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UNITED STATES PATENT OFFICE. 
OLIVER, G. SIRIONS, OF PHILADELPHIA, PENINSYLVANIA, ASSIGNOR, TO SEALION's 

IETHOD-ROB CORIPANY, OF HILADELPHIA, PENINSYLVANIA, A. CORPORATION OF 
JENNSYLVANIA. 

GENERATION OF CONVOLUTE LINES IN HOBBING CUTTERS AND TEE (IgE. 
1,426,680. 

To all whom it may concern. 
Be it known that I, OLIVER G. SIMMONs, 

now residing in the city and county of Phil 
adelphia, in the State of Pennsylvania, have 
invented certain new and useful Improve 
ments Relating to Generation of Convolute 
Lines in Hobbing Cutters and the like, of which the following is a specification. 
This invention relates to a novel method of generating or forming, on the moulding 

principle of action, the convolute relieved 
teeth of hobbing cutters, and of kindred 
'articles of manufacture such as screws, taps, 
worms and the like, comprising lines of con 
volution, employed in the arts. 
The general objects of my invention are, 

to produce articles of the character alluded to economically and of precise duplication by 
20 

certain motions to a tool and a blank and by 
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means of the conjugate action of a tool upon a blank, through...evolution, by imparting 

differentially correlating the said motions, as 
will hereinafter appear. 
The detail objects of my invention are to 

generate conjugate threads, or lines of con 
volute conjugate teeth upon the articles above 
referred to by imparting rotary motions to 
a cutter wheel or tool and the blank to be op 
erated upon; by imparting a linear motion to 
either the cutter or the blank so rotated, or 
to both; by differentially correlating the mo 
tions aforesaid; by imparting a linear mo 
tion independent of the said differentially 
correlated motions; by imparting a recipro 
cating motion correlated with respect to the 
said rotary motions; by providing for the 
adjustment of the axis of rotation of one of 
the said rotary motions with respect to the 
axis of rotation of the other; and, by simul 
taneously coordinating the said motions sub 
stantially as hereinafter set forth. 
The established practice followed in pro 

ducing the threads of screws, taps, hobbing, 
cutters and the like is to employ one or the 
other of the following well known methods 
viz.; of chasing the thread in a lathe by 
means of a form tool; of milling same in a 
suitable machine adapted for the purpose 
by means of a form milling cutter; of cutting 
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by means of a form die; of rolling the threads 
by means of form rollers; and, lately of mill 
ing the thread by means of a hob, the length 
of which hob equals the cylindrical length 
of the screw to be cut completing the job of 
form milling th threadinone revolution of 
the work. 
None of these methods has proven very 

satisfactory in the manufacture of hobbing 
cutters owing to the necessary relief or cut 
ting clearance so vital in a cutter of this 
character. This work is usually done in a 
specifically constructed lathe by means of a 
relieving attachment adapted to receive a 
formed tool which is usually made according 
to fixed templets and arranged in the afore 
said attachment, with respect to the blank, 
by means of what may be termed a “center 
ing gauge.” As the very nature of this work 
compels close limits of error and which work 
is purely finishing, a keen cutting edge on 
the form tool can be maintained only by 
constant sharpening, which causes much de 
lay and errors of workmanship resulting in 
a product of a very ununiform quality. 

For obvious reasons a rotary form milling 
cutter is impractical on work of this nature. 
To overcome the difficulties referred to, 

and to generate the thread, or lines of con 
volution, as distinguished from the forming 
operations alluded to, I provide the method 
forming the subject-matter of this invention 
in which the cutter is in constant intermesh 
ing engagement with the thread being gen 
erated similar to the intermeshing of a worm 
wheel with a worm, in which, due to the con 
volutions of the thread of the worm, said 
thread will intermesh with every tooth of 
the worm wheel and will be the conjugate to 
the given teeth of the wheel. If the wheel is 
in the form of a cutter, it matters not what 
form is given to its cutting teeth, provided 
all of the teeth are of the given form, a con 
jugate tooth or thread will be generated in 
the worm, screw or hob, as will hereinafter 
be more fully described, by the intermeshing 
of the cutter and the blank on the moulding 
generating principle. 
The drawings accompanying this specifi 
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cation, it is understood, are for purposes of 
illustration only. The means herein shown 
are but a part of the many possible mecha 
nisms for obtaining the differential resultant 
motion, between the cutter and the blank be 
ing operated upon, in the practice of my in 
vention. , 

Referring now to the accompanying draw 
Angs, 
5. 1, is a view in elevation and partly 

in quarter section of a tool or cutter gener 
ating conjugate teeth in an intermeshing 
worn according to one practice of my in 
vention; 

15. Fig. 2 is a section through a cutter and a 

20 

hob generated and relieved thereby. 
Figs. 3, 4 and 5 are views in elevation of 

an intermeshing cutter illustrating the ac 
tion between said cutter and an intermesh 
ing worm or hob before the gashes are cut, 
at the beginning of the work in Fig. 3; 
midway across in Fig. 4; and, finished in 
Fig. 5. These views illustrate my preferred 
practice. In Fig. 3, part of the worm or hob 
is broken away to show the bore; 

Fig. 6, is an isometric projection illus 
trating a simple form of mechanism for 
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practicing my invention; 
Fig. 7, is a view in elevation of a cutter 

tool as it would appear when relieving con 
jugate teeth in an intermeshing hob in the 
practice of my invention. The cutter is 
shown as having finished one-half of the 
hob; 

Fig. 8, is a vertical sectional view on line 
8-8 of Fig. 7. In this view the cutter is 
shown at the position where the relieving 
cut begins, the hob and cutter rotating 
similarly to an intermeshing worm and 
Worm wheel, the cutter meanwhile, slowly 
Inoving inward toward the axis of the hob, 

45 

on a rectilinear line, jumping out quickly 
when the next gash is reached, whereupon 
the cutter again, begins its inward move 
Onent, and soon in said cycles of movement 
Entil the said cutter, in intermeshing en 
gagement moves across the face of the hob 
completing same; and 
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Fig. 9, is similar to Fig. 8, illustrating the 
cutter as it would appear after having 
moved inward, in the rectilinear or reliev 
ing movement, to the position shown. 

Referring to Fig. 1, the numeral 1 indi 
cates a tool or cutter provided with edge 
cutting teeth radially projecting from the 
periphery of said cutter in which the cutting edge is in substantially a single plane, indi 
cated by the numeral 2, which teeth are 
adapted to cut the thread 3, of the worm 4, 
when the said cutter and worm are each 
given a rotary motion equivalent to the in 
termeshing rotary motions of a worm and 
its mating wheel. It is obvious that if the 

65 
worn 4 is to be provided with a single 
thread, the worn will make one revolution 

1428,380 

for every tooth of the cutter, one-half of a 
revolution if a double thread, for every 
tooth of the said cutter, and so on. In other 
words, if the worm is to be provided with a 
double thread, the cutter having one hun 
dred teeth, the worm will make fifty revo 
lutions to one revolution of the cutter. 

In the illustration, Fig. 1, the teeth 3, of 
the worm, are shown as having been com 
pleted by the cutter 1. This has been accom. 
plished by securing the cutter by means of 
the bore 5, and key-way 6, to the arbor of 
suitable apparatus in which apparatus is 
also secured the worm 4, by means of the 
bore 7, and key-way 8. By means of suitable 
gearing forming a part of the apparatus 
alluded to, one form of which will be more 
fully described later, the cutter 1, and the 
worm 4, are each given rotary motions; the 
worm in the direction of the arrow 9, and 
the cutter 1, in the direction of the arrow 
R for a right-hand worm, and in the direc 
tion of the arrow I for a left-hand worm. 
The cutter and worm thus are rotating 
about their respective axes with relative 
velocities equivalent to the relative velocities 
of an intermeshing worm and wheel equal in 
ratio to the ratio selected for the cutter and 
worm shown in Fig. 1. The rotating cutter 
is given a linear or more strictly a rectilinear 
motion by which the said cutter is “fed into the rotating worm, by means of any suitable 
feed mechanism, whereupon the teeth 2, of 
the said cutter, generate the conjugate 
thread 3 of the worm. The action is con 
tinued until the desired depth of thread in 
the worm is attained when said worm may 
be replaced by another worm blank to re 
ceive similar treatment. 

Obviously' the cutter in the above de 
scribed practice of my invention vould have 
to be carefully centered with espect to the 
blank for the reason the peripheral surface 
of the worm would be in the form of a curve 
corresponding to the curved cutting surface 
of the cutter. The median line 10 of the 
worm, therefore, passes through the center 
11, of the cutter. It is further obvious that 
the cutter selected would have to be at least 
as large as the largest wheel destined to 
mesh with the worm cut by said cutter, and 
that any wheel, of the given pitch, so long 
as it does not exceed the diameter of the cut 
ter, would mesh properly with the mating 
worm cut by the said cutter. 

It is evident that the measure of the length 
of a worm to be cut by the above method is 
limited to a cutting surface 12 and 13, of the 
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teeth 2, of the cutter, being confined within 
parallel lines indicated by the numerals 14 

- and 15. These lines, if extended through the 
teeth of the cutter, would coincide with the 
side walls of said teeth, or be in coincidence 
with the outer-most points or edges of said 
walls, the balance of the walls of the teeth 
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towards the roots of the same, either being 
in coincidence with or inside of said parallel 
lines. Therefore, the opposite side walls of 
any two teeth in the cutter in parallelism 
determine the maximum permissible length 
of the worm 4 which may be cut without un 
dercutting the teeth of said worm at the ends 
thereof. & - - - 

It is to be observed that the high number 
of teeth 2, provided in the cutter 1, Fig. 1, 
results in a worm adapted to mesh with a 
wheel having any number of teeth up to and 
including, but not exceeding, a wheel pro 
vided with teeth, of the given pitch, equal 
in number of teeth to the number of teeth in 
the cutter. Other advantages than those 
already referred to will be fully explained 
later. 
In the foregoing, no reference was made to 

the helix or the angle of same of the worm 
thread, for the reason in small pitches and 
medium large diameters, such as shown in 
Fig. 1, resulting thereby in a small helix an 
gle, the same may be neglected as the usual 
cutting clearance provided in the cutter, 
indicated by the numeral 16, Fig. 2, is ample 
to clear the helix angle and present the cut 
ting edge to the work. In coarse threads and 
small diameters however, it will be necessary 
to set the cutter, or the teeth of same, to the 
angle of the helix as is well understood by 
those familiar with this art. I wish it 
understood, however, that I am not limit 
ing myself, in the practice of my invention, 
to any precise form of cutter which I may 
have selected as illustrative of the method. 
I prefer the cutter with the large number of 
teeth for the specific job shown in the illus 
trations referred to, and in general, the cut 
ters illustrated in the drawings later referred 
to in detail, but these forms of cutters are 
not all of the modified forms of that type 
adaptable for use in my method, nor is it 
the only type adaptable as a cutter provided 
with teeth projecting from the periphery, 
for use according to my invention as those 
skilled in this art may comprehend. 

It is now readily seen that the method pre 
viously described my be used in the manu 
facture of hobbing cutters for the generation 
of the teeth of spur and helical gear wheels. 

In the art of gearing it is generally ac 
cepted that the type of tooth selected for the 
rack tooth is the key to the system and when 
said rack tooth is used as the generating 
tooth, to which adapt. iion the hob is par 
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ticularly applicable, all gears cut by the said 
rack tooth will be interchangeable. It is evi 
dent, however, in the nature of things, that 
there must be some underlying reason for the 
adoption of a specific form of tooth for the 
rack. This appears outside the pale of the 
functions of mere designing, mechanical 
skill or a process of evolution. As referred 
to previously I prefer to employ a cutter 

having a large number of teeth, in the prac 
tice of my invention, when a hob provided 
with a curved surface is desired. The spe 
cific reason for this preference resides in 
the fact that the chordal pitch line thickness 
of a tooth of a gear, having one hundred and 
thirty-five teeth or more, so far as any manu 
facturing limits are concerned, is equal to 
the pitch line thickness of a tooth of a rack 
of the given pitch. If a cutter 1, Fig. 1 
which is the equivalent of a gear wheel of 
one hundred and thirty-five teeth, is used as 
described, the teeth of said cutter will be the 
key to the system. The tooth elements of 
the cutter, therefore, will equal the tooth ele 
ments of the gear. The only difference be 
tween the cutter and the equivalent gear, lies 
in the cutting clearance provided in the for 
mer. A hob, therefore, cut by the cutter re 
ferred to, will have teeth conjugate to the 
teeth of said cutter, and all gears having one 
hundred and thirty-five teeth or less, cut by 
said hob, will be interchangeable and of the 
form adopted as the key to the system. . 

It is understood, of course, that a cutter 
having a greater number of teeth may be 
used with equal facility. It will be shown 
later how a smaller cutter may be used, in the 
practice of my invention, to generate con 
volute conjugate teeth or threads in hobs, 
worms, screws and kindred articles of manu 
facture. 

Referring to Fig. 2, a fragmentary section 
of the cutter 1 is shown generating and re 
lieving the flutes 17 of the hob 18. This is 
done to provide a cutting edge in the hob 
and is accomplished preferably by recipro 
cating the cutter slowly toward the center 
O, of the hob, during the cutting stroke, and 
rapidly away from said center, when the 
gash 19 is reached; the cutter and hob 
meanwhile, rotating about their respective 
axes in intermeshing engagement as pre 
viously described. 

It is obvious that in the manufacture of 
hobbing cutters, by means of the invention 
herein disclosed, the gashes can be cut in 
the hob previous to the threading operation 
in which event the threading and relieving 
operations would be combined. 
The above practice of my invention, I be 

lieve, is limited in its application to such 
articles of manufacture as the worm and the 
hob illustrated in Fig. 1 and Fig. 2 in which 
the curved surface appears to be an advan 
tage owing to the greater number of teeth 
in contact. It is not my intention, however, 
to have such limited application. I prefer, 
therefore, in the general practice of my in 
vention, to employ a cutter Smaller than the 
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cutter previously referred to and to over 
come the limited application of the curve 
surface alluded to, I prefer to give an addi 
tional movement to the cutter or the blank, 
preferably to the cutter, which additional 130 



movement combined with the rotary move 
ments referred to previously, has as a result 
anta differential as will hereinafter appear. 

Referring to Figs. 3, 4 and 5, the numeral 
5 20 indicates a cutter wheel provided with the 

cutting teeth 21, in intermeshing engage 
ment with the thread 22, of the blank worm 
23. The cutter 20 is seen to be much smaller 
than the cutter 1, Figs, 1 and 2, previously 
referred to as producing conjugate threads 
or teeth in a worm or hob, by a moulding 
principle of action, and similarly to which 
the cutter 20 will mouldingly generate con 
jugate threads or teeth in a worm, screw or 
obbing cutter on cylindrical or other line 

surfaces. Any size cutter may be employed 
for this purpose as will hereinafter appear; 
though in the interest of economy, however, 
a small size cutter is preferable, all of which 
should have the same number of teeth for 
the various pitches, that is to say, the cut 
ters are preferably provided with axn equal 
number of teeth regardless of the pitch of 
S88. 

In Figs. 3, 4 and 5, the cutter illustrated 
has been provided with twenty teeth and as 
it is the equivalent of a gear wheel of the 
given pitch, all screws, worms or hobs gen 
erated by said cutter will be conjugate to 
the teeth of said cutter and all cutting tools 
such as hobbing cutters, for instance, which 
have been generated by the cutter referred 
fo, will be capable of generating conjugate 
teeth in gear wheels, which will be inter 
changeable between the pinion' and the rack 
of the given pitch. 

In Fig. 3, the cutter is shown as having 
moved longitudinally part way across the 
face of the blank; in 4, the cutter is 
shown as having reached substantially the 
middle of the face of the blank in its longi 
tudinal movement across said face; and, in 
Fig. 5, the cutter is shown as it would ap 
pear after passing across the face of the 
worm 23 completing same. 
The above is accomplished by my method 

substantially as follows: The cutter 20 is 
provided with the bore 24 and the key-way 
25 adapting same to be secured to an arbor 
in a machine adaptable for the purpose as 
will hereinfter appear. The worn 23 is pro 
vided usually with the bore 26 and the key 
way 27 adapting same to be secured to an 
arbor or mandrel in the machine referred to. 
If now, the cutter 20 is set to the depth of 
thread desired in the blank 23, the cutter 
rotating about its axis, preferably in the 
direction indicated by the arrow 28, the 
blank 23 rotating about its axis, preferably 
in the direction indicated by the arrow 29; and a rectilinear longitudinal movement, 
with respect to the face of the blank being 
operated upon, is given to the said cutter, 
in the direction indicated by the arrow 30, 

65 Fig. 3, the movements referred to being of 
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such differential correlation obtained by 
means of suitable gearing, or preferably, 
e.g., by the means to be later described, the 
cutter will mouldingly generate the conju 
gate thread in the work 23. 
The above will become clear, it is be 

lieved, by assuming the cutter wheel, Figs. 
3, 4 and 5, in mesh with a worm rotating 
about its axis but fixed with respect to any 
rectilinear or longitudinal movement, the 
wheel, however, being free to move longitu 
dinally of the worm. As long, therefore, as 
the cutter wheel remains in the same longi 
tudinal position with respect to the worm, 
the wheel will rotate in exact ratio with the 
Worm, that is to say, if the cutter wheel has 
twenty teeth and the worm is provided with 
a single thread, the worm will make twenty 
revolutions while the cutter wheel makes but 
a single revolution. Moreover, if the inter 
meshing cutter wheel is given a linear move 
ment longitudinally of the worm, with a ve 
locity equal to the linear pitch of the worm, 
for every revolution of said worm, the cut 
ter wheel will have a linear movement only, 
just as though the convolutions of the thread 
were moving the intermeshing wheel longi 
tudinally of the worm. It follows further 
that if the cutter wheel is given correlated 
linear and rotary movements with respect to 
the rotary movement of the worm, the dif 
ferential correlation of the movements ar 
infinite. l 

It is obvious that the action above de 
scribed may be reversed to give the worm or 
blank being operated upon, the linear move 
ment as well as the rotary movement, in 
which event the cutter could be provided 
with only a rotary movement. r 

It is further obvious that a combination of 
the linear and rotary movements may be 
provided for in both the cutter and the 
blank being operated upon and obtain 
equally as good results so long as the differ 
ential correlation of the movements is main 
tained. 
The preferred means previously referred 

to, are illustrated in Fig. 6. The view is an 
isometric projection, showing in perspective, 
only such parts of the apparatus as are re- 115 
quired to demonstrate, how I obtain, in a 
very simple way, the differential correlation 
and the several motions referred to. 

Referring to Fig. 6, the numeral 31 indi 
cates an arbor, shaft or mandrel adapted to 120 
receive and secure a hob, worm or other 
blank 46. to be operated upon as will later 
appear. The numeral 32 indicates a gear 
wheel secured by any suitable means to one 
end of the mandrel 31 and adapted to en- 125 
gage an intermediate gear indicated by the 
numeral 33, which intermediate gear en 
gages also, a gear indicated by the numeral 
34, to which gear is adapted to be secured 
the worm-shaft 35, by any suitable means. 130 
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The numeral 36 indicates the right-hand 
thread of the worm-shaft 35, which thread 
has intermeshing engagement with the 
worm-wheel 37, to which is secured, by any 
suitable means, a shaft indicated by the nu 
meral 38. One end of the shaft 38 is bored 
and key-seated adapting same to slidingly 
receive the shaft 39, which is provided with 
the key 40, adapting the said shaft 39 to re 
ciprocate in and be rotated by the said shaft 
38. The numeral 41 indicates a miter gear 
secured to and forming a part of the shaft 39. A counterpart miter geas 42 engages 
the similar miter gear 41, the same being se 
cured to and forming a part of the shaft 
43, to which, at the end of same, is secured 
the toothed cutter wheel 44, by means of the 
nut 45, which has threaded engagement with 
the said shaft 43. It is obvious that the said 
shaft 43, is adapted to rotate about its axis, 
at any angular position with respect to the 
mandrel 31, by virtue of the engaging miter 
SE 41 and 42. The miter gears are so de 
ned for the reason they each have an equal 
number of teeth which is the ratio I prefer, 
in the interest of simplicity, for these gears. 

It is assumed the shafts 31, 35, 38, 39 and 
43 are supported in suitable bearings of a 
machine adapted to receive same and to per 
mit the angular adjustment of the cutterse 
cured on shaft 43, and contained within said 
machine are the means to support the idler 
intermediate gear 33, all as later described. 
Obviously could substitute a compound 
train of gears for the idler gear and obtain, 
by these means, any ratio of rotation be 
tween the shafts 31 and 35. The same rea 
son, however, which applied to the bevel 
gears 41 and 42, is applicable in this con 
nection and in the interest of simplicity, I 
have selected the simplest form and have 
provided the gears 32 and 34 with an equal 
number of teeth. 

It is now evident that whatever the inter 
meshing relation is, between the cutter and 
the work, it must be obtained through the 
medium of the worm-shaft 35 and the worm 
wheel 37. Any worm-wheel and worm 
shaft, which will give the ratio of the rela 
tion referred to, would be satisfactory. This 
relation is determined when the number of 
teeth in the cutter and the number of threads 
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desired in the blank are known. Therefore, 
let it be assumed that the cutter is provided 
with twenty-one teeth and that a single 
thread is desired in the blank, the ratio, 
therefore, of the worm-shaft 35, and the 
worm-wheel 37, is as twenty-one is to one, 
so that, if the worm-shaft is provided with 
a single thread, the worm-wheel will be pro 
vided with twenty-one teeth which will give 
the desired ratio. I have provided, there 
fore, for the purpose of the demonstration, 
a cutter 44 with twenty-one teeth; the worm 
shaft 35 with a single right-hand thread 36, 

53 

and, the worm-wheel 37, with twenty-one 
teeth, since it is desired that a single thread 
be generated in a blank, indicated by the 
numeral 46, which blank may be secured to 
the mandrel 31, by any suitable means. 
The illustration, Fig. 6, shows the work 

ing parts as they would appear after com 
pleting the thread 47 of the blank or 
Worm 46. 
On the assumption that the cutter has 

reached the position shown, after complet 
ing its 'cut', and the shafts are all at rest, 
it is obvious that the housing Hsupporting 
the cutter and driving mechanism, to in 
clude only the worm-wheel 37, shafts 38 and 
39, bevel gears 41 and 42, shaft 43 and the 
cutter 44, may be moved, as an unitary part, 
on any suitable base or guides B, B, longi 
tudinally of the parallel shafts 31 and 35, 
and in which movement, the cutter 44 and 
the worm-wheel 37, would have rotary as 
well as linear movements, since the worm 
wheel 37 has intermeshing or rolling en 
gagement with the worm-shaft 36 and, like 
wise, the cutter will intermesh and engage 
the thread 47 which the said cutter 44 pre 
viously generated, in the longitudinal and 
linear movements referred to. 
The elements of the unitary part referred 

to are provided, as hereinbefore stated, with 
suitable bearings and means for permitting 
angular adjustment of the cutter. The 
worm-wheel 37 and shaft 38 have a bearing 
38 supported on the aforementioned hous 
ing. The shaft 39 and miter gear have a 
bearing 39 on the member C movable trans 
versely to the shafts 31 and 35 on the hous 
ing. The shaft 43 and cutter 44 have a 
bearing in the member 43 adjustable on 
member 39, as by bolt 43° extending through 
slot 43, to effect the angular adjustment of 
the cutter and its shaft as above referred to. 

It is obvious that the linear longitudinal movement of the unitary part consisting of 
worm-wheel 37, shafts 38, 39, gears 41,42, 
shaft 43 and cutter 44 carried as a unit by 
a housing, as H, may be of any desired 
speed or velocity and is selected indepen 
dently of the rotary movements or absence 
of same in the shafts 31 and 35. This holds 
true because the differential correlation of 
the movements are automatically taken care 
of in the form of apparatus illustrated. 

It was deemed advisable to set forth the 
above automatic feature of taking care of the 
-differential, in the practice of my inven 
tion before the actual operation of gen 
erating the thread 47, of the worm 46, was 
described. 
In this description it will be necessary 

to assume that the unitary part, above re 
ferred to, is at the other end of the worm 46, 
from that shown in Fig. 6. In other words, 
the cutter 44, of any given pitch, for a right 
hand worm, is placed at the right-hand end 
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of the blank as indicated by the numeral 48. 
The gear 32 is assumed to be driven by any 

suitable means to rotate in the direction of 
the arrow 49, driving the engagingidler gear 
33, in the opposite direction as indicated by 
the arrow 50. The idler gear engages and 
drives the worm shaft gear 34 in the direc 
tion indicated by the arrow 51, which is 
seen to be in the same direction of rotation 
as the gear 32. The worm shaft being se 
cured to the gear 34, will rotate in the same 
direction as the said gear as indicated by the 
arrow 52. The right-hand thread 36, of the 
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worm-shaft will rotate the intermeshing 
worm-wheel 37, in the direction indicated by 
the arrow 53, driving the secured shaft; 38 
in the same direction as indicated by the 
arrow 54. The bevel gear 41, being secured 
to the spline shaft 39, which shaft is adapt 
ed to slidingly engage the bore in the shaft 
38, and be rotated by it, by means of the key 40, slidingly engaging a key-way in said 
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bore, will drive the said bevel gear in the 
same direction as indicated by the arrow 55. 
The shaft 43, therefore, being secured to the 
beyel gear 42, which has intermeshing en 
gagement with the bevel gear 41, will be 
driven by said gear 41, in the direction in 
dicated by the arrow 56. Hence, the shaft 
43 and the cutter 44, which is secured to 
same, will rotate in the direction indicated 
by the arrows 56, 57 and 58. 

If, now, the cutter 44, is moved in to the 
required depth of the thread 47 desired in 
the worm or blank 46, as by moving mem 
ber. C on member H as by handle as in ordinary machine tools, and the unitary part 
slowly moved, similar to the feed motion 
in any machine tool employing a cutting 
tool, as by feed screw Fengaging housing 
H. by nutf, across the face of the blank, in 
the direction indicated by the arrow 59, the 
cutter 44, will mouldingly generate a con 
jugate thread in the blank 46 by means of 
differential correlated movements. ', 
When the cutter and the unitary part 

reach the position shown in the drawing, the 
feed is p as by operating nut f to free 
housing H from feed screw F, the finished 
Worm removed and a new blank is secured 
to the mandrel 31 to be operated upon as 
previously described, the cutter is moved 
out, to be out of contact with the blank, and 
the unitary part returned to the orginal posi 
tion or starting point, as at the end indicated 
by the numeral 48. The cutter is now ready 
to be again moved in, in a rectilinear path, 
to the required depth of thread desired in 
the worm and when this is done, the feed 
may be thrown in whereupon the unita 
part begins again to operate, upon dif 
ferential correlated movements, so arranged that any cutter adaptable to the work, will 
automatically generate the conjugate thread 
in the blank 
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It is obvious that if a feed is selected 
which is equal to the circular pitch of the 
cutter, the unitary part, during the operation 
of the mechanism employed, would have a 
linear movement only. That is to say, if the 
shafts 31 and 35 aré rotating and a linear 
movement or lead, equal to the circular pitch 

70 

of the cutter 44, be given to the unitary part, 
so as to move said part in the direction of 
the arrow 59, for a right-hand convolution, 
the worm-wheel 37 and the cutter 44, will 
have linear movement only for the reason 
that the linear advance of the thread 36, 
of the worm-shaft 35, will be equal to the 
linear movement or lead, given to the said unitary part. 
The above is a function of the apparatus, 

which, together with the function of the 
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unitiery part having rotary movement only, 
reviously referred to, and the infinite dif 
erential correlated movements, also referred 
to previously, proves the truth of the prin 
ciple involved underlying the invention. 

It is obvious that to generate left-hand 
convolutions, it is only necessary to reverse 
the direction of rotation of the shaft 35 from 
that indicated by the arrow 51, which will 
cause the cutter 44 to rotate in the direction 
opposite to that indicated by the arrow. 58, 
and in which event, it is evident, the cutter 
will begin work on the end opposite to the 
end indicated by the numeral 48. , 
The above may be obtained by introducing 

another idler gear (not shown) between the 
gears 33 and 34 and with which gears it will 
be adapted to engage, 
The spline shaft39, Fig. 6, which permit 

ted the cutter to be moved to the desired 
depth of the thread in the blank and away 
from said blank preparatory to taking a 
new cut, has other functions as will pres 
ently appear in connection with the reliev 
ing of the teeth of hobbing cutters, previ 
ously referred to, and which is illustrated in 
the drawing Figs. 7, 8 and 9 to which I now 
refer. . . 
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The hob 60, Fig. 7, is shown as having been 
threaded previous to the relieving opera 
tion, which is now assumed to be taking 
place in the view referred to. The separa 
tions of these operations, which may be com 
bined as referred to, has been done so as not, to confuse or complicate the description of 
the method needlessly. The cutter 61, there 
fore, in addition to the differential correla 
tion of the movements, will have a recipro 
cating movement toward and away from the 
axis of the hob 60, to relieve the teeth of 
same on the moulding generating principle 
of action to produce the conjugate teeth re. 
ferred to previously. The numeral 62, Fig. 
7, indicates a center line of the cutter 61, 
when same is in substantially the normal 
position or the position the cutter would 
have, if the said cutter was set to the depth 
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of the tooth in the worm, as in generating 
the thread in the blank previously described. 
The line 63 indicates the position of the 
center line 62, when the cutter 61 reaches its inmost position just before it begins the 
rapid return stroke. The measure of the dis 
tance between the lines 62 and 63, would be 
the amount of the relief which usually is 
expressed in fractions of an inch and which 
is easily obtained by means of any one of 
many well known attachments. For example, 
camb, rotating in direction of arrow g at 
suitable speed, forces member dattached to 
member C toward the right slowly for mov 
ing the cutter slowly inward, and when the 
highest part of the campasses member d the 
latter and the cutter are rapidly moved out 
ward by spring e, and this cycle is re 
peated for each flute of the hob. 
For the purpose of this specification, 

therefore, I believe it only necessary to state 
that the cutter has a slow linear inward. 
movement while in contact with the flutes and 
a rapid linear outward movement when the 
gashes are reached, this, of course, takes place simultaneously with the intermeshing 
movements of the cutter and the hob. The 
relief of the teeth is clearly seen by contrast, 
with the concentric line indicated by the nu 
meral 64. This relief is again apparent in 
Fig. 9, in which the curved line 65 is concen 
tric with the hob 60. In this view, the cutter 
61 is shown as having moved partly inward, 
on the slowly moving cutting stroke, and 
amount indicated by the numeral 66, as the 
measure of the distance between the normal 
centerline 62, and the center line of the cut ter in the position shown. It is obvious that 
the out-stroke, or the rapid return of the 
cutter to normal position, takes place after 
leaving the flute 67 and that it will be back 
in the normal position by the time the next 
flute, indicated by the numeral 68, ap 
proaches contact, whereupon, at said contact, 
or slightly before same is preferable, the cut 
ter begins its slow linear inward movement 
as previously described. 

Obviously the quick return stroke can 
take place only in the gashes, indicated by 
the numeral 69, of the hob 60, and it is fur 
ther obvious that by means of the train of 
gears provided in the relieving attachments 
referred to previously, I can gear up said 
attachments to relieve hobs gashed on a heli 
cal curve, which curve is usually perpendicu 
lar to the helix of the thread convolutions at 
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the pitch line of the hob. 
The above becomes necessary as pre 

viously referred to, when small diameter 
hobs are provided with coarse threads; more 
definitely, and in general, when the angle of 
the helix exceeds substantially an angle of 
three degrees. 

It is now apparent why the spline shaft 
39 was provided in the apparatus illustrated 

7 

in Fig. 6, by means of which I am enabled 
to reciprocate the cutter, for the purpose 
of relieving the intermeshing teeth, without 
in any way interfering with the differential 
correlation of the movements of the cutter 
and the blank. 
In small diameters and coarse threads, to 

which I have alluded, it will be necessary 
to 't the cutter to the helix of the thread. 
For this purpose I preferably provided that 
the cutter shaft. 43, Fig. 6, be driven by 
means of the bevel gears 41 and 42, and by 
means of which arrangement, the cutter 44 
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can be angularly adjusted to correspond to 
the angle of the helix for any given hob, 
whether of coarse or of fine thread, and 

80. 

which angular adjustment, it is obvious, 
will be about the shaft 39, by moving the 
shaft 43 to desired position and holding it 
by clamping the member 43 by bolt 43°, 
and when so adjusted to position, will cause 
the cutter to present its working face, which 
face may be considered as a disk or a cir 
cular plane, Substantially perpendicular to 
the helical curve selected or determined, 
without conflicting with the differential cor 
relation of the rotary and linear movements. 
of the cutter and the blank. 

It is understood, of course, by those 
skilled in the art of cutting metals, that 
the median cutting point of the cutter 44, 
Fig. 6, will be on a radial line of the blank 
being operated upon and which line will 
also be a center line of the cutting face of 
said cutter. By median cutting point I 
mean the cutting point that approaches 
nearest the axis of the said blank. What 
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ever adjustment of the cutter is necessary, . 
said adjustment being longitudinally of the 
shaft. 43, to obtain the above condition, is 
easily accomplished by the means of an ad 
justable screw washer placed between the 
cutter and a shoulder of the said shaft 43, 
with which shaft, due to the an 
the cutter will be capable of being adjuste 
longitudinally of the said shaft, to meet the 
well known requirements above referred to. 

It is obvious that the correlation of the 
differentials is automatic in the apparatus. 

It was previously stated that the differ 
ential movements' could be obtained by 
means of gearing arranged in the form of 
a train of gears, similar to the change gear 
ing arrangement in many machine tools in 
some of which, a differential may enter and 
is provided for by means of two or more 
distinct trains of gearing, adaptable to 
function independently when a differential 
does not enter, but which must be geared 
with respect to one another, with definite 
factors, thus correlating them for the given 
factors, when a differential enters and is to 
be provided for. 

e factors above referred to are fixed 

lar ad 
justability of same, previously referred t 
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for any particular differential. One factor 
cannot be changed without regard for the 
other factors for a given differential. In 
other words, for any given differential, the 
factors must be arranged in correlation for 
the variable of the given differential, and 
any change in either the differential or the 
correlation of the said factors, will produce 

in the other. 
By the expression differential correlation, 

I mean, therefore, that the infinite differen 
tial possible in the practice of my invention, 
between the cutter and the blank being oper 
ated upon, may be correlated as previously 
described, by the means of change gears in 
two or more trains of gears or by the means 
of automatic correlation through the me 
dictim of the unitary part. l 
A housing H, Fig. 6, movable by a feed 

screw F. longitudinally on a base or guides 
B, B, and having a transversely moyable 
member C carrying a cutter and operable by 
a handle h and also by a relieving attach 
ment, is old in the art of machine tools and 
is not, per se, my invention, but 
What I claim is: 
1. A method for generating threads of 

convolution, which consists in imparting ro 
tary motions to a cutter provided with ra 
dial teeth projecting from its periphery in 
substantially a plane of rotation, and to a 
blank to be operated upon, functionally cor 
relating the said rotary motions and simulta 
neously with the rotary motions of the cut 
ter and the blank producing relative recti 
linear reciprocating movement between the 
cutter and the blank. 

2. A method of generating convolute lines 
of edged teeth in a blank, which consists in simultaneously imparting rotary motions to 
a tool and a bank to be operated on by said 
tool and functionally correlating said Imo 
tions, producing relative reciprocating mo 
tion between the tool and the blank func 
tionally correlated with respect to the rotary 
motions thereof, and in producing relative 
rectilinear motion between said too and 
blank, independent of said correlated no 
tions. . 

3. A method for obtaining convolute lines 
of relieved teeth in a blank, which consists in simultaneously imparting rotary motions 
to a tool and a-blank acted on by said tool 
and functionally correlating. said motions, 
imparting a reciprocating motion to the tool 
functionally correlated with respect to the 
rotary motion of the blank, imparting, a 
rectilinear motion to the said tool along the 
blank, independent of the said correlated 
motions, and continuing the said motions to 
produce convolute lines of relieved teeth in 
the bank aforesaid. 

65 

4. A method for generating convolute 
lines in a blank, which consists in simulta 
Ineously impacting rotary motions to a tool 
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the face of which tool is substantially per 
pendicular to the helical lines of convolu 
tion and a blank to be acted upon by said 
tool, imparting rectilinear motion to said 
tool simultaneously with the rotary motions 
of the tool and blank, and differentially cor 
relating the said motions. 

5. A method for generating convolute 
lines in a blank, which consists in simultae 
neously imparting rotary motions to a tool 
and a blank to be acted on by, said tool, the 
plane of the cutting face of which tool is 
substantially perpendicular to the lines of 
convolution of said blank, imparting rectilin 
ear motion to said tool along a line sub 
stantially parallel to the axis of rotation of 
said blank, and differentially correlating 
the said motions. 

6. A method for generating convolute 
lines in a blank, which consists in simulta 
neously imparting rotary motions to a too 
and a blank to be acted on by said tool, said 
rotary motions being about axes angularly 
adjustable with respect to each other, si 
multaneously producing relative rectilinear 
motion between the tool and the blank, and 
automatically correlating the differential 
of the variable of the said motions. 

7. A method for generating convolute 
lines in a blank, which consists in simulta 
neously imparting rotary motions to a tool 
and a blank to be acted on by said tool, pro 
ducing relative motion of said tool along 
said blank, and producing a relative recip 
rocating motion between said tool and blank. 

8. A method for generating relieved teeth. 
in a hob, which consists in simultaneously 
imparting rotary motions to said hoband a 
cutter acting thereon, imparting rectilinear 
motion to said cutter, differentially corre 
lating the said motions and producing a 
relative reciprocating motion between the 
cutter and the hob, said reciprocating no 
tion being definitely correlated to the said 
rotary motion of the hob and differentially 
correlated to the rotary motion of said cut 
ter. 

9. A method for generating convolute 9 
lieved teeth in a hob which consists in si 
multaneously imparting rotary motions to 
the hob and to an intermeshing cutter, im 
parting a rectilinear motion to said cutter, 
differentially correlating the motions afore 
said and producing a rectilinear reciprocate 
ing motion to the said cutter functionally 
correlated with respect to the rotary motion. 
of the hob. 

10. A method for generating convolute 
lines in a blank, which consists in simulta 
neously imparting rotary motions to a cut 
ter provided with teeth conjugate to the 
convolute lines desired in a blank and in 
termeshing with said blank, and to said 
blank, producing relative rectilinear motion 
between the cutter and blaKak, and differen 
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ter and blank, means for 
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tially correlating the said rotary and linear 
motions automatically, whereby the teeth of 
the cutter will produce their conjugate on 
convolute lines in the blank. 

11. A method for generating lines of 
convolute conjugate teeth, which consists in 
simultaneously imparting rotary motions to 
a blank to be operated upon and to a cutter 
wheel intermeshing with the blank, produc 
ing a relative feed movement between the 
cutter and the blank simultaneously with the 
rotary motions aforesaid, producing relative 
rectilinear motion between the cutter and 
blank in a direction longitudinally of the 
face of said blank, differentially correlating 
said rotary motions and said rectilinear lon 
gitudinal motion, and producing a relative 
reciprocating motion between the cutter 
wheel and the blank independently of said 
rectilinear motion and functionally corre 
lated with respect to the said rotary mo 
tions, the said rotary motions being about 
axes adjustably disposed to each other. 

12. In an apparatus of the class described, 
in combination with a cutter in the form of 
a wheel, having teeth provided with edged 
cutting faces, means for rotatably support 
ing a blank in co-operative relation with said 
cutter, means for simultaneously rotating 
said cutter and blank, and means for pro 
ducing relative reciprocating movement be 
tween the cutter and the blank to cause said 
cutter to generate in the blank relieved teeth 
of a given pitch. 

13. In an apparatus of the character de 
scribed, in combination with a rotatable 
mandrel for holding a blank to be cut, a cut 
ter rotatably mounted to act upon said blank, 
means for simultaneously. rotating the cut 

producing rela 
tive movement of the cutter along the blank 
simultaneously with the rotary motions 

reciprocatory movement between said cutter 
and blank simultaneously with said rotary 
motions. 

14. The method of generating a relieved 
thread in a gashed blank, which consists in 
rotating the blank and a cutter on axes sub 
stantially at right angles to each other, and 
for each gash of the blank simultaneously 
feeding the cutter into and withdrawing it 
from the blank. 

15. The method of producing a hob, which 
comprises gashing a blank, generating a 
thread therein by rotation of the blank and 
a cutter on axes substantially at right angles 
to each other, and for each gash feeding the 
SE into and withdrawing it from the 
blank. 

16. The method of producing a hob, which 
comprises gashing a blank, generating a 
thread in the blank and a surface between 
threads terminating at a gash to form a 
cutting edge continuous with the cutting 

edge formed by the intersection of the thread 
with the gash by rotating the blank and 
cutter on axes substantially at right angles 
to each other, feeding the cutter into the 
blank to a depth less than the depth of the 
gashing, and for each gash feeding the cut 
ter into and withdrawing it from the blank 
for relieving the thread and said surface. 

17. The method of generating a relieved 
thread in a gashed blank, which consists in 
rotating the blank and a cutter on axes sub 
stantially at right angles to each other, and 
for each gash of the blank simultaneously 
feeding the cutter into and withdrawing it 
from the blank, and moving the cutter lon 
gitudinally with respect to the blank. 

18. The method of producing a hob, which 
comprises gashing a blank, generating a 
thread therein by rotation of the blank and 
a cutter on axes substantially at right an 
gles to each other, and for each gash feed 
ing the cutter into and withdrawing it from 
the blank, and moving the cutter longitudi 
nally with respect to the blank. 

19. The method of producing a hob, which 
comprises gashing a blank, generating a 
thread in the blank and a surface between 
threads terminating at a gash to form a 
cutting edge continuous with the cutting 
edge formed by the intersection of the 
thread with the gash by rotating the blank 
angles to each other, feeding the cutter into 
the blank to a depth less than the depth. 
of the gashing, for each gash feeding the 
cutter into and withdrawing it from the 
blank for relieving the thread and said sur 
face, and moving the cutter longitudinally 
with respect to the blank. 

20. The method of generating a relieved 
thread in a gashed blank, which consists in 
rotating the blank and a cutter on axes sub 
stantially at right angles to each other, for 
each gash of the blank while the cutter is ro 
tating feeding the cutter into and withdraw 
ing it from the blank, and moving the cut 
ter longitudinally with respect to the blank 
a plurality of times for successive cuts. 

21. The method of producing a hob, which 
consists in generating a thread in a hob 
blank by rotating the blank and a cutter on 
axes substantially at right angles to each 
other, simultaneously feeding the cutter into 
the blank for relieving the thread, and mov 
ing the cutter longitudinally with respect 
to the blank a plurality of times for succes 
sive cuts. 

22. The method of producing a hob, which 
comprises gashing a blank, generating a 
thread in the blank and a surface between 
threads terminating at a gash to form a cut 
ting edge continuous with the cutting edge 
formed by the intersection of the thread 
with the gash by rotating the blank and cut 
ter on axes substantially at right angles to 
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each other, feeding the cutter into the blank 
to a depth less than the depth of the gash 
ing, for each gash feeding the cutter into 
and withdrawing it from the blank for re 
lieving the thread and said surface, and 
moving the cutter longitudinally with re 
spect to the blank a plurality of times for 
successive cuts. 

23. The method of generating a relieved 
thread in a gashed blank, which consists in 
rotating the blank and a cutter on axes sub 
stantially at right angles to each other, for 
each gash of the blank simultaneously feed 
ing the cutter into and withdrawing it from 
the blank, and moving the cutter longitudi 
nally with respect to the blank with its 
speed of rotation differentially correlated to 
that of the blank. 

24. The method of producing a hob, which 
consists in generating a thread in a hob 
blank by rotating the blank and a cutter 
on axes. Substantially at right angles to each 
other, simultaneously feeding the cutter into 
the blank for relieving the thread, and mov 
ing the cutter longitudinally with respect 
to the blank. 

25. The method of producing a hob, 
which comprises gashing a blank, generat 
ing a thread therein by rotation of the 
blank and a cutter on axes substantially at 
right angles to each other, for each gash 
feeding the cutter into and withdrawing it 
from the blank, and moving the cutter 
longitudinally with respect to the blank 
with its speed of rotation differentially cor 
related to that of the blank. 

26. The method of producing a hob, 
which comprises gashing a blank, generat 
ing a thread in the blank and a surface be 
tween threads terminating at a gash to 
form a cutting edge continuous with the cut 
ting edge formed by the intersection of the 
thread with the gash by rotating the blank 
and cutter on axes substantially at right 
angles to each other, feeding the cutter into 
the blank to a depth less than the depth of 
the gashing, for each gash feeding the 
cutter into and withdrawing it from the 
blank for relieving the thread and said sur 
face, and moving the cutter longitudinally 
with respect to the blank with its speed of 
rotation differentially correlated to that of 
the blank. 

27. The method of generating a thread 
in a blank, which consists in rotating the 
blank, and rotating a cutter on an axis dis 
placed from 90 degrees with respect to the 
axis of rotation of the blank by an amount 
bringing the plane of rotation of the cutter 
normal to the thread as it is generated. 

28. The method of generating a relieved 
thread in a blank, which consists in ro 
tating the blank, rotating a cutter on an 
axis displaced from 90 degrees with respect 
to the axis of rotation of the blank by an 
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amount bringing the plane of rotation of 
the cutter normal to the thread as it is gen 
erated, feeding the cutter into and with 
drawing it from the blank for relieving the 
thread, and moving the cutter longitudi 
nally with respect to the blank. 

29. A hob having generated relieved 
teeth. 

30. A hob having generated relieved 
teeth, and generated relieved surfaces be 
tween teeth, said surfaces at their inter 
sections with the gashes forming cutting 
edges. 

31. A gashed cutter having generated re 
lieved teeth. 

32. A cutter having helically disposed 
generated relieved teeth. 

33. Apparatus for producing generated 
relieved teeth in a blank, comprising means 
for rotating the blank, a cutter rotatable 
about an axis substantially at right angles 
to the axis of rotation of the blank, means 
for rotating said cutter, and means auto 
matically feeding the cutter into and with 
drawing it from the blank for relieving 
the teeth. 

34. Apparatus for producing generated 
relieved teeth in a blank, comprising means 
for rotating the blank, a cutter rotatable 
about an axis substantially at right angles 
to the axis of rotation of the blank, means 
for rotating said cutter, means automati 
cally feeding the cutter in a straight line 
into and withdrawing it from the blank 
for relieving the teeth, and means for mov 
ing the cutter longitudinally of the blank. 

35. The combination with means for ro 
tating a blank, of a worm extending paral 
lel with the axis of the blank, means for 
rotating said worm, a worm gear driven by 
said worm, a cutter rotatable about an axis 
substantially at right angles to the axis of 
rotation of the blank, a driving connection 
between said worm gear and said cutter, 
and means reciprocating said cutter in a 
rectilinear path toward and away from the 
blank. 

36. The combination with means for rotat 
ing a blank, of a worm extending parallel 
with the axis of the blank, means for rotat 
ing said worm, a worm gear driven by said 
worm, a cutter rotatable about an axis sub 
stantially at right angles to the axis of ro 
tation of the blank, a driving connection be: 
tween said worm gear and said cutter, means 
reciprocating said cutter toward and away 
from the blank, and means for moving said 
cutter longitudinally of the blank. 

37. Apparatus for producing generated 
relieved teeth in a blank, comprising means 
for rotating the blank, a cutter rotatable 
about an axis substantially at right angles 
to the axis of rotation of the blank, means 
for rotating said cutter, means for feeding 
the cutter in a straight line into and with 
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drawing it from the blank, and means for 
moving the cutter longitudinally of the 
blank, the plane of rotation of said cutter 
being disposed normal to the tooth helix. 

38. The combination with means for rotat 
ing a blank, of a worm extending parallel 
with the axis of the blank, means for ro 
tating said worm, a worm gear driven by 
said worm, a cutter rotatable about an axis 
substantially at right angles to the axis of 
rotation of the blank, a driving connection 
between said worm gear and said cutter, 
means reciprocating said cutter toward and 
away from the blank, and means for moving 
said cutter longitudinally of the blank, the 
plane of rotation of said cutter being dis 
posed normal to the tooth helix. 

39. The combination with means for rotat 
ing a blank, of a rotatable shaft whose axis 
is at an angle to the axis of rotation of said 
blank, a second shaft splined to said shaft 
and driven thereby, a cutter rotatable about 
an axis approximately at right angles to 
the axis of rotation of said blank, a driv 
ing connection between said second shaft 
and said cutter, and means for reciprocat 
ing said cutter longitudinally of said first 
named shaft toward and away from said 
blank in timed relation to the speed of said. 
blank. 

40. The combination with means for rotat 
ing a blank, of a rotatable shaft whose axis 
is at an angle to the axis of rotation of said 
blank, a second shaft splined to said shaft 
and driven thereby, a cutter rotatable about 
an axis approximately at right angles to 
the axis of rotation of said blank, bevel 
gears connecting said second shaft, to said 
cutter whereby said cutter is driven by said: 
second shaft and is adjustable about the axis 
of said second shaft, and means for recip 
rocating said cutter longitudinally of said 
first named shaft toward and away from 
said blank in timed relation to the speed 
of said blank. 

41. The combination with means for rotat 
ing a blank of a rotatable shaft whose axis 
is at an angle to the axis of rotation of said 
blank, a second shaft splined to said shaft 
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and driven thereby, a cutter rotatable about 
an axis approximately at right angles to 
the axis of rotation of said blank, a driv 
ing connection between said second shaft 
and said cutter, means for reciprocating said 
cutter longitudinally of said first named 
shaft toward and away from said blank in 
timed relation to the speed of said blank, a 
gear fixed to said first named shaft, means 
extending lengthwise of said blank engag 

ill. 

ing the teeth of said gear, and means for 
moving said cutter, said shafts and said gear 
as an unitary part lengthwise of said blank. 

42. In a machine for producing hobs, a 
cutter resembling a bevel gear, a work holder 
adapted to rotate the work in such direction 
that the portion momentarily in contact with 
the cutter moves approximately perpendicu 
larly to the plane of the cutter, positive act 
ing means, for rotating the cutter at ape 
ripheral speed equivalent to the lead of the 
hob teeth and means operating in timed re 
lation with the work holder for periodically 
and automatically moving the cutter E. 
proximately radially toward and from the 
work. 

43. In a machine tool a multiple tooth cut 
ter resembling a gear wheel, a work holder 
adapted to rotate the work in such direction 
that the portion momentarily in contact 
with the cutter moves approximately per 
pendicular to the plane of the cutter, means 
for feeding the cutter bodily in a direction 
parallel with the axis of the work, means 
for simultaneously rotating the cutter about. 
its axis, and means for periodically moving 
the cutter bodily approximately radially to 
ward and from the work. 

44. In a screw cutting and relieving ma 
chine, a multiple tooth cutter resembling a 
bevel gear wheel, a work holder adapted to 
rotate the work in such direction that the 
portion momentarily in contact with the cut 
ter moves approximately perpendicular to 
the plane of the cutter, means for feeding 
the cutter bodily in a direction parallel with 
the axis of the work, means for simul 
taneously rotating the cutter about its axis, 
and means operating in timed relation with 
the work holder for simultaneously and au. 
tomatically reciprocating the cutter toward 
and from the work, 

45. A hob cutting 
holder adapted to rotate the blank about its 
axis, a multiple tooth cutter resembling a 
gear wheel, the axis of the work lying p proximately in the plane of EE E. 
cutter, a carriage for causing the cutter to 
travel lengthwise of the work, a lead screw 
arranged parallel with the axis of the work, 
a worm gear connected to the cutter for ro 
tating it, said cutter cooperating with the 
lead screw to roll along it and to be simul 
taneously rotated by it, and means for si 
multaneously reciprocating the cutter to 
Ward and from the Work. . 

- Signed this 8th day of April, 1918. 

OLIVER, G, SIRI MONS, 
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