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1

This invention relates to power transmitting
apparatus and mechanical movements, and more
particularly to motion converting mechanism.

One of the objects of my invention is the pro-
vision of reliable and highly satisfactory motion
converting mechanism which efficiently and read-
ily effects the conversion of rotary motion to
linear motion.

Another object is the provision of power trans-
mitting mechanism whereby unidirectional rota-
tion from a source of motion is readily and effec-
tively transformed into linear or reciprocatory
action.

A further object is to provide mechanism of
the character referred to which is simple to in-
stall, and which is well calculated to serve under
many different conditions of actual practical use.

Another object of my invention is the provision
of power transmitting apparatus, as for example
a power transmitting system, including and utiliz-
ing motion converting mechanism of the char-
acter noted.

A still further object is the provision of rotary
to linear motion mechanism capable of simul-
taneously developing multiple rotations contribut-
ing to the achievement of quick strokes of linear
movement,

A further object is to provide efficient and
practical mechanism for automatically convert-
ing rotary motion to reversing strokes or recipro-
cation, all with minimum stress on working parts
during reversal of any given stroke.

Other . objects in part will be obvious and in
part pointed out hereinafter.

My invention therefore consists in the com-
bination of elements, features of construction
and arrangement of parts, as described herein,
the scope of the application of which is indicated
in the following claims.

In the accompanying drawing illustrating cer-
tain features of my invention:

Fig. 1 depicts an embodiment of the rotary
to linear or reciprocatory motion converting
mechanism in sectional elevation;

Fig. 2 represents, in elevation, the same ap-
paratus as in Fig. 1;

Fig. 3 is a horizontal section of the mechanism
taken substantially on the line 3—3 in Fig. 2;

Fig. 4 is a fregmentary view of certain rotative
and reciprocative elements represented in Fig. 1;

Fig. 5 presents in detail a form of joint for trans-
mitting rotation and reciprocation;

Fig. 6 depicts, in elevational view, a modified
form of stroke selector means of the conversion
mechanism;
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Fig. 7 is a sectional elevation corresponding
to Fig. 6;

Fig. 8 is a fragmentary view of certain detent
mechanism of the modified stroke selector means;

Fig. 9 is a view, in elevation, representing mod-
ified unidirectional rotary motion transmitting
means of the rotary to linear or reciprocatory
motion converting mechanism;

Pig. 10 is a fragmentary sectional elevation of
certain elements represented in Fig. 9; and

Fig. 11 schematically represents a power trans-
mitting system including a rotary to reciprocatory
motion converting mechanism.

Similar reference characters designate corre-
sponding parts throughout the figures.

As conducive to g clearer understanding of
certain features of my invention, it may be noted
at this point that mechanisms for converting ro-
tary motion to linear motion have come into wide-
spread demand for such purposes as in the pump-
ing of fluids, in tooling and machining opera-
tions, for the steering of craft, in operating power
presses and hoists, and for a great variety of
cther uses including those in which a linear me-~
chanical movement as derived from rotary mo-
tion is depended upon to set related equipment or
transmit linear impulses to the same. While
there are quite some few rotary to linear motion
mechanisms in the prior art, many of these are
open to such objections as being difficult of con-
trol during use, particularly as regards the
achievement of satisfactory and reliable reversal
of strokes or continuation of an arrested stroke,
for making up the linear movement. Then too,
certain of the prior art mechanisms are not read-
ily adaptable to receive unidirectional rotary mo-
tion from g suitable source of power and convert
the same {o linear motion. Still other heretofore
known motion converting mechanisms lack effi-
ciency and positiveness of mechanical action. In
other instances mechanisms are so mechanically
complicated and space consuming as to render
installation inadvisable.

An outstanding object of my invention accord-
ingly is the provision of a simple, compact and
reliable motion converting mechanism wherein a
transition from unidirectional rotary motion to
reciprocatory motion is positively and efficiently
achieved under highly satisfactory conditions of
reversing or alternating the stroke of reciproca-
tion.

Referring now more particularly to the practice
of my invention, attention is invited to Figs. 1
and 2 of the drawings wherein there is represented
a motion converting mechanism, generally indi-
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cated by the numeral {0. This illustrative mecha-
nism of my invention includes a suitable casing
i1, through which there extends a drive shaft 12,
the latter being journalled as in bearings 1ta, 110,
and illustratively forming an included part of
selectively operative means for transmitting uni-
directional rotation to either of oppocsitely dis-
posed co-axial gears 21 and 23 of epicyclic or dif-
ferential gearing. Two gears, {4 and 15, and an
intermediately” positioried sleeve 16 are mounted
on the shaft. The gears just mentioned are ca-
pable of idling, and of becoming driving gears
when engaged into service by selective movement

of sleeve {6 which is splined to the drive shaft in’

such fashion as to be free for longitudinal move-
ment to locking engagement with the respective’
gears. Selection means, for example including
a cam follower, is employed for imparting longi-
tudinal motion in either direction to the sieeve
thus to engage either gear-[4 or gear 15 and lock
the same to the drive shaft. The cam follower

conveniently is a centrally perforated metal-disc-

1T received on sleeve 167 and free for rotation
between collars 18§ fixed to the sleeve.

Thegears 14 -and 15 raesh in-power transmitting
relation with corrésponding gears 28 and 29 (Figs.
1 and 2) which are’ fiXed to respective ones of
sleeves 18 and 290, co-axially telescoped for relative
rotation. 'The sleeve 197is supported in bearing
flc in the wall of casing: I1,-and extends into gear
box: 22 through-bearing: 22f of the latter. Sleeve
20, on the other hand; conveniently passes through
the gear box, through bearing: tid in the casing
wall, and co-akially supports collar 3§ journalled
in bearing 22¢ of' the gedr box,

The bevel ‘gears 21, 23"inthe gear box are con-
nécted for rotating with the corrésponding sleeves
19 and 26; the collar 38, gear 23 and gear 28
convéniently being: integral and keyed to shaft
20 as'a‘unit. Pinions:26°2nd 27 carried by spider
means; illustratively including:the gear box 22 and
stub- shafts 26a; 2Ta, join' the bevel 21 and 23
thereby forming with-the same  an epicyclic or
differential gear.

The apparatus of the miechanism thus far de-
scribed is conveniently traced from a suitable
source of power, as for éxample an operating elec-
tric:motor which drives‘through-a belt and pulley
system 24 so'as to’impart-clockwise rotation (as
denoted by arrow in' Figs: 1 and 2) to the drift
shaft 12. Assuming the gear 14 to be locked to
the drive shaft and gear 15 to be free of the
clutch sleeve as:shown; a cotinter-clockwise rota~
tion' is™ transmitted through the power take-off
gear 28 to'sleeve 20 and-bevel gear 23 of the dif-
ferential gearing. With the gear box restrained
against rotation-on bearings 227, 22¢, as by stop
mechanism to be- déscéribed hereinafter, the bevel
gear 23 drives pinidns 26 and 27, thus imparting
a clockwise rotation to the bevel gear 21 and also
to the related sleeve 19 and gear 29. The motion
from gear 29 is received by the meshing idler gear
i8. The circumstances asstimed; therefore; are-
such that the- sleeve 9 rotates in a clockwise
direction and-the co-axial sleeve 28 rotates ¢oun-
ter-clockwise.

With the drive shaft' {2 still: rotating in' the
clockwise direction as before, and assuming the-
gear box to be held against rotation, but with
gear 15 engdged by the clutch sleeve and gear 14
free of the sleeve, the gear 29 transmits a counter-
clockwise rotation to Sleeve 19 and the related
bével gear 21, This rotation is reversed: through-
pinions 26 and 27; the bevel gear 23, sleeve 20 and:
gear 28 siccordingly rotate in a clockwise direction.-

10

4

Motion from gear 28 is received by gear {4 which
now is an idler gear.

It will be seen that a general effect of operating
the drive shaft in a constant direction of rotation
and alternately selecting one of the gears {4 and
{5 as the driving gear, is that of alternately rotat-
ing the sleeve 19 in one direction and then in the
other while sleeve 20 rotates in the opposite direc-
tion. This same effect, I find, is a highly useful
measure 'in converting rotary motion of the drive
shaft 12 into recipfocatory motion. In the pres-
ent embodiment, sleeves 19 and 20 are simultane-
ously utilized for rotating threaded rods and

- threaded nuts in oposite directions and, alterna-
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tively, in reversed opposite directions, as for ex-
ample; thréaded cylindrical rods &f, 32 and nuts
26a,. 38a,.35b and 36a, to produce reciprocation.
The rods &1, 32 are disposed in co-axial relation
to 'the sleeves. The rod 31, illustratively, is con-
siderably larger in diameter than rod 32. Both
rods have right hand threaded sections and left
hand threaded sections along the cylindrical sur-
faces thereof, the right hand threads being indi-
cated by refererice- characters 31, 32a, and the

5 left hand threads by 31b, 32b. There is a union

or spline 38 (Fig. 5) connecting the threaded shaft
ends for relative longitudinal movement and for
rotation as a unitary shaft. The unién; of’ jointi.
conveniently includes & grooved section 32¢ of
the rod 32, and o bored:and intermally feathered:
section 3Mc-of rod 81 itito: which the grooved sec-
tion telescopes and fits. A similar connection is
established by joint 34, in which the rod 31 is
splined to sleeve 19 for rotation therewith yet
is free for longitudinal displacernent relative to
the sleeve.

Each threaded section of the rods is in oper-
ative engagement with g corresponding nut wihich
rotates with the power receiving sleeve 23. In this
sense, threaded section 31b accommodates the-
nut 20q, which conveniently also forms an end of
the power receiving sleeve 28 and is fixed iri longi~
tudinal position -along. with the'rest of the sleeve
as by the jourhal in bearing 25. The remaining

- nuts 35a¢ on threaded section 3lia; 350 on section

320, and nut 36a on section 32a, are feathered
for riding longitudinally in grooves 28f (repre-
sented by dotted lines-in:Fig. 1) in the inner sur-
face of sleevé 20. By suitable means, the nuts 35a.
and 35b are'held a constant distance apart cn the
rods; and- to that end- conveniently form integral
parts of a plug: 3%: The nut 3%a illustratively is
fixed to a reciprocatory motion output maember
36, which for exampleinicludes a hollow cylindri-
cal sleeve co-axially telescoped into the power re-
ceiving sleeve 20 and. riding in the girocves 28f
for rotation:

As: pointed out hereinbefore, when shaft 12 is’
driving in a clockwise direction through gear {4,
a-counter-clockwise rotation is imparted to slesve
26 and a clockwise rotation to sleeve 18; provided-
the gear box 22 is'restrained. Thus, under these
conditions, and with the’ rods and nuts: of {he
linear motion mechdnisni réady to-begin a stroke
from the lower stroke position: represented in
Fig. 1, the power receiving sleeéve 28 rotates all-
of the nuts 20a, 35a; 35b and- 238q, in a counter-
clockwise direction. The fhreaded rods &i and

32, on' whicl' the nuts rotate, are themselves
" rotating, this being in a clockwise direction de~

termined by the clockwise’ motion of the power
receiving sleeve {9 transmitted through joint 33
between the sleeve and rod and through union
33 between thie rods. There ensues a highly
positive and efficient displacement wheréin the
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longitudinally  fixed, but rotating nut 208a¢ acts
with threaded section 3{b of the oppositely ro-
tating rod 31 to elevate the latter to the com-
pleted upper stroke position represented in Fig.
4. This upward displacement is possible in view
of the spline type connection 34. Meanwhile,
nut 35z is carried upward the distance con-
tributed by the action of nut 28a, and by en-
gagement and opposed rotation with the thread-
ed section 3la on the rod is driven upward
a further amount corresponding to the threads
traversed on the rod. Since nuts 35¢ and 25b
are held a constant distance apart and are re-
spectively mounted on the rods 3i and 3%, the up-
ward movement of the nut 35z is transmitted to
nut 350 and the corresponding rod 32. The rod
32 accordingly slides up as permitted by the union
33. In addition, the relative rotation of nut $5»
and threaded section 32a advances rod 32 farther
upward by an amount corresponding to the
threads traversed. The upward advancement of
the rod 32 meanwhile is accompanied by ths re-
spective clockwise and counter-clockwise rota-
tions of threaded sections 31a and nut 88a, which
serves to elevate the nut and the related recipro-
catory motion member 3§ to top stroks position
represented in Fig. 4. A coupling, including arm
38 adapted for idling in ball and cage bearings
39, is convenient for transmitting the longitudinal
stroke of member 3§ to reciprocative member 48
without transmitting any rotation of the slesve.

Upon driving the reciprocatory motion member
36 to top stroke position, the power receiving
sleeves (8 and 20 are reversed in rotation promptly
by shifting the cluteh sleeve 18 from gear {4 4o
coupling engagement with gear {5 and still maiz
taining clockwise rotation of the drive shaft iZ.
I usually achieve this shifting action by auto-~
matic selector means synchronized with stroke of
the reciprocatory movement, and preferably
through freeing the housing of the differential
gearing for rotation at the proper time, and re-
lying upon the ensuing movement to effect the
shift. Conveniently, for this purpose, a slide 44
extends through opposite side walls of the casing
i I and presents a bracket 4i¢ for engaging buffer
spring loaded detents 22a, 220, 22¢ and 224 uni-
formly spaced on the circumference of the cylin-
drical housing of gear box 22 and protruding
from the wall.
housing of box 22 (Fig. 2) receives the cam fol-
lower {7 and has a sweep sufficient to shift the
cluteh sleeve 16 on drive shaft {2 from driving or
locking connection with one of gears {4 and i5
momentarily to interlocking engagement with
both gears and then to driving engagement with
the other for each quarter revolution of the hous-
ing. For synchronizing the initiation of the cam-
ming action just mentioned, with completion of
strokes in the reciprocating movement of slesve
36, there are suitably spaced stops 41®, 4i¢ fixed
on the slide 41 on opposite sides of arm 38.

It will be appreciated that by rotation of the
differential gear as a unit while reversing any gear
stroke of the reciprocatory movement, the thread-
ed rod and nut combination is immediately re-
lieved of related rotation and remains in neutral
until the shift is completed. This enables accu-
rate control over length of stroke of the recipro-
cating movement. Further the shifting of stroke
direction is achieved with minimum stress since
the rod and nut mechanism is not under working
load once the differential gearing is released for
rotation as a unit.

In-the. present instance of operation let it be

A cam vpath or groove 22e in the

(=]

10

15

20

25

30

45

60

65

70

15

6

assumed that the gear box housing is held against
rotation by detent 22a resting on bracket 4ig just
before completion of the up stroke of sleeve 36.
The sleeve in moving upward contacts stop 41b
thus carrying bracket 41a free of detent 224, This
frees the differential gear box for rotation, under
which conditions bevel gears 21, 24 and pinions
28a, 27q rotate as an interlocked unit all in the
same direction with the power receiving sleeves 9
and 20 momentarily under the action of driving
gears 14, 15 and gears 28 and 28. Since the drive
shaft 12 is rotating clockwise, the sleeves I8 and
29, differential gearing, and gear box 22 all ro-
tate counter-clockwise substantially as a unit
until detent 225 contacts the bracket §lg. The ro-
tation sweeps cam follower {7 along path 22e and
consequently sleeve {6 into engagement first with
both gears i4 and I5, and then with gear {8, and
meshing gear 28 now becomes the driving gear.
As already described, the gear {5 for clockwise
rotation of the drive shaft impsrts a counter-
cleckwise motion to sleeve 19 and a clockwise ro-
tation to sleeve 20. Under these conditions the
threaded rods 31 and 32 are driven clockwise and
he corresponding threaded nuts are driven coun-
ter-clockwise. This action serves to return the
rod 3f through the longitudinally fixed and ro-
tating nut 28«¢ and joint 34 to lower stroke posi-
bion represented in Fig. 1. The downward dis-
placement carries nut 3%5¢ down a corresponding
amount, and by engagement and opposed rotation
with the threaded section 3ia travels down the
rod to lower stroke position, also carrying along
the nut 35b as permitted by union 33. The latter
nut contributes in lowering rod 32 by travelling
up threaded section 32¢. As the rod 22 is lowered,
nut 36g and member 36, arm $8 and reciprocative
member 4§ also are lowered. A further lowering
action is produced by the nut 88a, by virtue of
relative rotation with the rod.

Simultaneously with the reaching of lower
stroke position, arm 88 forces down lug 4lc and
bracket 4ia, thereby freeing detent 225 and con-
sequently the gear box 22. Since the drive shaft
{2 still is rotating clockwise, the sleeves 19 and 20,
the gdifferential gearing, and gear box 22 once
more rotate counter-clockwise as a unit, this time .
until detent 22¢ contacts the bracket 4fa. The
rotation sweeps cam follower {1 along path 22e,
thus bringing sleeve 16 into drive shaft coupling
relation with gear 5, which then drives the mech-
anism through an up stroke of reciprocatory mo-
tion in a manner already noted.

The Figs. 9 and 10 illustrate a modified drive
for operating the sleeves {9 and 28 in opposite
directions and at different speeds thus to drive the
threaded rod and nut arrangement more rapidiy
in one direction of stroke as compared with the
opposite direction. The modification includes
drike shaft (2’ and related mechanism for trans-
mitting power from a suitable source into the cas-
ing £{. There is a small gear {4’ on the shaft in
low speed gear train with relatively large gear 28’;
also large gear {5’ is on the shaft in high speed
operating connection with a smaller gear 29°.
The gears 28’ and 29’ illustratively are substituted
to perform at different speeds the described func-
tions of gears 28 and 39. I employ a sleeve {6’
splined to drive shaft 12’ for alternately coupling
the gears {4’, {5’ to the source of power, while
the other is released for idling. The sleeve illus-
tratively includes friction plates 16’¢a, £6’b for ef-
fecting the desired coupling through either of cor-
responding friction surfaces {4'a, {5’a of the
gears. A suitable cam follower 17/, in bearings {8’
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on-the sleeve, rides:in:cam path22¢.0f the gearbox
22 for :alternately. displacing the-sleeve to locking
engagement with:the gears I4’ and 15’ to:reverse
the rotations-of sleeves:9.and:20,

In Pigs. 6, T-and:8:thereisrepresented a modi-
fied form .of ‘power converting mechanism which
instead of depending:upon:the simultaneous op-
posite:rotation of:threaded nuts.and threaded rod
means for producing reciprocdtion, -achieves ‘the
reciprocatory ‘mation with:a differentisl.gear and
sleeves 19 :and ;20 .as‘before, but by :the alternate
procedures .of holding :the:related ‘nuts :20a,- 35a,
35p and 36a (Fig. 1) :magainst ‘ratation-while ro-
tating :the threaded rods 31,32,:and rotating the
nuts ‘while holding. the :rods. - This--sequence -of
operations ds effectively and efficiently performed
by alternately restraining the:sleeves 19 :and 20
against rotary :motion while :driving the .gear it-
self in.a:constant direction of:rotation:as the mo-
tion ‘transmitting -means-which: is :selectively:op~
erative 'with the differential.gearing.” The sleeves
illustratively support respective levers.49 .and:50,
which -extend laterdlly .in opposite. directions and
co-function with «detents &1 :and 52, respectively,
for stopping the individual-sleeves. A detent car-
riage including frame members 83, 54 :which sup-
port the detents 5i,.52 .at opposite ends thereof
to form -a substantigly. mrectangular frame, is
axially hinged .at 53¢, 54a for rotgtion ‘hy means
of arm 55. The detent 51 :comprises two substan-
tially parallel. bolts 5ia. (Fig. 8) ‘interconnecting
the frame members ;53 .and-54. - Each bolt ac-
commodates a sleeve 54 b, which-is equipped with
a fixed lug 5dc and :is adapted for sliding move~
ment against ‘the action of -a buffer spring 5id.
The lugs on the sleeves are -adjacent, and jointly
present a surface for receiving and holding lever
49. ‘Detent 52 is-of similar - construction and is
adapted for receiving -and -holding ‘the lever ‘50
against rotation.

To reverse the stroke of reciprocatory motion
developed by driving ‘the gear box 22", ‘the differ-
ential gearing therein, -and ‘sleeve -9 :while ‘hold-
ing-sleeve 20-by lever 49 anddetent 5i,'the detent

with detent 52. ‘This ‘serves to release lever 48
Irom detent ‘51 and consequently frees the sleeve
20 for rotation. ‘Momentarily, there is a unitary
rotation of sleeves 9,28 and the differential gear,
all in one direction by virfue.of continual. unidi-
rectional driving of the housing of gear'box 22’ in
the direction indicated by arrow in Fig..8. Thus,
lever B0 engages detent ‘52, thereby restraining
sleeve 19, and leaving sleevs 28 free for rotation
under power from the rotating box 22’ and differ-
ential gearing therein. . The rotation of sleeve .20
reverses the stroke of reciprocation.. .A further
reversal of stroke is indicated hy positioning the
detent carriage to engage lever 49 and:detent bd,
and free lever 50 and detent 52.  With lever 50
free, there is once more a unitary .retation -of
sleeves 19, 208 and the. differential gear, all-in one
direction, assuming.continued unidirectional:driv-
ing of the gear box 22’. The lever 49 then:strikes
detent &1, whereby further mption of sleeve 20:is
arrested .and rotation . of::sleeve 19 -continues
throughout the:reversed stroke.

In-automatically operating the motion eonvert~
ing ‘mechanism of the present embodiment, the
appropriate detent 51,52 is:swung to locking en-
gagement with its: corresponding. lever 49, %50
under force transmitted from isleeve 36, arm .38
and lug 446 or4ic and through slide 41.toarm 585.
This linkage is so -adjusted- as :to dlternate :the
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holding and release of levers 48 -and 60, ‘theréby
alternately reversing the stroke of sleeve31.

‘Referring to Fig. 11 of the drawing, there s
illustrated a form of:power transmitting system
in accordance with my invention. In‘the system,
a suitable motor 60 is connected for operating a
reciprocative pump in well:65 through-one of my
motion converting mechanisms (0 connected by
means of reciprocative member 40 through well
derrick linkage to pump shaft.66. The well der-
rick is equipped.with .an upstanding frame: 6l
which supports -a pumping arm 62, fulcrumed at
6ia and connected at-one-end-to:the pump :shaft
66. A roller .62 connected in an articulated joint
between adjacent ends of link 64 -and reciproca-
tive member 40 is guided in track 67. . ‘At opposite
end, the link 64 is hinged to the pumping arm: 52
and is of such length -and so guided by the roller
63 as to transmit-an up and a down:stroke to:the
pumping arm, and consequently to.the pump, for
each single stroke from the mechanism :£0.

It will be appreciated that while the mechanism
for-converting rotary motion, as ‘herein described,
is highly suited for the -output of alternately re-
versed.strokes of reciprocation of constant ampli-
tude, the mechanism may be reversed as desired
along the length of any given stroke, asby manual
or automatic -control applied to :slide &1 (Figs. 1
and 6) or may be stopped and started once more,
to continue in a given direction, as by stopping
the drive 24 and then resuming the drive in ‘the
same .direction as before.

While two telescoping thireaded rods have been
described for coaction “with 'threaded nuts for
achieving reciprocatory motion in the embodi-
ment hereinbeforeset:forth, it will be understood
that a single threaded rod -may be :iemployed in
conjunction with one or more nuts ‘for -coacting
therewith for producing linear motion or recipro=-
cation.

Since many possible embodiments may be made
of my invention and since many changes may ‘be
made in the embediments hereinbefore set forth,
it will be understood that all matter -described

carriage is rotated to engagelever 50 on sleeve 9 - 5 herein, or shown in the drawings, is-te be infer-

preted as illustrative and not as a 'limitation.

I claim:

1. In mechanism for converting rotary motion
to reciprocating linear motion, ‘the combination
which includes, motion- converting means com-
prising at least two engaging threaded members
mounted for relative rotation =and -co-action ‘to
produce linear-displacement of -one of ‘them, gear-
ing means connective with said'threaded members
for ‘transmitting opposite driving rotation to ‘the
same to direct the displacement, -and means con-
trolled by movement of said member-toreverse the
direction of rotation-of both:said members.

9. In mechanism for converting rotary motion
to linear motion, the combination which includes,
motion converting means comprising at least two
engaging threaded members mounted for relative
rotation and co-action:to:produce linear displace~
ment of at least one.of them, differential gearing
having a pair of differential:gears each«connected
for rotation with one of :said:threaded members,
and means for selectively coupling the differential
gears to rotary drive means of fixed direction ro-
tation.

3. In mechanism.for .converting rotary motion
to reciprocatory mokion, the combination which
includes, motion converting means :comprising g6
least two engaging ‘threaded ‘members mouuted
for relative rotation and co-action:te produce re-

#5 viprocation:of wone of them, differential gearing
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9
having corresponding gears thereof connected for
driving the corresponding ones of said threaded
members, and means for alternatively coupling
said corresponding gears to a rotary drive source

of fixed rotation, and a pinion between said cor- -

res_ponding gears mounted on a nermally fixed
axis. ) .

4, In mechanism for converting rotary motion
to reciprocatory motion, the combination which
includes, motion converiing mechanism compris-
ing at least two engaging threaded members
mounted for relative rotation to produce displace-
ment of at least one of them, mechanism for
simultaneously transmitting opposite rotations to
said threaded members to achieve the displace-
ment and means dependent on the amount of said
displacement in either direction to reverse the di-
rection of said rotations.

5. In mechanism for converting rotary motion
to reciprocatory motion. the combination which
includes, motion converting mechanism compris-
ing at least two engaging threaded members
mounted for alternately reversed opposed rota-
tion to produce reciprocation, drive means operat-
ing in o constant direction, means connecting said
drive means for alternately rotating said threaded
members in opposed directions, and gear means
for interconnecting the threaded members in op-
posed rotary relation during operation of said
drive means.

6. In mechanism for converting rotary motion
to linear motion, the combination which includes,
differential gearing, unidirectional rotary moction
transmitting means selectively operative with said
differential gearing for driving through opposite
sides of the same, and two members each con-
nected for simultaneous rotation with one of the
opposite sides of said differential gearing and
mounted for co-action to produce linear displace-
ment.

7. In mechanism for converting rotary motion
to linear motion, the combination which includes,
differential gearing, unidirectional rotary motion
transmitting means selectively operative with said
differential gearing for alternately driving
through opposite sides of the same, at least two
engaging threaded members each rotatable with
one of said opposite sides of the differential gear-
ing and mounted for co-action to produce linear
displacement, and selective means actuated by
movement of one of said threaded members for
engaging said unidirectional motion transmitting
means to driving relation alternately with one or
the other of said opposite sides of the differential
gearing thus for producing reversed strokes of
reciprocation with said threaded members.

8. In mechanism for converting rotary motion
to recipricatory motion, the combination which
includes, differential gearing comprising opposed
gears and at least one interconnecting pinjon for
the same, unidirectional rotary motion frans-
mitting means selectively connective with the dif-
ferential gearing alternately through said op-
posed gears, at least two engaging threaded mem-
bers rotatable each with one of the opposed gears
of the differential gearing and mounted for co-
action to produce reciprocation, ang selector
means for automatically setting said unidiree-
tional motion transmitting means to driving re-
lation with the differential gearing alternately
through said opposed gears thus preducing al-
ternately reversed strokes of reciprocation with
said threaded members, said selector means in-
cluding means for restraining the axis of the in-
terconnecting pinion of said differential gearing
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from rotation about the axis of the opposed gears
throughout the individual strokes of reciproca~
tion and intermittently releasing the same to ac-
tuate said selector means for reversing stroke.

9. In mechanism for converting rotary motion
to reciprocatory motion, the combination which
includes, differential gearing, unidirectional ro-
tary motion fransmitting means selectively op-
erative with said differential gearing for alter-
nately driving through opposite sides of the same
at different speeds, at least two felescoping
threaded members rotatable each with one of said
opposite sides of the differential gearing and
mounted for co-action to produce reciprocation,
and selector means for engaging said unidirec-
tional motion transmitting means alternately to
driving relation with said opposite sides of the dif-
ferential gearing thus for producing alternately
reversed and differently speeded strokes of re-
ciprocation with said threaded members.

10. In mechanism for converting rotary motion
to reciprocatory motion, the combination which
includes, differential gearing, unidirectional ro-
tary motion transmitting means selectively con-
nective with said differential gearing for driving
through axially opposite sides of the same in al-
ternately reversed directions, at least two tele-
scoping threaded members rotatable each with
one of said opvosite sides of the differential gear-
ing and mounted for co-action to produce re-
ciprocation, and selective means automatically
setting said unidirectional motion transmitting
mezns alternately to driving relation with said
opposite sides of the differential gearing thus for
producing alternately reversed strokes of recipro-
cation with said threaded members.

11. In mechanism for converting rotary motion
to reciprocatory motion, the combination which
includes, differential gearing, including opposed
differential gears and a pinion unidirectional ro-
fary motion transmitting means selectively opera-
tive with said differential gearing for alternately
driving opposite gears of the same in the same
direction, selective means for automatically en-
gaging said unidirectional rotary motion trans-
mitting means alternately to driving relation with
said opposite gears of the differential gearing and
means to lock the pinion against rotation akout
the axis of the gears when driving either of them.

12. In mechanism for converting rotary motion
to reciprocatory motion, the combination which
includes, differential gearing comprising opposed
gears and at least one interconnecting pinion for
the same, unidirectional rotary motion trans-
mitting means for selectively driving the differ-
ential gearing through said opposed gears, and
means for restraining the axis of said intercon-~
necting pinion from rotation about the axis of
said gears and releasing the same only during
selection of the driving relation between said uni-
directional rotary motion transmitting means and
the differential gearing.

13. The mechanism as defined in claim 3 in
which means is provided to release the axis of said
pinjon upon a predetermined stroke of the re-
ciprocahle threaded member.

14, The mechanism as defined in claim 4 in
which each of the threaded members is formed in
at least two parts telescopically and non-rotative-
ly secured together.

15. The mechanism as defined in claim 11 in
which mechanism is provided to release the pin-
ion during the change of drive.

16. The mechanism as defined in claim 15 in
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‘which cushion means.are.provided to.stopthe pin-
‘fon.rotation when.gear selection . is.completed.
17. The.mechanism .of .claim .8 in. whi¢h each
threaded.member.includes two.portions relatively
.non-rotatable and of opposite pitch.

18, The mechanism of claim 17 in which atléast

_onecof.said.twe.part threaded means is comprised
-of telescoping. parts..
BRYAN BRASSELL..
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