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PATENT OFFICE '

GEORGE EDWARD THOMAS EYSTON, OF LONDON, ENGLAND, ASSIGNOR TO POWERPLUS
(1927) LIMITED, OF LONDON, ENGLAND, A CORPORATION OF GREAT BRITAIN

ROTARY PUMP MACHINE

Application filed April 21, 1931, Serial No. 531,763, and in Great Britain April 22, 1930.

This invention comprises improvements in
and connected with rotary pump and like
machines of the kind comprising a piston
body mounted within an outer rotary cylin-
der or working chamber and acdapted, while
revolving with the latter, to partake of a
reciprocatory motion back and forth across
the space of the cylinder or in the working
chamber. '

The object of the invention is to obtain
more efficient control of the working parts in
machines of this nature and particularly to
obtain improved drive and to talke up centrif-
ugal effects on the piston with minimum of
friction so that the piston parts may be of
robust construction. - _ '

According to this invention, the piston
body is placed under control of parts having
rolling contact engagement with each other,
the piston rolling bodily with one of these
parts, and drive of the piston is effected by
rotating one of the rolling contact parts
about its own axis. The rolling contact parts
may comprise a circular gear surface which is
mounted rotatably in the machine and a cen-
tric circular gear surface on the piston, the
diameters of these surfaces being so related
that on rotating the first one it may, by en-
gagement with the circular gear surface of
the piston, positively reciprocate the latter in
the outer cylinder or working chamber. Tf
desired, both the piston and the outer rotary
cylinder or working chamber may have drive

applied to them so that reactionary pressure
between the piston and the sides of the worl-

Ing or pumping space is reduced or elimi-
nated. In this way improved operation of
the machine is obtained and smoother work-
ing of the piston ensues, greatly reducing
friction. _ | |

For the purpose of enabling the invention
to be readily understood, reference is di-
rected to the accompanying drawings in
which: ' N |

Figures 1, 2 and 38 are cross-sections of a
rotary pump machine construction according
to these improvements, with the piston and
cylinder shown in successive rotatory posi-
50 tions. = o -

Figure 4 is a longitudinal section of a modi- -
fied construction. ' ' ) L
 Figure 5 is a cross-section on the line V—V
of Figure4, o -
Figure 6 is a longitudinal section Ulustrat-
ing another modification. =~ '
_IFigure 7 is a cross-section on the line
VII—VIT of Figure 6,and S
- Figure .8 shows another modification in
longitudinal section. - .
- The machines illustrated in the drawings
are of the same general nature as those de-
seribed in the specification accompanying my
patent application Serial No. 463,113, filed
June 23, 1930, in that they comprise a rolling
contact form of control for the reciprocatory
piston., R - -
In Figures 1 to 8, ¢ is the outer casing of
the machine, 5 a revoluble cylinder or drum
mounted to revolve in the outer casing, and
the pumping space or working chamber of
the machine formed in the cylinder 5. The

working chamber is bounded on two sides

by flats e for travel of a piston o to and fro
and % are ports at the ends of the chamber,

which co-operate with fluid-inlet and deliv- =~
ery connections /, m. of the outer casing. The

flats or the piston tips may be fitted with
spring pressed packing pads or strips to
maintain a seal. The rolling contact confrol
of the piston is effected by the circular gear f

mounted eccentrically in the casing ¢ and
an internal gear surface ¢ on the piston, and
as the machine rotates the surface ¢ rolls
cycloidally with the piston round the gear f
In a manner similar to that described and

lustrated in the specification of my said

patent application. In the drawings of such
patent application, the member # was shown
normally stationary but according' to the -
present case, in Figures 1 to 8, this member |
/ 1s mounted rotatably in the casing ¢ and

- 1s formed as a toothed gear adapted to be ro-

tated about its own centre. Thus, in revolv-
ng, the gear £ is adapted to reciprocate the
piston through the internal gear ¢ and the
piston in turn may rotate the cylinder 2

owing to its engagement with the flats e.
- The surfaces f and ¢ may be geared together 100
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(_b toothed formatlons or otherwrse to pro-::-?
;'duce the drive and whether the teeth extend
“along the whole length or only part of the
len
will be.a oyclmdal roll of the surface g about "
- the’ surface

gth of these parts, 1t will be clear that there

f.as 1s shown by. the progressive
position of these parts in Flgures 1 to- 33

- the dot-and-dash pitch lines indicate. toothed g
R 1n Figures 2 and 3. TIn the -
,-operatmn of the maohme, at, hlgher ‘speeds
~~the centrifugal force is operative on the pis-
" ton to maintain its reciprocatory. movements:
| under control of the co-acting surfaces f, g,
~.and any tende:nojsr of the plston to slip and fall
~9 - out of pOSlthIl when the machine ‘comes to’

surfaces f and ¢

. ~rest or at: startlng, may be. prevented in suit-

~ able manner, as by the provision shown in

“TFigures 6 and 7. wherein the parts 1, 2, ef-

" ters of the gears g
- ';'5';‘2 1 the gea‘r

= ﬁfsald)
= .drive. of the

-~ fectively prevent slip and fall of the plston
20 and also ehmmate p0551h111ty of dead-oentre

- . stoppages.

In order to ohtaln

e foct in. Figures 1 to 3 it is: essentml to have . . .
N -_-approprlate relation between the- diameters ..
o 29 of the gears fand g. If the relatlve dlame- .
| and f were-of the value. -~ . . =
o £ would have to be stationary - . oo
" in order to obtain the rolling contact relation . .- . -
. -between these parts and the machine would - -
30 have to be driven by rotating the drum & - . . - -
| ~ orthe p1st0n (of my patent apphoatlon afore- . |
In Figures 1 to 3, therefore, wherein. .~ )T
p1ston is to e eﬁeoted by yo-~ .
S "--.'i".;tatmg the gear 7, the dlameter ratio must .- -
99 De oreater or less: than 2:1.  The diameter S
o of the oear is therefore made larger or smaller
- than half the diameter of the internal gear

g. Itis shown' larger in. the drawings and by

' '.-:--'I.'rotatlng the gear f, rolhng contact engaO'e-

40 ment between the same and the gear ¢ can-
. be achieved with effective. operatlon of the
| and rotation of the cylinder: b, the -
centre of the piston moving round the dotted '

.. circle @ of Wthh the radiusis equal to the

S 45 ';ecoentrlolty of the gear. 7 W:Lth reSpeot to the

. central axis of the: maohmef There 1sfa reél- 7‘ eqnal tO
~ lation between the speeds.o the gear f and d ﬁ ol
" thecylinder b as follows - T 7 be the radius Speed increases indefinitely.
. of the pitch circle of the: teeth of the gear 7

“and 7 the radius of the dotted circle z, then

]
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_.'-'_-Speed of the oyhnder b equals

1f r rs less than 7.
~circle of the. mternal gear
- sum of 7 -and 7",
sy o_f course; a. rotarj;r movement together of
0. 7 the gears f, g; but there is no slip so y that the

" e ;%'relatwe movement between thero 1 purely'-‘_f 1t reheves the plston of reaotmnary pressure
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The radlus of the

the 1‘011111*'3" contaot ef- Rt

Tt is to be noted that there - 2
“easy to construct and an. 1ndependent drive

- ofthe oyhnder is of much advantage, because
130

;8 rolhng oontaot engagement The rad11 of
the gears f, ¢ would, of course, Dbe selected to

gear f.
wﬂl be mamtamed with the gear

dependmg on the relative values of 7 and 7’.

By way of example, assume that the valve.
7 be equal to 1’7 and the angular speed of the Y
B oyhnder be-required-to be 1000 revolutions
J,_per minute, then example of pitch radii and’

corresponding speeds for the gear f have the o
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suit the partlcular speed ratio desired but it o
will be obviotis from the above formulee that
if » is made greater than #/, the speed of AU
revolution. of the gear ¢ and thus of the cyl- -~
~inder will be greater than the speed of the
If » be less than 7%, rolling contact -
f rotating =
in the opposite direction to the cylinder 6 and- 2 -
“gear ¢, the speeds being- equal to each other

or a fraction or'a multiple one: of the othel_' :;{-- .

- -- 1 . -. R . ) -
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If 7 eqnalled 7" the 'sp eed of the gear: 7
| wonld be 0, thus: demonstratlng that the -
_aforesard 92:1 diameter ratio between the
~gear ¢ and the géar f requires. the latter to be |

_-statlonar}r as described.  For. forward rota- -
~tion of the gear f equal speeds of the oylmder

and gear can- only correspond with an in-

?‘I

e

2

finity -value for r but with reverse rotation

~.of the gear 7“, equal speeds are obtamed W1th .

For lower Values of kA the

Theoretlcally, the. dlameter ratio hetween_ﬁf |

“the gear ¢ and-the gear f may be any. value ;;5

fﬂ‘reater or less than 2 1 but in practice, cons
“the ratio of the speed of such gear to the'“ P

siderations of- mechanical efficiency of the_ '

In Figures 4 and 9, the oonstruotlon is of

spective pistons.

of the re- -
In some cases a eyhndrloal S

BORE R drive and lubrication would make the ratio

SR f:"-_f_i__._of speeds between the gears best when of the
EREY ,}order of approxnnately 10: 1. . 120

TR -._-i_sumlar natnre but there 1S a. plurahty of

“ - -pistons a, &', @ Whleh are oyllndrloal and the

.. cylinder b also is driven by gearing o from |

1tch:_:'z'the shaft f”’ of the several gears f

¢ 1s equal to the

125

piston structure 1s ‘advantageous because it is
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at the flats ¢ and thus reduces friction. It is
seen 1n Kigures 4-and 5 that the gears 7 are
formed on members /” keyed on the shaft 71°,
but this is only to facilitate assembly because
three pistons a, ¢, o? are used. If there were
a smaller number of pistons, the gears f could
be formed on the shaft f°. The machine is
shown in Figures 4 and 5 with the three pis-
tons a, a’, a* spaced apart angularly for bal-
ancing purposes. The middle piston o
would be made twice as long as each of the
others a, a* so as to be heavy enough to bal-
ance the latter. The working chambers such
as ¢ for all the pistons are provided in the
same cylinder 6 which is mounted in ball
bearings p in the end covers . The pistons,
as betore, have a rolling contact control, Fig-
ures 4 and 5 show, however, that the gears
7, g, need only extend for part of the length
of the parts f and a, a’, @2, so that the rolling
contact engagement is partly over toothed

surfaces, and partly over plain surfaces

marked 72, g®. These plain surfaces #2, ¢?
would be equal in diameter to the pitch
circles of the gears 7, ¢ and thus they en-
able the centrifugal pressure to be taken by
the shaft f1° to the relief of the teeth of the
gears. Kloating crescent-shaped bushes or
rollers may be inserted in the crescent space
between the plain surfaces 72, ¢ in the man-
ner described in my patent application afore-
said, so as to eliminate slip should this tend

to occur at low speeds, thereby relieving the:

teeth of lateral stresses. The teeth of the
gears f, g and the gearing o may be construct-
ed so that they do not come out of mesh in
the event of the machine being used in the
vertical position or when stationary under
the action of gravity. There might, of
course, be separate revoluble cylinders for
each of the pistons in Figures 4 and 5 and
separate gearings like the gearing o be pro-
vided for driving each of these cylinders.
T'his separate cylinder idea may also be used
In other constructions comprising a plurality
of pistons and the separate cylinders would
be freely mounted in cases where no direct
drive by gearing such as o were used.
According to Figures 6 and 7 piston control
1s effected by rolling contact engagement
of a surface on the piston with a stationary
surface in the casing and piston drive is
effected from the corresponding rotary
cylinder. There are two pistons a, @’ side
by side and two rotary cylinders b, 3’ and
the working chambers are separated by a
central transverse partition ¢ in the outer
casing ¢. The pistons are lenticular but may
be of other forms, and each has a plane cir-
cular surface g* adapted to have rolling con-
tact engagement with the circular surface of
an internal stub f* fixed to the partition ¢
of the casing, the diameter ratios of the two
surfaces being 2:1 respectively. The ro-
tary cylinders b, &’ are mounted by shaft

-ally round the gears = |
to which the surfaces g* roll round the stubs

parts 2z in spaced anti-friction bearings % in
the end covers of the casing and have in-
ternally projecting axial parts o with gears

w, adapted to engage with gears x of the
same diameter on the ends of a gear shaft v
stending centfrally through the cam parts
42

7% ot the two pistons. Drive is applied to the
snatt z of one ¢f the rotary cylinders b, 2’

and this effects drive of the other through
the gear shaft v, but separate drive may be

appited to each side of the machine if de-
sired.  The pistons have gear surfaces gt
at the outer ends and these mesh with the

external gears @ on the gear shaft y, the gear

ratio being, say 3:1. In this machine, the
cears ¢ on the shait v are of less diameter
than (e. g. half the diameter of) the stubs f*
co that the pistons @, ¢” revolve in reverse
carection to such gears. The latter. how-
ever, are geared to the rotary cylinders
through the gears 2w so that actually the
latter and the pistons revolve in the same
direction. The gear surfaces g* roll eycloid-

7* as will be readily understood but, at the

same time, the gears w, » effect positive drive .

of the pistons. In order to prevent the

pistons from slipping and from dropping

under the action of gravity when the machine
15 stationary, the central partition is fitted
with eccentric parts 1 engaged with parallel
surtaces 2 of the pistons. _
the gears and appurtenant rotary parts is
effected 1n sumple manner by duects 3 in the
central partition ¢ and the gear shaft .
The modification shown by Figure 8 com-
prises a single cylinder 0 and built-up piston
¢ of cylindrical or lenticular form, but in-
stead of external gears for driving the gear
shaft v as in Figures 6 and 7 the external
gear w cn the axial projection » of the rotary
cylinder meshes with a double gear on the

3

in a similar manner

70

75

80

05

Lubrication of

100

105

gear snait 7, one side of this double gear

ceing internally toothed as at 4 to engage

the gear w and the other side being externally

toothed as at 5 to engage the internal gear ¢*
of the piston. The stub 7 is fixed in one
end cover of the machine and the cylinder b
15 mounted by a shaft 2 1n spaced anti-friction
bearings % in the other end cover, and the
first mentioned end cover has an eccentric
part 1 engaging parallel surfaces 2 of the
piston as before to prevent the latter from
slipping and from falling out of position
when the machine comes to rest. The cylin-
der gear w drives the double gear forwardly

110

115

120

1in this case and therefore the external gear -

part 5 ot the double gear is made greater in
caiameter than the stub /2. Means other than

Lag

the eccentric part 1 on the end cover or

partition of the casing may be adopted in

this and the other modifications for prevent-
ing fall of the piston or pistons when sta-
tionary, such as a floating crescent-shaped

porrh
o
() §

150



1

- _bush or roller as dese1 1bed 111 connectlon Wlthl_
'-‘:qures 4 andl 5. e -

I clalm i

- gagement with each other to control move-
- 1ment of the piston 1 seld working chamber,

~ an axial drive shaft for said rotary
~ ing chamber and a gear drwe between sald’
15 {shaft and said piston. - -0 .
2 Rotaly pump or hke meehme COIIIPI‘IS- :

'-'--_'-jmﬁ' an outer cesm

a. rotary -

-f‘.-._meunted in:said C‘lSlIlg and formed with a

~transverse working chamber, a piston ‘oper-
ative in said: workmo chamber, ani internally
. circular surface on. the piston and.a co-

' operative externally circular surface mounted_ |
" eccentrically and stationarily in said casing,
- - said surfaces being adapted to have rolling

: 25 contact eno-agement W1th each other to con-«

" trol movement of said piston in said working
-~ - ‘chamber, a. drive shaft fixed to said cylinder

o w

s

'_,'“.adepted to reciprocate in and: revolve. with
said chamber, a curved gear surface disposed -
‘on and -non-r otatmly ﬁxed with respect to
“sald piston, -a compemen curved gear sur-.
face disposed in the machine and engaged in
_continuous cycloidally rolling fashion by said-
oear surface of said piston as the latter re-
v VOlVES with said working chamber, and means
- {for imparting ro‘ce.fﬂI on te seld plswn threugh,'
- said gear surfaces. " - - 3

4. A rotary pump orl

piston, a second circular gear surface

oag ed in. (*ontmuous cyclmdally rolling fash-

ion by said gear surface of said piston as the
 latter- revelves with said;working chamber,
-';-_and means for rotating seld seeend circular

geer surface to effect rotatlon of said piston.
5. A rotary pump or like machine compris-

| ’mcf a revoluble working chamber, a piston
_ _-‘.rf._ede. ted to reciprocate in and revolve with
o 69 said chember an mtemelly circular-gear sur-
B © respect to said piston, an externally circular

- ~gear surface mounted in the machine and’

" engaged in continuous: ¢ycloidally rolling.
fashion by said internally circular gear sur--
-_‘iace ot the plston as ehe, lfttter revolves Wlth .

face disp: osed on and non- romtebly ﬁxed with

1. Rotary. pump or hke machme comprls-
".fmn' an outer casing, a. rotary- Werkmg cham-
o ber in said casing, a Ppiston operative in. said
" working chamber, a circular surface on. the

~ piston and a - elreuler surface - ‘mounted

- eccentrically in said casing, said surfaces-

- - 10 hejng adapted to have rellmg contact en- .

-_';i_mcr a-revoluble Workmo- chamber 8

work-

cylinder,

ke mechme compms—,_
ing a revoluble WOI‘klIlO ceember; a. piston
adapted to reciprocate in and revolve with
“said chamber; a circular gear surface disposed -
‘on and -non- 1'0mab1y ﬁxed with respect to

sald

~disposed. 1evelub1 in the machme and en- -

| ﬁ-sald WOI‘]:HIIO‘ chamber end means for rotat---‘
- ing said externally mreuler gear surface to
.”eﬂeet rotation of said piston:: =~ ¢ o

6. A rotary pump-or like mechme compriS- '

ton, a plain - ¢ircular surface and a toothed

plston through said toothed surfacés.

piston
'eda ted to reciprocate in U said chamber as the -
3 latter revolves, a plain circular surface and
‘2 toothed: elrculav surface “disposed on and

non- I'Ot‘lt‘lbly fixed with respect to said pis-

.’mreular surfacé. dlsposed in the casing of the
“machine,-and -engaged in"cycloidally rolling
fashion W1th the first-mentionéd surfaces as
the piston revolves with said working cham-
~ ber, and means for imparting rotation to- sald_

7. A rotary pump .or. hke machme._iﬁ ac- 'h

f;--cordence with claim 6, in which' the plain-
o ircular surface in the cesme‘ of the maehme
'-.1s Q non—l*otatebly fixed surfece

(7]
it

8. Arotary pump or like machme compms-,,' .
ing - a. revoluble werkmo- ‘chamber, a piston

ﬁchpted to reciprocate in and revolve with
said chamber, a circular gear surface disposed
~on and non- rotat%bly fixed with respect to
_said piston, a companion circular gear sur- -

.-_?fnce chsposed eccentrically in the machine -
- -a’gear sheft mounted co- ftmall*;f Wlth seld-:f
o -'externally circular surface, a gear drive be-
twween said shafts and an mternal gear drwe;"
- _.--between the gear shaft and said: piston:
- 3cA retary pump or like machine compris- -
L _111*D ‘a revoluble- Workmﬁ' chamber, a piston said gear surfaces and’ ’lddltlonal means. for' -
’drmma said revoluble working chamber. ~
9. A rotary pump or like mechme compris- *
'1110 an outer casing, a cylinder, with a trans-
verse Workmg space,- mounted -to’ revolve in -
gaid-casing, a piston motnted to reciprocate
_in said space from side to side of said cylin-
der, an intérnal gear. surface of circular con--

tour formed centrlcalhr ‘withinand non-

‘and'engaged in continuous eyclm dally rolling
fashion by said circular. gear surface of said.
piston-as the latter révolves with said work-
- ing chamber, means for imparting rotation -
“to sftld plston and working chamber through

“rotatably fixed with respect to ‘said" piston,
a revoluble: circular gear. surface dlsposed'j
-'eecentmcally in 'said casing and engaged in_
_continuous cyelmdelly rollmg contact by said
_circular gear surface of -said piston as the
latter revolves with said- cylinder:and means -
_for imparting rotatlon. to s‘ud plston threun‘h -

_ said gear surfaces. - : SR

10 A rotary pump. or hke maehme com-“'
-prising a revoluble working chamber, a pis-
‘ton adapted to remprocete in and revolve
“with said chamber, a curved gear surface dis-
posed on. and ﬁxed with respect to said pis-
- ton, a companion curved gear surface dis- -
posed in the machine and engeo'ed in continu--
ous cyclmdally rolling contact by said curved -

Lo
7

100
105

110

gear surface of said piston as the latter're-

'volves with said working ehember, means
for 1mpert1ncr rotation to sald ‘piston through; _'
said gear surfaces and means operative to
_prevent said-piston from falling and thereby"
prevent - possible dead-centre’ stoppages at; |

slo‘er speeds or at starting. -
* GEORGE EDWARD THOMAS EYSTON
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