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[0003] A prior art rofary aetuator is disclosed in U.S. Patent No. 5,235,900 to
Garcean.

ESCRIPTION OF THE DRAWINGS

[0004] Figure 1 is an exploded isometric view of a first embodiment of the present
invention.

[0605]  Figure 2 is a top internal view of a first embodiment of the present invention
excluding the upper housing in a first position. |

[0006)  Figure 3 is a top view of a first embodiment of the present invention in a
second position,

[0007]  Figure 4 is a partially exploded isometric view of a first embodiment of the
present invention.

[0008]  Figure 5 is an exploded isometric view of a second embodiment of the present

invention,



[0008] Figure 5 is an exploded isonetric view of a
second enbodi nent of the present invention. 1 [0009]
Figure 6 is a top internal view of a second enbodi nent
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[0013] A first embodiment to the present invention is the four plston embodiment
depicted in Figures 1-4, This embodiment comprises a lower housing 18 comprising a
central channel, a mounting surface 17 and an outer wall 19. In a preferred embodiment, the
lower housing is cylindrical.

[0014]  This embodiment of the invention further comprises a first lower piston 13
attached to, and extending above, the mounting surface, and a second lower piston 15
attached to, and extending above, the mounting surface diametrically opposite the first lower
piston, The term "diametrically opposite", as used herein, is used in its broadest sense, It
encompasses two pistons that are located on opposite sides of an axis which bisects the lower
housing into two regions of equivalent arez, Where the lower housing is oylindrical, such an
axis would define the diameter of the housing. In a preferred embodiment, the first and
second lower pistons are cylindrical, In another preferred embodiment, the first and second



pi ston. The term "dianetrically opposite", as used
herein, is used in its broadest sense. It enconpasses
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third pressure cavity 36 between the itself and
the upper housing at a location between the first and second lower pistons, diametrically

opposite the first upper pistoﬁ, 80 as to define a third pressure cavity 36 between the itself and
the first lower piston, and to define a fourth pressure cavity 38 between the itself and the
second lower piston. In a preferred embodiment, the first and second upper pistons aze
cylindrical. In another preferred embodiment, the cross sectional area of the first upper
piston, second upper piston, first lower piston, and second lower piston are substantially
equal. In another preferred embodiment, the first and second upper pistons are attached to
the upper housing by pins 11, |

[0017]  This embodiment further comprises a first pressurization line 26 extending
through the outer wall to the side of the first lower piston adjacent the first pressure cavity,



the first lower piston, and to define a fourth
pressure cavity 38 between the itself and the second
| ower piston. In a preferred enbodinent, the first and
second upper pistons are cylindrical. In another ,
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sucH thitSHuid! BRe injobtsd o the Ges? prbssipPEIvitp B3 thacughlihe finst pressavization
pi ston, and second | ower piston are substantially

tine 49 Uéuse b BROWRGA PIEBA G5 AGVeS BNRE iGRN the fifke I6werSistond This

second upper pistons are attached to the upper

 emb@HRh Srifr éﬂgzlibr%ésas]a sdcORH. FrhsstitbatioR Tine 8 B R ding thrb8sh the outer

conpri ses t pressuri zatl on l'ine 26 exteénding

walllth &MH& £ BlvedRkthn hladehEthd HAA Rdsaird Savity] archmﬁrdcan

pi ston adjacent the first pressurecavity, 3 such
r
v i L R 30000 B iy e

e BT . plsgh o ESh, 05" B o TRNE WV%E*P‘QL‘L%?. mrgfoered
e U B (o g, e Bttty @b rna
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embodiment, the third and fourth pressurization lines have substantially equivalent internal
diameters. In motﬁer preferred embodiment, the first, second, third, and fourth
pressurization lines have substantially equivalent internal diameters,

[0019]  In Figure 2, the first upper piston 12 and the second upper piston 14 are shown
in a first position with respect to the first lower piston 13 and the second lower piston 15, In
this first position, pressure cavities 32, 34, 36, and 38 are of substantially equivalent size. If
the first pressure cavity 32 or the fourth pressure cavity 38 is pressurized by injecting fluid
through the first pressurizaﬁon line 26 or the fourth pressurization line 29, respectively, the

resulting pressurization will result in a counterclockwise rotation of the first and second



fluid can be injected into the fourth pressure cavity
38 through the fourth pressurization [ine to cause
t he second upper piston to nove away fromthe second
| ower piston. In a preferred enbodinment, the third
and fourth pressurization |lines have substantially
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fluid through the first pressurization |ine 26 and .
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vented through the first pressurization line 26 and the fourth pressurization line 29,
respectively.

{0022] Persons of ordinary skill in the art will understand that a source of
pressurization fluid, such as hydraulic fluid, may be coupled to each pressurization line via a
| control valve system so that the pressurization and venting operations described herein may
be selectively achieved and reciprocated by operation of flow control valves installed in fluid
communication between the reservoir of pressurization fluid and the first, second, third, and
fourth pressurization lines. For a given embodiment having a set number of pistons, the

longitudinal length of the pistons determines the pistons stroke and the degress of rotation



rotation of the first upper piston 12 and the second
upper piston 14 can be caused by pressurizing the
third pressure cavity 36 and/or the second pressure
cavity 34 through the second pressurization |ine 28
and/or the third pressurization |ine 27, respectively.
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venting operations described herein my be
l. sel ectively achieved and reci procated by operation of
flow control valves installed in fluid, comunjcation
b802en A peopd swbodiment i the present inyention is the twe pisicy ehodiment
first, second, third, and fourth pressurization
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extelgiinge atvows, the rmtinting anrfacdi afkis embodinsent/ fiarthier) aomprises a rotatable
the present invention. [0023] This enbodi nent further
centrahgiraitsSis excterhibry upveprd 4hmouginthe cbehiral tdhenreh adtl amneppleh bousing 40
upper housing. In a preferred enbodi nent, the bearing
attdchedatotthe shaft abever the ihweh boshs, | TheAbget Ivusihg 48 CODPised\an immer
second enbodi ment of the present invention is the two
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enbodi nent conprises a | ower housing 48 conprising a
42 located radially outside the first and second lower pistons, In a preferred embodiment, the

inner and outer seal rings have a dovetailed configuration to enable them to resist collapsing
into the piston bore from operational pressure.

[0026] This embodiment further comprises an upper piston 32 attached to, and
extending below, the upper housing at a location diemetrically opposite the lower piston so as
to define a first pressure cavity 62 and a second pressure cavity 64 between itself and the
lower piston, as shown in Figure 6,

[0027]  This embodiment further comprises a first pressurization lins 66 extending
through the outer wall to the side of the lower piston adjacent the first pressure cavity 62,

such that flvid can be injected into the first pressure cavity 62 through the first pressurization



central channel, anpunting surface 47 and an outer

wal | 49. [0025] This enbodi nent further conprises a

| oner piston 43 attached to, and extendi ng above, the
nmounting surface. This enbodi ment further conprises a
rotatable central shaft 50 extendi ng upward through
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| ower piston.so as to define a first pressure cavity
volmeofaeend progrure eayity 6d ipreasesc4 bet ween itsel f and
the |ower piston, as shown in Figure 6. [0027] This
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pressirizatien fleidemucipashydrauliel fluidonay beeoupled tx eaph pressurigationing in this
62,. such that fluid can be injected into the first
twopigiers embodimentt yia G2contolovajve kysteny so that fheawesswiization and venting
line 66 to cause the upper piston to nove away from
operations| desgribegiheteim may (hehselentintelyt aehiaved and repiprodatedsby operation of
pressure cavity 62 increases, as shown in Figure 7.
flowf GnR8] valvesdinstatieddn feidt cofmmunivetiorcketwednsthe raerveoir of gressurization
pressurization |ine 68 extending through the outer
fluidvadd the dirst land sécdad pfesdubigation\iines, pinsd prefendil ambodinichis the first and
second pressure cavity 64, such that fluid can be
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the second pressurization line 68 to cause the upper
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preferred embodiment, the bearing is a thrust bearing, as shown. in Figure 5.

[0030]  The foregoing disclosure and description of the inventions are illnsirative and
explanatory. Various changes in the size, shape, and materials, as well as in the details of the
illustrative construction and/or a iliustrative method may be made without departing from the

spirit of the invention.



that the volune of second pressure cavity 64

i ncreases. [0029] Persons of ordinary skill in the art

wi || understand that a source of pressurization

fluid, such as hydraulic fluid, may be coupled to each
pressurization line in this tw piston enbodinent via
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venting operations described herein may be
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di anet r pressureycayily bstween thedtseifaud theofinst lopier piston, and te define a

rotatable central shaft extendi ng upward through the
cent r al secbrdpredsure cavity between the itself and the second lower piston;

g a second upper piston attached to, and extending below, the upper housing at a
location between the first and second lower pistons, diamettically opposite the
first upper piston, so as to defins a third préssure cavity between the itself and
the first lower piston, and to define a fourth pressure cavity between the itself
and the second lower piston;

h. a first pressurization line extending through the outer wall to the side of the
first lower piston adjacent the first pressure cavity, such that fluid can be
injected into the first pressure cavity through the first pressurization line to
cause the first upper piston to move away ﬁ'dm the first lower piston;

i. a second pressurization line extending through the outer wall to the side of the

first lower piston adjacent the third pressure cavity, such that fluid can be



e. an upper housing attached to the shaft above the
| ower housing; f. a first upper piston attached to,
and extendi ng bel ow, the upper housing at a |ocation
between the first and second | ower pistons so as to
define a first pressure cavity between the itself and
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The rotary actuator of claim 1, wherein the lower housing is cylindrical.

The rotary actuator of claim 1, wherein the first and second lower pistons are
cylindrical.

The rotary actuator of claim 1, wherein the first and second lower pistons are attached

to the mounting surface by pins.

The rotery actuator of claim I, wherein the inner and outer seal rings comprise a

dovetail configuration.



10.

11,

k. a fourth pressurization |ine extending through the
outer wall to the side of the second |ower piston
adj acent the fourth pressure cavity, such that fluid
can be injected into the fourth pressure cavity

t hrough the fourth pressurization line to cause the
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pi ston; 10 aring nount

upQ?-(ﬂﬁ sing; M an inner seal ring located radially
insfrde the first and second | ower pistons; and n. an
outer seal ring located radially outside the first and
second | ower pistons. 2. The rotary actuator of claim
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|l o i.st.ons are attached to the nounting surface by
pi wﬁﬁﬁ“‘%ﬁ%@“ﬁ'@t ary actuator of claim1l1, wherein the
i nner and outer seal rings conprise a dovetail

configuration. 9 6. The rotary actuator of claiml,

wherein the first and,seconq u pLstons are_,
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second | ower piston are substantially equal. 8. The
rotary actuator of claim1l1, wherein the first, second,
third and fourth pressurization |ines have
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a. a source of pressurization fluid coupled to each pressurization line; and
b. a conirol valve system installed in fluid communication with the source of

pressurization fluid and each pressurization line,

The rotary actuator of claim 1, wherein the bearing is a thrust bearing,

A rotary actuator comprising:
a. a lower housing comprising a central channel, 2 mounting surface and an outer
wall;

b. a lower piston attached to, and extending above, the mounting surface;
c. a rotatable central shaft extending upward throﬁgh the central channel;
d. an upper housing attached to the shaft above the lower housing;

10



12.

13.

14.

15.

9. The rotary actuator of claim11, further conprising:

a. a source of pressurization fluid coupled to each
pressurization line; and b. a control valve system

installed in fluid conmuni cation with the source of
pressurization fluid and each pressurization |ine. 10.

The rotary actuator of cIain11 wherein the bearing is

a thrust bearin rotar act uat or npr.i sin
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h. a bearing mounted to the shaft and the upper housing;

I an inner seal ring located radially inside the first and second lower pistons;
and

J- an outer seal ring located radially outside the first and second lower pistons.

The rotary actuator of claim 11, wherein the first and second pressurization lines have

substantially equivalent internal diameters.

The rotary actuator of claim 11, wherein the bearing is a thrust bearing.

The rotary actuator of claim 11, wherein the lower housing is cylindrical.

The rotary actuator of claim 11, further comprising:

a. a source of pressurization fluid coupled to each pressurization line; and
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h. a bearing nounted to the shaft and the upper
housing; i. an inner seal ring located radially inside
the first and second | ower pistons; and j. an outer
seal ring located radially outside the first and
second | ower pistons. 12. The rotary actuator of
claim1ll, wherein the first and second pressurization

linegs have substantially.eqyjval egt,.internal . :

i arfet or <& caRol e oyt ioRlodipr e pimggation with the source of
wherein the beari ngﬂﬂi_s a thrust bearing. 14. The

rotary adiestBzation Thidppd qach pigssvagation fiae) ower housi ng

is cylindrical. 15. The rotary actuator of claim 11,
further conprising: a. a source of pressurization

fluid coupled to each. pressurization line; and 11 b.
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conmuni catjon with the source of pressurization fluid
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t he location diametrically opposite the lower piston so as to define a first pressure

cavity and a second pressure cavity between itself and the lower piston;

f. a first pressurization line extending through the outer wall to the side of the
lower piston adjacent the first pressure cavity, such that fluid can be injected
into the first pressure cavity through the first pressurization line to cause the
upper piston to move away from the first lower piston;

8. a second pressurization line extending through the outer wall to the side of the
lower piston adjacent the second pressure cavity, such that fluid can be
injected into the second pressure cavity through the second pressurization line

to cause the upper piston to move away from the lower piston.

17. The rotary actuator of claim 16, wherein the lower piston and upper piston are

cylindrical.
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| ower piston adjacent the first pressure cavity, such
that fluid can be injected into the first pressure
cavity through the first pressurization |ine to cause
the upper piston to nove away fromthe first | ower

pi ston; g. a second pressurization |ine extending

t hr E&H%tﬁ'r t [ I [ :

18]oi s?ggl}%%ﬁgcen t Fe sec%ﬁd%s@?é&%gw%? "g’gﬁ%wn are
flui My ' he second pressure cavity
thrg%ﬁﬁ%gﬁes%é@r@géﬁggéﬁgﬁti on line to cause the

upper piston to nove away fromthe | ower piston. 17.
The rotary actuator of claim 16, wherein the | ower
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by ﬁ‘ﬂ@?eﬁ‘g?m%f@ml%gg?@ya?&? ator of claim 16, wherein
the cross sectional area of the | ower piston and
upper piston are substantially equal. 20. The rotary

actyator of .claim16, further conprising; a. a source
20.of "Fhodotary achupior clﬂnui%%er@% geach pressurization
line; and b. a_ control valve systeminstalled in fluid
confruni EROPESH ohpressurization Snid seupled tosaehipressimization lind; and d
andb each pressurization line. 13
: a control valve system installed in fluid communication with the source of

pressurization fluid and each pressurization line,
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