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ABSTRACT OF THE DISCLOSURE 
A motor or pump device having three or more gerotor 

elements arranged generally on the same plane, the outer 
gerotor element being internally toothed, the inner gerotor 
element being externally toothed, and the intermediate 
gerotor element being both externally and internally 
toothed and forming expanding and contracting ?uid 
cavities with the intermeshing teeth of the adjacent gero 
tor elements. A rotatable manifold or port plate connects 
the expanding and contracting cavities between the outer 
and intermediate gerotor elements with the inlet and out~ 
let passages, respectively. 

Hydraulic motors and pumps utilizing inner and outer 
gerotor elements are extensively used in a variety of hy 
draulic systems, and in recent years the gerotor principle 
has been extensively used in motors and pumps in which 
the outer gerotor element is stationary and the inner 
gerotor element, normally having one less tooth than the 
outer element, is orbited within the outer element in 
meshing relation therewith. The inner orbiting element 
is connected by a universal joint to a rotating shaft serv 
ing as a force input or output member, depending upon 
whether the unit is being used as a motor or a pump. 
Inlet and outlet ports for the hydraulic ?uid are syn 
chronized with the expanding and contracting chambers 
between the lobes on the two gerotor elements by a rotary 
valve structure operated in accordance with the speed of 
the aforementioned shaft. The usual type of motor em 
bodying the orbital principle, while having high torque 
output and high volumetric e?iciency at low speeds, con 
tains a valving structure and universal drive intercon 
necting the inner element with the output shaft of rela~ 
tively complicated construction which is costly to manu 
fracture and which lacks the necessary or desired compact 
ness for an e?icient and effective compound multiple~ 
stage motor. Pumps involving the same valving arrange 
ment and universal joint structure have the same inherent 
disadvantages as those present in motors of this type, 
along with the presence of a pulsating component in the 
delivery of ?uid from the pump. It is therefore one of 
the principal objects of the present invention to provide 
a hydraulic motor or pump having an outer gerotor ele 
ment and a plurality of inner gerotor elements, in which 
the force is transmitted directly between a central rotat 
ing shaft and the inner element without the use of a uni 
versal drive or complicated valving, and in which there 
is a smooth, non~pulsating flow of ?uid. 

Another object of the invention is to providea motor 
and pump structure having three or more gerotor ele 
ments, in which an inner non-orbiting gerotor element 
is meshed in driving or driven relation with an interme 
diate element, which in turn is meshed in driving or 
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2 
driven relation with the outer gerotor element, thus form 
ing a compound motor or pump transmitting the driving 
or driven force directly to or from a single, non-orbiting 
rotating shaft mounted centrally in the motor or pump 
unit. 

Still another object of the invention is to provide a 
relatively simple and compact orbital type gerotor motor 
or pump in which a rotating manifold contains constantly 
open ?uid inlet and outlet ports communicating, respec 
tively, with the expanding and contracting ?uid chambers 
between the gerotor elements and continuously with ?xed 
inlet and outlet passages in the motor or pump housing, 
and in which no valving is used to obtain proper and 
effective ?uid ?ow to and from the appropriate chambers. 
A further object is to provide a motor or pump struc 

ture of the aforesaid type involving the use of three or 
more gerotor elements in orbiting relationship to one 
another, which are driven relative to one another by 
direct mechanical force and/or by hydraulic fluid reac— 
tion to produce a speed variation and mechanical advan 
tage between two or more of the elements. 

Another object is to provide a compound or multiple 
stage motor or pump of the gerotor type in which the 
one gerotor element is common to more than one operat 
ing stage or motor-pump unit. 

Additional objects and advantages of the invention will 
become apparent from the following description and ac 
companying drawings, wherein: 
FIGURE 1 is a plan view of the present motor or 

pump; 
FIGURE 2 is a side elevational view of the motor or 

pump; . 

[FIGURE 3 is a cross-sectional view of the motor or 
pump shown in FIGURE 1, the section being taken on 
line 3-3 of the latter ?gure; 
FIGURE 4 is a vertical cross-sectional view of the 

motor or pump, the section being taken on line 4—4 of 
FIGURE 3; 
FIGURE 5 is a cross-sectional view of the motor or 

pump, taken on line 5-—5 of FIGURE 3; 
FIGURE 6‘ is a cross-sectional view taken on line 6--6 

of FIGURE 3; 
FIGURE 7 is a cross-sectional view taken on line 7-—7 

of FIGURE 3; 
FIGURE 8 is a cross-sectional view taken on line 8--8 

of FIGURE 5; and 
FIGURES 9 and 10 are cross-sectional views of a 

modi?ed form of a port plate used in a multiple stage 
motor or pump. 

Referring more speci?cally to the drawings and to 
FIGURES 1, 2 and 3 in particular, numeral 10‘ designates 
generally a motor or pump having a housing 12 consisting 
of outer sections 14 and 16 and intermediate sections 18 
and 20 interposed between the two outer sections and 
held ?rmly therebetween by a plurality of screws 22 
extending through bores in the outer section 16 and two 
intermediate sections into threaded bores 24 in outer 
section 14, the screws retaining the four sections ?rmly 
together to form a unitary structure. The present hy 
draulic structure may be used equally as well for a motor 
or a pump, without alteration of the internal structure 
thereof, and this type has a wide variety of uses, par 
ticularly as a motor. However, for convenience of the 
description, the structure will be described with reference 
to its use as a hydraulic pump having ?uid inlet port 26 
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and ?uid outlet port 28 in housing section 14, the pump 
being driven by a motor connected to input shaft 30 
journalled in bearings 31 and 32 at the axial center of 
housing 12. The pump may be driven by a direct drive 
coupled to the shaft, or by a belt and a sheave mounted 
on said shaft and keyed thereto by a key and keyway in 
the outer end of shaft 30‘. In the event the device is used 
as a motor, the inlet 26 and outlet 28 may be either 
?uid inlet or outlet, and shaft 30 becomes a power output 
shaft. While the present mechanism is designed primarily 
for use with hydraulic ?uids, it may be satisfactorily used 
_in connection with other types of ?uid, including water, 
fuel and lubricating oil, these various uses and adaptations 
being considered Within the scope of the present inven 
tion. 
The pump housing 12 contains a chamber 33 in which 

is disposed an internally toothed gerotor element 34 
having thirteen teeth 36 de?ning the external wall of the 
pumping chamber. Element 34 is held securely in ?xed 
position in chamber 33 and is concentric with shaft 30. 
Mounted on shaft 30 is an inner gerotor element 40 
secured to the shaft for rotation therewith by a key 42 in 
keyways 44 and 46 in the inner element 40 and shaft 30, 
respectively, and having six external teeth 48. The inner 
element is substantially on a plane with the outer gerotor 
element; however, as shown in the drawings, it is offset 
axially for reasons more fully explained hereinafter. In 
terposed between outer element 34 and inner element 40 
is an intermediate gerotor element 50 having teeth 52 
on its outer peripheral surface and teeth 54 on its inner 
peripheral surface. The number of teeth 52 on the outer 
peripheral surface is one less than the number of internal 
teeth 36 on element 34. Likewise, the number of teeth 
on the inner periphery of element 50 is one more than 
the number of external teeth on inner element 40. There 
is also a relationship between the number of teeth 52 on 
the periphery of intermediate element 50 and external 
teeth 48 on inner element 40, the number on the latter 
element being one-half the number of teeth 52. Rotation 
of inner element 40 by shaft 30 causes teeth 48 of element 
40 to engage the respective adjacent teeth 54 of element 
50, thereby moving intermediate element 50 in an orbital 
cycle about the internal periphery of element 34. For 
each rotation of shaft 30 and inner element 40, element 
50 completes four orbital cycles, and during each orbital 
cycle of intermediate element 50 driven by counterclock 
wise rotation of shaft 30‘ as viewed in FIGURE 4, cavities 
60, consisting of one-half of the cavities de?ned by the 
internal periphery of element 34 and the external periph 
ery of intermediate element 50, are expanding, and cavities 
62, consisting of the remaining cavities between the two 
elements, are contracting, thus producing a pumping action 
with the expanding cavities 60 drawing in the ?uid and 
the contracting cavities 62 expelling the ?uid under 
pressure. 

In the gerotor element arrangement just described, the 
expanding and contracting chambers 60 and 62 shift 
around the internal periphery of element 34 as element 
50 orbits within element 34. These expanding and con 
tracting chambers are connected with inlet and outlet ports 
26 and 28, respectively, by a rotatable port plate 70 and 
annular passages 72 connected with inlet passage 26 and 
annular passage 74 connected with outlet passage 28. 
The port plate is freely rotatable on shaft 30 and within 
housing section 18, and is driven by engaging cam surface 
76 on the intermediate gerotor element 50 and cam sur 
face 78 on the port plate. Cam surface 76 on the inter 
mediate element is concentric with the inner and outer 
peripheries of the element, and cam surface 78 is eccentric 
with respect to shaft 30 and center opening 80 through 
which ‘the shaft passes and in which the shaft rotates. 
With passage 26 serving as the ?uid inlet passage of the 
pump, the expanding cavities are connected through the 
port plate to annular passage 72 by arcuate slot 82, and 
a plurality of radially extending small passages 84 con 
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4 
necting the arcuate slot with an annular passage 86 around 
the periphery of the port plate, annular passage 86 being 
de?ned by the external periphery of the port plate, the 
internal periphery of housing section 18 and the corre 
sponding side of housing section 20. Annular passage 86 
communicates directly and continuously with passage 72 
so that ?uid enters the expanding cavities of the pump 
through inlet passage 26, annular passages 72 and 86, 
radial holes 84 and arcuate slot 82. The contracting ?uid 
cavities are connected with outlet passage 28 by arcuate 
slot 90, annular grooves 92 and 93, each extending com 
pletely around one side of the port plate and communi 
cating with annular passage 74, which, in turn, com 
municates with outlet passage 28. The cam on inter 
mediate element 50 rotates the port plate at the orbital 
rate of the intermediate element so that slots 82 and 90 
are always synchronized with the expanding and contract 
ing cavities 60 and 62. The port plate is substantially 
balanced hydraulically on opposite sides by a passage 95 
extending therethrough. If the shaft 30 is rotated in the 
opposite direction, inlet and outlet ports 26 and 28‘ be 
come outlet and inlet ports, respectively, and the ?uid 
?ows through the pump passages and slots in the opposite 
direction. 

In the operation of the present device as a pump, if 
shaft 30 is driven in the counterclockwise direction as 
viewed in FIGURE 4, inner gerotor element 40 imparts 
an orbital movement to element 50, thereby expanding 
chamber 60 and contracting chambers 62 which orbit 
along with intermediate element 50. As element 50 moves 
through its orbital cycle, cam surface 76 on element 50 by 
engagement with cam surface 78 on port plate 70, causes 
the port plate to rotate at the orbital speed of element 
50, thus maintaining slot 82 in synchronous relation with 
the expanding cavities 60‘ and slot 90 in synchronous re 
lation with the contracting cavities ‘62. As the interme 
diate element 50‘ orbits and port plate 70 rotates, ?uid 
is drawn in through inlet passage 26, annular passages 72 
and 74, and radial holes 84 to slot 82 and thence into 
the expanding cavities 60, and when these expanding cavi 
ties with the ?uid become contracting cavities 62 the 
?uid is forced therefrom through slot 90‘, groove 93, an 
nular passage 74 and outlet passage 28. 

In order to use the device as a motor, the pressurized 
?uid is delivered to the present outlet passage 28 and 
then through the respective passages to cavities 62 which 
then become expanding chambers and cavities 60 become 
contracting chambers, discharging the ?uid through the 
respective passages to present inlet passage 26 which 
becomes an outlet for the driving ?uid. As this operation 
takes place, the ?uid imparts an orbital movement to 
intermediate element 50 which in turn drives inner ele 
ment 40 and shaft 30, which now becomes an output shaft 
for the motor. 

In the embodiment of the invention illustrated in the 
drawings, the ?uid pressure in the expanding and contract 
ing cavities between the inner and intermediate elements 
40 and 50 is balanced through annular space 96 in cham 
ber 33, the inner element being held, in its position on the 
shaft by a snap ring 98 on shaft 30‘. The inner gerotor 
element, which has one less tooth than the internal pe 
riphery of the intermediate element, provides a difference 
between the rotational speed of the intermediate element 
50 and rotational speed of shaft 30, and, by increasing 
or decreasing the number of teeth on elements 40 and 50 
while maintaining a di?’erence of one tooth between these 
elements, various desired ratios in speed may be ob 
tained between the intermediate element and the shaft. 
The device, as shown in the drawings, may be modi 

?ed to include a second or compound port plate as a 
part of the original port plate or as a separate port plate, 
containing inlet and outlet ports communicating with the 
expanding and contracting cavities between the inner ele 
ment 40 and the intermediate element 50, thus result 
ing in a compound motor or pump in which the stages are 



arranged on substantially the same radial plane. A suit— 
able compound motor or pump structure is illustrated in 
FIGURES 9 and 10 showing a port plate having the same 
passages and slots in the outer portion as port plate 70‘ and 
hence like numerals will be used to identify like parts in 
that portion of the plates. In the modi?ed port plate 108, 
inner arcuate slots 110 and 112 are connected by pas 
sages 114 and 116 to slots 82 and 90, respectively, and 
are in constant communication with the respective ex 
panding or contracting cavities between elements 40 and 
50. In this embodiment a plate or other ?ller structure is 
employed to prevent communication between the expand 
ing and contracting cavities through space 96 of chamber 
33, so that the inner and intermediate gerotor elements 
form an effective motor or pump for augmenting the 
drive or output of the intermediate and outer gerotor ele 
ments described hereinbefore. For example, in using the 
device as a pump and assuming port 26 is the inlet, ?uid 
is drawn through slot 110‘ into the expanding cavities be 
tween elements 40 and 50' and is forced therefrom by the 
contracting cavities through slot 112, passage 116v and 
slot 90 into outlet 28. This compound arrangement can 
be made without appreciably increasing the size of the 
pump housing and with only a small increase in the num 
ber of parts. While only two stages would be created by 
the arrangement described, additional stages may be added 
by following the basic concept described herein. 

In both the original embodiment and in the modi?ed 
form, the ?ow or ?uid may be in either direction between 
passages 26 and 28 depending upon the direction of rota 
tion of shaft 30 when the device is used as a pump, and 
in either direction to give the desired direction of shaft 
rotation when the device is being used as a motor. Refer 
ence to passage 26 as an intake passage has been made 
merely for convenience in illustrating the construction 
and operation of the present device which may be used 
without modi?cation as either a motor or pump. 
Two embodiments of the present motor or pump have 

been described in detail herein; however, various other 
changes and modi?cations may be made without depart 
ing from the scope of the invention. 

I claim: 
1. A motor or pump device comprising a housing havj 

ing two ?uid passages, an internally toothed outer gerotor 
element, an externally toothed inner gerotor element 
disposed within said outer gerotor element on a common 
axis therewith, an externally and internally toothed inter 
mediate gerotor element disposed between said outer 
and inner gerotor elements for relative orbital movement 
in operative engagement therewith and forming expanding 
and contracting chambers therebetween, the number of 
external teeth on said intermediate and inner elements 
being less than the number of internal teeth on said outer 
and intermediate elements respectively, a shaft connected 
to said inner gerotor element, said inner gerotor element 
transmitting a driving force between said intermediate 
element and said shaft, and means for continually con— 
necting a portion of the cavities between the outer and 
intermediate elements with one of said ?uid passages 
and another portion of said cavities with the other of 
said ?uid passages. 

2. A motor or pump device as de?ned in claim 1 in 
which said outer gerotor element is ?xed with respect 
to the housing and the inner gerotor element is rotat~ 
able on a ?xed axis. 

3. A motor or pump device as de?ned in claim 2 in 
which said inner gerotor element is mounted on a rotata 
able shaft journalled in said housing. 

4. A motor or pump device as de?ned in claim 1 in 
which the number of external teeth on said intermediate 
gerotor element is one less than the internal teeth on 
the outer gerotor element. 

5. A motor or pump device as de?ned in claim 1 in 
which the number of teeth on said inner gerotor element 
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in one less than the number of internal teeth on said 
intermediate gerotor element. 

6. A motor or pump device as de?ned in claim 1 in 
which the chambers between the outer and intermediate 
gerotor elements form ?uid intake and output cavities 
and the chambers between the intermediate gerotor ele 
ment and the inner gerotor element form cavities for 
?uid of substantially uniform pressure. 

7. A motor or pump device as de?ned in claim 1 in 
which the means for continually connecting the cavities 
with the ?uid passages consists of a rotatable generally 
disc-shaped port plate rotating at the orbital speed be 
tween said outer and intermediate gerotor elements. 

'8. A motor or pump device as de?ned in claim 2 in 
which the means for continually connecting the cavities 
with the ?uid passages consists of a rotatable generally 
disc-shaped port plate rotating at the speed of the orbital 
movement of said intermediate gerotor element. 

9. A motor or pump device as de?ned in claim 7 in 
which said port plate includes two substantially dia 
metrically opposed arcuate salts, and a passage connected 
to one of said arcuate slots and communicating with one 
of said ?uid passages and a passage connected to the 
other of said slots and communicating with the other of 
said passages. 

10. A motor or pump device as de?ned in claim 9 in 
which an annular passage in said housing is disposed 
around the periphery of said port plate and communicat 
ing‘with one slot, and a second annular passage in said 
housing is disposed along the side of said port plate and 
communicating with the other of said slots. 

11. A motor or pump device as de?ned in claim 1 in 
which a means is included for continually connecting 
a portion of the cavities between the inner and inter 
mediate gerotor elements with one passage and for con 
tinually connecting another portion of said cavities 
between the inner and intermediate gerotor elements 
with the other passage. 

12. A motor or pump device as de?ned in claim 11 in 
which said outer gerotor element is ?xed with respect 
to the housing and the inner gerotor element is rotatable 
on a ?xed axis. 

13. A motor or pump device as de?ned in claim 12 in 
which said inner gerotor element is mounted on a rotat 
able shaft journalled in said housing. 

14. A motor or pump device as de?ned in claim 7 in 
which said port plate in driven by a. cam operatively 
connected to said intermediate gerotor element. 

15. A motor or pump device as de?ned in claim 1 in 
which the inner gerotor element has one half as many 
external teeth as the intermediate gerotor element. 

16. A motor or pump device as de?ned in claim 1 in 
which the means for continually connecting a portion 
of the cavities between the outer and intermediate ele 
ments with one of the ?uid passages and another portion 
of said cavities with the other of said ?uid passages in 
cludes a means ‘for connecting a portion of the cavities 
between the inner and intermediate elements with one of 
said ?uid passages and another portion of said cavities 
between the inner and intermediate elements with the 
other of said ?uid passages. 

17. A motor or pump device as defined in claim 1 in 
which a means is included for connecting a portion of 
the cavities between the inner and intermediate elements 
with one of said ?uid passages and another portion of 
said cavities with the other of said ?uid passages. 

18. A motor or pump device as de?ned in claim 17 in 
which the means connecting the cavities ‘between the 
inner and intermediate elements consists of a rotatable 
plate. 

19. A motor or pump device as de?ned in claim 9 in 
which said port plate contains two additional substantially 
diametrically opposite arcuate slots within the con?nes 
of said ?rst mentioned arcuate slots. 

20. A motor or pump device as de?ned in claim 19 in 
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which passages interconnect each inner arcuate slot 
‘’with the opposite outer arcuate slot. 
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