted for higher volt 
ages than heretofore attained; and to reduce 

80 the length of the total air gap. 
An illustrative embodiment of this inven 

tion is shown in the accompanying drawings, 
in which:- 

Figure 1 is a view in partial cross section 
8 of a bi-polar machine. 

Fig. 2 is a plan view of Figure 1. 
Fig. 3 is a diagram of one form of electrical 

connections. 
Fig. 4 represents a barrel type ring-wound 

armature. 
In electric machines in general it is highly 

desirable that the air gap between the arma 
ture and pole-pieces be reduced to a mini 
mum. However, the dimensions of the gap 
are usually confined to certain minimum di 
mensions determined by the working voltage 
of the machine, and the desired clearance. 
In the case of high voltage machines the clear 
ance is ordinarily greater than in low voltage 
machines because of the greater tendency to 
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disruptive discharges between the armature 
conductors and the pole-pieces proper which 
are usually connected to the frame and 
grounded. In accordance with the present 
invention it is proposed to achieve greater 55 
safety against such disruptive discharges in 
high volage machines by sub-dividing the gap 
between the armature proper and the pole 
pieces into two parts which are separated by 
an electrical conductive member or shield 60 
capable of being maintained at a fixed poten 
tial difference, which is preferably of a value 
less than the maximum operating potential 
of the machine. As a result of this sub-di 
vision and as a result of the constant potential 65 
difference which is maintained between the 
armature proper and the pole-pieces or frame 
the insulation of the armature conductors is 
subjected to a substantially constant or at 
least a uniform electro-static field throughout in 
the entire periphery of the armature. Fur 
thermore the electro-static strains which are 
set up in the insulation between successive 
armature portions are provided with a paral 
lel path to the shield. Consequently at any 75 
point in the periphery of the amature the 
maximum strain to which the armature in 
sulation is subjected is that determined by 
the potential difference of the shield. 

Illustrating one particular manner of car- 80 
rying out the features of the invention there 
is shown in the drawings an armature 1 rotat 
ably mounted in the pedestal bearings 2 and 
3 which are supported by the base 4. The 
field frame 5 is mounted on the base 4, inter 
mediate the bearings and is provided with 
squared hubs 6, in which the pole pieces 7 
are mounted. The field coils 8 are mounted 
on the outwardly extending ends of the pole 
pieces, and the inner ends or faces 9 of the 90 
poles are made concave to conform to the sur 
face of the armature 1 in the usual manner. 
The metallic shield 10 comprises a cylindri 

cal tube preferably of a material having pref 
erably electrical and magnetic characteris- 95 
tics of a metal such as silica iron. The shield 
10 is mounted on the inner surfaces of the 
pole faces 9 and insulated therefrom by means 
of a layer 11 of such material as mica. The 
mica tube 11 extends laterally beyond the 100 
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2 
poles to lengthen the creepage path from the 
armature to the frame of the machine. 
The shield 10 is held at a potential inter 

mediate the potential difference of the ma 
chine, and the air gap between the shield and 
the periphery of the armature may thereby 
be considerably shortened over the air gap 
which would be required for the full voltage 
between the pole and the airmature. 
As is well known the strains set up in a di 

electric as well as the displacement currents 
and heating effects therein increase as the 
voltage differences applied to the dielectric 
increase. In the usual type of machine where 
the frame and pole-pieces are connected to 
ground or zero potential the potential dif 
ference between the pole-pieces and the pe 
ripheral insulation of the armature corre 
sponds to the maximum potential encoun 
tered in the machine proper. However, when 
the above described shield is interposed be. 
tween the pole-pieces and the periphery of 
the armature and maintained at a constant 
voltage which is lower than the maximum 
voltage of the machine there is a tendency 
to disruptive break-down between the arma 
ture insulation and the pole-piece. For ex 
ample, if the machine is a generator, designed 
to generate 5000 volts and the shield 10 is 
maintained at a potential difference of 2500 
volts the maximum strain. On the armature 
insulation corresponds to a potential gradi 
ent of 2500 volts, whereas without the shield 
the armature insulation may be subjected to 
potentials as high as 5000 volts. 
The machine shown is bi-polar and has 

a barrel type ring-wound armature, and may 
be used either as a generator or a motor. An 
illustrative form of electrical connections is 
diagrammatically shown, in which the ends 
of the armature coils 12 are connected to ad 
jacent ones of the commutator bars 13. The 
bars are connected by means of the brushes 
14 and 15 to the main lines 16 and 17 respec 
tively. The brushes contact with segments 
half way between poles and the current di 
vides and flows through the series of coils 
on either side to the opposite brush. Prefer 
ably, the low potential brush 15 is grounded 
to the frame of the machine. The shield 10 
is held at an intermediate potential by a con 
nection to a third brush 18 which contacts 
with a commutator bar half way beween the 
main brushes 14 and 15. 
The commutator bands 19, which are pro 

vided to hold the coils 12 against the cen 
trifugal force, are in close relation with the 
coils carrying the maximum potential and 
may be considered as being at the highest 
potential with regard to possible leakages. 
By reducing the voltage drop to the bands or 
the armature surface, as described, higher 
voltages may be impressed before the air gap 
resistance is broken down. 
Although but one specific embodiment of 
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this invention has been herein shown and 
described, it will be understood that numer 
ous details of the construction shown may be 
altered or omitted without departing from 
the Spirit of this invention as defined by 
the following claims. Thus any well known 
means may be employed for controlling the 
potential gradient between the periphery of 
the armature and the pole-pieces. 
I claim: 
1. In an electrical machine of the class de 

Scribed, a rotating armature, fixed field poles 
about the periphery of the armature, a cylin 
drical metallic shield surrounding the arma 
ture and insulated from the field poles, and 
means for maintaining the shield at a prede 
termined potential. 

2. In an electrical machine of the class de 
scribed, a rotating armature, fixed field poles 
about the periphery of the armature, and a 
metallic shield mounted on and insulated 
from the inner faces of the poles, said shield 
Surrounding the armature and spaced there 
from, and means for maintaining the shield 
at a predetermined potential. 

3. In an electrical machine of the class de 
scribed, a rotating armature having termi 
nals at a potential difference, field poles fixed 
about the periphery of the armature, a cylin 
drical metallic shield mounted on the inner 
faces of the poles to surround the armature, 
Said shield being insulated from said poles 
and spaced from the periphery of the arma 
ture, one of said terminals being grounded 
to the machine frame, and means for main 
taining the shield at a potential intermediate 
the potentials of said terminals. 

4. In an electrical machine of the character 
described, an armature, a field pole for said 
armature, and means interposed between said 
armature and said pole for controlling the 
maximum electro-static strain on the arma 
ture insulation, said last mentioned means 
adapted to be maintained at a potential lower 
than the maximum working potential differ 
ence of the machine. 

5. In an electrical machine of the character 
described, an armature, coils mounted on said 
armature and insulated therefrom, field mag 
nets and separate means for controlling the 
potential difference between the periphery of 
the armature and the field poles. 

6. In an electrical machine of the charac 
ter described, means for reducing insulation 
losses comprising a conductive shield sur 
rounding the armature, and means for main 
taining said shield at a fixed potential differ 
ence, said potential difference being less than 
the maximum working potential of the ma 
chine. 

7. In an electrical machine of the charac 
ter described, an armature, a plurality of 
field poles for said armature, and a conduc 
tive shield extending before all said field 
poles but insulated therefrom, said shield be 
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ing spaced from said armature, and means 
for maintaining the shield at a potential 
difference intermediate the minimum and 
maximum working potentials of the machine. 

8. In an electrical machine of the charac 
ter described, a rotating armature, a plurality 
of field poles surrounding the armature, a 
conductive shield, said shield being mounted 
in spaced relation both with respect to the 
armature and with respect to the field poles, 
and means for maintaining said shield at a 
potential difference less than the maximum 
working potential of the machine. 

9. An electrical machine according to claim 
8 in which the shield is in the form of a 
cylinder, and is freely spaced from the arma 
ture, but is separated from the field poles by a 
layer of solid insulation. 

10. A machine according to claim 8 in 
which the shield is insulatingly mounted on 
the pole-pieces. 

11. In a machine of the character de 
scribed, a rotating armature, a commutator 
for said armature, a conductive shield sur 
rounding said armature, a pair of brushes 
connected to said commutator, another brush 
for said commutator intermediate the said 
pair of brushes, and a connection from Said 
other brush to said shield. 

12. An electrical machine according to 
claim 11 in which one of the brushes of said 
pair is grounded. 

13. A machine according to claim 11 in 
which the said other brush is midway between 
the pair of brushes. 

14. A machine according to claim 11 in 
which the shield is in the form of a metallic 
cylinder freely spaced from the armature and 
insulated from the pole-pieces. 

15. In an electrical machine of the charac 
ter described the method of reducing arma 
ture insulation losses, which comprises Sub 
jecting the armature insulation to the action 
of an equipotential surface in spaced relation 
to the armature, the potential for said surface 
being intermediate the Zero and maximum 
working potentials of the machine. 

16. The method according to claim 15 
wherein the potential difference of the shield 
is one-half the maximum potential of the ma 
chine. 

17. In an electrical machine of the char 
acter described, means for reducing armature 
insulation losses including a member in close 
proximity to the armature and insulated 
therefrom, and means for applying to said 
member a constant potential intermediate 
that of the machine terminals. 

18. In an electrical machine of the charac 
ter described, means for reducing insulation 
losses, comprising a conductive shield sur 
rounding the armature, and means for main 
taining said shield at a fixed potential but 
less than the maximum working potential of 
the machine. 

3 

19. In an electrical machine of the charac 
ter described, means for reducing insulation 
losses including a conducting member mount 
ed in proximity to the armature but freely 
spaced therefrom, and means for applying to 
said member a constant potential interme 
diate the potential of the machine terminals. 

20. In an electrical machine of the charac 
ter described the combination of an armature, 
an equipotential surface in spaced relation to 
said armature and surrounding the same, and 
means for maintaining said surface at a po 
tential difference lower than the maximum 
potential of the machine. 

Signed at Chicago this 30th day of April, 
1926. 

CHESTER H. THORDARSON. 
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