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UNITED STATES PATENT OFFICE. 
DANIEL C. FISHER, OF BOSTON, MASSACHUSETTS, 

APPARATUS FOR PRODUCING IRREGULAR SURFACES BY ATTRITION. w . 

1,335,102. specification of Letters Patent. Patented Mar. 30, 1920. 
Application filed March 4, 1915. Serial No. 12,007. 

To (l'hom it may concern: 
Be it known that I, DANIEL C. FISHER, of 

IBoston, in the county of Suffolk and State 
of Massachusetts, have invented certain 
new and useful Apparatus for Producing 
Irregular Surfaces by Attrition, of which 
the following is a specification. 
This invention relates to the production 

of Specially formed surfaces upon articles 
which may be made of minerals or wood, the 
method of treatment being such that by 
grinding or polishing, or both, the article 
may have its entire surface or a portion of its 
Surface finished with a concave or a convex 
formation, the article then being shifted more 
or less laterally and a further finishing pro 
duced upon a surface of lesser area, which 
Surface may overlap to greater or lesser de 
gree the first produced surface. The method 
and apparatus hereinafter described pro 
vides for shifting the article in a curved 
path between the steps of preliminary fin 
ishing and the secondary finishing, all as 
will be more fully hereinafter explained. 

In the accompanying drawings I illus 
trate a preferred embodiment of my im 
provements in mechanism for carrying out 
the method of producing or finishing flat, . 
concave or convex surfaces by attrition. Of 
said drawings: m 

Figure 1 is a front elevation of my pre 
cision mechanism. m 
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Fig. 2 is an elevation from the right of 
Fig. 1. 

Fig. 3 is a front elevation of the middle 
portion of the machine shown in Fig. 1, on 
a larger scale, and with the fixtures or tools 
which support and act upon the articles, ad 
justed laterally from the position shown in 
Fig. 1. 

Fig. 4 represents a section on line 4-4 of 
Fig.1. m 

Fig. 5 is a detail plan view of the hand 
control lever, other parts being shown in 
section. 

Fig. 6 is a detail sectional view of the 
wrist pin mounting. . . 

Fig. 7 is a perspective view of the key 
employed for adjusting. 

50 Fig. 8 is a front elevation of parts shown 
at the lower portion of Fig. 1, on a larger 
scale. ' . 

Fig. 9 represents a section on line 9-1-9 of 
Fig. 1, on a larger Scale. 

Fig. 10 represents a section on line 10-10 
of Fig. 2, on a larger scale. 

Similar reference characters 
similar parts in the different views. . 
The frame 12 of the machine is shown in 

the drawings as consisting of a flat verti 
cally supported standard, but it is to be un 
derstood at the outset that I do not limit 
myself to an arrangement or use of the ma 
chine or mechanism in the generally verti 
cal position shown in the drawings. For 
instance, obviously, the frame 12 and the 
spindles hereinafter described might be ar 
ranged horizontally. 
At the upper end of the 

the frame 12 is an aperture 14 (Fig. 9) in 
which is mounted a sleeve bearing 15. 
Mounted in sleeve bearing 15 is a sleeve 16 

frame is a jour 
nal or bearing 13. . Near the lower end of 
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to the inner end of which is secured a plate . 
16" having ways for a slide 17 as clearly 
illustrated in Figs. 1, 2, 3 and 8. The bore 
of sleeve 16 provides a bearing 18 for a 
shaft 19 having a bevel gear 20 at one end. 

75 

Suitably secured to the sleeve 16 is a hub of . 
a lever 21, a collar 22 being employed to 
hold the lever in position lengthwise of the 

Upon the end of the sleeve out 
side of the collar 22 is secured a bevel. 
sleeve. 

gear 23. 
A vertical shaft 24 sometimes hereinafter 

referred to as the central power shaft, is 
mounted in bearings 25, 26 carried by brack 
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ets secured to the frame 12, said shaft hav 
ing a bevel gear 27 near its lower end to 
mesh with the bevel gear 23. The bevel 
gear 27 may be secured directly to the shaft 
24, but preferably it is carried by a sleeve 
splined upon said shaft as hereinafter ex 
plained. 
At a point about midway of the length 

of the frame 12 is secured a bracket 29 hav 
ing a bearing for a short horizontal shaft 

gear 31 the face of 30 carrying a worm g 
which is provided with a slotted rib or guide 
32. (Figs. 1, 2 and 6). A worm 36 car 
ried by the vertical shaft 24 meshes with the 
worm gear 31. The end 37 of the lever 21 
has a stud 38 provided with an aperture 
through which passes a link or rod 34, the 
position of the stud 38 lengthwise of the 
link 34 being secured and held by means 
of a thumb screw 39. The other end of the 
link 34 is mounted upon a bushing 40 which 
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in turn is mounted upon a wrist pin 41 hav 
ing a head at its inner end slidable along 
the slot of the rib 32. By means of a washer 
42 and a wing nut 43, the wrist pin and 
the bushing mounted thereon may be held 
in any desired adjusted position lengthwise 
of the slotted rib 32 so that more or less 
movement may be imparted to the rod or 
link 34 and through the latter to the lever 
21 so as to oscillate the sleeve 16 and the 
slide 17 for a purpose hereinafter described. 
The upper end of the yelitical shaft 24 

has a bevel pinion 44. A bracket 45 is at 
tached to the upper end of the frame 12 
and is provided with bearings 46, 47 for an 
upper horizontal shaft. 48. On the shaft 
48 is mounted a quill 49 having bevel gears 
50, 51, a lever 52 pivoted at 53 having a 
fork or yoke 54 engaging said quil which is, 
of course, splined to the shaft 45, so tilat the 
shaft 24 may be rotated in one direction or 
the other by simply shifting the gea's 50, 51. 
The shaft 48 is provided with fast and loose 
pulleys 55, 56, held on said shaft by a collar 

5 57. The other end of the shaft 48 is pro 
vided with a bevelgear 58. 
The upper end of the frame 12, or a por 

tion of the bracket bearing 47, forms a 
swivel or pivotal bearing 59 for a plate 60 
which lies against one face of the upper 
portion of the frame 12 and is provided with 
are slots 61, 62 (Fig. 1) through which bind 
ing screws 63 pass into the frame whereby 
the plate may be swung to any desired an 
gular position and secured with the parts 
carried by said plate rigidly held in laterally 
adjusted position such as indicated by com 
paring Figs. 1 and 3. 
The plate 60 is provided with a vertical 

groove or slot 64 of considerable length, said . 
slot preferably terminating at the points 65, 
66 shown in Fig. 2. 
A bracket 67 secured to the upper portion 

of the plate 60 provides a bearing for a 
sleeve having a bevel gear 68 meshing with 
the bevel gear 58, a collar 69 holding said 
sleeve in proper position lengthwise of the 
bearing. Said sleeve and the gear 68 car 
ried by it have a splined connection with the 
upper spindle 70 which is provided with a 
groove 71 for such splined connection. A 
bracket 72 which is adjustably carried by 
the plate. 60 is connected to a clamping plate 
or nut 73 (Fig. 9) by means of a bolt 74. 
The plate 73 fits the groove or slot 64 in the 
plate 60 and by means of the bolt 74 is 
caused to bind on portions of the walls of 
said slot, so that said bracket 72 and the 
upper spindle can be vertically adjusted 
and confined. It may be explained at this 
point that in the operation of the machine 
it is frequently desirable that the upper 
spindle 70 shall be capable of considerable 
vertical djustment. While the upper bear 

5 ing provided by bracket 67 may properly 
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remain in the position indicated in Fig. 2, 
it is desirable that the bearing provided by 
the lower bracket 72 may be shifted well 
down when the spindle 70 is lowered. 
As shown at the upper end of Fig. 9, a 

bushing 5 is screw threaded in a vertical 
aperture in the bracket 72. A collar 76 is 
adjustably secured to the spindle 70 above 
the bracket 72 (Fig. 2). The bushing 75 is 
provided with radial pins or handles 77 by 
means of which it may be rotated, the posi 
tion in which it is rotated being then held 
by means of a set screw 78. 
A lever 80, Figs. 1 and 5, is pivotally con 

nected to a link 86 which in turn is piv 
otally connected to a bracket 87 carried by 
the frame 12. The lever 80 has a ring 
shaped portion surrounding the spindle 70 
and having studs 84 which engage a collar 
82 loosely mounted upon the spindle 70 be 
tween collars 81, 83 which are secured to said 
spindle. 

Referring to Fig. 8 it will be seen that 
the slide 17 is provided with a scale 89 
adapted to coöperate as hereinafter de 
scribed with a suitable indicating point. 
The upper end of the slide 17 carries a 
bracket 90 (Fig. 9) in which is screw 
threaded a bushing 91 in which is mounted 
the upper end of the lower spindle 92, said 
spindle having a vertical groove for a 
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feather 93 carried by a bevelgear 94 mesh 
ing with bevel gear 20 and mounted in a 
bearing 95 carried by a bracket attached to 
the plate 16. 
A structure which will be referred to as 

the table 96 is carried by the upper end of 
the lower spindle 92, said table having a 
tongue or ear 101 (Fig. 9) entering a recess 
100 provided in a fork 97 having a stem 
98 fitting a socket in the upper end of spin 
dle 92. A washer 99 is mounted upon the 
spindle 92 above the bushing 91. By means 
of a clamp screw 102, the table 96 may be 
adjusted in more or less tilted position, the 
ear 101 of said table having graduations 104 
to co-act with a suitable indication on the 
fork 97 as indicated in Fig. 8 to designate 
the angle or tilt. 
The table 96 is recessed to receive the 

lower portion 107 of a holder having its 
upper surface 108 provided with a rib 109 
within which is a cavity 110. A gib 105 
against which set screws 106 bear, serves to 
Secure the holder 107 in the desired adjusted 
position longitudinally of the recess in 
the table 96. A terminal or work holder 113 
has a stem 111 fitting an aperture in the 
holder 107, a screw 112 (Fig. 8) passing 
through one end of the holder 107 and bear 
ing against the stem 111 to hold the fixture 
113 in position. 
As has been mentioned, the shaft 24 car 

ries a bevel gear 27 near its lower end to 
mesh with the bevel gear 23. If there were 
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76 also rotates. 
to prevent the collar 76 from bearing di 
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only the bevel gear 27, the lower spindle 92, 
through the lowerhorizontal shaft and gear 
ing, could be driven in but one direction 
when the shaft 24 is rotated in one direction. 
Preferably, however, in order that said 
lower spindle 92 may be rotated in either 
direction without changing the direction of 
rotation of shaft 24, I provide another bevel 
gear 114 (Fig. 2), said pinion as well as the 
pinion 27 being carried by a sleeve 115 hav 
ing a set screw 116 or other suitable means whereby either the pinion 27 or the pinion 
114 may be operatively in mesh with the 
pinion 23. 
The upper spindle 70 has a chuck 117 at 

its lower end (Figs. 1, 2 and 9) said chuck 
having a stem 118 fitting and adapted to be 
suitably secured in a recess in the lower end 
of said spindle. In the bottom of the recess 
or socket 119 of the chuck is a spring 120. 
The lower end of the socket in the chuck is 
screw-threaded to engage the threaded por 
tion 121 of a sleeve 123 having a flange 125. 
at its bottom. An inner sleeve 122 is held in 
the sleeve 123 by a suitably connected collar 
124, said inner sleeve having a flange 126. 
A steady pin 127 extends from the flange 
125 into the flange 126. A screw 128 passes 
through the wall of the chuck 117 and 
presses against a preferably recessed portion 
of the outer sleeve. 123 to hold the latter in 
any position of adjustment which has been 
given thereto. A screw 130 passes through 
the flange 126 and presses against the stem 
of a terminal 131 which may be referred to 
as the working tool. The spring 120 nor 
mally holds the sleeve 122 with the collar 
124 bearing on the upper end of the adjust 
ing sleeve 123. The spring 120, however, 
permits the sleeve 122 and the tool 131 to 
yield so that the tool will bear with a yield 
ing pressure upon the work. By loosening 
the screw 128 and rotating bushing 123 so as 
to lower it from the position shown in Fig. 
9, the pressure of the spring 120 may be re 
duced. This structure provides for varying 
the yielding pressure of the tool 131 upon 
the work carried by the fixture 113. . 
A collar 132 (Figs. 1, 2 and 9) loose on 

spindle 70 rests upon the upper end of bush 
ing 75, said collar 132 being provided to ar 
rest the collar 76 when the upper spindle 70 
is lowered by means of the lever 80. Of. 
course, during operation the spindle 70 is 
usually rotating and consequently the collar 

The loose collar 132, serves 
rectly upon the screw bushing 75. 
To counterbalance the lever 80, a weight 

carried at one-end of a cord 135 running 
over pulleys 133,134 and having its other 
end attached to the lever 80 at 136. . . . . 
When the machine is used in vertical posi 

tion, it is sometimes desirable to have it ad 

them more or less out of 

3 

justable in height. I accomplish this by 
means of a foot or stand 140 (Figs. 1, 2 and 
4) having guideways 141, screws 142 passing 
through slots 143 of the foot or stand into 
the base 12 of the frame 12. 

Referring to Fig. 8 it will be seen that the 
70 

slide 17 has rack teeth 145 in one edge. The 
way strips 146, 147 are secured to the slide. 
17 by screws 148, one of said strips having 
a hole 149 through which a key 150 (Fig. 7) 
may be inserted, said key having one end 
provided with teeth to constitute a pinion so 
that when the key is inserted through the 
hole 149 and engaged with the rack teeth 
145, the slide 17 may be vertically adjusted, 
the position of adjustment being then held 
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by means of the screws 148 which are tight 
ened to cause the strips 146, 147 to bind the 
slide 17. 
When the machine is in operation and the 

lower spindle 92 is being oscillated through 
the gearing and the connections including 
the lever 21, and link31, the radius of move 
ment of the article that is supported by the 
fixture 113 will be according to the distance, 
of said article from the axis of oscillation of 
the sleeve 16. Assuming, for the sake of ex 
planation, that the article is a sphere, and 
that the tool 131 is any kind of attrition de 
vice, the radius of the curve of the surface 
produced or finished upon the article will be 
more or less according to the height of the 
article above said axis of oscillation of the 
sleeve 16. If the radius is to be less, the lower spindle 92 is lowered by lowering the 
slide 17, or said slide may be raised if the 
radius is to be greater. The upper spindle 
is, of course, vertically adjusted by means of 
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the bolt 74 and plate 73 to accord with the . 
vertical position of the work. If the article 
has a convex surface to be acted upon such 
as a bowl, the tool and the work holder will 
be reversed; that is, the parts shown in Fig. 
9 as carried by the upper end of spindle 92 
will take the place of the chuck 117 and the 
parts carried thereby and said chuck 117 
and the parts carried thereby will be fitted 
to the upper end of spindle 92. 
By means of the are slots 62 formed in 

the plate 60, the upper spindle 70 may be 
shifted to be more or less oblique as indi 
'cated by comparing Figs. 1 and 3, and by 
adjusting the connections between the lever . . 
21 and the link rod 34, the oscillations of the lower spindle may occur either crossing a 
vertical line or more or less to one side of a 
vertical line. The amount or degree of oscil 
lation is adjusted by means of the radial at 

- tachment provided in the worm gear 31. 137 (Fig. 2) is employed, said weight being In brief, the two spindles may operate 
while in alinement, or with either one of 

- alinement or oblique relatively to the other. 
The tool employed may be either a grind 

ing or a polishing tool or a cutting tool, and 
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by means of the adjustments illustrated and 
described the machine is adapted to the 
forming and finishing of either flat, concave 
or convex surfaces of varying radii. If the 
two spindles are in the relative positions 
shown in Figs. 1 and 2 and the tool has a 
flat surface, it will produce a flat surface 
upon the article provided there is no oscil 
lation imparted to the lower spindle. By 
oscillating the lower spindle and having the 
article carried by that spindle, the surface 
will be convex. By then adjusting the sup 
ports for the lower spindle in the manner 
described so that the oscillations will take 

5 

20 

25 

30 

place at one side of the line of alinement 
with the upper spindle, the two spindles 
being adjusted in the direction of their 
length to vary the radius, then, a lesser por 
tion of the area previously formed or finish 
ed may be operated upon to produce a sur 
face having a curvature varying from the 
curvature of the first formed surface. 

It will be seen that the working attrition 
face of the working tool 131 is opposed to 
the work-supporting face of the work-holder 
13, and is in a predetermined plane with 
relation to the center on which the axis of 
the rotary work-holder swings, so that vari 
ous surface forms may be developed on the 
article supported by the work-holder, by 
successively locating the axis of the work 
holder substantially perpendicular to the 
plane of said acting face, and in a position 
inclined relatively to said plane. It will also 
be seen that the axis of the work-holder may 
be held in each position for a considerable 
period, or may be continuously oscillated 
during the entire working period. 
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Having now, described my invention and 
One Way of carrying the same into practice, 
although without attempting to illustrate or 
describe all possible modifications or differ 
ent modes of use, what I claim is: . 

1. A machine of the character stated, com 
prising a supporting frame, a tool spindle, a 
work spindle, independent bearings for said 
spindles, means connecting one of said bear 
ings with the frame, said means being oscil 
latable on a fixed center and permitting a 
sliding movement of the bearing toward and 
from said center, to oscillate the accompany 
ing spindle and vary the distance of its 
working end from its center of oscillation, 
the other bearing being suitably connected 
with the frame, means for longitudinally 
adjusting the other spindle in its bearing to 
conform its working end to the working end 
of the oscillatory spindle, and mechanism 
for simultaneously rotating said spindles 
and oscillating the first-mentioned bearing 
and its spindle." 

2. A machine of the character stated, com prising a supporting frame, a tool spindle, 
a work spindle, independent bearings for 
said spindles, one of said bearings being 

y 
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provided with a slide, a guide for said slide 
oscillatable on a fixed center on the frame, 
the bearing and its spindle being oscillatable 
With the guide, and the spindle being nov 
able endwise with the slide, the other bear 
ing being suitably connected with the frame, 
means for longitudinally adjusting the other 
spindle in its bearings to conform its work 
ing end to the working end of the oscillatory 
spindle, and mechanism for simultaneously 
rotating said spindles and oscillating the 
first-mentioned bearing and its spindle. 

3. A machine of the character stated, con 
prising a supporting frame, a tool spindle, a 
work spindle, independent bearings for said 
spindles, means connecting one of said bear 
ings with the frame, said means being oscil 
latable on a fixed center and permitting a 
sliding movement of the bearing toward ani 
from said center, to osciliate the accompany 
ing spindle, and vary the distance of its 
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working end from its center of oscillation, 
the other bearing being suitably connected 
with the frame, means for longitudinally ad 
justing the other spindle in its bearing to 
conform its working end to the working end 
of the oscillatory spindle, and mechanism. 
for simultaneously rotating said spindles 
and oscillating the first-mentioned bearing 
and its spindle, said mechanism including 
selective means whereby the spindle which 
does not oscillate may be rotated in either 
direction. 

4. A machine of the character stated, com 
prising a supporting frame, a tool spindle, 
a work spindle, independent bearings for 
said spindles, means connecting one of said 
bearings with the frame, said means being 
Oscillatable on a fixed center and permitting 
a sliding movement of the bearing toward 
and from said center, to osciliate the accorn 
panying spindle, and vary the distance of its 
working end from its center of oscillation, 
the other bearing being suitably connected 
with the frame, means for longitudinally 
adjusting the other spindle in its bearing 
end of the oscillatory spindle, and mecha 
nism for simultaneously rotating said spin 
dies and oscillating the first-mentioned bear 
ing and its spindle, said mechanism includ 
ing selective means whereby each spindle 
may be rotated in either direction. 

5. A machine of the character stated, com 
prising a supporting frame, a tool spindle, 
a work spindle, independent bearings for 
said spindles, means connecting one of said 
bearings with the frame, said means being 
oscillatable on a fixed center and permit 
ting a sliding movement of the bearing to 
ward and from said center, to oscillate the 
accompanying spindle, and vary the dis 
tance of its working end from its center of 
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to conform its working end to the working 
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oscillation, the other bearing being suitably 
connected with the frame, means for longi 30 
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tudinally adjusting the other spindle in its 
bearing to conform its working end to the 
working end of the oscillatory spindle, 
mechanism for simultaneously rotating said 
spindles and oscillating the first-mentioned 
bearing and its spindle, and adjustable 
means for limiting the throw of the oscil latory spindle. 

6. A machine of the character stated, com 
prising a supporting frame, a tool spindle, 
a work spindle, independent bearings for 
said spindles, means connecting One of said 

5 

20 

bearings with the frame, said means being 
oscillatable on a fixed center and Estig 
a sliding movement of the bearing towar 
and from said center, to oscillate the ac companying spindle and vary the distance 
of its working end from its center of oscil 
lation, the other bearing being suitably con 
nected with the frame, means for longitu 
dinally adjusting the other spindle in its 
bearing to conform its working end to the 
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working end of the oscillatory spindle, and 
mechanism for simultaneously rotating said 
spindles and oscillating the first-mentioned 
bearing and its spindle, said spindles being 
provided at their adjacent ends with work 
ing terminals one of which is a work holder 
and the other a tool holder. 

7. A machine of the character stated, com 
prising a SER's frame, a tool spindle, 

e a work spindle, independent bearings for 
said spindles, means connecting one of said 
bearings with the frame, said means being 
oscillatable on a fixed center and permitting 
a sliding movement of the bearing toward 
and from said center, to oscillate the ac 
companying Spindle and vary the distance 
of its working end from its center of oscil 
lation, the other bearing being suitably con 
nected with the frame, means for longitudi 
nally adjusting the other spindle in its bear 
ing to conform its working end to the work 
ing end of the oscillatory spindle, and mech 
anism for simultaneously rotating said spin 
dles and oscillati the first-mentioned 
bearing and its spindle, said spindles being 
provided with duplicate terminal-engaging 
means at their adjacent ends, adapted to 
engage interchangeable terminals, one of 
which is a work-holder, and the other a tool. holder. 

8. A machine of the character stated, com prising a rotary tool spindle, having a work 
ing tool with its acting face which is trans 
verse to the axis of rotation of the spindle, 
a rotary work spindle having a work-holder. 
with a work-supporting face which is op 
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posed to the acting face of the tool and is 
transverse to the axis of the work spindle, supporting mechanism including a frame 
and bearings thereon for said spindles, the 
bearings of one or both of the spindles be 
ing pivotally connected with the frame and 
provided with means for maintaining the 

spindles, said means, including 
power shaft, torque-transmitting mechanism 

movable. , 

5. 

spindles in substantial alinement with each other and for inclining one spindle rela 
tively to the other, and driving mechanism 
including means for oscillating one of said 
spindles while the same is rotating. 

9. A machine of the character stated, com 
prising a rotary tool spindle, having a 

- working tool with an acting face, which is 
transverse to the axis of rotation of the 
spindle, a rotary work spindle having a ro 
tary work-holder with a work-supporting 
face which is opposed to the acting face of 
the tool and is transverse to the axis of the 
work spindle, supporting mechanism in 
cluding a frame and bearings thereon for 
said spindles, said mechanism including 
means for maintaining the spindles in Sub 
stantial alinement with each other and 
means for inclining one spindle relatively 
to the other, and driving mechanism com 
mon to both spindles and including means 
for oscillating one of said spindles while 
the same is rotating, a central power shaft 
journaled in bearings on the frame, and con 
nections between said shaft and the bear 
ings of one of said spindles. -- 

10. In combination, a rotatable blank carrying spindle, a rotatable tool-carrying 
spindle, an oscillatory support for one of 
said spindles, and means for rotating both 
spindles, said means including a central 
power shaft, torque-transmitting mechanism 
connecting said spindles with said shaft, 
a worm on said shaft, a worm gear meshing 
with said worm and provided with a guide, 
a pitman adjustably engaged with said 
guide, and a lever adjustably connected with 
said pitman and oscillatable thereby, said 
lever being connected with said oscillatory 
support to oscillate the latter. 

11. In combination, a rotatable blank 
carrying spindle, a rotatable tool-carrying 
spindle, an oscillatory support for one of 
said spindles, and means for rotating both 
spindles, said means including a central 
power shaft, torque-transmitting mechanism 
connecting said spindles with said shaft, 
and connections between said shaft and 
oscillatory support for oscillating the latter. 

12. In combination, a rotatable blank carrying spindle, a rotatable tool-carryin 
spindle, an oscillatory support for one of 
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said spindles, and means for rotating both 
a central 

120 
connecting, said spindles with said shaft, 
a worm on said shaft, a worm gearin meshing with said worm and provided E. 
a guide, a pitman adjustably engaged with 
said guide, a lever, adjustably connected 
with said pitman and oscillatable thereby, 
and an oscillatory sleeve secured to saidle 
ver, and provided with a guide on which 
said oscillatory, support is longitudinally 
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13. In combination, a rotatable blank 
carrying spindle, a rotatable tool-carrying 
Spindle, an oscillatory support for one of 
said spindles, and means for rotating both 
spindles, said means including a central 
power shaft, torque-transmitting mechanism 
connecting said spindles with said shaft, 
and connections between said shaft and 
oscillatory support for oscillating the latter, 
said torque-transmitting lechanisin having 
neans for rotating one or both of said spin 
dles in either direction. 

14. In combination, a rotatable blank carrying spindle, a rotatable tool-carrying 
spindle, an oscillatory support for one of 
said spindles, and means for rotating both 
spindles, said means including a central 
power shaft, torque-transmitting mechanism 
connecting said spindles with said shaft, 
an oscillatory sleeve provided with a guide 
on which said oscillatory support is longi 
tudinally movable, and connections between 
said shaft and sleeve for oscillating the 
latter, said support being graduated to de 
termine the radial diameter of the curvature 
of the work being performed. v.- 

15. In combination, a rotatable blank carrying spindle, a rotatable tool-carrying 
spindle, an oscillatory support for one of 
Said spindles, and means for rotating both 
spindles, said means including a central 
power shaft, torque-transmitting mechanism 
connecting said spindles with said shaft, an 
oscillatory sleeve provided with a guide on 
which said oscillatory support is longitudi 
nally movable, and connections between said 
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shaft and sleeve for oscillating the latter, 
said support having rack teeth adapted to 
engage a manually operable gear lever for 
the adjustment of the support. 

16. In combination, a rotatable blank 
40 

cairying spindle, a rotatable tool-carrying 
spindle, an oscillatory support for one of 
the spindles, an adjustable support for the 
other of the spindles for holding said other 
spindle in positions at varying angles with 
respect to the axis of the first spindle, means' 
for maintaining said other spindle in ad 
justed position, means for axially adjusting 
both spindles, means for rotating both spin 
dies, and means for oscillating the oscilla 
tory support for one of the spindles. 

it. A machine of the character described 
in claim i, a rotatable blank-carrying spin 
de, a rotatable tool-carrying spindle, an 
oscillatory support for one of the spindles, 
an adjustable support for the other of the 
spindles for holding said other spindle in 
positions at varying angles with respect to 
the axis of the first spindle, means for main 
taining the other spindle in adjusted posi 
tion, means for axially adjusting both spin 
diles, means for rotating both spindles, and 
means for oscillating the oscillatory support 
for one of the spindles. and means for accu 
rate adjustment of said oscillating spindle. 

in testimony whereof. I have affixed my 
signature, in presence of two witnesses. 

DANIEL C. FISHER. 
Witnesses: 

A.W. HARRISON, 
MARY A. Fis HER. 
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