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2o aid, whon, it may concer'72: 
Beit known that we, MARGARETE. KNIGHT, 

residing at South Framingham, in the county 
of Middlesex, and JOHN M. BENJAMIN, resid 
ing at Boston, in the county of Suffolk, in the 
State of Massachusetts, have invented cer. 
tain Improvements in Automatic Tools for 
Boring or Planing Concave or Cylindroidal 
Surfaces, of which the following is a specifica 
tion. 
The invention relates to automatic tools 

for boring or planing concave surfaces or cy 
lindroidal chambers, such as the interior of 
steam - cylinders for rotary engines; and it 
consists in a rotatable sleeve or cylinder pro 
vided with sockets to receive and support the 
cutting-tools and an eccentric or equivalent 
mechanism which engages the tool-support 
ing sleeve and which when rotated differen 
tially to the rotation of that sleeve causes the 
axis of rotation thereof to revolve in a closed 
curve that passes through a fixed point which 
is the axis of revolution of the tool, due to 
the combined rotation of the eccentric and 
the tool-support thereon, and at the same 
time the tool with its support will be caused 
to reciprocate in a plane which passes through 
both of the said axes, by which means the 
cutting-points of the tool will be moved in a 
cylindroidal path around the said fixed point 
and will cut a surface with a corresponding 
curve when the cylindrical casting is fed 
along in a lathe. 
The construction and operation of the im 
roved tool, a specific embodiment of the 

parts of which are illustrated, will be under 
stood from the description following, in con 
nection with the accompanying drawings, 
wherein- - 

Figure 1 is an elevation of the tool as con 
structed for boring the interior of the steam 
chamber for a rotary engine. Fig. 2 is a lon 
gitudinal section through the centers of the 
sleeves and gears which give motion to the 
eccentric that reciprocates the tool. Fig. 3 
is a section on line 33, Fig. 1, looking from 
right to left. Fig. 4 is a section on the same 
line 33 looking from left to right. Fig. 5 is 
a diagram showing various positions of the 
tool and its support during a quarter-rotation 

I thereof and a half-rotation of the eccentric. 
The eccentric portion of the shaft is reduced 
in size and the sleeve across which the tool 
support reciprocates is much enlarged in or 
der to make their relative positions more ap 
parent. 

Referring to the drawings, S S is a shaft 
supported on lathe-centers L I'. The end S' 
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of this shaft is reduced in size and made ec 
centric to the other portion. The portion S 
is surrounded by a cylindrical casing A, the 
exterior surface of which is eccentric to the 
shaft S and is provided with a projecting 
arm A', which may be secured to the lathe 
frame to prevent the casing A from turning. 
Upon the eccentric-shaft portion S is a 

sleeve B, which at one end has a lug B' pro 
jecting longitudinally thereof and which en 
gages a slot in the face - plate D of the 
lathe, so that the sleeve B will revolve with 
the lathe-head. At the other end of the 
sleeve B are radially-projecting tenons C, in 
each of which a cutting or boring tool T may 
be secured. For ordinary uses one tool will 
be found sufficient, Upon the cylindrical 
casing A is another sleeve E, and in the end 
thereof next to the sleeve B are diametrically 
radial slots e', (see Fig. 4) which receive the 
tenons or projecting portions C of the sleeve 
B, and by this means the sleeve E is rotated 
upon the casing A when the sleeve B is turned. 

In the arm. A? a short shaft F is journaled, 
and upon either end of the shaft F small pin 
ions or gears G. G' are keyed. Upon the outer 
end of the sleeve E is a gear E, which meshes 
with the pinion G, and upon the outer end 
of the shaft S is a gear S, which meshes with 
the pinion G.' The sizes of the several gears 
E° G. G.' S are so proportioned that the 
shaft SS' will rotate twice while the sleeves 
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B E rotate once-that is, as here illustrated, . 
the gear E° makes one rotation while the pin 
ion G makes four, and the pinion G' makes 
four rotations while the gear S makes two. 
Consequently the shaft S S will rotate twice 
while the sleeves E. B. rotate once, and this 
differential movement of the eccentric shaft 
S' and sleeve B will cause the tools T to re 
ciprocate in relation to the fixed point or axis 
of the sleeve E a distance equal to twice the 
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eccentricity of the shaft S during each ro- of the cylinder it will be caused to recipro 
tation of the sleeves B and E and will cause 
the cutting ends of the tools to move in the 
cycloidal path shown in Fig. 5. At the same 
time if the cylinder R is fed along over the 
tool its interior will be cut in a cylindroidal 
surface having a corresponding curve. 

Referring to the enlarged diagram Fig. 5, 
S' represents the eccentric portion of the shaft 
and the two concentric dotted-line circles the 
shaft portions S. The inner ring, in section, 
represents the sleeve E, and the space within 
the ring E represents the eccentric casing A, 
C C the tool-holding portions of the sleeve 
B, while the outer large ring, in section, rep 
resents the cylinder R, the interior surface of 
which is being cut by the tool T. To show the 
eccentricity of this cylindroidal surface, a true 
circle X, in dotted lines, is drawn within it. 
The tool T, with the tool-holding portion C 
and sleeve B, are represented in dotted lines 
in three of the different positions which they 
assume while making a quarter-revolution, 
and when the portion C has made this quar 
ter-revolution and has assumed the third po 
sition indicated, which is at right angles to 
the initial position, or that shown in full lines, 
it will be observed that the eccentric portion 
S' of the shaft has completed a half-revolu 
tion and arrived at the position S. During 
the next quarter-revolution of the tool the 
shaft portion S will have completed one revo 
lution and arrived at its initial position again. 
While the tool is making the next half-revo 
lution to its initial position again the eccen 
tric-shaft. S' will make another complete revo 
lution. The inner of the two concentric cir 
cles S may represent the closed curve in which 
the axis of rotation of the tool-support is 
moved by the eccentric S". The diameter of 
this closed curve is equal to one-half the maxi 
mum reciprocation of the tool with its support 
during each rotation of the sleeve E. Conse 
quently while the cutting-tool is making one 
complete revolution within the cylinder R by 
the rotation of the sleeves B and E the action 
of the eccentric S' will cause that tool to recip 
rocate with reference to the axis of the sleeve 
E or to make two gradual movements-that 
is, from one extreme position to the other and 
back again-diametrically across the sleeve 
E. It will be apparent, therefore, that when 
the interior of a cylinder for a rotary engine 
has been cut by means of this tool the ends 
of a rigid piston of a length equal to the com 
bined length of the two holders C, with their 
tools T, when held in a diametrical slot in a 
revolving hub represented by the ring E will 
be in constant contact with the inner surface 
of such a cylinder throughout the entire revo 
lution of the hub, and by the contact of the 
ends of such a piston with the inner surface 

cate in the hub in the same manner that the 
tool-holders C reciprocate in this boring-ma- i. 
chine. By varying the degree of eccentricity 
of the eccentric which carries the tool-sup 
port the degree of eccentricity of the cylin 
droidal surface may be varied, an increase of 
one increasing the other, and conversely. 

I claim 
1. An automatic tool for cutting concave 

or cylindroidal surfaces, consisting of a cut 
ting-tool, a rotatable support therefor, and 
mechanism which rotates said support and 
simultaneously moves its axis of rotation in a 
closed curve that passes through a fixed point 
coincident with the axis of revolution of the 
tool. 

2. An automatic tool for cutting continuous 
concave surfaces, consisting of a rotatable 
sleeve, a cutting-tool supported therein, and 
mechanism which engages the sleeve and re 
ciprocates it with the tool radially to the axis 
of revolution of the tool, and simultaneously 
moves the axis of rotation of the sleeve in a 
circle, the diameter of which is equal to one 
half the maximum reciprocation of the tool 
during one revolution. 

3. In an automatic tool for cutting concave 
surfaces, a rotating sleeve, a cutting-tool sup 

75 

ported therein, and a shaft, provided with an 
eccentric located within the sleeve, which ec 
centric reciprocates the axis of the sleeve 
with the tool in a plane which always passes 
through both the axis of rotation and of revo 
lution of the tool when the sleeve and shaft 
are rotated. 

4. In an automatic boring - tool, a shaft 
which has an eccentric portion, a rotating 
sleeve upon the eccentric portion, a cutting 
tool supported in this sleeve, interconnecting 
mechanism between the tool - supporting 
sleeve and said shaft which gives the shaft a 
rotation differential to that of the tool-sup 
porting sleeve. 

5. In an automatic tool for cutting concave 
surfaces, a shaft which has an eccentric por 
tion, a rotatable support for the cutting-tool 
upon this eccentric portion, mechanism to ro 
tate the shaft and tool-support in the ratio of 
two to one respectively, and a cutting-tool 
held in its support in such relation to the ec 
centric portion of the shaft that a straight 
line between the cutting edge of the tool and 
its axis of revolution will pass through the 
axis of the eccentric portion of the shaft in 
every position of the tool throughout its revo 
lution. 

MARGARET E. KNIGHT. 
JOHN M. BENJAMIN. 

Witnesses: 
EDITH M. PoolE, 
T. S. WATSON. 
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