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My Invention relates to an electromagnetic
means in mechanisms for actuating pumps or
parts of pumps requiring progressively varying
speed and/or which are sttbject to progressively
varying load during a cycle of operation.

For convenience, I will describe and illustrate
herein my invention as it is utilized in rotary
pumps and compressors of the sliding vane and
piston type to which my invention is particu-
larly applicable, but it should be understood
that my invention is not limited to such use but
is applicable to other pump mechanisms such as
are described in my application No. 730,047, filed
June 11, 1934,

One object of my invention is to construct
pumps and compressors that require no packing
glands or stuffing boxes and having no openings
in their casings except the inlet and outlet ori-
fices.

Another object is to construct pumps and com-
pressors that require no external rotating shaft,
or shaft journal, or bearings.

Another object is to provide 2 means by which
the motivating force is applied directly to the

actuated parts at or toward their outer or pe-.

ripheral extremity instead of by a rotating shaft
at their inner axis.

Another object Is to provide a‘device that will

consume less power per cycle of operation or per
unit of material handled.
- Further objects are increased efficiency, low
initial cost, low maintenance cost, small number
of parts, convenience in cleaning, inspecting, and
repairing.

Fig. 1 is a transverse sectional view of one em-
bodiment of my electrically driven pump, where
the electromagnetic driving force is progressively
applied at the periphery of the rotating impellers.

Fig, 2 is a longitudinal semi-sectional view of
the pump of Fig. 1.

Fig. 3 is a side view of the mechanical align- :

ing cylinder which is shown in the pump of Figs.

1 and 2. i
Fig. 4 is an end sectional view of one of the

impellers used in the pump of Figs, 1 and 2.

Fig. 5 is a radial sectiona.l view of the impeller '

of Fig. 4.

Fig. 6 Is a transverse sectional view of another
embodiment of my electrically driven pump where
the electromagnetic driving force is applied at
the periphery of the radial pistons.

Fig. 7 is a longitudinal semi-sectional view of
the pump of Fig. 6.

Fig. 8 is a side view of the mechanica] aligning
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cylinder which is shown in the pump of Figs. 6
and 7.

Fig. 9 is an end sectional view of one of the.
pistons used in the pump of Figs. 6 and 7.

Fig. 10 is a radial sectional view of the piston
of Fig, 9

Referring to Figs. 1 and 2, I will describe com-
pletely the structure and application of my in-
vention, namely, the special electromagnetic field
of progressively varying pole pitch to a rotary
pump of the sliding vane type. :

The impellers 1 of the pump are constructed
essentially to fill the space between the walls 2,
guiding block 4 on the shaft 3, and the outer
periphery of the pump casing, and to include a
small angle of the pump circumference. They

. are held in definite positions by the guiding block
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4, eccentrically placed and operating on bear-
ings 5, causing their motion to be definitely con-
strained to a cycle of operation such that they
will extend or spread out from the center when
passing the Mlet duct 6, located in the walls of
the pump and leading from the inlet orifice 7,
and will retract when passing over the outlet
duct 8, leading to the outlet orifice 9, such that
a displacement of fluid will occur within the
pump, and pumping action will obtain. Each
impeller,{ rotates with the center block 4, slid-
ing in same individually. None of the impellers
has to be affixed to the shaft which in this case

" may either be stationary or free to turn within’
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the walls of the pump. Each impeller, however,
in its periphery has imbedded in it a suitable

electrical winding 10, generally taking the form

of rotor bars as used in a standard induction
motor, these bars being placed in laminations i1,
to increase the electrical efficiency, and short
circuited at each end. All impellers are con-
nected together by .the electrical conducting
springs 12.

Outside of these impellers and usually sepa-
rated from same by & suitably thin wall of non-
magnetic high resistance material i3, which may
take the form of a glass compound, & stainless
steel, or steel alloy, & composition insulating com-
pound molded in between the poles, or any other

. suitable substance which will not he reacted
-upon by the fluid pumped, not to be unduly af-

fected by heat and having high non-abrasive
qualities, lies a second winding {4, taking the
form of the stator or stationary winding of this
electrical pump, the electrical poles of which
may be completely separated from the rotating
impellers by the separating substance, or may be

7 protruding through same in suitable slots formed
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for the purpcse; mevertheless, the windings be-'
ing completely sealed by close fits and by the use
of sealing compounds from the impeller casing.

It is escential that the separation between the
rotor winding {€ and the stator windings 18 be
an absolufe minimum.

The unigue and fundamentally new principle
involved in this device and divulged in my patent
application, Mo, 730,047, filed June 11, 1934, is the
non-symmetrical placing of the poles which are
stasgered about the periphery to conform essen-
tially with the geometric motion of the impellers,
and the fact that the winding reacts on each
impeller indiwdusily instead of driving all im-
pelers at once, as is done in other combination
motor-pumping devices of this nature,

The operation of this device is as follows: If
the stator winding 14 is of such a nature, neme-
1y, kelng eapable of producing = rotating mag-

netic fAeld either by split-phose or multiphase .

currents or their eguivalent, this field when cur-
reny is fowing through the windings will set up
currents In the rotor windings 18, within the
impellers 1, the resction of which will serve to

draz the latter around in the direction of fleld .

rotation. Since the electrical Aeld rotation with
a constant freguency source is comstant in speed,
it is mecessary to make the distance traversed
by -the elecirical field conform to the distance

traversed by She impellers durlng their motion, 3

cr ¢lss there will he great posiiive and negative
robor slippages That is, abt some points the elec-
trical feld would be gelng considerably faster
thom ¢he rolor ssciors ot those moints, while at
other points the vobor scciors would be going
fester than the clecirical Held. This, of course,
y the result of the fact that the rotor
impellers are iled fogether mechanically by the
Block £, Under heavy load conditions of pump-
ing there would, of courss, just be positive slip-
Fage, or no lmpellers would ever iead the feld.
To obviate eny greet difference in motion be-
tween the impeliers and the fieid, the pole spac-
ing of the feld, as mentioned above, is made

to conform with the geometric motion of the .

That is, where the impellers come
* there 2lso are the noles placed closer

there 21so are the poles sepsrated to correspond.

Figs. € angd 7, with suzxiliary Figs. 8, §, and 10, 5

show snother method of construction of a radial
member pump, where the electrical windings are
used {o drive radig! pistons individually.

The operation of this pump is essentially the

same ag the aforementioned radial impelier type o

of pump.

{erring o Figs. 6 and 7, the piston members
(3, shown separaiely in Figs. ¢ and 10, are con-
siructed io slide in cylinders cut in the aligning
block {8, shown separately in Fig. §. These pis-~
tons are held in definite angular positions by the
eccentrically placed aligning block (8, the shaft
of which 7, is supported on bearings {8, caus-
ing the motion of the pistons tc be constrained
to & definite cycle of operation. such that they
will extend or spread out from the center when
passing the inlet opening 2, located adjacent
the shaft {7 and leading from the pump inlet
orifice 22, and will retract when passing the
outiet opening 23, leading to the outlet orifice 24,
so that a displacement of fluid will occur in the
pump and pumping action will obtain. Each
piston {5 rotates with the center block {8 sliding
in same individually, the piston members being
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supporied by pressure bearings and ring race 20 7

(%3

e

at the periphery. None of the piston members
has to be affixed to the shaft {7, which in this
case may either be stationary and serve as the
inlet to cutlet separating wall. Each piston mem-
ber, however, in its periphery has imbedded mn
laminations .26 placed therein a suitable electri-
cal winding 25, similar to that in the impellers
of the aforedescribed impeller type pump, said
windings short circuited on the ends and also
connected together in a continuous circuit at
each end by springs 27.

Cutside of these impellers is placed a split-
phase or polyphase stator winding 28, similar
to that of the impeller type pump described.
In this pump it is not necessary o separate the
stator windings from the impellers by any ma-
terial shield since no fluid is found in this part
of the pump. The poles of this stator winding
are of variable pitch, progressing around the
pump casing to correspond with the constrained
relative geometric motion of the piston extremi-
ties, thereby producing an electromagnetic field
the peripheral speed of which varies to corre-
spond with the relative motion of said pistons.

From the nature of the eccentric pumping
motion involved in these two pumps it is obvious
that the greatest load will occur where the im-
rellers or pistons are contracted during the dis-
charge part of the cycle of rotation. The wind-
ings may, therefore, themselves be increased in
strength, during the discharge half to produce
2 maximum ftorque at discharge, or else they may
be uniformly distributed, taking advantage of
the eccentric spacing blocks o fransmit power
from one section of the device to where it will do
the most good at some other scciion; in fact,
various constructions of electrical strength of
windings may be resorted to, to relieve the hlocks
of g non-uniform load.

It is possible to stege these pumps very easily
so that enormous pressures may be obtained in
the final stages. If the pumped fuid is com-
pressible, the various stages may be decreased in
size the proper amount to insure complete dis-
placement with or without intercoolers.

There are other methods of constructing pumps,
utilizing this variable pole pitch driving feld to
obtain high torques, such as placing the wind-
ings an exfreme distance from the impellers or
pistons, thai is, having the pumping section of
pumap at center with the windings at a consider-
able distance from same fo increase the torque
erm. Such a construction was shown in my ap-
plication No. 730,047, filed June 11, 1934,

In the case of the pumps illustrated in Figs. 1, -
2, 6 and 7, the width of the impellers or diameter
of pistons may be made small, while the width
of the windings may be made much greater. This
schemeé was also shown in my application men-
tioned above.

The important advantages of the electrical
pump drive are these: the use of the windings,
which are completely sealed from the fluid pump-
ing section of the pump, place the driving force
of the pump in the exact positions most suitable
for same, namely, upon each individual impeller
or piston.

The nature of the electric drive also tends to
remove the strain upon the pump since each
impeller or piston is driven individually and the
electrical field tends to smooth out the shock
resulting from the accelerations and decelera-
tions of the impellers or pistons for the same
reason that amortisseur windings are placed in
synchronous electrical machines to prevent hunt-
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ing of same. Simply, the electrical field not only
drives the impellers or pistons but produces a
drag upon them which greatly smooths out op-
eration. . .
The use of electrical windings also eliminates
the necessity for any driving mechanism exter-
nal to the pump casing, hence, the pump may be
sealed up tight, having only an inlet and an
outlet, eliminating all stuffing boxes and relying
upon the pumped fluid for lubrication, although

some auxiliary means for lubricating may be

resorted to.

This feature of being able to seal the pump
completely, is a decided advantage, especially in
the pumping of volatile substances such as am-
monia in refrigerating machines.

In cheap, low pressure, small volume pumps,
it is not necessary to use staggered electrical
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poles, especially If the stroke per impeller or pis- .

ton is kept low, nor is it even necessary to use
laminations or rotor bars.in.the impellers or pis-
ton members, especially if the latter are made of
a magnetic and electrical conducting material.

Since a small torque is applied during the suc-
tion period on the impellers or pistons it is even
possible to construct this pump with all poles
equally:spiaced but making the magnetic strength
of the poles along the suction sector of less
strength 4han-those along the pumping sector,
with the poles along the latter designed for
minimum slip, thus the effect of great negative
slip along the suction sector will not be felt
greatly in the machine. This construction was
illustrated in my application No. 730,047, filed
June 11, 1934, ’ .

Having described my invention, I now claim:

1. In combination a pump comprising a cas-
ing having a chamber with inlet and outlet, a
shaft mounted within said chamber eccentrically
thereof, a spacing block supported for rotation
on said shaft, impellers rotatably mounted in
the same plane and sliding in slots within said
spacing block in such a way that the rotation
of the impellers causes a progressively periodic
variation in their extension in the slots of the
spacing block and a variation in their peripheral
spacing creating a displacement therebetween
within said chamber, segmental induction rotor
windings attached to each impeller member, flex-
ible means on the windings on adjacent impeller
members electrically connecting said windings
together, and an electro-magnetic field surround-
ing the impellers and adapted to drive and con-
trol the same, said field having the same center
as the casing but having poles, the spacing or
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pitch of which poles varies progressively about

the fleld to correspond with the spacing and
motion of the impellers at their periphery.

2. In combination a pump comprising a cas-
ing having a chamber with inlet and outlet, a
shaft mounted within said chamber eccentrically
thereof, a spacing block supported for rotation
on said shaft, pistons rotatably mounted in the
same plane and sliding in cylinders within said
spacing block in such a way that the motion of

60

the pistons causes a progressively periodic varia- -

tion in their extension in the cylinders of the
spacing block and a variation in their peripheral
spacing, said variation In extension creating a
displacement in said cylinders, segmental induc-

70

tion rotor windings attached to each piston

member, flexible means on the windings on
adjacent. piston members electrically connecting
said windings together, and an electro-magnetic

3

drive and control the same, said field having
the same center as the casing but having poles,
the spacing or pitch of which poles varies pro-
gressively about the field to correspond with the
spacing and motion of the pistens at their
periphery. : )

3. A pump comprising a casing having a cham-
ber provided with an inlet and an outlet, a rotat-
able member mounted within said chamber
eccentrically thereof, fluld displacement mem-
bers or pistons mounted to slide within said
rotatable member, each fluid displacement mem-
ber being movable radially with respect to every
other impeller or piston but constrained in its
motion by its angular position within the cham- -
ber to which its center of rotation is eccentric,
segmental induction rotor windings attached to
each fluid displacement member, flexible means
on the windings on adjacent fluid displacement
members electrically connecting said windings
together, an electro-magnetic means for apply-
ing a variable drivinig and controlling force
individually to each fluid displacement member
in proportion to the peripheral spacing from
each adjacent fluid displacement member so that
as the linear spacing of adjacent fluid displace-
ment member extremities varies its motion varies
also to correspond. )

4. A pump of the type in which flow is pro-
duced by progressive variation in the radial
extension of fluid impellers, comprising a casing
having & cylindrical chamber with inlet and
outlet - passages, a shaft mounted within said
chamber eccentrically thereof, a cylindrieal spac-
ing block mounted for rotation on said shaft
eccentric to the pump casing, fluid impellers
supported to slide within said block and engage
the cylindrical wall of said chamber, each im-
peller being free to move radially with respect
to every other impeller, the radial motion of said
impeller being controlled by the cylindrical wall

_of the pump chamber, segmental induction rofor

windings attached to each impeller, flexible

‘means on the . windings on adjacent impeller .

members electrically connecting said windings
together, an electro-magnetic constraining means
to drive and control each impeller individually
at a speed in proportion to the spacing of the
extremities of each impeller from the adjacent
impellers to correspond with the spacing brought
about by the-eccentrically placed spacing’ block
and the pump chamber which compels the im-
pellers to vary the volume displaced by them
from & certain minimum to a certain maximum’
during each rotation, and to a certain amount
in any-one point in the rotation, the progressive
increasing of the linear spacing between im-
pellers: drawing the fluid into the pump and the
progressive decreasing of the .spacing forcing
the fluid out of the pump. -

5. A pump comprising a casing having a cham-
ber with inlet and outlet passages, a rotatable
separating block mounted within said chamber
eccentrically thereof, impellers slidably mounted -
in sald rotatable separating block. segmental
induction rotor windings attached to each im-
peller or piston member, windings on adjacent

impeller members electrically. connecting said

windings together, and an electro-magnetic fleld
comprising progressively variably spaced poles
about the impellers adapted to drive the same
individually at speeds corresponding to the spac-
ing of the poles to which said impellers are adja-
cent so as to maintain the progressive spacing

fleld surrounding the pistons and adapted to 78 of the impeller extremities as brought about by




>

the sliding ection within the pump casing, the
volume displaced by impellers verying from 2
definite minimum {o a definite maximum and
being & definite amount at any one point in each
robation, & progressive increase and decrease in
the lnear specing of the impellers, causing fuid
to e drawn into and forced out of the pump.

6. In combination a pump essing having a
chamber with inlet and outlet, Suid displacement
members rotatably supported within said cham-
ber and movable with respect to one another
the engular seperation of impellers, or pistons,
remeining constant, segmental induction rotor
windings atfached to each fluid displacement
member, windings on adjacent fuld displace-
ment members, flexible means on said windings
electrically connecting sald windings together,
and electro-megnetic means devoid of mechani-
cal connection with the impellers, or pistons, to
drive the same individually at varying speeds so
that the relative speed of each impeller, or piston
extremity, varles progressively from a definite
minimum to & definite maximum during each
rotation and is the same for any given point in
each rotation,
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7. A pump comprising a casing having a cham-
ber with inle and outlet openings, fluid displace-
ment members mounted for rotation within the
pumnp chamber having fized angular spacing
with respect to their center of rotation, means
to control the volume displaced by said fluid dis-
placement members from s deflnite minimum
to o definite maximum during each rotation and
to a definite amount at any given point of any
rotation, segmental induction rotor windings
attached to. each fluid displacement member,
flexible means on the windings on adjacent fluid
displacement members electrically connecting
sald windings together, and an electro-magnetic
fleld having poles about the impellers, or pistons,
to drive the same, the spacing of said poles vary-
ing progressively in proportion with the volume
displaced by those impellers, or pistons, imme-
diately opposite the poles on the casing, the pro-
gressive increaesing and decreasing of the volume
displaced by impellers, or pistons, causing fluid
to be drawn into and forced out of the pump.

ALBERT GUY CARPENTER, Jr.



