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3,082,596
PNEUMATIC TIMED DRIVE
John B. MeGay and Bobby G. Stoops, Tulsa, Okia., nse
signors to Rockwell Manufaciuring Corporaiion, Pitis-
burgh, Pa., a corporation of Peunsylvania
Filed Qct, 16, 1959, Ser. No. 846,876
20 Claims. (CL ¢0—7)

This invention relates to a pneumatically powered timed
drive mechanism and is particularly related to an escape-
ment controlled spring powered drive utilizing inter-
mittent power impulses of an automatically operable,
pnenmatic motor arranged as a compact unitary device
for storing energy in the spring.

This application is a continuation-in-part of our co-
pending application Serial No. 656,434 filed May 1, 1957.

As disclosed in said copending application Serial No.
656,434, one field of use of the present invention s for
powering condition recording charts. The charts which
are adapted to be driven by the present invention are con-
ventionally either strip or circular charts and are normal-
ly driven in timed relationship with a recording device.
A use of such charts is to record conditions of flow
through pipe lines over selected periods of time. Such
charts also can be used to provide a permanent record
of electrical power flow through various machines or to
record the continuing conditions for any factors of which
permanent records are desired.

The present invention generally contemplates a unjtary
prneumatic power component basically consisting of a
cylinder block with a reciprocable piston and internal
valving directly cooperating with the piston for applying
torque to an escapement mechanism and an output drive.
In accordance with the present invention, the output
drive is coupled to the escapement mechanism so that
the rate of rotation of the drive is controlled thereby.
The pneumatic power component is coupled to a source
of fluid for firing the piston in one direction so as to
stress an external spring, close the intermal valving and
move a drive member of a one-way clutch in its free
rotating direction. The spring biasing force then returns
the pistocn and moves the one-way clutch member in its
driving direction to apply torque to the output drive
under the control of the escapement mechanism. When
the escapement mechanism has permitted a full return
of the piston, the internal valving is automatically opened
and the firing process is repeated.

The specific embodiment of the present invention dis-
closed herein comtemplates a more compact, efficiently
organized, easily assembled and repairable pneumatic
powered time drive mechanism wherein all of the drive

Parts are safely enclosed within a cover assembly but are

readily accessible for service. The present invention fur-
ther contemplates a time drive mechanism and a self-
contained pneumatic motor unit driving the mechanism
and having a piston reciprocable in an open ended cylin-
der that is sealed by means including a special retainer
boot which seals the open ended cylinder with the piston
to prevent escape of working fluid into and around the
drive and time escapement mechanism thereby preclud-
ing corrosion of the component parts of the drive mech-
anism when corrosive working fluids are used to power
the motor unit.

The present invention further contemplates a motion
converter including a pin and slot connection to convert
the linear movement of the piston of the unit motor into
rotary movement to thereby facilitate rotation of an cut-
put shaft. The components of- the pin and slot connec-
tion cooperate with a specially formed planar surface of
a piston rod connected to the piston to prevent the rod
and the piston from turning to any appreciable degree.
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By preventing the piston from turning the seal retaining
boot sealingly engaging the piston and the cylinder block
of the motor unit is maintained against being twisted or
excessively stressed so as to preserve and lengthen its
operating life,

Accordingly, a primary object of the present invention
resides in the provision of a novel pneumatic powered
timed drive mechanism which is compact, simple and
inexpensive in construction and has relatively few parts.

\nother object of the present invention resides in the
provision of a novelly supported and easily assembled
pneumatic timed drive assembly.

A further object of the present invention resides in the
provision of a novel pneumatic powered timed drive
mechanism having an automatically operable self-con-
tained pneumatic motor unit operable to stress a spring
and store energy for rotating a drive shaft under the
control of an escapement wherein all the component parts
are supported between two spaced frame members and
wherein at least one frame member is provided with in-
tegral formations which structurally support and align
the component parts of the pneumatic motor unit and the
energy storing spring of the drive assembly.

Still another object of the present invention resides in
the provision of novel timed drive assembly powered by
a self-contained pneumatic motor unit having fluid inlet
and outlet connections wherein the motor unit is sealed
fluid-tight to prevent escape of fluid from the motor unit
to the components of the timed drive assembly, thereby
preventing corrosion of the timed drive assembly com-
ponents when a corrosive fluid is used to power the motor
unit.

Still another object of the present invention is to pro-
vide a novel pneumatic timed drive mechanism including
a rotatable output shaft driven by a self-contained auto.
matically operable pneumatic motor unit having a re-
ciprocable power member wherein a motion converter
mechanism including a pin and slot connection is pro-
vided for operatively connecting the reciprocable power
member to the rotatable output shaft to transmit a driving
torque for rotating the output shaft.

Another object of the present invention resides in the
provision of a pneumatic timed drive mechanism as in
the preceding cbject wherein the power member is con-
nected to a piston rod having a specially formed surface
cooperating with the component parts of the pin and slot
connection to prevent the piston rod from turning in its
bearings to any appreciable degree.

Further objects and advantages of the present inven-
tion will become apparent as the description proceeds
in connection with the drawings, wherein:

FIGURE 1 is a front elevation partly in section of a
pneumatic timed drive mechanism incorporating a pre-
ferred embodiment of the invention with the front sup-
port plate and the front cover plate removed; '

FIGURE 2 is a right-hand side elevation of the timed
drive mechanism of FIGURE 1 with a portion of the
cover plate assembly broken away to show the com-
ponent assembly;

FIGURE 3 is a plan view substantially ‘along line
3—3 of FIGURE 1 with the cover plate assembly
removed;

FIGURE 4 is a section along line 4—4 of FIGURE 2
illustrating the pneumatic motor unit of the timed drive
mechanism; and :

FIGURE 5 is a section along line 5—5 of FIGURE 1
illustrating the motion converter connection between the
piston rod of the pneumatic motor unit and the com-
ponents of the torque output gear {rain.

Referring now to the drawings and more particularly
to FIGURES 1-3 wherein the construction embodying
the principles of the present invention are shown, the



3,082,596

reference numeral 1@ generally designates a pneumatic
drive assembly adapted for powering a recording chart
and having a support frame structure 12.

The support frame structure 12 comprises paralle] flat-
sided front and back support plates 14 and 16 held in
spaced-apart parallel relation by a plurality of parallel
shouldered spacer rods 18. Spacer rods 18 are provided
with reduced diameter threaded opposite end sections 19
(FIGURE 3) which extend through apertures formed
in plates 14 and 16 and threadedly receive nuts 20 for
rigidly securing the support plates 14 and 16 and rods
18 in a unitary frame. The general outline of support
plates 14 and 16 are substantially identical and are prefer-
ably round as shown in FIGURE 1.

An output shaft 22 journalled adjacent its ends in
support plates 14 and 16 extends beyond the front plate
14 and terminates in a drive pinion 24 which is adapted
to be drive connected to a component to be driven, as
for example a chart sprocket or cable pulley of a re-
cording chart (not shown).

In order to apply a drive torque to the outpui shaft
22, a gear 26 is fixedly secured through a coil type uni-
directional clutch 28 onto the shaft. The unidirectional
clutch 28 may be omitted if desired but is normally used
to provide a safety factor to facilitate Totation of the
output shaft 22 independently of the other componenis
of the drive assembly 10. When coil clutch 28 is omitted,
gear 26 is directly fixed to shaft 22 as by a set screw Of
other suitable means.

A small gear 30 meshing with gear 26 is fixedly secured
as by a press fit to a cross arbor 32 which is journailed
adjacent its opposite ends in support. plates 14 and 16
in downwardly parallel spaced relation to output shaft
22 as best shown in FIGURES 1 and 2. Rearwardly of
small gear 30, a large gear 34 is fixedly secured to arbor
32 and meshes with a small gear 34 fixedly secured to
a drive arbor 38. As best shown in FIGURE 5, the
drive arbor 38, extending in spaced parallel relation to
cross arbor 32, is journalled adjacent its opposite ends
in plates 14 and 16.

In order to control the rate of rotation of the arbor
38 and hence the output shaft 22, a power-gear 44 fixedly
secured to arbor 38 is coupled, as best shown in FIG-
URE 1, to an escapement mechanism 46 of conventional
clock - construction. The escapement mechanism 46
comprises a time gear train 48 having a gear 53 at one
end of the train meshing with power gear 44 and a pinton
gear 52 at the opposite end of the train as best sl}own
in FIGURE 1. The gear 50 and pinion 52 are inter-
connected by intermeshing gears and pinions common to
clock construction. The pinion 52 and escape wheel 54
are mounted on an arbor 56 and a pallet 58 is secured
to an arbor 60 pivotally supported between the front
and back plates 14 and 16 of frame 12. Operation of
the pallet 58 is regulated by a balance wheel as_sembly
62 in a maaner common {0 a mechanism of this type,
and a tegulator 64 is connected with the balance wheel
62 to control its rate of movement,

By this structure, it will be appreciated that the rota-
tion of the arbor 38 and the output shaft 22 will be in
accordance with a timed rate as permitted by the escape-
ment mechanism 46. The timing of the escapement 46
can be adjusted by the regulator 64 coacting with an
escapement hair spring 66 of the balance wheel as-
sembly 62. . .

Driving power for arbor 38 is cbtained .from a pneu-
matically power driven mechanism 74 wh}ch ‘compnse‘s
a pneumatic motor unit 76 having a cyhn{_lncal blocg
housing 78, one end of which is formed with an open
end cylindrical bore 86-as shown in FIGURE 4. Wlth
continued reference to FIGURE 4, a reciprocable piston
82 is received in the cylindrical bore &3 with a free
sliding fit and there is no seal between the rel.atively re-
ciprocating surfaces of the piston and the cylinder. By
this construction, a minute- annular cicarance space 18
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provided around the reciprocating surface of the piston
82 to permit an intentional slow leakage or escape of
operating fluid from the expansible working chamber 84
behind the piston 82 and to the exterior of the block 78.

'The rod end of piston 82 terminating in a reduced
diameter section 86 extends beyond the edge of cylindrical
bore €@ and is received in a flexible one-piece gas re-
tainer boot 88 preferably of rubber or other suitable flexi-
ble rubber-like synthetic material. Retainer boot 88 is
tightly fitted in annular sealing contact with the reduced
diameter section 86 of piston 82 and is provided at its
other end with a skirt ¢ that is adapted to fit tightly over
the reduced -diameter end section 92 of cylinder block
78 in sealing contact therewith and in spaced relation
to the annular shoulder 94 formed between the cylinder
block end section 92 and the cylindrical body portion 96
of block 78. The transition between the boot skirt 90
and the axially annular end section 98 is formed by a
frusto-conical section 16% and a radially extending an-
nular section 182 which sealingly bears against an an-
nular shoulder 104 of piston §2.

By this construction, it will be appreciated that the
retainer boot 88 permits reciprocal movement. of -piston
82 and seals the outer surface of cylinder 78 with the
end of the piston. The radial portion 162 of boot &8
restrains the annular boot section. 98 from slipping to
the rear of the piston 82 as the piston is moved fo its
forward position partially beyond the edge of bore 84.

The retainer boot 88, with its frusto-conical section 109
adjacent the outer edge-of cylinder bore 8 and in out-
wardly spaced relation to piston 82, forms a chamber
196 with the piston 82 and the cylinder block 78. Fluid
escaping past the piston 82 from the expansible chamber
84 collects in chamber space 186. A laterally extending
tubular conduit 168 integral with boot 88 forms an outlet
passage 110 communicating with fiuid collection chamber
1086. The tubular conduit 188 is adapted to connect to
the exterior of the drive assembly 10 by a tube 112 to
either vent the fluid collected in chamber 106 to the atmos-
phere or to return it to a fluid sump (not shown).

By this structure, it will be appreciated that fluid enter-
ing the expansible chamber 84 is prevented from escaping
into the interior of the drive assembly 18 and the com-
ponent parts of the drive assembly particularly the timed
escapement are not effected by any corrosive properties
of the fluid utilized to fire the piston. Furthermore, the
fluid used to power the motor unit 76 can be reclaimed
by returning it to a suitable sump, thereby preventing the
loss of the fluid. .

In order to simplify the assembly of the motor unit
76 with the other components of the drive assembly 18,
two spaced tabs 114 and 116 (FIGURES 2 and 3), in-
tegrally formed with the back plate 16, are bent fo extend
in parallel relation inwardly between the support plates
14 and 16 and at right angles thereto. The upper tab 114
is adapted tc extend into an annular groove 118 provided
in the cylinder block body portion 9% adjacent the end
face 128 and the lower tab 116 is adapted to extend
into a groove 122 formed between the annular shoulder
64 and the exposed edge of the retainer boot skirt portion
20. Both tabs 114 and 116 are of similar configuration
and have arcuately formed edges corresponding to the
radius of curvature of the annular grooves 118 and 122

so as to contact the bottom surfaces thereof.

The front support plate 14 is similarly provided with a
pair of integraily formed tabs 124 and 126 which are op-
posite the tabs 114 and 116 respectively and extend into
the anmular grooves 118 and 122 on the opposite side
of the cylinder block 78.

By this construction it will be appreciated that the
cylinder bleck 78 is rigicly held in spaced relation be-
tween the opposed inner faces of support plates 14 and
16 by the tabs 114, 116, 124 and 126.

Extending in paraliel spaced relation between the sup-
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port plates 14 and 16 is a piston rod 228 which is pro-
vided with body portion 130 having a substantially square
cross section as shown in FIGURE 4 and opposed cylin-
drical end sections 132 and 134 as shown in FIGURES 4
and 1 respectively. The width and height of the squared
Dbiston rod portion is appreciably greater than the diame-
ter of the cylinder sections 132 and 134. '

The cylindrical rod section 132 is press-fitted into a
bore 136 formed coaxially in piston 82 so that the squared
body portion shoulders on the exposed end face 138 of
piston 82 as shown in FIGURES 1, 2 and 4, the cylindri-
cal end section 134 at the other end of piston rod 128
projects with a sliding fit throngh an apertured boss 140
of piston rod guide bushing 142. The boss 148 integrally
depends from a flat-sided annular spring guide flange 144
and projects with a press fit through an aperture 146
formed in a tab 148. The tab 148 formed integrally with
the back plate 16 is bent to project inwardly between and
perpendicularly to the plates 14 and 1§ in parallel rela-
tion to the tabs 114, 116, 124 and 126 adjacent the piston
end of rod 128.

Opposing the outward movement of piston 82 is a coil
tension spring 156 (FIGURES 1 and 2) mounted concen-
trically with piston rod 128 and seated at ome end over
the spring guide flange 144 in bearing relation against the
top face of tab 148. The other end of coil spring 156
is seated over a boss portion 152 of spring follower 154
and bears against the bottom face of a radially extending
annular flange 156 formed integrally with boss 152. The
spring follower 154 is provided with a squared aperture
to receive the squared body portion 138 of piston rod
128 and is fixedly secured thereto as by set screw 158.

As a result of this novel tab support structure, it will
be appreciated that the assembly of the power unit 76 on
the support plates 14 and 16 is easily and readily accom-
plished and that the tabs 114, 116, and 148 of back plate
16 facilitate perfect alignment of the component parts of
the motor unit 76, including the cylinder block 78, the
piston rod 128, the guide bushing 142 and the power
coil spring 1590.

The support plates 14 and 1§ with their integrally
formed tabs being preferably formed of substantially rigid
metal, may be fabricated by a stamping and bending
operation. .

In order to supply fluid to the expansible chamber 84
for firing the piston 82, a counterbore 164 is formed in
the base of the cylinder bore 88 and receives a valve seat
retaining ring 166 which is held in place within the coun-
terbore 164 by a snap ring 168 as shown in FIGURE 4.
With continued reference to FIGURE 4, the retaining
ring 166 has a central aperture 170 and an axially project-
ing annular flange 172 which abuts the end wall of coun-
terbore 164. An O-ring 174 is dispcsed over the outer
periphery of the flange 172 and against a shoulder 176 on
retaining ring 166, and being slightly distorted between
the flange 172 and the cylindrical wall of the counterbore
164, provides a fluid-tight seal between the valve seat re-
taining ring 166 and the counterbore 164. An inner
annular shoulder 178 disposed between flange 172 and
retaining ring aperture 176 provides a seat for an inner
O-ring seal 180 which constitutes the seat for valve assem-
bly 182. .

At the base of the counterbore 164 a further counter-
bore 184 of smaller diameter provides an inlet chamber
186 and extends to intersect an inlet passage 188 which
extends radially to the exterior of the cylinder block 78.
An inlet hose fitting 199 projects into the passage 188 and
is fixedly secured to the block 78.

The exterior end of passage 188 is counterbored to
form a recessed seat 192 which recejves an O-ring seal
194. The O-ring seal 124 is held in position on the seat
132 by an annular shoulder 196 extending radially from
the fitting 199 and provides a fluid-tight seal between the
exterior surface of the fitting 199 and the cylinder block
78 so as to prevent leakage of fluid therebetween and

10

15

20

30

35

40

55

60

65

70

75

6

thereby to provide a sealed fitting with the end of an air
or fluid pressure hose 198.

A still further blind counterbore 20¢ is formed at the
base of inlet chamber 186 and provides a generally guid-
ing coaction with the enlarged end 202 of a movable
valve member 204, .

As shown in FIGURE 4, the relative dimension between
the valve member end portion 202 and the counterbore
260 is such to provide a small annular clearance, but at
the same time to provide a guided relationship between

lock 78 and the movable valve member 204. This small
annular clearance space permits valve movement without
a fluid lock occurring in the blind bore 209.

The valve member 264 includes an integral stem por-
tion 266 coaxial with the end portion 202, a guide flange
208 adjacent the opposite end of stem portion 206 and
a spring seat boss 216 extending coaxial with the guide
flange 288.

The valve end member 202 has a diameter of larger
dimension than the inner diameter of O-ring 180 and the
stem 286 has a diameter of smaller dimension than the
inner diameter of O-ring 180. The transition between
the end 262 and the stem portion 206 is a frusto-conical
seating surface 212 adapted to engage and seal against
the surface of O-ring 180 when valve member 204 is
axially shifted to a valve closed position. The stem
portion 266 extends axially through the QO-ring 180 and
the aperture 170 in the valve seat retaining ring 166 and
coaxially projects into a counterbore 214 formed on the
inner side of piston 82 coaxial with bore 136. The guide
flange 298 is positioned within the piston counterbore 214
and is retained for limited movement relative to piston
82 by a retaining ring 216 positioned in an annular groove
adjacent the open end of counterbore 214. A valve
spring 218 is concentrically disposed in the piston counter-
bore 214 and is seated over boss 21§ on the guide flange
268 of valve member 204, thus exerting a biasing force
tending to force the movable valve member 264 out of the
piston counterbore 214 to a position where flange 268 is
engaged against the retajining ring 216. The end of the
spring seat boss 210 constitutes an abutment which limits
the relative telescoping movement of the movable valve
member 204 and the piston $2 by engagement against
the end of the piston rod cylindrical section 132 which
terminates in a plane with the piston end wall 220,

Referring now to FIGURES 1 and 5, a unidirectional
clutch 226 is mounted coaxially with the arbor 38 and
has a driven member 228 fixedly secured to the arbor 38
and a driving member 230 mounted for free rotation on
the arbor 38. Clutch 226 is a cenventional miniature
roller clutch as, for example, the roller clutch described
in the United States Patent to E. F, Ayers et al, No.
2,633,951,

An apertured flat-sided freely wheeling clutch arm 232
press-fitted on an annular shonlder 234 provided on the
end face 236 of the clutch driving member 230 extends
transversely of the arbor 38 and overlies the squared cen-
tral piston rod portion 130 in substantially parallel spaced
relation to the face 238 of the squared piston rod portion
138. A pin 240 press-fitted into a through cross bore
242 formed along the iransverse in the piston rod 128 and
perpendicularly to the flat surface 238 of the piston rod
squared portion 130 extends beyond the face 238 and
passes through a slot 244 formed in the arm 232, Are-
taining ring 246 (FIGURE 5 ) positioned in an annular
groove formed in the pin 246 adjacent the end extending
through the slot 244 secures the arm 232 to the pin 240.

By this construction, it will be appreciated that the pin
and slot connection permits the free wheeling clutch arm
232 of the unidirectional clutch 326 to rotate in either di-
rection depending upon the reciprocal movement of the
piston rod 128. The flat surface 238 of the square piston
rod body portion 136 cooperates with the bottom face of
the clutch arm 232 to prevent the piston rod 128 from
turning except as provided by the space between the arm
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232 and piston rod portion 130 and the play between the
retainer 246 and the top face of arm 232 as viewed from
FIGURE 5. Rotational movement of the piston 82 is
thereby also restrained and distortion of the gas retainer
boot 88 by rotation of the piston 82 is consequently sub-
_ stantially eliminated thereby preserving the life of the
boot. .

As viewed from FIGURE 1, the movement of the
cleteh arm 232 in a counterclockwise direction under the
biasing force of power spring 150 causes the driving mem-
ber 230 of clutch 226 to also rotate in a counterclockwise
direction. In the counterclockwise direction, the driving
clutch member 230 engages the driven clutch member 228
through rollers 248 (FIGURE 5) to thereby cause coun-
terclockwise rotation of the arbor 38, the rate of which
being governed by the escapement mechanism 46 as here-
inbefore described.

Clockwise movement of the clutch arm 232 against the
biasing force of power spring 150 rotates the driving
clutch member 230 in the same direction. This motion
releases engagement of rollers 248 and permits a reverse
overrunning between the driving clutch member 230 and
the driven clutch member 228. -Thus, it will be appre-
ciated that there is no movement imparted to the arbor 38
by the clutch arm 232 whenever the latter is rotated in
a clockwise direction. However, by rapidly and inter-
mittently tensioning the power spring 156, a substantially
constant drive force will be realized through the unidirec-
tional clutch 226 to arbor 38 and therefore an essentially
constant rotation of output shaft 22 under the control of
escapement 46 occurs.

Referring now to FIGURES 1 and 2, a dust cover as-
sembly 256 houses the drive assembly and comprises 0p-
posed cover plates 252 and 254 which are substantially
identical in shape and have opposed annular skirts 256 and
258 5o as to enclose the assembly 1¢ with the pinion and
of output shaft 22 projecting beyond the front cover 252.
Pressed between the adjacent edges of the skirts 256 and
258 is an annular resilient dust seal 260 preferably of
rubber and provided with an enlarged head portion 262
sealingly overlapping the ontwardly facing marginal edges
of the skirts 256 and 258 to prevent coatamination of
the component parts of the drive assembly 16 by dust,
dirt or foreign particles.

In order to rigidly secure the cover plates 252 and 254
together, apertures aligned with the shouldered sods 18 are
formed in the plates. The threaded end sections 19 ex-
tend through the apertures and threadedly receive nuts
264 so that the plates are fixedly secured on rods 18 be-
tween the nuts 28 and nuts 264.

By this construction, the drive assembly 19 is com-
pletely enclosed within cover assembly 259 except for
the protruding ends of cutput shaft 22, rods 18 and fluid
inlet and outlet lines 266 and 112. ~The cover plates 252
and 254 may be separately removed by removal of nuts
264 to permit ready access to the drive assembly 16.

Operation

When the drive assembly 1¢ is mounted on a chart

recording mechanism, the pinion end 24 of output shaft
22 'is connected to the chart mechanism input member
(not shown) and air or-a suitable gas is supplied through
pressure line 266 to to the drive assembly hose fitting
198 at a nominal pressure of approximately 20 p.s.i.
This places the motor unit inlet chamber 186 under pres-
sure and when the movable valve element 182 is in an
unseated position, the pressurized gas is allowed to pass
through valve port 176 around valve stem 286 to the
expansible motor chamber 84. The resulting pressure
increase in chamber 84 causes piston 82 and the piston
rod 128 to move outwardly swinging the free wheeling
clutch arm 232 about the axis of arbor 38 in a clockwise
direction and urging the follower 154 against the power
spring 159 to stress the spring against its seat on the
tab 148.
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During this movement of piston 82, the valve stem
guide 208 is engaged by retaining ring 216 pulling the
valve member in the outward direction of piston move-
ment until the frusto-conical portion 212 seats against
the O-ring 186 shutting off the pressurized gas supply to
motor chamber 84. This is a very rapid action and si-
muitaneously with the firing of the piston 82, the power
spring 158 is stressed.

As soon as the valve 182 closes and the pressure in
chamber 84 begins to decrease by escape of fluid to
chamber 166, piston 82 starts its return movement under
action of the power spring 158 through the follower 154
and piston rod 128. Leakage of the gas from motor
chamber 84 occurring through the annular clearance be-
tween piston 82 and the cylindrical bore 8¢, allows the
piston 82 to be axially shifted to its starting position.
During the return movement of piston 82, the valve 182
remains in closed position, being held by gas pressure in
chamber 186 and in the counterbore 28¢ so as to act on
the end of valve element 282. However, valve spring
218 will be compressed as the piston 82 returns to its
initial position, and when the end of the piston rod cylin-
drical section 132 fixed in piston 82 engages the spring
retaining boss 21¢ on the movable valve element 182 or
the stress of the spring 218 becomes great enough to
counteract gas pressure on the end of valve element 242,
the valve element 182 will be axially moved to unseat
from the O-ring seal 186 thereby permitting gas again to
be admitted under pressure to the expansible metor
chamber 84. Opening of the valve 182 permits the gas
pressure acrass the movable valve element 182 to equalize
and valve spring 218 will extend to fully open valve 182,
rapidly admitting gas through the now wide open port
179 into the motor chamber 84, causing piston 82 to
again rapidly fire and the aforedescribed intermittent
motor cycle will be repeated.

As described, when the pision 82 fires, piston rod 128
will be reciprocably moved with the piston to stress the
power spring 158 and rock the free wheeling clutch arm
232 in its free wheeling direction about the axis of
arbor 38. When piston 82 starts its return stroke under
the force of energy siored in spring 156, the arm 23%
also starts a return oscillation to rotate the clutch driv-
ing member 238 in a torque driving direction causing
rollers 248 to engage the clutch driven member 228 sup-
plying rotational power to the arbor 38 which being con-
nected through gears 36, 34, 32 and 26 to the output
shaft 22 and through gear 44 to the escapement 46, will
supply rotational power at a timed rate to the output
shaft 22. During the extremely short interval of time
when piston 82 is being fired and power is not being ap-
plied to the arbor 38 through the one-way clutch 228,
there is sufficient stored up momentum energy in the gear
’Erain to maintain power to the escapement and output so
in effect there is no time lag in the rotation of oufput
shaft 22,

Firing of the piston 82 is a repetitive operation. The
cycle time varies with the supply gas pressure being
shorter for lower pressures and longer for higher pres-
sures. A umnit can be designed to operate under pres-
sures within a range, €.g., an approximate range of from
15 to 25 p.s.d., and accuracy of the drive will not be
affected by pressure variations within this range. Travel
of piston 82 is also related to supply gas pressure and
cycle time. The shorter the cycle time, the less the pis-
ton travels as. travel is related to the force of the valve
spring 218, which is necessary to open valve 182 against
supply gas pressure. It will be appreciated therefore that
the operating range of the drive has a. force balance re-
lationship. It is therefore possible to vary the gas supply
pressure, the spring constant of the main spring and the
spring constant of the valve spring to effect a change in
the range of the drive to suit particular application needs
as disclosed in said copending application Serial No.
656,434,



3,082,596

9

Gas consumption in this drive assembly occurs only
during the firing operation cn piston 82 which occurs at
intervals governed by the escapement; thus it is readily
seen that the power unit has a low gas consumption.
This is an important feature particularly in installations
where a large number of pneumatic drive assemblies are
installed which feasibly might place a large burden on
gas supply equipment.

By providing for the gas retainer boot 88, the gas used
for powering the piston 82 is prevented from being un-
controllably dissipated to the atmosphere and can be re-
turned to a suitable gas holder (not shown) by conduit
112 to thereby preclude the loss of gas being utilized.

The invention may be embodied in other specific forms
without departing from the spirit or essential character-
istics thereof. The present embodiment js therefore to
be considered in all respects as illustrative and not re-
strictive, the scope of the invention being indicated by
the appended claims rather than by the foregoing de-
scription, and all changes which come within the mean-
ing and range of equivalency of the claims are therefore
intended to be embraced therein.

What is claimed and desired to be secured by United
States Letters Patent is:

1. In a fluid powered drive mechanism having a rotat-
able member, a unidirectional drive device operatively
coupled to said rotatable member and actuatable to rotate
said rotatable member only in one predetermined direc-
tion, a motor unit operable to furnish power for actuating
said unidirectional drive device and having a reciprocable
power member, means operatively coupled to said power
member for normally biasing said reciprocable power
member in one direction and including resilient power
storage means and a reciprocable member movable with
said power member, and automatic means contained
within said motor unit providing for movement of said
power member against the biasing force of said resilient
bower storage means operable to store energy therein
alternately with permitting the energy stored in said power
storage means to move said power member in said one
direction; motion converter means comprising a rockable
driven member and a pin and slot connection drivingly
interconnecting said reciprocable member and said rock-
able driven member to rock said driven member by the
reciprocal motion of said power member, said unidirec-
tional drive device drivingly connecting. said rockable
driven member to said rotatable member to rotate said
rotatable member in said predetermined direction when
said driven member is rocked a first direction-by said re-
ciprocal member and to disengage from said rotatable
member when said rockable driven member is rocked in
a direction opposite to that of said first direction.

2. In a fluid powered drive unit having a rotatable
member, a unidirectional drive device operatively con-
nected to said rotatable member and actuatable to rotate
said rotatable member only in one predetermined direc-
tion, power storage means, a pneumatic motor unit hav-
ing a reciprocable power member movable in one direc-
tion by fluid pressure to store energy in said power stor-
age means, connection means including a reciprocable
member movable with said reciprocable power member
for operatively coupling said power member to sajd power
storage means, and automatic fluid control means con-
tained within said pneumatic motor unit for controlling
the transfer of enmergy to and from said power storage
means by alternately permitting application of fluid pres-
sure to move said power member in said one direction to
store energy in said power storage means and by releasing
fluid pressure applied to said power member thereby per-
mitting energy stored in said power storage means to be
released to move said power member in the opposite di-
rection; motion converter means comprising a rockable
driven member and a pin and slot connection drivingly
interconnecting said reciprocable member and said driven
member to rock said driven member in opposite direc-
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tions, said pin and slot connection including means form-
ing an elongated slot in said rockable member and a rigid
pin fixedly connected to said reciprocable member and
projecting through said slot, said unidirectional drive de-
vice drivingly connecting said rockable driven member to
said rotatable member to rotate said rotatable member
in said predetermined direction when said driven member
is rocked in a first direction and to disengage from said
rotatable member when said rockable driven member is
rocked in a direction opposite to that of said first direction.

3. In a fluid powered drive unit having a rotatable
member, a unidirectional drive device drivingly connected
to said rotatable member and actuatable to rotate said
member only in one predetermined direction, and a pneu-
matic motor unit operable to furnish power for actuating
said unidirectional drive device and having a reciprocable
power member movable in one direction by fluid pressure;

-motion converter means comprising a reciprocable drive

meatber operatively connected to said power member, a
rockable driven member drivingly connected to said drive
device, and a pin and slot connection drivingly intercon-
necting said reciprocable drive member and said rockable
driven member, said unidirectional drive device drivingly
connecting said rockable driven member to said rotatable
member to rotate said rotatable member in said predeter-
mined direction when said driven member is rocked in a
first direction by said reciprocal member and to disengage
from said rotatable member when said rockable driven
member is rocked in a direction opposite to that of said
first direction; biasing means operatively connected to
said reciprocable drive member to bias said reciprocable
drive member and power member in a direction opposed
to the force of said fluid pressure; and automatic control
means contained within said motor unit for alternately
permitting application of fluid pressure to move said re-
ciprocable power member and drive member in said one
direction against the biasing force of said biasing means
and releasing the pressure applied to said power member
thereby permitting said biasing means to move said re-
ciprocable power and drive members in the opposite di-
rection whereby said rockable driven member is rocked
through said pin and slot connection.

4. In a fluid powered motor unit, a cylinder member
having an open-ended bore; a reciprocable member
mounted for axial movement in said bore and defining
an expansible chamber with said cylinder member at the
inner end of said bore; means in said cylinder member
providing a pressure fluid inlet communicating with said
expansible chamber for introducing pressure fluid into
said chamber to move said reciprocable member out-
wardly toward the open end of said bore; a resilient mem-
ber enclosing the open end of szid bore in surrounding
sealing engagement with said reciprocable and cylinder

.members but permitting limited axial movement of said

reciprocable member, said resilient member defining an
exhaust chamber with said cylinder and reciprocable
members adjacent the outer open end of said bore; means
establishing fluid communication between said chambers;
and conduit means in fluid circuijt communication with
said exhaust chamber for removing fluid collected therein.

5. In a fluid powersd motor unit, a cylinder block hav-
ing a fluid inlet and an open-ended bore; a piston mounted
for axial movement in said bore with one face exposed
adjacent the cuter end of said bore and forming an ex-
pansible chamber with said cylinder block at the inner
end of said bore; means in said cylinder block providing
conirolled communication between. said inlet and said
expansible chamber; resilient means enclosing the open
end of said bore in sealing engagement with the outer sur-
faces of said cylinder block and said piston but permitting
limited axial movement of said piston and forming an
exhaust chamber with said piston and said block; means
establishing communication between said chambers, and
bassage means communicating with said exhaust cham-
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ber and commected to a fluid exhaust conduit means for
removing fluid from said exhaust chamber.

6. In a fluid powered motor umit, a cylinder member
having an open-ended bore; a piston mermber mounted
for axial movement in said bore and defining an ex-
pansible chamber with said cylinder member at the inner
end of said bore; means providing a pressure fluid inlet
communicating with said expansible chamber for intro-
ducing pressure fluid into said chamber to move said
piston member outwardly towards the open end of said
bore; resilient means ernclosing the open end of said
bore in fluid-tight sealing engagement with the outer sur-
face of said cylinder member and said piston but per-
mitting limited axial movement of said piston in said
bore, said resilient means defining a closed space with
said piston and cylinder members; said piston member
being freely received in said bore tc form a clearance
space therewith to continually pass fluid from said ex-
pansibie chamber to said closed space; exhaust fluid cir-
cuit means communicating with said closed space to re-
move flnid therefrom; and pressure fluid circuit means
communicating with said inlet for introducing pressure
fluid thereto and including conduit means conmected to
said inlet and means sealingly engaging said conduit
means fluid-tight with said cylinder member.

7. In a fluid powered motor unit, a cylinder member
having an open-ended bore; a reciprocable piston freely
mounted for axial movement in said bore and defining
an ‘expansible chamber with said cylinder member at

the inner end of said bore, said piston having a radially 3

extending annular shoulder adjacent the open end of
said bore and facing away from said chamber; means in
said cylinder member providing a pressure fluid inlet
communicating with said expansible chamber for infro-
ducing pressure fluid into said chamber to move said
piston member outwardly towards the open end of said
bore; a unitary resilient retainer boot enclosing the open
end of said bore with said piston but permiting limited
axial movement of said piston, said boot defining a closed
space with said piston and said cylinder member and
comprising an axially extending end skirt section sur-
rounding the periphery of said cylinder member in fluid-
tight sealing engagement therewith, an axially extending
annular end section of appreciably smaller diameter than
said skirt section and surrounding the periphery of said
piston in fluid-tight sealing engagement therewith adja-
cent said annular shoulder, a section intermediate said
end sections cooperating with said annular shoulder to
limit the ontward axial movement of said piston beyond
the open end of said bore, and a tubular section defining
a passageway communicating with said closed space for
removing fluid from said space.

8. In a fluid powered drive mechanism, two spaced-
apart support plates; a motor unit having a cylinder
block and a power member mounted for axial movement
in said block; and means for rigidly mounting said motor
upnit between said pldates comprising: means providing
at least one annularly extending groove in said block,
formations integral with said plates and extending into
said groove, and means for rigidly maintaining said plates
in spaced-apart position with said formations positioned
in said groove in engaging contact with said block.

9. In a fluid powered drive unit, two spaced-apart sup-
port plates; a motor unit having a cylinder block, a power
member mounted for axial movement in said cylinder
block and a piston rod member connected to said power
member and extending beyond said cylinder block; and
means for rigidly mounting said motor unit between said
plates and for aligning said cylinder block, said piston
member and said piston rod member comprising: means
providing at least one annularly extending groove in the
outer surface of said block, first formations integral with
said plates and extending into said groove in engaging
relation with said block, at least one second formation
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i2
integral with one of said plates and extending between
said plates in predetermined spaced parallel relation to
at least one of said first formations, guide means asso-
ciated with said second formation providing a bearing
surface for said piston rod member and means for rigidly
maintaining said plates in spaced-apart position with said
first formations in engagement with said cylinder block.

10. In a fiuid powered drive mechanism, two parallel
spaced-apart support plates; a motor unit having a cylin-
der block of substantially cylindrical shape, a piston
member mounted for axial movement in said block and
a piston rod connected to said piston member coaxial
with said cylinder block and extending therebeyond; and
means for rigidly supporting said motor unit between
said plates and for maintaining the alignment of said
piston rod and said piston member with said cylinder
block comprising: means providing at least two axial
annular grooves in said cylinder block, first parallel tabs
integral with each of said plates and extending perpen-
dicularly with said plates into said grooves, said first
tabs having arcuate edges cooperating with said cylinder
block and corresponding to the contour of said grooves,
a second tab integral with one of said plates and extend-
ing perpendicularly between said plates in spaced rela-
tion to said first tabs, said second tab having an aper-
ture coaxially receiving said piston rod, guide means in
said aperture cooperating with said piston rod to pro-
vide a bearing surface therefor, and means for rigidly
maintaining said plates in fixed spaced position with
said first tabs positioned in said grooves in engagement
with said cylinder block.

11. The fluid powered drive mechanism defined in
claim 9 wherein a resilient member concentric with said
piston rod member is provided for biasing said piston
rod member toward said cylinder block and seated at
one end on said second formation.

12. The fluid powered drive mechanism as defined in
claim 11 wherein said resilient member is supported in
concentric relation with said piston rod member by said
guide means and by means secured to said piston rod
in spaced relation to said guide means.

13. The finid powered drive mechanism as defined in
claim 12 wherein said resilient member comprises a coil
spring and said guide means comprises a guide bushing
having radially extending flange portion positioned on
said second formation, said spring being snugly seated
over said flange portion.

14. In a fluid powered drive mechanism having an en-
closed casing, two spaced-apart support plates in said cas-
ing; a motor unit disposed in said casing, said motor unit

having a cylindrical cylinder block with an open-ended

bore and means providing a radiaily extending annular
shoulder adjacent the open end of said bore, and a pis-
ton member mounted for axial movement in said bore;
fuid imlet and exhaust condnit means arranged to be
connected to said motor unit for respectively transmit-
ting fluid to and from said motor unit for operating said
motor unit; said piston member forming with said cylin-
der block an expansible chamber at the inner end of said
bore and in controlled communication with said inlet
conduit means; and means for rigidly supporting said
motor unit between said plates comprising: means pro-
viding at least one annular groove in said block, forma-
tions integral with each of said plates and extending into
said groove, and means for rigidly maintaining said plates
in spaced-apart position with said formations positioned
in said groove in engaging contact with said block, said
means providing said groove imcluding a resilient boot
member enclosing the open end of said bore in fluid-tight
peripheral surrounding relationship to said piston mem-
ber and having a skirt portion axially surrounding said
block in predetermined axial spaced relationship to said
shoulder thereby cooperating with said shoulder to form
said groove, said boot member cooperating with said
piston member and said cylinder block to form a fluid ex-
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haust chamber with means providing fluid communica-
tion between said fluid exhaust chamber and said expan-
sible chamber, said boot having a single outlet opening
connected to said fluid exhaust condunit means and form-
ing therewith a fluid exhaust circuit which is isolated from
the interior of said casing for conveying exhaust fluid
from said exhaust chamber to the exterior of said cas-
ing..

15. In a fluid powered timed drive mechanism having
a casing and a fluid powered motor unit disposed in said
casing and having a cylinder member with an open-ended
bore and a power member mounted for axial movement
in said bore with cne face exposed to the interior of said
casing, said power member being freely received in said
bore to provide a clearance space between the cooperat-
ing relatively reciprocable surfaces of said power and
cylinder members for permitting fluid passage from one
end of the power member to the other end thereof; the
combination with means providing a fluid circuit for trans-
mitting fluid through said casing and through said motor
unit to power said motor unit and for preventing escape
of fluid into the interior of said casing.

16. In a fluid powered drive mechanism having a ro-
tatable output member; a pneumatic motor unit having
a cylinder member with an open-ended bore formed
therein, a power member mounted for axial movement
in said bore, a reciprocable member operatively non-
rotatably coupled to said power member for movement
therewith, means including power storage means provid-
ing reciprocable movement of said power member, a
resilient member enclosing the open end of said bore in
surrounding sealing engagement with said power and
cylinder members but permitting limited axial movement
of said power member; and motion converter means driv-
ingly interconnecting said reciprocable member and said
output member for converting linear motion of said recip-
rocable member to rotate said output member, said mo-
tion converter means cooperating with said reciprocable
member to prevent said reciprocable member and said
power member from turning about their longitudinal
axes.

17. The fluid powered drive mechanism as defined in
claim 16 wherein said motion converter means comprises
a rockable driven member and a pin and slot comnec-
tion drivingly interconnecting said driven member and
reciprocable member whereby linear motion of said recip-
rocable member rocks said driven member, a unidirec-
tional drive means connecting said driven member to said
output member to enable said output member to be ro-
tated in a predetermined direction by rocking said driven
member only in one direction.

18. The fluid powered drive mechanism as defined in
claim 17 wherein said reciprocable member is rigidly
connected at one end to said power member coaxial with
said bore and is provided with an intermediate section
having a planar surface extending beyond said cylinder
member and a cylindrical end section opposite said one
end; and guide means slidably receiving said cylindrical
end section and providing a bearing surface to permit
axial movement of said reciprocable member, said driven
member having a surface abuttingly cooperating with
said planar surface to substantially prevent rotation of
said reciprocal member on said bearing surface thereby
substantially preventing said power member from being
rotated and said resilient member from being twisted.

19. In a fluid powered drive mechanism, two spaced
apart rigid support plates having opposed inwardly di-
rected surfaces; a motor unit having a cylinder block and
a power member mounted for axial movement in said
cylinder block; and means for rigidly mounting said mo-
tor unit between said plates comprising: groove means
formed on said block and opening outwardly toward said
inwardly directed surfaces, formations integral with said
plates and interfittingly extending into said groove means,
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and means rigidly maintaining said plates in predeter-
mined spaced apart relationship with said formations
positioned in said groove means in engaging contact with
said block to retain said block against movement relative
to said support plates.

20. In combination, a casing, a rotatable member ex-
tending through at least one wall of said casing, and a
drive assembly enclosed in said casing for rotating said
rotatable member in a predetermined direction and com-
prising: a fluid powered motor unit having a cylinder
block formed with an open-ended bore, a piston member
meunted for axial movement in said bore, said block
having a cylindrical section adjacent the open end of said
bore, means providing a radially extending annular shoul-
der in the external cylindrical periphery of said section, a
resilient boot member enclosing the open end of said
bore in fluid-tight surrounding and contacting engage-

" ment with said piston member and having a skirt portion
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peripherally engaging the cylindrical periphery of said
section with an endless fiuid-tight fit and in predeter-
mined axially spaced relationship to said shoulder to co-
operatively form with said shoulder an annular groove,
two spaced apart support plates fixed one on each op-
posed side of said motor unit, formations integral with
sald plates and extending into said groove in engaging
contact with said cylinder block to support said motor
unit between said plates, conduit means extending from
beyond said casing and communicating with the inferior
of said cylinder block for delivering pressure fluid to said
motor unit for displacing said piston, passage means in
said motor unit for exhausting fluid delivered to said mo-
tor unit to a chamber formed by said boot member in
cooperation with said cylinder block and said piston mem-
ber, said boot member having a single port opening, ex-
haust conduit means connected to said port opening and
extending beyond the exterior of said casing, a recip-
rocably mounted rod member fixedly secured to said pis-
ton and extending beyond said motor unit, a unidirec-
tional drive device operatively connected to said rotatable
member and having a rockable drive member, said uni-
directional drive device drivingly connecting said rock-
able drive member to said rotatable member to rotate
said rotatable member in a predetermined direction when
said drive member is rocked in a first direction and to
disengage from said rotatable member when said rock-
able drive member is rocked in a direction opposite to that
of said first direction, pin and slot motion converting
means operatively connecting said rockable drive mem.
ber with said rod member, said rockable drive member
being arranged to cooperate with said reciprocable rod
member to prevent said rod member and said piston
member from turning about their longitudinal axes, and
means including a power spring cooperating with said pis-
ton member to cause reciprocation of said rod member to
thereby rock said rockable drive member and thereby
rotate said rotatable member in said predetermined direo-
tion.
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