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To all 'whom 74 may concern: ‘

Be it known that I, Jomanw MaTHIAS
Karer, PeNNINE, 'subject of the Queen of
the Netherlands; residing -at Amsterdam,
Kingdom of the Netherlands, have invent-
ed-certain new and useful Improvements in
and Relating to- Disk Engines and the like,
of which the following is a-specification.

"This invention relates to disk engines and
the like having a disk. formed by a ring,
surrounding a ball or sphere and arranged

- in an equator plane of said ball or sphere,
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_ticularly tight. one.

and two cone surfaces which are in per-
manent rotative engagement with said ring

formed disk by means of teethi or folds pro-

vided both in or.on the surface of the -disk
and in or on same of the cones. These teeth
or folds distribute the shifting movement-of
the disk with regard to the cone surfaces,
due to the fact that the periphery at the
base of the cones is smaller than same of the
disk, uniformly, so that the movement of the
disk is rendered uniform, the eXactness of
this distribution being dependent on the
numbér of teeth or folds and iner easing with
said number.. The engagement of the disk
and the cone surfaces thus obtained is a pa-
For though the play
between the teeth produces ‘a passage for
the fluid between the disk and the surfaces
of the cones when the engine is at rest, said
passage will be closed as soon as the pres-
sure at the inlet end of the engine rises, the
disk then being turned a little “about its pole
axis, thus causing the-teeth to engage each
other.

‘The shape of the teeth or r folds in known

disk engines is the same for the disk and
the cones and comprises. triangular teeth
with rounded edges and an obtuse top, which
may be intérchangeable. This shape is not
fit for practical use as on the one hand it
produces too much friction-and on the other
hand it does not- insure-a fluid tight en-
gagement to be obtained, the latter fact be-
inga serious ob]ectlon particularly When
hlgh pressures are employed.

The object of the invention is to over-
come this objection and at the same time
to provide a_form of folds and teeth which
may-be employed for disk engines of large
dimensions, without comphcatmg thelr con-
struetion.

According to the invention there are pro-
vided on the cone surfaces a number of folds

of circular -or apprommately circular cross
section, said folds converging to the top of
the cones, while the disk 1s formed by a flat
plate havmfr a number of radially converg-
ing teeth, either integral with the plate or
1nterchan0*eab1e equal to the number of
folds. in the cone surfaces, the cross section
of each tooth being shaped substantially as
an’ isosceles trapezium with base angles of
60° and a top rounded in conformlty with
the shape of the folds in' the cone surfaces.
This ‘shape of teeth avoids jamming. and
also secures a very tight engagement.

The present invention relates to improve-
ments on the structure of disk engines dis-
closed by my prior British Patent No. 11,825
of 1914. In this patent the shape of the
teeth of the disk 2 is the same as the folds
in the surface of the cones 18.
is not. adapted .to be applied to disk en-
gines of larger dimensions and operating
with a crreater difference between. the inlet
arid - exhaust and pressure. The present in-
vention also embodies improvements on the
structure disclosed. in' my U, S.-Patent; No.
1,182,033, dated May 9, 1916 "The present
1mprovements give the disk engine a larger
scope and are adapted to compensate for a
greater difference between inlet and exhaust
and pressure than contemplated by the said
previous foreign and U. S patented struc-

tures.

The 1nvent10n will now be described with
reference to the annexed drawings. ~
Figures 1-8 represent a diagrammatic

- view.of the teeth and folds obtained by de-

veloping the teeth on rotative member hav-
ing a cylindrical surface the axis of which
coincides with. the pole axis of a disk mov-
ably coGperating with said member:

Figs. 1-6 show the invention as adaptable

to an engine operated as.a.motor..

Figs. 7 and 8 show the invention- adapt-
able to an engine operated as a pump. :

Fig. 1 also shows the way in which. the
shape of the teeth and:folds is designed. ..

Fig. 9-is a vertical -section through a

‘water meter embodymg the features of the

invention.. . -

Fig.. 10 isa plan view of the lower half
of the meter with the disk removed. -

Fig. 11-is a detail view of the disk.

As in the structure of my British patent
hereinbefore. mentioned -and .of ‘which. the
present invention is an improvement, there

60

65

70

This shape

75

80

85

105

119



2

s proVided in the present instance a hollow

ball or sphere, or member t of metal of com-

~ paratively large diameter and has the im-

proved disk 2 mounted to operate therein.
The disk 2 is preferably made in two halves,

: _and then accurately finished. The ball at

- two. diametrically opposite places is pro-

vided with hemispherical recesses 3, in one

" of which the ball 4 is inserted “which rests
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in a hemispherical recess 5 of the crank
disk- 6. The latter in the upper portion 7
of the measuring chamber box, touches the
ball surface on the side facing the same,
and is packed by suitable means, 7. e. ren-
dered leakage tight both in relation to the
ball 4 as well as in the box 7. The disk
crank 6 is provided with several recesses 9,
because the bearing surfaces wear out com-
paratively quickly. = :

~-In the working chamber 10 of ‘the'casi.ng

~ 7--9 there is provided a radial partition 11
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allowed to bear by means of a plate spring
30 against the partition: 11, which spring
- may, if desired, be secured to the sphere 1.
By this means the disk will be pushed' to-

60

65

extending up to the surface of the ball 1
“and engaged or embraced by the disk 2,
which latter is radially slotted-at this point

‘without, however, the disk touching the par-
tition. The disk may turn about and is not
jammed either diametrically: or axially, or
it may freely roll and execute a swinging or
rocking movement. = - L :

“The top'15-and the bottom 16 of thér;casing

7—9 which if desired may be made in sev-
eral parts; are cone-shaped and-limit the
throw of the disk 2, both:in an upward di-
rection ‘and in a downward: direction. In
large’ meters- the measuring ‘chamber 10 is

made fluid tight in relation to the -disk:

crank preferably by means of packings:. -

At both sides of the partition 11, the in-
let ¢ and the outlet d respectively for the
driving medium - open - into the working

-chamber 10 ‘of the caging. - Assuming the
disk occupies the position shown in Fig. 1;
‘50 that it bears on the right hand side of the
-top, and on the left hand: side at the bottom

against. the cones 15, 16 and assuming that
the “inlet' ¢ is now opened, then a rolling

movement about the two cones is imparted -

to ‘the :disk by the entering current-of gas
or liquid. - The disk-may move eithér for-
-wardly or backwardly with material ad-

_ vantage - in :connecting -the ‘machine to a

motive medium: supply source. -
- In order to-render‘the water meter

Water-

“tight at the commencement of the measur-

ing operation, the ball or sphere 1 may be

ward ‘the-left so-that’ at: least one tooth of

the disk. bears ‘against “one  tooth of the
conical ‘surface,” thus forming a leakage-
tight joint; so'that. the rolling movement of.

the disk immediately ‘commences ‘when the

water starts:to-flow: <., .0 o
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The non-symmetry of the disks 2 forms
a disadvantage for a very rapid movement,.
which particularly occurs with gas currents.
This disadvantage may be eliminated in the
following simple manner, namely by ar-
ranging a second partition 31 diametrically
opposite the partition 11. The disk 2-is

“then provided on this side with a slot 32
_similar to the slot.12 provided on the left

hand side, the same, however, being made
not so broad. The gas current is passed
around - the partition 81 through 'a side
channel 83. By means of this arrangement
the disk 2 is completely balanced. - The
cone ‘surface which is in. rotative engage-
ment with the disk is‘indicated by a. After
having adopted a number of teeth for the

disk and of folds for the cones, the periph-
_ery of the base of each ‘cone is divided in

a ‘corresponding number of equal portions
b, -semi-circles ¢ being described on each
portion b. ‘The radius of these semi-circles
¢ decreases in the direction of the top of
the cone, that means that the cross-section
of the folds in the cone surfaces decreases
toward the cone:tops (the cone top is an
imaginary point as the cone surfaces be-
long to -truncated cones). - The edges be-
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tween the folds are rounded so that thé

rounded edges are situated on-a circle d:
The plane ¢ -in the middle of the thick-

95 .

ness of the disk 2 is a tangent-plane to the

circle @. :If this plane ¢ s folded so as-to

“form folds-of -a semi-circular cross section,
the diameter-of which is comprised iit-the

periphery of the disk an‘equal number: of
times as the diameter of the folds in the
cone surfaces is comprised in the periphery

of the base of said cones and 'if further- -

more the folded plane ¢ thus-obtained is
given a certain thickuness by forming -on

cither side of said folded plane e equidis--
tant  folded surfaces, the cross section of

the folds of said surfaces being formed by

_circles f-having ‘a smaller: and circles ¢

having a larger radius than the imaginary
folds of the plane e, and if finally the geo-
metrical locus % of the centers of the cir-
cles. g fo
of the digk are shifted a predetermined dis-

_tance: vertically to the geometrical locus #
- of the centers of the circles forming the

folds-on the other side of the disk, a profile
or section is obtained from: which the pro-
file or ‘section according ‘to ‘the invention
may be derived by flattening the folds sym-
metrically along tangent lines -k to “the
smaller circles f, said tangent.lines inclos-
ing an angle _ )
the plane e. ~If the top of the teeth 3-of
the. disk might differ too much from the
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and f forming the folds on one side
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‘of -approximately 60° with -

128

shape of ‘the folds ¢ in the cones, the top

of the teeth is rounded accordingly, where-
as the superfluous depth of the folds in the

. disk-is cut-off along-tangent lmes 1 téi the

130



10

15

1,323,007

circle d, which is the geometrical locus of
the tops of the rounded:edges of the cone
surfaces. The distance between these tan-
gent lines 7 may be used for giving the re-
quired constructional thickness to the body
of the disk 2. The teeth 3 of said disk may
be either integral with the body 2 of the
disk or they may be formed as separate
pieces connected e. g. by means of dovetail
connections to the body 2 of the disk, the
latter-construction being preferred for large
engines. -In the drawings the projecting
parts of the dovetail connections are in-
tegral with the body of the disk; the grooved
parts of -the connections being provided in
the teeth; it will: be understood, that -it

would. be possible to: form the grooves in -

- the body of the disk and to provide the pro-

20

jecting dovetails to the teeth. C
The position of the disk as illustrated in

~ Fig. 1 1s the position of rest, ¢. e. the teeth
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of the disk and the folds of the cone are not
yet pressed. ‘upon ‘each - other -and iconse-
quently there is a free passage left between
the disk and the cones. R

As soon as (assuming motor operation)
the disk 2, 3 is subject to a pressure oper-
ating in the direction -of the arrows p, the
disk is turned a.small amount about its pole
axis and is pressed at ¢ onto the surface
of the cone (Fig. 2). Then the disk be-
gins to rotate and it takes up successively
the positions shown in Fig. 3 and in Fig. 4.
In the latter position the room 7 inclosed
between two successive teeth and the cor-
responding folds is decreased, or in other
words the fluid contained in said room . is

~ compressed. During rotation always the

40

~"avoid any direct passage of high pressure.

50

&5

60

65

foremost point. of contact is the axis of

momental rotation and - consequently - the.

contact between cone and disk will be tight
at that point. Consequently the decrease
of volume of the room 7 and the compres-
sion produced . by said decrease will make
the pressure of the foremost teeth against
the corresponding edge of the cone increase
and at the same time said compression will

fluid to the exhaust side. In short the com-

pression will always operate exactly in the -

direction opposite to the direction in which
high pressure fluid will try to reach the ex-
haust. :

In comparing Figs. 4, 5, and 6 a similar
compression will be found to be produced
when the next teeth are engaging the next
folds, this time the compression being ef-
fected in the room s. By choosing the-di-
mensions of the disk in such. a manner,
that at normal pressure a slight deforma-
tion or bending is obtained the engagement
will be still more tight.

When the engine operates as a motor the
direction of rotation of the disk is the same
as the direction of decrease of pressure.

When however the engine is operated as a
pump the direction of rotation is opposite
to the. direction of decrease ~of pressure..
Figs. 7 and 8 relate to the operation of the
engine as a pump. - In Fig. 7 the direction
of compression is indicated by the arrow ¢
the fluid trying to escape to the low pressure
or suction side in the direction of the arrow
. - As a pump (rotation to the left) the
disk has its point of close contact with the
cone always at the last teeth which is in
engagement with the folds, consequently the
room ¢ in which compression takes place is
closed tightly at the suction side. Then the

compression itself insures a tight engage-.

ment. The direction in which the fluid com-
pressed in the room » will try to escape

from said room is opposite to the direction in -

which leakage from inlet to éxhaust of the
pump would take place. The operation of
the leakage excluding- arrangement might
be considered as a labyrinth packing, which
may be understood best if water or another
inelastic fluid is assumed as pressure fluid.
Finally-it-is to be remarked, that the dif-
ferent: points. of the periphery of thedisk
describe curves having substantially the

form of lemniscates. The theoretically ex-
act shape of the folds in the cone surfaces

would be the shape which corresponds ex-
actly with the lemniscates described by the
teeth of the disk. The shape of teeth and
folds according to the invention however
insures a practically fluid tight engagement
together with a minimum of friction and
by natural wear it approximates the theo-
retically exact shape mentioned.

To render the edge of the disk fluid tight

" with respect to the housing it may be pro-

vided with one or more piston springs.
What I claim is: ]
1. In a device of the class specified, a

~spherical casing, a disk member, and a pair

of cone devices substantially semi-circular
in cross-section and having surfaces in ro-
tative engagement with said disk member
and provided with folds having a cross sec-
tion decreasing toward the top of said cone
devices, the disk member having radially
donverging teeth on opposite sides with:
rounded top to form a fluid tight engage-
ment with the folds of the cone devices, the
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folds of the cone devices being shaped to cor-

respond substantially to the curves described
by the teeth of the disk member during ro-
tation of the latter. ‘

2. In a device of the class specified, a
spherical casing, a disk member having

-radially converging teeth at opposite sides

thereof, the said teeth being substantially of
isosceles trapezium shape with base angles
of approximately 60° and a rounded top,
and a pair of cone devices having folds sub-
stantially semi-circular in cross section and

~decreasing toward the top of said cones, the

120

125

130



10

15

said folds being in engagement with the
disk and the: folds thereof shaped to corre-
spond substantially to the curves described
by the teeth of the disk during rotation. -

8. A device of the class set forth compris-
ing a -spherical casing having a disk con-
sisting: of a flat annular plate surrounding

‘the same .and arranged substantially in an

equator plane thereof, the disk provided
with radially- converging teeth having ‘a
cross section of" substantially. isosceles tra-
pezium shape with base angles of approxi-
mately 60° and a rounded top, the ‘teeth of
the disk being removably associated with
the latter through the medium of interact-
ing dovetail projections and grooves, and .a
pair of cone devices having surfaces in. ro-

- tative engagement with the disk and formed

20

25

with folds of a substantially semi-circular
cross sectional contour decreasing toward
the top. of the cone devices and shaped to

correspond. substantially to the curves de-

scribed by the teeth of the disk during ro-
tation. - - .o oo

4. A device of the class set forth compris-
ing a spherical casing having a: disk con-

1,323,907

sisting of a flat annular plate surrounding
the same and arranged substantially in an
equator . plane -thereof, the disk provided
with‘radially converging teeth having .a

30

cross section of substantially isosceles tra- .

pezium shape with base angles of approxi-

mately 60° and a rounded top, the teeth of -

the disk being removably -associated with
the latter through the medium of interact-
ing dovetail projections’and. grooves, a pair

35

" of cone devices having surfaces in‘rotative -

engagement with the disk and formed with
folds of a substantially semi-eircular cross
sectional contour decreasing: toward-the top

40

of the cone devices and shaped:to correspond

substantially to the curves described by the

teeth of the disk during rotation, and spring -

means inserted
casing.. . S e T
In: testimony whereof: T have. hereunto set

my -hand ‘in'presence of }tvjvpia,vsubs'ci{‘ibiﬁg\ -

withesses.

. Witnesses: .- -~
D. Kie¥nw,
FEueeENE NABEL- @~ 1 .

between' the disk and the .=
3 N - N i s B . . 45

. JOHAN-MATHIAS KAREL PENNINK: -



