






Patented June 9, 1953 2,641,229 

UNITED STATES PATENT OFFICE 
2,641,229 

FLUID-POWERED ENGINE 

Lewis F. R. Bellows, Detroit, Mich., assignor to 
The Bellows Company, Akron, Ohio, a corpo 
ration of Ohio 

Application July 23, 1949, Serial No. 106,457 
(Cl. 1211-—i48) 14 Claims. 

The present invention relates generally to the 
valve art and is more particularly concerned with 
a novel and useful, fast-acting, fluid-powered 
engine for operating fluid valves or other devices 
by ineans of a reciprocating floating piston acted 
On by pressure fluctuation controlled by hand, 
mechanical, or electrical means, or any suitable 
combination thereof. 
Although such fluid-powered engines have long 

been known in the art, those conceived prior to 
the present invention have not been satisfactory 
for fast, continuous, shock-free action, especially 
When liquid may be introduced for lubricating 
purposes or may be formed inside the System of a 
gaS-Operated engine. 

Engines of this type depend for their operation 
On reducing the imposed fluid pressure alterna 
tivly On opposite ends of a movable piston, and 
re-equalizing these pressures between piston 
movements. 
Sure requires channels either through or around 
the piston, which are of Small total area, in rela 
tion to the vents required to unbalance the travel 
piston. Obviously, the presence in this system of 
iiquids of high Wiscosity compared to the operat 
ing fluid, which is normally a gas, delays the re 
balancing of fluid pressure in the System and pre 
cludes rapid action of the piston. Furthermore, 
the expansion chamber behind the piston is 
necessarily of relatively large volume in order 
that the desired piston motion Will be obtained 
under the expansive force of the operating fluid, 
and consequently a relatively long period is re 

Rebalancing of the imposed pres 
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quired for evacuation of the said fluid when pis 
ton movement is to be reversed. 
The present invention assures rapid operation 

in these engines, regardless of the presence of . 
high Viscosity liquids in the passageways or vents. 
Also, according to this invention, shocks due to 
stopping rapidly moving pistons can be virtually 
eliminated and faster piston action can, at the 
same time, be obtained through the automatic 
equalization of the operating fluid pressures in 
these engines during the last 5% of the piston's 
travel in either direction. 
Those skilled in the art will gain a better un 

derstanding of the present invention upon refer 
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ring to the drawings accompanying and forming . 
part of this specification, in which: 

Fig. 1 is a fragmentary, cross-sectional view of 
a solenoid-controlled engine embodying this in 
Wention; 

Fig. 2 is a view similar to Fig. 1 with the parts 
disposed in an intermediate position to indicate 
the operation of the mechanism; 
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Fig. 3 is a view similar to Figs. 1 and 2 showing 

the parts of a similar engine in an extreme posi 
tion opposite to that of Fig. 1; 

Fig. 4 is an enlarged, sectional view of a head 
Of the piston of Fig. 3, equipped With a Spring 
mounted ball check wave member; 

Fig. 5 is a fragmentary, cross-sectional view of 
a Solenoid-controlled engine embodying still an 
other form of the present invention, the parts 
thereof being disposed in neutral or intermediate 
position; 

Fig. 6 is a fragmentary, cross-sectional view of 
another Solenoid-controlled engine embodying 
this invention; 

Fig. 7 is a partially diagrammatic view of an 
eiectrical System, including a Solenoid engine gen 
erally resembling that of Fig. 6, Said engine be 
ing shown in partial section; 

Fig. 8 is a partial sectional view of another en 
gine of this invention generally resembling the 
engine of Fig. 6 and equipped with manual and 
remote mechanical means for operating said 
engine; and, 

Fig. 9 is an enlarged, sectional view of a head 
of a piston generally resembling that of Fig. 4, 
but having a relatively Smaller ball check valve 
member. 
The same parts in these several views bear the 

Sane reference characters. 
Generally Speaking, an engine of this invention 

comprises a housing having an inlet opening in a 
side Wall and exhaust vents in opposing end 
Walls, means for controlling the flow of gas in the 
housing through said exhaust vents, and a piston 
in the housing for reciprocating movement be 
tween the said opposed ends in response to fluid 
preSSures obtaining in the two portions of the 
housing Separated by the piston head, said piston 
having a head and skirts projecting in opposite 
directions from the head and a passage open to 
Said inlet opening and having outlet openings 
Communicating With the exhaust vents. Fur 
ther, this engine has valve means for controlling 
flow of fluid into these portions from the hous 
ing inlet opening and through the piston head, 
this valve means being movable with and relative 
to the head and disposed within said paSSage for 
closing Said outlet openings. In the usual form 
this piston will be secured to a sliding valve 
mechanism which will move with the piston and 
With respect to the housing and the member de 
fining the valve openings. 

In addition, in general, the valve means re 
ferred to above comprises a body which is mov 
able with and relative to the head of the piston, 
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chamber through left port 8 continues, causing 
the piston to travel to the right with the ball 
remaining Seated as indicated in Fig. 2. When 
the travel of the piston to the right is nearly 
completed, the ball engages right coil casing 36 
and is unseated. PistOn travel is completed 
when the piston head engages casing 36, as illus 
trated in Fig. 3, and the ball at this stage is so 
positioned as described above that both right and 
left ports 8 stand open. Right coil 35 thereupon 
may then be deemergized, resulting in the clos 
ing of right went 2 and balancing of air across 
the piston head through chamber 9 and ports 
8. Thus the piston again is in a neutral condi 

tion and motion of the piston is not again begun 
until the left coil 37 is energized resulting in 
the opening of left port 2 and unbalancing of 
the air pressure across the piston head and con 
sequently seating of the ball to the left. The 
piston, consequently, may be reciprocated inter 
mittently between the two extreme positions in 
dicated in FigS. 1 and 3 and may be operated in 
this way continuously depending upon the type 
of Control and Operation desired. 
The engine of Fig. 5 differs from that of Fig. 3 

Only in the form of valve member for controlling 
piston ports 8. Instead of the ball of the former, 
a dumb-bell plug 50 is provided. The enlarged, 
rounded end portions of this plug are of such 
Size as to be capable of closing the ports and 
projecting therethrough for engagement with 
opposing ends of casing 36. 

Furthermore, the plug can move lengthwise in 
chamber í 9 and in repose will allow air flow 
through both ports 8, a pair of opposed balanced 
coil Springs 22 bearing on the ends of plug 50 
aSSuring this condition. The operation of this 
device, therefore, is essentially the same as that 
of the device of Fig. 3 inasmuch as the two closure 
openings may, under certain circumstances, be 
open at the same time, as indicated in Fig. 5 or 
One or the other may be closed and the plug 
moved from One position to another to accom 
plish this effect rapidly and under relatively small 
air pressure differentials. Furthermore, the out 
let ports Will both stand open when plug 50 is 
displaced to a maximum degree by engagement 
with either coil casing 36, provided there is no 
substantial air pressure differential across the 
piston head. 
The engine of Fig. 6 differs from that of Fig. 3 

in several important respects, but the two are of 
the same general design and operation and em 
body the same basic invention. The ball valve 
member 2 is disposed in chamber 9 of piston 
head 17 where it is centered in repose between 
balanced coil springs 22 so that the ports 8 
will not be sealed untimely by the ball under 
external forces such as gravity. As a difference, 
solenoid casings 65 of this valve are unslotted but 
have axial recesses 66 facing Vents 2 and Sole 
noid cores 67 are axially recessed at 68 to receive 
and retain compression SpringS 69. The noses of 
cores 67 carry rubber pads 70 of square cross 
section to seal and project into the vents when 
the coil is deenergized and compression Springs 
69 exert their effect without interference by mag 
netic forces in coils 37. Plugs 42 are disposed in 
end walls 73 of the valve housing and are elec 
trically insulated therefrom by gaskets 43 and 
electrically connected to coils 37 by clips 4. 

Bolts T4 are provided to Secure end Walls 3 
to the main body of the Valve housing as indi 
cated in Fig. 6. 
The flow of air between ports 8 and yents 
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2 in this Fig. 6 engine differs from that of the 
foregoing devices in that it flows around the end 
of casings 65, passageways 75 being provided be 
tween portions of Said casings and end walls 73. 
The engine of Fig. 7 generally resembles that 

of Fig. 1, but is provided with an end Wall 73 
as shown in Fig. 6. Thus electrical connections 
to Solenoid coils 3 are made through the ends. 
of the engine housing and Solenoid casings 65 are 
unslotted, and a, Space is provided between a, por 
tion of each of these casings and main body H 
of the housing and end Walls 3 to define a. 
passageway 75 for air flow between ports 8 and 
WentS 2. As before, ball 2 is spring-mounted 
on Opposed, balanced, coil Springs 22 and piston 
6 is operated by means of air delivered through 

inlet I of body H, solenoid cores 38 regulating 
air flow through vents 2, as described above. 
Terminals 42 are connected to a source of elec 
tric current (not shown) by means of lines , 80 
and transformer 8, line voltage being delivered 
through wires 83 to the transformer. A pair of 
Switches 85, which may be the conventional limit-, 
micro-, or foot-types, or may be relays, are pro- . 
Wided in lines 80 to govern the flow of current to 
the Solenoids; and the circuit is grounded as 
indicated at 87. 
The engine of Fig. 8 likewise bears a general 

resemblance to that of Fig. i., but is not provided 
With Solenoid means and is not electrically 
controlled in its operation. This engine com 
prises the usual body portion 0 with its air-inlet 
I and piston 5 with its spring-mounted ball 2. 
to regulate the flow of air through the piston 
head and through ports 8, as described in detail 
above. Further, piston 5 carries a sliding ele 
ment 25 of a slide valve assembly. End walls 90. 
of the engine close the opposite ends of body H 
and have cylindrical axial projecting portions 9 
telescopically disposed within guides 6. Axial 
apertures 92 are provided in portions 9 and at 
their outer ends these apertures are enlarged and 
provided with Screw threads for the receipt of . 
Valve members 94 which are screwed thereinto . 
and define vents 95. Flow of air through the 
engine thus is generally the same as described in 
the discussion of Fig. 1 device to the point where 
where air emerges through ports 8, whereupon 
it flows through apertures 92 and out of the 
engine through vents 95. . . 
To regulate the flow of air through the engine . 

and through these vents manual means, such as 
indicated at the left side of Fig. 8, may be pro 
vided. This means includes a valve stem or 
plunger 96 disposed within the enlarged portion 
of aperture 92 on the left side of the engine for 
Sealing engagement with member 94. A com 
pression Spring 97 bears against the plunger and 
against the opposing part of member 9 and 
resiliently urges this sealing engagement of these 
parts. A hand lever 99 is disposed adjacent to 
the engine for engagement with the outer end of 
stem 96, whereby motion of the lever toward the 
engine will result in compression of spring 97 
and opening of vent 95 to the ends and objects 
described above. 
Means for remotely and mechanically operat 

ing this Fig. 8 engine is indicated on the right 
side of this drawing and comprises a valve body 
00 having an inlet port passageway 0 com 
municating with right vent 95 of the engine 
through a conduit 102. This body OO further is 
provided with an outlet port passage 03 which 
is threaded and into which is screwed a valve 
Sealing member 04, defining an outlet port iO5, 
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Vai?e:stem; í07, quite like stem 96; isºprovided t? 
close and seal port:05 by firm engagement with 
body 64 and a compressioni spring. 08 is pro 
vided within passage 03 to resiliently urge this. 
engagement, after the manner described above 
in reference to the spring 97. 
The valve stem is carried in suitable supporting: 

structure... through which it. extends for engage-r 
ment with a cam ff0 carried on a reciprocating. 
element i fff. Cam 'f0'is mhoUunted in such å: way 
that on passing the stem OT in travel to the left, 
i. e. toward the eligine, the Stern Will be driver 
into*body' fi0, opening. port f05. On the other' 
hand, when can O is: moved in the opposite 
direction it does not. depress the stem, but, is 
turned; on a pivot. by the stem and port 5 re 
mains. Sealed under the action of Spring 88. 
Referring to Fig. 9, a piston head ill, quite like: 

head 7, described above, is illustrated in engage 
ment on its left-side with a coil casing if 9 having 
an axially disposed lug 20 projecting through. 
left outlet port, 22. Of the head. AS in Said 
head. 7, a chamber 24 is provided in head. If 
and a passageway 25 connects this chamber 
with a source of air under pressure, as for in 
stance inlet. I of an engine.housing. Right arid 
left ports 22 are sealed by means of a ball 22 
disposed in. chamber 24, this ball differing, 
however, from ball 2 in that it is so dimensioned 
with respect. to the said ports 22 that it can 
not project. toe any appreciable: extent there 
through for engagement with a coil casing such 
as casing. 36; of the Fig.1 device. However, ball 
27:issimilar in other respects to ball 2, being, 
for example, displaceable to a maximum extent 
due to the action of lug i 20, sothat in the posi 
tion illustrated in Fig. 9 the ball seals neither of 
the outlet ports and the piston is in a neutral 
position with air pressure balanced across the 
head. Also, as before, a pair of opposed balanced 
springs. 29 are, provided in chamber 24 to bear 
against opposite sides of the ball and resiliently 
oppose-movement of the ball toward either of the 
outlet ports. These springs, like those described 
in detail- above, should not function under any. 
ordinary operating circumstances: to stop the 
flow of air through either of the outlet-ports in 
the head. Closure of the outlet ports in this 
manner independently of the ball, i. e. when the 
ball is not positioned to sealingly close one or the 
other of the ports, may result in the piston being 
moved. at times. When such movement is not de 
Siréd 

Having thus described the present invention 
so that those skilled in the art may be able to 
understand and practice the same, I state that 
What I desire to secure by Letters Patent is de 
fined in what is claimed. 

I claim: 
1. An engine comprising a housing having an 

inlet opening arid exhaust verts, means for ope:-" 
ing and closing said vents, a piston in said hous 
ings having a head and skirts projecting in op 
posite directions from the head, said piston hav 
ing. a passage open to Said inlet opening and 
having outlet openings from the passage com 
municating with..said vents, and means nowable 
with and relative to the head and disposed with 
in said passage, and Supported by the pistoia for 
closing one of said outlet openings under prede 
termined fluid pressure circumstances and ciosing. 
the other said opening under other fluid pres 
stre circumstances. 

2. An engine: comprising a housing having an 
inlet opening, and exhaust vents, means for open 
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ing and closing: said vents, a pistori; in Said 
housing having a head and skirts projecting in 
opposite directions from the head, Said piston 
having a passage open to Said inlet opening and 
having outlet openings from the paSSage Com 
municating with said vents, means.movable With 
and relative to the head and disposed within 
said passage for closing one of said outlet. Open 
ings under predetermined fluid pressure cir 
cumstances and closing the other said opening. 
urider other' fluid pressure circumstances, and 
resilient means in said head and movable there 
with and engaging the closure means for re 
siliently opposing movement of Said closure 
means to close either of said outlet openings. 

3. An engine comprising a housing having an 
inlet opening and exhaust vents, means for open 
ing and closing said vents, a piston in Said hous 
ing having a head and skirts projecting in op 
posite directions from the head, said piston hav 
ing a passage open to said inlet opening and 
having outlet openings from the paSSage con 
municating with said vents, means including a 
ball movable with and relative to the head" and 
disposed within said paessage for closing one of 
said outlet openings under predetermined fluid 
pressure circumstances and closing the other said 
opening under other fluid pressure circum 
stances, and means including a pair of opposed 
balanced springs in the head and engaging the 
ball to resiliently oppose movement of the ball to 
close either of said outlet openings. 

4. An engine comprising a housing having an 
inlet opening and exhaust vents, means for open 
ing and closing said vents, a piston in Said hous 
ing having a head and Skirts projecting in op 
posite directions from the head, said piston hav 
ing a passage open to said inlet opening and 
having outlet openings from the passage com 
municating with said vents, and means movable 
With and relative to the head and disposed with 
in said passage for closing said outlet openings, 
saidºmeans being responsive to fluid pressure dif 
ferentials across the head to close the outlet 
openings on the low pressure side of the piston 
and to occupy a neutral position. With the said 
outlet openings communicating with each other 
when there is no substantial pressure differential 
across said head: 

5. An engine comprising a housing having an 
inlet opening and exhaust vents, means for open 
ing and closing said vents, a piston in said hous 
ing having a head and skirts projecting in op 
posite directions from the head, said piston hav 
ing a passage open to said inlet opening and hav 
ing outlet openings from the passage communi 
cating with said vents, and means including a 
ball movable with... and relative' to the head and 
disposed within Said passage for closing said out 
let openings, said means being responsive to fluid 
pressure differentials, across the head to close 
the outlet opening on the low pressure side of the 
piston and to occupy a neutral position with the 
said outlet openings communicating with each 
other when there is no substantial pressure dif 
ferentials across the head to close the outlet 
opening on the low pressure: side of the piston, 
and to occupy a neutral position with the said 
outlet openings communicating with each other 
when there is no substantial pressure differential 
across said head. 

6. An electrically-controlled, air-powered en 
girie comprising a housing, having an inlet open 
ing and exhaust vents, electrical means for open 
ing, and closing Said vents in tined relation, a 
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reciprocating piston in said housing, said piston 
having a head and hollow cylindrical guides ex 
tending from the head and having remote open 
ends and inlet openings at adjacent ends, and a 
Valve member in said head having an inlet open 
ing and a valve chamber communicating with 
Said guide inlet openings, and a ball movable 
With and relative to the head and disposed in the 
Valve chamber for closing said guide inlet open 
1lgS. 

. A Solenoid-controlled engine comprising a 
housing having an inlet opening and exhaust 
VentS, Solenoid units controlling said vents, a pis 
ton in said housing having a head and skirts 
projecting in opposite directions from the head, 
said piston having a passage open to said inlet 
opening and having outlet openings from the 
passage communicating with said vents, and 
means movable with and relative to the piston 
and disposed in said passage for closing Said out 
let openings. 

8. A solenoid-controlled engine comprising a 
housing having an inlet opening and exhaust 
vents, Solenoid units therein controlling said 
vents, ca.SingS for Said units, a piston having a 
head between said casings and skirts telescoping 
the latter, said piston having a passage Open to 
said inlet opening and having outlet openings 
from the passage to the spaces between Said pis 
ton and said casings, and means movable With 
and relative to the piston and disposed in said 
passage for closing Said outlet openings. 

9. A Solenoid-controlled engine comprising a 
housing having an inlet opening and exhaust 
vents, solenoid units therein controlling said 
vents, casings for said units, a piston having a 
head between said casings and skirts telescop 
ing the latter, Said piston having a paSSage Open 
to said inlet opening and having substantially 
circular outlet openings from the passage to the 
spaces between said piston and said casings, and 
a ball carried by Said piston in Said paSSage and 
having a diameter greater than the diarieter 
of said outlet openings, said ball being movable 
relative to said piston to project through and 
close either of said outlet openings and contact 
either of said casingS. 

10. A Solenoid-controlled engine comprising a 
housing having an inlet opening and exhaust 
wents, solenoid units therein controlling Said 
vents, casings for said units, a piston having a 
head between said casings and skirts telescoping 
the latter, said piston having a paSSage open to 
said inlet opening and having substantially cir 
cular outlet openings from the passage to the 
spaces between said piston and said casings, and 
an elongated plug movable with Said piston and 
disposed in said passage and having enlarged 
rounded end portions larger than Said outlet 
openings, said plug being movable relative to 
said piston to project through and close either 
of said outlet openings and contact either of Said 
caSingS. 

11. An engine comprising a housing having an 
inlet opening and exhaust vents, manual means 
for opening and closing Said vents, Said means 
comprising spring-mounted plungers movable to 
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O 
close said vents and operating levers associated 
With said plungers, a piston in said housing hav 
ing a head and skirts projecting in opposite 
directions from the head, said piston having a 
paSSage open to Said inlet opening and having 
Outlet openings from the passage communicat 
ing With Said Vents, and imeans imovable With and 
relative to the head aind disposed within said 
paSSage for closing Said outlet openings. 

12. An engine comprising a housing having an 
inlet opening and exhaust vents, mechanical 
means for automatically opening and closing said 
vents, Said means comprising valve bodies hav 
ing inlet ports and outlet ports communicat 
ing With Said exhaust vents, spring-mounted 
plungers movable to close said outlet ports, and 
can means to engage said plungers and move 
them relative to said bodies, a piston in said 
housing having a head and skirts projecting in 
Opposite directions from the head, said piston 
having a passage open to said inlet opening and 
having outlet openings from the passage com 
municating with Said vents, and means mov 
able with and relative to the head and disposed 
Within said paSSage for closing said outlet open 
lgS. 

i3. An engine comprising a housing having an 
inlet opening and exhaust vents, manual means 
for Opening and closing said vents, a piston in 
Said housing having a head and skirts project 
ing in opposite directions from the head, said 
piston having a passage open to said inlet open 
ing and having Outlet Openings from the pas 
Sage coin unicating with said vents, enlarged 
Opposed abutment members in said piston and 
Secured to the housing and telescoped in Said 
skirts, and neans including a spring-mounted 
ball novable With and relative to the head and 
disposed Within Said passage for engaging said 
abutment Imembers and closing said outlet open 
II1??. 

14. An engine comprising a housing having an 
inlet opening and exhaust vents, mechanical 
means for automatically opening and closing said 
Wents, a piston in Said housing having a head 
and skirts projecting in opposite directions from 
the head, said piston having a passage open to 
Said inlet opening and having outlet openings 
from the passage communicating with said vents, 
enlarged opposed cylindrical abutment members 
in Said piston having axial apertures communi 
cating With said passage and vents and being 
Supported by and Secured to the housing and 
telescopically related to said skirts, and means 
movable With and relative to the head and dis 
posed within said passage for closing said out 
let openings. 

EWIS F. R. BELLOWS. 

References Cited in the file of this patent 
UNITED STATES PATENTS 

Number Namie Date 
234,649 Boland –------------ Nov. 23, 1880 
358,520 Westinghouse ------- Mar. 1, 1887 

2,369,505 Ward -------------- Feb. 13, 1945 
2,372,813 Darling ————--------- Apr. 3, 1945 


