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Myron F. Hill and Francis A. Hill, 2nd, 
Westport, Conn. 

Application April 2, 1946, Serial No. 659,098 

18 Claims. (Cl 103-126) 
1. 

This application is a continuation in part of 
our applications Nos. 227,954, filed September 1, 
1938, now Patent 2,386,896; certain features of 
application No. 452,654, filed July 28, 1942, now 
abandoned; and 561,948, filed November 4, 1944; 
and contains new matter not therein shown or 
described; all constituting a step by step develop 
ment over many years. 

It relates generically to rotary fluid toothed 
displacement rotor mechanisms including liquid 
pumps and motors capable of high pressures, not 
omitting low pressure gas blowerS and motors, 
and specifically having the inner displacement 
member or pinion rotor as the driving member 
connected to a drive shaft or other device; in 
cluding also a difference of more than one tooth. 

It relates also to ports for such rotors and 
driving relations, conforming to special contours 
of the rotor teeth. 
These rotor contours are based on new prin 

ciples of geometry which have escaped the at 
tention of designers of rotors and gears. They 
are explained in other cases and herein also with 
diagrams. The invention itself however includes 
contours and cooperating forms of mechanical 
displacement members producing new results in 
applications to rotary displacement mechanisms 
and gearing. 
A series of patents to M. F. Hill, particularly 

Re-issue Patent No. 21,316, described rotors 
having a difference of one in numbers of teeth 
which have continuous contacts or fluidtight en 
gagements forming rotor chambers which open 

... and close during rotation. As they rotate, acting 
as a pump for example, each tooth of one rotor 
enters and leaves all the tooth spaces of the other 
rotor, driving out their fluid contents and suck 
ing in more. Each tooth slides or rolls over all 
the teeth of the other rotor, providing a hunt 
ing relation (interchange of tooth engagements) 
between then all. 
such precision that this contact persists thruout 
rotation. They have tight fits between all the 
teeth, and as pumps and hydraulic motors have 
been contributors to Swift and precision opera 
tion of tanks, planes, Ships and amphibians in 
war service. Also as lubricating pumps in autos 
and boats. Their high efficiency as lubricating 
pumps for engines and Superchargers in planes 
provided flight at high altitudes. AcroSS the 
open mesh region the tooth crowns of One rotor 
slide over the tooth crowns of the other rotor. 
With usual moderate oil pressures it is a pres 
Sure-leSS Contact. 
An open Crescent space acroSS open mesh be 

tween teeth out of contact, where no tooth con 
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tacts occur and back lash between the teeth, 
prevent contact between teeth performing no 
useful pressure function. Contacts between 
teeth of opening chambers and teeth of closing 
Chambers at the Same time cannot take place 
With back lash. The difference of two (or more) 
in the numbers of teeth, such numbers having no 
Connon divisor, provides a basic fractional ratio 
having a difference of one which is essential for 
maintaining continuous travelling engagements 
between the teeth, and to generating the rotor 
curves accurately at a single setting. 
Such rotor contours require specially designed 

ports. 
The difficult resettings in manufacturing rotors 

having even numbers of teeth are eliminated, as 
Well as their hannering and uneven wear. 

Back lash between our rotor teeth of continu 
Ous contact acquires a new function. Shaft 
bearings with enough looseness to run, let the 
teeth of one rotor ride on the other under high 
internal fluid pressures, tending to heat the 
rotors to the point of binding. Back lash and the 
Crescent space at open mesh prevent it. 
These traveling engagements and contacts, in 

operation, lap themselves to a fit that is evident 
upon inspection of teeth in service. A polish 
occurs upon contacting surfaces. It may be ob 
served that a mostly rolling contact occurs at 
full mesh where the teeth of one rotor drive the 
teeth of the other, and between the tooth sur 
faces in contact along a port, where a rub oc 
curs. If with manufacturing or mass produc 
tion tolerances, some teeth fail to make actual 
contact, the rub elsewhere wears off the tooth 
surfaces until they all engage. Nevertheless, 
when first made they are to be in such proximity 
as to have driving and pressure holding engage 
ments capable of running themselves in, in 
service. Departure from the Gerotor method of 
designing rotor contours makes possible the 
hunting relation between all the teeth of the 
rotorS, larger displacement and improved pres 
Sure angles in the driving range between the 
teeth at full mesh. 
The crescent Space, which requires no metal or 

other insert to seal the ports from each other 
as in other fluid mechanisms, also helps to pre 
vent the pinion from contacting and riding on 
the teeth of the outer rotor from one end of the 
crescent to the other. This crescent space is 
as the area at open mesh between two circles, one 
passing thru the tips of the pinion teeth and the 
other thru the tips of the teeth of the outer 
rotor. 
Backlash was old, but combined with the con 
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tinuous contacts, it prevents the teeth of the 
pinion from riding on the teeth of the outer 
rotor Where no fluid pressure holding engage 
ments are needed, between full mesh and one end 
of the crescent Space leaving the continuous con 
tacts and engagements between the other end 
of the crescent Space and full mesh unaffected. 
A difference of tWO or more teeth between rotors 
Ol' gears, old in themselves, performed unex 
pected results with continuous contact rotors, 
causing the rule of continuous contact to be 
modified, first to include multiples of the ratio 
having a difference of one; and then modified 
again to include the hunting relation which 
Solved a manufacturing problem. 

It also permitted rotor teeth to be built loose, 
With the contacts brought into action by driving, 
whether by a shaft or by fluid pressure. Thus 
rotors may lap themselves to a perfect fit in serv 
ice to provide rotor chambers sealed at both ends, 
and to provide interchangeable and/or reversible 
high and low pressure ports for pumps and 
motors for operation in opposite directions. The 
terms "high' and 'low' merely differentiate be 
tween the ports. 
These step by step developments, each valuable 

in itself, produce new results in continuous con 
tact rotors. - The first difference of two teeth appeared 
when, inspecting Fig. IX of the reissue patent to 
M. F. Hill, No. 21,316, the tooth spaces of the 
pinion appeared wide enough to hold another 
tooth, and the outer teeth wide enough for an 
other tooth space. This doubled the number of 
teeth and they acquired a difference of two which 
provided the much needed crescent space to 
eliminate the riding of one rotor on the teeth 
of the other at open mesh, without loss of the 
continuous contacts. See also Patent No. 2,386,- 
896, Fig. XVI, having even numbers of teeth. 

Useful in reduction gearing this idea was 
patented in patents, Nos. 2,091,317 and 2,209,202, 
to M. F. Hill. The disclosure in these patents 
was limited to multiples of rotor teeth having a 
difference of one for gears. The contours and 
pressure angles of the Reissue Patent 21,316 
characterized the teeth. Furthermore, in multi 
plying the teeth, a part of the tooth height was 
sacrificed; and whatever was done to them 
thereafter, such as reducing the numbers of 
teeth again while increasing the eccentricity, the 
lost height still prevailed. The height of a tooth 
affects the size of rotor chambers between the 
teeth, and so limits the displacement as com 
pared with our later form. Incidentally the 
centers of the master curves for two sides of each 
tooth were doubled in number, and were evenly 
indexed with each other. The multipled gear 
teeth had the same type of contours near the 
convex tops or crowns that the original rotors 
had. 
The gear patents disclosed no pump casing or 

ports. - 

When teeth are multipled, even tho they had 
a hunting relation between them, the hunting 
relation between all the teeth is lost. 
In our Patent #2,386,896 the off sides of ad 

joining teeth of the outer rotor are limited to a 
common center, and a similar relation exists be 
tween the near sides of alternate pinion teeth. 
Our present rotors have no such limitation. 

Rotors having a difference of two teeth, result 
ing fron multiplying smaller ratios of integers 
differing by one, do not have the hunting rela 
tion so essential to easy manufacture and good 
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4. 
Service. To index two sets of teeth with rela. 
tion to each other with the exactness needed for 
efficient fluidtight high pressure relations, if not 
impossible is at least a great expense, and in 
maSS production is difficult to maintain. In gen 
eration, one set of teeth is first generated on a 
blank. The blank must then be indexed exactly 
half Way, and the Second set generated. An 

... error in indexing results in hannering of teeth, 
noise, lost efficiency and wear. The usual manu 
facturing tolerance would ruin rotors for efficient 
service. With a full hunting relation there is 
no second indexing, and the exact indexing chara 
acteristic of generation. Of all the teeth is accome 
plished. The hunting relation enables each 
tooth to engage in proper turn all the teeth of 
the other rotor. This evens up any possible wear 
due to differences in hardness or durability of 
teeth, or grit, and maintains a Smooth operating 
mechanism. Realizing this, another tooth was added to 
each rotor, changing the ratio circles accord 
ingly, and it was discovered to be possible. It 
was a departure from simple multipling, and 
eliminated the difficult second indexing. Re 
moving a tooth has the same effect. 8 x 10 rotors 
might be altered to 7 x 9 or 9 x 11 for example. 
Then came another conception, a more scien 

tific method of designing rotor contours for con 
tinuous contact, particularly useful for rotors 
having any difference in numbers of teeth 
greater than one. A difference of two increased 
the height of a rotor tooth, and added displace 
ment. It made possible a better location or in 
clination of the sides of rotor teeth to get better 
pressure angles. It made possible the location 
of driving surfaces across the ratio circles in 
stead of mostly outside of them, thus reducing 
angular slip. It made possible the more intelli 
gent laying out of rotor teeth, selecting the best 
radii of curvature, and determining the circroidal 
addition more accurately than with the genera 
tor machine. Mathematical calculations are 
possible but are most intricate and take much 

But in a graph, comparison of different 
curves is easy. It is regarded as the final step 
in adapting this new type of rotors for commer 
cial development. 
In new geometrical relations rules or laws are 

Sought to guide those who are to become skilled 
in the art. The first rule that appeared impor 
tant, was that in geais, one within the other, 
there must be a difference of one tooth only, 
since a tooth of one had to travel continuously 
over all the teeth of the other and the speed ra. 
tio had to be the ratio of the teeth. This was 
accepted for many years by those developing and 
commercializing this art. The initial patents, to 
M. F. Hill contained claims limited to the differ 
ence of one tooth. - - - - 
When it was discovered that the teeth of a 

ratio differing by one could be doubled, to make 
a difference of two, or trebled to make a differ 
ence of three, the rule had to be modified, and 
extended to include the multiples. 
Then finally it was discovered that it was not 

the ratios of teeth that were controlling but the 
basic ratios themselves which must have a differ 
ence of One, even With ratios of fractional num 
bers. 
And finally also it appeared that the hunting 

relation between all the teeth was possible only 
for teeth based either on integers having a dif 
ference of one as in the original rotors or on a 
fractional ratio, having a difference of one, the 
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actual number of teeth being found by multiply 
ing the ratio numbers by the denominator of 
their fractions. Merely multiplying teeth of ro 
torS lost the hunting relation between all the 
teeth. 
The lowest ratio having a good driving relation 

between the rotors may be 2A to 3%, the rotors 
having five and seven teeth. They are not mu 
tiples of any ratio having lesser numbers of teeth, 
and have greater displacement than four to five 
teeth of the same outside diameter. 
A 1/2 x 2.2 ratio, with 3 x 5 teeth is possible 

for low preSSures tho the drive action is poor. 
A 2 X 2 ratio, having 1 x 3 teeth might re 
quire additional driving gears to keep them in 
registration. Multiples of very low ratios, 1 x 2 
Or. 2 X 3 doubled or trebled may fit some needs; 
all having the continuous tooth engagements. 
: With the "pinion drive' so called, a pinion is 
freely mounted on a drive shaft, and key to find 
itS OWn best running position, betWeen the Side 
Walls While driving the outer rotor. Rotors as is 
well known, rotate relatively at Speeds according 
to their tooth iratio. That is, Speeds are deter 
mined by their relative numbers of teeth. A 5 
tooth pinion in driving a, Seven tooth Outer rotor 
or displacement member, rotates faster than the 
seven tooth member. It rotates seven times to 
five turns of the outer rotor. Their rotor Speeds 
therefore are inveisely proportional to their 
numbers of teeth. - W 

The five to seven tooth rotors have Such ra 
dially deep rotor chambers however that they 
leave little room for a shaft hole of a size needed 
for high pressure operation; so that then teeth 
of the pinion rotor are made integral With the 
shaft. Additional elements are required for end 
wise freedom, such as an Oldham clutch at the 
driving end of the shaft. With seven to nine 
teeth or more (a ratio of 3% to 4%) there is 
ample room for a shaft hole for a high pressure 
shaft, with the pinion rotor freely mounted and 
keyed to permit it to find its own best running 
position between Side Walls. 
As these rotors rotate at ratio Speeds Wtih re 

lation to each other, that is at Speeds propor 
tional to their numbers of teeth, directly or in 
versely, the new contCurSnake continuous Con 
tacts and engagements with each other. 
A difference in the numbers of teeth of a tooth 

ratio is not a matter of degree for another rea 
son. In rotors of the same size, a difference of 
two teeth increases displacement while a differ 
ence of three teeth reduces it, because of the 
longer crescent space in the latter and fewei 
rotor chambers at any one instant to pump with. 
if tooth ratios have a common divisor, instead of 
being indivisible by any common divisor, they 
require shifting the reiative settings of tool and 
rotor between generation of sets of tooth con 
tours, introducing extra Work, inaccuracies, noisy 
operation and more wear, so that the difference is 
far reaching. S. 
with different numbers of teeth, critical inter 

sections of certain normals to certain curves have 
different relative positions in the geometry of 
the Hill. Theorem to be discussed later. 

Rotors have bearings for the pinion shaft in 
Side Walls inside of portS which are often located 
in Sidewalls, providing larger port, access to ro-. 
tor chanabers than radial ports. Seven to nine 
teeth allow ample room even for antifriction bear 
ings inside of the ports. These and many other 
factors differentiate the various types and ratios 
of teeth. 

O 

40 

6 
The next stumbling block, encountered in the 

development of rotors with crescent spaces and 
back lash was port relations. As already noted 
rotors having a difference of one tooth, and hav 
ing no CreScent Space, had continuous contacts 
between all the teeth. Ports are separated by 
"abutments,' that is, areas in the enclosing walls 
between the ports to shut off escape of liquid 
frcin one port to the other. It is the practice 
to make the abutments of such length that one 
rotor chamber is not disconnected from a port 
until it has connected to the other, directly or 
thru the crescent space, to avoid liquid lock. 
It is called the “overlap.' But the ports are sep 
arated Substantially by a tooth engagement that 
preventS dissipation of pressure. Now the cres 
cent Space shortens the intake port of a liquid 
pump. The intake volume is increased by the 
greater eccentricity (that of 3 inch 6 x 7 rotors is 
is '' while that of 5 x 7, same outside diameter, 
rotors is is '' the volume increasing with the ra 
tio and its eccentricity). Radially deeper ports 
compensate, lying outside and inside of the path 
of tooth, engagement. 

If in doubling the numbers of teeth in a liquid 
pump two fluidtight engagements occur between 
closing chambers disconnected from crescent or 
port areas, liquid lock ensues and stoppage of 
rotation. . Increasing the difference in the nun 
bei's of teeth therefore requires modification of 
port relations relative to the tooth contours. 
With back lash between the teeth of a pump 

only one end of the crestcent space may be 
separated from a tooth chamber containing high 
liquid pressure by a fluidtight tooth engagement. 
The separation may take place at one end of the 
crescent only and that end depends on the kind 
of rotor drive applied, Whether fluid or mechan 
ical, and the direction of rotation. 
Enough back lash to prevent the teeth on both 

sides of one rotor from riding on the teeth of the 
other opens a crevice between the teeth which 
in the sizes shown, would dissipate pressure, un 
less otherwise prevented. The end of the path 
of contact occurs. When the Creyice starts to open. 
The location of a fluid tight engagement over a 
range from one tooth to the next is affected by 
the ending of the path of continuous engagement. 
In our present invention a fluid tight contact or 
tooth engagement occurs in the full mesh region 
and prevents the eScape Offilid between the teeth 
from one port to the other. 

5 

Paths of continuous engagement vary in differ 
ent types of continuous engagement rotors. 
There are hosts of types all based upon the geo 
metrical principle of the circroidal addition. 
There are three types of tooth ratios and varia 
tions of them. In the well known 'Gerotor' type 
of the prior art, having a difference of one tooth, 

fa 

75 

all of the teeth are tightly fitted to each other. 
The outer rotor has a circular curve on each tooth 
extending over the top and sides with a common 
center, all the tooth centers being evenly indexed. 
The second type is that shown in the gear Pat 
ents Nos. 2,091,317 etc. The outer teeth have the 
same side arcs of circles, but no completely con 
vex crowns, and the arc centers are evenly in 
dexed. The third type, in this case, has teeth 
differing by two or more with a full “hunting re 
lation,' preferably with a center of the arc on 
one side of each outer rotor tooth unevenly spaced 
between all the centers of the arcs on the other 
sides of the teeth, affording larger radii better 
preSSure angles and greater displacement. 
The paths of tooth engagements differ in these 

  



2,547,892 
7 

types. In the first or Gerotor form, the path is 
continuous around the teeth, with a loop at full 
mesh, (Fig. XXI) of prior art. Without back 
lash in the second and third type the path starts 
from the end of a crescent space and stops at 
full mesh. Another path is the reverse on the 
other side of the rotors. The third form is Con 
plicated further by the odd ratio based on frac 
tional numbers having a difference of one, which 
has the hunting relation. The location of the 
fluid tight tooth engagement, or its range fron) 
one tooth to the next, is affected by these differ 
ences. With back lash between the teeth, one 
of the paths of contact in the second and third 
types, is removed. 

Pressure angles between the teeth in the driv 
ing range have an important effect upon the in 
ternal resistance of a fluid mechanism and the 
power required to drive it. The pressure angles 
in the six and seven tooth rotors of the prior art, 
having a difference of one tooth, used as motors, 
are prevented from rotating by heavy fiuid pres 
sure thrusting the outer rotor away from its axis, 
and thrusting the teeth at open mesh against 
each other. In the geal patents the tooth Con 
tours (and pressure angles at full mesh) were the 
same as in GerotorS. Pressure angles between 
our Rotoid teeth making continuous contacts are 
not fixed as in gearing of the present day. The 
pressure angles vary as one tooth rolls against 
the other across full mesh. The angles of the Six 
to seven tooth Gerotors were of the order of 30° 
to 50°, while in Rotoids having five and seven 
teeth the angles are nearer 0 to 17°. The radii 
of curvature may be increased, and the driving 
curves more steeply inclined. Also they may now 
be located wherever desired, inside, across or out 
side of the ratio circles, aways obeying the re 
quirements of the circroidal addition. Low pres 
sure angles and fluid pressure balances favor op 
eration as a motor. The construction provides 
bearings favoring starting as a motor, and favor 
ing metering. The low pressure angles also pro 
vide east friction between the teeth, so that fluid 
pressures needed for operation are low. As a 
meter, the difference between inflow and outflow 
pressures is slight, favoring. greater accuracy. AS 
a motor, particularly for hydraulic operation, efii 
ciency is high. 
One of the factors of low internal resistance is 

the character of the tooth engagement in the 
driving range at fuli mesh. In 5 X 7 tooth rotors 
it is within a few ger cent of a pure l'Oll of a 
curvex curve on a concave curve having slightly 
larger radii of curvature. 
Continuous contact rotors are now usually 

manufactured by broaching the outer rotor and 
regenerating the pinion. The broach has circu 
lar cutting edges to cut-the circular arcs on the 
outer rotor teeth. The bottoms of the tooth 
spaces do not have to have a generated form-as 
long as they clear the tops of the pinion teeth 
during rotation. They are used mainly for liquid 
mechanisms. For air or other gas the bottons 
of the tooth spaces may be closer to the tops of 
the piston teeth and even have the same form, 
making allowance in the bottoms - of the tooth 
spaces for the escape of liquid in the tooth Space 
acrossfull mesh. For part of the distance a CrOSS 
full mesh this liquid may aSSist or act as a Sub 
stitute for tooth contact, and thus partake of the 
character of a fluid pressure holding engagement. 
The pinion is generated by means of a tool, 

be it a milling cutter cer:grinding Wheel, Which has 
the shape of a tooth of the outer rotor, that is, 
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8 
the circular arc. The larger the curve of this 
tooth is, the larger the tool and the faster its op 
eration. The relative size shown in (FigS. I-II) 
Was Selected as a mean between extreme sizes 
each of which in that form has a disadvantage, 
in reducing displacement. 

Fluid displacement mechanisms are apt to be 
taken for granted. In gear fluid mechanisms 
having no continuous contacts, liquid locking and 
jamming are not critical factors. But in fluid 
mechanisnas having continuous tooth engage 
iments, the exact location of ports as to tooth 
contours, or critical portions of then, are 
so important that wrong locations of them re 
suit either in liquid locking or loss of efficiency 
thru leakage. In Gerotor mechanisms having a 
difference of one tooth, the 1rotorS When manu 
factured are so tight that pressure is used to put 
them together. They are rotated slowly at first, 
and as the lap themselves to a running fit dur 
ing rotation, they are enabled to Tun faster and 
faster. The power for rotating them, high at 
first, steadily reduces until when completely 
lapped to each other, they may be run at high 
speeds without generating heat, provided fluid 
pressures are not too high. 

In the new rotors, having the crescent and back 
lash, the pinion can drop thru the Outer rotor 
Without touching it. 
With crescents and back lash there are in 

hibitions to avoid port losses or liquid locks, in 
volving an end of a path of tooth engagement. 
he overlap of the ends of ports, where a rotor 

chamber connects with one port before it leaves 
the other, is not critical at open mesh in Gerotors. 
In the new rotors with back lash it is at an end 
of the crescent. It has to be at the proper end, 
otherwise the port losses injure the utility of the 
pump or other fuid mechanism. That end is de 
termined by the drive direction, also the direc 
tion of the drive. It is the drive that brings the 
teeth together to form a fluid preSSure holding 
engagement. Without it fuid can flow thru 
chambers having no fluid pressure holding -en 
gagements. 
Our rotors and ports have different uses. 
One may be with the pinion driving the Outer 

rotor, clockwise. One abutment at full mesh and 
one at the right hand end of the crescent Space 
are in action aided by passing tooth contacts to 
bar escape of pressure fluids back into the Suc 
tion port. The abutment at the left hand end of 
the crescent Space area does not bar pressure 
from the discharge port from being communi 
cated to the crescent area thru the crevices be 
tween the teeth due to back lash, so that the 
crescent area has the same fluid pressure as the 
discharge port. 
Another use may be with the pinion driving 

the outer rotor anti-clockwise which reverses the 
operation of abutments and ports. At full mesh 
the contacts maintained tight by the driving ac 
tion are passing the abutment in the opposite 
direction to that above noted. The left hand 
crescent abutment. With tooth engagements kept 
tight by the driving action passing over it, bars 
the escape of fiuid pressure from the crescent 
area, back into the intake port along which the 
rotor chambers are opening. 
When two abutments are used, one at each end 

of the crescent area, one is out of action due 
to back lash and the other has the overlap. This 
is the reversible construction. Back lash and 
overlap are modified for successful use as motors. 
The different operations as motor and pump, 



2,547,392 

and their directions of travel involve tight tooth 
continuous contacts on the one hand and back 
lash with free leakage on the other hand. If the 
shaft drives the pinion in a pump, the contacts 
between the teeth to keep the chambers sealed 
from each other occur where the chambers are 
opening, and the chambers that are closing are 
connected thru back lash to the Crescent Space, 
which is sealed off from the opening chambers 
and intake port by an abutment area, and the 
tight tooth contacts. 
As a hydraulic motor, the reverse is true, the 

closing chambers being sealed from each other 
and from the crescent space. The latter is then 
connected to the opening chambers thru back 
lash. 
3. In the drawings: 

Fig. I is a sectional elevation of the liquid pump 
or motor construction on line. I-I, Fig. II, the 
rotors being indicated in broken lines, full lines 
being shown in Fig.W. . . 
; Fig. II is a section of Fig. I on line II-II. 
: Fig. III is an elevation of the left side of Fig. 
II omitting the boss, seal members, shaft and 
thrust plate. . . 

Fig. IV is to indicate tooth, relations between 
the rotors." - 
". Fig. V shows rotor members and ports to co 
operate with them for a one-direction pump or 
motor. 

Fig. VI shows the rotors in another position 
indicating port modifications at full mesh. 

Fig. VII shows the parts of an Oldham clutch 
for driving the shaft avoiding end thrust on the 
rotor teeth. 

Fig. VIII shows rotors of the prior art having 

5 

O 

20 

35 

a difference of one tooth, with the teeth doubled . 
in number, resulting in 8 and 10 teeth, and their 
paths of contact. . . . 
: Fig. IX shows rotors having the same tooth 
forms and the same eccentric relations, with the 
teeth reduced in number to 5 and 7. 

40 

Fig. X shows a modification of the teeth of . the rotors in Fig. X. 
Fig. XI shows rotors having 9 and 11 teeth built 

from the same type of Curves. 
Fig. XII shows a diagram of a more scientific 

method of designing rotor contours. 
Fig. XIII shows a diagram of ratio circles and 

circroids upon which Fig. XII is based. 
Fig. XIV shows a detail of the balancing duct 

System. 
Fig. XV shows another detail in a different po 

sition. 
Fig. XVI shows the ducts upon the side of the 

casing with the Seal cap removed. 
Fig. XVII is a vertical section of a modified 

form of fluid mechanism on the line XVII-XVII 
in Fig. XVIII. 

Fig. XVII is a right hand elevation of 
XVI. With the cover removed. w 

Fig. XIX shows a spring to keep the sealin Fig. 
XVII tight. - - 

... Fig. XX is an enlargement of the seal in Fig. 

Fig. XXI illustrates a form of rotors of the 
prior art, now on the market. 
The figures in the drawings illustrate the adap 

tation of the contours of our new form of rotors 
to fluid mechanisms with ports, mainly for re 
versible liquid pumps and motors, tho useful in 
other fluid mechanisms. Low pressure gas may be 
pumped without much loss of power in fluid 
nechanisms adapted to handle liquids. 

Fig. 

45 
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illustrate the port relations necessary for such 
rotors having contours providing continuous 
fluid pressure holding engagements between the 
teeth. . . . . . . w . . . . . . . . . 

Two typical units are shown, one, requiring 
that the teeth of the pinion be integral with a 
driving shaft, and others having the pinion keyed 
to the driving shaft. The former has the small 
est size with relation to volume of displacement, 
while the latter has greater pressure holding 
capacity. 

Ports and continuous contacts 
Fig. XXI shows a type of rotors under earlier' 

patents to M. F. Hill illustrating the path of 
continuous engagement for purpose of compari 
son with the paths of engagement in this inven 
tion. Excepting low pressure auto units loosely 
made, no back lash between such rotors, now in 
general use, is provided. Figs. I, W and WI show 
back lash. The other figures do noti: - 
Our invention is illustrated by a fluid mech 

anism useful for displacement purposes. . . . 
The two factors in a pump having teeth which 

maintain continuous engagements to prevent 
leakage of fluids between the teeth, are the types 
of contours used and the port forms necessary 
for providing inlets and outlets for fluid without 
locking or jamming on the one hand or copious 
leakage on the other. Copious leakage of the 
prior art requires larger pumps and more horse 
power to operate them, and are at a disadvantage 
in competition. - . . 

In Fig. I the casing member 2 is shown in sec 
tion, with ports 3 and f4, in this case, either 
one of which may be the inlet and the other 
the outlet. In other words this is a reversible 
mechanism. - 

Fluid displacement (rotor) members are indi 
cated in broken lines 5 and S, and in various 
positions in Figs. IV, W, and VI. In order to de 
sign ports, first, the path of contact between 
the teeth has to be determined. Fig. IV shows 
this path of contact, is and path of tooth coin 
tact or engagement a on the other sides of 
the centerline CL (which passes thru the two 
rotor axes, dc and oc). 

Different rotor contours have correspondingly 
different paths of tooth engagements. The con 
tour of a pinion is determined by generating it, 
using as a generating tool a cutter or grinding 
wheel having the form and size of a dominating 
convex master curve of a tooth 8 of the outer 
rotor member 2, this tool being caused to cut or 
otherwise shape the teeth of the pinion, while 
the pinion blank, rotates on its own axis y, and 
while that axis is rotating arcund the axis o 
of the outer rotor, of which the tooth. 8 is a 
part. Then the tool with its dominating convex 
curve cuts or grinds the tooth contours of the 
pinion teeth, starting into a first tooth space, 
grinding or cutting one side as it enters, and the 

35 

other side as it leaves, then skipping the second, 
passing to the third tooth space, forming that 
tooth space, then, skipping the fourth and form 
ing the fifth; then skipping the first, forming . 
the second, skipping the third and forming the 
fourth when the rotor is completed. This un 
usual generating process results from unusual 
tooth ratios and their ratio circles. The five 
and seven tooth rotors have a ratio which dif 
fers by one, this difference being a necessity for 
continuous contact rotor teeth contours. The 
ratio is not between integers but between frac 

Rotors are shown in a series of positions to ; ; 5 tional numbers, in this case, 2% and 3%. But 
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since rotors can't run with a half tooth, these 
numbers aire multiplied by the dangininator of 
the fraction, that is by 2, providing the numbers 
of teeth of 5 and 7. If the fractional ratio viaS 
2/4 and 3A, the tooth numbe:'S would be 9 azhd 
13, the ratio numbers being nultiplied by the 
denominator 4. These fractional ratioS have 
what is called a “hunting' relation oy which each 
tooth of one rotor in Sone order, Thakes engage 
ment, a travelling engagement, With every tooth 
of the other rotor. That makes it poSSible fo: 
a tool representing one tooth of one l'Ctor to cut 
every tooth of the other rotor. When the tooth 
for is of oils roto: are Seiected or formed aliki 
trarily, the bottons of narrow tooth spaces inay 
be of minor importance, particularly on the out 
er rotor, and as long as they keep out of conta,6t 
with the tops of the teeth if the other rotor. 
The depth Ol' form of the bottom of the space 
is uninportant, So fair as COIntinuous engage 
ment, is concerned. For use with liguids deep 
ened tooth Spaces in the places described, work 
well, and in fact may provide easier inlet, and 
outlet of liquid fl'On the change's detween the 
cotor teeth nearing full inesh. Reference is inade 
to the reissue patent to TAylon F. Hill, 21,816, 
for further description of the generating process 
and to the patent to Hugo Bigian and A. 5. 
Hill, No. 1,798,059 describing a suitagle gen 
erator. For these contours the hill or grind 
ing Wheel travels across the rotor blank, in a 
direction parallel to the rotor axes; accomplished 
by mounting the Bilgram Hill machine upon a 
shaper, Which may provide the cutting tool, or 
Whih may carry a grinding head. 
Other ratios may be provided, such as 3A and 

4%; 4% and 5%; etc., or 34 and 44; or any 
other fractional ratio differing by one. Only 
these fractical ratios have the desired hunting 
relation. Other ratios based on integers, such as 
4 and 6, 6 and 8, and the like, for many purposes 
may be useful and novel combinations with ports 
and novel features of the rotors and mechanisms, 
aside from the hunting relation, lie within the 
Scope of our invention. 
The path of contact between rotor contours 

Varies With the type of contours used; with the 
ratio, whether of even or odd fractional nun 
bers; and with the presence or absence of back 
lash. Fig. XX shows a type of rotors now on 
the market, and the path of tooth engagement 
24. This path 24 is endless and has a loop. 2d 
at full mesh. Similar rotors with teeth doubled 
in number are shown in Fig. WIII. One path of 
contact is shown from 9 to 9d, and another from 
2Gd to 20. If an abutment should be shifted 
somewhat, angularly (to right or left), it would 
have little effect. 
In Fig. I the abutment at full mesh performs a 

Similar service, being located between the ends 
47 and 48 of the two ports 3 and 4. In a one 
direction pu: np as in Fig. WI the ends of the ports 
35 and 4 a may be extended into this abutinent 
area as indicated at 32 and 44 for very close fits 
of rotors between their side walls, or for large 
pumps or motors, a motor being more or less a 
1'everse of a puzmp. If back lash is applied to 
these rotors, one of the paths is eliminated and 
the ports have to be accommodated to the single 
path of tooth engagementS. Deepening the tooth 
Spaces of the outer rotor slightly, provides easier 
discharge of fluid, is indicated at 2i. Removing 
three teeth from each rotor produces a ratio of 
5 X 7 shown in Fig. IX, the basic ratio being 
2% x 3% which has the difference of one needed 
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for continuous tooth contacts. These long tooth 
divisions complicate the port problem, particular 
ly in View of the crescent. Space at oper mesh. 
The radial increase in the heights of teeth in 
Fig. X increases displacement and provides for 
radially large port areas. In Fig. X the sides of 
the pinion teeth, shown in Fig. IX are brought 
closer together. 
The ports for the different types of rotor opera 

tion Vary, the ports for one type often not work 
ing With another type, sometimes being inopera 
tive and Sometimes being subject to the evil of 
all liquid pumps, cavitation, with its attendant 
hammering, noise and vibration, While this ap 
plication is primarily concerned with liquid 
pumpS and motors, it is also concerned in a 
generic way With any kind of fluid ninechanisim 
Where the invention can be of service. 
A "drive' shaft may be either the shaft, that 

drives a pump rotor or that is driven by the 
rotors acting as a hydraulic motor. 
In Fig. I ports were: shown for a reversible 

operation and they differ from the ports in Figs. 
W and VI because the latter two are not designed 
to be reversible. They are alternative: as to Fig. 
E.W. Any type: With its ports may be used in Figs. 
I and II. The port conditions at full mesh and 
at the two ends of the crescent are the factors 
that have to be dealt with. Another factor that 
has to be dealt with is the path of continuous 
tooth contact and whether, with back lash be 
tween the teeth, it is a single path on one side of 
the center line (with its hook at ful mesh), or, 
Without back lash, paths on both sides of the 
center line. In those forms of rotors proposed 
heretofore, Such as the patent to Feuerheerd in 
which the contours made accurately are inopera 
tive. In commercial pumps the teeth have loose 
relations, and port relations are not exacting, 
Since fairly free leakage between the teeth elimi 
nates the possibility of jamming of liquid and 
liquid lock, So that it is merely a question of lost 

5 5 
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5 port 3 (35 in Fig. VI). 

displacement and of higher power requirements. 
Such mechanisms are incapable of efficient serv 
ice. Viking and Tuthill pumps have no such con 
tinuous tooth contacts and their ports are sepa 
rated at open mesh by crescent inserts, over 
which the teeth of both rotors travel out of con 
tact. 

Hydraulic motor, pinion drive 
Operating anticlockwise, and illustrating with 

Fig. I, high pressure (as distinguished from IoW 
pressure) enters thru the port 3. This pressure 
fluid should not escape into the outlet port f4 
except thru opening chambers as they paSS the 
abutment 34a. The ends of the abutment if mod 
ified as at 48, let a slight amount of liquid eScape 
but pressure liquid opens the rotor chambers 
causing rotation, minimizing the escape of liquid. 
A rotor chamber in the position of 46 in Fig. WI 
has not passed the critical point 29 (in both fig 
ures) and so contains low pressure liquid. AS 
the chamber leaves the low pressure port 4 (4d. 
in Fig. WI) it connects with the high pressure 

If it connects before 
reaching full mesh, and is disconnected from the 
port f4, it would have to try to compreSS liquid, 
and in the effort become liquid locked. So that 
the chamber connects with the high pressure port 
3 after it has stopped closing at full mesh. The 
port extension 32 in Fig. VI freely connecting 
with the chamber 46 across full mesh favors this 
relation, but is not useful in reversible motors. 
In Fig. I the ports inside of the paths of con 

tact i and Ta may extend closer to the full 
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mesh point than those portions outside of the 
paths of contact. The extension 44 extends to 
the chamber at full mesh and its limit 48 corre 
sponds to the limit of the extension 44 in Fig. 
WI. If these ends do not quite connect with the ... 
chamber as it starts to open, having disconnected 
from the low pressure port 4, cavitation occurs 
which is apt to be noisy when it connects with 
the high pressure port 3. 
In Fig. VI the right hand end of a rotor cham 

ber (as 46) traveling anticlockwise has not quite 
reached the closing point 28, but there is no jam 
ming of liquid since the chamber is still con 
nected to the port 4 a. If it passes the point 28 
and is still closing, it must have another outlet is 
to avoid liquid lock. Therefore the point 28 is 
located by the length of the chamber at full mesh, 
since that is where closing has ceased. The left 
end of the chamber theoretically has reached the 
point 29. In practice an “overlap' is needed to ::" 
prevent momentary jamming in the charaber, ber 
fore it disconnects from the port 4 a which must 
have made connection with the port 35 contain 
ing the high pressure liquid that operates the 
motor. 
closing it has reached a point where it is ready 
to open and thereafter is caused to continue to 
open until its left or forward end has passed the 
abutment area, near the crescent Space. A COrle 
sponding overlap at this abutment remedies cavi 
tation noises. 

All that an overlap needs is that the theoreti 
cal boundary of a port be cut away Sightly. It 
makes the abutment Smaller in effective area, 
than the chamber. 
high pressure port 35 to the low pressure port 
4 fa. With the narrow spaces between the rotor 
teeth and the inertia and momentum of oil flying 
by at high speed, the loss of volume is negligible. 
But it softens a tendency to knock. Any exten 
sion of the high pressure port 35 towards the 
chamber at full mesh lies radially inside of the 
path of tooth contact . The end of the port 
4t a may extend to the contact closing point 28 
(or slightly beyond for the overlap). The ports 
4 and 3 in Fig. I are for reversible Operation, 

extending to 47 and 48 respectively, correspond 
ing to the extension 34 in Fig. WI and the end 
of the port 4 a without the extension 32, the 
points 28 and 29 in Fig. I being the same points 
in Fig. VI. 

In Fig. W the chamber between the points 33 
and 26 is about to connect with the crescent 
space between 26 and 26d. where low pressure 
prevails, so it has to disconnect (except for the 
overlap) from the high pressure port 36. 
long low pressure port in Fig. W, including the 
crescent space favors high Speed of Operation. 
The abutment for these five to seven tooth rotors 
is shown in this figure, its outer boundary extend 
ing from the end 37 of the port 36, along the 
lower side of the outer rotor tooth in this rotor 
position, to the path of contact it, up along the 
path to the contact 33, thence along the lower 
edge of the pinion tooth to the inner boundary 
29 of the port 36. The outer boundary may be 
circular around the outer tips of the tooth Spaces. 

If the chamber has reached its limit of , : 

It provides a leak from the 3: 

The 
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These outlines may be modified as aiready de 
scribed. They are adapted to high pressure op 
eration. 
Owing to the need of precision here and there, 

the widelines of drawings are representative only. 
Liquid pumps 

In our pinion drive liquid pump, the drive shaft 
is connected to drive the pinion, The low preS 

70 
at 3a and 3b. 
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sure intake ports in Figs. I, W and VI are 3, 36, 
and 35 respectively when operated anticlockwise 
(see arrows in Figs. V and VI). Chambers along 
the other "high' pressure discharge ports are 
Subject to an opening force opposing the driving 
force on the shaft, which causes the teeth to 
make driving contacts and pressure holding en 
gagements between opening chambers. Overlap 
of ports is useful to minimize cavitation noise. 
It may be accomplished by different modifications 
of ports, among which are shown the chopped-off 
portions of the abutment 34 one or both, Fig. V, 
and 34a and 5 in Fig. I, at the two ends 40. 
The mass and momentum of the liquid Operate 
to prevent any substantial leakage when the over 
lap is correctly proportioned. The overlaps at 4: 
may be varied to accommodate the Speed at 
Which the mechanism is to run, a very small 
overlap doing for low speed and a much larger 
overlap for high speed. This overlap also may 
be accomplished by shifting the two sides of the 
abutment a little closer to each other or similar 
shifting of other contours of the ports. This 
overlap is not a necessity in all cases in the hy 
draulic motor, pinion drive, described above. 

Reversibility 

The ports shown in full black lines in Fig. I 
are symmetrical to permit rotors to turn either 
clockwise Or anti-clock Wise, that is, to provide 
automatically for reversible operations. But the 
port extensions 32 and 44 are no longer permis 
sible. Instead a slight overlap, Cr removal of 
metal or other material of which the Walls may 
be formed along the boundaries of ports, frees the 
rotors so that they turn. Without hindrance, as by 
shifting the boundaries at 47 and 48 (Fig. I), so 
that one is nearer the other than required the 
oretically, constituting an overiap, the degree of 
the shift depending on the Speed of the mechar 
nism, and also on the viscosity of the fluid or 
liquid that the mechanism is intended to handle. 
In Fig. I the inlet and outlet ports are sepa 

rated from a neutral port area, 49 by abutinents 
at 34a and 5, similar to the abutment 34 in Fig. 
W. If the pinion in a pump with backlash drives 
the outer rotor, shown in broken lines, clock 
wise, the drive engages the teeth of the opening 
chambers, so that only the teeth forming the 
opening chambers are kept tight by the driving 
relation. The teeth, With their back lash, be 
tween the closing chambers are therefore not 
tight, and fluid pressure in the outlet port is 
transmitted between the teeth to the neutral port 
area, 49. The abutment 5 is the one that pre 
vents pressure from the port 3 from flooding into 
the intake port 4. 
That the neutral area is not required to be 

separate in all units is indicated in Fig. VI. In 
low pressure pumps and low speed pumps, or 
other fluid mechanisms, the neutral port is of 
lesser consequence. 
The ports have another feature of importance. 

It may be noted that with rotors having a dif 
ference of two teeth, the ports are shorter than 
with rotors having a difference of one tooth, but 
they are wider radially. Rotor chambers have 
greater displacement volume. More port area, 
may be added on the opposite side of the rotors 
as indicated in Fig. II, where port 3 is shown 

This doubles the already en 
larged port area, allowing free intake of low 
pressure liquid, drawn in by suction (popularly 

These ports communicate with pip 
Having the same fluid 

speaking). 
ing passages 52 and 53. 
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pressures on both sides, otors do not of then 
selves tend to press against either front or rear 
wall and so create weal'. . . 

Bedrings 

In the ordinary pump art it is customary to 
allow up to seven thousandths of an inch clear 
ance in the journal per inch of shaft diameter. 
It is evident that if rotor contacts are as loose 
as that, they could not exert the continuous 
liquid pressure holding engagements intended. 
Rotors having smooth running tooth contOurS 
making continuous travelling “pressure holding' 
engagements are capable of electric motor speeds 
of 1700 R. P. M. to 3400 R. P. M. Such speeds 
cause tight plain bearings to heat up and bind. 
A solution of this problem is circulating oil from 
a high pressure port thru the bearings and out 
thru the low pressure port to carry away heat 
and prevent binding. 

Radial pressures on the bearings may be op 
posed by fluid pressuires in the bearings having 
the same pressure as in the rotor chambe's 
counteracting the load pressure upon the bear 
ingS. This mechanism is adapted to be cast, die 
cast or plastic molded, so that the liquid pres 
sure balancing system is designed to permit with 
drawal of forming members of molds from casing 
members containing the bearingS. Liquid bal 
ancing is accomplished preferably by grooves 
parallel to the rotor axes, around the outer rotor 
and around the shaft carrying the pinioia. These 
grooves are grouped in zones 58, 53 and 83; op 
posing pressures, high or low, in the ports 49, 3 
and its respectively, so that whatever the fluid 
pressure in any port area may be it is instantly 
communicated to the Zone of grooves that Will 
oppose the pressure in the port and rotor charin 
bers connected to it. The grooves are connected 
together at their open ends by circular recesses 
so that the pressure in the grooves of any Zone 
are equal. These recesses are capable of being 
molded, and with a press member capable of 
being withdrawn after molding. Circular ductS 
impressed upon the end face of the casing men 
ber, indicated in Fig. III furnish the means of 
making these various interconnections for the 
grooves around the shaft bearing in the casing 
member 2. The circular duct 62 is connected to 
the zone and its recess, 58, as indicated and by 
a hole 63 thru the casing f2 to the port 49. The 
duct 65, connected by the hole 65 to port 3, is 
connected to the zone 59 by holes 66 drilled as 
indicated in Fig. XIV, until they meet. The duct 
67, connected by the hole 58, to the port 4, is 
connected to the Zone 60 by holes similar to 66 
in Fig. XV, as shown at 69 in Fig. XV. Thus 
each port, intake, outlet and “neutral' has its 
zone of opposing pressures, regardless of what 
the pressure may be under the conditions of 
operation heretofore described. The various 
ducts are closed by the gasket 2 clamped to the 
surface by means of the screw seal cap 7 . The 
zones or recesses at the ends of the bearing 
grooves are closed by the plate 72 pressed against 
the casing member 7 by the spring 78. The seal 
cap may contain the Beach seal comprising a 

i sponge rubber or neoprene sleeve 3 clinging 
tightly to the driving shaft. A journalled within 
the Zones 58, 59 and 68, and additional Zones at 
its other end to be described later. Upon both 
ends of this sleeve 3 are mounted caps is and 
76 free to move as on a universal joint and thus 
to always lie fiat against an end Seal plate 77, 
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and the thrust plate 72. The rubber may exert 
pres?ure thru the seal caps against these end 
plates; assisted, for higher pressure or vacuum 
Service, by a helical spring 78. The rubber sleeve, 
caps and spring rotate with the shaft. The caps 
may be of a Special plastic or Bakelite, and the 
thrust plates 2 and 7 of bronze. The special 
plastic is a thermosetting compound of resin, 
fibre and graphite. The space around the ro 
tating seal members is connected to a low pres 
Sure port in each pump for best Service, as by 
a duct 79, Figs. II and III. 
The right end of the shaft, 73a, is similarly 

mounted in a bearing in the cover member 80 
of the casing, the bearing having similar grooves, 
recesses and Zones as the other end of the shaft. 
The Zonics and ports are interconnected by ducts 
in the cover member. They are also illustrated 
in Fig. 2&WI. Around the outside edge of the 
cover is the duct, 8f connected to the zone '59a 
by the hole 82 and by the slot 83, Figs. II and 
XVI, to the port area, 3b. On the outer face of 
the cover is the duct 84 connected to zone 60a, by 
the hole 85, and to port by a hole 86. Another 
duct 8 connected to the zone 58a by the hole 88, 
is connected to the neutral port by a hole 89. 
Thus connected these Zones reinforce the ZOneS 
at the left end of the shaft and together in area, 
should balance as near as may be, the pressures 
in the rotor chambers and the ports connected 
to then. In 5 and 7 tooth rotors there is a varia 
tion of pressure of some 40%. But rotating parts 
have momentum and inertia, and an average bal 
ance for usual motor speeds accomplishes excel 
lent results. The balancing pressures counter 
act the shaft pressures on Solid bearing Walls, 
reducing both wear and friction. 
The space at the right end of the Shaft, at 90, 

Fig. II, is connected to the low pressure area in 
each type of mechanism as by a slot at 9. 
The open ends of the grooves and recesses 58d., 

59a and S6a are sealed by the ring 92, a drive fit 
in the cover member and freely fitted to the shaft. 
The cover member 89 is fitted to the casing 2 
and against a shoulder 93 to provide correct run 
ning clearance for the rotors 42 and 96. A gasket 
9s covers the ducts 83 and 8, and both cover and 
gasket held tightly against the casing shoulder 93 
by the hollow nut 95. The threads of this screw 
joint are loose enough to let the screw adjust 
itself to the cover and shoulder. To enable the 
teeth 96 of the pinion rotor, integral with the 
shaft 4, to find their easy running position be 
tween the cover 80 and the back Wall in the 
casing 2, the shaft has sufficient freedom end 
wise. To avoid interference from outside thrusts 
an Oldham clutch is employed, illustrated in 
Figs. II, VII, and XVII. Lugs 37 and 98, at 
right angles to each other, on the shaft ends, 
engage recesses in a middle disc member 99, Fig. 
VII, with allowance for radial and endwise free 
dom to accommodate axes not always in perfect 
alignment. In case the shaft 4 is molded plas 
tic, the lugs 98 are on a metal car piece shown 
in Fig. I having a rough interior to grin the 
plastic, during molding at 375 F. and under 
5,000 lbs. p.s. i. pressure. 

RatioS 

Our invention is applicable as to some of its 
features to many contant contact ratioS. The 
5 x 7 ratio is unique in that it has the fewest per 
missible teeth of the basic fractional ratios for 
general use, its displacement for high pressures 
requiring a driving shaft so large that the teeth 
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should in the sizes shown be integral with it. 
Its pressure capacity and low pressure angles 
make it superior to both the 4 x 5 and 6 x 7 
ratios, as indicated in Fig. X showing the rotor 
chamber between broken lines 5d and 6d. and 
the one between full lines 5b, 6b. Back lash 
and the open crescent space prevent teeth of one 
riding on the teeth of the other. 

Fig. XI illustrates 9 x 11 teeth, having similar 
contours. A pinion tooth O2 may resemble the 
pinion tooth at full mesh in Fig. VIII with enough 
of the middle of the tooth, as between broken 
lines 2, removed to add another tooth to each 
rotor, the outer teeth being correspondingly nar 
rowed. In Fig. XI the complete tooth curve (f 
is generative of the dominating or master curve 
Ofa which may or may not be circular. A part 

of this tooth curve may be employed to form the 
tooth 02, its other side being the same curve in 
reverse, or some other curve adapted to a corre 
sponding other curve on the teeth of the outer 
rotor. These tooth forms, and their pressure 
angles may be improved by redesigning in accord 
ance with the system of designing rotor con 
tours illustrated in FigS. XII and XIII. 
Our earliest efforts in rotors, indicated in 

Patents 1,682,563-4-5, were based upon the 
“hypo' system of generation, where a pinion 
tooth form, preferably circular, was used as the 
master form by means of which the rotor con 
tours were designed by generation. The short 
comings of Such rotors were expensive. They 
were remedied by a reversal of the method, so 
that a master form was the tooth form of the 
outer rotor, still preferably circular and the outer 
rotor tooth spaces were narrow. The main ad 
vantage of the cicular form is the comparative 
ease of making tools, since other forms require 
special and intricate mechanical equipment. 
The narrow tooth Spaces in the Outer rotor help 
to eliminate liquid jamming at full mesh. 

Neal) geometry 

Figs. XII and XIII illustrate the method of de 
signing comparative rotor contours. The ratio 
of the rotors having five to seven teeth is used to 
design different circroids and corresponding rotor 
contours, to estimate their relative values. They 
comprise an outer ratio circle B-or arcs of it 
having a radius 3% times the eccentricity (see 
pc to ac, Fig. IV), a pinion ratio circle A having 
a radius 2% times the eccentricity (pc to ac, Fig. 
IV), a “radicroid R, that is, a radius of the outer 
ratio circle, extended to a circroid at a chosen 
distance which may be varied for varying the 
circroid, and positions along a cycloid which as 
sist in locating the radicroid in Successive rolling 
positions, that is, rolling of an outer ratio circle 
upon the pinion ratio circle as its Outer tip traces 
a circroid. Fig. XII utilizes the pinion ratio 
circle and the circroid to explain the critical fac 
tor that determines the inner limits of the pinion 
contour, generated by a selected form fixed to the 
end of the radicroid R. A circular form is usually 
employed, but other forms may be used. 

In Fig. XIII the pinion ratio circle A is divided 
into an equal number of arcs. Ten are conven 
ient for a five tooth pinion, starting from the 
radicroid position R, some of which are marked 
00, 11, 22, 33, 44, 55, 66, and 77. An extra divi 
sion between 22 and 33 assists accuracy for rea 
sons to follow. It is marked 25. An eccen 
tricity circle E is described from the center Y of 
the circle A, with a radius equal to the eccen 
tricity for the proposed rotor curve. This circle 
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is also divided into ten parts, 0, 1,2,3,4, 5, 6, and 
7, etc. The other points are not used. The 
starting position of the radicroid is from the 
point 0 in E thru the point 00 in A, and on out 
to the point 000 selected as an experiment. The 
ratio circle of the Outer rotor is not drawn in full 
to save unnecessary confusion, and is indicated 
by the arc B in the starting position. As the 
ratio circle B rolls on A it assumes successive 
positions indicated in broken lines Bi, B2, B3, 
B4, B5, B6 and Bil. As the ratio circle rolls, and 
assumes the various positions B, B2, etc., a point 
00 travels along the cycloid thru the various 
points 10, 20, 25, 30, 40, 50, 60 and 70, since a 
point in one circle rolling on another travels 
along a cycloid. Meanwhile the center of this 
ratio circle, point 0 in the circle of eccentricity 
E, travels around this circle E thru the various 
points 1, 2, etc. to Swing the radicroid. As the 
radicroid R coincides with and includes the radius 
of B, and moves with it, its tip, out beyond the 
ratio circle, traces a curve, which runs thru the 
points 000, 100, 200, 250, 300, 400, 500, 600, 700, 
etc., or as many others in between as may be 
needed for accuracy. This is the circroid wanted 
for trying out rotor curves. Another might be C. 

Figure XII shows this circroid and the pinion 
ratio circle A With its above described dividing 
pointS. We Seek a contour parallel to or equi 
distant from the circroid. The circular arc M 
centered upon and fixed to the tip of the radi 
croid at 000, is to be used to describe or outline 
this parallel curve, its envelope, from successive 
points along the circroid thru which the tip 000 
travels. We have not yet arrived at the best 
length of the radius of this master generating 
circular arc M. If it is too long, a critical por 
tion of the envelope T will be broken into parts 
crossing some normals at different angles. There 
must be a critical point outside of which the per 
fect rotor tooth contour must lie. If it is to be par 
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allel to the circroid it must have all its normals 
i. e. normals to its tangentS-also normal to the 
envelope, and for an equidistance envelope all 
such normals must be of equal length. If the 
curve M Should be changed in curvature to a 
non-circular curve, the envelope corresponds to 
its irregularity. But in that direction lie com 
plex tooth forms with circroidal additions to cor 
respond. 
Just as a radius of a circle is normal to it, so 

circroids for circular curves have radii normal to 
them. They illustrate the principle involved to 
better advantage. Such radii are the instant 
lines from given points of the circroid to corre 
Sponding points on the ratio circle A to which the 
ratio circle B is tangent during its rotation. The 
end of the radicroid, while tracing the circroid, 
is SWinging or turning on a travelling point-the 
point of tangency between the circle A and B. 
These instant radii are indicated, or a few of 
them are indicated in this Fig. XII, one from 200 
to 22, and another from 300 to 33. They con 
Verge more than any of the other lines from other 
points. Another line from 250 to 25 also con 
Verges toward 300 to 33, even more. That point 
of intersection between these various instant radii 
nearest to the circroid, is the critical point that 
We are after, since any envelope beyond it is 
broken up by arcs lying at interfering angles. 
This point of interSection is indicated at N. An 
envelope between N and the circroid C described 
by any curve Mf will provide a tooth curve hav 
ing a continuous contact relation with an outer 
rotor tooth having that curve, 
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The distance of the tip of the radicroid to its 
ratio circle is termed the “circroidal addition,' 
and with a given ratio, this circroidal addition 
determines the distance of 'N' from it. Circular 
master forms have been described, but any tooth 
curve designed for rotors or gears having radii 
of curvature greater than zero where it crosses 
the ratio circle, must observe the requirement of 
the circroidal addition in order to maintain con 
tinuous fluid pressure holding contacts at Steady 
speed. (The same is true as to such tooth curves 
cut off at the ratio circle as in certain gears.) 
The nearer the tip of the radicroid is to its 

ratio circle, the lesser the radius M. By Such 
reductions the instant radii of the circroid are 
reduced. If this reduction is carried to its 
limit-zero-the circroid is merged into a cy 
cloid as L. in Fig. XIII, and the radius of M 
is correspondingly reduced to zero. To put it an 
other way, there is no envelope possible within 
a cycloid and equi-distant from it. It is the fail 
ure of gear designers generally to understand this 
fact that is responsible for noisy gears and limited 
durability. 
One would naturally suppose that in order to 

generate a tooth of a rotor or gear, a blank would 
be located on the inner ratio circle axis, and a 
tool to generate with, located on the outer ratio 
circle radius and that generation would produce 
continuous contact tooth curves. When this proc 
ess failed, as it always must, to produce the 
smooth acting curve, it was a puzzle. The gen 
erating tool, one would argue, certainly could not 
be carried on a greater radius than that of the 
ratio circle, because the speed ratio would be 
changed. That is where efforts to Solve this ro 
tary problem undoubtedly stopped. It is the ill 
logical idea that solved the enigma. While a 
master form is mounted on a radicroid of greater 
length than the radius of a ratio circle, never 
theless the resulting generated tooth contour may 
lie across the inner ratio circle as gear teeth 
should, and thus travel at the speed ratio. It also 
might lie outside of the ratio circle with con 
tinuous tooth contacts, but that location intro 
duces angular slip and poorer pressure angles. 
Circular type rotor contours may have more than 
one circroidal addition if merged into each other. 
If a master form is a composite of different radii 
of curvature, the point N is to be determined from 
the several segments which lie nearest to the 
nearest circroid. Contours once determined may 
be modified where not needed for engagements. 
In order to locate as accurately as possible, the 

intersection "N" in Fig. XII a large chart was 
used, and instruments of accuracy located the 
various points involved. The relative location 
shown is approximate. A number of normals 
were drawn from points on the circroid between 
200 and 300 to corresponding points upon the 
ratio circle A before the point N was finally lo 
cated. Varying the ratio or circroidal addition 
shifts the point N. It must always be the inter 
section that is nearest to the circroid. For the 
relations shown in Fig. XII the interSecting nor 
mals or instant radii of the circroid are between 
the 200 and 300 positions. For other relations it 
is nearer the point 000 or further away from it. 
Some of the normals diverge and require no con 
sideration. The intersection might be considered 
to be an apex of a triangle whose base is between 
two points on the circroid at an infinitely small 
distance from each other, and sides converging at 
an infinitely Small angle. While the diagram 
method is a shorter and easier one, differential 
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equations may be used to find the mathematically 
correct N. The idea that a generating tool should 
be centered upon a rolling circle larger than a 
ratio circle appeared impossible for producing 
teeth of the correct ratio. In effect our inven 
tion altered the speed of this larger-than-a-ratio 
circle to compensate for its disproportionate size. 

Practically, the tooth curve is drawn as an en 
velope outlined by arcs M, M2 etc. having a 
radius of M and centered at successive points 
all along the circroid. The radius M. must lo 
cate the envelope between the point N and the 
circroid. The nearer this envelope is to the cir 
croid, the more it partakes of its curvatures. The 
nearer it is to the point N the Sharper the curva 
ture around N. If carried to its limit, a corner 
around N is arrived at, too sharp for use. By 
having the curve located a slight distance from 
N the best results are attained. Also it allows 
for minor drafting errors. 

Pressure angles are involved in the radius of 
the curve M. The less the radius, the greater 
the variation in the pressure angles in the driving 
range. The best average pressure angles for a 
given ratio are derived from the largest useful 
radius of curvature. The inclination of the curve 
is also better with a larger radius, due to the 
curve centers being So much farther away around 
the ratio circle, as indicated in Fig.XII where. 000 
is far to the right of the vertical axis, while the 
tooth curve M is far to the left. The pressure 
angle is equal to that between a tangent to the 
driving curve at any point, and a radius of a ratio 
circle to that point. During a driving relation 
over a driving range of one tooth division, the 
tangent point is travelling, hence its angle varies. 
A fixed pressure angle bars continuous tooth con 
tact in the driving range. 
As the circroidal addition is reduced as de 

scribed, the critical normal from the circroid to. 
the ratio circle is ever shifting along the circroid 
towards 000. With changes in the numbers of 
teeth, and with variations of the other factors 
mentioned, the location of the normal also 
changes in One direction or another, and in de 
signing different rotors, with different relative: 
radii of curvature, these various changes are stud 
ied to Select the forms most suitable for the 
rotors desired, compromising upon numbers of 
teeth, size of master curves, circroidal additions, 
for strength, low-pressure angles, and displace 
ment. By making graphs of the effect of the 
changes of each of the factors, one is enabled to 
Select more intelligently the form best Suited to 
the problem in hand. 
In Fig. X is illustrated a comparison between 

the displacement of 6 and 7 tooth rotors at 5d. 
and 6a and 5 and 7 tooth rotors at 5b and 6b; 
the former being in broken lines. The great dif 
ference in displaceinents is evident. 
The rotors in Fig. IX, tho having a different 

ratio have the teeth of the 4 and 5 tooth form 
(hence of greater displacement than 6 x 7 rotors) 
indicated in Fig. WIII, omitting half of the teeth 
and tooth spaces. After doubling these numbers 
4 and 5, the ratio circles were reduced by sub 
tracting three from both numbers to the 5 and 
ratio, and the teeth disposed accordingly. The 
design in Fig. X, in full lines resulted from the 
geometrical studies in Figs. XII and XIII. The 
pinion shaft diameter is the same in both figures. 
In Fig. X the rotor chambers reach the shaft al 
most, while in Fig. IX the chambers are shal 
lower. The pinion teethin Fig. IX have the same 
tops as those in Fig. VIII, losing that extra depth 
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of rotor chambers gained partly by bringing the 
sides of a pinion tooth closer together. In our 
gear Patent 2,091,317 the type of tooth corre 
Sponds to Fig. IX, but of a different ratio, not 
With odd numbers of teeth but with even numbers 
of teeth (which lose the hunting relation) between 
all the teeth. The teeth of the rotors in Fig. XI, 
9 and 11 in ratio, have deeper rotor chambers and 
the full hunting relation. - 
In Order to design these 9 and 11 tooth rotorS 

the ratio circle A of Fig. XIII has a radius 4/2 - 
times the eccentricity, and the ratio circle B 
has a radius of 5/2 times the eccentricity. Circle 
A has a number of divisions laid off on it of equal 
length and the points of the cycloid L. are located 
to accord with then. The rest of the procedure 
is similar to that for the 5 and 7 tooth rotors, 
except that the radius M and the circroidal addin 
tion have to be experimented with to get the best 
form of tooth curve, the best pressure angles, suf 
ficient tooth size and greatest displacement for 
the different ratio. 
sists of varying the circroidal addition by varying 
the extension of the radicroid beyondits: ratio 
circle, then finding the point N for such circroid 
aS may be described by the radicroid, and then 
With a radius a little short of the point N, out 
lining a rotor tooth curve. 
After describing a curve that appears satis 

factory for the tooth ratio, its driving relation, 
its displacement, its pressure angles, etc., the 
next Step is to Select the portion of Such a tooth 
curve desired for a rotor tooth for a five tooth 
pinion. The curve T may be one side of a tooth. 
Obviously half a tooth is limited to one fifth of 
360 divided by 2, which is 36°. So next it is 
desired to find out what part of the curve T may 
be utilized for one half of the tooth. The broken 
lines GY and HY are drawn from the ratio circle 
center Y at such an angle of 36. By swinging 
them around the center, back and forth, keeping 
their angularity to each other fixed they include 
different portions of the curve T. The part in 
cluded in this figure is from G to H. If Swung to 
the right, the end H is nearer the center Y, and 
...there is little change of diameter at G. This 
might be desirable as it increases displacement, 
but for many uses the shaft uSable with this 
contour would be too small. Also the teeth might 
lack strength as being too thin. The teeth shown 
in Figs. IV, W and WI show the final compromise 
between these factors. They would have to be 
integral with the shaft for purposes of strength, 
a unique case. Smaller ratios usually need 
outside gears to drive them. The next larger 
ratio having the desirable hunting relation is the 
7 and 9 ratio. The next, the 9 and 11 ratio. The 
first three ratios more than cover the ground of 
the Gerotors now in use having ratios of 4 and 5, 
6 and 7, 8 and 9, and 10 and 11; so that the new 
rotors cut the range of manufacturing equipment 
down to 75% of that required for the older form. 
Furthermore, the 5 and 7 tooth ratio Supplants 
both the popular 4 and 5 tooth, and the 6 and 7 
tooth rotors for many uses. 
Another popular size of rotors having eight 

and nine teeth is 1% inches in diameter, the 
same size as the rotors shown in Fig. XVIII, at 

Such experimentation con 
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fold and 2d. These rotors have 11 and 13 . 
teeth, and have a greater displacement than the 
8 x 9 rotors, thereby reducing friction and in 
creasing pressure capacities, as well as delivering 
a steadier flow of fluid. Rotors of this size are 
useful in oil burner pumps, and in supercharger. 

75 scavenging and lubricating pumps (double) of 

70 
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superior Service for high altitude flying on ac 
count of their high suction characteristics. Ports 
are designed in accordance with the conditions 
and limitations described with relation to Figs. I, 
W, and WI, etc., With port areas inside and out 
Side of the path of tooth engagement. The pipe 
connections to the ports are threaded as shown at 
03. The pinion is separate from the shaft if 

desired, in which case it is keyed as at 04. The 
Section in Fig. XVII shows the same balancing of 
fluid preSSures, the ducts, etc. as shown in Fig. 
II, the connections following the method shown 
in Figs. III, XIV, XV and XVI; with the exception 
that the nut is replaces the seal cap 7 in Fig. 
II. The Screw cap (6 holds the seal thrust plate 
: in position. Between the thrust plates 67 
and 8 in the casing, is located the seal. It may 
be combined with the clutch disc 99 shown in 
larger size in Fig. XX. As shown in Fig. XVII 
there is endwise freedom between the shafts f : 
and 2 so that thrust moments on the shaft 

2, as When it is a motor shaft, will not put a 
corresponding thrust on the pinion of against 
the casing wall. 

It has been the custom, as shown in Fig. II, to 
put a Sponge rubber sleeve 3 on the shaft 74, 
which is supposed to rotate with the shaft. If 
neoprene is Substituted in order to pump oil (rub 
ber being Softened to impotence in oil) the 
neoprene slips on the shaft and does not rotate 
With it. Soon leakage develops. Therefore we 
prefer to make a union between the sleeve and 
the rotating member-the Oldham clutch disc 
Such as by Vulcanization, there being a fixed ring 
or band 3 between the disc and the sponge rub 
ber or neoprene ring f 4, vulcanized or cemented 
to both. The object of this sponge rubber, 
neoprene, or other resilient substance is to pre 
vent idiosyncracies of the disc from being com 
nunicated to the seal caps f 5 and 6 mounted 
and vulcanized to the rubber, etc. These may be 
of Stainless steel or bronze, Spaced apart. and 
pressed against the thrust plates 87 and 108 by 
a spring 7, which for convenience may be a 
Spring Washer of hardened stainless Spring Steel, 
crimped into a wavy form indicated in Fig. XIX, 
which shows a section of it. The strength of the 
Spring is adjusted to resist separation of the 
bronze shoes from the thrust plates. Without 
this rubber, a disc corresponding to 3, once 
tried in the 8 x 9 toothed rotor mechanisms, 
leaked. The recesses in the disc indicated by 
broken lines, fit the lugs 8 and 3 allowing 
radial freedom, and have the same shape as in 
Fig. VII except that the diameter is larger as 
indicated in Fig. XIX, and adapted to fit the 
ring 3. 
The form of Casing members in FigS. XVII and 

II permits them to be molded from the special 
plastic composed of graphite with strength fibres 
thru it with a thermoset resin. This powder does 
not easily flow in transfer molds and is made of 
biscuits, preformed cold from powder with mild 
pressure; which in the molds under some 5,000 
lbs. p.s. i. and at a temperature of around 375° 
F. becomes a strong structure with very slight 
coefficients of expansion; and impervious to 
Water, oil, and most acids. It may be cooled in 
the molds before removing pressure. The accu 
racy possible makes machining unnecessary. The 
Casing members are each molded in a mold to 
form their exteriors, with rams to form the in 
teriors including port areas. The casing members 
instead of being bolted together, are united by 
hollow nuts which bind the covers 80 (Fig. II) and 
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9 (Fig. XVII) against gaskets 94 and 10 (Fig. 
II) and 20 and 12 (Fig. XVII) which are thus 
bound tight against shoulders in the casing men 
bers respectively. The gasketS. may be of rubber 
and fabric with slight compressibility to equalize 
the mechanical screw pressures of the holioW 
nuts. The threads in plastic molded forms, are 
provided for the molds, threaded ring-members on 
the rams forming the plastic threads, and then 
being unscrewed from them, in forms and by 
methods well known in the molding art. The 
open ends of the balancing. Zones are closed by the 
rings 72 and 92 in Fig. II, and similar meinbers 
in Fig. XVII. In case the shaft & (Fig. II) is 
of plastic, it is molded into a driving cap having : 
the lugs 98. The inside of the cap is knurled Ol' 
roughened for a secure grip on the plastic nate 
rial. If its coefficient of expansion is greater thall 
that of the plastic, as it cools it grips the plastic 
ever tighter. 
There is no limit theoretically to the highest 

numbers of teeth possible with our ratios having 
a difference of two or more teeth. The least nun 
ber of teeth is determined by the manner of driv 
ing relation that keeps them running at the . 
steady ratio speeds necessary for continuous fiuid 
tight engagements. A. ratio. of 5.X 7 teeth pro 
vides an excellent driving relation between the 
teeth, far better than with teeth having connel'- 
cial forms now generally used outside of the 
Gerotor art. A ratio of 3 X5 is possible, particu 
larly for an oil pump due to the long driving con 
tact acrossfull mesh of a rolling character. HoW 
ever: it has to be assisted in part of the driving 
range by a very considerable radial rubbing ac 
tion between the teeth. With the piastic or other 
durable material for the tooth Surfaces even this 
rubbing action is not prohibitive. ...With rotors 
having 1 x 3 teeth however. OutSide gearing inay 
be used to keep them in not very accurate, regis 
tration, but enough so to do Some pumping Ol' 
blowing of air or gas, as well as liquid. Other 
low ratios doubled, trebled or multipled may fit 
various needs. All these modifications lie Within 
the scope of our invention. 
The importance of continuous engagement at 

steady ratio speed is perhaps realized in connec 
tion. With Such low ratio rotol'S, where continuous 
contact means one contact, not two or three, and 
its continuity means nothing if tooth curves are 
irregular, since the teeth might have unsteady 
speeds and still maintain some continuous con 
tact. Only correct contours based on the Cir 
Croidal addition make possible steady ratio Speeds. 
Other master generating contours such aS Cyr 

cloids, ellipses, oval curves Or a Series Of One or 
more of them and mated contours of then, 
are useless unless subject to our correct circroidal 
addition, hence, made operable by the light 
thrown on the problem by our invention. 

In operation as a pump, a shaft 74 (Fig. II) 
driven by an outside source of power applied thru 
an Oldham clutch 97, 98, 99 turns the pinion or 
displacement member 96 which in turn drives the 
teeth of the outer rotor displacement member 
42 where the rotor chambers are opening. The 
driving action of the shaft and the resistance of 
the outer rotor due to high pressure in the clos 
ing chambers (which tends to open them by re 
verse rotation) exerts an opposing force that 
keeps the contacts and pressure holding engage 
ments between the driving teeth tight. The clos 
ing chambers are connected to each other and to 
the crescent.Space through backlash between the 
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teeth, but pressure is unable to pass the tooth 
contacts and abutment-at the end of the crescent 
space nearest the intake port. 
When operating as a hydraulic motor, in the 

reverse direction, pressure fluids enter tiarll the 
same high pressure port, expand the chambe's 
and cause rotation in a reverse, direction to that 
of a pump. Pressure liquids impel the rotors in 
the reverse direction, but the pinion driving Shaft, 
carrying a load resists so that the Quter rotor 
runs ahead of the pinion to the extent of the 
backlash, and is then stopped by engaging closing 
teeth of the pinion, thus assisting in maintaining 
rotation. These pressure holding tooth engage 
ments: prevent liquid from forcing its way thrul 
the device except as permitted by rotation. 
The foregoing description explains the Various 

features of our invention and differentiates it 
from the prior art. The novel features and func 
tions, lie within the scope of our invention. 
What we claim is: 
1. In a rotary fluid mechanism, a casing, 

toothed displacement rotor members in Said cas 
ing, one rotor member within and eccentiric to 
the other, one rotor member having inwardly 
projecting teeth and the other rotor member hav 
ing outwardly projecting teeth meshing there 
with, said teeth having contours providing a 
crescent space between the teeth where no tooth 
engagement occurs, Said tooth contours provid 
ing for continuous drive contacts and fluid preS 
sure holding engagements, along a path of con 
tact between full mesh and said crescent space 
where needed for the performance of fluid pres 
sure functions, while traveling at Steady ratio 
speeds, drive means for said rotary displacement 
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members providing for Said drive contacts and 
said pressure holding engagements along a path 
of contact, said tooth, contours providing rotor 
chambers between said teeth which open and 
close during. rotation; high and low pressure 
ports in:said, casing located along Said path, a 
'port communicating With opening chambers and 
a port communicating. With closing, chambers, 
abutment areas located on a said path between 
said ports to check leakage from a high pressure 
port to a low pressure port, saids abutment areas 
located to provide an interval between them for 
fluid displacement ini said rotor, chambers, said 
tooth contacts and engagements cooperating with 
said abutment areas in Sealing. Said ports from 
each other, said tooth contours being located 
around ratio circles or curves and including cen 
ters of curvature traveling far enough outside of 
said ratio circles or curves to provide Said Con 
tinuous contacts and engagements, the numbers 
of teeth of said two displacement rotor members 
differing by two or-more and having a basic frac 
tional ratio differing by one. 

2. The combination claimed in claim 1 having 
the contours on One side of the teeth shifted an 
gularly to provide backlash in reversible rotors. 

3. The combination claimed in claim 1 having 
mainly convex curves on the crown portions of 
the teeth of the outer rotor rolling upon the 
mainly concave tooth curves of the inner rotor. 

4. The combination claimed in claim 1 having 
circular arcs for convex curves on the teeth of 
one rotor and the other tooth contours of both 
rotors determined by mutual generation. 

: 5. The combination claimed in claim 1 having 
one or more of said ports located radially inside 
and OutSide of Said paths of contact. 

6. The combination claimed in claim 1 having 
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a ratio of seven to five teeth on said rotor mem 
bers, the five teeth on the inner member being 
integrally united to a supporting and drive shaft, 
said drive shaft having two sections one Within 
said mechanism and one without with an endwise 
loose connection between them. - 

7. The combination claimed in claim 1 having 
a two part drive shaft, one inside and One out 
side of Said mechanism, loosely united end to end 
through a Seal member acting as a seal around 
Said shaft. m 

8. The combination claimed in claim 1, includ 
ing a drive shaft, and a seven tooth inner rotor 
member removably mounted on said shaft. 

9. The combination claimed in claim 1 includ 
ing a drive shaft, and a nine tooth inner rotor 
member removably mounted on said shaft. 

10. In a rotary fluid mechanism, a casing, 
toothed displacement rotor members in said cas 
ing, one rotor member within and eccentric to 
the other, one rotor member having inwardly 
projecting teeth and the other rotor member 
having outwardly projecting teeth meshing 
therewith, said teeth having contours providing 
a Crescent Space between the teeth where no 
tooth engagement occurs, and providing back 
lash between them, said tooth contours provid 
ing for continuous drive contacts and fluid pres 
sure holding engagements where needed for the 
performance of fluid pressure functions, along 
paths between full mesh and said crescent Space 
while traveling at steady ratio speeds, drive 
means for said rotary displacement members 
providing for said drive contacts and said pres 
sure holding engagements, said tooth contours 
providing rotor chambers between said teeth 
opening and closing during rotation, high and 
low pressure ports in said casing located along 
said paths, a port communicating with opening 
chambers and a port Communicating With CIOS 
ing chambers, abutment areas between said ports 
located on a said path to check leakage from a 
high pressure port to a low pressure port, said 
abutment areas providing an interval between 
them for fluid displacement in said rotor cham 
bers, said tooth contacts and engagements co 
operating With said abutment areas in sealing 
said ports from each other, said tooth contours 
being located around ratio circles or curves and 
including centers of curvature traveling far 
enough outside of Said ratio circles or curves to 
provide said continuous contacts and engage 
ments, the numbers of teeth of said two displace 
ment rotor members differing by two or more 
and having a basic fractional ratio differing by 
Ole. 

11. The combination in claim 10 having said 
crescent space communicating with a high or low 
preSSure port, thru backlash. 

12. In a rotary fluid reversible mechanism, a 
casing, toothed displacement rotor members in 
said casing, one rotor member within and eccen 
tric to the other, one rotor member having in 
Wardly projecting teeth and the other rotor 
member having OutWardly projecting teeth mesh 
ing therewith said teeth having contours provid 
ing a crescent space between the teeth where no 
tooth engagement occurs, said tooth contours 
providing for continuous drive contacts and fluid 
preSSure holding engagements along paths be 
tween full mesh and each end of said crescent 
space while travelling at steady ratio speeds, and 
where needed for the performance, of fluid pres 

... Sure functions; drive means for said rotary dis 
placement members providing for said drive con 
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tacts and said pressure holding engagement 
along either of said paths, said contours provid 
ing rotor chambers between said teeth opening 
and closing during rotation; high and low pres 
Sure ports in Said casing located along said paths, 
a port communicating with opening chambers 
and a port communicating with closing chambers, 
abutment areas in said casing along said paths 
between said ports to check leakage from one 
port to the other, located between full mesh and 
each end of a Said crescent space, said tooth 
contacts and engagements cooperating with said 
abutment areas in sealing said ports from each 
other, Said abutment areas located to provide 
an interval between them along either of said 
paths for fluid displacement in said rotor cham 
bers, while rotating in one direction or the other, 
Said tooth contours being located around ratio 
circles or curves and including centers of curva 
ture travelling far enough outside of said ratio 
circles, or curves to provide said continuous con 
tacts and engagements, the numbers of teeth of 
said two displacement rotor member differing by 
two or more and having a basic fractional ratio 
differing by one. 

13. In a rotary fluid mechanism, a casing, 
toothed displacement rotors in said casing, one 
rotor member within and eccentric to the other, 
one rotor member having inwardly projecting 
teeth and the other rotor member having out 
wardly projecting teeth meshing therewith, said 
teeth having contours providing a crescent space 
between the teeth where no tooth engagement 
occurs, said tooth contours providing for con 
tinuous drive contacts and fluid pressure hold 
ing engagements along paths between full mesh 
and said crescent space while travelling at steady 
ratio speeds, and where needed for the perform 
ance of the fluid pressure functions, drive means 
for said rotary displacement members maintain 
ing Said drive contacts and pressure holding en 
gagements, said contours providing rotor cham 
bers between Said teeth which Open and close 
during rotation, high and low pressure ports in 
said casing, a port communicating with opening 
chambers and a port communicating with clos 
ing chambers, abutment areas in said casing 
along a path of contact between said ports, said 
abutment areas adjusted in area. With relation 
to said rotor chambers to provide over-lap of 
Said chambers between said ports, said tooth 
contacts and engagements cooperating with said 
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abutment areas in otherwise sealing said ports 
from each other, said tooth contours being lo 
cated around ratio circles or curves and includ 
ing centers of curvature travelling far enough 
outside of Said ratio circles or curves to provide 

BO 

65 

70 

75 

Said continuous contacts and engagements, the 
numbers of teeth of said two displacement rotor 
members differing by two or more and having 
a basic fractional ratio differing by one. 

14. In a rotary fluid mechanism, a casing, 
toothed displacement rotor members in said cas 
ing, one within, and eccentric to the other, one 
rotor member having inwardly projecting teeth 
and the other rotor member having outwardly 
projecting teeth meshing therewith, said teeth 
having contours providing a crescent space at 
Open mesh where no tooth contacts or engage 
ments occur, said contours providing for con 
tinuous drive contacts and fluid pressure holding 
engagements along paths between the full mesh 
region and said crescent space where needed for 
the performance of fluid pressure functions and 
While travelling at steady ratio speeds, said con 
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tours providing back lash between said teeth, 
drive means Connected to Said innei rotor men 
bers maintaining said drive contacts and pres 
sure holding engagements along a path of con 
tact, said tooth contours providing rotor cham 
bers between said teeth which open and close 
during rotation; high and low pressure portS in 
said casing located along Said paths, a port Con 
municating with opening chambers and a port 
communicating with closing chambers, abutment 
areas in said casing along a said path between 
said ports to check leakage from a high pres 
sure port to a low pressure port, said abutment 
areas located to provide an interval between then 
for fluid displacement in said rotor chambers, 
said tooth contacts and engagements cooperating 
with said abutments in Sealing Said ports from 
each other, said tooth contours being located 
around ratio circles or curves and including cen 
ters of curvature travelling far enough outside 
of Said ratio circles or curves to provide said con 
tinuous contacts and engagements, the numbers 
of teeth of said rotor rhembers differing by two 
or more, and having a basic fractional ratio dif 
fering by One. 

15. In a rotary fluid mechanism, a casing, 
toothed displacement rotor members in said cas 
ing, one within, and eccentric to the other, one 
rotor member having inwardly projecting teeth 
and the other rotor member having outwardly 
projecting teeth meshing therewith, said teeth 
having contours providing a crescent space at 
open nesh. Where no tooth contacts or engage 
ments occur, said contours providing for con 
tinuous drive contacts and fluid pressure hold 
ing engagements along paths of contact between 
full mesh and Said crescent Space Where needed 
for the performance of fluid pressure functions 
while travelling at steady ratio speeds, a shaft 
drive means for said rotor members maintaining 
Said drive contacts and pressure holding engage 
ments along paths of contact between full mesh 
and Said crescent space, Said tooth contours pro 
viding rotor chambers between said teeth which 
open and close during rotation, high and low 
pressure ports in said casing, a port communicat 
ing with opening chambers and a port communi 
cating With closing chambers, abutment areas in 
Said casing between said ports along a said path 
of contact, said abutment areas providing an in 
terval between them for fluid displacement in 
said chambers, said tooth contacts and engage 
ments cooperating with said abutments in seal 
ing Said ports from each other, said tooth con 
tours being located around ratio circles or curves 
and including centers of curvature traveling far 
enough outside of said ratio circles or curves to 
provide said continuous contacts and engage 
ments, the numbers of teeth of said rotor mem 
bers differing by two or more and having a basic 
fractional ratio differing by one, zones of fluid 
preSSure grooves in Said casing surrounding said 
shaft balancing radial fluid pressures in said 
rotor chambers on said shaft, a zone for high 
pressure connected to said high pressure port, and 
a ZOne for low pressure connected to said low 
pressure port. 

16. In a rotary fluid mechanism, a casing, 
toothed displacement rotor members in said cas 
ing, one Within, and eccentric to the other, one 
rotor member having inwardly projecting teeth 
and the other rotor member having outwardly 
projecting teeth meshing therewith, said teeth 
having contours providing a crescent space at 
open mesh where no tooth contacts or engage 
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ments occur, Said contours providing for contin 
uous drive contacts and fluid pressure holding 
engagements along paths of contact between full 
mesh and said crescent space where needed for 
the performance of fluid pressure functions, While 
traveling at steady ratio speeds, Said contours 
providing back lash between said teeth, drive 
means for said rotor members maintaining said 
drive contacts and pressure holding engagements, 
said tooth contours providing rotor chambers bee 
tween said teeth which open and close during 
rotation; high and low pressure ports in said cas 
ing located along said paths, a port communi 
cating with opening chambers, and a port com 
municating with closing chambers, abutment 
areas in said casing along said paths between Said 
ports, said abutment areas providing an interval 
between them for fluid displacement in said rotor 
chambers, said tooth contacts and engagements 
cooperating with said abutment areas in Sealing 
said ports from each other, said tooth contours 
being located around ratio circles or curves and 
including centers of curvature traveling far 
enough outside of said ratio circles or curves to 
provide Said continuous contacts and engage 
ments, the numbers of teeth of Said rotor mem 
bers differing by two or more and having a basic 
fractional ratio differing by one, a shaft for said 
driving means, fluid pressure zones along said 
shaft opposite to said ports balancing port fluid 
pressures, a Zone connected to Said high pressure 
port, a zone connected to said low pressure port; 
and a third Zone connected to said Crescent Space 
providing automatic fluid balancing pressures in 
said Zone for different fluid pressures in said CreS 
cent Space. 

17. In a rotary fuid mechanism, a casing, 
toothed displacement rotor members in said cas 
ing, one rotor member within and eccentric to 
the other, one rotor member having inwardly pro 
jecting teeth and the other rotor member having 
outwardly projecting teeth meshing therewith, 
said teeth having contours providing a crescent 
space between the teeth where no tooth engage 
ment occurs, said contours providing for continiu 
ous drive contacts and fluid pressure holding en 
gagements along paths of contact between full 
mesh and said crescent space while travelling at 
steady ratio speeds, drive means for said rotary 
displacement thembers maintaining Said drive 
contacts and said pressure holding engagements, 
said tooth contours providing rotor chambers be 
tween said teeth which open and close during ro 
tation; high and low pressure ports in Said casing, 
a port communicating with opening chambers 
and a port communicating with closing chambers, 
abutment areas in said casing located along a said 
path of contact between said ports, said areas pro 
viding an interval between then for fluid dis 
placement in said chambers, said tooth contacts 
and engagements cooperating with said abutment 
areas in sealing said ports from each other, Said 
tooth contours being located around ratio circles 
or curves and including centers of curvature 
travelling far enough outside of said ratio circles 
or curves to provide said continuous contacts and 
engagements, the numbers of teeth of Said two 
displacement rotor members differing by two or 
more and having a basic fractional ratio differing 
by one, one side of the teeth of a Said displace 
ment member being relieved or cut away to pro 
Videbacklash. 

18. In a reversible rotary fluid mechanism, a 
casing, toothed displacement rotor members in 
said casing, one rotor member within and eccen 
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tric to the other, one rotor member having in 
wardly projecting teeth and the other rotor mem 
ber having outwardly projecting teeth meshing 
therewith, Said teeth having contours providing 
a crescent space between the teeth where no tooth 
engagement occurs, said contours providing for 
continuous drive contacts and fluid pressure hold 
ing engagements along paths of contact between 
full mesh and the two ends of said crescent space 
where needed for the performance of fluid pres 
Sure functions, while travelling at steady ratio 
speeds, drive means for said rotary displacement 
members providing said drive contacts and said 
preSSure holding engagements along Said paths 
of contact; said contours providing rotor cham 
bers between said teeth which open and close 
during rotation; high and low pressure ports in 
said casing, a port communicating with opening 
chambers and a port communicating with closing 
chambers, abutment areas in said casing located 
along said paths of contact at full mesh and at 
each end of said Crescent space, and providing in 
tervals between them for fluid displacement in 
Said rotor chambers, said tooth contacts and en 
gagements cooperating with Said abutment areas 
in sealing said ports from each other, said tooth 
contours being located around ratio circles or 
curves and including centers of curvature travel 
ling far enough outside of said ratio circles or 
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curves to provide continuous contacts and en 
gagements, the numbers of teeth of said two dis 
placement rotor members differing by two and 
having a basic fractional ratio differing by one. 
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