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FFICE

GRINDING MACHINE
J ohn E. Poorman, Philla,delphia,, Pa.
Application August 10, 1942, Serial No. 454,309
' '8 Claims. (CL 74—324) '

This invention is directed to an improvement
in grinding machines, wherein provision is made
for so controlling the mechanism to insure abso-
lute precision in grinding, and is more particu-
larly concerned with means for reversing the op-
eration of the grinding machine following a pre-
determined and precise limit of grinding move-
ment, to permit absolute precision erinding and
machine reversal following such precision grind-
ing limit, |

In conventional grinding machines, it is cus-
tomary to provide for automatic operation after
the setting of the machine for the desired grind-
ing. Thus, in such conventional machines, the
table or other material base is set for a predeter-
mined limited movement for the desired grind-
Ing, and during the final step of this movement,
mechanism is set in motion to reverse the oper-
ation of the drive for the return of the table,
and if desired, a further grinding during such
return. It not infrequently happens that there
is a variation in motion between the time the at-
tomatic reversing mechanism commences to op-
erate and the completion of that operation,

which variation is not infrequently due to jnac-

curate timing, wear of parts, or momentum over-
run. Any such variation is of course highly un-
desirable in any grinding operation and abso-
Iutely fatal in precision grinding. |

In an application filed by me in the United
States Patent Office November 10, 1941, Serial
No. 418,569, I have described and claimed an im-
provement in grinding machines, wherein the ta-
ble of the grinding machine is brought to g com-
plete stop at the exactly determined limit of the
grinding operation, to thus insure absclute pre-
cision grinding, and wherein means are provid-
ed to inaugurate reversal of table movement for
reverse grinding following complete cessation of
table movement and while such table is at com-
plete rest, whereby the table movement and
therefore any grinding operation is completely
interrupted during the time-period necessary to
operate the reversal of table drive.

The primary object of the present invention is

to improve the reversing control and operation
of the type of machine described in the gbove-
ldentified application, whereby to insure g sim-
plified construction of relatively few parts, with

such parts constructed for effective cooperation
with the minimum of shock and wear, with the -

result of repeated uniformity of operation with-
out variation and thus insure longer life.
- A further object of the present invention is to.

provide mechanically operated means for initi-:
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ally shifting the reversing mechanism, and sux-
iliary means cooperating with the initial means
to insure movement of the interlocking clutch
means and lock the parts in clutched relation.

A further object of the invention is to provide
alltomatic means forming g part of the former
means ior initially shifting the reversing mech-
anism to lock the parts in reversing position,
while permitling the automatic means to assume
normal position once the reversal movement is
started. - | .

The improved reversing mechanism forming
the primary detail of the present invention in-
cludes the provision of two relatively movable
shafts having a common axis, of which one is:
power driven continuously in one direction, and
the other of which is axially shifted under a par-
ticular control mechanism, together with inter~
locking elements mounted on one of the shafts to
selectively control the direction of machine-table
movement in accordance with the direction of
movement of the axially-shiftable shaft under
the control mechanism. . |

For convenience and a more definite under-
standing of the present invention, the improved
reversing mechanism will be shown in connec-
tion with the machine details deseribed in the
above-identified application, though it will be
understood that the present invention is in no-
wise limited thereto, it being further noted that
in the accompanying drawings, certain details of
the mechanism of the above-identified applica-
tion will be shown diagrammatically or in dotted
outline in sufficient particularity for a complete

? understanding of the present invention, but

without intention of thereby limiting the appli-

cation of the present invention. ' .
In the accompanying drawings: o

~ Figure 1 is a perspective view showing the ap-

plication of the invention to g grinding machine.
Figure 2 is a rear view of the reversine mech-

- anism. |

4b
~ 4—4 of Figure 2.
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- Figure 3 is a central ?ertical_ section of the

Salne,

Figure 4 is a transverse section on the line

- Figure 5 is a detailed perspective view of the
reversing mechanism and the table-stop arrange-
ment viewed from the front of the machine.

Figure 6 is a perspective of clutch details.
Figure 7 is a detailed sectional view of the

- stopping-controlling element. |

5o

Figure 8 is a detail section on the line §—8
of Figure 3. - | |
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Figure 91s a diagrammatic view of the revers-
ing mechanism and its control elements.

The general details of the machine described
in the above-identified application, and to which
the present invention 1s shown as applied ior
convenience, without, however, thereby restrict-

ing the application of the present invention, may

be briefly described as follows: -
I+ will be evident the jmprovement is appli-

cable in any type of machine employing & re-
versing element.

The machine includes a main frame §, on
which is slidably guided a table 2. to receive the
material to be operated on by 2 grinding or
like mechanism. The fable has a central de-
pending rib 3, on which is secured or formed a
rack &, to be driven by a train of gear from the

motor or other source of power, for reciprocat-

ineg the table and supported material or work.

The train of gear, indicated cenerally at 9, in- -

cludes details with which the present invention
is concerned, and such includes two gears 6§ and
1, with an interposed gifferential 8 between the
gears 6§ and T, the latter cooperating with the
rack 4. The gear train also includes what may
be termed a primary gear 9, the injtial gear in
the train responsive, throuch the reversing mecii-
anism of this invention, to the motor 18. |
The more or less conventional machine being
described for a bhetter understanding of the
present invention includes means whereby the
cessation of movement of the table at the pre-
determined exact limit of the erinding cpera-
tion is provided, together with a means for in-
augurating the reversal of table travel, and a
means for controlling the reversing mechanism
of the present invention. -
cuch controlling means, which is 1n aceord
with the construction of tie ahove-identified ap-
plication, may be briefly described as follows: A
hollow guide bar {1 is secured to one edge of the
table 2, and independent heads {2 and {3 slid-
ably cooperate with such guide bar (1. Set
serews |1¢, carried by the heads and cooperat-
ing with the guide bar U, permit the heads 1o
be independently fixed with relation to the guide
har in any desired relative spacing. A two-
armed bracket 15 is secured to the frame |, on
which is pivotally mounted & stop 18, which,
when in operative position, 18 in the path of
movement of the ends of sel sCrews &, adjust-
ably mounted, ohe In each of the heads 12 and
{3. As the stop, except for its pivotal movement,
is fixed relative to the frame, it will be obvious

that the movement of the table 2 in either direc- °

tion will be stopped on contact of the set screw
{4 of the particular head with the stop 16. AS
the heads 12 and {3 are adjustable in the guide
bar {1, and the set sCrews further adjustable in
the heads, it is apparent that the table may be
‘brought to rest in travel in either direction, and
the grinding effect on the work on the table
completely stopped at any selected point In table
travel, to thus provide for exact precision grind-
ing. | | |

A shaft (8, hereinafter termed the reversing
shaft. is rotatably mounted in the frame {, and
ic divided into two sections [8a and 18D, con-
nected by a reversing bevel zear set 1&cC, SO that
movement of one section of the shaft will re-
versely affect the other shaft section. The shaib
cection 8¢ is terminally provided with a lever
19 extending upwardly between the arms of
hracket [5. The lever 19 is provided with a slid-
ably mounted stop 18a, which when in cpera-
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tive position, is in the path of movement cf the
stops or lower projections 2{ on the heads (2
and [3.

It will be apparent from the hereinafter de-
scripticn of the operation of the machine, that
the cooperation of the stop i and the partici-
ar set screw 14 functions to stop the table move-
ment and thereafter inaugurates the reversing
mechanism. As it is also contemplated that i
and when it is desired to inaugurate the revers-
ing mechanism during and incident to the final
inerement of and before stopping the table move-
ment or grinding operation, means must bhe
provided to selectively permit such operation,
and to this end, the stop 18a and projections 21
are arranged ss described.

Tt is also evident thalt tne Two radically dif-
ferent controls of the reversing mechanism, Cn:e
aiter the table is completely stopped, and one
while the table is moving, can not functicn ab
the same time. In order that the respective
runctions may be completely and simply selec-
tive, the lever 18 is provided with a manually-
controlled member 28a, connected to the stop
(8§ and to the stop 1% to selectively swing the
stop 18 into or out of operative position or slide
the stop {9 into or cut of operative pPosition.
Thus, either stop may be made to function, and
if desired, both stops may be simuitaneously
moved out of operative position by appropriate
operation of the member 29¢, to provide for hand
movement of the table, as provided in the afore-
mentioned application and unnecessary to de-
seribe herein.

Tt will of course be apparent that the machines
of the type with which the present invention 1is
concarned must additionally, and for more € ec-
tive service, present the possibility of the more
conventional operation of such machines, name-
ly, that of operating the reversing mechanisin
during and substantially coincident with the final
movement of the table during grinding opera-
tion. Thnis operation is effective in conventional
srinding where exact precision limits are not
so vital, and the control of the table movement
and simultaneous control of the reversing mech-
anism during the table movement Is governed
by the stop i8¢ 1n cooperation with the pro-
jections 2f, as will later appear.

The gear train, as stated, includes a difleren-
tial 8 between the gears 6 and 71, the latter
cooperating with the rack 4 and moving the table.
When the table 2 is stopped by engagement of
one or the other of set screws {4 of heads 12
and 13 with the stop {8, the table 2 and there-
fore gear 1 stop. Gear §, however, is still power-
driven and this acts through the differential 8
to compel a tilting movement of the differential
8 and rock a bar 22 carried by the differential 8
and cause such bar through linkage 23 con-
nected to the reversing shaft {8 to turn said re-
versing shaft to a degree to operale the reversing
mechanism. The gear or power train, as defined
in the claims, thus includes the gears from the
initisl drive element on one side of the differen-
tis] & with the addition of a gear section on
the opposite side of the differential and directly
enzaging the rack 4.

. This reversing mechanism, which forms the
primary subject matier of the present invention,
will now be snecifically described. 'The revers-
ing mechanism includes an annular open-ended

. housing 24, arranged adjacent, in the present dis-

75

closure, to the primary gear 9 of the gear train.
A shaft 25 extends substantially diametrical of
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.the housing and mounted in appropriate bear-
- ings carried by the housing. The shaft 25 is
diametrically enlarged for a portion of its length,
as at 26, and axially bored at 27 throughout

the enlarged portion.- A secondarv shaft 28 is -

slidably fitted in the bore 27 and extends at one
end beyond the enla,rged end 01 shaft 23, as
at 29,

A sleeve 30 is keyed at 21 agamet mdependent
rotative movement on the enlarged portion 26
of shaft 25, the sleeve being free for sliding
movement on shaft 25. A pin 22 is passed
through sleeve 39, throue‘h somewhat elongated
slots 33 in the shaft 25, said pin passing through
and being fixed relative to secondary shaft 28.
Thus in any sliding movement of shaft 28, rela-
tive to shaft 25, the sleeve 38 will be moved
within the limit of the slots 33.

Mounted on shaft 25, on opposite sides ef the
sleeve 30, are pinion-collars 35 and £6 respec-
tively, each collar being held against independent

10

20

longitudinal movement on the shaft, but freely

rotatable thereon. A cluteh ring is mounted for
free rotative and longitudinal movement on shaft
25, between the sleeve 30 and each pinion-collar,
such clutch rings, indicated at 27 and 28, pro-
viding a means for clutching cooperation between
the sleeve 30 and the respective pinion collars
39 or 36.

T'o provide the cluteh relation, the opprosing
ends of the sleeve 30 are formed with cluteh
projections or teeth 39, each presenting an abrupt
face 49 and a sloping face &41. The pinion col-
lars 3% and 26 on their ends toward the sleeve

38 are formed with clutch recesses 42, and rings o

3T and 28 are formed on their opposite faces

with clutch teeth 43 and 44, each having abrupt
faces 43 and inclined faces %, respectively, teeth
43 cooperating for clutching function with the
4D

teeth 33 on the adjacent face of the sleeve 30,
and teeth 44 cooperating with the recesses £2
in the end face of the particular pinion-collar
35 or 38. A spring 47 encircling shaft 23 is
interposed between each ring and the adjacent
end of sleeve 38, fo normally force the ring in

clutching cooperation with the adjacent pinion-

collar, and at the same time move it away from
possible contact with the teeth of the sleeve 30.

A pinion is formed as a fixed part of each pin-
ion-collar, pinion 48 being on collar 35, and pin-
ion 49 on collar 38. The reversing assembly is

mounted so that the pinions are in constant driv-

ing interfit with diametrically opposite portions
of the primary gear & of the gear train previ-
ously described, and as the pinions 42 and &9
are driven in the same direction, as will later
appear, driving influence of one pinion will drive
primary gear 9 in one direction, while similar
influence of the cther pinion will drive tﬂe pl"l-
mary gear 9 in the opposite direction.

The various clutch teeth on the sleeve 3!
rings 37 and 38, and recesses in the pinion-~col-

lars 3% and 38, face in the same direction on each.

element as concerns their abrupt faces. This
provides an important detail of the reversing as-
sembly, for when a ring is engaged by the ad-
jacent end of sleeve 30 for clutching action, the
inclined faces &6 of the teeth ride infto contact

with the inclined faces of the recesses 42 of the
pinion-cellar, and under the pressure of the

- sleeve, such inciined faces are forced into a {rice- -

tional engagement which will start movement

of the engaged collar before the full force and

effect of the abrupt driving faces of the rmg and
collar come into engagement - |

65
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- tremely limited, occurrmg while the table is

ing at its lower end on a bhracket 61,

3

In order to Insure that the sleeve 38 will be
given a limit movement in each operation, and
avold possibility of the teeth out of mesh con-
tacting, the sleeve is provided with an annular
inverted V-shaped rib 49a.  Mounted on the
frame, adjacent the reversing assembly, is 2 sup-
port 58, to which a bar 51 is terminally pivoted.
The bar 8l carries a free disc 52, peripherally
shaped at 53 to complement rib 49¢. A spring
°4, secured to the frame { and to the bar 590,
holds a particular face of the periphery 52 in
contact with the appropriate face of the rib 49a4.
As the sleeve 30 is moved to a point where all
teeth are out of contact relation, the bar 5 vields
to permit the peripheral edge 53 to ride over the
rib 48a, and under the strain of spring 54, snap
down on the opposite side of the rib 49a to insure
uniform and complete movement of sleeve 30.

Thus, the automatic cooperation of the rip 49«
on the sleeve 30 and the complementary element
83 on the disk 52 serves two inrportant functions.
First, it absolutely and positively insures an in-
variable position of the sleeve 38 in clutching
functfion to avoid any, even slight, deviation
from this position which might otherwise be in-
cident to some wear of parts or other mechanical -
detail, and second, it positively holds the oper-
ative pa,rts of the clutch in a fixed positive coop-
eration when functioning, and at the same time
compels and insures positive separation of the
clutch parts not functioning at the moment to
prevent obvious mechanical difficulty.

In connection with the detail 1mmed1ate13r
above described, it is to be borne in mind that
the timre interval during which the reversing
mechanism is inaugurated and completed is eX-
- at
eemplete rest, and that necessarily the move-

‘ment of the clutch parts will therefore be very

restricted in order to start and complete the re-
versal during the extremely limited pericd at
which the table is at rest. Therefore, recog-
nizing the mechanical elements as subject to
wear and as practically impossible to construct
without some tolerance of variation, it wiil be
apparent that the provision and funection of the
ritb 49¢ and element 52 play a particularly im-
portant part in the correct, substantially instan-
taneous, uniformly positive, and substantially in-
variable operation of the reversing clutch mech-
anism.

A motor [0 is mounted on the frame I and has
a belt drive to any one of a speed-differential
set of pulleys 58, secured on one end of shaft
£3. The secondary shaft 28 extends beyond
shaft 25 at the end opposite the motor drive, and
such extended end, indicated at 29, is provided

with g bearing 58 ha:vmg diametric pins 59 coop-

erating with the forked end of a lever 68, swing-
fixed to
frame !. Thus movement of the lever 84 will

ceinpel longjtudmal movement of the auxiliars
shaft 28 and of sleeve 30 without interfering

~ with the necessary rotation of such shaft and
sleeve. | |

- The fhovement of the lever 1S dlrectly con-

trolled by the movement of the reversing shaft

18, and for this purpose, the reversing shaft is

70

vrovided with a relatively fixed crank-formed
member €2, to which is connected g bar 63,

-"i‘lOL"ltEd for free rotation on. but held against

latwe longitudinal movement on, the crank

' -end ‘as by crank-carried discs 64 on- opposite

su:les of the bar 63 The end of -the bar §3 has _
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a transverse pin 65 freely engaging the forks of
lever 690. | |
Thus on turning movement of the reversing
shaft 18, the crank member §2 will move the bar
63 and thereby the lever 69 in one direction oOr
the other, and thus shift auxiliary shaft Zz8 and
thereby the sleeve 30 in the proper direction.
It will of course be understood that the move-
ment of the reversing shaft after the table has
been stopped is completed solely through the dif-
ferential 8, and that the movement of the re-
versing shaft before the table has been stopped
is through cooperation of the stop {9a and the
projections 21, and that the latter operatlon
must not affect the differential parts. For this
result, the linkage 23 hereinbefore noted is made
up of an angled extension 66 from the differen-
tial bar 22, underlying the section 1€b of the re-
versing shaft {8 and having a terminal upstand-
ing link 67 formed with a slot 68 to receive =2
pin 69 projecting from an arm 10 extending
from and rigid with the section (8t ¢ the re-
versing shaft. |
The operation will first be described with par-
ticular reference to the details of the illustrated
mrachine, and providing for a compiete stopping
of the table and the operation of the reversing
nf table movement after the table has stopped,
which is the nrimary purpose of tine present con-
struction. The adjustable heads {2 and 13 are
manually set on or in the guide bar (I 2t the
exact points in table travel at which the grind-
ing influence on the work must stop. When the
set screw 14 of the particular head engages the
stop 16, the table is brought 10 a complete stop.
Of course, the gear 7 is also stopped, but as the
nower is continuous, the gear 6 continues to turn.
Thus, it will be apparent that through the dif-
ferential 8, which through bar 22 and link 23
turns the reversing shaft {8 to swing crank 62,
and through bar 63 move lever 60 and thereby
move secondary shaft 28, the sleeve 20 will he
moved to clutch the particular pihion-collar 33
or 38 not then in driving ccaction with primary
sear 9 and free the previously active pinion-col-
1zr. 'This reverses the gear train and the table
is griven in the opposite direction. |
In the operative movement of the bar 22 of
the differential to move the reversing shaft, the
appropriate wall or end of slot €8 in 67 is en-
gaged by the pin 69, and after the gear train
foliowing reversal again moves the tabhle, the
differential 8, or more particularly the bar 22,
returns to a normal position threugh spring HE
eonnectad thereto. This return of the ai
t+ial to normail position dees not affect the revers-
ing shaft 18 for the pin 63 simply moves idly in
the slot 68. o

Wwith particular reference to Figure 9 for a de-

tailed explanation of one operation, the parts are
in one operation, the right hand clutch being
ocperative, and the table moving in the direction
of arrow A. The adjacent set screw (4 (at the
richt) engages the stop {6 and the table is
stopped. Gear 7 is stopped, but as the gear train
is still operating, gear 6 is moving. Differential
:s rocked to move the end of bar 22 conhected to
the reversing shaft dewnwardly against the ten-
sion of spring Tl. As the slot 68 has its upper
wall in contact with pin €9 of arm 708, the revers-
ing shaft is turned in a clockwise direction, moving
 the crank member 62 and shifting secondary shaft
18 of the clutch mechanism toward the lett, and
moving sleeve 32 to release the right-hand clutch
and couple the left-hand cluteh, reversing the

eren- .
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drive of primary gear 9, and thus reversing the
table movement. In the movement of the sleeve
30, the rib 49q shifts disk 52 against tension of
spring 54, causing the projection 33 on tne disk to
ride over the rib 29¢ and down the opposite side.
This insures full movement of clutch parts and

further holds or locks such parts in set posilion
until the next reversal. As the fable starts, the

hold on the differential is released, and the spring
11 restores the bar 22 to normal position. As this
is opposite the operative movement, the slot link
61 moves relative to pin 69, and the set position
of the reversing shaft is not altered.

When the reversing shaft 18 is moved by the
differential bar 22, the section [8a of that shaft,
owing to the reversing gear set 18c, moves anti-
clockwise, as will be apparent. Thus in the nor-
mal position of the parts, shown in Figure 9, if the
control of the reversing mechanism is to be ac-
complished without stopping the table, as before
referred to, the stop 16 is moved out of the path
of set screws (4, as by hand-operated member 20a,
so that as the table moves still in the direction
of the arrow A, Figure 9, the right-hand projec-
tion 21, moving with the table, contacts stop 18a
and swings lever 19 in an anti-clockwise direction,
which through gear set {8c will swing section [8a
of reversing shaft 18 in a clockwise direcfion,
identical with its movement through the differen-
tial control and performing of course the identical
reversing mechanical operation. It will be seen
that in this contrel by lever 19, the reversing shaft
arm 10 moves downwardly, and owing to slot b8,
does not influence the differential bar 22.

Of course, movement of the table in the oppcsite
direction is similarly controlled, the position cf
the pin §9 being normally in this table directicn at
the bottom of siot 68, the differentially-controlled
bar moving up in control, while in the use of the
lever 12 for reverse control, the left-hand pro-
jection 21 turns such lever and reversing shaft
section $8a clockwise and reversing shaft section
counter-~clockwise.

wWhat I claim is:

1. In a machine inciuding a reciprocating mem-
ber, a power train for operating the member and
having its inauguration in a continuously driven
unidirectional power means, said power train in-
cluding a gear section directly operating the
member, means for interrupting the effective in-
fiuence of the power train on the member at any
selected point in the travel of the member in
either direction, said interruption combpletely
stopping member movement without interfering
with continued power-train operation other than

suich gear section, means for reversing movement

of the power train, and means actuated by the

- continued operaticn of the power train following

G0

70

complete stopping of member movement to ceper-
ate the reversing means.

2. A machine including 2 continuous undirec-
tional power means, a power train cperated by
the power means, said power train inciuding a
gear section serving as the final drive element,
means for reversing the driving effect of the
power means on the power train, a member oper-
ated by the power train in a direction determined

by the particular directicn of power-{rain move-

ment, means for selectively and completely stop-

ping member movement in any one particular di-

- rection, the power train other than such gear scc-

| o

{0

tion continuing in cperation following compleie
stopping of the member, and means responsive to
such continued operation of the power train tc
automatically operate the reversing means to
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change direction of power train ang its driving
effect on the member. .

3. In a metal-treating machine, including a re-
ciprocating material-supporting element, power
means for operating the element, selectively-ad-
Justable means for completely stopping the ele-
ment movement at a predetermined point, a re-
versing shaft, mechanism governed by the power
means iollowing complete stopping of the ele-
ment to actuate the reversing shaft, and a revers.
ing assembly forming part of said Power means
~and directly coupled to the reversing shaft for
ocperation in the movement of such shaft.

2. In a metal-treating machine, including a re- '

ciprocating material-supporting element, power
means for operating the element, selectively-ad-
justable means for completely stopping the ele-
ment movement at a predetermined point, a re-

versing shait, mechanism governed by the power
means following complete stopping of the ele-

ment to actuate the reversing shaft, and a re-
versing assembly forming part of said power
means and including a primary shaft, interlock-
ing elements of the assembly carried solely by the
primary shaft, and g secondary shaft movable
relative to the primary shaft for controlling the
interlocking elements, said secondary shaft being
directly coupled to the reversing shaft., |
9. A reversing mechanism for use in a machine
c¢f the type including means for completely stop-
ping the machine at a selected point, power
means for operating the machine and in part con-
tinuing in operation for g period following com-

10

15

25

S

plete stopping of the machine, said reversing
mechanism including a primary shaft, clutch,
parts carried solely by said primary shaft, a sec-
ondary shaft slidable in the primary shaft and
controlling said clutch parts, and means for op-
erating the secondary shaft in the continued op-
eration of the power means after completing
stopping of the machine. |

6. A construction as defined in claim 9, Where-
in the clutch parts include a clutch sleeve on the
primary shaft, and a connection between such
sleeve and the secondary shaft for moving the
sleeve for clutching function in the movement of
the secondary shaft. |

1. A construction as defined in claim 5, where-
in the clutch parts include pinions rotatably free
while fixed against axial movement on the pri-
mary shait, a clutch sleeve non-rotatable while
slidable on the primary shaft, a cooperating

Y clutch element rotatable and slidable on the

primary shaft between the clutch sleeve and each
pinion, and means on the secondary shaft for
controlling the clutch sleeve to clutch s pinion
to the primary shaft through the interposed
clutch element,

8. A construction as defined in claim o, Where-

~In the operating means for the secondary shaft

30

includes a reversing shaft cperated. in the said
continued operation of the power means, a crank
on the reversing shaft, and a connection betwee_n

-the crank and secondary sha_ft.

JOHN E. POORMAN..
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