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This invention relates to copying lathes, and 
more particularly to a machine for producing 
irregular objects in accordance with a model 
pattern such as, for example, shoe lasts which 
are graded as to length and width for various 
last sizes. Specifically, the invention is directed 
to attachments for a last lathe which function 
to modify certain grading characteristics of the 
machine. 
The broad principles of the invention are ap 

plicable to copying lathes of any type, but the 
invention will be herein considered in connection 
with a copying lathe for turning various sized 
shoe lasts in accordance with a model last of 

is given size characteristics, and which lathes have 
the usual grading means acting to pantographic 
ally amplify or reduce the dimensions of a given 
model in the shoe lasts which are reproduced 
from such model. A shoe last is made up of two 
parts, as termed in the trade, to-wit, a fore or 
toe part and a back or heel part which extends 
from the end of the fore part rearwardly. The 
fore and back parts of a last always have a 
definite length ratio, and this ratio varies in 
different model lasts. 

In the turning of shoe lasts from a model last 
on the ordinary last copying lathe it is found that 
the length increase or decrease of the fore and 
back parts of different sized lasts produced from 
a model of a given size, and having a definite 
length ratio between the fore and back parts, is in 
direct proportion to the over-all length of the 
last whereby the length ratio between the pro 
duced last fore and back parts varies from one 
size to another over that length ratio between 
the fore and back parts of the model last. This 
results in error in the desired size length of fore 
and back parts in the larger and smaller sized 
lasts produced from the model. Such error is 
not due to the over-all stick length of the last, 
but is due to the length ratio between the fore 
and back parts of the model last, and which ratio 
is not to be had in different sized lasts produced 
from the model except by manual adjustment of 
the copying lathe grading mechanism at some 
point during turning of the lasts being produced. 
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It is one object cf the present invention to 
provide automatic means operable not only to 
make such grading corrections or changes as 
have heretofore had to be made manually but 
also to provide means for automatically chang 
ing the grade according to some predetermined 
requirement which may necessitate a change in 
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(C1. 142-15) 
the grading factor during the period in which 
the attachment is effective. 
A further object of the invention is to provide 

a grade changing attachment for copying lathes 
having incorporated therein means for varying 5 
the degree of change occasioned by the attach 
ment. 
A further object of the invention is to provide 

an attachment which automatically distributes 
the total calculated grading correction or change 
in a desired manner throughout a predetermined 
portion of the object being produced. 
A further object of the invention is to provide 

a grade changing attachment which may auto 
matically be rendered active throughot a se 
lected period in the grading Operation and all 
tomatically rendered inactive throughout the 
remaining period. 
A further object of the invention is to provide 

an attachment which places under the control 
of the operator a means for automatically con 
trolling the over all or stick length of the graded 
objects in accordance with the stick-length of 
the model even though the Standard grading 
means is adjusted to grade in accordance with 
a requirement unrelated to the stick length of 
the model. Other objects and features of the 
invention will more fully appear from the fol 
lowing specification in connection with the ac 
companying drawings and will be particularly 
pointed out in the claims. 
In the drawings, Fig. 1 is a front elevation of a 

last lathe embodying the invention. Fig. 1A is 
an illustration of a modified form of grade chang 
ing cam. 

Fig. 2 is an enlarged front elevation of a por 
tion of the lathe showing certain parts thereof in 
a different position from that shown in Fig. 1. 

Fig. 3 is a sectional view taken on line 3-3, 
Fig. 2. 

Fig. 4 is a side elevation of the parts shown in 
Fig. 3, showing a portion of the main frame in 
Cross section, and other connected parts. 

Fig. 5 is a sectional view taken on line 5-5, 
Fig. 2. 

Fig. 6 is a diagrammatic view illustrating a 
change in the shape of a last which may be 
effected by use of this invention. 

Fig. 7 is a diagrammatic view similar to Fig. 6 
illustrating another change which may be effect 
ed in a last by the use of this invention. 
The invention herein described is applicable to 

any type of copying lathe, and a shoe last copy 
ing lathe is herein shown in which a model 
and a Work piece 2 are rotatably mounted in a 55 
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2 
swing frame 3 which is pivoted at its upper ends 
at 4 and 5 to the superstructure 6 of the main 
frame of the machine (Fig. 1). The weight 
of the frame 3, plus the usual spring tension or 
Weight means employed in such machines, causes 
the model to continuously engage a model wheel 
8 rotatably mounted on a carriage 9 which is 
slidably mounted on ways fo on the main frame 

. The model wheel 8 is held stationary in its 
position laterally of the ways to except in so far 
as it may be moved by the width grading mecha 
nism which may be of the usual or any desired 
construction and will not be described in detail 
since it forms no part of the present invention. 
The model and workpiece are suitably rotated, 

and rotation of the model causes the frame 3 to 
have a Swinging motion which is determined by 
the contour of the model. This motion is trans 
mitted to the last block or work piece 2 which 
is rotated at the same speed as the model in 
the path of a rapidly revolving laterally station 
ary cutter to thus reproduce the model from 
the block or work piece as the model wheel and 
cutter are moved along the longitudinal axes of 
the model and block or work piece. 
As shown, the cutter is suitably driven as, 

for example, by the motor shown and is mounted 
On a carriage 2 which is slidable on the ways 
parallel to the ways 0 carrying the carriage 9. 
The carriages 9 and 2 are fed along the ways 
fo and 0' by means of a driven shaft 3 which 
has secured thereto a worm f4 which meshes with 
a Worm gear f5 fixed to the end of a driven shaft 
6 journaled upon the main frame 7. The shaft 
has mounted on its end opposite to the end 

which carried the worm gear 15 a pinion 7 
which meshes with a complementary pinion 8 
mounted on one end of a vertical shaft is jour 
naled in the main frame. The upper end of the 
shaft 9 has fixed thereto a pinion 20 which 
meshes with a rack 2 fixed to the carriage 2. 
The carriage 2 is connected to the carriage 9 

by means of a grading mechanism to be described, 
and rotation of the shaft 3 serves to feed the two 
carriages carrying the model wheel and the cut 
ter along the longitudinal axes of the model and 
work piece as is usual in this type of machine. 
Suitable means are provided to vary the speed of 
the feed. 
As shown in Figs, 1 and 2 of the drawings, the 

model is received between a heel dog 22 and a 
toe dog 23, and the model f is rotated by a driven 
shaft 24 which is journaled in the swing frame 
3 and receives the dog 22 upon its inner end. 
The shaft 24 is gear driven from a countershaft 
25 journaled in the swing frame 3 and the outer 
end of the shaft 25 has secured thereto a pulley 
26 which is belt driven from a drive shaft 27 
journaled in the super-structure 7 situated ad 
jacent to the axis upon which the frame 3 swings 
and having a pulley 27X fixed thereto. Such 
Shaft 2 may be driven in any suitable manner 
Such as by means of a belt 28 from a countershaft 
29 journaled upon the super-structure of the ma 
chine. The shaft 29 is in turn driven by a belt 
30 passing over a pulley 3 on the shaft 29 and a 
pulley 32 on the shaft 34 journaled on the main 
frame. Such shaft 34 is in turn driven by a 
motor 35 in any suitable manner as by a variable 
Speed drive 36. 
The shaft 29 has mounted thereon a step pulley 
which drives another similar step pulley 38 

by means of a belt 39. Such pulley 38 is fixed to 
a shaft 40 journaled on the main frame and the 
shaft 39 has mounted on its end opposite to that 
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upon which the pulley 38 is mounted a pulley if 
which acts to drive a pulley 42 fixed to the shaft 
3 through a belt 43. Thus, the power necessary 

to feed the carriages 9 and f2 is derived from the 
motor 35 and the speed of the feed may be 
changed by shifting the belt 39 from step to step 
upon the pulleys 3 and 38. The pulley 3 is 
freely rotatable on the shaft 29 and has secured 
thereto one member of a clutch 46, the other 
member of the clutch being splined upon the 
shaft 29 and movable into and out of engagement 
with its cooperating clutch member fixed to the 
pulley 3 by means of a lever 45 pivoted upon the 
frame of the machine. Such lever 45 may be 
actuated manually or by a suitable means which 
automatically disengages the clutch 44 when the 
turning operation has been completed, thereby 
discontinuing the feed of the carriages and rota 
tion of the model and the last which has been 
turned. 
To rotate the model and the work piece simul 

taneously the inner end of the shaft 25 extends 
into a gear casing 46 fixed upon the swing frame 
3, and a suitable train of gears is provided within 
the casing 46 for rotating a work piece supporting 
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heel dog 4. Such dog 4 is received upon the end 
of a shaft rotatably mounted in the gear casing 46 
in axial alignment, with the shaft 23 and is driven 
at the same speed as the shaft 28 and either in 
the Same or in the opposite direction depending 
upon whether, the last being produced is a left 
Or a right as is well understood in the art. The 
dog 4 engages the heel end of the work piece 
while the other end of the work piece is supported 
by a toe dog 48. It is considered unnecessary to 
describe the further details of the machine since 
they form no part of the present invention. The 
elements of the last lathe thus far described are 
Or may be of usual construction, 
AS is customary in shoe last copying lathes, 

the lathe shown is provided with a length grading 
mechanism which forms the connection between 
the model wheel carriage.9 and the driven cutter 
carriage 2 to cause simultaneous movement of 
the carriages, and which is so arranged as to pro 
duce a variable movement of the carriages 9 and 
f2 longitudinally of the model and workpiece in 
a definite speed ratio whereby to result in longer 
or shorter lasts which are shape duplicates of 
the model and thus produce various size lengths 
in the reproduced lasts. In the length grading 
mechanism herein shown, and which forms the 
Subject matter of this invention, a grading lever 
49 is arranged to fulcrum on a fulcrum block 50 
(FigS. 1, 2 and 3) which is adjustable lengthwise 
of the lever 49 by being disposed in a slot 5 in 
the lever. The upper end of the lever 49 is piv 
otally attached to the carriage 9 at 52, and such 
upper end of the lever 49 is provided with a 
channeled groove, 53, in which is disposed a mov 
able fulcrum block 54. Such fulcrum block 54 is 
adjustable along the groove 53 and is held in ad 
justed position by a clamp 55, and is provided with 
a pivot stud 56. One end of a link 57 is pivoted 
on the stud 56, the opposite end of the link 57 
being pivotally secured to the driven carriage 2 
as at 5'. Such link 57 is made up of two tele 
Scopic Sections 58 whereby the length of the link 
57 and the relative positions of the carriages 9 and 
12 may be adjusted as desired. Thus, movement 
of the driven carriage 2 along the longitudinal 
axis of the workpiece 2 by the mechanism herein 
before described causes movement of the model 
Wheel carriage 9 along the longitudinal axis of 
the model f, the ratio of movement between the 
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2,154,725 
carriages being determined by the position of the 
fulcrum of the lever 49 on the block 50 and the 
fulcrum of the link 57 on the block 54 relative to 
the fulcrum of the lever 49 on the carriage 9. The 
relative starting positions of the carriages 9 and 
2, and thus the relative starting positions of the 
model wheel and cutter, may be adjusted by 
lengthening or shortening the link 57. 
As shown in Figs. 3 and 4 of the drawings, the 

fulcrum block 50 is provided with a screw 60 
passing through a block 6, the block 6 f being 
slidable in the slot 5 of the grading lever 49. 
The fulcrum block 50 is also provided with a guide 
member 62 havirig an aperture 63 which receives 
a bar 64. Such bar 64 is secured to the main 
frame 7 at its upper end as at 63' and to an 
arm 62 at its lower end. Thus, the bar 64 is dis 
posed at an acute angle to the vertical and pro 
vides a means for determining the length of the 
lever arm formed by the grading lever 49 between 
the fulcrum block 50 and the pivot 52. The hori 
Zontal position of the fulcrum block must be 
shifted to properly position the grading lever 
When grading from models of various sizes 
thereby correcting errors which are introduced by 
an improper angular travel of the lever from its 
vertical position throughout the grading opera 
tion, and the angular position of the bar 64 is 
calculated to introduce the correct amount of 
horizontal travel of the fulcrum block as it is 
moved along the bar. The guide member 62 is 
rotatable relative to the fulcrum block 50. 
The fulcrum block 50 is also provided with an 

aperture 65 within which is slidably received a 
link 66, a clamping screw 67 being provided for 
securing the fulcrum block 50 in the desired posi 
tion on such link 66. As shown, the uppermost 
end of the link 66 is pivotally connected to a 
quadrant lever 68 which is, in turn, pivotally 
mounted at 69 on a bracket 70 on the main frame 
, the lowermost end of the link 66 being free 
and the link being rigidly connected to the full 
crum block 50 at a point between its two ends. 
With this construction, it will be seen that move 
ment of the quadrant lever 68 about its pivot 69 
Will result in movement of the fulcrum block 50 
relative to the bar 64 and grading lever 49 un 
less the pivotal connection between the link 66 
and the quadrant lever 68 coincides with the piv 
otal mounting 69 of the quadrant lever on the 
bracket 70. Thus, the length of the lever arm be 
tween the block 50 and the pivot 52 may be 
Varied. To vary the length of the lever arm 49 between 
the fulcrum block 50 and the pivot point 52 
and thus vary the speed ratio of movement ber 
tween the carriages 9 and f2, one end of the 
quadrant lever 68 is provided with a cam 7 
which is so disposed as to be in the path of 
a cam follower T2 rotatably mounted on a bracket 
73 which is rigidly secured to the model wheel 
carrying carriage 9 by means of screws 74, Figs. 
1 and 2, the can being provided with suitably 
shaped face 75. Thus, as the model carrying 
carriage 9 moves along the ways to the follower 
T2 will engage the cam face 75 and rotate the 
quadrant lever 68 about its pivot 69 to move 
the link 66 and produce movement of the full 
crum block 50 to vary the length of the lever 
arm 49 between the fulcrum block 50 and the 
pivot 52 and thus vary the speed ratio of move 
ment between the carriages 9 and 2. 
In order to render the position of the can 
adjustable in the direction of the length of 

the quadrant lever 68 and thereby the point in 

3 
the travel of the carriage 9 when the cam foll 
lower 72 will engage the cam face 75 of the 
cam 72, the cam is provided with an elongated 
slot 76 in which is received a clamping stud 
bolt 77 which is fixed to the quadrant lever 
68. The shape of the cam face 75 is so designed 
that movement of the carriage 9 will impart a 
predetermined rotational movement to the quad 
rant lever 68 about its pivot 69 and thereby 
a predetermined up or down movement of the 
link 66 and fulcrum block 50. 
To provide a means for further varying the 

effect of rotation of the quadrant lever 68 on 
the fulcrum block 50, other than that obtained 
by the shape of the cam face 75, the link 66 
is pivoted to the quadrant lever 68 on a block 
78 which is adjustable along an arcuate groove 
79 formed in the quadrant lever. As shown, the 
groove 79 is, in this instance, interrupted at the 
pivot point 69 of the lever, and another block 
80, similar to the block 78, is slidably received 
within the section of the groove 79 to the right 

O 
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Of the pivot point, 69. . Each of the blocks 8 
and 80 are provided with pointers 8 which co 
act with a scale 82 on the quadrant lever 8 
thereby to accurately determine the position of 
the blocks 78 and 80 along the lever 68, and 
when it is desired to make adjustments along 
either section of the groove T9, the link 66 is 
Secured to the block in that Section. The re 
Spective blocks are provided with clamping bolts 
83 having nuts 83' thereon for locking the blocks 
in the desired position in the groove. Thus, 
the amount of throw which rotation of the quad 
rant lever 68 transmits to the link 66 and full 
crum block 50 may be varied as desired. 
The radius of the groove 79 is of the proper 

length to cause a minimum movement of the 
lever 68 and fulcrum block 50 throughout the 
adjusting movement of the blocks 78 and 80. 
The usual model size is size 4 and in ordinary 
practice the model size varies only a slight de 
gree from a size 4. The variation likely to be 
met with in the majority of cases may be ascer 
tained and a length of radius which will consti 
tute a compromise between the extremes of such 
variation be determined and adopted for use in 
the lathe. 
The grading lever 49 functions to vary the 

relative degree of movement between the car 
riages 9 and f2, and the necessary amplification 
for each size in a series of lasts is determined 
by adjusting the block 54 along the groove 53 
to change the length of the lever arm between 
the pivots 56 and 52 relative to the length of 
the lever arm between the pivot 52 and fulcrum 
block 50. A suitable scale 59 is provided by 
means of which the operator determines the cor 
rect position of the block 54 and pivot 56 to 
produce the correct length of lever arm for vari 
ous last sizes so far as length is concerned. A 
pointer 59' is provided which cooperates with 
the scale 59, and this pointer is made adjust 
able along the length of the block 54 whereby 
the proper cooperation may be had between the 
pointer and the scale when the pivot block 56 
coincides with the pivot 62. The functions of 
such an adjustable pointer are well known in 
the last copying lathe art. 
The normal or rest position of the lever 

is determined by a stop pin 84 on the frame 
of the machine (Fig. i.). 
against the pin by a tension spring 84' secured 
at one end to the lever and at its other end to 
the machine frame as shown in Fig. 1. The 

The lever 68 is held 
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4. 
pin 84 and the spring 84 thereby determines 
the rest position of the fulcrum block 50. 
As is usual in this type of machine during 

grading operations, the position of the fulcrum 
block 50 along the bar 64 is dependent upon the 
size of the model which is in use at the time. 
A scale 86 is formed on the bar 64 which is 
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graduated in size. The fulcrum block is moved 
along the bar 64 until a selected edge of the 
slide member 62 registers with the size mark 
corresponding to the size of the model in use. 
The clamping screw 67 is then tightened upon 
the link. 66. 

In the operation of this apparatus, and con 
sidering a copying lathe without the attachment 
forming the subject matter of this invention, a 
model shoe last of known size and length 
characteristics is clamped between the heel and 
toe dogs 22 and 23, Fig. 1. Assuming that the 
model last is a size 4B and the last has an 
over-all stick length of 10 inches, and it is de 
sired to produce other size 4B lasts therefrom, 
a suitable rough wood block 2 is clamped be 
tween the heel and toe dogs 47 and 48. Since 
an exact size and shape duplicate is to be cut 
from the model f, the link 57 which connects 
the two carriages 9 and 2 is positioned with 
the pivot 56 coincident with the pivot 52 of the 
grading lever 49 and adjusted as to length SO 
that the model wheel 8 and cutter are at 
the same respective positions relative to the model 
and last block 2. The width grading mecha 

nism, generally indicated at 87, having been suit 
ably adjusted, the copying lathe is operated in 
the well known manner to reproduce the model 
from the last block 2. 
To produce a series of lasts in length sizes 

which differ from the size 4B model last, the 
same 4B model is left clamped between the heel 
and toe dogs 22 and 23 and a suitable block is 
clamped between the heel and toe dogs 4 and 48. 
Then, the fulcrum block 50 is set along the bar 
4 until the top edge of the fulcrum block regis 

ters with a graduation 86 on the bar which cor 
responds to the stick measurement of the model 
last . For example, if the stick measurement 
of the size 4B model is 3, then the top edge of the 
fulcrum block 50 is moved to register with the 
graduation 3 on the bar 64. With the fulcrum 
block 50 clamped in such adjusted position, the 
effective length of the lever arm between the 
fulcrum block 50 and the pivot 52 is determined. 
The fulcrum block having been properly set to 

determine the length of the lever arm between 
the fulcrum block 50 and the pivot 52, the block 
4 is moved along the bar 49 until the pointer 

registers with the proper graduation on the 
scale 59. In the case a size 5B last is to be cut 
from the size 4B model, the block 56 is moved 
upwardly until the pointer registers. with the 
graduation 1 on the scale, thus indicating one 
size over the model last. Movement of the block 
S4 upwardly increases the distance between the 
pivot 52 and the pivot 56, thus determining the 
length of the lever arm between those pivots. 
Thus, the effective length of the lever arms on 
each side of the pivot 52, or that pivot on which 
grading bar 9 is connected to the carriage 9, is 
determined and the relative Speed and extent of 
movement of the carriage 9 with respect to the 
carriage f2, the length of the lever arms being 
such that, with the fulcrum block.50 set at 3 and 
the bar 53 at 1, the last cut from the model will 
be One size longer than the model whose stick 
measurement is 3. That is, the length of the two 
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grading lever arms are such relative to the con 
nection between the carriage 9 and the connects 
tion with the grading lever 49 that the normal 
length increase of 4 of an inch will be added 
to the length of a cut last from one size to an 
other. Size grading of lasts from models of vary 
ing stick length may be accomplished by proper 
adjustment of the fulcrum block 50, and various 
size length lasts may be graded from a given 
model by proper adjustment of the block 54 along 
the grading lever 49 to change the position of 
the pivot 56 relative to the pivot 52, and thus 
the relative travel between the carriages 9 and 2 
across the model and the work piece respectively. 
As hereinbefore stated, the length increase, or 

decrease of the different sized lasts produced from 
a model of given size, and having a definite 
length ratio between the fore and back parts, is 
in direct proportion to the over-all length of the 
last. That is, considering the length change of 
one-third of an inch from one size to the next, 
such length change is evenly distributed through 
out the entire length of the last being cut. As 
suming that there is a length ratio of two to one 
between the fore and back parts of the model last, 
for illustrative purposes only, then the normal 
size length increase of one-third of an inch will 
be distributed evenly between the back and fore 
parts, two-thirds of the length increase being in 
the fore part. This same will be true where lasts 
Smaller than the model are produced, two-thirds 
of the length decrease being taken from the fore 
part and one-third from the back part. 

However, should the length ratio between the 
back and fore parts of the last be in a ratio of 
other than a two to one ratio, for example, in a 
ratio of two to three-fourths. Such as might be 
found in a last having a very long pointed toe, 
then the One-third of an inch increase or decrease 
in the size from the model will not be taken 
evenly from the back and fore parts of the last 
produced. That is, the greater portion of the 
one-third of an inch length size increase or de 
crease, greater than that desired, will be added 
to or taken from the fore part, while a lesser 
portion of the one-third of an inch size length 
increase Or decrease than desired Will be added 
on or taken from the last back part. This un 
desirable distribution of the size length increase 
or decrease between the last back and fore parts 
is primarily due to the fact that the lathe, as 
ordinarily constructed, is capable of only One 
speed ratio of movement between the model wheel 
and the cutter carriage during the cutting of a 
last, unless the operation of the lathe is stopped 
and manual adjustment made to change the 
speed ratio at some point in the turning opera 
tion. The result of such single speed ratio of 
movement by the model wheel and the Cutter Car 
riage during the turning of a last, and the addi 
tion or removal of an amount greater or less 
than that desired on one part of the last as COm 
pared with the other, is to reproduce a last from 
the model which has a back part or a fore part 
which is either too long or too short, and a last 
which does not have the same length ratio be 
tween the parts as that of the model. 
The foregoing matter has set forth some of the 

normal characteristics of a standard last lathe. 
It has, also, been pointed out that the grading 
of lasts to their proper size lengths and proper 
fit from a model last of a given style, that certain 
variations in the grading ratio of the lathe 
throughout the turning of a last, are desirable 
and are not done automatically at the present 
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time. The present invention supplies automatic 
means in the form of the segment 68, its asso 
ciated elements, the cam 7 and the elements 
asSociated thereWith. 
The particular problem of producing a cor 

rectly fitting series of size graded lasts will now 
be considered. In accomplishing this desired 
end, the stylist and the model maker must be 
free to create shoe designs which are unrestricted 
by any rigid mechanical limitations, such as the 
relative length between the fore and heel part. 
This condition imposes upon the last maker the 
task of producing an accurately fitting series of 
lasts reproduced from a model, the design of 
which does not follow a rigidly imposed condition. 
In practicing the present invention, this fact is 
recognized and means are adopted to overcome 
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the mechanical limitation of the present grading 
machines, as will be pointed out in detail herein 
after. 
To produce correct fit in all sizes, the standard 

length grade ratio for the heel or back part of 
the last is first established. To prepare the last 
lathe to produce the corrected series of lasts, the 
operator must adjust the standard grading ad 
justment on the lathe in accordance with the 
Standard length grade ratio for the heel or back 
part. This adjustment is then unchanged 
throughout the production of a complete series of 
sizes. This adjustment insures that the heel or 
back part of all the lasts produced, will be cor 
recly cut up to the transverse plane of the last 
indicated by the line 85. This adjustment of the 
machine is accomplished by shifting the fulcrum 
block 50 along the bar 64 to a point, depending 
upon the size of the model being used and shift 
ing the block 54 within the channel slot 53 in 
accordance with the length ratio desired, in the 
manner hereinbefore set forth. If the cutting 
of the last were continued to complete the fore 
part thereof with no further change in the grad 
ing ratio, the length of the completed last would 
be correct, only in the special case where the fore 
part of the model was one of specific length, 
which, when amplified at the same ratio as the 
heel, would produce a correct fixed length. 
Reproduction from model of other dimensions 
will not be correct. Throughout the cutting of 
the forepart, therefore, the grading ratio must 
be modified. This modification of the grading 
ratio takes place automatically, through the 
medium of the segment 68 and the cam T. f. 
For purposes of illustration, it will be assumed 

that the last which would be turned on the lathe 
as now adjusted and without the effect of the 
function of the segment 68 and the cam Ti, is too 
short in over-all length. To facilitate this de 
Scription, segment 68 and the cam T with their 
associated elements will be hereinafter called the 
grade changing means. To produce a correct 
last, the grade changing means must now be ad 
justed to add length to the fore part. 
To accomplish this change of grade, certain 

adjustments must be made in the grade chang 
ing means. The can 7 must be adjusted longi 
tudinally into such position that it will be en- . 
gaged by the cam follower 72 at that point in the 
travel of the carriage 9 when the model wheel has 
reached the plane indicated by the line 85 on the 
model. Continued movement of the carriage 9, 
therefore, causes the cam follower T2 in engaging 
the cam 7 to rock the segment. 68 about its pivot 
point, thus raising the fulcrum 50 through the 
medium of the link 66. 
The manner in which the operator proceeds to 

produce a series of corrected lasts will now be 
described. Let it be assumed that the first last of 
the series is to be the model size. To produce 
this size, the block 54 is adjusted to align the 
axis of the pivot point 56 with the axis of the 
pivot point 52. The block 78 is then moved along 
the segment 68 until the pivot point of its con 
nection with the link 66 coincides with the pivot 
69. Under such conditions, the grade changing 
means does not function and a last is produced 
from the block 2, which is an exact duplicate of 
the model f. It will be assumed throughout the 
grading of a series of lasts that the width grade 
remains unchanged. To produce the next last in 
the Series, for instance, the 4%, if the model size 
4 is assumed, the machine must be adjusted. To 
produce the 4% size, the block 54 is moved in the 
usual manner to produce a 4% last. The block 8 
is then moved along segment 68 into correct po 
Sition to make the correction on a 4A last. By 
making similar adjustments for each size, a com 
plete series of corrected lasts may be produced. 
As shown in Figs. 1 and 2, the cam f is de 

signed to produce a substantially uniform correc 
tion or change of grade throughout the turning of 
the fore part of the last. 

It is obvious that the rate at which the change 
in grade is introduced is dependent upon the 
shape of the cam face 75 of the cam T. The 
shape of the cam face 75 may be varied at will 
to accomplish the desired results. A modified 
form of the cam i? is illustrated in Fig. 1A. The 
cam shown in this figure has a concavely curved 
face, which, when engaged by the follower 72 
Would effect a slow, gradual application of the 
change of grade through its initial movement and 
a relatively fast change of grade throughout the 
turning of the forward part of the toe portion of 
the last. The use of a cam to obtain this change 
of grade is an important phase of the invention, 
Since it provides a completely flexible means of 
controlling the manner in which the change of 
grade is accomplished. Furthermore, the point 
at which the change of grade takes place is flex 
ible and is determined by a longitudinal adjust 
ment of the position of the cam. A cam could be 
So designed as to cause a change in grade 
‘throughout a selected portion of the turning of a 
last and then cause the segment 68 to return to 
its normal position shown in Fig. 1, throughout 
the remainder of the turning operation. 
To graphically illustrate the manner in which 

the above described use of the invention modifies 
a last, reference may be had to Fig. 6 wherein 
the full lines illustrate the corrected last and the 
dotted lines illustrate the contour of the last that 
is uncorrected or unmodified. From an inspec 
tion of this figure, it will be noted that the heel 
Or back part of the last is short before the cor 
rection is made. A correct normal length of the 
heel part is shown in full line, while the over-all 
length of the last remains unchanged. 
Another application of the invention will now 

be described, in which it is possible to add to or 
Subtract from the length of a portion of a model, 
a fixed amount in each size, and at the same time, 
maintain the remaining dimensions of the model 
tunchanged. A specific example of the applica 
tion of the invention to this principle is the addi 
tion of a constant increment of length to a heel 
part throughout a series of graded lasts to allow 
for the saw cut which is made at the hinge in a 
hinged last. Such addition to the length of the 
heel part is usually approximately s'. 
To illustrate the necessary procedure in such 
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a problem, it will be assumed that the model to 
be reproduced has a fore part and a heel part, 
whose lengths are in the proportion of two to One. 
This problem may be applied to a last having any 
ratio between its fore and heel part. A ratio of 
two to one is chosen to simplify the figures. AS 
suming it is desired to add is' to the heel part, 

O 

5 

20 

25 

30 

35 

45 

50 

55 

60 

65 

70 

75 

the over-all or stick length of the model must be 
increased s' plus '' or ''. This increase in 
length is obtained by adjusting the block 54 the 
necessary amount and is the same for each size 
and must be added to the size increment of length 
added to or subtracted from the model in the 
size produced. The ' which is thus added to 
the fore part, however, is not wanted. The grade 
changing means is, therefore, adjusted to re 
move a' from the fore part. To do this, the 
link 66 is removed from its position shown in the 
drawings and pivotally connected to the block 80 
situated on the opposite side of the pivot 69. The 
block 80 is then adjusted along the slot 79 until 
a position is reached, which will removes' from 
the fore part. Under these conditions, as the 
follower engages the cam 7, the fulcrum block is 
moved downward, thereby reducing the relative 
velocity of the carriages 9 and 2, thus shortening 
the fore part. 

Fig. 7 in the drawings illustrates in outline, a 
last which has been modified in accordance with 
the above described problem and shows in full 
line, a last to which the desired increment of 
length has been added to the heel part. The 
dotted line indicates the length of the unmodi 
fied last. 
To further exemplify the usefulness of the in 

vention the manner of its use in connection with 
another requirement relating to the growing of 
lasts Will be set forth. In turning a last of 'A' 
width, for example, from a model of 'B' width 
the shoe or last designer required that the 'A' 
last be a slight degree shorter than the 'B' last 
in each size. In this case, as in the other exam 
ples above set forth, it is essential in correctly 
proportioned lasts to avoid changing the heel 
part in any degree from the correct standard re 
quirement. The regular grading adjustment is, 
therefore, in this case restricted to that which 
will produce a correct heel part and the proper 
adjustments are made on the standard panto 
graphic means to insure a correct heel part. The 
width grading adjustment is made in the usual 
manner by manipulating the adjustment 87. 
The grade changing means is then employed to 
shorten the last the required amount to obtain 
this result, such reduction in length taking place 
in the fore part only. The link 66 is connected 
to the block 80 and the block is positioned at 
the proper location along the slot 79 to reduce 
the fore part the necessary amount which in an 
average case is Substantially s'. In producing 
lasts wider than the model or Blast it is required 
to add a slight amount to the length of the last, 
which obviously may be accomplished in the same 
manner as above described for reducing the 
length of the last produced, the only difference 
in procedure being in the adjustment of the pivot 
point of the link 66 with the lever 68. In this 
latter, case, the block 78 is positioned at some 
point along the slot 79 to the left of the pivot 
point 69. 

In turning lasts whose widths are narrower 
or wider than the model width, a COndition arises 
which requires special treatment. This condi 
tion applies only in the case where a model is 
being duplicated in the model size in a narrower . 
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or wider width. For example, when a 4A last is 
being produced from a 4B model. As in the case 
where other sizes are being produced, the 4A 
must be shorter than the 4B. Under the normal 
circumstances, to produce a 4 size from a 4 size 
model, the block 54 is adjusted to place the pivot 
point 56 therein, upon the pivot point 52 between. 
the grading lever 49 and the carriage 9. Under 
such conditions, there can be no difference in 
the velocity of the two carriages 9 and 2, there 
by preventing an automatic reduction or increase 
in the length of the produced last. 
Automatic means are provided by the present 

invention to overcome this condition. A link 9 
is provided, which is connected at one end to the 
fulcrum block 50, and at its other end to the block 
54 as shown in Fig. 4 only. Any convenient 
means may be employed to make such connection, 
such as providing the link with apertures at both 
ends within which is received at its lower end, 
the screw 60, the other end of the link being con 
nected to the block 54 by means of a screw 92. 
With the link 9 in position and the block 80 
adjusted to a predetermined distance from the 
pivot point 69, movement of the segments 68 will 
depress the pivot point 69 below the pivot point 
52, thereby reducing the relative velocity between 
the two carriages, thus shortening the fore part 
the necessary amount, depending upon the posi 
tion of the block 80. During this operation, the 
clamp 55, which normally secures the block 54 to 
the grading lever, is loosened to permit the block 
54 to move. If it is desired to add to the length 
of the fore part, the link 66 is transferred to the 
block 78 and the block 18 is adjusted along the 
groove 79 to provide the necessary lengthening 
of the fore part. 
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For other operations, the link 9 is discon- . 
nected at one of its ends or entirely removed. 
The link 9 is adjustable in length by making the 
link in two overlying sections with a clamp 95 
adapted to secure the two sections in adjusted 
position. This adjustability permits the fulcrum 
block 50 to be placed in position along the bar 64 
corresponding to the size of the model in use, as 
indicated by the scale 86. 

Obviously, the same procedure as above de 
scribed in connection with lengthening or short 
ening the fore part in all sizes independently of 
the heel part may be employed to automatically 
change the style of a model. In other words, it 
may be desired to produce a series of lasts having 
the same general contour in the fore part as that 
of a model which may be available but it may 
be desired that the fore part be more pointed or 
that the fore part may be shorter. With the at 
tachment, it is possible to turn a model having 
these characteristics without the necessity of 
first producing a hand-made model. 
I claim: 
1. A last lathe comprising model and work 

holding instrumentalities, a model wheel carriage 
having a model wheel thereon, a cutter carriage 
having a driven cutter thereon, a pantographic 
grading lever having means connected thereto 
for interconnecting said carriages and having a 
movable fulcrum, a grade changing lever having 
a connection for moving said fulcrum, a remov 
able cam on said lever having a working face of 
irregular pattern and a cam follower on one of 
said carriages engaging said Cam at a predeter 
mined point in the travel of said carriages where 
by said grade changing lever is caused to shift 
the fulcrum of said grading lever in accordance 
with the cam, thereby changing the pantographic 
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velocity ratio of said grading lever in a non-uni 
form manner. 

2. A last lathe comprising model and work 
holding instrumentalities, a model wheel carriage 
having a model wheel thereon, a cutter carriage 
having a driven cutter thereon, a pantographic 
grading lever pivoted on one of said carriages 
and having a movable fulcrum, a link connecting 
Said lever and the other. of said carriages and 
having a movable pivoted connection with said 
lever adapted to adjust the velocity ratio between 
said carriages, a detachable rigid link connecting 
Said movable pivot and said fulcrum, a grade 
changing lever pivoted on the lathe frame having 
a connection for moving said fulcrum, and pat 
tern control means acting through Said grade 
changing lever to shift said fulcrum and said 
pivot point in accordance with said pattern during 
movement of the carriages, thereby to change the 
Velocity ratio of Said carriages automatically 
throughout a selected portion of the carriage 
travel when said pivot point upon said grading 
lever is in axial alignment with the pivot between 
Said lever and the carriage. 

3. A last lathe comprising means for holding 
a model, means for holding a work piece, means 
for revolving the model and work piece simul 
taneously, a model wheel for engaging the model, 
a cutter for reproducing the model from the work 
piece, means for causing relative longitudinal 
movement. between the model and the model 
wheel, the work piece and the cutter, a panto 
graphic length grading means operable to grade 
a Series of lasts by adding or subtracting a pre 
determined size increment of length between suc 
cessive last sizes and means acting automatically 
to change said size increment of length including 
a cam having a working face of a required, ir 
regular pattern acting through said increment 
changing means to change said length incre 
ment by changing the rate of change of velocity 
between the model and workpiece in a non-uni 
form manner. 

4. A last lathe comprising means for holding 
the model, means for holding a work piece, a 
model wheel carriage having a model wheel 
thereon, a pantographic grading lever intercon 
necting Said carriages and having a movable full 
crum point, means on said grading lever for ad 
justing the relative velocities of said carriages 
as they move during the turning operation there 
by to determine the increment of length added 
to or subtracted from the modellength when pro 
ducing a series of graded lasts, a projection on 
one of said carriages, a cam having an irregular 
working face designed to transmit a non-uniform 
motion engaged by said projection at a prede 
termined point in the travel of the carriage act 
ing to transfer motion of the carriage to said 
fulcrum point continuously throughout a selected 
portion of the turning operation whereby a por 
tion of the last is graded according to one require 
ment and the remaining portion graded accord 
ing to another requirement wherein the change 
of grade is made by adding or Subtracting a suc 
cession of unequal increments of length to the 
last throughout a selected portion thereof. 

5. A last lathe comprising means for holding 
the model, means for holding a work piece, a 
model wheel carriage having a model wheel 
thereon, a cutter carriage having a driven cutter 
thereon, a pantographic grading lever intercon 
necting said carriages, means on said lever for 
adjusting the relative velocities of Said carriages 
throughout their movement during the turning 
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operation thereby to determine the increment of 
length added to or subtracted from the model 
length for each size in producing a series of grad 
ed lasts, a lever pivoted on the frame, a can 
secured upon said lever and having a working 
face of irregular contour for transmitting a non 
uniform motion, a cam follower secured to one 
of said carriages and adapted to engage said can 
throughout a portion of the travel of Said car 
riage, a link pivoted to said lever and adjustably 
secured at its other end to said fulcrum whereby 
motion of said carriage is transferred to said full 
crum, and means for adjusting the point of Con 
nection of said link and Said lever along the 
length of the lever either on one side or the other 
of the axis upon which said lever is pivoted to 
the frame. 

6. A last lathe comprising means for holding 
a model, means for holding a work piece, means 
for rotating a model and work piece simultane 
ously, a model wheel carriage having a model 
wheel thereon, a cutter carriage having a cutter 
thereon, a pantographic grading lever pviotally 
connected to one of said carriages and having a 
movable fulcrum point, a link having a movable 
pivotal connection with said lever, Said link be 
ing pivoted at its other end to the other cara 
riage, means actuated by movement of Said car 
riages operable to shift the position of said full 
crum, a detachable rigid link connecting said 
movable pivot point and said fulcrum whereby 
motion of the fulcrum is transmitted to said mov 
able pivot point thereby providing automatic 
means for adding to or subtracting from a select 
ed portion of the length of the last being pro 
duced when the lathe is adjusted to reproduce 
the model size. 
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7. A last lathe comprising model and work 
holding instrumentalities, a model wheel carriage 
having a model wheel thereon, a cutter carriage 
having a driven cutter thereon, a pantographic 
grading lever having means connected thereto 
for inter-connecting said carriages and having 
a movable fulcrum, a grade changing lever hav 
ing a connection for moving said fulcrum, a cam 
on said lever, means adjustably to secure said 
cam on said grade-changing lever whereby said 
cam may be positioned to be engaged by its co 
operating follower at a selected point in the travel 
of said carriages. 

8. A last lathe comprising model and work 
holding instrumentalities, a model wheel carriage 
having a model wheel thereon, a cutter carriage 
having a driven cutter thereon, a pantographic 
grading lever having means connected thereto 
for inter-connecting said carriages and having 
a movable fulcrum, a grade changing lever piv 
otally mounted on the lathe frame, a connection 
on said lever for moving said fulcrum, a Cam On 
said lever, adjusting means for adjusting said 
cam longitudinally of said lever, a can follower 
on one of said carriages engaging said cam at a 
point in the travel of said carriages determined 
by the longitudinal adjustment of said can. 

9. A last lathe comprising model and work 
holding instrumentalities, a model wheel car 
riage having a model wheel thereon, a cutter car 
riage having a driven cutter thereon, a panto 
graphic grading lever having means connected 
thereto for inter-connecting said carriages and 
having a movable fulcrum, a grade changing 
lever pivotally mounted on the lathe frame, a 
connection on said lever for moving said fulcrum, 
a can having a face disposed at an acute angle 
to the travel of said carriages, means for ad 
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justably mounting said cam on said lever and a 
cam follower on one of Said carriages engaging 
Said can at a point in the travel of Said carriages 
determined by the adjustment of said cam. 

10. A last lathe comprising model and work 
holding instrumentalities, a model wheel car 
riage having a model wheel thereon, a cutter car 
riage having a driven Cutter thereon, a panto 
graphic grading lever having means connected 

othereto for inter-connecting said carriages and 
having a movable fulcrum, a grade changing 

lever pivotally mounted on the lathe fraffle, a 
spring and a fixed stop for positively determining 
the initial position of said lever, a connection. On 
said lever for moving said fulcrum, a cam on said 
lever, adjusting means for adjusting the longi 
tudinal position of said cam on said lever and 
a cam follower on one of said carriages engaging 
said cam at a point in the travel of said carriages 
determined by the longitudinal adjustment of 
said cam. 

GEORGE CLAUSING, 


