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2,539,906 

FUL STROKE MECHANISM FOR. 
CALCULANG MACENES 

William J. Higgins, Groton, N. Y., assignor to 
L. C. Smith & Corona, Eypewriters, i.e., Syra 
cuse, N.Y., a corporation of New York 
Application April 22, 1947, Seria No. 743,120 

(C. 4-17.5) 2 Claims. 

In machines, Such as calculating machines, 
having an element, such as an operating handle, 
requiring alternate converse strokes thereof un 
der control of an operative to two fixed stroke 
limits for correct actuation of said element to 
perform its intended function or functions, 
mechanisms known as full stroke mechanisms 
have been provided Which permit Stroking of the 
element back and forth alternately to its two 
Stroke limits but prevent any Substantial reverse 
moVenent of the element until a stroke thereof 
initiated at either of said stroke limits has been 
completed to the other stroke limit. Such mech 
anisms are applicable to elements of the kind 
Set forth regardless of whether the element is 
stroked in both directions by manually applied 
force or is stroked in one direction by manually 
applied force and in the opposite direction by a 
Spring or its equivalent designed to return the 
element to a normal stationary position at one of 
its stroke limits when the element is moved by 
the operative from Said one limit and released. 
The principal object of the present invention 

is to provide an improved full stroke mechanism 
for elements of the kind above set forth which 
is characterized by simplicity of construction, 
low cost of production, Substantially noiseless 
operation, and ability to operate efficiently aind 
With a minimum of wear. 
Another important object of the invention is 

to provide a mechanism of the kind set forth 
having two engageable and disengageable parts 
(such preferably as a rack and a pawl or dog) 
Which are controlled by the strokable element to 
remain out of contact so long as the element is 
stroked alternately to its stroke limits, to auto 
natically So engage, upon any slight reverse 
novement of the element While a stroke thereof 
initiated at either of said stroke limits remains 
incomplete, as to block further such reverse 
movement of the handle, and to automatically 
disengage upon resumption of the uncompleted 
Stoke of the element. 

Other objects and advantages of the invention 
will be apparent to those skilled in the art from 
the following description in detail of the pre 
ferred enbodiment of the invention illustrated 
in the accompanying drawings. 

In the dra Wings: 
Figure 1 is a fragmentary side elevation of a 

known calculating machine equipped with a pre 
ferred form of full stroke mechanism embodying 
the invention, the machine being shown as 
viewed from the left hand side thereof and With 
its operating handle at one stroke limit, and only 
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So nuch of the known machine being shown as is 
necessary for a full understanding of the im 
proved full stroke mechanism; 

Figure 2 is a fragmentary top plan view of the 
machine with its operating handle positioned as 
in Figure 1; 

Figures 3 and 4 are face and edge views, respec 
tively, of a pawl driving or pawl controlling arm 
forming part of the improved full stroke mecha 
lSn); 
Figure 5 is a detail Sectional view on line 5-5 

of Figure 6; 
Figure 6 is a detail sectional view on line 6-6 

of Figure 1; and 
Figures 7 to 11 are views similar to Figure 1. 

showing the mode of operation of the improved 
full stroke mechanism as more fully hereinafter 
described. 
The known calculating machine in connection 

With which a preferred embodiment of the inven 
tion is shown in the drawings has a main operat 
ing shaft which extends horizontally and trans 
versely of the machine and is journaled adjacent 
opposite ends of the shaft in a left hand side plate 
2 and a right hand side plate 3 which are parts of 
the main fraine of the machine. A can disk A. 
and the main operating handle Or hand crank 5 
Cf the machine are fixedly held to shaft at the 
outer Side of the right hand Side plate 3 for 
Oscillation of shaft , disk 4 and handle 5 as a 
unit about the axis of the shaft. Disk A is pro 
vided with an arcuate slot 6 concentric With Shafi, 
, and a pin or stud which is fixed to side plate 
3 protrudes through Said slot. Engagement of 
opposite end walls of slot 6 alternately with the 
fixed pin determines the two fixed stroke limits 
of the operating handle 5. 

For correct functioning of the machine, the 
handle must be moved through a two-stroke cycle 
all the Way fron one of Said fixed stroke limits to 
the other and then ail the Way back to the first 
mentioned Stroke limit, that one of said stroke 
inits at which the handle is shown in Figures 1 
and 2 being the one in which the handle normally 
stands and at which each such cycle of opera 
tion thereof starts and ends. In the known ma-. 
chine shown, the handle has a full throw through 
a fixed arc of 35 degrees. 
In the drawings, this known machine is shown 

equipped. With an improved full stroke mecha 
nism embodying the present invention, and the 
illustrated construction and arrangement of parts 
Whereby the machine is thus improved will now 
be described. 
A pawl or dog, having a body part 8 and a hub 
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9, has its hub journaled on a pivot stud 9. The 
Stud it is fixed at its inner end to the left had 
side plate 2 of the machine and protrudes out 
Ward or to the left from said plate and is parallel 
to Shaft of the Inachine. The hub. 9 extends a 
short distance inward beyond the body part 8 of 
the pawl and is held in contact with the outer face 
of plate 2 by a fastener which is engaged with 
the Stud ) and holds a Washer 2 on the stud 
against the outer face of pawl 8-9. The pawl is 
thus journaled on the stud for movement in a 
fixed plane Which is normal to shaft , and the 
body part 8 of the pawl is held spaced a short 
distance from plate 2. 
The position of the pawl is controlled by the 

Operating handle 5 of the machine through a 
pawl controller or pawl driving arm. 3 with 
which the handle has, as more fully hereinafter 
described, a two-way friction-slip driving con 
nection. The arm 3, as more fully hereinafter 
described, is mounted for Swinging thereof about 
the axis of shaft f of the machine by the friction 
driving connection of Said handle with said airn, 
and is formed adjacent its outer end with a short 
closed slot 4. The slot 4 extends longitudinaily 
Of the arm and normal to the axis of Shaft . A 
pin 5 is fixed at its outer end to the body part 
8 of the pawl between the pawl hub and the outer 
end of the pawl and projects inward toward side 
plate 2 through slot 4 in arm 3, said pin being 
parallel to shaft and pivot stud 3. 
The slot 4 of the pin-and-slot connection 
4-5 between the pawl and its driving or coin 

trol arm 3 is of Such length that Swinging nove 
ments of the connected pawi and arm will be 
positively arrested at two limits of such move 
ment by abutment of the pin 5 against the outer 
end wall of slot 4 but that the connected paw 
and arm may be freely Swung from each to the 
other of Said two limits. In So Swinging from 
one of said limits to the other, the pin passes be 
tween the axes of the arm and pawl across a 
straight line connecting said axes, which line ex 
tends longitudinally of, and medially of, the 
width of both the arm and pawl when the axial 
line of the pin is located in said line, so that the 
arm makes equal angles with said line at both 
limits of swinging movement of the aim and that 
the pawl makes equal angles with said line at 
both limits of Swinging movement of the pawi. 
The outer end of the pawl is thus Swingable be 
tween the pawl axis and the cominion axes of 
the handle, shaft and driving or control aim to 
equal and limited angies With a straight line con 
necting said two axes and radial or normal to 
both thereof, and the extent of possible Swinging 
movement of the pawl and of the arm is positively 
limited by the connected therebetween So that 
separate limit stops are not required. The above 
described limited maximum possible movement 
of the connected arm and pawl is of such Small 
extent that it may be effected by a very Small 
fraction of the maximum throw or stroke of the 
handle. 
The pawl or dog 8-9 is coactive, as more par 

ticularly hereinafter described, with the teeth of 
a rack to block mal-operation of the handle 5, 
which rack is positively conversely driven by the 
handle. This rack, and the driving Connections 
of the handle with the rack and With the paW1 
driving arm or controller, now will be described. 
The rack has a fiat and substantially Segmental 

and externally toothed body portion 6 provided 
with a hub , said hub of the rack being fixed 
to the protruding left hand end of the main Shaft 
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4. 
of the machine outside of the left hand side 

plate 2 to oscillate in unison with said shaft and 
With disk 4 and handle 5. Hub extends in 
Ward from body 6 of the rack into abutting en 
gagement with plate 2 and has a reduced cylin 
drical inner end portion ita, said hub being fixed 
to the shaft by Suitable means, such as a tapered 
pin 8 driven through registering holes in the 
hub and shaft, to compel the rack to oscillate 
in unison With the shaft and prevent axial move 
ment between the shaft and rack. The substan 
tially Segmental body portion of the rack 6-7 
is externally toothed at its periphery from one 
end edge 6 to the opposite end edge 6b there 
of to provide a series of teeth 9 all of which lie 
in an arc concentric with the axis of the rack, 
said teeth being separated by W-shaped tooth 
Spaces equally divided by lines radial to the axis 
of the segment, the included angle of the sides 
of each tooth Space preferably being 90 degrees. 
In the machine shown there is also formed on 
hub of the Segmental rack, O' externally 
toothed Segment, and in Substantially diametri 
cally opposed relation to the rack, a cam 29 
which, however, forms no part of the present in 
vention. 
The pawl controlling or driving arm f3 is 

formed of slightly resilient sheet steel or like ma 
terial, and is medially divided from its inner end 
to a point adjacent the inner end of slot 4 by 
a longitudiinal slot 2. Slot 2 is open at the in 
ner end of arm 3 and is enlarged at opposite 
sides of said slot adjacent the open end of the 
slot to form a circular and diametrically split 
bearing aperture or pivot hole 2 a the normal 
diameter of which is slightly leSS than the major 
or external diameter of the reduced cylindrical 
inner end portion a of the rack hub 7. The 
arm 3 is thus formed with two slightly Springy 
leg portions which are oppositely curved adjacent 
their free ends to resiliently frictionally grip With 
their inner edges the periphery of part of hub 

7 of the rack, which hub part is forced through 
the enlarged part 2a of slot 2 and maintains 
said legs slightly Sprung apart. Arm 3 thus will 
oscillate with the handle 5, Shaft , and rack 
6-fi until said arm is arrested, and the handle 
and shaft and rack also may oscillate as a unit 
relatively to arm i3 while said arm is held sta 
tionary, due to the two-way friction-slip driving 
connection between the handle and arm just de 
scribed. 
The arm is kept out of contact with plate 2 

by a spacing washer 22 which is mounted on part 
ifa of the rack hub and engages Said plate and 
arm. The part a of the rack hub terminates 
short of the plane of the inner face of the body 
part 6 of the rack to provide an annular shoul 
der which abuts the outer face of the arm 3 
around the rack hub and maintains the arm out 
of contact with the rack outwardly beyond the 
perimeter of the rack hub. 

It will be observed that the pawl or dog 8-9 
is movable conversely in a fixed path and that it 
has a fixed maximum possible throw in Said path 
from One to the other of two fixed maximum 
limits of movement in said path. The pawl Or 
dog can, therefore, only move in a fixed and defi 
Initely imited zone relatively to the main frame 
of the machine and it aiso will be observed that 
only a small fractional part of a full Stroke of 
the machine handle is required to frictionally 
drive the pawl or dog from one to the other of 
its maximum limitS of movement. 
The rack or toothed segment 6-7, which is 
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fixed to shaft to oscillate as a unit therewith 
and With the handle 5 throughout all movements 
..of Said shaft and handle, is so fixedly related to 
the shaft and handle, and is Soproportioned, that 
said rack is positively movable by the handle 5 
conversely in a fixed path to two fixed maximum 
limits of movement in Saidpath, that the toothed 
edge of Said rack moves in the direction of its 
length in the Same plane in which the pawl or 
dog moves, that the rack teeth pass between the 
axes of pawl 8-9 and Shaft through only a 
medial portion of the Zone of maximum move 
Enent of the Outer or nose end of the dog or pawl, 
that the rack is conversely movable acroSs a 
Straight line connecting the axes of the Shaft and 
paWl or dog on each full handle stroke to two 
fixed limits of possible rack movement at which 
the rack is located Wholly out of the Said maxi 
mum Zone of movement of the paWl or dog, and 
:that the point of closest-approach of the paW to 
the axis of the Shaft and rack is closer to Said 
axis than the bottons of the tooth spaces of the 
rack. 
Referring to the drawings, in Figures 1 and 8 

the handle sand-shaft and rack are shown at dif 
ferent ones of the two maximum limits of con 
verse movements of these fixedly united parts, 
and the dog is shown in said views at that one 
of its tWO maximum limits of motion in which 
it is located when the handle and shaft and 
rack are positioned as shown in the respective 
Ones of Said views. The parts are So related that 
in moving from the position of Figure 1 to that 
of Figure 8, the pawl or dog Will, as shown in full 
lines in Figure 7, be frictionally driven through 
its full throw by movement of the fixedly con 
nected handle and shaft and rack through only a 
Small fractional part of their maximum move 
ment. In passing from the position of Figure 1. 
to the position shown in full lines in Figure 7, 
the arm drives the dog in a path which would 
carry the dog below the path of the roots of the 
rack teeth or bottoms of the tooth spaces (as 
indicated in dotted lines in Figure 7), but the 
relative positions of the dog and rack in the Fig 
ure 1 position are Such, and their relative rates 
of drive are Such, that the dog travels from its 
position of Figure 1 to that shown in full lines 
in Figure 7 slightly in advance of the advancing 
end 6b of the rack, So that on a full stroke of 
the handle and rack from the position of Figure 1. 
to that of Figure 8, the rack and dog make no 
contact with each other. 
On a full stroke of the handle from its limit 

of movement shown in Figure 8 back to its start 
ing limit shown in Figure 1, the pawl is corre 
spondingly reversely driven to that fixed limit 
of movement thereof ShOWn in Figure and in 
full lines in Figure 9 in advance of the oncoming 
end edge 6 of the rack by a Small fractional 
part of said handle stroke, SO that the pawl and 
rack make no contact with each other, the pawl 
and arm being shown in dotted lines in Figure 9 
partly driven from one limit to the other. 

. Since the pawl and rack also are held out of 
engagement at each of the maximum limits of 
stroke movement of the handle, it will be noted 
that so long as no mal-operation of the handle 
is attempted, the pawl and rack at no time Will 
engage each other and noise and Wear which 
would result from such engagement are avoided, 
but the full stroke mechanism nevertheless is 
automatically reconditioned or set by a small and 
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or block mal-operation of the handle on that 
Stroke. 

En Figure 10, the pawl or dog is shown en 
gaged. With the rack to blockireturn of the handle 
to the position of Figure 1 before completion of 
a handle Stroke from that position to the posi 
tion of Figure 8, and in Figtre 11 the pawl Ordog 
is Shown engaged with the rack to block return 
of the handle to the position of Figure 8 be 
fore Completion of a handle stroke from that 
position to the position of Figure 1. 

It Will be noted, that the pawl or dog makes 
blocking engagement with the toothed edge of 
the rack While the dog is inclined to a straight 
line connecting the axis of shaft and the pivotal 
axis of the dog. Preferably, as shown, the pawl 
Or dog has a Straight end edge 8a making equal 
angles with the two longitudinal side edges of 
the pawl or dog, each of which angles is equal 
to the included ange of the sides of the tooth 
Spaces of the rack, thus providing the nose of 
the paWI or dog with two corners each adapted 
to fit in any tooth space of the rack. One corner 
of the nose of the dog engages in the rack tooth 

5 Spaces upon mal-operation of the handle in one 
'direction, and the other corner so engages upon 
mal-Operation of the handle in the opposite direc 
tion. A very slight improper reverse movement 
of the handle will throw the dog into engage 
ment with the rack, and the dog will be dis 
engaged from the rack immediately upon re 
Sumption of an improperly curtailed stroke of 
the handle. 
Although I have thus described my inven 

tion in its preferred form, as required by the 
patent statutes, I desire to be limited only by the 
Scope of the appended claims. 

I claim: 
1. In a full Stroke mechanism, a pawl and a 

peripherally toothed segment mounted for oscil 
lation contra to each other in a common plane 
and about Separate axes into and out of toothed 
engagement, means positively arresting oscil 
lation of Said Segment at two opposite limits at 
which its toothed periphery is located wholly 
to One Side or the other of a straight line inter 
Secting the axes of OScillation of the pawl and 
Segment, a pin projecting from the pawl parallel 
to Said axes, and a bar of slightly springy sheet 
metal having a closed longitudinal slot therein 
adjacent one end thereof in which said pin is 
engaged, Said bar having a second longitudinal 
Slot open at the opposite end of the bar and which 
is provided adjacent itS open end and spaced 
from its other end with two opposed segmental 
edge portions, said Segment having a hub pro 
vided with a cylindrical end portion resiliently 
frictionally gripped by said segmental edge por 
tions of Said Second slot in the bar to friction 
ally drive Said bar when the Segment is oscil 
lated and which journals the bar for positively 
limited OScillations of the connected bar and 
pawl contra, to each other and to an extent suffi 
cient to carry said pin across said straight line. 

2. In a full Stoke mechanism, the combination 
with a machine frame having an upstanding wall 
and a horizontal shaft which protrudes at one 
end thereof through Said Wall and is mounted in 
the frame to be oscillated about its axis to first 
one and then the other of two fixed limits, of 
a hub fixed on Said protruding shaft end to oscil 
late with the shaft and having an annular 
shoulder facing Said wall and also having a re 
duced cylindrical end portion which extends from 

initial part of each stroke to function to prevent 75 said shoulder to said wall, a peripherally toothed 
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segment disposed in a plane normal to said shaft 
and formed on said hub to oscillate therewith 
and displaced farther from said wall than Said 
shoulder, a pawl mounted on the frame Wall 
to swing into and out of toothed engagement with 
the segment about a fixed axis parallel to the 
shaft axis, a pin projecting from said pawl toward 
said wall, a fiat and slightly springy sheet metal 
bar journailed at one end on Said reduced end 
portion of the hub with one face of Said bal 
abutting the hub shoulder, and a spacing washer 
on said reduced end portion of the hub between 
said bar and Said frame wall, Said bar having 
a longitudinal slot which is open at the jour 
nalled end of the bar and extends beyond the 
hub and throughout the major part of the length 
of the bar and is provided adjacent said jour 
nalled bar end with two opposed Segmental slot 
edge portions resiliently and frictionally en 
bracing the periphery of the reduced end por 
tion of the hub, said bar having a closed longi 
tudinal slot therein adjacent its other end in 
whichthe pin on the pawl is engaged for posi 
tively limited oscillations of the pawl and arm 
which carry the pin. On the pawl equal distances 
to opposite sides of a Straight line which is 
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- crossed by the entire toothed periphery of the 
Segment during each full oscillation of the Seg 
ment and intersects the axes of oscillation of 
the pawl and Segment. M 

WILLIAM J. H.G.GINS. 
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