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To all whom, it may concerms:

Be itknownthat I, FREDERICK W. TAYLOR,
of the city and county of Philadelphia, in the
State of Pennsylvania, have invented a certain
new and useful Improvementin IFeeding-Tool
Supports for the Cutting-Tools of Lathes, Bor-
ing - Machines, and other Machine-'Tools, of
which improvement the following is a specifi-
cation.

My invention relates to improvements in
the manner of causing the cutting-tools used
in machine-tools—such as lathes, boring-mills,
&e.—for altering the form and dimensions of
pieces of metal, wood, stone, and other mate-
rials, commonly ecalled ‘* work,” to advance
into the work while a portion of the material
composing the work is being removed there-
from by the tool.

As it is necessary in altering the dimensions
and shape of the work with a cutting-tool in
machine-tools, by removing part of the mate-
rial of which the work is ecomposed, that the
cutting-tool and the work shall have two dis-
tinet motions, one with relation to the other—
namely, a ‘‘ feeding motion?’ and a **driving
niotion ”’—it will be advisable to explain pre-
liminarily the difference between these two
motions. Themeaningandapplication herein
of the terms ‘‘ driving’’ the work or tool and
“feeding’’ the work or tool will be best un-
derstood from a description of the operations
of producing a plane surfaceon work and turn-
ing the surface of work to a cylindrieal con-
tour.

In the case of producing a plane surface on
work, after the tool and the work are brought
in contact, either the tool or the work is caused
to reciproeate backward and forward in a
straight line, and cach reciprocating move-
ment, either backward or forward, of the work
or thetoolis called a ‘‘stroke?”’ of the planing-
machines. The tool and the work are then
forced together, so that the tool embeds itself
into the work, and during the first stroke of
the planing-machine the tool will remove a
portion of the material of which the work is
composed,which is calleda “‘chip’’ or ‘‘shav-
ing.””  Assuming that the tool or the work, as
the case may be, continues its reciprocating
motion backward and forward, but that the
tool and the work do not otherwise change
their relative positions, it is evident that the

tool will remove no more chips from the work.
It is clear that if the tool is to continue to re-
move chips from the work, in addition to the
reciprocating motion of the tool or the work,
either the tool or the work must have an ad-
ditional motion, one with relation to the other.
There are two distinct motions,then,necessary
in producing a plane surface on worl:

First. The reciprocating movement, either
of the work or the tool. If the work isrecip-
rocated this is called ‘“driving?’ the work,
and if the tool is reciprocated itis called “‘driv-
ing’’ the tool. ‘

Second. A change of the relative posi-
tions of the work and the tool in some other
direction than that of this reciprocating move-
ment. If the work is moved in this direction
with relation to the tool, this motion is called
“feeding?”’ the work, and if the toolis moved
in this direction with relation to the work it
is called ‘‘feeding?’ the tool.

In the case of altering the form of the work
and removing a portion of it by turning the
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work with a tool, after the work and the tool .

have been brought in eontact with oneanother,
either the work is made to rotate past the tool
or the tool torevolve around the work. Dur-
ing the first rotation of the work past the tool
or of the tool around the work a cerfain por-
tion of the work is removed in the form of
chips or shavings, as in the case of drilling or
planing the work. TUnless, however, some
motion other than this movement of rotation
is imparted to the work or the tool relatively
to one another after the first rotation is com-
plete, no more chips will be removed from the
work. It is clear, then, that if the tool is to
continue to remove chips from the work that,
in addition to the rotating motion of the tool
or the work, either the tool or the work must
have an additional motion, one with relation
to the other.

The two distinet motions which are neces-
sary in turning work are:

TFirst. The rotary motion of the work orthe
tool. If the work is rotated past the tool, this
motion is ealled ‘‘driving”’ the work, and if
the tool is made to revolve aronnd the work
it is called “‘driving?”’ the tool.

"Second. A change of the relative positions
of the work and the tool in some other direc-
tion than that of this rotary movement. If
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the work is moved in this direction in relation
to the tool, this motion is called *‘ feeding’’ the
work, and if the tool is moved in this diree-
tion with relation to the work it is called
“feeding’’ the tool.

In general, then, in machine-tools used for
altering the form of work by removing part
of the material of which the work is composed,
by means of a cutting-tool or other medinm,
it is necessary that the work and the medium
for removing portions of the work shall have
two metions with relation one to the other.
The lesser of these two motions is commonly
called the ¢ feeding”’ motion, and the greater
of the two motions the ‘‘driving’” motion.
The mechanism or devices used for produeing
the driving motion is commonly called the
*“driving mechanism’’ or ‘‘driving motion”’
of the machine, and the mechanism or devices
for producing the feeding motion is commonly
called the ‘ feed mechanism’ or ‘‘feed-mo-
tion’’ of the machine.

TFeed-motions for machine-tools may be di-
vided into two general classes: first, those
which are used to advance the cutting-tool to-
ward the work, and which I shall designate as
*‘feed-motions for cutting-tools,”’ and, second,
those which are used to advance the work to-
ward the cutting-tool, which I shall term *‘feed-
motions for the work.”” As my invention re-
lates to the method used in feeding a cufting-
tool toward the work, feed-motions of the sec-
ond class need not be herein considered. Feed-
motions for cutting-tools may befurther classi-
fied into automatic and hand wmotions. An
automatic feed-motion is one in which the cut-
ting-tool is caused to advance toward the work
or “fed” by a train of gearing or mechanism
whieh is during its action independent of the
operator of the machine, requiring only to be
started and stopped by him, while a hand-
feed is one in which the tool is fed either ex-
clnsively or partially during its operation by
the operator. Feed-motions may be further
classified as intermittent or uniform.

A uniform feed-motion is one which through-
out its action is maintained at a uniforin rate,
while an intermittent feed-motion is one which
does not maintain a uniform rate throughout
its action, the tool being fed more rapidly
during some portions of its action than at oth-
ers or the action of the feeding being entirely
stopped during portions of the time that the
tool is cutting. The hand feed-motions here-
tofore used consist of a series of gears, a screw,
or a train of mechanism of some kind, which
is connected to some one of the fool-supports
to which the tool is attached or upor which it
is mounted, and some portion of which is pro-
pelled by the operator of the machine. The
automatic feed-motions consist of mechanism
similar to those used for hand feeding, except
that some portion of the mechanism is pro-
pelled either by a prime mover independent
of the machine or by some portion of the driv-
ing mechaunism of the machine.

287,121

The cutting-tool used in a machine-tool 18
held and supported by different parts of the
machine, which are called *‘tool-supporting
members’’ or ‘‘tool-supports,’”’ the various
tool-supports which are used being called by
different names, according to the special uses
to which they are applied. The devices—
such as tool-posts, chucks, or clamps—which
are ordinarily used for attaching the tool to
the machine are known as ‘‘tool holders.”’
The tool-holder is generally mounted on, at-
tached to, or part of a movable part of the
machine, which is supported and gunided in
its motions by other parts of the machine.
The movable tool support, to which the tool is
attached, is termed the ‘“‘tool-slide.”” 1In the
case of the lathe, planer, and boring-mill the
tool-slide is generally a piece of metal planed
80 as to have dovetailed or flanged surfaces
which fit in or over other corresponding dove-
tailed or flanged surfaces, and it is guided and
snpported by these surfaces while the cutting-
tool is fed up to and into the work. This tool-
slide is frequently mounted upon another mov-
able tool-support, which is guided and sup-
ported in a manver similar to that of the tool-
slide, with the object of advancing or feeding
the cutting-tool in two different directions.
In the case of the boring-mill and planer, and
in some cases in the lathe, the tool-supporting
member upon which the tool slide is mounted
is called the ‘‘saddle.”” Thesaddle of a planer
or boring-mill is ordinarily mounted upon an-
other movable tool support called the ‘* cross-
head,”” while in the lathe the movable tool-
support on which the saddle is mounted is
called the ‘“lathe-carriage,’”” the lathe-carriage
being that portion of the machine which rests
upon, is guided by, and is traversed or fed
along the shears or bed of the lathe. In many
lathes, however, the tool-slide is mounted di-
rectly upon the lathe-carriage. In this ease
the tool-slide is sometimes called the ‘‘lathe-
saddle’” as well as the tool-slide.

It is frequently necessary that the cutting-
tool in alathe or boring-mill or other machine-
tool should be fed in two directions at the
same time—as, for example, in turning a taper
on a piece of work in a lathe it is often nee-
essary that the tool should be made to feed to-
ward the live head of the machine and at the
same time to approach or recede from the een-
tral axis of the work in the lathe. This has
been accomplished in the case of the lathe by
feeding one of the tool supports in two direc-
tions at the same time. For instance, in the
case of the lathe, if the tool-slide be mounted
upon the carriage of the lathe in such manner
that it can be slid in its guides so as to ap-
proach or recede from the central axis of the
lathe, and the carriage be mounted on the
slides of the lathe in such manner that it ean
be made to approach or recede from the live
head of the lathe, the direction in which the
tool-slide moves relatively to the carriage will
be at right angles to the direction in which the
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carriage moves on the shears of thelathe. 1If,
now, the tool-slide be moved in its guides to-
ward the central axis of the lathe, and the
carriage at the same time be moved along the
shears toward the live head of the lathe, the
tool-slide is said to be fed in two directions at
the same time, while the carriage is said to be
fed in only one direction.

However finely the parts of the maclhine-
tool may be fitted together,there will be more
or less lost motion or play between the joints
of the movable tool-supports mounted one
upon another—as, for instance, between the
adjacent surfaces of the tool-slide and the sad-
dle, the saddle and the cross-head, or the sad-
dle and the carriage, as the case may be, and
between the carriage and the shears of the ma-
chine. 'When the tool is removing shavings
or chips from the work, it is subjected to a
pressure proportional to the sectional area of
the shaving which it is removing from the
work and dependent in amount upon the
quality of the material of which the work is
composed and the condition of the tool itself.
This pressure of the work npon the tool causes
all of the parts which support the tool to de-
flect more or less, owing to the fact that they
are themselves more or less elastie, and that
there is lost motion or play in each of the
Now, if the
pressure between the work and the tool re-
mained constant, the deflection of the parts
supporting the tool would be unimpertant.
The tool, however, in removing the shaving
from the work, generally breaks it up into a
series of small parts, and just after each of
these small parts is broken away from the
work the pressure between the work and the
tool is very much diminished. As the press-
ure on the tool diminishes,the deflection of the
parts supporfing the cutting-tool also dimin-
ishes, so that the cutting-tool and the tool-
supports on which it is mounted are made to
vibrate backward and forward while it is cut-
ting. This vibration, or *‘ chatter,”” as it is
technically termed, of the tool and tool sup-
ports frequently seriously affeets the finish of
the work, causing it to be rongh when it should
be smooth. In all feed motions heretofore
made there is more or less lost motion, and
this also causes the tool to chatter at times.

In feed motions heretofore used for feeding
the tool against the work the pressure of the
feed-motion upon the movable tool-support
has been in general in the direction in which
it is desired that the tool-support should
wove; and this pressure has always been pro-
portional to the resistance which the work of-
tered to the advance of the tool, being greater
as tiie pressure between the tool and the work
became greater, and less when this pressure
became less.  As a consequence there has al-
ways been more or'less spring and -defleetion
inany form of fecd-motion; and with feed-mo-
tions-as heretofore used it frequently requires
considerable time for the tool to take its full
cut after it comes in contact with the work.

This defect in feed-motions is particularly ap-
parent and objectionable when a tool with a
broad cutting-edge is being fed with a fine
feed into work, as under these conditions it
often requires more time te cause the parts of
the feed motion and the tool-support to deflect
to their full extent than it does to finish the
work which the tool is doing after they have
deflected to their full extent. For the same
reason with feed-motions heretofore nsed it has
frequently been difficult to stop the tool from
advancing into the work at the precise point
desired, since theelasticity of the feed-motion
frequently causes the tool to advance after the
actual driving of the feed-motion has ceased.
In the method of feeding which has hereto-
fore been used the resistance which it has
been necessary to overcome during the opera-
tion of cansing the tool-support to advance
hasg consisted of three elements: first, the re-
sistance which the work offers to the advance
of the tool; second, the {riction between the
tool-support which is being fed and the part
or parts upon which it ismounted, and, third,
the friction developed between the various
parts of the feed-motion proper. Both the sec-
ond and third elements of the resistance which
had to be overcome during the operation of
feeding were dependent in their magnitude
upon the magnitude of the first element, since
the friction of the tool-support as well as of the
feed-motion increased with an increase of the
pressure of the work on the tool, and dimin-
ished with a diminuation of this pressure.
Inasmuch as the pressure on the feed-mo-
tion has been proportional to the pressure of
the work on the tool, with feed motions here-
tofore used great exertion has been required
to operate a feed-motion by hand when the
tool was taking a heavy cut, and, owing to the
variable pressure required to feed a tool, it
was frequently difficnlt when feeding by hand
to exert exactly the proper pressure upon the
feed-motion to produce the rate of advanee of
the tool. In feed-motions as heretofore cen-
structed it has been usual to transmit all of
the power required to operatethefeed-motion
through the portion of the feed-motion which
regulates the rate of the feed. This portion
of the feed-motion consists, in the ecase of au-
tomatic feed-motions, in some cases of gears
which could be changed and replaced with
others of different proportions, so as to vary
therate of feed, and in othersof friction plates
or disks, the speed of which could be so va-
ried as to vary the rate of the feed. = In the
case of hand feed-motions the rate of the feed
has been varied by the varying rapidity with
which the person operating the feed caused
the feed to be moved; but in each case all of the
power required to operate the feed has been
transmitted through the portion of the feed-
motion which regulates the rate of the feed.
In eases in which the power required to feed
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it is necessary that the portion of the feed-
motion for regulating the rate of the feed
shounld be either very heavy and cumbersome,
or that it be ran at a high rate of speed,either
of which conditions is objectionable.

In general the defects which have been de-
veloped in the operation of feed-motionshere-
inbefore mentioned may be stated,briefly,to be
due to the following causes: first, the elas-
ticity of the parts supporting the tool, such
as the tool-slide, saddle, carriage, &c.; sec-
ond, the lost motion or play in the joints of
the partssupporting the tool; third, the elas-
ticity and deflection and lost motion in the
parts of the feed-motion proper; fourth, the
tendency of the pressure of the feed motion to
push the parts supporting the tool in one di-
rection, while the pressure of the work upon
the tool tends to force these parts in the oppo-
site direction; fifth, the fact that the pressure
exerted upon feed-motions as heretofore con-
stracted in order to operate them has been a
variable one,its amouunt being dependent upon
the pressure between the tool and the work.

My invention is designed to obviate the ob-
jections above indicated as obtaining in feed-
motions as heretofore constructed, and itsspe-
cial objects are, first, to cause the tool-sup-
port to be fed in such manner that the lost
motion in the mechanism employed in advane-
ing the tool-support and in regulating the rate
at which the tool support advances shall be
taken up before the tool comes in contact with
the work in thesame direction and to approxi-
mately the same extent as this lost motion is
taken up after the tool comes in contact with
the work; second, to cause the tool-support to
De fed in such manner that it shall deflect be-
fore the tool has come in contaet with the work
to approximately the same extent and in the
same direction (as far as it is practicable to
accomplish this end with one feed-motion) as
it (the tool support) would deflect after the
tool is operating upon the work; third, to
cause a movable tool-support to be fed in such
manner that the lost motion between the joints
of this tool-support and the part upon which
it is mounnted shall be taken up before the tool
has come in contact with the work to approxi-
mately the sante extentand in the same diree-
tion, (as far as it is practicable to accomplish
this end with the use of one feed-motion,) as
the lost motion would cause the tool-support
to vibrate ov chatter after the ool is operat-
ing upon the work; fourth, to cause a mova-
ble tool-support to be fed in such manner that
not only the tool-snpport which is being fed,
buat also one or more other tool-supports upon
whieh it is mounted, or which are mounted
upon it, shall deflect before the, tool has come
in contact with the work to approximately the
same extent and in the same direction (as far
as it is practicable toaccomplish this end with
the use of one feed-motion) as they (the tool-
supports) would deflect after the tool is operat-
ing upon the work; fifth, to cause a movable
tool-support to be fed in such manner that not

only the lost motion in the joints of the tool-
support which is being fed, but also the lost
motion in the joints of other tool-supports
mounted upon it, or upon which it is mouunted,
shall be taken up before the tool has come in
contact with the work to approximately the
same extent and in the same direction, (as far
as it is practicable to accomplish this end with
the use of one feed-motion,) as the lost motion
would cause these tool-supports to vibrate or
chatter after the tool is operating upon the
work; sixth, to canse a movable tool-support,
whiech is mounted upon one or more other tool-
supports, or which has one or more other tool-
supports mounted upon it, to be fed in such
manner that not only it, bat the other tool-
supports mounted upon it, or upon which it
is mounted, shall defleet in the same direction
and to approximately the same extent as the
pressure of the work upon the tool would cause
them to defleet, even although the direction
of the pressure of the work upon the tool be
different from the direction in which the tool-
support is being fed; seventh, to cause a mova-
ble tool-support whiech is mounted upon one
or more other tool-supports, or which has one
or moreother tool-supports mounted uponit,to
be fed insuch manner that the lost motioninthe

joints of this tool-support, as well as the lost

motion in the joints of the other tool-supports
which are mounnted npon it, or upon which it
is mounted, shail be taken up by the operation
of feeding to approximately the same extent
and in the same direction, as the lost motion
would cause those parts to vibrate or chatter
after the tool isoperating on the work; eighth,
to cause a movable tool-support to be fed in
such manner that the power required in oper-
ating the mechanism which regunlates the rate
at which the tool-support is fed (whether this
mechanism be operated by hand or automati-
cally) shall decrease with the increase of the
pressure of the work oun the tool; ninth, to
cause a movable tool-support to be fed insuch
manner that the power required to operate the
mechanism which regulates the rate of the
feed, whether the rate of the feed be regulated
by hand or automatically, shall be a fraction
only of the power required to feed the tool;
tenth, to cause a movable tool-support to be
fed in such manner that the friction of the
various elements which constitute the train of
mechanism used for regunlating the rate at
which the tool-support advances shall exert
an advantageous instead of a disadvantageous
action in permitting the members of the train
of feed mechanism to be made relatively lighter
than those of the ordinary feed-motions the
farther they ave located from the eantting-tool.

My invention embodies as its leading char-
acteristic feature two essential operations,
which, generally stated, are as follows:

The first, which I term ‘‘the operation of
feeding or advancing the tool-support,”’ con-
sists in trapsmitting a pressure to the tool-
support in general in the direction in which it
is desired to feed it. Tt is not essential that
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this pressure should be uniform throughout
the time of its action; but it is very desirable
that it should be uniform, since it then main-
tains the tool-support under a uniform strain,
and therefore under uniform conditions, asfar
as lost motion and deflection are concerned,
thronghout the timeof its action, thus render-
ing the operation of feeding muchsimpler and
requiring lessskill on the part of the operator
than has heretofore been required. The mech-
anism which is used in thus producing and
transmitting the pressure to the tool-support
which is necessary to feed it I shall call an
“advancing mechanism.” Asan example of
the advancing mechanism which I consider
best adapted for exerting and transmitting
this pressure,T would mention one which con-
sists, preferably, of a cylinder containing wa-
ter, steam, or other fluid under compression,
which exerts a uniform pressure upon a plan-
ger or piston in the eylinder,and which press-
ure is transmitted either direetly from the
plunger or piston-rod,or indirectly through a
train of gearing, or a lever or series of levers,
or other snitable means of transmitting press-
ure, to the slide or part supporting the tool
which it is desired to advance.,

As an alternate form of advancing mechan-
ism adapted to perform the same funections as
that above speecified, although with a lesser
degree of effectiveness, there may beemployed
a friction clutch, through which the necessary
power required to cause the tool to feed could
be transmitted. This cluteh could be adjusted
so as to slip when the slide to which the ad-

- vaneing mechanism was attached had been
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subjected to the proper pressure. The mech-
anism for transmitting the power from the frie-
tion-clutch to the slide could be varied in a
variety of ways to suit the particular case of
each feed-motion. As another alternate form
of advancing mechanism, a pair of tight and
loose pulleys may be provided, upon the tight
pulley of which pair a belt would be run for
transmitting the necessary power for causing
the tool to feed mutil the pressure upon the
slide which it was desired to advance had
The belt
conld then be automatically or otherwise
shifted to the loose pulley until it was again
required for produeing pressure upon the slide.
In the meantime the advancing pressure al-
ready developed by the belt could be made to
actcontinuously and approximately uniformly
upon the slide through the elasticity of the
part of the advanecing mechanism lying be-
tween the driving-pulley and the slide which
it was desired to advance, or by means of a
spring interposed in some part of the mechan-
ism lying between the driving-pulley and the
slide. Neither of these alternate forms of ad-
vancing mechanism are, however, as simple,
complete, or desirable as the hydraulic eylin-
der tirst before mentioned.

The second of the essential operations be-
fore referred to, and which I term *‘the opera-
tion of governing the rate of feed or advance

o

of the tool-support,’”” consists in opposing a
resistance to the advance of the tool-support
during and as a part of the operation of regu-
lating the rate of advance by the institution
of a pressure acting in reverse direction to the
pressure by which the toolis advanced,so that
the mechanism which is used in regulating the
rate of advance shall be kept continually un-
der strain from the pressure exerted upon the
tool-support in advancing the same. I have
termed the mechanism thus used in governing
the rate of advanceof the tool-support ¢ arate-
governing mechanism.”” The rate-governing
mechanism may consist either of a train of
gears orgearing, in combination with a screw,
and is susceptible of an infinite variety of
forms. It may be similar in all respects to
ordinary feed-motions as heretofore used, ex-
cept that, instead of being used to advanece the
tool by exerting a pressure upon one of the
slides supporting it, the rate-governing mech-
anism acts in the manner of an escapement,
regulating the rate at which the advancing
mechanism, which acts in conjunctionwith it,
feeds the tool. If the feed-motion is to be au-
tomatic, the rafe of feed would be governed by
the relative proportions of the gearing or
screws, &c., of which the rate-governing mech-
anism was composed. If it were to be fed by
hand, the rate of the feed would be at the dis-
cretion of the operator.

A speeial and marked difference is to be
noted between the ordinary feed mechanism
and a rate-governing mechanism adapted for
use in the practice of my invention—to wit,
that owing to the friction of the parts of the
ordinary feed-motion only a small fraction of
the power which is used to drive the feed-mo-
tion is transmitted to the slide or tool-support
which it is desired to advance,the greater part
of the power being ordinarily absorbed in the
frietion of the parts of the feed-motion, while
in the case of the rate-governing mechanism
the friction of the parts acts usefully and ef-
fectively, instead of being a disadvantage, for
the reason that it diminishes the stress that
would otherwise be induced upon the parts of
the rate-governing inechauism, which are more
remote from the slide apon which it is oper-
ating, thus allowing them to be much lighter
and less cumbersome than those of the ordi-
nary feed-motion.

‘Whatever mechanism may be used in trans-
mitting to the tool-support the pressure which
causes it to advance, or whatever mechanism
is used in regulating the rate of advance of
the tool-support, there mast be in each case a
point or a line which is known in mechanics
as ‘‘the center of pressure’ of the force or
forces whichinthe caseof the advancing mech-
anism are transmitted therefrom to the tool-
sapport, and in the case of the rate-governing
mechanism are received by said mechanism
from the tool-support.

Toillustrate what is meant by ‘‘the center of
pressure,’’let it be snpposed that the pressure
which causes the advance of the tool-support
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is transmitted thereto through a piston -rod
which receives pressure {rom the water in a
hydraulie cylinder. The pressure transmitted
through this rod may be exerted npon the tool-
support through any convenient form of bear-
ing which the end of the rod may have upon
the tool support, and the pressure will then
be imparted to the tool-supportat a great num-
ber of points in this bearing. The aggregate
of the several pressures which are imparted
to the tool-support at the variouns parts of this
bearing produces the same effect upon the tool-
support as would a single pressure which is
imparted to the tool support from the piston-
rod in the direction of the center line or axis
of“the piston-rod, and is equal in amount to
the sum of the several pressures transmitted
to the bearing. The center line of pressure of
the piston rod upon the tool-support would in
such casebethe axis of the piston-rod. Again,
supposing the pressure which causes the tool-
support to advance to be transmitted to it
through a screw, the threads of which have a
bearing. in the tool-support or some part at-
tached to it, the pressure which in this case
causes the tool-support to advance would be
transmitted to said support abt a great number
of points at which the threads of the screw
press upon the threads of the nut in whieh it
fits. The center of pressure of thescrew upon
the tool support wounld, however, be the axis
of the screw. Again, if the tool-support be
made to advance by means of a pressure
which the tooth or teeth of a rack which is
stationary exert npon the tooth or teeth of
a gear- wheel which is mounted upon and
made to rotate on the tool support with its
teeth engaging the teeth of the rack, the
pressure which causes the tool-support to ad-
vance would be transmitted from the teeth of
the rack to the teeth of the gear-wheel ab a
great number of points at which these teeth
come in contact. There exists in this case a
single line along which, if a pressure were
transmitted to the tool-support equal to that
which the teeth of the rack exert upon the
teeth of the gear, exactly the same effect would
be produced upon the tool-support as is pro-
daced by the pressure of the teeth of the rack
against the teeth of the gear. This line is in
this case called the *‘ center of pressure.”’

In the case of any advancing mechanism or
auy rate - governing mechanism, at however
many points the pressure may be trans-
mitted, in one case from the advancing mech-
anism to the tool-support and in the other
case from the tool-support to the rate-govern-
ing mechanism thereis always at each instant
of the operation of the feed-motion a center
line of pressure along which in the case of the
advancing mechanism a pressure might be
transmitted which, if equal in amount to the
sum of the pressure transmitted through the
advancing mechanism, would produce the same
effect upon the tool-support as is actually pro-
duced by theadvancing mechanism,and which
in the case of the rate-governing mechanism,
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if equal in amount to the resistance offered by
the rate-governing mechanism to the advance
of the tool-support, would produce the same
effect as is produced by the pressure of the
rate-governing mechanism; and in using the

70

term ‘*center of pressure” throughout this

specification I refer to the imaginary line
which is known as such in mechanics and is
so referred to in standard works upon that
subject.

My invention in general terms consists—

First. Incausing atool-support which is be-
ing fed in a single direction to move relatively
to the tool-support, or other parts upon which
it is mounted, by means of a pressure which is
transmitted either direetly to it or to a part or
parts mounted upon it, and at the same time,
during and as a part of the operation of regu-
lating the rate at which the tool-support ad-
vances, in exerting a pressure upon the tool-
support which opposes its advance, and in lo-
cating the centers of pressure of the pressure
which causes the tool-support to advance, and
of the resisting pressare offered to itsadvance
during the operation of regulating its rate of
advance at different points upon the tool-sup-
port, so as to cause the lost motion in the
joints of the tool-support to be taken up and
the tool support to deflect in the same direc-

tion as the pressure of the work upon the tool.

causes the lost motion to be taken up and the
tool-support to deflect as far as is practicable
to attain these objects with a single feed-mo-
tion, and at the same time to cause the lost mo-
tion and deflection inthe parts of the feed-mo-
tion to be taken np even before the tool comes

in contact with the work, thus avoiding to a

still greater extent the chatter and irregu-
larity in feeding the tool than in the first case
above referred to, while at the same time the
tool-support is only being fed in one direction,
thus allowing work to be done with a wide-
nosed tool or cutter,which isadvanced directly
into the work.
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Second. In causing a movable tool-support

which is being fed in a single direction to move
relatively to the tool-support,orotherpartupon
which it is mounted, by means of a pressure
which is transmitted either directly to it or to a
part or parts mounted nupon it, and at the same
time, during and as a part of the operation of
regulating the rate at which the tool-support
advances, in exerting a pressure upon the
tool-support which opposes its advance, the
pressure which causes the tool-support to ad-
vance tending in the same direction in which
jtisdesired that thetool supportshalladvance,
while the resistance offered to the advance of
the tool-support during the operation of gov-
erning its rate of advauce tends in the oppo-
site direction to that in which it is desired that
the tool-support shall advance, and in locating
the centers of pressure of the pressure which
causes the tool-support to advance, and of the
resisting pressure offered to its advance during
the operation of regulating its rate of advance
at different points upon the tool-support, so
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as to cause the lost motion in the joints of the
tool-support to be taken up, and the tool sup-
port to defleet in the same direction as the
pressure of the work upon the tool causes the
lost motion to be taken up and the tool-sup-
port to deflect, thus preventing the chatter
and lost motion in the tool-support and in the
feed motion, while at the same time the tool-
support is only fed in one direction, thus al-
lowing work to be done with a wide-nosed tool
or catter, which is advanced directly into the
work.

Third. In causing a tool-support which is
being fed in a single direction, and which has
oneor more tool-supporting members mounted
upon it, to wmove relatively to the tool-support,
or other parts upon which it is mounted, by
means of a pressure which is transmitted either
directly to it or to a part or parts attached to
it, and at the same time, during and as a part
of the operation of regulating the rate at which
the tool-sapport advances, in exerting a press-
ure upon the tool-support which opposes its
advance, and in locating the ceuter of pressure
of the pressure which causes the tool-support
to advance upon some portion of the tool-sup-
port, while the center of pressure of the press-
ure which offers resistance to the advance of
the tool-support during the operation of reg-
ulating its rate of advance ig located upon a
tool-supporting member mounted upon the
tool-support, thus causing not only the tool-
support upon which the allvancing pressure is
exerted to deflect and to have its lost motion
taken up, but also cansing the other tool-sup-
porting member which is mounted upon said
tool-support, or upon which it is mounted, to
have its lost motion taken up and to deflect in
the same direction as the pressure of the work
on the tool would eanse the tool-supports to
deflect and would take up their lost motion,
while at the same time the tool-support is only
fed in one direction, thus allowing work to be
done with a wide nosed tool-or cutter, which
is advanced directly into the work.

Fourth. In causiug a tool-support which is
being fed in a single direction, and which has
oneor moretool-snpporting members mounted
npon it, to move relatively to the tool-sup-
port, or other parts upon which it is mounted,
by means of a pressure which is transmitted
cither directly to it or to a part or parts at-
tached to it, and at the same time, during and
as a part of the operation of regulating the
rate at which the tool support advances, in ex-
erting a pressure which opposes its advance,
the pressure which causes the tool support to
advance tending in the same directionin which
itisdesired thatthe tool-supportshalladvance,
while the resistance offered to the advance of
the tool-support during the operation of gov-
erning ils rate of advance tends in' the oppo-
site direction to that in which it is desired that
the tool-support shall advance, and inlocating
the center of pressure of the pressure which
canses the tool support to advance upon some
portion of the tool-support, while the center
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of préssure of the pressure which offers resist-
ance to the advance of the tool-supportduring
the operation of regulating its rate of advance
is located upon a tool-supporting wmember
mounted upon the tool-support, thus cansing
the lost motion in the feed mechanism to be
taken up and the feed mechanism to deflectin
the same direction before the tool comes in
contact with the work, as thelost motion would
be taken up and the feed mechanism would be
made to deflect alter the tool comes in contact
with the work, and thus cansing not only the
tool-support upon which the advancing press-
ure is exerted to deflect and to have its lost
motion taken up,but also eausing another tool-
support mounted upon the former, or upon
which it is mounted, to have its lost motion
taken up and to deflect in the same direction
as the pressure of the work on the tool would
cause these tool supports to defleet and would
take up their lost motion, while at the same
time the tool-support is only fed in one direc-
tion, and therefore allowing work to be done
with a wide-nosed tool or cutter, which is ad-
vanced directly into the work.

TFifth. In causing a tool-support which is
being fed in a single direction to move rela-
tively to the tool-support, or other parts upon
which it is mounted, by means of a pressure
which is transmitted either direefly to it or to
a part or parts attached to it, and at the same
time, during and as a part of the operation of
regulating the rate at which the tool-sapport
advances, in exerting a pressure upon the tool-
support which opposes its advance, the press-
ure which causes the tool support to advance
being practically uniform throughoutits period
of action, while the resisting pressure offered
to the tool-support daring the operation of
governing its rate of advance variesiuversely
as the pressure of the work on the tool—that
is, becomes less as this pressurc becomes
greater, and greater as this pressure becomes
less—and in locating the centers of pressure of
the pressure which causes the tool-support to
advance,and of the resisting pressure offered to
itsadvance during the operation of regulating
its rate of advance at different points upon the
tool-support, so as to cause the lost motion in
the joints of the tool-support to be taken up
and the tool support to deflect in the same di-
rection as the work upon the tool canses the
lost motion to be taken up and the tool-sup-
port to deflect, and to place the {ool support
under a practically uniform strain throughout
the period that it is being fed in only one di-
rection, and therefore allowing work to be
done with a wide nosed tool or cutter, which
is advanced directly into the work.

Sixth. In causing a tool support which is
being fed in a single direction to move rela-
tively to thefool-support, or other parts upon
which it is mounted, by means of a pressure
which is transmitted either direetly toitor toa
part or parts mounted upon it,and at the same
time, during and as a part of the operation of
regulating the rate at which the tool-support
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advaneces, in exerting a pressure upon the tool-
support which opposes its advance, the press-
ure which causes the tool-support to advance
being. praetically uniform . throughout: its pe-
riod of action and tending in the same diree-
tion in which it is desirved that the tool sup-
port shall advance,while the resisting press-
ure offered to the tool- -support dumw the op-

eration of governing its rate of mdvance varies
inversely as the pressure of the work upon
the tool—that is, becomes less as this pressure
becomes.greater, and greater as this pressure
becomes lessufmd tends in the opposite diree-

tion to that in which it is desired that the tool-

support shall advance, and in locating the cen-
ters of pressure of the pressure w hlch causes
the tool-support to advance, and of the resist-

ing pressure offered to itsadvance during the
operation of regulating its rate of advance at
different points wpon the tool-support, so as
to cause the lost motion in the: joints of the
tool-support to be taken up and the tool-sup-
port to deflect:in the same direction as the
pressure of the work upon the tool causes the
lost motion to be taken up and the tool sup-
port to deflect.. The: effect of this. method of
feeding is to place:the tool support under a
practically uniform strain throughout the pe-

riod that it is being fed, thereby Ienderlnw the
deflection of the feed mechamsm umform and
taking up the lost motion of the feed mechan-
ismu niformlv while at the same time the tool-
support is only fed in one direction,which al-

lows work to be done with a wide-nosed tool
or cutter,which is advanced directly into the
work,

Seventh. In causing a tool-sapport which is
being fed in a single (lueetlon, and whiceh has
one or more tool- quppmtmwmembels mounted
upou it, tomove relatively to the tool-support,
or other parts upon which it is mounted, by
means of a pressure which is transmitted either
directly to it or to a part or parts attached to
it, and at the same time, during and us a part
ot the operation of regnlating the rate at which
the tool-support adv:mces in exerting a press-
ure upon the tool-supporb which opposes its
advance, the pressure which causes the tool-
support to advance being practically uniform,
while the resisting pressure offered to the tool-
support daring the operation of governing its
rate of advance varies mvexsely as the press-
ure of the work npon the tool—that is, be-
comes less as this pressure becomes greater,and
greater as this pressure becomes less—and in
locating the center of pressure of the pressure
which causes the tool-support to advance upon
some portion of the tool-support, while the cen-
ter of pressure of the pressure which offers re-
sistance to the advance of the tool-snpport
daring the operation of regulating its rate of
advance is located upon a tool-supporting
member mounted upon the tool-suppors, thus
causing not only the tool support to which the
advancing pressure is transmitted, but also
one or more tool-supporting members which
are mounted upon if, or upon which it is
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mounted, to deflect and to have their lost mo-
tion taken up to a: practically uniform extent
throughout the period of action of the feed
mechanism,while at the same time: the tool-
support is only fed in one direction, and there-
fore allowing work to be done with a wide-
nosed tool or cutner which is advanced dirvectly
into the work.

Eighth. In causing a tool-support whieh is
being fed in a single direetion, and which has
oneor moretool supporting mmembersmounted
upon it, to move relatively to the tool-support,
or: other parts upon which it is niounted, by
meansof a pressure which is transmitted either
directly to it or to a part or parts attached to
it, and at the same time, during and as a part
of theoperation of regulating the rateat which
the tool-supportadvances, in exerting a press-
ure upon- the tool-support which opposes its
advance, the pressure which causes the tool-
support to advance being practically nniform
throughout its' period of action and tending
in the same direction in which it is desired
that the tool-support shall advance, while the
resisting pressure offered to the tool-support
during the operation of governing its rate of
advance varies inversely as the pressure of the
work—that is, becomes less as this pressure
becomes greater, and greater as this pressure
beecomes less—and tendsin the opposite diree-
tion to that in which it'is desired that the tool-
sapportshall advance, and in locating the cen-
ter of pressure of the pressure which causes
the tool-support to advance uapon:some por-
tion of the tool-support, while the center of
pressure of the pressure which offers resist-
ance to theadvaunece of the tool-support-during
the operation of regulating its rate of advance
is Jocated upon a tool-supporting member
mounted upon the tool-support, thus causing
not only the tool-support to which the advane-
ing pressure is transmitted, but also one or
more tool-supports which are mounted upon
it, or upon which it is monnted, to deflectand
to have their lost motion taken up in the same
direction and to a practieally uniform extent
throughout the period of action of the feed
mechanism and to cause the lost motion and
deflection of the feed meehanism to be practi-
cally uniform, while at the same time the tool-
support is only fed in one direction, thus al-
lowing work to be dene with a wide-nosed tool
or cutter, which is advanced directly into the
work. In many cases the pressure of the work
upon the tool is in such a direction that a sin-
gle feed mechanism acting on a tool-support
cannot be s0 applied as to canse the tool-sup-
port to defleet in the samie direction that the
pressure of the tool would cause it to deflect.
Further, although one feed mechanism can be
applied to a tool-support insuch manner as to
take up the lost motion, not only of the tool-
support to which it is applied, but also of the
other tool-supporting inembers mounted upon
it, in one direction, yet the pressure of the
feed mechanism upon the tool-supports (tend-
ing to take up the lost motion in them) is not
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always in exactly the same direction asis that
of the work upon the tool, so that one feed
mechanism can only take up part of the devri-
mental lost motion in the tool-supports. It
therefore in many cases becomes necessary to
exert additional pressures upon the tool-sup-
ports besides those to which they are sub-
jected by the feed mechanism, the funetion of
these additional pressures being merely to put
the tool-supports under such a strain as to
cause them to deflect in the desired direction,
and also to take up the lost motion of the tool-

supports in that directionr, while the function-

of the feed mechanism is not only to cause the
tool-supports to deflect in another direction
and the lost motion to be taken up on that di-
rection, but also at the same time to feed the
tool in the direction desired. In this'casethe

additional pressure to which the tool-supports |

are subjected merely put the tool-supports un-
der strain, but do not cause any of them to ad-
vance, while the pressures of the feed mechan-
ism ot only put the tool-supports nnder strain
in a different direction, but also cause one of
them to advance, and so make the tool feed.

The considerationsabove stated relate to the
next feature of my invention, to wit:

Ninth. In causing a tool-support which is
being fed in a single direction, and which has
one ormore tool-supporting members mounted
upon it, to moverelatively to the tool-suppeort,
or other parts upon which it is mounted, by
means of a pressure which istransmitted either
directly to it or to a part or parts attached to
it, and ab the same time, during and as a part of
the operation of regulating the rate at which
the tool-supportadvances, in exerting a press-
ure which opposes its advance, the pressure
which causesthetool-support to advaunce tend-
ing in the same direction in which it is de-
sired thatthetool-supportshall advance,while
the resistance offered to the advance of the
tool-support during the operation of govern-
ing its rate of advance tends in the opposite
direction to that in which it is desired that
the tool-support shall advance, and in locating
the eenter of pressure of the pressure which
causes the tool-support to advance upon some
portion of the tool-support, while the center
of pressure of the pressure which offers resist-
anee to the advance of the tool-support during
the operation of regulating its rate of advance
is located upon a tool-sapporting member
mounted npon the tool-support, and at the
same time in exerting a pressure upon one of
the tool-supporting members mounted upon
the tool-support which is being fed, which tends
in the direction in which the tool-support-
ing member is adapted to feed relatively to
the tool-support upon which it is mounted,and
at the same time in exerting a pressure either
upon this tool-supporting member or npon a
tool - support mounted. thereon, which pre-
vents the tool-supporting member from feed-
ing relatively to the tool-support upon which
it is mounted, thus causing the lost motion
in the feed mechanism to be taken up and

‘the feed mechanism to deflect in the same di-

rection before the tool eomes in contact with
the work, as the lost motion would be taken
up and the feed mechanism would be made to
deflect after the tool comes in contact with the
work, and thus causing not only the tool-
supports npon which the advancing pressure
is exerted to deflect and to have its lost mo-
tion taken up, but also caunsing another tool-
support mounted upon that last named, or
upon which it is mounted, to have its lost mo-
tion taken up and to deflect in the same di-

rection as the pressure of the work on the tool

would cause these tool-supports to deflectand
would take up their lost motion, while at the
same time the tool-support is only fed in oue
direction, and therefore allowing work to be
done with a wide-nosed tool or cutter, which
is advanced directly into the work.

Tenth. In- causing a tool-support which is
being fed in a single direction, and which has
one or moretool supporting menmbers mounted
upon it, to move relatively to the tool-support,
or other parts upon which it is mounted, by
means of a pressare which is transmitted either
directly to it or to a part or parts attached to
it, and at the same time, during and as a part
of the operation of regulating the rate at which
the tool-support advances, in exerting a press-
ure which opposes its advance, the pressure
which causes the tool-supportto advance tend-
ing in the same direction in which itis desired
that the tool support shall advance, while the
resistance offered to the advance of the tool-
support during the operation of governing its
rate of advance tends inthe opposite direction
to that in which it is desired that the tool-sup-
portshall advance,and inloecating the center of
pressare of the pressure which causes the tool-
support to advance upon some portion of the
tool - support, while the center of pressure
which offers resistance to the advance of the
tool-support during the operation ¢f regulat-
ing its rate of advaunce is located upon a tool-
supporting member mounted upon the tool-
support, and in exerting a pressure npon one
of the tool-supporting members upon which
the tool-support which is being fed is mounted
which tendsin the direction in which thistool-
supporting member is adapted to feed rela-
tively to the parts uapon which it is mounted,
and at the same time in exerting a pressure
either upon this tool-supporting member, or
upon the tool-support mounted thereon,which
prevents the tool - supporting member from
feeding, thus causing the lost motion in the
feed mechanism to deflect in the same direc-
tion before the tool comes in contact with the
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work, as the lost motion would be taken up

and the feed mechanism would be made to de-
flect after the tool comes in contact with the
work, and thus causing not only the tool-sup-
port npon which the advanecing pressure is
exerted to deflect and to have its lost motion
taken up, but also causing another tool-sup-
port mounted upon that last named, or upon
which it is mounted, to have its lost motion
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taken up and to deflect in the same direction
as the pressure of the work on the tool would
cause these tool-supports to deflect and would
take up their lost motion, while at the same
time the tool-support is only fed in oue diree-
tion, and thercfore allowing work to be done
with a wide-nosed tool or eutter, which is ad-
vanced directly into the work.

In the accompanying drawings, Figure 1 is
a plan or top view of a special horizontal bor-
ing-mill designed for turning tires of locomo-
tive or ear wheels and embodying mechanism
adapted for operation in accordance with my
invention; Fig. 2, an end view of the same;
Frig.3,a side view,a portion of the feed mechan-
ism beingshiown insectionatthelinex xof Fig.
1; Fig. 4, a plan or top view of a portion of a
lathe adapted for operation in accordance with
my invention; Fig. 5, an end view of the same,
with the bed in section; Fig. 6, a side view,in
elevation, of a portion of the same; Fig. 7, a
view in elevation and on an enlarged scale,
showing details of the feed mechanism; Fig.
8, a plan or top view of the same; and Fig. 9,
a view, partly in elevation and partly in sec-
tion, illustrating a modification of the feed
mechanism.

In the practice of my inventionI mount the
tool-support or tool-supports upon any ma-
chine-tool which is adapted for using a cut-
ting-tool in removing portions of forgings,
castings, or other work which is being oper-
ated upon in the maehine-tool. The tool-sup-
port may be mounted upon the machine-tool
either directly or through the intermediation
of another supporting member or members in
the manner in which the tool-supports of ma-
chine-tools are ordinarily mounted. In ex-
erting the pressure upon the tool - support
which causes it to feed or advance, I employ
any of the well-known trains of mechanism or
deviees which have been used in advancing
tool-supports. I, however, prefer, for reasons
hereinbefore mentioned,employing such trains
of mechanism or devices as will exert a prae-
tically uniform pressure upon the tool-support
in causing it to advance. Thepower used in
actuating these trains of mechanism may be
derived from any convenient source, or may
be exerted by the operator of the machine,.

In regulating the rate abt which the tool-
support advances, I employ any of the well-
known trains of mechanism or devices which
have heretofore been used in regulating the
rate of advance of tool-supports, The trains
of mechanism or devices used for regulating
the rate of advance of the tool-support must,
however, be so attached to the tool-support
that they,while regulating its rate of advance,
receive from the tool-snpport part of the press-
nre which has been transmitted to it from the
mechanism which causes it to advance, thus
opposing a resisting pressure to the advance
of the tool-support. In other words, instead

s of employing the trains of mechanism or de-

vices used in regulating the rate of advance
of the tool-support to exert an advancing

387,121

pressure upon the tool-support, as has here-
tofore beeu the case, I employ them so as to
exert a pressure whieh resists the advance of
the tool-support.

Ashereinbefore stated, the resistances which
were required to be overcome in the method
heretofore employed for causing a tool-sup-
port to be fed consisted of the following ele-
ments: first, the resistance which the work
offered to the advance of the tool; second, the
friction between the tool-support which is be-
ing fed and the part or paris upon which it is
mounted; and, third, the friction developed
between the various parts of the feed-motion
itself.

In the practice of my invention I introduce
a fourth resistance which must be overcome
in the operation of advancing a tool-support—
namely, the resisting pressure exerted by the
mechanism used in governing the rate of ad-
vance of the tool-support. Since the sum of
all the resistances which oppose the advance
of the tool-support must always equal the ad-
vancing pressure exerted upon it, when the
advaneing pressure is a practically nniform
one, the resisting pressure offered by the rate-
governing mechanism to the advance of the
tool-snpport must vary inversely as the press-
ure of the work upon the tool, becoming
greater as this pressure becomes less and less
as it becomes greater, and therefore maintain-
ing the tool-support under a uniform strain,
which will cause it to deflect to a uniform ex-
tent.

The mechanisim or appliance used in exert-
ing the advancing pressure upon the tool-sup-
port may be so located that its center of press-
ure upon the tool-support coincides with the
center of pressure of the mechanism or appli-
ance used in regulating the rate of advance of
the tool-support. I prefer, however, to lo-
cate the centers of pressure of the mechanism
nsed in advancing the tool-suppert and the
mechanism used in governing its rate of ad-
vance at different parts of the tool-support,
80 as to cause the tool support to deflect in the

.same direction as the pressure of the work

upon the tool causes them to deflect. When
a tool-support has one or more tool-support-.
ing members mounted upon it, T prefer to lo-
cate the center of pressure of the advancing
mechanism upon the tool-support and to lo-
cate the center of pressure of the rate-govern-
ing mechanism upon one of the tool support-
ing members mounted upon it, in order that
the combined effect of the pressure exeried by
the advancing mechanism and of the resist-
ance offered by the rate-governing mechan-
ism upon the tool-support may cause not only
the tool-support which is being fed, but also
thetool-supporting members mounted thereon,
to deflect and have their lost motion taken up
in the same direction that the pressure of the
work on the tool will cause them to deflect
and have their lost motion taken up.

It is not necessary that the direction of the
pressure exerted by the advancing mechanism
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upon the tool-support should coincide exactly
with the direction in which the tool-support
advances under the action of this pressuare.
Theadvancing pressure shouald, however, tend
in the same direction as that in which the tool-
support advances. Neither is it necessary
that the resisting pressure offered by the rate-
governing mechanism to the advance of the

tool support should be in exactly the opposite:

direetion to thatin which the tool-support ad-
vances. It is, however, necessary that this re-
sistance should tend in the opposite direction.

In some cases the direction of the pressure
of the work against the tool differs materially
from the direction in which the tool-supports
are being fed. In such cases, in the practice
of 'my invention, when a tool-support having
one or moretool-sapporting members mounted
upon itis being fed, I cause it to be advanced
or fed in the manner just deseribed above,
thereby partially taking up the lost motion
and deflection of the tool-support and the
tool-supporting members mounted thereon,
and in order to more fully take up the lost
motion between the joints of the tool-support
and thetool-supporting members, and {o cause
them to deflect more nearly in the direction in
which the pressure of the work upon the tool
would cause them to defleet, I exert a press-
ure upon one of the tool-supporting members
that is mounted upon the tool-support which
is being fed by means of any of the well-
known methods of producingand transmitting
pressure to a body which it is desired to main-
T prefer that the press-
ure exerted upon this tool supporting member
should be a uniform one, and such pressure
should tend in the direction in which the tool-
supporting member is adapted to feed rela-
tively to the tool-support which it is desired
to feed. At the sametime I exert a pressure
either upon this tool-supporting member or
upon another tool-support mounted thereon,
which prevents the tool-supporting member
from advancing or feeding relatively to the
tool-support upon which it is mounted. This
pressure, which prevents the tool-supporting
member from feeding, is exerted upon it by
connecting it to any of the adjacent portions
of the machine by means of any of the well-
known methods of, connecting a movable por-
tion of a machine to another portion of a ma-
chine when it is desired to prevent the mov-
ablepart from moving. Theresisting pressure
opposed by this means to the tool-supporting
member, and which prevents the tool-support-
ing member from feeding, must of course tend
in the opposite direction to that of the press-
ure which tends to eause it to feed, the com-
bined effect of these two pressures being to
cause the tool supports to deflect more nearly
in the direction in which the pressure of the
work npon the tool would canse them to de-
flect.

To facilitate the practical application of my
invention by those skilled in the art to which
it relates, 1 have illustrated in the drawings

and will proceed to describe instances of ma-
chine - tools provided with feed mechanism
the operation of which embodies the char-
acteristic features of my invention and is
effected and conducted under and in accord-
ance with its governing principles.

The operative mechanism of the boring-mill
shown in Figs. 1 to 3 is mounted and sup-
ported upon a main frame or body, 1, upon
which a table or face-plate, 2, is fitted to be
driven or caused to rotate by any suitable driv-
ing mechanism. Tig. 1 shows,in dotted lines,

i1y
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the teeth of a gear attached to the outside of So

the table and serving to drive the same. A
tire, 4, is shown as attached to the table 2, so
as to be rigidly supported thereon in position
for turning off its tread by a cutting-tool, 9.
The cuatting-tool in this case consists of a broad
cutter,which extends the full width of the part
of the tire which it is desired to turn. This
cutteris pressed by meaunsof a wedge, 12, which
is drawn tight by a screw, 13, against a shoe,
10, which is supported by the vertical tool-
slide 7. This vertical slide is supported and

85
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guided by a swinging slide, 5, which is sup--

ported and guided at its outer end and upon
the main body 1 of the machine, and is held
down thereon by the clamps 8 and the bolts 14.
The entire slide 5 pivots or swings about the
post 6, around whiech it fits and by which it is
supported, the post 6 being eitherintegral with
or attached to the main frame or bed of the
machine,

In the feed-motion which is used to feed the
tool against the tire the advancing mechan-
ism consists of a cylinder, 15, which is adapted
to be supplied with water or steam, or other
liquid or gas under compression. The cylin-
der 15 is mounted upon trunnions, the upper
one of which, 16, is shown in the drawings.
These trunnions are supported by and abut
against the elevated portions 17 of the main
frame. Proper pipes and valves for supply-
ing the cylinder with the liguid or gas under
pressure arearranged so as to enable the press-
ure of the ligquid or gas to be exerted in fore-
ing the piston toward either end of the c¢ylin-
der at the will of the operator of the machine.
The eylinder 15 is fitted with asuitable piston
secured upon a piston-rod, 18, the outer end
of which is coupled by a pair of trunnions, 19,
to the swinging slide 5.

The rate-governing mechanism is of the fol-
lowing construction: A conunecting link, cast-
ing, or forging, 21, is connected at one end by
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a swinging joint to -the vertical slide 7 at a |

greater distance from the gniding-surface of
the vertical slide which fits in the swinging
slide 5 than the distance of the tool from said
guiding-surface. The connecting link, cast-
ing, or forging 21 is provided with a movable
stop-block, 22, which can be moved into dif-
ferent positions along the conneeting-link and
clamped fast thereto in any desired position
by means of a bolt, 25, and nut 24, and the
two washers 23. Thiy stop block is shown as
pressing -against the upper arm of a double-
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armed lever, 26, which pivots upon and is sap-
ported by a pin, 29, fitting in a bearing, 30,
projecting from the main frameof the machine,
The lower arm of the lever 26 carries a nut, 31,
having on each side a trunnion fitting in a suit-
able bearing in the lever, so that the nut may
remain in a horizontal position as the lever
moves out of a perpendicular position. The
nut 31 engages a releasing-screw, 32, having
a thread of very rapid piteh. The screw 32 is
fitted to rotate in bearings 33, fixed to the main
frame, and is provided with collars 34, by which
its end motion is prevented.

The angniar pitch of the thread of the screw
32 should be of such steepness and the sup-
porting-collar 34 of such dimensions that a
pressure brought by the nut upon the serew
will be almost sufficient to cause the screw to
rotate and allow the nnt to run down, or the
angular pitch of the thread of the screw and
the proportions of the eollar 34 should be such
that a pressure brought to bear by the nut
npon the thread will insare, under all eircam-
stances, the rotation of the screw and allow
the nnt to ran down if; but in this case the an-
gular piteh of the serew and the dimensions of
the collar should besuch that a pressure upon
the nut will not canse the serew to turn with
great rapidity. Toillustrate the requirements
more clearly, it shounld be stated that a certain
angular pitch of a screw-thread will, in com-
bination with acertain dimension of the thrust-

- collar on the screw, just insure the turning of
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a serew-thread when the nut which engages it
is subjected to pressure. In the application
of this part of my invention the pitch of the
screw-thread and the dimensions of the collar
should be designed in oneof two ways—to wit,
either that when the pressure is brought upon
the nut the serew-thread will almost but not
quite turu, or that the pressure of the nut will
insure the turning of the screw, while at the
same time it will not force it to turn too easily.

The reason for proportioning the screw and
the collar thereon in either of these ways is
that under either of the conditions mentioned
a comparatively small amount of power will
suffice, when applied to the screw, to affect its
rotation, as the pressure of the nut upon the
screw induces a strong tendency to rotation in
the latter. It would not be practicable for the
pitch of the serew and the design of the collar
1o be otherwise than in accordance with the
two conditions above stated, as it would then
sometimes be doubtful whether it would re-
quire a slight push to start the feed-motion to
working or a pull to prevent it from working.
Upon the end of the releasing-screw 32 is fixed
a worm-wheel, 27, on one side of which is cast
a bevel.gear, 27*, meshing with a correspond-
ing pinion, 28, which may be operated by an
ordinary crauk-handle applied to the squared
end of its shaft, and not shown in the draw-
ings. Theworm-wheel 27 meshes witha worm,
35, fixed upon a worm shaft, 36, which is sup-
ported by a rocker-bearing, 37, pivoted to a
pin, 38, on the frame. The worm 35 can be
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thrown out of gear with the worm-wheel 27
by pivoting the rocker-bearing 37 around its
pin 38. The worm-shaft 36, which is shown
as broken off in the drawings, is to be con-
nected by asuitable train of {eed gearing either
to a member of the mechanism which drives
the table of the machine or to any other suit-
able prime mover, as the case may require.
The operation of the feed mechanism is as
follows: Assuming that the tool 9 has been
movéd to within a short distance of the piece
of work 4, the upper part of the lever 26
should then Dbe slightly farther away from the
work than it now is. The stop-block 22,hav-
ing been rigidly fastened to the counecting
link,casting,or forging 21,is brought to a firm
hearing against the upper end of the lever 26.
Liquid or gas nnder pressure being admitted
to the back end of the eylinder 15, so as to
produee a pressure upon the piston tending
to force it toward the front end of the eylin-
der, the pressure from this liquid or gas will
be transmitted by the piston-rod 18 and trunp-
nions 19 to the swinging slide 5, thus indune-
ing a heavy pressure upon the swinging slide
5, tending to force it and the vertical slide 7,
which is attached to it, toward the work 4.
Since, as above explained, the connecting-link
21 is fastened at one end to the vertical slide
7, and has a bearing-block, 22, attached to it
and bearing against the lever 26, the slide is
prevented from moving toward the work an-
til the lower end of the lever is allowed to
move by turning the feed-screw, which ean be
done by operating the feed -motion. It will
be observed that by the combined strain of
the advancing mechanism and the rate gov-
erning mechanism, as described, both the
swinging slide 5 and the vertical slide 7 are
put ander heavystrain, which is gnite as great
as, if not greater than, the pressure which the
tool would induce upon them, thus causing
them both to deflect in the same direction,
and to an extent as great as or greater than they
would be caused to deflect by the pressure of
the work upon the tool, and taking up all of
the lost motion between the joint of the ver-
tical slide7 and swinging slide 5, also between
the slide 5 and its supporting-post 6, to the
same extent as or a greater extent than the
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lost motion would betaken up by the pressure -

of the work upon the tool. While the ad-
vancing and rate-governing mechanisms and
all parts of the slides 5 and 7 are under this
strain, let it be assumed that the worm 35 is
thrown out of gear with its worm-wheel 27.
This worm-wheel can then be made to rotate
by the attachment of a hand-crank to the shaft
of the small bevel-wheel 28, and the rotation
of the worm-wheel 27 will cause the releasing-
screw 32 to rotate and allow the lower end of
the lever 26 to move in such direction that
the upper end of this lever will approach the
work, thus allowing the tool to approach the
work until it begins to cut it. Thereupon the
worm can be again thrown into gear with the
worm-wheel, and the feed-motion from this
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point on be made automatie. It will be ob-
served that by this means there is no greater
tendency on the part of the tool or the slides
sapporting it to chatter or deflect after the
tool isat work than before it beginsto operate.

‘When sufficient metal has been removed
from the work, the tool can be readily with-
drawn therefrom by transferring the pressure
of the liquid or gas from the back to the front
end of the cylinder, thus causing all of the
parts of the slide to move back easily and
quniekly, however heavy they may be and
however tightly they may be supported by
the guides.

The hand-erank 20 shown in the drawings
is fixed on the end of an ordinary feed-screw,
which, engaging in a suitable nut attached to
the frame 5, causes the slide 7 to be fed either
up or down, as the case may regnire. . Instead
of this hand-feed, one of my improved feed
mechanisms may be employed. In such case
the advancing mechanism should bearranged
80 a8 to abut against a suitable support at-
tached to the swinging slide 5. The advane-
ing mechanism should then push down the
vertical slide 7 close to the bearing of thisslide
in the swinging slide 5, while the rate-govern-
ing mechanism shounld be attached so as to
pull up upon the slide 7 at a part of the slide
fartheraway from the swinging slide 5 thanthe
advancing mechanism pushes from it. Under
such construction the combined strain of the
advancing and rate - governing mechanisms
would cause the slide 7 to deflect upward in
the same manner that the pressure of the work
against the catting-tool, arranged so as to cut
beneath the slide, would cause it to defiect.

It is further to be noted that the rate-gov
erning mechanismshown in the drawingsneed
not necessarily be attached, as shown, to the
vertical slide 7, as it may, if preferred, be at-
tached to the swinging slide 5. The advanec-
ing mechanism could then occupy the same po-
sition as shown in the drawings. The com-
bined strain of the advancing and rate-govern-
ing mechanisms would then cause theswinging
slide 5 to deflect in approximately the same
direction and to approximately the same ex-
tent that the pressure of the work against the
cutting-tool would cause this slide to deflect.
Such an arrangement of the advancing and
rate-governing mechanisms would not, how-
ever, be as satisfactory nor attain the same
end as the construction shown in the draw-
ings, since the slide 7 would still deflect under
the pressure of the work against the tool, and
the lost motion in the joint between theslides
7 and swinging slide 5 could not.be taken up.
The rate-governing mechanism eould, further,
be attached to thepiston-rod 18 of the advane-
ing mechanism; bat in such case many of the
advantages of the feed-motion, as shown and
described, would not be available. Both the
advancing and rate-governing mechanisms
would then constitute a feed-motion operating
upon the same slide.

A practical application of my invention in

13

| feeding the cutting-tool of a large lathe pro-

vided with two feed mechanisms, each con-
sisting of an advancing and a rate-governing
mechanism, both pairs acting on the support
for the same tool at the same time, is illus-
trated in Figs. 4 to 9, inclusive, and, referring
to said figures, will now be described.

In order that the strain may be brought
upon the cutting-tool in such manner as to ren-
der the application of the feed-motion simple
and effective, the lathe is run in the opposite
direction to that in which lathes are ordinarily
ran, so that the pressure of the work upon the
cutting-tool tends to cause the tool to deflect
upward and outward, instead of downward
and outward, as is usually the case. Upon
the shears or bed 40 of the lathe are mounted
two housings, 47, adapted to receive the neck
of a roll, 46, which is the work upon which,
in this case, the lathe is shown as operating.
The work is rotated in the direction indicated
by the arrow in the drawings, in the manner
in which rolls are ordinarily driven when in
a lathe; but the direction in which the roll is
rotated is, however, the opposite to that in
which rolls are usually rotated when in a
lathe. A saddle, 41, is mounted upon the
lathe-bed, and is adapted to be moved along
the shears of the lathe by means of a leading-
serew, 50, which is similar to leading-screws
generally employed for this purpose. To the
top of the saddle 41 is bolted a heavy casting,
42, on the upper part of which is shown a
raised portion,which is provided with a flange
on either side for receiving and supporting a
tool-support, this portion being planed true
and parallel in all parts to the center line or
axis of the work 46. Upon this casting 42, and
fitting closely around and underneath the ele-
vated flanges thereof, is monnted a tool-sup-
port, 43, which is guided as it is moved in a
direction parallel to the center line of the
work by the raised and flanged portion of the
casting 42, as above referred to. The upper
portion of the tool-support 43is provided with
flanges similar to those used on the elevated
portion of the part 42, but which are, how-
ever, planed so as to be at right angles to the
center line of the work. Upon the tool-support
43 is mounted another tool-support, 44, the
lower portion of which is planed so as to fit
underneath the flanges planed on the upper
surface of the tool-support 43. The tool-sup-
port 44 is adapted to slide freely on these
flanges as guides, so as to either approach or
recede from the center line of the work, asre-
quired. Upon the tool-support 44 is mounted
a tool-holder, 45, which is adapted to be turned
upon the axis of a stud-bolt, 79, by which ib is
secured to the tool-support 44. A tool, 48, is
firmly wedged into place in one of the three
tool-hiolding receptacles of the tool-holder 45
by means of » wedge, 49. A brace, 90, which
is a casting consisting of two heavy legs joined
together at the top, has its bottom surface
planed, so as to fit aronnd the elevated and
tlanged portion of the casting 42, one of the
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legs of the brace 90 being on -each side of the
tool-support 43, so that whenever the latter is
slid either backward or forward along the up-
per surface of the casting 42 the brace 90 par-
ticipatesin its movement. A eylindrical shaft,
51, (shown in section in Fig. b and side eleva-
tion in Fig. 6,) is driven by gearing connected
with the live-spindle of the lathe. A longi-
tudinal keyway is cutin the shaft 51,in which
fits a key fixed to a bevel-gear, 52, so that the
gear 52, while rotating with the shaft 51, is
free to move endwise thereon in correspond-
ence with the backward and forward move-
ments of the saddle 41 of the lathe. A bevel-
gear, 53, meshing with the gear 52,is monnted
on ashortshaft having itshearing inabracket,
88, which is attached to the saddle 41. On
the other end of this shaft is fixed a bevel-
gear, 54, which drives a largev bevel-gear,55,
secured upon the lower end of a vertical shaft,
which is supported in a bracket, 89, attached
to the lathe-saddle 41.. A bevel-gear, 56, is
fixed upon the upper end of the shaft of the
bevel-gear 55, the bevel-gear 56 driving a
bevel-gear, 57, mounted on a shaft which is
supported by a bracket, 91, attached to lathe-
saddle 41. A bevel-gear, 58, fixed upon the
end of the shaft of the bevel.gear 57, drives
a bevel-gear, 59, which is mounted on a shaft,
60, the shaft 60 being splined longitudinally
to receive a key fixed to the gear 59, so that al-
though the shaft 60is rotated by the bevel-gear
59 it is free to slide endwise backward and
forward through said bevel-gear as the tool-
support 43 is slid backward or forward on the
part 42. Oneend of theshaft 60 is guided and
supported by a bracket, 92, which is attached
to the lathe-saddle 41, while the other end of
this shaft is supported by a bracket attached
to the tool-support 43. On the end of the
shaft 60, adjacent to the bearing in which it
is supported on the tool-support 43, is fixed a
erank-disk, 61, which is provided with a slot
in its face, into which a erank-pin is fitted in
such manner that it can be slid either toward
or from the center of the disk, and clamped
fast in any desired position, so that when the
crank-disk 61 is caused to rotate by the shaft
60 the crank-pin revolves with the disk in a
circleof greater or less diameter in accordance
with ‘its adjustment. 'This crank-pin is
coupled by a connecting-rod, 62, to a beli-
crank, 63, journaled on the brace 90, and as
the crank-pin revolves with the disk 61 the
bell-crank 63 is thereby oscillated about the
axis of the shaft upon which it is mounted. It
will be seen that the bell-crank 63 oscillates
throughalargerorasmaller angle,according as
the erank-pin is farther from or nearer to the
center of the crank-disk 61. To the upper
arm ofthe bell-crank 63 is pivoted a pawl,64,
which overhangs a ratchet-wheel, 65. - As the
bell-erank 63 oscillates back ward and forward,
the pawl 64 engages the teeth of the ratchet-
wheel 65 and causes it to rotate intermittently
through a certain are, the range of motion of
the ratchet-wheel depending upon the degree

387,121

of the angle of oscillation of the bell-erank, it
being possible to adjust the erank-pin in the
crank-disk 61, so that each revolution of the
crank shall cause the ratchet-wheel 65 to ro-
tate through the space occupied by one or
more of the teeth on its eircumference, as the
case may require. The ratchet-wheel 65 is
keyed fast on theshaft 93,upon whicha worm,
94, is also secured. This worm engages a
worm-wheel, 75, upon the inside of which is
cut an internal thread,which engagesa screw,
76, so that when the worm-wheel 75 is rotated
the screw 76 is caused to move in one or the
other direction, as the case may require. The
worm-wheel 75 abuts against and is supported
bythebrace90,through anopening in whichthe
serew 76 passes freely. 'The other end of the
screw 76 is coupled to a ring, 78, by means of
a pin, 77, which passes through a hole bored

_through two forks in the end of the screw 76,

and through a projection on the ring 78. The
ring 78 is bored to fit freely around the stud-
bolt 79, thus allowing the tool-holder 45 to be
pivoted around the same on the top of the
tool-support 44.

A projecting pin, 66, is fixed on the end of

one of the arms of the bell-crank 63, around.

which pin is{fitted the end of a rocker-arm,67,
the hole through which the pin 66 passes be-
ing slotted, so as to allow the rocker-arm 67 to
oscillate about the shaft 70, such movement of
the rocker-arm being effected by the oscilla-
tion of the arm of the bell-crank 63. On the
other end of the rocker-arm 67 is journaled a
pawl, 68, which is so attached to the rocker-
arm 67 that it can be either thrown in and
made to engage the ratchet-wheel 69, or
held out of gear from the ratchet- wheel 69
by means of a spring, 97, which is shown
in PFig. 7. The ratchet-wheel 69 fits on and
is conneeted by a key with the shaft 70, this
shaft being splined for about one- third of
its length, so as to permit of end motion
of the shaft backward or forward through
the ratchet-wheel 69. When, however, the
ratchet-wheel 69 is rotated, the shaft 70.1is
caused by the key to rotate with it. This
shaft passes through and is supported by a
bearing on the outer extremity of the tool-sap-
port 43. The portion of the shaft 70 farthest
removed from thebearing 43 hasa screw-thread
cut upon it, said thread engaging a female
thread cut in a hole traversing the tool-sup-
port 44. The shaft 70 is provided at about
the middle of its length with a large collar,
which may be either rigidly fastened to or
made part of the shaft, as preferred. A pow-
erful spring, 71, is placed under compression
between the bearing on the end of the tool-
support 43 and the large collar on the shaft
70, thus exerting throughout the period of
action of the feed-motion a powerful pressure
upon shaft 70, which is transmitted from that
shaft to tool-support 44.

The operation of the feed mechanism above
deseribed is as follows: The shaft 51, which is
driven either by a prime mover, a counter-
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shaft, or, preferably, by the gearing which
drives the lathe-spindle, transmits its motion,
by means of the bevel-gears 52, 53, 54, 55, 56,
57, 58, and 59, which are mounted upon suit-
able shafts and supported insuitable bearings,
as before described, io the shaft 60. The
crank-disk 61, fixed onthe end of shaft 60, can
be kept in motion throughout the time that
the lathe is in operation, or be stopped,at the

will of the operator, by stopping or starting.

the shaft 51, and by means of the connecting-
rod 62 and crank 61 the bell-crank 63 can be
kept oscillating thronghout the time of action
of the lathe, the degree of the angle of oscil-
lation being dependent upon the adjustment
of the erank-pin in the slot of the crank-disk
61. The rocker-arm 67 being continnously in
motion,the pawl 68 is made to engage the teeth
on the circumference of the ratchet-wheel 69,
and at every oscillation of the rocker-arm 67
the ratchet-wheel 69 rotates through a certain
portion of a revolution, thereby causing coin-
cident rotation of the shaft 70. The screw on
the other end of the shaft 70 gradually disen-
gages itself from the female serew in the tool-
support 44, thereby causing the collar on the
shaft 70 to approach the bearing on the outer
end of the tool-support 43, and compressing
the spring 71 between this collar and the bear-
ing. Ifthetool-snpport 44 were not restrained
from moving toward the work 46 by means of
the screw 76, which draws upon the stud 79,
attached to the teol-holder 45, the constant
pressure of the spring 71 upon the tool-sup-
port 44 would canseit to move rapidly forward
in the direction of the work. The spring 71
can be tightened so as to produce any desired
degree of pressure upon tool-support 44, and
when tightened to the desired extent the pawl
68 is thrown oub of gear with the ratchet-
wheel 69, thus rendering the tool support 44
subject to a constant and uniform pressure
from the spring 71, which pressnre tends to
advance the tool-support toward the work.
The rate of advance of the tool-sapport is,
however, in no wise affected by the shaft 70,
the spring 71, or the mechanism used for tight-
ening the same.

The rate at which the tool support 44 is fed
oradvanced isgoverned by the following meeh-
anism: Throughout the period that the spring
71 is under tension the pressure of the spring
upon the tool-support 44 is opposed partly by
the resistance of the work to the advance of
the tool and partly by the screw 76, which is
attached to the top of the tool-holder 45. Up
to the time that the tool beginsto cut the work
the whole pressure of the spring 71 is resisted
by the screw 76, and when the tool begins to
cut the greater the resistance offered to the
tool by the work the less will be the strain
sustained by the screw 76. The screw 76 and
the tool-holder 45, which is attached thereto,
are allowed to advance toward the work by
unscrewing the internal thread of the worm-

wheel 75, which engages the serew 76, and the .
rate at which the tool-holder 45 and screw 76

advance will depend upon the rate at which
the worm-wheel 75 is rotated. Thesworm-
wheel 75 may be made to rotate by turning
the shaft 93, npoun which the worm 94 is
mounted, so as to engage the worm-wheel 75.
The shaft 93 may be rotated either by turn-
ing the hand-wheel 96, attached thereto, or by
the ratchet-wheel 65, which is moved, as here-
inbefore explained, by the.rocker-arm 63 and
pawl 64, The rate of advance of the tool-sup-
port 44 and the tool-holder 45, mounted there-
on, is then dependent upon the rate at which
either the hand-wheel 96 or the ratchet-wheel
65 is respectively rotated.

The bell-crank 63, pawl 64, ratchet-wheel
65, shaft 93, worm 94, worni-wheel 75, and
serew 76 form a train of mechanism for regu-
lating the rate at which the tool-support 44
and the part mounted thereon advance toward
the work. This mechanism illustrates one
form of rate-governing inechanism which on
operation exemplifies the characteristic fea-
tures of such mechanism, as hereinbefore speci-
fied to in writing the specification.

The rocker-arm 67, pawl 68, ratchet-wheel
69, shaft 70, and spring 71 together constitute

‘a train of mechanism for effecting the advance

of the tool support 44 toward the work, and
this train serves as one example of the mech-
anism which has been hereinbefore referred to
as an advanecing mechanism.
Theabove-deseribed trains of advancing and
rate-governing mechanism are used for feed-
ing the tool-support 44 and the tool-holder 45,
mounted thereon;andsince both of these trains
of mechanism subject the tool - support and
tool-holder to powerful strain thronghout the
period of their action, they take up the lost
motfion in the joints between the tool-support
44 and the tool-support 43, as wéll as between
the tool-holder 45 and the tool support 44, and
at the same time canse both the tool-holder 45
and the tool-support 44 to deflect even before
the tool comes in eontact with the work as
much as or more than they would deflect un-
der the pressure of the work against the tool,
thus preventing the chatter and vibration in-
cident to tool - supports and tool-holders as

.heretofore constructed.

The tool:support 43 is fed backward and
forward upon the guides, around which it fits
on the casting 42, by means of two trains of
mechanism, one for causing the advance of the
tool-support and the other for regulating the
rate at which this advance takes place, the
parts of said mechanisms being substantially
identical in form and in funection with those of
the two trains of mechanism which are used
for feeding tool-support 44. Theoperation of
the feed mechanisms of the tool-support 43 is
as follows: On the other end of the shaft to
which the bevel-gear 57 is attached farthest
from said gear is fixed a crank-disk, 99, simi-
lar to the crank-disk 61 before described. The
connecting-rod 100 connectsan adjustable disk,
99, with the end of the bell-crank 101. This
bell-crank is osciliated by means of the con-
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necting-rod 100 around the shaft 111, and car-
ries on one end a pawl, 102, which engages
the teeth on the circumference of a ratchet-
wheel, 103, which is mounted upon a shaft,
111. A hand-wheel, 104, is also seenred upon
the end of thisshaft,on the otherend of which is
fixed a worm which engages and drives a worm-
wheel, 87, in a mannersimilar fothatin which
the worm 94 drives worm-wheel 75. The in-
side of the worm-wheel 87 has cut upon it a
screw-thread to engage the thread of the screw
86. The bell-crank 101 is provided with a
third arm, 112, the end of which arm is coupled
by aconnecting-rod, 108, to a rocker-arm, 103,
The rocker-arm 105 is mounted in a man-
ner similar to the rocker-arm 67 npon the hub
of a ratchet-wheel, 107, and is caused to os-
cillate freely about this linb by means of the
connecting-rod which couples it with the bell-
crank 101. On the other end of the rocker-
arm 105 is journaled a pawl, 106, which can
be thrown into gear with the ratchet-wheel
107, thus causing the latter to rotate through

- agreater or less angle, according to the angle
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of oscillation of the rocker arm.

The ratchet-wheel 107 is bored ont to fit
around the shaft 109, and is provided with a
key which engages a keyway cuat in the shaft
109, s0 as to effect the coincident rotation of
the shaft and the ratchet-wheel, and at the
same time to admit of free backward and for-
ward movement of the shaft through the rateh-
et-wheel. The other end of the shaft 109 has
a screw cub upon it, which engages a female
thread eut in a hole bored in the tool-support
43.- A spring, 110, bears at its ends against a
collar fixed on the shaft 109, near the middle
thereof, and against a bearing, 113, which is
attached to or forms part of the casting 42.
The spring 110 is tightened by means of the
rocker-arm 105, paw! 106, ratchet-wheel 107,
and shaft 109 to any desired degree of tension
and transmits its pressure through the shaft
109 to the tool-support 43 in a manner similar
to that in which the spring 71 is tightened and
transmits its pressure to the tool-support 44
by meavs of the rocker-arm 67, pawl 68, ratch-
et-wheel 69, and shaft 70. A clevis-casting,
81, fits around the stud-bolt 79, which is at-
tached to the tool-holder 45, (the link 78 fit-
ting between the upper and lower forks of the
clevis 81,) so that the tool-holder 45 can be
pivoted about on the tool support 44 without
altering the position of the clevis casting 81.
The end of the clevis-casting farthest from the
tool-holder 45 is planed to fit around guides
upon the casting 82.

As the tool-support 44 is moved backward
and forward upon the tool-support 43, the two
arms 116 and 117, which project from the tool-
support 44, cause the clevis-casting 81 to move
backward and forward with the tool support
44, the planed portion of the clevis 81 sliding
backward and forward and being guided by
the plapned portion of the casting 82. A boss,
84, which is either fixed to or formed asa part
of the casting 82, is coupled by means of a pin,
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85, to the clevis on the end of the screw 86, so
that when the tool-support 43 is subjected to
pressure from the spring 110 either the whole
or a part of this pressure is transmitted
throngh the tool support 44, tool-holder 45,
clevis-casting 81, and guide-casting 82 to the
screw 86. The guide-casting 82 is connected
by a pivot, 83, to the brace 90, in order to al-
low for lost motion in the fitting of the clevis
81 to the guide 82, and also to allow for a
slight wear between the surfacesof these parts.
It is, however, not absolutely necessary that
guide 82 should be pivoted to the brace 90, as
it might, if preferred, be cast rigidly npon it,
since the brace 90 accompanies the tool-sup-
port 43 as it slides backward and forward
while being fed. The rate at which the tool-
sapport 43 is fed backward and forward is
regulated by the motion of the bell-crank 101,
pawl 102, ratchet-wheel 103, shaft 111, worm-
wheel 87, and the worm mounted on shaft 111,
which drives this wheel and serew 86 in a man-
ner similar to that in which the rate of ad-
vance of the tool support 44 is regulated by
the bell-erank 63, pawl 64, shaft 93, worm 94,
worm-wheel 75, and serew 76.

1t is desirable that each of the springs 71
and 110 should exert a uniforn pressure, re-
spectively, through their pressure-transmit-
ters 70 and 109 upon the tool-supports which
the springs are intended to feed throughout
the time of their action. Having tightened
either of these springs—as, for example, the
spring 71—to the desired degree of tension, it
can be kept under a nniform tension by hav-
ing the rocker-arm 67, ratchet-wheel 69, and
the pitch of the thread on theserew 70 so pro-
portioned with relation to the arm of the bell-
crank 63, to which the pawl 64 is attached,
and theratchet-wheel 65, worm 94, worm-wheel
75, and the pitch of the thread on the screw
76, that a single oseillation of the bell-crank
63 will cause the shaft 70 to be screwed out of
the tool-support 44 to exactly the same dis-
tance that the serew 76 is allowed to advance
through the same stroke of the bell-crank 63.
I have, however, shown a mechanism for au-
tomatically maintaining each of these springs
under any desired tension, the same being
illustrated on a small seale in Figs. 4, 5, and
6, and on a larger scale in Figs. Tand 8. A
rod, 78, is connected to shaft 70 between the
small eollar 72 on this shaft and the large col-
lar whieh takes the thrust of the spring 71, the
connection of the rod with the shaft beingsuch
as to permit it to partake of the longitudinal
nmovementsof the latter without rotating there-
with. Therod 73 is bentin several directions,
and is guided inits motion by passing through
a slotted guide, 74, which supports it, close to
the pawl 68. The two points 114 and 115 are
attached to bent rod 73, and are so placed that
one of them, 115, can be madeto strikeagainst
the upper prong onthe pawl 68, while the other,
114, can be made to strike against the lower
projection on the pawl 68.

The method of operating this mechanism for
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maintaining the spring at the proper tension
is as follows: Assuming that the pawl 68 is
adjusted in the position in which it is seen in
Figs. 7 and 8—namely, so that it is entirely
disengaged from the ratchet-wheel 69—it is
held in this position by means of the spring
97, which presses against a small flat snrface
formed upon the pin 98, which is attached to
aund projects from the body of the pawl 68.
‘When the pawl is in this position, the rocker-
arm 67 may oscillate any number of times with-
out affecting the ratchet-wheel 69. Now, sup-
posing the pawl 64 to be engaged with the
ratchet-wheel 65, the oscillation of the bell-
crank 63 will allow the serew 76 to advance to-
ward the work. Thescrew 70, being pushed by
the spring 71, will of course advance to the ex-
tent thatisallowed by thescrew 76. Thoe bent
rod’'73 is, however, carried forward with the
shaft 70 until the projection 114 is brought
across the path in which the pawl 68 is oscil-
lated. ‘When the projection 114 has come far
enough across this path, the projecting prong
on the pawl, as it oscillates downward, comes
in contact with the projection 114, which causes
the pawl to pivot about its bearing on the
rocker-arm 67 until it engages the ratchet-
wheel 69. When it has reached this position,
it is maintained in contact with the ratchet-
wheel by the spring 97, which then presses
upon the other small flat surface formed upon
the projecting pin 98. Every oscillation of the
rocker-arm 67 then causes the shaft 70 to be
unserewed from the tool-support 44, thus
gradually tightening np thespring 71 by caus-
ing the shaft 70 to move out away from the
tool-support 44. - As this shaft moves out, it
causes the upper projection, 115, on the rod
73 to approach the path along which the pawl
68 is oscillating. When the projection 115
crosses this path of oscillation, it disengages
the pawl from the ratchet-wheel, again bring-
ing it back to the position in which it is seen
in Figs. 7 and 8. By properly adjusting the
position of the projections 114 and 115 with
relation to one another and to the pawl 68 they
may be made, by throwing the pawl in and
out of gear with the ratchet- wheel, as ex-
plained, to maintain the spring 71 approxi-
mately ab any desired degree of tension.

Tig. 9 illustrates a modification of the feed
mechanism above described as applied and
similarly operating to feed the tool-support 43
in the lathe shown in Figs. 4, 5,and 6. Only
such of the parts illustrated in Fig. 6 as will
suffice to clearly explain the operation of this
modification are, however, shown in Fig. 9.
A rod, 116, is secured to or forms part of the
tool-support 43, which is not shown in Fig. 9,
but which corresponds in form and location
with the tool-support 43, (shown in the adjoin-
ing Fig. 6,) the rod 116 being attached to the
tool-support in the same position as the shaft
109 illustrated in Fig, 6. A piston-rod,
126, is also attached, by a pin, 85, and boss 84,
to the casting 82, these parts being the same
as those illustrated in Fig. 6. A cylinder, 117,

bored to receive a hydranlic piston, 120, is
formed integral with or secured to the end of
the rod 116, the rod 121 of the piston 120 pass-
ing through the eylinder-cover 118, which is
bolted tio the end of the cylinder 117, and being
packed by thegland119. Theendoftherod121

farthest from the cylinder is rigidly bolted to.

a bearing, 125, by a nut, 124, the bearing 125
being either a part of or rigidly attached to
the casting 42. Water is conveyed toor from
one side of the piston 120 within the eylinder
117 by a pipe, 122, commuuicating with a
small longitudinal passage extending through
the piston-rod and piston, and is conveyed to
or from the otherside of the piston 120 through
a pipe, 123, communiecating with a passage ex-
tending through the piston and opening into
the cylinder adjacent to the piston.
draulic eylinder, 129, is fixed upon the top of
a standard or bracket, 133, which is rigidly at-
tached to or forms part of the casting 42, The
piston-rod 126, which is provided with a clevis
at the end,through which the pin 85 fits,enters
the hydraulie cylinder 129 through the gland
127, by which it is packed, and within the eyl-
inder this rod is secured to the piston 128.
Water is admitted to and allowed to pass out
from one end of this eylinder through pipe132,

governed by a valve, 134, and is admitted to’

and passes out from the other end of the eyl-
inder through a pipe,135,governed by a valve,
131, these valves being so constructed that
when water is admitted to the cylinder they
can either be closed, so as to entirely prevent

its escape, or opened to any desired extent to

allow the water to escape either very slowly
or faster, at the will of the operator.

The method of operating the feed mechan-
ism above described is as follows: Water un-
der hieavy pressure is admitted to the eylinder
117, which is transmitted through the rod 116
to the tool-support 43, this pressure tending
constantly to move the tool-support 43 in the

direction in. which it is transmitted thereto.

If the tool-support 43 were free to move, it
would of course be advauced by this pressuare
until the piston 120 came in contact with one
or the other end of the cylinder. The rate,
however, at which the tool-support 43 is al-
lowed to advance is regulated by the piston-
rod 126,the end of which is connected,hy means
of the casting 82, clevis-casting 81, stud-bolg
79, tool-support 45, and tool-support 44,to the
tool-support 43. " The advance of the piston-
rod 126 is either entirely prevented or regu-
lated to any desired rate of speed, as the case
may require, by the water which is inclosed
within the cylinder between the piston 128 and
one or the other end of the cylinder,this water
being allowed to escape at any desired rate,or
being entirely prevented from eseaping by the
valves 134 and 135. * I do not, however, con-
sider this means of regulating the rate at which
the tool-support advances to be as desirableas
the more positive meehanism shown in Fig. 6,
for the reason that the exact regulation of the
rate of feed may be much more readily effected
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with the serew, worm, and worm-wheel, &e.,
illustrated in said figure. I consider, how-
ever, the advancing mechanism, counsisting of
the hydraulic eylinder 117, piston 120, &e.,
shown in Fig. 9 to be preferable to either of
the advancing mechanismws shown in Figs. 4,
5, and 6, being much simpler and more readily
and rapidly adjasted.

The trains of advancing and rate-governing
mechanism which have been hereinbefore de-
geribed for eausing the tool-support 43 and
the parts mounted thereon to feed backward
and forward upon the support 42, and for gov-

. erning the rate at which these parts are fed,
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maintain throughout the period of their action
not only the tool-support 43, but also the tool-
support 44 and the tool-holder 45, and all of
the joints in the advancing and rate-governing
mechanisms under substantial strain, thus
causing them to deflect to as great or agreater
extent and in the same direction that the press-
ure of the work on the tool would cause them
to deflect, and at the same time taking up the
lost motion between the joints of all of these
parts, thus preventing the chatter and vibra-
tion which would otherwise take place under
the action of feeding mechanisms as hereto-
fore used.

A special feature of advantage in the opera-
tion of these two feed mechanisms isthat while
one of them is being used for advancing one
of the tool-supports the other ean be made to
maintain the tool-support which it is intended
to feed, as well as the other tool-support and
parts attached thereto, continually under
strain without the necessity of causing the
tool support to advance, thus preventing chat-
ter and vibration in the direction in which
both feed mechanisms are adapted to take up
the lost motion. Thus, for example, if spring
71 and screw 76 are being employed and the
tool-support 44 and tool-holder 45 caused to
approach the eentral axis of the lathe, and it
should not be desired that the tool-support 43
shonld move parallel to the axis of the lathe,
a strain ean be exerted through the combined
pressure of the spring 110 and screw 86 not
only upon the tool-support 43, but also upon
the tool-support 44 and the tool-holder 45,
causing them to deflect and taking up thelost
motion between their joints in a direction ab
right angles to thatin which the spring 71 and
serew 76 take up theiv lost motion and cause
them to deflect.

It is frequently necessary,owing fo the shape
of the tool being used and the work which is
being operated upon, to thus take up the lost
motion and cause the tool-sapports and parts
attached to them to deflect in two directions at
the same time, although the tool itself is actu-
ally moving only in one direction. Thisisa
very important feature of my invention., If
the angular pitch of the threads on theserews
76 and 86 are sufficiently steep, it will require
but little effort to allow the tool-supports which
they are infended to feed to advance, so that
the hand-wheels 96 and 104 can be used for
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this purpose even if the tool-supports are sub-
ject to a very severestrain from the springs 71
and 110. Another important feature of my
invention is the fact that the heavier the press-
ure of the work upon the tool the easierit be-
comes to operate the rate-governing mechan-
ism, since a larger portion of the strain which
is ab other times transmitted to these mechan-
isms through the tool-supports is then received
by the tool.

To facilitate the description of my improve-
ment, T have found it advisable to embody in
the drawings mechanism and accessories
which do not form a necessary part thereof,
and which are therefore not claimed as of my
present invention. The same, so far as em-
bodying patentablesubject-matterinvented by
me, will be the subject of a separate applica-
tion or applications to be filed by me in due
season. :

I claim as my invention and desire to secure
by Letters Patent—

1. The improvement in the art of feeding a
tool-support in a single direction, which con-
sists in advancing the tool-support by a press-
ure exerted thereon, and simultaneously, dur-
ing and as a part of the operation of regulat-
ing its rate of advance, in opposing a resisting
pressure thereto, and in locating the centers
of pressure of said advancing and resisting
pressures at different pointsupon the tool-sup-
port, so as to cause the lost motion in the joints

-of the tool-support to be taken up and the

tool-support to deflect in the same direction as
the pressure of the work upon the tool causes
the lost motion to betaken up and the tool-sup-
port to deflect, substantially as set forth.

2. The improvement in the art of feeding a
tool-support in a single direction, which con-
sists in advancing the tool-support by a press-
ure exerted thereon, and simultaneously, dur-
ing and as a part of the operation of regulat-
ing its rate of advance, in opposing a resisting
pressure thereto, the advancing pressure tend-
ing in the same direction in which it is desired
that the tool-support shall advance, while the
resisting pressure tends in the opposite direc-
tion to that in which it is desired that it shall
advance, and in locating the centers of press-
ure of said advancing and resisting pressures
at different points upon the tool-support as to
cause the lost motion in the joints of the tool-
support to be taken up and the tool-support
to deflect in the same direction as the pressure
of the work upon the teol causes the lost mo-
tion to be taken up and the tool-support to de-
flect, substantially as set forth. '

3. The improvement in the art of feeding in
a single direction & tool-support having one
or more tool-supporting members mounted
thereon, which consists in advaneing the tool-
supports by a pressure exerted thereon, and
simultaneously, during and asa part of the op-
eration of regulating its rate of advance, in op-
posing a resisting pressure thereto, and in lo-
cating the center of pressure of the advancing
pressure upon some portion of the tool-sup-
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port, while the center of pressure of the resist-
ing pressure is located upon one of the tool-
supporting members mounted thereon, sub-
stantially as set forth.

4. The improvement in theart of feeding in
a single direction a tool-support having one
or more tool-supporting members mounted
thereon, which consists in advancing the tool-
support by a pressure exerted thereon, and
simultaneously, during and as a part of the op-
eration of regulating its rate of advance, in op-
posing a resisting pressure thereto, the ad-
vancing pressure tending in the same direc-
tion in which it is desired that the tool-sup-
port shall advance, while the resisting press-
ure tends in the opposite direction to that in
which it is desired that it shall advance, and
in locating the center of pressure of the ad-
vancing pressure upon some portion of the
tool-support, while the center of pressure of
the resisting pressure is located upon one of
thetool-supporting menmbers mounted thereon,
substantially as set forth.

5. The improvement in the art of feeding a
tool-support in a single direction, which con-
sists in advancing the tool-support by a press-
ure exerted thereon, and simultaneously, dur-
ing and as a part of the operation of regnlat-
ing its rate of advance, in opposing a resist-
ing pressure thereto, the advancing pressure
being substantially uniform, while the resist-
ing pressure varies inversely as the pressare
of the work upon the tool—that is, becomes
less as this pressure becomes greater, and
greater as this pressure becomes less—and in
locating the centers of pressure of said ad-
vancing and resisting pressures upon different
parts of the tool-support, so as to cause the
lost motion in the joints of the tool-support to
be taken up and the tool-support to deflect in
the same direction as the pressure of the work
upon the tool causes the lost motion to be taken
up and the tool-support to deflect, snbstan-
tially as set forth.

6. The improvement in the art of feeding a
tool-support in a single direction, which con-
sists in advancing the tool-support by a press-
ure exerted thereon, and simultaneously, dur-
ing and as a part of the operation of regulat-
ing its rate of advance, in opposing a resist-
ing pressure thereto, the advancing pressure
being substantially uniform and tending in the
same direction in which it is desired that the
tool-supportshall advance, while the resisting
pressure varies inversely as the pressure of the
work upon the tool—that is, becomes less as
this pressure becomes greater, and greater as
this pressure becomes less—and tends in the
opposite direction to that in which it is de-
sired that it shall advance, and in locating the
centers of pressure of said advancing and re-
sisting pressures at different points upon the
tool-support, so as to cause the lost motion in
the joints of the tool-support to be taken up
and the tool-support to defleet in the same di-
rection as the pressure of the work upon the
tool causes the lost motion to be taken up and
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the tool-support to deflect, substantially as set
forth.

7. The improvement in the art of feeding in
a single direetion a tool-support having one or
more tool-supporting members mounted there-
ou, which consists in advancing the tool-sup-
port by a pressure exerted upon it, and simul-
taneously, during and as a part of the opera-
tion of regulating its rate of advance, in oppos-
ing a resisting pressure thereto, the advancing
pressure being practically uniform, while the
resisting pressure varies inversely as the press-
ure of the work upon the tool—that is, be-
comes lessasthis pressure becomes greater, and
greater as this pressure becomes less—and in
locating the center of pressure of the advane-
ing pressure upon some portion of the tool-
support, while the center of pressure of the
resisting pressure is located on one of the tool-
supporting members mounted thereon, sub-
stantially as set forth.

8. The improvement in the art of feeding in
a single direction a tool-support having one
or more tool-supporting members mounted
thereon, which consists in advancing the tool-
support by a pressure exerted npon if, and
simultaneously,during and as a part of the op-
eration of regulating its rate of advance, in op-
posing thereto a resisting pressure, theadvane-
ing pressure being practically uniform and
tending in the same direction in which it is de-
sired that the tool-supportshalladvance,while
the resisting pressure varies inversely as the
pressure of the work upon the tool—that is,
becomes less as this pressare becomes greater,
and greater asthis pressure becomes less—and
tends in the opposite direction tothat in which
it is desired that the tool-support shall ad-
vance, and in locating the center of pressure
of the advancing pressure upon some portion
of the tool-support, whilethe center of pressure
of the resisting pressure is located upon one of
the tool-supporting members mounted there-
on, substantially as set forth.

9. The improvement in the art of feeding in
a single direction a tool-support having one
or more tool - supporting members mounted
thereon, which consists in advancing the tool-
support by a pressure exerted thereon, and
simultaneously,during and as a part of the op-
eration of regnlating its rate of advanee, in-op-
posing aresisting pressure thereto,and inlocat-
ing the center of pressure of the advancing
pressure upon some portion ofthe tool-support,
while the center of pressure of the resisting
pressure is located npon oue of the tool-sup-
porting members mounted thereon, and in ex-
erting a pressureupon one of the tool-support-
ing members mounted upon the tool-support
which is being fed, which tends in the direction
in which this tool-supporting member is
adapted to feed relatively to the tool-support
upon which it is mounted,and atthesame time
in exerting pressure either upon this tool-sup-
porting member or upon a tool - support
mounted thereon, which prevents the tool-sup-
porting member from feeding, so as to cause
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the lost motion in thetool-support to be taken
up and the tool-support to deflect in the same
direction asthe pressureof tlie work on the tool
would cause this lost motion to be taken up and
the tool-support to deflect, snbstantially as set
forth. -

10. The improvement in the art of feeding
in asingle direction a tool-supporthaving one
or more supporting members mounted thereon,
which consists in advancing the tool support
by a pressure exerted thereon, and simultane-
ously, daring and as a part of the operation of
regulating its rate ofadvance, in opposing a re-
sisting pressure thereto, and in locating the
center of pressure of the advancing pressure
upon some portion of the tool support, while
the center of the resisting pressure is located
upon ome of the tool - supporting members
mounted thereon, and in exerting a pressure
upononeof the tool-supporting members upon
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which the tool-support which is being fed is
mounted, which tendsin the direetion in which
this tool-supporting member is adapted to feed
relatively to the parts upon which it is
mounted, and at the same time in exerting a
pressure either upon the tool support which
is being fed or-upon a tool-support mouanted
thereoun, which prevents the tool-supporting
member from feeding, so as to cause the lost
motion in the tool support to be taken up and
the tool-support to deflect in the same direc-
tion as the pressure of the work on the tool
would cause this lost motion to be taken up
and the tool-support to deflect, snbstantially
as set forth.

FRED. W. TAYLOR.
Witnesses:

A. M. PECKHAM,
N.JaMES DE Brois.
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